PROCESSES FOR THE PREPARATION OF 8-CHLORO-1-METH]'L-2,3,4,5- TETRA
RO-1H-3-BENZAZEPINE AND INTERMEDIATES RELATED THERETO FIELD OF THE INVENTION
5 The present invention provides processes, methods and intermediates for the preparation of
8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine, salts, hydrates and crystal forms thereof
which are useful as serotonin (5-HT) receptor agonists for the treatment of, for example, central
nervous system disorders such as obesity. 10 BACKGROUND OF THE INVENTION Serotonin (5-HT)
neurotransmission plays an important role in numerous physiological processes both in health and in
psychiatric-disordePRGORSEER OO THE RREFRA TIN50 8 C OB INGH G Ydeding.Behavior.

S-HT is believed:igaiateBrindueingaiealngaiie E T ERials0 selemsiopss iR ARG (g wer
calories are consumed. It has been shown that a 15 stimulatory action of 5-HT on the SHT2c receptor
plays an important role in the control of eating and in the anti-obesity effect of d-fenfluramine. As the

5-HT2c receptor is expressed in high derfSBLR @ BREINRYENEIfNhe limbic structures,
extrapyranidal pathwyspitiiamnemiad sryRathalassiisd, exdtidtt and ibid.andsroe depiapatiidn the

choroid plexus) and js expressed.i nsit is absent in peripheral tissues, a selective 5-HTZc
receptor agont CATITE LR o LRy s Dby BB VA S AN ot rrice
are overweighthwiehf ebipligveisabarprernierie Gt pusHisr regetfer TrgseimentriTse sseaplor is

recognized as @niiaosepiosiancaialetasgen feotasidreatment of obesity, psychiatric, and other
disorders. In view of the growing demand for compounds for the treatment of disorders related to the
5-HT2c receptor, new and more efficient routes to 3-benzazepines are needed. The processes 25 and

compoulis described herein help medAfHESRHER AL FEELTYENTIZRY OF THE INVENTION The
processes and interm&diatesdbtHa presettiavintionpbne asefularttita@esparatianue biiraodyeedic

agents for the freatment on plapiviaxis afesbif.mediaird.diserdarssich asrahe Hitv 30 praaiher
pentral nervous system dise fse \ Tfﬂ}e presen jnve t'% I }/{l}deosr inter llllgﬁ rogesses %ﬂ s or
intermediates f8F bﬁ%ﬂﬁﬁ?fﬁ%ﬁ%%?—?ﬁ‘é’fhﬁ%, %—feﬁ%yd"r’o-&lggéggenz Zepinenaving Eormula
(1), salts and cegtitay foreatitizatons: <21t meevaschlwiRﬁ-qtrsﬂyonsumed. It has been shown that a
15 stimulatory action of 5-HT on the SHT,¢ receptor plays an important role in the control of eating
and in the anti-obesity effect of d-fenfluramine. As the 5-HT,¢ receptor is expressed in high
density in the brain (notably in the limbic structures, extrapyramidal pathways, thalamus and
hypothalarnus i.e. PVN and DMH, and predominantly in the choroid plexus) and is expressed in
low density or is absent in peripheral tissues, 2 selective 5-HT,c receptor agonist can be a more
20 effective and safe anti-obesity agent. Also, 5-HTc knockout mice are overweight with
cognitive impairment and susceptibility to seizure. Thus, the SHT,¢ receptor is recognized as a
well-accepted receptor target for the treatment of obesity, psychiatric, and other disorders.
In view of the growing demand for compounds for the treatment of disorders related to
the 5-HT;c receptor, new and more efficient routes to 3-benzazepines are needed. The processes

25 and compounds described herein help meet these and other needs.

SUMMARY OF THE INVENTION
The processes and intermediates of the present invention are useful in the preparation of
therapeutic agents for the treatment or prophylaxis of 5-HT mediated disorders such as obesity
30 and other central nervous system diseases.
The present invention provides, inter alia, processes and intermediates for preparing 8-
chloro-1-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine having Formula (I), salts and crystal form
thereof’



In some embodiments, the compound of Formula (1) is the R enantiomer. DETAILED DESCRIPTION
OF EMBODIMENTS OF THE INVENTION 5 The processes and intermediates of the present invention
are useful in the preparation of the therapeutic agents of Formula (1), salts and crystal form thereof.
Compounds of Formula (I) are useful for the treatment or prophylaxis of 5-HT associated disorders
such as obesity and other central nervous system diseases. In some embodiments,
[2-(4-chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium 10 chloride is the starting material for the
preparation of 8-chloro-l-methyl-2,3,4,5-tetrahydro-1H- 3-benzazepine, HCI salts and a crystal form
thereof. Certain processes for the preparation of Compounds of Formula (1) and salts thereof are
disclosed in PCT Patent Publication, W020050491 2, Ore-particular process has been disclosed for
the preparation of a certain crystal form of the CA4 _
Publication, W02006/069363. Several improvementsfavg nsw been discovered for the processes
useful in the preparation of Compounds of Formula?l? salts and crystal form thereof. These
improvements are described herein. 20 Conversion o %ommerci’ally available compound,
2-(4'-chlorophenyl)ethapahto:{@s(dinntit;ohp lhempuathyl[FEohle (B pripyh) casmtvomom chloride (Stages
| to 3); In some embodiments, [2-(4-chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium chloride can be
prepared in three stages from the commerci eﬁ{g{% % ﬁ@w& %ethanol,
according to the proc%g%@%y%ﬁsgmg lﬁ%%? 0%9 nthetic e %ﬁé tage I\ Br CI
i) PBr3 C¥ 2-(4'-Chlor&pherepiestscand| fijarpdigegoChioropind iytiatiop drorpeds IOBrseraafag oBPLC
content of CSHgRHekMatid¥nlbbt Forantt @hiorepheoyhethanel mdo MoboMybutdiorSiagery OH

) ~NH2 i) Extraction jnio feluene. i} Rrying. Aw.a2sPLons. dsiliaandRic: 3.86% spavseien

other central nervous system diseases.

In some embodiments, [2-(4-chloro-phenyl)-ethyl}-(2-chloro-propyl)-ammonium
i0 chloride is the starting material for the preparation of 8-chioro-1-methyl-2,3,4,5-tetrahydro-1H-
3-benzazepine, HCI salis and a crystal form thereof.

Certain processes for the preparation of Compounds of Formula (I) and salts thereof are
disclosed in PCT Patent Publication, W(QO2005/01917%. One particular process has been
disclosed for the preparation of a certain crystal form of the Compound of Formula (Ia) in PCT

15 Patent Publication, W0O2006/069363.

Several improvements have now been discovered for the processes useful in the

preparation of Compounds of Formula (I), salts and crystal form thereof. These improvements

are described herein.

20 Conversier of commercially available compound, 2-(4’-chlorophenyljethanol to [2-(4-
chloro-phenyl}-ethyl]-(2-chloro-propylj-ammonium chleride (Stages 1 to 3):
In some embodiments, [2-(4-chloro-phenyD-ethyl]-(2-chloro-propyD-ammonium
chloride can be prepared in three stages from the commercially available compound, 2-(4'-

chlorophenyl)ethanol, according to the process depicted in Synthetic Scheme 1.1.



by HPLC Stage 3 IPC: Water content < 0.15% H, i) SOCI2, Toluene, H, N CI Catalytic DMA I N OH
CI Clii) Filtration and Ci [2-(4-Chloro-phenyl)-ethyl]-(2- toluene wash
1-[2-(4-Chloro-phenyl)-ethylamino] chloro-propyl)- iii) Recystallization propan-2-ol ammonium chloride
from IPA /H20 C11H16C13N IPC:HPLCpurity ClyH16CINO Mol. Wt.: 268.61 for information only
Mol. Wt.: 213.70 In some embodiments, the product that is prepared from a stage is not isolated-- In
some embodiments, 1-[2-(4-chloro-phenyl)-ethylamino]-propan-2-ol is converted to [2-(4-chloro 5
phenyl)-ethyl]-(2-chloro-propyl)-ammonium chloride without isolation. Stage 1 - Conversion of

2-(4'-chlorophenyl)ethanol to 2-(4'-chIoropheny%@yétp‘{ggﬂg%é iﬁ Stage 1, the

2-(4'-chlorophenyl)ethangl was reagfed with phosphorous tribromide to give 2-(4'-chlorgphenyl)ethyl
bromide. The produd directly fram an®#ffdous 1Q quench wit e Mged of an
extractive solvent. §eme£mbodiments of the presénEBryention provide & for preparing 2-(4'-

chlorophenyl)ethyt AromidsicompsisiRgireacting 2-@-@h¢brophenyl)etaa(aqugpo HA%Somide
tribromide for a time aagupader conditions suliBlEfFdiGopmirrg & (4'-chloropheqyligagt bromide. 15 In
some embodiment®4d- Wiehfsropheny!) &y bhaaery DFdEarbd 159 the niitloWtc@dfFiking reacting
2=(4'-chlorophenyl)ethanol with phosphorous tribromide in the absence jcbtagdent. In some
embodiments, 2-(4'-chlorophenyl)ethyl bromide is prepared by the methjod of Q0 reacting
2-(4'-chlorophenyl)ethanol with phosphorous tribromide comprising the tgps: tékng phosphorous
tribromide to 2-(4'-chlorophenyl)ethanol at a temperature of less than ahotil Fl&attidainadisemaination
reaction mixture; and heating the bromination reaction mixture at a tempeifétireing Bhserorogico about
30C and subsequently at a temperature of about 75C to about 85C. 5 | soﬁﬁ@*@?ﬁ%dimenté,
2-(4'-chlorophenyl)ethyl bromide is prepared by the method comprising % g(é“i??bvr?fﬁﬁ%‘lion
reaction mixture at a temperature of about 20C to QQ@HQ 30C and is majntadnact.ad-thistempgiatyre for
about 1 hour to about 3 hours.

H.. ’\ly\ i) SQOCI,, Toluene, H\/L
/@f\/"i cl Catalytic DMA /@/\/N OH
cl cr #i) Filtration and ci

[2-(4-Chloro-phenyl)-sthyl}-(2- {oluene wash 1-12-(4-Chloro-phenvl-ethyvlamin I-
chioro-propyi)- - 1i1) Recystallization (2« pm};an_g_zﬂ ylamino]
i hloride
ammonium ¢ from IPA / H,0
C11HCLN IPC: HPLC purity C1H,;6CINO
Mol. Wt.: 268.61 for information only Mol. Wt.: 213.70

In some embodiments, the product that is prepared from a stage is not isolated.” In some
embodiments, 1-[2-(4-chloro-phenyl)-ethylamino]-propan-2-ol is converted to [2-(4-chloro-
5 phenyl}-ethyl]-(2-chloro-propyl}-ammeonium chloride without isolation.

Stage 1 - Conversion of 2-(4°-chlorophenyljethanol to 2-(4’-chlorophenylethyl bromide:

In Stage 1, the 2-(4’-chlorophenyljethanol was reacted with phosphorous tribromide to
give 2-(4’-chlorophenyl)ethyl bromide. The product was isolated directly from an aqueous

10 guench without the need of an exiractive solvent.

Some embodiments of the present invention provide methods for preparing 2-(4°-
chlorophenyljethyl bromide comprising reacting 2-(4’-chlorophenyl)ethanol with phosphorous
tribromide for a time and under conditions suitable for forming 2-(4’-chlorophenylethyl
bromide.

15 In some embodiments, 2-(4’-chlorophenyl)ethyl bromide is prepared by the method
comprising reacting 2-(4’-chlorophenyl)ethanol with phosphorous tribromide in the absence of

solvent.

In some embodiments, 2-(4°-chlorophenyl)ethyl bromide is prepared by the method of
20 reacting 2-(4’-chlorophenyl}ethanol with phosphorous tribromide comprising the steps:



In some embodiments, 2-(4'-chlorophenyl)ethyl bromide is prepared by the method 10 comprising
heating the bromination reaction mixture at a temperature of about 75C to about 85C and is
maintained at this temperature for about 2 hour to about 4 hours to form a mixture comprising
2-(4'-chlorophenyl)ethyl bromide. In some embodignents, 2-(4'-chlorophenyl)ethyl bromide is prepared
by the method 15 comprising the steps: adding water to the mixture comprising
2-(4'-chlorophenyl)ethyl bromide at a temperature of about 5C to about 20C to form a biphasic liquid
mixture consisting essentially of an upper aqueous phase and a lower phase comprising

2-(4'-chlorophenyl)ethym% s RRd.sensaRg (he anBIBRE GAmRIRNG 2Lb-chlproppenybethy
bromide of theég[&h%[sic |guid mixture from the lé?per aqueous phase of the biphasic quwé mixture.
In some embodiETE 24 AR STBLh BRGNS ’iﬁé‘?’é’%’l’é"pg by the method wherein the lower

phase comprising thez4dng Ko rophtmidetieptbromictiis suhstaptiaty pof eboTi B htasBout 30°C
"2-(4'-chlorophgnybaiiylramigs issibsianbalyKresas Ussd Besein, 25 refers to the level of purity
sufficient to be used in the next stage without further purification to prepare
1-[2-(4-chloro-phenyl)-ethylamino]-propan-2-ol. In some embodiments, the lower phase comprising
2-(4'-chlorophenyl)eth¥1 vafrra®ofmaeats ity chidsenheopDstbyigromilc insemedbytbdingnts, the
lower phasedr_:mmﬁﬁisﬁtm%dﬁr@ﬁwammyﬁa;tm&g&m%&hf&a}wiﬁxf@&m%ué %ﬁ%@&%@@te; -In
some embodi > omprising 2-(4'-chloraphen romide has a purity o
about 98% orgﬁeﬁggg%%ggrﬁ%g%?n%ﬁfnﬁeﬁm p?r(lg)gélrg? Fﬁ%&%%ﬁ%%&%%ﬁ%ods for preparing
2-(4'- chlorophenyl)etRy EERSATARCEBREBHs T rekicnphonpDeskyb rspmisteyin stresied Withomsthsdorous 35
tribromidé for atimeising imtieg Gertditionsituitableidamibmming 2 dmehiasephemylerytsemige,
wherein reacting<g gairieshaukakaleuhd Ao A0 kB0 52 SO SIReiments, 4 the, present
invention provide methods f4qr %pa i%%’Z% ' chlorophenyl)ethyl bromide comprising reacting
2-(4'-chIorophéﬁW&ﬁﬁﬁof%if% 8%[;5 1S RIRBIfde for a time and under conditions suitable for
forming 2-(4'-chlorophenyl)ethyl bromide, wherein the time is for about 120 minutes to about 240
minutes. 5 Some embrdismeUsIEIeRECSAAt-BNGRIRMPIRVIJERGIREdS AL IeParing Ao
chloropl'l%nyl)egg%l ?{s?{,ni%% ct%n;prising reacting 2-(4'-chlorophenyl)ethanol with phosphorous
tribromide for a time and under conditions suitable for forming 2-(4'-chlorophenyl)ethyl bromide,

wherein 2-(4'-chlorop REHPESTRE i dofiadxare sramedsie trédaghitomlshwbesy! bromide at 2

temperature of about 5°C to about 20°C to form a biphasic liquid mixture consisting essentially

of an upper aqueous phase and a lower phase comprising 2-(4’-chlorophenylethyl bromide; and
separating the lower phase comprising 2-(4’-chlorophenyl)ethyl bromide of the biphasic
20 liquid mixfure from the upper aqueous phase of the biphasic liquid mixture.

