10

15

20

25

30

TI TLE OF THE | NVENTI ON PROCESS FOR THE SYNTHESI S OF
+) AND
W(%) 2307112'(336 4- DI CHLOROPHENYL) - 3- AZABI CYCL( 3. 1. OP¢HEKANE7/010288
BACKGROUND OF THE | NVENTI ON The present invention
relates to processes for the preparation of
(+)-1-(3,4- dichlorophenyl)-3-azabicycl o[ 3. 1. 0] hexane
or a pharmaceutically acceptable salt thereof, and
(-)-1-(3, 4-dichl orophenyl) - 3-azabi cycl o[ 3. 1. 0] hexane
or a pharmaceutically acceptable salt thereof. These

conmpounds are Knowgy bN&ﬂ5 treating e.qg.
depreSS|on anxi ety |sor ers eatln di sorders and

urinary i ncohR@ﬁEﬁ%EO({sTéﬁi SIENPHESHY ORI()B) AND372, 919,
6, 569 (8817(3aﬂn81@imBOPHBH)’L)-$h°eZWO[pn@HEXANE

disclosed in the art for the preparation of racem c,

(+)-1-(3,4- di dHOEQROENY OF TrAZRRIEYELY 3- 1 O]hexane

and (-)-1-(3,4-dichl orophenyl) - 3- azablcyclo- [ 3.
1. ThF Resgeny invertion relaten torpapegssiey Eir ghel poepasatian pHCHALB St ent

d1chl%b}%eg§l) 92{_%& ) Q)?ﬂ 9@% dg@ ?pygﬁa{ééc%ga%ﬂ? ﬁé(:fé‘l?blg %%? tﬂereof and

(-)-1- @ %@shlnmhererl)ﬁ@amgzlo[a 1 Dfex88or a@hm;;euaﬁs ly aSmptaereaalt

therecﬁ{ Tﬂ!ese 80%9%1 Ellétiig%\? %%%%s%g%or tr?t%n € gE%St o aél%'g | é’%orders,

eating @wd@ﬁartdnmnas'en@mneenpehsq U8 Preatgéost 6,372 m9c 6;569 8&%t ankl®,716,
868)the previ ously known processes, the present invention
provides effective methodol ogy for the preparation of
( Fhe general processes disclosed in the art for the preparation of racemic, (+) -1- (3 4-

dlchltgroahell Ja%a é}y%ﬁk?L%hfaln aAd é)-?@? Id?c%ﬁnlrg;lh yl’) QLza 1cyc o—

[3.1. O]hexane result n re]atwely low and 1ncons1stent yields of the desired product (see e.g., US
Patent Nos. 4,118,417, 4,131,611, 4,196,120, 4,231,935, 4,435,419, 6,372,919, 6,569,887, 6,716,
868; Sorbera, et al., Drugs Future 2005, 30, 7; and Epstein, et al,, J. Med. Chem., 1981, 24, 481).
Some of such processes rely on the use of expensive reagents. In contrast to the previously
known processes, the present invention provides effective methodology for the preparation of
(+) or (-)-1-(3,4-dichlorophenyl)-3-azabicyclo[3.1.0]hexane in relatively high yield and
enantiomeric purity. It will be appreciated that (+) and (—)—1-(3,4-dichlorophenyl)-3-
azabicyclo[3.1.0JThexane are useful therapeutic agents. As such, there is a need for the
development of processes for the preparation of (+) and (-)-1 -(3,4-dichlorophenyl)-3-
azabicyclo[3.1.0]hexane which are readily amenable to scale-up, use cost-effective and readily
available reagents, .and which are therefore capable of practical application to large scale
manufacture. Accordingly, the subject invention provides a process for the preparation of )
and (-)-1-(3,4-dichlorophenyl)-3-azabicyclof3.1.0]hexane via a very simple, short and highly
efficient synthesis.

SUMMARY OF THE INVENTION
The novel processes of this invention involves the asymmetric synthesis of (+)-1-(3,4-
dichlorophenyl)-3-azabicyclo[3.1.0Thexane and (-)-1-(3 ,A-dichlorophenyl)-3-azabicyclo-
[3.1.0]hexane. In particular, the present invention provides novel processes for the preparation

of a compound of the formula I
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enantioneric purity. It wll be appreciated that (+)
and (-)-1-(3,4-dichl orophenyl) - 3-

w@z@biizxpes o] 3. 1. 0] hexane are useful therapeuti PCHUSWT010288

As such, there is a need for the devel opnent of
processes for the preparation of (+) and
(-)-1-(3, 4-dichl orophcnyl)-3- azabicycl o[ 3. 1.0] hexane
whi ch are readily anenable to scal e-up, use
cost-effective and readily avail able reagents, and

whi ch are therefore capable of practical application

to | arge scal e manufacture. Accogdi ngly, the subject
i nvention provides a proce ur the preparation of

(+) and (-)-1-(3,4-dic or@. I - 3-azabicyclo[ 3. 1
. 0] hexane via a very shoC and hi ghly
efficient synt hesi s. RY OF THE | NVENTI ON The

novel processes of th|sN|nvent|on i nvol ves the
asymmetric synthesis ofH(+)-I-(3 4-
di chl or ophenyl ) - 3-azabi cycl o[ 3. 1. QJhexane and
(-)-1-(3, 4-di chl orophenyl ) - 3-azabi cycl o-
or a phamiac@itleakyasecptdble plitharend] ar, the present invention
[ ocesses for the preparation of a
cnam%%ﬁ%%@%%ﬂ%ﬁ% ulﬁbornula I : Custoner No. 0253150r a
pharmaceutical ly acceptable salt thereof, or a
conpound of -the formula Ib: »Fla pharmaceutical ly
acceptabl e salt thereof ED DESCRI.PTI ON OF THE
| NVENTI ON N '

N
H

or a pharmaceutically acceptable salt thereof.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a process for preparing a compound of the formula I:

