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PROCESSES FOR THE PREPARATI ON OF

8- 0l LORO- 1- MET" HYL- 2, 3, 4, 5-

TETRAHYDRO4H- 3- BENZAZEPI NE AND | NTERVEDI ATES RELATED
THERETO FI ELD OF THE | NVENTI ON 5The present

I nvention provides processes, nethods and

internmedi ates for the preparation of
S-chloro-I-nmethyl-2,3,4,5-tetr ahydr 0- 111- 3-benzazepin

e, salts, hydrates and crystal forns thereof which

are wsweamnmmm@mm SETILORGORMNAL BT YI02,3,4.5-

g R R e b e RS o L D

I NVENTI ON Serotonin (5-H') neurotransni ssion

pl ays an inportant rmljmqmﬂmi ol ogi cal

processes bot.h | hea and in chiatric

i Sor 08 e PR B U gt Py eietgeor e preparation
piHechiag hmﬂnm 34,54 teewdﬂglmemﬂampme&am Hy8ral2© kid@¥ R8I forms

C. t .
glgreé\g%}lh ntmé%’il%ﬁhl & %’3\% | er %@q%eg\%r L‘%’ al So(raffs’Zs O%T’a Bt S Jor exampie,

&eaﬁglmauswﬂndsso@e@ﬁu@wemsmat a 15stinul atory
action of 5-1IT on the 5FI T2c receptor plays an

At - obesity of f BACKFROUN OF Fa AN O e 5. 1
anti-obesity e - . e 5-HT,
r ecepbasetonis (KP) esseensmisshingleys ensigoytaitRolk enubtefinB physiological

o e T RN B ey

gat hways hal anus
%‘H’d}ﬁ pghavigr. t?r driestigred 1 Wesk hy)indneihgiadeeling of fullness or
eday Scs&ﬁﬂg stapsl dmoueﬂaﬂsevb&cabnds%ré%ﬁﬁm dl Bt HAShdeR Qﬁh@.‘that ]

2e rec or agoni st. can
grtrilgx?lga ac%h,rog g %él 2ETERTRST P, %5@’&{‘[’13 n tgeocon‘crol of eating
=d jthe %@i@mnffem Q‘fé*fmfb!ra@xm Wei tgmqrng tec@O@ i dxpiéed in high
d i us, t
eHQ@' ih THe BlairPREEN 36 BP Lilcbic sirk: dp)furéso g}éﬂ\%}gﬁlﬂ.ﬁg I Céﬁ% vays, I%;]a‘la'amus and

tﬁ recep or| recogm ze
Pee %i‘rB S P Aed predostivaefly inghe ghyaaii pipxus) and is expressed in

lps yiedsitabr i ebseﬂ:ﬁﬁl pﬁipgl&ﬁl kb6 ad ek &tive 5-HT: 2ﬁ réo@pﬁe{x‘ £29hi&fcan ?e amore
Qr r the treatnent o

R ARG O AR S aiiFe S St it

GOEF dveSmppigent Pﬂdr sreptbility toGselzaTyz Thep traSi Rt ecanee @&ogmzcd asa

e RSB @éanfér &8 m&ﬁ%fgﬁé%f b%}%gml}a%r &l alekibr

neet these nd ot her neggE he processes an
i nt el at 8% STViPRdeard Lx repreds %Eﬂ’neé“’a%n%éﬁefﬂerﬁrﬁlmd to
ththeHP scapezpiat, now and more efﬁcwﬁlh@ﬁ&p&lﬁ btz B@pinésard @eddan @ he processes

ahdl SHhaRds BLORhYL di at.ed di sorders
such "as 300 ggsiéty an%zi%ﬁﬁegr ceﬂ;gra ﬁeéeflvous system

di seases. The present discl osure provides,
i nter cilia processes and internedi ates for

E{xp {9 8- chloro-1
m 2, 3 4, 5-tetrahydro-1H 3- benzazepi ne havi ng

. For multe phdchssessall ierab@ated yf3hetredet dctoddre @Rfuseful iR 1R PReparation

ec there_i rovi ded a tho for preparin
fgsélﬁﬁﬁa&ﬁw& a@?ﬂﬁ&fﬁ*ﬁf—’f gatpgy or Prt’li}) s psdated @S%rggwch as
cb[”bgﬁ?(tahﬂ] %ther central nervous systeﬁu discases. . )

loro e e 1 -chloro-propyl)-amoni u

R s ey A B AL TR s
e:moeo tinedty0p o asnzemedat Hes-benpepiat Mvﬁlgqforégﬁ@)tsghslﬁl@@wstal form

f14 hours to 18 hours under conditions suitable

f

orm ng a crude reaction m xture conprising said
conpound of Formula (1);
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10contacting said crude reaction mxture wth silica
gel and water to forma suspension; filtering said
suspension to forma triphasic liquid m xture; and

i solating said conmpound of Formula (I) from said
triphasic liquid mxture. In sonmg enbodi nents, the
conpound of Formula (1) is the R enantioner. 15

DETAI LED DESCRI PTI ON OF EMBCODI MENTS OF THE | NVENTI ON

The processes and internedi ate e present
invention are useful in the atdon of the
t her apeutic agents of For mul®y A ts and crystal

are useful

for the treatnent or prophylax¢s of 5-HT associ ated

di sorders such as obesity and oflher central nervous
system di seaces. 20 In sone enbodi nents,
[2-(4-cgbgfo-pbenyl)-ethy11-(2-chloro-propyl)-annnniu

m chl or € pspedthbers tsapti-dvi kR irg! :

or epar at i on %)f Ftbers s dvideg a Hf‘ﬁ'mefp%nqu%mpound of Formula (T):
8-chl oro-1-nmet hyl-2, 3, 4, 5-4etr ahydr o- | H3- benzazepi ne,

Ha salts and a crystal formYhe Certain

processes for the preparati ol pounds of Fornul a

(1) and salts thereof are disclosed in PCT Patent

Publ i cati on, W2005/019179. Onglparticul ar process
haSmb@@@ygggaﬁplosed for the preparation of a certain

crystal formof the Conmpound of Formula (la) in PCT

Pat ent " [844-Fipro-MeB06H;06Q 36 Bro-pragyl)-ammoniumeNBER with AlC. in
|ﬁmqﬁ%@ﬁggpgzggpgnﬁ@%%ﬁgggKglscovered for the 3
processes, useful 1 n the preparatioi 160 Ccorpdisniasolours to 18 hours
FORSTEFRd(tioys sudatile for fmling y atdakeafih MitDRI SRbrisil G
| Fph@KeMEnt s are described herein. 5Conversion o
comerci al 'y avail abl e conpound,

2;”( 4" - %Pﬁ@m&dﬁ leiah?am@lﬁm wiltfdlica gil)and water (o form a suspension;
chl orof Yol s 1] -(2-ch| oro-propyl)-amoni um ’
chl ori de (%t agsc’aug]5 1¥Itoot0§§r:m 2 Ep%as“ﬂﬂ“@dﬁ‘é%’@ﬁi ment s,

[ 2- ( 4-epparssarhermytgundtof Fdim {12 (DB Q5 %&%gﬁgﬁ%ﬁ%ﬂ .

m chl ori de can be prepared in three stag

commergi al | v avail abl. e conpound, 2-(4'-
chIorggﬁ%ﬂ§’?%Fﬁﬂﬁ%%?mﬁﬁE%¥%¢H@Pﬁ@mhﬁﬁiamaﬁassmmnm;
depicted in Synthetic Schene 1.1. WO

2007/ 13RpAst ¥ oHS AW R SF M BobIMENTS OF THE INVENTION

The processes and intermediates of the present mvention are useful in the preparation of

the therapeutic agents of Formula (I), salts and crystal form thereof. Compounds of Formula @ -
are useful for the treatment or prophylaxis of 5

other central nervous system diseases.
In some embodiments, [2-{4—chloro—phenyl)-ethy]]-(2ahlmo—propyl)—armnonium

chloride is the starting matenal for the preparation of 8—0]1101'0—1-_methyl-2,3,4,5—tetrahydro—1H—
3-benzazepine, HCI salts and a crystal form thereof.

compound of

-HT associated disorders such as obesity and

. Certain processes for the preparation of Compounds of Formula (I) and saits thereof are
disclosed in PCT Patent Publication, WO2005/019179. One particular process has been

disc]osed for the preparation of a certain crystal form of the Compound of Formula a) in PCT
Patent Publication, WO2006/069363.



Cl [2-(4-Chl oro-phenyl)-ethyl)-(2- chloro-propy0O-
amoni um chl ori de C111-116C13N Mol. W.: 268.61
Stage 3 i) SOCl2, Toluene, Catalytic DVA ii)
Filtration and tol uene wash Recystallization from
| PA/ 1120 | PC. HPLC purity for #nformation only
In some enbodi ments, the product that is prepared
froma 3‘%&5 S _not %%I ated I n, sone enbodi nent s,
142- ( 4- ERI'GY S PREWSES PaBRER Bi5CON e fon the pedeesses usefinl in the
commtae@ df@o[n@(-n(nﬂs shlrdame}a 1), salts and cryst
% % -(2-chl or o- rgr)opyl) P thefse L s improvements
|s&f ‘'on. Stage 1 - Conversion of
2 (4 - chl or ophenyl ) et hanol to

hl or en brom de: In Stage 1,
t hg%ﬂ‘"%ﬂ"“ “ﬁio &%%ﬂ@ﬁy@évh%lﬁ SrmRgIERd, (e chldragiehyDethanol to [2-(4-
ph oldphvepleugl)- t:thbfbr(llﬂhldﬁ)-ﬁﬁ i) Rumonium chloride (Staces 1 to 3):
gronlde The Jﬁ e

?égﬁéig§43r3§%5$§$% E?g%dﬁﬁﬁégﬁgnT@HUéﬁ@HOWHFhm&kmnmmnmn

t hehlorale damlﬁe ratpard i hedeisMBesTRINVARL iy ’
e”aﬁg% % of ‘the esent |nvent?gﬁm%?ov§gm%ktWﬁ%Pnd2(4

f of Ehan"l’za"f% EHheProsaTefepistsdry SyriasiaiSceme 1.1.
conpr|3|ng reacting 2-(4'-chl orophenyQet hanol with
phosphorous tribrom de for a tine and under
conditions suitable for form ng

2-(4' -chl orophenyl)ethyl brom de. 15In sone

enbodi nents, 2-(4'-chlorophenyl)ethyl bromde is
prepared by the nethod conprising reacting

244" - chl or ophenyl) et hanol w th phosphorous tribrom de
in the absence of solvent. In sone
enbodi nents, 2-(4'-chl orophenyEethyl bromde is
prepared by the nethod of 20reacting

2-(4' -chl orophenyl ) et hanol with phosphorous
tribrom de conprising the steps.
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WO 2007/ 120517PCT/ US2007/ 008170 4 addi ng _
phosphorous tribrom de to 2-(4'-chl orophenyCet hanol
at a tenperature of less than about 10C to forma

WOR0EM2HET on reaction m xture; and he AUTIE2047808170

brom nation reaction mxture at a tenperature of
about 20C to about 30C and subsequently at a
tenperature of about 75C to about 85C. 5 In
some enbodi ments, 2-(4'-chlorophenypethyl bromde is

prepared by the nethod cfmRleksshekafts@t i Ng the
br om na 0 reggfion mxture at a tenperature of Br

about to about 30C_and Stagedni nt ai ned at
t eng e for about 1 houyPBre about 3 h
sg_ @ngg%;eg? ol (4' - chlidBePhenypet hy

breparé et hod IEE HPORioh@hteg heat | O%g‘ﬁemﬂ bromide
br oIFiIAWL OTFSl@ACt | OP-(AHCktotupbera)ethatod RPHBI at urmol £:219.51

about 75C to about 85C and is maintained aigRirs

tenperature for about 2 hour to about 4 h ursd}_p form

a mxture conprising 2-(4'-chlorophenyCethyl BQronjgde.

In some enbodi ments, 2-(4'-chlorophenypet iy “brom

is prepared by the method 15conprising th ‘.Q)t °t‘g“;n"°t°1“ene
adding water to the m xture conprising disiilasion, cooRe
2-(4' -chl orophenyl )ethyl bromde at a te t ‘

about 5C to about 20C to forma biphasic | m@/ %nvcmon

m xture consisting essentisthgys of an upper IBQUWeKScontent <0.15%

phase and a | owe phas r|S|ng
2- (4' -chl ortbplrEny Cet hyl %%giqﬂ nd separatjng the“\/L
Iovve ase” corpr 19¥i ng 2- ophe ypi@/\’ OH
of tie biphasig % i&%lagdm Xt Ul & t he
of sic liguid mxtu
?%@%%mﬁg%@cg; &Hﬁf? L %?&%peny féi"ﬁ}‘l"“bﬂ%ﬁ'fg%liéﬂlﬂammo]-
i's psrxﬁnamﬁdchﬂysn&me rret hocj-I aei g he | ower
conpri @u% e 2- (4' - ciforwpheaty) et hyl brom eH| $INO
bys.

substwal gure. Thior piframsor iy 4' - chl or QuBEWL 213,70
as used herein, 25refers to the level of purity

sufficient to be used i n the next st aige Wi t hout
furt h@rsoﬁ'ﬁ F:Flppt'eg)ﬁlt&ﬁhq go%tﬁé\}%prepared om a stage is not isolated.’ In some

drdtibdfrdents) l-m—@uﬁheﬁwhmtdﬂwlzﬁﬂhﬂqimﬂiﬂ@lﬂ s cdn@dried to [2-(4-chloro-

Y PSR oy BBl AR BRSO OF about

90% or greater. In sonme enbodi nment s,

$1a8e 1 OWBhvePHiaS 6 £QPRHIo SIphdnyetithnold 204 00N&R!

br om %eg ;;B gﬂrﬁat y p?l n%% t nBS%Zg(? ar %‘i‘é‘%bm‘h bromide:
In so b’l‘f‘é?‘é‘“@%?‘ﬂﬂl pagsghprous tribromide to

Fve %(4’@1%@@@@@1@1&313 Tonprdduchass isolgad ditegtpfrom bo bdueous
QBYEHViaHEAL Gled PRI BHPRRALNERL S Of the present

I nvention provide nethods for preparing 2-(4

chl or SPReTRACHERINA of Hrednsisert TRvshRAm EeAdr Retheds |f‘?¥g’repaﬂﬂg 2-(4-

cﬂrlc(répheﬁ:h)eﬂfyﬂ) bﬂ&ﬁﬂc}&ﬂﬁi‘dﬂﬂﬂﬂé rexidtinlg 2{{@&&%@;51@11}8)&1:1’1@0] w;th phosphorous
e Su it

R B AL 5 B BB S SR B BB o

breggidei ng is carri ed out at about 75C t 0 about 85C.

VO 208 sheke Qrﬁwcﬁ)gﬁtQJ@?@Q&ﬂ&'g&;eZﬁ)&yl bromide 1§g(gﬁarrree ! lhy tge method

b t t
FOPFE BT -6 FAoIoP B DB LR Lo BifFerese m e sbscnce of
obepici sing reacting 2-(4'-chlorophenyflethanol with
phosphor ous

In some embodiments, 2-(4’-chlorophenyl)ethyl bromide is prepared by the method of
reacting 2-(4’-chlorophenyl)ethanol with phosphorous tribromide comprising the steps:
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an
: Iﬂ%flstmgoﬁ S%®fi tabl e for forning

tribromde for a tinme and under conditions suitable
for formng 2-(4'-chlorophenyflethyl brom de, wherein
the time is for about 120 mi nutes to about 240

WOf1it2e317 5Sonme enbodi nents of the present i MEEI2007/008170

provide methods for prepardng 2-(4'-

chl or ophenypet hyl brom de conprising reacting

2- (4' -chl or ophenypet hanol wi th phosphorous tribromni de
for a linme and under conditions suitable for form ng

2- (4" -aabing bﬂﬁﬁlﬁﬁ’d@&ﬁﬁﬁﬁ'ﬂld@ ROPA AL h1YAPBER thanol at a temﬁperature of less

d 'ated b
S oo B SRR on TG o of
2- (4 lvhﬂ!rmrﬂ»qdhemynhﬁncatrh@dnoﬂommd et 4 tdmperature of about 20°C to about 30°C
%ﬂés&%eda%@a@aatﬁe&h&e of b3l NIghidRsopan- 2- O1.

