- PROCESS FOR THE PREPARATI ON OF 6, 6- DI METHYL- 3- AZABI CYCLO-[ 3. 1. 0] -
HEXANE COVPOUNDS AND ENANTI OVERI C SALTS THEREOF Fi el d of the

| nvention The present invention relates to a process for
preparing racernic nethyl 5, 0-

di met hyl azabi cycl o[ 3. 1. OThexane- 2- car boxyl ate (free bassﬁ and a
process fBW)BWBWP%an correspondi ng salts, (1R 2S, 55)PGR{RI6/V45613
5, 6-di net hyl 4- azabi cycl o[ 3. 1. 0] hexane- 2- carboxylate

di -p-toluoyl-D-tartaric acid ("D-DTTA" salt) and (1R 2%, 55)-nethyl
6, 6- di met hyl- 3- azabi cycl o[ 3, 1 . D] hexane- 2- car boxyl at e

di benzoyl -Dtartnric acid ("D 13BTA") salt in a high enantioneric
excess. This Invention also relates for, a process for precipitating
froma solution of the racem c nethyl ®,76-

dl et hyl - 3- azabi cycl o[ 3. 1. 0) hexane- 2- car boxyl ate the correspondi ng
(1S, 2R, 5R)- nethyl 5,6-dinethyl-3-azabicyclo[3.1

. ORt exane- 2- ! !
sal1) ana (1600 A e e ™ F
. 0] hexane- 2- carboxylate L-tartaric acid ("L-DBTA" salt) with high
enant i oneri c specificity, leaving a hlgh enantionmeric excess of the
correspondi ng (1R 2S, 55)-nethyl

6, 5-di met hyl - a- azabi cycl o-[ &1. 0] Ke reircakdgxyl ate free base in
solution. Further, this inventi ﬁ—¢%£§r§§"a“ﬁrbcess for preparing
internmedi ates 11 She bl‘dsenthr\ﬁenfdﬁ&elaté,s 1vh proaash ol greparing racemiclhethyl 6,6+

fﬁremg%gﬁeg?&.% %.anbﬁégaég 1) %ﬁi@%a%ﬁylé’@%fé&ba@é) dnataqfrgayaggrﬁz I'n
el @’ Backgr BRHES FTREoTIRF g 25 sShmPl o Simelfra e diinek

publ i cation B ‘i]h?@“gﬁrﬂaf@ﬁylﬁla dét%""é‘é’b?ﬂ%??”ﬁ?”f‘ﬁPsDEB“pISF‘@aﬁ“Pd 28 not

art adm ssi opSkhethylSifetimetibl-3-szbicgaoldst . Jindxene-gicerbpgylate dibpnapgieprit
invention. tartaric adkS{"RIBTOF) salt In @ high enantiomeric excess, This Invention also

6, 6- di met hyl g5 éﬁ%ﬁéé&% ch ﬁg?ﬁorg a%&ﬁp&{?fltﬂecra@éihg nr%m?ll sigeful as
| nter medi al e Lp | he SYOLES) @6 pS DGR AL AIAYS G 4 b sk
exanpl e, éﬁ%? Bt eeP ‘?" B% :% [egryrate ponding ( r
(1R, 28, 58) 6mgthgn fHetimethyB3-azzitisvelpts- bO]P@cape@]-carbuxyiate di-p-toluoyl-L-tartaric
acid salt (“L-DTTA" salt) and (1S, 2R, 5R}-methyl 6,6-dimethyl-3-
azabicyclo[3. 1.0lhexane-2-carboxylate |_-tartaric acid (“L-DBTA" sait) with high
anantiomeric specificity, leaving a high enantiomeric excess of the coresponding
(1R, 25, §S)-methyl 6,6-dimethyl-3-azabicyclo-[3.1.0Jhexane-2-carboxylate free base
in =olution. Further, this invention relates a process for preparing intermeadiates i,
e, i, v, IVB, V, V1, and VII,
The compounds chtained by these processes are useful as intermediates in
the synthesis of compound that have, far example, medicingl value,

Fleld Backqground of the invention

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

Esters of 6,6-dimethyl-3-azableyclo[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,25,55)-8,6-dimethyl-3-azabicyclo [3.1.0)-
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hexane- 2- carboxylic acid, nmethyl ester hydrochloride is disclosed in
US Publication No. 2003-0216325 Al which is incorporated herein by
reference. This conpound is a key internmedi ate used in preparation of
the hepatitis C virus ("HCV') protease inhibitor having the foll ow ng
st ruct ur e W8I 2009910 Z: The conpound of f or nul #CI/HBI0GHETLF
for treating hepatitis C and rel ated di sorders. Specifically, the
conpound of forrmula Z is an inhibitor of the HCV NS3/NS4a serine

pr ot ease. Various nethods are known in the art to nmake esters
of 6, 6-di methyl-3- azabicycl o 3. 1. 0] hexane- 2-carboxylic acid, which

have t hgchQf{Bibacker No. CDOBBEE e R is, foy exanple, alkyl, aryl,
aral kyl, cycloal kyl and cycl oal kyl al kyl . For exanple, US Publication

No. 2003- di scl.gses  pre tion und 1

2007/ 073 FSBRT RO AT o S e e TR - ebBesaddn UB Publication
No. 2003-0216325 A1 Wthh is incorporated herein by reference. This compound is
a key intermediate used in preparation of the hepatitis C virus (“HCV") protease

inhibitor having the following structure of formuia Z:
HaC, CHg’

$% H NHz

The compound of formula Z is useful for treating hepatitis C and related
disorders. Specifically, the compound of formula Z is an inhibitor of the HCV
NS3/NS4a serine protease.

Various methods are known in the art to make esters of 8,6-dimethyl-3-
azabicyclo[3.1.0lhexane-2-carboxylic acid, which have the formula

where R is, for example, alkyl, aryl, aralkyl, cycloalkyl and cycloalkylalkyl.
For example, US Publication No. 2003-0216325 A1 discloses preparation of
compound 1

Hc, CHj

+ OCH,
N

H - ©
HCt 1

<

01,"
()
o

from the corresponding alcoho! 2



OH 2 by performng a Jones oxidation and then cleaving the
protection with nethanolic NCI. This procedure nodifies the one

di scl osed by R Zhang and J.S. Madal engoitia in J. Org. Chem, 64, pp
330-31 (1999). US Publication No. US 200510020689 Al, herein

i ncorporated by reference, discloses a process for naking

3- (am no) WR HYEIBe yl net hyl - 2- hydr oxypr opi onam de or P&THERE06/048613
thereof, which is an internediate in the synthesis of conpound Z.
This publication also clains sone internedi ates prepared in the

synt hesi s. US Publication No. US 2005/0059800, herein

i ncorporated by reference, clains an alternative process for

repari rmul a Z, ich involves using methyl
D e e pamENa Rl T 0 oL

6, 6- di e -az 3. 1. 0] hexane-2-carboxylic acid as a
starting material . US Publication No. US 2005/0059684 Al,
herein incorporated by reference, prepares esters of

6, 6- di net hy1- 3-azabi cycl o[ 3. 1. OThgganee2- car boxylic acid in a process
sumari zed by Scheme 1 WO 2007/ 0757;;9,’0PCT/ US2006/ 048613 Scheri ng
Docket No. CD063884 Schene 1 §3

CB\/O”
N

Loc )

by performing a Jones oxidation and then cleaving the protection with methanolic
HCL This procedure modifies the one disclosed by R. Zhang and J.S. Madalengoitia
in J. Org. Chemn., 64, pp 330-31 (19899).

US Publication No. US 2005/0020689 A1, herein incorporated by reference,
discloses a process for making 3-(amino)-3-cyclobutyl methyl-2-hydroxy-
propionamide or a salt thereof, which is an intermediate in the synthesis of
compound Z. This publication also claims some intermediates prepared in the

synthesis.

US Publication No, US 2005/0058800, herein incorporated by reference,
claims an alternative process for preparing the compound of formula Z, which
involves using methyl 6,6-dimethyl-3-azabicyclo[3.1.0]hexane-2-carboxylic acid as a
starting material.

US Publication No. US 2005/0058684 A1, herein incorporated by reference,
prepares esters of 6,6-dimethyl-3-azabicyclof3.1.0Jhexane-2-carboxylic acid in a

process summarized by Scheme 1



Step 7 9NH 1lor salts 10111213thereof Alternative Step 8 EP O
010 799 (the ' 799 publication) discloses a process for preparing acid
conpounds of the fornula R4 R5 where Rl is hydrogen or al kyl and R2
to R7 are, for exanple, alkyl, fromthe corresponding imne through a
nitrile internediate. Accordingly, the imne is reacted with a
cyanat i ng WeH@Ats7% formthe corresponding nitrile, WREHUIS2806/048613
subsequent|ly hydrolyzed to formthe acid derivative. The imne
derivative is prepared by direct oxidation of a bicyclo-pyrrolidine
conpound of the formula WD 2007/075790PCT/ US2006/ 048613

Schering Docket No. CD06388 4
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[ Alternative Step 8 T

EP 0010 799 (the '799 bub!ication) discloses a process for preparing acid
compounds of the formula

R* R
R3 R?
RG R’
N° COH

where R’ is hydrogen or atkyl 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 formuta



or by dehydrohal ogenati on of the correspondi ng hal o-pyrrolidine
derivative of the bicycle-pyrrolidine. The docunent indicates that
the cyanation step formng the nitrite generally | eads exclusively to
the formation of the trans geonetric isonmer and this stereochem stry
is retained in the hydrolysis step. US Patent 4,691, 022

di scl oses YO HHFEEIY for preparing an acid or ester deriREAYF2E/04§613 he
formul a where R is hydrogen or alkyl and R4 and R5, for exanple,
may forma bicyclic ring system fromthe corresponding nitrile. The
process conprises converting, with an oxidizing agent in the presence
of a silver salt, a pyrrolidine derivative into the correspondi ng

Al - pyrr gbhdHpensiakt Mat Crecaggl subsequergt |y reacting the pyrrolidine
derivative with HCN, preferably generated by adding a netal cyanide
in the presence of mneral acid to the*reaAction mxture, to formthe
nitrile. The product is prepared by subfecting the resulting nitrile
to sol volysis. The patent does not & ® a process for making a
particul ar i soner of these conpounds hi gh enantioneric excess.
None of these foregoi ng processes ptdyvi de e particul ar enanti oner
of the bicyclo-pyrrolidine conpound;in gl enantioneric purity.
Accordingly, there remains a need for nhthods of providing

i nternedi ates useful in the synthesis of conmpounds useful in the

t r eat nept byrdghyewsndlogenaiionaafthe aoatsispondingdredo-@y rmubidimesyarpative obthe

et | ofpile PR OELEHTER: [y dS Fihuyfe sRARSERT FRp ALK 08 nicie

enaﬂt i ogenevm;c!lyheaﬂs egfluslviehhgtottbedodumim eﬁmﬂgimgv\%mpmcaisbmer and this
t ; X . ’
2007/ Iog%%89@%'6%3@38/‘%%%%'r@bﬁgﬂ{dﬁ‘gﬁ%g%&%? Xo. CD063886

US Patent 4,691,022 discloses a process for preparing an acid or ester

derivatives of the formula
RI PR o
2

COCR
N

r! l-{
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 io the reaction mixture, to form the nitrile. The product is prepared by
subjecting the resuliing 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.