In some embodiments, 2-(4’-chlorophenyl)ethyl bromide is prepared by the method
wherein the lower phase comprising the 2-(4°-chlorophenyl)ethyl bromide is substantially pure.
The phrase “2~(4’-chlorophenyl)ethyl bromide is substantially pure”, as used herein,
25 refers to the level of purity sufficient to be used in the next stage without further purification to
prepare 1-[2-(4-chioro-phenyl)-ethylamino}-propan-2-ol.
In some embodiments, the lower phase comprising 2-(4’-chlorophenyl)ethyl bromide
has a purity of about 90% or greater.
In some embodiments, the lower phase comprising 2-(4*-chlorophenyl)ethyl bromide
30 has a purity of about 25% or greater.
In some embodiments, the lower phase comprising 2-(4’-chlorophenyl)ethyl bromide
has a purity of about 98% or greater.
Some embodiments of the present invention provide methods for preparing 2-(4°-
chlorophenyl)ethyl bromide comprising reacting 2-(4’~chlorophenyl}ethanol with phosphorous
35 tribromide for a time and under conditions suitable for forming 2-(4’-chlorophenylethyl

bromide, wherein reacting is carried out at about 75°C to about 85°C.



10 Stage 2 - Conversion of 2-(4'-chlorophenyl)ethyl bromide to 1-[2-(4-chloro-phenyl)-
ethylamino]-propan-2-ol. In Stage 2, 2-(4'-chlorophenyl)ethyl bromide was reacted with |I-amino-2
propanol to form the secondary amine, 1-[2-(4-chloro-phenyl)-ethylamino]-propan-2-ol. 1-[2-(4-Chloro-
phenyl)-ethylamino]-propan-2-ol was separated frém excess 1-amino-2-propanol and water 15 soluble
byproducts by extraction into toluene and removing water from the toluene containing 1-
[2-(4-Chloro-phenyl)-ethylamino]-propan-2-ol by azetropic distillation and can be used directly into the
next step without further purification and without isolation. Some embodiments of the present invention

are methods for prepgeing dnlZoinehie b eRyreidarminalopitpantbal fomppsing 2e@stting
2-(4'-chlorophepylethyl i : NNQz2z zJale]] j - tigns.suitable
for forming - e D O o s
1-[2-(4-chloro-BiREpRe iy A R B A E £ P HIRIS SBLRR I o T2 s S I A S BHBb diments,
1-[2-(4-chloro phetiyh-edmnrtaminofspeoptn-daltid2frepared toab28t thi® matitesl comprising reacting

%2-(4';chlogoplf:(er|1yl')et@4&9&%&%@9@;a@?g?f%aaﬁ?%ﬂ%f%@vm?ﬁ%ymﬁfr&ﬁﬁqgi@ﬂwsuitable for
orming an alkylation mixture comprising 1-[2-(4-chloro- pheny|)-ethyla -pr -2-0l. In some
em bodiments,°f1f§9?3‘-‘?3ﬁ1]8?8‘-38Wéﬂ%g-%ﬁ?ﬂgﬁﬁ%ﬁjfﬁar%tﬁ%g%ﬁoTxgl%rP pg?gé] ebya?tgge[?watg é?gfﬂoo ous
comprising therstepsidrddirgiwaerdtondee ckgitioomsaisklaforSmpinsidd 4 -chlorophenylethyl
1-[2-(4-chloro-phgnyh-aiianinal-dIeRaA:AsDkigyickFond L RhRsisaiuie, Quttastiigvater.

1-[2-(4-chloro-phenyl)-ethylaminoj-propan-2-olfrom the biphasic mixture with an extracting solvent
comprising toluene to form a new biphasic mixture consisting 35 essentially of an aﬂueous lower

phase ah@ an BiserZptoeeyervenidiAddoniderorhrabDpsind bepmside o driyriaa an-2-ol; 6
separating the gppaphaissrepRpzising toluene and 1-[2-(4-chloro-phenyl)-ethylamino]- propan-2-ol

from the aqueous Iowg{gggesgzﬂ. LEBUNG HRIR! RO RS WAL ROASRE QRSP GIBHEAGANd

1-[2-(4-chloro-phenyl)- ethylamino]-propan-2-0l"by azeotropic distillation to form a soIéJtioE comprising
toluene and 14570 4 EARIRABHERY. vy R RO 20 TPV ERSA Ll Chioro
1-[2-(4-chloro-phenyhedtiglamilelqropanidves Bpmeia fddyyxthes hethioo-Wvbretairethedswhttion
comprising tolugn@RYtslRdA GhioreaRenvls el ORaRe 2R IR IRZAS RIADIG ASHilatioN
contains abOUt{ZZ-O{%—\gg}SJOE) rl‘tlglsjﬁ}—ethylamino}-propan-z-ol by azetropic distillation and can be used directly
into the next step without further purification and without isolation.
Some embodiments of the present invention are methods for preparing 1-[2-(4-chloro-
phenyl)-ethylarmino] -propan-;'2-o} comprising reacting 2-(4’-chlorophenyl)ethyl bromide and 1-
20 amino-2-propanol for a time and under conditions suitable for forming 1-{2~(4-chloro-phenyl)-
ethylamino]-propan-2-ol or a salt thereof.
In some embodiments, 1-[2-(d-chloro-phenyl}-ethylamino}-propan-2-ol is substantially
a free base. o
In some embodiments, 1-[2-(4-chloro-phenyl)-ethylamino}-propan-2-ol is prepared by
25 the method comprising reacting 2-(4’-chlorophenyl)ethyl bromide and 1-amino-2-propanol for a
time and under conditions suitable for forming an alkylation mixture comprising 1-[2-(4-chloro- .

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

In some embodiments, 1-{2-(4-chioro-phenyl)-ethylamino]-propan-2-ol is prepared by
30 the method comprizging the steps: _
adding water to the alkylation mixture comprising 1-[2-(4-chloro-phenyl)-ethylamina]-
propan-2-o! to form a biphasic mixture;
extracting 1-[2-(4-chloro-phenyl)-ethylamino]-propan-2-ol from the biphasic mixture
with an extracting solvent comprising toluene to form a new biphasic mixture consisting
35 essentially of an aqueous lower phase and an upper phase comprising toluene and 1-[2-(4-

chloro-phenyl}-ethylaminol-propan-2-ol;



10 In some embodiments, 1-[2-(4-chloro-phenyl)-ethylamino]-propan-2-ol is prepared by the method
wherein the solution comprising toluene and 1-[2-(4-chloro-phenyl)-ethylamino]- propan-2-ol after
azeotropic distillation contains about 1% water or less. In some embodiments,
1-[2-(4-chloro-phenyl)-ethylamino]-propan-2-ol is prepared by the method wherein the solution
comprising toluene and 1-[2-(4-chloro-phenyl)-ethylamino]- 15 propan-2-ol after azeotropic distillation
contains about 0.5% water or less. In some embodiments,
1-[2-(4-chloro-phenyl)-ethylamino]-propan-2-ol is prepared by the method wherein the solution
comprising toluene arfiPEFERE IER STTIHEAG Hoatby raitsbleny epdi-2-01-afterapheaisopichdistitagion
contains aboutpfoha¥U2whienothesguedin $ome iaRoshaents,
1-[2-(4-chloro-phenyl)- inQl- -2-0l is prepared hy. 20 the method comprising reacting
2-(4'-chloropheny! etf)l_rﬁ}‘ %?n%qén Qﬁig[r}ﬁiﬁglfitg%ﬁaﬁ%r? grg/lélgtf 'ée%%ﬁuﬂr}d@r"%é‘i?@?ﬁ%ﬁ?g%ﬁﬁable for
forming an alk§iAHGH RN ERP EaHpHENfEerTes Srtdiasionhe fpnetslstinine]mmopag 2hahavhersin
reacting i& carfieteritavabouyBs@thraboipiqac2lslsome embodiments,
1-[2-(4-chloro-phenyl)-ethylamino]-propan-2-ol is isolated by an aqueous extraction in the presence of
toluene, whereby 1-amino-2-propanol and water soluble 25 byproducts are removed and the resulting
toluene solution of prodtRP e aREI By USdotrofichineaimhamn)-stadengnoteropension fprepared by
1-[2-(4-chloro-Bisergthodtivpraniirtb} prian @optsifR: (dhehiosad 1-[2-(4-chloro-phenyl)-ethylamino]-
phenyl)-ethyl]-f2oshiororimpu-mepRERRISARILE30 R ales 3.0e final step to prepare
[2-(4-chigyo-phenyl)- thé/l]ﬁ%zércnq)lg gﬁerr%oxl_)gz%]mgg?ﬂnium chlloride, _ _
1-[2-(4-chloro-phenyl)-eth amlno]E-prop_an- - SR TR RREBA ARSI - RIRBRTLR 9 e diinh
N,N-dimethyla&’&% Etgﬂﬂ)l &2 aduliatysermisicatdb ot \i2agtisblate gieayi) dryleaation mixture
by filtration anpropenysisllifetlateorvisopianpuch dRANAbIRRY Jhe fitgred solid
[2-(4-chloro-phenyl)- (2 ropyhrammonium chlgrige was washed with IPA and dried
under vacuum, It ha%lnggg? %{&éc?&grg?{#af |_s%r8r8%ea{lﬁ'§] { 3%‘51@35??386%81 SURSFARH A excess
thionyl chloridE'SAE TS Kara el tigtisherrisngiehasmrsinGdodomatvegliabalresnystallization
step. 7 1Somerenmsndiviatits ef¢heopredanllitvantiamniptoitice ethadefar pegparing [2-(4
chloro-phenyl)-ethyl]-2:6RloEaR50RYIR@M FOMY [ol1] ompyising reacting 1-[2-(4-
chloro-phenyl)[-%th It%rg]chvqléproptgn-}al an m@%fﬁc%l]%lr%% ‘cé?lg%ﬁié% npolf(}lfﬁiagezrl %Eolﬁ learfgd BYiitable
for forming [2-(4-Chioro-pharsl) St L RBR SRRt TR éribloaePiem Bsthemitsddiments,
[2-(4-chloro-p REMR#H)-étPhAfien aekisrenisréistiliatinmmonthing abbiotidds i6 paepatdescomprising the steps:

" In some embodiments, I-{2-(4»chl0ro~pheny1)-ethylamino]—propan—Z—ol is prepared by

20 the method comprising reacting 2-(4’-chlorophenylethyl bromide and l-amino-Z-propanol for a

time and under conditions suitable for forming an alkylation mixture comprising 1-{2-(4-chloro-

phenyl)-ethylamino]-propan-2-ol, wherein reacting is carried out at about 85°C to about 100°C.
In some embodiments, 1-[2-{4~chloro-phenyl)-ethylamino} -propan-2-ol is isolated by an

aqueous extraction in the presence of toluene, whereby 1-amino-2-propanol and water soluble

25 byproducts are removed and the resulting toluene solution of product is dried by azeotropic
distillation.

Stage 3 - Conversion of 3-[2-(4-chlam~phenyi)—ethylamino]«pmpan——z-ol to [2-(4-chlore~
pheryl)-ethyll-(2-chloro-propyl)-ammonium chloride.

30 In Stage 3, the final step to prepare [2-(4-chloro-phenyl)-ethy!] ~(2-chloro-propyl)-
ammoniom chloride, 1-{2-(4-chloro-phenyl)-ethylamino]-propan-2-ol was reacted with thionyl
chloride in toluene with N,N-dimethylacetamide (DMA) as a catalyst.

The crude product was isolated from the reaction mixture by filtration and recrystaliized
from isopropanol (IPA) and water. The filtered solid [2-(4-chloro-phenyl)-ethyl}-(2-chloro-

35 propyl)-ammonium chioride was washed with IPA and dred under vacuum. It has now been
discovered that isopropanol (IPA) can be used to quench any excess thiony} chloride and the

solid resulting after the quench surprisingly, does not require a recrystallization step.



determining that I-[2-(4-chloro-phenyl)-ethylamino]-propan-2-ol is substantially converted to
[2-(4-chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium chloride; and in a 10 subsequent step
guenching any residual amount of thionyl chloride with a C1.6 alcohol. In some embodiments, the
C,_6 alcohol is isopropanol. In some embodimentg, in the determining step it is determined that the
1-[2-(4-chloro- 15 phenyl)-ethylamino]-propan-2-olis converted to
[2-(4-chloro-phenyl)-ethyl]-(2-chloro-propyl)- ammonium chloride in an amount of about 98% or
greater. In some embodiments, the amount of I-[2-(4-chloro-phenyl)-ethylamino]-propan-2-ol that is
converted to [2-(4-chleerphemdjieit <Posbiesos Wﬁtﬁmm@ﬂwﬁﬁhwﬂ&i.ﬁm@%&%@@@ﬁ' by HPLC.
20 In some empgeimaisyiz=idbaiesaiBhendb AEgsliolp by ammentum, ehjgidg Is
prepared in the presence of NN-dimethylacetamide as a catalyst. In sorhe embodintents, the mole
ratio of N,N-dirffefFrEBe iR LRt roc sadiiHenst fledprtéimmradomdenponditnssio 1 or
less. In some emibbihrfedtsnting [Rdieddie ohtihbdithethiladdtamitest) hi2atdichl 0ok
phenyl)-ethylamino]-propan-2-ol is about 0.4 to 1 or less. In some embodiments, the mole ratio of
NN-dimethyIacetamidE_go 1-%2-‘?(§-§ﬂorq{ pg1enyl -ethylamino]-%oi?an-Z-ol is about 0.3 to 1 or less. In
some embodiments, the RoTe RS BIRE N e Rt (B eplopnRsRpyD-rmmmonium
phenyl)-ethylartiifa]dsrisparraed seraprinimietgepor less. 30 In some embodiments, the mole ratio of
NN-dimethylacetamid@ei@rdririg tedt 01~ @hsmn)-gHRYIAIAR AR 252k 8 8PQUL QAR YT less. In
some embodimgrq‘t,se‘TL%- 4?‘ 8%%’1@?0‘31%%2{%[2@@'%?@8{8{ rogﬁg-ammonium cihlori_de is_prepared in
the presence of a solvent Eomprising TOTUSHE. - Some emBodme AT SR ehisH aRthY &tep the
[2-(4-chidfo-phE§ARESRYSR- 35 chloro-propyl)-ammonium chioride is isolated by filtration. In some
embodiments, [2-(4-chleseishe ayl)ethyll (@-whiarer propyl)cRrbRIRRIITL Chlofige,is. prepared by the
method comprising reacting 1-[2-(4-chloro-phenyl)-ethylamino] 8 propan-2-ol and thionyl chloride for a
time and under conditions suitable for formin%é[z- 4- chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium
chloride; wherein reaéﬁrfﬁ’f?é’gf]?%a‘?ﬂt%f@a &PhRhie BPRIBBIRAB0C to about 65C. In some
embodiments, [2-(4-clicamstvarydilistint- (2 ibh kdrerpriopd seminie ditiem el arid evist frepreemhy the
method ggm pr@@ﬂylﬁ@@ﬂ@ﬁrﬁ-ﬁaiﬁ%ﬁmquﬂgl %QQ]&?@&BY@@—'@QJMoro-phenyi)—ethyl] ~{2-chloro-propyl)-
ammontum chloride in an amount of about 98% or greater. '
In some embodiments, the amount of 1-{2-(4-chloro-phenyl)-ethylamino}-propan-2-ol
that is converted to [2-(4-chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium chloride is
determined by HPLC.
20 In some embodiments, {2-(4-chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium
chloride is prepared in the presence of N,N-dimethylacetamide as a catalyst.
In some embodiments, the mole ratio of N,N-dimethylacetamide to 1-{2-{4-chloro-
phenyl}-ethylamino}-propan-2-ol is about 0.5 to 1 or less.
In some embodiments, the mole ratio of N,N-dimethylacetamide to 1-[2-(4-chloro-
25 phenyl)-ethylaminol-propan-2-ol is about 0.4 to 1 or less.
In some embodiments, the mole ratio of N,N-dimethylacetamide to 1-[2-(4-chloro-
phenyl}-ethylamino]-propan-2-0l is about 0.3 to 1 or less.
" In some embodiments, the mole ratio of N,N-dimethylacetamide to 1-{2.{4-chloro-
phenyl)-ethylamino]-propan-2-ol is about 0.2 to 1 or less.
30 In some embodiments, the mole ratio of N,N-dimethylacetamide to 1-[2-(4-chloro-
phenyl)-ethylamino}-propan-2-ol is about 0.1 to 1 or less.
In some embodiments, [2-(4-chloro-phenyl)-ethyl]-(2-chloro-propy!)-ammonium
chioride is prepared in the presence of a solvent comprising toluene.
In some embodiments, after the quenching step the [2-(4-chloro-phenyl)-ethyl]l-(2-
35 chloro-propyl)-ammonium chloride is isolated by filtration.
In some embodiments, [2-(4-chloro-phenyl}-ethyl]-(2-chloro-propyl)-ammonium
chloride is prepared by the method comprising reacting 1-[2-(4-chloro-phenyl)-ethylamino]-



propan-2-ol and thionyl chloride for a time and under conditions suitable for forming [2-(4-
chloro-phenyl)-ethyl]-(2-chloro-propyl)-anunonium chloride, wherein [2-(4-chloro-phenyl)-
ethyl]-(2-chloro-propyl)-ammonium chloride crystallizes from the reaction mixture and is isolated by
filtration. 10 In some embodiments, [2-(4-chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium chloride is
isolated with a purity of about 85% or greater. In some embodiments,
[2-(4-chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium chloride is isolated with a purity of about 90%
or greater. In some embodiments, [2-(4-chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium 15 chloride
is isolated witr@sartyebisbbinrotoblorids dene tihs soiedmbudientsyitable for forming [2-(4-
[2-(4-chloro-planybsitwiishiamcRiepyhnimenkiniehlseds isplaladuithapusialapaut 98%
or greater. In §gfg}1}e¢rg£%lgoglgggqt§0£%-{§; hlare=phenyl)-ethyl]-(2-chloro-propyl)-ammonium chloride is
isolated with a purity 0 about 99 Yo or greater. 20 Stage 4 - Conversion of