In Stage 2, - chl or ophenypet hyl "bromi de was
react ed vvlth 1 am no- 2-propanol to formthe secondary

a m ne,In ddide 4mmeaﬁmm@auk&phatym@mr&map fsq;%ama t the method

I et h am nol - pro
GRSk Sl s B et i 20°C 1 sou
§Q %mdubtnem@}q&ﬁ aidthis tenpsatax forabout d hourrid ebanod heme and _
r enovigy Qolﬂ@énﬂfodlflﬂeﬁ{p 3 tlﬁ Bfa}dﬁﬁ%l Qﬂﬂtb%rﬂl'dg g aj%épgred by the method

% é Ct]Pgro heny -eth | am noJ - an-

PBRES ?VP’&WB?P ‘Ei‘ﬁﬂ“’ﬁ HYXs af R sEperpigafehout RE°E to about
B vedis mh&hleﬂvaﬁthﬂ metmpfewmra 5t aBoift @ hbGad bt £86hs to form a mixture
LV ool -cﬁBﬂogﬁEngll)cthyl ome enbodi nents, of the

present “hvent | S for preparing
142- (4- chlorophenylyethylan1n01-propan 2- ol
CONPI i bdigk nPREikieRS, 2eb-ShiophafBRhaY il M!repbrfe&’ﬂ} € method

am no- 2- propanol for atinme and

1 42- ( 4ddihg wate-tp hemyitiure @hipsibiag o} chprampen 2ol brehida at 2
fﬁ:rawg B@a‘ﬁgnt 5 °C to alio t N G %%stnle%ncﬁ x?mtl.}re cons1st1ng essenbially

4-chl or o- -ég?%{aqaem no

§{ﬂ5’s‘tP8FFt ﬁqaﬁrquwgw %r@@ I WGW%%%dmnmh@yi)ﬂhﬂ bromide; and
142- ( depahikitg e pven phake &iﬂ%sﬁl@m —d‘@ér@ﬂ%ﬁyl&'ﬂgjl biofhide of the biphasic

e net ho r
g&'ﬁg - %or op%e‘f?fe'é?%y?usg éﬁ’bas b SR st
1-am no-2-propanol for a ti rre and under conditions
sui t ald RuleQmbb@feh® @-@ncﬁlyrloﬁﬂén§f)étﬂﬁ AN Srepared by the method

$h5e c%%grp&aﬁ@ﬁmﬁ?wﬁ At e pipAlo remide is substantially pure.

| n soifke ghripe G20 Ahrophen , as used herein,
MY {o"ﬂ:né:m& Eg%@ﬁﬁﬁﬂgxwg% e L%gcpm%% neg{ fage ¥ w1%mg fu:l:her purification to

pr epar ed
RIRAT R W"W‘@W‘W@ ff&’*})’ﬂ@yflﬂa‘t]rlﬁwam%ﬂur e conpr | si ng

142- (Br smhle@frﬁodﬂiheﬁy, Be 1e¢vaydha£e JaRprisiRg Q—@@Qh%rcﬂyherﬁrﬁeﬂ'lyl bromide

o) m. xt extracting
ﬁ%ﬁ% Igoru?)?&/ %‘f%{ et hyl am noj - propan-2-ol from
t he blnpmg |embmlmt:w gheipwér rasegrmpdsitg 2 sblovphényl)ethyl bromide

mm@;@gbgugbyg&e%,ggmf orma new bi phasic m xture
consistin sen aIIy of an aqueous | ower Ehase

3
and a EPCUHEREYS CSpT iRy @@Pﬁ%?ﬁezﬁnﬁhlrw opyhethyl bromide
}@hla@nnafpiﬁequ%‘iebhgrbzam nc+pr opan 2-ol;
2007/ éétﬁ?%egé%g %7/ Q«%%JJ vcnti on r%owdc me%r%) d% ri"ortprcr]}rgm'i- ghz(?-(dl ’

upper phase conpri si n
opieporheniertyt bmmw@rummpm R prhbprerheylizthafiel avithtphesphorous
EEORAdSToF DWRE atNBRS: coffHons suitable for formin g 2-{4’-chlorophenyl)ethyl

bromide, wherein reacting is carried out at about 75°C to about §5°C.
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renovi ng water fromthe upper phase conpri sing
tol uene and 1-[2-(4-chloro-phenyl)-
et hyl ami no] - propan-2-ol by azeotropic distillation to

WOR6H28513 0l uti on conprising toluene and 1-  PCT/US2007/008170

5[ 2- (4- chl or o- phenyl ) - et hyd ani no} - pr opan- 2- 01.

I n some enbodi nment s,

142- (4-chl or o- phenyl) -et hyl am ncg- propan-2-ol is
prepared by the nethod wherein the solution

COUS pbeﬁéE}&) Jathdh@N& 1@ Hesent invention prowde methods for pre armg 2-(4°-

(4-chl gro- phenyl).- et hyl am ng - 2=
92@8?1?8851?%‘1 S P9 CHPHTREBHTZE RS a@ﬂ?fgﬁ?%%?ﬁg*?&% g phosphorous
tripB&Enidd fbk A tife aed erdeocindtinisspitable for forming 2-(4°-chlorophenyl)ethyl

%ro[‘n%de( 48&%%1 IIQJ}S ?{%{]‘:L%ou% W&ﬁ:ﬁle@ a"bglﬁt%élﬁmgﬂ:ﬁgl i's

prepar ei erein e sol ution
conpr ngpﬁgxﬂpqﬁprgfgﬁsg)f Alpgpresent mvenhon provide methods for preparing 2-(4’-

di1bropKehyl§dithy? Bﬁ)'trﬁghedb}ﬂp}lsﬁé RYF ZE(@i-&ﬂ&Bﬁ‘l&gﬁ)eﬁlanﬁfvhﬁlbhosphomus |
g'é)gg;l[ig olr g ﬁgllesé% m}d%lt' Clgsrr;%%ﬂ?q?@ﬁ g#l}ngjl ()4 y-\g)tlorophenyl)ethyl

Bebihided whdrkia Rd4 pétdargiiend)etiyl bromidedpisolped b theladdigon of water.
prepared by the nethod wherein the solution

conprising toluene and

$tafgp 2 ¢ Loprargien ohidtyhierepbioyriethyl Sremide thl-Frtrrhioresphenyl)-
eﬁlg,ﬁﬁ,,ﬁqqgaﬁ@m_m distillation contains about 0.5%

wat er _o

Taos (S S Grty Rt Ry SRR ane 313 epipo2-propancl to
ﬁnrmpmEdorbymytahmqﬂ}{[hﬁtﬂc}ﬂme-pmqﬂ)td&glmmno}-propan—l—ol 1-[2-(4-Chloro-

?ﬁin% @Qlam ﬁ—o‘i Qajaé"s%ﬂﬁ"a@&] ghom eXcess l-ammo-Z-»propanoi and water
oro- hené?q ) -et hyl at ni nol ri r%pan- 2-0] after

e Pﬁﬁ?dé‘“a P EHTONG BiR T APRE TN 6 8T, P e gpnisining 1-
[B@SChlbzﬁ—;ﬁ@f[ﬁf) anfiatihBibSin-2-0l by azetropic distillation and can be used directly

m%o th(‘: nex qﬁg‘ﬂ %ﬁ%&%{%ﬁhﬁ 0%%&] %th(R{t %Bﬁﬁor? 0| s

pre par € mprising reacting
( 4' Sohe emb%@ﬂw 9@?@%@@?@5@ HA Elethods for Prepanng 1-[2-(4-chloro-

)lg.:lq'r %F:Qﬂ(ﬁ ) Emﬁmfsiln@&i:fﬁﬂﬁh AUERTIFPRGIy RN Bromide and 1-
&@W? ~grfe3?faé18 for 2(1) trn[npe ﬁd mger%onglgoﬁ%tsh1%%]er?or IIorrmng 1-[2-(4-chloro-phenyl}-

tdFlatndhol-Blopuropbenyalspt éetepf. am noi - propan- 2-ol , wherein
react Eﬁpgm{e eg%%ﬁﬁﬂcﬁg f)fﬁt@ %Llo@@%yﬁéﬁyfaﬁmﬁ? 8%&)3.49 QIQS substa.nhally

In sofe enb
a4epgechl or o- phenyl) - et hyl ami no] - propan-2-3| is

| sol atpeshnyenddiRetHe ou&-@zehroa&bﬁsﬁm)iemytah@o%ﬁ@aﬂm1 i®prepared by

tolu ‘?5? gl(fam’g“g% eea?]hé‘ﬁ?\; h%or eﬁ@ﬂ:&g& Ofm ? ! a%%lo-lé?propanol for a
sioleghd Utrdet)‘fonpm@m*cahlsfod fqrgdlgt;y akyhation mp(mge comprising 1-{2-(4-chloro- .

- 8 o3 - Conversion of
? é‘gb( 4-ch E‘algbr](?-ﬂé)l:ﬁg-nyI ) - et hyl am nol - propan-2-ol to
[ 2- (4- chl orophenyl ) -ethyl]-(2-chl oro-propyl)-anmoni um
chl or i a;me&&lbmdﬁteagel B-(dtdhBré-phayl) Stbelpumize proppar-el is prepared by
PANE Yo IR an%w%gg{e}s et hyl] - (2-chl oro- pr opyl) -

149 (niaﬁ«?m whter ipies Fia)ation Py EcABPTSHECk ErAaioro-phgayD-othylamina]-
h R d@-@lﬂhfbﬁﬁi’ﬂiipﬁﬁwnﬁme@ri) de in toIt ulene Wit h

I met e at a
o o Bt LTS pheb e P gl ikt G el e mixture

lithfan lekttaatin sl @nteorpeisiys toaiehc oefdrnf 4 0ew bish)qcsrc@painml consisting

_ E:%“?)fﬁg QF%HF OLQ(L 8 n‘u'l;?pet ( 5 Q‘ ﬁlh%? g?mpnsrng toluene and 1-f2-(4-

ﬁW@ﬁV@%mﬂ}ﬂﬁﬂ BRPHTide mas washed with WA and
dried under vacuum It has now been discovered that

i sopropanol (I PA) can be used to quench any excess
thionyl chloride and the solid resulting after the
guench surprisingly does not require a
reerystallization step. WO

2007/ 120517PCT/ US20071008170 Sone enbodi nent s
of the present invention provide nethods for
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In sone enbodi nents, the Cl4 al cohol is isopropanol.
In sonme enbodi nents, in the determning step it is
determ ned that the

WOR§TA20:47 chl or 015phenyl ) et hyI am nol - pr opan- 2-PSIT/GL007/608170

converted to

[ 2- (4- chl oro- phenyl) - ethyl] (2-chl oro-propyl) -
anmoni um chl oride in an anount of about 98% or

greater. In some enbodi nents, the amount of .

142- ( 4cretrbing the phren phase ettrl'.lgtlsmmtﬁl@dne phid D@Q@Zdﬁro-bﬁ@&l)lcﬂlylammo]—

%85 LPForh & ! h
Fﬁzw(4 chl or o- eﬁﬁ'é???"’ ower% aﬁ alde chl or o- propyl) - anm noni

um chFERIvEe water ?r?R?éﬂP}tﬁe qoppriging RiMene saiie]2-(4-chloro-phenyl)-
ethidleatingB iopan-2-o0l by azeotropic distillation to form a solution compnsmg toluene and 1-

2(4( °9%‘9‘?“?‘§%§'ﬂm°g§%°%}wé2 chlor o- propyl) -

Fn chi of | prepar presence of
NX- di met hyl acet am de as a catal yst. In soma

enmbo dhfﬂ%ﬁﬁ: %mbgchﬁmeﬂ;fg L]le[%{gjchlgrogg eﬁ\grli\létg)F %mh]y L acet f‘gl] is prepared by

%l %( chl oro ["am™no opan
5Bl 06 hf:rsml &3e qngg gorrxpnmng tolucne and 13- ﬁﬂ-@@:ﬂp-phenyl)—cﬂnylmno}—
Eniweﬂ-dmﬂbsazeﬁﬁtﬁldﬂjdtmaﬁcﬁidoﬁmﬁﬁ ialhslu{:\h‘ﬂ e Byle@c et alm de .
to 11 et a art-2-ol is

ﬁx sgée QE%%&IQI«%E? H?’g)ﬂl-)chloro—;}ﬁensﬁﬁetgjaﬁg g}ma]aﬁnn?eﬂtl%prepared by

about
e, gmﬂ’ﬁﬂ @/h?r 50 the wuting RPreprrRIEigthene @bdi A 24e4-¢hibro-phenyl)-ethylamino]-

&%éﬁolaﬁbﬁz@cﬂ#@m&ﬁm%&)@oﬁa}n@&loupfeo Q%Hsrgrl% I's abOUt

.3t "I n sone I ment’s,
rml e ]91 s?iin%e ta tﬁ\'ﬂﬁtﬁll r{%-t(thW%@W)ﬁh&l@mo}-pmpan-}ol is prepared by
thq@,c@.qd whireindisheiwid) em;:h;s{ngmndme |ancDI pp@rbh?er@Jphénﬁ%-ethylammo]-
p’i‘pﬂxHIz-cQ a%ertagcc;'h-NB{c & %ﬁ%gh ? tain Oczial e

PSR ESE: chi or o-

nol e rati o of ace
phen )/IT)SOI@? 137 %Wé"b M@rﬁ%?hlgowheqyﬁ-ﬁMmtﬂ—p@nao-zm dyprepared by

thessthod wherein tHelbo BA6R cRERRE PRGNS and 1{2- (4-chlor3-phen1gll })—cthalannno]-

Jﬂﬁiag ?fog 2&18%96 d?ré’ ar ¢ e%ﬁétﬁ’xt" LF@‘S‘B? "‘g’g{ét??rcl% bf"a"ﬁr %‘61’5% nt

conprip §¢Ihfgemizﬁdum@ 1-[2-(4~chloro-phenyl)-ettiyl B -propan-2-of is prepared by
tﬁﬁ'ﬁh&ﬂé&%ﬁsmé@a@ﬁ Zhgt-ﬁlﬁﬁ?ﬁ%pﬂeﬂ%h g%nncl:i]e and 1-amino-2-propanol fora

t%qf a%é %r or o-. pheny
ﬁ{}ﬁ g F"‘Hlﬁ?ﬁ‘%‘rﬂ Frefiglatipr migere atrepfishg 1-[2-(4-chloro-
pﬁ@ﬂ)’i)l‘@bﬂmol -propan- Z-dUTW Be0¢TR reBR AL CXBRHdSurt at about 85°C to about 100°C.

[ 2-( ‘in QJH]&:%HQOOQQI%%Q Eﬂ“b&‘%‘ﬁégeﬁgﬁﬁgﬁ%fﬁ g%/%’ﬁﬁ g—:ﬂmrg?s!oijated by an

mchloride is prepar
AAERET FHECtPR u the peskines of tplvenry Wherelnhiydrainb-2airepanol and water soluble

bV 3N0ELIZQAMbvddlint HRI0H S -
“}Sm‘*tq'%ﬁ chloride. for aﬁ{nlg(rar(ggegﬁdﬁlm d%?@gbgﬁ é?%c}r%ﬁ%y azeotropic
le

Sul for formng [ 244-
chl or o- pheny1l) - et hyl] - (2- chl or o- propyl ) - am noni um

SGik AL icl8verWR LEI £ ried.out at
Eg G Catver R oPL Db (L8R Na et SRR BRI Depsizeid o 12-(-chioro-
P mgz hloro—propyl)——ammonmm chloride.

[ 2- (2 Sthdec; thepshenydp)to @febwe 12-(2cHeb - BRAiy DI ORY kb ABTIIR LS.
athBor Gl il . d 8y, t hod co rising
o P B ol B o e oo with oy
chlprifls dmtoduepe WEhN:WﬁiWIMGM|@MN)@s aaatilysma and under
condirhd &ﬁk&: mamsq c :
#§AkQr o-phe Iﬁéi Eid}%dzfr% Img ?% i P ERm AR recrystallized
rERESPCREe é% = Blwrbsop E?ngﬁf;ﬂom-zahcnyl)-cﬂmyl] ~(2~chloro-
Pfel’)l’ﬁfiill]lm('lﬂumhhbhda Wﬁﬂp@shéd- WIINTPA) haa e &fdla%cuum It has now been

1§h¥§£@ i on m ture an
S I T M iy oo

resylting i shemeneh Pypesingly, fogs 20tiduire@-rparpipllidatiastépl ON

i um
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chloride is isolated with a purity of about 85% or
greater. I n sone enbodi nents,
[ 2- (4-chl oro- phenyl) -et hyl]-(2-chloro-propyl)-anmoniu

WOR0eHMI28717de is isolated with a purity of abolCTIEHGB0S170

greater. I n Bome enbodi nents,

[ 2- (4-chl or o- phexyl) - et hy1J-(2.. chl oropropyt unoni um
15chloride is isolated with a purity of about 95% or
greater. In some enbodi nents,

[ 2- (4-Sohk embodineity b theplayehd m(zezmslhﬂ@me Qﬁ@l@&'s]f})f ﬁ@%@iﬂg th-(4
%181:2)—181 ﬁfethﬁ]—kzs—f%ldar%%?ré) th & ﬁgg]lhg(}/nde corgpnsl'nl'}g rea%t{%go lr [2-(4-

greater.
F@lﬂ{wf@mdbﬁbﬁghmlfm))pfet—hym}ld tioryh ddoriieforcpithey ndnbdrir donditions
etil=Ble! fgﬂ‘oin%ng %Odﬁlacthﬁgo Phedb) @th@ﬂ-(ﬁ Eﬂloﬁ-pr@&%%mg&{ﬁrﬁ) Enloride.
greater. Conversion of
[ 2- (4-chl or 0- phenyp et hyl ]-(2-chl oro-propyl) - amoni um
chl or ibtl@nrieGmbodiments, [2-(4-chloro-phenyl)-ethyl]-(2-chloro-propyl}-ammonium

S,E&qugeéﬂg%?% {%Ft Iestegst et r ahydr 04i f - benzazepi ne.

