10

15

20

Case 23884 PROCESS FOR THE PREPARATI ON OF
PYRI DJ 2, 1- Al | SOQUI NOLI NE DERI VATI VESCOWPRI SI NG

W@RIDBQAMZ4RESCLUTI ON OF AN ENAM NE The present PCI/EPR00TO59264

relates to a process for the preparation of
pyrido[2,]-a] isoquinoline derivatives of the fornula
wherein R2, R3 and R4 are each i ndependently sel ected
Easerd3B8E group consisting of hydrogen, hal ogen,

hydr oxy, |ower al kyl, |ower alkoxy and | ower al kenyl,
wherein [ ower alkyl, |ower alkoxy and | ower al kenyl
may optionally be substituted by a group consisting of

RsdoIRoLINE

ar e BERIBVIAKIFESGONM PRERNG/OPTHEA bRESOLUTION OHAN ENAMINE
i soqui nol i ne derivatives of the formula |I are

di scTospetsim irRETtidmtadatesabiagmadesPilr ¢t prapphtionss pyrido(2,1-a]
: . ' in the synthesis of the

%g éég%%%ﬁ%?a 5?%5 §f%ﬁ§@athe intrgduction of the

chiral center in the pyrido [2,1 -algisoquinoline

noi ety, which in the current synthesis according to

the PCT Int. Appl. WD 2005/ Y848 Y nvol ves | ate st age
racemat e separation by chir PNgC Such a process is
however difficult man teghni cal scale. The
problemto be sol ved fof'e was to find a suitable
process alternativeg, ows to obtain the desired
optical isoner in rlyl,stage of the process, which
affords a hi gher yieldFfnd which can be conducted on
technical scale. It was found that with the process of
the prespNt i nvention, as outlined below, the problem
coul d be solved. Unless otherw se indicated, the

foll ﬁy,VIRB gng ‘Ialﬁ hte eta!:lrglr}lsﬂegernederslt%; seﬁe%{etciqr(}rr? tlrllel glrrglsl[t) [:grtls(lssti%g ((j)f 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 consisting of lower
alkoxycarbonyl, aryl and heterocyclyl, and the pharmaceutically acceptable salts thereof

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 center 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 therefore was to find a suitable process alternative which allows to
obtain the desired optical isomer in early stage of the process, which 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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define the neani ng and scope of the various terns used
to describe the invention herein. DK/ 11.07.2007The

wo eoosi03t1ad ogen” refers to fluorine, chlorine, PCDEPI67/059264

and iodine, with fluorine, br or? ne and chl orine being
preferred. The term"al kyl", al'one or in conbination
V\/ltth er . [ anc ed .or s

erm Fﬂ%ﬁ refers 0 ﬂsu §) n|e,i Fl;:l:ortl rhom ne ané %uge with fluorine,

chai n" nonova urate rocar
badiioakndthlorige bang weafryedear bon atoms prefer abI y one
to sixteen carbon atons, nore preferably one to ten

car b‘?He R QMaikyPNalbhé 8 ﬁ%ﬁiﬁll‘l&ﬁﬁl‘ With BﬂE@r 58U, TePM86 2 branched or

is to rreana group |st|n one to s

fﬂf@ég iymgposat BasuRegtaliphe dg?%%@) rad qﬁﬁh@f onefjg twenty carbon
hehiy) f)tleﬁa\t\ﬁﬂy ah&kd sixtecl @ASHMOAtoing, rEeFEYrefatabbBons th BerDdahldn atoms.
groups, refers to a branched or straight- chain

g?g?gn?tglgﬁns%e g%ﬁce%ton tﬁgjtﬁz:r:ﬂalt‘é?fero 9521{5% tosrlnx»fz},PCezljl 551?)%5 cg}msqs g of one to
$inyrirhierabbxefmpleit fad chsponadérotd) s such as net hyl, et hyl ,

n- propyl, isopropyl, n-butyl, s-butyl, isobutyl,
t- buﬂﬂls, tHb @ﬁﬂt‘bbk/wer §l‘kgTEt Jlb{ﬁ@bii ﬁﬁlconﬁlﬁ%ﬁﬁhw@l &h@ﬂér@ﬁﬁé{ befers to a

the |'ike, Prefera | ower al kyl residues are
ﬁ@lﬂ d ofsiraighfy ﬂmm mqrwvgllép‘w}}lfyl Lr)@rlf% Ogglﬂfet@l sy qag;bon atoms, preferably
@ﬁ@foefbﬁechrbam@tohmm @érKﬁBYdlrthea%X didderyehdicdennhes methyl,
A T LR AL b SRS B
pesat, erabylputyl omd thedike. @réfembledawbtoaik;dtrmmh;es arednéthyliang ethyl, with

Y?ECIII E?lefﬁrjef:erl%ﬁum e bonds, preferably one

| ni c ond. Exanples are vinyl, 1-propenyl,
Eenyl (all I) or 2 but enyl (cro;“yblé)‘. The term
" aI k?e" g termaplkery t@tts geBufsnRtes @n ungihstiaitesd qr supsfituted

é;;warwm i€ Fddical ngslﬁkmwo tb e&%aﬁ)omtdrﬁse p%f&uﬂy from two to

\?%r'bo\g%g}r{% gngB:fl Iqsl%agel} Sr fivg &i‘?;k %@ 6%.&33 ug?réissepréfera%?y one olefinic

deitleokynd. Exlnaxles amrmpd;ﬂypropsmﬂ),mpmpymyl laltyb)xor, 2-butenyl (crotyl).
i sobut oxy and hexyl OXY, W th net hoxy being especially

pr ef « XY C AV " )
t he ?{15 &0 -gﬂ(g_x% ar ootﬁﬁgro%&pkf?? %lgt%ﬂyh is 51%1‘3 TRe t?m "lower
alkoxy’ refers to the group R -O-, wherein R'is a lower alkyl group as defined above.

Examples of lower alkoxy groups are e.g. methoxy, ethoxy, propoxy, isopropoxy, butoxy,

isobutoxy and hexyloxy, with methoxy 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,
such as phenyl or naphthyl, preferably phenyl, which may optionally be mono-, di- or tri-
substituted, independently, by lower alkyl, lower alkoxy, halogen, cyano, azido, amino, di-

lower alkyl amino or hydroxy.

The term “heterocyclyl” refers to a 5- or 6-membered aromatic or saturated N-
heterocyclic residue, which may optionally contain a further nitrogen or oxygen atom, such
as imidazolyl, pyrazolyl, thiazolyl, pyridyl, pyrimidyl, morpholino, piperazino, piperidino
or pyrrolidino, preferably pyridyl, thiazolyl or morpholino. Such heterocyclic rings may
optionally be mono-, di- or tri-substituted, independently, by lower alkyl, lower alkoxy,
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| ower al kyl group as defined above. The term"aryl"
refers to an aromati ¢ nonoval ent npbno- or

weolegosnocycl i ¢ radi cal, such as phenyl or naptit/Ep1007/059264

preferably phenyl, mhlch may ogtlonally be nono-, di-
or trisubstituted i ndependent 'y, by | ower aIkyI
f%% n, aylgn%ggélz’cl)dror,] %}nglgoe i 1& an z?r%ﬁnd odr h Irc.%ogyc refe,rﬁ)\ive?ru stituent is
bmwad$ﬂ»wmhenﬁbﬁﬁﬁﬂedﬂakumétlc or saturated
Nhet erocyclic residue, which may optionally contain a

furtpgs teﬁht"FHﬁ%{thﬁtlcQH)y &%@pt@ﬁl@ QA58 UnBrRes dalt gﬁﬁl@'(:)ﬂnpounds of
hi azo ol 1.nO,

y . mor .
§1 ﬁ@faalzw b ingsgagRs ORRTHY ﬁagwbﬁﬁ Evﬁeglﬁpélf é?léﬁwrobromlc acid,
pitti¢ ayidl,, sulphivaiz ati) plﬁfsplﬁmﬁ@d'tﬁi ichfic a&daBriiRtaeidoabdid 4xid, acetic acid,

o RL AR OB et ARk e siiRhoicagid SRl dhid 1
$ulplz0rdo acidiamathe ldkie Winile reatdaytoxiand hoingorgapibnox hreferred salts
g'tﬁfagldgglleqoﬁﬂg§ HFE&&IS éltsta Hro%hf&ﬁdes, {J&b%ﬂ}éé artJ o

qbi) rnraceu acce pt
wtha@esmw@@ssa&a Mith ftﬂer rdsrpeing @@e@ﬂﬂx Bicfeies. |

with inorganic or organic acids such as hydrochloric
aci din (ﬁétﬂf ‘ﬂwlﬁﬂ't&s afritHe plfé!pﬁtfatl@n @ﬁpﬁhd&ﬂ,h &ﬂ'idédpﬁn@lﬁiedierwatwes of
ggqsph ric acid, citric acid, formc acid, maleic
[ getic aC|d fumaric aC|d succinic acid,

tartaric acid, nethanesulphonic acid,mﬁalicylic aci d,
pt ol uenesul phonic acid and the |ike, ich are non
toxic to living organi snms. Prefldyr salts with acids
are formates, naleates, citratx rochl ori des,
hydrobronldes and netnaneswl'onlc adjd salts, with

Shel Ty preferred. Lh det ai
of pyrido [2, 1-a]
i soqui nol i ne deri vat iR/és of e fornula wherein R2, R3
and R4 are each independetit!y selected fromthe group
consi sting of hydrogen halogen hydroxy, | ower al kyl,

: gﬁ%hg{eél Rag i{lower éﬁ%ﬁndeéﬂ’g& eﬁffgd {he%lrgé{ﬂ ¢onsisting of
Bydyegdn: b,@legerbyy@rogy dq‘gergpél{}édp@qr alkoxy and lower a¥kenyl wherein lower
alkyl, lower alkoxy and lower alkenyl may optionally be substituted by a group selected

from lower alkoxycarbonyl, aryl and heterocyclyl,
is comprising one or more of the steps a), b), ¢) or d) wherein

step a) comprises the optical resolution of an enamine of the formula

NH,
A\ COOR'

R? N I

R3

wherein R% R’ and R* are as defined above and R' is lower alkyl or benzyl, in the

presence of an optical active resolving agent to form the (S)-enamine salt of the formula



fromlower al koxycarbonyl, aryl and heterocyclyl, is

conprising one or nore of the steps a), b), c) or d)
WOoR@BOBIT4St ep a) conprises the optical resol ut POER00HOS9264

enanm ne of the fornula wherein, R, R and R are as

defi ned above and Ris lower alkyl or benzyl, in the

presence of an optical active reml ving agent to form

the (S) -enam ne salt of the for 3~ Awherein RL, R2,

R3 and R4 are as defined abovg @ 2

conj ugate base of the rgxolng

conprises the transfornati

of formula Il into thegs

, Rand R are as above and Prot stands for an ani no

protecting group; step c) coOnprises am dation of the

ester of formula IV to formthe amde of formula

NHPr @heratreR 'e R RRAnd R3 ardR4 defidedPitolve anidRES), dietlien@ajugate base of the

§$8W§1 gnstep d) conprises degradation of the am de

of foentfa V to formthe anine of formula

NHProtwherein R2, R3, R4 and Prot are as defined '

abov#ep bheanerisssrdtsdransiormatipre obihg ¢ s enapting prdt gjriegpule [ into the

bR h @R 1g0NMPri ses step a) as defined before. In

anot her enbodi nent, the process of the present

i nvention conprises step a) foll queghtby step b) as

defined before. In yet another embodigmgt of the

present invention, the processg [conprises steps a) to

d) together. RS "

forrrula wherein R, R

wherein R', R%, R’ and R* are as above and Prot stands for an amino protecting

group;

step ¢) comprises amidation of the ester of formula IV to form the amide of formula

NHProt
A_,CONH,

\

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

step d) comprises degradation of the amide of formula V to form the amine of

formula

NHProt
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In a further enbodi ment, the present invention relates
to the process for the preparation of

w@sda(729 | - a] i soqui nol i ne derivatives of the PGIEP1087/059264

I, wherein the steps b) and c) .are carried out w thout
isolation of the internmediate I'V. Preferably Rl is

| ower , al kylo e _preferabl y,.. s methyl, ethyl or

| sopr BT KiBs SPEFEVGERR: deanSt Qe bt ef er abi y

R2, R3 and R4 are independently selected from '
hy dr byere, enhlngdement (el prageds dlotie pres¢ikdxyentipn pempeipdsytep a) as defined
pésferred are those conpounds, wherein R2 and R3 are

| oner al koxy and R4 is hydrogen. Step a) conprises the

opti cal resol%}ion of ‘an enamne of the fornmula .

wher B} #ofer eRbormeRtathe PRCCHGRr esiTb i CaYiRp goRrises step a)
fodhevered &l ktgp boas tefimey before) t he presence of an optically
active resolving agent to formthe (S) -enam ne salt

of t i , . ‘R4 '
oo Pt L I B o SRR P S e
tg@rfogetiiére enanine of formula Il can be synthesized
fromcomercially avail abl e precursors according to

schefea furRl ebodeR@iRhd prettint alleBtid e &P 1M (8 Fh28R0EsS f&f the

the farmula R- H.are tartaric acid_derivatiyes of,
PifEargpRa BrEr T oRg e s i pf Togailg ) gifprein the steps b)
ahe) 8¢ targedbuunshbgtisdl atioachf pheinydrmepiaenyl. substi t ut ed

by one, two, or three groups independently sel ected

froml ower ahkyl, | ower al koxy and Qalogen, | ower
al kyPreferably R" is lower alkyl. More preferably, R" is methyl, ethyl or isopropyl. Most

preferably, R' is ethyl.

