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I nvention The present invention relates to nethods of treating

bi pol ar disorders, nood di sorders, 5anxiety disorders, and )
schi zophr MPA"WA&6F her psychotic disorders, and to conBolfiEre0/050763
suitable for use in such treatments, pharnmaceutically acceptable
salts thereof, pharmaceutical conposi t_i1ons conprising the such

conpounds, proc i uch compounds. and prodrugs

t hereof. 10 Bacé%ﬁlg@%#?@g%%%g%ﬁ L{'Eg ANK HéﬁbgﬁEgpogrugs have
been approved to treat bipolar disorder and schizophrenia (e.g.,
anticonvul sants and atypical antipsychotics), and treatnent of mania

has been achieved with several atypical antipsychotics (e.g.,
ri speri dondieldbbighe Bplentiorand queti api ne). O her conpounds have been
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early 1960 Cl i fie and clinical investigators have 20 sought to
under st andﬁ?%ég%rﬁ%ﬁth%%:% ogy of tricyclic neuroleptic compounds.
Nunerous US and Forei gn patents and scientific publications have

descri hgd fop O nt tricyclic conpounds with varying
anti psaghoiﬁ:}{%ﬁ aér%tt?é-jicﬁlfé/%rﬁg’gsi ve properties. In the 1960s, CH422793

a Sw ss pat ent Ainhaberiofdgeliave beed apiro@d 2d Geagbipoleichisopder emk schippihieoit | on
filed in 1983, Lad b ML [
ater, & sty HRRELkaRGnlah YA G fATRAA Ty o R St misBLhet pUGRTeyec, |
Nondyski newiith spvstad gfypical tastipsydietinsi(4.8. cdspeidonofol8espoged gquediapindOthehem
2001, 44, = cri . Chi . | G, .
St mor e aroia0PRaR ARt A TR b il bl GRREEES
7,517, 831 Biboygsine amgk depimmpcirdies ey Wil asdpimadandemiessioy (mstiapinels | ovegyeme.
Despite hayj f AR i LV Ly, nt
bi pol ar _and oG iell HCARG S il e BNGIRP AT Do Sk e ok

si de- ef f ectifgptivg ir¢atrment of depresritn a0d ae ineupved nide-dffeny srofitev(e g.atduasd sedation

efficacy, Eme%w@reiroﬁ‘ttg‘iﬁl are still low Safety and tolerability are
still issues since agtproxgmatel y 75% of patients experience side

ef fects, and traneahtSOyerrplsinanide edrly 1960s, scientific and clinical investigators have
20 sought to understand the pharmacology of tricyclic neuroleptic compounds. Numerous US

and Foreign patents and scientific publications have described hundreds of different tricyclic
compounds with varying antipsychotic and anti-depressive properties. In the 1960s,
CH422793 a Swiss patent filed in 1961, and NL293210 a Dutch patent application filed in
1963, described tricyclic compounds. Almost forty years later, a scientific paper published in
25 2001 (Behavioral Approach to Nondyskinetic Antagonists: Identification of Scroquel, J. Med.
Chem. 2001, 44, 372-380) described other different tricyclic compounds. Still more recently
in early 2009, US Patents 7,491,715 Bl and 7,517,871 Bl were granted describing new
analogues of clozapine.
Despite having a wide spectrum of pharmacological activity, current bipolar and
30 schizophrenia drugs exhibit variable efficacy and side-effect profiles. Although some current
drugs have acute efficacy, remission rates are still low. Safety and tolerability are still issues

since approximately 75% of patients experience side effects, and treatment compliance is a
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mechani sm of action of atypical antipsychotics is not well
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i nventi on: .
Thus, notwithstanding that numerous tricyclic compounds having antipsychotic and

anti-depressant activity have been described and used in therapy, improved ways to treat
schizophrenia and bipolar disease are still sought. Particularly, cffective treatment of the
30  depressive phasc of bipolar disorder is desired and still sought, as is treatment of the manic

phase, mood stabilization and maintenance for sufferers of bipolar disorder.

Description of the invention:
We contemplate a new target product efficacy profile that is consistent with the

35 putative mechanisms of action of quetiapine in bipolar disorder (i.e, potent NET inhibition
and moderate D2 antagonism). Clinical studies with quetiapine suggest that NET and D2
occupancy in the range of 30 to 60% may be sufficient to drive a therapeutic effect in bipolar
disorder. Further, improved safety may be achieved by having less interaction with other
targets (e.g., H1, M1) at clinical doses achieving 50% NET occupancy.

40 A therapeutic agent with such a profile is expected to provide advantages for the

treatment of the depressive phase of bipolar disorder, to have potential for mood stabilization



We contenplate a new target product efficacy profile that is
consistent with the 35put ative nechani snms of action of quetiapine in
bi pol ar di potent NET inhibition and noderat 2 .

ant agoni sn‘?’8 g?%i’]ﬁ; 35I studi es with quetiapine suggest tﬂ%f’%@@qgﬂﬁ’mf’m
occupancy in the range of 30 to 60% nay be sufficient to drive a

t herapeutic effect in bipolar disorder.qFurther, inproved safety may
be achieved by having less interaction with other targets (e.g., Fil,
MD at clinical doses achi eving 50% NET occupancy. 40A therapeutl c
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HE, ML) rel ative £,0,Ndicular aspect L (ﬁslmfe% ﬂ@ﬁtﬁ%g Wb ouﬁ@gﬁﬁ:b@tedttﬁ!}?ﬁs
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thercof and methods of treating bipolar dtsordcr and sclnzophrema with the compound, a
prodrug or a pharmaceutically acceptable salt thereof are described herein.

Thus, provided herein is a compound of Formula I:

Z
/

N

N
N=—
L
25  or a pharmaceutically acceptable salt thereof, wherein Z is H, -C(=0)-R', -C(=0)OR,
-C(=0)OCH,, -CH(R')-NHC(=0)R?, -C(=0)OCHR*0OC(=0)R?, -CR'=CR” or

-CH=CHC{=O)R", wherein R!, R?, R* and R* are each independently at each occurrence
alkyl, cycloalkyl, aryl, heteroaryl or heterocycloalkyl or are as further described herein.



Thus, provided herein is a conpound of Forrmula I: 25or a
pharmaceutically acceptable salt thereof, wherein Zis H -C(=0)-121,
- C(=0) ORI )LOCH2, -CH(12. 3)- NHC( 0)R2 - C(=0) OCHR20
- CRI =CR2 o‘P’OC&ﬂﬁEﬁ& =0) R4, wherein Rl, R2, R3 and R4 ar%c'éfé‘éi‘?”’“"m
i ndependently at each occurrence al kyl, cycloalkyl aryl, heteroaryl
or heterocycloallcyl or are as f||rther descri bed hereln - 4 -
Al so provided herein is at |east one conp05|t|on conprising a
compound of Formula I, or a pharmaceutically acceptable salt thereof.
In some enbodi mke srovided hereinos ioest ohacampepionseomprighet eeeroued efiormula
accept abl e ;GaR hﬁ{naceqh&aq@la&ce b16 % tRr&dH 1n s%HlEEﬁﬁ%duﬂ&ﬁ‘ylﬂ@%gmpﬁﬁt%@ are
met hods for’ treatlng psychiatric disorders conprising 5 adm nistering
to a nmammulcompisiephpareiuaedlly pcespille parvier dlverier exsipient.conmpound of
Fornula I, or ap Bﬁﬁf Qﬁ&fﬁcﬁﬁ’ﬂ drY nﬁﬁg&q{)ﬁWaﬁngS&P&m{tm&ﬁ%crs comprising
Partlcularly, provi herei n are nethods reating psychratric
di sor dePs @Wr%maga %@Wmalﬁtwﬂmguqaby effostiverramiouat of Iﬂéﬁ@?ﬂé‘&l@ pERdrmyla I,
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acceptabl e salt ther t her rOVI herein are
met hods of tm?t@amﬁmlablcwoaicrwp@wmadnwn%i@rmut@@)ma@rr@fatb@lhwczab@ﬂliyem a
and ot her Qﬁ&ﬁﬁQEmSmﬂB SLLARHEd RFoMld gty di sorders, conprising
adm nistering to a subject "a f%erapeutlcally effective anount of a
compound of Formula I or Formula II, @ phar maceuti cal |y acceptabl e
salt thereof. Particularly, provided yn are nethods of 15treating
bi pol ar di sorder, a nood di sorder, schizgphrenia and ot her psychotic
di sorders, or anxiety disorder, co i¥Si ng adm nistering to a subject
a therapeutically effective anmouat onpound of Fornmula Il, or a
pharmaceutically acceptable s her e F Still yet further
provi ded herein is a conpound or Formula Il, or a
phar maceutical |y acceptable salt thereof, for udk in treating

schlzogbregl@mﬁﬂgmggmﬁnyQ§M9meﬁgﬂgggysorders an anxi ety di sorder,
and/ or a nood dj sorder. dltlonaléy provided herein is a
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di sorder, &htBRierett erawma&éreffe%wlmunaofmmpwé@F H@muiazlysfmnula;létor
addi ti onal Lyhffavddedy Aedplhle #1QhREAC 8R8ETarlyOproRl&NRE NSl GRIBAUTDS Oof

15 ftreating bipolar disorder, a mood disorder, schizophrenia and other psychotic disorders, or

anxiety disorder, comprising administering to a subject a therapeutically effective amount of
a compound of Formula I1, or a pharmaceutically acceptable salt thereof

Still yet further provided herein is a compound of Formula I or Formula If, or a

pharmaceutically acceptable salt thereof, for use in treating schizophrenia and other psychotic
20  disorders, an anxicty disorder, and/or a mood disorder.

Additionally provided herein is a compound of Formula I or Formula If, ora
pharmaceutically acceptable salt thereof, for use in the manufacture of a medicament for the
treatment of schizophrenia and other psychotic disorders, bipolar disorder, an anxicty
disorder, and/or 2 mood disorder.

25 Still yet additionally provided hercin are processes for preparing compounds of
Formula I or Formula IT, and pharmaceutically acceptable salts thereof] intermediates useful
for the preparation of such compounds and processes for preparing and using such

intermediates.



Formula | or Forrmula Il, and pharnaceutically acceptable salts
thereof; intermedi ates usefitl for the preparation of such conpounds
and process reparing and using such internedi ates

Detai |l ed D& @Wpﬁtf% of Enbodi ments Provi ded herein are‘?%ﬂﬁBﬁWﬁgmﬁf
Formula 1: and pharnaceutically acceptable salts thereof, wherein Z
is H -C(=0)-Rl, -C(=0)0R1, 5 -C(=0)0CH2, -CH(RI)-NHC(:O)RZ,

- C(=0) OCHR20C(=0) R3, -CR1=CR2 or -CH=CHC(=0)R4, wherein R1, R2, le
and R4 are each independently at each occurrence alkyl, cycIoaIkyI
aryl, het eDstailpd Descriptiopploembodimedyl or are as further described
her ei n. Speci f|ﬁ@blhéfdmgﬁlg{r@e‘qﬂ&%&ld@%l%@alcorrpound of Fornmula I
wherein Zis Hof Formula 11: " 10 referred to herein as
2-fluoro-11-(pi perazin-1- yEU|benzo[bl][l.ﬂ]thlazeplne, and
pharmaceutically acceptable salts the The conpounds
di scl osed herein can be prepared by p ses described herein by
those skilled in the art of organic sy' eS|s The conpounds can be
synt hesi zed using the 15 net hods d‘h—’lbed herein, using synthetic
met hods known in the art of symTe c of Rnig chem stry, or
vari ations thereon as appreci at t skilled in the art. The
starting materials and precursors us%d the prpcesses descri bed
herein are either connerC|aIIY avallable or readily prepared by
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reaction condltlons w 'l be réadily apparent to those skilled in the
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referred to herein as 2-fluoro-11-(piperazin-1-yl)dibenzo[b,{][ I ,4]thiazepine, and

10

pharmaceutically acceptable salts thereof.
The compounds disclosed herein can be prepared by processes described herein by
those skilled in the art of organic synthesis. The compounds can be synthesized using the
15 methods described herein, using synthetic methods known in the art of synthetic organic
chemistry, or variations thercon as appreciated by those skilled in the art. The starting
materials and precursors used in the processes described herein are either commercially
available, or readily prepared by established organic synthesis methods, or as described
herein. It will be understood by those skilled in the art of organic synthesis that the
20 functionality present on various portions of the molecule must be compatible with the
reagents and reactions proposed. Such restrictions to the substituents that arc compatible
with the reaction conditions will be readily apparent to those skilled in the art and alternate

methods should then be used.