In view of the inportance of hepatitis Cvirus ("HCV ') protease

i nhi bitors, new, novel nethods of maki ng such antagonists are al ways
of interest. Summary of the Invention These and ot her needs
are nmet by the present invention, which in one aspect provides a
process of selectively making a (1R, 2S, 5S)-1

di - p-tol ud¥Q20079%%%aric acid salt (D-DITA salt) or a (IBST/OR006HR§G1H
di -p-toluoyl-L-tartaric acid salt (L-DTTA salt) froma m xture of
conpounds of the formulae | and la (l)(la) where Ris alkyl,
substituted al kyl, aryl, substituted aryl, aral kyl, substituted

aral kyl, cycl oal kyl or substituted cycl oal kyl, the process providing
an enanik.RdRid Bo@XERsSCDheatg | east 90%g@f the selected salt by
resolution of the racenmic mxture with the above acids. In
anot her aspect, the present invention provides a process for
preparing a (1R 2S, 55)-1 dibenzqg I-Ektartari% acid salt éD—DBTA
salt) or a (lavieyrof e impriancefleralitis G Wrys ("HG\Y) pipteape iihihiors, new,
sal t) frepeEmBinddy & rﬁékmgmwmagém&&ea@%m 80f Intaledt! a: WO
2007/ 075790PCT/ US2006/ 048613 Scheri ng Docket . CD063887

Summary of the Invention

These and other needs are met by the present invention, which in one aspect
provides a process of selectively making a (1R, 28, §5)-I di-p-toluoyl-D-tartaric acid
salt (D-DTTA salt) or a (18, 2R, 5R)-I di-p-toluoyl-L-tartaric acid salt (L-DTTA salt}

from a mixture of compounds of the formulae | and la

(A)
S\ (s)

4

I

2 o
3 S
N “"7 N,
? O

0 (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 (15, 2R, 5R)-
dibenzoyl-L-tartaric acid sait (L-DBTA salt) from a mixture of compounds of the
formulae | and la:



(i)(la) where Ris alkyl, substituted alkyl, aryl, substituted aryl,
aral kyl substituted aral kyl, cycloal kyl, or substituted cycl oal kyl,
the process providing the selected salt an enantioneric excess of at
| east 85% by resolution of the racemc mxture with the above aci ds.
Anot her aspect of the present invention provides acid salt conpounds
of fornmul &0 2007/873@0 aA: Xd El 0 -(TA) PCT/US2006/048613

Schering Docket No. CD06388 7

{(R)

—

4 o
3y
n-" (&) ”’f/f \R
H

o

) (1a)

where R is alkyl, substituted alkyl, aryl, substituted aryl, aralkyl substituted aralkyl,

cycloalkyl, or substituted cycloalkyl, the process providing the selected salt an
enantiomeric excess of at least 85% by resolution of the racemic mixture with the
above acids.

Ancther aspect of the present invention provides acid salt compounds of
formulae IA and laA:

C—m Xd Ao x1
4 2 o, 4 2 - O,
L o —

_ 0 J qa)

(IaA)

wherein

R represents an alkyl, substituted alkyl, aryl, substituted aryl, aralkyl substituted
aralkyl, cycloalkyl, or substituted cycloalkyl group, preferably wherein R is C4-Ca
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 B and the intermediates of formula 11B:

\/

)
Tz
¥ =
oy (o

{R) (S}
OQO

|
R? B



wherein R represents an al kyl, substituted al kyl, aryl, substituted
aryl, aral kyl substituted aral kyl, cycloal kyl, or substituted
cycl oal kyl group, preferably wherein Ris Cl-C8 al kyl, nore
preferably, Ris nmethyl; "Xd" is selected from D DITA and D DBTA, and
"XI" is selected fromL-DTTA and L- DBTA Anot her aspect of the
present i MEHOT/GI3799 ovi des a process for the provisi on PEIT/US2006/048613
internedi ates of fornula I1B and the internediates of formula 113:
LIB WD 2007/ 075790PCT/ US2006/ 048613 Schering Docket No. CD063888
wherein R1 is aral kyl, substituted aral kyl or alkenyl, preferably Rl
is selected frombenzyl and allyl. Anot her aspect of the
presentg] J i ss for thegprovision of internedi ates of
f or mul as%k{%éﬁgiggggﬁﬁ%?%wégﬂ?gn of int er?redi ates of fornula |IVB:

wherein R' is aralkyl, substituted aralkyl or alkeny!, preferably R! is selected from

benzyl and altyl.

Another aspect of the present invention is a process for the provision of
intermediates of formula IVB and the provision of intermediates of formula VB:

s H IVB
wherein X is an anion, preferably, Ci, Br, |, NOs, or HSQO,,

Another aspect of the present invention is the provision of D-DTTA and D-
'DBTA salts of formula | and the provision of L-DTTA and L-DBTA salts of formula ia
in high yield from a mixture of the compounds of formula | and la, and the process of
providing one sterecisomer in a high enantiomeric excess from the mixture.



wherein X is an anion, preferably, d, Br, I, NG3, or HBO&

Anot her aspect of the present invention is the provision of D DITA
and DDBTA salts of formula | and the provision of L-DTTA and L- DBTA
salts of fornula la in high yield froma m xture of the conpounds of
formula | and la, and the process of providing one stereoisoner in a
hi gh enanW®@MeTPB7¥xcess fromthe m xture. WO PCT/US2006/048613
2007/ 075790PCT/ US2006/ 048613 Scheri ng Docket No. CD063889 Descri ption
of the Invention As used above, and throughout the
specification, the follow ng terns, unless otherw se indicated, shal
be understood to have the foll ow ng neanings: "Al kyl" nmeans an
al i phat ken W esaLPRB. @HeePsamhi ch may ke straight or branched and
conprising about 1 to about 20 carbon atons in the chain. Preferred
al kyl groups contain about 1 to about 12 carbon atons in the chain.
More preferred al kyl groups contain about 1 to about 6 carbon atons
in the chain. Branched neansBesg¥intian ofthgdpyentian: al kyl groups such

as methyl, elylsdy alE’fS\Q—:p)éJnd R SudHhReNEEp s Afidatlon) &9 fdllokling ftais) unless
"Lower al kyI means a group having about 1 to about 6 carbon atoms in

the chapihsmishindicpted Jalldquederiaadindie. therfallwing meaREESt ut ed
al kyl ™ means «j fjgl rhagnégmnﬁﬁéﬁ& n%mamorﬁgﬂ@%blmbﬁdnéyb@@rﬁm@re

substituents e sa feérent, each substituent

bei ng i ﬁmfémeand 9om15@ge%bqutdrﬁq¢tptg2@@%%@?@?5@% cliging Preferred

| kyl
?NH{aI k%ﬁﬁ) W%tghﬁl :.-11<b ezﬂb(.ﬂ?[%%érbgg Iréﬁ%g?(i? |ﬁ§!@bﬁﬁlhOMo@€EP&erred
Non- | i mamyhgrce;mrégmoabwnt@ba@tmwrbgm@Gmsmhm%alaalﬁe F@‘?Che@tfﬁ?ﬁns
n-pr Opyk hat o?%oéror%:re quwé)r"%lb(yl gr&u?ﬁg?ﬁ:h a8 h&R V'ethﬁ%?tp)‘d)pyl NSYatiached to a

decyl l"'uor onet hy uoromne cycl opropy
" Al keny lineawaliy! t‘ahiillal Lot ok m\e@aareb@fﬁuerhﬁng:@th%t htq\gb%@tﬁéa@on

one. car BStnG i BoAAHI R A, B0 sk Br BRindHRdS Thalighh ' Sibdtarenar,

and conpri si %ﬁ car bon atons in hai n.
Pr ef er r seanskibay theyalypgronavaay berubstitded by gneigr YE'QFEbﬁl#P%tt’é%tSlWh'?'he

chai n; %q%,nfc}%rtﬁ! Qgﬁ{eeé.f@}f%{re?ﬁoé’éc@sﬁ&t thefh E’h‘é‘ﬁ:@nééﬁﬂ?sbl@c@@from

chai n. means one or nore | ower a gr oups such

met hyl , the nmumﬁorpmsimg of r@@l@, akvb@nédcstdp%{kth AVRERY, adtoxynalkylthio,

e R SRR Sk N, SO IR O

means t kaxamphes af mtgi:ue gﬂwuprcrw ipelugaiaethyliedy| by-PepRY ol oRfARY!, n-butyl, t-
bst t t1t t

subst i g.géeny& f;{?,y Pﬁohgﬁfj%eg 6ro%étf1gr %ruor@.%wlah@ i tuen

being in écte e group consisting of halo,
al kyl, cyclwm}dmleﬂwl cyano, and aI koxy Non limting exanpl es of

Pyt Bt Ao 88y AR Rpr RSB ol best o
carbon-carbon double bond and whtch rnay be stralght 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, ethyl 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 alkenyl 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, octeny! and
decenyl.
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"Al kynyl" nmeans an aliphatic hydrocarbon group containing at |east
one carbon-carbon triple bond and which may be strai ght or branched
and conprising about 2 to about 15 carbon atons in the chain.
Preferred al kynyl groups have about 2 to about 12 carbon atons in the
chai n; an®&hPOFIPIW erabl y about 2 to about 4 carbon atRSFUS2HP60H#RS13
chain. Branched neans that one or nore | ower alkyl groups such as

nmet hyl, ethyl or propyl, are attached to a |linear al kynyl chain.
"Lower al kynyl" means about 2 to about 6 carbon atonms in the chain
whi ch may be straight or branched. Non-limting exanples of suitable

al kynyl se2HpDcRel vdecwbegy! , propynys, 2-butynyl, 3-methyl butynyl,
n- pentynyl, and decynyl. The term "substituted al kynyl means that

the al kynyl g&my@ymﬁye&% &vaﬁéhéwrﬂmr@e{a@ea @mmbatasmhgtatumme
whi ch may be thé sane or fferent,” each substituent

i ndepena@mongpayep@é@@a qqrmm%whg%lwaymwhh@r feﬁanahﬁ? |a%daﬁqmp%@9

cycl oal Kbyt 2 to about 13 }éérbdmﬁt@?nﬁﬂ tAE @RI, Pr@@?%’&l@ﬁyl@mﬂﬂ;& hhey abbat
ring system conprising about to about 14 carbon atons, gée era {/X

about 62tte ahputif Zp@rf&n ﬁW%tfb?’f@ chefips agid/moge pigferably BRoBbE foAkPH

substi t Hé%n\é&t%pwsqrﬁhe ChaR Brahbieh M8 Thatsd bF Hﬁﬂé%wéﬁblﬁ@l gRyiphe

the sanme or erent, and are as defined herein. Non-Iim .