[2-(4-chloro-phenyl) - Pmerkrstisepibp (& hrstdl-{g-chloro-propyl)-ammonium
8-chloro-$-methiylodi(, & bréptirati yorthe Mehmidzangpisiag lr-dRgea 4 21pestarbiRgmnaleiidhamino]-

[2-(4-chloro-p -ethwll-62:C s i or'g] t sical bou 90.9% and in some
em bodiments%%%e? t%;%%g?gé 0 %}gs%%%/%nr%%?ggé%?@% ﬁt#a%%éfgcﬁ a%g?iggtgﬁ%}g@%(/clization to
provide the raéiélﬁﬂ?f?ﬁ%??%g“é%ﬁfﬂr%‘rgmm%’éfﬂ)ﬂbﬁ?@fﬂ%ﬁ%ﬁ'—'ﬁh@éﬁ%&ﬂébtne,
consisting of ethyilrixttieoair Ryl amc(@S¥8uctiloraid-oneth 2 Sivbin-tet byt rikibhenzaazepine (free
base). The bagkhanerphthaid:chloro-I-methyl-2,3,4,5-tetrahydro-IH-benzazepine was established

during this reaction. 8-Chloro-l-methyl-2,3,4 5-tetrahydro-|H-benzazepine was purified by solvent 30
extractigg%s and remo%‘aﬁ%?es%rﬁlbeon ”ﬁ)‘%&s%Fg%f%?(’éq@)ﬁﬁ?%f’ltﬂ&hﬁ-'ﬁf%’@@-"t%’t? FRIBRE b enzazepine
was obtained #8%idoip isRlrtatypibal puiySeBSWE% foraisateesired enantiomer,
(R)-8-chloro-I-methyliz b4 eirtainyenes t - peorrzeping fiaebase).fibe prayemsnisfor Stage 4
centers arounghigﬁéégéqgggle%fmg%é‘%gg%%%%ﬁ%%%zé?éé%téetrahydro-lH-benzaZepine. Here, instead

of using NaOH as reported in 35 W watér-and silica get is used which is simply filtered.

Furthermore, the mixttf8™ &SRR sErEfritiRrehey Bl isicohinmmacaieatmgaian wherein the
bottom Idyer cblosidgtssrobtiydok itt2: gieitprdbenzases angrealyabout 1% of 8-chloro-I-methyl-2,3,4,5 9
tetrahydro-IH-benzazenig. Hheraigig.dhe bullual-dadishlaebenzens saneasily.be Jemgved from
the mixture by I%m%!g/.dralpln the bottom Iatyer away, from the'middle and'top-layers.
chloride is 1solated with a purity of about 98% or greater.
In some embodiments, [2-{4-chloro-phenyl}-ethyl]-(2-chloro-propyl)-ammonium

chloride is isolated with a purity of about 99% or greater.

20
Stage 4 ~ Conversion of {2-(4-chiore-phenyl)-ethyl]-(2-chioro-propyl}-ammeniom chioride
to 8-chloro-1-methyl-2,3,4,5-tetrahydro-1HB-benzazepine.
In Stage 4, the starting material, [2-(4-chloro-phenyl)-ethyll-(2-chloro-propyl)-
ammonium chloride, typically about 90.0%, and in some embodiments greater than 99.0%
25 purity, undergoes an intramolecular Friedel-Crafts-cyclization to provide the racemic mixture

designated as 8-chloro-1 —methyi-Z,B,4,5wte;rahydr0-lH—benzazepine, congisting of a 1:1 mixture
of (R)- and (S)-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

30 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-methyl-

2,3.4,5-tetrahydro-1H-benzazepine. Here, instead of using NaOH as reported in

35 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-



Surpiringly, the middle layer consists mostly of the product, (R,S)-8-chloro-I-methyl-2,3,4,5-
tetrahydro-IH-benzazepine, and is easily isolated by draining the middle layer from the agueous 5 top
layer. The isolated middle layer is about 90% S-chloro-1-methyl-2,3,4,5-tetrahydro-IH- benzazepine.
The top layer contains about 1% to about 4% of 8schloro-I-methyl-2,3,4,5- tetrahydro-1H-benzazepine
and can be isolated by extracting with an appropriate solvent, for example, cyclohexane. The
formation of the triphasic mixture improves the volume efficiency for this stage and also eliminates the
need for evaporating of the reaction solvent (i.e., 1,2 10 dichlorobenzene). Some embodiments of the
present inventisAahnsvidthbetzetipior Fbpafing Schifrod 1, mditinib Bk inieirabydrontt-henzazepine

comprising reawingHEriAdaiosp e il shlerepeoRiby aRm A MERIBHERAIDAICLS for a
time and undeggogrgrilti n%‘s%ﬁglgf‘aorrfgggglir}g 8-chlorg-| -_methg‘/\st-f 3,4,5-tetrahydro-IH-benzazepine.
15 Some embodiMents of tha present v antSn Brovide ik SHR G Sr STy -4 BEhPotAd: of
Formula (1): CER¥dimbehsnazeniag pidscardhbistrsed Dyettajiligg bhboiddbr byyt) famntm oqissns
chloride With At@IRyis.cantediatsdimidIBsence &l bo’éfoc&c&ﬂw@bﬂmmm}s@zg_@aeg{ram_qgf about
125C to about = fo o 10 abo t;Lo hg s er.conditions suitable for forming the
compound of bégﬁlh%%%é &%%%%%%E%%%gﬁts _o]#t gboregeﬁ%%%ﬁ%%’%\lﬁ Lth’é’l”r“rgﬁs‘sfor preparing
a compound ST %1'7‘?‘5??@?1“%“&5%&&5%& e steptingasiching appropriate solvent, for
[2-(4-chloro-phesmyilethydlei@schior (Bxp fopydyienuhosiuphelongdenthrdGas 1o {BRMEIBBEES!
12-dichlorobenzans aigd impesalite: Al Aa0t: L0aBRkh1 5G9t 8b0uL L hours fo,about 18

hours unger canditions suitaple for forming a crude reaction mixture 30 comprising he cémpound of
18°" SR piorobe

COIOTO: N . . . - .
Formula (1); contacting &%@rude reaction mixture with silica gel and water to form a suspension; 10

filtering the suspensiéiims forhedimeptrasit i gossentinteme]anstistlatinghiiie tormpeeatig aidhanmula (1)
from the triphasistigaig mixirenSrsmeresakadimenteabiimpresanidHRRIARABKde ENRYs for
preparing a CO@BP&E%pyI)—ammonium chloride with AICl; for a time and under conditions suitable for |
forming 8-chioro-1-methyl-2,3 4,5 -tetrahydro-1H-benzazepine.
15 Some embodiments of the present invention provide methods for preparing a compound
of Formula (I):

Cl
NH

@
wherein reacting [2-(4~chloro-phenyt)-ethyl]-(2-chloro-propy])-ammonium chloride with AlICH
is carried out in the presence of 1,2-dichlorobenzene ata temperature of about 125°C 1o about

20 130°C for about 14 hours to about 18 hours under conditions suitable for forming the compound
of Formula (I).

Some embodiments of the present invention provide methods for preparing a compound
of Formula (I):

G
NH

25 ®
' comprising the steps;
reacting [2-(4-chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium chiotide with AlCl,
in 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

30 comprising the compound of Formula (1);

contacting the crude reaction mixture with silica gel and water to form a suspension;



5 of Formula (1) further comprising the steps: separating the top phase and the middle phase from the
bottom phase of the triphasic liquid mixture; and isolating the compound of Formula (1) from the top
phase and the middle phase. 10 Some embodiments of the present invention provide methods for
preparing a compound of Formula (I) wherein thethottom phase of the iriphasic liquid mixture
comprises 1,2- dichlorobenzene. In some embodiments, the bottom phase of the triphasic liquid
mixture contains 1,2- dichlorobenzene in an amount of about 90% or greater. 15 In some
embodiments, the bottom phase of the triphasic liquid mixture contains 1,2- dichlorobenzene in an
amount of about 95% BIGRES SHPERTitg Enfersenirarhasierinwdtmirigbasd of the triphasic liquid

mixture contains 1,2- didkiogierzepeundat Borauat@f fhauhd8imatgIRaiamaame embodiments of
the present invention provide methods for preparing a compound 20 of Formula (I) wherein the middle
phase of the triphasicég%édé‘%? ure cg%ains the compound of Formula (1) in an amount greater than

the amount of the compoun e EBrR B CH (R @R dstaeibass e mentone phaseafitie
triphasic ﬁquid%ﬁ&ﬁ’f’éi%@rﬁé’@mb@dﬁﬁénm slepspresent invention provide methods for preparing a

compound of Formulesgakiheseitihgmicle RBaseAl hext BRSNS I mpcre coniais he
(0}

compound 25,9f Formula (1) in an amount of about 80% or greater. In'some em PSRk he middle
phase of the triphasic liquidl mixture contains the compound of Formula (I) in an amount of about 85%
or greater. In some eteEHESOTReURCRAE rimate(BX the tiiphasidligid daistaiedoptaias the

compound of Formula (1) in an amount of about 90% or greater. 30 Some embodiments of the present

inventiopgprovide metfipds for preparing.a compound of Formula (1) wherein the isolating step further
comprises the ?}tfg%l separating the t0|§f D %E?%%ﬁ“ﬁ@“ﬁ?ﬁ%"ﬁ%&%@?@%r@&ﬁ‘ﬁ"g’%ﬁé&’c%?ﬁﬁwemﬁof

Formula (1) fr8 ¥oh B thehrasm abasofshrariaSinbich sbmaratingotherisstraeting solvent
comprising theliebleqebemmtraf Formula (1) from the top phase; 11 combining the extracting solvent

comprising the compgpg}gngfeﬁggggmgn@)t}gg}%% Mggeﬁhmgd e phase, to form a combined mixture;

washing the cgmbined mixture with a basic, aqueous so i0n and Separatng tHE FaRfins 1,2-
1chlorobenzeéne m an amount of about 90% or greater.

15 In some embodiments, the bottom phase of the triphasic liquid mixture contains 1,2-
dichlorobenzene in an amount of about 95% or greater,
In some embodiments, the bottom phase of the triphasic liquid mixture contains 1,2-
dichlorobenzene in an amount of about 98% or greater. -
Some embodiments of the present invention provide methods for preparing a compound
20 of Formula (X) wherein the middle phase of the triphasic liquid mixture contains the compound
of Forrmila (¥) in an amount greater than the amount of the compound of Formula (I) contained
in the top phase or the bottom phase of the triphasic liquid mixture.,
Some embodiments of the present invention provide methods for preparing a compound
of Formula (I) wherein the middle phase of the triphasic liquid mixture contains the compound
25 of Formula (T) in an amount of about 80% or greater.
In some embodiments, the middle phase of the triphasic liquid mixture contains the
compound of Formula (¥) in an amount of about 85% or greater.
In some embodiments, the middle phase of the friphasic lquid mixture contains the
compound of Formula (I} in an amount of about 90% or greater,
30
Some embodiments of the present invention provide methods for preparing a compound
of Formula (I} wherein the isolatin g step further comprises the steps:
separating the top phase from the middle phase;
extracting the compound of Formula (I) from the top phase with an extracting solvent

35 and separating the extracting solvent comprising the compound of Formula (I} from the top
phase;



agueous solution from the combined mixture to form a washed, combined solution; and 5
concentrating the washed, combined solution to provide the compound of Formula (). Some
embodiments of the present invention provide methods for preparing a compound of Formula (1)
wherein the basic solution is agueous sodium hydroxide. In some embodiments, the basic, aqueous
solution is about 10% to about 40% aqueous 10 sodium hydroxide. In some embodiments, the basic,
aqueous solution is about 25% to about 35% aqueous sodium hydroxide. In some embodiments, the
basic, aqueous solution is about 30% aqueous sodium hydroxide. is In some embodiments, the
compound of Formul&¢hisiisdhe 65%cpnesorgreampasiog o copcentralBmstepItGeme: with

embodiments, dhenGampenine o e Mbbdinis akekk£0% pure or greater after the concentration step.
Some embodiments QI,athe} 1Pr&1%%%§xi€¥1%ﬁti0& t&[gvigtlg ngethods forlégre aring a. compound 20 of
Formula (1) wherein the extracting Solvent 19 cyclonexane. some SribHiM aRts e Atg e LAt fvention
provide methoB& fSPHFePEAR G et e Fembinedimgisus: i formtra ypehodl stbbined selvine:comhprising
reacting [2-(4-chloro-pheseykiesitiythd 2vachiaredpibpyl MmN pRccMe HlewithoME LB atims and

under conditions suitable for forming 8-chloro-I-methyl-2,3,4,5-tetrahydro-IH-benzazepine, wherein
reacting is carried out, 25 at about 125C to about 130C. Some embodiments of the present invention
provide methods for pYEBaRATGsiRmRRef thyRyRbinyentor puidn st fonpwphniag o neprisivag!
reacting [2-(4-cfiisranphafyrethir |2 betitoraprapyharmonitimchiarsedwith AICI3 for a time and
under conditions suitgle it «farHaRg Sz == =2, >-te. roslH-benzazepine, wherein
reactingl' cargggu%}_l Ooat gboﬁ% 128&(%? I&Slgoﬁsrr%li} %ﬁ%ﬁ%ﬂ%&g %;} ﬁ%gg‘%gg’rﬁﬁ%%%%‘%%?&%e &>
methods for preparlngy -Chioro-I- methyl-2,3,4,5-tetrahydro-1H-benzazepine comprising reacting
[2-(4-chloro-phenyl)-dihsteeebidrogmsahs tasinaniens colotideinalio it 523 dostadirassanshender
conditions suitaldrfohyfpsmirg 8-chloro--methyl-2,3,4,5-tetrahydro-IH-benzazepine, wherein reacting
is carried out 35 for g i Seoéﬁpo t 14tsh uggggcagouto% h?l,tllrs. In-%rocgs§ control(IPC): HPLC
content of [2-(4-chlorophenyl)-ethyll-(3-chloro propyicammon s ERIBHAE"E 19RO e is depicted
in Synthetic SopEmEdE2. 12 Synthetic Scheme 1.2

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

the concentration step,

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

Some embodiments of the present invention provide methods for preparing a compound

20 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-pheny])-ethyl]-(2-
chloro-propyl)-ammonium chioride with AICI; for a time and under conditions sujtahle for
forming 8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-benzazepine, wherein reacting is carried out

25 at about 125°C to about 130°C,

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}-ethy1]-(2-
chloro-propyl)-ammonium chloride with AICI; for a time and under conditions suitable for
forming S-chloro-l—methyl-2,3,4,5—tetrahydro—IH-benzazepine, wherein reacting is carried out

30 at about 128°C.