ng- naterial,

[ 2-( 4ﬂ€tﬁ4nawag ﬁﬁéhﬁ@—c@iqﬁypq-enynﬂwlmr@}mwwnaol is substantially
m&wﬁt}i—ﬂﬂdrg-%hedy}ﬁmﬂ%L(b)éhﬁm%%pﬁparglﬁ%m@ﬂ; thoﬁdes, MBn a

odi nents greater than '99.0% 25purity, undergoes an

TRRSISERUl ar Friedel -Crafts-cyclization to provide
t he r gomnhicg myktsidel deeingo@hiedylaBloride with a2 C,.¢ alcohol.
8-chloro-I-nethyl- 2, 3, 4, 54etr ahydr o- 1H benzazepi ne,
consisting of a 1:1 m xture of (R - and
(S) - sIIersegbpdimsaEsthe 6, lophgl.is @Pﬂfam!ydr 04H benzazepi n
e (fr B&nobﬁ%ﬁiboaihﬁntb af Iﬁ*&%ﬁnﬁﬁm ®p it is determined that the 1-[2-(4-chloro-

| 4H n7
Mngllé-eghg}ﬁx}mgﬁ g- i& cfarhvegteni té)ii‘%lg oropl %@F}?ﬁﬂgﬂ&(}dﬂormpropyl)-
mn@?ﬂyinﬁﬂloadﬂm@ntaebmw diyont 9804 obgetazepi ne was '
puri f mwelém%&hlﬁ@ﬁ% t@%@tﬁtll [Qrtﬁ-cﬁgg) }gh%flgay&hylg;nno]—pmpan-z-ol

olvent b

B PO R 0T G romape-emonim e
Wasmdlptidy BPI.Cas an oil wth a typical purity. of
35-40 r ant r
R- 81'/9 softe G fERe 15 % SIS R sou g cptore prgay s
Fhuor{dericmrensapdn the presence of NaV-fimsthylaestemitis as mataBtsag e
cent emSsore Qﬁlﬁgdﬁnlaﬁs |t§é}h§!te h@ia o@f\f,ﬁ—aﬁwl ')_(l_acetannde to - [2—(4-ch10r0—

o trahy ro- enzazeplne
&?e“% ﬁrhﬁ]ﬁng’g’gpré%ﬂh%“"h’@ SAIPESSrted in :
35Wl)2@10s@ﬁlet@h&cﬁmmmmanﬁhnslolmmgﬁmﬂasﬁmaé toM[2CB-chloro-

x%h%nﬁb- Y ¥mirlo}- bﬁ&sﬁzﬂfﬂ a%Ja% Q% € i€ M xture after

tration sur‘Plrln or ns trlphaSIC m Xt ure
(t hr B 5Pmg embydimgis rﬁolf Frélo @6N%ﬂqﬂeﬁy@p¢twﬂg bosk-g2-(4-chloro-
peafl)-ythabmihoPpdbaht-or obenzene apdesnl y about 1% of

8k B . At P vttt 3.t
nf@nxlhﬁyﬂp@inﬂ-p@em%n@bip abrat 0.7et oflewe, the bul k of
, 2- (inGBIne EADSRAENE tao1eASh b dib MG LGOI 1L ﬁe@-c}ﬂom-

r??ﬁ g bnah et oy o SIS Bokrory, T ot adl o

| ay erincoms esbslinesy, |[3L(ﬁbélﬂdrh-@h¢31yt)€bﬁ@l] r(2-chloro-propyl)-ammonium

tetr ahs%a‘%me ?ﬁn% negg}zch?an%h%m ' mpnme%tsollq%e i sol ated by
dr ai nTPﬁ@m? prabedigente aﬁﬁ}@quﬁn@mgtsrﬁe theq A €boldoBtmenyl)-ethyl]-(2-

dh&mfmpﬁblamms&iuai&%ﬂ& @&cﬁ’até@ﬂefﬁtr%&nagom 90%
rahydr o-

8- chI ro-|-

benzazeﬁ?ﬁ ngngFG? T dichy UApshierommpd)-apaenium
ey isGr @hﬁdlbm-ﬂie-nmhd‘dw]}mﬁnﬁngﬂgésﬁng 1-[2-(4-chloro-phenyl)-ethylamino]-
t et rahydro- 111 - benzazepi ne and can be isol ated by
extracting with an appropriate solvent, for exanple,

cycl ohexane. The formation of the triphasic m xture

i mproves the volunme efficiency for this stage and

al so elimnates the need for evaporating of the

reaction solvent (i.e.:1,2- 10dichl orobenzene).



Some enbodi nents of the present invention provide
nmet hods for preparing
8-chl oro- 1net hyl- 2, 3, 4, 5- tetrahydro4H— benzazepi ne

- Woeomdsing reacting [ 2-(4-chl oro-phenyl) - et REITJUSERT/008170
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chl oro-propyl)-anmmoni um ckl oride with Al C13 for a

time and under conditions suitable for form ng

8-chl oro-I-nethyl-2, 3,4, 5-tetrahydro- 1H benzazepi ne.

15Sonme enbodi nents of the present invention provide

yrepdneliel ahd thignybeideridedora titmrind undkr obndithsidiabie For forming [2-(4-
Mﬂﬁ'{) %h&ﬁ'f)%rﬁ%hl g:hlo pro%{ﬁxr?m?x&ung ﬁ‘ﬂglr‘l%e Brrh%rﬁl)rllfszacm}ﬁ}ﬁ oaﬁ‘lfled outata
ﬁﬁ?@ﬁ%ﬂfa@%ﬁ‘)ﬁi%ﬁ 61°€. carried out in the presence

of 1, Rrsthin€ BnBédkens, Qﬂ@i-@ﬂm@pﬁﬁﬂg%ﬂ@i l{Q-%tho-ﬁQ
ours .to about our S

ho 0C f or '
ch?o %e is Cpo?ﬂ%retd% acP fngneueﬁ re?%wﬁllf{é" f—ﬁ}gm&ﬁm@rﬁy‘xy@mno}
ﬁmrtﬁ-d 2fid Jhionyl chlonde Summmmbo ehdee nérelitivhs $dieblp foe Sehidng [2-(4-

dhfae&gﬁengn?.eﬁ&ﬁm%gfs%, -angrgé ifh SRR G th%emcthP—c%om-p{mnyl}
~q2-c|1}b)ro-propy1)-ann-nomum chlonde crystallizes from the rcactmn mixture and is

if2atédibychilkraticor phenyl) et hyl | - (2-chl oro- propyl) - ammOni u

hi d
L o B ehneetbdnain b BB BRAE G PhiamareesD Agemanie
@b@é@ EIS%E@FC?W a purity of apban§6%1of ghveter.s t o about 18
hour Smld&ﬂé‘&nmm&é 6 &H}H ﬁl@n?l%—e%g-(ﬁ’—%% o?p)@-a mum

gLion mxture 30conpri si n oun
%F BAvak EP‘H@’E’%@B’& Pé’gﬁgf“éﬁr mn;F()t ure wth

Sili cla sgred eralﬁmﬁlm [2-i@mw-ﬁhfﬁyg“ﬁ@ﬂqﬂcE!Bro-prUle)—amonium
ARGEL L &%&W;ﬁ@gpgg&g&%%o 10 {l I'tering the

suspensi on t ﬁ) asiC guid m xture; and

i sol dpsery teediaio hd-d @Mﬁth&]]ﬂ(z-ﬁhlmﬂrml)—mnmomum

chiotipd1R Sdofatddi it LpuitXbAkb6ut 98% or greater.  SOME
rOV|de net hods

enbodi nents of. th ti,on

f or glr’epa‘? TR, gﬁ’rgzo ﬁgﬂ’gb? }513 TG 8- -gYlogorprenyrammonium
chlorige issiotatpdivith spweitisof about 99% e errakat i ng t he top phase
and the m ddl e phase fromthe bottom phase of the

tr| phasic liquid mxture; and
tage 4 - Conversion of [2- (4—ch!nro-phenyl)—ethyl]-(2-chloro—pmpyl)—ammonmm chloride

to 8-chloro-1-methyl-2,3,4,5-tetrabydro-1H-benzazepine.
In Stage 4, the starting material, [2-(4-chloro-phenyl}-ethyl]-(2-chloro-propyl)-

arumonium chloride, typically about 90.0%, and in some embodiments greater than 99.0%
purity, undergoes an intramolecular Friedel-Crafis-cyclization to provide the racemic mixture
designated as 8-chloro-1 -methy1-2,3,4,5-tet_:rahydro-lH-benzazepine, consisting of a 1:1 mixture
of (R)- and (5)-8~chloro-1-methyl-2,3.4,5-tetrahydro-1H-benzazepine {free base). The backbone
of the 8-chloro-1-methyl-2,3,4,5-tetrahydro-1 H-benzazepine was established during this
reaction. 8-Chloro-1-methyl-2,3,4,5-tetrahydro-1H-benzazepine was purified by solvent
extractions and removal of solvent by distillation. 8-Chloro-1-methyl-2,3,4,5 ~tetrahydro-1H-
benzazepine was obtained as an oil with a typical purity of 35-40% for the desired enantiomer,
(R)-8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-benzazepine (free base).

The improvements for Stage 4 centers around the isolation of the 8-chloro-1 -meithyl-
2,3,4,5-tetrahydro-1H-benzazepine. Here, instead of using NaOH as reported in
WO2005/019179, water and silica get is used which is simply filtered. Furthermore, the mixture
after filtration surpiringly forms a triphasic mixture (three layers), wherein the bottom layer
consists mostly of 1,2-dichlorobenzene and only about 1% of 8-chloro-1-methyi-2,3,4,5-
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i solating the conpound'of Fornula (p fromthe top
phase and the m ddl e phase. 10Sone enbodi ments of the
present invention provide nethods for preparing a

WOepBeyid of Fornula (1) wherein the bottom gHdEE&2¢¥7/003170

the triphasic liquid mxtW®e conprises 1, 2-

di chl or obenzene. I n sonme enbodi nents, the

bottom phase of the triphasic Iiquid mxture contains

1, 2- dichl orobenzene in an anobunt of about 90% or

gprtrelaudecr-m b&lzazepinee Therbioek, e bidk of | lidhirbieiRepb 88 @adiy be removed
g |ns 1

hjaﬁl tf'u{ ﬁ;&ﬂ@éﬂ) si bf} H%%ﬁte ﬂ&? %r gyey ﬁg@é\eoxpldal'ﬁ g,gcl top | layers.

di chl orobenZene Tn an nmoun
Prrrumgly. bepiddlalayar sonsistrandsty pt‘aﬁw pm&m (81S)-B4ebloro-1-methyl-2,3 4,5~

tetrh D Iaes 1 1-bbrizGéphe] rﬂnuliwaalﬁedlh@d E}deéu%g the rmddle layer from the aqueous

% hI or benf?g# d‘E‘F? apout % or gr eat

BieR Mg Rwede RS ‘i"’é‘é%% 3 chien rr@r#yb% 3disiemabydro-1H-
h@tzmge f e topy bmmmbgnaat@omo wﬁad;outzea eﬁs-&ﬂdreuhaet&yl-)z 3.4,5-
iﬁﬁﬁ{ﬁhﬂiﬁ B&zﬁegﬁjlle &9%@ mg{ateg tﬂg f:;ct:acgn a3 lﬂ? ﬁa}p%folqn%ﬁ solvent, for

m xture contalns the co
SRBHIf Sglobsiras- Mﬂrw%en afibe iphasic Itnh@f@mmw@nﬁhe wblume cfficiency

0 mmit@e hd al0dlindnA@dhd kel B clDBraRRAF I OleadtdE QL 011 2.

e triphasic liquid mxture. .
%&%b gyment s of the present invention provide

rret h oﬁ@;nﬂf gpboginespisrof iy preserd Wp@ntrmi podvideanethdda for Ip)epanng 8-chloro-1-

wheyied 046 c §i ro-phenyl)-c -
cgﬂmffdur e4 Jgﬁag%cﬁgjl?hﬂem%%@pﬁr? f2;50 For %‘LE? gl Jﬁ% Ph yiethyl-2

PrRTOPYl A RpFERimgtdaride for 2 time and undeg capdiiens suitable for
forrbiog B%N@l-nﬁh@l—%ﬂﬁﬂ-ﬂtﬂﬂ&&amﬁcuﬁﬁeplhé| phasic liquid

m xt uﬁ(ﬁne e?rﬁ‘%@frrpaﬁg gg/ﬁqo lpre Ldﬁrgntl%n prowc{ru mq%ﬁ:&ig %;ﬁ.gpepae}&g a compound

amount of about
Afsradiit s, the niddl e phase of the triphasic |iquid
m xture contains the conmpound of Forrmula (1) in an

anount of about 90% or gHegte 0 Sone
IEo

enbodi nents of the present ent isgn provi de net hods
for preparing a conpound o a (1) wherein the
|soI ating step further conpriges the st eps:

aratin e m ddl e phase;

hase f 0
er]%l 1(':3 tmg [itt Eﬁchitgﬁ_ﬁrgﬁw -eélfy @F F{ﬁpre?yjl)- ﬁzptnﬁéh]p;aaéf: with AlCI;
1@??&8@1 it mHthegpresenter afdt2-dichisrobanediie s Bb@mgearRpadrabdud 02 0 € about
18840 e b0 ShYEa0 Ebcﬁl? Wﬁ&%ﬂﬁext DEaEIRY %%ab?e iglf for[;:rx%ng]ffle compound

Ogg%%romthe top phase;
uBdl 1 7pCT/ u32007/ 008170 11 conbi ni ng t he
extracting sol vent conpri SI ng the corrpound of Formul a

) t t nmbi ned
L st T i -
Eﬁ@ﬁ‘tﬁ(bsol ution and separating the basic, aqueous

solution fromthe conbined m xtiure to forma washed,
conbi ned sol ution; and €banceqtaty ng t he washed,
_ conbi ned solution to provi @ he emnpound of Fornul a

(1).
®

- comprising the steps:

reacting [2-(4-chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammenium chioride with AICT;
n the presence of 1,2-dichlorobenzene at a temperature of about 120°C to about 135°C for
about 14 hours to about 18 hours under conditions suitable for forming a crude reaction mixture
comprising the compound of Formula (I);

contacting the crude reaction mixture with silica pel and water to form a suspension;
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Sonme enbodi nents of the present invention provide
nmet hods for preparing a conmpound of Formula (1)
wherein the basic solution is aqueous sodi um

WOIRyr1esside. In sonme enbodi ment FCTU2007/008170

basi c, aqueous sol ution i40about -10% to about 40%

aqueous 10sodi um hydr oxi de. In sone
enbodi ments, the basic, aqueous solution is about 25%

to about 35% aqueous SOdI um hydr oxi de. In sone
enbodfiternedhe suspenbian tocdfprnagytripbassc &ﬁﬂdﬂﬂxﬁﬁ‘e Iaﬁd about 30%

aqueowsiafRciny Bdh &@éfﬂﬁm
corrpound&\%]| Forrr% I a u};g% ?"thEB?‘% ure B 'ﬂ’?‘%’ﬁ?er
after the concentratl on step In sone

embodboma 6lﬂb0tﬁrhﬁlt£@1w%ntﬁﬁveﬁ@6ﬂ'ﬁibﬁde( tndthdf f@rtlﬂéf)%nﬂgoa Compound
MO%HQIE?S% ?3@; % ter h concent rati on step.

Sone e i ment’s ofnghe Esent invention provi de
met hotfarEre he tpabiss gndathe ot plos2Bath theGbtiaih Phasé 9f the triphasic

Whet eixdrtR@qextracting solvent is cycl ohexane.
Sone .egbodl nts of  the present invention provide
met hoig? FW%@FO@U}E‘@ from the top phase and the middie phase.

8-chl oro- 1net hyl- 2, 3, 4, 5- tetrahydro 1H benzazepi ne

conprgs), n chI oro eny et hyl] - :

chl or o- E{]%m{/%?g%#ﬁ'g% FrTECRIOrTee p&?vt’% ’ﬂgﬂl‘:’fg W@Fﬁpﬁ‘ngamﬂm‘mﬂd
FiFREH ) wherein thahnttomi Rbees of tetiilagic figuid fbihirt BEmprises 1,2

dBeHidtbngent: Met hyl - 2, 3, 4, 54et r ahydr o- | H- benza2epi ne,

vvherefnn reacgmpgl |s carri ed out- 25at about 125C to
about " 130C’ HARBREr AEe Liphesiq lipeidynixbegdontains 1,2-

41%Phqnmmemavamtemmtahmdso%®rg@mpari ng 8-chloro-1 -
et hyg s&né’»mﬁboﬁr&, £ A O dete B B GO R o 1.2

or o- p
dé‘%‘l? ‘?’ PW&MGF%@% th AICL3 for a .
time Iandnuﬂdmduﬁ:ﬁﬁdﬂklbemﬁnﬁﬁbsé shbeu bRl Y )
d%‘chfo%b%&néxd% Nt bk ? o ebahy drglfpll":cbgnzaze%lfc e e
wherein reac PO ghotk 895 op gre t%"Oat about 12 8C.
Sone S@%@Gibﬁ@mts of the hresqpt Bseion provEia et dPlod pefifing a compound

- o BéARMbSaf \Oﬁerﬁﬁ eRaAMNE pRiC LY tﬂi@lgﬂasm lignid mixture ¢ contains Hﬁ compound

o rgﬁi‘%“.@ tetrahydr 04H zazep ne coi npri
f el i 31 EROWH EFASE HARMHE PTRowR Bthe cgmpound of Formula (T) contained
i fh pphpteap fiik)boaomphist BT b iphisiteligiid AixAlC13 f 0 ra

tine SSUI .able for for
8- chlsg’?’g e#‘-gg‘g”r"ﬁ’ﬁ%g%l‘éb’g Lp ?‘8% pavige Q%Er@fﬁ'Pﬁ%a compound
ofremuia Dy veheeqin WQ middle phasg @@mph@ﬁﬂmm“moﬁa‘amme Wbmpound

oﬂﬁoﬂmur(ﬂmsnabﬂu&oﬂa%oﬁw&rmater I n-process control
([P H@%%bcgnt G e
[ 2- (4 ERISTO P RERYTfe ’é‘ﬂﬂﬂ PP of fedtieligrie Bk eifivre nontips the
cpoypd ﬂfeFozlllw (Dt en shageofiabowt @pYiGir @tbater) Sy nt het ic
Sche H‘Bso;ne%mbomeg@ OCZ‘{ mjpigs%%%'l Q‘Jasu(:) pc?u]icz mix e contains the

cc%{p (f o% 190 m ari amount of about 90% or greater.