exanpl esud ag ey, ethy g pgeRMlpare altaches ‘-’Bﬁb\*ﬂﬁaréﬁ%bfWéBH@‘lﬁ‘yl LSWer alkynyl
" Het er of{ding REAGRAIRYH lifo SaiTAiER ¥dy bo Lagrive ! om

conpri si ng about ?to about ring atons, preferably ‘about
about 1branqhgdai\!@nshmihngmampl@ﬁ@f éwtaﬁie alieynyt g@umngclasie iy rylagropynyl,

el enent 5 %J},‘?ﬁc%;g?ﬂetﬁ?m% r?gre ﬁﬂoh%draécya?ﬁPrheqzsvrae@.ueémﬁwofamynyr'

alone or In i nat d heteroaryls contain about 5 to

about 6neang thebife. aliry! gﬁ@w@n@frm sulstijulesl i pNe PAMGresthstiiuantewhigh
one or m%(f’o c]{é@arﬁ)é%rgigi‘ff Héh?te%]atdﬁ%ﬁb%m%@?h?)& dBBehdEnRAIReSled from

di fferent, are as ned herein |x aza oxa or thia
before thfegmm@mi%ﬂﬂgr@fcﬂlkﬁawl pedsyclogldl-at | east a nitrogen,
oxygen or sul ff\ﬁf " r"ﬂbﬁﬁé %ﬂ%ﬁfdﬁ%%%goéy%h@ ro‘??ﬁlﬂﬁcﬁlc%r{d él&t@fh%mpﬁlsmg

nltrogen atom eteroaryl can be "opt i onal bgtOXI dirzed to

cor r espehdiig) toabriidtt cmchm g, pieferchiy rbsubf ta gbpdbl @ ca@m @tém dhe
i ncl udeﬁw g'r% R)b% al EHB?ﬂp{e \h'ﬁh %ﬂé'c’ir rRYfd Al Zr@] &Pstern substituents”

i soxazo |azo azo furazanyl,

I az p ,
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"Hal 0" means fluoro, chloro, bronb, or iodo groups. Preferred are
fluoro, chloro or brono, and nore preferred are fiuoro and chl oro.
"Hal ogen" neans fluorine, chlorine, bromne, or iodine. Preferred are
fluorine, chlorine or bromne, and nore preferred are fluorine and
chl ori ne. "Ring system substituent” means a substituent
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exanpl e, replaces an avail abl e hydrogen on the ring system Ri ng
system substituents may be the sanme or different, each being

i ndependently selected fromthe group consisting of aryl, heteroaryl,
aral kyl, al kylaryl, aral kenyl, heteroaral kyl, al kyl heteroaryl,

het er oagal e qckBYQE Apsddr oxyal kyl {1 al koxy, aryl oxy, aral koxy,
acyl, aroyl, t’haci o, nitro, cyano, carboxy, al koxycarbonyl,

aryl Oxyﬁﬁiﬁgg‘{ﬂ%l ihi@ﬁ@é&lﬁ%,ﬁ?iﬁ&ﬂinw,gb%@EP#@%}?{J pyrﬁfl&‘ﬁﬁﬂfl,ﬁﬁ%lh?zor;]a%rifiyf,

het eroaryl'sul' fdnyl’, _ inyl, ‘ary , heteroaryl sul fi
al kyl t hiseguimajinyh benzeazaindelyy Nih#driazngl Renzethmzohd esddhrdkry| t hi o,

VIVoN:al kyi - ACAGBNEERY® e SV ERBIKEce e RERICREGI NG alfiaios
2007/ 07 pERORETY UseciBrd) Faefsrestaiiiyig covpkiee aNoweCBiobgemp. Wonipiting
e s o Exanpld e ARbICAIRN Bro QRO RERARN A 2 B SRRkl F 48 L he or oup

consi sting rogen, a
" Cycl oahkphiylalenybanthvh Thenband tmthecparent meietyis throyghitee gl syst em

CoTE S0 Ay R A R BN e

about 10 carbon |'east one cafrbon-c o
doubl e pevibudly deecrilzat. Rrefarmdkaliylaryls sgmrisataioneriadiil gsoup Neimitng

ring at e | : | i 1

or " or o SRR/ IEER ARPHIEARUE RSB cSERT A, e BoR%o
di f f er etitg paneat metyss dwbugbdhalsoyle. Non-1imiting exanpl es of

cycl onexenyl Yy erfyEXfiedfy STk ArchielaiEnGl6l ARARERYing ystem
sui t abl eomprisingyahdrs Tipclatkiémdrbpae atembopiejérabiy about 5 to about 10 carbon
"Hetero y > L I I i l-44Cs i N
syst om B e T BieBaROtnde BBE SRS € sy G AIdHE TH | "2

t o aboutydibaliiyheprabe mptionallywiksiitoted with ooe er mcreh'éna_tswaEm subsbliduenisg
or sun t oy S Bl S or g e S o RS, N B 2T
one car brampirhois e monooyclor cyciodioyls iridiude) eycldpiapyk dyolegentiher e
are no j f at i i S
yat om CHEFERY FHERRNNT hedIke, NorEhBEoR R ks o7 shiSbib cifioyeii

ri ng at opmloalkpls ipcleﬁieXI-detaalimmartoxpmylniadama‘rtb,rleamrtéerEer ocycl enyl
Fespect vl y oo Aar 1S bRy drbBRE S @RS, phctellh B Mibro,

opt i onakhlprs vbétarhal end horermei@rretbare fluarg asglsthdenosubst i t uent s,

wh PR ter i o _. . . _

or sul fur " at SHEBReTRIAIEcE: cnlofindZaFnEEs: SRR Praffrcld A Hihine,
t he cor cbhpiardmgoitiniae mdrepraferred s8¢ Sudiingiadd.chning.i miti ng

exanpl es of gsuita Aol o te g '

DB & tet rEpERST T aRer b AR R AR e 8 8 BE ahiotifg o

1, 2, 3, 6nohetroatayidrommysystemeyhith AicB eGatrelie,abplicep ani anaiiabks hydrogen on the

2-pyrrolinyl .. 3-pyrroli e R aed T i - pyr ' ,

ke " NoRSevaIeT P e B B Y B e P SR, B ekl

i ncl udeiriepedidently scRidiqul/fram thei drpdp abuasiating of Bhdonaidrdergl afalkgny| |

and the_like. I i I GYCLi

oxanet oPUEY. A, heBLS R fhoBroty BRGRR DU F ot ¢ ng

exanpl esiydfoxyalkyhalleoxyp andgxy, iacalkbky edygravoyic hetoy hitra, myanbpcdrbdey,

di-hydr Ogmoa%gr%lnyl, da'rﬂ%%c%rgbﬁﬁ yg%WAXyc%%jor;[yﬂ eai!'q’iéﬁ.ﬁfony\/,\%rylsulfonyl,
hetercarylsulfonyl, alkylsulfinyl, arylsulfinyl, heteroarylsulfinyl, alkylthio, arylthio,
heteroarylthio, aralkylthio, heteroaralkylthio, cycloalkyl, cycloaikenyl, heterocyclyl,
heterocyclenyl, Y1YzN-, Y1YaN-alkyl-, Y{Y2NC(O)- and Y1Y2NSOs-, wherein Y, and
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mul ticyclic ring system conprising about 3 to about 10 ring atons,
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system Preferred heterocyclyls contain about 5 to about 6 ring
atons. The prefix aza, oxa or thia before the heterocyclyl root nane
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"Aral kyl oxy" neans an aral kyl-0- group in which the aral kyl groups is
as previously described. Non-limting exanples of suitable aral kyl oxy
groups include benzyl oxy and 1- or 2-naphthal enenethoxy. The bond to
the parent noiety is through the ether oxygen. "Al kyl am no"
means an -NH2 or -NH3+ group in which one or nore of the hydrogen
atons on MWE2078T50en i s repl aced by an al kyl group as BTG/ VddsOY €.
"Arylam no" neans an -NH2 or -NF13+ group in which one or nore of the
hydrogen atons on the nitrogen is replaced by an aryl group as

defi ned above. "Al kyl thio" means an al kyl -S- group in which
the al kyl group is as previously described. Non-limting exanpl es of

sui t abl ' 0 el ude nmet hykbthio, ethylthio, i-propylthio’
and hep?&ﬁ%lﬁgoé&ll%teﬂrgbﬁg%tg%é%he par ent X%mi ety is through the sul fur.
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moi ety Nortlimbingrexahepieaobenijdble monocyclic heterocyclyl rings include piperidyi,
pyrrolidinyl, piperazinyl, morpholinyl, thiomorpholinyl, thiazolidinyl, 1,3-dioxolanyl,
1,4-dioxanyl, tetrahydrofuranyl, tetrahydrothiophenyl, tetrahydrothiopyranyl, and the
like.
"Aralkenyl” means an aryl-alkenyi- group in which the aryl and atkeny! are as
previously described. Preferred aralkenyls contain a lower alkenyl group. Non-
limiting examples of suitable aralkeny! 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 hetercary! and
alkyl are as previously described. Preferred heteroaralkyls contain a lower alkyl
group. Non-limiting examples of suitable aralkyl groups include pyridyimethyt, 2-
(furan-3-yl)ethyl and quinolin-3-yimethyl. The bond to the parent moiety is through
the alkyl.
“Heteroaralkenyl” means an heteroaryl-atkenyl- group in which the heteroaryl
and alkenyl are as previously described. Preferred heteroaralkenyls contain a lower
alkenyl group. Non-limiting examples of suitable heteroaratkenyl groups include 2-
(pyrid-3-yl)ethenyl 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 hydroxymethyt and 2-hydroxyethyl.



"Al kyl sul fonyl"™ means an al kyl -S(02)- group. Preferred groups are
those in which the alkyl group is |ower alkyl. The bond to the parent
noi ety is through the sul fonyl. "Al kyl sul finyl" means an

al kyl -S(0)- group. Preferred groups are those in which the al kyl
group is lower alkyl. The bond to the parent noiety is through the
sul fi nyl . WO 20070750y | sul f onyl " means an aryl - S(02) - gr &F/USTH6/0iRshY

to the parent noiety is through the sul fonyl. "Aryl sul finyl"
means an aryl-S(0)- group. The bond to the parent noiety is through
the sul finyl. The term "optionally substituted® means optional

substitution with the specified groups, radicals or noieties.
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cyclohexanoyl. :

“Aroyl" means an aryl-C(O)- group in which the aryl group is as previously
described. The bond to the parent moiety is through the carbonyl. Non-limiting
examples of suitable groups include benzoyl and 1- and 2-naphthoyl.

"Alkoxy" means an alkyl-O- group in which the alkyl group is as previously
described. Non-limiting examples of suitable alkoxy groups 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.

“Alkylaming” means an -NH; or -NHz"™ group in which cne or more of the
hydrogen atoms on the nitrogen is replaced by an alkyl group as defined above.

“Arylamino” means an -NHz or -NHz" group in which one or more of the
hydrogen atoms on the nitrogen is replaced by an aryl group as defined above.

"Alkylthio” means an alkyl-S- group in which the alkyl group is as previously
described. Non-limiting examples of suitable alkylthic groups include methylthio,
ethylthio, i-propylthio and heptylthio. The bond to the parent moiety is through the
sulfur,
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"Arylthio" means an aryl-S- group in which the aryl group is as previously
described. Non-limiting examples of suitable arylthio groups include phenylthio and
naphthylthio. The bond to the parent moiety is through the sulfur.

"Aralkylthio" means an aralkyl-S- group in which the aralkyl group is as
previously described. Non-limiting example of a suitable aralkylthio group is
benzylthio. The bond to the parent moiety is through the sulfur.

"Alkoxycarbony!" means an alkyl-O-CO- group. Non-limiting exampiles of
suitable alkoxycarbony! groups include methoxycarbonyl and ethoxycarbonyl. The
bond to the parent moiety is through the carbonyl.

"Aryloxycarbonyl!" means an aryl-C-C(Q)- group. Non-limiting examples of
suitable aryloxycarbonyi groups include phenoxycarbonyl and naphthoxycarbonyl.
The bond to the parent moiety is through the carbonyl.

"Aralkoxycarbonyl" means an aralkyl-O-C({O)- group. Non-limiting example of
a suitable aralkoxycarbonyl group is benzyloxycarbonyl. The bond to the parent
moiety is through the carbonyl.

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

"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-§(0z)- group. The bond to the parent moiety is
through the sulfonyl.