Preferably R*, R?> and R* are independently selected from hydrogen, lower alkyl and
lower alkoxy. Especially preferred are those compounds, wherein R* and R’ are lower

alkoxy and R* is hydrogen.

Step a) comprises the optical resolution of an enamine of the formula

NH,
A\ COOR'

R? N I

R3

wherein R% R’ and R* are as defined above and R' is lower alkyl or benzyl, in the

presence of an optically active resolving agent to form the (S)-enamine salt of the formula
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benzyl, wherein the phenyl ring is unsubstituted or
substituted by one, two, or three groups independently

waelogosiee from | ower al kyl, |ower al koxy and hedTgRI907/059264

and - NH phenyl, wherein the ph%nyl r|ng IS

unsubstituted or substituted by one, or three

grou nggnt | sgel ec ontlo [, | owe

2l ko%“ﬁﬁ‘gﬁﬁ gl ggen )ﬁ aééiteﬁnec{ oye ? %ll}te’ecoélt’u(%% base of the
wsolsingtageny. of hydroxy, | ower aIkoxy and NR7R8,

wherein R7 and R i ndependently from each other are

| OV\BTh@EMmE BIetfo%'hﬁQll 1Y carfBe éy%tl%@ﬂz&?fr@ﬁil Johﬁﬁé&ﬁﬁ}(/ Ig‘{a‘g?glg

consi sting 8 unsﬁwstltu phenyl, phenyl subs
BiFCiiers apgyding o ‘%%%s i ndependentiy sel ected
fromlower alkyl, |ower alkoxy and hal ogen, and
- NH phenyl , wherein t he phegyheni¢ hg 1S unsubstituted
or substituted by one, two or three groups

i nd@pendent |y selected fromlower alkyl, |ower alkoxy

bgijflogen Mor refgggbly, R5 is unsubstituted

o Or pherip trtut ed by ane, or three

gr oups independently selected fr &%ﬁr aIkyI | ower
aIkoxy and hal ogen). Preferably, 'S ydn@gy or - N(
: XY. Emd Ees

V lmare—seretred f
“di benzoyl -D-tattali ¢
(+ -O O -di benzoyl - D-tartaric aci d nono

di mret hyl am de, (+)-O, O -D -p-toluoyl-D-tartaric acid!
and [S-(R*, R*)]-2, 3-

bi s[ fipibivesaving agaay dahy fdroxyd RGO anedititaricaridderivatives of the
Eyefgired resol ving agent is

O -di benzoyl -D-tartaric acid. The term

‘conj ugat e base of the resouylng agent" neans the

correspondi ng ani ons sel ect from above aci ds of

formula VIl, thus anions the formula VI1I
wherein R and R are as, defy ned above. The opti cal
resol ution according %bjitLﬁaay BﬂéferaWIy follows the
principle of a crystallilgatiadn |nduced dynam c optica

resolution (CIDR). In tHe class”ea opti cal

wherein

R’ s selected from the group consisting of
unsubstituted phenyl,
phenyl substituted by one, two, or three groups independently selected from lower
alkyl, lower alkoxy and halogen,
lower alkyl,
benzyl, wherein the phenyl ring is unsubstituted or substituted by one, two, or three
groups independently selected from lower alkyl, lower alkoxy and halogen, and
-NH-phenyl, wherein the phenyl ring is unsubstituted or substituted by one, two, or

three groups independently selected from lower alkyl, lower alkoxy and halogen; and

R® s selected from the group consisting of hydroxy, lower alkoxy and -NR'R®, wherein
R’ and R® independently from each other are lower alkyl.



10

15

20

25

resolution the desired isonmer crystallizes and the
undesired isoner remains in the solution. The yield of

wale@sad49 soner can achi eve a maxi mum of 50 % PCI/EP20011€59264

concept of dynam c resol uti on_i7s_ based on the
continuous racem sati on of the sol ved undesired isoner

and th ntisnuous. crystal | i sation.of the desi.r
" conbier il TR AR ReAAL SR ahe b EadBRGER shspy. phen
substiiterulby @fe, MO % thike gwpps Taleperslsotlusdasteddrom hawer alkyl, lower
Giky ) Ad HAGh O RAY SR AYORILS (RPPhGRI rihERAUED PRtk S

usuyg?lI 'y pertorned i n%a rsl)g%/v‘ent1 stef)féc%gdnfgomnwatser ,t or
srbsHEYR Dy erenivoer thir@e(ﬂgp@%ﬁ@ngegé@}t]dﬁél,ected from lower alkyl, lower
hebkakiaddenan, ethyl acetate, toluene or m xtures

t hereof. The sel ection depends on the resol ving agent.

F d i ti . | uti I t .

o VSR AE% hEBbof A Bhph Sy one oo
toepgretips indepeadsnttyseleted frmobess atkghperatlkogy isd bdogen.

rule kept in a range of 40 OC to reflux tenperature,

pr ef ﬁ{;ﬂ?lé%lyl i iglhg;cﬁag}ﬁ?lo.ﬁxl(ﬁis Cridte g&ﬁg% v, s E?%rg%ﬁl s

of t enam he salt can bé separated’ from
reaction mxture by filtratiaon and drying

. In a
pr ef E¥eRlcefgBefeahtoPheuRssf famula ¥ i ane fesrtqdrframpdhe grpup
ténspeh @f (nedo;rgb’ltdibédwylelnam}tm &ld, f(@y-:m,ld)adibfkemydv/em{amtam acid
IS e et. | propy. or enzyl. e N
monghp by eRutd &) AR pER oL B Rk p AT [ PR 2R -2-
bisl{ébheanghapooeidsrband | ey dudinedloyx aide a furt her
enbodi nent of the present invention. Preferred (S)

- enapj : Lad b > ol P)-tare@llno- 9,
P S A P v

1-a]_j soquinoline-3- carboxylic acid ethylester, . .
(2S, Bay tebms‘gg@ﬁgﬁy gés@w-f Shecrepalying agng” wspas the gyrresponding anions

sefecedd fiein AbovleQacells I Fdexila VI, fhub.anions having the formula VIII
1l b-tetrahydro-4Ff-pyrido [2, 1-a] isoquinoline-3-

RWCOZ' VI

wherein R” and R® are as defined above.

The optical resolution according to step a) preferably follows the principle of a
crystallization-induced dynamic optical resolution (CIDR). In the classical optical
resolution the desired isomer crystallizes and the undesired isomer remains in the solution.
The yield of desired isomer can achieve a maximum of 50 % only. The concept of dynamic
resolution is based on the continuous racemisation of the solved undesired isomer and the
continuous crystallisation of the desired isomer. The yield of the desired isomer can thus

reach a maximum of 100%.

The optical resolution or the crystallization-induced dynamic optical resolution is

usually performed in a solvent selected from water, methanol, ethanol, isopropanol,
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carboxylic acid nethyl ester,
(2S, 3S) - bi sbenzoyl oxy-succinic acid salt, (S

WO 2008/03¥1¢® 9, 10-di net hoxy- 1,6, 7, PCT/EP2007/059264

1l b-tetrahydro-4Ff - pyri do [2,_%:a] I soqui nol i ne- 3-
carboxylic acid isopropyl ester,

glc%?dan?%s‘gﬁ%r?g)?cﬁﬁﬁl_zr%% lﬁg{% %(%32&&' (,I;]lla.)lfc;nie,a(():rl i 3R theBE 4Rselection depends
ah theresaleihg dgent.AFf - pyrido [2, 1-a] isoquinoline-3-
carboxylic acid ethyl ester,

(2S, Bsd) thPUpn e oyt Yesbh oA RAAW! cqdHaRhDBME r&Bivihg agent is
salt. Step b) conprises the transfornmation of the (°S)

regHHRT R COMPLCtRFOVEISA a 111 by a hydride reduction

under acidic conditions followed by the introduction

of amhapiodess peropeatiuraig agi eulp kém ih heaetof 10 OF to reflux temperature,

0 l,aNHPr ot i Rlo- R2, R3 and R4 are as above
gﬁ%ggygyl%?%ﬁ8§P oﬁigh am no protecting group; This
transformati on produces the stereoisoner of fornmula IV
wi t hTh¢ gistsle bédrei (§1-eyamink salhgady bedreparetgd dron thej rgaction mixture by

ﬁEﬂﬁ@ﬁgﬁgCN%ﬁ$ a reduci ng agent selected from sodi um
bor ohydri d€, T1ithium borohydride and sodi um

cyanobor ohydri de, preferabl he reducin gent _i s .
sodi Br&?%w&&meb&é?m% th putcal EeRuiigy) Ipfichs e Pecgprmegiwith the
éoimmiib af formulsil syerdied’ ismahgpéth dblseprapilchr betiph, asferably R' is
tijiuoroacetic acid, nmono-, di- or trichloroacetic

ethyl, , : .

acrd, or acetic acid and an organic solvent, such as

t et r ahydr of ur an (THF? or met hyl tetrahydrof uran '

( MeTHR) (S)ienamdfesalts of lprmideatllirase opvel hempedndsiang aagradingly are a

AR theReRUbLRRNE o BBk Y8ARENt il & 0oR) - €nam ne can al so be
added to a m xture of sodi um borohydride and trifiuoro

acetjc_.acid _in the organic sqlyent. The reaction
tenpg?ﬁ?ﬁﬁgsy§nﬂ§“ﬁS@%ﬂgﬁWQﬂfa¥ ¥ range of -40 0Cto

30 0C, preferably in a range of -20 0OC to 25 0C. The

{9 eaminn@ 1¢-aimbdose par7at ieetetryhyal roveirk pyrdgh2,0 e doq @noline-3-
gﬁgm& Qifl I?:ﬁly%c}éj[ek,l (§§|,35)nb1tsh)%nzoyloxy—succinic acid salt,

(§)-2-amino-9,10-dimethoxy-1,6,7,11b-tetrahydro-4H-pyrido|[2,1-a]isoquinoline-3-
carboxylic acid methyl ester, (25,35)-bisbenzoyloxy-succinic acid salt,

(§)-2-amino-9,10-dimethoxy-1,6,7,11b-tetrahydro-4H-pyrido|[2,1-a]isoquinoline-3-
carboxylic acid isopropyl ester, (25,3S)-bisbenzoyloxy-succinic acid salt, and

(§)-2-amino-9, 10-dimethoxy-1,6,7,11b-tetrahydro-4H-pyrido[2,1-a]isoquinoline-3-
carboxylic acid ethyl ester, (25,35)-bis-benzyloxy-N,N-dimethyl-succinamic acid salt.

