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WD 2008/ 031750 PCT/ EP2007/ 059265 -1- Case 23903
PROCESS FOR THE PREPARATION OF PYRIDO [2, 1 -A]

WO 309081 | NE  DERI VATI VES BY CATALYTI C ASYMVEAGI/EP2007/059265

HYDROGENATI ON OF AN ENAM NE The present invention
relates to a process for the preparation of
pyrido[2,1-a] isoquinoline derivatives of the formula

GaseM30ON HRZ NO R3 R4 wherein 5 R2, R3 and R4 are

each i ndependently selected fromthe group consisting
of hydrogen, hal ogen, hydroxy, |ower alkyl, |ower

al koxyreu#ss PORITRE PRIFPIAR ATTENOR Plquarm aJ1kKNJISOOVWRIOLINE

al koﬁé}ggﬂg ﬂi&%ﬂ&ﬂw %c Hy ﬁgﬁhﬁﬁltéﬁﬁ%dﬁAN

T r\UI\y\JCl IJUII_yI y

and het erocyclyl, and the pE€ANAD@EUtically acceptable

salts thereof are wuseful for the treatnent and / or

pr ophlé¢ pockent dfvediise adass tohi prheas or dsspepatech of pymidoPR1 -a]
T soqui nol i ne derivatives of

Fﬁgﬂﬁggﬁger %5§§§E§m%Bﬁ%sed in PCT Internationa

Pat ent Appl. WO 2005/ 000848. A majorgtask in the

synthesi s of the conpounds of forrila | is the

i ntroduction of the chiral Wénters in the

pyrido[ 2, 1-a] isoquinoline nabieby which in the

current synthesis Fgccordljg tjo t PCT Int. Appl. WO

2005/ 000848 i nvol ves sinige racemate sbparatlon 15

by chiral HPLC. Sucg 8

nmanage on techni calR problemto be sol ved

was therefore to find dQSU|tabIe process alternative

which allows to obtain the desired optical isomer in

an eghligf stage of the process, affords a higher

yield and which can be conducted on technical scale.

It s found,that wt ro of t he present .

i nveli .Roﬁndgsaw@fl? Indabe eall, sdio ProBPERFUtigs gEhydrogen,

Balbyet hydroxy, lower alkyl, lower alkoxy and lower alkenyl, wherein lower alkyl, lower

alkoxy and lower alkenyl may optionally be substituted by a group consisting of lower
alkoxycarbonyl, aryl and heterocyclyl, and the pharmaceutically acceptable salts thereof are

useful for the treatment and / or prophylaxis of diseases which are associated with DPP IV.

The pyrido[2,1-a] isoquinoline derivatives of the formula I are disclosed in PCT
International Patent Appl. WO 2005/000848.

A major task in the synthesis of the compounds of formula I is the introduction of
the chiral centers in the pyrido[2,1-a] isoquinoline moiety, which in the current synthesis
according to the PCT Int. Appl. WO 2005/000848 involves late stage racemate separation
by chiral HPLC. Such a process is however difficult to manage on technical scale. The
problem to be solved was therefore to find a suitable process alternative which allows to
obtain the desired optical isomer in an earlier stage of the process, affords a higher yield

and which can be conducted on technical scale.

It was found that with the process of the present invention, as outlined below, the

problem could be solved.

Unless otherwise indicated, the following definitions are set forth to illustrate and

define the meaning and scope of the various terms used to describe the invention herein.

DK/ 11.07.2007
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Unl ess ot herw se indicated, the follow ng definitions
are set forth to illustrate and define the neaning

war@s®supe of the various terns used to descriPET/ER®07/059265

invention herein. DK/ 11.07.2Q007 WO 2008/ 031750
PCT/ EP2007/ 059265 -2 | n this Specification the term

| OVEY thlsfsge(:lﬁ?a%on(%hg% [OHRLSE osrlngetl 1D %f cgl%ﬁstmg of one to
Si X, pre of “one tO our cCarpon a 0 ?

sle,rmﬁfél’edvllwmé tp &fuarcgrboo atdraepi ne, chl ori ne, brom ne
and iodine, with fluorine, brom ne and chlorine being
pr ef epL Rem ‘%aﬂ—)@@n ’tt%fe?g tofH Ut6¥ne, ch%t‘ﬂﬂaebﬁfmlhg k@A Wi uorine,
gﬁth othg ougﬁr refers to a branched
FPang ARd eMarine RoRBVEFFAL. sat ur at ed al | phat i
hydr ocar bon radi cal of one to twenty carbon atons,
pr ef ’@ha’@:lrlyl “alkel™ slosé ¥i Bedntandin witloster gNPs, refers to a branched or
B AR RS LR AR B Ao S ] f R0 vwenty carbon
plofresr Breffmabiy oty trsctieth @rbaat artalmg,hnomhacfnrahtyrm\cab eem carbon atoms.
al kyl radical of one to six carbon atons, preferably

10 oﬁﬁe {e%nf‘%%er%ﬁ{ gglogé gggrhcomlﬁaﬁ(ﬁf Witk §thfei‘J Fltotl!lﬁg refers to a

e;(agg r stragggg ! a9 Fnorwvg)ls{ltya[ yallzadgg?ﬁ 9}/onq tgosgiﬁag;lpon atoms, preferably

gncbtd)t fplix cd’ﬂb&e%gis ”{11313 F@Eﬁ‘j thtﬁe?‘ lexernplifte@bylradicals such as methyl,
-eth and .t | re

Fugh BBb oDy Sl oyl SOGITRt SpbuGherdul Kapethytbutyl, -

beyyk Ctahylputyl afdethe élkle PFHeraibkirlnwéMk}d gesithtee drel oewhyl and ethyl, with

%%%eiflggﬁfe?aﬁf%@feln%\&er al kyl group as defined above

ere one of the hydrogens of the | ower
al kyl group_is repl aced % a halogen ato preferably
f 1 uof B¢ ¥rmc hplogenatadlengr dlhe” pifes & p byvaialkgheesp @gdefined above

vavein allky orgzr (S‘N]@@hﬁﬂ@ enls bf fHellQWv@H@E foup is replaced by a halogen

di fl uoro hl

?@PW‘%FYEEW U‘Or%\gr ?Ljﬁ nﬁ&%ﬁgr‘i ch‘f E’%ﬁ?%fﬂalé’f"’ef glfgproups are
oiflimutatthil tigthordnietholc A nd@metidiand chldraatthilavi ng from

2 to 6 carbon atons, preferably from2 to 4 carbon 20

at ongy,. Prq “Q@gﬁ)n’gasqﬂgd ngg%n%Pg gfah thubgg{‘mcj:(fopsﬂggﬁuted

Brefera one efinic

ydig¢arban gagp @qql}»qal egl_upgr opardto & @rlbap jtoms, }gefg(pﬂ)bfrfy(pm 2 to 4 carbon

dohRI I hav-lfﬁgeorfe%r r'Nvo @lelﬁﬁi%ydoubfeflﬁ{n%ls,tﬂeﬁ:ﬁﬁly%rl@ léﬂ)efffglc d3uble bond.
erers

wherein R e ter

ERIES YF awpff rlrpregen%eﬁrepw a”v@ 0§ Zr%m“rv?éqrw[ gr oup

as defined above. Exanples of |ower al koxy groups are

e.g. Th@tehmxylkoey hefeys topthe pmuy, R'G-opheeix R, is bl Xie te2m "lower-

.alﬁg Pé tgfﬂg e}ﬂ?ég &{0)@/ wmrgllﬂ Igﬁst Jll%%‘)éf)o ”g?o&ég e&ef%{sél ¥bove.

pre erre ower al oxycar
EramplepeidorRer dk@y(eDyups aheg.ahethRy, ethody, fropesy, adppoxy, butoxy,

EB%X@%@E&}@)@, v@i?rpffl%thoxy being especially preferred.

The term “lower alkoxycarbonyl” refers to the group R’-O-C (O)-, wherein R’ is a

lower alkyl group as defined above.

The term “aryl” refers to an aromatic monovalent mono- or polycarbocyclic radical,
preferably phenyl or naphthyl, said aryl being unsubstituted or mono-, di- or tri-
substituted, independently, by lower alkyl, lower alkoxy, halogen, cyano, azido, amino,
lower dialkylamino or hydroxy. More preferably, “aryl” is unsubstituted phenyl or phenyl

mono-, di- or tri-substituted, independently, by lower alkyl, lower alkoxy, halogen, cyano,
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The term"aryl" refers to an aromati ¢ nonoval ent nono-
or polycarbocyclic radical, preferably phenyl or

wmmaphosins) said aryl being unsubstituted or noOPOFEP07/059265

or tri 30 substituted, indepquqntly, by | ower alkyl,
| ower al koxy, hal ogen, cyano, azido, am no, |ower

amno. o (0)4 re referably "aryl" is
%%§Ub¥Pn?u?wg7 ﬂpﬂy 6%Mbwgny nono-, - or
tri-substituted, independently, by Iomer al kyl , | ower

al kojibfe teral @@’én (asclgﬁad@p thﬂ@eﬁl@m@p@rg tirgtphosphine hgands) refers to an
EIG]‘H&%E%Q(Q’?(]VQ@Q@I@%HO o ﬁlﬁ}l'cqg)ocﬁrﬂc'?gdlce{l O[Vi@ferﬂﬂ)aﬂke)’llym A¥Phthyl, said

dr oxy erm"ary (.as
et .bﬁ}ntg. %ﬁul&ftmftﬁéoamﬂas&h. q{érlr%uegﬁagffﬁ méﬂ&néelftly hplower alkyl,
Rweralkogy, pdewal g, hagenatal lopet MRAlr Baaycnhigof ladkecdiblkylamino,

BiAGhIELPR: DR SOt TRl Pypo e P OaaR¥ g 0 Tower

alliplemémd eGtD )y |owey diabyamiabkpHenyBaniddweer talalkagdsityl. Preferred “aryl” is

PH%P%rng%k&s%%é@gﬁthgd d} Q)\Q’e(fl sﬁé@{{red C%gg%fld&ﬁlpﬁ& lower alkyl,
vy Rl)];:pﬁjmhﬁéroxy,(b\a@ @a]ogq@tedalpwr alkylg(y@lo,| agpep, lower dialkylamino,
ﬁlo'f;)(ﬁ(ﬁ{ﬁ'onf‘o’»ogﬂc(@z l'oIstéYV@fa]lc 13%5511 a:r(rDFl@lowblenwl Jmob) lower

r.tri Si referre
ol @l%ﬂqs@@/hw Byt AR Aghenyh e BB o ed,
i ndependently, by |ower alkyl, |ower alkoxy, hydroxy,
hal oThmkmgmm eikylanvies” @fekyto, the yanp,-NafR noherkioiiis a lower alkyl

' Qb odd NOrpholino, -SGBH, -S02-1ower
gﬂo%lé Qﬂﬂeﬂ abo‘;C( OO Ilower alkyl, -C(O-I ower

alkylan1no -C(O -1l ower dlalkylan1no henyl and .
| oweFhe teral"lapyes idrallylanting” efgrpto 1h@\gé¢upa1N%§/R iheeein R' and R" are

[ hlkylt @olipasWeRHR] s¥WR , wherein R is a |ower alkyl
group as defined above. The term "l ower dialkylam no"

f t t“h R', whe R d R 15 .
| cver Bl G aURE e heloRg s oRGlE gl of thrdeto six,
peychlda qutlt& sixehibion at@na Thdrena hsefnt‘theteu‘xbmcpyﬁéd by radicals such as
%ﬂﬁgﬁﬁh lrrég{@ﬁ C)’C?(% cyc F\gétf §(1&8rp 1, $N9th Cflyéopentyl and
ﬂeth}h?aﬂ'l@emgdﬁefa@ed éycln gmﬂa%t‘/l r@gﬁ@lbw@ﬁppﬂlona@y ok mvew;vl di- or tri-
ﬁﬂ)“éhﬁn&piﬁdegéﬂﬂnﬂ quQQv%rYellk 1 Wt Bﬁ haygdopent yl and

cycl ohexyl elng preferred.” Such cycl oal kyl residues

SRl SNl B T e O L R0 SR
h&teﬁoey@myed@ue, whzhehsy dpiodalby cootaib alfﬁﬂb@rr&do@hmy@n atom, such
as 1En1§anzg y"fl )})yéagﬁl[ (ldrhﬁlazdol ?’{frlhdgr pﬁ{lel{sl}l%f, hoﬁng)/, g‘p e%era%ln?hplpendmo
gup)hrol@gnq, mdazbﬂypyrldﬁymglyy br mptpkmimbyfﬁqchrkytqr@kyflchc rings may

B ﬁdﬂﬂl?lﬁlﬁ mdiel, Qﬁo&] t?lo ub@ﬂltﬂ?erdaﬁfd@ﬁendgh@}g 'i)'y g alldA, lower alkoxy,

I NO, pre er ab |azo

rro
ﬁﬁpp%n? 61 OSHQWOh]é’f"@Fé ﬁﬁd a@mpicﬁ dpaay- %@f%&l‘? Pbatifugnt is lower

DRyITRAR etk beR préferrétibst i tut ed, independently, by
| ower al kyl, | ower al koxy,

The term “heteroaryl”(as used in the definition of the diphosphine ligands) refers to
a monovalent heterocyclic 5 or 6-membered aromatic radical, wherein the heteroatoms are
selected from N, O or S. Preferred “heteroaryl” groups are selected from the group
consisting of thienyl, indolyl, pyridinyl, pyrimidinyl, imidazolyl, piperidinyl, furanyl,
pyrrolyl, isoxazolyl, pyrazolyl, pyrazinyl, benzo|[1.3]dioxolyl, benzo{b}thiophenyl and

benzotriazolyl, said groups being unsubstituted or substituted by one or more substituents,
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hal o, cyano, azido, am no, |ower dialkyl am no or
hydr oxy. Preferable substituent is lower alkyl, with

woreaoRps17bei ng preferred. The term "het eroaryl "PEHERROTU059265

in the definition of the diphgéghine | i gands) refers

to a nonoval ent heterocyclic or 6-nenbered aromatic
%ldfa) n%ehtgr se c?e]gll}rom v!'{]ereﬁt ﬁ(g tv(\?eqsa,lkaor)(}e/ a%cgersl eha (ggté:felgtefl Iioa/ver alkyl,

éyaom azkv, gmaup lccmn@lks/tamngwf)Wtfmlelﬂiyllamlmm dSﬂ);H -SO;-lower alkyl,

By, lgW@y Jilalk’?béfﬂu% ity lowéml%&{rﬁbmyl,p 'CR@‘) 'lgs!v&ﬂl lamlno, -C(0O)-

furanyl pyrrolyl, isoxazolyl, pyrazolyl pyraff

E@WiémPQ@H@Todﬂﬁ&%ﬂyPrﬁ%éﬁ%o{b}th|ophenyl and

benzotri azol yl, said groups being unsubstituted or

subsThé téhﬁd’pba/rnﬁiaaltﬂﬁllﬁ@d‘cept&bllbSiltst' debtfes 340 of the compounds of
008 1. PCT/.EP2007/. 059 dependent

EETU EaR P Ry Pt Sighe Y RS SRR SR lrobromic acid,

hmiogce‘dmauk;ﬁhuhowd rdsphoric aydrtric add,doymamicidomalepamvesd, acetic acid,

ﬁ-{nﬁ%}caa'ﬂcp %E)Cf rﬁé’\@crld qia\% Fckic?g"{rn% ane%ﬂ)mc ?Q& slal(?é%E acid, p-

gqlwy.gglp%ﬁ ¢4id angthg)like s@méh aggl O tQNC 19 hvmg;()@amspm\gfeferred salts
iR lakiab ard fBﬁ‘nat@é{ S PYos, @frated) @yHidéBlories! h?drtoﬁf(ﬂhldes and

RILIRE o LY, RSashiebls el L5 erbrages salie ©f

aci ds such as hydrochloric acid, hydrobrom c acid,

ni t r ircdeaal, dhe inuérplonrrclateacs a prqzhssphibe iptepacitbn of iptyriﬂ@[z, 1-a]
' acid, acetic acid, fumaric

%g@%nogﬁ%%%ﬁa@ﬁggféﬁq%§#larlc acid, nethanesulphonlc

acid, salicylic acid, p- t ol uenesul konic acid and the

i ke, which are non toxic to |ivi or gani sns.

Preferred salts 10 with aC|d§ arfe Rormates, nal eates,

citrates, hydrochlorides, i des and

met hanesul f oni ¢ acug sal drochl ori des bei ng

especially preferred. , the invention rel ates

to a process for the ion of pyrido[2, 1-a]

i soqui nol i ne deri vt | of the formula F NH2 N HRZ

NO R3 R4 15 mherelnFRZ R3 and R4 are each

i ndependently selected fromthe group consisting of

hydr QH@I@m IE‘ZF‘k@QI?({‘R D¢ dE @YX deRQUBK eV led floBMBe o8 iPXhsisting of
n r-a erelrn | ower
gy rogen alogen, %yé{roxy, lower alkyl, lower alkoxy and lower alkenyl, wherein lower

alkyl, lower alkoxy and lower alkenyl may optionally be substituted by a group selected
from lower alkoxycarbonyl, aryl and heterocyclyl,

comprising the steps a) and/or b) and/or ¢), wherein

step a) comprises catalytic asymmetric hydrogenation of an enamine of the formula




al kyl, I ower al koxy and | ower al kenyl may optionally

be substituted by a group selected from | ower
wW@bwsnyoar bonyl , aryl and heterocyclyl, conpriBCHEPINE059265

steps a) and/or b) and/or c), wherein 20 step a)

conprises catalytic asymretric “hydr ogenati on of an

R T

a‘n@bltRm meel egalgefio fredh o daleShanhin estey of dwerulallkay klone ar as a
&Qﬁuflyﬁﬁgﬁ% fhedrpt ransition nmetal catalyst to form

th all-59) -amno ester of fornula Illa, alone or as

a mxturevvlthSR- mer 111b NH2 NH2 CORR, » YCOOR
H:Hia+ RR3I1IIDb:z 24 3 wherein R2, R3 ard”’ %@ge as
defi ned above and, | Rer al kyI or hajfogghate

| ower al kylgz st e% gonpri ses t hey Wcryon of an

am no pr ot ecty grdup Prot fo form
(2S) - am no _estexrs fYPnul a NHPr gt~ NP

, YCO0R 59 a R4 10 wherein R', R25«R3 and R4 are
as defi ned abo¥e and Prot stands for an am no
protecting group; step c) conprises am dation of the

est efherefn RORMMAERT M2 aaBefide¥bbbe {ir kh & hevamlideor Rilogenated

[T,

step b) comprises the introduction of an amino protecting group Prot to form the N-

protected (2S)-amino esters of formula

l;lHProt
A_~COOR'

Vb

wherein Rlv, R% R’ and R* are as defined above and Prot stands for an amino

protecting group;

step ¢) comprises amidation of the esters of formula [Va and IVb to form the amide

of formula

wherein R%, R?, R* and Prot are as defined above.

In one embodiment the process of the present invention comprises step a) as defined

before.
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NHProt CONH2 :5V R4 15 wherein R2, R3, R4 and Prot
are as defined above. In one enbodi nent the process of

W@ b@8sKSent i nvention conprises step a) as dePCTEP2007/059265

bef ore. WD 2008/ 031750 PCT/EP@%Q7/059265 -6 In
anot her enbodi nent the process of the present
D RIRGLBRE RE LR B oL Ohl AV Rh R e s
milowed by stap bhts delineddetoracess conpri ses steps a) to
c) together. 5 Step a) conprises the catal ytic
asy et hfoAUWRURRIALLQST (RE pRBer® AAhASH fe Prb&ss é&ﬁgﬂgeﬁsteps a) to
NH2 zHRN11 Il R34 wherein R2, R3 and R4
arlegeB®h i ndependent |y sel ected fromthe group
consi sting of hydrogen, hal ogen, hydroxy, |ower
al kyl, | ower al koxy and | ower al kenyl, wherein | ower
10 abtkyh) cdropwdes eekaxyytandyrhmeeic lgidkeryhtianeyf an enamine of the
ﬁghﬁ@pally be substituted by a group selected from
ower al koxycarbonyl, aryl and heterocyclyl, and R is
lower alkyl, in the presence Qff a transition netal
catalyst to formthe (all-S) {am ster of formula
Illa, alone or as a m XxtuLg we -epimer 111 B NH2
NH2 COOR ,,,000R R4 iq_ +X

I11b
I

wherein R% R’ and R* are each independently selected from the group consisting of
hydrogen, halogen, hydroxy, lower alkyl, lower alkoxy and lower alkenyl, wherein lower
alkyl, lower alkoxy and lower alkenyl may optionally be substituted by a group selected
from lower alkoxycarbonyl, aryl and heterocyclyl, and R is lower alkyl, in the presence of a
transition metal catalyst to form the (all-S)-amino ester of formula IIla, alone or as a

mixture with 3R-epimer I11b

b

b

wherein R%, R? and R* are as defined above and R" is lower alkyl or halogenated

lower alkyl.

Depending on the solvent used in step a), transesterification of the ester group
-COOR' is possible and thus compounds of formula IITa and IIIB are obtained, wherein R"
is lower alkyl or halogenated lower alkyl. For example, if 2,2,2-trifluoroethanol is used as
solvent, compounds of formula Illa or I1Ib, wherein R is 2,2,2-trifluoroethyl, are

obtained, besides of compounds wherein R" is equal to R

The enamine of formula II can be synthesized from commercially available

precursors according to the scheme 1 below.



b 31 4 4 15 wherein R2, R3 and R4 are as defined

above and R' is |ower alkyl or hal ogenated | ower
w@Rkwplo317Bependi ng on the sol vent used in step BOT/EP2007/059265

transesterification of the ester group -000R is

possi bl e and thus conpounds of “formula I'lla and I'11B

are obtained, wherein R’ |%Ch%ve{ al kyl or

hal ogenat ed | over al kyl . For—ex*anTpI e, if

2,203-trifluoroethanol is used as 20 sol vent,

conpgoundgo@f fo alllaor IIIB wherein R" is

2, % 2|%t rfH=uqy, .COQRe obt ai ned, besi des of

nds wherein R' is equal tg@ R . The enam ne of NH,

formula Il can bg synthesized f C@@Emwhgd;,\al 'y

avaigabl e  proecur|sors acgQr di to t hevtehepre k2

WO 20 3150 P BiFue7 SERSHE L

O Ot t,, ~COR"™ 0O &1

\ COOR R'R2 HCI R 2 NH4QOAC, IVéO—IZNNaOAC\ NH RT R0
50CRN HCO ~R31 / then HCI R3 R3 R4 R4 4 O OBz

EtOH, HO OH 60C, 24 h OBz 0 NH2 NH2 @%J%HH
60°C, 24 h

NaOH : HNB 2 z HO

Expediently the transition metal catalyst is selected from a ruthenium, rhodium or

iridium complex catalyst containing a diphosphine ligand.