"Arylsulfinyl" means an aryl-S{0)- 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



(3)"(R Dsalt 2(15(S) NCO2ZR H2 Fornmula SI wherein Ris an al kyl,
substituted al kyl, aryl, substituted aryl, aral kyl substituted

aral kyl, cycloal kyl, or substituted cycloal kyl group. Non-limting
exanpl es of al kyl groups are (G -Cl2)al kyl, (C -C8)al kyl and
(Gi-C3)alkyl. RL is an aral kyl, substituted aral kyl or WO

2007/ 075798PO¥IAISPO06/ 048613 Schering Docket No. CDO638ETUSAREHHEI3
(e.g., ally)) groups; Dacid is selected fromdi-p-toluoyl-D-tartaric
acid (DDTTA) and di benzoyl-D-tartaric acid (D-DBTA); D-salt is the
ani on corresponding to the D-acid selected, that is, either

di -p-toluoyl-D-tartarate or dibenzoyl-D-tartarate; L-acid is selected

from di Sgﬁgrgllqu(ygkc{_NBa@bggﬁg:g acid (L-DJgA) and dibenzoyl-L-tartaric
acid (L-DBTA); and L-salt is the anion corresponding to the L-acid

sel ected, thatghs 1en%5d?ﬁfen@'th8 Prodaihudntio?l §BUidks Pprocess for preparing in

di benzoyl L-tartara
enantiomeric excess a D-DTTA or a D-DBTA salt of the compound of formula | from
a racemic mixture. In another embodiment, the present invention provides a process
for preparing in enantiomeric excess an L-DTTA or an L-DBTA salt of a compound of

formula la from a racemic mixture. The inventive process is described in Scheme |

below:
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Formula Sl Formula Sla
wherein

R is an alkyl, substituted alkyl, aryl, substituted aryl, aralkyl substituted aralkyl,
cycloalkyl, or substituted cycloalkyl group. Non-limiting examples of alkyl groups are
(C+-Ciz)alkyl, (C1-Cg)alkyi and (C4-Ca)alkyl. R is an aralkyl, substituted aralkyl or



In sone enbodi nents where the (1S, 2R, 5R) enantioner is not the
desired enantioner, it is preferred to carry out Step 6 by
precipitating the |l ess desirable (1S, 2R 5R) enantioner from
solution with the L-acid (e.g. precipitate the conpound of formula
Sla), whereupon the filtrate containing the nore desirable (1R 2S,
55) enant YYWTPETY. the conpound of formula Sl) is suld¥aqUREAToIyss13
wor ked up to obtain the nore desirable enantioner in inproved

enanti onmeric excess. In these enbodi nents the workup of the filtrate
can optionally include a second precipitation of the desired (1R 2S,
5S) enantionmer fromthe filtrate by treatnent of the filtrate with

the sel gcigthOpaaiednoaeesss i bed bel owzin detail for step 6, or

merely evaporatl ng off the solvent to provide a solid. There
fol | ows afkeffA @, e%u sglf) @@&5@&. cmaefd 1§%@Ibc@éd trBfh at-pRsluell-bharthre e8rRs(D-
represented-in Formati on A precursor
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et hyl chrysanthemumate in accordance with published procedures. V\D
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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. 2065/0059648 A1l,
which in Example 1 therein details a method for preparing the anhydride from ethyl
chrysanthemumate in accordance with published procedures.



Procedure A: Caroni anhydride (formula I1) can be

catalytically converted to the conpound of forrmula Il in a suitable
solvent to yield the imde of fornmula Ill. In sonme enbodi nents of the
invention it is preferred to enploy solvents sel ected fromwater,

t et rahydr of uran, nethanol, isopropanol, nethyl isobutyl ketone,

xyl enes, AMU2WOHPWEM de. Suitable catal ysts for carryi ngPuS20{048613
conversion include, for exanple, 4-N, N-di net hyl am nopyri di ne ( DVAP)
and lutidine. The catalyst is enployed in the presence of a nitrogen
source. Suitable nitrogen source reagents include, but are not
limted to, NH3, NHAOH, H2NC(0) NH2, H2NC(O0)H, NH402CH, and NH402CCHS3.

I n sonegg | TBAe Nt cD®sRgeferred toygarry out the reaction at a
tenperature of fromabout 10 C to about 200 C. WO

2007/ 075790PGH LipgH@ed B&%&ré@wmﬁ SXHIRE uNﬂaaﬁEQﬁ%éé%Q PP‘E‘R&@% e
B ( Two- St eps), A second method for thé provision o
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t wo- st epoge@Hgice to yield the inmde of fornula Il Step Bi:

An internediate alkylimde of formula IIB is prepared from caronic
anhydride by reaction with a reagen®CkéENEdled froman aral kyl,
substituted aral kyl or al kenyl am ne in the presence of a solvent In

sonme enbodi ment t he |nvent is prefe

sel ected from Ar CI—@HI@,)@,nd yl INI;QOH In sorre errbo i nepf s of
invention it |s ﬁl_v?n

net hyl et her % t rahydr fur n, meth

m xt ur es of Ct Pe t heg  SOme j on

it is preferredtotarry out th@ reaction #H a teMperature of

about 0Cto abo@é 200 C. Step ﬁa Thﬁ i nternedi ate alkylim de
of fornula |1 B can be converte to conpound ]P by hydrogenating the

internedi ate using metal -nedi ated hydrogenol ysis reaction conditions.

I n sone enbodj ts Lt Lr atal yst co [Ls
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1990, 2
cis-caronic anhydride may be isolated for use. Allernatively, the resulting reaction

mixture containing cis-caronic anhydride is treated with ammonium hydroxide
forming the ring-opened intermediate and heated in situ to form, in a one-pot
reaction, the imide of formula Il

Procedure A :

Caronic anhydride (formula ll) can be catalytically converted to the compound
of formula lll in a suitable solvent 1o vield the imide of formuia lIl. In some
embodiments of the invention ii 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 (OMAP) and lutidine. The catalyst is employed in the
presence of a nitrogen source. Suitable nitrogen source reagents include, but are
not limited to, NHs, NH,OH, HNC(O)NH2, H:NC(O)H, NH,0.CH, and NH,0,CCHa.
In some embodiments it is preferred to carry out the reaction at a temperature of
from about 10 °C to about 200 °C.



The imde ring in the bicyclo-compound of fornula Il is converted to
a pyrrolidine ring to yield the bicyclo-conmpound of formula IV by
reduction in a suitable solvent. In sone enbodinents it is preferred
to carry out this reduction using a reagent selected fromlithium

al um num hydride ("Li AlH4"), sodium bis(2- nethoxyethoxy)al um num

di hydri deWOREHVAPN, and borane. In sonme enbodi nents ofPGTHE2006H¢R413 on
it is preferred to carry out the reduction reaction in a sol vent

sel ected fromtetrahydrofuran, 2-methyl tetrahydrofuran, tert-butyl
met hyl ether, 1,2- dinethoxyethane, toluene and m xtures of two or
nore thereof. In some enbodinments it is preferred to isolate the

product saaerﬁgqmdkémg obbeidze solvent.1¢n WO
2007/ 075790PCT/ US2006/ 048613 Sehering Docket No. CD0638820 sone

enbodi neRd & dRfre I ETWONGRBHE0N It is preferred to carry out the
reducti on reactl on at a tenperatures of from about -20 C to\ug?out 80
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metal or i ne eart eroxodi sul fates, nore fera

sodi um Bre peciiosiaif wnﬁ(@mr@mffr@nbaaw% CF abyvt 30Qnbunt of a
silver catalyst, preferably fromabout 0.01 to about 0.10 nol ar

equi valents of a silver salt catalyst for exanple silver nitrate. In
t hese enbodi Béep Biilt preferred to use a solvent conprising water or a
wat er/ sol ven Ehxgg
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usi ng a per ox % S preferred to se vent
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i sopropyl acetate, tertiary-butyl nmethyl ether (TBME), hexanes,
tetrahydrofu ran and 2- nethyl-tetrahydrofuran and m xtures of two or
nore th&temwP; catal yzed by 0.001 to 0.10 nol ar equival ents of

e nhp s e balid M s o

pyrrolidine ring 1o yield the bicyclo-compound of formula IV by reduction in a suitable

solvent. In some embodiments it is preferred to carry out this reduction using a
reagent selected from lithium aluminum hydride (“LiAlH;"), sodium bis(2-
methoxyethoxyja!uminum dihydride (“Red-Ai®), 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



cycl ohexanedi am no-N, Ni - bi s(3,5-di-tert-butyl salicylidene)]-nanganese
(11r1) chloride ([RRSalen]MlI1Cl), (15,

25)-(+) 41, 2- cycl ohexanedi am no- N, H- bi s(3,5-di -tertbutyl salicylidene)]
manganese(111) chloride, ([S,S-SaleniwlI1Cl), and copper salts, for
exanpl e, copper acetate and optionally tetranethyl ethyl enediam ne. In
sonme enmboWEMTESIW is preferred to use i odosobenzene (FRANGRIG6H48613
chlorinated solvents, (e.g., dichloronethane or 1, 2-dichl orobenzene).
In some enbodinments it is preferred to enploy potassium

peroxodi sulfate with silver nitrate in the presence of an

al kal i -metal cyanide, preferably potassiumcyanide. In sone

enbodi mgRb&idstbHhiiet 8. ERpgzexi di ation ggthod it is preferred to
enpl oy water as the reaction nedi umand suspend the pyrrolidine

subst r ate@ NSRRI dFIRL 'lrﬂférﬁagﬂrzﬁb reﬁeﬂ'eﬁiot%a‘?ﬁb&gﬂ tﬁ@%ég&ﬁ%r{t‘&]agtion

pot assi um peroxodi sul fate/silver nitrate oxidatio

pr ef er r @ attemgephivyesotuonl oo -8a8Grie adfold BOVE: nitrate, for exanple
fromabout 2 nole%to about 10 nole % nore preferably from about 5
to about 7.5 note % conpared to the amount of substrate present. In
sone enbodi méhttponatly) thepratpowrsdiof braofd BYymaty Beeastveatsalto thel

pyr ot 1 G e ah SR RAEL LR A T BT e R R 2o, Suieore

equi val estds includephtt Sednatdimited &) trinerfal soidisuforexdrgie ddClli KBo I N,

b 1 di
B s T e L Ry s A Sk
i s pref grodde aanumaiaacndl csakitioh feqthlwaeemnmtpforaaxaa’uﬂmj alcobbdladolvents, for

cyani de xg{]ﬁee[_,ge%gn Oatﬁ%sé E n| de, in the reaction mxture. In

sone enb &lsulfate oxidation in Step 3, it is
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excess of base, for exanple, sodium bicarbonate or ammonia. In sone
enbodiments it is preferred to carry out the solvolysis reaction at a
tenperature of fromabout -30 C to about 25 C, nore preferably the
hydrolysis is carried out at a tenperature of about -10C or |ess.

In sonme enbodinments it is preferred to carry out the cyanation
reacti on ¥&@HY/pBWssi um cyani de and the im ne racanmat @GIFEReNcHEB6lH
step 3 suspended in fromabout 7 to about 10 vol unes of nethanol in
the presence of fromabout 1.1 equivalents to about 2 equival ents of
gl acial acetic acid based on the anpbunt of imne to be cyanated. In
sone enbodlnents it is preferred to carry out the reaction at a
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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.



Schering Docket No. CD0638825 process, for subsequent use in the

synt hesis of HCV protease inhibitor conpounds. In sone enbodi nents
the isolated enantioneric salt is suspended in a m xture of isopropyl
al cohol and MIBE, preferably in a volunetric ratio of i-propanol: MIBE
of fromabout 1:7 to about 1:8. This suspension is treated with from
about 1. 1¥QWOHHBIR0 1. 20 equi val ents of hydrochl ori c adiCd/i53004{448613

| sopropanol solution (based on the anount of salt used), preferably
having a concentration of 5Mor less. In sonme enbodi nents using the
optional EICI salt conversion step, when the conversion has proceeded
to conpletion the reaction mxture is cooled to insure that the

hydr ochloyd €f ﬁgé]getﬂg_scgbggé%itat ed. Wagn precipation has conpl eted,

the precipitate i1s I1solated by filtration and vacuum dri ed.