Sorne embodiments of the present invention provide methods for prepering a compound
of Formula (I) wherein the isolating step further comprises the steps:

separating the top phase from the middle phase;

extractmg the compound of Formuia (I} from the top phase with an extracting solvent

and separating the extractmg solvent comprising the compound of Formula () from the top
phase;
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H H C Cl11116C13N Mod. W.: 268.61 a
(2- (4-Chl oro-phenyl | - et hyl ]-(2-chl oro-propyl) - ananoni
um chl ori de o A103, 1, 2-Dichlorobenzene, 128C ii)

WOoRePI208102 Ag. NaOH, Cycl ohexane Stage 4 [PCIT/US2007/068170

CiHUCIN Mal. W.: 195.6911 7 _

8-Chl oro-I-nethyl-2, 3,4,5-tetrahydro- 1H benzo[ d) azepi

ne (1:1 Racem c mxture) Stage 5 and Stage 6-

Conver si on of , _

8- Chl coro¥ning theyekerattidg dolent Qintpaisig Elﬁmﬁiﬂg&ﬁﬁ ﬁ%‘&ﬁiu&ﬂtggeﬁxer with
= - - 1-2.3 4, 5-tetrahydro- - benzo

Pg?g%]%ifagémgéﬁg ?gér{%?dé@xmet In Stage 5, _

8- chl BRdins theedbind3gxuresvithet raalryenud bblikmznaa egirmtng the basic,

YRBous @At SHr¥h ik dombibibd kBt HrfR G wWdsHe, Jobileb Qoqution; and

[ It
f?zﬁj ﬁ‘-"’%@ﬁﬁ{’%- ﬁngélﬂx%ifcg?é%naé gplytion o, prowide the tomspmnd pifanula ().

zepinium hem tartrate. In this stage, the resolution

and g [ -8-. . . . _ \

chl o P 0 rlﬂé énrg]?;ﬁyﬁé}lﬁso J’of ,ﬂgf%?s TR T oA IB%th?jS i FEFER&  compound
ehfioremr (A vherginghe basinsplubersis suenpuroitivindwirokide) udi ng

t he omppesk Eﬁb@dﬂﬂl@ﬁtﬁ,%ﬁi_‘:} 2qBeous sSISRARL AH30EI0Ys toWBSut 40% aqueous
S%Q}u?ﬂh@%gox?%, crystallization from an ‘

In some embodiments, the basic, aqueous solution is about 25% to about 35% aqueons
sodium hydroxide.

- In some embodiments, the basic, aqueous solution is about 30% aqueocus sodium
hydroxide. .

In some embodiments, the compound of Formula (I) is about 65% pure or greater after
the concentration step.

In some embodiments, the conipmmd of Formula (I) is abont 70% pure or greater after
the concentration step.

Some embodiments of the present invention provide methods for preparing a compound
of Formula (I) wherein the extracting solvent is cyclohexane.

Some embodiments of the present invention provide methods for preparing 8-chloro-1-
methyl-2,3,4,5-tetrahydro-1H-benzazepine comprising reacting [2-(4-chloro-phenyl)-ethyl]-(2-
chloro-propyl)-ammonium chloride with AICI; for a time and under conditions suitable for
forming 8-chloro—1-meﬂ1y1—2,3,4,5-tetrahydm-1H~benzazepine, wherein reacting is caried out
at about 125°C 1o about 130°C.

Some embodiments of the present invention provide methods for preparing 8-chloro-1-
methyl-2,3,4.5 ~tetrahydro-1H-benzazepine compﬁsing reacting [2-(4-chioro-phenyl)-ethy1]-(2-
chloro-propyl)-ammonium chioride with AlCl for a time and under conditions suitable for
forming 8—chloro—1-meﬂ1y1-2,3,4,5-teb-ahydm-lH—benzazepine, whercin reacting is carried out
at about 128°C,

Some embodiments of the present invention provide methods for prepaﬁn g &-chloro-1-
methyl-2,3,4,5-tetrahydro-1H-benzazepine comprising reacting [2-(4-chloro-phenyl)-ethyl]-(2-
chloro—}?ropyl)-ammonium chlonide with AICI; for a time and under conditions suitable for
forming 8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-benzazepine, wherein reacting is carried out
for a time of about 14 hours to about 18 hours.

In-process control (IPC): EPLC content of [2-(4—c1ﬂoro-pheny1)-erhyl]-{2—chl_oro—
propyl)-amimonium chloride <1%. This stage is depicted in Synthetic Scheme 1.2, .
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10acetone/water m xture. The isol ated cake typically
had an achiral purity of greater than 99.0%and a

chiral purity of 90% enanti omeric excess (ee).
WO 2007502818 6, t he PCT/US2007/008170

(R -8-chloro-I-nmethyl-2, 3123, 5-tetrahydro4H benzo[ d] az
epi nium hemtartrate crude cake was subjected to a
second crystallization fromacetone/water to afford
the final internediate,

(R) - 8-chl oro- | - mer hyl - 2Sgnthetis-Scbémeahdr o- 111- benzo[ d]
azepi nium 15 hemtartrate.

(R)-8-Chloro-1-rti et hyl: 2, 3 HpsHtkt rahydr

d] 8nTi ni um henit art re's dGnd rﬁgéq@g‘

speC| fications andgiypi€al | y ®lad an achiral puri ty
of ' 100. Oy2-gaathiaroaitiesyl)-cRylY- (ﬁ&ﬁ&&p%ﬁ?%oﬁﬂ%hﬁ%dg%

ee. Additional recrystallizatipn of

(R) - 8- chl oy utr; MBS Midtdordbefizens t L M @hydr 0- 111- benzo[ d] a
zepi ni um Helﬁgnértrate from acet one/ wat er can be

r epeat ed a%}fgl tage i f requitaged, to increase %
ee. 20In € pr cédur e reported in W2005/019179, the
sol vent ug’écf‘qrﬁa?ﬁec%%?llex%rm ng step was t-butanol .
The use of this sol vent resulted in the
crystallization of the crug itartrate with
approxi mately 68-80%ee § IessN1t1 an ab@uﬂh@gl% ee
after the singly rechystat 2 Mal. Wt.: 195.69
2007/ 120517PCT/ US2007/ 008170 3 hemtartrate. An
additional recrystallization was required to increase
the % ee &rfdlag lametadiA3 4, Sriatrelyded s dbeizo[depiit el d.

It has now been di scov@ilRpceigtmigiedg acetone in the
salt form ng step, |nst ead of tbutanol as descri bed

QP ed for an
i G BB B LT Eo e ast snecin
b)ﬁo-llmby}%4,ﬁﬁgr3hydi‘dlﬁ%ﬂm¢iIaihqin;iumlliétﬂﬂntrate
ac et aAGtEes, LFJ élﬁ&ouqnéthﬁuzts 99%&1%@%&& -PHR tn% BROUL 4 with -
ne

O% eeal M g% #E_e‘?nol Y ‘and after on
CeE ysct a FRRTTeRE éaibﬁé“gébbmlmwﬁ 4,5-tetrahydro-
léi-leeampuammum? hemsitetratt. Riltbis bta @) thé YesBRtio unficahﬁn gf(R)—S-
L t
ﬁm;hQr eso {/?ﬁgsageﬁl&x?{? ?%f—‘g‘%n %[gxgnl}) Id g %/r{ratee ffom process impurities
u(c&) he oppEH eé:p@]qozq%@ﬁy .j'—:egangome@-\tzgt)biah:yd{ by erddtdliBAiBE from an
aazmp!mraﬁmfel I8 golkla 9 phdn
<SOUBRN pﬁﬁ’ Hinkeltdo ! g?{cgﬁlcmc. 16 il B preptr than 99.0%
Vi acid sa °%?'°teﬁ"eessc%?a?pounds wherein the
c hi r &t Sﬁaeﬂs@ [t (ﬁgsavmodo-bowpm—z,es,mﬂaﬂiymumbwo[aﬁﬁcpmm

h&hRir et BAEo 3 hi
IS S SR L A  A

th“’?ri‘é‘g‘ m‘i‘f{‘%“tdéatﬁ @eﬁﬁ Al PR titsehydre-¢Hdtendofdjazpintim
hgallw RRB-Biwrht lonahy 1=21;B34 ﬂ‘%agy& 4H5?nzo[d}azep1mum he 1tartrate

e. nts o
oL L o S
PEIL Qﬁreaéqgﬁwﬂg% o Pg@rtwgqt]aeqysai)hz&um ¢fl(R)-8-chioro-1-methyl-
2,3,4,5-tetrahydro-1H-benzo{d]azepimium Hemitartrate from acetone/water can be repeated at
this stage, if required, to increase % ee.

£l

In the procedure reported in WO2005/0191 79, the solvent used in the salt forming step
was F-butanol. The use of this solvent resulted in the crystallization of the crude hemitartrate
with approximately 68-80% ee and less than about 99% ee after the singly recrystallized



10

15

20

25

30

(la)(I'b) conprising: contacting the m xture of
conpounds with L-(+)-tartaric acid in the presence of
a 20sol vent conprising acetone to formL-(+)-tartaric

wo2007¢286dFt s of the conpounds; preci pi PETTTEY007I0e8170

L-(+)-tartaric acid salts1df the conpounds, wherein

the resulting precipitate is enriched with the
L-(+)-tartaric acid salt of the conmpound of Formula

(Ta); di ssolving the precipitate in a solution .
dr@nmmuguengnaanhnme:emydmmtﬁﬂ uhﬂreﬁﬁfd&lt&nﬁﬁlaéétthm ee and as aresulta

ggg}&gé@;n%}lgg di ssol ved precipitate; 25cooling the
sol ution containing the dissolved precipitate; and

preci piRaRPY e dissersred thatasinpidetone ingbwsadii forntigg wdpeinstead of -
Ibutarigl ak adstrteld 6a ﬂr@Z@Oﬁ@ifﬁ 79 fehﬁ:ﬂﬁteg RO, zQI adTRE L&rystalhzanon

150 bas 4 mbodj nents of the present

|(aIr'1v ent oA “‘B?%\fﬁsa‘é"wpﬁ%"d%g heyieldey %FWH%‘Y#SFHWP%P‘@ Tepulted in about
0¥ omfeudsd 6f abbor 488026 {chajngabatafdlPgnd aGer iy She R@iystallization the
RORIARIR I S0 ok Ll & i ni:%m%gm WA e

L-(+)- tartarl C acl resence “of "a“sol vent
conpr S8MA§rbRAReiEokthe Frejent inventiyn pravitamitboddptiemititisa mixture of

BfamﬁdmﬁdﬁWd&hl or&l\prx@@@lzﬁ i3 @cht?agga;/o Q@Mz@?%ﬁ%&ﬁn g

o e ke o s e
eﬁ*rhr: emuwﬂﬁ; Wherhig the-dhir}l-réshvigy zdctl C&ﬁipﬂseﬁ a:luHstaﬁiﬁaJIy BRe stercoisomer;
m@diﬁlgtlﬁ’é thE Qﬁlml'{‘é@ol(/ﬁ‘@%cld salts of the gJ)ﬂ?i onésr 3 nerem 5 resulting

ci pi tate 1n a solutron conpri e an

Bpaie s carihed fethe thirebreetviapuid sazpes»@ BS-ebgotl BOG1H23.4.5-
feomimden- Sidbuizkapineont ai ni ng t he di ssol ved precipitate;
5cool ti contai nipg the disso|ved
pr eci g?ltga%'g@%d%ga Of%] FRrures ?‘%%SY}?C m%%"lstforef%h?“gam"‘me of
WO“Wmeﬂﬂa(I@r@éﬂth atl ng a second precipitate
containing the L-(+)ytartaric acid salt of zthe

compound of ) with an engntiQmepic excess
Lng the precipitatesma-solution

of about 98% or
enbodi nents, di

conpri sing acetoneagnd 10water is carri eg]rb ut at a
tenperature of about” 45C to about 60C to rma

~ sol ut ¢weprisvat ai ni ng the di ssolved precipitate.

I N sop@tLAROMAL FRALS of &%Joh{& i ?—2 aéﬂal:l? D& S IIJrQslmnt% ofa

t he di ssol ved Prec itate 1s carr
VBRI HPFES teloa B APrm b HBraiAsd sHiot e Fompamnds:
embodprepitsing ey sarafic 4di€sans 658 bonkgdvRR, i8Rk B tiiRing
&'eﬁﬁlgaltéﬁls gl’Q‘lCEleVVlﬂl the L-{(+)-tartaric acid salt of the compound of Formula (Fa);
disselving the precipitate in a solution comprising acetone and water to form 2 solution
containing the dissolved precipitate;
cooling the solution containing the dissolved precipitate; and

precipitating a sccond precipitate containing the L-(+)-tartaric acid salt of the cornpound

- of Formula (Ia).

Some embodiments of the present invention provide methods for resolving a mixture of
compounds of Formmula (Ya) and (Ib):
comprising:

contacting the mixture of compounds with L-{(+)-tartaric acid in the presence of a

~ solvent comprising acetone to forrn L-(+)-tartaric acid salts of the compounds;
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15precipitate in a solution conprising acetone and
water at a tenperature of about 55C to about 60C to
forma solution containing the precipitate. In

wogoa2éthodi nent s, net hods of the present i nPEAUSaN7/008170

i ncl ude cooling the sol utildn contai ning the

precipitate to a tenperature of about O0C to about 5C.

In some enbodi ments, the second precipitate

containing the L-(+)-tartaric acid salt of 20the

c onpoprsdiptdting Grerfu{-3-tirtagiy abid salk Rf the atdp Ry, iwﬁezemeﬁs%%sulﬁng
8% nts,

?{]G@M&j{s @ (mtgrﬂ%‘l-g'r -C'tartanc acid Salltrl)fﬁ%mﬁrneg_ljn ?rg‘yf C(Ia)

e second preC| pitat ontal ning the
aci d Safving the RecipHp BLARIIEPD Fmymmmsing agdtore ah@twa'amtatemperamre of

shvandI°0neibodt @RCAS Sorffa I;.sﬁf&ﬁbﬂ codBFghe S5SN8 brecipitate;
t he

In soge odi,ment s recipitate

cont ai ni nntE'teﬁomtll_O“(coj"tafnél}gttﬁ?& g’&?ﬁ“?ﬁ ific {ora tppgerature of about -5°C

wohpBUAW:;ehd Formul a (1a) has an enantiomeric excess

of abgtini2l%e 9 - lrent s,

f%] t al(%{élgI:? F]egcr%gfi(‘? %%gﬁéﬁtgé&l%gn?ﬁ E&;ef %rranc Loty salt of the compound
LTy ¥ &n P tomeTiceReshYiaden 88%er sweisnl vent

conpr insbing eﬁbﬁhﬂ&ﬁs Id&sﬂﬁhg HRGhrRipitadtn M&Hon égxgprfs&g agetone and

B ot ot st oo R R P B b s gromtainng

e diswived peripiatgo| vent conpri sing acetone is carried
OUt aﬁzs@:ﬂ@ Hﬁ-lbéh?rgerttg c@@ﬁ% theu@fstionl &8 gtmr%tgé h;séo%& c1p8ate is

cam {otel met % 3, 54etrah dro-1 enzazep
con é’n ’5’69@“ P 5F§F9P_E’f’°b‘f t product This st age
i S delpiscie dmbwiirBymg, hethods &ﬂ%ﬁﬁseﬂt inventidMnclude dissolvm§ the

%Q%g%ﬁg?%nﬂcg%g% %:%E;y 5 S nt EEEI{ LG s f}%};@gé Cnto about

foyfogm Rﬁ@@%ﬁnccomamrmtbg pqen)tptmtfet 0 n e 50C i i )
L ( +)]'1'1-§6if1$ afibddiraid] methbdDorFAG e N REN Eotud: cool%‘x% the solution

éon%a?mng thg preml?ntate to 2 temperature of about 0°C to about 5°C.

In some embodiments, the second precipitate containing the L-(+)-tartaric acid salt of
the compound of Formula (Ia) has an enantiomeric excess of about 98% or greater. :

In some embodiments, the second precipitate containing the L-(+)artaric acid salt of
the compound of Formula (Ia) has an enantiomeric excess of about 98.5% or preater.

In some embodiments, the second precipitate containing the L-{+)-tartaric acid salt of
the compound of Formula (Ia) has an enantiomeric excess of about 9% or greater,

In some embodiments, contacting the mixture of compounds with L-{+)-tartaric acid in
the presence of a solvent comprisihg acetone is carried out at about 40°C to about 55°C.

In some embodiments, contacting the mixture of compounds with L{+)taztaric acid in
the presence of a solvent comprising acetone is carried out at about 27°C to about 52°C.