Most preferably, the transition metal catalyst is a rhodium complex catalyst
containing a diphosphine ligand.

In a preferred embodiment of the present invention, the diphosphine ligand is a

compound selected from the group consisting of formula A to Q:



R3 R4 HO=O R4OBz fO | | Expediently the transition

netal catalyst is selected froma ruthenium rhodi um
wW@e008/0817680 um conpl ex catal yst contai ni ng a di pPOEPPI00B059265

ligand. 5 Most preferably, thegtransition netal

catal yst is a rhodi um conpl ex gat alyst containing a

diphosq@ine ligand. In a preferred enbodi nent of the

present ion, the g¢i&p phizne |igand is ge R
conmpoBid s ted from /o copsi st |6ngcp opnul a
Ato QP /031786~ PCF EPR007/ 059265 R5™ B
R6 RR1 FeR PPRS RS-- I R6 0. R R5/ _R#
P, 511 O 1-13C H4© XBC Ro éﬁB
CH3 N R8™¥}WR11l R5' P Fe 8 R R7 RP-IElR P

s RH3GNRS-P, 5R RRREB/ R7 Ro CH3

i Z CH
5 ] 3
R\P N,
R~ CH,

HCN
R

5/P\




DEF HCH3/ 1 HP, C B HHq RL\ /RI1 . P PRIl
RII' | , | PP H H3C~ H3C CH3 CH3 G H3C, CH H3C
WOROSHBI7S8 H | WD 2008/ 031750 PCT/ EP2007/ 059268CT/EB200T9265
H3G-f HCH3 P RPi(CQnP-Rs PP H Z7~ RS RS HH3C CH
NCH33LOOCHB C8 KR RR000 R R RSP P
RSPPRR PP 'R '' R MNO

CH,
CH

3 5 5
R C)n R
B P \P/( ) \P/
5 5
P A P R R
H c7|\ \
J cH et L

3
3
H, }\O 'éCH3

H,C
H

(0]
CH,
J
K
R} 5 (0]
\ R (@) (0]
7 s __ . R
R I\ R R—P P—R . _ .
P P— R R
U Kj
I'7 7 \
R R }
R R’
M N
(o]
.
S 1

R
O=N\_0
RA ﬁ R
P 7 P—R"
S/ é'l'l'
7

P
R’ R
P Q

wherein

each R®  independently from each other is selected from the group consisting of aryl',
heteroaryl, cycloalkyl and lower alkyl;

5 R” is selected from the group consisting of hydrogen and lower alkyl;

R is selected from the group consisting of hydrogen, lower alkyl and phenyl;

each R®  independently from each other is lower alkyl;

each R”  independently from each other is lower alkyl or aryl';

R®and R® independently from each other are selected from the group consisting of lower

10 alkyl, lower alkoxy, hydroxy and -O-C(O)-lower alkyl;

R’ R®, R'* and R'" independently from each other are selected from the group consisting
of hydrogen, lower alkyl, lower alkoxy and lower dialkylamino; or

R®and R’ R* and R, R? and R, R” and R' or R® and R¥, taken both together, are -X-
(CHa2)n-Y-, wherein X is -O- or —C(O)O-, Y is -O- or -N(lower alkyl)- and n is

15 an integer from 1 to 6; or
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RS SRI1 NS 1\1\ Or OP-RPP/ I P-RN1 S R11
R P wherein each R5 independently fromeach other is

W@ 20080860 f r om t he group consi sting of aryl', PCTI/EP2007/059265

het eroaryl, cycloalkyl and lo alkyl; 5 R5, is

sel ected from the group consi sting of hydrogen and

PR 7 i SRR SR e et o RBge 9! £ 0group, or
i ndepen dmgtﬂhyr Vit thesachonotthies to whichwkey at kiydcheddoim R?laphthyl,

|ndepende from.e ot h I r Ik [, or aryl'

Re. and RSB o vaiahta PR R e did g

RPcmltpr irglepetpleadn&bat danly odfer isaetted LOnatheyroup amerstmg of aryl',

glnlch)F({”y’O' loxv%g%én gtgrtolag()}’l%‘gfﬁciﬂﬁﬁ’ 6’?:12?” ar sgselect ec?lo

R QAR tape Oup faransiistad PHosphblany dF peephetanvEng.al Kyl ,
| oner al koxy and | ower dial kyl am no; or R8 and R9, Rg
and R9', RO and R10, RO and RO or R8 and RS, taken

bot oget he . Is -0-

DO e 9B B Kb by I Bl 12 %5 O
integer from1l to 6; or WD 2008/ 031750

PCT/ EP2007/ 059265 -10 R8 g R8' and R9', R9 and
R10 or R9. and R10', takg gether, are a -CF2-
group, or together with the on Rit oms to which
they are attached, forma ngphthyl P\Rs

t et rahydr onapht hyl , di benzotgyi | or di benzof uranyl
ring; and R' and R’ independe@ fromeach other is
sel ected fromthe group consistYng of aryls, 5 |ower
al kyl, heteroaryl and cycloal kyl; or R' and R’
together forma chiral phospholgane or phosphetane
ring. Especially preferred are di phosphine |igands of
the formula RS" R O RS

wherein

each R’ independently from each other is selected from the group consisting of aryl',

heterocyclyl, cycloalkyl and lower alkyl;
R” is selected from the group consisting of hydrogen and lower alkyl; and

R is selected from the group consisting of hydrogen, lower alkyl and phenyl.

Preferred catalysts are selected from a rhodium complex catalyst containing a
diphosphine ligand selected from the group consisting of
DCyPP,

DPPP,

DPPB,
1,2-Bis(iPr,P)-acenaphthylene,
PiPPP,

(S,R)-PPF-P(tBu),,
(R)-CyMeOBIPHEP,
(S,S)-MeDuphos,
(R,R)-SKEWPHOS,
(1R,1’R,2S,2’S)-DuanPhos,
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RS PFe Pr-RS R5. 0 A wherein 10 each R5
i ndependently from each other is selected fromthe

w@er@sp3oensi sting of aryls, heterocyclyl, cycPGHER3D7/059265

and |l ower alkyl; RS is sel ect 1d fromthe group

consi sting of hydrogen and | ower alkyl; and R5" is
g‘e%g@ﬁ fromthe group consi sting of hydrogen, | ower
and phenyl. Preferred catalysts are sel ected

fR.8im(ayr oditBme-dd@b ex catal yst containing a 15

ph)p@ sgfp}maMpl gand selected fromthe group consisting
DPPP, DPPB, 1, 2-Bis(iPr2P)

(%)c@ﬁza QWP%HB 20 Pi PPP, (S, R) - PPF-P(tBu) 2,
(PBiGYNBEBI PHEP, (S, S)- MeDuphos, (R, R) - SKEWPHOS, 25

%ﬁ%ﬁ%ﬁ%ﬁ %S%IP%@"{PMS, S;@Bég'c\)f/ 031750

(IB-Ry-MEYRIEELS- t Bu) 2- DI OP,  (R) - Cyz- Bl PHEMP,

@%%P%%Hsgosl P(HE)P . ??zl)o Pr OB PHEP, (R)
SRpCpibo-RRR, (S, R) - Oy2PF- PPh2,

(R,R)-Xyl,PPhFcCHCH;PXyl,,

(R,R)-Ph,PPhEcCHCH;PPh,,

(R,R)-Ph,PPhFcCHCH;PXyl,

(S,R)-MOD-PPF-P(tBu),

(S)-TMBTP

(all-S)-BICP

(S,R)-Furyl,PF-P(tBu),

(S,R)-(3,5-tBuy-4-MeOPh),PE-P(tBu),

(S,R)-(2-MeOPh),PF-P(tBu),

(S,R)-(4-F-Ph),PF-P(tBu); and

(R)-PP(4-Ph)E-CH,P(tBu),.

More preferred catalysts are selected from a rhodium or iridium complex catalyst
containing a chiral diphosphine ligand selected from the group consisting of (R)-Cy,-
BIPHEMP, (R)-Cy,-MeOBIPHEP, (S,R)-MOD-PPF-P(tBu);, and (S,R)-PPF-P(tBu), .

Especially preferred catalysts are rhodium complex catalysts containing a chiral
diphosphine ligand of the formula A as defined above, most preferred is a rhodium

complex catalyst containing (S,R)-PPF-P(tBu); as chiral diphosphine ligand.

In the rhodium complex catalysts referred to above, rhodium is characterised by the
oxidation number I. Such rhodium complexes can optionally comprise further ligands,

either neutral or anionic.

Examples of such neutral ligands are e.g. olefins, e.g. ethylene, propylene,
cyclooctene, 1,3-hexadiene, 1,5-hexadiene, norbornadiene (nbd = bicyclo-[2.2.1]hepta-2,5-
diene), (Z,Z)-1,5-cyclooctadiene (cod) or other dienes which form readily soluble

complexes with rhodium or ruthenium, benzene, hexamethylbenzene, 1,3,5-



10

15

20

25

30

10 (R R)- Xy12PPhFcCHCH3PXy12, -(R R)
- Ph2PPhFcCHCH3PPh2, (R, R) - Ph2PPhFcCHCH3PXy12

W@ 3)0Rp3IVEID- PPF- P(tBu) 2 (S)- TMBTP 15 (al | - S) - BPCREP2007/059265

(S, R) - Furyl 2PF- P(t Bu) 2
(S.R) - (3, 5-t Bu2- 4- McOPh) 2PF- P 2Bu)z

{r%aelzz’%bl() Iﬁ)%gé?%y%&]n)e td_%(o nglf 252 s €. eg tetr%h (El) F_eflgr(a}l,B u) 2
dm@lhxlﬁqrmaanée sedteutrde benomitile, ho@ommmﬂthanoi andipyridine.
conpl ex catal yst containing a chiral diphosphine

lBII ga%ganﬁkse&tsﬁgl AXiOMC i3 8n BrPLRaI Y stheqér’oﬂg - Rr ¥ %roup A-

€8y v r—amp% Fepigsonts %gﬁ%bﬁ&%ﬁ?ﬂ& aalkﬂtagsw I?Q}eefhodlum
edrapliex i chargedl o nCavoad iy Sirs; e@@dﬁsaufhmga}aalﬁh,l BRl, Cl@3, SbFs, AsFs, PFy

L e LR e

containing (S, R)-PPF- P(tBu)2 as chiral Ehos phi ne
| i gabtfertad catadysisivodipmsingohpdier analtaadhyst diphespdnmesate pbthe formula
above, rhodlun1|s characterised by the oxidation

number | . @uehifndieIEATRACYEBUARRIAREHRAARYL ' b

conprlse further gands, elther neutral or anlonlc
f s ch tral gands .a . al efins,

‘ag@rﬂ%e%% es fﬂ%ﬁfﬁl g o c§1?51 {§6tb AneOO0, Wigrelp Aviegfssents lower
Akl iil@k@tdheﬂbdﬁ@natﬁd tdasralgl, @nie af abidnsf bh oyyacm} or{a2cotapldxlacid such as

t nel.r (co - .
Eﬁ%{;ﬁ%r g W& rle%lh F%lrarlz(n)gfzrégr a Y%{) géllélé C%g%() (923 195803 ;and L is
anediral Ihlg@ndm definedjalimani Rmferakbé)n zleenl@hdh mm&wmmnoecoo is
éH”i?Céd’A@r é@%@g P30 EBG JiE’L%@@Z/ Q@%@Qﬁ and é'cgﬁlprlsl Hg two double

tripet y enzene p-cynene, or al so sofgven ts suc
‘g01§ds, ¢ gtlp%ﬁxﬁéqqgfqglgeéﬁ only pﬁ%fqﬂ;qlf 16 PraseRtge L is a ligand compr1s1ng only

afedailé boiE e.gb@Rvlend, twé kech ag&@pe&tent. Met hanol  and
pyridi ne. Exanpl es of such anionic ligands are

ner S oA PsePRBReB i be Piept-25 8l Sl By istiep of odium
prekyisommdctaasyd.g. di-in*tcheorotbod i) elgivpyaboociastiak atigedjum(I)
é&%gg f:)géf LEE%)%‘ ?&Eﬂ‘l ﬁUﬁbiﬁ‘dﬁmﬁ‘ akikifiubRid T REAEDSH ),
31577 )-1 Hi dyrlgertadisndiyhadamarisiry-4luorgragen lRh (cehisidBe) or bisn*-
@Z 2)@§&§&%dlene]rhodlum perchlorate ([Rh(cod),]|ClOy) with a chiral diphosphine
ligand in a suitable inert organic or aqueous solvent (e.g. according to the method
described in J. Am. Chem. Soc, 1971, 93, p. 2397-2407 or E. Jacobsen, A. Pfaltz, H
Yamamoto (Eds), Comprehensive Asymmetric Catalysis I-111, Springer Verlag Berlin (1999)

and references cited therein.

In the ruthenium complex catalysts referred to above, ruthenium is characterised by
the oxidation number II. Such ruthenium complexes can optionally comprise further
ligands, either neutral or anionic. Examples of such neutral ligands are e.g. olefins, e.g.
ethylene, propylene, cyclooctene, 1,3-hexadiene, norbornadiene, 1,5-cyclooctadiene,
benzene, hexamethylbenzene, 1,3,5-trimethylbenzene, p-cymene, or also solvents such as
e.g. tetrahydrofuran, dimethylformamide, acetonitrile, benzonitrile, acetone and methanol.
Examples of such anionic ligands are CH;COO’, CF;COO’ or halides. If the ruthenium
complex is charged, non coordinating anions such as halides, BF4, ClOy, SbF¢, PF¢,
B(phenyl)s, B(3,5-di-trifluoromethyl-phenyl),’, CF3SO03°, CeHsSOj5™ are present.
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Preferred catal ysts conprising rhodi umand a chiral
di phosphine are of the formula [Rh(chira

waelERo3rRl ne) LX] or [Rh(chiral di phosphine)L] +P@I/EP2007/059265

wherein X is a halide such as ., Br or |-, the group
A- COO-, vvherein A represents | ower 10 al kyl, aryl or

gral gg% ga%iei ruthenlu ?Kexes in q&iﬁ}rﬂ c%ﬁléa% ?ep%ﬁ?fnﬂ:d Wf% B\g %he f&llowmg
fogmhidd ogen or aryl, SbF6- AsF6-, CF3S(B8- and OGHSS(IB-,

and L is a neutral ligand as defined above.

Preferably, the halide is cilrige. Preferred A-COO

i's CHSOOO or CF3000 . Preferred Bis CF3SC3-. If L

is a conpri Si t wo doubl e e.d.

1 5o ¥he 6@%@&?8&%% @3@},%@@ dehiSec érrégré nts lppvey alkyl, aryl,
hslo gerlateddodercolop bt Balogerarddyarflandierepadsbite a bbinal,digh@phine ligand.
et hyl ene, two such L are present. A rhodi um conpl ex

cat a’h"ﬂé?’s‘é c&%gl&gs KL&P fﬁﬂplefb% eﬁfﬁ?ig?&r%d iP { n{aﬁﬁgttlin%%noger se, e.g.

r hodi um cursors
alicoriing 1ol Worideissr sf @4 Teza/rylron; 55)@%?@0&9@2 el iN- Hhidan eval.,

blr ano%ﬁh&?%q& Zpy og] -p. ¢ ef Qe LBk ArA0I008! HRdhE NS Fleming

d hod
I r as §T§I6?5g22?5% ?@f@%&%’é?sacdﬁeéﬁ]éﬁr?lﬂodl um tetra-

fI uoroborate ([Rh(cod)z]BF4) orbis[g4 20
(Z, Zﬁloﬁ\wnhdﬂdyhﬁdi pesfehblpoditiemiype cohiplakad @e manufactured, for example,

Rh(.cod chiral diphosphine ligand in
g;reagttlrégo% er%ft\glfz%(gﬁ?m or aqueous solvent (e.g.

accordi ng to the nmethod de crf bed in J. Am Chem
Soc, 1971, 93, p. 2397-Fad7 ek nep(HaPdbsen, A Pfaltz,
H.  Yamanoto (Eds), Conprehensive Asynmetric Catal ysis

1- 3-1séeh§:r$91r 1INge feséfﬁf hzﬁtg%]eﬁedﬂ a't ol 29900 a&ure ?é‘s?{tﬁﬂﬁ\t%@ alkyl or

| e rein n e ru en m CO SUS

helpapis 5?%6%185 FRREHEH LRSI Lrpside e ?@@20069 m fpgesents the
oxintat i, Ql’brl’.’bumﬂqrredehts tieiaimbert m@m amd ¢ oamdzsemesh@annber Oorl,
wp[ ﬂ?rlall éﬂpﬁ(%y 1rn|e 1§an&J %Eﬁg I é)ueis dt[e’t eerlu}anlj] d Zaorrteét {he hgands can be

dieeﬁlmn:@,r défegent et hyI ene, propyl ene, cycl ooct ene,
1, 3- hexadi ene, norbornadi ene, 1, 5-cycl ooct adi ene,

ben ZRR&diufie ﬁﬁiﬁﬁlwlrt}@l@ﬁﬁﬂ?corﬁp@x g’atﬁl ?stgrgst J[Bé&rgﬁﬂza%e@e can also be

or als olvents s,
P@Pﬁ%ﬁ%?l&f - stt%a?%tlw} téﬁé?,latlﬁée?lberﬁoll?tiqne‘{l which such a
Et&ﬁl?ﬂnd Iﬁrlépzired caratane canginteé hanrahte folftka Bﬁkirﬁﬁ)sél@ctﬁ'bl @&hdrogenation

300 id
Phis P EeR ETS motas I 1S Sthetrlgadt Tabite A5 apptigy reaction s
amtlmcrl; such as halides, BF4-, Cl104, SbF6-, PF6-,
B(phenyl Y4-, B(3,5-di-trifluoronethyl - phenyl ) 4-

CF3Se8
PCT/ EPZO 5%5%9%\édr@§§1395§%l?gk%mg& ﬁf&n gﬁ&l&ﬁpaccordm%to the

Preseilidienton ke place @ grlhydegeraresye Hb%/raltn%g] 8] nfbgﬁxtggloo bar.
Priraruibla, tRel GghaRetric hydrogenation is carried out at a pressure of 10 to 40 bar. The
reaction temperature is conveniently chosen in the range of 20 °C to 120 °C. A process,
wherein the asymmetric hydrogenation is carried out at a reaction temperature from 50 °C
to 80 °C, is preferred. This reaction can be effected in an inert organic solvent such as
tetrahydrofuran, ethanol and 2,2,2-trifluoroethanol, or mixtures of 2,2,2-trifluorethanol
with other solvents such as dichloromethane, methanol, ethanol, n-propanol, isopropanol,
benzotrifluoride (Ph-CF3), tetrahydrofuran, ethyl acetate or toluene. Preferably, the

rhodium catalyzed hydrogenation is carried out in 2,2,2-trifluoroethanol. The ruthenium
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wherein Z represents hal ogen or the group A-COO-, A
represents |lower alkyl, aryl, 5 hal ogenated | ower

W@Rg31060 hal ogenated aryl and D represents a REI/ER1007/059265

di phosphine |igand. These conpifxes can in principle
be manufactured in a manner known per se, e g

iag% e%élyg%emﬁl%hlg E‘lzr%rﬁ d 8k 1?1' slolveg{ t&gn ALY g ng(XJg con51¥t1ng of
2997trifluerocHgmobmeharm), e@@m@t - manmmdlmon@me, or mixtures
3Bthe2BiveMs Ao eng)ly, e ﬁithenugg c@tagr & ﬂﬁﬁo%n@ltloﬁ R arried out in
references cited therein. 10 Conveni éntly an
6?é¥%ﬂ@8ﬁ$tf?@{henlun1conplexes are manuf actured, for
exanple, by reacting a conplex of the fornula

[ Ru(Zdd %h&ﬂf}ltﬂ)f(chﬂgf);mse&\hemipﬁoégs éfap¢ p&@é’ﬂt snvealiog8nn @ie range of

APl ST o SRR B T P SE ARt @it gt mot retatve o
hibgaa. as defi ned above m represents the 15 nunber 1,
2 or 3, p represents the nunber 1 or 2 and q

reprege esrs Ia?tHé;{ﬂTps@ V%l@lva{tlo:h »cabl Raied I?)'uf # the Il?b sence of an additive.

dlphosp ere n1represents the nu
Suitabjgeaq t@’&ﬁﬂ? %mﬁéanw REOKZARS splfs fqré%réﬁbaseﬁﬁéamm of salts

hrielaghi rH&MiQMm z[c@iahé? Bdgiiing @prb@te, Cé&ﬂlﬂht’ﬁ)hﬁua@@ardfﬁﬁmrb ?ﬁosphate.
gpove can .als i.n sit.u, ore

S ot EHO0E © recaPGy ghe trhig Bt sush S v ERRs uch
dicPfoloatylahysd, dusx)ppd)}eyﬂmhyddrnﬂ&mndltnethyﬂylrrﬂm Eathoftthese bases may be
Esaw at Isoarm[xla?r SPAN 610 %Le L V& tﬁg e I)l!uﬁrl)f bR¥e used is
solu e m Xxe he
mfgp@atﬁlﬁédei @@@H‘afrpﬁnthp émgeuocﬁﬁ 1j tg 2 qqutaleatSe@ir pmﬁéabl‘/ from the
ﬁ§%@8?@ﬁ&&o@%ﬂﬁﬁgﬁﬂéRbﬂﬁe%&nﬁh&onpound of formula I
according to the present invention takes place at a
hydrogen pressure in a range from1 bar to 200 bar 25

Pr ef ragg , _the @iy gr c _hydrogenation is carr f he N
out AP E?IBBE,%FP of trRHU{HONAD APAFINGREPICH B ST Bflo form the N-
pengerda20)-emiiso esomyeffioemtilay chosen in the range of 20

Cto 120 C. A process, wherein the asymetric

hydrogenation is careghtout at a reacti ontigmperat ure
from50 C to 80 C, i grred. This reagticoo®in be
effected in an |nﬁr oygani c sol vent sut,
t et r ahydr of Rkg
or m xtures of , 29t rifl uorethanol i t her

sol vents sug Zhehl ol Ghret hane R’ anol & anol ,
n- pr opanol , i sogfopanol , benzotrlfluﬁride (Ph- CF3),
tetrahydrofuran, ethyl acetate or toluene. Preferably,

the rhodi um catal yzed hydrogenation is carried out in
2, 2, wheneinf R'uBr oed Rawrgles dafiredabeveRi unower 288y h3lpzsmted lower