The fol l-oyi nd HanRsLi b EXAWPLES, are provided to illustrate

further S?#’eg'pr sgr?tdr?\ﬁ' efg'tq?on. 't wll be apparent to those skilled

in the gfiming R tey fdrelysispicyangardratPons and alterations to the
present disclosure, both to materials, methods and reaction

conditions, may be practiced. Al such nodifications, variations, and
al terations &mé&temtetigeiine rivg afithéibicycliecyppeund aaeeragisproroprising the
present .J ti | A fkd :
Col vent SHER IR VTERD v (qiso e EERORIN B W BofbEl s ofdmuia ) s
Unl ess Guridionalized witheadcyarnmefunstibasl grgupb biheaddiiamef heyanegrouatasgurs

meani ngs; | . = midlili — —

cqui var ShPArdrEE2 T PLeSis i indioopTire onrdsi gy &t e pgdrom

met hyl wdiich the pletlatiére grahd forandeg thd cydldpropy! ring of the bicyclo compound
projects. Accordingly, the addition of cyano-group preferentially forms one of the two

enantiomers, with reference to Scheme |, shown in brackets as racemate VI. The
functionalization is carried out using is carried out in the presence of a cyanating
agent, for example, hydrocyanic acid gas (HCN) or is generated in situ using an
alkali metal, alkaline earth metal, or transition metal cyanide, preferably sodium or
potassium cyanide, and trimethysilyl cyanide (“TMSCN"} in the presence of a mineral
acid. In some embodiments it is preferred to add the cyanating agentto a
suspension of the compounds of formula V in the presence of a protic polar solvent,
preferably methanol of a mixture of methanol ("MeQOH") and tert-butyl methyl ether
(“TBME"). In some embodiments using this methodology it is preferred to render the
solvent acidic with the addition of an acid selected from a mineral acid, for exampile,
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. [n 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, HC!, HBr, HI, and sulfuric acid, followed by treatment with a molar



Ph = phenyl WD 2007/ 075790PCT/ US2006/ 048613 Scheri ng Docket No.
CD0638826 Step 1: Preparation of

6, 6- Di met hvl - 3- aza- bi cycl 013. 1. 01lhexane- 2, 4-dione (111) PROCEDURE A:
[1111 Exanple A To a flask was charged 300 g of 11 (2.1 nol,
1 eq.) and 300 nL of water. Wiile stirring, the mxture was cooled to
0 to 10 CWOZB7/HS7T® NHAOH sol ution (14.8 M NH3 i n wat etCI/{S3008/0A463
1.5 eq.) were slowy added to the reaction mxture while stirring.
During addition the reaction m xture tenperature was nmai ntai ned bel ow
40
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excess of base, for example, sodium bicarbonate or ammonia. In some
embodiments it is preferred to carry out the solvolysis reaction at a tempefatu re of
from about -30 °C to about 25 °C, more preferably the hydrolysis is carried out at a

temperature of about -10°C or less.

In some embodiments it is preferred to carry out the cyanation reaction using
potassium cyanide and the imine racamate prepared in step 3 suspended in from
about 7 to about 10 volumes of methanol in the presence of from about 1.1
equivalents to about 2 equivalents of glacial acetic acid based on the amount of
imine to be cyanated. In some embodiments it is preferred to carry out the reaction
at a temperature of from about -10°C to about 0°C. In some embodiments wherein
the cyanation reaction is carried out using the KCN/acetic acid process, it is
preferred to carry out the solvolysis step (with reference to Scheme |, that is, Step 5)
by cooling the methanolic reaction mixture after all of the substrate has been
cyanated to a temperature of from about -20°C to about -25°C and to treat the cold
reaction mixture with from about 3.2 to about 7 equivalents of HCI gas, based on the
amount of cyanated substrate present. In some embodiments using this workup it is
preferred to bubble the required amount of HCI gas through the reaction mixture
whilst maintaining the 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 1o room
temperature to complete the methanolysis reaction, thus providing the racemate of
formula VIL. 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 o 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.



C. After the addition was conplete, the batch was warnmed to 105 to
115 C and the water was collected by distillation while avoiding
steamdistilling the product. Once the distillation was conplete, the
reaction m xture was heated gradually to between 165 to 180 Cto
conplete the cyclization. The reaction mxture was then cooled to a

t enper at uMO WOTABER 60 to 70 C and 200 niL of THF were RITELH2005/9¢8613
reaction mxture was reheated to 135 to 140 C and the sol vent was
collected by distillation. The reaction m xture was recooled to a
tenperature between 60 and 70 C and 200 nL of THF and 500 niL of

n- hept ane were added. The reaction m xture was cooled to 0 to 10 C

over a s .hil. P&Planfhokhen stirred Her 0.5 to 1 hr and the product
was crystallized. The crystals were coilected, washed, and dried to

N (oot 3y Nysbile FRoegHA Uitris YoreyppiSEadngifis by dervpl oyt
1. 24 (sthepii witkaappeunase to a pH af o about fH B3R abqut ppedSwitite a
chat ged "TABEREAY o frAbblcrdie SnamRatRbY e aBBR O (fanoyn £ 570, 1S
{/\lo azgoxgllagn@g@l@mdmmum this work opeid Ioprefieropiic eeparale Puhthef Mmﬁsz
:%57 QQ%H%%@&Q 2k @C%g&% Pﬁ%ﬁ{ ad¥t 1 %%%ﬁﬁ?/a(t%é :

g, 16.1 r was collecte ation at atnospheric for
2h. The vaiuxtairandwepladeethedaBédinttbe I®Bcentag with meastanel ydistiiliog iff the
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pr oduct THREREr e RHARE AReHEhr, (o BhHoo el o RS Wk O,
nmol ). Thesuiiing medhang seduticedeaniain®y Oefformala ViThacersatet isodilingst i Béep 6.
was cooled to 120C and 7500 nL of nornmal butylacetate (n-BuOAc) was

charged dropwi se to the flask. The m xture was heated and nai nt ai ned
at a t efgiep St-uFpanptfiometiosalt fopDatbn:130C. n- BuOAc (6000 nl) and water

as then coor i [CEHEEEBRRY baflnme ) e iaRTre sl Ehihfamer

mai nt ai sakés ateomplishachby addipgriatioe cadrrnaiecrt foomaladVi® 8itider: TheD-DTTA (di-
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these chiral acids are commercially available reagents. As mentioned above, D-

DTTA reacts with the (1R, 25, 58) enantiomer present in the racemate of formuia Vi
and L-DTTA with the (1S, 2R, 5R) enantiomer present in the racemate of formula
Vi, precipitating the corresponding di-p-toluoyl-tartaric acid salt in at least about 90%
enantiomeric excess. Similarly, D-DBTA reacts with the (1R, 28, 53) enantiomer
present in the racemate of formula Vi and L-DBTA with the (1S, 2R, 5R) enantiomer
present in the racemate of formula VII, producing the corresponding dibenzoyi-
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.

In 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 Sl, is converted to an HC! salt in accordance with the following

e



-H20 111 Preparation of Imde IlIl from3,3

di met hyl - cycl opr opane- 1, 2-di carboxylic acid (1l1a) via Caronic
anhydride Il was carried out by slurrying 50 grans of cis/trans-3, 3-
di met hyl- 1, 2-cycl opropane di carboxylic acid (11a) in toluene (75 m)
and addi ng acetic anhydride (60 nlL). After that conc. sulfuric acid
(0.5 nlL) was20etiemsyped and the tol uene was sl ow y distil [p€d/uskdos/0d80es
reaction mxture was heated to about 19000 while the remaining

vol atil e conpounds were collected by distillation. The reacti on was
cool ed bel ow 50 C and THF (50 nlL) was added. After cooling to about O
C, ammoni um hydroxi de (32 nL, about 14.8N) was slowy charged while

Co0533834 T RB LS fe &P e B ow 15 C. Fho mixture was then sl oviy

ot o0 bbby M0 Gafhrt e B LAY B SabAER EPotes

(15 ) irt fieme encthodimenss theisehited ehantleifelt vhlt iesespdretad inq tiddure of
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NH2CHO about 1.20 equivalents of hydrochloric acid in an isopropanol solution (based on the
amount of salt used), preferably having a concentration of 5M or less. In some
embodiments using the optional HCI salt conversion step, when the conversion has
proceeded to completion the reaction mixture is cooled to insure that the
hydrochloride salt has precipitated. When precipation has completed, the precipitate
is isolated by filtration and vacuum dried.

The following non-flimiting EXAMPLES are provided to iflustrate further the
present invention. It will be apparent to those skilled in the art that many
modifications, variations and alterations to the present disclosure, both to materials,
methods and reaction conditions, may be practiced. All such modifications,
variations, and alterations are intended to be within the spirit and scope of the
present invention,

EXAMPLES

Uniess 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:

mb= milliliters

g = grams

eg= equivalents

THF= tetrahydrofuran

MeOH= methanol

Me= methyl

TBME = methyl tert-butyl ether

ACN = acetonitrile

Ph = phenyl



00 10 %DVAP O NO I1111 Into a three-necked, round bottom
flask equi pped with a tenperature probe, condenser, and nechani cal
stirrer was placed 25.0 g of the conpound of fornula Il (caronic
anhydride). To the flask was added 9.37 nL of fornmam de (10.61 g,

0. 424 equival ents based on anhydride) followed by 2.43 g of

4- N, N- di natdwob7/ensrsoopyri di ne (DVAP, 0.1 equival ents). Poa/Use®soiscyns
purged with nitrogen and the reaction m xture heated to 14500 with
agitation, heating was continued for 2.5 hours. After proton NWR
measurenents indicated that the anhydride was conpl etely consuned,
the solution was cooled to 90 C and the vessel was charged with 50 m

of xyl epes .(2 . vol unes) reaction mxture was then heated to 145 C
W th aggﬁwggﬁoch%%?'n?aé@%ont! nued t%(;r 2.5 hours while operating

t he Deap ondense i Ng at e RN 3 A o
After rak ratior 1r > SISV~ -a— crlé _l S x%ﬁe 6&1[
conversion of all internmediates, the reaction m xture was cooled to

80 C T i flask was then charged with 18.75 nml of heptanes
(0.75 v%ﬁﬁiﬁgg&%ﬁ'he reaction mxture tenperature was nai ntai ned at
80 C. After the addition of hgpfanes was conpleg€, the reaction

m xture was cool ed over 2 ho to O@Qraoei mai nfFakned in at a
tenperature of fromOC to 5Cf 30mmures wiAh jtation. At the
end of The, reaction nixtuPe Was %aintained $n E,hi t enperature range
with agitation for 30 mnuteslduring which tineya precipitate forned.
The solids were collected by filtration and \/vas#'ued wth two 50 nL

al i quot Exampé@Ad hept anes, and dried in a vacuumoven for 24 hours at

gg&ﬁ;g@%@g@ﬁ%@&%&%@&é%% (25F ARAi DeqlsieeiodNen. SPRERRS829
While stirring, the mixture was cooled to 0 to 10 °C. 225 mL. of NH,OH 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 distiilation.
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 Il as
a white crystalline powder (yield 90-95%). "H NMR (CDCls) § 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 Ii, 10.7 mol}.
To the flask was added 1500 mL water followed by dropwise addition of NH;OH