<8
At
H

1
or a pharmaceutically acceptable salt thereof, comprising:

contacting 3,4-dichlorophenylacetonitrile and (S)-epichlorohydrin of the formula:
0,
* V\/CI
in the presence of a base, to give cyclopropyl compounds of the formula II:
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The present invention is directed to a process for
preparing a conmpound of the formula I : | or a
webarmemseaut i cal |y acceptable salt thereof, conpei/&E52097/010288

contacting 3, 4-dichl orophenyl acetonitrile and

(S)-epichlorohydrin of the formula: in the presence of

a base, to give cycl opropyl conpounds of the formula

I1: Custoner No. 02531511 followed by reducing the

conpounds of formula Il wth a reducing agent to give

am no al cohol conpounds of the formula H: mfoll owed

by chlorinating the nds of formula Il with a

chl ori nati ng agent [ve chloro Agnﬁbhnds of the

formula FV: 1V #RI |G by c odehnyd ation gif the

conpounds of t or g give the

conpound oHOFetr mulcN |, or a phar maceut®wga

acceptabl e salt thereof. The present inventi®n is

further directed to a process for preparing a conpound

of the fornula | : | or a pHarnaceutically acceptable
followed hy redusingdhic cogpopndsgif igrmula IT with a reducing agent to give amino alcohol

compounds of the formula III:

X,
HO NH;

followed by chlorinating the compounds of formula IIT with a chlorinating agent to give chloro

compounds of the formula IV:

S
S Cl Cl

cl NH,

10 v
followed by cyclodehydration of the compounds of the formula IV with a base to give the

compound of formula I, or a pharmaceutically acceptable salt thereof,

The present invention is further directed to a process for preparing a compound of the

g
cl

I

or a pharmaceutically acceptable salt thereof, comprising:

formula I:

Iz

15

cyclodehydration of the compound of the formula IV-1;
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cycl odehydrati on of the conmpound of the formula IV-1:
Cust oner No. 0253151V-1 wth a base to give the
wa@ooopoeTsge of forrmula |, or a pharmaceutical |y PCT/US2007/010288

acceptable salt thereof. The present invention is

further directed to a process for preparing a conpound

of the fornmula Ib: Ib or a pharnmaceutically acceptable

salt thereof, conprising: contacting

3, 4-di chl orophenyl acetonitrile and (R)-epichlorohydrin

of the formula: in the presence of a base, to give

cycl opropyl conpounds of the f a Db: pb foll owed

by reduci ng the conpounds, of | la Hbo with a

reduci ng agent to give ag\nglal cohol conpounds of the

formul a | Db: QJstorrerezzfA&{zf ¥5nbCf ol | owed by

chlorinating the comqp ds ‘efNHOrmula Hib with a

chl orinating agent to give chloro conpounds of the

formula I'Vb: Vb fol |l owed cycl odehydrati on of the
with RPN thf t he fog I IE%’lvvith a b.asie to give the

corrpoouéioi‘es o? coaRIm 8 f‘%}‘%r"%amm%m [y@ggapipble salt thereof.

adihe pteadit @xvastion i§ Arthedirected to a process for preparing a compound of the
formula Ib:

or a pharmaceutically acceptable salt thereof, comprising:

contacting 3,4-dichlorophenylacetonitrile and (R)-epichlorohydrin of the formula:

C
! O,
* D\/C'
Ci
CN .

in the presence of a base, to give cyclopropyl compounds of the formula IIb;

followed by reducing the compounds of formula IIb with a reducing agent to give amino alcohol

compounds of the formula IlTb:

HO
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The present invention is further directed to a process
for preparing a conpound of the fornmula Ib: Ib or a
w@bavmeseati cal |y acceptable salt thereof, conmpei/Bs1097/010288

cycl odehydrati on of the conmpound of the formula |Vb-2

rvb-2 with a base to give the conmpound of fornula Ib,

or a pharmaceutically acceptable salt thereof. In an

enbodi ment of the present invention the step of

contacting 3, 4-dichl orophenyl acetonitrile and

(S)-epichlorohydrin [or (R -epichlorohydrin] in the

presence of a base to give cl opropyl conpounds of

the formula Il [or lib], the base may be selected from
folloveed iy ghiohieatangehenpingowids of famulaNEbwDisp chlosnaiing iagent to give chloro

hexanet hyl di silazi de (KHVDS)5 |ithium
°°mpﬂ%§§§§%ﬁ§FEP%ﬁk§zide (Li HVDS) 5pot assi um t - but oxi de,

pot assi um t - pent oxi de, potassium anylate, |ithium

di i sopropyl am de (LBA._-€l t hi um tetranethyl pi peri di de

(Li TMP) 5 sec- Qst No. 025315biifyfT N or
tert-butyllithirh A8 hi s [ base is

selected fro 50¢iu“1hexg thyl disilaz ( NaHVDS)
potassiunﬂﬂexanet y Besil azi de ( KHVDS) ~&nd d
hexanet hyl di sil azi de (Li HVDS). Further within this
enbodi nent, the base is sogygm hexanet hyl di si |l azi de
(NaHMDS) . Sol vents for conducting the step of .

followeskhysoeloAdhydrationiofdhs epmmenedsyaf éi‘éfég’é?ﬂl% M withyg ppse to give the

comp(m?ﬁd' &ﬂ%ﬁﬂlfﬁ?&ypﬂﬂaﬂn&eﬁticﬁl@ ARt Qe n] in the
presence or a base to .
The present invention is further directed to a process for preparing a compound of the

formula Ib:

Ib
or a pharmaceutically acceptable salt thereof, comprising:

cyclodehydration of the compound of the formula IVb-2

Vb2
with a base to give the compound of formula Ib, or a pharmaceutically acceptable salt thereof.