IPC: Quantification of 8-chloro-1-methyl-2,3 A4, 5-tetrahydro- 1H-benzazepine content;
IPC: Chiral HPLC of wet product. This stage is depicted in Synthetic Scheme 1.3.



vi) wvii) C OOHH INt HOHO dC
(R)-8-Chloro-1-nethyl -2, 3,4,5-tetrahydro-11-1- benzo[d
]azepinium Hem tartrate C261-13402N206; Mdl. W.:
PC. Chiral HPLC of waCTArSaei9e3170
This stage is depfcted in Synthetic Schene

WO/ 126517
>98% ee.
Synthetic Schene 1.4

Synthetic Scheme 1.3

' C.1Hy,CIN
MR mor Wt 05,69

Cl
&-Chloro-1-methyl-2,3.4,5-tetrahydro-1H-benzo[d]azepine; (1:1 Racemic mixture)

i) Acetone, 50°C
it) L-(+)-Tartaric acid, H,O | Stage 5

iii) Acetone, 0 - 5°C
£

{(R)-8-Chloro 1—meﬂ1yl—2,3,4,5——tetmhydro— 1H-benzo[djazepinium Hemitartrate
CoH34ClaN,Og; Mol. ' Wt.: 541.46

fae,

IPC: Chiral HPLC of wet product >98% ee. This stage is depicted in Synthetic Scheme

Syunthetic Scheme 1.4

1.4,
0 "OH H
. N+ _O

(R)-8-Chloro-1-methyl-2,3,4,5-tetrahydro-1 H-benzo[d]azepinium Hemitartrate
Cy6H34ClLN;Og: Mol. Wt.: 541.46

teyy,

i) Acetone, HoO | Stage 6

O OH H
I\‘ +

=

(®)-8-Chloro-1-methyl-2,3,4,5-tctralrydro- 1H-benzo[d|azepinium Hemitartrate
Final Isolated Intermediate; C26H34CIQN205, Mol. Wt.: 541.46

5
Stage 7 — Conversion of (R)—S-chloru—i-methyl—2,3,4;5-tetrahydro—1H-benzo{d]azepmmm
hemitartrate to (R)-8-chloro-1-methyl-2,3,4,5-tetrahydro-1H 3-benzazepine hydrochloride

hemlhydrate

In: Stage 7, the enantiomerically pure (R)-8-chloro- 1-methyl—-2 3.,4,5-tetrahydro-1H-
benzo{djazepinium hemitartrate, from Stage 6, was converted to the {(R)-8-chloro-1-methyl-

10
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a d
(R - SChIoro1methy12345tetrahydro 1H benzo[ d] a
zepinium Hem tartrate C26H34 C12N206; Mol . W.:

WORAW/RE51Fi ) Acetone, 1120 Stage 6 PCT/US2007/008170

(R -8-Chloro-I-methyl-2, 314, 5-tetrahydro-111-benzol d]
azepinium Hem tartrate Final |solated |Internediate;
C26H34a2N206; Mol . W .: 541.46. Stage 7- Conversion of

(R -S-chloro-1-nmethyl-2, 3,4, 5-tetrahydro-111- benzol d
Q,B@Qﬁﬁuﬁl@dﬁﬁlﬁ-@ﬂf&i&hﬁné 9rdrochloride hermhyd:ratc in two additional chemical

R s S AR L SR

daeatapodres bask layd furlly (R)-8-chloro-1-methyl-2,3,4,5-tetrabydro-1H-3-benzazepine

(hﬁ)m 1&% QiR 'E)é)ls Zh]@m“luéé‘tﬁh fzé‘i]h’ gl %&m%lg&rg-lHé-bcnzazepme

benzol. azepl nLum hemtartrate,

by r@a lyﬁ@tta(tpaq upderyyegt %,ﬁqzal ﬁlg}f}ﬁ\pqn by gystallization from ethyl
264até. 1@5&35@1%&@@-@[3@@6&&&3@&—111-3 -benzazepine hydrochloride

RERRHOAF a5 SPRVELaD  SOBFLP oA Sk RRCEA o 85 e ol e pingbou

il m@%\,ﬂgdia tlorahpurity pf gfout 99.0% ee or greater. In some embodiments, achiral purity is

Q’B)u‘t 88% *&L Qt%&egaxﬂ%tchﬂl pantg’oé ahﬁ)u{ @g‘% @&%&tel‘ H- 3-

benzazepi ne free base and fina

(R -8 %ﬁP@FﬁS?S Sfrihr piepyation pf @?Jr%%ﬁ%ﬁya%hﬂﬁa%wwa@@ 1H-3-

per2azepind hodrbdtisriditestiyifayetind bshydrous (R)-8-chloro-1 —metl:yl~2 3,4,5-
ge@ah;?dr C—%%-ben%azncglkp M}J'cfrgdhl?’oﬁﬁé é’é!l:e%ép% Qcy I-Q_‘,Ilpatcnt pu%ﬂca%ons
WO2006/069363 and WG2005/019179 respectively. The (R)-B-chloro-1-methyl-2,3.4,5-
tetrahydro-1H-3-benzazepine hydrochloride hemiliydrate was prepared using the anhydrous {(R)-
8—chloro-1-methy1-2,3,4,5-tetrahydro-1H—3-benzazepine hydrochloride in the presence of
isopropanol, water and cyclohexane under an atmosphere of nitrogen.

It has now been discovered that (R)-8-chloro-1-methyl-2,3.4,5-tetrahydro-1H-
benzo[d}azepiniurm hemitartrate can be converted directly to {R)~8-chloro-1-methyi-2,32.4,5-
tetrahydro-1H-3-benzazepine hydrochloride hemihydrate without isolation of the free base and
without formation of the anhydrous (R)-8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine

HCI salt.

In general, (R)-8-chloro-1-methyl-2,3,4,5-tetralydro-1H-3 -benzazepine hydrochloride
hemihydrate is prepared comprising the steps: _

1) neutralizing the (R)-8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-benzo[d]azepinium
hemitartrate to form the free base (R)-8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine;

2) contacting the free base (R)-8-chloro~1-methyl-2,3 4,5-tetrahydro-1H-3-benzazepine
with HCI in the presence of water to form (&)-8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-3-
benzazepine hydrochloﬁdc; and

3) crystallizing the {R)-8-chloro-1-methyl-2,3,4,5 -tetrahydm-lHS-benzazepine
hydrochloride to form (R)-8 —chloro-l-methy1—2,3,4,5-tctrahydro-1H~3«benzazepine
hydrochloride hemihydrate. B

One base that is particularly 'us&.::ful in neutralizing the hemitartrate salt is aqueous
potassium carbonate. In confrast, it was found that when aqueous NaOH was used to neutralize
(R)-8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-benzo[dlazepinium hemitartrafe a difficuli-to-
separate emulsion was generated. However, aqueous potassium carbonate can be used that is

essentially free of any emulsion when extracting the free base (R)-8-chloro-1-methyl-2,3 4,5-

‘tetrahydro-1H-3-benzazepine after neutralizing. In addition, it was also found that ethyl acetate
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5hydrochl ori de hem hydrate then under went a fi nal

purification by crystallization fromethyl acetate.

(R)-8-chloro-1-nmethyl-2, 3,4, 5-tetrahydro-1H 3-benzaze
WwOopeva2eRidr ochl ori de hemihydrate was i sol at ed P&3/152007/008170

crystalline solid and typittally has an achiral purity

of about 100.0% and a chiral purity of about 99.0% ee

or greater. In some enbodi ments, achiral purity is

about 98%-or greater and a chi raI purity of about 98%

¥as prtiqylaglyseitablelidive iphostesé sedtaliziid) eorﬂicﬁﬁglﬁxﬂidrﬁﬁn%ng to

ﬁﬂaiwdgtjﬁ)tﬂ-&ﬁ&oh - A8k 5@' 3%'?3)(2&2 &
A AL Rk

teteahyasof WhteBappaprinid wlcgemh&d{g &D AR M LR thy12.3.4.5-
ns 2 %‘& ant

GRBRL s oBST AR Sk BUEk LA B, 020067 06D

( R) - 85 @rhodimentstdfytie pessytdyvBation provide methods for prepanng (R)-8-
Hpdrb-ayetny-2 BHE, Srenind ez ri t

was prepared using the anW& mq’ydm(?c"f% mu?a&D
158-chl oro-1-net hy1- 2, 3, 4,

t et rahy o 1H 3- benzazepi

ne hydrochl oride i dibeRreseqge of isopropanot,
wat er and cycl ohexgne r a a'f'mﬁ hte@ of
ni trogen. || has~#ow_béentdi s¢overed t hat

(R)-8-chloro-I-nethyl-2, 3, 4, 5-tetra 41r o- 1Hbenzo[ d] az
epi ni um hemtartrate can be gﬂyverted directly to
(R)-8-chl oro-I-nethyl -2, 3,4,

t et raf‘ﬁ’?’éff’ﬂ“glﬁ-e:&*%nzazepl ne hydrochl ori de heni hydrate

- Wi t hotehtrdl BBl &t dhRito-Olmdil}e 2 0RRAS A AR LA LIE!
ﬂ% H%hl on of the anhydrous g%hmﬂmmmqf
% chl oro-1-nethyl -2, 3,4,5-tetrahydro- 1H 3-benzaze

pi ne HO salt In generabm

(R)-8-chl oro-1- y1- oa - benzaze
pi ne hydroch]t:p?@@ﬁydpm Br eéparetconpri si ng
t he steps: 1) neutraliziny the

“&; 8-chloro-1-net hyl 2,3,4,5-tetrahycl ro- 1H benzol[ d]
SBPFTHRFBRMSH T Heprostise phwateramd et dortee thBvem a biphasic liquid

n@ﬂ)";\e&ﬂﬂﬂﬁtlﬁg &S&?ﬂiﬂi’ bﬂ éfa%ugbllél'!r’%gé gg;ag Q%Sif Q:etyé" p%asg g&%pnsmg {R)-8-
CBER' B ? §81§ -t%é‘ﬁgr%"lgjgbwlé‘f PR B A8 3- benzaze

pi ne vvlth HCL in the presence bf water to form
(R) - 8-chl or o- 1- net hy 1- X s rahydro 1H 3-
benzazepi ne hydrochl ori de d 3)

crystallizing the

00- 85@&1:19!5@&113 eﬁ?f- Jakftlaﬁa %h.%e %f e L%Lgs%m/ Wi E'}e frota %aaélﬁaous phase

waaydroohT
%t% B¢ Bﬂﬁlr’il“ﬂéel’hyl 2 3 4 5-t et r ahydr o- 1H 3- benzaze
pi necinasriuriht othi/thecte phity 4B in the presen@@fv@ﬁé%o @b BCT sat

of @) I
e R TR N —

U"e Bl -metyl-geded. §-triraleydrc B 3Whmazmmematseakhﬂd Wasl

us edery@alieng thalH @alt of (7)- 8—ch101'0- 1-methyl-2,3.4,5- rﬁ}q dé%-% %I[Bd enzazepine

ros|- tetrahydro
mg@ﬁ‘. %?%m“ °«‘é°ﬁ11't“é“’r 2¥'e el H’i"’fyf’f‘" et berpazepys fg(éém@me
enul sion was generated. However, aqueous potassium

car banrahe mﬁ@é&ﬂ@xﬂy %ﬁgtaﬁ.l%% ﬁ‘{e %%(?lsssﬁgft a[Rg %4: OI'Or- e~rene yI-Za 51 % 5~

|, si when extractin
t(’%]’ lgﬂ §-Brg2Fertsdonped substagtially pure (R)-8-chloro-1-methyl-2,3 4,5
tetrably drakifOs-berkhkedive €I aZaBL A af t er neutralizing. In
addition, it was also found that ethyl acetate WO
2007/ 120517PCT/ 1JS20071008170 17 was particularly
suitable for use in the steps of neutralizing,
contacting and crystallizing to
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(R)-8-chloro-1-nethyl -2, 3,4,5-tetrahydro-1H 3-benzaze
pi ne hydrochl ori de hem hydrate. Ethyl acetate was

woabegzeaand particul arly useful for the di ss®CHUSHW7068170

concentrations of water appropriate for cryst aI l'izing
the (R -S-chloro-I-nethyl-2,3,4,5-

5t et r ahydr o- 1H 3- benzazepi ne hydrochl ori de

hem hydr at e. Sone enbodi nents of the present

i NveniSoma efbadiinees SRhHRdsSent Renfib Pakido tethibds Br preparing (R)-8-

I 2 8 rahydr os 3-berwn7epi ne .
SRR Brka P Yt P AL SRR BB 1 i
Sheaypter 111’@1|q eontraing stepig substantially dissolved in the ethyl acetate phase.

8- chl ok Qe iRIoB¥ IR, BOWRRE ﬁtﬂgé"’ém E&Magﬁqg m%gﬂlaﬂ bbbount of

g gmtarf}rate of the formul a W t h potacsi um
2o B4 R 2Port ehdYoraiEnce of water and et hyl acetate

t o f otivscanciinfodinents) thejwhtdr Mithe ailiy® acOuiSptatd iB gresent in an amount of
gﬁ&@@tz%%layougﬁ%%r}v%%gous phase and an ethyl acetate
pha (R)=3-

se conpr
15ch| &t wmembodimient, the watsr indheretly) eretatelitiseds bresertinap rmount of
ebduk 0.9y 100l8%; &y aél ht. separating the ethyl

acet a the bi phasic |liquid mxture fromthe

aque oﬁ%mg‘f?i?@ 8‘F"eP g‘ﬁ%’? ithe qﬂ?}'g B7etptsphRtejf Bresent in an amount of
clamut Q6% hygvdighe. et hyl acet ate phase with HC1 in the

prese YAl .

(R o cfiy Snbdfinsl blnd SLEh AR BbhiadMhegs oy meppriog @0-5-
ﬁ]f‘lPF@ -1-Rgibyied- %4,t5ﬁ@rqhaqrp-é}lo}~bmz§pmg HC hemihydrate of Formula (I}wherein
ﬁﬁhp%aﬂhil@ﬁ@nﬁnmtﬂ)dﬂsﬁm&lﬂméﬂ&ﬁﬁédﬁydr 0- 1H 3- benzaze

glalnte gs me emLoda ments oft e préscgtr}gve%{ng S]targln!:ié életrllgdstfor prepaging (R)-8-

¢i¥yrod-withyr 3. 4,5 rettahydro2H3 -HenBazepine HEY binghydritSefidnnelz @l)wherein

- eREnth@in eBs carried out ata ternpr:raturc of abo tG"C to abjo_ut 2% %
enzaz

(R)-8.chloro-|-nmeth 5-tetrahydro-1
epi ne ROPHERPHIRIFR %fy ﬂ*%?%%ﬂ% “@W&‘dﬂ%ﬁf’%ﬂs for preparing (R)-8-
cEIymtlaﬂnhﬂaﬂl-Zjigél Bh&rah@ro-s Hi-3-bddbazepine HC] hemihydrate of Formula (I)wherein

3i Re sl
te%Hr(gﬁ‘?%lL'% n%é%ép?ne 0?orgmad substantially pure

(R - 8- chloro4 rrethyl 2,3,4,5- 7
tetr ah’h’éﬂ:ﬁﬂ'c%&diﬁfcﬁ@ﬁkﬁ@—@ﬂlbﬁel -H%yﬁﬁ&hBYt%&&o-lHé-b_enzazepine
hydrochloride hemihydrate is isolated with an achiral purity of about 99% or greater.

In some embodiments, {R)-B-chloro-1-methyl-2,3,4,5-tetrahydro-1H-3 -benzazepine
hydrochloride hemihydrate is isolated with a chiral purity of about 9% or greater.

IPC: Water content of ethyl acetate layer <0.8%. This stage is depicted in Synthetic
Scheme 1.5. '
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WO 2007/ 120517PCT/ U52007/ 008170 18 Sone
enbodi nents of the preaent invention provide nethods
for preparing (R)-8-

WOeK702e817 - met hy1- 2, 3, 4, 5-t et r ahydr 0- 111- 3- be #£AASRINTH08170

HC1 hem hydrate of Fornul 8%(11) wherein the water in
the contacting step is substantially dissolved in the
et hyl acetate phase. In some enbodi nents, the water
in the ethyl acetate phase is present in an anount of
5about 0.2%to about Z%Whvt'@iﬁghtmels In sone
enbodi ments, the water in the eyfyl,, t hase is
present in an a of\ &b 20 tm*’abo % by

wei ght . oneNegbodfeft st ci N the

et hyl acet at eC’phase ES present In an a nt of about

QA% t wei 1OI n _sone errbodl ments, the :
wat e GHEEH {mh%ﬂe‘é; £ Sengpldeepinion Hemiartrte
anmount of about 0.6% Igr’”edme Sone

enbodi nenti of the pr esentM Q?{f{g provi de net hods -
for preparing (R)-8-

chl oro-1-nethyl- 2, 3)&,G0L gt ydro | H 3- benzazepi ne
HC1 heni hydrate of KPRl adethd) Wade® N the biphasic
liquid mxture i s syhsicapid al ljly enmul sion-free. 15Sone
enbodi nents of the present in ention provi de net hods
for preparing (R)-8-

chloro-I-nethyl-2, 3, 4, trahy*dcp blsHzobenza7epi ne

HO hem hydrate of Fan viher ei n the contacting
step is carried out at a t enperature of about OC to
about  (R5&:Chloro-1-methyl-2, ﬁamnem&inmz%[cgézeﬁihéﬂ%ﬁ@&%

i nvention provi de met holgHf N oeBRO N

(R) - Schl oro-1 - met hyl - 2, 3MpLE¥t é?t‘iiia&ydro | H 3- benzazep
ine HC1 hem hydrate of Formula 01)wherein 20the HC1

int econtac st? is in_the formof a gas.

In s %&ﬂf&ch {1)-?{)1 “aethyl? 3yds3- fptrahydro-1H- 3—benzazepme
411;1\11:}1}’&@;;?2003:549%%8 fmgﬂhbtﬁhlﬁh-l fdabtﬁmlbﬁmzigm-lﬂ&hon opeﬁahons In Stage

m&% H 1 SO ati e i ral
I%'y o(%l;a %?Jt gg?/gorlgltorepé!ﬁe)ramr?n umﬁ%in’é‘#b rjﬁ? form the -

Fé& Fhed?%efiﬂerféﬁlﬂn&msmde Brogiust eeitpiuing3 SE4084 Bftbeﬂﬁarzd
eeqmnnmcrzahwehhmhhaﬁetﬁiﬁ mw@@mg% AL 2D
S%E §1lld & Q%é tgu)fan%f GI%I' scfun 9%dor %r cater y I?Ed(%%ge) o

2 2nd & the tartanic 2 magd_seec fSé\S?aunﬁ@tlgu/gpqﬂiogs, which involve
9 gpytallizatigesf éheé@mltnrbspntfﬁ:ed b bighyperefink! intermdite, (R)-8-chloro-1-
mefiiz, 32(35%1?& U205 raﬁra -

( §%} S;%ﬁfomsth 1- 9%45tetra 5 SaPPEe TR gplgre-1-
S 1 EI’ %%P@m [d}azepinium Heml’cartratc was converted to a higher purity.
The highly selective resolution using L-(+)-tartaric acid and successive crystallizations are the
critical steps that afford high purity of the (R)-8-chloro-1 -methyl-2,3,4,5-tetrahydro-1H-3-
benzazepine,

The invention will be described in greater detail by way of specific examples. The
following examples are offered for illustrative purposes, and are not intended to limit the
Invention in any manner. Those of skill in the art will readily recognize a variety of nonecritical

parameters which can be changed or modified to yield essentially the same results.