- 6- As shown in Scheme 1, an am de conpound of the present
invention (fornmula 1-3) can be prepared by reacting the conpound of
Exanple 1 herein wwth an acid or acid derivative 1-2 (Wnereln X1

OH or a | X0i2AY'§+%6%p such as brono, chloro, 4-nitrophé %2009’"‘""63
OC(=0)R1, and the like; and Rl can be al kyl, cycloalkyl, aryl,

het er oar yI het erocycl oal | cyl, 5and the, |i ke) under appropriate

condi ti ons known to those ski I led in art of organic synthesis. Schene
1 1-11-21-3 X1: OH, O, OC(=0)12.1, etc. For exanple, coupllng of

t he am ne Corrpoemdwgmfup @@p@e 1,1an(d911ck§@p@gtpwdpf the present invention (formula 1-3)
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15benzotri azol e- cont ai ni ng coupl i ng reagents such as o

N- hydoxybenzotri azol e (FKER)H

benzotri azol - 1-yl oxytri s(dirmet hyl am no) phosphoni um

hexaf | uor ophosphate (BOP)} apd 2-

(1Hbenzotriazol -1-yl) f 3 tetr&mrethyl uroniu uor ophosphat e
(HBTU); an azabenz azo -cont ai, 1reage"nt
0-(7-azabenzotri az / NF NN ' N & tet rarret

hexaf | uor ophosphat e ( and di car boi mi des such as et hyI 3-(3-
20 di net hyl am nopr opy! )1 1:ar bodi i m de-2 EDC), and di cyied ohexyl

carbodi m de (DCC). The couplingirggacti ae-GHR! R carried out in a

sui tabl e organic solvent. Some_ sui t abl e organi ¢ sol vents include

pol ar organi c sbirgsimac seuphingef thrpmine esteriousid28porad L friptieginol - et hanol
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solvents include aprotic solvents. Sonme suitabl e organi ¢ solvents
i ncl ude pokeitichgnt by p eoryrgfivnslemids bpahformation meghop|segh ap gsing a coupling reagent.

di met hyl f owmaas%tébwzplmwéagah%aa ot WAl fadi tﬁ)e,thcdeoqah@%a%u&r &éhq‘ijo%

(DVBO) or Cbt)éene chlorid ecoug greactlon can be carried
out in thebpriiouration.ofhose silledamihe ath adereadity reqogmiza ik edypling resgsets aBame
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bases i ncl ude organl c bases such as ter Iary am nes

triet h3}r>ambfznaw%E@W@ﬁarm@eoupwgur%m%wh &NWMh@zqtrlﬁog:ME@B@s DI PEA)
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reaction mxture is an el éva erature (i.e., above
t he room t élpbengetipeo)-1-yinl, béﬁé@t@%@mhuﬁa@mrshw rephesphdodHBE Wt ¢ e i s

heated to @za%%f?fa@&lél&%té?rfm bt sﬂQQs, @Pﬁé&%be'ﬁ@&&iaz%lf&gu%) §10§1N ﬁbOUt 70
C, about 80 C, about C, ébou“i
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coupling reaction can be carried out in a suitable organic solvent. Some suitable organic
solvents include polar organic solvents such as an alcohol (such as methanol, ethanol or
isopropanol), or tetrahydrofuran (THF). Some suitable organic solvents include aprotic
solvents. Some suitable organic solvents include polar aprotic organic solvent such as N,N-
25  dimethylformamide (DMF), tetrahydrofuran {THF), dimethylsulfoxide (DMSQ) or
methylene chloride. The coupling reaction can be carried out in the presence of a suitable
base and at a suitable temperature for a time sufficient to afford the amide compound 1-3.
Suitable bases include organic bases such as tertiary amines (e.g., tricthylamine (EtsN or
TEA), diisopropylethylamine (iProNEt or DIPEA) and/or dimethylaminopyridine (DMAP)).



Alternatively, the acid 1-2 (wherein Xi is OH) can be converted to a
nore reactive acid derivative 1-2 (wherein Xl is brono, chloro,
4-ni trophenox =0)RI, and the like) such as an acid_chlori

de
ester, a Oﬁpﬁéyﬁ’é fiydride, and the acid derivative canPoESESYYSHER| v
separated. The acid derivative can further react with
2-fluoro-11-(pi perazin-1- 10yQdi benzo[b, f][1,4]thiazepine 1-1 to form
the am de 1-3 under suitable conditions such as in the presence of a
suitabl e base (e.g., triethylamne or pyridine). As shown in
Schene 2, 4o mmgmﬂ@ee@rfbmmowvﬂm isdieatediotan jclpyaed foopergting (il aho2- 3)
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2-1 2-2 2-3
The reaction of scheme 2 can be carried out in a suitable organic sclvent such as a
polar aprotic organic solvent (e.g., methylene chloride) and in the presence of a suitable base
such as a tertiary amine {e.g., tricthylamine (EtsN or TEA), diisopropylethylamine (iPraNEt
20 or DIPEA), pyridine, and/or dimethylaminopyridine (DMAPY)).
As shown in Scheme 3, a carbamate compound of the present invention (formula 3-5)
can be synthesized via 4-nitrophenyl carbonate intermediate 3-3.
4-Nitrophenyl chloroformate 3-1 can be reacted with an alcohol 3-2 in a suitable
organic solvent such as a polar aprotic organic solvent (e.g., chloroform) and in the presence
25  ofasuitable base such as a tertiary amine (e.g., triethylamine (Et;N or TEA),
diisopropylethylamine (iPrNEt or DIPEA), pyridine, and/or dimethylaminopyridine
(DMAP)) to form a 4-nitrophenyl carbonate intermediate 3-3. The intermediate 3-3 can be
reacted with 2-fluoro-11-(piperazin-1-yl)dibenzo[b,f][1,4]thiazepine 3-4 in a suitable organic



3-13-23-3 5As shown in Schenme 4, a carbamate conpound of the
present invention (formula 4-4) can be synthesized by reacting a
conpound of Exanple 1 herein, (4-1) with a chloroformate 4-2 or a

4-ni t r opheWPI2¥48Rat e conpound 4-3 (wherein R2 can bePFI/SEAOPHLH763
and the like; and R3 can be alkyl (e.g., nethyl or ethyl), alkoxy,
cycloallcyl, aryl, heteroaryl, heterocygloalkyl, and the |ike).
10Schene 4 The reactions can be carried out in simlar
conditions to those described in Schemes 2 and 3. The chl or of onmt es
4-2 can be spiEed sipp ag i pelar apkdtic esnic polvane(ea, tN.Nylimehyifprmenidods such as
simlar to I Synt hesi s, 1990,
1159-1166. h'?’ﬂdgneg?&?ggﬁgﬁ@me 1L(53(§?ar oﬂ%ﬁdgﬁ%:’fcan be made by those
skilled in the art by using nethods 8¢lehmeds sinmilar to one reported
by Al exander and co-workers.in J. Med. Chem, 1988, 31, 318-342. Each

of the referencesg s pot ated herein by |ts entlroety 9 *-
As shown in Schegél\S, ng a sim lrlﬁa{s-) thod,to Rho L ed by Lin
et at, Biorgani€ an@ Mdi ci nal ry Letters 97, 7, 2909-2912,

a carbamat e conpougd of the pr esent 3knvention (for rrul:aaS 3) can be
prepared by reacting a conpound of Exanple 1 herein, 5-lowith a

conpound of forrmula 5-2 (V\/(’IG-F{eI n Xis a |l eaving group suc j udo,
5bromo or chloro; R2 can J met hyl, and the |iKke; <a’nﬂ~l R3 can be

alkyl (e.g., methyl or NJ

CCe ™ "
et Ly

s
3-4 3-5
5 As shown in Scheme 4, a carbamate compound of the present invention (formula 4-4)

can be synthesized by reacting a compound of Example 1 herein, (4-1) with a chloroformate
4-2 or a 4-nitrophenyl carbonate compound 4-3 (wherein R? can be H, methyl, and the like;
and R® can be alkyl (e.g., methyl or ethyl), alkoxy, cycloalkyl, aryl, heteroaryl,
heterocycloalkyl, and the like).

10 Scheme 4

RZ

C|)OI\O/L0’?I\R3 (iLF:}\()LRS
4-2 i O

i h.\
5

The reactions can be carried out in similar conditions to those described in Schemes 2

H
N

Y

and 3. The chloroformates 4-2 can be made by those skilled in the art by using methods such

as similar to one reported by Folkmann et al., Synthesis, 1990, 1159-1166. The nitrophenyl
15 carbonates 4-3 can be made by those skilled in the art by using methods such as similar to

one reported by Alexander and co-workers in J. Med. Chem., 1988, 31, 318-322. Each of the

references is incorporated herein by its entirety.



et hyl), al koxy, cycloallcyl, awl, heteroaryl, heterocycloallcyl, and
the like) in the presence of carbon dioxide and a suitable base such
as cesiumcarbonate and in a suitable solvent such as

N-di net hyl| VE2RBATHE3 Sinmilarly, the compound of fornul aP%T’%EZS%‘P"Wé:"

prepared froma conpound of Exanple 1, 5-1 and a conpound of fornula
5-4 (wherein Xl is a |eaving group 10SLbCh as iodo, brono, chloro or
4-ni trophenyl earbonate) in the presence of carbon dioxide and a

sui tabl e base such as cesium carbonate. Schenme 5 0 OR3 0 CI As shown
in Scheme 6, anAestawinneSdiompountsefsinibhemptedieniioss repentdiboni éer.mul a

6-3) 15

571 wor o- 1L T By bor gt il 17, 1900221050 o cymppund of
ket one or aliede%yldenﬁn@)n((ﬁhﬁeuieﬁfi) Rin lwmpbl@dbﬂl'mtingla compaing hEEtanipls;1 and
R2 can be lﬁ'e3c91| #—X lw;th@éSﬁnP@tlnEY)k‘fo 1y ka (G/ﬁér 59@1% caxélggb%[lg F %%h(k(yl

and the i react e carried ou

condi ti 6n kv ashior; Rhenbe &k enthel, ofd the et aldRcasbrodiodée.g. methyl or

p-tol uenesy|

et er genor by oG oAl i Ak A Ao A0 sk nbOTI S M ot
or t ol uene carpomdivetc adarsiiteblcdestpocing coa‘iurn babgmizsadin 4 suipeig sobnnt sudhCrs  +

o o . T2 ARSI, o LA s s o

ﬁl ItcynoneI @ompquih ef EriamplR4l, édrangbectahﬂoyhé ofcfyrmiudeed-# (Wheram ¥ is aleymg ganp | |
ct erogyc

refl uxcllbn gl?éél lljalx 'Edgg’ﬁgg%é leﬁl c&gonl ﬁ%ﬂ%yécﬁ%:ﬁﬂt@%ﬁ%ﬁgﬁ?ag%&ézg 1[eBm? é@gﬁgﬁng 6

As shown |m58@hbrb@scﬁuc¥eﬂswwahcmmcch base-type conpound of the

present invention (formula 7-4) can ‘ﬁ’ opgpared by reacting a

compound of Exanple 1 herein, 7-1 w an al dehyde 7-2 (wherel(g RI
can be H, al kyl, cycloal kyl, aryl, heteroatyl, 5»- R
O

1)\)'\3 + CO,

S
X1: Br, or 71)\(:]\ 5.5

As shown in Scheme 6, an enamine compound of the present invention (formula 6-3)
15  can be synthesized by reacting 2-fluore-1 1-(piperazin- 1 -ydibenzo[b,f][1,4]thiazepine 6-1
with a ketone or aldehyde 6-2 (wherein R' can be H, alkyl, and the like; and R?canbe H,
alkyl, cycloalkyl, aryl, heteroaryl, heterocycloalkyl, and the like). The reaction can be carried
out under a suitable condition such as in the presence of a catalyst such as p-toluenesuifonic
acid and using a Dean-Stark trap to remove the water generated, and in a suitable organic

20 solvent such as benzene or toluene. A novel enamine compound of the present invention



10 hcterocycloal kyl, and the like) and a nucl eophil e such as an am de
7-3 (wherein R2 can be al kyl, cycloal kyl, aryl, hetcroaryl,

het crocycl oal kyl , and the |ike) under suitable conditions such as
reflux. FoVOS%EMpt8s 2-f| uoro-| PCT/SE2009/050763
1- (pi perazin-1-yl)di benzo[b,f][1, 4] thi azepi ne, formal dehyde aqueous
solution and an am de 7-3 can be heatedyto reflux in an al cohol

sol vent such as ethanol to forma conpound of fornula 7-4 wherein R 1
is H 15Scheme 7 7-17-4 It should noted that in all of the
schenes desélermped-Sheandre gynticpizedfrreacine?flueretlil dpiptrazis-éact i ve) groups
present on.,ggq: i A BLOLP. : t

o 11 cat | 30 oot M pRLBISUE IR ¥t i ' ol Bbaliol
a CN gr oup 2vhclowaty), deigtopyedatlayb aad the tkk) andea aivdeblg condition sudhizus bafbay i ©
acid can be,conver. ( 1.68;. carboxylic acid can 5be
converted ?%&g%%§%%29?$§ﬁgghagﬁg§d$ﬁmgan be reduced to an al cohol,
which i 8 turn can be further nodifi ebcheingbanot her exanple, an OH
group can be converted into another |eaving group such as ngsyl ate,
which in turn is suitable for nucicophilic substitution, su ._aazby

CN. One skilled in the art w | B-2ecognize further such no iﬁ tions.