Step b) comprises the transformation of the (S)-enamine salt of formula I1I by a
hydride reduction under acidic conditions followed by the introduction of an amino

protecting group to the ester of formula
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art, for instance by extraction of the basified
reaction mxture with a suitable organic sol vent,

W@ vaosi7yashi ng procedures and finally by renoRCTEPINE059264

solvent. Introduction of the qg{no protecting group
can be effected follow ng procédures well known to the
skilled in the art. The term "amp@ protecting group”
or "Prot" refers to any substituen S‘%ﬁ? entionally
used to hinder the reactivity,of no group.
Suitabl e amino protectipy groups and its introduction
are described in Geen T., 2Ct | [
Organi c Synthesis", Chapt.e ~John Wley and Sons,

Inc., 1991, 309-385. Suitablle ami no protecting groups

are trichloroethoxycarbonyl ;" benzyl oxycarbonyl (Cbz),

chl or oacetyl, trlfluoroacetyl phenyl acet yl , fornyl

acet yheretneld'z Hf/IR ahémt* atﬂﬁs&bymlbkﬂmt sthiBEr an amino protecting
]% ﬁnethoxybenzyloxycarbonyl di phenyl nmet hoxycar bonyl ,

g thal oyl , succinyl, benzyl, di phenyl met hyl,

triphenylmethyl (trityl), nethanesulfonyl,

par alhisitgasfernatiomyiodugss g ssgreoisememafifpiynap [y with high selectivity.
triethylsilyl, triphenylsilyl, and the |ike, whereby

tert Tp@ﬁ@i«m%m}l i ;Ee@ﬁ)}mleg WG 1@ A6 @Rl adeRt 1Rt FRSh 86ium

PR 5SSO SR T S5LAEE . LB e e

REenaddofiuat baovkydsdedef i ned above. More preferably,
step b) conprises the manufacture of ester IV wherein

Rl | s S?@X the (ﬁ eﬁ«ﬂﬂ n%%al%ffo?ﬁhﬂoll’@/ slﬂ%énéle%l iHSS%ﬁQDEEE‘ a@8%uch as

mﬂmmm itic 2nidi Da@@or ‘élr ayirichlpreacgti¢ aeid naaceipsti ansimn gpanic

§dMeenR sqsIe te’tr@l‘(ﬁﬂ&fu% (Teief &rhad l?e%aﬁ?@roﬂfralfl @MWH@) li¥added to a
ar.e: ertzg ut oxycar bonyl am no- 9

Wtareré‘t%wuafg st enéza SBIHOERY o o- 2Hpyr i dof
2,1 -a]isoquinoline]-3-carboxylic acid ethyl ester, and
(2S, Bl (S)idnShminZeahatsb-tBuidded/ wadt indnyleaifsodia®, borohydride and trifluoro

FO LR R hidscfodhn/: 11 B- hexahydr o-2Hpyr i dol

The reaction temperature is as a rule kept in a range of -40 °C to 30 °C, preferably in
a range of -20 °C to 25 °C.

The free amine can be separated by a work-up procedure known to the skilled in the
art, for instance by extraction of the basified reaction mixture with a suitable organic

solvent, common washing procedures and finally by removing the solvent.

Introduction of the amino protecting group can be effected following procedures well
known to the skilled in the art.

The term “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,
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2,1 -a]isoquinoline]-3-carboxylic acid nethyl ester.
Step c¢) conprises am dation of the ester of formula IV

wa 200B081He he am de of fornmula wherein R2, R3, RAI/BEP2H07/059264

Prot are as defined above. The am dation is usually
perforrred with as suitable am dati ng agent, such as

e&heny’f‘ kérdﬂi mn%tlyfrl Z%(ntglz ) Q%(aj.nes?ﬂf(r)m}i Hparmqoquenesﬁgonympwaloyl

Huetthm@é/trlsthwswyrh siphoxylglly], ami ¢he ldac whenaby &nt-lyefoxycarbonyl (Boc) is
ﬁ%?&féfd?d in an organi c solvent, such as THF, MeTHF,
t hanol , DMV, di oxane at tenperatures of 10 0OCto 70

referably 20 0C tq .45 0OC apr ferre
enbo&l zhgrﬁr er 1@%@3}@ §O{I‘}Pél$(,?§éﬁﬁ e et estpr é{% wherein R?

MhdREsre lnﬁhtmcyaﬂ‘dls R3dagen At Rbxyd Pidé atesas Ialyfﬂlﬁ@’%@vand
Prot is an am no protecting group as defined above.In

o ﬁ Tt regergl? gepg[)g Cvm\sﬂtgles?s tﬁzz v onpacjalsr%f LSy V{hﬁ:rem R' is ethyl,

manu re are ne
RﬁamctR%a}rdm@gmxyaRdlsrhmltogmsaerErotStlﬁp d) conprises
degradation of the amde of formula V to formthe

am n?h@éstér?f)mllrﬁumv&é RotR? corﬁgouﬂ%ﬂs aﬁaqg?(fr@fn Efra@e §§1rther
egradat.i on of the am de of formJlg

%@E ‘%H)ean 8 PFOFHERVeRELBr di ng to the princi pl es of
t he Hof mann- degradati on using oxi di zi ng agents

sel eBteGdrddrestarsRIfDérnfilodvacdenzene di acetate), PlIFA
(i odosobenzene bistrifluoracetate) or iodosobenzene

g%‘g 116810 §£t%%;§cag%&1§ a a{u?@ 1%"%91@1’9%9 (16‘%8‘75118%%;;31 1ydro-2H-

(i odoso enze i'odosobenzen
byrédal A talispawiaelaned)3- CZ@QPQIIhWCIﬂIq@Yl essartawh i s perforned
in a suitable solvent such as THF, acetonitrile, water

015,38, M bYY-EStek BB Rf cafdtfhylafhihHl®, H@Qﬁﬁfé&ﬁ&yQB £%5838-Hkahydro-2H-

bas as for odi r oxi de or potassi um
effoc@ (les%‘b‘nﬁlfn %aé%?’fyg‘ﬁafl ﬁ’gt‘fﬁﬂﬂé in the range
of 0 0Cto 70

Step ¢) comprises amidation of the ester of formula IV to form the amide of formula

NHProt
A_,CONH,

\

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

The amidation is usually performed with as suitable amidating agent, such as
formamide/ sodium methoxide (NaOMe), formamide/ sodium ethoxide (NaOEt),

acetamide/ sodium methoxide or acetamide/ sodium ethoxide.

The reaction can be effected in an organic solvent, such as THF, MeTHF, methanol,
DMEF, 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 an amino protecting group as defined

above.



10

15

20

25

0C, preferably at 10 0OC to 30 0OC. Wrk up and
i solation of the am de of fornmula V can be carri ed out

W@ e@wsnshi7wy t o net hods known to the skilled in PCEER20D7/059264

In a preferred enbodi ment, step, d) conprises the

nanufacture of anine Vi whereln R2 and R3 are et hoxy,

53 Id re der cg:\r/ngj nottstelp com%rlses rrng}ug%ctupcg fg@amfc‘igJ V wherein R*
IlrdeRna*nmlﬁ@h@mB @ﬁlyémgn@aMPmﬁeerliom R2 and R3 are

nmet hoxy, R4 is hydrogen and Prot is Boc. In a further

enbodi nent, the invention relates to the preparation

of aﬂﬂeﬁ as c&{lph&@ dtg@adtlod Hflthe IRV ERFRAHUVAS fnLthe amine of

sef i nternedi ates for the preparation of DPP-1V

NHYA tors as disclosed in PCT International Patent
Appl . WO 2005/000848. Mbre prefergaé¥ the invention

relates to a process for the prep fon of (2S,3S,1
| bS) - (3-am no9, 10- di net hoxy- ,

1l b- hexahydr o- 2H pyri do £2, ;
]-carbam c acid tert-butyl er . NFurt hew! st eps:
According to still anot P
bel ow) the (S)-4-fluoronethy glhydro- furan- 2- one
(MI1) is directly coupled wi®h the amino-pyrido [2,1
-a] isoquinoline derivative (VI) to formthe

hy dr @KyeRt Iy R® d€rahd @bivee 8f adohe pyrido [2,1 -a]

i soqui nol i ne (VIII) which is then subsequently

e 1 VBE SRS ot WtRIFbEr Rk V8 e P8 a8 Endpecording to the
piietiples bfethd éifmeninolygriadaidn?ysing @jidiring ggimodelaaeed from PIDA

gﬁ%&gﬁgﬂz\éﬁe gl %etat?}: Ii"(ﬁf@ glgfi!)ﬂ)b@l#e% Bﬂﬁr{ﬂﬂh?cfe&rteg mr? s?benzene

roces aration
bl(stzshh)soacﬂatﬁs}’refgrmm@mg ag@twrﬁ&l dxXjodogolgnzerg diacetate) and
birx hsxRBYEzen2bksPelubAReth). 1-

Usually the reaction is performed in a suitable solvent such as THF, acetonitrile,
water or mixtures thereof and in the presence of excess of base such as for example sodium
hydroxide or potassium hydroxide and at a reaction temperature in the range of 0 °C to 70
°C, preferably at 10 °C to 30 °C.

Work up and isolation of the amide of formula V can be carried out according to
methods known to the skilled in the art.

In a preferred embodiment, step d) comprises the manufacture of amine VI wherein
R* and R? are methoxy, R* is hydrogen and Prot is an amino protecting group as defined

above.

More preferably, step d) comprises the manufacture of amine VI wherein R* and R?

are methoxy, R* is hydrogen and Prot is Boc.

In a further embodiment, the invention relates to the preparation of amines of the
formula VI. These compounds are useful intermediates for the preparation of DPP-1V
inhibitors as disclosed in PCT International Patent Appl. WO 2005/000848. More

preferably, the invention relates to a process for the preparation of (25,3S,11bS)-(3-amino-
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a) i soqui nolin-3-yl)-4-fluoronethyl-pyrrolidin-2-one or
of a pharmaceutically acceptable salt thereof

W@op3ses t he subsequent steps: e) coupling oPCT/RR2007/059264

(2S,3S,11fcS)-3-am no-9, 10-di hoxy-1, 3,4,6,7,1
| b- hexahydro- 2Hpyrido [2,1 -4& 'isoquinolin 2-yl)
rb utyl ,es .
9(f6l dlmet ﬁﬁy ﬁagl %ﬁg?'g‘”ﬁ%l %)X%I,—GI gﬁrlf] ﬁ ﬁ Uénnohgn%yl&—g%rbamm
a@dmebuudtﬁmthe (S) -4-
fl uor onmet hyl - di hydr o-furan-2-one of fornul af)
cyclization of the obtained
(2S, BsthdrR@hs:3- ( 3- f i uor onet hyl - 4- hydr oxybut yryl am no)
-9, 10-di nmethoxy- 1,3,4,6,7, 1lb-hexahydro- Zkkpyrido

L G s RR S i o

ﬂﬁn&dlﬁnbfumméd)n@ZSHf}S, directly coupled with the amino-pyrido | 2 1 a | isoquinoline

é%_ﬁ)&lnﬁee {\ﬁz ‘%‘8 forlf-utglr glvgll g*yﬁlit%%p(ﬁeeygﬁ&e cflthgtihdoy [:2)01 1§oqu1nohne
(V1) wBish s plmbsquwn} y cpcizeshie the ﬂ@pmm@hx nymOJAHm 2-one derivative
?%) efhe llﬁ@r d@M b ‘agpﬂo?ecged té]ywlcﬁ@l‘a Wie R ;Hf?idg &9, i lﬁ?ﬁéoﬁﬁﬁloﬁfle

