PROCESS FOR THE PREPARATION O F
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The present invention relates to a process for

preparing racem c nethyl 6, 6-

di net hyl - 3-azabi cycl o[ 3. 1. 0] hexane- 2- car boxyl ate (free

base) and a process for providing corresponding salts,

( IR, 2S, 5S5)-nethyl 6, 6-dinmethyl-3-azabicycl o-

[3.1.0] he cane-2-carboxyl ate1di -p-tolu syl-D-tartar c

acid ("D DITA" salt) and (1R, 2S, 5S)-rnethyl

6, 6- di rnet hyl - 3-azabi cycl o[ 3.i . 0] hexane-2-car boxyl ate

di be pzoyl-Dtartnric acid ("D-DBTA") salt n a high

ePRUCESS FOR THE BBEPARATION OFcth6-DOVEBH Klo-3r AL ARIEY CGLE-[341 -0]-

pr oces SHEXANE GEMPRUNPSAND ENANTIQUERIG BAL5HP THERREOF

racem c met hyl 6, 6-

di met hyl - 3-azabi cycl o[ 3. 1. 0] hexane- 2- car boxyl ate t he

corresponding (1S, 2R 5R)- nel: hyl

6, 6- di et hyl - 3- azabi cymtk[df tie Ir@bha pe- 2- car boxy! at e

di -p-toluoyl-L-tartaric acid salt ("L-DTTA" salt) and

(1S, 2]5@:6 gﬁqﬁ@yﬁy]c’n 6?'Bt-e§ [t%pmppg% or preparing racemic ‘methyl 6,6-

agimtitioy-GhazpBicycldl}.h @xexpee-2-cadoRyaty (fecbdse) and @ piecesciod

I( '&:L@B%B%orﬁe,hah&amw salfs, M@ %%‘P-He@@%.fbiairﬁ&ﬁﬁlstéé‘abfcycio-

o gaf.‘f(.gﬂngé%bﬁ.%gaﬁ%?a@% @E’%o&}ﬁgﬁa}?ﬁ% 22y (B TTA salt) and (1R, 28,

6 S8)-aethyké .ﬁsqlmghg[’z?»aﬁa’@ym:lgﬁ[130_]lj_exane—2-carboxylate dibenzoyl-D-

. Bgrizeix anied{D-DETAY syl &t zehifin esarbiaseric excess. UThig mvention also

Figibhe for atd?bci%sb W%_Fgctdﬁgﬁrf k& s%oratlmirr oS ﬁalc{e/@fc methyl 6.6-

pr [ inter I ates , .

DBy e Bt S ngpreiien i b e Bindas 2B, -

usethp 6 Sdimathyr-hregbioyelsl® holherangPneanesyiotedi-pclgvpydnigrtaric

t lnaiti shae;DTTOV seiampl(es, Ire dRymeaty! §.8ldieethfiizel d Back

O L24E 3. 1 biMexddAVERE bR e Rb ke Gkl (DD BT AR with high

publ lcation in thI'S secthigg oI an%/{ section of "this

ar?Pf”i’ CHENE APPSO WPR SO %%ﬁﬁawﬁtuac%%ﬁpﬁaﬂns

i $1HraSe AShmethyl.BiienghdSesmabicyieti 1 -Blexdpstparbotylate free base

6 jrosatitioet Fyhthed: dBabienyion ffdesla Plobeserocprdpariighonsithddiates I,

aqisdneie M8 8F,4h, and vin,

The compounds obtained by these processes are usefu) as intermediates In
the synthesis of compound that have, for example, medicinal value.

Fleld Backqground of the Invention

Identification of any publication in this sectlon or any section of this application
is Itot an admission that such publication is prior art to the present invention.

Esters of 6,6-dimethyl-3-azabicyclo[3.1.0lhexane-2-carboxylic acid are useful

as intermediates in the synthesis of compounds that have utility, for example, as
pharmaceuticals. For example, (1R,2S,58)-6,6-dimethyl-3-azabicyclo [3.1.0)-

SUBSTITUTE SHEET (RULE 26)



as internediates in the synthesis of conpounds that

have utility, for exanple, as pharmaceuticals. For
wex@amprs ( | S - -di methyl -S-azabicyclo PCT/US2006/048613

[3.1.0]-Schering Docket No. CD06388 2

hexane- 2- car boxylic acid, methyl ester hydrochloride

is disclosed in US Publication No. 2003-0216325 A 1

which is incorporated herein by reference. This

conpou IS i nternmedi ate used in preparation of
SChe’?%%@%%ﬁ?‘i@%sr us (" HCV" )Zepr ot ease i nhi bitor

having the follow ng structure of fornmula Z: The
hexaper@oarbxicfagidnhett®l iestardwfdubctiloride i dischopdtbimat St Peblication
No. ﬁ)(ﬁﬁ@ﬁ Gé%%dl AhRP | @‘?ﬁéorlpg?%é'dfﬁé%@ HA/M %1% QéTp?H[édc&{'\pound is

Is an.inhib a ser
a k% M?%%%'at%/aﬁ?%ué PFRRAAYEN & 4% RERATIR G HEISF HGY ) RiRiease
inhibitet hagingfthé f6Halvimet dtylctdre afzfameye Zo[ 3. 1

. 0] hexane- 2- car boxyl i ¢ aci gs¢ ch have the fornmul a

where Ris, for exanple, alk aryl, ral,[ﬁ_yl,

cycl oal kyl and cycl oal kyl al FoR, e e, US
Publ i cati on No. 2003:0 632% S preparation
of compound 1 from tsﬁﬁoﬁr esEondong ol 2Scher.i ng
Docket No. CD06388 bhy. e g a Jone i dation and
then cleaving the protedtioa with nmethanolic HClI. This
procedure nodifies the &h cl osed by R Zhang and
J.S. Madal engoitia inJ. Og. Chém, 64, pp 330-31
(1999). US Publication No. US 2005/0020689 A 1, herein
i ncorporated by reference, discloses a ﬁrocess for
mmqlgomp@gﬁﬂlqj)fognggaczc%uggﬂul for treating hepatitis C and related
R y t i
disorlBIeySpE MBI MMM SFtchtolts F5tart RIARror e Hev
NS3/NG4a perine preteeseal so cl ai ms sone internmedi at es
prepared in the synthesis. US Publication No. US
2005/ 0059800, herein incorporated by reference,
Various methods are known in the art to make esters of 6,6-dimethyl-3-

azabicyclo[3.1.0]hexane-2-carboxylic acid, which have the formula
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where R is, for example, alkyl, aryl, aralkyl, cycloalkyl and cycloalkylatkyl.
For example, US Publication No. 2003-0216325 A1 discloses preparation of
compound 1
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s,
"

//,,
\\
N

/7
z +

OCH;

HC1 1

from the corresponding alcohol 2



clainms an alternative process for preparing the
conpound of formula Z, which involves using nethyl
W@ 2@7a73Ted hyl - 3- azabi cycl o[ 3. 1 . 0] hexane- 2- car PORYE1006/048613

acid as a starting material. US Publication No. US
2005/ 0059684 A 1, herein incorporated by reference,
prepares esters of 6, 6-dinethyl-3-azabicyclo[3.1
. 0] hexane- 2-carboxylic acid in a process sunmmari zed by
Sc 1Scher | cket No. 6388 Schene 1

Scherigg gﬁ‘&f%&e%@@’%g?l EP 0 016 799 (the ' 799
publ i cation) discloses a process for preparing acid
conmpounds of the formula where RL i s hydrogen or alkyl
and R2 to R7 are, for exanp“gl al kyl, fromthe
correspondi ng i mne th?@%gpra nitrile internedi ate.
Accordingly, the imne |s ‘eacted with a cyanating
reagent to formthe corr ding nitrile, which is
subsequently hydrolyzed fo fa&rmthe acid derivative.
The imine derivative is ‘pge BV direct oxidation
of a bicyclo-pyrrolidine cgnpound of the
formul aScheri ng Docket No. Ba&D06388 0r by
dehydr ohal ogenati on of the correspondi ng
hal o- pyrrolidine derivative of the

oy PAHieg bt orRioR S CHESH Ara\eo dim EFasEyon St etnanoli

HCI. eﬂﬂélﬁbc\!@éﬁretrﬁoﬂh%sftﬂér@fé @Bclebeting BRI znangemseu /5. Madalengoitia
i soner and this st ereochemstry is retained in the

in J. RYyar ehesi. ssétlé@3398'3bé1%?ﬁ 4,691 , 022 discloses a

process for preparing an acid or ester derivatives of

the fornula where Ris h&gro gen or al kyl and R4 and

RIJSRublicatiopING. W2GAHIR20G3%LAd) herain ircarpsrate iy igrence,
. I t I
R S e L s
propianaimide rormd;alt treerpof, vghicklishan miermadlate in the svh‘@esrs of

compound Z. This publication also claims some intermediates prepared in the

synthesis.

US Publication No. US 2005/0059800, herein incorporated by reference,
claims an alternative process for preparing the compound of formula Z, which
involves using methy! 6,6-dimethyl-3-azabicyclo[3.1.0]hexane-2-carboxylic acid as a
starting material.

US Publication No. US 2005/0059684 A1, herein incorporated by reference,
prepares esters of 6,6-dimethyl-3-azabicyclo[3.1.0]hexane-2-carboxylic acid in a

process summarized by Scheme 1



correspondi ng D1-pyrrolidine derivative and

subsequently reacting the pyrrolidine derivative wth
woiaN7/opi7ed er abl y generated by addi ng a netal CRENUS®06/0M8613

the presence of mneral acid to the reaction m xture,

to formthe nitrile. The product is prepared by

subjecting the resulting nitrile to solvolysis. The

pat ent does not disclose a process for nmeking a

articul [ I,,O0f these cgmpounds in a high
Sch@ﬁﬁ%ﬁ9§gﬁ§%}g§§§§§§3_ None of ‘%t hese foregoing processes
provi de one particul ar enantioner of the
bi cycl o- pyrrolidi ne conpound in high enantioneric
purity. Accordingly, therscher fs a need for nethods
of providing internediates useful in the synthesis of
conpounds useful in the treatnent or prevention or
amel i oration of one or nore synptons af| hepatitis C

Further, Yhere remains ~a negd for proceise{ providing
enantio i ntelnedi at;e’s—g;;j_cfr ha\hga__g(gpr etel ance of
t he desiy enaRfi onerogv t hout resorti to arduous

enant i oners separation techni ques, for exdnple, chiral

chr omat ogr gphy. Scheri ng Docket No. CD06388 6 IQ/vi ew
of the,, p‘pg;,,tance of heé@titis Cvinds ("HOV')YY,

I ”,
pr ot ease—+ (i Py, or Stsp‘tneg,*'h\gyel net heds GP)“rmkiir(jﬁ);d,Jch
ant agoni st§_ar e-akways ©f inter&%~ Summaey of tHe
Invention Thgse*afd othel” needs are (8t by fhie pyesent
i nvention, which in one aspect provides a process of
selectively making a ( 1R, 2S, 5S5)-1I
di -p-toluoyl-D-tartaric acid salt (D-DITA salt) or a (
1S, 2R, 5RNI di-p-tol uQyl -L-tartagic acid sakty
(L- DTTA.sal froma mi recof coifpounds qf ,t
f or nul ae—+ Ta B BER S EGfkyt, co,
substituted al kyl, aryl, Substituted aryl, aral ki’gl , or salts
substituted artl kyl, cycl o#l kyl or sulfstituted = =
cycl oal kyl, tthe proceess«ppovi di ng aTn enanti omeric
excess of at |east 90% of the selected salt by
resol ution of the racemc mxture with the above
aci ds.

EP 0010 799 (the ’799 bubiication) discloses a process for preparing acid

compounds of the formula

R* RS
R R2
R5 R?
CO,H

R’ i

where R' is hydrogen or alkyl and R? to R’ are, for example, alkyl, from the
corresponding imine through a nitrile intermediate. Accordingly, the imine is reacted
with a cyanating reagent to form the corresponding nitrile, which is subsequently
hydrolyzed to form the acid derivative. The imine derivative is prepared by direct

oxidation of a bicyclo-pyrrolidine compound of the formula



In anot her aspect, the present invention provides a
process for preparing a ( 1R 2S, 5S5)-1
waledwenzoyd - D-tartaric acid salt (D DBTA salt) PCT/aS1008048613
2R, 5R)-1 dibenzoyl-L-tartaric acid salt (L-DBTA salt)
froma mxture of conpounds of the formulae |I and
| a: Schering Docket No. CD06388 where R is alkyl,
substituted al kyl, aryl, substituted aryl, aralkyl
d I cycloal |, or substituted
SCher&“ﬁcb]?ESdfek&f ®3lé)réocess prowl%l ng the selected salt an
enantiomeric excess of at |gasts85% by resol ution of
the racemc mxture with th ove aci ds. Anot her
aspect of the present inventfQn @rOV|des acid salt
conpounds of fornulae IA a wherein R represents
an al kyl, substituted al kyl/, arylg substituted aryl,
ar al kyl substi t ut ed ar al Ryr l?alkyl, or
substituted cycl oal kyl gmrdup, hpre erably wherein Ris
G -Ce aIkyI nore preferably,"Ris nmethyl; "Xd" is
T

D-D X" is selected
or bydRSHEL SOPRSIAIOR SPRACORASPRES Mad R PYERTES fipBEaife of the
blcycll P?ﬂbh@mepﬂ'@\\é'd’cﬁﬁjrﬁemf inER3%ed Matlthe cpanstich @tep@formlng the nitrile
ernmedi ates of fornmula HB and the intermediate

of
generalhHigRES GBI BN &p ithe, fsgeatian gfgth eémseomxm&wﬂemnd this
sterebénéﬁﬁéth( ls re‘iéJllﬁ%H' ih tﬂﬁ@%yer@wiﬁglst@;s al kenyi, preferably
I's selected from benzyl and allyl. Anot her aspect

of the present invention is a process for the

ProY| f t t

DISY At & jod 11622 AREIGERRa Bloqdiafer BroRfit A 22 o ester
derivaivesiohtheofgrrpiaf erably, d, Br, |, NO3, or HSO.

Anot her aspect of the pregsgnss | nvent| on is the

provi sion of D DTTA and

2
COOR

where R is hydrogen or alkyl and R* and R®, for example, may form a bicyclic ring
system, from the corresponding nitrile. The process comprises converting, with an
oxidizing agent in the presence of a silver salt, a pyrrolidine derivative into the
corresponding A'-pyrrolidine derivative and subsequently reacting the pyrrolidine
derivative with HCN, preferably generated by adding a metal cyanide in the presence
of mineral acid to the reaction mixture, to form the nitrile. The product is prepared by
subjecting the resulting nitrile to solvolysis. The patent does not disclose a process

for making a particular isomer of these compounds in a high enantiomeric excess.