In an embodiment of the present invention the step of contacting 3,4-dichloro-
phenylacetonitrile and (S)-epichlorohydrin [or (R)-epichlorohydrin] in the presence of a base to
give cyclopropyl compounds of the formula II [or IIb], the base may be selected from sodium
hexamethyldiéilazide (NaHMDS), potassium hexamethyldisilazide (KHMDS), lithium
hexamethyldisilazide (LiHMDS), potassium t-butoxide, potassium t-pentoxide, potassium
amylate, lithium diisopropylamide (LDA), lithium tetramethylpiperidide (LiTMP), sec-
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gi ve cycl opropyl conmpounds of the fornmula Il [or Iib]
conprise an organic solvent. Wthin this enbodi nent,

wo b@7oe7396i ¢ sol vent conprises tol uene, tetrahpdr/ofzoano2ss
(THF), diethyl ether, diglyne, dinethoxyethane (DVE)
or nethyl t-butyl ether. Further within this
enbodi nent, the organic solvent is tetrahydrofuran
The step of contacting 3, 4-di chl orophenyl -acetonitrile
and (S)-eéepichlorohydrin [or (S)-epichlorohydrinjin the
presence of a base to give cycl opropyl conmpounds of

butyumn&mf Sty lihilar wlum thissen{bwinfeat ke Ha8d & is@ebt@lfor@ bodum
erature ran et ween about -30 and about

hexan@@ digilapide (N@HM&SW@@?%bexam@yw&%@ﬂ%QWDﬁéW&élq’@m
hexanle 1§1Q91'ae QBPIMDQ Qferthdr Wnthnl%ls%gﬂlﬁuehh H§ bﬁé@l?%d‘f(ﬁﬁ‘t

enper ture range 1 s bet ween about and about
hexameﬂly@tisﬂame AaltMBSYi Padvantsdpr qonauqsing sherptepi Oﬁ O@HWI% 3 fflichloro-

phenyfac%t?m?nl? ﬁ&:{j&ﬁ gluhlgioh%}ﬁ)e[glo@ %Hllaﬁil%ro(ﬁgdl;lﬂ rm'lll]L: gre'séch 8f a base to

cin o glve
give cgcdopopyl dsmpéuridb ef the fthla 11 ot IpJosomiplsd an erbanie sedivent. AYithin this
o 5 B B R B M e
diglyrbe il it hls d yelaadoeo(DMIE ), oxfrhe:th)yllt-dbetybethm é?uﬂheranthm thlS embodlment the

TS TR NS -
(S)-epRéHdsreh R or (Sbl-epll‘:lﬂdﬂdhydﬂg]lﬁg&rjiresleﬁcebﬁa aae tolgive typjdpropyl

ICTEEL LT TR ST TS e

aboutr-@(ﬂwal albgutcme'@t vltfﬁlg tmﬁnﬂmdﬁﬁbna,lthm@ﬁberﬁmr‘mﬁmdsleﬁ tharhabout 0

. onpri se an or. nlc S o

C. Fifhet i i SRR b A SRR i gaee > By R b P et 5 °C.

In an El‘ﬁbd}kﬁl‘ﬂ@ﬂt of e pRbEAlIi A eHfiGH thé Stk df redthcﬁiﬁt)ﬂthﬁ&toh@bunds of formula II
yne, d|methoxyethaneEéDi\/ﬁ?ﬁ9 ?

for TR A e REER B AT oo &Pﬁ%ﬁ ﬁﬁéowgﬂa‘ﬁ [gr I1Ib], the

reducing agent may be selected from borane dimethyl sulfide complex, borane tetrahydrofuran

complex, sodium borohydride-borontrifluoride etherate, a dialkylborane, 9-
borabicyclo[3.3.1]nonane (9-BBN), and lithium alumium hydride (LAH). Further within this
embodiment, the reducing agent is borane dimethyl sulfide complex. Solvents for conducting the
step of reducing of the compounds of formula II with a reducing agent to give amino alcohol
compounds of the formula III [or ITIb] comprise an organic solvent. Within this embodiment, the
organic solvent comprises toluene, tetrahydrofuran (THF), diethyl ether, diglyme,
dimethoxyethane (DME), or methyl t-butyl ether. Further within this embodiment, the organic
solvent is tetrahydrofuran. The step of reducing of the compounds of formula II [or IIb] with a
reducing agent to give amino alcohol compounds of the formula II [or IIb] is typically carried
out at a temperature range of between about -30 and about 25 °C. Within this embodiment, the
temperature range is less than about 0 °C. Further within this embodiment, the temperature range
is between about -20 and about -5 °C.

In an embodiment of the present invention the step of chlorinating the compounds of
formula III [or ITIb] with a chlorinating agent to give chloro compounds of the formula IV{or
IVb), the chlorinating agent may be selected from thionyl chloride, SO,Cl,, and Ph3P/CCls.
Further within this embodiment, the chlorinating agent is thionyl chloride. Solvents for

conducting the step of chlorinating the compounds of formula III [or ITIb] with a chlorinating
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solvent is tetrahydrofuran. The step of reducing of
the conpounds of formula Il [or |ib] wth a reducing
w@o@nti213e6 gi ve am no al cohol conpounds of the PCT/IB1087/010288

[1l [or IHb] is typically carried out at a tenperature

range of between about -30 and about 25 0C. Wthin

this enbodi nent, the tenperature range is |ess than

about 0 OC. Further within this enbodi ment, the

tenperature range i s between about -20 and about -5

0OC. In an enbodi nent of the present invention the step
agent 8 %1$J’<1h%'rb BéthpRad¢ HansRERAN VM for@(bT Mﬂ'ﬂﬂs@arﬂ)rgﬁrﬁé sdl\ltélﬂ] Within

a chlorinating agent to give chloro co
this emmhmmtrrm erganp mlvqr%qmprtwﬁem@ﬁme@ fqtrﬁ%xqr%f@raaé Hﬁ%kﬂth@r

dlglyli‘i_ee hﬁ'ﬁéélfo %‘étﬁﬁm bk‘/ﬂﬁ mbgfyl Eler, gf@@c@tate qg@r@ﬂ?ﬁfa@ﬁg or N-

od nment,  the chl orinating, agent
methyll pyrtdiidonoyé. Burther wiflein tla;wrv@dtrsem,dhe QIERIE BT gR CAMREISEY ep

tetrah%&?@%noﬁlm%ﬁ’xtokﬂeql%a&)g gncféj@?&%gc%ﬁgg 'Ig'l%r ?flo?c}lﬂ'!)mﬂa@iﬁg inelRbmpounds