& isclosed’in the PCT I'nt. App i cation
@@W@@@%? 00848 are useful for the treatnent and/or
prophyl axis of treatnment and / or prophyl axis of
di seases which are associ at edhashé¢ h DPP |V such as
di abetes, particularly non-insulin dependent diabetes

mel litus, and/or_pmpaired gl ucose tolerance as wel |

as ot her gondi t bgi's wherein the i fication of F
action of: aNmeptbdeWgornally Meactivat ed by DPP-1V ?”“%;g_
gixes & therapeutlc enefit singly, the N

QEio can_al S0~ b&
-y s of dHESINy
|nflahnatory bomel di sRas , Colitis Ulcerosa Nb bus
Crohn, and/or netabolic syndrogg or b-cell protection,
FurtheVnDre t he compounds of the present invention
can be used as diuretic Eﬁﬁﬁﬁs and for the treatnent

and/ or prophyl axi s of Yy tensi on. Unexpectedly, the
conpounds of the prgge ifnventi on exhi bit inproved

therapeurrt’anﬁ PR TR oldblcal properties conpared to
ot hgrHeDRRang V/ |g;' ors RAown in the art, such as e.g.

in cditekeee T

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:

e) coupling of the (25,35,115S)-3-amino-9,10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-
2H-pyrido[2,1-a]isoquinolin-2-yl)-carbamic acid tert-butyl ester (amine of formula VI,
wherein R* and R’ are methoxy, RYis hydrogen and Prot is Boc) with the (S)-4-

fluoromethyl-dihydro-furan-2-one of formula
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wi t h phar macoki netics and bioavailability. The
follow ng exanples shall illustrate the invention

WwWoRRO8749 i M ting it. Exanpl es Abbrevi ati onsSyPECTIER1087/059264

of Precursor Conpounds Al) Syn §e5|s of
()-1-(3-isopropoxycarbonyl - 2- oxo propyl ) -6, 7-di net hoxy
-1, 2,3,4- tetrahydro-isoquinolipniumchloride (3c) In
a 100-ni two- necked round bot flask equi pped with a
mechani cal stirrer, an additioQn)fungel and an argon
infoutlet, 5.0 g of 1 was suspknded in 19 nm of
heptane at roomtenperature. 19 m of 2-PrOH was added
over 15 mnutes and stirring was continued for 1 h. A
200 mcyélauﬁomeﬁtﬂqe@bfawc{zb,osuoms)fj easﬂu@@memedr My drbixya

rhnil?) 9{7@ dif g}oggg ﬁﬁ?, ll-}g}eéeﬁnarp Zﬁg}%grad% %%@@qumohn 2-
@Kbazmcdacid grabutyf est? @ the [Bé&sente affa Rs@r@H. To this
m xture was added over 1.5 h the previously prepared

errul ? d&gr&@&mgﬁlé %taﬁqeﬁ (2§§§1 fH'S) af ( é@%nﬁ(ﬂgﬂl%% 2"&0 pyrrohdm 1-

over. 30 ‘m nu
‘/Tlhé? kpedln@rhwslp’eﬁéﬁddbvbﬁa@idmﬁ@dprr&o > 1tlispayinelin- ph Yl-carbamic
gﬁmfaﬁ%r@mfl | tered and washed portionwi se with 12
m of 2-PrOH and 24 nml of heptane (cooled to 0 00).
Evaporati on of the solvent and drying under high
\_I/_ﬁgwgﬂg ?X%VCFO [#Ol %] 13(%%1(11%?1 ﬁe d%I"lV%lVG%gf 31 gfa (If?'hg Eh%cl?%d uq the PCT
brtezfsraplgdtuas\/\f(é 20&%@00828 mLusaf@léfqr¢hearn¢ﬁ}mnenwdé¢rd>relzh‘/lms of
fe8hlehit A6 Aor gﬁbﬁhﬁ%&’ (gicﬁse%es LR A€ ARGLAY w%th' 113‘Pr15 ?\eSli%l as

reacti on ves utt on was cool ed to
diebefry porticglagy nengogtisrdsnensieandpbsss melligsi %PCWé"r ignpaired glucose

alldetce, dNeell BakhdrQBnditishiNvRerdRSths bmphﬁ@ht{éh cﬂitact&)rp& dfeptide

10 O Af ter tvontl of ab ﬁlg lo d

Doyt ied b PR N Bty AR Rhe i inefs S0 BigRTy el fmpounds
pf thd pedsersttiavangidn cAd tleo bausedan thaotmedtmmet anfd/@tpraphyBastioof obesity,

&198 Trmdéft&%f lﬁ)@%ﬁg f9& s% g:l’]o‘é\@lgl’t]f egés?;lgga?lﬁ% glé:yaﬁ‘rtd?(})\] rﬁ%t\ﬁﬁ(;lﬁ: syndrome

Qoﬁwbléprqu:qtrpp Furthermore, the compounds of the present invention can be used as

diuretic agents and for the treatment and/or prophylaxis of hypertension. Unexpectedly,
the compounds of the present invention exhibit improved therapeutic and pharmacological
properties compared to other DPP-1V inhibitors known in the art, such as e.g. in context

with pharmacokinetics and bioavailability.

The following examples shall illustrate the invention without limiting it.

Examples

Abbreviations

DMF N,N-Dimethylformamide

MeOH Methanol

EtOH Ethanol




constant weight to yield 1.33 kg of cyclic anhydride 1
(80%yvyield). A2) Synthesis of

W@ 2008/08134®€t hoxycar bonyl - 2- oxo- propyl ) - 6, 7- di neRP¢IDER2007/059264
2,3,4- tetrahydro- |squ|noI|n|Hp1chIor|de (3a) 250 g
of cyclic anhydride 1 was charged in the reaction

nnnnnn | £l el Iy Q2L o ~f hant ana Q2L o M+ haonal

VCSSTI O T OWet Uy FZo 101 ncpLalic. JLJ 1T LU T1iaritul

wEBMEadded over tarbrButylnethyheheguspensi on, keeping the
t enperature between 20-25 0C. After lh reaction, the

regpl ting sol utifap.MagoRdded over 1.5h to a sol ution
consi sting of 370 g 'of 1 mne hydrochloride 2, 13.33 ¢

sodi um acetate, 2. 77L ethanot and 93 water, Keeping
t M6 THENper at ur & Mebiissirhydotsanc. The product started

to cryst allizelduri ng the course of the reaction

Arter 1.5 h reaooaiTendperd@rérl of 37% HC ag were added
foll owed by the addition of 2.75 L of heptane over

CUsaatir e ana b rBEPaRoOT R “Poh R 2ia T BBl ERE e
Wie@BEPIEBP Y ( 00 Gptydphenyl) phasphBHO9NL et hanol and 1.2 L
of heptane. The crystals were dried at 50 OC under 10

nbar until constant weight to yield 534 g of am ne
hydrochl oride 3a (88% yield, corrected for HPLC purity

Whés@s%ﬁ#@éur?&l&ﬁﬁﬁomt ent). A3) Synthesis of
O)-T-03- nethoxycarbonyl 2- oxo propyl ) -6, 7-di net hoxy- I,

tetr i soqui nol j chlorld
TS AR Y AR i dmebon 2,54
ree@hedroasdqusddlint@n ,chmmdamh)t ion funnel and an argon
infoutlet, 5.0 g of |was suspended in 19 m of heptane
at roomtenperature. 19 m of was added over 15
m nutes and stirring was conti d for 1 h. A 200-nm
four-necked round bottom fl ask eqU|pped with a ¢
mechani cal stirrer, an additiofffunnel and an ar
I N/ outNiee \ghafged Wit hyLodheOpR 2, 2680 "
NaQAc and 9 oft NeRXO | n—56—ﬂ+—ﬂf MeOH. T I gl HC
m xt ureowad” added over 1.8 1ﬁ§ previ oudFy prepar ed
enmul sion and, after 1 h, 333 of cone aqueoud& HC
was added. 55 m of heptane

In a 100-ml two-necked round bottom flask equipped with a mechanical stirrer, an

COOQiPr

addition funnel and an argon in/outlet, 5.0 g of 1 was suspended in 19 ml of heptane at
room temperature. 19 ml of 2-PrOH was added over 15 minutes and stirring was
continued for 1 h. A 200-ml four-necked round bottom flask equipped with a mechanical
stirrer, an addition funnel and an argon in/outlet, was charged with 7.4 g of 2, 268.0 mg of
NaOAc and 1.9 ml of H,O in 56 ml of 2-PrOH. To this mixture was added over 1.5 h the
previously prepared emulsion and, after 1 h, 333 uL of conc. aqueous HCI was added. 55
ml of heptane was added over 30 minutes. The yellow suspension was stirred for 2 h at
room temperature, filtered and washed portionwise with 12 ml of 2-PrOH and 24 ml of
heptane (cooled to 0 °C). Evaporation of the solvent and drying under high vacuum gave
10.23 g (84%) of 3c as an off-white solid.

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 °C to 10 °C and 2 kg of 1,3-acetone
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was added over 30 m nutes. The yell ow suspension was
stirred for 2 h at roomtenperature,filtered and

woebBesl7gorti onwi se with 12 nl of MeOH and 24 PET/BP2007/059264

hept ane (cooled to 0 0C). Evappsr ation of the sol vent
and dryi ng under hi gh vacuum gave 9.37 g (84% of 3b

?1)(:31 p%cnaé:}_/agwqa_ (?;1(? ﬁ%e realtilosr}/ lxI;urf was sIlrred 3h at 8 °C to 10 °C. After a
tdactiaat fimp y;ﬂ alépuzt }H.Spya s(dg[@n waj almost obtained, upon which crystallization of

ﬂx%g%a&k‘% LiaRed. %f?e@%qgieﬁbh %ni%cdf%h@?% '%é/ IIO‘QLS W& su dp%)sloh'%a"é‘ filtered.

t wo- necked round- bottom equi

g rastalls were praghed with 4l En W@r@nfi@ﬁﬁé |at tnd 5 Epe@b@bw 20 mbar until

tdt el eight © el8 135 kb Wagic aHBRRIGad 80% 88dM MeOH at
roomten‘i@ger atygre and%l Y?g ofﬁﬁlaob\c vvasﬁadded The

ensi on d ti th|n dIS olv
Rl ISR G RSN Gt A Ity Yol S
fetrahydre e kaephiraunndn sblotridm(3d) as k eqw pped wWth a
mechani cal stirrer, a thernoneter, an addition funnel,

a reflux condenser and an ar LR/ out | et, containing
30 M of MeOH and 1.4 m of f | dehyde sol ution

(13.3 Min MOHH 20. 3 h lategr, 4.04 g of NH éEt
added then the solution was warjyred to 47 0C. After

t he voWep H@ renoved, apcheldiBnor €si direo NH

di ssol ve 5 m +JeOeH2 m of H2 | | bwed

by sl oW addition of 40 nl AfR&L, ag. Nate®B.” The
organi ¢ phae was separ at ed and washed twi ce with
bri ne. The conbi ned aqueous phase was extracted four

ti messon bftyd@ dHhyefid CHRGS aiar?;ﬁn@ﬁegéﬁ&tibm%?ﬁ)llw&@by 925 mL of

oIIec dried ov . .Filtration .an
i 4 @i'%haliwegeo%d?éﬂg% g gy U5 SHPeBsgReeaping dhe

teﬁi:befzﬂam beB29en3Prittes Astenth reaction, the resulting solution was added over

)5 % ?n%lﬂﬁog C&HSIS%PQ‘S% ??(%011 161111‘167 ﬁl{rdrgchlg%&ea?)ig 39 &yF'ElM acetate,

1 soqul no C acl
é§ (4 Ie cth@n@l)an@,&m wiater, koping the mnmawe@bthemoﬂoob’i t@nhhe product

§thﬁ§ci<t tﬂﬁfedddﬁnghh@cdmgé“&tthg re%EﬂuKr{ %fter @@ H’J‘x@gétfdno% 48 mL of

funnel an arfg n I n/out

3(% &éﬂd@&erﬁ Addrg fpilowsed yebradditiop @fnz’? e Mﬁi rhéP‘i?rFl% o¥gidOmin. The
‘}ell%‘év @slﬁénsﬂﬁﬁ% sasd Al deboml e pefStiletan il teted! Uk Efi@Sake was

was 3 { rae((:jold (0°C) mixture of 599mL 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 3a (88% yield, corrected for HPLC purity and residual solvent content).