None of these foregoing processes provide one particular enantiomer of the
bicyclo-pyrrolidine compound in high enantiomeric purity. Accordingly, there remains
a need for methods of providing intermediates useful in the synthesis of compounds
useful in the treatment or prevention or amelioration of one or more symptoms of
hepatitis C. Further, there remains a need for processes providing enantiomeric
intermediates which have a prevelance of the desired enantiomer without resorting
to arduous enantiomer separation techniques, for example, chiral chromatography.



salts of fornmula | and the provision of L-DTTA and

L- DBTA salts of forrmula la in high yield froma
wororargIof the conmpounds of forrmula | and | a, PENUS100€048613

process of providing one stereoisonmer in a high

enantioneric excess fromthe m xture. Schering Docket

No. CD06388 9 Description of the Invention As used

above, and throughout the specification, the follow ng

ter e rw se indicated, shall be understood
SCheI?rbg %%%egﬂ%%fﬁ%(?%% ng mneani n%g: "Al kyl" nmeans an
al i phati c hydrocarbon group which nay be straight or

branched and conprising about 1 to about 20 carbon

atiavgew f the irbpaitanc&ot hepatits @ Witls CHONWS peorizdieninhibitors, new,
about 12 carbon atons in the chain. Mre

about 1t .

novebvr@ﬁfé?%e? HAKNY gHeh petagitiesRainaye of Higksit 6
carbon atons in the chain. Branched neans that one or
nore | ower al kyl groups such as nethyl, ethyl or
propyl, are attach ke | Ofthain. "Lower
al kyl" means a group having about 1 to about 6 carbon
atldress and ptheymneaedsaiecinelly the psesentgnventiorhvanichda one aspect
The term "substituted al kyl" neans that the al kyl

proviges @pproeesh ©f selestivelyt making a(ERo2Snbbe- difpstoluadfd-tartaric acid
which may be the sanme or different, each substituent

salt (BeDAFA salgparal 1% ) IR s 8R4 dep-tbivmyli kargricugrid sadti di-DAF A salt)
of hal o, alkyl, aryl, cycloal kyl, cyano, hydroxy,

from al nixtyre @ dorhpbuads aftwforrNifiall leyld)ia - NH(cycl oal kyl ),
-N(al kyl )2, carboxy and -C(O O alkyl. Non-limting
exanpl es of suitable al kyl groups include nethyl,
ethyl, n-propyl, isopropyl, n-butyl, tbutyl, n-pentyl,
heptyl, nonyl cyl, fluoromethyl \ tyifl uoronethyi
and cycl opropyMret hyl . "Al kenyl " ns an aliphatic
hydrocarbonsgﬁ%@p containing at | one
car bon- car bgdeubl e bond and whf ) be straight or

rising about 2 ¥q a@ ut 15 garbon

uy)

branched a

atoms in the\chai eferred al 72410 S ave
about 2 to abPut 12//car boh atorr&P i i tfle ai n; Rand

nore preferably abaut 2 to about” 6 o
) (la)

where R is alkyl, substituted alkyl, aryl, substituted aryl, aralkyl, substituted aralkyl,
cycloalkyl or substituted cycloalkyl, the process providing an enantiomeric excess of
at least 90% of the selected salt by resolution of the racemic mixture with the above

acids.

In another aspect, the present invention provides a process for preparing a
(1R, 28, 5S)-1 dibenzoyl-D-tartaric acid salt (D-DBTA salt) or a (1S, 2R, 5R)-
dibenzoyl-L-tartaric acid salt (L-DBTA salt) from a mixture of compounds of the

formulae | and la:



carbon atons in the chain. Branched neans that one or

nmore | ower al kyl, groups such as nethyl, ethyl or
w@e@pprs79are attached to a |linear al kenyl chai PCT/URIM&048613

al kenyl " nmeans about 2 to about 6 carbon atons in the

chain which may be straight or branched. The term

"substituted al kenyl" neans that the al kenyl group may

be substituted by one or nore substituents which may

be th LEferent, each substituent being

SChmVH%%B@ﬁ%Eﬂ?Fgﬁggﬁgcted fron1?he group consisting of

hal o, al kyl, aryl, cycloal kyl, cyano,, and al koxy.

Non-limting npl es of suitable enyl groups

i ncl ude etheny$z propenyl, n-buten

3-met hyl but s eyl n-pentenyl, §5 and

decenyl . Scheri ng docket "Al kynyl " neans

an al i phati® hyad group cehtaizhj,n | east one
car bon- car bonntT 5pI @ bondrand whi &y ':se shmi ght or
branched and Eonpriging about 2 to"about//15 carbon
atons in the chain.” Preferred al kynyl groups have
about 2 to about 13pjcarbon atoms ipgyhe chain; and

nore preferably about 2 to about 4 carbon atons in the

. : )
wner 1ot SUELG TR 7, RS AcATN, ARG bt ar
cycloatkyd dri sulwstititelyaygloadidi the priocees padWging thersalastedsalt an

oranfi s R B AL L SRk it

aboveuwdigdhl e al kynyl groups include ethynyl, propynyl,
2-butynyl, 3-nmethyl butynyl, n-pentynyl, and decynyl.
The term "substituted al kynyl" neans that the al kynyl
grARRhERAsPEctHf RS ipred &t iRYeltith provids< asidlsdli Eaigpbands of
whi ch may be the sane or different, each substituent
formyaedf anchifendent Iy sel ected fromthe group consisting

of alkylp ary} and cyclpal kyl- “Aryl" means an

aromati c| nongcyclic or l'tigyclyC ring system

conpri sSi n@)..é\aout 6 tg(dz out 139) bon at ons,

pr ef er ab| ysabyth 6 t out 1§0/santon at onXl |[The aryl

group canpe joftal | y| substii Kui ,g,,,,, iA°R_one |or nore

"ring systeh titéfents" N R

- o (Ia) L © ~(IaA)

wherein

R represents an alkyl, substituted alkyl, aryl, substituted aryl, aralkyl substituted
aralkyl, cycloalkyl, or substituted cycloalkyl group, preferably wherein R is C4-Cg
alkyl, more preferably, R is methyl; “Xd” is selected from D-DTTA and D-DBTA, and
“XI” is selected from L-DTTA and L-DBTA.

Another aspect of the present invention provides a process for the provision of

intermediates of formula IIB and the intermediates of formula [IB:

\/
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whi ch may be the sane or different, and are as defined
herein. Non-limting exanples of suitable aryl groups
wWOo p@0de9phenyl and napht hyl. "Heteroaryl" meaPGI/aR2006/048613

aromati ¢ nonocyclic or nmulticyclic ring system

conprising about 5 to about 14 ring atons, preferably

about 5 to about 10 ring atons, in which one or nore

of the ring atons is an el enent other than carbon, for

X e nit oxygen or sul fur, alone or in
Sd“”@éﬁﬂ?%ﬁfﬁ%n&8%$2$%rred het er aryls contain about 5 to

ut. 6 ring atonp , ter p
where;n@t'ﬁtqr@&ﬁbvb&ﬂwts SpkulorARENL, er&f el e @ifid from
benz%y& Ry be the sane or dlfferent and are as defined
re|n The prefix aza, oxa or thia before the
heteroaryl root nane neans that at |east a nitrogen,
OXNﬁ&ﬂe?'ésB%&f Hthd éﬁ&éﬁﬁﬂ%ﬁﬁaﬁ iy/a dréc@§§ﬁﬁ%e§fro@snon of
tom nitrogen atom of het er oar can

mtermmatmoﬁ fprimuiall ¢B @ndahetwovisiareehioie l&t%@fdf@rmula ve:

Non-limting exanpl of suitable heteroaryls include

pyridyl, pyrazinyl, aﬁdranyl thienyl, pyrimdinyl,

i soxazol yl , |soth|azb-yl oxazolyl t hi azol yl,

pyrazol yl , furazaﬁ? }rolyl yrazolyl, triazolyl,
1, 2, 4-thi adi azol yl z't H¥l, pyridazinyl,
quinoxalinyl, pht halazt'nyl , |n1dazo[1 2- a]pyr|d|nyl
i mi dazo[ 2, 1- b] t hiazolHyl, benfﬁBurazanyl i ndol yI,

Whef%w 55 ghy méﬁ%ﬁ%ﬂ%%yér Ibﬁ@ébgpgésé@‘il i m dazol yl ,

thlenopyrldyl quinazollnyl t hi enopyri m dyl ,
Py rol opyrid VL -
Ao e éﬁﬂf thci PGSR ;}R\éé;l?’tlrg fs%ﬁgtﬁr%{?ﬁdg%z’ % D-DTTA and D
DBTA Rkait$ iok ﬁormlﬂaalémi fherm@msmnoﬁty[DT'ﬁAlqnd LPBTA saits of formula la

whi.ch the ar and .al k ar e ev 0 SC
in highyxis Bt Ao BumtpriieintR s hAlR) dnd B PR process of
rovn&l‘h@ dndTsidrBgisermheshigh endntidphericenddsd frgmotinesmixture.
i nCl ude benzyl, 2-phenethyl and napht hal enyi net hyl .
The bond to the parent noiety is through the al kyl.
"Al kylaryl"™ means an al kyl -aryl - group in which the
al kyl and aryl are as previously described. Preferred
al kyl aryls conprise a | ower alkyl group. Non-limting



exanpl es of suitable al kylaryl groups include o-tolyl,
p-tolyl and xylyl. The bond to the parent noiety is
wo boosogitoe he aryl . "Cycl oal kyl " means a non- ar BORUB2006/048613
nmono- or nulticyclic ring system conprising about 3 to
about 10 carbon atons, preferably about 5 to about 10
carbon atons. Preferred cycloal kyl rings contain about
5 to about 7 ring atons. The cycl oal kyl can be
optional | iLuted with e or nore "ring system
SChe%&@P?‘f%&%%‘?ﬁﬁ%ggh may be t(hbg sane or different, and
are as defined above. Non-limting exanpl es of
sui t abl e monocyclic cycl oal kyl s include cycl opropyl,

Cycl opentyl, cycl Qj‘@t}ﬁptlﬁndfﬂheﬂhybnﬁbdl the Iike.
Non-limting exanp

A eaembwnenqa@roygﬁeeaiﬂ%g‘p%ﬁflg%ﬁt 4 Slawingyprms, unless

otheﬁ\ﬂge iffichidee shalipeQindBraibod foliedvd trfehfloﬂbmn@hm"ﬁhmg%
|o o roups. Preferred are fluoro, chloro or bronp

T @q@r@f@ alighaticchydrespEPharaun whish mﬁw%ﬁﬁalght or
brancgr?é"tfﬁnal %I?J'o%'i H”[SC tf%{) '@Onc?arbe dt8AIsNA the chain. Preferred

erre are uor rrne or rqmne, an nor e
alkyl gretips cedtaim ebbuua)rto rdoaihd 2ctareen @eomsHN Age shaireilore preferred

alky! ?f@ﬁéﬁ IE§RQ&$H ﬁgﬁﬁﬁ 18 %%Qﬁ%' ééJrBBE z{fé%@&ﬂﬁ@ﬁtcﬂ]agf Branched means

ar onst1c i ng s
that exewp hegrerlopkeaatis/| gnoupsaslictbbhe mg’dhyb@hylcm priopvl, iang attached to a

inesE 430 £, "o BESHSHRARS SRR P B E W aroon

atom@riatRe @A @hictormely 8 gtraightbe bﬁ@moﬂed ara teyin "substltuted alky!"

al kyl a ara het roar I | kyl het |, .
a3 e e S b8 RS BBl b et Mg sp bRt whion
may %b%h@’@éméb@'d'ﬁféﬂént Qé“a)dh, s@é?ﬂuentrtfélﬁg ifddpehderiti@salected from
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‘Alkenyl" means an aliphatic hydrocarbon group containing at least one

carbon-carbon double bond and which may be straight or branched and comprising
about 2 to about 15 carbon atoms in the chain. Preferred alkenyl groups have about
2 to about 12 carbon atoms in the chain; and more preferably about 2 to about 6
carbon atoms in the chain. Branched means that one or more lower alkyl, groups
such as methyl, ethy! or propyl, are attached to a linear alkenyl chain. "Lower
alkenyl" means about 2 to about 6 carbon atoms in the chain which may be straight
or branched. The term "substituted alkenyl" means that the alkeny! group may be
substituted by one or more substituents which may be the same or different, each
substituent being independently selected from the group consisting of halo, alkyl,
aryl, cycloalkyl, cyano, and alkoxy. Non-limiting examples of suitable alkenyl groups
include ethenyl, propenyl, n-butenyl, 3-methylbut-2-enyl, n-pentenyl, octenyl and
decenyl.



Y2 may be the same or different and are independently

sel ected fromthe group consisting of hydrogen, alkyl,
waeoz/o7aea ar al kyl . " Cycl oal kenyl " neans a nonPEF/ORBING/E48613

nmono or multicyclic ring system conprising about 3 to

about 10 carbon atons, preferably about 5 to about 10

carbon atons which contains at | east one carbon-carbon

doubl e bond. Preferred cycl oal kenyl rings contain

ring at ongy, The cycloalkenyl can be
SCherB"ﬁt% Ckeltﬁj? siu%gds%tgl gut ed W|th one or nore "ring system
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tionally substituted by one or nore ring s

abouggﬂgtahqu%ﬁﬁscarméraépms Prefgraly @bers Bio@RA O Cﬁr@oasafoms The
aryl BYfondl bét\’teﬂféﬂNﬁﬁ o'f'l%' didhnofd O QEyERen substituents®
roc C E pne g {he

e optionally oxidized to
whicle masebe dsml |sagle\|00dlf@e§enisaﬁszh afre asy dgfiredy hg;@l.eNon limiting

exar5 5t 408 SYPIRAFR, Bk R oA

t éHmémalryibymeahmen atohatic mydnogydlic dyimulticyclic ring system
complrisél‘lr_lg(;]I 'aﬂéé {g QX (XJ’[ 141r’|nzg gtoms preferably about 5 to about 10 ring
atoms, in which one or more of the ring atoms is an element other than carbon, for
example nitrogen, oxygen or sulfur, alone or in combination. Preferred heteroaryls
contain about 5 to about 6 ring atoms. The "heteroaryl" can be optionally substituted
by one or more "ring system substituents” which may be the same or different, and
are as defined herein. The prefix aza, oxa or thia before the heteroaryl root name
means that at least a nitrogen, oxygen or sulfur atom respectively, is present as a
ring atom. A nitrogen atom of a heteroaryl can be optionally oxidized to the
corresponding N-oxide. Non-limiting examples of suitable heteroaryls include pyridyi,
pyrazinyl, furanyl, thienyl, pyrimidinyl, isoxazolyl, isothiazolyl, oxazolyl, thiazolyl,
pyrazolyl, furazanyl, pyrrolyl, pyrazolyl, triazoiyl, 1,2,4-thiadiazolyl, pyrazinyl,
pyridazinyl, quinoxalinyl, phthalazinyl, imidazo[1,2-a]pyridinyl, imidazo[2,1-b]thiazolyl,

benzofurazanyl, indolyl, azaindolyl, benzimidazolyl, benzothienyl, quinolinyl,



tetrahydropyridine, 1,4,5,6-tetrahydropyrimdine,

2-pyrrolinyl, 3-pyrrolinyl, 2- imdazolinyl,
wQ2ynzazed i nyl, and the like. Non-limting exaP@l/E52006/048613

sui t abl e oxahet erocycl enyl groups include

3, 4-di hydr o- 2H pyran, di hydrofuranyl,

fluorodi hydrofuranyl, and the like. Non-limting

exanpl e of a suitable multicycfic oxaheterocycienyl
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samycRyalidfif fr%ra@i%ta naﬁfhr@hﬁt@&ndﬁbl BEH’ILH‘@'E@!IB nn'b”@/stem
nitrogen or sul fur atom of the heteroc

Comm’tﬁ'n@ﬁQPPWGQ|a€’PiJédotQ?rPﬂ'é aiQNPeR ﬁfﬁ@fbg ﬁoakﬁa% about 10 carbon
atoms: P’féf@ m}/%! g*lcﬂﬁ onf¥aitr Abduitts E&aSé@f“P'rﬁ:g &bms. The

SUItab eterocyclyl rings incl
cycloaﬂbpéciad;ne osptwrrailw smtwmuteguvwm gzerwlmomrrmmws%?m substituents®

whlc}ilﬁi éﬁﬂ&'skmq e{ Bmﬁ drO ﬂbryrb asl?etr cﬁ g Qé‘yl“on |Imlt|119

diI" 6xan urany ot hi ophen
exanpés ah;sdrtabllm mpyoayryﬂc cwmialkjde in¢lude cysalpmmpyiycyclqpalntyl

evorPa LRI iy BRIRe Bl ies AR Huicyoro
cycloakylifineigdd ovicatink aosdorpyioagamidonyli and theglike.