EXAMPLES

Example 1: Conversion of 2-{(4’-Chlorophenylethanol to 2—(4’-chlorophenyl)ethyi
Bromide.
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Final Isolated Internedi ate C261134C12N206 MoL W :
541 46 i) K2CO3, 1120 ii) Ethyl acetate Stage 7 HCL

WO(ZR)’?JBﬂiIﬁI oro-1-nethyl-2, 3, 4, 5-t et r ahycl r o4HPEEAEAIGPEE170

zepi ne Hem hydrate Cl111- 1205C1114 0.51120 Mot. W.:
241. 16 In summary, the
(R)-8-chloro-1-nmethyl-2, 3,4, 5-tetrahydro4H 3-benzazeP
i ne hem hydrate process involves four chem ca

reacmw purification operationgs t
4, . 1) BO°C, 3hr,
[ 2- (4 r o- pheny1) - et hylf (2y ebdor o-p _ammoniu Hsrj'oa

chl oride was used to formthe backbone of the
el ahidraphed)eihtnol g PhvsphotusUlleroptided U CH4'eChidraphenylgthyt bromide
3540%%“'9@'@9 desired enaf8mner, (R)-8-chl dfshleBTl -
V5 186.1 5 tetra'H?}d‘P’B #1968 benzazepl'\fl%'v(’? PARS1

base) During Stage 5 and 6, the tartaric acid
resol ution and successive purification operations,

#}Wa{eﬁ\.’;ﬁla}{ﬁﬁ%ﬁ crystallizations of the
mtartrate ordahlgbly pure_ final

il PP &Enedi apé@ n(qies 8- 2 of-Blogaphenylethanol (Starting Material)
bRapiiay 1- 2 3314ndkest €t rrabyplcedtrieeaakd] a2epi ni um

ﬁlg(%gﬁ%rtrate In Sta%%g 80h|oro|-
2,3,4,5-tetra r'o- 1B benzo[ d] anpi ni um
HeFikear t r attd@6wadesc o n\i!eﬂ4t SHlotephenyhetyhidiropide (RrpducThe

hi ghly "sel ggtg%v)gelaesqsééglc&pm{g ng L-(+)-tartaric acid
and successive crystallizations are the critical

steps that afford high purity of the
(i Efficiohey | - met hy1-2, 3, 4, 5-t et r ahydr 04H- 3-

%Q %(flém@ di’% tg:enﬁl vBa-gqe?GI ID%% E& of Q{%u—éhkor%%ﬁ%q)%&mﬂc?%gmng material or 758

greate

i PodiraRipr @barrv@e@sl %rp@ld@ﬂar@fl@daﬂfs@r copregted perditéy e

pur poses, and are not intended to limt the invention

in any manner. Those of skill in the art wll readily
FERES SR, oty of noncritical paraneters which

can b @ocahmg:e dﬁ‘ﬁad withl k fvéret th 4 Gugticebmibies senbiued HBr gak that might

%@(?% J@For op eny et édﬁzgf E%{ﬁ%% n}lgﬁﬁgﬁypﬁél‘%’qgg§ Rm es, 1.00
BRE¥-JEhe rﬂaztoe AT BErs ferdefl P Pt nEhsSredmE prblitesvere rinsed with

Hdl&lfeﬁﬁc@@ﬁﬂ}](gbland@é AfLPRED ﬁha&&w& wakte ﬂils;ﬁ'ﬁal To the cooled solution

WS acf%g PBr orous %'ﬂ)ro Mg (R/g%gel‘rlg §r62.§ 1% ) (%X&i e&m,g} Vﬂ'lg M;. ‘stirred

@@pﬁ@mﬁm’psg@r@n@ﬁ@tﬂ{g at ®10°@p[Fagresulting reaction was highly exothermic and
wag controlled by the addition rate with a jacket temperature of -5°C to ~10°C. The feed pump
and line was rinsed with cyclohexane (0.019 Kg), and the rinses were directed to waste disposal.
The resulting reaction mixture was heated to 25°C {20°C to 30°C), and stirring was continued at
this temperatare for 2 hours (1 to 3 hours). After this time, the reaction mixture was slowly
heated to 30°C (75 o 85°C) over 60 minutes (45 to 75 minutes), and Sﬁnﬁg at that temperature
was continued for 3 hours {2 to 4 hours). A slightly fiwbid emulsion was formed vpon heating,.
The reactor reactor contents were cooled to 22°C and then a sample of the reaction mixhure was
analyzed for reaction completion (>99% by HPLC peak area). The reaction mixture was a thick
but easily stirred emulsion. A receiver vented to a caustic scrubber was charged with purified
water {0.514 Kg). The receiver contents were cooled to 5-20°C. The réaction mixture was
transfered from the reactor to the receiver at a rate sufficiently slow to maintain the stirred

receiver contents at about 15°C. The receiver contents were warmed to 3540°C and filtered
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0.599 Kg 1.33 Kg6.06 ol es 94.9%yield 10
2-(4' - Chl orophenyDet hanol (Starting Material)
Phosphorous Tri brom de Purified Water

WO20¢74120330| or ophenyl ) et hyl Brom de (Product, ®€34I52007/008170

corrected) Volunme Effici&hcy The vol unme efficiency
was 1.76 L per Kg of 2-(4'-chlorophenyl)ethanol
starting material or 758 g of

2-(4' -chl orophenyfiethyl brom de product (assay

BRI etp%ﬁam ltet.| he&eacaaé%pﬁssﬁéd TR i tRhbIQRArified water (3.985 Kg),
ar act or fixed vvlthﬁl t to causti c scruybber

smﬁws Ber pgased {hohe thediler mpdheamR |Pf?&u‘ftpfgxﬁlre The phases
meaaﬂllbwéﬂ waspastie d 52014 "Fhe hdvadtt phdse wyd dreinbdafierh th(e];pﬁ:ﬁ phase. The

(ier Boasp BB Snork 109160 Vgd anol06ind £3E 0 - GRMRBDerty bromice,
Yibich wos Sitshs, hieingcinghot RE$% viakiGeRB caessds wor ¢

directed to waste disposal. To the cool ed sol ution

Faran 5 Gobatniet O pior bR Deist prpHlcaddisr-Luforo-phenyp-

mt}emmwepmpmanmmd chibrife.10C. The resul ting
Kdtddnqn Was highly exot her c and was controlled by
the addition rate with Ci’r en'perature of -5Cto
lomnto al

e fged pump andé] ed with H H
dxarne (92019 _Kwy &J‘Qui. T nsesmm /lo\v?fma

¥st e di sposal . The resulrting TeEa i Xture was

'@@t@rﬁon‘;pﬂeéﬁ—c (2%?&9& 30C), and sti rrl'ng was

C O NdiHyliseiden t 3 erature for 2 hourgnidolatssp 3
h%lﬁl?l 'ﬁJ er this tlrre the reaction m xtQ4yHR:0NES

sI'OW y-ReAtled to 80C (75 to 85C) over 60MelWktHE7} 45
to 75 mnutes), and stirring at that tenperature was
ovntdiasteed for 3 hours (2 to 4 hours). A slightly
turbid enul si on vvas formed upon heating. The reactor
reactor coﬁ cooﬂé’d‘uef@ DIACeatnd t gnpl e

mxt ' e m zc: + 804 + HC
i on (>99% b EP'LCZ)@% and T S reacfl on

m xture was a thick 30but3)e:&§ﬂy tmnzs'f‘rb.ﬁred enul

recei ¥koM&nt ed Of t imppopanglter was char

with $w1lsﬂfl§dgd wa'dti gr 1%§?4 Kg). The receu\fpwfﬁﬂgents
wer b d6F &80 5- ZOC The reaction m xture was
transfered fromthe reactor to the receiver at a rate

suffici entIy slowto maintain the stirred receiver

%5 nts at 15C. The receiver contents were
#fe %lsgg and filtered WD
ZQQJK/g1205129&15101382007Ar@ﬁa-127;ﬁ0m01t hrough a pol i shing
fl'obk% The skaReds0r 253 @ﬁ%&‘ﬁ ?’l)&tﬁyl%@&h{dle Pitiking Material,
|

purified water (0.085 , and the washings were
passed t hrough the fF‘P"t"@Fe‘FtFﬂ@T?sﬁ@’)aqueous product
m4m{<1gre The phases wWehenal | owed to separate at

C. The |ower phasgsvps.drained fromthe upper

has The | ower phase wel ﬁed about 139 Kg and was
aﬁé%Kg%% par &wopes( 4' I%H’r‘—‘z;?ne@h‘e?ﬁt@eﬂhwm} omi de,

bwbo &h Was sighedardsor em%gﬂdﬁﬁgldén about 94. 9% yield

%% icagy corrected). . Conversi on of

? Chl or ophenyl )E?W PEI%Mi de to

p.26% Kg Chl oBa2 plvdssy Be t[hﬂ-@ﬂlamhﬁmnﬂ}—ﬁhﬂp@%ﬁﬂﬁmmpﬂbmmmomum
gk de.

(Product, not corrected for assay)
70.7% yield
Volume Efficiency
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1) 100C, 1.5 hr. 2) Extraction into
tol uene BrOH3) Drying by azeotropic + 2
.-LeNH2di stillation O C3HONO Mot W.: 75.11

WORSBHEDTA 2 OH 11 ,..)....". NO1) Tol uene, DNETJZ2007/008170

+a65C, 2.5 hr. Cr.stl 2) Belter product and wash with
toluene 3) Recrystallize from Cd 203l sopropanol / wat er
(Uni sol ated) Mol . W: 118.97 Cl11Hi 6CI NO Mot W: 213.70
10 Raw Materials and Yield 1.71 Kg22.8

mol es LA Qe gfﬁﬁfc@@aﬁﬁlﬁ shr, @ Id%,gﬂ'ZE[ﬁ -chloropheny])ethyl bromide starting
4'-Chl o [0

Rt @ coTa oL BPPALT L0 HYegagap prenst b cioro-propy

ammoniwm chloride product {not coxmcted for assay) per liter.

Process Description
Reaction 1: Conversion of 2-(4°-Chlorephenyl)ethyl Bromide to 1-[Z-(4-Chloro-phenyl)-
ethylamine]-propan-2-ok. _
To a reactor was charged 1-amino-2-propanol (1.71 Kg, 22.8 moles, 5.00 equiv.). The
reactor contents were heated to 85-90°C. The feed pump and line were rinsed with toluene (0.50
Kg), and the rinse was directed to waste disposal. To the reactor was added 2-(4°-
chlorophenyl)ethyl bromide (1.00 Kg, 4.56 moles, 1.00 equiv. not corrected for assay) over 45
mimnes while the stirred reactor contents were maintained at £ 100°C. The feed pump and line
were rinsed with toluene (0.50 K g}, and the rinses were directed to waste disposal. The reaction
mixture was stirred at 85-100°C for 90 minutes and then cooled to 50°C. A sample of the
reaction mixture was removed to verify reaction completion (> 98%) by HPLC. Purificd water
was added (1.0 Kg) while the stirred reactor contents were maintained at 70-75°C. While the
stirred reactor contents continued to be maintained at 70-75°C, toluene was added (1.8 Kg).
Stirring was maintained at that temperature for 20 minutes and then stopped to allow the layers
to separate for 15 minutes. The lower aqueous layer at 70-75°C was drained and extracted with
additional toluene; either a single 1.6-K.g portion or two 0.52-Kg portions can be used. Toluene
(1.0 Kg) was removed from the combined organic phases by vacuum distillation at 40-60°C and

'80-100 mbar. The distillation residue’s water content was verified by Karl Fischer analysis to

be < 0.15%. I not, then more toluene was charged to the product mixture, and the vacuum
distillation was continued unti] the Karl Fischer analysis was < 0.15%.

Reaction 2: Conversion of 1-[2—(4-Chlor6—phenyl)-ethylamino}-—propan—z-ol to [2-(4-
Chloro-phenyl)-ethyl]-(2-chloro-propyh-ammonizm chloride. _

To the stirred reactor contents at 42°C was added N N-dimethylacetamide (DMA, 0.119
Kg, 1.37 moles, 0.30 equiv.} followed by toluene (1.6 Kg). The reactor vent was connected to a
caustic scrubber to capture the sulfur dioxide and HCI gases evolved during the subsequent
steps. The reactor contents were heated to 55°C and then charged with thionyl chloride (0.690
Kg, 5.80 moles, 1.273 equiv.) at a rate sufficiently slow to maintain the stirred reactor contents
at 50-60°C. During the addition, a suspension was formed and progressively thickened but
remained stirrable. The feed line was rinsed into the reactor with toluene (1.0 Kg). Process
volume peaked at this point at 6.5 L. The thick reaction slurry was stirred at 60-65°C for 2-3
hours and then cooled to 17°C. A sample of the reaction mixture was obtained to determine
reaction completion by HPLC. (Conversion was typically >99% by HPLC peak area.) The
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8.40 KgTol uene 1.16 KgPurified Water 0.119 Kgl.37
nol esN, N- D net hyl acet am de (DMVA) 0. 690 Kg5s. 80
nol esThi onyl chl oride 203. 31 Kgl sopropanol 0. 865

WORHE /120517 PCT/USZ007/G08170

ol es[ 2- (4- Chl or o- phenyl ) 2&t hyl ] - (2- chl or o- propy1) - am

nmoni um chl oride (Product, not corrected for assay)- -

WD 2007/ 120517PCT/ US2007/ 008170 22 The vol une
efficiency was 6.5 L per Kg of :
Dspetsion Whofilepde I'lShB edabiyt addripsileteedsbBa ﬁﬂoﬂﬂzt FBreQY IR with toluene

d f
ﬁﬁg ge?,%l_gn S a%c)hfi o(d%ctc & (l)mberd d’b?ﬂxme of isopropanol
) and Emﬁsﬂ Wé‘@r @rléa @@D Thmmred)ﬂmwmaﬁbd tcers §ury/(B0-85°C) for

0810 Hole2 r’Ihe5é:§ﬁ% §1§ar%§ﬂ§rf dctloR QvaB@tﬁa@éd't&’ foog: over l 3 hours and stirring
Conversuagn of ChI or heg romd

hkizaa . ?‘cﬁ‘%t for éle‘ﬁ%f fowys- é‘wﬁ ﬁr@%m was further cooled
wa"(aom aﬁthonrs\mssmﬂmg g@d:oﬂmﬁm 8iGha? tgpfpeRaR©for bdothéd 1 Kgmmrs The

'I%é at e %tgél@ %%légﬁle ‘?’4‘ %t iﬁ%a Ofen Th g na\ll}g ?L@ k& ﬁ%‘g drere washed

WWith ﬁonrewae%lne sqveRbporingy Yup ta e,t lh%@ Kg totd. s offfiwhige todipht beige wet
ﬁradmssaméa %@&@t ﬁicummt fdﬂg aﬁ((fﬁ?%]gir}(miag@,@ﬁeﬁr&ﬁ &%hlm-
0 e rom ae g ol es
R P Eio TR g oim 2y AP RS Brormide in
&lhelesmpcct wdeasewet D36530NE70. 746 nweoeedtai faf Asaypd at 100C.

- The feed punp and line were rinsed with toluene (0.50

Kg), and the rinses were directed to waste di sposal.
Viafdation of Reastions kewt 2 was stirred at 85- 100C for 90
m n ut.&ﬁeralmibqh&tﬁﬁ pieeokes ReacthA . waﬁ\eﬁtﬁﬁﬁh @ s@bnd BBe with additional

t S d to,ver reac
T ) T IR A ——
4(91'2‘8]%)1 80 P9 mbarh M%ﬁup tadeene €h8Q ko) vee added toghendistdlation residue, and
therv ik ad o @ e (ﬁ‘tthczgsuﬁg SOIWEIJ @ast@ﬁﬁéit ﬂo'iJE Qﬁl 15‘% @gwl Fischer analysis,

ntents continued,fo mal nt ai ned
1 B S SO AT £ BoREPEHBYE oY chalbenadird k) rtddition of
fash tohaehe (1 malildibe répeﬁtea&:mmmcesseanﬁeabm ShiappeSecuted
\Lxﬁloai! AdQWg tagem t]%){ﬁ[léle 9@%\81%%%}1 converélon asrérlij Elegigrmmeq%o be >99%

| ower aqueous | ayer
R HELScpeal axfp-tthe TRERA R PEtterR aves cerfledin 8:5 °§+ 2Heepanoldi Agke was then

aﬂidﬁl-sKﬂic&ﬂﬂ} KI6R1ya6 nam@méamm @m&b&%mcm-sb@ 48€8idition was

renmoved fromthe
o dints, RS RS R 4 G Bl desemscronsly
eB@thm@c aBam/kgh é‘hdxesnﬂmhg ratdhonwhesiogd el (55 Wk in aldRioRAIt1.5-2.5
Hﬁ@z% t(y @Jn’q:flét@groﬁtyct ﬁ@&zbmﬁieﬁ gﬂt?&ueﬂg}ﬁ;lxg&'e cegélth{():ﬁ 1 cg]o;ige/% ‘%’he solid

, t hen nore | uene was e pro
Pm%wé “&ﬁ%?lﬂt‘fﬁ’é’y\f’é‘ﬁﬁ?ﬁn dhe reretprand Gren fheprodyetidala nerte washed
tumbghlyt wieh féae [1.0Bikg phRiondeTalblaSi-propis]. THO whilkl poduct cake was