ﬁg/alﬁa@ggftm%@ﬁan amih® fréfedtin ngz§gulbydr ogenation is

carried out |n a sol vent take romthe group

et hanol ,

Consjl"ﬁetz {e?r% amino protecting group” or “Prot” refers to any substituents
conventionally used to hinder the reactivity of the amino group. Suitable amino protecting
groups and its introduction are described in Green T., “Protective Groups in Organic
Synthesis”, Chapter 7, John Wiley and Sons, Inc., 1991, 309-385. Suitable amino protecting
groups are trichloroethoxycarbonyl, benzyloxycarbonyl (Cbz), chloroacetyl, trifluoroacetyl,
phenylacetyl, formyl, acetyl, benzoyl, tert-butoxycarbonyl (Boc), para-
methoxybenzyloxycarbonyl, diphenylmethoxycarbonyl, phthaloyl, succinyl, benzyl,
diphenylmethyl, triphenylmethyl (trityl), methanesulfonyl, para-toluenesulfonyl, pivaloyl,
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2,2,2-trifluoroethanol, methanol, ethanol, n-propano
and di chl oronet hane, or m xtures of these sol vents.

wWORN08/0pr78G er abl y, t he rutheni um catal yzed hydr BGERRI00T059265

is carried out in 2,2,2-trifluyoroethanol. 5 The

anount of catalyst used in the process of the present

n S the

J[I'HT{GIG[FYISlgfl tr1ethy s1l {plh, )gsrﬂé/?er d e hke Pﬁﬁ:é}( e t buto%rycirbtonyl (Boc) is
DK@&HﬂDI@brelatlve to substrate The process of the

present invention can be carried out in the presence

of amhiafEkfidY 8f the %Hlﬂ@prlo?ecﬁgg g?du\f)ecﬁn ibB ‘éffé’c‘i‘&i foﬂ@%g%rﬁchedures well
or orgfg%%%ﬁ>%ts and organi c bases l es of sal
edth the éttat e, caeS|untcarbonate sodi um

forntate and sodi um phosphate. Organic bases include
as eAhﬂdam;elyo Btefs 4)emidi threyn datareied uohmgsrhtnolm axaeqta without
%solltétll F @ﬁ%h@@oﬁgcﬁj #Prrﬁ egtéiX élg%llll%lrne %‘épele, 10 case Iy Prot IS, tert—

utoascaabqnyktlime thé asymonairic hypdregkiatids 06H dah é)mcarThé out in the
?HEQ&JEE oPBoldss fb'ﬁn? Eilrtzélty tRPRL 1%'&&?&1?‘5 aﬁ%&&s‘ie@%f Hﬁﬁﬁilé Wa or IVb

romt he range o 0] eq ui val en gre erab

f]?rréhrttﬁé‘bﬂlg)xb’%fﬁb@iyé)f Pgefqrab](}; @scgqu\,Bogc&tug 23" ttqf‘létoroethanol is

ENRAIBRLNWRE RingARPhydEegenkiién bpbtidguct i on of an
antno protecting group Prot to formthe N protected

M [r)r%e?eérée“ca’lse{}ﬁ)(% Qi egrgﬁlc%%lgﬁ%qé%gﬁgﬁgﬁyée Q ester IV, wherein R?
ded Rhed nadtowe, RRS lnyérdgelwemd Bl kyd Prott ateals dgfmeatt teedoreoner
20 al kyl and Prot stands for an am no protecting
gr OURtosIHRFL IR MR, Do Siefeldbg, PrAUPBoOr " Prot”
refersmtgﬁgny Ehbgg%?ﬁenpslﬁ onvent i onal ?y used to
hi nder the reactivity of the am no group. Suitable

amn rotecti.n its_intr ction are
descritbebcaPsRaRTdRtoh. Pbrcstct plon ySioj Py igide of formula
Synt hesi s", Chapter 7, John VV|§é and Sons, Inc.

1991, 309- 385. Suitable am no pk F@%tlng 25 groups are
trichl oroet hoxycar bonyl, ben &byl (Cbz),

chl oroacetyl, trifluor phenyl acetyl, fornyl,
acetyl, benzoyl, tert-bu (Boc), para-

met hoxybenzyl oxycar bonyd Rhenyl met hoxycar bonyl ,
pht hal oyl , succinyl, benzyl, diphenyl nethyl,

tri phenyl methyl (trityl), Rethanesul fonyl,

par a-t ol uenesul fonyl, pival oyl, WO 2008/031750

PCT/ RR&RHMRVRY2B2nd Prdture Héﬁrféﬂtag‘}ﬂl)&de! yl,
triethylsilyl, triphenylsilyl, and the |ike, whereby

tert Tgelzj gnq{(c%tclgrrl ?souns}ﬁlly(pBe(r)ﬁ)rmleg with as suitable amidating agent, such as

formamide/ sodium methoxide (NaOMe), formamide/ sodium ethoxide (NaOEt),

acetamide/ sodium methoxide and acetamide/ sodium ethoxide.

The reaction can be effected in an organic solvent, such as THF, MeTHF, methanol,
dimethylformamide (DMF), dioxane at temperatures of 10 °C to 70 °C, preferably of 20 °C
to 45 °C.

In a preferred embodiment step ¢) comprises the manufacture of amide V wherein

R” and R’ are methoxy, R* is hydrogen and Prot is as defined above.

Most preferably, Prot is Boc.
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preferred. Introduction of the am no protecting group
can be effected foll ow ng procedures well known to

W@ b@soki7sd ed in the art. 5 Alternatively, stepRCEHEPANT059265

b) can be carried out together én one reactor w thout

i sol ation of the conpounds of ]forrrula I1la or Illb.
For a N C i ert - a
( Boc?ﬁe ?(gsued groduc? aSI) ocﬁ%s';[]ear omer o r%(ﬁ:l r\/b%EXs, the most

prfarfedcroduct usr( 2636,1 llp‘if)e%@aﬂ:é%lmxyB@b@wl@rnirm Pl Gtidiraethpyy-
i@q é\l7 Pf@h@&hg@o(ﬁi 1@(‘1’8 Bg.- eﬂ%togﬁmgfmé 9rcg}ﬂo§yﬁcv£1cp£mfd¥rl’iavmg the
= tert utoxy rbony referably, a solution

OB’@%W%UJZ‘?Z 2-trifluoroethanol is 10 added

conti nuously during the hydrogenation by punp. In a

preferred enbodi nent stlep conprises the manufacture

of ester 1V, wherein R3 are nethoxy, R4 is

hydrogen and R and Prot Qire M3 defined before. Mst

preferably, R is ethyl. Most: prefsKppl y, Prot is Boc.

Step c) conprises gm datign dfsthe estzer of formula IV

to formthe amde%frmé HProt CONHE 43z :H* V

15 R wherein RZ, ,

above. The am dation Jsuallly perfornmed with as

sui t abl e am dati ngCager ch as formam de/ sodium

nmet hoxi de (NaOwe) , If or rmm de/ sodi um et hoxi de (NaCEt),

acet am de/ sodi um net hoxi de and acet am de/ sodi um

gtr ggﬁlhgeg%qn\%gﬁl{;g t gﬁltlllé%oph?cﬁg]d%g)ﬂe_i%ft c?cés?%ghg'{lerlzatlon takes place at

posiddhy hifidthua nhd3R - pilke) of diedianaladVb tsempafatied es a bfrgdk@xtent in
t r gply of 20 C to 45 C In a preferred

%e3%d¢%9m8*of§{)§%§lc) conpri ses the manufacture of am de

V wherein R2 and R3 are nethoxy, R4 is hydrogen and

Pr ot Firdhegstegpef i ned above. 25 Most preferably, Prot is

Boc. WD 2008/ 031750 PCT/ EP2007/ 059265 - 16 The

desi As&r&hg@wﬁtll arﬁ)tﬁ&%n{b@uimé)t(%@ﬁ{eezr ee1a®) taf (Sf qrfmdramethyl-

Vi Mt D, 05Hy R GLery 80 producty e (29038 L 15 1o

isoquinoline derivative (VI) which can be obtained from the carboxamide (V) via e.g.

Hoffmann Degradation. Coupling yields the hydroxymethyl derivative of the pyrido [2,1-a]
isoquinoline (VIII), which can then subsequently be cyclized to the fluoromethyl-
pyrrolidin-2-one derivative (IX). The latter can be deprotected to yield the desired pyrido

[2,1-a] isoquinoline derivative (I).
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1,3,4,6,7, 1l b- hexahydr o- 2H
pyrido[ 2, 1-a]i soqui noline-3-carboxylic acid am de

whamsmgr7she followi ng structure: O QANH 2 sPOIZERIR7/B59265

OV 11b _N O It has been foupd that during the

am dation of the ester epinerization takes place at
position 3 and thus the 3R-% [ of the fornmula |IVb
is transforned to a | arger ex enff in the 3S-epiner of

formula V. Further steps: 10 According to still .
anot her eppodi ment (Scheme 2, hal ow) /;}{'é :
(S)-4-fl yo gmhyl di hydro-f& ra{HZ \(/IVII) can ’;‘HBOE

di yecth coudpl ed wi tzh t hg nd- pyPi do' [2,1- a]H N

i Sogtivpohi-he—detvati VE™ |ch—eaﬁ—be>ob¢2| 5
f g Jcar hokamdde ( 4

D&gr ation. Coupling F§/| ek4ds the f?'”%['e&ig;/@net

derivative of the pyrido [2 1-a] isoquinoline RVI | I?/,
whi cl can then subsequent| ))’1 be cyclized to the .

fluoromet hyl 15 pyrrolidin- @;ng Brivative (1X). The ?’F

| atter can be deprotected tR y d the desired pyridg™
[2,1-a] isoquinoli ne, der inat | v'é (1). WD 2008/ 03175p
PCT/ EP200QZL059265 - O FH+—NHBOR

NHBoc R R iNci/Ri, degs R a t ol 48 RBxanel 30C, Rla 2Hci
R Ra V Viz MMos R 2. HClI, isopropanol R

IX

In a further preferable embodiment the process for the preparation of (S)-1-
((25,35,11bS)-2-amino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido|[2,1-
alisoquinolin-3-yl)-4-fluoromethyl-pyrrolidin-2-one or of a pharmaceutically acceptable

salt thereof comprises the subsequent steps

d) degradation of [(2S5,3S,11bS)- (3-Carbamoyl-9,10-dimethoxy-1,3,4,6,7,11b-
hexahydro-2H-pyrido[2,1-a]isoquinolin-2-yl) ]-carbamic acid tert-butyl ester (amide of
formula V wherein R” and R’ are methoxy, R* is hydrogen and Prot is Boc)

e) coupling of the so obtained (25,35,11bS)-3-amino-9,10-dimethoxy-1,3,4,6,7,11b-
hexahydro-2H-pyrido[2,1-a]isoquinolin-2-yl)-carbamic acid tert-butyl ester (amine of
formula VI wherein R* and R? are methoxy, R* is hydrogen and Prot is Boc) with the (S)-4-

fluoromethyl-dihydro-furan-2-one of formula

F
S
o Vil

o)

f) cyclization of the obtained (25,35,11bS)-3-((S)-3-fluoromethyl-4-hydroxy-
butyrylamino)-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido|[2,1-a]isoquinolin-2-

yl]-carbamic acid tert-butyl ester in the presence of a base, and

g) deprotecting the obtained (28§,3S,11Bs)-3-((4S)-fluoromethyl-2-oxo-pyrrolidin-1-
yl)-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-a]isoquinolin-2-yl]-carbamic
acid tert-butyl ester.



FFNHBoc NHZ NN z 6N HR\ ORz NO 1. MC /

NEt3 R31 / 1. HO, dioxane 3 2 HO 2. LiHVDS R4 2.
wogog/03epr opanol R R a I X | In a further prefRCEBPM07/059265

enbodi nent the process for the&gfeparation of (S)-l-

((2S,3S,1 I bS)-2-anmi no-9, 10-di met hoxy- 1, 3, 4, 6,

| b- h?ﬁaﬁ%r%({] |1'221H- (;qruqrgpl[ne r1vat1vJes ofS f%%?uﬂ%ll) as glséioged in the PCT

-fluoro
priadprlzeten &\é@ l2905d@(29§é$ aisl L@efut,ﬁllrtthft eateght aoliprirepleylaxis of
hle]eﬁrrr%HpﬁﬁﬂW Hro?ll%ﬁa&%s Qf)dlée%eg %?Jh' 299 aégt)(:lﬁt(?g SiBPEP PPLich as

3- Car banpy di net hoxy-1, 3,
&1@ Retry a%mzhr pyendesyiin, dfP%}] eP&@‘éb‘?tﬁb‘FlFlﬁf% ga1d/oy impaired glucose
tol@hR@hCwaALdshth@condidbié wheleRY the @fﬂpﬁﬁce@fon draetaH & a\'f)eptlde

n R2 an r met ho R4.i.s h en. and, Pro
P%rn@gfér)maﬂ)w%tfg Pg\)g)r?l gB5ss attﬁgfage)utmege teé %ﬁlgng 1ihe compounds
1)) 0313 -pBesamti incen@ioh Qanlhls@ b osey-id 13, deabméntlabiol/or prophylams of obesity,

| A -yl :
L Caﬁ%é{ l%k/'iepé{]tseaqg Cgo%itl;l"[ﬂ Owg@n%n%%gg e}f}d)/ or metab?}}c syndrome
ahiercell prqi@ctlandFtRﬁleam@r Wwoums pEthhperseRianveatign rawbe used as

HRirBRG:e N Eﬁ‘d fdehd Slatfhent and/ or prophylams of hypertensmn Unexpectedly,
quoroneth ro-furan I

ﬁlefgnﬁ)f)ug %q) |tggpfeéeptéqivepﬂgn 526} gt H@grove 'H}erapeutlc and pharmacological
pebperdies tdiapired 1d OfBkr BPPLIVORBIvRL Y moAnhiyi dh©xty,-such as e.g. in context

b | am O di thoxy 1,3,4,6,7,1
WﬁbﬁéégﬂVQFH%E?FHV’lﬁ%mng) i soqui nol i n-2- yl]
-carbam c acid tert-but ester in the presence of a
bas eThafedlogjngapmptes ghdl%@ustt@e thistimyenéidn without limiting it.
(2S,3S,11Bs)-3-((4S)-fl uoronet hyl -2- oxo-pyrrolidin-1-
yl) -9, 10-dinethoxy- 1,3,4,6,7,1

| b- hexahydr o- 2H pyrido [2, 1-a] isoquinolin-2-yll
-carbamc 20 acid tert-butyl ester. WO 2008/ 031750
PCT/ EP2007/ 059265 - 18 The pyrido [2, 1-a]

i soqui nol i ne derivatives of fornula (11) as discl osed
in the PCT



Int. Application WO 2005/000848 are useful for the
treatnment and/or prophylaxis of treatnent and / or
w@e@plyl7axi s of di seases which are associ at ed MT/BEPOPR059265
|V such as diabetes, particulgyly non-insulin
dependent di abetes nellitus, and/or inpaired glucose 5
tol erance, as well as other conditions wherein the
anplification of action of Elg'é" $de nornal | y
i nactivated by DPP-1V gives a therapeutic benefit.
Sur prisingly, the conpoundsbbrefiatines present invention
can al so be used in the treatnent and/or prophylaxis
0 esity, 1n {0 bowel.  di sease, Colitis
Uﬁ@@fosa, NbrbuikﬁgﬁﬁW?ﬁéﬁﬁﬁﬁpuﬂetabolic syndrone or
(3-cell protection. Furthernore, the conpounds of the
prle®©&ht | nvent i dMbethamlbe used as 10 diuretic agents
and for the treatnent and/or prophylaxis of
t ensi on. U@gﬁg@ﬁtedly, t he conpounds of the
present invention exhibit inproved therapeutic and
pharmaecotogical—properties conparedto otherDBPP-1V
i FBVIBi t or s knowdributyimethglethersuch as e.g. in context
wi th pharmacokinetics and bioavailability. The
fphFow ng examphegaggbiurdd | ustrate the invention
without Iimting it.” WO 2008/ 031750 PCT/ EP2007/ 059265
-,éz Exanpl es [Abbreyi ati ons DVF N, N-Di met hyl f or mam d
MEEH Met hanol | B8R EFRBHBTY™ TBVE Tri but yl met hyl et her
THE Tetrahydrofuran RT Room Tenperature TEA
TTFA | uor acet at ¢ Triflfuotacedateuor met hansul fonate TFE
2,2,2-Trifluoroethanol BOC20
' tert.-butyl-%ﬁ r ) - Enam ne ester nmeans
(S) - 2- ani no- 9, 6@9?%@?‘%%‘/{“%&% '7,1 I b-tetrahydro- 4H

1

J 2 avr-hn

pyrido—{2,—t—=aj—i+soquinotine-3-carboxytic—acid—ethyl
ebfler (or net hyl.2ed-Trifluptogdraoet hyl ester if
specifically indicated). (all-S) Am noester denotes

(]?&‘zés’ 1l bS) - 21 @Tlt@@'—lgut}lodlgérﬁﬁﬁeﬁ@x% 1’ 3’ 4’ 6’ 7’ 1l b-

(S)-Enamine ester means (S)-2-amino-9,10-dimethoxy-1,6,7,11b-tetrahydro-4H-
pyrido[2,1-a]isoquinoline-3-carboxylic acid ethyl ester (or methyl or trifluoroethyl ester if
specifically indicated).

(all-S) Aminoester denotes (2S,3S,11bS)-2-Amino-9,10-dimethoxy-1,3,4,6,7,11b-
hexahydro-2H pyrido[2,1-a]isoquinoline-3-carboxylic acid ethyl ((or methyl or
trifluoroethyl) ester.

(all-S)-N-Boc-Ester refers to (2S,3S,11bS)-2-tert.-Butoxycarbonylamino-9,10-dimethoxy-
1,3,4,6,7,11b-hexahydro-2H pyrido[2,1-a]isoquinoline-3-carboxylic acid ethyl ester; (or
methyl or trifluoroethyl ester if specifically indicated).

(2R,3S,11bS)-N-Boc-Ester means (2R,3S,11bS)-2-tert.-Butoxycarbonylamino-9,10-
dimethoxy-1,3,4,6,7,11b-hexahydro-2H pyrido[2,1-a]isoquinoline-3-carboxylic acid ethyl
ester.



10

15

20

25

1o hexahydro-2H pyrido [2, 1-a]
i soqui nol i ne-3-carboxylic acid ethyl ((or nethyl or

W@ eioBlosioset hyl ) ester. (all-S)-N Boc-Ester reP&r/BP1007/059265

(28 3S, 11 bS)-2-tert. -But oxycarJZf)(pnyI am no-9, 10- di met hox
- 1,3,4,6, 7, 1l b- hexahydr o- 2H
gz\éplgﬁ[b%% N%ocf’lﬁgfil%lrgf%rs to?%(?s 3R kaerp lﬁl‘foxycg}r{)oXylammo 9,10-

uor oe
dpeathdxyehd by, 7 Hdtrlm@ftalemro 2ibp(riR[3S; aiisb@)lerEo%:cabp@rhc acid ethyl
peans (2R, 3S, 1l bS)-2-tert. - But oxycar bonyl am no-9, 10-

di net hoxy-1, 3,4,6, 7, 1l b- hexahydro 2H

rid 1-al i soqujnold ne- 3 C thI
B R s Bl GRS O bl 5o s O Opdimethoxy-
1.88)6.7, M‘tBb@xaggcﬂrngH evede 2tlxal (sggulglRlule 3- carboxyhc ac1d amide.
| bS) - 2-tert.-But oxycarbonyl am no-9, 10- di net hoxy-

1,3,4,6,7,1 | b- hexahydro-2H

do | soq ui nol i,ne- 3- carboxylic acid ethyl
gg‘l E?SIJ%fdﬂrFC‘%) g}ygu}a\ﬂ? de denotes (2S,3S,1
I bS) 2-tert.-Butoxycar bonyl am no-9, 10- di net hoxy- 5

Syrlthés,ls7qf_’(Itb)—lh(éxah(y@mrbﬁhyl 2-0X0- propyl) -6,7- dlmethoxy 1,2,3,4-tetrahydro-
%Xﬁhﬂ&[nﬂuﬁl (?Méd:éqw nol i ne- 3- car boxylic acid am de.

esi s precursor conmpounds A) Synthesis of

) 1- (3- et hoxycar bonyl - 2- ox@y preppw ) - 6, 7- di met hoxy-1, 2

, 3, 4-tetrahydro- isoquinoliniimd¢hloride OVOOO0O OH
COOEt 1 MO N HCl a) heptane, Xkt hanol MeO NH + NaOAc

HCI  MeO b) water, MeCH MeO c) 4dCl (conc.) 2 3 10 2#50c00gt
g of cyclic anhydride 1 was chayfged in the reactio
vesd&sl kel layedciby 925 rrLa)%ptanlge@ﬁaqg]e 925Vefl. et
wer e <®v over ISNa@ACt sion, keepi
t entpe® atlr & bet ween 20- 25b)@aterA¥"F | h read¥d@n,

resul ting,sol ution was addE4' V&t 1.5h to a sol gtion
conS|st|ng of 370 g of imne hydrochloride 2, 13.33 ¢

sodi um ac 7L ethanol, and 93nlL wate ee

the t¥hp Gtk iohydide Enosdipedch t&%@aﬁmd‘t?é%effoﬂoweg by 925 m of

heptane. 925 mL ethanol were added over 15min to the suspension, keeping the

temperature between 20-25 °C. After 1h reaction, the resulting solution was added over
1.5h to a solution consisting of 370 g of imine hydrochloride 2, 13.33 g sodium acetate,
2.77L ethanol and 93mL water, keeping the temperature between 20-25 °C. The product
started to crystallize during the course of the reaction. After 1.5 h reaction, 16.48 mL of
37% HCl.q were added followed by the addition of 2.75 L of heptane over 30min. The
yellow suspension was stirred 2h at room temperature and filtered. The filter cake was
washed with a cold (0 °C) mixture of 599 mL ethanol and 1.2 L of heptane. The crystals
were dried at 50 °C under 10 mbar until constant weight to yield 534 g of amine
hydrochloride 3 (88% yield, corrected for HPLC purity and residual solvent content).