"Halo" means fluoro, chloro, bromo, or iodo groups. Preferred are fluoro,
chloro or bromo, and more preferred are fluoro and chloro.

“Halogen” means fluorine, chlorine, bromine, or iodine. Preferred are fluorine,
chlorine or bromine, and more preferred are fluorine and chlorine.

"Ring system substituent” means a substituent attached to an aromatic or
non-aromatic ring system which, for example, replaces an available hydrogen on the
ring system. Ring system substituents may be the same or different, each being
independently selected from the group consisting of aryl, heteroaryl, aralkyl,
alkylaryl, aralkenyl, heteroaralkyl, alkylheteroaryl, heteroaralkenyl, hydroxy,
hydroxyalkyl, alkoxy, aryloxy, aralkoxy, acyl, aroyl, halo, nitro, cyano, carboxy,
alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl, alkylsulfonyl, arylsulfonyl,
heteroarylsulfonyl, alkylsulfinyl, arylsulfinyl, heteroarylsulfinyl, alkylthio, arylthio,
heteroarylthio, aralkylthio, heteroaralkylthio, cycloalkyl, cycloalkenyl, heterocyclyl,
heterocyclenyl, Y,Y2N-, Y1YaN-alkyl-, Y{Y2NC(O)- and Y1Y2NSO»-, wherein Yy and



exanpl es of suitable aral kenyl groups include
2- phenet henyl and 2- napht hyl et henyl. The bond to the
w@aroents7emi ety i s through the al kenyl. "Heter oR€EUK3006/048613

means a heteroaryl-al kyl- group in which the
heteroaryl and al kyl are as previously descri bed.
Preferred heteroaral kyls contain a | ower al kyl group.
Non-limting exanples of suitable aral kyl groups
include g%rldylnethyl 2- (f uran-3-yl)ethyl and

Scheriqgi PestkiehND- ¢IDASBRYI . The bont to the parent rml ety is
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aced by sone ot her substituent, such

the lll@j@fmﬁ@dmyb@g exaginie shpsuitabig mﬂlt@qwﬁgc @yghaall@%nw epedromylenyt.
H‘ﬁ(e@rlolt(:yﬁlle@gl" eds a @;{rﬁ%?g @csnocﬂ:'fé’ﬂy mdHi&ctic ring system

cycloa cycl eny
commysuhg;abbyh@ ltte G(DO)Jt 19 rimgpatomsitpreterably akaut&ute ah@ifpkd ring

atom%b \?6 elﬁ]ggﬁr{g e%iéﬁ% ;?cg‘gs i B Rﬂg%ﬁééghac?ﬁgélgment other than

carbcrqrfbaenamplemﬂnromlrkpkygélmm Isulfut atmgn exlanplarsn gombination, and

whncfiﬁ&a%%g? @élsﬁgb%u azpclargghgtg?n d %n%?p& §ﬁ§arbon -nitrogen double
bondCYeked Qi@ﬁ@)éldpceﬁit@dygeﬁ%oﬁéUIﬁJr}dto@(sQ)resghD lrpthienring system.
PrefeWc—:l‘anetter}gcy%lgnyl nrn%us colnstalzrawsa rlﬁv.’:'l ’?ouaé)gut 6 ring atoms. The prefix aza,
oxa or thia before the heterocyclenyl root name means that at least a nitrogen,
oxygen or sulfur atom respectively is present as a ring atom. The heterocyclenyl can
be optionally substituted by one or more ring system substituents, wherein "ring
system substituent" is as defined above. The nitrogen or sulfur atom of the
heterocyclenyl can be optionally oxidized to the corresponding N-oxide, S-oxide or
S,S-dioxide. Non-limiting examples of suitable monocyclic azaheterocyclenyl groups
include 1,2,3,4- tetrahydropyridine, 1,2-dihydropyridyl, 1,4-dihydropyridyl, 1,2,3,6-
tetrahydropyridine, 1,4,5,6-tetrahydropyrimidine, 2-pyrrolinyl, 3-pyrrolinyl, 2-
imidazolinyl, 2-pyrazolinyl, and the like. Non-limiting examples of suitable
oxaheterocyclenyl groups include 3,4-dihydro-2H-pyran, dihydrofuranyi,
fluorodihydrofuranyl, and the like. Non-limiting example of a suitable multicyclic
oxaheterocyclenyl group is 7-oxabicyclo[2.2.1]heptenyl. Non-limiting examples of
suitable monocyclic thiaheterocyclenyl rings include dihydrothiophenyl,

dihydrothiopyranyl, and the like.



descri bed. The bond to the parent noiety is through
the carbonyl. Non-limting exanples of suitable groups
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an al kyl -O group in which the alkyl group is as
previously described. Non-limting exanples of
sui tabl e al koxy groups include nethoxy, ethoxy,
n- propoxy, isopropoxy, n-butoxy and heptoxy. The bond

to the en ety is thro h the ether oxygen.
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like.

"Aralkenyl” means an aryl-alkenyl- group in which the aryl and alkenyl are as
previously described. Preferred aralkenyls contain a lower alkenyl group. Non-
limiting examples of suitable aralkenyl groups include 2-phenethenyl and 2-
naphthylethenyl. The bond to the parent moiety is through the alkenyl.

"Heteroaralkyl" means a heteroaryl-alkyl- group in which the heteroaryl and
alkyl are as previously described. Preferred heteroaralkyls contain a lower alkyl
group. Non-limiting examples of suitable aralky! groups include pyridylmethyl, 2-
(furan-3-yl)ethyl and quinolin-3-yimethyl. The bond to the parent moiety is through
the alkyl.

“Heteroaralkeny!” means an heteroaryl-alkenyi- group in which the heteroaryi
and alkenyl are as previously described. Preferred heteroaralkenyls contain a lower
alkenyl group. Non-limiting examples of suitable heteroaralkenyl groups include 2-
(pyrid-3-yljethenyl and 2-(quinolin-3-yl)ethenyl. The bond to the parent moiety is
through the alkenyl.

"Hydroxyalkyl" means a HO-alkyl- group in which alkyl is as previously
defined. Preferred hydroxyalkyls contain lower alkyl. Non-limiting examples of

suitable hydroxyalkyl groups include hydroxymethyl and 2-hydroxyethyl.



descri bed. Non-limting exanples of suitable arylthio
groups i nclude phenylthio and napht hyl thio. The bond

WO eoorlogs7p@r ent noi ety is through the sul fur. PCT/US2006/048613
"Aral kyl thi o" means an aral kyl-S- group in which the
aral kyl group is as previously described. Non-limting
exanpl e of a suitable aral kylthio group is benzylthio.
The bond to the parent noiety is through the sul fur.

" Al Kox car ans an aIk | -O CO group.
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Iim ting exanpl es of suitable aryl oxycar bony

Ilmltngg @ggpg}plﬁ% ||anj@d@H§ﬁ.‘@(@)c,aalby}r@(ohnalkﬁayhﬂﬁ@)ty é‘de'T}Q(O)

cycloy\?yl lklﬁ(@)} yc%‘%%]%}??wl %éoygﬁé%%lgﬁl&gﬁyl$§)o;d}8u?% ORI the

varios rgrbups Aragsgxavipuslyofiescrigdt albied)mmtmme_,/parrdm mdnety is through

the C%Dl?cgr&/ ﬁg&?ﬂ'ﬁgﬁy ﬁé&%ﬁ % 5%\'&?? a&xr%l/ H]tm%&gﬁ{gé%%of suitable

acyl grougskinchulle@@ymygracetyl, propiagiolk @-giethwlprapgandyidsganoyl and
| ich the alkyl group is Iower alkyl. The bond to the
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descliB8dPREANIMARLExanSes ¥ SUARL I MKSX) §HUs include methoxy, ethoxy,
n-propoxy, isopropoxy, n-butoxy and heptoxy. The bond to the parent moiety is
through the ether oxygen.

"Aryloxy" means an aryl-O- group in which the aryl group is as previously
described. Non-limiting examples of suitable aryloxy groups include phenoxy and
naphthoxy. The bond to the parent moiety is through the ether oxygen.

"Aralkyloxy" means an aralkyl-O- group in which the aralkyl groups is as
previously described. Non-limiting examples of suitable aralkyloxy groups include
benzyloxy and 1- or 2-naphthalenemethoxy. The bond to the parent moiety is
through the ether oxygen.

“Alkylamino” means an -NH; or -NH3* group in which one or more of the
hydrogen atoms on the nitrogen is replaced by an alkyl group as defined above.

“Arylamino” means an -NH_ or -NH3™ group in which one or more of the
hydrogen atoms on the nitrogen is replaced by an ary! group as defined above.

"Alkylthio" means an alkyl-S- group in which the alkyl group is as previously
described. Non-limiting examples of suitable alkylthio groups include methyithio,
ethylthio, i-propylthio and heptylithio. The bond to the parent moiety is through the
sulfur.



The term "optionally substituted" neans optional

substitution with the specified groups, radicals or
wOorRioeiEse Enanti omeric excess ("e.e.") IS a prCTENIAGHS613

expressing the extent to which one enantionmer (e.g.,

R-enantionmer) is produced over the other (e.g.

S-enantioner), calculated by subtracting the

di fference in the amount of each enanti oner produced

di vide yum of the anmpunt of each enantioner
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SChe‘b‘?ﬂ)@BE'éﬁﬁ‘h&&\%%ocket No. &P06388 16 In one

enbodi ment, the present invention provides a process .
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a suitiibie aralkoxysarbongrgroap is bendyloxycarbonyl. The bond to the parent
moiety is through the carbonyl.

"Alkylsulfonyl” means an alkyl-S(O,)- group. Preferred groups are those in
which the alky! group is lower alkyl. The bond to the parent moiety is through the
sulfonyl.

“Alkylsulfinyl" means an alkyl-S(O)- group. Preferred groups are those in
which the alkyl group is lower alkyl. The bond to the parent moiety is through the
sulfinyl.

*Arylsulfonyl” means an aryl-S(O.)- group. The bond to the parent moiety is
through the sulfonyl.

"Arylsulfinyl" means an aryl-S(O)- group. The bond to the parent moiety is
through the sulfinyl.

The term “optionally substituted” means optional substitution with the
specified groups, radicals or moieties.

Enantiomeric excess (“e.e.”) is a percentage expressing the extent to which
one enantiomer (e.g., R-enantiomer) is produced over the other (e.g. S-enantiomer),
calculated by subtracting the difference in the amount of each enantiomer produced

divided by the sum of the amount of each enantiomer produced



Is selected fromdi-p-toluoyl-L-tartaric acid (L-DTTA)
and di benzoyl -L-tartaric acid (L-DBTA); and L-salt is
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it is preferred to carry out Step 6 by precipitating

the | ess desjir %@ ( 1S, 2R .5R) enantioner from
SChe@tﬂQf’Fl&?‘il\fﬁ ‘? %L acid (e. bg precipitate the

conpound of formula Sla whereupon the filtrate

cdRtAIeeRyodHBeRb e fE %fﬁb'[‘\éef(t@rﬁ” %@e%%)m%?%?ﬁ fosepparing in
enanﬁ@r'rgs,-rlct SRR DI TH of QW@T Alkshitich teeRRAPLRIN ¥f formula | from
worked up to obtain the nore desirable enantioner in
a racefve anitiren dntansiee embrdisrent, the prrssat dnyidionepioyidasea process

or BB st 4G B ST g LS sesaiboourn o

formfiladm ftdre & rdaamaicembgurer dherieventbfe piosesslis daseribgd in Scheme |
belot'he sel ected D-acid, as described belowin detail for
\gtep 6, or nmerely evaporating off the solvent to
provide a solid. There follows a detail ed di scussion
of each of the steps of the %cess represented in
Schene | . Step 1- | mde For e I precursor imde
is formed fromcaronic acid (Ha) starting nateri al
foll ow ng one of two procedures, procedure, A, which
fornﬂhe—g{?ﬁ—ﬂe—r—ﬁ—eﬁe—s’(—ep» Prd’procedu\e( B, whi
for he | e in tw steps u o_sléfS ey tStep3
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Step 6
Racemate VII
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S) == (R)
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L H, 2 i N~ “co.R
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Formula Sl Formula Sia

wherein

R is an alkyl, substituted alkyl, aryl, substituted aryl, aralkyl substituted aralkyi,
cycloalkyl, or substituted cycloalkyl group. Non-limiting examples of alkyl groups are
(C4-Cy2)alkyl, (C1-Cgalkyl and (C4-Cs)alkyl. R is an aralkyl, substituted aralkyl or



starting material, which can be isolated, or used in

situ to formthe conmpound of fornmula IIl. SCHEME Il Ua
wo 2@78%579Mown in Schene 11, racemc 3,3 PCT/US2006/048613

di met hyl - cycl opropane-1 , 2-di carboxylic acid (Ha) is

di ssol ved/ suspended in tol uene and treated with acetic

anhydride in the presence of sulfuric acid to form

ci s-caroni c anhydride preferentially (forrmula 11). The

caro ride may be. lsolated for use.
SCheW&QP%&‘?t%\fé@9§ 3% resul ti nglJ( eaction mixture

aeri 2 DR e SR S ek 3R B hari aoa -
DTTANARE m&r@z&yl@lfhrtww @éidl(D BB D-é4t i@thbrhrﬁoﬁ%rmbondmg to
reaction, the imde of formula [Il. Procedure

the Deasishselesieny thatde. %lfhﬁrrﬁmﬁatqwqyln%a%%raéap&mev%iwhp-taﬂarate L-
acid &0@48&{9%6& &.f)&tcﬂ Hﬁq_uibg-t&fc 5 armt T*rh dn‘@i @béHﬁéﬂQ_ fartaric

vent to edtelm ornu In sone
acid grb. Aw)eram! losaittie thenanion @frequr@lrm to t-;hrer behaid selgstes, that is,

eith ef&@ﬁ'ﬁ’g‘ﬁ&f"ﬁ el 8-85 e &°4h &ﬁ% aﬁ{%@ dr of ur an,

opropanol ket one,
xyl enes, and f or mani de. SU|tabIe catalysts for
for..exanp

. @i .
A RS st S R e (o) S s ROHPUITNG: Fohthe desired
enan@i@hﬂiryﬁﬁs brefemeldapeshriyoditStepr @b?rmec@ftaﬁngltlhé tegndesirable (1S,
)gélgﬁ?@thslﬁ% rgbweggllu%r en 0 rce&@%ﬁ’%ﬁupﬁeﬁ@@:ﬁ\pound of
formmld@&%haf&:ﬁﬁﬂmmte EOntaMiRy eNe abreRidsirable (FR, 2s 5S)

preferred to carry out the reaction at a tenperature
enanjpmardmmibacompdnd of fa%mwa Shos SUBSREHPAREY Mstked URJo obtain

the n%%raﬁe RhARGEH |r$|r§1 pRedt &Péﬁtlorﬁe AEeRAEsdTe H“ﬂ’fése

rovision o he  conpound formula I'll from
embedimsarits the workup of the flltrate can optlonally include a second precipitation

of the desired (1R, 2S, 5S) enantiomer from the filtrate by treatment of the filtrate
with the selected D-acid, as described below in detail for step 6, or merely
evaporating off the solvent to provide a solid.