Thus, a conpound of fdinula I ving a substituent that gontiains a
functional group ca comverimgﬂu anot her 10 conpound formula |
havi ng a different tituep &g. azeolropgne defigiN¥0ns set forth
in this appliecat™s are intended to clarify terns out

: nt invention nmay exist in particular
stercoi sonmeric fornms. The present | tion takes inﬁﬂ’accounqgal
such conpounds, $5lncluding cis- qang jrans~igomers, R and S
enantionmers, diastereoners, (D):ilsonmers, (L)-isonmers, the r ne
m xtures thereof, and other ni Xtur t hereof, as being c gled within
the scope of this invention. Additional asymetric carbo ons may
be present in a substituent such as an al kyl group.~AN=&Such isoners
as well as mxtures thereof, are intended to be ied ) this

i nvention. The conpounds herein described nay have [ F

Theat ermt herei n" means the entir
i

6-5
As shown in Scheme 7, a novel Mannich-base-type compound of the present
invention (formula 7-4) can be prepared by reacting a compound of Example 1 herein, 7-1
with an aldehyde 7-2 (wherein R' can be H, alkyl, cycloalkyl, aryl, heteroaryl,

10 heterocycloalkyl, and the like) and a nucleophile such as an amide 7-3 (wherein R* can be
alkyl, cycloalkyl, aryl, heteroaryl, heterocycloalkyl, and the like) under suitable conditions
such as reflux. For example, 2-fluoro-11-(piperazin-1-yl)dibenzo[b,f][1,4]thiazepine,
formaldehyde aqueous solution and an amide 7-3 can be heated to reflux in an alcohol
solvent such as ethanol to form a corapound of formula 7-4 wherein R is H.

15 Scheme 7
H Rg\ ?L 2
N 7-2 7-3 N R
() : N H

+
N RICH N
Cl o
S " g @E F
S
7-1




20asymmetric centers. Compounds of the present invention containing
an asymretrically substituted atommay be isolated in optically
active or racemc forns. It is well known in the art how to prepare
optical |y WeeMPE5F6t ns, such as by resolution of raceni %W mé‘r”“by
synthesis fromoptically active starting materials. Wen required,
separation of the racemc material can,be achieved by nethods known
inthe art. The optically active forms of the 25 conpound of the

invention may be prepared, for exanple, by chiral chromatographic
separation of alt phoasmeted thabyl aé')ﬂrﬁthhe@ll%@e“f gooeribep héreinl if trergate furctignadr t i ng
materi al s it pr.pc
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procedures knowh varsty ieompeiiids inglep rrgsentiieventian mayregist mmlfl'(!lld'elal but are
not limte C i hy, and
i gh- parf of cmasipiediba® TROBRAGEAR I, ke ifls WK A NASRhARKAD Y, 2o
t hat cd?ft aimlvémgﬁbumgrdor ISQIARES, i} @ enmwlntsr Gwtasgoyneesx (Dtisamers,
geometri CakL iSR!, fro rsceﬁncemmq%eﬁoﬁaﬂd i HARELS tRfeof bKGfovdied
conpound of ‘the pfesent Inventi on,
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-yl - di benzo[ b, 4Jt hi azepi n been th erve orm e
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refers to an aromatic ring structure nmade up of fr 14 car bon
at ons. R ngubstitpige algmasaydsniodatedingptBallygactive orammet feemsbdhq meid)h@wmmthd
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compound of the invention may be prepared, for example, by chiral chromatographic
separation of a racemate, by synthesis from optically active starting materials or by
asymmetric synthesis based on the procedures described hereafter.

Where the compounds contain chiral centres, all individual optical forms such as
enantiomers, epimers and diastercoisomers, as well as racemic mixtures of the compounds
30  are within the scope of the invention.
Optical isomers can be obtained in pure form by standard procedures known to those

skilled in the art, and include, but are not limited to, diastereomeric salt formation, kinetic

resolution, and asymmetric synthesis. See, for example, Jacques ef ¢/., Enantiomers,



aromatic ring can be substituted at one or nore ring positions with
such substituents as descri bed above. The term"aryl" al so includes
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pyruvic, na10n|c, Succl ni c, Laril C unari c, nm tartaric,
citric, asdg@rdvnethylpaeesie@nd ortho-dimethylbenzene are synonymous.

As used herein, “alkyl”, “alkyleny]” or “alkylene” used alone or as a suffix or prefix,

is intended to include both branched and straight-chain saturated aliphatic hydrocarbon

30 groups having from 1 to 12 carbon atoms or if a specified number of carbon atoms is
provided then that specific number would be intended. For example “Cy.¢ alkyl” denotes alkyl
having 1, 2, 3, 4, 5, or 6 carbon atoms. Examples of alkyl include, but are not limited to,

methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, t-butyl, pentyl, and hexyl, or any
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any of the ¢ boxylic acid groups (-C(=0)0OH) in the parent

10conpound, w tAg usahbereindipprrmpeentitadly aqeptable pebtsec thosrcoohoardy, netdniels,
reactive groups.present in the pa conpound, foll owed .
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wherein Ris..Ct. 7alkyl (e g. . Ne  Et.  -nPr, -iPr. -nBu_-sBu.  -iBu,
UBu) - CL 7GR o e Pipnstor o roBhiar ferilise il Soriedy b pieFt
2- (4- md6 phodasanahle bagfiyriskt@and acyl oxy- Cl. 7al kyl (e.g., acyl oxynethyl;
acyl oxyet hyl ; pjval oyl oxynet hyl : .acet 0x thyl., Al-acctoxvet hvl ;

L et hoxy. | PhbRR Ry PR GO SLGRTh BN e RSB YE s

i sopr opoxy disabded nythguydsetivydin th parsgpropaxy iscasbery ik e bdigit pr basic

cycl ohexyl - car bonyloxynmet hyl.. 1-cy. eanh | oxyet hyl :
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20( 4- t et r aimparad pyidasagh @x §o) exauntpém iy dveohinei lagill,; nitric acid, phosphoric acid, sulfuric

(1;15 f’; ?g;;g%gg@?%%@? %é@?%%%ﬁ[ag@;%g?ﬁ%ﬁ%ﬁo@é&&&md Pharmaceutically acceptable salts
1- ( 4t et r ahwely olsy badeyblppairitiytaicyeeidh e luding nlidatc solzsditaridrglhendnd
aromatic acids. Other pharmaceutically acceptable salts include, but are not limited to,
hydrochloride, sulfate, pyrosulfate, bisulfate, bisulfite, nitrate, phosphate, acetic, glycolic,
lactic, pyruvic, malonic, succinic, glutaric, fumaric, malic, tartaric, citric, ascorbic, maleic,
25  hydroxymaleic, benzoic, hydroxybenzoic, phenylacetic, cinnamic, salicylic, 2-
phenoxybenzoic, p-toluenesulfonic acid and other sulfonic acids such as methanesulfonic
acid and 2-hydroxyethanesulfonic acid.
Compounds may exist in a number of tautomeric forms and references to compounds
include all such forms. For the avoidance of doubt, where a compound can exist in one of
30  scveral tantomeric forms and only one is specifically described or shown, all others are
nevertheless embraced by the scope of this invention.
Compounds of the invention may include hydrates and solvates. It will also be

understood that certain compounds of the present invention may exist in solvated, for



A compound of Formula I or Formula I, or a pharmaceutically

acceptabl e salt thereof, or a pharnaceutical conposition or

formul ati on conprising a conmpound of Formula 251 or Formula IT or a

phar maceutWeaP¥istétept abl e salt thereof can be admi ni SREHEER0I/050763

concurrently, simultaneously, sequentially or separately w th another

conmpound or conpounds sel ected fromt hi ol | owi ng: (1)

anti depressants such as, for exanple, triptyline, anoxapi ne,

bupropi on, cital opram cl oni pram ne, desipram ne, doxepin,

dul oxet i ne exahHalsanaml, amliet:ahmp«aamforﬁﬂf Itmlkﬁxmhcre)p ufidetsooce tthan the present
epirone, i.mpra S i.ne tr

el a7 odone. "SI e Fines RS ARG ST S o i Fmetlls & B st e,
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equi val ent ?Qﬁ&gﬁpn@[{cnpceutl cally active isoner(s) and/or

nmet abolite
A compound of Formula I or Formula II, or a pharmaceutically acceptable salt

thereof, or a pharmaceutical composition or formulation comprising a compound of Formula
25 lorFormula II or a pharmaceutically acceptable salt thereof can be administered
concurrently, simultaneously, sequentially or separately with another compound or
compounds selected from the following:
(i) antidepressants such as, for example, amitriptyline, amoxapine, bupropion,
citalopram, clomipramine, desipramine, doxepin, duloxetine, elzasonan, escitalopram,
30  fluoxamine, fluoxeting, gepirone, imipraming, ipsapirone, maprotiline, nortriptyline,
nefazodone, paroxetine, phenelzine, protriptyline, reboxetine, robaizotan, sertraline,
sibutramine, thionisoxeting, tranylcypromaine, trazodone, trimipramine, venlafaxine, and

equivalents and pharmaceutically active isomer(s) and/or metabolite(s) thereof;



(vi) Alzheimer's therapies including, for exanple, donepezil,
nmemantine, tacrine, and equivalents and pharnaceutically active

i sonmer(s) and/or netabolite(s) thereof; 25(vii) Parkinson's therapies
i ncl udi ng,WP3P%8xhbl e, deprenyl, L- dopa, Requi p, M r apRGT/SRIMH50763
i nhi bitors such as sel egi ne and rasagiline, conP inhibitors such as
Tasmar, A-2 inhibitors, dopam ne reuptake inhibitors, NVDA

ant agoni sts, Nicotine agonists, and Dopani ne agoni sts and inhibitors
of neuronal nitric oxide synthase, and equival ents and

pharmaceuti cal | §i) atpicelantipyneti¢sincladianl, G cratEd qhétiapiis Indtiphemmodutically
30(viii) I for exanple, alnotriptan,
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(ix) strok a for
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20phar ggceut i cal} %nt%%h{'m‘{s%n?s %%%Ing,sf%r SRHRT coMEhaRRl LalPdard NEHGESTine,
and gabapentin, and equivalents and pharmaceutically active isomer(s) and/or metabolite(s)
thereof;
(vi) Alzheimer’s therapies including, for example, donepezil, memantine, tacrine, and

equivalents and pharmaceutically active isomer(s) and/or metabolite(s) thereof;

25 (vii) Parkinson’s therapies including, for example, deprenyl, L-dopa, Requip,
Mirapex, MAOB inhibitors such as selegine and rasagiline, comP inhibitors such as Tasmar,
A-2 inhibitors, dopamine reuptake inhibitors, NMDA antagonists, Nicotine agonists, and
Dopamine agonists and inhibitors of neuronal nitric oxide synthase, and equivalents and
pharmaceutically active isomer(s) and/or metabolite(s) thereof; ’