A3) Synthesis of (+)-1-(3-methoxycarbonyl-2-oxo-propyl)-6,7-dimethoxy-1,2,3,4-

tetrahydro-isoquinolinium chloride

In a 100-ml two-necked round bottom flask equipped with a mechanical stirrer, an
addition funnel and an argon in/outlet, 5.0 g of 1was suspended in 19 ml of heptane at
room temperature. 19 ml of MeOH was added over 15 minutes and stirring was continued
for 1 h. A 200-ml four-necked round bottom flask equipped with a mechanical stirrer, an
addition funnel and an argon in/outlet was charged with 7.4 g of 2, 268.0 mg of NaOAc
and 1.9 ml of H,O in 56 ml of MeOH. To this mixture was added over 1.5 h the previously
prepared emulsion and, after 1 h, 333 ul of conc. aqueous HCI was added. 55 ml of heptane

was added over 30 minutes. The yellow suspension was stirred for 2 h at room temperature,
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into an addition funnel and added over 0.5 h at room
tenperature to a 200-m four-necked round-bottom fl ask

we@ouwspopd wi th a mechanical stirrer, a ther nonRCEEP2087/059264

refl ux condenser and an argon wloutl et, containing 30
m of MeOH and 1 3 m of formaldehyde sol uti on (13 3 M

hﬂ%fw&o_lc/l wa?%e port1on etv%tth 131 n’g 3f %!fg(ﬁ:a }_(Ii\% thl o m@ﬁ?ﬁ%lhe (g:ooled to 0

Kol Evapoe@mmcrféh«r mmédncédmltgw@deehlghu/@cm gewes%iﬂ g €%) of 3b as
L noBQviTe BfigCH2A 2 and 25 m of H2O, fol l owed by sl ow
addi ti on of 38 ml of sat. ag. NaHCO 3. The organic

as arat ed and ed tw ce th b
El%y is gggbagnﬁﬂ%?e@ %@w Byl ubt blat%bvérpr%@mgml-
2lsoquinelinEB2Gk o xylThacid aietiyhederqupni ¢ phases were

dried over MgJSO . Renoval of the solvent and drying on
hi gh vacuum gave 4.98 g of) MoAageoHed foam whi ch as

used without fuyt urifj c8ti ar,omB3) Synt hesi 9 "ef
-2-amno-9, 107 h:% ngy b’JH ’ N cobihe
1l b-t etMe8 ,ql,j—l—opyrl do - MeO

a) i soquin - car boxyl lc)é\! é%Afd et hyl est 3a

4a 480 "§°of am ne hydrochl oride 3a were“8harged in the
reaction ves8el followed by 7.2 L methanol and®108.9 g

sodi um acetate. The obtai ned sol ution was added over

25 nimg 10¢eep M@ntd@dtembatmnélabietmmdmtmarr_ra@,lettcc;tierer, an
§<ﬂiiﬁ g{}mglf OBy anéﬁ-ln$Me@WQH§3ﬂ \9/55'@ géﬂma;o ¥4 % 6¢'n? MEGH at room

ter . reactl on, nrum
reuestarafedd - %cgj@fd“ %%c Wh%aqdﬁécTh%%ﬁlSPﬁnilOBrV@SOﬁémﬁ‘é 5ll ggerything

{vas &8soPRdOen Alld@Iovet BB Fim 8t 1QVET t@h@aia,tuﬂé & a 200-Wilifed - necked
was oncen%lzfs ted. to,a.thick,oil i chl oroneth

ieind bodgauassienyinggd yﬁ R gl shires adg@%ﬁtgrqa%a flon funnel,
Naflt® copdensal omill an aagietenh/ouklee congating 3phaseMe@e] and 1.4 ml of

?o?&%[c@h%jehs%ﬂﬂlomﬁ bed, MleO?HHH{ b& 1@1{%@&“ %lo[pf{]gl qucn/?aé added

Wer'e re- ext seq ueh
thedlthmcxbmtmrewmwmeﬂiﬁe 4¢ i foﬂ)gsmlaéﬂq@ h@see@nmpé and the

Fe@ﬁl‘ﬁ@ Wag akgfvand sbealdir @Ebl’zeﬂldaﬁ hesd 10 fdﬂogveé %K Kow addition of 40
m.ft anol . The sol ution was cooled to (S)OC oV

of sat. aq. NaHCOs. The organic phase was separated and was ed twice with brine. The
combined aqueous phase was extracted four times with 20 ml of CH,Cl,, the organic
phases were collected and dried over MgSQO. Filtration and evaporation of the solvent gave

5.6 g of crude 4b as red foam.

B2) Synthesis of (+)-2-amino-9,10-dimethoxy-1,6,7,11b-tetrahydro-4H-pyrido[2,1-

alisoquinoline-3-carboxylic acid isopropyl ester (4c)

a) NaOAc, MeOH
o) NH,

o .
cooipr b) J_ nHO/MeOH \\ COOiPr
MeO NH Hl c) NH,0Ac MeO N
MeO MeO

3c 4c



10

15

20

25

30

stirred 8h at 0 OC and 5h at -25 0C, after which the
suspension was filtered. The filter cake was washed in

w@osioantgo with in total 800 nmL cold (-250C) neRCERRL007/059264

and 300 nmL cold (- 25C) hept ane, _ The crystals were

dried at 45C under 3 nbar to give 365 g enam no est er

ggl \(/gﬁo/;(ydé‘nll gw(l) %girkeg Er)lgrgdeb 8#0 lee‘ts% e{)qnlillgl)pte a[magne 1C%J[1rrer, an
addiadnyfuinppl zm‘d qn)argerain/ ewglet, G(bg p@?)c was suspended in 90 ml of MeOH at
ki %erﬁhﬁeﬂﬁqyéiéf 7?' Fﬁﬁ(t)ﬂg Gs Afded: Tl(est)esult?mgfﬁlﬁgregwas transferred
10-di hOXﬁB_I b-tet rah%/dr 0-4

e pn pddifon qeh@%ﬂdd@épw&ﬁ he %’@PHtCQ%H?WU@§P ér200§lall fpur-necked

W uinld- tho o3 Bhskiq@pped ZWthQXyie Sd6 fchIndtigred Gl tﬁe {n®éheter, a reflux condenser

S pean il bR T Ao Aot bRt solution

alstmm«m@Hszcam hdatea3gorg offiNdyD At wmaaadc’(eﬂ and e solttton was

ﬁ.ﬂe Aﬁgr #R él‘dpl\gjl&]lgs wgfg %n&&éﬁ{ﬂ%qg% EHW @'Jgsolved in 50
gﬂ[;of

Ceuapda> aﬂ@lf &hp, ﬁéllor/v@d\/ubs hlosvcﬁddttiqmrpf\&ésnldﬁtsaﬁ pedYaHCO:s.
THd ofQ agc RNz arked ahd dhitedatid v\(lt:hoorﬁlegThg’gbIﬂblﬁg@Mueous

(e} ortlon tO 1V r sol ution.
ﬁﬁ Sé%W%.re @zs‘iﬁ%ﬂtef @Pr Hnsetad 20 6?9%%49 7 5?? 6PMEngd Pgggnic phases were
dhel oex MESD VREM&Ydl 0MhE sbieeist cbt‘ylﬁg oh hiigh arbi@have 4.98 g of 4c as

t er at over 2. n stirred for

LOPRET MR G Pl s SAIREROTR 1 ef edand ¢ he
filter cake was washed with EtOH/H 20 (15 nl) at 0 OC
Bbt mthbisigiof ¢+ LAdering-Qd@edrme(t®)y diahil He tsimhyddad - @yado[2,1-
ﬂSOﬂ]?HfB?’ﬁlX'?)eda%oxz ch%l@t% lé@@e? (@‘Bt ained as white

crystals. The enanti oner excess was determ ned by
HPLC on chiral stati onarw)r@b&smedmm ng a Chiralcel OD-H
colum. np = 16170C Exanp| eol b.n'ﬁén\ne% L four-nec G

fl ask equi pped w th°XPFhe ”@L i cal 3 Ny
condensewveo. g thernW Mieb ogens |l et
was chargedthhg?*cd) g (249 tmol ) enam .@: and 300
m et han'édo. er stirring, 95.7 ¢ MeO
(+)-0O O -di beszoyl -D-tartaric acid (262 mmol pa

480 g of amine hydrochloride 3a were charged in the reaction vessel followed by 7.2 L
methanol and 108.9 g sodium acetate. The obtained solution was added over 25 min,
keeping the temperature between 20-22 °C, to a solution of 106.6 mL 36% aqueous
formaldehyde in 2.4 L methanol. After 2.5h reaction, 306.9 g ammonium acetate were
added and the reaction mixture was heated to 45-50 °C. After stirring overnight, the
solution was concentrated to a thick oil. 4.0 L dichloromethane were added followed by 2.0
L water. 3.0 L 10% aqueous NaHCOs3 were slowly added. The organic phase was separated
and washed with 3.0 L 10% aqueous NaCl. The aqueous phases were re-extracted
sequentially with 3.6 L dichloromethane. The combined organic phases were concentrated
and re-dissolved at reflux in 1.32 L methanol. The solution was cooled to 0°C over 8h,
stirred 8h at 0 °C and 5h at -25 °C, after which the suspension was filtered. The filter cake
was washed in portions with in total 800 mL cold (-25°C) methanol and 300 mL cold (-
25°C) heptane. The crystals were dried at 45°C under 3 mbar to give 365 g enamino ester
4a (73% vield, corrected for HPLC purity and residual solvent).
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were added as a solid, and the addition funnel was
rinsed with 125 ml abs. ethanol. The white suspension

we®sesiTey ed for 24 h at 600C, then all owed toPGI/BRI0Y7/059264

cool to RT. The slightly orangﬁgsuspen5|on was

filtered, washed with its nother |iquor for conplete

material transfer, then maﬁyed |n several portions

with totally 250 m et hanol® a?ﬁ% crystals were dried

at 45C / 10 nbar during 48 h, to give 154.6 g product

Powedyie &rdhe gpdeny resolpgipn of f+) -ena@9ng J usiog 4+wk),@edibenzoyl-D-tartaric
chmgf 2-dino- &ﬁ)édl@[%‘?pl @i h €b-BUPIhNE8R)-8H(pFYido[2,1-alisoquinoline-3-

-2-am no

99rpoXvaE lagﬁy;g}yges&qrf s 1,2545 @SE3§) “bjs-benzyloxy-succinic acid (5a)

a] i soqui nol i ne- 3-carboxylic acid nmethyl ester

(S), (S)-2,84Lbi sbenzoyl oxy-succinic acid (5b) B2 50 In

a 10-m twesgAeRkled roQBd bottom fl ask equi ppetwlPiFta 0Bz
nefd u nser ajd: &Pgbn_i n/ gut yes, 08 ng of CO,H
met hy kT 4b'and” 597583y of T OBy
(va el benzoyl -D-tartaric acid waee ved in 3

m of EtOH at roomtenperature. The m xture was
stirred 4n a 65 0C oil bath for 20 h. The hasulting
yel | ow suspensi on was cool ed to roomtenperature over

1 h, coidiest edoiibh: £ 560- nﬁffo@g'clk&{‘ﬁdasi('ehﬁ@&@&jwuﬂlﬁ%echamcal stirrer,

crystal were washed twice with

BB GORHAET™ hIFRMO BRI G g 4D 4! W%gkar@% Wi rggemic enamine
Bb(1@a0 gr0afrhmebidnd BROH/H,O INMR26 BVB®asiedded ODhMzkiredvas heated to

g%qg_véeggup% cﬁ%"} yel]é)Wé%u 5(0119[10|I]H§/TA5 q?_g)%ed(. é? 7 5%1b(egkoyl—D—tartaric

i 11038 @50(1{11][’111811—]) wasidged (rsone3yrtioB 1BSvSa Ql@at(snﬂut@lﬂ) After a couple

gf}—lgjﬁ“%es’ éyétg‘hztgn’@st%&egnge &%ft(ur@ wels%low%d ﬁpslgw{?Qog)lngo ambient