The cyclic anhydride of formula 1 used as reagent was prepared as follows:

2.13L acetic anhydride and 3L acetic acid were charged at room temperature in the
reaction vessel. The solution was cooled to 8 to 10°C and 2 kg of 1,3-acetone dicarboxylic
acid were added. The reaction mixture was stirred 3h at 8 to 10°C. After a reaction time of
about 1.5h, a solution was almost obtained, upon which crystallization of the product

started. After a reaction time of 3h at 8 to 10°C, the suspension was filtered. The crystalls
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15 started to crystallize during the course of the
reaction. After 1.5 h reaction, 16.48 nL of 37% HCO aqg

wowers/odudded fol l owed by the addition of 2.75 LPGE/EP2007/059265

hept ane over 30mn. The vyell o¥\1 suspensi on was stirred
2h at roomtenperature and filtered. The filter cake

a cold 599 .mL .
gféfﬁ: a{/\r’]ao ec{] Wi h\%tgclﬁﬁenefa ddriegna?ﬁ%/; f()g trOGZOfn ar uitil il constant Véeaght to
altld51033d<gﬁfctechcmlhlyr@tade hfﬁoi% vieldist ant  wei ght to yield
534 g of amne 20 hydrochloride 3 (88%yield,

BPS}H&H@S%Q)ff(@L zl'éDnlnﬁond Hﬁ‘ne@lﬂ&yfﬁévqyﬁﬂtet 'yHI%DIlH parrldo [2,1-
cont ent e cycl Ic%gt?lylqu” e of formula 1 use

plasoquemolings- fﬁﬂéﬁ%{%@ﬂ Sfdws: 2. 13L acetic
anhydride and 3L acetic acid were charged at room
tenperature inythe rea@fl?ﬂﬁcv%%%'él The sol ution ygs
cooled to 8 t 1O§db(9§d 2) ko) of in1H,BA&0et one

di car boxylic id were agd . The reaction mxt

was Mdd.J t 8to IOW er a reachle®
25 abou HDI ut | ShVWE5C al most  obt ai n

i zation of the product strsd€th
reaction tip,nme of 3h at 8 to 10C, the suspensi on, was
filtered. The crystalls WO 2008/ 031750
PCT/ EP2007/ 059265 -21 were washed with 4L tol uene and
dri etBlag ofsm@ng hydrocllopded averadrargeddn it rangtionaiegpkk fotlpwed by 7.2 L
}rﬁeﬁ{aﬁollarﬁﬁl 0RD Pfodsnh htGaMsHtsied sd SRR Whelddkd oBr 25 min,
nt he

E’%f P?Béﬁf F%n@rafereol?e.%‘i%?@yza (g tora g9lptionpt LGmG-340e ypepus
ol dehydy in 200U et dnok ABte€ 215h exactibs, 306190 aﬁﬁimwhuels h&ltate were
?_‘adelc\lla%% ede'rlcg_l Ipﬁturg)waﬁl%(i %Sé(ﬁ/b(g%bstlrél% OZ(emh%’é the
splofiormawinenkgrdrasechioor thitds ogl. @ edidiaraqedhiane wdre added followed by 2.0

%\gl?ér' L) L"l@@(?’?ciuegﬁé Il\TQl\g@@ D¥erd slg\ivlly aﬁﬁ&h anelor glgc oﬂ}%gee \?Iagseparated

I um acet ai ned ution was a
21511 Wished Wil hd0tanaveeudiGl liheagieoiprmsopvary reextystegd
&thblﬁtha‘ll v@fh 386 .dechidrodfetand Uﬁ%&%mﬂlﬂéd@lggﬁhﬁﬂﬁseé Wert-cdncentrated

SRt ot ot s b Aoy DRSNS P Bl °C over sh.

hreaddegh datd °4}3&r5105h@t -28 Y@ raftst which nige epemBioghtas filteeed. The filter cake

?Xlgic ﬁ%%{r@@ 1, rgg)gpvv\\fgtﬁe ag%%gb I?rnlrafola)é 2% Q? %etééhgl alhd 300 mL cold (-25

°C) heptane. The crystals were dried at 45 °C under 3 r to give 365 g enamine ester 4
(73% vield, corrected for HPLC purity and residual solvent).

C) Synthesis of (S)-2-amino-9,10-dimethoxy-1,6,7,11b-tetrahydro-4H-pyrido|[2,1-
alisoquinoline-3-carboxylic acid ethyl ester, salt with (25,3S)-bis-benzyloxy-succinic acid

NH, NH,
A\ CO.Et OBz \COEt OBz
COH H
MeO \ + HOC 2l = MeO \ Hozc/'\(COZH
OBz OBz
MeO MeO
4 5 6

A 500-ml four-necked flask equipped with a mechanical stirrer, reflux condenser, a
thermometer, and an argon in/oulet was charged with racemic enamine 4 (10.0 g, 30.1
mmol) and EtOH/H,O 9:1 (125 ml) was added. The mixture was heated to 50 °C,
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L water. 3.0 L 10% aqueous NaHCO3 were sl ow y added.
The organi ¢ phase was separated and washed with 3.0 L

waomsasureous NaCl . The aqueous phases were re-BXI/ERZDE059265

sequentially with 3.6 L dichl ogpnmethane. The conbi ned

organi c phases were concentrat€d 15 and re-dissolved
W%lerﬁlelefl)rll’l X cleargﬁzllowm% S(Ir)'li?,lélgg g\%ls OPtgglee&S(glﬂ %j[glgﬁfb nZQgIQ%—tag[arlc acid 5
é\IfOtE’eg, 30Hi mmd)heasgldslpdsnmrarpmla@n fd giveer dear sBheiohi Aftera couple of
( 25C tta}r’%gﬁﬂﬁgsthﬁeda qht 'nﬁ%r%ggwal]oﬁfeﬁ Q(§ ab cg)r(])g{o zﬁl%lgnt
EPYRSEHNES QNEF &5 @rqnémaatth%t@edﬁa@n%h%éﬁw& a“hcf 815361591@ was

SR&EH BLd BtRer dake(Wad Yoayh&l With SR ATICEA SfrﬁD abPRC MfikdridrYing under
and r ezﬁdual sol

Synt he
P Lo mine el d o T 549, SR te 0 an shizinedg e crystals.
THefntione}ic sxqss wiol denemdacarylddRYC oa chtaldtaiohyty dateusing a
i - bi s-benzyl oxy-succinic acid NH2
ﬁ%ﬂd%ﬁg@ z MeO N + IXDZCZ_I Y CO2H .
::2c022B: 02H MeO 4 5 6 A 500-m four-necked fl ask

Byt ppled wi th a mechanical stirrer, reflux condenser,
a therm)mster and an argon in/oul et was charged with

@s@éﬂﬁe(;ﬂ aearﬂm()bouﬁdl%eﬂ%gcyllt @5 105al)1306b- E QR0 1
m Xt ure was eatl e 0
éw&@ge%rﬁo@%ﬁwﬁéﬂsz%tﬂosgzas %52 wher eupon a

cl ear yell ovmﬁh sol uti on was obt ai ned.

(+)-00-Db ﬁi? -Dtartarlc acid 5 (10.8 g, 30.1 | CO.EL
mol ) was, ad FH one§ rt|Honto give a clear z
sol M9 r a co 8" ni nutes; es, ‘cryst MpP

hel m xture wassal | owed to sI oWy coo
t&nperature over 2.5 h and was theM®®tiTred
for another 14 hours. The suspension was 5 filtered
and the filter ke was washed with EtO—I/H20(157m)
at 0 C. After d%’?l ng under vacuum (S)-enamne salt 6

(9.37 g, 45.1%yield, 98.0%ee) was obtained as white

crystabg-ml oFteencekahtoiuoddpttomeiask ssthwasaghetie stireregasiyparged with

@-‘-&aﬁ{‘n&ﬁhﬁﬂ& a&& Q&H @ﬁ%ré’ %QB%SHW 'ﬁ%@@?e)%kl@}b@:@z (180 ml).

col unmm hesis o
?(S}lumfafﬁfw@@nﬁlﬁl% Q%é’tlﬂow rnl) 8vay adqqsl angthe Ay drE Airpegpf room
e?.at&re fai} 5 &ﬁﬁl@ﬂe@ qthie mxﬁn@aramwdrfedae |a@q§%lr£ﬁ/ﬂ fash&@rand the
SR, AE 180500, Brying Soeraeabso ke
W@OHS ase was extracted ith CH,Cl; (180 ml). rying over‘N'aZSO tration and
evaporation of the solvent gave the desired (S)-enamine 7 (8.77 g, 98% yield, 99.0% ee) as
a yellow foam. The enantiomeric excess was determined by HPLC on chiral stationary

phase using a Chiralcel OD-H column.

Acronyms of diphosphine ligands

DCyPP 1,3-Dicyclohexylphosphinopropane

(commercially available from Acros Europe at Chemie
Brunschwig AG, Basel, Switzerland)

DPPP 1,3-Diphenylphosphinopropane

(commercially available from Fluka AG, Switzerland)

DPPB 1,4-Diphenylphosphinobutane




0Bz
flask with a magnetic

W@ 3)08esIn ne tartaric acid salt 6 (18.6 g,

99. 0% ee) and CH2C12 (

MO MO 6 7 A 500-m one-necked round bottom

stirrer was charged with
29. BCTRP1007/059265
180 m).,15 Sodi um hydr oxi de

solution (1.0 N, 180 m) was atiled and the nixture

ct i vrrad A+ r Annn + A~
SUT T T TCTU Al I OUIlI L CIIP

m xture was transferre

y ot iy~ £ ~ C it Ao
racurc 1 v < HITULr €S,

écqramﬁr%%lafa@weﬂiqb#‘gfr@rurﬁh@iéc%%ﬁwiﬁérland)

aqueous. phase was extr
Dbyiliyisdr Na2so4, fi
sakngihth@ae the desir
yield, 99.0%ee) as 4

T S GH AR ot k) phosphine
éprepSyption sreseribed (i Kammcgy, etgBokleteroatom

| Ghetrisow TWAmMS(The@32380 | omrer i ¢

excess was determ ned
pH&EERB using a Chiral ce
di phosphi ne |igands D(
1, 3- Di cycl ohexyl phosph

R S i

W Bnmercially available from Acros Europe at Chemie

iBroprcbpankG, Bodnbeitzilahd)y

avail apfe from ACros k&

i

Bas®I-PPISRI tBoer | and) DR

(commercially avail abl

é@%ﬁ’ﬁ% %H/g\%%é‘lyl] ethyl-
Swi t zer | and)

ORAB-tpPE-POBaheny| phosy
PCT/ EP2007/ 059265

-23 &

HEnohut prRe- ZVDi[Ql@ng)E&];Kﬁfb)ferrocenyl] ethyl-
commitgplésdpiiinaval | abl e from

—l I A st I PUA
FIrURa AG  Swt 2T T Adllu)

1R -MNaya b0 BEHEIedi vyl bi g

acenapht hyl ene (preparat

t(pdepd2Bdn dBdBbed RIhAB Lt &1 PRR and

al , Heteroatom Chemi s
1, 3-Di -i sopropyl phosph

Aavai |l ahl A
v

frnm Ape C

(Bﬁ-" 2_1%%%1(51' Pélél'f-’) -] QSFHHI& ) prmethoxy-
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BasatyM wipzgrd and)  ( R)(S{—E,)E:Bi;s—.(diq]_d(P}(eg)(lphosphino)—6?6—a\;;nethoxy—

- 2- Di phenyl phosphi no)
P(tBu)Z di-tert.-butyl
(S)-(-)-1- [(R-2-Diph

di-tert - but vl nhosphi
gl-tert. putyl phosphl

%%%Eg ( é:geg’ﬁ%?\)lz %

fler badeayll | ethyl - (R S) PPF

R Re E ), %ﬁre and

i

- %)%, BiBa-MEH S Epphexy

I(plobBphethoyy|168!-Biptiemet-B kil bis(bis(3,5-di-
tert.-butylphenyl)phosphine

(R,R)-MeDuphos

1,2-Bis[(2R,5R)-2,5-Dimethylphospholano|benzene

(commercially available from Strem Chemicals
Inc.,Germany)

(S,S)-MeDuphos

1,2-Bis[(2S,5S)- 2,5-Dimethylphospholano]benzene

commercially available from Strem Chemicals Inc.,
Germany)

(R,R)-SKEWPHOS

(2R,4R)-(-)- 2,5-Dimethylphospholano]benzene

(commercially available from Strem Chemicals Inc.,
Germany)

(S,S)-SKEWPHOS

(25,4S)-(-)- 2,5-Dimethylphospholano]benzene

(commercially available from Strem Chemicals Inc
Germany.,)

(1R,1’R,2S,2’S)-DuanPhos

(1R,1'R,2S,2'S)-1,1'-Bi-1H-isophosphindole, 2,2'-
bis(1,1-dimethylethyl)-2,2',3,3'-tetrahydro-

(commercially available from Chiral Quest Inc., USA)

(S,S)-BCPM

1-Pyrrolidinecarboxylic acid, 4-
(dicyclohexylphosphino)-2-
[(diphenylphosphino)methyl]-, 1,1-dimethylethyl ester,




1,1’
al .,

- bi phenyl  (prepar

-6, 6-di met hoxy- 1,1'-

in Schmd et al.,

o0/ 1\ 121 __ O\ { R\

Pure and Applied Chem stry 1996, 68(1),
W@ 3)08/08Me OBl PHEP (S)
bi phenyl )
Pur e and App |ed Chem stry 1996,

ation described in Schmd et

131-8).

(di cycl ohexyl phCEPP2ONTY59265
preparation descri bed

2,2-Bis-

UU\J.), J.\.)J.'U). \F\)'B,\.
(6,6"-Di methoxy[1, 1" -&
i- tert. -butyl phenyl)
1,2-Bis [ (2R 5R) -2, 5
(commercial ly avail abl

|(%$T§Irﬁ§/| 1-2,2 -diyl)bis(bis(3,5-d
(pAS I 10805-R)-R) pivpdapdrodescribed in

- Tk afeishiydt ph Gephieddanol]etlos N8ee 27(37),
e}4f77 -80) Strem Chem' cal S

e Germany) (S, S)=M |

2@163D(®ﬁo@w-mm§mparﬁi ;ﬁéﬁé} e 22 B I

avai | abl e from Strem ¢ imethyl-1,5-

(R R) - SKEWPHCS (2R, 4R) dQOX)O anz‘“z E‘}eﬁﬁ’tl hyPp Ipfho| ano]

benzene (commerci al |l »3& hiealh €ndlb iﬁéﬁﬁbg‘&fﬂ @Hefrical &

Inc., Germany) (S, 9) WK da? By Hetih~ {99B; 41g6) 1149-56)

25 Di-rret hy+-phoespheol arj}@m?égzer&e 1 ﬁow;eéc@lah Iohosphino)-6.6'
aveLtpBeHENeP St rem ( ne digyeloheatguftip onylphosphino -

(1R, 1}§R 2S, 2" S) - buanPhsmethyl[1,1'-biphenyl]-2-yl]-, (R)-,

(IR 1'R 2S5,2'S)-1,1" -H
bi s(1, 1-di met hyl ethyl) .
(commercial ly avail abl
(S, S)-BCPM 1-Pyrrolidi

(dirvrlnhvalnhnqnhinr

3'(C;$|Nrsl Q@S 95' '2 tlgn aescrlbed in Broger

f gf\/b 931 Al and in
GM (‘5& h ] @@ﬁédl{ PEerr. 198837, 5347-
3850 e

2 [(dl nhpn\/l nhnqnhl nn\

L ob T

-24
preparation descri bed
Letters 1986, 27(37),

@lhbyphm«s tdmydokiﬁyHQDBhﬁlﬁﬂﬁﬁmosphino) -6,6'-
di2a&hokg ) 51 "-bipASNIF-2310008-,30- 6,
(prep;rratlon %escrlbe& 1n81%roger ett aﬁB%qunp Appl.
(1993), WO 9315089 Al and in M. Cereghetti et al,
Tetrahedron Lett. 1996, 37. 5347-50).

(S)-Binapine

(35,3'S,45,4'S,11bS,11'bS)-(+)-4,4"-Di-t-butyl-4,4',5,5'-
tetrahydro-3,3'- bi-3H-dinaphtho(2,1-C:1',2'-
E]phosphine

(commercially available from Strem Chemicals Inc.,
Germany)

(S,S,R)-MePHOS-
MeOBIPHEP

(25,2'S,55,5'S)-1,1'-[(1R)-6,6"-dimethoxy[ 1,1'-
biphenyl]-2,2"-diyl]bis[2,5-dimethyl-, Phospholane,

(preparation is described in Schmid et al., Pure and
Applied Chemistry 1996, 68(1), 131-8).

(R)-iPr-MeOBIPHEP

[(1R)-6,6"-dimethoxy([1,1'-biphenyl]-2,2'-diyl | bis[bis(1-
methylethyl)- phosphine

(preparation is described in Foricher et al. PCT Int.
Appl. (1993), WO 9315091 Al)

(R)-Et,-BIPHEMP

(R)-[2'-(diethylphosphino)-6,6'-dimethyl[1,1'-
biphenyl]-2-yl]diphenyl-, Phosphine
(preparation described in Broger et al. PCT Int. Appl.

(1993), WO 9315089 Al and in M. Cereghetti et al,
Tetrahedron Lett. 1996, 37. 5347-50)

(R,R)-PPF-PCy,

(R)-1-[(R)-2- Dlphenylll)hosphmo)ferrocenyl]ethyl—
dicyclohexylphosphine

(S,R) -CY2PF-PPh2

(S)-1-[(R) —2—d1cycl(ihexylphosphino) -ferrocenyl]ethyl-

diphenylphosphine )




4477-80) (R R-(Cy2)(3,5-tBu)2-Dl CP
Bi s[ 3, 5-bi s(1, 1-di net hyl et hyl ) phenyl] [[ (4R 5R)-5-

WO taBoycsohexyl phosphi no) mnet hyl ]

- 2, 2- di met hyPCEB2007/059265

di oxol an-4-yl] nmethyl] - phosphi ne (prepared in

analogy to Nbrinnto et al . Chemi cal e r

Dh Ao H Al Dyl | n 1{'\{'\ /11IR\ A O - ER\

(RROF rﬂﬂd@iﬁcfﬁ’pospr i(Rer1-[(R)-2-(2.-Di- G phosphmophenyl)

cl ohexyl [ 2" -

dﬂ)‘)%}izblohean

(di phe
-2-yl]

romressayptinyiel 3,661y ahaetiga | |
(R (CAS Nr 151489- 54- 2

cri bed

p@@s? ]I\)/%]Bg@esg Al

i(R)Br[ogeD- D18}fcl(ﬁiexylﬁ€3—sphﬁio)feﬁﬁﬁényl
@ng/ldlaycldlvﬂe gieghpiti et al,

oD

100
ICl r aIICUI on LCl l . 1IJ9

(R, R CY B ;HAEBICPHER; HPhe
dlcyclohexyI[Z (diphe

q

3

[SB ﬁé (R) 3! (2 Dlpﬁenylphosphmophenyl)
"'féﬁlrmﬁﬁﬂﬂéﬂfypchplﬁen@ p‘ho%HH?é hoxy[

) hi 2
J.,J. IJI 'JIICIIyIJ - yIJ

| R, Bf-PBYPhELCRICH;PLYI, |
and in M Cereghetti

RSB 2 Blshs e e egby

BT AR AR
tfet‘%oenle&BJ/'lép exl. %yll-}ﬁﬁésphﬂqg 96,

Q 7 l-_\ Q /1 7 l-_\ ﬂ\ / Q\ Dl A4
3 , S, 11" (BBY -[(B: 24 (4- miethoximgidylingetlayl plsenyl) -
(@ir“)t %%%%ﬁ rlﬁt%‘h)? .p.r@%ﬁén%am@mm bl hine

d{%phos_Ehlne (commer ci
MBIE | nc. Ger ma
(25,2'S,5S,5' S) 1,1 -
MeOBI PHEP biphenyl]-2
Phasphol ane, (prepar'

4, %1£(8[Bhenylphosph1no)—
m? {E(:l(ali: ailable from Chemi
el aﬁorg C1e8 %{ se]I

i
Ey gﬁy o Balsamo, Milano
escrlbed in Schn1d et

atlﬂ}l-s)#t%band Appl i eq

OBl PHEP
[(1R) -6, 6" -di met hoxy[ 1

ZQ’IQJITG(S@hynyllﬁﬂﬁphﬁB][ 1S,1’'$3328)-1,1’-
bicyclo_pentyl (Commercially available from Chiral
QuesbiinpheriyitdtoR C3rpodtaty IPldah,s¥Ibhsouth Jct,,

MeOPh),PF-P(tBu),

1- nethylethyl) phospmﬂoaﬁcheaaratlon 'S descrlbed

I I I_UI I bIICI et dl . P\,

S Rl 2 BhHENP ()1 (B <P§2£ﬁ§?f&fawﬁ lggeenlethyld:
-6,6' -dimethyl [ 1,1 "% P psphiney| | di phenyl -

APl N3, -4 (S)-1-1(R)-2-Di (4-methoxy-3,5-di tert.-

butylphenyl) phosphino]ferrocenyl]ethyldi-tert.-
butylphosphine

(S,R)-(2-MeOPh),PF-P(tBu),

(S)-1-[(R)-2-Bis(2-methoxyphenyl) phosphino]-
ferrocenyl]ethyldi-tert.-butylphosphine

(S,R)-(4-F-Ph),PF-P(tBu);

(S)-1-[(R)-2-Bis(2-fluorophenyl) phosphino]-
ferrocenyl]ethyldi-tert.-butylphosphine

(R)-PP(4-Ph)F-CH,P(tBu),

(R)-(4-Phenyl-2-diphenylphosphinoferrocenyl)-

methyldi-tert.-butylphosphine

! Commercially available from Solvias AG, Basel, Switzerland.
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(preparation described in Broger et al. PCT Int. Appl.
(1993), WD 9315089 Al and in M Cereghetti et al,

wdetosabiesr on Lett. 1996, 37. 5347-50) (R R) - PREF/PE}RT/059265

(R- 1- [(R -2-D phenyl ~hosphino) ferrocenyl] ethyl-

di cycl ohexyl phosphine (S, R) -Cy2PF-PPh2 (S) -1- [ (R

- 2-di cycl ohexyl phosphi no) er r&ggnyl ] ethyl

di phenyl phosphine * WO 2008 PCT/ EP2007/ 059265

-25 (R R) - Xy12PPhFc CHCH3-

PRparhtipp Rf(@,%Szl 1bBy -2 (tertsBtpkydaybonghoy pirondptimeiiioxy-1,3,4,6,7,11b-
Eé%h JI%[Z}@%%W&FL& 184 ﬁ‘éhﬁilh()?fm53)&¥}%|x}lﬁh£§f3§}hﬂ% z

(R) o) hosphi no) f errocenyl ] -

et hyt dﬁ[“ l)’ﬂ R %h‘btjs}Eﬁ F%’f@‘/f(tr%o]ﬁ}wpthph FCCHCH3PPh2

(R -1- [(R) 2- (2- Di phenyl phosphi nophenyl) ferrocenyll

- et hid dglphebyd @hasptenne 2 ppni R h2FPhfraCHasidPagdPwith 4.88 mg

(b R 2l D BRI D RN QREYb ) BTSRRI bt 5 mi

(rglmfoqmoﬂ:ﬂmep(qxgu): was stlrred for 2 h at room temperature.
(S)-1-[(R) - 2- bi s- (4-net hoxy- 3, 5-di et hyl phenyl ) -
phosphi fﬁama 8 leﬂa%foh k@t sgegr t . - butyl phosphine i >
(9 hwﬁ’% AT SRE I MeS/E 506

3. 3 FLhERK 085?48%@ 3?@4#?@ BB ey B R B e ity g stiring bar

ﬁaspchaﬁge,d witla0.6@ g (Lay armasdlpot (S)Q aagel-9,00-dahstowy- 1,87, dbe

I I
%Qrggg ro- 4{&? Ip%ﬁél%[%q EHI ng’E grbfxglczglﬁetgyl e]s_tei 7,3 ml of
mfbwwlpaaml ghd { @dmﬁérecab@w vatalystisplabpe. Flregmt@hivearas sealed and
%@s%trlz&[‘%th hiy8l gf@ﬁ&%a@ FIRQL &l B0 hAZ@re W%g%ngt‘éa during 18 h at

| 2PE- P(t Bu
p3{C yngqrpficring t S m}flw AesHAR §Y6§ f%”flpls@@ﬁwr}igtgw IFLC analysis.