There follows a detailed discussion of each of the steps of the process
represented in Scheme .

Step 1- Imide Formation

A precursor imide is formed from caronic acid (lla) starting material following
one of two procedures, procedure A, which forms the imide in one step, and
procedure B, which forms the imide in two steps using different reactants. Methods
to prepare caronic anhydride are known in the art and this compound may be made,
for example, from the synthesis disclosed in US Publication No. 2005/0059648 A1,
which in Example 1 therein details a method for preparing the anhydride from ethyl
chrysanthemumate in accordance with published procedures.



anhydride (fornmula Il) is a twd-step sequence to yield
the imde of formula Il Step Bi: An internediate
wa@bdylorathde of fornmula UB i s prepared from carPei/tS2006/048613
anhydride by reaction with a reagent selected from an
aral kyl, substituted aral kyl or al kenyl amne in the
presence of a solvent. In sone enbodi nents of the
invention it is preferred to enploy am nes sel ected

d AllyINH2, I n some enbodi ments of
SCheT%&%WQ s preferreagto use a sol vent

se|l ected fromt net h | et he TBIVE)
t AR éﬁ%}é&fam*aﬁegm RRAYN ! tSﬁh%Tﬁ%(i ‘ehe usgg to provide the

stamﬁpﬁhdfe@@al OfvhichaH bERSRatdie oe eked!in sﬁt@'t@ f6FffR 2HE BB Sound of
the invention it is preferred to carry out the
formulgdé i on at a tenperature of from about 0 OC to about

200 OC. Step Bii: The intgrpeqpaye al kylim de of

fornmula HB can be converted to conpound |11 by

hydr ogenati ng the internmedi ate gsing netal¢nedi at ed
hydr o ol ysis reactNgn conditipns.\lA so \/
enbodi

!

nt(@iatt))z(i)g preter NEPH g Lse afgatal ysHO, &

conpr, g palladiu carbon [(Pd/£) 4 n the prese
of gas. e exqnpl e of | syl t ablge=ppacti on
cOndidd ghs can beo @ the fgll ow ng,rgference: )

C. Benptas and R V. Tube, Synt etic Co i cation, H
19904520, 1209. Step;2: The imide fpng in the T
bi cycl o- compound of forrrul alll is converted to a

pyrrolidine ring to yield the bicyclo-conpound of

ggf}'\oégghgwh\'fn@ciﬁeqﬂg% s r28 i dﬁf’io C%l%ﬁ?&@’rﬁpgne—ﬁ‘ 28i8rboxylic

ment's erre
acid (I@Ustdnmlumi/agspemm antolsmeeand drefatedwitht &cetic anhydride in the

] hydride (;-LiAL.HA"). . ' i . .
pres e GRS QIS o Eiieiiehnaitaluys B8k Bigersnyany,fgrmula 1. The
cis-camrig anhi/dride meaye bbasolatat forafset Meltematnglypthd tesuktlng reaction
mixt rgﬁé;ﬁﬁ{u?\g‘é& glétc-:%aa% |cogrt1h)$cpr%er lgdtye%tté r\]/va{heggntnlwgﬁulm hydroxide
forming the ring-opened intermediate and heated in situ to form, in a one-pot

reaction, the imide of formula lll.

Procedure A :

Caronic anhydride (formula ll) can be catalytically converted to the compound
of formula Ill in a suitable solvent to yield the imide of formula ill. In some
embodiments of the invention it is preferred to employ solvents selected from water,
tetrahydrofuran, methanol, isopropanol, methyl isobutyl ketone, xylenes, and
formamide. Suitable catalysts for carrying out this conversion include, for example,
4-N,N-dimethylaminopyridine (DMAP) and lutidine. The catalyst is employed in the
presence of a nitrogen source. Suitable nitrogen source reagents inciude, but are
not limited to, NHz, NH,OH, H2NC(O)NH2, Ho.NC(O)H, NH,O.CH, and NH;O,CCHs.
In some embodiments it is preferred to carry out the reaction at a temperature of
from about 10 °C to about 200 °C.



fromtetrahydrofuran, 2-nethyl tetrahydrofuran,

tert-butyl nethyl ether, 1,2- dinethoxyethane, toluene
wa@pa7m7svpur es of two or nore thereof. I n some PCT/US2006/048613

enbodi ments it is preferred to isolate the product by

distilling off the solvent. InSchering Docket No.

CD06388 20 sone enbodi ments of the invention it is

preferred to carry out the reduction reaction at a

tenperat yre om about - 0C to about 80 OC.
Sche nB SHS Y %%12(263§gnpound of Tornula IV may be
Procs nv tzlad t correspondi ng salt (conpound of

eacting it wwth an acid. Suitable
a® gacong nsthodiot ther providion ofriieedoitnouridrefrfaimata Kisfrom caronic

faor exanple, HCl, HBr, H , HNO3 or. A. Ins
anhveﬂ%i GHERS 19 15 wBr BPe Seaenee 13 yield 30F imisfe Sbgmua
tg?r]g, to provide a mneral acid solution for this
trea nent, for exanple, alcohol solvents, for exa
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ure
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or m@r@ m@fr@@lf f IhcdBrageeit odimeditd af thdﬁi‘ltvéhtlch itab Kﬁéfdi&-:—ceﬁf térry out
peroxodi sul fates, nore tp(()ﬂg‘jéera sodi

the f%@%%%‘%@%&f% of frameabay deanaut 209 nt of a
silver catalyst, preferably fromabout 0.01 to about
O 10 nol ar equivalents of a silver salt catalyst for
ex&eplBii'si | ver nitrate. In these enbodi nents it

%ﬁf;@%ﬁné&a&@ S@hﬁ%é/?f‘formh‘ﬂsb&g bR vl C?dato %ompound 1]

vent m ure exa le water m xe
by h)&hbgenatus@ItmtréelrmedlaiteauelnqnhetaHrﬁe@lﬁbed\hx@molySIS reaction

e [
cond}fites Ihiadia Sk I8 brefotrddtoRisd &'chbtlybecifbRting
palladium on carbon (Pd/C) in the presence of hydrogen gas. One example of
suitable reaction conditions can be found in the following reference: R. C. Bernotas
and R. V. Cube, Synthetic Communication, 1990, 20, 1209.

Step 2:
The imide ring in the bicyclo-compound of formula lll is converted to a

pyrrolidine ring to yield the bicyclo-compound of formula IV by reduction in a suitable
solvent. In some embodimenits it is preferred to carry out this reduction using a
reagent selected from lithium aluminum hydride (“LiAlH4”), sodium bis(2-
methoxyethoxy)aluminum dihydride (“Red-Al®"), and borane. In some embodiments
of the invention it is preferred to carry out the reduction reaction in a solvent selected
from tetrahydrofuran, 2-methyl tetrahydrofuran, tert-butyl methyl ether, 1,2-
dimethoxyethane, toluene and mixtures of two or more thereof. In some

embodiments it is preferred to isolate the product by distilling off the solvent. In



from manganese(1V) dioxide in hydrocarbon or etherea

sol vents, (e.g., hexanes, nheptane, and tert-butyl
woreaohprs7ed her). I n some enbodinments it is prefRPCT/E82006048613

use a peroxide selected fromurea hydrogen peroxide

and hydrogen peroxide in a water/solvent mxture. In

sone enbodi nents using a peroxide it is preferred to

sel ect the solvent for the water/solvent mixture from

i tril tate, | | tate,
Sehe G PR RGP0 1 et her CIBNE) hoxanes.
some BAREEIEGHS Ph e FVEBIEn tt1E PB4/ 26 A byHeD asbiptiop reaction
at a erifer@lds G scoPcBRSe(dd] ) salts, e.g.,
( IR, 2R)-(-)-[1 ,2-Schering Docket No. CDO6388 2 1

cycl ohexanedi am no- N, N -bis(3,5-di-tert-butylsalicylid
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correspoayiigpsalk radpaund of m%mm l:(l)l? :lvgs ,b&-reacflgg rtgu ithy |a§1§amu.y ISuitable
et G, M GRBY g Bkl o L M, Pl v v

or H:8D4.omasdbinet@hbadinbdnytisdt isydrefecbdito use al suitaie organic solvent to
' ed to use.i odosob

enbodi.nent s is.preferr nzen
provigBis oyeie ahicbsotPadeChiy Eralnete oy SXamels, asinal Rafvents, for
exanile IngtrdinohbAtabGmopaabl. | n some enbodi nents it is
preferred to enpl oy potassium peroxodi sulfate with

silver nitrate in the presence of an al kali-netal
Stegqyani de, preferably potassiumcyanide. In sone
enbodi nents utilizing this oxidiation nethod it is .
The ényeralidine 6na i s bigycla-cermpprad compowid abtaraiaty is oxidized
to yiéﬁ?ﬁ@ F&Grr%réﬁoﬂﬁwgq%gﬁép%iﬁé@ﬁ{é AHuRtib18 BT RPN debd b Me
therein. T h sonmg enpodi ments using potassium
pyrrafiginex oog sahflze mteiduged inieithet of o thtationsion Bteepng, thig step

sk B oAt B e A, 5,1

nmole % nore preferably fromabout 5 to about 7.5 nole
% conpar amount of substra resent .

A5 HeRPgTehiSgt BruPBTai] BB b SPXEeh tbsaRiNg the
comgouhcatforalutatV efithpah axidaiishpeagsatselettat RohPramtindtium, alkali
metaﬁ gre aﬁgfngteaoth ﬁ%gtglorlnelzrgl)(ggisaﬁ‘gtsetsr, ?rgoeretp?re?e?rably sodium or potassium
peroxodisulfate and a catalytic amount of a silver catalyst, preferably from about 0.01
to about 0.10 molar equivalents of a silver salt catalyst for example silver nitrate. In
these embodiments it preferred to use a solvent comprising water or a water/solvent
mixture, for example water mixed with a solvent selected from acetonitrile and
mixtures thereof. In some embodiments it is preferred to select the oxidizing reagent
from manganese(lV) dioxide in hydrocarbon or ethereal solvents, (e.g., hexanes, n-
heptane, and tert-butyl methyl ether). In some embodiments it is preferred to use a
peroxide selected from urea hydrogen peroxide and hydrogen peroxide in a
water/solvent mixture. In some embodiments using a peroxide it is preferred to
select the solvent for the water/solvent mixture from acetonitrile, ehtylacetate,
isopropylacetate, tertiary-butyl methy! ether (TBME), hexanes, tetrahydrofuran and
2-methyl-tetrahydrofuran and mixtures of two or more thereof, catalyzed by 0.001 to
0.10 molar equivalents of manganese(lll) salts, e.g., (1R, 2R)-(-)-[1,2- |



oxi di zed along with from about 2.3 equivalents to
about 3.0 equival ents of sodi um hydroxi de di ssolved in
wW@b@an73r9 vol unes to about 15 vol umes water. |PCHUOR®06/048613

enbodi ments enpl oyi ng the peroxodi sul fate/sil ver

nitrate oxidation procedure, it is preferred to use at

| east 2 equivalents of an al kali netal cyanide,

preferably potassiumcyanide, in the reaction m xture.

I n some enbodi ments enpl oyi ng peroxodisulfate -
ScheriggileakebNo; RDOGER8 3, it is ferred to carry out the

reaction at a tenperature of fromabout -5 C'to
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I ution an t iyar.
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S tion di s off the MIBE. In sone
<e-9-'ecﬁ95)8r?f€ﬁ NG PV | %ﬂ'ﬁﬂgjﬁ?ge%‘?%)w it is preferred to
enpl oy the nethanolic solution of the product imne
provi ded by the work directly in subsequen
IngorpR@mARdmaNs figp hrelesres kP TRIpYRRIRES! peErlifate with
snver%%té&% the pr%\ééﬂglegff g%%gkﬂuﬁgﬁétar@arﬁ@é I .@:réf@.faumpa@s@nﬂn
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cyamldm da SO embq%@e@it%ytﬂl%n@ é'h'ﬁ&&?fﬁa%g éﬂ%ﬂ"@ddtﬁp‘?fﬁ&fﬁﬁd to
omoib S EPEE i Rl MER AREpihel 08 b apindSUakte
undeegmnygrmwdalrwtﬂwn@h dneame erréxmtmantaauswg Ratassiyiaho
pero BB Ao SRR e S 3oR NS LAy Somaio
amo%mtdi)dllleekenmlaw,ﬁofr exampde frioen apohbalmpiy:% to abouof 10mole %, more
C 0 C ' AN di i1J
ortef st SRR B 2 P2l schE S oot
preséitanh isoifs embédimenes R prsfetred 3o enplol, atSda@wabdut 1.1 equivalent
brackets as racemate VI. The functionali %ﬁt fon i

of potassiyraPsarodistfigte Rased pn dbe ROy lgingaubsiralg to be
oxidifdR AR Fith from about 2.3 equivalents to about 3.0 equivalents of sodium

hydroxide dissolved in about 10 volumes to about 15 volumes water. In some
embodiments employing the peroxodisulfate/silver nitrate oxidation procedure, it is
preferred to use at least 2 equivalents of an alkali metal cyanide, preferably
potassium cyanide, in the reaction mixture. In some embodiments employing
peroxodisulfate oxidation in Step 3, it is preferred to carry out the reaction at a
temperature of from about -5 °C to about +5 "C, more preferably from about -5 °C to
about 0 °C. In some embodiments using potassium peroxodisulfate oxidation in Step
3, it is preferred to work up the reaction by quenching with sodium thiosulfate
aqueous solution and extract the product into methyl tertiary butyl ether (MTBE),
concentrate the extract and replace the MTBE with methanol by adding methanol to
the solution and distilling off the MTBE. In some embodiments utilizing this work up
it is preferred to employ the methanolic solution of the product imine provided by the

work up directly in subsequent steps of the inventive process.



agent, for exanple, hydrocyanic acid gas (HCN) or is

generated in situ using an alkali netal, alkaline
we@arwi7ited al , or transition netal cyani de, prePEr/abiog6/048613

sodi um or potassi um cyani de, and trinmethysilyl cyanide

("TMSCN') in the presence of a mneral acid. In sone

enbodi nents it is preferred to add the cyanating agent

to a suspension of the conmpounds of fornula V in the

presence of tic polar sqQlvent, preferably
SChe‘f‘l‘é&ﬁSﬁlﬁtl@? Cﬁj‘%%%tgure of net ﬁé\nol "MeOH') and

tert-butyl nethyl ether ("TBME"). In sone enbodi nents
Step ki AYAATPEOYRIHIAONSH5YAN i s preferred to render the

of imfpd HAd 6186 51 hyréiPsiblaf cHlfbldrapo! an ach d sel ect ed
a m neral acl or exanpl e, hydrochloric acid,
hydrobrom c acid and sulfuric acid, and an organic
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2 dnStebal I rin6 e LRl SORpoRRT f8fiall crising the
isomerg of tommula et anch Vil éedm termtechheraip esdhacompoundsnef formula V) is
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roduc OlysSIS IS rne on anat ed
enarfiguisia: WiBBIRIENCE 1P SenPBE GO 1 BakERts 46 rataipats V1. The
functiorftiRhYeh s ehrdcif 8iFRLSnYlis Eﬁrr)éd?bﬁ‘t |h&ﬁ§"ﬂ?fé§el\/éé of hltyanating

some enbodinents it is preferred to carry out the
agertylor ekasilennydrorprnicasis A (RCNPT ifapnasaird in giu using an

aIkaIPP@t&Ir QRJaYmFFé méftQI Bp?ra%ﬁ’r%ﬁ'}ﬁlc}a@fcly_/'ﬁnmé' ?ﬁe%@l?%odlum or

Mm ner a exa
potassmfrucyamde; and ﬁmbﬁ%dymyam@@(“MC\N”) in the presence of a mineral

s S5 S ERRERESH BRI e gRnaee) g =
suspenbio ofethescorhposndgs ef fernada Nandhergresemce b&a protic polar solvent,
oro GRbY LR S A oL R T PP SR SF 0V ot et
(‘“TBNVE'Y.I fiiséntie énbadirmeperading ehisimaihodologhGid(s prefémed to render the
solvent acidic with the addition of an acid selected from a mineral acid, for example,
hydrochloric acid, hydrobromic acid and sulfuric acid, and an organic acid, for
example, acetic acid and formic acid. In some embodiments it is preferred to run the
reaction with the reaction mixture at a temperature of from about -10° C to about
+120° C, preferably 0 °C. In some embodiments it is preferred to use an amount of
the cyanating reagent of from about 1.0 to about 1.5 molar equivalents based on the
total amount of the compounds of formula V employed.