Sagent to give
of formhladH @ordﬁhmmmajshlmﬁnaumg ageot tmgivg ciiidrg @nmndubc}s qf@tmfgméa IV [or

Wb]lsg?re’xg amggeld \%L e\{!tuljg zﬂ'\gg pf l?‘etx%@l%g%) B 40 °C Within

r1ses uene
this exﬁlﬂ'dﬁx)lentduhetdn}ﬁeramrh eange Wilggh hae abaoiic HEE BWEI W@h@ t(nm))qdlment
ét her, ethyl acetate, isopropyl acetate

theteglperﬂgféeclﬁﬁ?c’“% rol i di none. Further within this
e lbaénbdiment bEthe pgadit inveiov e steparfpydledebydration of the compounds

S, BN g R e e
selectb@froml sﬁclllhllrﬂ hyli@kide) IidﬁdssMnintHydlaxﬂb,l potissiamibigrtagantsodiom
bxcartioéaéq%c}gﬂtqsg}{nglé;g% :gg,gg lulgtca ox@aée];‘%&gf gfzélxé]x %%éé/bﬂ)bﬁ or other
amindBAs¥E G B thi P thad Wi bdaRasht, 42 Habe is Wdilirh RydrbBkide. Solvents for

nbodi t, th
condigne e Rl RGBT &1 BipeRetait of e forula 10 or VB vicha

base to give the compound of formula I [or Ib] comprise an aqueous solvent. In the step of

cyclodehydration of the compounds of the formula IV [or IVb] with a base to give the compound
of formula I [or Ib], the pH is typically at a range of between about 7-10. Within this
embodiment, the pH is about 8-10. Further within this embodiment, the the pH is about 8.5-9.5.
In an embodiment of the invention, the process steps are conducted sequentially without isolation
of the intermediate compounds.

In a further embodiment, the present invention is directed to a process for the preparation

of (+)-1-(3,4-dichlorophenyl)-3-azabicyclo[3.1.0]hexane as depicted below:
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the tenperature is about 25 OC. In an enbodi nent of
the present invention the step of cycl odebydration of
wo b@7aempounds of the fornmula FV [or |Vb] w thPer/baxe7/010288
to give the compound of formula [or Ib], the base nay
be sel ected from sodi um hydroxi de, potassium
hydr oxi de, potassi um bi carbonat e, sodi um bi car bonat e,
pot assi um car bonat e, sodi um carbonate, Et3N, 1-Pr2NEt,
DABCO, DBU, or other am ne bases. Further within this
enbodi nent, the base is sodi um hydroxi de. Sol vents for
conducting the step of cycl odehydration of fhe cl
corrpo.unds | formula IV [or IVb] with Dese to
gi ve the ppund of formula | [or IbJAcquprilse an
aqueous sklvent hi the step of cyclo dr at7 onClof t he
conpounfds of thel for by [or H¥el/ wiidya base to
gi ve theNcofipound _of formula | Jor 1b], thg pHis
typically at a range of between about 7-10. Wthin
this enmbddj nent, the pH is about 8-10
this enbddiweCl the the pH is about 4 .
enbodi nent of the invention, th&l@rdcess ¥
conducted sequentially w thout isqg
i ntermedi ate coo‘urrdNHgl nafu
pr esent igﬁsnt' OTTNLS_A_r eClt e
prepar ati on”of
(+)-1-(3, 4-di chl or ophed ) - 3- azabi cycl o[ 3. 1. 0] hexane
as depicted bel ow. Custoner No. 025315SOClI; In a

further enbodi nent, e peesent invention is directed

to a process for, thg epar ati on of -

(+)-1-(3, 4-di I():-B- azabi cycl o[ 3.1 . QJhexane
l .

as depicted bel/ow

er enbodrfentCl t he
o gHpnegsss for the

HO NH,
socbl
cl 4
X
~ Cl aq. base \@
cl NH, pH 8.5-9.5 Cl
+ .

N
H

In a further embodiment, the present invention is directed to a process for the preparation

of (+)-1-(3,4-dichlorophenyi)-3-azabicyclo[3.1 .Olhexane as depicted below:
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Custonmer No. 0253151 n an al ternate enbodi nent, the

present invention is directed to a conpound which is
waedogarsde from t he group consi sting of: CustoneeT/Ne2007/010288

0253150r a salt thereof. The present invention

provides a heavy netal-free synthesis that is

efficient and atom econom c so that

(+)-1-(3, 4-dichl orophenyl) - 3-azabi cycl o[ 3. 1. 0] hexane

or (-)-1-(3,4- .

di chl orophenyl ) - 3- azabi cycl o[ 3. 1. 0] hexane nmay be

prepared via a single through process wtbhaut cl

requiring ol@tion of any internedi ates arting
frominep 51 ve, connerC|aIIy avai | #N| &

di chl or opkeny acet,o |t gﬁwggd (S) - &pi hIorohy@¥|n (or
(R) - epj chl or oh§|dr| Cud r Q.

0253158\cl 6prop i s construct ed.

Wt hout farther morkup, the crude reaction mxture is
reduced Y4 th borane dinethyl sulfldqldnﬁmex in one
pot to Glhe ani no al cohol,int #rmidi ates,.ClThe
desired cis am no al cohol is dlwgct

to give (+)-1-(3,4- dichlorophen

1. 0] hexane or —NH .
(-)-1-(3, Apdie
hexane. The whole §

azabi cyclo[ 3. 1.0]-
esi $ y be conducted_as a

singl e stage through gss t d) aPi4e BHsMSi sol ati on
of 2) 2NHCI;

(+)-1-(3, 4-di chl or ophenyl) - 3- azabiGone! NH3OH, QjHhexdane
HC salt or (-)gl-{
di chl or ophenyl ~aRabr« ?Io[3.1.0]hexane HCO salt.