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 AlCl; for a time and under conditions suitable for
forming 8-chioro-1-methyl-2,3,4,5-tetrahydro-1H-benzazepine, wherein reacting is carried out

35 for a time of about 14 hours to about 18 hours.

In-process control (IPC): HPL.C content of [2-(4-chloro-phenyl}-ethyl]-(2-chioro-

propyl}-ammonium chloride <1%. This stage is depicted in Synthetic Scheme 1.2.



H, H NCI CI 18. CI' Mol. Wt.: 26 268.61 CI [2-(4-Chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium
chloride i) AIC13, 1,2-Dichlorobenzene, 128C Stage 4 ii) H20, SiOz2 iii) Aq. NaOH, Cyclohexane CI
x'91 Ht4CIN NH M ol. Wt.: 195.69 8-Chloro-I-methyl-2,3,4,5-tetrahydro-IH-benzo[d]azepine (1:1
Racemic mixture) Stage 5 and Stage 6 - Conversian of
8-Chloro-1-methyl-2,3,4,5-tetrahydro-IH-benzazepine to
(R)-8-Chloro-I-methyl-2,3,4,5-tetrahydro-IH-benzo[d]azepinium Hemitartrate. 5 In Stage 5,
8-chloro-1-methyl-2,3,4,5-tetrahydro-IH-benzazepine was reacted with L- (+)-tartaric acid to form the
crude diastereomeric salt (R)-8-chloro-I-methyEughitis-tefralneckid- 1H-benzo[d]azepinium hemitartrate.
In this stage, the resolution and purification of (R)- 8-
chloro-1-methyl-2,3,4,5-tetrahydro-IH-benzgleiaz
including the opposite enantiomer (i.e., S- @-o mer) Was olfthined biptryatatiesagipn from an 10
acetone/water mixture. The isolated caklét ally ha ob Ln achiral purity of greater than 99.0% and a
chiral purity of 90% enantlog%é’r"l@%‘)@E@é%’f(%‘@)“qﬁﬂéééféommpyi)-ammomum chloride
(R)-8-chloro-I-methyl-2,3,4,5-tetrahydro-IH-benzo[d]azepinium hemitartrate crude cake was subjected
to a second crystallization foridetdrcRipkierabeamtord |the final intermediate,
(R)-8-chloro-I-methyl-2,3,4,5-tEt8fydro-IH-benzo[d]azehipiy ,15 hemitartrate.

(R)-8-Chloro-I-methyl- 2,3,41,!3 #&4£218i@0-1H-benzo[d]azgpiniim hemitartrate was tested and released
to specifications and typicali§} HedréaCat Kisal ghesipof 100.0% and a chiral purity of greater than 99.0%
ee. Additional recrystallization of (R)-8-chlgro-I-methyl- 2,3,4,5-tetrahydro-IH-benzo[d]azepinium
Hemitarirate from acetone/water can be repeated.at this.stage, if required, to increase % ee. 20 In the
procedure reported in W020051019179, thie sol used nmtlh salt fopingGiep was t-butanol. The
use of this solvent resulted in the crystallizpin crude hemitaPfiltdvt-: 195.69

I i -—l itartrate f@mgms impurities,

A
oR|

&-Chloro-1-methyl-2,3,4,5-tetrahydro- 1 F- -benzofdlazepine
(1:1 Racemic mixture)

Stage 5 and Stage 6 - Conversion of S-Chlom»1~methyi—2,3,4,S-—tetrahydra~1H—benzazepine
to (R)-S-Chlom-I-methy}-z,3,4,5~tetrahydr0-1H—benzo[d}azepinium Hemitartrate.

5 In Stage 5, 8-chloro-1-—methyl-.?.,B,4,5-tetrahydro—1H-benzazepine was reacted with L-
(-+)-tartaric acid to form the crude diastereomeric salt (R)-8~chloro—1-methy1~2,3,4,5-tetrahydm—
1H-benzo[d]azepinium hemitartrate. In this stage, the resolution and purification of (R)-8-
chloro-1-methyl-2,3,4,5-tetrahydro-1H-benzo [d]azepinium hemitartrate from process impurities,
mcludzng the opposite enantiomer (i.e. ; S-enantiomer), was obtained by crystallization from an

10 acetone/water mixture. The isolated cake typically had an achiral purity of greater than 99.0%
and a chiral purity of 90% enantiomeric excess (ee).

In Stage 6, the (R)-8-chloro-1 —methyl-2,3,4,5-—tetrahydm-lebenzo[d}azepinium
hemitartrate crude cake was subjected to a second crystallization from acetone/water to afford
the final intermediate, (R)~8-chloro~l-mathy1~2,3,4,S—tc-:u-ahydron1H-benzo[d}azepinium

15 hemitartrate, (R)—&Chloro—1«methyl—2,3,4,5—teh-ahydr0~1H~benzo[d]azepinium hemitartrate
was tested and released to specifications and typically had an achiral purity of 100.0% and a
chiral purity of greater than 99.0% ee. Additional recrystallization of (R)-8-chloro-1-methyl-
2,3,4,5-tetrahydro-1H-benzo[d]azepinium Hemitartrate from acetone/water can be repeated at
this stage, if required, to increase % ee.

20 In the procedire reported in WO2005/019179, the solvent used in the salt forming step
was i-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



with approximately 68-80% ce and less than about 99% ee after the singly recrystallized 13
hemitartrate. An additional recrystallization was required to increase the % ee and as a result a
decreased in the yield. It has now been discovered that using acetone in the salt forming step, instead
of t- butanol as described in W02005/019179, elifinates the need for an additional recrystallization 5
and also has a direct result on improving the yield. Accordingly, using acetone resulted in about 90%
ee (compared to about 68-80% ee using t-butanol) and after only one recrystallization the hemitrate
was about 99% or greater and in general about 99.7% ee. Some embodiments of the present
invention proviBEMieldEs 18y 1UBRARG SriRiliration weRTeeRirRikiofncrease the % ee and as a result a
(R)/(S)-8-chlordderaethi/indin, 4i&detrahydro-IH-benzazepine comprising 10 contacting the mixture of

compounds with L-(+){graric.p6ide;lorm.chiralresolving aeid, salts, jof the. compounds, wherein the

chiral resolvinggacid comprises substantially one stereoisomer; and | preC|pl?§un the chiral resolving

acid salts of th8 GBI HoAdrei P AU iRy Shrsamiratheiaced fotrerid s ieeneadbralinnacid
salt of (RP8-chinfebeiathy 2R i4SultatndmpareiittHoonddz epine dtiyiamagmhedinemisOh theu:
present inventiompeevide.pasthasisyinr Bseiving asaiwR.ahirm aﬁgpdglﬁﬂ,%%%@{@%%(gl b): Cl

) CfNH / NH (iTa_) «gbt)‘3 coma%rls%rr%%%ontactmg the mixture f Compounds with L-(+)-tartaric acid in the

presence of a il % ELTRIRERS 5 BTl SRAKER 4R salts of the compounds:

Solvent com
precipitating the L-(+)Qamaﬁ@hﬁﬁéi@ammhermmpwmﬁémmmsfdﬂf@c@mgpjtﬁiﬁdﬁewiched
with the L-(+)-tesiapinacid salyahberempnonegatTorsula:tl)a-sisaoluing e precipiije.in a solution
comprisifyg ac_%tg&gcﬁg vater to J%@Qoa sollltrjlggn . t%011:1;(&;'1rzgfgﬁE‘?Geadlj(_{i%oIved precipitate; 25 cooling the
solution containing the-dissolved. precipiate. and pre él'[ RGP EES O P e e baraanithi e
L-(+)-tartaric affdeArertEdompaandherEmlsr iy 2Sé arcerisbosihitaméby the pressmrirvention
provide methodsdorerdsiitimgiize rtiitil resofvid@ R80ROL MO t&apatAG, (aad FEkeamprising:
contacting the gaixje: Ot CmRRRINA TV Ik (RG34, 0r 5 BISSSRCe 9L 8 1 5 3 4.5.
tetrahydro-1H-benzazepine.

15 Some embodiments of the present invention provide methods for resolving a mixture of

compounds of Forrnula (Ia) and (Ib);

cl Cle ;
i L
(Ia)

{Ib)
comprising:
contacting the mixture of compounds with L-(+)-tartaric acid in the presence of a
20 solvent comprising acetone to form L-(+)-tartaric acid salts of the compounds;
precipitating the L-(+)-tartaric acid salts of the compounds, wherein the resulting
precipitate is enriched with the L-(+)-tartaric acid salt of the compound of Formula (Ea);

dissolving the precipitate in a solution comprising acetone and water to form a solution

containing the dissolved precipitate;
25 cooling the solution containing the dissolved precipitate; and

precipitating a second precipitate containing the L-(+)-tartaric acid salt of the compound
- of Formula (Ia).

Some embodiments of the present invention provide methods for resolving a mixture of
30 compounds of Formula ({a) and (Ib):

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

solvent comprising acetone to form L-(+)-tartaric acid salts of the compounds;



solvent comprising acetone to form L-(+)-tartaric acid salts of the compounds; 14 precipitating the
L-(+)-tartaric acid salts of the compounds, wherein the resulting precipitate is enriched with the
L-(+)-tartaric acid salt of the compound of Formula (la); 9 dissolving the precipitate in a solution
comprising acetone and water at-a temperature of4about 45C to about 60C to form a solution
containing the dissolved precipitate; 5 cooling the solution containing the dissolved precipitate to a
temperature of about -5C to about 10C; and precipitating a second precipitate containing the
L-(+)-tartaric acid salt of the compound of Formula (la) with an enantiomeric excess of about 98% or
greater. In some emb¥afRéatEedissbiiidatasip psidsittiseofiite sokrtiondsomipnisingaesigresand 10

\C/i\/_aterI is garrie@r_acibiija tempetiadureiofhaliop) 4bEaio Qﬁ@@iﬁ@@ﬁﬂ@é&%&%ﬂﬁﬁg&@g}%ﬂgng the
issolved precipitate. ing the solution containing the dissolved precipitate is
carried out a te peraié,l{}rsgs of abao@uE %%@%%E%%%%ig@ i same e BN A LA SIS eE ent
invention includfEHidorRG Y 18 Hrisdiprmrsplugantansiniemibniding sebroreniad;water at a

temperatéire of about ®sEntptabentien Cotaelating hsoisiircoraning he RIgsRiaeSNSeC
embodiments,iahadsel. thepresent invention include cooling the solution containing the precipitate
to a temperature of about OC to about 5C. In some embodiments, the second precipitate containing
the L-(+)-tartaric acid"Sanror* St thi Coin BEGIRITIr eOHHGREehy hddanrtmissihseli efthe sompiabout
98% or greate?! firaovicEahhidimenentitmeseconespréolpita BRontatairg. the L-(+)-tartaric acid salt of

the compound of Form&&:{ﬁ)ﬁ!ﬁ&%ﬁ&l&ﬁi@%@%ﬁ%&ﬁigt999¥§§§1§;(?"c8#%§%tearu:é:?mslg mgf
tof the co

embodimgnts, the second precipitate containing the L-(+)-tartaric acid sa CC mpounaf_lo
Formula (la) has an enant%ﬁ%lg'F{l%c%?&?:1E 3G %au{’t%}b%/%(c grtarzééi‘étr.ﬁ(égfﬂ fxme whbsairgeising

contacting the PTisiFE GH BsriBdakds with L-(+)-tartaric acid in the presence of a solvent comprising
acetone is carried outratoairouh & ienahosting @hd Bofiaine RMBRHNGR S LANA GG Mixture of

compounds Wm%é@ﬁ;@r@gémgggf%%&rgsﬁq %Ofu‘?ﬁﬁl{(em comprising acetone is carried out at
: 8-C

about 47C to about 52C. IP uantification o cc))ro-l-me'thyI-Z,3,4,5-tetrahydro-|H-benzazepine

content; 30 IPC: ChifAFHiR1 B8P HREbRidiodHie Seprssrntioyrdenimeydnidéscl Sobdme 1.3. 15

Syntheﬂc5 Schpyempitae in a solution comprising acetone and water at a temperature of about 55°C to about
60°C to form a solution containing the precipitate.
In some embodiments, methods of the present invention include cooling the solution
containing the precipitate to a temperature of about 0°C to about 5°C.
In some embodiments, the second precipitate containing the L-(+)-tartaric acid salt of
20 the compound of Formula (fa) has an enantiomeric excess of about 98% or greater,
In some embodiments, the second precipitate containin g the L-(-++)-tartaric acid salt of
the compound of Formula (Ia) has an enantiomeric excess of about 98.5% or greater,
In some embodiments, the second precipitate containing the L-(--)-tartaric acid salt of
the compound of Formula (Ia) has an enantiomeric excess of about 99% or greater.
25 In some embodiments, contacting the mixture of compounds with L-(+)-tartaric acid in
the presence of a solvent comprising acetone is carried out at about 40°C to about 55°C,
In some embodiments, contacting the mixtwre of compounds with L-(+)-tartaric acid in
the presence of a solvent comprising acetone is carried out at about 47°C to about 52°C.
IPC: Quantification of 8—chioro~1—methyl~2,3,4,5-tetrahydro»1H-benzazep1’ne content;
30 IPC: Chiral HPLC of wet product. This stage is depicted in Synthetic Scheme 1.3.