In some embodiments, following the cyanic acid addition, and without isolating
the product, a solvolysis is performed on the cyanated racemate product, with
reference to Scheme |, step 5, hydrolysis of racemate VI to yield racemate VII. In
some embodiments it is preferred to carry out the hydrolysis with ROH, wherein R,
defined above, is preferably methyl, in the presence of a molar excess of a mineral
acid, for example, HCI, HBr, HI, and sulfuric acid, followed by treatment with a molar



In sone enbodinents it is preferred to carry out the
cyanati on reaction using potassium cyani de and the
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thus providing the racemate of formula VII. In sone

the %ﬁb@ﬂ?@rﬁ%@@'%ﬁsr@'ﬂﬁﬁ SukysREhthe KO Aselicaig Prosessurt
prefePHid fd]saﬁ,? Bt fd 98|ve{¥g§§@temw@fé@née% SEheth8 {airdlis, Step 5)

er at exa rom about 50 Cto out
by C@"nlgﬂhgdn@thﬁﬁﬂh@lrﬁﬁﬁtl@n oixinge elfies allef khe gubstiatechas h@en

cyanHFécJ“t’%P?r 4 g%{%t‘ﬁ?éb'f ﬂ%n‘: §b88{71§0%% ddfoult Sz?‘é’f&ﬁdﬂ F%ﬁj rb8t the cold

concen ron"mxture to a
reactidre mikture withi fromf ammahﬁuo abowcb VlﬂmsvalentdooﬁJH(}B gas, based on the
vol about . 4, vol unmes wat er, cool. .t he e
amolff gt Fiariied SiapRR.ARREh 1 SHFRpRe RS s b Workup s
prefeirdd toaingbildcthe eetibited @mbumbdf HE! gawthrolgR tke wesdlientrixture
whils?fméllg{aallr?i%blﬂpe reaction mixture at a temperature about -10 °C or less.

In some embodiments using this workup, after the desired amount of HCI has
been bubbled into the reaction mixture, the reaction mixture is warmed to room
temperature to complete the methanolysis reaction, thus providing the racemate of
formula VII. In some embodiments using this workup it is preferred to carry out the
completion of the methanolysis at an elevated temperature, for example, from about
50 °C to about 60 °C. In some embodiments using this work up , after the
methanolysis reaction is complete, it is preferred to concentrate the reaction mixture
to a slurry, dilute the slurry with from about 4 volumes to about 8 volumes of MTBE
and about 4 volumes of water, cool the mixture to a temperature of from about -5 °C
to about + 5 °C, and add to the cold mixture about 0.2 equivalents of potassium
phosphate tribasic dissolved in two additional volumes of water.



phosphate tribasic dissolved in two additional vol unes
of water.Schering Docket No. CD06388 24 In sone
weedpoavitemt s using this work up procedure it iBCT/US2006/048613

preferred to adjust the pH with aqueous base to a pH

of from about pH 9 to about pH 9.5 while maintaining

the tenperature of the mxture at fromabout 0 Cto

about + 5 C. I n sone enbodi nents using this work up,

it 1.s preter separate t the MIBE | ayer, wash
SChe“?gbgﬁlge% éfetﬁ(?q%ge it to a %I urre of fromabout z to

about 1/3 the vol une, | ace e MIBE, |

cJAGHE &(‘%b%'m?"ﬁ%yﬁm%ﬁ '~°o OEH &PquP?%‘E;U'@r'f 'St W@?erﬁﬁ to adjust

the p# (W&th d cfué%ésé)tb afpHet ﬁéﬁﬂébodﬂbﬁ@‘t@ SshaBHes while

usi ng up, the resulting nethanol_ sol ution

mam&mm Wﬁﬁgmnﬁratttsemntaewrtwa@ém apeutP/¢ to @pouph+ 5 °C. In
somesb cﬁi m%ﬁw?é’ugng tﬁ[séaxﬂgﬂ |‘t fs @@férré@r’tg‘%&gﬁ%te &qttthe MTBE

ence to he formation
layers wa@btlecar@amctemateshma Ngltm@ oﬁfﬂons Abduble teoabhoig /3 the
volurbgleaﬁé @%: érl\?lgég'éhgyglgkngl?hgg E w tﬁ)mgfhgﬁg’ﬁbg/%ﬁllhng off the
MTBEda'ifbartheyiddmmmof arretbaacIL dh stomnep)eadjqﬂllrmrm tihimg(thig work up, the

resulfi fu?ge i R e for I \'4 emate is utilized in Step 6.
BQFB “8 fgrdein '&d %‘PaL BERR

(di benzoyl - L tartarlc acid) to precipitate the ( IS,
2R, OR ,enanti mer shown. Each of these chiral acids
‘e reagents. As nentioned
aWWtﬂ refdiEhbe 6 BbS 6/bft $cﬁé}ﬂe(l #H fo?a%au@ﬁ)of@éé‘bb@@énantlomer

resent in the racemate of fornula VI

salt i pgepmplisheg By oG o Mo Erc Atk formu I aiata(a BOTTA (d-
-to!l‘j&?l'ﬁ"té‘né{hé pe g%ﬁ'[ﬁ’-‘dé’ﬂ\ QGIDERQOQ% rtﬁﬁﬁﬁ@ Heltf to oprecgltate the (1R,

I-p-tO uoy rtaric acid salt”in at east "ab

28, @ia@marnmﬁarc OéXb)sb@TEArfﬁl priploybL iamarie @@tﬁ)snrvh-ﬂBTme

caoegby-s85pr S D RO ETE, 2P el ofl. o

thesqscla'sakﬁcids aréeonanernialy avaifabiengagerits, Ammdamlongdtab@ve, D-

oTTAERERGRN MRS fhrony ot BRebEumE; Rishr Mot Frdlmp Bt rormuta v
and ll.@'pTwarth glde {0S 2RI 6YR) Plantibhrieripresdnisinghe pasehetsd efl formula

|, TBME and
Vi, precup:tatmg a}qg correspongmg di-p-toluoyl-tartaric acid salt in at least about 90%

Ste

enantiomeric excess. Similarly, D-DBTA reacts with the (1R, 2S, 5S) enantiomer
present in the racemate of formula VI and L-DBTA with the (1S, 2R, 5R) enantiomer
present in the racemate of formula VI, producing the corresponding dibenzoyl-
tartaric acid salt in at least about 85% enantiomeric excess. In some embodiments
it is preferred to employ solvents in this step selected from methanol, TBME and
mixtures thereof. When mixed solvents are used it is preferred to use a ratio of
TBME:MeOH of from about 2:1 to about 4:1. In some embodiments of the invention
it is preferred to carry out the precipitation reaction at a temperatures of from about
15 °C and about 50 °C.

Iin some embodiments of the present invention process, the enantiomer salt
precipitated in Step 6, for example, the salt of formulae Sl and Sla, for example, a

DTTA salt of formula S, is converted to an HCI salt in accordance with the following



m xtures thereof. Wien m xed solvents are used it is
preferred to use a ratio of TBME: MeCH of from about
wQ2m7pzs7about 4:1 . I n sonme enbodi ments of t hePCT/US2006/048613

invention it is preferred to carry out the

precipitation reaction at a tenperatures of from about

15 0C and about 50 OC. In sone enbodi nents of the

present invention process, the enantioner salt

precipitated in Step 6, for exanple, the salt of
Scheringrldatked Nor CAP38Ba, for exafrble, a DITA salt of

formula SI, is converted to an HCl salt in accqrdance

procafis; PN FHOSESIUEHUSE R Hap SHathesise HRY piateassinhibitor compounds.
In someoéﬁl%%derQﬁtssﬂ'\Eﬁ@Sl‘é?é@ eHé@tlérﬂehE %aﬁ%%ﬂ%ébﬁd@& n\"g\fnlxture of

tease I nhi bitor conpoun In some enbodi nents
tsoprosyilac@nblmmmﬁr mr@fer@lbty insa yakimeetdedatia of lmrap@m@ MTBE of

from \%Phﬁiy 4o l*thOth@@gs%@rﬁssﬁPn ﬁ/ﬁ.g&ﬁf%&’w’th ifo ghout 1,18 to

triccrati o of ano roma
about ¢.28begtivatedits dhhydsachiaricsaad in santiseptogrinal Bbltﬁmr(based on the

18 20 I f | orj
amodhtdy ‘sei useh st hadiger PRt iR Rt SU A R0 b Some
embcﬂ:fnm@@ité ubipekhe gptRirel mbsdnmomraonwnéﬁmheh ithé cohvbidion has

ess. | n sone enbodj nent,s usi nggthe

PFOC%‘%ﬁetd tosRrepistion Wedgactipe mixive i3 Fogles, "Sdnﬁ‘é@ Ahal
hydratieeds 88it hasGsteRlgiated Witer prsdipatibriThé @bmpléte@omeegrecuputate

to insure that the hydrochl ori de salt has
is isojyted iy filkiatien apseypqiuERdpgdi on has conpl eted, the

precipitate is isolated by filtration and vacuum
dried. The follow ng non-limting EXAMPLES are
pride tllewirg npndisnitisg EXAMMIES e ppe\dded o iiluasrate darther the

presénrgt ﬁl‘é/\@é{]ﬁt (ﬁ?f i c ﬁ"b%rgpﬁaﬂehp ﬁo%@'é %31 lnnthEhiﬁ't Mt rthhh

1 ONsS, varla 1 ONsS an terations to
modificatied, variatons and, alt&rahommtm’d(taepnealesnl diseidsade, boilh to materials,

methﬁggCt Ido rgﬁ%gﬂg'ctolp ‘,ﬂsng% Sgﬁ)agé c{e@? a/t\III ’§kéh irycg&flcatlons
variatiths ngredl aterationg arblmtdrhledstpltfe withindthecsidt afd sbepe of the

é)r esent . i nventi on. EXAMPLES
present invention.

EXAMPLES

Unless otherwise stated, all solvents and reagents are articles of commerce,
and used as received. Unless otherwise stated, the following abbreviations have the
stated meanings in the Examples below:

mbL= milliliters

g = grams

eq= equivalents

THF= tetrahydrofuran

MeOH= methanol

Me= methyl

TBME = methyl tert-butyl ether

ACN = acetonitrile

Ph = phenyl



Unl ess otherw se stated, all solvents and reagents are

articles of conmerce, and used as received. Unless
wordenni7se stated, the foll ow ng abbrevi ati onsP¢EUS20061848613

stated nmeanings in the Exanples below. m=mlliliters

g = granms eq= equi val ents THF= tetrahydrofuran MeOH=

nmet hanol Me= nethyl TBME = nethyl tert-butyl ether ACN

= acetonitrile Ph = phenyl Schering Docket No. CD06388

26 St 1. Preparation of ‘
SCherB‘.gGS?ﬁ%émg%d%3§g- bi cvcl or 324 . 01hexane- 2. 4- di one
IL1) PRC_I?EDUREA:_Exan”IpIe 0 a fla
o rgparation of 6.6-Ligiethyl-3:aza-bicy lelh1,Qihexane:2,4-dio
While stirring, the m xture was cooled to 0 to 10 OC.
225 m __ of NHAOH solution (14.8 MNH3 in water) (3.3
PROBEDURESAeq. ) were slowly added to the reaction

m xture while stirkipg. During addittQnthe reaction

m xture tenperaturewas nai ained befaw 40 OC. After
the addition was cp eteﬁeia“ tch/way_warmed to 105

to 115 0C and t h@wat'etOowas col | ecOedNoy @i stillation

whi | e avoi ding steagdistilling the pl"bduct. Once the
distillation was conplete, the reactidh nm xture was

Examisidtef gradually to between 165 to 180 OC to conplete

3 clization. The reaction mxture was then cool ed

t J eatflesovas ohargsst 3@ 0 Bdl (17000 &MHandBan migpf water.
while' Bt h&fd&tve Wit 6REH 8 to 10 °C. 225 mL of NH4OH solution (14.8

M NH3 in water) (3.3 mol, 1.5 eq.) were slowly added to the reaction mixture while

stirring. During addition the reaction mixture temperature was maintained below 40
°C. After the addition was complete, the batch was warmed to 105 to 115 °C and the
water was collected by distillation while avoiding steam-distilling the product. Once
the distillation was complete, the reaction mixture was heated gradually to between
165 to 180 °C to complete the cyclization. The reaction mixture was then cooled to a
temperature between 60 to 70 °C and 200 mL of THF were added. The reaction
mixture was reheated to 135 to 140 °C and the solvent was collected by distillation.
The reaction mixture was recooled to a temperature between 60 and 70 °C and 200
mL of THF and 500 mL of n-heptane were added. The reaction mixture was cooled
to 0 to 10 °C over a 5 hour period and then stirred for 0.5 to 1 hr and the product was
crystallized. The crystals were collected, washed, and dried to yield compound lll as
a white crystalline powder (yield 90-95%). 'H NMR (CDClg) § 7.55 (bs, 1H), 2.31 (d,
J =1.12 Hz, 2H), 1.35 (s, 3H), 1.24 (s, 3H).