30 (viil) migraine therapies including, for example, almotriptan, amantadine,
bromocriptine, butalbital, cabergoline, dichloralphenazone, cletriptan, frovatriptan, lisuride,

naratriptan, pergolide, pramipexole, rizatriptan, ropinirole, sumatriptan, zolmitriptan, and



(xiv) nood stabilizers including, for exanple, carbamazepine,

di val proex, gabapentin, lanotrigine, lithium olanzapine, quetiapine,
val proate, val proic acid, and verapam |, and equival ents and

phar maceutWe@ap%I54€3 i ve i somer (s) and/ or netabolite(s) REEFEI/050763
25(xv) 5HTIO Iigands such as, for exanple, conpounds disclosed in
W99/ 05134, W02/ 08212, (xvi) uR2 agoni sts such as, for
exanpl e, (1S, 3R)-1-am nocycl opent ane- "1;3- dicarboxylic acid,

(2S, 3S, 4S) al pha- (car boxycycl opropyl ) gl yci ne, and
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W20081502 arid W2008150233; (xvii) alpha 7 nicotinic
agoni sts such a@x) duoke dxapipd iecludiogyioeradspldiabdtimse dctivasa \Dig6s1E6098,

W97/ 03099 ) 03859 00/ 042044 1/ 0290 - 17 - .
Y001/ 1608212V TBR L ey osPgbaatorrodlpt DR axigbiPoisr ey
W03/ 087 1045tivi\B0hed 664/, maddliic(] 866, and W04/ 019947;

(xviii) chemoking fegontSfintRind AL BIRALS e crample, daraslotlitr Ikl
opi oi d agoni st s*sHeR AL T O Exapl @ oMo indEd B s o ded i A VS
WD97/ 23466 ogybaltyWhORb IV 0 Arpbaruthn, solifenading xdd ohedddibk, hidpaid dgyivaidat sz
ant agoni st g, Nch. FGAFRIRE ARLAGON S S aNd FREQLEN n reupt ake

i nhi bitorsP SRR CoMBIRat i on pro uctte%- can enpl oy a compound of
Forrmul a | or Foxiyulcaropithicringhepdpis iebding) foadlaymprcgbpicati, ddsiatn, and

t hereof,, Wi thi.n. the dos Jange described herein.and the 100t her
I R i S A R S A

t he dosagetlwwoh as described in the publication reference. The
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capsul es, roletamide, triclofos, secobarbital, zaleplon, and zolpidem, and equivalents and

20  pharmaceutically active isomer(s) and/or metabolite(s) thereof;

(xiv) mood stabilizers including, for example, carbamazepine, divalproex,
gabapentin, lamotrigine, lithium, olanzapine, quetiapine, valproate, valproic acid, and
verapamil, and equivalents and pharmaceutically active isomer(s) and/or metabolite(s)
thereof;

25 (xv) 5HTgligands such as, for example, compounds disclosed in W099/05134,
W002/08212;

(xvi) mGluR?2 agonists such as, for example, (18,3R)-1-aminocyclopentane- 1,3-
dicarboxylic acid, (28,385,485 )alpha-(carboxycyclopropyl)glycine, and
3,5-dihydroxyphenylglycine or mGIluR2 modulators such as those described in

30 wW02004092135, WO2006071730, WO2008100715, W02008150232 and WO2008150233;

(xvii) alpha 7 nicotinic agonists such as, for example, compounds disclosed in

WO096/006098, WO97/030998, W099/003859, WO00/042044, W0O01/029034,



20aqueous or oily solutions, suspensions, enulsions, creans,

oi ntnents, gels, nasal sprays, suppositories, finely divided powlers
or aerosols or nebulisers for inhalation, and for parenteral use

(i ncl udi ngvP A¥AFSAdus, intramuscul ar or infusion) sterfGESERBPOSUES or
oily solutions or suspensions or sterile emulsions. Liquid form
conpositions include solutions, suspensjons, and enul sions. Sterile
25 water or water-propylene glycol solutions of the active conpounds
may be nentioned as an exanple of liquid preparations suitable for
par ent er al VRN 1$0831r RN 36417qWiICH26066818sWODHART 102 WadFS1e3,f or nul at ed
[ n ol ut | oy AIHEOURAMNERMIRAR) YRl Wolutibop. Adueous
solutions for "oral &dm nistration can be prepare y dissolving the
active conponenviiih ciwmtakimeaedptad@CRbinibitorabl e col orants, flavoring

agents, stabili _ B Al i _ 1S i . gqueous
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active GonpdpEMR3I46anddWeD2/0BGet;aed Wit h a viscous material such as
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f or mul at i orcupiake inhibit&8 - Solid form conpositions include
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suppositori es. d61Td carFier can be bhe or nore substances thaf may
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suspending el t di s L S cadd
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active conBORERLy ockfl JAR Shfic kP oAFLLYE- BOTRANG el S Mt i Dt
carrier having € necessary Binai ng properties 1n sultable

pr opor t i onsgeandiliclepgdcpadthe mbjdeebesizapacd it speciiic attwd agent. befagrdministered
prepari ng it ( N0\ such as a
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solutions or suspensions or sterile emulsions.
Liquid form compositions include solutions, suspensions, and emulsions. Sterile
25  water or water-propylene glycol solutions of the active compounds may be mentioned as an
example of liquid preparations suitable for parenteral administration. Liquid compositions
can also be formulated in solution in aqueous polyethylene glycol solution. Aqueous
solutions for oral administration can be prepared by dissolving the active component in water
and adding suitable colorants, flavoring agents, stabilizers, and thickening agents as desired.
30 Aqueous suspensions for oral use can be made by dispersing the finely divided active
component in water together with a viscous material such as natural synthetic gums, resins,

methylcellulose, sodium carboxymethyl cellulose, and other suspending agents known to the

pharmaceutical formulation art.



20The pharmaceuti cal conpositions can be in unit dosage form In such
form the conposition is divided into unit doses containing
appropriate quantities of the active conponent. The unit dosage form
can be a pPXRRUYEEHSHt eparation, the package contai ni ng dRGEHTERPEN50763
quantities of the preparations, for exarrpl e, packeted tablets,

capsul es, and powders in vials or arrpobjé The unit dosage form can
al so be a capsule, cachet, or tabl et eIf or it 25 can be the
appropriate nunber of any of these packaged forns. Methods of
preparing dosag®oliddemecoamesitiing dicbele powdeys, fablets pdispaysibés, grivesies gpsaies,s
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25 can be the appropriate number of any of these packaged forms. Methods of preparing dosage

forms are disclosed in, for example, Remington’s Pharmaceutical Sciences, Mack Publishing
Company, Easton, Pennsylvania, 15th Edition, 1975.
Compositions may be formulated for any suitable route and means of administration.
Pharmaceuticaily acceptable carriers or diluents include those used in formulations suitable
30 for oral, rectal, nasal, topical (including buccal and sublingual), vaginal or parenteral
(including subcutaneous, intramuscular, intravenous, intradermal, intrathecal, epidural,

intraperitoneally, intrathoracically, intracerebroventricularly, and by injection into the joints)



t herapeutic or prophylactic purposes of the active conpound(s) wll
naturally vary fromthe gui dance provided herein according to the
nature and severity of the synptons or conditions, the age and sex of
the ani malWeR'PaF1¥At and the route of administration, BCEHEINGI16H
wel | known principles of nmedicine. A clinician may readi | y determ ne
the effective anount by 25 using nurrerqgs met hods al ready known in
the art and all such effective anobunts are contenpl ated as bei ng

wi thin the scope of the present invention. Further provided
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30  Psychiatric Disorder. In some embodiments, the Pyschiatric Disorder includes, but is not
limited to: 1) Anxicty Disorders including, but not limited to, Panic Disorder Without
Agoraphobia, Panic Disorder With Agoraphobia, Agoraphobia Without History of Panic

Disorder, Specific Phobia, Social Phobia, Obsessive-Compulsive Disorder, Post-traumatic



synptom a negative and positive psychotic synptom comonly
associated wth psychosis and neurodegenerative disorders. In a
certain enbodi nent, a conpound of Formula |, or a pharmaceutically
accept abl evVOaP/15456¥ eof , is delivered to a manmal by adPETRENEYISHES a
pro-drug of 2-fluoro-11-(pi perazi n-
301-yDdi benzo[ b, f][ 1, 4] t hi azepi ne, % pharmaceutically acceptabl e
salt thereof. Non- I|mt| ng exanpl es of Qlch prodrugs can be found in
enbodi ments in the current application when Z is -C(=0)-R1,
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acceptable salt thereof to a patient in need thereof,
In some embodiments, the symptoms and conditions include, but are not limited to,
25  anxiety, agitation, hostility, panic, an eating disorder, an affective symptom, a mood
symptom, a negative and positive psychotic symptom commonly associated with psychosis
and neurodegenerative disorders,
In a certain embodiment, a compound of Formula I, or a pharmaceutically acceptable
salt thereof, is delivered to a mammal by administering a pro-drug of 2-fluoro-11-(piperazin-
30  l-ylydibenzo[b,f][1,4]thiazepine, or a pharmaceutically acceptable salt thereof. Non-limiting
examples of such prodrugs can be found in embodiments in the current application when Z is
-C(=0)-R', -C(=0)OR', -C(=0)OCHj, -CH(R')-NHC(=0)R?, -C(=0)OCHR?*OC(=0)R>,
-CR'=CR? or -CH=CHC(=0)R", wherein R', R%, R® and R are each independently at each



conditions classified in DSM IV codes 296 and the subdivi sions
thereof. Correspondingly, it is contenplated that conpounds of
Formula |, and particularly 2-fluoro-211-(piperazin-1-

yQdi benzo[WORPPASPP hi azepi ne or a pharnmaceutical |y accRpi/SiP05e163
thereof, will be useful for treating Bipolar and rel ated Mod
condi ti ons however such conditions are glassified in the 30 future in
DSM V. It is also contenpl ated fRAf treatment with
2-fluoro-11-(pi perazin-1yDdi benzo[b,f][1, 4]thi azepine or a

phar maceut iccaikeyceatipk prddalle], sal. thetetveryéaf hetewicy dlodbley! usaé e fuftion désedtatli ng
Anxi ety conpditions classified in DS MTV codes 300 and the

subdi vi si on§ thereof. - 22 - Correspondingly, it is contenpl ated

t hat conpounds e téior fashting?T withimdhgrantektad kigplogertt irvaitive Riconipbdies the
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cundi vi si ons.t haraar S IR b B8y bk P nERRE R i (i i ome
conpounds efmbébmenss, &helmananal ispantddettreathsnt becaedeneinsufiriindifrom or prone to

2-fluor,g-11-(piperazin-1- | ol b..f , 4]t hi azepi pe a.
ohar Bt FesRPERE bt SERE RRHAGHY patad I RR TR eR e B,
treati ng Schi zoplertem tdoomdtiring'Omsludns wdvimistesing the pbarcia¢euteadly active
classified.jn future i.n DSM-V, | nternediate unds:

| nt er medi atlIJl °§§§§%dﬁ’é§@? QEBCP ﬁﬁ“ih%h(“}&?’ ,coxbvggfu Bﬁ% ‘fdrrf&ﬁ%gﬁg@gﬁ)ﬁ %eesi s of
conpounds gharfbeotiqrlly active orgrddentrul a 11, are described in the exanpl es

and schemes her Sflxéﬂ'cxpgct&l’bcgcfﬁgf administering 2-fluoro-11-(pipcrazin-1I-

15 ybhdibenzo[b,f]{1,4]thiazepine or a pharmaceutically acceptable salt thereof is the lesser
incidence of at least one potential side effect such as, for example, somnolence, sedation, a
cardiovascular side effect, or a side effect associated with D2 antagonists (e.g., movement
disorders). It is further expected that prodrugs of 2-fluore-11-(piperazin-1-
yhdibenzo[b,f][ 1 ,4]thiazepine or its pharmaceutically acceptable will provide a reduction in

20  at [east one gastrointestinal side effect,

Thus, it is contemplated that treatment with 2-fluoro-11-(piperazin-1-
yhdibenzo[b,f][1,4]thiazepine or a pharmaceutically acceptable salt thereof, will provide
beneficial improvement by providing a compound having potent inhibition of the
norepinephrine transporter (NET), moderate D2 receptor antagonism and reduced affinity at

25  secondary targets (e.g., H1 or M1) relative to NET for treating Bipolar and related Mood
conditions classified in DSM-IV codes 296 and the subdivisions thereof. Correspondingly, it
is contemplated that compounds of Formula I, and particularly 2-fluoro-11-(piperazin-1-
yl)dibenzo[b,f][1,4]thiazepine or a pharmaceutically acceptable salt thereof, will be useful for
treating Bipolar and related Mood conditions however such conditions are classified in the

30  future in DSM-V,

It is also contemplated that treatment with 2-fluoro-1 1-(piperazin-1-
yldibenzo[b,f][1,4]thiazepine or a pharmaceutically acceptable salt thereof, will be useful for

treating Anxiety conditions classified in DSM-TV codes 300 and the subdivisions thereof.