I 86} drfaPio ST 3b Bt provide esforice o ciee 2 f-pigro-shenyl)-ethyl-
(%-ghle@-propyl)-amomum chloride (0.916 kg, 74.9% yield from 2-(4’-chlorophenyl)ethyl
bEdthios encohesdlpr &ty | - (2- chl or o- propy1) - anmoni um

chl ori de. To the stirred reactor contents at

42C was added N, N-di net hyl acet am de. (DVMA, 0. 119 Kg,
Exa@plaih| @ayveBidof (4 Chlprd-phdnyHedhyi)(2tdbliatepeoryl)-Bnmoninm

c@}ide I(h@—dlﬁﬁ'&-tl%eﬁ(ﬁ—rﬁﬁ,ﬁ%e&%ﬁ?g—iﬁq)ekﬁlia]azepinium Hemitartrate,
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wowneHi2esny onyl chloride (0.690 Kg, 5.80 nol es PCI/USZ®7/008170

equiv.) at a rate suffici@htly slowto maintain the
stirred reactor contents at 50-60C. During the
addi tion, a suspension was formed and progressively
t hi ckened but renai ned stirrable. The feed |ine was
rinsed into the reaajatywtdthbebiese, (1. 0 Kg).
Process 35 vol une peatestt, sanrt his point at 6.5 L. The

thick ré I O S| ur 2yHa8a8i0st i rred at [B0-65C for 2-
hour s_aad th;ﬂHzcon W't ek EycioreEatipl fe of _

reaction nixture was obtai ned to det ¢ ni act '8
conpletio HPLC. (Conversion was tlyph
HPLC peak area.) The _ WD 2007/120517RCT/ US2007/ 008270
23 suigam:.em was filtered. The react oft 1#@%?"1’ ixture)
filteMUVsHFH product were washed with M@Lﬁé‘msﬂ 4
Kg). The resulting brown crude solid product was

r estikceiowd5d°d a m xt ure of |sopr opanol (1 47 Kg)
pur ¥y %UT%tgé‘F"‘ §E°f9°P Kg) r ed sl
hea f D. 51N® hibu
read]*%chgai@;@amfbr own soi Rool &4 Po 12C ver
1.5 HOUTS ERd™stirring 5 was centlnued at ]_gh%art .
tenperature for another 1.5 hours. The regiilaigo

sl urry was further cooled to 2C over 1. SWWSS‘*&M

i nued at that tenperature for
anot i@’%ﬁﬁgﬁ%@ The product was isolated in a

fl |Ole@r or &7ewmlri f udétafhlrr-rhepd)-redt{orhlerawrapyb-apaonium
eRkeasver e washed with i sopropanol in several portions
(up to five, 1.84 Kg gotalé“Thg off-white to |ight

bei ge wet product wa<SHIE r vacuum at 70C and
:BO’%rﬁgr TheéBingd| at eddlymnmigh @forfd244- chl or o-

Aqaieny! ) - Shiuddr- (2 chbgpsaaily - anmoni um ohl or i de
- ehl or oph\?\é%vvpet hyl brom de in the
Tortggsy

PéP%géopedopﬁ’lééfé%s 9 (70.7% not corrected

base ®gsay) . Vari ati orsinh dieexttBQosudh and 2 After the
us phase from Reac. was extracted a second

t%%gne%o%/vlth addi ti onal H Fe#)ﬁ%tﬁre (1.60 Kg) at 70-75 C,

28B&ene (1.80 kg) wasl-HPwhlordbergend f t he conbi ned

qQngap ¢ phases at 40-BRfehange 80- 100 nmbar. Make-up
toI ne (1.80 kg) was, added to the distillation
and the wat€t*@8htent of the resulting
@(Slmgt [ on was verifi e(ﬁ—@himbd-méth)’ﬂgé%,hy-tdfahjzdrﬂlﬁd:hexo[d]azepinium

analysis. If the vvatq; &) . 15% t hen
distillative remval toI uene E% % and addition

81273 Fésh t Qdémel (1. s?*R@?mveoIBF%ﬁb?é > éﬁ%?%ﬂﬁﬁtﬁemﬁlmpmm
is <0.15% Reactl on AjsraGritaRaRrodie CddkodorEbtddy hout

addi ng any ,ooLe, . uene. After reaction conversion

had been détef? n d to be >99% by 11 PLC peak area,

{ Masedeqacths Hfhleroct-methyhdd %@t@ﬂdtooifbb@z@d]azenﬂmwpmmm
(bl ABta K Wi Fhal 1H€c9ptﬁ'§llq§gvos8l"éhﬁdr§11 SRk -2 @maﬂatamm_s- |

maintain the stirred reactor contents af
SEEFIPER RIS EHons A BRtRsE melaRer woaght Si-thi n two
friBaskdas), onk @@t of (B{(HChichisheyyh)-ehi1p(2-dtorb B -asinoningl dhloride

[t
FarbP S g 200 £} Sy 6 ploBi' M bbb BPone e
ebhrphlorel-prefutied %@wlp’ﬁmﬁ -benzeldiezepieipe Alemjtatfate product of mol.
exeas$3a6! hi onyl chloride. The solid product was then
isolated by filtration. The reactor and then the
product cake were washed thoroughly with three 1.00
kg-portions of cold 2-propanol. The washed product
cake was vacuumdried at 80-85 C and 30 nmbar to
provi de colorless to beige
[ 2- (4-chl or o- phenyl ) -et hyl} -
(2-chl oro-propyl)-amoni um chl oride (0.916 kg, 74.9%
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Volume Efficiency

The volume efficiency was 5.68 L per Kg of [2-(4-Chloro-phenyl)-ethyl]-{2-chloro-
propyl)-ammonium chloride starting material (not corrected for assay) or 46.7 g of 8-chloro-1-
methyl-2,3,4,5-tetrahydro-1H-benzo[d)azepinium hemitartrate product (corrected for assay) per

liter.

Process Description ,
Conversion of [2-(4-Chloro-phenyl)-ethylj-(2-ehloro-propyl)-ammonium chloride to 8-
Chloro-1-methy)-2,3,4,5-tetrahydro-1H-benzazepine. |

To a reactor equipped with overhead agitation, jacket temperature control, a nitrogen
inlet, and a caustic scrubber vent were charged, in the specified order, [2-(4-chloro-phenyl)-
ethyl]-(2-chloro-propyl)-ammonium chloride (1.00 Kg, 3.72 mol, 1.00 equiv.), aluminum
chloride (0.745 Kg, 5.58 mol, 1.50 equiv.), and 1,2-dichlorobenzene (2.88 Kg). The stired
reactor contents were heated to 125-130°C, and stirring was continued at that temperature for
14-18 hours. At 60-70°C, a dark colored solution was obtained. Afier reaction completion (<
1.0% starting material by HPLC peak area) had been verified, the stirred reactor contents were
cooled to 30-35°C. To a second reactor vented to a caustic scrubber was charged purified water
(1.60 L) and silica gel (0.160 Kg). The Friedel Crafts reaction mixture was transferred from the
first reactor to the sccond reactor sufficiently slowly to maintain the stirred contents of the
second reactor at <60°C. After the transfer is completed, the next step may be executed without
any hold period. The-silica gel was filtered on a medium te coarse filter element at 55-60°C, and
the filtered solids were subsequently washed with purified water (800 mL) preheated to 50-
60°C. The combined mother and wash liquor filtrates were cooled to 20-25°C with vigorous
agitation. Then the stirring was stopped, and the phases were allowed to separate at 20-25°C.
(Process volume peaked at this point at 5.68 L). Three phases separated after 1-2 hours of
standing. The lowest layer was drained to waste disposal. This dark layer consisted mostly of
1,2-dichlorobenzene (1.64 Kg, 1.33 L) at pH 3-4. About 1% of the product was lost to this
layer. The remaining two phases were allowed to stand without agitation for another 2-4 hours.
The lower layer was drained and saved (Layer A). This light colored phase (2.64 Kg, 2.00 L,
pH 2-3) contains ~ 20% 8-chloro-1-methyi-2,3,4,5-tetrahydro-1H-benzazepine. The upper layer
(2.24 Kg of a turbid water phase at pH 0-1) contains ~ 1-4% 8-chioro-1-methyl-2,3.4,5-
tetrahydro-1H-benzazepine and remained i the reactor for back-extraction. The reactor was
charged with cyclohexane (1.10 Kg) and then 30% aqueous NaOH (2.44 Kg, 18.3 mol, 4.91
equiv.). The resulting mixture (5.60 L) was stitred vigorously for 30 minutes at room
temperature. The stirring was stopped, and the phases were allowed to separate for 25-40
minutes. If the pH of the lower (aqueous) phase was =13, it was drained to waste disposal.
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d 3.72
mol [ 2- (4- Chl or o- phenyl ) - et hyl ] - (2- chl or o- propy1) - anmo
nium (Starting Material) 5.58 nol Al um num Chl ori de

WO007312617 30% NaCH Sol ution 0. 815 nol L- Tar t afiC3/U&2#03/008170

Silica Gel 60, 63-200 um Pérified Water

1, 2-Di chl orobenzene Cycl ohexane Acetone

8-Chl oro-1-nmethyl-2, 3,4,5-tetrahydro-111-benzo[ di azep
iniumHem tartrate Seed Crystals 0.504

ColberBisuhare 8094 aqebiyNaCH FadadBed, @hd BRYHERGIHVEegald] At pH 14,
%@qﬂéeﬁ%ﬂ?&c}n%%sr@d for %-Pc o(rjol’—lf-trriem%'ﬁzg,)ﬁ,sg % ?r&rto%ﬁ—benzazepine free
base. The remaining upper (organic) phase from the reactor was drained and saved {Layer B).
The reactor was rinsed with purified water and followed by a suitable organic-solvent to remove
residual salts. The lowér, light-colored product phase (the middie of the original three phases,
Layer A) and the upper phase (organic, Layer B) were returned to the reacior. To the stirred
reactor contents was adde;d 30% agqueous NaOH (1.60 Kg, 12.0 mol, 3.23 equiv.). The reactor
contents were stirred vigorously for 0.5 hours. The stirring was discontinued and the phases
were allowed to separate over 15-30 minutes. The lower (aqueous) layer was drained to waste
disposal. To the upper (organic) phase remaining in the reactor was added purified water (2.40
Kg). The reactor contents were stirred vigorousty at 60-65°C for 0.5 hours. The stirring was
discontinued, and the phases were allowed to separate at 60-65°C over 1.5-2 hours. The lower
(aqueous) layer was drained to waste disposal. With é reactor jacket temperature of 55-60°C,
solvent from the upper (organic) layer was removed by vacuum distillation at pressures starting
at 115-152 torr and .falling i0 40 torr, The crude produci, 8-chloro-1-methyl-2,3,4,5-tetrahydro-

1H-benzazepine as the free base, was obtained as a yellow to brown oil distillation residue.

Resolution ¢f 8-Chloro-1-methyl-2,3.4,5-tetrahydro-1H-benzazepine to 8-Chloro-1-methyl-
2,3,4;S-tetx'ahydro-lﬁ-benzu [d]azepinium Hemitarirate.

The distillation restdue (erude 8-chloro-1-methyl-2,3,4,5-tetrahy dro-1H-benzazepine as
the free base) was dissolved in acetone (0.400 Kg). The resulting solution was cirained and
weighed 1o éssay the 8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-benzazepine content by HPLC.
Results of the assay were used to calculate charges of acetone, L-tartaric acid, and water. The
quantities indicated below are fypical for achievement of the target 8-chlore-1-methyl-2,3.4,5-
tetrahydro-1H-benzazepine : acetone : L-tartaric acid : water mole ratio of 1.00:9.6:0.25: 3.6
prior to addition of seed crystals. More acetone (1.415 Kg) was added to the reéctor and the
stirred reactor contenis were heated to 47-52°C. To the resulting solution was added a solation
of L-tartaric acid (0.1223 Kg, 0.815 mol, 0.219 equiv.) in purified water (0.211 Kg) at a steady
rate over 5-15 minutes. A thin suspension formed during the addition but then redissolved when
the mixture temperature was reestablished at 50°C. Hemitartrate seed erystals (0.80 g) were
added to the 50°C solution to achieve cloudiness and to initiate nucleation. Nucleation was
allowed to continue for 2-3 hours with agitation at 47-52°C. Acetone (0.473 Kg) was added to
the reactor while the stirred reactor contents were maintained at 50°C. The resulting suspension

was cooled to 0-5°C slowly over 3-5 hours. Stirring was continued at 0°C for another 1-3 hours,

- The resulting white precipitate was collected on a medium to fine filter elernent and then washed

with a mixture of acetone (0.900 Kg) and purified water (0.054 Kg). The enantiomeric excess
(ee) of the wet cake was determined.
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wWoizneae@ar ates two 8-chloro-1 PCT/US2007/008170

-nmet hyl- 2, 3, 4, 5-tetrahydr @7 1H 3- benzazepi ne amoni um
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on one nol e of '
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to prodyce a theoretical maxi mumof one-half nole o
B OB % S RE Chy K8) 84 Rt kY ROgCe) A SHBRE Gy b g 18
distalutiohi®dad ha ibteradchieprdaditcine Gbur{bkn wabippr&dhatd§.0.160R ) was

7. I Efficienc o
PR R R AR AEE el ey Bl Cilea 0057
plowhaves 49 Perrphining atdf G yps canfinued itranether Ggiyhdura fiba owilting white
PRI O WIS & NflediBth & Hid! filfePALmGR b EBLEFadhOd with acstone
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gﬁé@ﬁ%ﬁ”@%& 5-t et rahydr o- M benzo[ d] azepi ni um
hem t dh¢ wadhed slidoominct((2% g eel) sk drizt 2060566)¢ ufdet fllll via€iium for 15-20
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ij‘[(g)mtée[lltreactor equi pped wi th overhead agitation, jacket
en‘pg'rature control, a nitrogen inlet, and a caustic
scrubber vent were charged, in the specified order,

E2abfhe 21 IdoR Q=B8R S8 Onoro-1-methyi- - -JH- ini

gt hyl 1.- (2 chior o pro Pyolrs’- AMTON; Gt e o Pae {’%."662_"&‘3," cepminm
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Bemihydeok., 1.50 equiv.), and 1, 2-di chl orobenzene -

(2.88 Kg). The stirred 15reactor co re heated
to 125-130C, ang, stiyr rhn RS 6 '%Eﬁﬁgﬁmt

ont | nye
te ure for U14318ononm s. O-M@!@sdark ,f‘
.com"hpi%%om ANt AMNgr TEACTTom 2, COND G HiC
E6mplet oA (< 1. 0% startinghmaterial by HPLC fEak® Y *

area) had been veri fiifdaithe stirred reactor content iiemihydrate
were cool ed to 30- 858::C0a second reactor vented toQHsChN ‘0.5 HO
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pH 2-3) contains -90%
8-chloro-1-nethyl-2, 3, 4, 5-tetrahydro- 1H benzazepi ne.
The upper |ayer (2.24 Kg of a turbid water phase at

WOEBIR4317 cont ai ns - 1-4% 8-chl oro-1 - net hyl- 2C3/WB28)7/008170

t etrahydro- 1H benzazepi ne2&nd renmi ned in the reactor
for back-extraction. The reactor was charged with
cycl ohexane (1.10 Kg) and then 30% aqueous NaCH (2.44
Kg, 18:3 nol, 4.91 35equiv.). The resulting mxture ,
bEnzafkpine atm@Bmisin datieth avid gat ol Klojechiar wedght 51 1144, EFhe@boles are corrected
|rf QR gqﬁp&lg% PWaH&F stirring was stopped, and the

0

ase vverea separate for 25-40 mnutes. |If
@Swrtﬁmm@ qf@wéﬂior‘é-éan@u&rgﬁ Aphigsehydemsl Hxbenkg{dlaz¢piniam .
Cﬂéxﬂitzﬂ’&ﬂie bRt eh@rig TRt 541 WP being able to produce a theoretical maximum of

007/ U 170 2 Clhervm se, nore 30%
ik e 2 oS P Sembydrate product
(epedtbi). At pH 14, the aqueous phase contains < 0.1%

8-chl oro- 1-net hyl- 2 3,4, 5-tetrahydro-1H benzazepi ne
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as e rree pas one
Rl et S ok o PR P 1R Bt wok Biksteasiv) vas

tddedwhideyih¢ biisred reactor contents were maintained at 0-5°C, (R)-8-chioro-1-methyt-

LotBvdro aze
Bty s AU SRR
imred Eﬁaaff’récoeﬁaﬁs feitipte peleetimat 00°G. dﬁeammas: HE! saa{tP7.6 5, 2.95
MBlL @864 L. )q;tabaahargms thd}ddc&akteéisté&a} 2 tﬁi&ﬁattléé@t' 193’ii h&% while the

h| evenent of the tar
SRS Rt plpCmy G BE w50 Al ison wdsirg a0

for @vh@lﬁ Th?l resuitingindrite pretipf@e wadcoBlectedor2EmediBn 6 forei fitier element.
to addition of seed crystals. Mire acetone (1.415 Kg)

was added to the reactor and the stirred reactor

contents were heated to 47-52C. To the resulting

sol ution was added a solution of L-tartaric acid

(0.1223 Kg, 0.815 nol, 0.219 equiv.) in purified

water (0.211 Kg) at a steady rate over 5-15 m nutes.
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5slowly over 2-3 hours. Stirring at 0C was conti nued
for another 3-5 hours. The resulting white
precipitate was collected on a nediumto fine filter

wogpbemepil7and t hen washed with acet one (0. 400 PKFUSag07/008170

0-4C. The washed solid préduct (296 g wet) was dried
at 60-65C under full vacuum for 15-20 hours. The

yi el d of '
8-chloro-1-nethyl- 2, 3,4, 5-tetrah3fdro-1H benzo[ d] azep

Thé keRdLbYQIRE HRh He&il@redl&xd%rbdhcﬁ@&b! tvadlBd %%yﬁf&&atz (B33 Kg). The
ng%#%il\la tﬁ%% gfg'gst &neEl ‘at %ﬁﬁ %ar.‘.zu?;g ad g} g‘] %%oor Sheogrs%r until the cake
tinperaorphedrpdr) stdlfpt § hguzs, eibicheser pecoreyt Tiyst AT ting R)-8-chloro-1-
GROT2 99 Q008G BOIPES Sl AP haGral . Pl SO REEbhtent, 14.7%

nversion

gt T BONIRL B 996% o1 984 RE S a2 U apemgisomer
Boltit) bieBlaindd frf Bli€ld babout 741 g (89.9%).