Example A2

Into a 12 L flask equipped with a temperature probe, distillation apparatus and
mechanical stirrer was charged 1500.0 g of caronic anhydride (formula I}, 10.7 mol).
To the flask was added 1500 mL water followed by dropwise addition of NH;OH



m xture was reheated to 135 to 140 OC and the sol vent

was collected by distillation. The reaction m xture
woR®7/0eeml ed to a tenperature between 60 and FOI/0£20861048613

200 rnl _ of THF and 500 nL of n-heptane were added.

The reaction m xture was cooled to O to 10 OC over a 5

hour period and then stirred for 0.5 to 1 hr and the

product was crystallized. The crystals were collected,

washed, and dri to yield c ound I'll as a white
Schefmgyl%?‘aﬁ Nﬁ’ec&ﬂﬁﬁg? (y. el d 908 5% . 1H NVR (CDCI3) d

(273. 3|.g; 1611 ;qoll |_QNegqq)' wa&q’p}ﬁc@e%y MlﬁtglzagO%?t Latl%]oggk\gﬁé for 2h. The

mixtutd W&O@%n"\’\é&ea th@t%@sﬁr‘r@@%n é’ddiflbhélaéz ABurs. Analysus by
appar at us and nechani cal stirrer was c arged 1500. 0

'H NIR sad 1P lcC dndigateciincompiata conversiep te prpfyct. THo the mixture was

von AERE ARSI MRy 1 oo

for 1ty TheGehction Jmixide evasvasoled! tbd @0t ppddiSAa mlaef mrrml

o oSO EE A8 w8 b TS Y5 REB et noatec

and rii¥Ritaine dHRL e mpé eatiedof mstorgainet 20 80N v80 SCo m-BuOAc (6000 mL)

o R Bb67) 4EFe B S et S it e e

then @&)fe@rtolmo b %ddemfep@éhér(adou mbL)avasagtied dew%@ @tintaining
and 7500 nml _ of nor nal but%%acgetﬁatﬁlén Bumﬂ?\é@(
the indRENG) deMPREBS Betweem 80ran R8 “Fnel e JeaFIONEXTHER M@g cooled to
' a £ RefaeriferbdCarfe thb38ake
com R Big Bigh e S U gl
washesl w&htrelde;btpneu ($600] rat-) oﬁhatW%ttnfggpﬁtsW@s drigdl ipivagum oven at
h 0 -
405 JUETE PR oA ARARESpADEPAS 6E9) 5Bk i o
solidbet ween 90 and 98 0C. The reaction m xture was cool ed
to roomtenperature overnight. The white suspension
was filtered and the cake washed with n-heptane (4500
Exanmiible. Ahe wet product was dried in a vacuumoven at 40

0OCto givethe aza- di one of forrmula ill
(1413.3 g, 95% as an off§§ﬁw€ql
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Prebaration of Imide HI from 3,3 dimethyl-cyclopropane-1,2-dicarboxylic acid
(I1a) via Caronic anhydride Il was carried out by slurrying 50 grams of cis/trans-3,3-
dimethyl-1,2-cyclopropane dicarboxylic acid (lla) in toluene (75 ml) and adding acetic
anhydride (60 mL). After that conc. sulfuric acid (0.5 mL) was charged and the
toluene was slowly distilled off. The reaction mixture was heated to about 190 °C
while the remaining volatile compounds were collected by distillation. The reaction
was cooled below 50 °C and THF (50 mL) was added. After cooling to about 0 °C,
. ammonium hydroxide (32 mL, about 14.8N) was slowly charged while maintaining



solid. Exanple A3 SCHEME Preparation of Imde Il from

3,3 dinmethyl -cycl opropane-1 , 2-di carboxylic acid (Ha)
wee@7@027oMi ¢ anhydride Il was carried out by sPUF/D§i006048613

50 grams of cis/trans-3,3- dinethyl-1,2-cyclopropane

di carboxylic acid (Na) in toluene (75 nl) and adding

acetic anhydride (60 nmL). After that cone sulfuric

acid (0.5 nL.) was charged and the tol uene was slowy

ScherfigSbbéiee M RIdDOcBR] reaction gixture was heated to
about 190 OC while the remai ni ng vol atil e conpounds

the té/i»ﬁbSreﬁQ}el ﬁgf\ﬁ%\g% §§ rgé Fl'rgd(gg"arﬁ_?‘ o 538@? 1 Ratéifio 110 °C while

ed
dlstl"t(ﬁ%g@ff H@e ToiRphw re@aomuon wasrturihen Headedxn demde32tomigo °C. After

cood i st Mottty (8 %liha senamtenio 140 °0 whie
couecttmgoﬁ;ueaaqivmm distillatidC. Thenixtureuwas was|ddaend SﬁmW(vsmL) and n-

v Yo, ity ot it by silmanes

crystaitine imglealiid(Yadidi: 860%). of THF (15 nL) the reaction was
reheated to 140 OC while collecting the sol vent by
distillation. The m xture was cool ed and THF (15nL)

PROGEOUMREM® ane (30r1L) were added. Distillation of
sol vent foll owed by_coogling gave the cryst alline imde
1l (Yield: 85%. PRCEDURE B Into a three-necked,

round bottom fl ask pped Niil2ChiCa t%tgr%pgobe f
condenser, and wﬁ% Stirrer. g o
t he corrpound of for I“ﬁ é’a’?’\%”c an dr de). To the
flask was added 9. 37"rrL of formam Idle (J,OI gl g4g 424f
ents based on dri de) followe y g o
4ﬂl\P ﬁaﬁ" ?1%1’1‘?39?‘95 %‘? ippad waili & empesiture probe,
condeTha%rV@ﬁ@ ﬂ*led@?ncﬁél@u%r%éé“pﬁ'c&ﬁ%e@ h%r% ﬁ&%éj F formula Il

ture heated to C wth agitati‘on,
(car oryemh.yggae} ofozhg fla(s!jrvgas added 9.37 mL of formamlde (10.61 g, 0.424

equivalents based on anhydride) followed by 2.43 g of 4-N,N-dimethyl aminopyridine
(DMAP, 0.1 equivalents). The vessel was purged with nitrogen and the reaction
mixture heated to 145 °C with agitation, heating was continued for 2.5 hours. After
proton NMR measurements indicated that the anhydride was completely consumed,
the solution was cooled to 90 °C and the vessel was charged with 50 mi of xylenes
(2 volumes). The reaction mixture was then heated to 145 °C with agitation. Heating
was continued for 2.5 hours while operating the Dean-Stark condenser collecting a
water/formamide azeotrope. After removal of excess formamide from the reaction
mixture and conversion of all intermediates, the reaction mixture was cooled to 80
°C. The reaction flask was then charged with 18.75 ml of heptanes (0.75 volumes)
and the reaction mixture temperature was maintained at 80 °C. After the addition of
heptanes was complete, the reaction mixture was cooled over 2 hours to 0°C and
maintained in at a temperature of from 0°C to 5°C for 30 minutes with agitation. At
the end of The.reaction mixture was maintained in this temperature range with
agitation for 30 minutes during which time a precipitate formed. The solids were
collected by filtration and washed with two 50 mL aliquots of cold heptanes, and
dried in a vacuum oven for 24 hours at 50°C.



proton NVR neasurenents indicated that the anhydride
was conpl etely consuned, the solution was cooled to 90
w@2@ne7i7pe vessel was charged with 50 nl of xyPEnes2002048613
vol unmes). The reaction m xture was then heated to 145
Cwth agitation. Heating was continued for 2.5 hours
whil e operating the Dean-Stark condenser collecting a
vvater/forrrarri de azeotrope. After renoval of excess
formam de fromthe reaction mxture and conversion of
Scherig Dogites Noe §i416888 t he react#dn mixture was cool ed to
80 C. The reaction flask was then charged with 18.75
m of hept anes (0.75 volunes) and the reaction mxture
PRO&EEEG gre was maintained at 80 C. After the addition
ept anes was conplete, the reaction m xture was
cool 2¢/over 2 hours to 0 C ahg/mai ntajjped in at a \/
tenpetat ure oPh€iiad¥i=0 C to 5G or 300%98#8 with

ﬁg}é\ﬁ%x At—the—end of Th Ct ORI XEtw-e v&ﬂo
ntened in this ten‘peré?urel ra@ge with agitatton

for 30 mnutes during which tlLr[g a precipitate f or mbd.
The solids were collected by f"'BI Pr ation and washed m

th two 50 niL al ots_of caol ne and drje
gf%@ fask s qhﬂ*'ggcli Biod7 § il %@wafﬁeﬂ.s Fepeiad ?«oJngE

Whllé:g?ﬁl%%g Wm%ﬁ:&lea@o %eft\}vééﬁ OV 1 Qh’@ grrlo il oB2
nol TBMVE. Wil e

benzgeming g a4h@, ('msiirupb Ted) Wos |a@l@!eﬂdfr@@m€e%ﬁvw apRroxgnately 30
mmu%@ A‘i%éq%é”gddﬂ orP&BEHomhiBR, (RS- T%‘ivlgy egs Qma%d by ESilation at

W Se over appr oxXl mat e m nut es.
betw@ém @o arhda7ad’ﬁ} and thevasxivoerptast gradually TRREEd It andntevieal

temp %(t[.l[ﬁ éev\\%gérg(@gaagﬁ) %(Qegt él’glgtsg)n%hgr? n%g rﬂgﬁté Rgd between 170

and t&fmierfat approxirnatey 311606 hodrsli®Gcditpled éhes oyalizadionwdibe resulting
ai ne

et ween 17 an 0-~0C fqr, .a o
solutSg §afsopled B Eemen €0 28 73 ¢ 920 (19r kel S Sl of % water
in lso’ia@byém&ﬂ/vwad@@@'a@ﬂi the Mptuweewas@oaiali &0rddm t@:m\fbeilaﬁﬂre After

a sol ution_of 5%£t§€|n |sopropa& ﬁ% d
coolipg e 9 RHAE VR SNECH] g 116 REGHEL WAPd? et BY aftiafon, rinse
with clean, cold isopropanol, and dried in a vacuum oven to afford 70.99 g of the
benzy! imide, 1B, (85%). 'H NMR (CDClz) O 7.39 (m, 2H); 7.28 (m, 3H); 4.53 (s, 2H);
2.31 (s, 2H); 1.20 (s, 3H); 1.01 (s, 3H). This product can be deprotected using
conventional hydrogenolysis conditions (Hz, Pd/C) to afford IlI.

Step 2: Preparation of 8,8-Dimethyl-3-aza-bicyclo[3.1.0]hexane (1V)

~ ~

S LiAIH e
AN, —= ()
o0 >NT0 N

u v

A THF solution of LiAIH4 (500 mL, 2.4 M, 1.2 mol, 1.67 eq.) was charged into
a 3-neck flask fitted with an Nz inlet. The contents of the flask were warmed to 40
°C while being purged with nitrogen. 100 g of lll (0.72 mol, 1 eq.) and 400 mL of
THF were added to a second flask and stirred until a clear solution was formed. The



cooling further to between 0 and 10 C, the product was
isolated by filtration, rinsed with clean, cold

w0 s@pnopamo! , and dried in a vacuum oven to af POF/US2006/048613
70.99 g of the benzyl imde, HB5 (85%. 1H NMR (CDCl 3)
D7.39 (m 2H); 7.28 (m 3H); 4.53 (s, 2H); 2.31 (s,
2H); 1.20 (s, 3H); 1.01 (s, 3H). This product can be
deprot ected usi ng conventi onal hydrogenol ysis

g:onditions H2, Pd/C) to afford II1. Step 2:
Schermgddagket i &6?06638% Di et hyl - B asa b cyclof 3.1
0lh I 11 1vVAT
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k f C {.
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hydrd @@ (4 &8 bk 6648 e\qa)S 8Ri MLaf MO ahdr3ud m&. Tsmze rAid/frfixture was
and stirred until the reaction was conp

agitateshpre yearmi 81andR2Hh oGrf§§ apn@wgi%akwrf pasuat'k all pbihe solids had
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umtartrate tetrahydrate
Mixture bver eppsoximatelyydr tm?a eniqyiers Tinsl reagtion f@qk)wa% gosed with 30

L TR il e frediregrp B o PG 08 ARRCRSAG The biphasic
mixturetwds apitated fbhana:ddmisnaiaks i 36 ohme’das ahd .theaaydmsn/vere split at
ixtu ransferred via.cannul.a t h i ' .
B AP R SRR R T RIS BME 318 combined
orgarliBeay&r@oié@irattisrialyedistiliotsedyivid IV 89 a colorless liquid (64.5 g, 88%).
'H NMR (CDCls, 400 MHz): § 3.07 (m, 2H), 2.89 (d, 2H, J = 11.6 Hz), 1.56 (br s, 1H),

1.25 (m, 2H), 1.00 (s, 3H), 0.98 (s, 3H).

Alternatively, compound 1V in TBME solution from above was converted to its
corresponding hydrochloric acid salt. First, the TBME was removed by distillation.
Second a 18.6 g aliquot of the concentrated solution containing compound IV was
taken and charged to a 500 mL, 3-neck flask equipped with mechanical stirrer, an Nz
line, a glass tube fixed through a 24-40 septa and an adapter to a 3N NaOH bubbler.
The solution was cooled to -20 °C and held between -20 and -23 °C and gaseous
HClwas bubbled through the solution while stirring for 10 minutes. A white
precipitate was immediately apparent. The reaction was monitored by NMR and
additional gaseous HCl was bubbled if necessary. The precipitate was filtered under
a blanket of N, and washed with chilled heptanes (-60 °C, 40 mL) under N, to give,
after drying, 13.9 g, (70 %) the IV*HCI salt. '"H NMR (CDCls, 400 MHi): 5 7.90 (BS,



mL TBME whi ch was al so transferred via cannula to the
guench flask. The bi phasic m xture was agitated for an
wa@daroroeal 15 to 30 m nutes, and the | ayers wWe€EBUSIN6/048613

at 40 0OC. The aqueous | ayer was extracted twice with

100 nL TBME. The conbi ned organic |ayers were

fractionally distilled to yield IV as a col orl ess

liquid (64.5 g, 88%. 1H NI\/R (CDCIS 400 MHz): d 3.07

2H, J = Hz), 1.56 (br s, 1H),

SchelmgﬁoqhﬁNfrFDO%%% (s, 3H), -’o1 98 (s, 3H).

Al ternativel conpound 1V in TBNE sol uti g fro b
1H), 465 Eorhre 6 2. S Gbrk o4 dhdily Tl BeRFBr 1 d 0 @H). 1.02 (s,
3H). salt. First, the TBME was renoved by disti I I at| on.

Second a 18.6 g aliquot of the concentrated sol ution

cont ai ni ng corrpound 'V was taken and charged to a 500

Eainb @x—%—ténrer Q} an
and

an adapter to a 3N NaOH bubbl er. The sol ution was

cooled to -20 OC a | d between -20 and -23 0C and
gaseous HClI was bubbfed thkgsgh the ol ution while
stirring for 10 nminftes. AAGMPL ¢ precilpitate was

i medi at el y appar enty“The reaction noni t ored by

NVR and additional g#élseous HCI was bubbled if

necessary. The precipYtate was filtered under a

bl anket of N2 and washed with chilled hept anes ( 60

0C, 40 nmL) under N2 to give, after drying, 1(
94T Adlaskwaze aherged 7. Agrof(NmoHs( 1 %m%@ﬁ eq)?ﬁf@b 349 of

KzSzégSQﬁ? Bﬂu bg%g}(ég% jb@ nilggfgégﬁ}rﬁ’mie égbs °@: %% é@f b\f 0.45 mol,
1.0 e@Hperd adiRlefsgncBttje redctipn3nixfurepsasagam moled to -5 °C. Over 1-2
nourS Fuf RN 4040655 i Bptide 8 b0 32 m o

aqueglgs)ébég:f%% 3(??% gf) ;{QESZI%J 0.68 ou) werb autest toatine ﬂs@ﬁtlcm mixture.