[c]l NH MC H CIN ol. Wt.: 195.69 8-Chloro-I-methyl-2,3,4,5-tetrahydro-IH-benzo[d]azepine; (1:1
Racemic mixture) i) Acetone, 50C ii) L-(+)-Tartaric acid, H20 Stage 5 iii) Acetone, 0 - 5C O OH H, Ni
011 O'H CI H OHO CI (R)-8-Chloro-I-methyl-2,3,4,5-tetrahydro-IH-benzo[d]azepinium Hemitartrate
C2fiH34C12N206; Mol. Wt.: 541.46 IPC: Chiral HRLC of wet product >98% ee. This stage is depicted
in Synthetic Scheme 1.4. Synthetic Scheme 1.4 xQ ~OH ~ H, + 1 DN,Ho 1~HN Ck /H OHO CiI
(R)-8-Chloro-I-methyl-2,3,4,5-tetrahydro-IH-benzo[d]azepinium Hemitartrate C26H$4C12N206; | Mo!.
Wt.: 541.46 i) Acetone, H20 Stage 6 OOHH. +/ INH.OOHOH N .\ CI/H 0 OHO CI
(R)-8-Chloro-I-methyl-2,3,4,5-tetrahydro-IH-beszajelazeninise Hemitartrate 5 Final Isolated
Intermediate; C26H34C12N206; Mol. Wt.: 541.46 Stage 7 - Conversion of
(R)-8-chtoro-I-methyl-2,3,4,5-tetrahydro-IH-benhzo[d Mium h mitart@tq_!tomN
(R)-S-chtoro-I-methyl-2,3,4,5-tetrahydro-IH-3-benzazepihe hydtddhlorids. Relftidygsate. 10 In Stage 7,
the enantiomerically pure (R)-8-chloro-I-meth I-§!3,4,5-te fahydrotIH- benzo[d]azepinium hemitartrate,
from Stage 6, was converted to the (R)-8-chloro-1-methyl 16 2,3;4,5-tetrahydro-IH-3-benzazepine
hydrochloride hemihJdriertisirs hiidteofear ichahriar L iéhenarld iarapinn s vé &fopmistiorrafe)
(R)-8-chloro-I-methyl-2,3,4,5-tetipRy iRl Hodc benzazepine free base and finally
(R)-8-chIoro-l—methyl-2,3,4,5-te§{pbxd;orgﬂﬁgmq;2@ rgagggrochloride hemihydrate.
(R)-8-chloro-I-methyl-2,3,4,5-tetgahydearnkel -S-bpnzazepine

O OH pj_
H A Ao,
cl OH O

(R)-8-Chloro-1-methyl-2,3,4,5-tetrahydro-1H-benzo[dJazepinium Hemitartrate
CogH34ClaN,Og; Mol. Wit.: 541.46

7
azep

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

1.4
Synthetic Scheme 1.4
& OH
H O?-{ "N-i-
NT -0 H
(R)-8-Chloro-1-methy1-2,3,4,5-tetrahydro-1H-benzo]djazepinium Hemitartrate
CoeHa4ClyN,Og; Mol. Wi: 541 .46
1) Acetone, HyO | Stage 6
O OH
H o-H Nt
NI -0 H '
- / H  oHo cl
(R)-8-Chloro--methyl-2,3,4,5-tetrahydro- 1 H-benzo[dJazepinium Hemitartrate
5 Final Isolated Intermediare; CogHy4ClN,Og: Mol. Wt.: 541.46

Stage 7 — Conversion of (R)-8-chiore-1-methyl-2,3,4 5-tetrahydro-1H-benzo{d] azepinimm
hemitartrate to (R)«S«chlaro«1»methyl-z,3,4,S-tetrahydm-1H—3~bemazepine hkydreckloride
hemihydrate,

16 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 (#)-8-chloro-1-methyl-



5 hydrochloride hemihydrate then under went a final purification by crystallization from ethyl acetate.
(R)-8-chloro-I-methyl-2,3,4,5-tetrahydro-IH-3-benzazepine hydrochloride henhydrate was isolated as a
crystalline solid and typically has an achiral purity of about 100.0% and a chiral purity of about 99.0%
ee or greater. In some embodiments, achiral puritgis about 98% or greater and a chiral purity of about
98% ee or greater. 10 The processes for the preparation of
(R)-8-chloro-l-methyl-2,3,4,5-tetrahydro-IH-3- benzazepine hydrochloride hemihydrate and anhydrous
(R)-8-chloro-I-methyl-2,3,4,5- tetrahydro-1H-3-benzazepine hydrochloride were reported in PCT patent

publications W(RABEHGBRE3-AHLWEHREOHDE M IS ehispdetivalihyhires R)-Bschititdanatint i 3,4,5-
tetrahydro-iH-3:henzazaning bvdroehionds heminydiain wasdiePrares Uaing the aphydrous (R) 15

8-chloro-I-met I-2,3,4,5-tetra1§1ydr'o-lH-3-benzaze ine hydrochloride in the presence of isopropanol,

h
water and cyclORBREAE NS 4 500 SEBHE &bt Fitgehme s imot bisaaadostishapmaespine
(R)-8-chloro-I-mattngkiygds Beteiradipéiro (R)-Soaviomfdlaedinihilifndifeteitatnydite 16aA-bawcorpared directly
to (lR)_-8-C%|0g0¢y&&§m&ér%3ﬁ%9%@uﬁdéq%£}ﬁ%MB@%&M%Q%@'QHQ@;E%HM@I%MIhOUt
isolation of the free basg an ithout on.of the ous . )
general,(R)-8- -Bdate ip i te is
prepared comamsing Hisl stefisil HsusralttRmi®s ec or greater. In some embodiments, achiral purity is
(R)-8-choro-- gl s Seualyesbenepldlepibim, 25 hemarrae o form fn fes base

(R)-8-chlgro-I-methyl-2,3,45-tetr enhzazepine; 2) conta |?lg the free base
(R)-8-ch?c9ro-|-methyl-%,Hﬁ?ﬁf?ﬁﬁ%ﬂ%FFI‘?B@’G‘@ﬁ%‘f reSRitRoriCT PR frdsdrte simd®rio form
(R)-8-chloro-|-romtiegk0iB; 4ysktwinkinidr bethiildbenzazepipd - duadichidiice;- bacdByicrysttlizing the
(R)-8-Ch|0r0-|-@@Hﬂ&h&ﬁ&%@%‘%ﬁ%%b&%&m&l@&ﬁﬁﬁéayﬁfﬁé&‘85':@%E_)Qﬂfs%ﬁ%ions
(R)-8-ch|oro-|-ra%£¥5§/ %,513 -tetrchx)/?(%Jgag-?g?él?,-benzazeplne1 ly}%lrﬁochlorlde hemihydrate. One base that
is particularly useftiri DT RIIR g RE TR R RS i 06 (& - Betesc s Honat®>Tn contrast,
it was found thistatrsoadledrsdeinaiadnasldrideientiatijrate was prepared using the anhydrous (R)-
(R)-8-chiaro-I-metino2s 3k castelaaysitentharn o(dlageninibin: RomBMISAIE: & WilficHllslQ Sarseparate

emulsion was generated. However, agueous potassium carbonate can be used that is essentially free
% . & ?bl‘he anep

of any emulsion When ¢ gxt‘r&glcﬁrnag‘;nt & free base 3E§?c?1 OroEl-Me yl- °$%:5-

tetrahydro-1H-3-benzE2B8pRRAtesp dsgtrarsh M duridmon vieghalsd Iduhts by dthiHacetate 17
was particularlyesuitpipessninschenthersiepsaabaeviratiangirecantas iRy ol o/ stENDR (94 5-
tetrahydro-1H-3-benzazepine hydrochloride hemihydrate without isolation of the free base and
20 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-tetrahydro-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[dJazepinium
25 hemitartrate to form the free base (R)-8-chloro-1-methyl-2,3,4,5-tetrahydro- 1 H-3-benzazepine;

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

3) crystallizing the (R)-8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine

30 hydrochioride to form (R)-8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine
hydrochloride hemihydrate.

One base that ig particularly use;ﬁxl in neufralizing the hemitartrate salt is aqueous
potassium carbonate, In contrast, it was found that when aqueous NaOH was used to neutralize
(R)-8-chloro-1-methyl-2,3,4,5-tetrahydro-1 H-benzo{dJazepiniumn hemitartrate a difficult-to-

35 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 ethy! acetate



provide (R)-8-chloro-I-methyl-2,3,4,5-tetrahydro-IH-3-benzazepine hydrochloride hemihydrate. Ethyl
acetate was also found particularly useful for the dissolution of concentrations of water appropriate for
crystallizing the (R)-8-chloro-1-methyl-2,3,4,5 5 tetrahydro-IH-3-benzazepine hydrochloride
hemihydrate. Some embodiments of the present invention provide methods for preparing (R)-8-
chloro-1-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine HCI hemihydrate of Formula (H): [cl.-$H Clp
H20 H 2 (Il) comprising the steps: 10 neutralizing
8-chloro-l-methyl-2,3,4,5-tetrahydro-IH-benzoazepinium henzitartrate of the formula: O™ rOH H\ O- IN.
CI I NCH (r)(r) &8 Bgrriere seitainiop ssadnithnstetefimtariithe presense ehiuatenansmetayl acetate
to form a biphasie-ligu(i)-saikivre- conaisingessentialla el A9 aqueous RlASARt Anethyl acetate
phase comprisi Séig{;?r -l-methyl-2.3.4.5-fetrahydro-1H-3-benzazepine of Formula (la): CI
NH separatingq%]gleﬁgl)wrﬁ%ceta ea%ﬁtégg%)a _tﬁgbb{%%lé{ﬁﬁa%%? ?ﬁ?@?&%ﬁ?ﬁf@s%ﬁ%ﬁg phase of the
biphasic liquid FIREHECCBR S ctrfer et bet snsisHimea it (RIC-Filtre-prestiyte, afSater to form an
HCI salt 20 oft¢R3L8chidFb3-rmetindpdne Myirsetlahiye ferdiblydrignzazepine, wherein the ratio of water to
(R)-8-chloro-I-methyl-€,3,4 28 A-3- zepipe is at least | to 2; and crystallizing the HC1
salt of (R)-8-cré5%roal:{pet IZS%M%%&%S%H@%%%@% E?ﬁlegetﬁl?&%‘%% for prepzmg (R)-8-
(R)-8-chloro-I-methyi-3°5 /b srrariyeiraindre: Hins Bonprseipri Fldienmifdents 5 orrsda@pmbodiments,
crystallizing the HCI salt of (R)-8-chloro-Fmethyl-2,3,4,5- tetrahydro-1 H-3-benzazepine formed
substantially pure (R)-8-chloro-I-methyl-2 8,4,5- tetrahydro-1H-3-penzazepine HC1 hemihydrate. 18

Some embodiments of the present invention “ 6‘H§E€m pteégsaring (R)-8
TH

2
(1)
comprising the steps:

10 neutralizing 8-chloro-1-methyl-2,3,4,5 -tetrahydro-1H-benzoazepinium hemitartrate of

the formula:
O OH gy
H - ONF
m‘“’: N
cl ‘ H  OH O cl

with potassium carbonate in the presence of water and ethyl acetate to form a biphasic liquid

mixture consisting essentially of an aqueous phase and an ethyl acetate phase comprising (R)-8-
15 chloro-1-methyl-2.3 s4.5-tetwahydro-1H-3-benzazepine of Formula (I=):

€l
NH

separating the ethyl acetate phase of the biphasic liquid mixture from the aqueous phase
of the biphasic liquid mixture;
contacting the ethyl acetate phase with HCl in the presence of water to form an HCI salt
20 of (R)-8-chloro-1 -methyl-2,3 4, 5-tetrahydro-1H-3 -benzazepine, wherein the ratio of water to
(R)-8-chloro-1-methyl-2,3,4,5-tetrahydro~1H-3 -benzazepine is at least 1 to 2; and
crystallizing the HCI salt of (R)-8 -chloro-1-methyi-2,3,4, 5-tetrahydro-1 -3 -benzazepine
to form (R)-8-chloro~1-methyl-2,3 »4,5-tetrahydro-1H-3-benzazepine HC1 hemihydrate.

25 In some embodiments, crystallizing the HCI salt of (R)-8-chloro-1-methyl-2,3,4,5-
tetrahydro-1H-3-benzazepine formed substantially pure (R)-8-chloro-1-methyl-2,3 4,5-
tetrahydro-1H-3-benzazepine HCI hemihydrate.



chloro-1-methyl-2,3,4,5-tetrahydro-IH-3-benzazepine HCI hemihydrate of Formula (I) wherein the
water in the contacting step is substantially dissolved in the ethyl acetate phase. In some
embodiments, the water in the ethyl acetate phase is present in an amount of 5 about 0.2% to about
2% by weight. In some embodiments, the water in&he ethyl acetate phase is present in an amount of
about 0.2% to about 1% by weight. In some embodiments, the water in the ethyl acetate phase is
present in an amount of about 0.4% to 0.8% by weight. 10 In some embodiments, the water in the
ethyl acetate phase is present in an amount of about 0.6% by weight. Some embodiments of the
present invention providessathetisorsmicdbanragetR ja8ention provide methods for preparing (R)-8-

chloro-I-methylcRigd-RriRifrghyda; i idbeng azeninenHGd henmity deaten bR R prisHdiviBreiR the

biphasic liquid mixture is substantially emulsign-free Some empodiments of the present invention
provide metho B AL i s e B e Ol
hemihydrate of FormUasamfiahodimeidsecSraetrgstepribdanstaieobest i resmémmmnenimbelit 0C to
about 25G. Soatewembadimtpis 2¥ibe peagent invention provide methods for preparing (R)-8-
chloro-1-methyl-2.3.4.% [shigluigntil-Ehsecasarnad il hetiudinle of Lornria A werely 20 the
HCI in the contacting step is in the form of a gas. In some ‘embodiments,

(R)-8-chloro-|-AH¥:3%8 1 a2t ¥l 798RS -benzazepine hydrochloride hemihydrate is isolated with
an achiral purity of abbut@89erobwiiestes, thesone mribetimantste phase is present in an amount of
(R)-8-chloro-I-methyd 493 ¢, 548438 H-3-benzazepine 25 hydrochloride hemihydrate is isolated
with a cTibal purity of about 99% or, greater. IPC: Water content of ethyl acetate layer <0.8%. This
stage is depicted in S fﬁg’[?cer%%c‘ﬁi é‘tﬁ’é?’el‘ﬁa@?mﬂ&&%’&ﬁ%‘?ﬁée Phits igpespat D ep g 3 ) ( ~
N H OHO H s etotRy-84Chioraghmethyl-2,3,4,5-tetrahydro-IH-benzo[d]azepinium Hemitartrate Final

Isolated Intermediate §afdt34Ked2NA00 MR p\AenDiftdefiBon provide methods for preparing (R)-8-
chloro-1-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine HCI hemihydrate of Formula (ID)wherein

the biphasic liqguid mixture is substantially emulsion-free.

15 Some embodiments of the present invention provide methods for preparing (R)-8-
chlore-1-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine HCI hemihydrate of Formula (If)wherein
the contacting step is carried out at a temperature of about 0°C to about 25°C.

Seme embodiments of the present invention provide methods for preparing (R)—S-.
chloro-1-methyl-2,3,4,5-tetrahydro-1 H-3-benzazepine HCI hemihydrate of Formula (I)wherein
2¢ the HCI in the contacting step is in the form of a gas.