(R -8-Chloro-Irmethyl-2,3,4,5-tetrahydro-111- 3- benzaz
epine Hem hyd rate. Hemtartrate C26 Fl uC i 2N20 Mel .

W . :  NardousGnddifiratinnd pﬁmemmisﬁammﬁﬂ@smcrw herein, will be

Xgparentzt% %ol@slqlﬁ%‘% h@taﬁrﬁ]oﬁl the ﬁ)?ééeﬂg%leg'g 10! 1 H- Ais of?%.r ni are also

Chl oro- 1- 5-tetrah
@’&nﬁ?w&ﬂhwm ﬁ%ﬁﬁfﬂyﬁ of %sem@q#glam erial) 0.508
Kg3. 68 nol Pot assi um Car bonate 5.40 KgPurified Water
10. 2 KgEt hyl Acetate 250.127 Kg3.47 nol Hydr ogen
Chloride Gas 1.33 g(R-8-Chloro-1
-met hyl -2, 3, 4, 5-tetrahydro- 1H 3-ben72 zepi ne
hem hydrate Seed Crystals 0.741 Kg3. 07
mol (R) - 8- Chl oro-1-nethyl-2, 3,4, 5- t et rahydro- | H 3- benz
azepi ne hem hydrate (Product not corrected for
assay)



3089. 9% vyield2 | Based on the
8-chl oro-1-net hyl- 2, 3, 4, 5- @6t rahydro- | H benzo[ d] azepi
niumhemtartrate nol ecular fornula that incorporates
two 8-chloro-1-nethyl-2,3,4,5-tetrahydro-111-3- WO
What is d@héd 320517PCT/ US2007/ 008170 28 benzazepi ne amoni um
cations and that has nolecul ar wei ght 541.46. The
L %P%%d@rere%wée%w%rﬂf%@gﬁ@ dbut the wei ght was not
2 Based on one nol e of
8-chl oro-I|-net hyl- 2, 3¢4
rdumhemtartrate starti
541. 46 being able to proo
5two nol es of
(R) -8-chloro-I-nethyl-2, 3, ﬁDS tetrahydro- 1H 3- benzaze
comprésilpahastépgdr at e product (mw. 241.16). Vol une

5 chFBrRaZ ey APyl pihoriuR Shidile Sl aic i

tHeQhesaae [ofl ] aﬁ&plmﬁamehemattanpemm oSt 28FC tanPSt@foe it Aburs to 18 bours
orrect O r. ass
ubdh? boritfon 0l 3 Foriec et Sifice &hpi¥ing said pompound of

Foenilhgiyr at e product (not corrected for assay) per

DR RSB T8 G5 P LV e
char dueking saldfs{meﬂsﬁl:&ﬂb forad teipliate, 11qu1d mixture; and

i U e et s B PR AT AP i or

1.71 nol, 0.500 equiv.), potassium carbonate (0.508

. 68 l e 1. 07 ui v, et.h acetate (2.68

z. T%Tetﬁg‘gﬁccg‘%ﬁg??%l ?'é‘ﬁ‘% ‘%\%1512 g) eysﬁeﬁ% resul ting
m Xt yeparatiRgths tdprphesd aad thz(i)macﬂé:p}ﬁaae fr30 theottbrn pheas of afidriphasic
i gn .the ases were allowed to separate 20over. 0.5-1
BHE PR Cower (aqueous) phase was drained to waste
di sp@sating Ritr dofripetchdd Ferm((2 (1§ GolKgle tomphasekohe dhet midtle @hase.
reactor, and the resulting m xture was vigorously
stirred for 10-20 m nutes. The phases were allowed to

3. Teemathad sccondidg tdeldinbl srdl) wherbhahd bwem rhaewé saidyippdsdiuid mixture
vvas.drfn%gegl t% wast e di sposal. Wth the reactor
CEONtEhts R R P EfPer at ure of 40-45C, the sol vent was
renoved by vacuumdistillation at pressures falling

o TR TRAPR A o 0y Pl TS S B R i P

liga aiieere comsith daliecottipsirid df @oinnrla (IPRiad umowve grediesthad the dmount of

‘W, th sti The wat.er,.content, of th esu
sl b e as 17 e i AT s e Bt Pojguriphasc
ligiQd Bhizxshre. % The solution was filtered through a
polishing filter. The reactor was rinsed through the
filter with ethyl acetate (2.33 Kg) previously

5. ThehethbdgbctrdinKas zlmyEinS Ghﬂimxarlab ¥ swigerdinthh atddlethafbof\atid tﬁ}ﬂlasic
. er._content. | utiop.and rin e trat
i i R serzeRepie T PR L PR sl ot bbbl s

(39.9 g) was added to the reactor. The stlrred

6. eact%:itgace%r {ngqé%\ﬁfeﬁ%sf&om gg éo ulge&e%%%@gg%% g%p%er comprising

thebepstirred reactor contents were maintai ned at 0-5C.

Err\r?et ﬁWLlégtg é’PtpE?ngi?%P%mi@%Ehﬁénzazem ne

~ hem bytthcadgaaiRieattpaund ot Absnu(d(IBBomg thewsy ghasedidiethnt eatridtiag solvent
stirred reactor..contents to initiate nugcleatiagn
arﬁl sgtara‘afaﬁ &8l gmcﬂlﬁ,]sa‘iv% COE?IHSI(‘% 6&71!1 cémaa’ou:gf c&%%rmtﬁa (I?ltrrom the top

phase;

ahydr o- 1H benzo[ d] azepi
at eyHal of nol . wt.
t heoreti cal maxi num of



10. -

11.

12.

13.

35 nmol, 0.864 equiv.) was charged to the reactor at a

steady rate over at |east B3-2 hours while the

stirred reactor contents were nmaintained at 0-5C. The

resulting suspension was stirred at 0-5C for 2 hours.

cﬂ;memn@%mhtew@nﬂgvotv@nm Hthd @ﬁ@adﬁ@amﬁmhzaﬁmﬁaﬂ(mgaher with the
to flne filter .elenent.

gy PSS fomeeroambise MigEEL 70 29 The reactor and then

t he fidskifg 96l GRlbindd RiQEN GHthMaSic Vh@ﬁetbﬁgso\lﬂtfoﬂ afdd Prating said basic,

acetate (1.33 Kg). The wet cake (ca. 867 %ﬁmas dried

agyeops;FofutipR SQRfrid GemBigedymiste fo fgrcsn hoathed. Gpmbiaed folytine and

cake dbRiXReIRL Wi whded, 268Pinsd AR {PfroAdd AW Smpound of Formula (T).

whi chever *Geared first. The resulting

(R)-8-chloro-1nethyl-2,3,4,5-tetrahydro-111-3-benzaze

Tihe RRHIE BB eab Blakn3s, th‘éﬁem soé/ﬂd/ﬁtsi@ KolG@IMi€iHueoul 4odil hydroxide.

5chl ori de content, <0.01% RO, > 99.6% ee, >99% HPLC

purity, and < 0. 1@6mwong i somer- content) was obt ai ned

Th8 mdihll 8dcBrddte @09 6 G4 wBere®Faid%ktracting solvent is cycYsHekdAH'S

nodi fi cations of the invention, in addition to those

descri bed herein, will be apparent to those skilled

Th8 reth8d acrcbrdﬁrfgqmﬁ}hﬁe bPLISiaRI 1Ne 3 08medih Ehlid r(4-cﬁuﬁﬁpheny1) ethyl]-(2-
nodi fi cations aré also 10i ntended to

cgle@ﬁgomﬁl -4IRBOnAE, ehlerids it prgpared by %@me%%ompémeg éﬁaﬁ% 1 [2{4-
ch1§m.p1mi\/maﬁmﬂm6p§mmezoaraw ﬂn@hyi: EHIGHA s} aQfmeFaRll BbdeR conditions

L rising reacting
S[“E‘ kezforcfﬁm%samﬁﬁwyb@rmmﬂ e@ylﬁﬂ SHgoprEpy- ey Rhipride.
m chloride with AIC13 in the presence of

1, 2-di chl orobenzene at a tenperature of 120C to 135C
Themethad prspidieteciain hithst eammisngdisdiepfons sui tabl e

f or heemMifge ﬁiatcsraidqe[ﬂ(@@ﬁfof@&eﬂ} ?—Eﬂi&l@mﬁ@ﬂﬁ%})ﬁdﬁgl i8 8drlerted to
ing said crude

ggound of “Formu %7 cont ac
Sﬂflfé @rCéi?r?rPh@Wéthw] el proirrepyglemmdpnpettl @ridet gdfip p pbsequent step

SUSPGRGRRg ardyl rbdidfal BbunabdaRURBR ShiSfdelwtt O Mafohol.
triphasic %qu|d m xture; and isol ating sai d conpound

of Formula (1) fromsaid triphasic liquid mxture. 2.

TROR B NGRS EOLIS NG, {RerbinahilCl; albdHol ReopPARIT SiNg
t he steps: separating the top phase and the

m ddl e phase fromthe bottom phase of said triphasic
Thé Abthed Medilith 8 ar¥le of claims 9 to 11, wherein said 1-[2-(4-chioro-phenyl)-

ethylamino]-propan-2-ol is prepared by the method comprising reacting 2-(4’-chlorophenyl)ethyl
bromide and 1-amino-2-propanol to form an alkylation mixture comprising said 1-[2-(4-chloro-

phenyl)-ethylamino]-propan-2-ol-

The method according to claim 12, further comprising the steps:

mixing said alkylation mixture comprising said 1-[2-(4-chloro-phenyl)-ethylamino]-
propan-2-ol and water to form a biphasic mixture;

extracting said 1-[2-(4-chléro—phenyl)—ethylamino]-propan—Z—oI from said biphasic
mixture with an extracting solvent comprising toluene to form a new biphasic mixture consisting

essentially of an aqueous lower phase and an upper phase comprising toluene and said 1-[2-(4-

_chioro-phenyl)-ethylamino}-propan-2-ol;

separating said upper phase comprising toluene and said 1-[2;(4-chloro-phenyl)-

ethylamino]-propan-2-ol from said aqueous lower phase; and



14,

15.

16.

17.

18.

19.

20.

i solating said conmpound of Formula (1) fromthe top
phase and the niddl e phase323. The nethod accordi ng
to claim1 or 2, wherein the bottom phase of said
triphasic liquid m xture conprises
1, 2- demdvimgrvadefzenaid vbperiheserainfridngomenscing gaid (D-[BGblchloro-
e .of wher ei.n..t
e e Proheh by MeRr e Lo R RO Eah frsupryine toluene
and 14Fb(4natlcRo-pHenyl retlnmndni)pripagl@at er than t he anount
of said conpound of Fornmula (1) contained in the top
phase or the bottom phase of said triphasic liquid

Thi Xiethoe accbrdinkhie claki R vhaebchidistlgtidrcompyision®hrhe lddHO¥4-chioro-
ase of said triphasic

p&?&@"ﬁWWF%%ﬂE%Q?%EFQFW§M§§%ﬁpgﬁﬁﬁ RS of Formula (1)

in an anount of 80% or greater . The net hod

gg}%é‘f’ﬁ!! ﬁcgorg{nggg ?c?r% & I:I&%ﬁ,g i} %a’i'l?rﬁlél e\fliger eohrllorop%enyl)ethyl

b&aﬁaar i@ plepded lb}ethé efethpl asaprising Mactig: 2114d-dh16roph\fs’h§§ethanoi with
fromthetop

P ‘ng %gél?/:t‘?nl%‘nﬁﬁil Ong{’)lﬁﬁg g%’lk{;%???ny}’gﬁﬁl L%B‘ﬁldﬁt ing said

extracting solvent conprising said conpound of

S PHe] e B A CoRBPPEio0g s 2o BB Dol wit

- ph@phoa tbkpmide @edahesd onl ihhetbeentd gidbwephase to form a

conmbi ned m xture; washing said conbined m xture with
a basic, aqueous solution and separating said basic,

Taﬂmemb@acsaﬁmg t@tatnd (0r9 8] whegsiRiidvesktip R4 hidr6phbBil)dihanol with
onbj ned solutlon and concentrating sa

shed,
&%Bmﬁﬂm gﬁﬂ%ﬂﬁéﬂmgﬁﬁﬁtlon to provide said conpound of

For madding(phpsphéroud ildrditid@@aid CQAT-chidepHe Ay IfetiahdNaba temperature of
1 @ QF sa.d basic spolution is aqu $us sodi um
Wy GHI Gdo Togn a ﬁ‘é“‘ﬁ%tt"l%?j"’%‘if’c‘ﬁ‘ﬁﬂﬁ“?a@“ oclaimé or 7,

wher ﬁéaﬂngwxdjbreﬁﬁhfaﬂ& ieﬂ@mﬁ aimfca@&o 4 Rmp¥eteEReNe o 392C and
&ge hod accordin %ﬁﬁg one of claims 1 to 8,
SRRRRANETLY g fegPpstyrg 2 Fo® ﬂenyl) et hyl k( 2-
chl or o- propyl) - annnnlun1chlor|de is prepared by the
t hod. co r|5| 44- ) .. i )
TEEERa SRENpE e SRRy RO 6 beins o Lem i fgieton misture to o
te@ipb@turde 2097 1o 0PC REmaRGinetBET he@ Rl héwwHs suitable for
form ng said
[ 2- (4-chl oro- phenyl ) -ethyl]-(2-chl oro-propyl)-anmmoni u
Tltaa lﬁkthh@raicekﬁdmg&) clditel 7611 BOsheRGC Qi dHeRtng oF s&ill afomix%ﬁon reaction
urther conpri si eps et er m ni t ha i
g SOt o5 G s PR PT RE Bty i orm mixture
cdfiidBE tad 249 c$1ﬂir§bhenyl)ethyl bromide.

[ 2- (4-chl oro-phenyl)-ethyl ]-(2-chloro-propyl)-amoniu
m chl oride; and in a subsequent step quenching any

- Theaabthbipdccar iy B clsifn DafethétoRpiidingeht aepsde With a Cl, 6

al cohol . 11. The met hod acgcor di o.claim10 .

wher %qodﬂlg% e I MY FRIRPTSE| F%‘g 3 f(% p%’jﬂﬁ heﬁé)eﬂﬁ‘h‘gom‘de ata
teﬁéx’aﬂﬁé AG GIDfoCE](-)Z% td %mﬁ Elkbl;ihﬁkﬁc Iikfm&ﬂnﬂ;hﬁ& cdhsis@nglebsentially of an upper -

erejn sa chl or.o-

SQUEH PAFF Hﬁaﬂmﬁe Woprigng ?ﬂéfgi% hlggerrs Dby Hhpepuide; and

CONMPich&rhii saﬁa@xbéﬂmas%céxﬁpnﬁtg saidopemiblphidayhetn BRAHEE®: of said
b@@ﬁ,ﬁj@ ”;?tgé,fg! OB Sppert bt Dbl o et eti ol Jhire

142- (4- chlorophenyl) et hyl am nokpropan-2-ol. 13. The

met hod according to claim-12, further conprising the

steps: . m xi ng said al kylation m xture conpri-sing

said 142-(4-chl or o- phenyl) - et hyl am no] - propan-2-o0

and water to forma bi phasic m xture; '

extracting said

142- (4- chl or o- phenyl } - et hyl am nokpr opan-2-ol from

sai d biphasic mxture with an extracting sol vent

conprising toluene to forma new bi phasic m xture

consi sting essentially of an aqueous | ower phase and



Tenoving water from said upper phase conpri si ng

tol uene and said

142- (4- chl or ophenyl) - ethylan1nol propan 2-ol by

azeotropic distillation to forma solution conprising
21. The Imeend aa'mdimg to claim 20, wherein said lower phase comprising said 2-(4°-

chI et hyl am nokpropan-2-ol. 14. The
Chlomph?f’é’ﬁﬁ%é ?ﬁl %%Pﬁglblpgf% 13, wherein said sol ution

conpri sing toluene and 142-(4-chl oro-

phenyl) - et hyl am nol - propan- 2- ol contai ns 0.5% wat er
or less. 15. The nethod according to any one of
claims 12 to 14, wherein said 2-(4'-chlorophenypet hyl
brom de is prepared by the nethod conprising reacting
2-(4' -chl orophenypet hanol w th phosphorous tribrom de
to formsaid 2-(4'-chlorophenyl)ethyl brom de. 16.
The nethod according to claim15, wherein said
reacting 2-(4'-chl orophenyl)ethanol w th phosphorous
tribromde is carried out in the absence of sol vent.
17. The method according to claim15 or 16, wherein
said reacting 2-(4'-chlorophenyfl ethanol wth
phosphorous tribrom de conpri ses: addi ng
phosphorous tribrom de to said

2-(4' -chl orophenyl )ethanol at a tenperature of |ess
than 10C to forma bromi nation reaction m xture; and
heating said brom nation reaction mxture to a
tenperature of 20C to 30C and subsequently to a
tenperature of 75C to 85C. 18. The nethod according
to claim17, wherein said heating of said brom nation
reaction mxture to a tenperature of 20C to 30C is
mai ntai ned for 1 hour to 3 hours. 19. The nethod
according to claim17 or 18, wherein said heating of
said brom nation reaction mxture to a tenperature of
75C to 85C is maintained for 2 hour to 4 hours to
forma m xture conprising said

2-(4' -chl orophenypet hyl brom de. 20. The nethod
according to claim19, further conprising the steps:
addi ng water to said mxture conprising said

2-(4' -chl orophenyl )ethyl brom de at a tenperature of
5Cto 20Cto forma biphasic liquid m xture

consi sting essentially of an upper aqueous phase and
a | ower phase conprising said

2-(4' -chl orophenyl ) ethyl brom de; and

separating said | ower phase conprising said

2- (4" -chl orophenyl)ethyl brom de of said biphasic
fiquid mxture fromsaid upper aqueous phase of said
bi phasic liquid mxture. 33 21.The method according
to claim 20, wherein said | ower phase conprising said
2-(4' - chl orophenypet byl bromde is substantially

pur e.