- 0.9 0.4
The igaeloe rBxMB A HITRE PR Paf i @%é@“a‘ﬁaﬁ Allowed to
procédPlEEomBletond O pdA/€smptelidd ties miktiure Wil Waahetng rotm

tempia?éatﬁf'elz gp\dtd?lnPe%r \{jlvtltlrjlr:i’.eésobre}1t L\,?gnME_ quxgqayergc\:/vgr% gé‘pgrgted and the
aqueous layer was extracted with TBME. The combined organic layers were dried
over anhydrous Na,SO, and filtered. The solution was purified by fractional
distillation to yield V as a colorless oil which solidified upon standing to form a white
crystalline solid V, (65-75% yield). '"H NMR (CDClg) § 7.30 (t, J = 2.2 Hz, 1H), 3.80
(ddd, J=6.8, 1.4, 0.6 Hz, 1H), 3.49 (dd, J=4.7, 2.8 Hz, 1H), 2.06 (dd, J =6.0, 1.7

Hz, 1H), 1.61 (dd, J = 6.6, 1.8 Hz, 1H), 1.03 (s, 3H), 0.68 (s, 3H).



aqueous AgN®3 (3.9 g, 0.0225 nol, 0.05 eq) were added
to the reaction mxture. The reaction m xture was
woemes®® 0 to 2 0C and the reaction was al | oWeIUBI®06/048613

proceed to conpletion. Upon conpletion, the m xture

was warmnmed to roomtenperature and diluted with 360 nL

TBVME. The | ayers were separated, and the aqueous | ayer

vvas extracted with TBME. The conbi ned organic | ayers

e dried over anhydrous SO and filtered. The

Scheﬂ§6|Qﬂqk6tha§D&éPf5¥u ed by frattional distillation to

yield V as a colorless oil which solidified upon

standing to forma white crystalline solid V, (65-75%
Step X'a@lodiaggéb%l%g@\%ahﬁ 6/6- %Qnéihi/ll_'é azsa%zléyd'r%%s .Lblhexane-2(RS)-
carboA(vl;ateZVHAMz/la thg corespondiAg cvaiaOfcozmpqund 1|_|) 1.61

(dd, J = 6.6, 1.8 Hz, 1H) 1.03 (s, 3H), 068(3,

3H). Schering Docket No. CD06388 32 Step 4 and 5:

Preparati on of nethyl 6,EBxdmpeda - 3- azabicyclo[3.1

. 01lhgxane- 2( RS) - car oxy\g,te (VMILA) via the

corr ggpondi ngCry ago- conpeynd (V) Exagpl e 4a Mem c

Rac m Xt+df-e—fet Ure oaflak—we{—e—ehafg

of i@e v (oMa8@Hppl | 1! ON, 350 MPOHof ne
and .99 KCN(O.47 mol ,H1.1 eqd). The mi xtured wasome
cooled to -5 0C and 85.0 ww of HCl (0.2 g/m inypgROH)
(0.46 nmol, 1.1 eq.) werrmacaohted dropw se whi | e Haeefiang
the tenperature betweenmb®ureo -2 0C. The mi xt unixtymas

afasiere inTabSAz e iS5 ¢ LTRaGhEL 1,05 BT
methgasieants 30 g(KAN. (@4 7wiol, #1lece). Thevametube blzsecbalédwd y5 °C and
o0 MR35 BB A Tl Al e v
keepﬁﬁ%\gsgtﬁfﬁégﬁtd?éﬂéméﬁlms t61-2RCY T\Wrﬁﬂdum/vtag stiereqd until the

reactipg) wag complgte. Fhe regctpn g\ngug%waf,_qbenf % %q_[? Fooc and

64.5 g of gaseous HCI (1.77 mol, 4.1 eq.) were bubbled slowly into the reaction

mixture while maintaining the reaction temperature. After the addition was complete,
the reaction mixture was slowly warmed-up to room temperature. VI, '"H NMR
(CDCls) 6 3.93 (d, J = 4.0 Hz, 1H), 3.30 (dt, J = 10.9, 5.4 Hz, 1H), 1.02 (s, 3H),
2.99 (dd, J = 10.6, 3.5 Hz, 1H), 1.83 (s, 1H), 1.56 (d, J = 7.1 Hz, 1H),1.48 (dd, J =
7.3, 5.0 Hz, 1H), 1.03 (s, 3H).

The reaction mixture was then cooled to -20 to -30 °C and 29.0 g of gaseous
ammonia (1.81 mol, 4.2 eq.) were bubbled slowly in to the reaction mixture while
maintaining the reaction temperature until the pH was 10. The reaction mixture was
warmed up to -10 °C, filtered and the filter cake was washed with TBME. The filtrate
was concentrated and the residue was extracted with water and TBME. After layer
separation, the TBME solution was dried over MgSO.,, filtered, and concentrated
under reduced pressure to give 58g of VIIA (82% yield). 'H NMR (CDCls) 8 3.67 (s,
3H), 3.59 (s, 1H), 3.3 (dd, J = 10.2, 5.1 Hz, 1H), 2.88 (d, J = 10.2 Hz, 1H), 1.98 (s,
1H), 1.41 (d, J = 7.1 Hz, 1H), 1.25 (dd, J = 7.1, 5.1 Hz, 1H), 1.04 (s, 8H), 0.85 (s,
3H).



2.99 (dd, J = 10.6, 3.5 Hz, 1H), 1.83 (s, 1H), 1.56

(d, J =7.1 Hz, 1H,1 .48 (dd, J = 7.3, 5.0 Hz1 1H),
wa2@3/0(x9 3H). The reaction m xture was then chPCI/E82006048613

-20 to -30 OC and 29.0 g of gaseous ammonia (1 .81

nmol, 4.2 eq.) were bubbled slowly in to the reaction

m xture while maintaining the reaction tenperature

until the pH was 10. The reaction m xture was war nmed

u 0 - 0 iJtered and t filter cake was washed
SChe‘?f\&ﬁoﬁﬁ]\f/%o'%%&T’J’ﬁ%trate was lggncentrat ed and the

resi due was extracted with water and TBVE. After |ayer

separation, the TBME solution was dried over MgSO4

filtered, and concentr at ed E&mE]éa@Jced pressure to

give 58g of VIITA (82%yield) NVR (CDCl 3) d 3. 67
(s, 3H, 3.59 (s, 1H, 3.3 (dd, J = 10.2, 5.1 Hz, 1H),

2 (0I 2 ,19 (s, 1H, 1. d, J =
%/ gg%ag% dd,\ , SHEI Hz, 1H)4,\{( 04 (s,

3 3
Ex%l e 48';5#(0 a IasrI g§Npl ced f%%m of %%I,

47g, of the imine racenit mxture of formula VH  OMe
previ ously prepared, angd 30.9g of KCN (1 .1 wvina
%?‘i?ﬁ]aéﬁt s). The ni Raegmeateas stirred and cBademthté 0 a
terrperature of -10 C To the cooled mxture, wth
continued stirring was added 28.4g of glacial acetic
adintb 4 flask Wasgpliacet SRS cufvnetrmnme,rﬂ@lobﬂqeanhmné raeemic mixture

ot ol S P 0% B T RERPL Subte] "o misture

was Stitved ahdrioald o whempeoiaiuné af oioTe.t Tie the laébarett Hiv&ure, with
n all of the jmne had been coverted to a cyano

contigigh i1 weRAIech 29 61 U501 SEREC eifber ARAvaents)ever a
penofliiglﬁ(‘ddo@"ﬂ 30 mirdfi8s Wile! YRR ERinPrRDRMp er%ﬁﬁear]&jﬁ@rﬁt%eoécetlc acid

as was bubbledlntothereactlon m xture. During

addlt@@atlhgl mRictuwie Wasistirggsor speerad np@uﬁﬁwbll@malnt@lmlegdheon
tempg}n%tfdlr']é{ eWbﬂH?%gﬁﬁegﬂbcgp%e&?ﬁggnéﬁﬁg fa %&Q&{hﬁ% (racemate
of formula W ptheatempenaturet of the reaction mixture was lowered to about -25°C
and 669 of HCI gas was bubbled into the reaction mixture. During sparging with HCI
gas, the temperature of the reaction mixture was maintained below -10 °C. After the
entire amount of HCI had been bubbled into the mixture, the mixture was warmed to
room temperature and agitated for an additional 16 hours to complete the hydrolysis
of the cyano compound, thereby providing the racemate of formula VII.

After hydrolysis had completed, the reaction mixture was concentrated to a
volume of 117 mi. Following concentration, 376 mi of MTBE and 188 ml of water
were added. The mixture was cooled to -5°C and an aqueous solution containing
18.3g K3PO, in 94 ml HoO was added with stirring while maintaining the temperature.
The pH of the mixture was adjusted to a pH of 9.5 by adding 63.3 ml of 25%
aqueous NaOH solution. During this process the temperature of the reaction mixture
was maintained at a temperature of from -5 °C to 0°C. The organic and aqueous
layers of the reaction mixture were separated. The aqueous layer was extracted
with 235 ml MTBE. The MTBE extract was combined with the organic layer, the



roomtenperature and agitated for an additional 16
hours to conplete the hydrolysis of the cyano
W@ oipotsTg) t hereby providing the racemate of fPCTUBA06/048613
VIl1. After hydrolysis had conpleted, the reaction
m xture was concentrated to a volunme of 117 nl.
Fol | owi ng concentration, 376 ml of MIBE and 188 nl of
vvater wer e added. The m xture was cooled to -5 C and
queo solu n cont ai ni 18.3g KBPOM in 94 m H
SChe‘@ QCl%f'd 96&? gtl rring vvh??e mai nt ai ni ng the
nperature. The pH of the m xture was adjusted_t
comtpppgprga@lcgw%[gd/y@%wghrﬁ agqqu%fgd@@oqguWThe resul’nng
orgafiglséiitidh wasldrigioyBbSn ﬁ’ﬁé’ﬁ§§{5st‘eﬁ‘5‘ofttﬁ€ﬁﬁ\9é}1tW&pl‘2fce§§e An aliquot
reaction m xture was maintained at a tenperature of
of the pelutiop was anelyeedieGér whithcingingted & dwngelrayemc grabicyclo-

caro A P8 IS R i o P BRUEELD hhours o

mma:ohtmrmexﬂaM emplidyedor gani ¢ | ayer, theSchering Docket
No. CD06388 34 conbi ned organics were washed with 5
aliquots of brine solution. The resulting organic

Step $0IRrbbaratiwmsofanptioy 605-diméthy/l-Bextabitwioldt 1 .Dliteexane-(2S)-

I nyentiv Aoc?s An al i quot of the solution was
MMMh i ndi cated that the racenic

azabi cycl ocarboxyl ate of fornmula Vila vvas provi ded in

a yield of 82% based on the anobunt of (imne of formula

enpl oyed. Step o, Rreparation of rret I CO,

6- di met hytbhicdr,az clor.3.1 .0] hex (2S) -
(é&. >¥ ldte D D?ﬁaAhQ ¥ ol (|mczin%§}~ecg%amf"f%%¥'\ozmol
Wer 6 thar ged 4. Fbf D DTTA (10. mmoleyy and 22 m_COH

vifa net hanol at roommn'perature The reacti m)>ao9%telr e
Racemstest i rred until dissolved. Next, 4.2 g of 3.7g (21
.9 moles) of VITAin 4 1 n of TBME was added over a
10 min period and the reaction m xture was stirred for
30Tanian flaskuteré ctadrgedt 4r2 ed df oDEDTA (10. mmoles) and 22 mL of

methanol at room temperature. The reaction mixture was stirred until dissolved.
Next, 4.2 g of 3.7g (21.9 mmoles) of VIIA in 41 ml of TBME was added over a 10 min

period and the reaction mixture was stirred for 30 min or until salt started to form.
The reaction mixture was then warmed to 40-50 °C and held at that temperature for
1 hour. The mixture was then cooled to a temperature between 15-25 °C over a 20
min. period and stirred for 1 hour. The suspension was filtered and the filter cake
was washed TBME (15 ml). The cake was dried at a temperature of 40-50 °C to give
a typical yield of 4.86-5.0 g (40-42%) of IB with a 95-97% e.e. '"H NMR (400 MHz,
CDCl3) 8 7.92 (d, J= 8.2 Hz, 4 H), 7.16 (d, J = 8.1 Hz, 4 H), 7.05 (broad s, 3 H), 5.70
(s, 2 H), 421 (d, J = 1.0 Hz, 1 H), 3.74 (s, 3 H), 3.68 (dd, J = 12.4, 6.2 Hz, 1 H),
3.30-3.27 (m, 1 H), 2.36 (s, 6 H), 1.66-1.64 (m, 1 H), 1.53-1.49 (m, 1 H), 0.97 (s, 6
H).



The reaction m xture was then warnmed to 40-50 0C and

held at that tenperature for 1 hour. The m xture was
W b@n/ozoed ed to a tenperature between 15-25 0CPOWER2086/048613

20 min. period and stirred for 1 hour. The suspension

was filtered and the filter cake was washed TBME (15

m). The cake was dried at a tenperature of 40-50 0OC

to give a typical yield of 4.86-5.0 g (40-42% of IB

Wit h 95-97% e 1H NWVR (4 MHz, CDC 3) d 7.92 (d,
SchergDgckst 15?? %3%87 16 (d, J%C-) 8.1 Hz, 4 H), 7.05 (

(broad s, 3 ]
Optional canver
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chering cket

No. CD06388 35 QOtl onal conversion Step: Converting
6, 6- di met hyl - 3-azabi cvcl or 3. 1, . Ol hexane- (S) - -
carb xMte D- DTTA sal go{ B) {o the correspogdi ng
hydrpchlaride salkol- opano! HC Into a B-neEgk,

hal f j ted flask TjttedTal { W RePaAYEHend/ sthirrer,
funn Nan@oa&ﬂal tion GQtHneI s placed 20p. 1,Bl g q388. |
nmol OPchm D§dAesal t prepared in Step 6 g'ough th(
funnel , under anbient conditiOns was addet M of -
| SRy ap@m@lck( Balt§ackptod Hapht fittbasdth an bv@rmmumm@f funnel, and

addltw@tw]negm@)@ p‘and %?)% ‘%g %gg#zpﬁ'aélé o?l enbz%ﬂgﬁa‘ttq{gpgred in Step

6. Tf]k?ﬁ@“l s féﬁ@éle@n‘&b? fhrﬁb'bﬁﬂ'@@h@ttl@hg \Dé@bﬁjdda BDSmI of isopropanol
| ace. Via the addition funnel stirring, und

(2, 18arﬂ§lté\fﬁ’eﬁk§ndﬁ3|egn§“ ghhe pjamgung 917 WF'F %@@9%0?7‘%!45?1 mi (10.49
equ.va?&qtgﬂ %\‘Y@u?ﬁtrﬁéﬂ'm%tﬁé’rd@\ﬁéﬁ)t Rehe' Ritfidl QhdTerhBi&d and the flask

15 mhute riod. Stirfing was continued for
was ﬁealﬁdewltﬁlf seteroperatmie paehe ivritshlpasenpYiar e asiditipn funnel, with
t
e A0 R ot g BF 82 0 Ml R triac Bqunatents
was added tarrbeeraacb@mdmib(twamveAfa db robnpé qrarmd. oStirfing was continued

or S0k PR GHER 18 GIPRME el R B70 m o

MTBE was added via the addmon funnel over the next 2.5 hours with continued

1y "2m n

stirring under ambient conditions. After completion of the additional MTBE, stirring
was continued for 1.25 hours under ambient conditions. At the end of this period,
the reaction mixture was cooled to 10.0 °C and held quiescent for 30 minutes. The
resulting precipitate was collected in a Buchner funnel, and washed with aliquots of
the following solvents (each aliquot was cooled to a temperature of 4°C prior to
washing the filtrate): two aliquots of 150 mL MTBE in sequence followed by one 120
mL aliquot of MTBE. The resultant white solid was dried at room temperature in a
vacuum oven (23,5 mm Hg) for three days whilst a nitrogen purge was passed
through the vacuum oven. The weight of the dried product indicated an uncorrected
vield of 66.27 g (89.4% yield based on the amount of starting salt used).