TB¢ hydro Mbﬁ) Rasfbd, A8 otangRbol(1BoBWBtembvedfym the autoclave, 0.492
%&@1 2Birny D G N d?f@rd?%’&ﬁenwf P5HY Hgi mipxbgep vas stirred at 40°C
for 1 h and evaporated to dryness in vacuo. HPLC analysis of the residue (0.65 g) showed a
peak at RT 16.2 min (77 area%) consisting of (25,3S,11bS)- and of (2R,3S,11bS)-2-tert.-
Butoxycarbonylamino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H pyrido[2,1-
alisoquinoline-3-carboxylic acid ethyl ester, a peak at RT 18.2 min (13.6 area%) consisting
of (25,35,11bS)-2-tert.-Butoxycarbonylamino-9,10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H
pyrido[2,1-a]isoquinoline-3-carboxylic acid trifluoroethyl ester (13.6 area%) and a peak at
RT 20.3 min (1.6 area%) consisting of (2S,3R,11bS)-2-tert.-Butoxycarbonylamino-9,10-
dimethoxy-1,3,4,6,7,11b-hexahydro-2H pyrido[2,1-a]isoquinoline-3-carboxylic acid ethyl

ester.
¢) Amidation

A solution of the above residue in 7 ml of THF was treated with 0.60 ml of
formamide (15.1 mmol) and 0.84 ml of a 30% solution of sodium methylate in methanol
(4.5 mmol) and stirred at room temperature over night. To the resulting suspension was
added 3.5 ml of water, the mixture was heated at reflux for 3 h, cooled to room
temperature and filtered with suction. The filter cake was washed with a total of 6 ml of
water/THF 1:2, with 2 ml of deionized water and dried at 60 °C at 5 mbar for 5 h to afford
0.46 g of (2S,35,11bS)-N-Boc-Amide 8 with 99.1 area% purity by HPLC.
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MeOPh) 2PF- P(t Bu) 2 but yl phosphi ne
(S, R -(2- MeOPh) 2PF- P(t Bu) 2

W@ 3)08/0317¢R) - 2- Bi s( 2- met hoxyphenyl ) phosphi no]  PCT/EP2007/059265

ferrocenyl] ethyldi-tert.-but y&phosphl ne
(s R) (4 F- Ph) 2PF- P(tBu)2
hen}lfg hos

£R
f er ] ocen Cl)OTlglt]tOHS fo& deJEer %na igH o Ver51 n anldos]efect1V1ty of hydrogenation

QIR) amﬂ(aﬂo@@gﬂeml—lgpdt By avith X- Brldge C18 column (Waters, Taunton, Mass.,
2](345 FRedLs; QBQIEW}EHV 'elQr'@Hts RNIEDS €1th 868 oritrile and 1%

Idi-tert. -buty Lne 1> Commercially

%mm@ Bt (@ﬁet%lltr\ﬂre éogt Al(%/,p tr@é@ﬂﬂml@w Rreétiarraﬁ@rt 8agpA/15%B for 2
&ﬁ@&h%tﬂﬁ%ﬁ%%@%@ﬁﬁh%&%@ mirBo&¥BEMa@eldngth 285 nm.
Preparation of

(28 %{'sﬂlegg%ﬂ"}%ﬁmefhé(iﬁﬁjjﬁ\??car bonyl am no- 9, 10- di net hox

pyr| do[ 2, 1- a] i soqui nol i ne- 3-carboxylic acid am de a)
In-sCt6Q-2|Gré . &Ril6h HbT.7t Healc.at @) yNt1086 (solico.B)I n a

gl ove box (02 content < 2 ppn) an Erlenneyer flask was
charged with 4.88 ng [Rh(COD) TFA]z (0.0075 mmol),

9.12 ng (S, R)-PPF-P(tBu)2 (0. Blfnprenl ) and 5 ni
trifluoroethanol. The m xture was stirred for 2 h at
room.tenperat ure. ric _hydrogenation (S/C

500) a) W?W@rﬁﬁ’ad%téo%%)ffﬁsX%We?ﬁsoﬂugés-I i ned autocl ave

equi pped with a nagnetic stirring bar 10 was charged

wi t hir0a §0vgbgxl(BGomtmk X 2gfpm) an Erlenmeyer flask was charged with 1.95 mg

§ Fﬁ@;‘rﬁé &%%P?ﬁdg?%@g% sﬁdcwﬂnd)qlmr?gngm% oxy
gl Ud’r@ﬁt eldreapixiure waprptirgd for 2ibfat geprp derApgialurand 1 m
of the above catal yst solution. The autocl ave was

seal paAgeharie hydidge@dioni (5T hy)dr ogen (30 bar). The
reaction mxture was hydrogenated during 18 h at 65 C

complnebs ek Bt Pt Sl e s MadfiSe vl 10 0050 015
myalold gebatZ-ominm %1 @denethoxyet &7 gelbsteﬂrah}fldm}élﬂ,«\g)gldoémbved
%]&%H%ﬁn 4t c%fﬂ(gf{rcarcg 1 &R91 By e%ndghﬁgl \zaﬁ laced j jnan autoclave. The

-tert uty onate were a m Xt ure was
autpelpvaivastsealgtand piessurigedawiih dyediosemt9cbar b The yersgen prxture was
H%H%naﬁ@'&rﬁ%@%ﬂt%O of nler Jtﬁﬁhgj Ude (h(;}dﬁ)%eﬂdtlo‘ﬁhﬁi&ﬁﬁe ﬁras removed

eak  at are sisti ng g S
Fngx) the gﬁ@c]&ye,() Og@ {O ?}Sdgjnog)/%féﬁttert -butyl-dicarbonate were added the
Bmitareymﬁrshaﬁ& hasi°adoP] hhad vahed(w ddm&s 41 Bucile. JHPLC analysis of
J[he resugl( dr vaa th cpo¥1(/er91(())rll[tg be 9;3% %II])CTk T 16 2 m1n éSEi(are%%

'soqui nO | ne- car boxy C acCl
fonsit8n@ onf 29,3013 b6)-and 428,38.d hisS) SN 1Hog Et]@yfl ester, a peak at RT 18.2 min

(42§ar%§%§' lcmstr%gto?ﬁs 3%%@3(1@ Glgal mg@mrﬁ]&hﬁ’e T, q'p@?ﬁ DOXT 17.4 min

hexahydr o- 2

{43@&1197?%3) CPRistmg OAF Hbk |1Na5>a1&1%9qﬁasrtﬁfr| %lrao@ﬁtahw REZPSymin (3.6
43960 ca iUy of (6, 3R, PRAK-NUBoc-Ester.

¢) Amidation

The carboxylic ester group was converted into the corresponding amide by treatment
of the residue in THF with formamide and sodium methylate solution in an analogous
manner as described in Example 1. HPLC analysis showed the mixture to contain 44% of
the desired (2S,3S,11bS)-N-Boc-Amide 8.
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giments in Table 2 have been carried out in analogy to example 2 using

various chiral diphosphines for the in-situ formation of the catalyst with [Rh(COD)TFA],
(precursor A), [Rh(COD)Cl]; (precursor B) or [Rh(COD)2]OTf (precursor C) , S/C 25.
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€n Tabl e
exanpl e

or the inA
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* Determined by HPLC after amidation reaction with formamide and sodium

methylate solution, area%; b) Experiment carried out on 0.5 g of (S)-Enamine ethyl ester as

substrate in analogy to example 1; ¢) 0.60 g of (S)-Enamine ethyl ester was used as
substrate in a 35 ml autoclave at S/C 25, isolated yield of (all-S)-N-Boc-amide was 70%.

The experiments in Tables 3a and 3b have been carried out in analogy to example 2

Example 5

using various chiral diphosphines for the in-situ formation of the catalyst with
[Rh(COD)TFA]; (precursor A), [Rh(COD)CI]; (precursor B) or [Rh(COD),]OTf
(precursor C), [Rh(COD),]|SbF¢ (precursor D), S/C 25.




The experinments in Table 2 have been carried out
anal ogy to exanple 2 using 10 various chiral
waelRERoO3rRl nes for the in-situ formati on of thePCHERL09F059265

wi th [ Rh( COD) TFAI 2
(precursor
Table 2 Content of (all-

(precurso

Ex

Conver si on S) N-Boc am dea~

O—GA 1A

~\ A D2NNQL

B) or [Rh(COD) 2] OTf>

r

)

precur

[ Rh( COD) C112

sor Q)

in

S/ C 25.

e; Di phosphi ne Precursor
% 4.1 (R S)-PPF- B

CO DO EFp2aoNnn=7zl o

Q2A L
PILOVI

JI. 0 19 ) I'\l DU) L VKJ yAvivie)j U T Ul EI'LUUII Ud
-| Zxampint eii)tlpmplélalel Exanpl e| Brgshsophi RenRrgienr $éiontent of (all-
Qonversion S)-N-Boc-amide') [(% (Y #®)(S R - PIgE-N Boc-
100 79 c P(tBu)2 4.3 (R) -|C 95 42 ENR/E%I PHIEP 4. 4,
(S)- C 95 34 CyMeOBIPHEP 4.5 (R R)- MeDuphos C 9gmade/’3%)
6 (S, S)-MeDuphos C99.2 36| 4 7 (RR)- A 93 63
SKEMPHOS| I8 1'RSI)'S)-BudPhed | BKEWPHOS| ag Det er mi sed by
HPLC after 6?{ dation reaction with formam de and
godi um 1[ g‘ate sol uti on, ar ea% b) | Experi nment
car+ied—put—on—0-5—g—of ’C‘ Fram-re—ethyl—estertas
qubkt r at e (5,5)-BaaMogY41 o exam)IAe 1, ¢c)| 6960 g of |73
(I1S) - Enam ne ethyl ester was used as substrate iin a 35
mc aut ocl i sol ased yiel d
s R)&E gﬁ%@ sl sol ated yi el d.g§ 71
(& -s)- JSERLAL K§ 02200 | 6 Exanpl 2 The
experi rrew@olpr{zafdbl es 3a and|3b have been carried out
iln_analogy to exanple 2
5.4 (R)-Cy,-BIPHEMP (136) A >99 71
5.5 (S)-Binapine (158) A 99 56
5.6 (S,S,R)-MePHOS- A 93 45
MeOBIPHEP (188)
5.7 (R)-iPr-MeOBIPHEP A 84 34
(189)
5.8 (R)-Et,-BIPHEMP (236) A 99 62
5.9 (R,R)-Xyl,PPhFcCHCH3- A >99 27
PXyl, (214)
5.10 (R,R)-Ph,PPhFCCHCHj3- A >99 47
PPh, (231)
5.11 (R,R)-Ph,PPhFcCHCH3- | A >99 46
PXyl, (233)
5.12 (S,S)-Ph-BPE (342) C >99 74
5.13 (R,S,S)-(Cy,Ph),- C 88 66
BIPHEMP
5.14 (R)-(Cy)a2(pTolyl),- C >99 82




usi ng various chiral di phosphines for the in-situ
formation of the catalyst with [Rh(COD)TFA]z

W@ progosn7sor A), [ Rn(COD)Cl] 2 (precursor B) or PCT/EP2007/059265

[ Rh(COD) 2101t  (precursor C),_§ (COD) z] SbF6
(precursor D), S/C 25. WO 2008 b31750

T/ I:n’?ﬁﬁ7l ﬁEn’?QE 2N nln.l a On a ™Y nhnenhs

A\ b UJoJdL IE®AY) |a Tl oA I_A(J.IIP T IJIIUDpIII e

F’rfefampéeo D@hwplmﬁ on Cont ent | 8fecisbol - | Comvegyion Bémntent of (all-
dnmidea) (% 5.1 (1R 1'R 2S, 2’ S)-Duanngd;b)A 98 51 shN-Boc.
(1163) 5.2 (S, S)-BCPM (194) A/ 99 73 5 o
(IR R -(Cy2)(3,5-tBu)2- A >99|71 DI OP|(228) 5.4 |amide” (%)
(IR -COy2-BILPHEMP (136) A >99 VY1 5 5 (8)-Binapine (158)
A 99 56 |Br6IEGPS, R) - MEPHOS- | A 93 45 | MeOBI PHEP|( 188)
5.7 (R -{Pr-MOBI PHEP A 84 34 (189) 5.8
(R -Et 2-BIPHEMP (236) A 99 62 5.9
(R R) - Xy12PPhFCCHCH3- A >99 27 PXyl2 (214) 5. 10
(R R) - Ph2PPhFCCHCH3- A >99 ZZABLPBh2 (231) 5.11
(R R) - Ph2PPhFCCHCH3- A >99 46 PXyl12 (233) 5. 12
( - Ph] C >99 74 ? - ]
s gk BIEGHERL % 5 Gy Dbl okl gh g i o e
2008/ 031750 PCT/ EP2007/ 059265 (%) S)-N-Boc-
amide” (%)
5.15 (R,R)-PPF-PCy, (105) D 98 54
5.16 (R,R)-PPF-PCy, (117) A 99 59
5.17 (S,R)-Cy,PE-PPh; (195) A >99 49
5.18 (R,S)-Cy-PPF-P(Cy), (225) | A >99 34
5.19 (S,R)-PPE-PCy, D >99 67
5.20 (S,R)-PPF-CH,P(tBu), C >99 80
5.21 (S,R)-Furyl,PF-P(tBu), D >99 76
5.22 (R)-PP(4-Ph)F- C 98 78
CHzp(tBu)z
5.23 (S,R)-(3,5-tBuy-4- C >99 75

MeOPh),PF-P(tBu),

5.24 (S,R)-(2-MeOPh),PF- C >99 58
P(tBu),

5.25 (S,R)-(4-F-Ph),PE-P(tBu), | C >99 82

5.26 (S,R)-MOD-PPF-P(tBu), |C 91 619

¥ Determined by HPLC after amidation reaction with formamide and sodium

methylate solution, area%; b) 0.70 g of (S)-Enamine was used as substrate in a 35 ml
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-31 Exanpl e Di phosphi ne Precursor Conversion Content

of (all- (% S)-NBoc- amdea) (% Bl PHEMP TABLE 3b
WE2@APBESOI phosphi ne Precursor Conversi on ContRCI/ERF007/059265

(all- (% S)-NBoc- am dea) (%_ 5.15 (R R) - PPF-PCy2

(105) D 98 54516(R R) - PPF- 2 (117) A 99 59 5.17

%lgbg%Ve%_%Bgé&g?&l§ BX ?%n?%%gga%rlgtiou%at féC 1500 in analogy to Example

5, Ryo PR GOy SDN>Boc-67thyl5:s 20+ ((SRRPPPE- ISHRR¢ E thyl) c3teC+
?%93581%5531\12130& §2F§lTFHﬁaﬂoéng &ldr lé%g?nd? of 91-9N-BoZ4mide.

R} - PP('4- Ph) F- P(tBu)2 5.23

(S,R-(3,5-tBu2-4- C >99 75 MOPh)2PF-P(tBu)2 5.24

(S, R -(2-MeOPh)2PF- C >99 58 P(tBu)2 5.25

(S, R - (4-F-Ph) 2PF- P(tBu) 2 qEng 82 5.26 c)

(S, R -MXDPPF-P(tBu)2 C 91 Det erm ned by HPLC
after am dation reaction with forrrarri de and sodi um

met hYhatxpesolentsiimAablardads bérn @@ qitof afd)gyEnarample 2 using 50

ﬁ%%f E@e—g%%'ﬁgéggérggs%regitﬂ& (?C[E%I\B/'B L é\?f A gﬁlﬁ' ﬁ%ﬁ)}z as catalyst at S/C

ek pek mhehtotalaelventr ri ed out at S/ C 1500 in anal ogy to
Exanple 11. d) Content of (all-S)-N Boc- Ethyl ester
+ (2R, 3S, 11bS) - N- Boc- Et hyl eshige #

(2S, 3S, 11 bS)-N-Boc-2, 2, 2-Trifluoroethyl ester (%, not

of E}?elrrllﬁlcs | 'g-o%%%t am de. Exa T%o%vgr%lon (%) Content of esters ¥

4:1 vol/vol (%)

5a.1 TFE / MeOH >99 91"

5a.2 TFE / THF >99 91

5a.3 TFE / CH,Cl, >99 83

5a.4 TFE / toluene >99 88

5a.5 TFE / ethyl acetate >99 91

5a.6 TFE / acetone >99 73

% Esters added together: (all-S)-N-Boc- Ethyl ester + (2R,3S,11bS)-N-Boc-Ethyl ester
+ (2S,3S,11bS)-N-Boc-2,2,2-Trifluoroethyl ester; determined by HPLC after treatment
with 50 mg of di-tert.-butyl-dicarbonate, area%. ® As a mixture of trifluoroethyl and

methyl ester.

Example 5b

The experiments in Table 5 have been carried out in analogy to example 8 under
addition of an additive (0.15 mmol).
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5 The experinents in Table 4 have been carried out in
anal ogy to exanple 2 using 50 ng of (S)-Enam ne ethyl

wesis03179 t h [ Rh( COD) 21 OTf / (S, R) - PPF- P(t Bu) 2PGEEP2007/059265

catalyst at SSC 50 in 1 nm of §ota| sol vent .

Tabl e 4

Exanpl e Sol vent Conversion (% Content of esters a)

4:

1 vol /vol

(% 5a.1 TFE /

THE >99 91 5a.3 TFE / CH2C1

[aYa)

Q0 / at

QH.299 91 b)
83 b5a.4

5a.2 TFE /
TFE /

t UI tene

TFExamaket o
al | -S) - N-Boc-

(2

ester

ey

J I

10 +

88— 5a 5 TFE+—=et
nBase99 73 a) Ester
Et hyl ester +
(2S, 3S, 11 bS) - N-Bo

hyt—acetate—>9
sCemigesiort Fget h
(2R, 3S, 11 bS) - N
c-2,2,2-Trifly

oO—0O4 LA o
J JL JAd. O

grontent of (all-S)-N-
*ﬁ%axﬁfd‘@%’ ko)

or oet hyl

dete

m ned Dy HPLCCaft

er treatment

Wt 50 g

sl er ;
of 5§i1-tert
oftrifl uor
expéry ments
analogy to
(( nmol )
T( 5 Exa

Aa'

(-\II C\ r\l
L TN uuu afft6e y)

71 SBBL 2 Cesj Dmyclahbo'hamme>99

- BIRYPIHCEBENat 6, "% ea% b) A9 A mixture
et h\/I and et h\/I est er Fynnrplp 5bh_The
'Cesia]abiaﬁ)o%laﬁave hesgp carri ed out7ii n
exanpl e 8 under 15 addition of |an additive

8/031750 P P2007/ 05972 -33
ﬁ%’@u@aéw T B

fnver si|o (% Content

/nA |n 1 Ao
O—T—ARBHRHUMm

7199 5b. 3 Sodi und3 o

>099 88 5b.4 Dicycl ohexyl am ne >99 83 5b.|5

Di i ropyl 6 Triethylg,am ne >99
5HEPT OPY 118 >GP. ylga

83 "a) Determng(#ge?HPﬁr(?:a gr am dation regaction with

f d sodiumr et hyt

rIenm de a te _sof utiom, darea%
5b.6 Trlethyl amine >99 83

¥ Determined by HPLC after amidation reaction with formamide and sodium

methylate solution, area%;
Example 6
a) In-situ preparation of the catalyst solution

In a glove box (O, content < 2 ppm) an Erlenmeyer flask was charged with 7.4 mg
[Rh(COD)TFA]; (0.011 mmol), 14.0 mg (R)-Cy2-BIPHEMP (0.025 mmol) and 5 mL

trifluoroethanol. The mixture was stirred for 2 h at room temperature.
b) Asymmetric hydrogenation (S/C 200)

In the glove box 1 ml of the above catalyst solution was added in a glass vial to a
solution of 0.30 g (0.90 mmol) of (S)-Enamine ethyl ester 7 in 2 ml of trifluoroethanol and
the vial was placed in an autoclave. The autoclave was sealed and pressurized with
hydrogen (30 bar). The reaction mixture was hydrogenated during 18 h at 50 °C under
stirring. The hydrogenation mixture was removed from the autoclave, 0.306 g (1.4 mmol)
of di-tert.-butyl-dicarbonate were added, the mixture was stirred at 40°C for 1 h and
evaporated to dryness in vacuo. HPLC analysis of the residue showed the conversion to be
99.6% with following composition: (2S,35,11bS)- and (2R,3S,11bS)-N-Boc-Ethyl ester (84
area%), (25,3S,11bS)-N-Boc-2-Trifluoroethyl ester (7.6 area%), (2R,3R,11bS)-N-Boc-Ester
(0.3 area%).
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Exanple 6 5 a) In-situ preparation of the catalyst
solution In a glove box (02 content < 2 ppm an

waedosnseyer flask was charged with 7.4 ny PCT/EP2007/059265

[ Rn(COD) TFA] z (0.011 nmol ), 1_4319_ ng (R)-Cy2- Bl PHEMP
(O 025 mmol) and 5 nL trifluoroethanol. The m xture

§tArrh a1o£°r 2 h at roomtenperature. b) Asymmetric
hydr genation (S/C 200) 10 In the glove box 1 m of
t he above catal yst solution was added in a gl ass vi al
t o aTheeirbeiybiaesitr gogowgs (@velednnit thegbriegengingrinpide by treatment
&t t'ﬁlé |res?c§fe§ﬁ THH @1&2 fdFnagfidd £ﬂcf d0darR %J‘ﬂl%ﬂé)cle s@lﬂgon t%h analogous
vial was c(g in a autoc ave E ucg cl ave was 0
g’é&P@cﬁsé]ﬁif“gF Y5 o LouttHC Wﬁgﬁ AWEREReaxiure fehepntain 84% of
thealebir@IN 26873811 Uk - NaSochyshidegenat ed during 18 h at 50 C
under stirring. The hydrogenation m xture was renoved
fromthe autoclave, 0.306 g (1.4 mmol) 15 of
di-tert.-butyl -dicarbonate yere added, the mxture was
stirred at 40C for 1 h and eva%orat ed to dryness in
vacuo. HPLC anal ysis of the resi due showed the
converlargiy Rrepdseiornd tBosaiplyst splatipBwi ng conposi ti on:
(2S5,3S,1 IbS) - and (2R 3S,1 1bS) -NBoc-Ethyl ester
(84 1k 889 boX @B 3atehl ) ppth )BﬁpEﬂenTﬁéyfef Aok aek diAr &5%&1‘174mg

A Tyl PRt gl S B

oihdoooxgthamoml.e8teanixgrro was vilrsedcion ? éirdt @cori néropdrhigire.
corresponding am de by treatnment of the residue in

THE j thylate solution in an

anal ogo{}’dﬁmnﬁzg&gaﬂ%%ég?)i%mﬁn Exanmple I c. HPLC

anal ysis showed the m xture to contain 84%of 5 the

desi ete gse bax 1 ppof the Fhove snlye sglutipn yyps pdderd m@)glass vial to a
!;dluﬁcbr{ blf R3EPEN.90 kb Pbf (Shernaafidd étﬁ)ﬂ eStet Bid Dl bmreﬂuoroethanol and

S Rt 7 S e e R AR B s 5 el

hgdrO&Jn- (B9 DaiNeThE RidbRd I A2 wastlydlrogeachtéd diringl B h at 50 °C under

gt{rhgr}% uﬂ{e%?dp%ﬁgno%§l%@e“a¥ rgmx\@e?]l Y rﬂ& enﬂ}tgafwe %E%?aé (1.4 mmol)

Qb@)telitnbwbdlgar(b@eatb owcrelac}deddhe nhétuaﬂmwtlmdalt 9{@?& for 1 h and

%@Hh‘t&f‘to"éﬁgnc%jm chd Hp1 ¢! eﬁfﬁﬁ/sfé'o@lthetr@sﬁue §1%IW‘€!H 'tl@@c&lfverswn to be
of - En arréne et

9. 5%wigy ?Ofulot’}’b‘"rgcfé’tnﬂé’ﬁ’cﬂona S\ri & (\Xéésph lgéw Ber- gﬂwl ester (80
Qt!éﬁ%()J (@8,8s,1 Th® - M dgect- Mﬁuwﬂ)‘étkﬁ/ﬁédt@d6 anleads )o SHYUBR 2 €6K)-N-Boc-Ester

M-;’ Ie?rea%).