(eS)Repatyre QYSL 5 Wm@ﬂlﬁqg;(s}].qed fgr another 14 hours. The suspension was
fiRerb@hh@mednRr dfide-viny Ma@l@e[dzwﬂtl@]EtOH/ H,O (15 ml) at 0 °C. After drying under

|so ui ngl i ne- Y, [

ISR tnsf Ze@nﬁp%giltrgo(? 3% 4§ EA@ q]r? C"%é)c}) ae)(vsaé)o%tamed as white crystals.
The enantiomeric excess was determlned by HPLC on chiral stationary phase using a
Chiralcel OD-H column.

mp = 161 °C
Example 1b

A 1.5 L four-necked flask equipped with a mechanical stirrer, a reflux condenser, a
Pt-100 thermometer and a nitrogen inlet was charged with 85.0 g (249 mmol) enamine 4a
and 300 ml ethanol. Under stirring, 95.7 g (+)-0O,0’-dibenzoyl-D-tartaric acid (262 mmol)
were added as a solid, and the addition funnel was rinsed with 125 ml abs. ethanol. The
white suspension was stirred for 24 h at 60°C, then allowed to slowly cool to RT. The
slightly orange suspension was filtered, washed with its mother liquor for complete
material transfer, then washed in several portions with totally 250 ml ethanol. The crystals
were dried at 45°C / 10 mbar during 48 h, to give 154.6 g product (90% vyield; assay: 97%;
e.r. > 99:1) as a white powder.

mp = 161 °C
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4c 5¢c In a 10-m two-necked round-bottom fl ask
equi pped wth a reflux condenser and an argon

WO pdosisi7¢t, 500 ng of isopropyl ester 4c and SBOI/RB200T/059264

(+)-0 O - d| benzoyl -D-tartaric ?é:l d were suspended in 3
m of EtOH at roomtenperature.” The mixture was
stirred in a 65 0C oil batrhfor 29 h. The resulting
suspensi on was cooled to roomn} errperature over 2 h,
diluted with 5 mM of EtOH and filtered. The solid was
Senghests (Sii2oenini tohl G5dimethfxyELGF 1 1 bt tesdhydreoiéi- hirighl2,1-

Rolife 8L 5 b2 (o) ) z inic aci
e G B e B A a0 ecinic acid (5
the opti ceﬁH resolution of ()-enam ne 1 usingnx,

di benzoyl -ID“t@dyari ¢ aci d nonodi net hyl am de:

(S)- 2amn09 10- d)lrmishoxylaoﬁ71 H
O4H'(5) Hlal ’MO HO

[ 4P bok c acid ethyl alt with §g; 6

V28" 3% -1 s- benzyl ox?)%/ NP N- di met hyl sYe€i nami ¢ aci d (5d)

4a 5d Mb100-m four-necked fl ask equi pped with asb

mechani cal stirrer, a reflux condenser, a thernoneter,

and B f0- g‘?@wb qfe%' hn%&t@%ﬁ?%&%@ V{;lg‘pg ﬂ(ﬁx condenser and an

COOMe

OH

“D

enam ne 1

aigaB /ot A0y pémﬁﬁsﬂ P And $98 O, (Wpe@ﬂ??ﬁz%}’l D-tartaric

§di@dereSlslvie@h 3@ 0P BI@HNREEbork fe)mgpe@htﬁ%n 18y hlﬁut@wé%@gﬁ&d ina 65
was a e

| am. de 1.
ol hamas ol B2l G b Sufbepapn i erolbd FEfeogh Eniberature over
Fhyéilutedwite S raf sfeitOatiahd filasedThe keystabsodre waghedgeite with 5 ml of

E{qﬁtﬁqg ({r%e%t Mol ﬁltgggé %tng , Btk OF tmgéﬁ é%oa% Lo % offwhite solid..

stirred at thls tenperature for anot her 12 hours. The
AR £R¥IS6h dud§0 MiTpe 8 @0and5 {metil); (71787 ca ke, Wy AvsAéd (m, 4H),

9§ l(lsé Etgl%néézlgsalmt{ 213 @Q, ﬁ@ 36&1%%/@5')@1@ 3tmct§r3ma9@5m@ 20 (m, 2H);
(SR g Ralh Pad Qb Do sfea s Sl i S e

was determ ned by HPLC on chiral
Example 1d
Synthesis of (S)-2-amino-9,10-dimethoxy-1,6,7,11b-tetrahydro-4H-pyrido|[2,1-

alisoquinoline-3-carboxylic acid isopropyl ester, (S),(S)-2,3-bisbenzoyloxy-succinic acid
(5¢)

NH, NH,
COoOoiPr COOiPr
\ o OBz N OBz
MeO : EIOH ~ meo . _OH
MeO OBz O MeO OBz O
4c 5c

In a 10-ml two-necked round-bottom flask equipped with a reflux condenser and an
argon in/outlet, 500 mg of isopropyl ester 4c and 549 mg of (+)-O,0’-dibenzoyl-D-tartaric
acid were suspended in 3 ml of EtOH at room temperature. The mixture was stirred in a 65
°C oil bath for 20 h. The resulting suspension was cooled to room temperature over 2 h,
diluted with 5 ml of EtOH, and filtered. The solid was washed twice with 5 ml of EtOH,
dried under high vacuum to give 643 mg (> 99.5% ee) of 5¢ as an off-white solid.
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stationary phase using a Chiralcel OD-H colum. np =
161 O0C Exanple 3 Procedure for the preparation of

w@ 3)08A3wd no- 9, 10- di net hoxy-1, 6,7,1 PCT/EP2007/059264

| b-tetrahydro-4Hpyri do[ .90 -

2,1 -a]isoquinoline-3-carboxyliC acid ethyl ester (5e)

%2)25??5%)0471 one-necked round bottomflask with a
gnetic stirrer was charged with (S)-enamne tartaric

acid salt 5a (18.6 g, 29.9 nmmol, 99.0% ee) and CH2d 2

(180 m). Sodi um hydroxi de Ewimpledn (1.0 N, 180 ml)

was added and the m xture stirred at room tenperature

b RIce@ureifdrth € 8 ptichd CesBluXibH b€ (MRShaniiAd $ Tusing AthehSoyd D-tartaric acid

separ,ating funn and. th gueouys a S extracted .
oA T ae) P sing § Ao R Set R AR P A Pyrido(2,1-
algqeirpae-atdadsoxgfic ididethol asentsagane ©E8SHbBIFeddyloxy-N,N-dimethyl-
gusc%_.-ng z—i\rrgilcrﬂ (éﬁ (8.77 g, 98%yield, 99.0%ee) as a

el 1'ow' F 6am>The enanti onmeric excess was det er mi ned by
HPLC on chiral stationary phase using a Chinrglcel OD-H
col um. errgbz@t 4 Preparation of (2S,3S 11bR)° coet
2-tert- Bt okycar bon;ﬂiarm no- 9, 10- di rrl\t/leetohoxw 1,

+ HO, CONMe, N
e 2,1-a]isoqubepl i ne] - 3-carhs
ester (6) 5a A 1.5 L four-necked flask equi pped with a

nmechaniggal stirrer, a Pt-100 thernoneter and gq
nitrogen inlet was charged with 250 g (362 mmol ) of

th [ [ |t 5a. 625 nl ,of .dry. THF.

the ATBBEPuP Bisded Bt RRuRer sif o Batihich! FirdFGese By condenser, a
Heonbyewdded ab56gar in(dutROwanthargefl with fakeroicenametd 1c(10.0 g, 30.1
MRS F 1y VLRS00 05l R A Bhgeupon o
salution wagpelrtained.d +ofDibenzog-Betartanic idweppdimetisylamide (11.5 g, 30.0
hiekel) Rackerdlih 88k p&aidh RO e Wictdr PelldRAMRAB] RN, Bitié hiiflites after

a, pPt-1 : L :
ad(f;ttlon (()%%he resolving agent, crystallization started at 50 °C. The mixture was allowed to

slowly cool to ambient temperature and was stirred at this temperature for another 12
hours. The suspension was filtered and the filter cake was washed with EtOH (15 ml) at 0
°C. After drying under vacuum, (S)-enamine salt 3 (9.09 g, 42.1% vyield, 99.3% ee) was
obtained as white crystals. The enantiomeric excess was determined by HPLC on chiral

stationary phase using a Chiralcel OD-H column.
mp = 161 °C
Example 3

Procedure for the preparation of (S)-2-amino-9,10-dimethoxy-1,6,7,11b-tetrahydro-4H-
pyrido[2,1-a]isoquinoline-3-carboxylic acid ethyl ester (5e)

NH, NH,
LS CO,Et OBz N CO,Et
MeO HO C/'\‘/COzH — MeO
N 2 N
OBz
MeO MeO

5a 5e
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thernoneter, a reflux condenser and a nitrogen inlet,
14.27 g (362 mmol ) of sodi um borohydride and 375 ml of

wa@leaos/DsF4aver e charged. The resul ting suspensi oPCTEB2007/059264

cooled to -10 to - 20 OC. To this suspension was

sl ow y added the reaction m xture fromthe first flask

t:lg(r)l %%03 %111 Brd CPCF nﬁ Ibn gtohhﬂaasﬂ G ntBe rI% lt{eflc atlrrer eI Was cﬂarged with
N eenamingyertets ahiy elarlb@e(d Sévg;) 2&9 m@mot %Qo/qﬁeéteed C,Btfzﬂbr( 180 ml).
S&ﬁufﬁq‘g)d%)g so'itnﬁ)nr(qqplti' &1 rm) Xt Egdéﬁpﬁldsthé frﬁﬁqreasttlrltea at room

hours. Aftér conpletion of

feamsEatgfor imzsutss diheypixiae V@%trtlﬁé‘tﬁreélate tause;lz?gttylgaf&a@%l and the
ﬁ@le’o@y\@l‘i’aSBWaJ eﬁﬁmﬂed@%ﬂﬂ@ﬁ%@ [ p8vEh) aDﬁymgr Ber @&letD& filtration and

reacti.on was t.he y basi Si
RSt YIS SRS B B e Goer s enaite a5 £ 2y R 3.0 ce) as
aptllow apHTbé eddhtiohkeriv@sceachiassletatmined it ldPhCog chirel stationary
I t The organi ¢ phase was
é@%g?‘g?gg C%”% %D Htcﬁlu 725 L of 10 %brine, followed
by 1.25L of mater. The aqueous phases were col |l ected
and extracted with 1.25 L of dichl oronet hane. The
organi ¢ phases were col | ect E¥mpl§4evaporated to
dryness under reduced pressure at 45 0C. The red
Bfe@ﬁ]@ﬁoﬁ ©$ (TH85, MBS) -1heft- Badseytattipniydin8 8- ofmo- d:ifnethoxy 1,3,4,6,7,11b-

R L T e N

thernoneter, & reflux condenser, a nitrogen inlet and
a dropping furngl -, To the crude reaction m xture, a T
sol ution ,of .68 P-tert - but yl dlcarbonate'
200/ ' Ioromab &' added as RT. W
reacti lightly exot rmc. The reaction
wadiedt | TT ed” overni ght at RT. After conpl etin®™O
reaction, the crude m xture was evaporated under
reduced pressure at 45 OC up to a volunme of 400 nl.
The resi dual dlchloronethane was evaporated throu
sol vent exchange under constant volume with 1.5 1lof

hept gntheb} ne obﬁ%& ﬂﬁireﬂét pg lv?tg]o\,\%n%c AhCAT rs]tgr?gr, ia?’t—?i%) thermometer

and a nitrogen inlet was charged with 250 g (362 mmol) of the tartaric acid salt 5a and 625
ml of dry THF. To the -10°C pre-cooled suspension cooled to 0-5 °C was slowly added 156

HBoc
CO,Et

ml (1.99 mol) of trifluoro-acetic acid during 30 min, maintaining the temperature at 0-5°C.