While the present invention has been described with and in conjunction with
the specific embodiments set forth above, many alternatives, modifications and other
variations thereof will be apparent to those of ordinary skill in the art. All such
alternatives, modifications and variations are intended to fall within the spirit and

scope of the present invention.



the reaction m xture was cooled to 10.0 C and held
gui escent for 30 mnutes. The resulting precipitate
woa®7omPect ed i n a Buchner funnel, and washedP@i/Uk2006/048613
aliquots of the follow ng solvents (each aliquot was
cooled to a tenperature of 4C prior to washing the
filtrate): two aliquots of 150 nL MIBE in sequence
fol |l oned by one 120 m _ aliquot of MIBE. The resultant
whi t e SO|Id gled at roomtenperature in a vacuum
Schergigdiog g for three Uays whilst a nitrogen
pur e vvas passed t hrough the vacuum oven. The wei ght
Whatd? 3@edtiSed product indicated an uncorrected yield of
1. §7 oces6d8r e\hfépfdrmgg a pARedsoBs) RanaMFRatnudh |Alord (18] 2R, 5R)
used) l'e the present invention has been
Saltoiﬂé’mmult%dam th and in conjunction with the specific
enbodi mept s set forth apove, nmapy ,alternatives,
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appar ent JS)Q‘F_hose of _orfi nary | in the ant. Al
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is claim . D ca®y flor preparing a {@RA)2S,
5S) salt of Formula A or a ( 1S, 2R, 5R) salt of
wher&Ely mul a 1 aA: wherein R represents an al kyl,

R re;irégé%’qlstéﬁ gg(ygl i }uteé)egfy Ubsi,pu%gfgg Yy ayl, a%agkylflyslubstituted
aralk?&/ @k/@@bheg I, G QUbtittEl cycoa ‘focWI”s Beldtidd (P D-DTTA (di-
ol uoy tartari c acl

p-tolyqyitaraic @@éﬁ"ér@@%&f\dﬂ'b%ey' -Rrtartagicaqid), gag Pois selected
from k—. dﬁiﬁz@lp- l%]x{n&avrlil'_oﬁé!rfalnct ijf‘éhé L2BBTA @lifehzdfi1Aartaric acid),

taric aci sai d process conprising:
said pmcessroognprisigga conpound of fornmula Il 0

(1) converting a compound of formula Il

to a compound of formula lll:

(1
(2) reducing the compound of formula Il to yield a compound of formula
IV:

H (V)



to a conmpound of formula II11: (I1l) (2) reducing the
conpound of formula Ill to yield a conpound of fornula

wo Y070737%&cheri ng Docket No. CD06388 37 (3) oxPdi/pb19g6/048613
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-Docket No. CD06388 3 nd () di-p-toluoyl

t he compound of formula IV to yield the racemc
m xture conprising the imnes of fornulae Va and Vb :
(4) cyanating the racemc m xture of the imnes of
fornmulae Va and Vb to forma racem c m xture of
trans-co ounds gf formul a » (5) optionally w thout
%n'ng a solvolysis on the formula M
racemc mxture of conpounds with ROH, where Ris
defi ned above, to formthe fornula VI racem c mxture
0 coma;aq] 8V koK 181 ahd/kacemicemiaure
? reo Qﬁgggg%@%ﬁﬁeg@gﬁ@ sel gctgd é/r%rﬁ (i)
d| p- tcﬂQM'Slmﬁmtmme@ cidpemelee Vi BeRzYl-D-tartaric
acid to formthe sal ound of Formul a | A/Scheri ng
a\Jvz/tart aric
acid and di benzoyl-LgJ=artaric acid salt t@Fformthe
salt conmpound of f(&)brmr,a aA: wherein ®: ‘a}g Xd are
as defined above. rocess accor el ai m 1,
wherein Ris alky[4 3. ,khe process accQudi ng\to claim
1, wherein Ris (G al kyl . 4. The Te
according to claim whers n R i s benzylN“or phényl .
5. The process according to claim1l, wherein the
conmpound of forrmula Il is converted to a conpound of
f eayrul &ylahkting theeaséraje mixture of the imines of formulae Va and Vb to

’33

form a racemic mixture of trans-compounds of formula VI:

S % mn (R) ()
(s ; l() Fa—
4 . o\N® + 4,20
3 N 2,
H CN H CN )
— - (Vl)!

(5) optionally without isolation, performing a solvolysis on the formula Vi

racemic mixture of compounds with ROH, where R is defined above, to form the

formula VI racemic mixture of compounds:

and

=
< % m
(s) = : (R) - / \ (s)
(S) +
N CO,R K”
N COsR
L H H AN RVITT

(6) reacting the formula VIl racemic mixture of compounds with an acid
selected from: (i) di-p-toluoyl-D-tartaric acid and dibenzoyl-D-tartaric

acid to form the salt compound of Formula lA:



6. The process according to claim1,
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13.

The process according to claim 1, wherein R is alkyl.

The process according to claim 1, wherein R is (C4-Cg)alkyl.

The process according to claim 1, wherein R is benzyl or phenyl.

The process according to claim 1, wherein the compound of formula Il

The process according to claim 1, wherein the compound of formuia Il

is converted to a compound of formula lll in a process comprising two steps wherein

the compound of formula 1l is first converted to a compound of formula |I1B

Ry
}]=3

wherein R is aralkyl, substituted aralkyl, or alkeny!;



toluoyl-D-tartaric acid to precipitate a ( 1R 2S,

5S)-1 di-p-toluoyl-D-tartaric acid salt of a conpound
w@too7oriTed a | A. Scheri ng Docket No. CD06388 40 REGI/UI1066/048613

process of claim1l wherein conversion Step 1 is

carried out using DVAP and formami de. 17. The process

of claim1 wherein conversion Step 1 is carried out

usi ng anmoni um hydr oxi de and butyl acetate. 18. The

r QCess C ' to claim wherei n the reducing
SCherE@'ﬁ?a?eﬁg{%eg{]}gd%gsﬁep 2 is Selected fromthe group
consisting of lithiuma L num hydr i [ithium
and, $REQMH Pgap%&iqrfﬁpm@% ﬁesz\fyﬁé?%fg%%omﬁ’?w of formuia 1il.
di hydri de, and borane. 19. The process according to
claim 1, wherein the oxidizing agent in oxidizing Step
37.s sélhe pERFgssRAaRdingte GRiTbAsVEereig Ryfis benzyl or allyl.
K2S20BZAgNCB; i odosobenzene; manganese (IV) di oxi de;

and HQ2/[(R R - or (S S)-Sal Bn] M1111Cl. 20. The )
pBoces sThe povakssaaaerdingitmclaimyih avhergin the oomula Mhigracemic

. . ' isal.ati t -
xS B8 comptiint o 1RRBIarOfty (P B PR bR 8l o precipitate a (1,
25, 58)itdivetoluoyl-DABEaria ddidhsalhet a@ooipauns MBEMeNa 1ACt
and distilling off the MIBE to provide a net hanol
sol ution of the conmpound of Formula (V). 2 1 . The
PrNCes STRE pedchgatadadraingitorclaimBewiiereihtthe @ramiichmg excess in
agent in cyanating Step 4 is selected from (i) HCN;
the péﬁ"f-‘dp'ﬁ‘tﬁ)‘sgé‘%ﬁ@ e%aCN, and trinmethylsilyl cyanide
(TMSCN) in the presence of an acid. 22. The process

according to claim1, wherein the solvent for the .
sdi%ol yEe pegssmqeorgiggamiaim 8awherindpg @gagitiomer excess in

the p?%@?%&ieﬂg daQg6lpig® 1, wherein sol volysis Step 5

er conprises an acid selected fromthe group
consisting of HC, HBr, H, and H2SO4. 24. The process

agGor di-Ags 1Pl dBcbrdfAg 16! dlainl'$, WRAEPMhanYrhcEARETLE formula VI

is reacted with di-p-toluoyl-L-tartaric acid to precipitate a (1S, 2R, 5R)-1 di-p- toluoyl -

L-tartaric acid salt of a compound of formula laA.

12.  The process according to claim 11, wherein the enantiomer excess in

the precipitate is 90-98% ee.

13.  The process according to claim 11, wherein the enantiomer excess in

the precipitate is 95-97 % ee.
14.  The process either of claims 8 and 11 wherein “R” is methyl.

15,  The process of claim 11 further comprising a step wherein the
precipitate is separated from the supernatant and the supernatant is reacted with di-
p-toluoyl-D-tartaric acid to precipitate a (1R, 2S, 5S)-1 di-p-toluoyl-D-tartaric acid salt
of a compound of formula 1A.



m xture of conpounds is reacted with
di benzoyl -D-tartaric acid to precipitate a (1R, 2S,

wG 3)o77dpbenzoyl -D-tartaric acid salt of the cPOPUSIN6/048613
of formula I A Schering Docket No. CDO6388 4 1 25. The
process according to claim 24, wherein the enanti oner
excess is 85%ee -95% ee. 26. The process according to
claim 25, wherein the enantioner excess is 85%ee -90

Y% ee. 27.. T ess accordjng to claim1l1, wherein
SChe“(”ﬁgg?‘éh?éNé’t g:%c#%ggrrml a Vi ‘}ds] react ed Wi th
dlbenzoI-Ltartar| aC|dto reC| itate

5RP- 1 diNRRRGASSIAFRiAT | WhgP 'BP”aS%Bde)%ﬁa"tﬁd out using

DMAﬁqﬁ@f@MMQZS The process accord| ng to claim27,
wherein the enantioner excess in the precipitate is

85% ee-95% ee. 29. The process according to claim 28,

\é\gz el Wfﬁ)é]@/r%téf%hgmm BohsRireStey § 3¢ @afrﬁed out using

ee-9 30. T rocess either of clains
ammanidlnzhydmféeaﬂdwutvbammWI. 3 1. The process of
claim30 further conprising a step wherein the
precipitate is separated fromthe supernatant and the
su|8er nafteen processeaanoeding tolclainp 1, woktainlthereduciagiagent in
rec

reduii e A5y 68 Tl the JEbup SaRobfina £ il g rginum hyerice,

lithiumsovshgdlide, S&dium bisl@auttdoryethbery fabhhimimglifigdridd, &nd borane.
UB wherein Rl is aral kyl, substituted aral kyl or
al kenyl . Scheri ng Docket No. CD06388 42 33. A conpound

ofid. he figd bryddus beesiding td Alailier, &itierein the oxidizing agent in
oxidizing Step 3 is selected from the group consisting of K2S20s/AgNOs;
iodosobenzene; manganese (1V) dioxide; and H204/[(R,R)- or (S,S)-Salen]Mn"'CL.

20. The process according to claim 1, wherein the oxidizing Step 3 further
comprises isolating the product compound of Formula (V) by extracting the reaction
mixture with MTBE, adding methanol the MTBE extract and distilling off the MTBE to
provide a methanol solution of the compound of Formula (V).

21. The process according to claim 1, wherein the cyanating agent in
cyanating Step 4 is selected from: (i) HCN; and (iiy an KCN, NaCN, and trimethyisilyl
cyanide (TMSCN) in the presence of an acid.

22.  The process according to claim 1, wherein the solvent for the solvolysis
Step 5 is methanol.

23. The process according to claim 1, wherein solvolysis Step 5 further
comprises an acid selected from the group consisting of HCI, HBr, HI, and H,SO..

24, The process according to claim 1 wherein the formula VIl racemic
mixture of compounds is reacted with dibenzoyl-D-tartaric acid to precipitate a (1R,
2S, 5S)-1 dibenzoyl-D-tartaric acid salt of the compound of formula IA.



R represents an al kyl, substituted al ky!, aryl,

substituted aryl, aral kyl substituted aral kyl,
weyhoz7kyl , or substituted cycl oal kyl group; BETUX0M06048613

D- DTTA, L-DTTA, D-DBTA or L-DBTA. 34. The conpound

according to claim33, wherein Ris CGC 8 al kyl. 35.

The conpound according to claim 33, wherein Ris

nmet hyl . 36. A conpound of the follow ng fornmula:

ScherH8h Xd Tidessk - | NGB, 4pr HSOA.

25. The process according to claim 24, wherein the enantiomer excess is
85% ee -95% ee.

26. The process according to claim 25, wherein the enantiomer excess is
85% ee -90 % ee.

27. The process according to claim 1, wherein the racemate of formula Vi
is reacted with dibenzoyl-L-tartaric acid to precipitate a (1S, 2R, 5R)-I dibenzoyi-L-
tartaric acid salt of a compound of formula laA.

28. The process according to claim 27, wherein the enantiomer excess in
the precipitate is 85% ee-95% ee.

29. The process according to claim 28, wherein the enantiomer excess in
the precipitate is 85% ee-90 % ee.

30. The process either of claims 24 and 27 wherein “R” is methyl.

31.  The process of claim 30 further comprising a step wherein the
precipitate is separated from the supernatant and the supernatant is reacted with di-
p-toluoyl-D-tartaric acid to precipitate a (1R, 2S, 5S)-1 di-p-toluoyl-D-tartaric acid salt
of a compound of formula {A.

32. A compound of the following formula:

A4

~
=

I
R4
B

wherein Ry is aralkyl, substituted aralkyl or alkenyl.
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33. A compound of the following formula:

N
(HOH X
N
H O

IA
wherein
R represents an alkyl, substituted alkyl, aryl, substituted aryl, aralkyl
substituted aralkyl, cycloalkyl, or substituted cycloalkyl group; and
Xis D-DTTA, L-DTTA, D-DBTA or L-DBTA.
34. The compound according to claim 33, wherein R is C4-Cg alkyl.
35. The compound according to claim 33, wherein R is methyl.
36. A compound of the following formula:

N4

S

.
H

IVB

wherein X is Cl, Br, |, NOz, or HSO,,