In some embodiments, (R)-8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine
hydrochloride hemihydrate is isolated with an achiral purity of about 99% or greater.
In some embodiments, (R)-8-chloro-1-methyi-2,3,4,5-tetrahydro-1H-3-benzazepine
25 hydrochloride hemihydrate is isolated with a chiral purity of about 99% or greater.
IPC: Water content of ethyl acetate layer <0.8%. This stage is depicted in Synthetic
Scheme 1.5.



i) K2C0O3,1120 ii) Ethyl acetate Stage 7 iii)) HCl gas H N1' CI- 0.5H20 CIH
(R)-8-Chloro-1-methyl-2,3,4,5-tetrahydro-IH-benzo[d]azepine Hemihydrate C1 tH t 5C12N. 0.51120
Mot. Wt.: 241.16 In summary, the (R)-8-chloro-I-methyl-2,3,4,5-tetrahydro-IH-3-benzazepine
hemihydrate process involves four chemical reactions and four purification operations. In Stage 5 4,
[2-(4-chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium chloride was used to form the backbone of the
molecule resulting in a crude product containing 35-40% of the desired enantiomer,
(R)-8-chloro-I-methyl-2,3,4,5-tetrahydro-IH-3-benzazepine (free base). During Stage S and 6, the
tartaric acid resolution and successive purifica%ﬁ?f%'@rﬁmg?ﬁfﬁich involve two crystallizations of the
hemitartrate, afford a highly pure final intermediate, (8)-8¢hlong-I A€

methyl-2,3,4,5-tetrahydro-IH-benzol§ iniug; 'ﬁi%ﬁqﬁnﬁfw -8-ch|oro-|-
methyi-2,3,4,5-tetrahydro-1H-beggefo ium Hemitgdrate was corfverted t@la higher purity. The
stallizations are the critical steps

highly selective resolution using L-(+)-tartgtic acid and successive cr .
that afford high purity a@tb&:@ﬂr&ﬁhi@&@ﬂmmh%&%mﬁm?d%ﬁ%; GRZ3Z5Rine, 15 The
invention will be described in greater detail Finabiakspaadieeiamples. The following examples are
offered for illustrative purposes, and are not interffielgtA«Clifhisde invention in any manner. Those of
skill in the art will readily recognize a variety of nbi#trifiéaP4lafé@meters which can be changed or
modified to yield essentially the same reqyﬁscgg’@(é PLES Example 1: Conversion of
2-(4'-Chlorophenyl)ethannol to 2-(4'-ch|ogg[ﬁ§§1mg&y| BIQ igle. 20 OHBP +PBr1)80C,3hr. +H
PO CI(32)H20Cls 3 2-(4'-Ch|orophg;wj:)g§@gol Phosphorus Tribromide 2-(4'-Chlorophenyl)ethyl

bromide
H
N\"' ClI~ 0.5H,0
Cl H

(R)-8-Chloro-1-methyl-2,3,4,5-tetrahydro-1 H-benzo[dJazepine Hemihydrate
C1iHi5CLN. 0.5H,0
Mol. Wt.: 241.16

fry,

In summary, the (R)—S«chloro—l-methy1-2,3,4,5-’tetrahydro-1H—3—benzazepine
hemihydrate process involves four chemical reactions and four purification operations. In Stage
5 4, [2-(4-chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium chloride was used to form the
backbone of the molecule resulting in 2 crude product containing 35-40% of the desired
enantiomer, (R)-8-chloro-1-methyl-2,3,4,5 ~tetrahydro-1H-3-benzazepine (free base). During
Stage 5 and 6, the tartaric acid resolution and successive purification operations, which involve
two crystallizations of the hemitartrate, afford a highly pure final intermediate, (R)-8-chloro-1-
10 methyl-2,3,4,5-tetrahydro-1H-benzo[d]azepinium Hemitarirate. In Stage 7, (R)-8-chloro-1-
methyl-2,3,4,5-tetrahydro-1H-benzo[d)azepinium Hemitartrate was converted to a higher purity.
The highly selective resolution using L-(+)-tartaric acid and successive erystallizations are the
critical steps that afford high purity of the {R)-8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-3-

benzazepine.
15
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 lmit the
mvention in any manner, Those of skill in the art will readily recognize a variety of noncritical
parameters which can be changed or modified to yield essentially the same results.

20
' EXAMPLES

Example 1: Conversion of 2-(4’-Chlorophenyliethanol to 2-(4’-chiorophenylethyl
Bromide.



C8H9CIO PBr3 CgH8BrCl Mol. Wt.: 156.61 Mol. Wt.: 270.69 Mol. Wt.: 219.51 Raw Materials and
Yield 5 1.00 Kg 6.39 moles 2-(4'-Chlorophenyl)ethanol (Starting Material) 0.869 Kg 3.21 moles
Phosphorous Tribromide 0.599 Kg Purified Water 1.33 Kg 6.06 moles 2-(4'-Chlorophenyl)ethyl
Bromide (Product, 94.9% yield assay corrected) 20 Volume Efficiency The volume efficiency was 1.76
L per Kg of 2-(4'-chlorophenyl)ethanol starting material or 758 g of 2-(4'-chlorophenyl)ethyl bromide
product (assay corrected) per liter. 15 Process Description To a reactor affixed with a vent to a caustic
scrubber to capture HBr gas that might evolve during the reaction was added

2-(4'-chlorophenyl)etha: ¢ F
0C. The feed pump a :
waste disposal. Tor v ide (0.869 Kg, 3.21 moles,
0.503 equiv.) while the stirred reactor contents were maintaine t,%— 0C. The resulting reaction was
highly exother\%rfﬁ 4?;14‘? éﬁﬁ%ﬁtr(ﬁ%’a b)% ’iﬁé"é&‘&@{fﬂ T e'ct’/veﬁth g]%é 3 Ofggﬁéagﬁg é‘f"?@g"’to -10C.
The feed pump anedine/vaseimsed with cyelahexanen(@019 Kg), andite wisesammare directed to
waste disposal. The resulting reaction mixture was heated to 25C (20C to 30C), and stirring was
continued at 25 this temperature for 2 hours (1 to 3 hours). After this time, the reaction mixture was
slowly heated.to 83% 475 0 85 oyer 60 minutes (45 to 75 minutes), and stirring at that temperature
was continued 1or - %ﬁlf’sa%ﬁat% 4 ﬁ%urs). A slightly turbid emulsion was formed upon heating. The
reactor réactorleéhients weré-29stelgto 228Entieprhessbgitensl (Bevamchtreniblture was analyzed
for reaction compietion (>99%nidREC paakpraind Tateastien mixture was a thick 30 but easily
stirred emulsm&ﬁg&gewer vented to a cag%g esé"WQQ?r was charged with purified water (0.514 Kg).
The receiver contents were cooled to 5-20C. The reaction mixture was_transfered from the reactor to
the receiver at’a’feBsufficieAf @6ifsto maiktafmhicersheredsaddiremidsBIRti St about 15C. The
receiver contents were warnebte @pidl0C angyfiteret:@l through a polishing filter. The reactor was
washed ygith additional purified water (0.085 Kg), and the washings were passed through the filter into

the aqueous product mixture. The phases were allowed to separate at 35-40C. The lower phase was

drained from the’ ISpeFIREeR ¥ rhe
The volume efficiency was 1.76 L per Kg of 2-(4’-chlorophenyl)ethanol starting material or 758

g of 2-(4’-chlorophenyl)ethyl bromide product (assay corrected) per liter,

15 Process Description
To a reactor affixed with a vent to a caustic scrubber to capture HBr gas that might
evalve during the reaction was added 2-(4"-chlorophenyl)ethanol (1.00 Kg, 6.39 moles, 1.00
equiv.). The reactor contents were cooled to 0°C. The feed pump and line were rinsed with
cyclohexane (0.019 Kg), and the rinses were directed to waste disposal. To the cooled solution
20 was added phosphorous ribromide (0.869 Kg, 3.21 moles, 0.503 equiv.) while the stirred
reactor contents were maintained at 0-10°C. The resulting reaction was highly exothermic and
was conirolled by the addition rate with a jacket temperature of -5°C 1o -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 fo 25°C (20°C to 30°C), and stirring was continued at
25 this temperature for 2 hours (1 to 3 hours). Afier this time, the reaction mixiure was slowly
heated to 80°C (75 to §5°C) over 60 minutes (45 to 75 minutes), and stirring at that temperature
was continued for 3 hours (2 to 4 hours). A slightly turbid emulsion was formed upon heating,
The reactor reactor contents were ¢ooled to 22°C and then a sample of the reaction mixture was
analyzed for reaction completion (>99% by HPLC peak area). The reaction mixture was a thick
30 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 reaction 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 35-40°C and filtered



lower phase weighed about 1.39 Kg and was about 96% pure 2-(4'-chlorophenyl)ethyl bromide, 5
which was therefore obtained in about 94.9% vyield (assay corrected). Example 2: Conversion of
2-(4'-Chlorophenyl)ethyl Bromide to [2-(4-Chloro-phenyl)- ethyll-(2-ehloro-propyl)-ammonium chloride.
Reaction 1 1) 100C, 1.5 hr. 2) Extraction into tolu&he OH Br OH 3) Drying by azeotropic H1 OH G +2
~NH2 distillation ~0 v\ + VNHa CI CI' 2-(4'-Chlorophenyl)- C3HIONO ethyl bromide Moi. Wt : 75.11
(Unisolated) C8H8BrC1 C11H16CINO Moi. Wt.: 219.51 Mol. Wt.: 213.70 Reaction 2 H OH 1)
Toluene, DMA cat., NI-I~ + 0 65C, 2.5 hr. CI NH2 Cl + SO24 + HC Ci'S Ci 2) Filter product and ClI
wash with tolugmeugh RpdliystadlifiecfrofikGtaCi2 OB iweprapwiibiddtentUnisblet e V@00t K £18.97

e
.8 moles 1-Amino-2-propanol 1. es 2-(4'-Chlorophen romide (Star

Material, 15 ngfgeoﬂlggg%%gﬁgggg*y té%%g-%é"ﬁ‘é PRESK Y L(I{I}I Fé%‘?\%/ﬁ%/‘étr%%rlggafsgﬁr‘%oles
N,N-Dimethyldesterphdes(@aehrdanso Ky K gond viesapoib AGYorietidé20osap kg bsvd pasmside, -

5 which was therefore obtained in about 94.9% vield (assay corrected).

Example 2: Conversion of 2-(4°-Chlorophenylethyl Bromide to [2-(4-Chloro-phenyl)-

ethyll-{2-chloro-propyll-ammonium chioride.
Reaction 1 1} 100°C, 1.5 hr.
2) Extraction into foluene

OH
Br CH 3) Drying by azeotrapic H OH
N @
/@/\, +2 A _NH,  gistiliation /g\’ N AN
Ct .
Cl

2-(4-Chiorophenyl)- CsHgNO
ethyl bromide Mol. Wi.: 75.11 (Unisolated)
CgHsBrCi Cq4H1gCING
Maol, Wtz 218.51 Mol Wt 243.70
Reaction 2
M OH 1) Toluene, DMA cat.,
N Q 65°C, 2.5 hr. 2 -
+ & a0 NH,ClT + SOz4 + HC
Cl” gl 2) Filter product and Cl
Cl wash with toluene
3) Recrystallize from Ci
. C1,08 isopropanoliwater
((:Uﬂ;_'smgtiicg Mol Wt 118.87 Cq1H15C1N
Mol. Wi 213.70 Mol. Wt.: 268.81
10 -
Raw Materials and Yield
1.71 Kg 22.8 moles 1-Amino-2-propanol
1.00Kg 4.56 moles 2-(4’-Chlorophenyl)ethyl Bromide (Starting Material,
i3 not corrected for assay)
840 Kg Toluene
1.16 Kg Purified Water
0.118Kg 1.37 moles M N-Dimethylacetamide (DMA)
0.690Kg 5.80 moles Thiony! chloride
20 331Kg Isopropanol
0.865Xg 3.22 moles [2-(4-Chloro-phenyl}-ethyl]-(2-chloro-propylj-ammonium
chioride '
{Product, not corrected for assay)
T0.7% yield

25 Velume Efficiency



0.865 Kg 3.22 moles [2-(4-Chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium chloride (Product, not
corrected for assay) 70.7% yield 25 Volume Efficiency 22 The volume efficiency was 6.5 L per Kg of
2-(4'-chlorophenyl)ethyl bromide starting material (not corrected for assay) or 133 g of
[2-(4-Chloro-phenyl)-ethyl]-(2-chloro-propyl)- amm#onium chloride product (not corrected for assay) per
liter. 5 Process Description Reaction 1: Conversion of 2-(4'-Chlorophenyl)ethyl Bromide to
1-[2-(4-Chloro-phenyl)- ethylamino]-p rop an-2-ol. To a reactor was charged 1-amino-2-propanol (1.71
Kg, 22.8 moles, 5.00 equiv.). The reactor contents were heated to 85-90C. The feed pump and line
were rinsed with toluétte e kfikghcarrciife’ dnse Wastiréttetivommiasd)dikpdsamifio thdingactor

was added 2-(fhebarepiiepdetiid amided 180G Ko AR Mele il ety (ARhLRELeripd)or assay)
over 45 minutes while th% stir{Eed r%ﬁ Iqoc%ontengs ere maintailil?d at < 100C. The feed pump and

ct
line were rins&d" Wﬂ’ﬁ“’%’&ﬁelr?g 658 at) ancciofﬁeecr?ﬁsg%a&\% firected to waste disposal. The reaction

mixture was stirred at 85-100C for 90 minutes and then cooled to 50C. A sample of the 15 reaction
mixture Was reprovas teseipiggaction completion (> 98%) by HPLC. Purified water was added (1.0

Kg) while the sfjrred reactor contents were, majntaine -{ 3% lle the, sfirred reactor contents
continued to bsgﬁnag%ﬁt}fa?ﬁé%p at %%375?: tofluene %vaghéegﬁqég%é Kﬁé %ﬁ?nq;l?gzv?vas main mgéi%t that
temperature foPtbH TR ARANH -stopped to allow the layers to separate for 15 minutes. The lower

aqueous layer at 70-7T5G: veastelr simochagedaxtratted yibip201 4 diti 8lra ktobuesies Sitheequisingd . 6-Kg

portion or two Q.25 K0 RRIIORE,EHE U5 es.obiuane Al a) wasiremyed itom.aesAmbIResy
organic phases by vacuum distillation at 40-60C and 8%—1500 mbar. The dlSélll%ff[l()_L?g[eSIdue'S water

content Was verfed IR 51T SRR S EHEAR O S B5 RRog 1 558 TSt Cifer ne was charged to
the product mighieesrhrytivshyabrammdedib il orfia solsatin(@ dqwtil thiecitart Bisthessanbdysidtivas <

0.15%. 25 ReagfiRed whMNHRS Stk @fehed: dhliaraR R agiby A NRkEroRR L dh iRl 2edHine
ChIoro-phenyl)-ethyl]-(z-chI ro-proplé)-%lr%@oni r%chloride. To the séirred reac%&ogr c pﬁﬂs at 42C was
adlded N,N-cimE RCEIAHA HSIACSULES) RY B o a R Y8R dneerly LIREAE s Ko).
The reactor ventixwrs vontiirtddtésal O iustiorsmitiradtbaaprale o S uh dhosidecd i HCI gases
evolved RINNg-thesHPSRAE Mas removed to verify reaction completion (> 98%) by HPLC. Purified 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 te allow the layers
to separate for 15 minutes, The lower aqueous layer at 70-75°C was drained and extracted with
20 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%. If not, then more toluene was charged to the product mixture, and the vacuum
distillation was continued until the Karl Fischer analysis was < 0.15%.
25
Reaction 2: Conversion of 1-{2-(4-Chlore-phenyl)-ethylamino]-propan-2-of te [2-(4-
Chiorg-phenyl)y-ethyi}-(2-chloro-propyly-ammonium chloride,
To the stirved 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
30 caustic scrubber to capture the sulfur dioxide and HC 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
35 volume peaked at this point at 6.5 L. The thick reaction slurry was stirved 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



steps. The reactor contents were heated to 55C and then charged with thionyl chloride (0.690 Kag,
5.80 moles, 1.273 equiv.) at a rate sufficiently slow to maintain the stirred reactor contents at 50-60C.
During the addition, a suspension was formed and progressively thickened but remained stirrable.
The feed line was rinsed into the reactor with tolughe (1.0 Kg). Process 35 volume peaked at this point
at 6.5 L. The thick reaction slurry was stirred at 60-65C for 2-3 hours and then cooled to 17C. A
sample of the reaction mixture was obtained to determine reaction completion by HPLC. (Conversion
was typically >99% by HPLC peak area.) The 23 suspension was filtered. The reactor and the filtered
solid product iesecpsimshwesitarediu Ehersriiny. tih Bliasdisirie prodnsioradevssliel prit tahwes
Leslurged infa @i dﬂi@ﬂiﬂﬁ@@&oﬁhéﬁ&%ﬁaﬁﬁaﬁﬁﬁ%&m i éra@%n}%ﬁﬁé??%ﬁw was
eated to refi @iofﬁ or 0.5:1.0 I esylting ¢ rown solution was c 12C over
1.5 hours andugfirrin %%‘*a%“é‘%ﬁﬁ%%ﬁ%ﬁ??&%ég‘% *gfr‘é‘“‘ c?}ruarﬁlo‘fﬁagrg i?%%&ourr%."f(hégr"g aﬁr‘fﬁrslurry
was further co?ﬂ%‘(]]'(ﬁi% JhEresy g Feuhucs srltionses Atplad tpaikarem drattrenfbptiriother 1.5
hours. THe predsicomiasddatatedtimacditarobaiaenisiugaaid CTihedaasionandihe snelsakeere