(A wherein R5 is NH? or NO2 and R6 is Hor Cl.4alkyl. In a nore
particul ar enbodi nent of a conpound of Fornmula A, R5 is NH? and R6 is
H nethyl or ethyl. Still other internediates of Formul a
(B), usef l}i’0|2?ﬂ)f1ﬁ§(%ynt hesi s of conpounds of 20For nmul a FCHYE2MPAA6EH
li, arc described in the exanples and schenmes herein. 0 wherein X is
C or phenoxy. (B) - 23 - ? der that the invention

di scl osed herein may be nore eff|C|ent é under st ood, exanples are
provi ded below. It should be understood that these exanples are for
illustrati @errpmnquﬁm&s itcjmqntempd:ht@lrtlw nabpduodsiad Fommdt I arelthasisulhilyriréatmgnt

t he |nvent|o 5l er. L
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one net hod agkeptplvle padirtharepf, w1ll bc useful for treating Anxiety conditions however such

2-f1 uoro- 11; n(dﬁldﬁ r@zfamflxcﬁDdth?uQ nfbi?é.h[‘)l 4]t hi azepine (VI). Scheme A

10Thus, int process: or O- 2- mer capt o- benzoi ¢ acid
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converted uoro-
treatment with 2-fluoro-1 I-(piperazin-1-yl)dibenzo[b,f][ 1,4]thiazepine or a pharmaceutically

10 acceptable salt thereof, will be useful for treating Schizophrenic conditions however such

condlitions are classified in the future in DSM-V,

Intermediate Compounds;
Intcrmediate compounds of Formula (A), uscful in the synthesis of compounds of

15  Formula [ or Formula [i, are described in the examples and schemes herein.

S,

wherein R® is NH; or NO, and R® is H or Ciaalkyl. In a more particular embodiment of a
compound of Formula A, R® is NH; and R® is H, methyl or cthyl,
Still other intermediates of Formula (B), useful in the synthesis of compounds of

20 Formulal or Formula II, are described in the examples and schemes herein,
O

X
L
F

wherein X is Cl or phenoxy.



15di benzo[ b, f][ 1, 4]t hi azepi ne, and that may be then reacted with
pi perazine to formthe title conpound. Step 1: To a sol ution of
et hyl 5-fluoro-2-nercaptobenzoate (1) (25.0g, 124.9 mmol) and 1-
fl uoro- 2- W@ RYBERMSAEhe (13.2 nl, 124.9 mmol) in acet one RGBRE2MISWES
added K2COB8 (34.5 g, 20 249.7 mmol) at anbient tenperature. The
yel | ow suspensi on was heated to reflux, (60 C) for 5 hours. The
reaction m xture was quenched with I N (500 m.), diluted with
Et OAc (1000 nmL) and filtered through a bed of diatonmaceous earth. The
aqueous | ayer Wﬁ&nﬁeﬂBMhdiﬁﬁenE%ﬂ@mdhaﬁBMMMmSnMBBﬁ@ﬂﬂM&hhhkNmHC
(250 nL x 2 e _sol ent epoved
Under | edugmtsy afah BT liytpe (itbSEaT PRabOF sifnlS e S5IREEGe
no furt her ppysdef ordatndome b to/headodstratdias limiting the invention in any manner.
5-fl uoro-2-(2-nitrophenylthio)benzoate (11) (39.3 g, 95 %9 as a dark
yellow solid. mz (ES+) M+ 1 = 322.1; HPLC tR = 0.88 mm | HNWR (300
VHz, DNBCL&H%&IBLESO9 (t, 3H J =7.2 Hz), 4.16 (q, 2H, J = 7.2 Hz),
ng) 7 (Sgi eé'ﬁ%amqlg 1 é{‘z %o’-gﬁ(pﬁ%r%flhlr) Y )Enbenf lj,f]ﬁ 4%:91296[)’1]1 1H 7.2
5-fluoro-2-(2- rﬁcﬂlcm@hehwstdmcﬂ)cthemzqmmn(xgQ)ﬂuéragumpcrﬁﬂﬂ 14 mol) in
MeOH (530 ghglm a:qﬁﬁgﬁl e1ﬁe chloride dihydrate (301 g, 1335.1
nmmol) at a % ia PE e e m | ky yel |l ow suspensi on was heat ed
to reflux (65 C for 5 hours and t hefthemed ed. To the cool ed m xture
was added EtOAc (1000 ni) and solid Ng2CO3 10(141. @335 mol ) .

i

Wil e stirring V|gor st wat er 5" sl owl y added f oam ng and
tin salt formtf sEch ®irat o a»-cusoearth8@500 0 added and
the reaction m xt déglrréd—fbr 30 gindtes amdfilter he~aqueous
| ayer was renoved an the organic | & was washed wit rine (500 niL
X 1), dried, and t he sol vent renovedydnddr reduced pres ur'e. The
material was carried fofdward with noffurther purificati®on to yield
the aniline ester (Il Z;ﬂS (17.7 g, 60.6% as a pale ?@PIOM/thlck

syrup. mz (ESt) M+ 292.1; HPLC tRy= 0.88 mn. MR, (300 MHz,
DVB0-4): 8 1.34 N J = Tgfs N 35 (q H,4J— Hz) 536
(s, 2H). 6.57-6.(m ¢ 6_3351 @Z 1 5 (m
3H), 7.70 (dd, 1R & ). Step ¥ s
Vi v
10 Thus, in a five-step process: 5-fluoro-2-mercapto-benzoic acid ethyl ester may be

reacted with 1-fluoro-2-nitrobenzene to form 3-fluoro-2-(2-nitro-phenylsulfanyl)-benzoic
acid ethyl ester; the ethyl ester may be converted to 5-fluoro-2-(2-amino-phenylsulfany?)-
benzoic acid ethyl ester; the aminophenyl compound may be cyclized to form 2-fluorc-10H-
dibenzo[b,f][1,4]thiazepin-11-one, that may be converted to I1-chloro-2-fluoro-
15 dibenzo[b,f]{1,4]thiazepine, and that may be then reacted with piperazine to form the title
compound.
Step 1:
To a solution of ethyl 5-fluoro-2-mercaptobenzoate () (25.0 g, 124.9 mmol) and 1-
fluoro-2-nitrobenzene (13.2 mL, 124.9 mmol) in acetone (700 mL) was added K,CO; (34.5 g,
20 249.7 mmol) at ambient temperature. The yellow suspension was heated to reflux (60 °C) for
5 hours. The reaction mixture was quenched with 1N HCI1 (500 mL), diluted with EtOAc
(1000 mL) and filtered through a bed of diatomaceous earth. The aqueous layer was
removed, the EtOAc layer was washed with 1N HCI (250 mL x 2) and brine (200 mL x 1),

dried and the solvent removed under reduced pressure. The material was carried forward



To a solution of aniline ester (ITT) (17.6 g, 60.5 mMmml) in toluene
(300 nL) was added 20p-tol uenesulfonic acid (11.6 g, 60.5 nmmol) at
anbi ent tenperature under nitrogen. After heating the mxture at 110
C for 16 H¥YURYWY P63 reacti on m xture was cool ed to r oo GBS,
The resulting cyclic lactamwhite precipitate was collected (3.9 Q)
and the filtrate concentrated under reduced pressure. The reaction
mxture was triturated with McOH (100 fil), the resulting cyclic

| actam col l ected (5.8 g) and the filtrate again concentrated 25under
reduced pr estsoe &urthFhpurifedton taficlhady fuflidre-22- bgtropmwﬁrho)bdnzmma@bg?m;y
over silic 0 i 1 ent:

cyclic Iac@5 %('iciy@drfgﬂgw]kghd/ 181{2(5%4 wdé? C}.#Cf 1(Z:I(I; | %g%%rﬁodugt}% (y(ﬁ’es
gave the fiMiH, DM&ﬂtM) Slla(m(aBH(Jév’yz(PﬂzJ, 4216, 2%5%=7&2st3;17 ®Ff ({1 Whilt=e7.2

owder n/ 4 .71 min.NWVR (300 MHz,
II?)IVBOd6)I 5% %g 75'}4%&782%‘65‘3&14;%% 24 (d 1H J = 9.3(Hz), 7.36
(m 2 151)Stef)245 (dd, 1H, J 30= 9.3 Hz) 7 55 (m 2H), 10.78 (s 1H).
Step 4

D- - reatjon aed un

pressure. The r%‘%ﬁi’d@%éq@fiﬁ@w\'@@ IH“ ‘°§%b°a ﬁ(:s&zg g@%th
col d wat er nn®0) inMeOF2(53Gmdl) tad aaieedtﬁﬁnmhlmdb ﬁmydiﬁueeﬂn@nm%hemﬁab atent
renoved under, reduced sur he mat eri al s car 8 g with
o T urt hor SRbET SR, T8 DG EIoR FBereh gt Matep s st s o) 6 fouk
an amber Sﬁﬁ&tﬂendﬁo?ed(f&thkc%ldﬂ rﬂllxﬁlr@@ﬁ@adaed}i‘ﬂ@h@ 1080 m a&ﬁsoﬁﬂﬂa(@ep oS!
To a sql uti g no chl rlde (gg) 0%0 g 11(5 ;,Z% Izene (iL15
1) e db s pmnnt Wil tgine ettt Fhteraes SpcHied B e
under nitragent for‘hﬁdtl@ﬁ chieat Wo@&@mﬁ‘eﬂ%% | wasSfided 04 thé 15@&3&5&11‘&@@
reacti on was cool d to raﬁ]grpterrp rature. e react b{gn 10 was uenched

with 2N HCHFY fﬁﬂ-’f Fnigutes 4pd 1ilfgne; eé&ﬁ%’&h?y%&f‘éf@% nithe TR M&H@*‘d
Wi t h CH3C12aéhdd ith BAndisPo mch Dh@igdeanaitiy soFe@Geribv@d agteeRuscel phesureNas

esul 1 ng SHOPSEOH i vl Brel ikt e ege Bart Hestr (e
or gani gsl ayen7 g\ae.6%g ped ;&’chﬁﬁblloﬂr' ElﬁcstlS/@@ﬂ iz (BRY-EM MRS 29@&@1% tlp. d8rmhine
(t X 50 nL), dri ed ove I\I\%O o1 8 1 34 ; HdJ ag% chon4cent rzz%_it ed uanz
reduced pr &3 3MBG0GEHz D o) ( 3 ), 4.35(q,2H, 1 = 7.2 Hz), 5.36 (5,
2H), 6.57-6.70 (m, 2H), 6.85 (d, 1H, J =9.3 Hz), 7.18-7.35 (m, 3H), 7.70 (dd, IH, 9.3 Hz).
Step 3:
To a solution of aniline ester (TIT) (17.6 g, 60.5 mmol) in toluene (300 mL) was added
20 p-toluenesulfonic acid {11.6 g, 60.5 mmol) at ambient temperature under nitrogen. After
heating the mixture at 110 °C for 16 hours, the reaction mixture was cooled to room
temperature. The resulting cyclic lactam white precipitate was collected (3.9 g) and the
filtratc concentrated under reduced pressure. The reaction mixture was triturated with McOH
(100 mL), the resulting cyclic lactam collected (5.8 g) and the filtrate again concentrated
25  under reduced pressure. The material was purified by column chromatography over silica gel
using 0-10 % of MeOH in CH,Cl, as an eluent to give cyclic lactam (1.8 g) as a white
powder. The combined product batches gave the final cyclic lactam (TV) (11.2 g, 75%) as an
off-white powder. m/z (ES+) M+ 1=246.1; HPLC tg = 0.71 min. 'H NMR (300 MHz,
DMSO-ds): 8 7.15 (t, 1H, J =9.3 Hz), 7.24 (d, 1H, J = 9.3 Hz), 7.36 (m, 2 H), 7.45 (dd, 1H,J
30 =9.3Hz), 7.55 (m, 2H), 10.78 (s, IH).
Step 4:
A suspension of cyclic lactam (IV) (3.0 g, 12.2 mmol) and N,N-dimethylaniline (0.03
mL, .24 mmol) in POCI; (6.8 mL, 73.4 mmol) was heated at 125 °C for 2 hours. The