A yellow solution was obtained which was kept at a temperature of 0 — 5 °C.

In a second 1.5 L four-necked flask equipped with a mechanical stirrer, a Pt-100
thermometer, a reflux condenser and a nitrogen inlet, 14.27 g (362 mmol) of sodium
borohydride and 375 ml of dry THF were charged. The resulting suspension was cooled to
-10 to — 20 °C. To this suspension was slowly added the reaction mixture from the first
flask during 30 min, maintaining the temperature at -10 to -20 °C. The addition initially

was strongly exothermic and a vigorous hydrogen evolution took place.

After the addition, the reaction mixture was stirred at to -5 to 0 °C for 24 hours. After
completion of the reduction, 1.25 L of water was then cautiously added, followed by 1.251

of dichloromethane: The acidic reaction mixture was then slowly basified using 325 ml of
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tenperature for 3 hours. The crystals were filtered,
washed portionwise with totally 625 m of heptane and

wa@leeosa3twder reduced vacuum at 45 OC for 48 hoRPECBEPIN07/059264

give 101.6 g product (64%yield, assay: 99% as a
white povvder M5: me 435 (Mk +, 380, 379, 318.

%@@)dbum hy? 83(‘:[%%%lu dlgrrln%f H[’l 4? n%m, b%ll? pH of 13 -14 was achieved,
mabmtmmhkx@ltempzrﬂpyrel aflef to 0 °C
2,1-a]isoquinolin-2-yl)]-carbamc acid tert-butyl

est e hé dogaficphhsel Vo rse}pﬁ&tk@ d/vefsh&ﬁ%nE qusaRsd O\% bhing, followed by
mechani cal _stirrer -1 00 ter r oppi

f-dnihef Walsh eﬁﬂ?%@@ﬁaﬁeﬁl‘”@fe §Ct%<£§?r%@<arawegw 85 IgOf
ﬂfbﬁﬁr(ﬁfﬁ@ﬂh}ln@ffhe st @hicphasddiess edleedd iand 48 ord ted tdrdryd@s under
t isd{ed sol #]4%’@ 22.6 mM (566 mmol ) formam de was

H44ed Bt oo ﬁ‘per ature followed by 44.0 ml sodi um

met hoxi de (0.238 nmol, 5.4 M during 15 min. During the
addi Thoredidrengeuspdursivorthentaker up i $0ambof Getlbyomathidiesind

§H§§?@rﬂ§f tg% 150 %LLP ﬁgckécgﬂm\%gﬁﬁzbéé &th Q‘fﬁédﬂh&'aﬁl sﬁPreB-E ‘Pt-100

turned to a stirrab
&wgﬁeﬂ@r%ﬂ WRANE FOREEseH; 4 Rifredeyin{gh apd g d ﬁ‘PPPrWﬁ W@ﬁ@h and
stirred for 20 mn. The suspension was filtered off
and vashedrude rréeicﬁﬁﬂ\/irﬁlﬁtdﬁé tzhsoautm'rﬁ(bﬂHS%SJg oﬂ-aQtdﬂ‘ﬂ.—bﬁUE dicarbonate in

net h C d_at 40-450C
TS S Sle wdanec 3G "Rstof i SipBopthermic
(91.3% vyield; assay: 97. 50 . M5 nle 406 (M- +, 388,
351, TB8RactREEmMiXEXR YIS @tl]@'e@)‘fﬁ@n]‘ghﬂ)ﬁtéﬁ%pﬁt@r ormplietion of the reaction,

{I{e?cgucfé'%nb(ltlﬁ‘g)was @@a&a@%@@ﬁﬂ’d@r Akl gfe%ltr@ H5°C up to a volume of 400

ro-
mlp%yﬁrrﬁa@ﬁai Fchgarp%é@nﬁ ¥Rp prapoiatad theeiahsaivenechange under
t@stanPUdlyimeasitter.5 1 boRepih. tartaric acid salt 5a
(wi thout isolati on of ester 6) 5a 7 A four-necked

I L:?ﬁ%%w &‘pg 8rysta s were gu%%?r?cﬂ:d |30(§ 16 ﬁeﬁtane aFr>1td shge)d at room

temperature for 3 hours. The crystals were filtered, washed portionwise with totally 625 ml
of heptane and dried under reduced vacuum at 45 °C for 48 hours to give 101.6 g product
(64% yield; assay: 99%) as a white powder.

MS: m/e 435 (M+H)", 380, 379, 318.
Example 5

Preparation of [(25,35,11bS)- (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 (7)

NHBoc NHBoc
A CO,Et ~_CONH,

MeO - = MeO

MeO MeO

A 1 L four-necked flask equipped with a mechanical stirrer, a Pt-100 thermometer, a

dropping funnel and a nitrogen inlet was charged with 50.0 g (113 mmol) of ester 6 and
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droppi ng funnel and a nitrogen inlet was charged with
4.05 g (103 mmol) sodi um borohydride and 165 m dry

WA RHB8/0T11¢9 suspensi on was cooled to -30 to - 200BCHREP2007/059264

treated at this tenperature vvlgwln one hour with 47.8
g (400 mmol ) trifluoro acetic @cid. To the resulting

éﬁso ‘ﬁquﬁ 4%3‘11 %q;ﬁr'eq'tog recp sotlutlonﬁéC F]tl Ia%f%r}%rf:ﬁ @rftoh%%mlde was added at

TSN mrmmuretfollm«rdfmt 4)4 (lewdlhmwmethh@dp $0.3¢fdmphért M) during 15
&ih. rlﬁlﬁ‘fjrlgathe LAdhigioh %f@s%@ﬁén‘éiroﬁ tﬁﬁ{ed%‘fjtg' tsh%ﬂﬁl reé%lgl‘i’ tsPension. The

The m xture was then ded
axtere Wasdtifee openighs ata%lT Js t%aec{ ® ﬁpthwk éuttveseﬂsstle)fabﬂf Whte suspension
atltthtwRrilafed 4302 ®ad] MethANEIr i stered ‘EdrUIOl @ih. [B8s¥pbikion was

Xi mat el y 200. of THF

HRGET brragl Seet Pl ashiudt Pl ! THbRad 68 mynethanol
Thecystais wanodnidd 0#0di560 hor diretbaafe. 24‘Bmarqu> yas43.0 g amide 7 (91.3%
g]!dugstsgg% HllOto 11.5 by the addition of

ppr oxI’rma y 36 g sodi um hydroxide solution (28 %in
vvater) The stirrer was turned off and the |ayers were
XS sUed0q MsEDar8Be35 TR, 82ani ¢ | ayer was separ at ed
and the aqueous | ayer was extracted with
di chl oronet hane (1x90 m ). Ehkgnglewsbi ned organi c | ayers
were washed with water (1x90 nml) and then treated at

s s, T80y MR 00,0809 6% 110
Ua:xahydmeﬂi‘émlyade [2,1Ai isquiohot?rg) latarBimdiactdl tert gt lestaefrom the
| Iy replaced by 900 ni
ol S o e B 2" o) “was chen
successi vel yygreated at 32 to 38C W|th 35.65 g (788 \ygoc
mol ) for magd decgpd 42. g (237 mol ) sodi um net hoxiid

solutlonmoln meth andthe resul ting
&S stirge Hto 38cfor 10MéY

sudfsrs

m xt ur e r eat ed V\nthogﬁo m water and heat
t oM8SC Tor 4 hours. The suspensi on was cooMeR ’

within 1 to 2 hours and stirred at RT for 1 hour. The
crystals wese filtered off, washed in two portiormns

with a mxture of 90 mM THF and 45 m water and dried

at 6Q to 70 30 r.for 15 hour to affaor

5. 20 fofafehi HekrAnrgea i Rupghat@sdrrebd Hojfifirmomeer, a
Meppmgdudd agd/k iHjtragen 388t wa5hargsd 2ith26G g (103 mmol) sodium
borohydride and 165 ml dry THF. The suspension was cooled to -30 to -20°C and treated

at this temperature within one hour with 47.8 g (400 mmol) trifluoro acetic acid. To the
resulting solution was added at -30 to -20°C in one portion 54.60 g (79 mmol) tartaric acid
salt 5a. The mixture was allowed to warm to RT within 7 hours and then stirred at this
temperature for additional 5 hours. The mixture was then added at 0 to 10°C to 200 ml
water and the pH was adjusted to pH 7.5 to 8.0 by the addition of 43 g sodium hydroxide
solution (28 9% in water). Approximately 200 ml of THF were then distilled off under
reduced pressure and replaced by the same amount of dichloromethane. The pH was
adjusted to pH 11.0 to 11.5 by the addition of approximately 36 g sodium hydroxide
solution (28 9% in water). The stirrer was turned off and the layers were allowed to separate.
The organic layer was separated and the aqueous layer was extracted with dichloromethane
(1x90 ml). The combined organic layers were washed with water (1x90 ml) and then
treated at RT within 10 minutes with a solution of 22.0 g (99 mmol) di-tert.-butyl
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np: 2700C (DSC; slight deconp. at > 2500C) Exanple 7a
Preparati on of

W@ 28888,744 bS) - ( 3- Ani no- 9, 10- di met hoxy- 1, 3, 4, 6, FCT/ER200E¥59264

ahydro- 2Hpyri do[ 2,1-a]isoqui n%l i n-2- yI )] -carbam c
acid tert-butyl ester (8) A 6 T four-necked flask

?]h b%gate i, 4& Hﬂ q CfrﬂFOI'O]%nJ[h%?lle }&{e{r Dok s ﬁrﬁ érhclgprometflal%e was distilled
v«ﬁgnd h@mtgwuvh}’ 1r¢pla_®d by 90@&2 T [I)ie aniidee @Ppmnarﬂelyzloﬁl ml) was
ﬁQﬁ'sHE@eM(ﬂ’r‘éa@&i 28 Y BT e @5 @99?%8@9910‘1)"1%1%&&@ dnd 42.7 g (237

stirred for m nutes at RT acetonitrile were
HH%@HS%W%‘FtP?F%S%%O%@Ht% ﬁ@wtha@P )anddbiresilgpgpuspension was

Stirfed at G2 k88 A BB O hawssmmu@mm&a@adﬁm EBOS@H Nithloe[hd heated at

%{0961155 gﬁgr Zg-%%urisd ]%%ﬁl?}%)}elfv?aé)ééglﬁ? ﬁcgﬁi ?ﬂuﬁl It(p 2 ours and stirred at

RAlifot Bhowim @ht hgstalBeer Alttaree ot wdsBed 220 pidrgorsd wiglnd lnyixture of 90
%@Il[[ﬁl\éh eﬁ?tgl\%lig (Wie A8 5 W)"rCreﬁQ ﬁ)th%r ffoQ 5 ﬁ(?ml;n td-afford 25.40

ase m xturé containing s
glnﬂa‘i@gbl 882%)5191?16121883 7Yoompmd). to which 400 g SOdI um
chloride were added and the m xture was further

#9: ii/edod Qvi+2Q*, s ses3 @t 2631, then cooled to 5 0C. A
soI ution of 220 m 25 %hydrochl oric acid and 220 ni
a
t

I ddedd 30 mn to bring the pH
%Bﬁ(ﬁs‘% S%—A gr—,@gn(% a precipitate forned.
The suspensi on was further stirred for 75 mnutes at 5
to 100C and pH 5.5. The suspension was filtered off,
transferred back into the rlgaotpde7aand suspended in 1.5
Ldi chl oronmethane. 1 L of a 10 % sodi um bi car bonat e

§Fé|pla!1ta't18f? o‘f\@% ﬁ,dﬁ%g) kslAhhﬁo@ump@iﬁﬁetmyamm khe lmﬁ%%hﬁy%lro 2H-
tirred or m_nut es, re s reached
ﬁ%éﬁ}seqlﬁﬁ%%zvm -QEE 159@3 t%{hg B/E%St%fgaéous phase

vvas extracted again with 1 L dichloronethane. The
organi ¢ phases were W#%ect ed and concent rat edyd8o45
OC to just before FP8Hal 1§ zati on point.
TBVE wer e ded &egl tHe resulting s ensi stiJrred
for 1 hour at niNthen for 1.5 hﬁ?@