Anot her aspect/ of\ this ifention is directed to the

f or egoi ng ecessesNfberein the (+)-1-

(3, 4-di chl or ophenyl ) - 3-azabi cycl o[ 3 . 1. 0] hexane, or a
pharmaceutically acceptable salt thereof, is present
in an enantlionmeric purity (enantioneric excess) of

of ealgegotRgn 90% greater than 95%

IPAG, 25 °C
cl
X e
_/AL Cl aq. NaOH
cl NH, pH 8.5-9.5 Cl
i N
H

Conc. HCI/i-PrOAc/CgH4oMe;
5%H,0 in IPA/MeOBu-t =3:7

Cr

N . HCl, 1/2H,0

In an alternate embodiment, the present invention is directed to a compound which is

selected from the group consisting of:
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greater than 98% greater than 99% greater than 99.5%
(enantionmeric excess) or greater than 99. 9%

W@ esvaneizgereri ¢ excess). Anot her aspect of thi SPCT/US2007/010288
invention is directed to the foregoing precesses
wherein the (-)-1-
(3, 4-di chl orophenyl) - 3-azabi cycl o[ 3.1 . 0] hexane, or a
pharmaceutically acceptable salt thereof, is present
in an enantioneric purity (enantioneric excess) of
greater than 90% greater than 95% greater than 98%
greater than 99% greatercit han 99. Wééenantioneric

excess) or greater 99. 9@6(en<‘k| Meric excess).
The term "phar mAgeul a S _SE Clrefers to
salts prepared om phar receu caIIy 3 fit abl e

non-t oxi ¢ RO i KN udi ng 1 norgani ¢ or gani,c aci ds

Such aci ds include acetic, benzenesul fonic, Benzoi c,
canphorsul fonic, citric, ethanesulfonic, fumaric,

gl uconic, glutamc, hydrebrom c, hydrochloric,

i sethionic, lactic, gic, malic,

met hanesul f oni I nitrig, pafrore, _pant.@l heni c,
phosphoric, s Ni ¥ suldiuri Otartari

pt ol uenesyd Néh, and the Iike. c_acids

i ncl udee C|tr|c hydrobron1c hydrochlorlc ¥l ei c,
phosphori c, sul furig vari c, and c acids. A
specific acid ig h hI ori c aci dThe Dr'és nt
process is ficiopn g t he
producti on_of /si s, and |ncre. )
productiV|?& and’ pu& 2y . The starting matérrgl s and

reagents for the subject processes are either
commercially available or are known in the literature

or a salt thereof.

The present invention provides a heavy metal-free synthesis that is efficient and atom
economic so that (+)-1-(3,4-dichlorophenyl)-3-azabicyclo[3.1.0]hexane or (-)-1-(3,4-
dichlorophenyl)-3-azabicyclo[3.1.0]hexane may be px;epared via a single through process without
requiring isolation of any intermediates. Starting from inexpensive, commercially available 3,4~

dichlorophenylacetonitrile and (S)-epichlorohydrin (or (R)-epichlorohydrin), the key

Customer No. 025315
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out the reaction and purification of the resulting

reacti on products are known to those in the art.
w@007f127396 | on procedures include crystallizatiP@T/US2007/010288

distillation, normal phase or reverse phase

chromat ogr aphy. The fol |l owi ng exanpl es are provi ded

for the purpose of farther illustration only and are

not intended to be Iimtations on the disclosed

i nvention. Unless otherwi se noted, all reactions

Custonmer No. 025315were conducted under N atnosphere

cyclolbkﬁ‘)dﬂg ifiériRdRafeds ednstridiie Wilibupfbraéd voikdps dlertingle@eaction mixture is

vents were_ purchased from Fi sher Scj tlflc
reduc%wﬂaé@erl%lm@m su} @Fﬁﬁ@Plew?fﬁpebtP.anﬂrd AHEP @l Cﬁqpa d

mterrﬁe%?a% Nt dBIER RrGiNA8186hoP istdedtlyf d&li’ﬂbl@dﬂitédqb gble (Bay-63,4-
used without further purification

dlchlqs@nm@ylh&qé@lqyplq[ﬁ HOlherageat Oht- é%ﬂlcbmpﬁn@n%w&}cwvﬁs‘ 0-
hexarld® FI‘BQ{‘NHEQ s&hctl'légg nﬁ%’ée%ﬂﬁdu@ﬁ@ Qé"z@é@@é’ st&%é)cgro% 1%§ess to allow direct

I nstrunment

isolatjpaof (Ot le(34- @el)lon@ghwa 3-41@*@1@3@%9[%@1“@&@6%@@# PE(- ) 1 (3 4-
16 € re nmeasured Br uk
diohig SRS S il oM BB e e © o nucl ear
megrathiel Tspeat sbﬂnmoeen@on@@m toéhfef@tqgamﬂm@éewhﬁf@@ thg+)-1-

(3,4- aB ghlllkerhea%l ?bzi%glo[gbinlé%?tosr%l B&A\Kg%% d gporétb%gna: it ﬂ)ereof is

presedtuwaﬁ Bxeintiorﬁexmpumy (eammiongtis excagspof SFeaB)r. th&@)@}&ﬂ@lggat_pr than 95%,
greaté& tﬁé@?%é g St]éléﬁmgla ?9‘){-'); & Qz!.tgrrtﬁa%%@‘) aenghtl%ﬁl%m: Q)YC%LS(? L)?’greater than
999%(émdnmm#mmmph9nylacetonltrlIe (3.50 kg) and

S iRl LUROHSE G Re kBl B -
(3,4-dichidiofenyl)-3-azabicyclo[3.1.0Jhexane, or a pharmaceutically acceptable salt thereof, is
present in an enantiomeric purity (enantiomeric excess) of greater than 90%, greater than 95%,
greater than 98%, greater than 99%, greater than 99.5% (enantiomeric excess) or greater than
99.9% (enantiomeric excess).