To a flask were charged 51.32 g of 11(0.37 nol, 1 eq.) and 50 niL
TBME. While stirring, the mxture was cooled to between 0 and 10 C.
40.0 nL of benzylamne (39.24 g, 0.37 nol, 1 eq) was added dropw se
over approximately 30 m nutes. After the addition was conplete, the
TBME was renoved by distillation at between 60 and 70 C and the

m Xt ure WO WOEHIHEIl y heated to an internal tenperatur @CFaiSAe48570
and 180 C. The sol ution was mai ntai ned between 170 and 180 C for
approximately 3 to 5 hours to conplete the cyclization. The resulting
solution was cooled to between 60 and 70 C, and 100 nL of a solution
of 5% water in isopropanol was added and the m xture was cooled to

room t egper. ing furtheg;to between 0 and 10C the
productggvr%/asngsoclcmt:ﬁqé %D(ﬁéfﬁfir ation, ri nsed with clean, cold

R T A Lot s o, e

3H); 4. Bixt(ss waklthe? haatecsto 239 °C 1laDs{ined ar)gdditiangl g8, haay.. ATRivsis by

E[)(r)]gll,lf ;[ ﬂ@%%%n%ﬁ?@?p@rc%{%@ r{(}%rrqugtvagr{v%gﬁbr&? gF&ﬂﬁ@ghr%%pé mixture was

6, 6- Di nﬁtdmvad&caaadibnnaldﬂH(GH]iSOldngxarﬁ)an()I) VThe mixture wag ABatssl it 1%n°C

3 neck [ 114 [artarRarepy el 286 1S ZEOBHAER OIS |,

war rred botyietateh(ntBubsichyapwhaegeddtdpwise rt@g‘mwﬁaleOT ioe odixtuta wWes. ated
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cont ai ntmrnterﬁb%mmerhhﬂefbetwteeﬁmid 98 36k id temctibh mmngew@ cooled to

t t t t 70 C f k
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(appr oxesmi.el y 3 hours). To a 3-necked flask fitted with a
nitrogen inlet were charged 674 g of potassiumsodiumtartrate
tetrahydrate (2.39 nol, 3.32 eq.) and 191 g of sodi um hydroxide (4.78
nol, 6. &armble A3800 nL of H20 and 300 niL TBME. The m xture was

agi tated between 15 and 25 C for agcreﬁ%h]ely 1 hour, or until all
of the solids had dissolved. The r 1 Xxture was transferred vi a
cannul a to the biphasic quench m xture ov, r approxiJqmtely 1 20

m nutes. The reac{yon flask vvaé\/rnsed wiith 30 /m. TBME whi chvas al so
transferred via cagnutracos t he fye sk The bi phas ixfare was
agitated for an ptional 15 0 mi nutles, & the | ayers e
split at 40C.,, us | ayger sextr&m’é W th 0 mL\TBME.
The conbi ned orgarmroe | ayer s e racti onahsy disti|led tO Vil dOl Vv
as a colorless liquid (64.5 g, 88%. 1H (CDCl 3,7 400 MHz):™ 83. 07
(m 2H), 2.89 (g 2H, J. 11.6 Hz), 1.56 (br By 1H), 1.25 (m i2H),
1.00 (s, 3H), 0.98 (s, 3H). Al ternatively, conpound IV in TBME
solution from above was converted to its correspondi ng hydrochloric .
acid salt. FrFrrspardttba of ek froen® edimiothyiicytliobtaptdanen 1, 2Sdicaribxylic acid

taken adiAoi GrsanECRAEER I oS Calind blel SRRV A g8 A AR eirans

s'él ; r { g r drra@tkbﬂ%lll |2 ﬁﬁogro@ﬁﬁssﬁrtmbexﬁho@?? t{ha)onghluan24780n8 epticaditing anetic
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sol ut i omolubhe evaat slowlyndisfiled &B. 'ﬁmelmaﬂlonAmmturEervapsr peafgict tatabon 380 °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




Schering Docket No. CD0638831 1H), 3.55 (d, J = 16.4, 2H), 3.15 (d, J
= 16.4, 2H), 1.60 (m 2H); 1.10 (s, 3H), 1.02 (s, 3H). Step 3:
Preparation of 6,6-dinethyl-3-aza-bicycl of 3. 1. 01lhex-2-ene (V) K28208
AgNC3 VvV To a flask were charged 41.4 g of NaCH (1.04 nol, 2.3
eq.) and 134g of K2S208, 750 nL of water and 100 nL of acetonitrile
at -5 WOBW/AGsoR 1V (0.45 mol, 1.0 eq) were added am@T{Us006@613 on

m xture was again cooled to -5 C. Over 1-2 hours while maintaining
the reaction tenperature between -5 and 0C 20 nL of aqueous AgNC3
(3.9 g, 0.0225 nol, 0.05 eq) were added to the reaction mxture. The
reaction mxture was warnmed to O to 200 and the reaction was all owed
t o pPdeend Dekedipl @dEAR8 Upon conppgetion, the mxture was warned to
roomtenperature and diluted with 360 nL TBME. The | ayers were

sepathet ledipeaatire helcmqusm Tﬁ%emxm@é m@étthéﬁtsgﬂ/gwsﬁé&;%(g%1 10R€ while
rou

o1 CaBfin8 AR TRy S i Barias Bustiey nertRd omi@seata PPIGr | Afien o
yi el ebofingsarad additioh es IHF {15/\hiL(} hﬁ@ﬂidc@bﬁlv% MRS A0l 9ctOni e,or ma
Whlt Y8 Illnle spli nggo %5%|eld 1H NWVR (CDCI 3) 5 (t‘J

(%0%? §|"f‘_§| VRt by gip Hg 5 ghe a&tur@m@q_ﬁooqui{pndju@ qﬁml_ andn
4 7 heht8ne30rhE) wede Bdedd DidtilatiBndf sélv?enk‘%llo%dlﬁjy céofftly §4%k thk =

s

20077%%%9%#@&%&%6@%%6@ Scherlﬁg(Dbcket No. CD0638832 Step 4 and

5: Preparation of nethyl

6, 6- zabi cycl 013. 1. Olhexane-2(RS)- carboxylate (VIIA) via
t he %%&e%%gﬁ% %g cyano- conpound (VI) KCN / HCl

N~ e
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e NH,CHO =
AN, — AL\
O O ﬁ )

O" "0 10 % DMAP
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Into a three-necked, round bottom flask equipped with a temperature probe,
condenser, and mechanical stirrer was placed 25.0 g of the compound of formula I
(caronic anhydride). To the flask was added 9.37 mL of formamide (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 80 °C and the vessel was charged with 50 ml 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 1o 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 mi. aliquots of cold heptanes, and
dried in a vacuum oven for 24 hours at 50°C.



MeOH Exanple 4a VI Racemic m xture To a flask were charged
47 g of imne V (0.43 nol, 1.0 eq.), 350 nL of nethanol and 30.9 g
KCN (0.47 nol, 1.1 eqg.). The m xture was cooled to -5 C and 85.0 ni
of HO (0.2 g/min MeOH) (0.46 nol, 1.1 eq.) were added dropw se
whi l e keeping the tenperature between -5 to -2 C. The m xture was

stirred umto bootrs7gpeacti on was conpl ete. The reacti on mMotiuE2e06WasH13
then cooled to -20 to -30 C and 64.5 g of gaseous HCl (1.77 nol, 4.1

eq.) were bubbled slowy into the reaction m xture while maintaining
the reaction tenperature. After the addition was conplete, the
reaction m'xture was sIovay war med-up to roomtenperature. VI, 1H NWR
(CDC13) 8 3.93 (d, J = Hz, 1H), 3.30 (dt J =10.9, 5.4 Hz, 1H),
1.02 (sScngOOéfgtR“aoCDE?ﬁ%Slo 6, 3.5 ¥, 1.83 (s, 1H), 1.56 (d,
J =7.1 H, 1H),1.48 (dd, J = 7.3, 50Hz 1H), 1.03 (s, 3H).

The reaction mixture was then cooled to -20 to -30 C and 29.0 g of
gaseous pmeRpURE 31 mol, 4.2 eq.) were bubbled slowy in to the
reaction mxtur}e\e)/mwe mai nt ai ni ng the\éactlon terrperature until the
pH was 10. The ction mxture was warwed up egicpt0 C filtegfed and

the filter cakems wasH&G aeEn TBMVE. fil tgaﬁm/ﬁs concepatx at ed
and t he resigJn xtracted—w t h
the 9B

;
separati on, sol ution was dri edNover My804, fil tered,ﬁan(?

concentrated under reduced pressure to thv'ﬁ 58g of VIIA (82%yield).
1H NW\R (CDCI3) 8 3.67 (s, 3H), 3.59 (s, IBH), 3.3 (dd, J = 10.®, 5.1
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2007/ 07W@Mf:nﬁ2{b}@6ﬁmej}@as cooled to between Oand10°C. 4 0 mL of
benzylamine (39.24 g, 0.37 mol, 1 eq) was added dropwise over approximately 30
minutes. After the addition was complete, the TBME was removed by distillation at
hetween 60 and 70 °C and the mixture was gradually heated to an internal
temperature between 170 and 180 °C. The solution was maintained between 170
and 180 °C for approximately 3 to 5 hours to complete the cyclization. The resulting
solution was cooled to between 60 and 70 °C, and 100 mL of a solution of 5% water
in isopropano! was added and the mixture was cooled to room temperature. After
cooling further to between 0 and 10 °C, the product was isolated by filtration, rinsed
with clean, cold isopropanol, and dried in a vacuum oven to afford 70.99 g of the
benzy! imide, B, (85%). 'H NMR (CDClg) 0 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 (Hp, Pd/C) to afford HL.

Step 2: Preparation of 8.6-Dimethy]-3-aza-bicyclol3. 1.0lhexane ({V)

\-..f/ \/
£ LiAIH L—j :
4
07 N0 N
H H
m v

A THF solution of LiAlH,4 (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 Il (0.72 mol, 1 eq.) and 400 mL of

THF were added 1o a second flask and stirred until a clear solution was formed, The



Into a flask was placed 329mL of nethanol, 47g of the imne racemc
m xture of forrmula V previoiusly prepared, and 30.9g of KCN (1.1
equi valents). The m xture was stirred and cooled to a tenperature of
-10C. To the cooled m xture, with continued stirring was added 28. 4g
of glacial acetic acid (1.1 equivalents) over a period of about 30
m nut es wWwo goomaismaoai ni ng the tenperature. After the acETiEsS2emwiodss13
addition the mxture was stirred for several mnutes while

mai ntai ni ng the tenperature. Wen all of the imne had been coverted
to a cyano adduct (racemate of fornmula VI) the tenperature of the
reaction mxture was | owered to about -25C and 66g of HCl gas was
bubbl ed.into the,reacti JXture. Durgng sparging with HCl gas, the
tenperatSﬁIFeerm cf%cgte&gad(:: pgﬂf,n@%] xture vva%@mai ntai ned bel ow -10 C. After

the entirge..amunt .Qf I, ' 1L X t
i xt ur e SRRUBHRP Mg Tn A afSEM, PG el Boh bt fron iftied over
16 hour sntapproxiplateie 5 do Hyhnolpesiod tofthe heaatipamoixterepmumaininchidAdiy in the
provi di e ragcemate. of  for | . e | S Bad
conpl et g&ttﬁbrﬁ%{:w @%{Ri‘fvgﬁe AR eh\%é%/'lngg ISR }Oart'éggd&{ %pg%\%gﬁ%%@ ?5? 17
n . Fol (refiury Tioaseotmdfiasiwad thsed with MIBElantTHEG whiclowaeadeedvetiee
e B P o e O Ko 8 eston o
mai nt ai thengolutien | ibepeaation mixtihewall naintdieedriak taflux teepeaaijuns bed stioed
pH of 9.5. adding 63.3 m_.of 25% agu S olution. During this
process UPHQ%FJH‘BEE& i & C&’“‘P[ﬁge égg&?ﬁgﬁ%ﬁﬁhﬁ@s s maintained at a
tenperature of from-5 Cto OC. The organic and aqueous | ayers of the
reacti on m xture, wer arated. TIh ueous, l.ayer o with
235 m  MTBE. %3W§%e§3%5§3§‘9%a‘¥'ﬁ%§%a\9‘?%ed’ \sﬁ"?tﬁy?rﬁe‘:\l'\%?%g‘%%al%@fgr ,
the WOpde3alim SeanrCTAriaRd 68/ 0v/aiks (Sctemioh@.EDekgtarib19 THAB 3888/m
Cob e RRE P27 FERP SR i B2 BB B B el e
i nvent i ugitpleddastaecAn Sahhd @6t°Cofor tppredinatelpn was, anamtjl zdibflie €Glids had
O BRSBTS AR OSBRI 8 B s
f or mul anVixime bogedppBixirpately FD epadahinatesoTheethglion flask was rinsed with 30
01 5 &' "R JHAd R4E' S an QRTINS chirtlia OGNS fabk T biflabic
mixture was agitated for an additional 15 to 30 minutes, and the layers were split at
40 °C. The aqueous layer was extracted twice with 100 mL TBME. The combined
organic layers were fractionally distilied to yield IV as 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 1V was
taken and charged to a 500 mi., 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 NaCH 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 HClwas bubbled if necessary. The precipitate was filtered under
a blanket of Np and washed with chilled heptanes (-60 °C, 40 mL) under N; to give,
a_fter drying, 13.9 g, {70 %) the IV*HCI salt. "H NMR (CDCls, 400 Mi—fz): 8 7.90 (BS,