washed with i | i ggg]ﬂ% V&, total). The off- r}i e to light heige wet
product was dﬁggfgﬁgg? \_}yélgggérén%ragé 70C anda(séjgh é%%%i%ﬁ%ﬁ?@%mld%? Tﬁflfg?cﬁllgr%o'%' JEE&
pheny!)-ethyl| RS IR B an iR A AR et A S (Fbermrpiad yhewsrsks e frrshed
telescoped procdssapa@ebs Ky(2Dprtionotupdrr feted. fdrBis satyl). VidkatitnkifRe dgtions & arel 2
After the aquegisaRhass &R ReacHiRbulescextag Rra,secend: iineyiadeiionalia soluene (1.60
Kg) at 710575 C teolu1 féﬁ,{%%i?.c was diﬁéi\:led off the g‘?ﬂ}]@méd orgar;ir%é)hases at 40-600C and
80-100 fibar. MSkE20s Re (1 B0 REY (WAL AEEE t8 s iLamadish veloaerhearoe e RiertcBhtent
of the resultingh8nRfsARRBBroRTifiad16-BeSIeLB04 By ncarorisvhe famadysls. If the water content were
x.15%, then distillative removal of toluene (1.8 kg) and addition of fresh toluene (1.8 kg) would be

repeated Unti'ﬁﬁ?ﬁsﬁ?ﬁ&%‘i‘kﬁ%ﬁ%}i@? gn}%/gs then executed 20 without adding any more toluene. After
reaction conversion had been determined to be >99% by HPLC peak area, the reaction mixture was

cooled to 0-5 C. 2-PropShBIqI0eKg Pitas fverR eastien Sumrrafmsteiawrpendtiaa i edsisiondd reactor
contentdat 0-5DeMRE a0l Hitipa R3S iitifiallyeendhBidi ioabutsvwithin hmerimbnsd waaiopiaktbiany!

chloride becang gtiengly @XesHesAC ke WK hbes " ing.mi ined at Q-5.C for an
additional 1.5-2.5 25 hours to %?yelet&ﬁé?éj%ct%ecegftggﬁ %ﬁdggég%@#ﬁﬂgég‘gg%%%%ﬁgﬁw% é?oride.

ERTES BHFPTE PERAEH SRS bl RO b washed

The solid pro et vas ther iSO RSB
thoroughly witH theeeEooKRgupHiiers. b} Yol -gistifatiol rihevalagheiqorod R kil wdistivacaum

dried at 80-85ffasanél 2R baNKY RN Golkies Sia1 beiged 2 s chlateRhe i itz cuted

20 without adding any more toluene. After reaction conversion had been determined to be >99%
by HPLC peak area, the reaction mixture was cooled to 0-5 °C. 2-Propanol (1.06 kg) was then
added sufficiently slowly to maintain the stirred reactor contents at 0-5 °C. The addition was
initially endothermic, but within two minutes, reaction of thiony! chloride became strongly
exothermic (191 Wrkg). The resulting mixture was stirred at 0-5 °C for an additional 1.5-2.5

25 hours to complete product precipitation and quenching of excess thiony! 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
vacuum dried at 80-85 °C and 30 mbar to provide colorless to beige [2-(4-chloro-phenyl)-ethyl]-
(2-chioro-propyl)-ammonium chloride (0.916 kg, 74.9% vield from 2-(47-chiorophenyllethyl

30 bromide uncorrected for assay).

Example 3: Conversion of [2-(4-Chlero-phenyl)-ethyl]-(2-chlore-propylj-ammoninm
chloride to 8-Chlero-1-methyi-2,3,4,5-tetrahydro-1H-benzo [diazepinium Hemitartrate.



(2-chloro-propyl)-ammonium chloride (0.916 kg, 74.9% yield from 2-(4'-chlorophenyl)ethyl 30 bromide
uncorrected for assay). Example 3: Conversion of
[2-(4-Chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium chloride to
8-Chloro-I-methyl-2,3,4,5-tetrahydro-IH-benzo[d]&Zepinium Hemitartrate. 24 1) AICI3,
1,2-Dichlorobenzene, 128C, 16 hr. (D [ 2) HZO, Si02 C'~,\ 6NHZ CBO 3) Ag. NaOH, Cyclohexane
NH CI 'f'ClI C11H16C13N (1:1 Racemic mixture) Mol. Wt.: 268.61 C11H14CIN Mot. Wt.: 195.69 1)
Acetone, 50C 2) L-(+)-Tartaric acid, H20, 50C 0 OH H\ 3) Acetone, 500C, then 0-50C I\ N+H -O 11)
O N. H CI 4) Recrystallization from Cl H OMW®G.dekieichisrebeatore Hemitartrate C26H34CI2N206 Mal.
Wt.: 541.46 Raw Materigls and Yield 1.0, %@*}fmol

[2-(4-Ch|oro-pheny|)-et2 ch@rogpm@gl ﬂg@ﬁr&ga@hg,tgpglde 5 (Star' Aaterial) 0.745 Kg 5.58
mol Aluminum Chlagide %04 Mmet-36%-NaOH-Setution=0, 1 ol ' '

0.160 Kg Silica Gel 60, 63-2 10 5.63 Kg Purified Water 2.89 kg obepzene 1.10 Kg
Cyclohexane 5.49 Kg Acetone
CyH4gClgN . {1:1 Racemic mixture)
iol, Wt.: 268.61 Cq1H44CIN

Mol Wi.: 195.69

1) Acetone, 50°C

2} L-(+)-Tartaric acid, H,0, 50°C o OH H. /[
3) Acetone, 50°C, then 0-5°C N,QH _O)WO-H,N
4) Recrystaliization from cl “H OH O o

agueous acetone

Hemitartrate
VTR
Raw Materials and Yield
1.00Kg 3.72 mol [2-(4-Chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium
chloride )
5 {Starting Material)
0.745 Kg 5.58 mol Aluminum Chloride
4.04Kg 30.3 mol 30% NaOH Solution
0.122 Kg 0.815 mol 1.- Tartaric Acid
0.160 Kg Silica Gel 60, 63-200 um
10 5.63Kg Purified Water
288Kz 1,2-Dichlorobenzene
1.10Kg Cyclohexane
540Kg Acetone
0.80 g 8-Chiloro-1-methyl-2,3,4,5-tetrabiydro-1H-benzoldjazepinium
15 Hemitartrate Seed Crystals
0.273Kg 0.504 mol’ 8-Chloro-1-methyl-2,3,4,5-tetrahydro-1 H-benzo[dJazepinium

Hemitartrate (Product, assay corrected)
27.1% vield®
! Based on the 8-Chloro- [-methyl-2,3,4,5-tetrahydro-1H-benzo{d]Jazepinium Hemitartrate
20 molecular formula that incorporates two 8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-3-
benzazepine ammonium cations and that has molecular weight 541 .46,
? Based on one mole of [2-(4-Chloro-phenyl)-ethyl]-(2-chloro-propyl}-ammonium chloride
starting material (m.w. 268.61) being able to produce a theoretical maximum of one-half mole
of 8-Chloro-1-methyl-2,3,4,5-tetrahydro-1H-benzofd]azepinium Hemitartrate product of mol.
25 wt. 541.46.



0.80 g 8-Chloro-I-methyl-2,3,4,5-tetrahydro-IH-benzo[d]azepinium 15 Hemitart:ate Seed Crystals
0.273 Kg 0.504 mol' 8-Chloro-I-methyl-2,3,4,5-tetrahydro-IH-benzo[d]azepinium Hemitartrate (Product,
assay corrected) 27,1 % yield2 Based on the
8-Chloro-I-methyl-2,3,4,5-tetrahydro-IH-benzo[d]a@epinium Hemitartrate 20 molecular formula that
incorporates two 8-chloro-lI-methyl-2,3,4,5-tetrahydro-1H-3- benzazepine ammonium cations and that
has molecular weight 541.46. 2 Based on one mole of '
[2-(4-Chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium chloride starting material (m.w. 268.61) being
able to produce a theoretical maximum of one-half mole of
8-ChIoro-I-metggiEg,@,éfﬁ-gﬁgahydro-IH-benzo[d]azepinium Hemitartrate product of mol. 25 wt. 541.46.
25 Volume Efficiency The volume efficiency was 5.68 L per Kg of
[2-(4-Ch|oro-pheny|)-§i‘fﬁ/ﬂ9k‘é‘3ﬁﬁ6f?8‘-e’b‘f%Wﬁ-%mo?ﬁﬁ%eﬁl%%ﬂﬂﬁrﬁr@?ﬁ&%?%ﬂén@‘f%%cted for
assay) or 46.7rgopB-whioroitntcidetivy| sPaBideStetnigl Yoobstrbenizioid szepini 67 e Raittate product
(corrected for aasay)Pek, diRkBarE S8 BESHIRILMARY 8ESION R te product (corrected for assay) per
[2-(4-ChIoro-ppgnyl)-ethyl]-(z-chIoro-propyl)-ammonium chloride to 8- 10
Chloro-l-methyf-ﬁr,'B,4,5-tetrahydro-|H-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-chinwgr4abenybrigibul]-(2-chloro-propyl)-ammonium chloride (1.00 Kg, 3.72 mol, 1.00
equiv.), alumi lorid \k(/ﬂ £ 558 mol 1. jv.), and 1 2-dichlorobenzene (2.88 Kg). The
stirred 15 rea(r:lt%@ggﬁigétg% e@e elg%hdggefgi\giég%%g%gig f?FPﬁﬁEWl SPCoRtnue ‘%?ﬁ‘astette”r%ﬁerature
for 14-18 houfiRTsd-Pethy kb ASsE AT Ssidihenazeeringned. After reaction completion (< 1.0%
starting material by HRi £xgpeak eqeppiibditesretterifiegithensiivesd reasiancenianis wer@ogaoled to
30-35C. To a %@a@eaq(fses&gﬁy&%%g&q,@n@wygﬁ?éy&%&%@9&%@8&%@@%@%&! d:9.L) and
silica gel (0.160 K%E The Friedel Crafts reaction mixture was transferred from the 20 Rrst?( actor to the
second reactof &) |gé%awpém?ﬁﬁfﬁ‘ﬁwoﬁﬂ‘?éb@orﬁ&ﬁt@d?’ﬂlrel QR eaw- berletpu< 60C. After
the transfer is dupnsiet8d ez &:48sted. &l driexeoutd R withburbbenyeheld. peEe)l. Thessitied gel was
filtered @B a Mmediwndantoar serdliRhelpment abbe 60 sanfhthasliirrad ePlds WRIRSUhseayently
o o B k) e Pl 0 s SRS FERLI Ssples L
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 Xg). The Friedel Crafts reaction mixture was transferred from the

20 first reactor to the second 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 to 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 filirates were cooled to 20-25°C with vigorous

23 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.

30 ‘The lower layer was drained and saved (Layer A). This light colored phase (2.64 Kg, 2.00 L,
pH 2-3) contains ~ 90% 8-chloro-1-methyl-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-chloro-1-methyl-2,3,4,5-
tetrahydro-1H-benzazepine and remained in the reactor for back-exiraction. The reactor was
charged with cyciohexane (1.10 Kg) and then 30% aqueous NaQH (2.44 Kg, 18.3 mol, 4.91

35 equiv.). The resulting mixture (5.60 L) was stirred vigorously for 30 minutes at room
temperature. The stirring was stopped, and the phases were allowed to separate for 25-40

mimutes. If the pH of the lower (aqueous) phase was =13, it was drained to waste disposal.



25 agitation. Then the stirring was stopped, and the phases were allowed to separate at 20-25C.
(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. Apout 1% of the product was lost to this layer. The
remaining two phases were allowed to stand without agitation for another 2-4 hours. 30 The lower
layer was drained and saved (Layer A). This light colored phase (2.64 Kg, 2.00 L, pH 2-3) contains -
90% 8-chloro-I-methyl-2,3,4,5-tetrahydro-IH-benzazepine. The upper layer (2.24 Kg of a turbid water
pha;]se at pH Of’imb ; iNgord A% %}G&Qé%hm@%{&-z?d&é;Qg&%@@%ﬁ&eﬁ%%ﬂ%ﬁﬁgﬁeﬁﬁ%@é@ﬁ?ai%g
in the reactor fgr back-extraction. The reaciorwas char th cyclohexane (1. g) and then 0
A L e R s e SR RS
vigorously for F6ShirtieSRe iEomuRReh(REsanietrase Eomrihg wesiostoppéuingddur eavhd fesyerdid
allowed to sepatatecfotor Sraklinmmiduies plirthedpihef she fonvereBse oUBLRNASeNER Y31 ibwas.9Lained
to waste diSposalaeh QbCMISRVIOIERTAGMNEAMINARH tasAddRd AR RN e
repeated. At pH 14, the agueous phase contains < 0.1%
8-chloro-I-metHyt¥%% B ths HpRFn PARSEREA e direr 8 Wrasestrmed i rgterpger tterjarde) phase
from the reactorawas craticrésiversch ddedcstd ¥ ayesoB) NFDHE (Ra0REWAD iRsesl 28I tpauvfiadsvatenand

followed by a syitable QkIRGIE-SAVEBIIEERIONS Rotgsianal salis, The A?g@!&{ﬁksgﬁ-a%%{gdheggsduct
phase (the middle o%the %r{%mal three phases, Layer A) and the upper phase or&%mc,xtayer B) were
returned to the tEAABT TS TEFRRAE P Vra deid? Btk ts el ReRETuSIu) 6 otrs Naiad 1| ¥B'Rg, 12.0
mol, 3.28%quidippTin réadhemmsniergsivkrbastnathinie ously riacOr5vhe added heristed inataw 540
discontinued arg)tierphasss: vt AllowesicanARIRI eI 3538 Fiias T elQUEHAgKEoUS) layer

was drained to waste 10 disppsal. .To the u r (organic) phase remaining in the reactor was added
purified water (1%%852 e.éj T%‘gcpréeiggp&secso% l(;:'J::r)l s?/v_/sézég tirred ﬁ&b?éh%@é‘t"gble%&%?’&sTh%l?Pg‘?"The
stirring was di Hi? g iEiTdde o disarsnle FMbhserarite slGotBaEBYEE ¢fFPHTrS. The
lower (agueousiayefrwasdigipeddeurstedispasaimivih byreadien BakatiemperaiiekRB0C,
solvert am g yPResIUIANG K WAPAEM BRI NAGHIT SiStlAlon aLPsSURe iaigg 15 at

115-152 torr and falling to 40 torn. The crude product, 8-chloro-I-methyl-2,: t l’ahy(froa-
IH-benzazepind SETHAHRE AL e T5S Btaltitr He Begardy BBt S0P s listilaingsienide-Resolution
of 8-Chloro-I-methyl-2,3,4,5-tetrahydro-rn-benzazepine to 8-Chloro-I-metbyl-

2,3,4, 5‘tetrahm@dﬁtmmmﬂmthﬁmlﬁgmr Zﬂ’lﬁﬂﬁﬂgﬂlmﬁﬁ%‘ g&j §—&(ﬁqg-1~methyl-
8-ch|oro-|-met%—§,§_%tSAtl?t%lahylcﬁgslH-b ({LZ&IZQ%{H%%? the free base) was dissolved in acetorie
(0.400 Kg). The rééuﬁm‘é Softifion whs draméaPany f&HEW%Say the

8-chlorotlmethyl-2,3 315 distdlatigroasidpeterage pirdcoritormtihyl-BIPBG- tetrahydro-1 H-benzazepine as

the free base) was dissolved in acetone (0.400 Kg). The resulting solution was drained and
weighed to assay the 8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-benzazepine content by HP1.C.