¢) Amidation

The carboxylic ester group was converted into the corresponding amide by treatment
of the residue in THF with formamide and sodium methylate solution in an analogous
manner as described in Example 1¢. HPLC analysis showed the mixture to contain 79% of
the desired (2S,3S,11bS)-N-Boc-Amide 8.
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15 hydrogen (30 bar). The reaction m xture was
hydr ogenated during 18 h at 50 C under stirring. The

whyasogsat i on m xture was renoved fromthe auPGUER2087/059265

0.306 g (1.4 mol ) of di -ter§35-_butyl -di carbonate were
added, the m xture was stirredat 40C for 1 h and
evaporated to dryness in vaguo, l'E' LC anal ysis of the
resi due showed the conversi 6h 1o Be 99.5% with
follow ng conposition: (2S,3S,1 1bS) - and (2R 3S,1

| bS) a)-IN-Boprepdigtiioneeftthe cqt@dgstz0lusiprady)

(2S, 3S, 11 bS)-N-Boc-2-Tri fl uoroethyl ester (6.7 area%,

(2R BR bb@qﬂ‘{’(ﬁ%@m@ﬁ en prf) #h BN&RGyer gas_k'%fﬁis gtﬁiﬂgéﬁ‘with 7.0 mg
e _car c_ester grou conv ed in

i é%ﬁ@ﬂémd&f&} B g o P (PALE ol and 5 mi.

trifotddtharfobrTiRmteirands sirekdifior nBtHhtirab@ ts@betatiea, i N an

anal ogous 25 manner as described in Exanple Ic. HPLC

anal ysij I, contain 79% of the
desi%/)Z‘éé/@ﬁ%ﬁ%ﬁ%%ﬁ@égé&ﬁn&ae 8. WD 2008/ 031750

PCT/ EP2007/ 059265 - 35 Exarg)le 8 a) In-situ o

pr epHr &eigkye bpx p e mlglassined awpdeyesguinped Witho\@agnssic stirring bar

(RLcHemddemth 6:5& g PPHY nﬁﬂ%}%ﬁf MEYEfiné tislkesitRS, ThARAbIBH uoroethanol
. 015 mol ),

%\%} 1 1 pgﬁlr‘erzg[j@p%%ﬁa%g%)sé;}gof e)au&}ﬁl)avs Wab segl?édoa(r)ldr[r)gressurized with
hydrbgano(30dahamhe readiiven it biterveas\W@droptndtéddurfigy 18th 5t 30 @ under
enati on

. AIRLRLE Gon B SRR PRGDR B0 5 i ot
eqin ped.2ainuhol ofdg et bty tdicarbangtdyaere addsl, dteangede was stirred at
Iy W0 PRTD gl OPLE Yy e Dowed
eATVATSYgt todws BN p With Telkovang senagetionis (3ed), BdSimand (2R,38,11bS)-N-
BbESH b@d 7Matn6} 0 28)38I10BSNN(IREL - DAk Hluodeghyl 8AEH (1 9Area),
Qﬁ[ﬁj \5\/?\13'_ hg%o?g ét ed, gur ing 18 h at 50 C under

P g NrHec g ]S A%E1%n mixture, an orange

solution, was renmoved fromthe autoclave, 0.492 ng
(2.26 mol) of di-tert. -butkample&r bonat e were added,
the m xture was stirred at 40C for 1 h and evaporat ed

to d € ' - 1.S. t '

A R A R R R
conposition: , (2S,3S,1 1bS) - and (2R 3S,1 1bS) -N

15 BoLATIHYfirisdydiogernerion(84eg00)(2s 3, | | bS)
-N-Boc-2-Trifluoroethyl ester (15 area%,

( 2S, BRhtlglwSE bk Bas nHl85-1i0dd Sutaclead@quipped mither Dagetic stirring bar

xll/vgs_ %%gggﬁéﬁgé‘%@ Eg I( P80 QrIm(t)llj] of &é} Eﬁ’la}{ﬂslltle gt?llyluetsjte(r) 9,: 3 0P triffioroethanol
and 1 ml of the above catalyst solution. The autoclave was sealed and pressurized with
hydrogen (10 bar). The reaction mixture was hydrogenated during 18 h at 50 °C under
stirring. The hydrogenation mixture, an orange solution, was removed from the autoclave,
0.492 mg (2.26 mmol) of di-tert.-butyl-dicarbonate were added, the mixture was stirred at
40°C for 1 h and evaporated to dryness in vacuo. HPLC analysis of the residue showed the
conversion to be complete with following composition: , (2S,3S,11bS)- and (2R,3S,11bS)-
N-Boc-Ethyl ester (77 area%), (2S,3S,11bS)-N-Boc-2-Trifluoroethyl ester (15 area%),
(2S,3R,11bS)-N-Boc-Ester (1.3 area%).
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b) Asymmetric hydrogenation (S/C 500) 20 In the glove
box a 35 m gl ass-lined autocl ave equi pped with a

WOore@aesi780 stirring bar was charged with 0.50 BCT/EPE07/059265

mol ) of (S) -Enam ne et hyl e_s%i_r 7, 3 m of
trifluoroethanol and 1 m of e above catal yst

sol ution. The autocl ave was; s seal eﬁ) and pressurized

with hydrogen (10 bar). Th&?P8atti on m xture was
hydrogenated during 18 h at 50 C under stirring. The

hy dr @gensii weparitanueiche eatalpstanlysiosoianteiag in exgaple Ahdved
fromthe autoclave, 25 0.492 ng (2.26 mol ) of

di -tgyAs bvik hoh e RRat e/ovess added, the m xture was

sti rr);ng?H 40(;‘9]:%% 1h agnd evogporat ed to dryness in

vacu HPLC anal .he, resi due sho

o GBI Bopa S oihsfiUntd EoHoTa SIS CoMBRgIegs sirring bar
wa{ &8rg8, Wit @) g{1.a0 ChI(l(ﬂRpBS) JFaB)ine Nhﬁ(HS'EeEVh?yfnl efStréluoroethanol

S.IZCY 1 8 ?)?@e’ abg)g% éa%ﬁ’}m ghg@ 1]?%%??(?\([]3%0 eltai'le%r ?ﬂ?tp Wsurized with

hrdsrag@n (30©a2)o@3¢ tr@mcsomp@rmm @mdvo@@%%dum%l@(amﬂ ‘€ under
;tgnﬁk TH& Iﬁld%’geﬁﬁtlﬁﬁﬁ'hﬁ&hl%narp&ahz@@so@l%(ﬁ’l Yiab re?l%\}éﬁ '@ the autoclave,

metric rog enati on
?é%n%dé)%lmrnpﬁ of &} G bb‘ag dicagprgfe @?rs%qui Higgmixture was stirred at
20r00el anend@uifpedd v diynassiRgneb. HPE(C lahily9igotBE reshludBBowed the

C(Qfx‘l% 1e0(;1 tvg?e%9%o/5wlltﬁ % 58%%3 % 1on aﬁ%ﬂ aﬂ%@gne e%ﬂ%s 11bS)-N-
Bbotehyt edtal ($5 tirea tl) U253, 1 15HeNabbeZTaleowashys esbrd@ aacado),

I (30 bar). The reaction
gsﬁirjlgsgwlg% rtgégyg%&g% uring 18 h at 80 C under

stirring. The hydrogenation m xture, an orange
sol uf)lft\.:‘ﬁl @8 rermpved fromthe autoclave, 0.492 ny
(2.26 mmol ) of di-tert.-butyl-dicarbonate were added,

t he mhé(ﬁe'dlﬁae Was tiid dx&ﬁ@leabas]&nﬂﬂﬁ gfL%Ith thelredi@ks of examples 8and 9
orate ness,In va an. SIS
FUEan e EhisBa THEPORAR abETN wiomen GoBolhipi infa som

icdhﬂmv\a)ﬁn@dnmmpmsh}ﬂatem mgeth@RS, 18 Sphlob®) examated ¢ Bfﬁcﬁﬂtrhtmn and

hﬁflﬁgo Cd}g @E?Fu%)rdlozlgf’gﬁ@g%g gS §?g§\%30c S%%%dg’ with'98!30P%0% purity by

FPECareraisoByedN- Boc- Est er (1 4 area%. c) Anmidation 15

The residue fromthis exanple was conbined with the

resi dues of exanples 8 and Bangpliconverted to the
correspondi ng am de by treatment with formam de and a

30% luti on of .so y n met hanol in

anal @SI)% P RIERAR dfltﬁeﬁqelgg Sf’ﬁllt“f’flatl on and drying of

the precipitate 1.46 g (80% of (S, S,S) -N Boc-An de

Wi t hIrnggIEVeab@a%zantmy <ByppnPinCErkemacyesbdshtved charged with 6.9 mg

[Rh(COD),]OTf (0.015 mmol), 8.15 mg (S,R)-PPF-P(tBu), (0.016 mmol) and 6 mL

trifluoroethanol. The mixture was stirred for 2 h at room temperature.
b) Asymmetric hydrogenation (S/C 2000)

In the glove box a 185 ml autoclave was charged with 9.97 g (30 mmol) of (S)-
Enamine ethyl ester 7, 65 ml of trifluoroethanol and the above catalyst solution. The
autoclave was sealed and the hydrogenation was run under stirring under 30 bar of
hydrogen at 60 °C. After 16 h the autoclave was opened and the reaction mixture, an
orange solution, was transferred to a glass flask with aid of 10 ml of tetrahydrofuran. After
addition of 9.64 g (44.2 mmol) of di-tert.-butyl-dicarbonate the mixture was stirred at 40°C
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20 Exanple 11 a) In-situ preparation of the catalyst
solution In a glove box (02 content < 2 ppm an

waedosnseyer flask was charged with 6.9 ny PCT/EP2007/059265

[ Rh(COD) 21 OTf (0.015 nmol ), 8.15 ny (S, R) - PPF- P(t Bu) 2
(0.016 mmol) and 6 nL trifluoroethanol. The m xture

tirred for roomte rat ure. b) .
3 ke Epd e noeflest AORAL SREE ks o hoideq howd the
qwemorat@tb@&%%wthsfol&mang eomppsitiord (2%3% 1 (180- andK3IR,8%,11bS)-N-

(3§é Eﬂﬁﬂé‘s'{%rrt@o %IeQQ/J) @%%SVMBS) Ropdd.2.8h- TﬁﬂJ&H&B@%@?(‘Q‘ area%),

bove cata% sol ution. T he autocl ave was
Q@aﬁ%@@hﬁ{ﬁﬁéEﬁS‘iﬂf dawation was run under stirring

under 30 bar of hydrogen at 60 C. After 16 h the

aut o¢) avielavvas opened and the reaction m xture, an 30

orange solution, was transferred to a glass flask with

aid 0. ,m of h addtlono

9. 6 4'?f1e 1(&33{1 uEwas 1|s ove? éqﬁg ert?{]ebra (ii f:}lr%ré ?1 onavertf:tilto the ‘
mrxftspoledmagmgtq hyrteqatraenu}/@(b M@ng@mih’ 031715802 mmol) and a 30% solution
Egydﬁ{:ng %zl{)@aetg %@élethaﬁgl (fl@rS n]rl §8 b n?tﬂgl)eay aprel (ﬁ/te?glgq? The resulting

ryness I n ‘vacuo. HPLC anal SI s of he resid
sUsRENSEIWas tEGagssl ‘t"]{t)h Wéteg ot Igt%l)wcpﬁlefl é(p TQSRR Ffgnperature and flltered with

ﬁﬁﬂ@ﬁétsl" Hd flfer cﬁl?e&vé%&dshé@tﬁbrougﬂ it Rict®, df 1LBS)of THF / water 2:1

PR D TR L FOBLHSP S50 B7 ) £b (P ShdyBoc-Amide with 99.
én’éS’/o&R,rﬁjrb)SHPNCBwe Eetagrd. (1. 2 ar ea% 5 c) Amdation
The residue was dissolved in 120 m of tetrahydrofuran

and g Hl\éﬁ{ai ggals,gg %Iggﬂ £ @spondl ng am de by treat nent

vvlth or mam mml) and a 30% sol ution
of sodium nethylate in mathanol (16.5 m, 88.9 mmol)
at 36C over night. Thé&alcesul t | ng susperﬁ%‘ﬂ% was
treated with water atgxrmfl ux, cooled togn@m
tenperature and filte ﬁ with 10 suctiog. 1The filter
cake s washed thorou% ly with a total ¢ 12 nl of
THE N water 2:1 mxtur® After drying df.l®he

prec te 9.79 g (829 of (S, S 5-NBg ide with
99. kasléé%a% purity by HPLC were isol at ed<% I ement al
Anal ysis for C21 H31N302 Calc found 15 C 62.20 61.95
H7.71 7.61 N 10.36 10.19 Residue <0.1%

Example 12
a) Preparation of substrate solution

In a 250 ml round-bottomed flask a mixture of 20.72 g of (S)-2-amino-9,10-
dimethoxy-1,6,7,11b-tetrahydro-4H-pyrido[2,1-a]isoquinoline-3-carboxylic acid
ethylester, (25,3S)-bis-benzoyloxy-succinic acid salt 6, 7.0 g of sodium carbonate, 100 ml of
isopropyl acetate and 80 ml of deionized water were stirred vigorously during 30 min. After
separation of the aqueous phase, the organic phase was washed with water, dried over
sodium sulphate and partially evaporated at the rotavapor to a total weight of 16 g.
Theoretical content of (S)-Enamine ethyl ester 7 was 9.97 g. The solution was introduced

into the glove-box.
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20 Exanple 12 a) Preparation of substrate solution In
a 250 m round-bottoned flask a m xture of 20.72 g of

W@ 3)08A31/ no- 9, 10- di nmet hoxy- 1,6,7,1 PCT/EP2007/059265

| b-tetrahydro-4Hpyrido [2, 1 ;4]
i soqui nol i ne- 3-carboxylic acid ethylester,
1S5 benzo | 0 ¢celinigc.acid salt 6, 7.0 g of
sodlﬁﬁghar ?““‘18% ﬁfgzﬁﬁsﬁgnlsopropyl acetate and
80 m of delonlzed water were stirred vigorously
dur i e govewex (xfaoatent s@pamay drobrlatmeyheflas e @hargrrhwéh 9.37 mg

! c@r@ﬁmﬁf(@f@%ﬁm\fyﬁwﬂ@ L PBE mtgﬁﬁz (OQ)Q'rﬁﬁiloB\é%ﬂélmL
sodi um suloﬁ)ﬁ]&e and parti a %Fe apor at ed

[ Ué’\‘i%eﬁ]&%n e V‘if\';é?t@rﬁ? téoomT‘ﬂEB‘?réW% al
content of (S)-Enam ne ethyl ester 7 was 9.97 g. The

sol ut) Avymmaarit hidrogerceidn (5/d bOOhe gl ove-box. WO
2008/ 031750 PCT/ EP2007/059265 -38 b) In-situ

pr epﬁ{ﬁ% Porx}e% )étarfg%,;;-ﬂ ei%rgé &Har p ﬂ}(@le%jg soplﬁf%crjl of (S)-

&ﬂ 2 cont rlenmeyer Was  ch
arping egﬂyl n@er 7 B p@gb)rzt]@r@etb@c@gndﬁhﬂ eybovgcegqﬂysﬁgolutlon
(S R)- PPF-P(tBu)2 (0.02 mmmol) and 4 ni
t rif T?@ﬁ&@@lﬁ'?‘%s see-llm&arfﬂ A‘?Sh‘é% &Edg@&tﬁﬁhl Wwds@n ﬁlﬁﬂer%tlﬁlr?g under 30 bar
om t enper mret ric i on
o4 4 il @ léiséhs e WM%E‘F%%%E &)&g%cﬂgfl gagture, an
Wahge sdheti@h ovae trandferrédro aoglas(s S)lsk \Eﬂlamdrtﬁ‘ aabfalybf Wshesf Methanol.
Fr e*dd?tgont Qlfh ézl;%{éget hag of d{flr'gedrt L u%ga QY ?Iha?etz f’%lle)fmxture was stirred at

HSL L
ﬁ@?@rfogéﬁét dngrevepe ated i uerde ungeri snmuh:glegnd@ddlt%@l blaa totadfof 150 ml of

Hﬁéq{aggﬁ 'Flrﬁﬂyﬁtge gmd‘ﬁte t(%' ) Q’ast Qﬁe ﬁpi()aﬂ’l?of’\@éa%@ﬁgan HPLC

reacti on m xt ur or ange sol uti on,
Fl?aé)ﬁ@f(g ithetgsidyge ghayreddhe fcrra@ksl% tprbea%7 Yopith follgwang é?mmsltlon )

(s, 3§$(1 lt%SI %GQIZR 3S A b Nastdi Ethoneset (97 £a%), ((4t§3mruis)) NfBoc-2,2,2-
er car ir
S ige Pt LR S R Rk B S By et

si mul taneous addition of a total of 150 ml of
met hdnémidafional | y, the residue (35 g tot) was taken up
in 30 M of tetrahydrofuran. HPLC analysis of the

r es' @H@am%qtlgﬂ Gal 951%%1[@&1 R hk Qo}}@spgzdl?lé’amﬁ@as described in

ovv| n nmposi tion:
PQ‘RI psl1 g‘/ trﬁ%ynent\w% éormwlde é%?tl@} 3pzmmgle alyé a 3p%pgolrion of
l:oduﬁlﬁ)met lB@Qn Aethadol (171 rhl, 990 @@hbY lat 864 RS vel ﬂlﬂghﬂ- After drying of the

Riscias ﬁe&ﬁ Ry DBl s PR hSa B R g Phay by HPLC vere

rso]rateelspondl ng am de as described in exanple 11 by
treatment with formam de (12 m, 302 nmol) and a 30%
sol ution of 20 sodi um et hyl [.n% {3 met hanol (17 nl,
88.9 mmol ) at 36C over night. #ter drying of the

a) In-situ preparation of the catalyst solution was carried out as in example 11.