To a flask were charged 4.2 g of D-DITA (10. nmoles) and 22 nlL of
met hanol at roomtenperature. The reaction m xture was stirred until
di ssol ved. Next, 4.2 g of 3.7g (21.9 mmoles) of VITAin 41 nm of TBME
was added over a 10 mn period and the reaction m xture was stirred
for 30 min or until salt started to form The reaction m xture was

t hen war mdD 7463780 C and hel d at that tenperature forPCIL/UE3U6/0486The
m xture was then cooled to a tenperature between 15-25 C over a 20
mn. 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
terrperature of 40-50C to give a typical yield of 4.86-5.0 g (40-42%
of A&:e NI\/R (400 , CDC13) 8 7. 9'2 (d, J. 8.2
Hz ' he?’“j’:git‘ fﬁ CROgSY, 705 (broad s, 3 H), 5.70 (s.

D bl L?s*%@ Lsve.3 4l chfind 26 w@ 4.8 .

1.53 1. QBI)(m 1 H, 0.97 (s, 6 WO 2007/ 075790PCT/ U82006/ 048613
Schering Docket No. CD0638835 Optional conversion Step: Converting
6, 6- di met hv1- 3-azabi cycl or 3. 1 Olhexane (28) car boxvl ate D- DTTA sal t

(| B) t oSt 3cBraes s B 1. =) PEEVNH - Cl
S \/
RS KgSan e
{ E AgNO5 f /E
N N
H
v v

To a flask were charged 41.4 g of NaOH (1.04 mol, 2.3 eq.) and 134g of
K2S.0g, 750 ml of water and 100 mi. of acetonitrile at -5 °C. 50 g of IV (0.45 mol,
1.0 eq) were added and the reaction mixture was again cooled to -5 °C. Over 1-2
hours while maintaining the reaction temperature between -5 and 0 °C 20 mL of
aqueous AgNQOs (3.9 g, 0.0225 mol, 0.05 eq) were added to the reaction mixture.
The reaction mixture was warmed to 0 to 2 °C and the reaction was allowed to
proceed to completion. Upon completion, the mixture was warmed to room
temperature and diluted with 360 mL TBME. The layers were separated, and the
agueous layer was extracted with TBME. The combined organic layers were dried
over anhydrous Na,SQ4 and filtered. The solution was purified by fractional
distillation to yield V as a colorless oil which solidified upon standing to form a white
crystailine solid V, (65-75% yield). 'H NMR (CDClg) § 7.30 (1, J = 2.2 Hz, 1H), 3.80
(ddd, J=86.8, 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).



Into a 3-neck, half-jacketed flask fitted with an overhead stirrer,
funnel, and addition funnel was placed 200,13 g (360.2 mml) of the
DTTA salt prepared in Step 6. Through the funnel, under anbient
conditions was added 60 m of isopropanol (2,18 equival ents based on
t he amount of salt added), and 450 m (10.49 equival ents) of t-butyl
met hyl et M&¥200MIBEY. The funnel was renpved and the f| &$R/UAEWHERIEd
wWth a tenperature probe in its place. Via the addition funnel, with
stirring, under anbient conditions, 87 m of 4.97 Mi-propanol/HCl
(1.20 equivalents) was added to the reaction mxture over a 15 m nute
period. Stirring was continued for 5 mnutes after the HCl addition
had co Iete nal 670 ni;pf MIBE was added via the
addltlgg g gﬁgﬁjﬁﬁgéﬁgﬁt 2.5 hourépmnth continued stirring under
anbi ent condltlons After conpletion of the additional MIBE, stirring
was continued for 1.25 hours under anblent condltlons At the end of
thi s peBiend B , 2, EV (4] RS
qui escent. . for, 3(
a Buch E;b-x,,, | omnng sol vent s
(each al i quot mas cooled to a tenperature of 4C prior to washing the
filtrate): two aliquots of 150 nL Eﬁgﬁ“tgagequence fol |l owed by one
120 nL aliquot of MIBE. The resultan rte solid was dried at room

t enperature |n\a/vacuur@ e_E: or three dayd.hilst a

ni trogen purge Aas passed thro gh acu m _oven. The ght _of the
dri ed product Erﬁcat ednvaoHUNCOr r éct edqyi elld afle®@8. 27 gﬁwyi el d
based on the andlunt of startin sal used) VWi | eNt he R esent

i nventi on has b¥en described with d in conjunction w tH"tnh

speci fic enbodi nents set forth atﬁ%e'mi(many al ternati veSgaeemic

nodi fi cations and other variati onm.,&&er eof wll be appamﬁhrg o those
of ordinary skill in the art. hal\}] rnative nogoélcatlos
and vari ati ong 2Hask weenheharoed 4f7a$ PfW“f‘ﬁl ﬁ@ ragh 14 eqA3Y BPeChof

the pregitadd WpRi3®0.g KEN mMd, cl1aéq1)ad*neSmum.@@a@cbbrdmr-es"caaﬁd
an. al kyl, substltutec?alk istr substi t ut ed

e K Do) (5 Sy Y e (46 a6 Ses anan ARibh s

"Xd" i sksehiRg ttﬁéitérh%_gida]@ béwelnlspot-g 2eoyhehikbirbatdLsdedd inbinte
D- DT3TA (di b=enzoyl and "XI" is se]ected fro

tartarie acid),
L- M TA (etﬁcilsntvm%wp@%aﬂ"ﬂ?&rfﬁécb&z'% AYXIYFRWaS t‘ﬁ%CPal%’éRn 2PJp e ’5 Giangk
acid), gaisdy Bf §5ESSULRINY T80l 41D e§INREDURS It SIBURPIEE 1 rdaetion! a
Il to a conpound of fornula
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) § 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 untit 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 MgSQOs., filtered, and concentrated
under reduced pressure to give 58g of VIIA (82% vield). "H NMR (CDCls) & 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, 3H), 0.95 (s,
3H).



37 r educi nr

the 00111rQund of formula |11

to yield a conpound of

ferintda cry) (iii) oxidizing the conpound of formula IV to yield
the racernie m xture conprising the, ;mnes of flannalau Va and VIE
3 .gey
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Example 4b
N/ KCN/ Glacial NS el
<z acetic acid < S
(P "l L~ 0
N/ MeCH N CHN MeOH N
v H H OMe
vi vilA
Racemate Racemate Racemate

into a flask was placed 329ml of methanol, 47g of the imine racemic mixture
of formula V previoiusly prepared, and 30.9g of KCN (1.1 equivalents). The mixture
was stirred and cooled to a temperature of -10°C. To the coocled mixture, with
continued stirring was added 28.4g of glacial acetic acid (1.1 equivalents) over a
period of about 30 minutes while maintaining the temperature. After the acetic acid
addition the mixture was stirred for several minutes while maintaining the
temperature. When all of the imine had been coverted to a cyano adduct (racemate
of formula VI) the temperature of the reaction mixture was lowered to about -25°C
and 66g 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 ml. Following concentration, 376 ml of MTBE and 188 ml of water
were added. The mixture was cooled to -5°C and an aqueous solution containing
18.3g K3POy4 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%
agueous 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



(iv) oyauating the raceznic mxture of the itoioe:i of Thrnnil aeva
arid VI, to lbrra a raeonlics tnixture of 'trans-conpounds of

fort-tuna "5/1:. [ --...",--- . teki st, 42 (6) 3 C14
WO 2007/075790 PCT/US2006/048613
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combined organics were washed with 5 aliquots of brine solution. The resulling
organic solution was employed in the next step of the inventive process. An aliquot
of the solution was analyzed by GC which indicated that the racemic azabicyclo-
carboxylate of formula Vlia was provided in a yield of 82% based on the amount of
imine of formula V employed.

Step 6: Preparaiion of methyl 8.6-dimethyl-3-azabicyclof3.1.0]hexane-(28)-~
carboxylate D-DTTA salt (IB)

\"’/ GOH \~“’/ CO,
[ . TolCOzi)\OZCToi ~ (o), TolCOa\I/'\OECTDI
ﬁ CQOsMe COLH H'N\H COoMe COH
VHA D-DTTA 1B, >90% ee.
Racemate

To a flask were charged 4.2 g of D-DTTA (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 mi 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) 87.92 (d, J=8.2Hz, 4 H),7.16 (d, J=8.1 Hz, 4 H), 7.05 (broad s, 3 H), 5.70
(s, 2 H), 4.21 (d, J= 1.0 Hz, 1 H), 3.74 (s, 3 H), 3.68 (dd, J =124, 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).