The term "pharmaceutically acceptable salts" refers to salts prepared from
pharmaceutically acceptable non-toxic acids including inorganic or organic acids. Such acids
include acetic, benzenesulfonic, benzoic, camphorsulfonic, citric, ethanesulfonic, fumaric,
gluconic, glutamic, hydrobromic, hydrochloric, isethionic, lactic, maleic, malic, mandelic,
methanesulfonic, mucic, nitric, pamoic, pantothenic, phosphoric, succinic, sulfuric, tartaric, p-
toluenesulfonic acid, and the like. Specific acids includee citric, hydrobromic, hydrochloric,
maleic, phosphoric, sulfuric, fumaric, and tartaric acids. A specific acid is hydrochloric acid.

The present process is surprisingly efficient, minimizing the production of side products,
and increasing productivity and purity. The starting materials and reagents for the subject
processes are either commercially available or are known in the literature or may be prepared
following literature methods described for analogous compounds. The skills required in carrying
out the reaction and purification of the resﬁlting reaction products are known to those in the art.
Purification procedures include crystallization, distillation, normal phase or reverse phase
chromatography.

The following examples are provided for the purpose of further illustration only and are

not intended to be limitations on the disclosed invention. Unless otherwise noted, all reactions
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dropwi se over 3 h. The reaction m xture was stirred

for 3 hat -15 C, then, overnight at -5 0C. BH - Me2S
W@ e@at127390OM 4.4 L) was added over 2 h. The reBCT/US2007/010288

m xture was then gradually warnmed to 40 C over 3 h.

After aging 1.5 h at 40 0C, the reaction m xture was

cooled to 20-25 0C and slowy quenched into a 2N HC

solution (27.7 L). The quenched m xture was then aged

for 1 h at 40 C. Concentrated NHAOH (6.3 L) was added .

and the aqueous | ayer was discarded, i- PrOAc (18.5 L)
were@ftiubféd dhdea 31, atnsaspheverugiiposndadd @ir(fids nanipulatien echiiquey Rblvents

The, or gani hase hen was hed, wi t h urated brine
were pyghEsed Jrom B Bier SAPAR (P RErE AN StV AT CHEE o
ComhreflidDfagdidwerd fiufdhdskd blﬂleyﬂﬁlHMrlcm Bap&\aﬁd Gded Ghathand fidher

al cohol solution in i-PrQCAc was

purification, Heghgerfgapange P«a%cléfsanatpgraPPYc@é@ alzﬂls(szﬁzﬂaf pggiprmed using
R | m r
Agllén‘t q’gch%blﬁhfl %e%%g?%%ggt dvllr%l} %Eg%r@l 835%0 18 Nqul\lé’ (]Sﬁilm particle
s1ze)(chmi1 Ex))tqmaxgclaajdmg.ngtm!esonaltce\ﬁm NMR)hpecbawhe measured on Bruker
Ava&ézg-'oxpﬁ %ng rM{?%net %ﬁg%)g g?gllbrgg gl(l: éar m%%meggré%;\ﬁcg zqs(fe Nﬂﬁg épectra were
measuced oh Bruletr Aaafnieet@t) irtsenmemtdtQﬂ)rMthbwalh bcunplpxblptomon decoupling.
bilJ ze usua t tration.

Che"f"ﬁgl hlﬂs 3?161 rcp 9 eaé% R/\%g()%é {?%01)1 t'?trr?mfgwljaaq ueous | Pr OH

(21 L) f ol | ovved by wat erEXAMPBEL). Cone. HO (1.69 L)

“R’%%ﬂ +g—9—??,9—'Dic§11!&0ﬂ&&@8—§%zéﬁi?%c@lE!gr@a?em ropically

VT hy badytising!i 8 dadiehl ¢rophedylagetaritsiled $8 d g Hanalfnl 3 epistrierohgdrin (2.22

ke) iﬁa‘é}}}ﬂg%é\ﬁa&gﬁﬁ%ﬂgﬁo&lﬁc f &Méé’%ﬁ&&e%%éﬁ&lﬁﬁz1és szm in THF)

dropgvike bveri}IPfTﬁ]Am)actmmdmatmle w;ml sicedrém3 v std °(G then, Dvdﬁnlglma) 5 °C.
BH; -ng 5 %neat 16’19[' by El ‘i‘} “Xls acscgd over Z%O%g %Ecrtlon m1xture was then gradually

warmed to 40 °C over 3 h. After aging 1.5h at 40 °C, the reaction mixture was cooled to 20-25

°C and slowly quenched into a 2N HCI solution (27.7 L). The quenched mixture was then aged
for 1 h at 40 °C. Concentrated NH4OH (6.3 L) was added and the aqueous layer was discarded. i-
PrOAc (18.5 L) and 5% dibasic sodium phosphate (18.5 L) were charged. The organic phase was
then washed with saturated brine (18.5 L), azetropically dried and solvent-switched to i-PrOAc
(ca. 24.5 L) in vacuum.