In a glove box (O, content < 2 ppm) an Erlenmeyer flask was charged with 6.9 mg
[Rh(COD)2]OTf (0.015 mmol), 8.15 mg (S,R)-PPE-P(tBu)2 (0.016 mmol) and 6 mL

trifluoroethanol. The mixture was stirred for 2 h at room temperature.
b) Asymmetric hydrogenation (S/C 2000)

In the glove box a 185 ml autoclave was charged with 9.97 g (29 mmol, 96.7% pure)
of (S)-Enamine ethyl ester 7, 204 mg (3.0 mmol) of sodium formiate, 60 ml of
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precipitate 10.11 g (83% of (S, S, S)-N Boc-Anm de 8
wth 98.8 area% purity by HPLC were isolated. Exanple

wWa00ap317m sit u preparation of the catal yst sol RECT/BPR00EE59265

carried out as in exanple 11._g%5_|n a glove box (02
content < 2 ppn) an Erlenneyer 1l ask was charged with

?g?u%%%g%%efkf)&e ba&agysg %‘(ﬁflﬁgr? 'l)éieélu;[ﬁ_c?avg%as sealed and the

hydrbgaretioe whano! unden etimringtunder Hblsarof hydrederf @ir6027ChAger 16 h the
ﬁlﬁgﬂh\;% Hj@flé’c{ fnd 113)3 ré%ﬁm&ﬂu?e, By gfﬁl%@ BaLton v&a‘?/ttgnsferred toa

200?{? | ove aut ocl"ave was ch ﬁ
gligsrlagk gn;th@mk (zfgl Ol’fﬁ‘]D‘Pf m%aq@% %@r@fldlt@@ Bt P. 8(23) (4E|%m,p of di-tert.-
Bﬁﬂ?yﬂlcgr‘?obﬁﬁte Th 2Pkt 1 Wa3 sBrred®d J0°Qfforsns hldtﬁﬂfe%ﬁﬂrzﬁ%@m ©Ru0 under

08/ 0 50, PCT/ 7/ 0 9265
f?r}tﬂuaw b B o SOTR ShEe oS e ot 3P%WQ& tgtal Yrishtpft6 & HPLC
antl ol diee weidus siaiv&d the cbrtvhmorhtyodre@@éﬁ/atxvnthrfol\VMng uomposition:

UAIRI B8] 1 L0 uRdehs IR BAL Eal) DYENO9SR.AN 68 5€11A¢] RiBoc-222-

S opene
ﬁrlﬂu@noeth‘/hﬁt@r(&ﬁgeea%b (RS Tl lhwﬁpmﬁéveém é@lre@%))a

glass flask with aid of 10 ml of nethanol. After
addi ) oRidtioR- 82 g (45 mmol ) of di-tert. 5
butyl di carbonate the mxture was stirred at 40C for

i 17 5 P S SO Bt LD L & rebRaR B diepyihg conversion to

thetcatreypoinghtg aofid86agceartil Qut Wnadaysemst vath fonmamedd denl, 302 mmol)

§IPCPX‘§635/0 ts'&l“uu%R %}‘ g(%ﬁ{é%%%tﬁ}/lg%)lg ?ne%? V&& glg %Ebﬁ %"ﬂn%% ) at 36°C over

nlghsadsw Eeshitingsyspensipn Yvaa treaidy w1t¢12®t¢3r9t r¢ﬂqxbg)oled to room

tebh %ul?e a%d%‘lte;rerd'ovtélltﬁég{cgrgﬁ hyﬂe fﬁ’f:etr %ﬁke(vgas@n@ﬁ&ﬁﬁ@)roughly w1th a total of

Am d
o AT BB art LT o B! TORIRIDIHE 9737 & (B0%) oF (555)-N-
Bet-natiyels afitirdn, arkdve putifebyclanve R/&Iré)féolbﬁ:d. the
correspondi ng am de was carried out by treatnment with
formam de (12 m, 302 mmol) and a 30% sol uti on of
sodi um net hyl ate in net han%xa%zem , 91.6 mmol) at 36C
over night. The resulting suspension was treated with
water at reflux, cooled to room 15 tenperature and
£i | t Orlacsii Rrepasgiéan ofrthe Wialystisphugencake was washed
thoroughly with a total of 12 m of THE / water 2:1

m Xt I £glod E&{(c@rcyshf&t af2 $e) ff Bgérdhdyet BasR wak cBarg&0¥th 7.1 mg

ﬁ%ﬂ@@z@?ﬁ@r@? Gunomasmé b Pﬁﬁe (055 e g me

offluohecticatod] Tretmsalratvaostir2éll fon 1 & aylrove téoperf@ize.cont ent
< 2 ppm an Erlenneyer flask was charged with 7.1 ng

¢) Asymmetric hydrogenation (S/C 1500)

In the glove box a 60 ml autoclave was charged with 1.50 g (4.51 mmol) of (S)-
Enamine ethyl ester, 12 ml of trifluoroethanol and 1 ml of the above catalyst solution. The
autoclave was sealed and the hydrogenation was run under stirring under 10 bar of
hydrogen at 70 °C whereas a solution of 1.50 g of Boc,O (6.78 mmol) in 7 ml of
trifluoroethanol was added by a pump during 4.5 h. After 22 h the autoclave was opened
and the reaction mixture, an orange solution, was transferred to a glass flask with aid of a
total of 5 ml of methanol. HPLC analysis showed that the ratio of N-Boc-protected to free
esters was 1:2.7. After addition of 1.5 g of Boc,O the mixture was stirred at 40°C for 1.5 h

and evaporated in vacuo. Finally, the residue was taken up in 10 ml of tetrahydrofuran.



[ Rn(COD) 21 Orf (0.015 mmol ), 8.99 ny (S, R) - PPF-P(tBu)2

(0.016 mmol ) and 5 nL trifluoroethanol. The m xture
wor®sesi7sred for 1 h at roomtenperature. c) ARYIHRERINT/E59265

hydr ogenati on (S/C 1500) In t_hgO gl ove box a 60 m

aut ocl ave was charged with 1.50 g (4.51 mml) of (S)

%l‘rp mE and Ytﬂﬁ §of {hke%s%(?%e Sh9 afNe(,Jf ﬁﬂe coln%rato{l It(f) ifu 95, g@t ollo%?rgg
werspestEie o (20m$, t1h8)- myldr(é@éﬁéﬂb@anm Ethpl amdéw area%)
?ZS:,{IS'EI:IEE) gﬁ?ﬁgg 230 'Pﬁﬂu&foethlwgfe?g@% Qltea‘%g (@S\Qﬁelr1%§§NaBoc Ester
£G:$ freg%y oet hahol was added by a punp durl ng 4 5 h
After 22 h the autoclave was opened and the reaction
m xture, an orange solution, was transferred to a

5 glass flask with aid of a Jkxatmplial5 of 5 m of
nmet hanol . HPLC anal ysis showed that the ratio of
N- Bo Le r .
add (P oR e HiEn %Jl Table s b S fiod ifaduof bfiample 2 wing 5
ggC0flommol of (S) erens aplstiatestnd varipug ehiral Rithemibgn cagdists (0.0066
heséiflugcwas. taken up in 10 m of tetrahydrofuran. WO
2008/ 031750 PCT/ EP2007/ 059265 -40 HPLC anal ysi s of
t he residue showed the conveés_llgtgg to be 99.8%w th

follow ng conposition: |, 11 bS)- and
(ZR, 3S 11 bS)-N-Boec-Et h\/l oct ar (R? ar eaQ/‘.) i

(2S, BV’ﬁ:ia%)le I\Ké&ysﬂ 2 2- '\IiFlF I uor oeamylk/ereishej Co@nbof
area%|, (2S, 3R 1l bS) - N- Boc- Est er 90 § ar ea? allSS) N-
Exanplle 15 The experinents in Tabl e é) have be %
carried out in analogy to exanple 2 using 50 Bﬂgal(n@dei
mrol ) jof (S) -HEster as substrate amd various (:Fi%ral
rut heni um cat al ysts (0.0066 nmol) |(S/C 25). le 6
Exanpl g Catatyst Conversion Content of (% b) -\F
Boc el ) - LR STAPE (RS PPE- Pt BYY2 | o013 b
[ Ru( QAc) 2( COD) J[Rk&ORc)(@DY|PPF-P(t Bu)2 / 99 71 b)
[Ru(OAc) 2(COD)] 14.3 [Ru(QAc)2((S, - >99 63
14.2 (S,R)-PPE-P(tBu), / 99 71"
[Ru(OAc),(COD)]
14.3 [Ru(OAC¢),((S,S)- >99 63
SKEWPHOS)]
14.4 [Ru(OAc),((all-S)-BICP)] >99 71
14.5 [Ru(OAC¢),((S)-TMBTP)] >99 54
10 ¥ Determined by HPLC after amidation reaction with formamide and sodium

methylate solution, area%; ” The catalyst was prepared in the glove-box in situ by reaction
of the chiral diphosphine with [Ru(OAc),(COD)] in trifluoroethanol for 2.5 h at room

temperature.
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SKEWPHOS) | 14.4 [Ru(OAc)2((all-S)-BICP)] >99 71 14.5
[Ru(QAc) 2((S)-TMBTP)] >99 54 10 a) Determ ned by HPLC

W@Ra08#031/ dati on reacti on w t h f ormam de and sPCi/BP2007/059265

met hyl ate sol ution, area% fe cat al yst was
prepared in the glove box |n SI u by reaction of the
chiral di phosphine with [RLg 2{6003)] in
trifluoroethanol for 2.5 h oom tenperature. WO

2008/ 031750 PCT/ EP2007/ 059265 -41 Exanple 16
Preppratian job 2 So3S,11bS)-(3-Amino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-

ﬁﬁ%oﬁﬂé B&lmhéﬁlﬁmm QrikPhidh AR kRO Yiryl esterd. 6, 7, 11 b-hex
yr02H- pyrl 1a]|squ|n0|n2y)]
-carbamc acid tert mqgoygl ester NHBoc NHBoc G NH2
MeO MO N MeO MeO &9 ’\,ﬁ 6 L four-necked flask

ca

equi pped vvlthag'e 8tirrer, a Pt- R,
t her nonet &ep. g r.o{o ng funnel_.andl\,aeml inl et
was charged 10 g (242 mol) am de 82 2 N
sodi um hy gfexi e€ 50 uti on were addeg,g xture
stirred for 5 mnutes at RT. 1.75 L acetonitrile were
added and stirri was continued for an additional 30

mn. To the resul®ing suspension was added aYsol ution
of 95.5 g (291 mmol ) di acet oxyi odosobenzene in 10 240

i V‘?%ﬁf fo%%teﬁgegtﬂilsk @(ﬁﬁ%}%@l‘ Wikt & ghelbiriR0 stirperM Pi-100 thermometer,
i nt ai e te

ure at The_sli
RIPPB BBd anda i gaenpels Jep S@at%akooﬁzf%fn ?We 7982 ml2
N sg)klhgxh hyd/rgxﬁkz k@lwtiod werepidasda amd ﬁieliﬁﬁtu.‘ré) Ellﬁr&ixtdﬂolﬁg Sig0es at RT. 1.75
ndi.ssol.ved c
tl 88et(&n19r11ﬁ WSFS adi\éleé\é %sur 58 avag ﬁ%nd[%Ingg for ardéhtlongp?qjmtuh To the
ssilting duspensi@@was avlded 9 sakutiRim of 95. ﬁgrﬁ%bmlnmj) dxacﬁoﬁ@lod@sobenzene in

54:6 i nger QIfld ggﬂolrlp%\cje?éutg% d’lﬂﬁﬁﬁl rgfri ‘Pnﬁﬁt.hﬁiu fe%gp&%]ture at 18-

wat er were mnt

PG Ehaﬁitﬁmﬂ‘/ gellpw an@#ﬁrplﬂvﬁmes% ﬁtlrrad pir RE fqpi 1t5at1 slightly yellow

vaf ﬁtﬁ’zﬁse nﬁ?ﬁ%&tb&ﬂﬁﬁﬁi cseméaﬁldtswwmwﬁﬂg Whefbrined, t85vh1ch 400 g
utes, a 0] suspe

qdigrm Bl ver @iﬁ%@f@%ﬁ@g PHIRE Vi B“P Uf@ﬁ?%-fb Bfjgtes at RT,

Ehd:ﬁple{iléédo b ACJA Sollitiolb£20anbItetoiiadeochloric aafd @andlX20%nl water were

§18w arerl]dpcll Surugég?ﬁ lsoobrlflri%t?lg pm% a ng QSt rf)}n quf 8 on, a precipitate

ensl rewas Strrre
fﬂrqueEhe snbeaneins vpisl [@r therstirred &1é@. miTilges of ami € Cptndgdd 5.5. The

suspension was filtered off, transferred back into the reactor and suspended in 1.5 L
dichloromethane. 1 L of a 10 % sodium bicarbonate solution was added to the suspension
and the mixture was stirred for 15 minutes, whereas pH 8 was reached. The organic phase
was separated and the aqueous phase was extracted again with 1 L dichloromethane. The
organic phases were collected and concentrated at 45 °C to just before the crystallization
point. 275 ml TBME were added and the resulting suspension stirred for 1 hour at RT and
then for 1.5 hour at 0 to 4 °C. The crystals were then filtered off and washed portionwise
with totally 150 ml of cold TBME.

The crystals were dried at 40-45°C at 10 mbar for 48 hours, then suspended in a
mixture of 530 ml ethanol and 530 ml methanol and stirred for 2 hours at RT. The
precipitate was filtered off and washed portionwise with totally 100 ml of a 1:1 mixture of
methanol and ethanol. The filtrate was evaporated to dryness at 50 °C and the crystals dried
at 50°C / 1 mbar. They were then suspended in 400 ml TBME, stirred for 2 hours at 20 °C
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20 was separated and the aqueous phase was extracted
again wwth 1 L dichloronethane. The organic phases

waower8/081050 ect ed and concentrated at 45 C to | uBCT/BRI00T/@59265
the crystallization point. 275 m TBME were added and
the resulting suspension stirred for 1 hour at RT and

f 5 h O t
CF{]er g(()f 211%?111'8 8%6 Cat].‘h e&r)ps s(werﬁ\-fmngrézarﬁﬁatnﬁl V{aSFBC’r Porttlfgglse with
mtaleZOGGnlctOTCBKEME.thE hlefsteksy@lrcadtsedmﬂé -G Ceti<ap mﬂl‘@r 4524 hours to
gi'f%/e &9 %’%{mé 9(734/§yféﬁiiﬁ§say bb%') suspended in a mxture

et hanol "and 530 met hanol and stirred for
2 hours at RT. The preci p|tate was filtered off and
washed portionwi se with tot llﬂéllijlor m of a 1:1
m xture of nethanol and et € The filtrate was
evaporated to dryness at 50 C and the crystals dried
AtansSOGmatidn ob@S,3SThBY) - (BeAmitdresi 0slispevoded,3,46,400b4iexahydro-2H-

B3 bhERabRE 25 34t 8 efr By P IR iBRAEPE- (53811092
Fhinoc?ySdanethper-& 3146, 7. eHebewhy drerdH wasHeld, lpalisdqomalised-yl)-4-

M1 meig Bl s1idR0>-Bhe col d TBME. The crystals were
dried at -45C at < 20 nbar for 24 hours to give

?Zaﬁ@f ?ﬁnaéfgg%rgoéé% Irr?e,!thyl S%f%m)e/m ? Exanple 175
(2S, 3S, 11 bS) - (3- Ami no- 9, 10-di net hoxy-1, 3, 4, 6, 7, 1| b- hex
ahy dA®-12tdactpy equdpped, iitlad miesloicah edirirers 2 Py10] theanbariee, a dropping

ﬂﬁmgl J [ trblla’gf%éﬂ 1tnﬁe§ L&k iﬁagée?fl ‘éﬁl 3do é 4?% 1%%‘10][)15) ‘%%réh%xymethyl 5H-

fmrarll B m@mﬁﬂd}bdzﬂ%«}w@@nf The selutips ogsiremed fo-30yCpnd 1.12 kg
E{f‘%ﬁ fbHaig (@H}YHOX’?é‘tﬁ{fl%ﬂqﬁiﬂogulﬁlrcfﬂﬂu@rldm% fﬁd&)"w@i added during

uor anet hyl - f ur an- 2- one

é%m%ﬁ%nmlﬂg ﬁleﬁ%@ﬁ%ﬁ%‘aﬁt Stipr lerrC Wg ptw%ereg bath. During the
hd&ﬁé@ﬁ?&lmls}ﬂerﬂlﬁl@bﬁlf@@nedﬁ whidldigbledtdiid 6:0980 rddoRition after

i RnlEleD ot T 59 b Rt | S st gfRlo -10°c.

Waslmlooloé d5@ ml wa@r @ &fed LEtHa@okgas {dlle@durpg 30 min, maintaining the

%E‘gpgg(%u uor%&ﬂ\?\ggxg ) gi“éf‘ g@f&!rg e ng!%{ufrlz ﬁ"% irlTlg)IQ/\ﬁ:d to reach 15-20°C. It

vhsthee W&t@?ﬁé ipp rotst%evapgra@rvtptawowr@%ﬂ Gap {6 6aqt Hg °C /600-120
Ql%raf 'T%etrékﬁ’d%%%dfti’dséllv@d]uﬁz b ﬁ'd'l&l%l‘%ﬂleﬁ{ﬁ;ﬂ% $h@ ﬂrfa%kﬂiﬂpfﬁlqze times with

| SOl ve or e-re utiron arter

ﬁpﬁ\égﬁ OSRIATE . TR0 S LA A S B Aatodte thresgimes with
h 4at d1dlﬂoﬁﬁnéﬂ,1aﬂeh'€ﬂe canbiadd beranitQayers weke ﬁﬁdpcbtatélhmaf ro2&0ry
evalen{attor to 1vet]6§? g C{u & hrogl] Oct asa geli%dbrown %@uldn ghls Rﬂ‘eldl was distilled

EVRS TN gerature ween -
bedrer\Ggiehe cm&umruart@ Iwabara tHegwedudt draceersibeirty collg@eddvetiveen 71 and

V‘?SC Eﬁ%o'lgig RIS ﬁﬁ?errﬂi &8s ﬂe%éhlfeﬁtu%% the gé’rglg 961?!£Qc§ns,rﬁueqfact1ons being

f@@iﬂ@é@emﬁn &p §§% 4 %e% tpgive 289 g 4dﬂl¢qumeéwbﬁﬁa%araﬁd>ne (58% yield;
nagheduhhree times with

MS: m/e 118 M*, 74, 59, 41
b) Preparation of (S)-4-fluoromethyl-dihydro-furan-2-one

A 2 L autoclave equipped with a mechanical stirrer was charged with a solution of
96.0 g 4-fluoromethyl-5H-furan-2-one (8.27 x 10-1 mol) in 284 mL methanol. The

autoclave was sealed and pressurized several times with argon (7 bar) in order to remove
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4.0 L IN hydrochloric acid. The conbi ned aqueous
| ayers were extracted three tinmes with 1.4 L

walt@Blsr’siet hane. The conbi ned organi c | ayers R&EF/BP2007/059265

evaporated in a rotatory evapﬁggtor to give 681 g
crude product as a dark brown [mquid. This materia

was rn.a V| reuw col t 1 r,
IPufted b ol B, A0LTibaf alofl P ibfu e M. Ao b OREF (5 B b
He(BIPHEY) (6161 s 10ratrael) &3/ CvdaZéO@)elndiO@ ml methapeldess added under

SRR FoRdA 4R &*adﬁﬂ%nfcfe@l% Elcé@ﬁ)ugﬁ 'cHQrgec?QJ d QS&&EI%X (O, content < 2

bet ween 65 an g
Beh) g Brestiped yrlrhfarﬂoc@rﬁ B &he 3og frapepheredg dhgautoclave was

ﬁ»:%%ced Mphydrbgenl(5&haMt At s p@gsurég thddeaBi@PAL@ e Whs Bffirréd)~800 rpm)
u r an-
R %3@%3&5%%%%0}4# ok Mogre S seapityedin vacuo. The
chaugeds distibedatostfioud 9 08 g§94% D 6S)0t-uoromethyl-dihydro-furan-2-one. The
-fl.ugr.ops - - X 10-1 nol in 284
éﬁnﬁgﬁﬁ%ﬁ@%&”ﬁﬁ@ﬁkﬁﬁ{@£¥§9§9% gﬁgééﬁed and prelsurlzed
several times with ar (7 bar) in order to renpve WO

2008$)03 erBatierTy @ﬁéé@%h@%ﬁ@% 3- %mgrmhrlr%bré#ozér butyrylamino)—

Q)W-Qﬁfrﬁeth&(y 15,4087,1 85-8ethydroSBH Yykidp| 0f-a Bo ZﬁJndlﬁﬁ 2 |-carbamic acid
Ru( % R)- 3, 5-t Bu- éBIPHE) (6.62 x 1

in 100 nL net hanol was added under
stlrrlng fronra catal yst addition device previously
chargad L neaatog kquippdbwitl @2ncwbhmiiend stirger? a PpyifY themchometer, a dropping

an%%ﬁ%‘rdg%‘? 6{{/ fé&le%%?@ha(ré ﬁr‘éﬂe 50 %3 8"’3@%%5’) @%gg%ﬁ’?@r? amino-9,10-
dmathey- b9, éégurlé hftXh]@Yd’fech Pmdcrﬁz»ltalrseqmgheﬂr)ﬁ} eafbamic acid tert-
baryBQRrT BHD mLftgfuegQaIliH at1 30245 apfolh b%dfﬁ{%ﬁ%ﬁﬁné r”[%rfhm slightly
h toclave an ncentrated in vac §

&wndﬁ Pansint & 5g? g fd k ézﬂ%oromethy 1hydr uran 2 one was
é(ﬁ)e_ti@hrf)}bwldl% ATEt. NJ ex@ithey 6hy Gvak Wbsived diithg tRbeddiehe mhe@ropping
E}%{S@‘X%&fﬂ%ﬁg e?rq{o%gme w1ﬁ\{a tota?ly 160/ mquyto?cene 'lehe susaensmn was heated to
(28x38) A ) tuBadd(iB)o- BelFdrsoluvive tstaylinglir om0 Ky aftart4pmyinamder reflux
%1 E&kexa I‘?fé)rl:lleg ﬁgélge‘&%@{?{tﬁu}%g}f finferreftux, the théck suspension was cooled

I 'soqui nol i
toclRF) [yb]mtqgl wigh 00 rcl[lclﬁqqometlégle@pd Atn:[edgfqg 3p élal@%/aé T. After filtration,

ﬁﬁlﬂlﬁp ke Wrds Iﬂva@laéﬂ%?ﬁ&hﬁ@é with 't(ﬁt‘é@}r ZOOBrnEttolllgrge then port10nw1se with
éfyclr(i)rgmt Cat ic ogq)]rrng age-( %112 §1IIl nne k)e was drledl att SrOo"%eP 10 Lar for 20 h, to

g1286(38,g1;1|r&5)c-t Bosaniyisht; QSsiﬁ-IOOi%DTEt hoxy-
1,3,4,6,7, 1l b- hexahydr o- 2H pyri do[ 2, 1- a] i soqui nol i n- 2-

Xk)nggég§gh%5§e%d7tert 15 butyl ester, 500 ni tol uene

mol ) 2- hydroxypyrldlne To this
slightly brownish susgensron 22. 7 (192 nmmol

0
(S) - 4) Picpwaber phi2S.3di 13 ﬂ)r%r(fﬁbiﬁuozomﬂm/%asoxoaafd@dm 1-y)-9,10-
arQRNb§e1, 8,637t 1bN9ex§1>g£&rB@rmsyﬂr@o<{z by R6YERoRMNLP 4B8mic acid tert-

aﬁd tion. The droppi ng funnel was rinsed portionw se
'W estStal Iy 100 ml tol uene. The suspension was heat ed

A 1.5 L reactor equipped with a mechanical stirrer, a Pt-100 thermometer, a dropping
funnel, a cooling bath and a nitrogen inlet was charged with 28 g (56.5 mmol) of
(25,35,11bS)-3-((S)-3-fluoromethyl-4-hydroxy-butyrylamino)-9,10-dimethoxy-
1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-a]isoquinolin-2-yl|-carbamic acid tert-butyl ester
and 750 mL THF. The mixture was cooled to 0 °C and a solution of 6.17 mL (79 mmol)

methanesulfonic acid in 42 mL THF was added during 10 min, maintaining the
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reflux, whereas it turned into a clear solution
starting from60 C, after 40 min under reflux 20 a

weompesisson formed again. After totally 23 h uPdBEP2007/059265

reflux, the thick suspension cooled to RT,

di | uted with 100 nlL di chl oronethane and stirred for 30

{n ng}eraéure at O%i)ﬁmrAstfgbv\;atrsﬁ ulttl(%)?l (1f 15 %SB% (érgt_f @rﬁcﬁz%w\ﬁ?%‘mme in 42 mL
EHtFtW@mdﬂ@bdwrtgﬂS mot. dhk yesmb(mgniusmtn@hn wassETdbioe 80 Thie at 0-5 °C,
{vhble8Y it B@Jﬁﬁle\’ﬁ%ﬂﬂ}r @fgclé:tr BnG 4l ni0 (lﬂi@ E}ﬁmt)g gl Ie‘lchtﬂrun{ 0

pr oduc %yl eld; assay
grpgnggeéqy smdpﬂmﬂeggeye @n}dep}rt@ E}gﬁlﬁpqtlgﬁ d@flng 15 mln, whereas the suspension