(v)optiOnally without isolittion, perform ng a so] volygi On the
formula VI racecoio mxture of conmpounds with nor-T, where Rig
defined :above, to 'MEMthe formula VIl racers-10 m xture of
conpounds: VIlI 38 and (vi) reacting the forrmula VI1 raccmc m xture
of conmpounds with an acid selected from (i) di-p-(oltroylD-tanaric
acid and WOE2ZABYI-D-tsutaric acid to formthe salt c®EPOisAcH48613
Formula LA, A and (ii) di-p-toluoyl-L-tartaric acid and

di bcozoyl-1, tartaric acid salt to formthe salt conmpound of formula
3aA, TPA,
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Qptional conversion Step: Converting 6,6-dimethyl-3-azabicyclo[3.1.0]hexane-{25)-

carboxylate D-DTTA sali (IB) to the corresponding hydrochleoride sait

\/ COy 1
@\ TOICOQ\‘/LOchO[ i-propancl/HCI ®
N "COMe COgH T TN TCOMe
IB, >00% ee. : Ha

Into a 3-neck, half-jacketed flask fitted with an overhead stirrer, funnel, and
addition funnel was placed 200.13 g (360.2 mmol) of the DTTA salt prepared in Step
6. Through the funnel, under ambient conditions was added 60 ml of isopropancl
(2,18 equivalents based on the amount of salt added), and 450 mi (10.49
equivalents) of t-butyl methyl ether (MTBE). The funnel was removed and the flask
was sealed with a temperature probe in its place. Via the addition funnel, with
stirring, under ambient conditions, 87 ml of 4.97 M i-propanol/HC! (1.20 equivalents)
was added to the reaction mixture over a 15 minute period. Stirring was continued
for 5 minutes after the HCI addition had completed and an additional 670 mL of
MTBE was added via the addition funnel over the next 2.5 hours with continued
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 sclvents (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 resuitant 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
yield 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.



wherein R, XlI, and Xd arc as. defined E ove, 2- 'Vac process
according to claim 1, wherein Ris alkyl, 3, -rha process according

to claiml1, wherein It is (C21-C8) alkyl. 4. The process. according
to claim1l ere:l .R is.boozy] or phenyl - 5, Thcproces s according
to clai m 1Y RtHdf &HMHEe X onpound of fornaula 11 is converted to a
compound of formula Err in one step. &Theprocess According to claim

1, wherein theagoupawaef fidiQh Fatbaihl 4 31 FOMEr £44 ot : Qf
Formula || «irm @185 M§SR€}%PQ&#&1 'J]iglﬁ&,ﬁg epgoéﬁcﬁgg’%@%}{%
conpound of Forrmula IT to a conpound of fornula 1113 wherein Rxis
at-al kyl, substituted aratkyl, or nikenyl; and 39 nit a second
step of converting a c' om:[Q,tm fromila Tail to a conpound of [opmul a
I ns
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R. represents an alleyl, substituted alicyl, aryl, substituted
aryl, avalkyl substituted armlkyl, cycloalicyl, or substi-
tﬂutﬂd cycloalkyl group: “Xd'" is selested firom D-I3TTA
(di-p-toluoyl-D-tartaric acid) and DWDBTA (di benzoy!-
Drtartaric acid), and “XI™ is selected from L-DTTA
(di-p-tolmoyl-L-tartaric acid) and L-DBTA (libunzoyl-
L-tartaric acicd), said process comprising:

Q) cénveﬂiug a componnd of formula 1T
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to a compound of foromala I11:
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7, The process according to claim§6,

8, The process according to claiml

m xture of conpounds is reacted wth di
-p-toluoyiD-Mtaric acid salt of a

Aﬁ};feig ml“&gﬂ%&?&ﬁ&am pitate | s&g{)an@"‘

precipithte a (IR 28,53)-1 di

conpound of for
wherein, the extan [aYe7 ) ST 1tz
10. The process according to claim 8
in the precipitate is 94-96% cc.

wg,?r ein Rl is bernyi
whéfein the fornula VI

or ally].
raeetnic

-p-toluoyl-D-tartarie acid to

86 GREALIE,

erein the mention-ter excess
11. The process according to

claim1l, wherein the racenmate of orrru__a VIl is reacted with v
di -p-taluoyl-c-tartaric acid to preggpitate a (1S, 2R
5R) 4di - p-tol uoyl -L-tartaric acid

S f a conpound of fonnula IaA.
12. The process according to claip 11, erein the onaul i mer excess
in the precipitate is 90-98% co. %37 The process according to
claim 11, wherein the enu-'flaner exidess ira th.o precipitate is
95-97% ee. 14. The process of claim 11l wherein "R" is nethyl.

15. The puncess @ii)ab:aidieid s bk diebnpeammal o Rgrausd TR vWheketd thhe
precipitate i s separxatedsimérbive coupprisatgntangihbe «lpefnaiast s
reacted with di-p-VolamglVB:tartaric acid to precipitate a (1R, 28,
58)-1 di-p-toinoyl-D-tartarie acid s a it of conpourtd of formula 1A_
16. The process of claim1 wherein conversion Step 1 is carri eg, out
using DI VI AP and fonnam de. 17~JIhe-process of claim1l wherein
conversion Step 1 is caai ed out umﬁ ammnl Ura hydroxi de and butyl

acet at e.

N
i S

S5
) a:f,..:% P
_:ﬁ 1
és;
N

(V) eyanating the mesmic mixture of the imines of for-
roae Va and Vi 1o form a racemnic mixnics ol trans-
compounds of fornyala VI

Vb

VD

.
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(v) optionally without isolation, pexforming a solvolysis
on the formula VI racemic mixhwe of compounds
with RO, whers R iz defined above, (o toom the
formula VIT paceaiic mixnwe ol campaiinds:

VIl




18, The process according to claiini, wherein the reducing agent in
reducing Step 2 is selected fromthe &Woup consisting of lithiuna
Ami a= hydride, |ithium horohydride, sodium

bi s(2- met hoxyet hoxy)al uttnitrant clihydricle, and bonne. 40 19.
The process according to claim11l, wherein the oxidizing agent in
oxidizing Step 3 iangel ected fromthe group consisting of

K25208/ AGNGB; i 0 qb-sm houRganaaeyl Vodhe impinaohAs3a24(R R) -

or (S,5)-Salciatan dbx ﬁx s»&t Qsﬁﬁcaqeemil 9 diop Gbdhdl,
or otluct Egﬁpﬁﬁhﬁ"o-*‘ i oMb Rbagaid selatd bl
with WTI3E, addin %SFE'U n ‘é‘*‘}lﬁ’?ﬁé@%‘ Praét and distilling off

the MIBE to provide-. a net |linnet solution of tb e conpound of
Fonnula (V), 21. The process according to claim1, whereinathe
oyanating agent in cyanatthg Step 4 is selecTled from (1) Hat and
(ii) an KCN, NaCN, and tri tmgﬁi cyani dgf (TMBCN) in the presence
of an acid. 22. The proc %ﬁcﬁo(rmdl ng to cjaim1l, wherein the

sol vent for the solvolysis *5! met hafie| 2.3. The process
according to claim1l1, where n is Step; 5 further conprises an
acid selected -fromthe grolip c ﬁmstlﬁ@?ﬁf , Mr, H, and I-1;
2304. 24. The process acgording to claim "wherein the formia V|
racem c mxture a' conpounds is reacted with dibenzoyl- D-tartaric
acid to precipitate a (1R, 28, S8)-1 dibenzoyl-Dtartaric acid Salt of
t he conmpound of for e ocesss e ai m 24,
wherein the enanti &?é#%éiééﬁt?éég@“ﬁ ég%& %Z%b gy gcess
according to clai m 232t aFid ¢ Fa&‘& REP PSS IOL 900
co. 27. The proce§§’~“§éé‘8-f’th ng to daim 1, wherei n. the racenmate
of fomaula VIl is reacted with di benzoyl L-tartaric acid to

precipitate a (1S, 2R 5R-1(libenzoyl-L-tartaric acid salt of,a
conpound of forrmula IttA = -

wherein R, X1, and X< are azs defined above,

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

3. The process according o claim 1, wherein R is (C-Cg)
allcyl.

4. The provess according to claim 1, wherein R is benzyl or
phenyi. '

5. Theyproeeys accordiog to claim X, whersin the compound
of Formula 11 is converted to a compound of formuula 11T inone
Slep,

&, The process according to claim 1, wherein the componnd
of Formula 11 is converted to a compound of Formula X111 in a
process comprising a first step of converting the compound of
Bormula 1T to a campound af formula IIB wherein R, is
aralleyl, substituted aralkyl, or alkernyl; and



28. The process according to claim 27, wherein the enarztioner
excess in the precipitate is 85% ee- 95%2) cc, 29. The process
according to claim28, wherein. the ennntioner excess in the
precipitate is 85% ec- 90% ee, 30. The process of claim27 wherein
"R'" is methyl, 31, The process of claim30 further conptising a
step wherein the precipitate is separated fromthe supernatant and
the supernatant is reacted with diep-toluoyl-D-tartario acid to
precipitate a (1R, 23, 5S)-Idi-p-toluoyl-D-tartaric acid saltgnf a

compound of formula IA 32. The protess”of claim 24 wherein "R' is
net hyl , F
O Ii{ [§]
Ry

a second step of converting a compound of Fornula IR

- to acompound of Formula I11,

7. The process according to ¢laim 6, whersin R, is benzyl
or allyl.

8. The process according to claim 1 wherein the formula |
VI racemic mixture of compourds is reacted with di-p-tolo-
oyl-D-tartaric acid to pracipitatea (IR, 28, 55).1 di-p-toluoyl-
D-tartaric acid salt of a compound of formnla IA.

9. The process according to claim &, wherein the enanti.-
omer excess in the precipitate is 90-98% ce.

10. The process according to clsim 8, wherein the enanti-
omer excess 1n the precipitate is 94-96% ce. -

11, The process according to claim 1, wherein the racemate
of formula VI is reacted with di-p-totuoyl-L-tartaric acid to
precipitate a (15, 2R, $R)-1 di-p~-tohroyl -l ~tartaric acid szltof
a compound of formula IaA. -

12. The process according to claim 11, wherein the gnag-
ticmer excess in the precipitate is 90-98% ee.

_ 13. The process according to claim 11, wherein, the enan-
tiomer excess o the precipitate is 95-07% ee.

14. The process of claim 11 wherein “R” is methyl.

15. The process of clgim 11 forther comprising a step
wherein the precipitate is separated from the supernatant and |
the supernatant is reacted with di-p-loluoyl-D-tartaric acid to |
precipitate a(1R, 28, 53)-1 di-p-toluayl-D-tariaric acid salt of
a compound of formula 1A,

16. The provess of claim 1 wherein conversion Step 1 is
carried out using DMAP and formamide.

17. The process of claim 1 wherein conversion Step 1 is
carried out using ammoniom hydroxide and butyl acetate,

1&. The process according to claim 1, whersin the redecing
agent in reducing Step 2 is selected from the group consisting -
of lithium aluminem hydride, lithivm borchydride, sodiin
bis(2-methoxyethoxy)aluminum dilydride, and horane. :
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19. The proeess according to claim I, wlherein the oxidiz-
ing agent in oxidizing Step 3 is selected from the group
conststing of Kz3,0/AgNO;; iodosobenzene; manganaese
V) dioxide; and HaQ./[(RR)- or (8,8)-Salen]Mn™Cl.

20. The process accarding to elaim 1, wherein the oxidiz-
ing 8tep 3 further comprises isolating the produet compound
of Formula (V) by extracting the reaction mixture with
MYBE, adding methanol the MTBE extract and distilling off
the MTBE to provide s methano] solution of the compound of
Formula (V).

21. The process according to claim. 1, wherein the eyanat-
ing agent in cyanating Step 4 is selected from: () HON: and
(i1} an KCN, NaCN, and timethylsilyl cyanide (TMSCN) in
the presence of an acid.

22. The process according (o claim 1, wherein the solvent
for the solvolyais 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, H, and H,80,,

24.The provess according to claim 1 wherein the fornula
VT racemic pixiure of compounds is veacted with dibenzoyl-
Daartarie acid to precipitate a (1R, 28, 58)-1 dibepzoyl-D-
tactavic acid salt of the compound of fopmula TA.

25. The process according to claim 24, wherein the enan-
tiomer excess is 85% ee-05% ce.

26. The process according to claim 25, whersin the enan-
tiomer excess is 85% ee-90% ce.

27. The process according to claim 1, wherein the racernate
of formula VII js reacted with dibenzoyl-L-tartaric acid to
precipitate a (15, 2R, SR)-I dibenzayl-Ltartaric acid salt of a
compound of formula lad.,

28. The process according to ¢laim 27, wherein the enan-
tiomer excess in the precipitate is 85% ee-95% ce,

29. The process according to claim 28, wherein the enan-
tiomer excess in {he precipitate is 85% ec-90% ee,

30. The process of claim 27 wherein “R” is methyl,

31, The process of cleim 30 further comprising a step
wherein the precipitate is separated fom the supernatant and
the superaatant is reacted with di-p-toluoyl-D-tartaric acid to
precipitate a (1R, 28, 55)-1 di-p-toluoyl-D-tartaric acid salt of
a compound of formula 14,

32. The process of claim 24 wherein “R” is methy],