15material was purified by colum chromatography over silica gel
using 0-5 % of 7N NH3/MeOH in CH2C12 as an cluent to give the title
conpound (2.0 g, 55% as a pale yellow powder. mlz (ES+) M+ 1 =
314.2; HP¥OREOASHE0 mmm 1H NVR (300 MHz, DMVSO d4: 8 2PGHSER§9/05963
2.72(m2H) 3.40 (m 4 H, 6.860, 1H, J = 8.1 Hz), 6.98 (d, 1H, J =
8.1 Hz), 7.15-7.38 (br m 4H), 7.58 (g%_lH, J =8.1 Hz), 8.92 (br s,
1H). 20Exanpl e 1B:

2-fluoro-11-(pi perazin-1-yl)dibenzol b, f111, 41t hi azepi ne Schene
B shows anotahigm migtuteenyslcateutratet unde rafucaimeqaure.nGhe residue was dissolved in

2-fl i

2 or e, el PSS RDA L b Sy KRR S V0N G
be react ed sali¢nihrenovixt onio- rﬁdtfcbdjpmf(smbe'lﬁh@nﬂcxaﬂ m‘ls; cm&dstbwd withonof forthar

2- (2-am no Bﬁlhﬁcay ﬁt%l fte“fi}c{] %{nlgq‘: c%iofrfdg PV)O(E) ? /C) 0 arhbetr rs1yeru;la3 & ?E§+)‘M: +q ey

be cycli ze

2-fl uor 6- 1064#i; ﬁ&riibtkb()‘S]S[lﬂlM] t h| azepi n-11-one, that nmay be converted
to 11-chl O?ﬁ -fI uor o- 5di benzo[b,f][1, 4]thiazepine, and that may be
reacted w p| perazine to formthe title conpound. Synthesis of

2- f | uor odi benzoFdg fahitibn sfintitn cdeflc GV IR O(glﬂ)n.i)mrmadﬂen x;Acrs:L(i;tienTs)macbded

ni ckel br Or‘ﬁ[’%ﬁ‘,ﬁiﬁ? (’;ig;g lggg'Z;lmn?(ﬁﬂg Gglibgﬁ{trt%rﬁ%erahgre ut%glr) Pl’trogen %(%ter Qeatmo P

10dust (20 etoni
stirred, tmnested: WS fa; 2houds, ﬁluhéaammcbvayboblmmrodnete@ﬁaamrrhe ﬂeﬁctﬁﬁ g)

N e B O A ERT XA R e T
m xture WaSH,Cr Xd0Mnlh T the mnﬁmﬁrgfabﬂtcraqtmnzmya vas hdlled a&m moL until
21,900) 10 BUSORR A bBle i Go e B el Vo
diatomaccous carth and the organic layer was scparated. The organic layer was washed with
brine (1 X 50 mL), dried over MgSQ,, filtered and concentrated under reduced pressure. The
15 material was purified by column chromatography over silica gel using 0-5 % of 7N
NH3/McOH in CH»Cl, as an cluent to give the title compound (2.0 g, 55%) as a pale yellow
powder. m/z (ES+)M + 1 =314.2; HPLC tg = 0.50 min. 'H NMR (300 MHz, DMSO-ds): &
2.68 (m, 2H), 2.72 (m, 2H), 3.40 (m, 4 H), 6.86 (t, IH, I =8.1 Hz), 6.98 (d, IH, J = 8.1 Hz),
7.15-7.38 (br m, 4H), 7.58 (dd, 1H, J = 8.1 Hz), 8.92 (br s, 1H).
20  Example 1B: 2-fluoro-11-(piperazin-1-yl)dibenzo[b,f}[1,4}thiazepine
Scheme B shows another contemplated method of preparing 2-flucro-11-(piperazin-1-
yl)dibenzo[b,f][1,4]thiazepine.

NH, o
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15room tenperature, transferred to a 1-neck flask and concentrated
under reduced pressure. The resulting dark solid was suspended in 200
m. of methanol, cooled in ice and was treated with 100 nL of
trifluoro WeEMASHEE?d by addi ng through a droppi ng funnBET/SHHEH/050763
resulting dark solution was stirred for 30 min until all the gas

evol ution stopped and filtered through a 3 cm pad of diatonous earth
and the filtration pad was washed usi n& a total of 400 ni net hanol.
20 The resulting gray suspension was refluxed for 1.5 h, cooled to

t he room t enper @by i aalnde-stp proess: 2AK diélﬂfaimdwmarﬁﬁidctrmyexd retaotcgezith a-

solid. Thefllt/{ﬁ I§Zecva o&a&(g g{% gﬁzresuli3 Vas treated
with 300 ni I&Y r%lcaﬁ oride” sol Ut sn- ARG 509" Eoét ate.
The suspenstemnicwad; the hatzeid awihiaysgbycdzﬁpﬁlshmxthﬁbMDm-hﬂm| | pH 6-
7 (16.8 g, he re whlte su nsi Q stirred for 1
h and ri 0 ST R PR, B SR BRSR R 0T e hy
acet at e5 Thtbemaofafiiict]thayeinef andnhe hﬂy be tchatal weithydperafipas airadhdftitiom t he
aqueous | ayer, dried over sodiumsulfate and evaporated to yield an
oi | which V\%smsugpended in 200 nmL ether, stirred for Ih, filtered and

the solid \Sasthwsﬂedﬂwmdmér&ﬁ[b;ml,dlthbf:epir(;bumm)edlesoI ids were stirred
with 250 nL hot methanol for 10 min and filtered to get the desired

mmol , 17. 51g) 5500 m xyl enes was t Bd wi t h p-tol uenesul fonic
acid rmnohydratc 64 57 mmol, 12.2g) and®k€ated. Additional 200 niL
xyl ene was added and heating was continued with azeotropic renoval of
water for 16 h. ATHechstasdfficky bpnHde 6 aneqli bePehbipytidd (hvagob §IRSdnd ging he
room t ggpenad woe n@:ﬂ&i @dﬁk@ﬂmtzgo 20Uy EUetoWﬁﬁl% Rvab Aﬁ%ﬁﬁcﬁlg IsfirkddNQeatedwithS

mn the solid reno tration, wat er and

dried in alr? ﬁ‘é?'faﬂcqbyld‘éﬁH“‘%(Igi%ﬁmtﬂlrdgr%m@W‘*\%E‘h‘ﬂﬁ‘i’ 2B Pyh S%Gt'ﬁs ‘Cdopth ai n
2-fl uorodi Qﬁﬁ'&i@e{rIi’eaf:]]|B§-m4ﬂ1ﬁ1hlneiﬂt@1ﬁhlﬂerﬂﬁe§a1@w Apﬂfl@e:ﬁﬁot’@n%écrxometr@ac%l i d
(11.6 g, 73%; M d6) 7.16 (t,

H 7.24 (d mu\gmrp s ate w‘q) 2- broggu 5-f q;mgpzn%qap‘ acyl (|].90 mmgly 2{ g&) 1anogtlogs argi 9
Hz, 1 H 7s&dedal77%C foml h chﬁ)le diPbtl waslréme¥dd( The rJeadfﬂ)n nﬁ@uf@%ﬂ-é{%l%&-mc
246(0.72). 2-Fluoro-11-(piperazin-1-yedi benzo[b 4]t hi azepi ne may
be prepar edom @W%ﬂt%ww@ﬂs@r%én%r ﬁﬁﬂk[aazd ijﬂpﬁit‘é‘é’éw‘dﬁ !Leﬂ(“’fé Pesgffe as

descri bed irge %ﬁﬁﬁn dhriepid @aoius% Redih 20€@HS. R nefXRRbLEId - icdaha RS feakdd:

2-fluoro-11- era2|n 1-y1) di benzo[ b, flll 41t hi azepi ne
wi mL of tnﬂuoro acct:c acid by adding through a dropping funnel. The resulting dark

2- (2- am nophenyl t h},0) - 5-f | uor obenzoi c aciffl as a soI id. (17.42g, 66%
M5 (ML) - 2 26%1 1H NVR¢( 300 MHz, H F6 ppm 3. 06H- 2245 (m
1H)4845 670(m2 82 (d, 1 H
7.09 - 7.25 (m SH)+7F%§%%H . (dﬂ"J_@E 1
H. A suspen of 2-(2- phenylltlzhl _f1 uor obenzoi ¢ &I 64. 57
re
Cl

solution was stirred for 30 min until all the gas evolution stopped and filtered through 2 3 cm
pad of diatomous earth and the filtration pad was washed using a total of 400 mL methanol.

20  The resulting gray suspension was refluxed for 1.5 h, cooled to the room temperature and
stirred for 16 h and filtered to get a solid. The filtrate was evaporated and the resulting foam
was treated with 300 mL 15% ammonium chloride solution and 500 mL ethyl] acctate. The
suspension was treated with solid sodium bicarbonate until pH 6- 7 (16.8 g, 20 mmol). The
resulting white suspension was stirred for 1 h and filtered. The solid residue was washed

25 with 500 mL ethyl acetate. The organic layer from the filtrate was separated from the
aqueous layer, dried over sodium sulfate and evaporated to yield an oil which was suspended
in 200 mL ether, stirred for 1h, filtered and the solid was washed with 100 mL ether,
Combined solids were stirred with 250 mL hot methanol for 10 min and filtered to get the
desired 2-(2-aminophenylthio)-5-fluorobenzoic acid as a solid. (17.42g, 66%) MS (M+1)



Schene C shows anot her contenpl ated nmet hod of preparing
2-fluoro-11-(pi perazin-1yQdi benzo[ b, f][1, 4] t hi azepi ne. NO, FNO,

basel- 12/ Pd ClI HS c(o)da,Il or PhOC(0O)C1 H or other activator 20
where X = WPRO0IESSE3 2g” PCT/SE2009/050763

-27-

264; IH NMR (300 MHz, DMSO-ds) 6 ppm 3.06 - 3.45 (m, 1 H) 4.84 - 570 (m, 2 H) 6.53 -
6.70 (m, 2 H) 6.82 (d, /=7.6 Hz, I H) 7.09 - 7.25 (m, 2 H) 7.26 - 7.36 (m, I H) 7.606 (dd,
J=9.5,3.0 Hz, 1 H),
A suspension of 2-(2-aminophenylthio)-5-fluorobenzoic acid (64.57 mmol, 17.51g) in
5 500 mL xylenes was treated with p-toluecnesulfonic acid monohydrate (64.57 mmol, 12.2¢)
and heated. Additional 200 mL xylene was added and heating was continued with azeotropic
removal of water for 16 h. The resulting pink reaction mixturc was cooled to the room
temperature and added to 300 mL water. After stirring for 15 min the solid removed by
filiration, washed with 3X 100 mL water and dried in air for 4 h, and then under high vacuum
10 for 20 h to obtain 2-fluorodibenzo[b,f][1,4]thiazepin-11({10H)-one as a off white solid (11.6
g, 73% ); MS (M+1) 246; 'H NMR (300 MHz, DMSO-ds) 8 ppm 7.16 (t, 1 H) 7.24 (d, J=7.2
Hz, 1 1) 7.29 - 7.42 (m, 2 H) 7.47 (dd, /=0.3, 2.9 Hz, 1 H) 7.52 - 7.71 (m, 2 H} 10.47 - 11.20
(m, 1 H), MS 081119 M+1 246(0.72).
2-Fluoro-11-(piperazin-1-yl)dibenzo[b,{][1,4]thiazcpine may be prepared from 2-
15 fluorodibenzo[b,f][1,4]thiazepin-11{10H)-one as described in Steps 4 and 5 of the process of
Example la.
Example 1C; 2-fluoro-11-(piperazin-1-yl)dibenxzo{b,f][1,4] thiazepine
Scheme C shows another contemplated method of preparing 2-fluoro-11-(piperazin-1-
yhdibenzo[b,f]f 1,4}thiazepine.