(82123, TAbS) ntdor] WasSlolled @ wxeﬁl lhgl dﬁlzm 9X%0 il airﬂngl “590 mL
exah

met ho H-
vhicy w3t adday TEtnaa Kaplism, e et s e b fH Ao g phase was
adisequeAtll efirdctadeaidt 500 funpR@ed mii dibhlaromecthare The organlc layers were

g’ichrvs ﬂed %@g&%‘i&%ﬂ%{ﬁ?ﬂ?& Bflne %Pg‘{b%p 'alﬂg evgi%r%tg(ﬁ] BE 'rotatory

acoo a nitrogen in
ngtpgra(((g@ be rasplting ddang 98s ngqlqubg)ISS gl.L @glgpromethane, filtered and

%11{ LpbRnEt ttl)glwe%OhSV &gﬁé’ };FBlﬂltu%f éh{sle rléro;ivl{lﬁsh foam. This material
Xa

t hoxy
s IS%fveﬂg%aa% e rrlﬁ ngh esulfing B’a%ﬁhéCkaSélPEFntS‘é?Pt Wﬁﬁgwssolved on
B&dti@l to adiahx/Aler 0 ﬂﬂ&ﬁh@lﬂﬂh&%@lﬁﬁoﬂvﬂ@s @lﬂ@beﬂdoﬁgmdﬂlalﬁy cool to RT

$0n? By el Gadn e AP Rghin TR TS b Siifong as cooled
td\(b°®\£0r20ﬂ8¢10i?vﬂeﬁ?ﬂ®' -PET fieP2 (hOThé)EtQ%E werdflltdredm# vatapre- cooled
ssgnﬁey @mﬂ%i v&sﬁ%ﬁp&%ﬂ&vlfﬂ%nﬁfm ]n%L ng'E de(rgp dq‘gphé hat45°C/20

riethylamne in was ad urin

mhar, e 8iyk 21 Ag 13 adiyd REI48R6T08ss sthilte coagtalsdy 7%w1¢hi rseey: E0).
C, whereas it becane gradually thicker. Then 141 nL
VisA &/ emmd OMQLHM,MBVMZQ!T} bi s(trinmethylsilyl)am de were
added to the mxture during 15 nmin, whereas the

susp on 5 di sol. ut | s.all

r eac "Hﬁ?(i“h%fs(ég 3 ﬁﬁgb%ngg‘% a@ﬂ?‘?’?’ﬁﬁﬁgﬁﬁxﬁﬁ}%ﬁﬁ%’g}b'hexahydro'
Vel spyaicdd €431 -wi isdipun ol mediyl) i ) -flheromieth i gy ratidineXonadthgdrochloride
and the aqueous phase was subsequently extracted with

500 gl 4D gea%t%@ i‘ﬂnpgﬁcﬁb R 5%?:555’19# fstlr-wle a ‘?"EQ@@ 'tH%rIln@)ﬁ:e[é a dropping

were each sat urated bri
Help laﬁeg@va&fé i é‘é?fé‘?ﬁi with 6t%¢ ol-30 m@@éﬁé?%@%i leTﬁe((4S)
fl@Srohnidg Weslidih-359)-ved- d11ﬁet1a55y M13,4,6,7,11b-hexahydro-2H-

di c ro than f|| d and. 10 ai,n ev ated to
ikl %é iR R i 20 bt bim Gacis ere i oo oo Paroppehand 62 mL
Whies amdthersuigiiensioasvaslhesead wet)-41°(A 22 astcomdtvhaelol .98 L isopropanol

kﬁ?#{o‘lécﬂ% o< dtz!%i ‘}}ilf f@%@%ﬁ' 4yl %‘W&ﬁ% s at%ﬁea/ 89?%‘35 min,

tore
WagntaihinavbelentpegratuaPHy G ddler campiFtcdadeiting, Bemyixture was allowed

WRLEAS. ¢35 ¥Shad Whedkh 91'8w$}1 e?c{cieﬁ% ﬁfetf?rEt \%Qseﬂalihngﬁf 5 ﬁrAﬁer

h the susgenm on was cool g
gyplotse aflgition the HTPﬁ%feé’i’%?§¥1%¥F§ f%elﬁél ‘¥t|410t4e5r &awaﬁwawast lization
phfeC&@rach. The white suspension was cooled to 20 °C during 2 h, stirred at that

temperature for 1.5 h and filtered. The crystals were washed portionwise with 1.1 L
isopropanol and dried for 72 h at 45°C / 20 mbar, to give 583 g of the product as white
crystals (100% yield; assay: 99.0%)
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15 gl asssinter funnel, washed portionwise with 78 nL
TBME and dried for 18 h at 45 C/ 20 nbar, to give

WQ@12008/08178r oduct R04876706 as white crystal s (7FOb/EPEOT)59265

assay: 99.5%. MS. me 478 (NME@+- 437, 422. e)

Preparation of

(2S, 3S,11bS)-1-(2-am no- 9, 10C9 Hpthoxy 1,3,4,6,7,1 b-h
exahydr o-

2H pyrido[ 2, 1-a] i soqui nolin-3-yl)-4(S)-fluoronethyl -py
rrolidin-2-one di hydrochloride 20 A 2.5 L reactor

equi ppeacess fo the prsptane af Pigidol 3 dralisgamnohggderivatives of the formula
thernoneter, a dropping funnel and a nitrogen inlet

was charged with 619 g (1.30 nol) F

(2S, 3S, 11bS) - 3- ((49) - NH,

f1 uoronet hyl - 2- oxo- pyrrol i diR-
-9, 10- di net hoxy- 1, 3,4, 6,

[2, 1-a] |squ|noI|rf2 ,

I

b- Nexahydr o- 2H pyri do
@rbani® acid tert-butyl
ester, 4.2 L isopropa and 62 nL water and the
suspensi on was heatrRéd ¥ <45 C. In a second vesse
1.98 L isopropanol 25 wafs cooled to 0 C and 461 nL
(6.50 nol) acetyl chloride was added during 35 nln

mai nt ai nj he a at 0- After

e EnB i RUTE catsindricodeily Flscieabem i s @nsising of
Andtoyas hhlbgd,‘h Sl énotky, laﬁd&tﬂk}ﬂ doﬁvﬁeal]f:(bxy&hd\l@&s&aﬂkedw iwhgrein lower
é‘l%(% ﬂ)w r ﬁ(g)r(yl@(ﬂngrltele %E 2 of tl 201 %e suf)(st fl%’a 4 eroup selected

tre ereas crys
goarlpwdr dkoxcarbohyl, érﬂyl]ean/dfheﬁ‘ﬂfos;{srb’ben& on vvas cooled to

20 Cduring 2 h, stirred at that 30 tenperature for
1.5 Fbrﬁﬁﬁ’aﬁg lhte%feﬁﬁja) é‘fﬂﬁotclf))’a%*d?drsc) "Wﬁéi"eﬁ‘i’aShed

portionw se wt i sopropanol and dried for 72 h
at 45C /_ 20 nbar glve 583 f the duct as
whi 18P R PBRES (80U Y @RErG @gﬁg}geng@mg@ angyamine of the formula

2008/ 031750 PCT/ EP2007/ 059265  ,-45 Clains 1. Process
for the preparation of pyrido,[2, 1-a] isoquinoline
derivatives of the formula RN HRZNO R3 R4
wherein R2, R3 and R& areg ndependent |y sel ected
fromthe group consi st hydr ogen, Il hal ogen

hydr oxy, |ower al kyl 3
wherein | ower al kyl, al koxy and | ower al kenyl
may optionally be substiRut ed by a group sel ected

wherein R% R’ and R* are as defined above and R' is lower alkyl, in the presence of a
transition metal catalyst to form the (all-S)-amino ester of formula IIla, alone or as a

mixture with 3R-epimer I11b

b

wherein R?, R’ and R* are as defined above and R" is lower alkyl or halogenated

lower alkyl;



10

15

from | ower al koxycarbonyl, aryl and heterocyclyl,
conprising the steps a) and/or b) and/or c), wherein

W@ @p/ozi7sconpri ses catal ytic asymetri c hydr ogeCEEPIN7/059265

of an enam ne of the formula NHZ COOR z :HN 11 Il 3

4 10 wherein R2, R3 and R4 are as defined above and R

cat arep) FhH e DO P RERRTSE i ik STt P Torm the -
pidterteda|26 hemaro esteraiof fiormtilare with 3R-epimer 111b NHZ

NHZ COOR ,,,000R H:Hia+ RR3IIIb 4 4 15 wherein

R2, R3 and R4 are asneefdtned above and R' NdPrpover

al kyl or hal ogenat ed i_| gyr'al kyl ; WO 200
PCT/ EP2007/ 059265H [- 46 step b) coppri se?
i nt roduct i oR~NQ N0 protectihy fot to form

the N- protect ‘ -am,_no ester I HPr ot
OOR :~m§3IVa R4 ergi n w R3

NHProt COGRE

and R4 are as dpfined above and Prot Rtands for an
amno 5 protecting group; step c) conprises am dation
of the ester of fornyla IV . to formthe am de of .
f or miyhereimiipRot R andnbHziroas definedipleaveiand Rpot sands fr agrignino
provdctial @ragp; def i ned above. 2. Process according to
claim1, characterized in that the asymmetric

hydr 9[gpec ation

comprises amidation of the ester of formula [V to form the amide of formula

NHProt
A_,CONH,

\

wherein R%, R?, R* and Prot are as defined above.

2. Process according to claim 1, characterized in that the asymmetric hydrogenation
in step a) is performed with a transition metal catalyst selected from a ruthenium, rhodium

or iridium complex catalyst containing a diphosphine ligand.

3. Process according to claims 1, characterized in that the asymmetric hydrogenation

in step a) is performed with a rhodium complex catalyst containing a diphosphine ligand.

4. Process according to claim 2 or 3, characterized in that the diphosphine ligand is

selected from the group consisting of formula A to Q

5
5

R R5 5 RG R11
R} / R\ /

\P R rF—P p-R’ RA_ O~ P g
Rs/ Fe P\Rs Fe R>< /R'H
R @ H.,C O O —P_

! R
6
O s

A B



lo in step a) is perforned with a transition netal
catal yst selected froma ruthenium rhodium or

WO pdodiosatsconpl ex catal yst contai ni ng a di phospPCTEP2007/059265
ligand. 3. Process according t&bclalns 1,
characterized in that the asynmetric hydrogenatlon in
step a) |sF§@rforned Wi th a rhodi um conpl ex catal yst
contalnlng di phosphine lig 4. Process according

to cl aRm 28 11characteulz t it the di phosphine
ligand is Ie ted frio Np consisti
f or mul g2 511R56R1 R @16 OSR

\P-R 'RRll R5/ R5, F Fe / \ R~ RL O g
H3C O R F »—rR6 A 8/031750 P P—
PCT/ EP200 "9265 -47- R11 RS CH3 P-R11

RS P R 3% R7 WP NR/SEPEQARSPPS L H
3SiP 5RIRRR R DEF H3 CCHB R1
H P CH3
D E F
R i R
P/
|IR11 |IR11'




~ 11 11 HHq RPPRRIII, III" PP RHCP HHC
CH3 rcH3 3 HC-CHG3 CH3\ \ | H3CH3C3 HI W
WQ@OO8HIBIV50 PCT/ EP2007/ 059265 -48- CH3 H C* BCIZEB057/659265
Ri(On_ I R PPp PP~R, R5 H3CCHHNGCH \ L
H3C3 0 OICH3 CH3 | KO R R50O0R R/ RSP P RS
PPRR PP 'R 'R MNO R5

_U
T
'
{fj
é
}qn
o—
N
O
=1
/
Py
AN
xfﬂ

CH,
J K
N R 0=_9~_0
5 5
R" —\ R’ R=—P P—R _
P P R R’
(S 0@ \Q (J
R R e
M N
o)
R

wherein

each R®  independently from each other is selected from the group consisting of aryl',
heteroaryl, cycloalkyl and lower alkyl;

5 R” is selected from the group consisting of hydrogen and lower alkyl;

R is selected from the group consisting of hydrogen, lower alkyl and phenyl;

each R®  independently from each other is lower alkyl;

each R”  independently from each other is lower alkyl or aryl';

R®and R® independently from each other are selected from the group consisting of lower

10 alkyl, lower alkoxy, hydroxy and -O-C(O)-lower alkyl;

R’ R®, R'* and R'" independently from each other are selected from the group consisting
of hydrogen, lower alkyl, lower alkoxy and lower dialkylamino; or

R®and R’ R* and R, R? and R, R” and R' or R® and R¥, taken both together, are -X-
(CHa2)n-Y-, wherein X is -O- or —C(O)O-, Y is -O- or -N(lower alkyl)- and n is

15 an integer from 1 to 6; or



SRI1 ONJOPR 1\1\ PP</PRN1 SRI1'" " R PQ
wherein each R5 independently fromeach other is

W@ 20080860 f r om t he group consi sting of aryl', PCTI/EP2007/059265
heteroaryl, cycloal kyl and lowey alkyl; 5 R5, is
sel ected fromthe group consisting of hydrogen and
ovnel pahkyl :» B5}ho | S, sel ected ,fiomth roup,consi st
KRB B Ko bt PR wr Rl fhanyhel bollh Bl AR £ 9group, or
i ndependwegtthyr itlo theeadioroitbes to ghichwkey ab kiydchedgdotm Rhaphthyl,

I ndependent from.each other is | r alkyl or aryl';

re- ana FERThpERER oo ihar SRzt eBles B
ergﬁﬂtmb ﬁg?rgpumeﬁay] gr'bﬁi ¢anly o)dfer IisQ;‘ﬁl%ttecli gblnatﬂexglrouﬂ @i8isting of aryl',
al koxy, r nd -0 -lo al kyl; R9, R9', R10

and R OJO%ﬁﬂggénggﬂPﬁvd%é%%%%ﬁ@ﬁié¥her are sel ected
REQRIRAE te P frand élstdl PBosphblafy F paephetaaning.al kyl ,

| oner al koxy and | ower dial kyl ami no; or R8 and R9, Rg
and R9', RO and R10, RO and R 0O or R8 and R8, taken

both_together, are -X-. (CH2)":Y-, wher.ei 1S ;0- or . :

P G BT egorhe iy ol chaagt e g &ivhaphe liand i of
thetfegeiilaf rom 1 to 6; or WD 2008/ 031750

PCT/ EP2007/ 059265 -49 R8 and R9, R8' and R9', RO and

R10 or R9. and R10', taken both together, are a - CF2-

group, or together vvistR] he~carbon atons to which

they are attached, fofm a t hyk,

tetrahydronapht hyl, di bepzottihenyl or di Renzof uranyl

ring; and R' and R' RAdegerentTIRf rom each other is
sel ected fromthe group &o ting of aryls, 5 |ower
al kyl, heteroaryl and cycl yl; or R" and R

together forma chiral phosphol ane or phosphet ane
ring. 5. Process according to claim2 or 3,
ahafeact eri zed in that the di phosphine ligand is of
the formula R5"

each R’ independently from each other is selected from the group consisting of aryl',

heteroaryl, cycloalkyl and lower alkyl;

R” is selected from the group consisting of hydrogen and lower alkyl; and

R is selected from the group consisting of hydrogen, lower alkyl and phenyl.

6. Process according to claims 1 to 3, characterized in that the asymmetric
hydrogenation in step a) is performed with a rhodium complex containing a chiral
diphosphine ligand selected from the group consisting of ((R)-Cy,-BIPHEMP, (R)-Cy,-
MeOBIPHEP, (S,R)-MOD-PPE-P(tBu), and (S,R)-PPF-P(tBu),.

7. Process according to claims 1 to 3, characterized in that the asymmetric
hydrogenation in step a) is performed with a rhodium complex catalyst containing (S,R)-
PPF-P(tBu); as chiral diphosphine ligand.

8. Process according to any of claims 1 to 7, characterized in that the asymmetric

hydrogenation is carried out in an inert organic solvent.
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RPFe RRSVP Fe PIRS A R5. 0 1o wherein each R5
i ndependently from each other is selected fromthe

w@e@ap3rensi sting of aryls, heteroaryl, cycl oBCKEP20aTI0F9265

| ower al kyl; R5' is sel ect ed fg&n1the group consisting

of hydrogen and lower alkyl; and R5" is selected from
the gr consisti 1.0 | k -
ohe ng s B Pe]s_%acgo oﬁp Pogcéaslmaﬁg Bég g erlzetd at itl?r%as\{mtt%etgc,: hydrogenation

@WanaﬂKeMuzé&ZHmﬂuhamﬂmhelasynnetrlc hydr ogenati on in
step a) is perfornmed with a rhodi um conpl ex cont ai ni ng
a chiral diphosphine |igand selected fromthe group

con SR 1® tﬂré&&%gc%ﬁﬁ) t@é?a‘nﬁg ?klgy%ha%g%:e‘r@@m QL Riaknetric
n
&Ydde %ﬂ%&a&w"%gﬂ %t&%e/ 165%6@ a F?@%% g%reta Z0f bar.

that the asymetric 20 hydrogenation in step a) is
performed with a rhodi um conpl ex catal yst containing

(S, REL Pﬁmﬁsﬂct&d)'r% taglagink i &b I@icphmsphimfeinlthgahd asygmetric
ﬁ’% gél%tl Flgge tQ 109fte1ﬁ e th J e from 20 °C to 120 °C.
C cterized at e asy trlc rogenation is
carried out in an |nert organi c solvent WD

2008/ 031750 PCT/ EP2007/.059265 -50 9. Process

accol HLRRLETACEPA © claiRar searasierasd 17 Nt fiutick hktert-butoxycarbonyl
RSiytiddiced as ithoggeratin®groups carried out in
2,2,2-trifluoroethanol. 10. Process according to

claims 1 to 9, characterized in that the asymetric

hydr pg @gelss E[EB&@ﬁfgsto fk%%gl égltlarg%tp%z%d%%%t RS asfﬁlldglt?oﬂ ﬁ]l s%ep c)is

range Oﬁ]l cess acco
p@’f@n@dnﬁtmfomamde/ sodivmonethpzide fprmarhile/ sagdeum ethomde, acetamide/

?&:‘Mﬁﬁ’ﬂ%ﬁ&h&xlﬂé’Q{cpe&%&%aa%aﬁ%?&h%a@e at a reaction
tenperature in a range from20 Cto 120 C. 12. Process

according to claiml, characterized in that in step b)

or oupt I REGRREE el g 0o VISR Al BE PR im step

lsrpetfbahed meanaorgddt savent at etrgieratyres sf 0°PGer f0dKred Wit h
f ormam de/ sodi um net hoxi de, fornmam de/ sodi um
et hoxi de, acetam de/ sodi um nmet hoxi de and acet anmi de/

sodi %“P?&J%stzlcg@rdui'g“to cf’a{ﬁ%%ﬁl@?&%g?%gaﬁaﬂoﬁ b J751- g(zgrss 11bS)-2-

13, characterized nin step

praproo?shedimethgyy- béglaﬁﬂ E1bsBexpbidroadHpyrgel2al ﬁl}*%%luHTOhHﬁ yD)-4-
Fud@meéhyE-pyrrolidin-2-one.

16. Process according to claim 15 for the preparation of (S)-1-((2S,3S,11bS)-2-
amino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-a]isoquinolin-3-yl)-4-
fluoromethyl-pyrrolidin-2-one, comprising the process according to claims 1 to 14,
followed by

d) degradation of [(2S5,3S,11bS)- (3-Carbamoyl-9,10-dimethoxy-1,3,4,6,7,11b-
hexahydro-2H-pyrido[2,1-a]isoquinolin-2-yl) | -carbamic acid tert-butyl ester

e) coupling of the so obtained (2S,3S,115S)-3-amino-9,10-dimethoxy-1,3,4,6,7,11b-
hexahydro-2H-pyrido[2,1-a]isoquinolin-2-yl)-carbamic acid tert-butyl ester with the (S)-

4-fluoromethyl-dihydro-furan-2-one of formula



15. Process according to clains 1 to 14 for the

preparation of (S)-1-((2S, 3S,1IbS)-2- 15

wW@rimo3g5@0- di met hoxy- 1, 3, 4, 6, 7, 1l b- hexahydr o- PE¥/pRr00Tda59265
[2,1-a]isoquinolin-3-yl)-4 5
fl uoronet hyl - pyrrolidin-2-one. h%. Process accor di ng
to claim 15 for the preparation of
(S)-1-((2S, 3S, 1l bS) -2- am no-9, O-%inethoxy-1,3,4,6
7, | | b-hexahydro-2H pyri do 2a] isoquinolin-3-yl)
-4- fluoronethyl-pyrrolidin e, cymnprising the
process according to clains 1ffto 14, 20 foll owed by d)
degradation of [(2S, 3S, 11bS)-0O
( 3- Car banoyl - 9, 10- di net hoxy-1, 3,4, 6, 7, 11b-

hexahydr o- 2H ido [2,1- [ uj nol.in
s D aton BY PPyt ase B e%*%@ﬂ%ﬁoméhﬁfﬂ-l%m%
bbﬁymlmdloﬁ—gso&ﬁniethoxy 1, 3 4,6,7,11b- hexahydro 2H -pyrido|[2,1-a]isoquinolin-2-
X
ﬁli baa}l ‘éﬁ?ﬁe%%/‘%“ g:]; H}eypsf 8§5§|¢en%fﬁa’ s agfl) car bam c
acid tert-butyl ester wth the (S)-
4- f | glodepreediis-the Ahamsd (2, éﬁllzlséﬁe((é@ flepremeshyl@-oxo-pyrrolidin-1-
Q@sfooélyeﬁ%x?qré EE&QQEQQ&%&@%O 21—1511)7er0 S1M iSOqlgl’lI)ﬁl’l 2-yl]-carbamic
n of the obtaine
@?%“ﬁ@ g@ﬁmB (3-f 1 uor onet hyl - 4- hydr oxy-
butyryl am no) -9, 10-di net hoxy-1,3,4,6, 1,3,4,6,7,1
| b- hex aly diooel 2ir@essks agdestistduiendh before yl ] - car bami c
acid tert-butyl ester in the presence of a base, and 5
g) deprotecting the obtained ..«
(2S, 3S, 11bS) - 3- ((4S) -f | uor onet hyl - 2- oxo- pyrrol i di n- 1-
yl) -9, 10-dinethoxy- 1,3,4,6,7,1
| b- hexahydr o- 2H pyrido [2, 1-a] isoquinolin-2-yll
-carbamc acid tert-butyl ester. 17. The novel
processes as descri bed herein before