The above crude amino alcohol solution in i-PrOAc was slowly subsurface-added to a
solution of SOCI; (22.1 mol, 1.61 L) in i-PrOAc (17.5 L) at ambient temperature over 2 h. After
aging additional 1-5 h, 5.0 N NaOH (16.4 L) was added over 1 h while the batch temperature was
maintained at <30 °C with external cooling. The two-phase reaction mixture was stirred for 1 h
at ambient temperature to allow pH to stabilize (usually to 8.5-9.0) with NaOH pH titration. The
organic phase was washed with 40% aqueous i-PrOH (21 L) followed by water (10.5 L). Conc.
HC1 (1.69 L) was added. The aqueous i-PrOAc was azeotropically concentrated in vacuum to ca.
24.5 L. Methylcyclohexane (17.5 L) was added dropwise over 2 h. The wet cake was
displacement-washed with 7 L of 40% methylcyclohexan/i-PrOAc followed by a slurry wash (7
L, i-PrOAc) and a displacement wash (7 L, i-PrOAc). Typical isolated yield: 57-60% corrected
with wt%: 87-99.5% (based on HCI salt).
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025315(I R, 55)-(+)-1-(3,4-D chl orophenyl ) - 3-azabi cycl o]
wW@200hbss@ne HCO salt (5.0 kg) was di ssol ved i PCT/URI00H010288

(14.25 L) and water (0.75 L) at 55 OC. Seeds (50 Q)

were added at 48-50 OC. The batch was allowed to cool

to anbient tenperature (20 0C) over 2-4 h. MeOBu-t (37

L) was added dropwi se over 2 h. After aging 1 h at 20

0C, the batch was filtered. The wet cake was

di spl acenent -washed with 10 L of 30%i-PrOH in MeOBu-t

(IR, 5$1(1+P1/\@3?4 chhi’@fc’o’ t&nid)-sfh%’aulcyf:’rogﬂl OmewthBgt §alt((5 b utg)” Was dissolved in
he we cak

2rT a5 00 G4 eI LIt P15 SOl (74 veat aci Pl 0 °C. The batch

was 5(1@)&]3% g’édgiﬁ)@) altrﬁ:b(lait YeghpeRRurb oty ¥t e HiMeR-£(3PL) was added
dropyise RY % Rdb AdaYagingl B2 “Cy e bpigh wag flssreth dhe vgisakewas

dlspl)(éeﬁleﬂt-wgs%e/& wi]tff"l blmf ?6‘99 li}@ﬁ’ in gf[e‘Oﬂ\‘etgi)(?Dlowéél bé/ 37, 5(Ld}0°/§1 PrOH in
MeOBuit (slmwa@, thrn prlagerrmt wsh) Jrhe weticale wag suq)lon 31‘15619111(1@{(1‘12 (10—

50 RS abanferlertidfiunp o bhp it ity ol of ity E .4

dichlptophehyb)- 37az’5b1b¥qlo[3 1Bl)hexa’ht32$ylﬁlded yield: 2%, 9H-BMR (HaQ MHzH,-
13C- NVR MO, 133.7, 132.2,

MeOF5 B3 idsg3 Hael ). 789 (B b Hir WD) 5. 26440.9 = & b B H, 1 KD,

3 78@@@'—— 11%@@ IfI)OB éﬁ’gou%%’ 93%'@9 rﬁ ! ﬁ) 34632 (%8 J=Hl 4411739Hz NH), 3.53

(d, J3‘811545HZ \Nﬁ)l %Zt Em ] H)Aér?-ﬁ(brﬁ -r?a%Hbelefﬂa) déé &qkl l!iefd1 9aﬁ<§ HZ 1 H).
SChNRTHRRL ERAFTRE IR LI PR L7 0,510
24.92158. émhlaCelcd fatC) s CoNS,.adaps.as; Mnis79; Bhangss], 38.88. _Found: C,
s GBS oot 110 ons el et on, or adei 1 ons
While the invention has been described and illustrated with reference to certain particular
embodiments thereof, those skilled in the art will appreciate that various adaptations, changes,
modifications, substitutions, deletions, or additions of procedures and protocols may be made
without departing from the spirit and scope of the invention. For example, reaction conditions
other than the particular conditions as set forth herein above may be applicable as a consequence
of variations in the reagents or methodology to prepare the compounds from the processes of the
invention indicated above. Likewise, the specific reactivity of starting materials may vary
according to and depending upon the particular substituents present or the conditions of
manufacture, and such expected variations or differences in the results are contemplated in
accordance with the objects and practices of the present invention. It is intended, therefore, that
the invention be defined by the scope of the claims which follow and that such claims be

interpreted as broadly as is reasonable.
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wi t hout departing fromthe spirit and scope of the
i nvention. For exanple, reaction conditions other than
wo b@7p2a13pé cul ar conditions as set forth herei nPEbUS®07/010288
may be applicable as a consequence of variations in
the reagents or nethodol ogy to prepare the conpounds
fromthe processes of the invention indicated above.
Li kewi se, the specific reactivity of starting
materials may vary according to and dependi ng upon the
particul ar substituents present or the conditions of
WHARIRICBAIMEB,ISand such expected variati ons or
differences in the results are contenplated in
I actoragessder mepaning heopjuad ofthadeimptadet i ces of the
present invention. It is |ntended therefore, that the
i nvention be defined by the oo‘lof the cl ai ns which

foll ow and that such cl ai s nterpreted as broadly
as i s reasonabl e. Cust rNe
IS 1. A process for pfeparing a

315WHAT | S CLAI MED
onpound of the

formula I : or a pha Ceutically acceptable sal t

t her eof conpr|S|ng COpf acti ng

3, 4- dlchlorophenylacetonltrlIe and (S)- eplchlorohydrln

of the formula: in the presdnce of a base,to give

clopro s . of he formula Il: Il foll owed
R U e R S
cont?oﬁﬂgl B,r@cmepﬂenylac@maleami 0%)-plichiaclyd i oPay fsuf t he
ormul a H

o)
+ [N _Cl

in the presence of a base,to give cyclopropyl compounds of the formula II:

‘A HO
HO CN

10 - 11
followed by reducing the compounds of formula II with a reducing agent to give amino alcohol

compounds of the formula III:

X
HO NH,

-
15  followed by chlorinating the compounds of formula III with a chlorinating agent to give chloro

compounds of the formula IV:
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in foll owed by chlorinating the conpounds of fornula

Il with a chlorinating agent to give chloro conpounds
wotoorherspeor mul a | V: Custonmer No. 0253151V f ol | peEUSI9Y7/010288

cycl odehydrati on of the conmpounds of the fornmula IV

with a base to give the conpound of fornmula I, or a
phar maceutically acceptable salt thereof. 2. A process
for preparing a conmpound of the formula | : | or a

pharmaceutically acceptable salt thereof, conprising:
cycl odehydration of the conmpound of the forrrul a lV-1:

IV-1 with a base to c@lhe conpoupd of formula I, or
a pharmaceutically pt abl e salt erebfz 3. The
process of O ai/mM\ Ivwhersin th Do ta€ting

3, 4-di chl oropheny ~acet offltri Ié and
(S) - epi chl BtonydrimNHz t he presence of g to give
cycl opropyl conpounds of the formula I, the base i's
sel ected from sodi um hexanet hyI di si |l azi de ( NaHMDS) ,

assi um hexanet hyl di sil az de (KHVDS), lithium
folloﬁeiw Plyidggtion of %'écm Qs therformula TV withahaseoirigive the

comﬂb@h@§§ﬂoﬂﬂ%l§1 Wﬁ%ﬁéﬂrﬂ@euh%&%@&bféme%ﬂy h@?e%ﬁ li thium
dIISOI‘Ot%”am de (LDA), ITthiumtetranethylpiperidide

( L4 Proeyss Tergwensing p porapruadef theéprmalatl: but vl 1t hi um
96
N
H

I
or a pharmaceutically acceptable salt thereof, comprising:

cyclodehydration of the compound of the formula IV-1:

1
cl

cl NH,

Iv-1
with a base to give the compound of formula I, or a pharmaceutically acceptable salt thereof,

3. The process of Claim 1 wherein the step of contacting 3,4-dichlorophenyl-acetonitrile and
(S)-epichlorohydrin in the presence of a base to give cyclopropyl compounds of the formula 11,
the base is selected from sodium hexamethyldisilazide (NaHMDS), potassium
hexamethyldisilazide (KHMDS), lithium hexamethyldisilazide (LiHMDS), potassium t-butoxide,

. potassium t-pentoxide, potassium amylate, lithium diisopropylamide (LDA), lithium

tetramethylpiperidide (LiTMP), sec-butyllithium, and tert-butyllithium.

4, The process of Claim 3 wherein the base is selected from sodium hexamethyldisilazide
(NaHMDS), potassium hexamethyldisilazide (KHMDS) and lithium hexamethyldisilazide
(LIHMDS).

5. The process of Claim 4 wherein the base is sodium hexamethyldisilazide (NaHMDS).

Customer No. 025315
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4. The process of Claim3 wherein the base is selected

from sodi um hexanet hyl di si | azi de (NaHVDS), potassium
wheooarneibe| di sil azi de (KHVDS) and |ithium PCT/US2007/010288

hexamnet hyl di si |l azi de (LiHVDS). 5. The process of Caim

4 wherein the base is sodi um hexanet hyl di si |l azi de

(NaHVDS) . Custoner No. 0253156. The process of Caiml

wherein the step of reducing of the conmpounds of the

formula Il with a reducing agent to give am no al cohol

conpounds of the fornmula H, the reducing agent is

sel ected from borane di nethyl sulfide conplex, borane

6. boP bR SRR PP s 8T ExHeing pEthe gompounds of the formula T

with dlraiuKMh b@dxﬁﬁﬁglv@anﬁiﬁé alboroy Gdrﬁ)(io'ﬁndﬁoﬂth& foRaia Mg tHeSe®BiNg, agent is
€ process

Seleca%gfr({?'f %3" s&'ryltsn dg)égtﬁﬁlgﬁdmg@e Fﬁtrahgdr%%faaﬁ%malﬁmﬁw

boroﬁ}dnﬁb-d@roﬁ@ﬂﬂbﬁd’e etibratd ALk IERST, OhofabRdR[3.3V1A684n8 (3- BBN)
step of chlorinati 9 t he conpounds of the formula Il

andWWH‘%“’EWF‘b‘M Fige § agent to give chloro conpounds of

7. thend @68 6 d1¥m & aﬁer&hIuseraemmgr&eﬁg@mrade%lﬁahﬁ %hl@i@e complex
fromthionyl chloride, SO2d 2,

. pr Bicduecest of§laimh] whegpia g %ﬁeptqféhl@ﬁn@tmgﬁ%&qomow@é ﬁf thie §ormula I
w1thta|EhBHMAtlr@|%Fé}ft ksl ve ét@oro Th& Mn@ggﬁﬁ?]e Cgaqu@h& l’ﬂ'&?ﬂaﬁh%agent is

he ste drat on o onpounds o
SeleqtflﬁirfrﬁﬂlllﬁllqnylwlmﬂeaS%Eamchngwlt he conpound of fornula

9. | ThdRo0RSEr ¢ §m§§hﬁé‘r&ﬁ%§ hitifing %%@ht@yﬁﬁ(ﬂ@ &zoon e.

pota S um I‘OXI pot assi um onat
10. bi Ehkerpyoress @f Clpiot hwhéreimtoastépor aydodebpdtation of alreb:omt)mds of the

formitaIWwith £¥ANG givgﬁg%&ﬂgd FBRYrmula I, the base is selected from sodium

hydroxide, potassium hydroxide, potassium bicarbonate, sodium bicarbonate, potassium
carbonate, sodium carbonate, Et;N, i-Pr;NEt, DABCO and DBU.

11. The process of Claim 10 wherein the base is sodium hydroxide.

12.  The process of Claim 1 wherein the steps are conducted sequentially without isolation of

the intermediate compounds.
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11. The process of Caim 10 wherein the base is sodium

hydr oxi de. 12. The process of Claim1l wherein the
wat@pa2spe conducted sequentially wthout isolrtT/082001/010288

the internedi ate conpounds. Custoner No. 02531513. A

conpound which is selected fromthe group consisting

of: or a salt thereof. Custonmer No. 025315

13. A compound which is selected from the group consisting of:

X, AL
\ ' Cl
At

CN cl

L,
A
HO NH,

or a salt thereof,
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