NO, F NO, NH,
O - Y = O - C
cl HS S S

c(o)cy
or PhOC(O)CI
Cl
Nz H O OY X
POCI, N H* or other NM
F - activator
b3 F -— F
3 S
Y i whera X = OPh, CI
(Il .
H (—N Scheme C

20



Thus, 1-chloro-2-nitrobenzene nay be reacted with 4-fl uorobezenet hi ol
in the presence of a base to form

1-nitro- nghen | sul fanyl (4-fl uorobenzene). The nitrofl uorobenzene
may be redti@3U(154583 ani no- 2- phenyl sul f anyl - (4- f | uor oben2EHEBZOMNSETE3
can converted (for exanple, as shown) to

[ 2- (4-fl uoro-phenyl sul fanyl) - phenyl ] cq&?gm’ c acid 5 phenyl ester.
Such an ester may be cyclized as shownTo form

2-fluoro-10Hdi benzo[ b, f][1, 4]t hi azepin-11 -one, that nay be convened
to 11-chl or o- 2- Thugok-ehlordiZbamobefidsnd fnfivl bedfactadavithpt-therobskanethiotmrhe hen be

ted w yol L. t l e 1D:
2 Truoro 10 Thcoe aarhefod) | R e B G TIRE en 8R0S heme D
shows yet anoflherbaemeamplbardicedet hodingf2-pheegatfend (2 adrownmad)which
(pi per azi nely %‘ﬁgérg %P&Qg@c[%’sﬂdvs g'tﬁéﬁ fglggg péwl%yisulfa yb 1011 calbamlc damd

2- am nobenzenet hi o reacte "'uor
met hyl ést @henybesfopr ‘.Enca an ester may be cyclized as shown to form 2-fluoro- IOH-

gCI[ EiE)152W2?Lb@1QZ L ?Qtl]tlgﬁ%e Wig(?{agftggﬁ %eggﬁ}éje S 6 30¥Rb o ﬁ%o%)ro benzoi c

e converted t r eat ment
with al kal |d:bptyz0 [b,f][1,4]thiazepine, which can then be reacted with piperazing to form the title
2-[(B)-2- a%rﬂ@ouﬁﬁth (E)-ylidenc-but-2-enyl sul fanyl]-5-fl uoro-benzoic
acid. The benzoic acid can be cyclized to form
2- f | uor o- 1@Manpled®z 3ffluof 4-1 (pdjer it opidibenzb{ w8 4] thiraepiney be convert ed
o 11 gl or 02 {Auian o REroL Byl b ARRRINE rch il 2P, U her

reacted with plperazmeto e trtle conpou
2- (piperazin-1-yl)dibenzo[b,f][1,4]thiazepine.

1- (4-(2-fluorodi benzol b, f][1, 41t hi azepi ne- 11-yl pi perazi n-1-yl ) et hano

ne The conpound of Fornmuffa | where Z is - th and R i's

nmet hyl was prepar follg,M‘jF'Fsol yiskon o

2-fluoro-11-(pipe 1-'yDdi benko[ b f]'{‘1—4']"fh| see
Scheme A) (0.05 g, 0. fé nmol ) &rdri ct hyl ami ne| (0. 05 o 2 mol )
in DCM (3 nmL.) was added acetyl chloride (0.02 , 0.3%2 ) | dr opwi sc
at 0 C under nitrogen. After stirring the mxture at 0 C for- 1 hour,

t he sol vent was renpovefictiemefr reduced pressure. The re@qtion m'xture
was triturated with ether (1 X 20 nmL), the insolubles filtered of f
and the filtrate concentrated under reduced prefs reNL,o gi ve | -(4-(2-

10f | uor odi benzo[ b, 1]1[ 1, 4] t h pi ne- 11-y|%pi per none
(0.05 g, 80% as a ver e yel | ow powdétt nj z 356. 0;
HPLC tR = 0. 64 min. NWVR O d6): 8 2. 3(s : 335361
(br m 8H), 6.90 (t, 1H, .1¥ Hz), 7.01 (d, fH J c ), 7.22
(t, 1H, J = 7.8 Hz), 7.31-7,40 (br m 3H), 7.60.(dd, 1H 5.7 Hz).
15Exanpl e 3: ethyl-4-(2-fl utr odi benzo[ 14

[ 1, 4] t hi azepi ne- 11-yl ) pi per azi n- 1- car boxy]| at e The ound of

Formula | where Z is -C(=0)0Rg andR6|s[3thyI was prep rj as
follows. To a solution Nz Ne
2-fluoro-11-(pi perazi r@(ﬁlzo[b—t-]—H—Mrt-hla e (see Schene
A) (0.05 g, 0.16 nmol) @ §lanine (0.05 mi__g_32 ) in DOM
(3 nmL) was added ethyl carbon&hloridate (ethyl chloroto e) (0.03

m., 0.32 nmol) dropw se
Thus, 2-aminobenzenethiol may be reacted with 2,5-difluoro-benzoic acid methyl

ester to form a 2-[(E)-2-amino- 1-eth-(E)-ylidene-but-2-enylsulfanyl]-5-fluoro-benzoic acid
15  methyl ester intermediate that can be converted by treatment with alkali to 2-[(E)-2-amino-1-
cth-(E)-ylidene-but-2-enylsulfanyl]-5-fluoro-benzoic acid. The benzoic acid can be cyclized
to form 2-fluoro-10H-dibenzo[b,{][ 1,4]thiazepin-1 1-one, that may be converted to 11-chloro-
2-fluoro-dibenzo[b,f][1,4]thiazepine, that may be further reacted with piperazine to form the

title compound.



20at 0 C under nitrogen. After stirring the mxture at 0 C for 1
hour, the solvent was renoved under reduced pressure. The reaction
mxture was triturated with ether (1 X 20 nmL), the insol ubles
filtered oVP2RA5AE filtrate concentrated under reducefFYHE8YIEYs3 o
give ethyl-4-(2-

fl uor odi benzo[ b, f][1, 4]t hi azepi ne- 11- yﬁl pera2| n- 1- car boxyl ate (0. 05
, 7699 as a yellow powder. mz (ES+) 386.4; HPLC tR = 0. 82
mn. IHNW (300 MHz, DVBSO-c/6): 8 251 19 (t 3H, J =7.2 Hz), 3.09
(br s, 1H), 3.32-3.61 (br m 7H), 4.07 (q, 2H, .1=7.2 Hz), 6.92 (t,

%HéOJ7=4z. gm#{e zﬁé?%diﬁ%odwg dill %ﬁlﬁ thﬁéepAJeFé- I prerHﬁ‘-?l-yffetﬁaJon% Hz) ,

benzyl- 4- (2-f | ubrsginpeyndef Bormmukall \Mtckﬂ W ZGEOMR- aillRyES)lmﬂpéwaizmlmalcd@ar bo
xyl ate 30Thg, 9«9”’99&'%&}1 F?rﬂ%’:]o (p1 siz l%rl)d%enz?fbﬁﬁﬂgﬁﬁaﬁﬂﬂe% s

benzyl was prepared as ol uti‘on
2-fluor §- 1¥I(ye¢ §émm2ﬁﬁ(@=0§/®@|lbm®1 andftiigtiylathind(OLo e, ﬁéEWmC(l)sieé)CSd:fﬁerre

A) (0.05 g o

(3 n) vvasmaIf a‘éga Lc)c carrﬁ)(ferggh?ﬁ“ ?(é@%‘%m})@ ?W%'a?#oro or rra% ck‘ AEQMB
m., 0 32 mumbtijpg mbmrﬁmmet @2C Bbr 1-ho@Dthe sc@idﬂﬂﬁi&fmmb\tcﬂm@@jﬂrcdﬁ&fcﬁ@l’csﬁﬁ’d rmhicng
the m xture at 0 .C for hour sl t s.re reduced
o esour e FrB iyt R e (Y o R ba i OIols Ao o a3
t he i nsol uliligs dohéehettedhmibif redqzed prb@mfcitd» gmate:t(:zoncentrat ed under
reducegp ssur

o 0P o Bt St S e L edpery 1y Petisons 005 & pu Ay pe
(0.06 g, 9981@owamxaleqoaﬁ/e (EB+y 8t + 0w 368 RYHBICE t:6= 0.60 min( BSNMM 360 MKz, 448. 2;

WPLC LR = BTt LD £3001458 o, PUS089) 132,705 20, 8] - 200
7.23 (t, 1H2),3.03 (i1, 1H2).8 HE), 3517746¥b1(ri@r3ﬂﬁ7@1'd)1d 1% $0 sGmz)1H) . Exanpl e

5: D2 Assays 10l n vitro experinental assays can general |y be carried
out as described herein. Briefly, CHO Kt cells stably transfected

Wi th the depmaprRe: BRSI-4-SCBRr6dib&20[blTf 1 Hﬁﬁﬁzdpihetﬂ'leyl LAAinTRRA Doy ke
mai ntai ned in I—la]rﬂS F12 cuylture nmediums B npnteg ith 2 nM

Lgl ut ami ne, 1096 E88™PaHHd © B@fﬂw&ﬂﬁrﬁwgﬂan@@ hORl@df)znqté%wmpa@ﬂﬁa. ng
AssaK: 0 fouomer@bwwttom 00h- ﬂh@stuc(plﬁa@ziiﬂdsfl)ﬂmcﬂbgm aqpmaidprnacl om de
at the S tor ¢ e determne

Dps. 1 anat YLREHOCREr Aar0 B DT AST et TR (A0S fals A3 el g DG (3

st andard 96dyekt aq@edasylicheichiokitidt@ ettt efiGrofotmdtSt@DNmILAGIBPIgpAEbphand
by the recept or. Retained 3H can be determined in a TopCount

sci nt i 2P at ik ndeinitzossie AfersBring fiempxmman 8 “a & 1t11°6‘nﬂ‘6f’°1’éc“l‘ Fauiceoved
scinti || anfndePre@deh pdute. TH RROHAGSx @AW ARG EMAL Wah&thef QX 3WBLY, the

insolubles filtered off and the filtrate concentrated under reduced pressure to give ethyl-4-(2-
fluorodibenzo[b,f][ 1,4]thiazepine-11-yl)piperazin-1-carboxylate (0.05 g, 76%) as a yellow
powder. m/z (ES+) M + 1 = 386.4; HPLC tg =0.82 min. 'H NMR (300 MHz, DMSO-dj):

25 LI19(t 3H,J=7.2Hz), 3.09 (brs, 1H), 3.32-3.61 (br m, 7H), 4.07 (q, 2H, ] = 7.2 Hz), 6.92
(t, 1H, ] =7.5Hz), 7.02 (d, 1H, J = 7.8 Hz), 7.22 (t, 1H, J = 7.2 Hz), 7.30-7.42 (br m, 3H),
7.60 (dd, 1H, J = 5.4 Hz).