Resuits of the assay were used to calculate charges of acetons, L-tartaric acid, and water. The

quantities indicated below are typical for achievement of the target 8-chloro-1-methyl-2,3.4,5-

25 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 reactor and the
stirred reactor contents were heated to 47-52°C. To the resulting solution was added a solution
of L-tartaric acid (0.1223 Kg, 0.815 mol, 0.219 equiv.) in purified water (0.21} Kg) at a steady
rate over 5-15 minutes. A thin suspension formed during the addition but then redissolved when

30 the mixture temperature was reestablished at 50°C. Hemitartrate seed crystals (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.

35 The resulting white precipitate was collected on a medium to fine filter element and then washed
with a mixture of acetone (0.900 Kg) and purified water (0.054 Kg). The enantiomeric excess
{ec) of the wet cake was determined.



Results of the assay were used to calculate charges of acetone, L-tartaric acid, and water. The
guantities indicated below are typical for achievement of the target 8-chloro-1-methyl-2,3,4,5 25
tetrahydro-IR-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 Kgywas added to the reactor and the stirred reactor
contents were heated to 47-52C. To the resulting solution was added a solution 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 30 the mixture temperature was

reestablished at 50C .IFigetanisate meedierysindskdwa ginvare-cddrehie therbRtesalutianiaachieve
cloudiness angmlm@gﬁg&q&@t@% 9@%%1%?&“%&9%%% ntclg %69 % 30@)&”‘}? Wltl}tagltatlon at

47-52C. Acetone (O 473 Kg) was added to the reactor wh |rre reac or contents were
maintained at S5 fEENAhEFE iRt At ACT BRredhErorsier Siewravaich. 8. HLK® Sefring was
continued at 0@ifisd anttheldc:3diotvs. v86 ddideredu Thgreshitmpraicinitateshsrcallesied @sea medium to

fine filter elemm@yg‘x&eﬂm@d&mﬁm@%%L&ﬁﬁ}@@%ﬁqn%%@% angpunlied 8%&%9

Kg). The enantiomeric exce of the wet cake was determined. 27 If the ee was <9 the wet

cake was tran&fSHRE Fath Sﬁ?&‘éﬁ%@@&&&eﬁw&F&éﬁﬁ@&fﬁﬁ?ﬁm@ BrmEane ViterRgYand purified
water (0.400 K§)ARO5E=BE®5E0.5-1 hour. If dissolution had not been achieved after one hour, then

wate rh(apprOﬁimately ﬁék?@%gm Was @6@1&@ cqpa' Ikl aJa§<aHO&tg£\: wgsa@hi&a&q]}xﬁ k}sc({%ﬁxy}ﬂg 955?]36“11 re
was then coo er 2; tir cont or another ours.
The resultlng \?\1/ ite Ogr%éc f'?éct)g VIA\%}S’\{SI Iecrﬂe r?z é?hJigJ%I aﬁ?'d?on enz m%@%eéﬂ%gﬁed with
acetone! 0. 400 RiPart? 5 YTireriab RSt s/enuafﬁfm@(zyes@%a)(wa@’dm@mc@w {xder full
vacuum for 15eBBripheayTThehylpit-chBrohlespylyraethyhian difriak ahy doerd Hebgszalsiazepinium
hemitartrate, 1Q,witR about 99.7% ee and 7.5 wt. % water content, was 295 g (27.1 % based on
racemic [2-(4 chloro-phenyl)-ethyl]-(2-chloro-propyl)-ammonium chloride and corrected for product
water content). Example 4: Conversion of 8-Chloro-1-methyl-2,3,4,5-tetrahydro-IH-benzo[djazepinium
15 HemitartratExeuiRe-g:Chtorcdsine #14-ZBler s Xatrathy o3| 53 dierinaltopi BB b ban)it] yekigicind)

K2CO3,1820 AditdriePheedd GHiM-anssaion by Bl KAGa% ahyald M Q.bé;lz\.,%'pﬁ.% /™H Cl- H2C

Hemihydrate.

1) KoCOg, HpO
2) Ethyt acetate

O OH H
H o ON* 3)HCl gas H
NI O H cl - 2 "N Cr H
cl \ H  OH O ci — H

Hemitartrate ‘_Hemihydrate

YERT o W 2a 115
Raw Materials and Vield
20 1.00Kg 1.71 mol’ 8-Chloro-1-methyl-2,3,4,5-tetrahydro-1H-benzo[dlazepinium
hemitartrate (Starting Material)
0.508 Kg 3.68 mol Potassium Carbonate
540 Kg Purified Water
10.2Kg Ethyl Acetate
25 0.127Kg 3.47 mol Hydrogen Chloride Gas
133 g (R)-8-Chloro-1-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine
hemihydrate Seed Crystals
6.741 Kg 3.07 mol (R)-8-Chloro-1-methyl-2,3 4,5-tetrahydro-1H-3 -benzazepine
) hemihydrate (Product, not corrected for assay)
30 80.9% yield?

' Based on the 8-chloro-1-methyl-2,3,4,5-tetrahydro- 1 H-benzo[d]azepinium hemitartrate
molecular formula that incorporates two 8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-3-



OH O Hemitartrate Hemihydrate C26H34CI2N206 C11H15CI2N 0.5 H20 Mol. Wt.: 541.46-Mol. Wt.:
241.16 Raw Materials and Yield 20 1.00 Kg 1.71 moll
8-Chloro-I-methyl-2,3,4,5-tetrahydro-IH-benzo[d]azepinium henritartrate (Starting Material) 0.508 Kg
3.68 mol Potassium Carbonate 5.40 Kg Purified ¥ater 10.2 Kg Ethyl Acetate 25 0.127 Kg 3.47 mol
Hydrogen Chloride Gas 1.33 g (R)-8-Chloro-I-methyl-2,3,4,5-tetrahydro-1H-3-benzazepine
hemihydrate Seed Crystals 0.741 Kg 3.07 mol
(R)-8-Chloro-I-methyl-2,3,4,5-tetrahydro-IH-3-benzazepine hemihydrate (Product, not corrt_acted for
assay) 30 89.9unpharitnB amePunThra SrehiorbiatiahyioRSilhSw et fiireél Hrbe nodid Bz e pirictad
hemitartrate rrf@}a@sdﬁ,rtf@tr mellaetgﬁttmemorates two 8-chloro-1-methyl-2,3,4,5-tetrahydro-IH-3 28
benzazepine angionu. 2o ardl ihat s molecilay welght 41,46, The oles aye corrected for
assay, but the welgﬁt was not Based on one mo

8-chloro-I-metiEDtarizats. sirting arseralod ma[aTa A4 AfLbPRinsabiR detpaed usrarttheprrticel inbogfmmolofut,

541.46 béing able toipsad (R BdilenyaticatiieX B safa by Bre THA&Efazepine hemihydrate product
(R)-8-ch|oro-|-|@l§:_tpyi2,?1,.?t ,5-tetrahydro-IH-3-benzazepine hemihydrate product (m.w. 241.16).
Volume Efficiency The volume efficiency was 6.91 L per Kg of 8-chloro-I-methyl-2,3,4,5-tetrahydro-IH-
10 benzo[d]azepinium hemitartrate starting material (not corrected for assay) or 107 g of (R)-8-
chloro-1-methy4hign¢ Biftiainydro-IH-3-benzazepine hemihydrate product (not corrected for assay)

per liter. Process DesgHplioRhe cFRcfAEAGIY £6HiD s%g@%%ﬁt%q 191 213 rh”&%et%”'et
E ro- az

was ch ged IQ the Eecn‘led order, 8-chloro-|-methyl-2,3,4,5- tetra enzo nlum

hemltartrate (OISRl B e, oLRE rfaﬁ‘?}\gf"bcgﬁﬁc §iva )asfi’é’t)a%‘éw r?ate (0.508
Kg, 3.68 moledilerozemsifui 3, 3etiylarebydio- @%ﬂﬁg@ammcmmﬁaﬁ (Kgf)cokhetdduiting

assay) per lter.

Process Description

15 To areactor equipped with overhead agitation and a nitrogen inlet was charged, in the
specified order, 8-chloro-1-methyl-2,3,4,5-tetrahydro-1H-benzo[dJazepinium hemitartrate (1.00
Kg containing 7.3 wt % water, 1.71 mol, 0.500 equiv.), potassium carbonate {0.508 Kg, 3.68
moles, 1.076 equiv.), ethyl acetate (2.68 Kg), and purified water (2.68 Kg). The resulting
mixture was stirred at 20-25°C for 30-40 minutes, and then the phases were allowed to separate

20 over .5-1 hour. The Jower (aquecus) phase was drained to waste disposal. Purified water (2.68
Kg) was added to the reactor, and the resulting mixture was vigorously stirred for 10-20
minutes. The phases were allowed to separate over 1-1.5 hour. The lower {aqueous) phase was
drained to waste disposal. With the reactor contents at a temperature of 40-45°C, the solvent
was removed by vacuum distillation at pressures falling from 153 torr to 46 torr. The residue

25 was cooled to 20-25°C. Ethyl acetate (3.81 Kg) was charged to the reactor, and the distillation
residue was dissolved with stirring. The water content of the resulting solution was verified by
Karl Fischer analysis to be < 0.8 wt. %. The solution was filtered through a polishing filter.
The reactor was rinsed through the filter with ethyl acetate (2.33 Kg) previously verified by Kar}
Fischer analysis to have < 0.05 wt. % water content. Both the solution and rinse filtrates were

30 charged back into the reactor. Purified water (39.9 g) was added to the reactor. The stirred
reactor contents were cooled to 0-5°C, and then HCI gas (19.0 g, 0.521 mol, 0.153 equiv.) was
added while the stirred reactor contents were maintained at 0-5°C. (R)-8-chloro-1-methyl-
2,3,4,5-tetrahydro-1H-3-benzazepine hemihydrate seed crystals (1.33 g) were added to the
stirred reactor contents to initiate nucleation at 0-5°C. The remaining HCI gas (107.6 g, 2.95

35 mol, 0.864 equiv.) was charged to the reactor at a steady rate over at least 1.5-2 hours while the
stirred reactor contents were maintained at 0-5°C. The resulting suspension was stirred at 0-5°C

for 2 hours. The resulting white precipitate was collected on a medium to fine filter element.



mixture was stirred at 20-25C for 30-40 minutes, and then the phases were allowed to separate 20
over 0.5-1 hour. The lower (aqueous) phase was drained to waste disposal. Purified water (2.68 Kg)
was added to the reactor, and the resulting mixture was vigorously stirred for 10-20 minutes. The
phases were allowed to separate over 1-1.5 hourzg'he lower (agueous) phase was drained to waste
disposal. With the reactor contents at a temperature of 40-45C, the solvent was removed by vacuum
distillation at pressures falling from 153 torr to 46 torn. The residue 25 was cooled to 20-25C. Ethyl
acetate (3.81 Kg) was charged to the reactor, and the distillation residue was dissolved with stirring.

The water contemd iefdhe sesulting.saliutien Was mekfiadeye &Méﬁ%ﬁeétaﬁadymt e £8.8mwt. %. The
solution was fllterecdaég %Ig.ﬁ %:esdh f|Igﬁﬂlygguql%act%rggq}siggge%ml uﬁ%g f| er V\{(th ethyl

acetate (2.33 ng) preV| Ischer analy5|s to"hav 0 wa &f content. Both

the solution anH’Fﬂ’f’ééWﬂﬁ%%éé’%%@%@%ﬁﬁﬂﬁé‘&b’ﬁé@ﬁf@l’tﬁﬁﬂ%ﬁﬁt ﬁ}mréwmeﬁﬁémigwas
added to the reastot-ZThe Stisrediyéactor-Cosienispie le-edsashto 56 endihefitelgas 9.0 g,

0.521 mok, 0.1 i r react e talned at 0-5C.
(R)-8- chlc;kro |- r%ﬁéﬁ}%ﬁé %&é%ﬁg%p ﬁb;ﬂfﬁ%gsé}:ég%ﬁ%gg%%ﬁg e\% é'}[e%e([j}1 ?r?staﬁ f%&eg) were

added to the &Y }é"é?ét%}i‘tﬁ’ﬁ‘ﬁije‘ﬁtglﬁf’%ﬁ%}éloﬁéaﬁﬁﬁ 8t0-5C. The remaining HC1 gas (107.6 g,
2.95 35 mol, 0.864 equiv.) was charged to the reactor at a steady rate over at least 1.5-2 hours while

the stirred reactor cov@m&ws@me@apﬂmomT he.ressifing SUSPRRSIRRMRS.AlINgS @t 0-5C for

2 hours. The resulting w te g&t was oIIe on-a medium to fine filter element. 29 The
reactor and théRH ren% ﬁere product Wer%nw éagmf% SERI R BYIESFUPAS R lCake
(ca. 8671§) waiisndeiise fall v&*@&uﬁﬁeéﬂﬁpsefmmpﬁ@mm%r until the cake temperature had been
stable for 4 hours, whichever occured first. The resulting (R)-8-chloro-I-
methyl-2,3,4,5-tetrahydro-1H-3-benzazepine hemihydrate (3.7 wt. % water content, 14.7% 5 chloride
content, < 0.01% ROI, > 99.6% ee, > 99% HPLC purity, and < 0.1% wrong isomer content) was
obtained in a yield of about 741 g (89.9%). Various modifications of the invention, in addition to those
described herein, will be apparent to those skilled in the art from the foregoing description. Such
modifications are also 10 intended to fall within the scope of the appended claims, 30 What is
claimed is: 5 1. A method of resolving a mixture of compounds of Formula (la) and (1b): CICI I 1VH
NH



(la) (Ib) comprising: 10 contacting said mixture of compounds with L-(+)-tartaric acid in the presence
of a solvent comprising acetone to form L-(+)-tartaric acid salts of said compounds; precipitating said
L-(+)-tartaric acid salts of said compounds, wherein the resulting precipitate is enriched with the
L-(+)-tartaric acid salt of said compound of Formula (la); 15 dissolving said precipitate in a solution
comprising acetone and water at a temperature of about 45C to about 60C to form a solution
containing the dissolved precipitate; cooling said WHlution containing the dissolved precipitate to a
temperature of about -5C to about 10C; and 20 precipitating a second precipitate containing the

L-(+)-tartaric acid salt of said compound of Formula (la) with an enantiomeric excess of about 98% or
greater. What is clzimed is:

5
i A method of resolving a mixture of compounds of Formula (Ia) and (Ib):

Ci Cl g
NH \©CNH
EY) (Ib)
comprising:

10 contacting said mixture of compounds with L-(+)-tartaric acid in the presence

of a solvent comprising acetone to form L-(+)-tartaric acid salts of said compounds;
precipitating said L-(+)-tartaric acid salts of said compounds, wherein the
resulting precipitate is enriched with the L-(+)-tartaric acid salt of said compound of
Formula (Ia);

5 dissolving said precipitate in a solution comprising acetone and water at a
temperature of about 45°C to about 60°C to form a solution containing the dissolved
precipitate;

cooling said solution containing the dissolved precipitate to a temperature of
about -5°C to about 10°C; and

20 precipitating a second precipitate containing the L-(+)-tartaric acid salt of said

compound of Formula (Ia) with an enantiomeric excess of about 98% or greater.