Example 4: benzyl-4-(2-fluorodibenzo{b,f][1,4]thiazepine-11-yl)piperazin-1-carboxylate
30 The compound of Formula I where Z is -C(=0)OR® and R® is benzyl was prepared as
follows. To a solution of 2-fluoro-11-(piperazin-1-yl)dibenzo[b,f][1,4]thiazepine VI (see
Scheme A) (0.05 g, 0.16 mmol) and triethylamine (0.05 mL, 0.32 mmol) in DCM (3 mL) was
added benzyl carbonchloridate (benzyl chloroformate) (0.03 mL, 0.32 mmol} dropwise at 0



pot ency using conpetition curve analysis, resulting in cal culated K1
val ues. Wen this nmethod was carried out generally as descri bed
herein with 2-fl uoro-11-(pi perazin- 1- yedi benzo[bf][1, 4]thiazepine,
one aver ag¥OP#R{F5%dbt ai ned showed D2 binding KL at abobtTS520 "’725
D2 Receptor in vitro Functional Assays: GIPgS assay can be
perfornmed substantially as descri bed bg Lazareno, Methods in

Mol ecul ar Bi ol ogy, 1999, 106, 231-245. %\nt agoni st activity of
conpounds can be determ ned by the ability of test conmpounds to bl ock
dopam ne- st mdeatitdg§n3 ISier SFRTShSMixirndi (e foo! beir) thowideniawes serhavedn D2s
;teraig:’ g.l lt;aggtjeggeéicrl gﬁg l'f'h% reaw‘]on, r{uﬁg'ue wﬁnturaged 3l {El}? 90 I%ES, the

2-fl uoro- 1jm@Ipblpaeﬁla:mcmfﬂgzﬂdludfdnaofgcbmér]n[aﬂ:d4]1dehrmdn®p|pwshurmgwa%mzag«e

result obt anpl e
o D Amphetanpoied FRATE R Al ke beT Ruip PR oo Py & oo RERR:
i n vivoScamelbe wagdolid metES-ryiMe =8 antPRG yeh b4 mire f HOOWMR £300 Mz

general ly ol | e
Pyper | ocombOAd T by ey W57l A boask (PRE S Tlia! Lot 75
assessed | Bzyal2e (1 OHY £v.20%), 7265 .425bi1g, BHPAGEE, M.t hat i ncl udes a
habi t uati on phase foll owed by adm nistration of 1 ng/kg

D- anphet am ne. Aninmals can be allowed to acclinatize to the testing
room f or 1ﬂi®mblelsebomsdyei ng wei ghed and placed into activity
chanbegﬁ Thirty m nut es af er LMA rreastf;{grrent IS b?j d ni maﬁ gan
be briefly ren{/el® FBEURPNA FBR&ILEMERYY BEHid opidese ‘Ee SRR Y
vehicl e or CI[—EBKlddEllsgtaaly tthBsfebitddfveithahd dopaains Dﬂﬂd:cé[ﬁcﬁrld:mﬂﬁﬂls'&d)mttﬁﬁﬂ

chanbers. After er. 3 ni mal.s can again he .remved
ond dosed argdhr gLl ek PRyt RS wif 2
returning fghendmnd, heth FBSpankl360 agml Mygrymedianbers, LMA can be assessed
for a further 60 m nutes. Hal operidol (0.1 ng/kg dissolved in H20)
can be admnistered 15 mnutes prior to D-anphetam ne via the s.c.

route. 15t all?Setapad- Ban@gysisg: can be made of total distance traveled

hoc.anal yar s whoFEoW YOt pat o ot AR b A lotehRE .,

and SD. Whdaeintihesl ometidadeinemSore B0¢-tredfoort CenetlaiB, v, Hsl)ndﬁ’ﬁtglpl’dﬂ&ﬁi) An

th 2-f | 11- 1- i b b, f

Showed act PO e %ﬁgfﬁa%a‘éeh‘%' ik Mg et e i RET e

Condi ti onedccé;um d?armned spardicrgnioéARy TASC@ayt 'acmtlllatld\itﬁleec ¢onngr Gllaviag
trav to.th osite side ndard

t
chut | 0cags PRFPEt I BUEIT TR B JAERME s L E RO
stinul us t potangiusing edriyyetitiyn ﬂfrve&lnﬁgix&’ rgulshpiblkcakcoiatch¥; dl@er wabn thike

cage. Dail ions.can cons 0.80. shqck is
o't ver ad, sfionar G PR3 hot Blrrbhy AT Bk o iRy

tr aver si ngyhdibénaebdlipaBhitepidgheltveaie tendt dadgred shwigl Blindigg K; at about 11
adm ni stereg[g(wa S.C. or p.o. route) 60 mnutes prior to testing and

t he percenP e of trials in which shock is avoided and escaped can be
recorded. Wien this nethod was carried out generally as described

t herein, erazi,n I ) di benzo[ b, f][1, 4] t hi azepi ne
showed act id?l#ﬁep%’ "@B '%é“’ﬁ‘f{(f“g ‘60 ng/ kg (sc). 30 Exanple 8:

Nor epi nephri ne @pkgtasay can befyerfamsd pulfsentialyas déscilged by rf_ﬂﬂiréne,dbleﬁmﬂ in
DK LB B PSR el bbb O
i nhi bit uptetkeniodd by tlpmbi:lity eft test yorfijoundsas bleck dc@mhmb-rsameiat(:divg d'mm
Mol ecu I38r P%\c/img % ccﬁl mcmbrdneb W fom D2s stably-transfected CHO cells. When this method was
carried out generally as described therein, with 2-fluoro-11-{piperazin-1-
yhdibenzo([b,f][ ,4]thiazepine, one average result obtained showed a GTPYS ICs; at about
404 nM.



- 32 - Dbiogenic amine neurotransmtters. A stable popul ation of
HEK293F cells transfected with the human norepi nephrine transporter
(cultured in Freestyle 293 expression mediumw th 75 nmg/ ml hygromycin
B) can be WP?&‘HF@?@?VGQ then plated and used on the dafCHPEJ{RN5G763
assay. Cells can be at 60K/ well; dye can be 7% (final) of the
vendor - recomended reconstitution 5vo|ﬂg e (100% . Conpounds can be
diluted 1:20 in buffer and incubated with the cells for 30 m nutes
prior to addition of the dye. In flils fluorescence intensity assay,
pl ates can be read after a 20 m nute dye incubation to determ ne

t eff ] . f | A0 final) and
perent o SRhpl B ARRRAFL DALl Mol SHRIBRA]  nal) and
control responsBtudigain vive coorpnsed tedettaning thesitipgychdtis affsétngd theestadipdar d
Cheng- Pr . i \ t i : ' . N
a0 dasor | bod REPHELfoBBys, ARG Wilcho Bl 3 0B ARAECORR P et S TR W
1-yl) di Benadfabitfaldd RattMiotlél zzrelps aveessed memav Borgévanestslusing b paadigu tehowed

NET i nhi bi | 1 531'99 £ 9 L.ndi ng
15The H r e‘é%%?%‘rl “’%f“h i nH“aﬁéﬁﬂﬁ%“c‘gﬁ%ﬂﬁl‘%‘éﬁ?‘f%f‘&j‘%%c ?%hg)é%%@g’nce
Wi th De BadWénalacaate aiBivediemeliBitip iytbhe teRig, ro@o fomi thoyr bB0SHeitedTiGied
1601. Wen | : i Wb 98 I ] ; i
wth 211 oar o Rl Ee AR OBl b i R AN B SR QB RS
aver age r esul e loisthaiemeded Hovse dizltie sob-nethmregusdoutats.calowitht vellicle on Mst drug at
20Phar ngcol;ngl. . ( ' .. AR 3 I | Qf her
pi per azriiB n- Id&ﬁ!fl‘%?&cﬁb en?é‘[q@?%f% ?ﬁe}]ﬂ ?rh'lgkgbz'epl ngg& fﬁglojsohlg%gﬁg%? ﬁﬁf]’%léc’%@gﬁg%g
bel ow. Conmpotemdvidhand dodE Fvithprhikle oHBKnpBhétaninght L vyl (sKi). Gier iBRmbug the
GTPYS 1050 4imals to the activity chambers, LMA can be assessed for a further 60 minutes. Haloperidol
0.1 mg/kg dissolved in H,0) can be administered 15 minutes prior to D-amphetamine via the
(0.1 mgrkg ) p p
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15  administration using ANOVA and Tukey’s post hoc analysis where appropriate. All values
can be expressed as Mean and SD. When this method was carried out generally as described
therein, 2-fluoro-11-(piperazin-1-yl)dibenzo[b,f][1,4]thiazepine showed activity at 30 mg/kg

and at 60 mg/kg (sc).

20  Example 7: Conditioned Avoidance Responding (CAR) Assay
Male Long-Evans rats can be trained to traverse to the opposite side of a standard
shuttle cage following presentation of an auditory and visual stimulus to avoid delivery of
electric shock to the floor of the cage. Daily sessions can consist of up to 80 trials. If a shock
is delivered, animals have the opportunity to escape the shock by traversing to the opposite
25  side of the cage. Drug can be administered (via s.c. or p.o. route) 60 minutes prior to testing
and the percentage of trials in which shock is avoided and escaped can be recorded. When
this method was carried out generally as described therein, 2-fluoro-11-(piperazin-1-

yl)dibenzo[b,f][1,4]thiazepine showed activity at 30 mg/kg and at 60 mg/kg (sc).

30 Example §; Norepinephrine Uptake
An assay for measuring norepinephrine uptake can be carried out as described below,
Briefly, test compounds can be evaluated in an 11-point ICs, curve for their ability to inhibit

uptake of a proprietary fluorescent substrate (dye) from Molecular Devices that mimics
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biogenic amine neurotransmitters. A stable population of HEK293F cells transfected with
the human norepinephrine transporter (cultured in Freestyle 293 expression medium with 75
mg/ml hygromycin B) can be cryopreserved, then plated and used on the day of the assay.
Cells can be at 60K/well; dye can be 7% (final) of the vendor-recommended reconstitution
5 volume (100%). Compounds can be diluted 1:20 in buffer and incubated with the cells for 30

minutes prior to addition of the dye. In this fluorescence intensity assay, plates can be read
after a 20 minute dye incubation to determine percent effect with respect to total signal (0.5%
DMSO, final) and background signal (10 uM desipramine, final). The ICsq, half of the
control response, can be converted to K; using the using the standard Cheng-Prusoff equation.

10 When this method was carried out generally as described herein with 2-fluoro-11-(piperazin-
1-yl)dibenzo[b,f][ 1 ,4]thiazepine, one average result obtained showed NET inhibition K; at
about 10 nM.

Example 9: H1 Receptor Binding

15 The H1 receptor binding method can be carried out in accordance with De Backer et
al., Biochem. Biophys. Res. Commun., 1993, 197(3), 1601. When this method was carried
out gencrally as described therein with 2-fluoro-11-(piperazin-1-
yhdibenzo[b,f][ I,4]thiazepine, one average result obtained showed H1 binding K; at about
7.1 nM.

20 Pharmacological data concerning the compound of Example 1 and other piperazin-1-

yI dlbenzo[b f][1 4}t1nazepmes is shown in the table below
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nodi fications of the invention, in addition to those descri bed
herein, will be apparent to those skil ked in the art fromthe
foregoi ng description. Such nodifications are also intended to fal
within the scope of the appended clains. Provisional apélication
60/ 074, 417 and ¥#iédys moAtficyiresohtes iyeatien in yddition sothpredacebrederedt. wilbye
reference iyfpokdn®to@fdsk KB in the art from the foregoing description. Such modifications are
also intended to fall within the scope of the appended claims. Provisional application

60/074,417 and each mentioned reference, is incorporated herein by reference in its entirety.



- 34 - 1.A conmpound of Fornmula 1: wherein Zis H, that is
2-fluoro-11-(pi perazin-1-yl)di benzo[b,f][1, 4]thiazepine, or a

phar maceutical ly acceptable salt thereof. 2. A pharnaceuti cal
conposition conprising a conpound, or a pharmaceutically acceptable
salt thereof, according to claiml, anrd4at |east one pharmaceutically
acceptable carrier. 3. Use of a conpound, or a pharmaceutically
acceptabl e salt thereof, of a conpound according to claim1l for the
treatment of a Psychlatrlc Di sorder. 4. The use according to claim3
in the trleat méngontppunsi ¢fdoarulai:sor der, an anxiety disorder, a nood

di sorder or schizophrenia or other psychoticzﬁisorder. 5. The use
according to claim4 in the treatnent of bi ar disorder or

schi zophrenia. 6. Use of a conpound, or harnaceutlcally
acceptabl e salt thereof, according to c a|n11 for the preparation of
a nedi canent for the treatnent of bi pol d sorder, an anxiety

di sorder, a nood di sorder or schlzophre a or other psychoti c
di sor der .

wherein Z is H, that is 2-fluoro-11-(piperazin-1-yl)dibenzo[b,f][1,4]thiazepine, or a

pharmaceutically acceptabie salt thereof.

2, A pharmaceutical composition comprising a compound, or a pharmaceutically acceptable

salt thereof, according to claim 1, and at least one pharmaceutically acceptable carrier.

3. Use of a compound, or a pharmaceutically acceptable salt thereof, of a compound

according to claim 1 for the treatment of a Psychiatric Disorder.

4. The use according to claim 3 in the treatment of bipolar disorder, an anxiety disorder, a

mood disorder or schizophrenia or other psychotic disorder.
5. The use according to claim 4 in the treatment of bipolar disorder or schizophrenia.
6. Use of a compound, or a pharmaceutically acceptable salt thereof, according to claim 1

for the preparation of a medicament for the treatment of bipolar disorder, an anxiety disorder, a

mood disorder or schizophrenia or other psychotic disorder.