The crystal s n filtered off an
portionwi Onith totally 150 n of

7 8

A 6 L four-necked flask equipped with a mechanical stirrer, a Pt-100 thermometer, a
dropping funnel and a nitrogen inlet was charged with 100 g (242 mmol) amide 7. 982 ml 2
N sodium hydroxide solution were added and the mixture stirred for 5 minutes at RT. 1.75
L acetonitrile were added and stirring was continued for an additional 30 min. To the
resulting suspension was added a solution of 95.5 g (291 mmol) diacetoxyiodosobenzene in
240 ml water and 500 ml acetonitrile during 15 min, maintaining the temperature at 18-
22°C. The slightly yellow reaction mixture was stirred at RT for 15 min. A slightly yellow
two-phase mixture containing some undissolved crystals was formed, to which 400 g
sodium chloride were added and the mixture was further stirred for 20 minutes at RT,
then cooled to 5 °C. A solution of 220 ml 25 % hydrochloric acid and 220 ml water were
slowly added during 30 min to bring the pH to about 5.5. From pH of 8 on, a precipitate
formed. The suspension was further stirred for 75 minutes at 5 to 10°C and pH 5.5. The

suspension was filtered off, transferred back into the reactor and suspended in 1.5 L
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The crystals were dried at 40-450C at 10 nbar for 48
hours, then suspended in a m xture of 530 nml et hanol

W@ pasA304911 net hanol and stirred for 2 hours aPCREP20011659264

precipitate was filtered off a%j washed portionw se
with totally 100 mMl of a 1:1 mxture of nmethanol and

‘ép or dl“f lgeg FILS @td? rs:/@fs S %gﬁ%t‘tf luﬁ%lg }NX e?xidéé}cﬁ%}}eesuspension
vivbthesuispen Wedstirrﬁdioolmmfﬂmﬁzwhstqaav pE@ WorrehhdUfte quganic phase

#9s Qa4 dneRe £c9feo§s Pl?&éé Sa@lxtfh G -agdifyift ¥ Eh?éh%rwﬁ%ﬁlane The

filt red of f and portionw se V\Athtota

AEIBiG IASFBVEr® CPHEctEs 9%4 gangeriited atr45e§ QYU @fﬁs@éemﬁaﬂmaﬂon
g@inﬂJQaS nflamBN2A vdéﬂilﬁdﬂe@ andihegedulti Gispetisivn sBried 8301 hour at RT and

ége ]eg g%gété) FJ‘\/E he 81'rystaf?§ weré Mt:rlzbﬁltered 0%12 dnd washed?' portionwise

(vﬁBt&tS],ljf | 305! QBC—QMTTBME?, 10-di net hoxy-1, 3,4,6,7,1
| b- hexahydr o- 2Hpyri do|

2,1 - I
est e?ﬂlé gy&%'s W%ké (?'uﬁlr%f If%}e)]c ﬁffagllsiﬁa%k dg }18%1’3 t!ﬂgllt}]}fl!lspended ina
ﬁ’é’étﬁé?rﬁ oap nytethane} an#ﬁmhmethﬂh@ra@éﬁﬁfréd forg pusppi Rl The

g-i;z@ﬁbﬁbtea'ﬂg flﬁeﬁﬂtdfpﬁﬁn/vdsﬁ&&f)oﬁfﬁﬁw%@ @ﬁﬁecgtamr 1160 A0 0919 mixture of

wat er
IR qa@nﬁﬁl@esfﬁ%ts P BHTRERC IR Rt 3t G g ervsals dried
st I0PC M 130bar 'ﬂhﬂy&ﬁer&\/ﬂteh sﬁ&meﬁd@i ®om0 uh TBMEpstirebe for 2 hours at 20 °C

5 R TS S DA A e v
gl bys20@inalrokd EBM[EI Tbﬂ thal:Egve@e?dlgec‘( B0 pt < 20 mbar for 24 hours to

g@&i@ﬁ@g%ﬂaﬁ@@(%mﬁtcﬁagay Bod§ m water and 97

cetonitril mxture was stirred at 15 to 200C
for 30 m{w concentrated under reduced pressure to
M§ g¥e d(M ur’?@ 0100 a?ﬁ?r oximately 250 m and then

treated at RT with 30 g hydrochloric acid (37%in
water) to adjust the pH to Bahplo7d. 7. Di chl or onet hane
(200 M) was added and the |ayers were allowed to

t t
g e b e
Prmdo To- aréﬂweolumédﬂ)dmaémmleaadyerpbgwbest@ (Bhe

A 1 L four-necked flask equipped with a mechanical stirrer, a Pt-100 thermometer, a
dropping funnel and a nitrogen inlet was charged with 20.00 g (49 mmol) amide 7, 85 ml
water and 215 ml acetonitrile. The suspension was treated at 5 to 10°C within 30 minutes
with 69.7 g sodium hydroxide solution (28 % in water). The mixture was heated to 15 to
20°C and treated at this temperature within 2 to 3 hours with a solution of 18.07 g (56
mmol) iodosobenzene diacetate in 46 ml water and 97 ml acetonitrile. The mixture was
stirred at 15 to 20°C for 30 minutes, concentrated under reduced pressure to a residual
volume of approximately 250 ml and then treated at RT with 30 g hydrochloric acid (37%
in water) to adjust the pH to 9.4 to 9.7. Dichloromethane (200 ml) was added and the
layers were allowed to separate. The organic layer was separated and the aqueous layer was
extracted with dichloromethane (1x80 ml). To remove insoluble urea by-products the
combined organic layers were filtered. From the filtrate dichloromethane was distilled off
and continuously replaced by 220 ml toluene. The suspension was heated to 70°C and the
resulting slightly turbid solution was polish filtered. The filtrate was concentrated under

reduced pressure to a residual volume of approximately 150 ml. The resulting suspension
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conbi ned organic layers were filtered. Fromthe
filtrate dichl oronethane was distilled off and

w@omsiosnTeusl y repl aced by 220 m tol uene. The PCT/EP2007/059264

suspension was heated to 700(:_%{19 the resulting
slightly turbid sol ution vvas polish filtered. The

was etdle to\%%o %% Tl srtf%} #12 ? teefnype agﬁr%erﬁqltl?arﬁl%ar so?utfotn was obtained.

"une © e
Eh@ ﬁfénmrowmtbeh elé@‘e@{ ﬂoaoas otloto@5C vaidn & hionrsewhereby tnysalhzatlon

b&penat %@oﬁ%a&él @0°€I gﬁ@r SRHUL! 'ap@ td"@t@ tﬁptcg)sﬁf‘sd/verg RRered off,

sol uti on | owed to cool

2
Hathed in W%P%vn&wygéamp |t21ane%@%%r¢qmtéé t@p5°C at < 30 mbar for 15

H@lﬂ{s%laﬁakﬁm’ﬂﬁge@mﬁfetse{w Bohaeldsasady: 9.6%(BGnYhe
crystal s were filtered off, washed in two portions

5 ried at 45 to 55C at 30 nbar
s § %9%%1%%3%’3’92@5@%14. 70 g of anine 8 (79.0%
yield; assay: 99.6%mm). Ms. me 378 (MtH) +, 322,
80617803 DSAp: 1700C (DSC) Exanple 8 Transformation of
(2S,3S,11bS)-(3-Am no-9, 10-di net hoxy-1, 3,4,6,7,1
| b- hexahydr o- 2Hpyri do| Example 8
2,1-a]isoquinolin-2-yl)]- carbam' c acid tert-butyl
ster into )= - (
g -Oﬁ@ﬁﬂm§§2§9§;1§!§§ é g ﬁémgla%%%? { dbbhsxahydro-2H-
pyrédo[ 2,3 aqisbquiihblin-3-W) ) carbAinhiv acid mat-bytyl ester into (S)-1-((2S,3S,115S)-2-
Fro Qne ) n .
ool Sl AP EL e L A REREV AR A rridaloylisqavigplin )+
ﬂmrlwmzethiyéﬁymnhdlaﬂ shé.rrer, a Pt-100 thernoneter, a
droppi ng funnel and a nitrogen inlet was charged with

500 9 tpat 3t SHTBE 4-ffto FONRIRMSTRFlIYh 296 ur an-  2- one and

2.0 L d| chI oronet hane. The sol ution was cooled to -10

0C and 12 kg (.4. ) } } )

bi s- {5 %@ﬁﬁe& IHRH%)‘“Sﬂ? A %?ﬁli%?al gtinrgr 3 B futhermometer, a dropping

fubeeardr niabyenriatet ace elthrged winlg S60g (4.58 mmfedlhnaliyaidxgmtei’ml 5H-
QI? %roe}{eﬁre 3} dIF ??:gfﬁ)?%ﬁlgc}'tgﬁap% V’\[A\Hg ﬁglélﬁll(ﬂl s co ecp f% 20 °C andl% 12 kg

CH. &%mlolbehis fbmquyah@éam@dsuiﬁirutlﬂmn@f (ﬂkpxwlqﬂr)at/vedadded during

?@H‘hﬁ 'rgé%ntc i %th%%ﬁ’lbélgﬂlrg\@@ 58b 110 @dwiRk c&oﬁ’né‘beﬁ‘ﬁ liér'ir?gothe
add1t10n a yellowish emulsion formed, which dissolved to an orange-red solution after

completed addition. This solution was stirred for 1.5 h at 15-20 °C, then cooled to -10 °C.
A solution of 250 ml water in 1.00 L ethanol was added during 30 min, maintaining the
temperature between -5 and -10 °C, before the mixture was allowed to reach 15— 20 °C. It
was then concentrated in a rotatory evaporator to a volume of ca. 1.6 L at 40 °C / 600-120
mbar. The residue was dissolved in 2.0 L dichloromethane and washed three times with
4.0 L 1IN hydrochloric acid. The combined aqueous layers were extracted three times with
1.4 L dichloromethane. The combined organic layers were evaporated in a rotatory
evaporator to give 681 g crude product as a dark brown liquid. This material was distilled
over a Vigreux column at 0.1 mbar, the product fractions being collected between 71 and
75 °C (312 g). This material was re-distilled under the same conditions, the fractions being
collected between 65 and 73 °C, to give 299 g 4-fluoromethyl-5H-furan-2-one (58% vyield;
assay: 99%).

MS: m/e 118 M, 74, 59, 41.
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A solution of 250 mM water in 1.00 L ethanol was added
during 30 mn, maintaining the tenperature between -5

W@ pasHIN49DC, before the m xture was al | owed t oPCBERI002659264

- 20 OC. It was then concentra%7ed in arotatory
evaporator to a volume of ca 6 L at 40 0C/ 600-120

mbar di $s

ol Lr R Az B G PR SRR ShyaPo fudntocone 0| |y
hydrochl ori c aci d. The conblned aqueous | ayers were

ext r Actledhtodpecequinped wilhtahmgchanicalditicter oias ghear gednwith Thelution of

6’@'4%%@&1%&1 SHLRYA!-S- oM &, zﬁmqrﬁbg Gn b8y4 alerﬁ&tﬁgl%lyThe
evapor at or e 681 crude  product as

PYQHRAYE Warsrﬁegleciré@%meaﬁur%sea?@l ﬁnianﬂa%%ona(7\b?§rlea er 10 remove
&0/} taoes af oxFgdn. Mvar bat Bggops Oshligtior ¢faB2t74ang RAEDAE),((R)-3, 5 tBu-

&ﬁéﬁ%ﬁﬁﬁéfﬁe HE P O Bl fpanoR i Ender

ftiraiog ifonsa bahlys additloecleride betivadn cb&gechth 78oGG)oxt (@ content < 2

f%ﬁlﬁ ag(? gr u%z%%%ﬁﬁ?%iﬁglb@wgy 51%@8 thtrﬁ[i% Qéglr{"et%aerﬁlatgclave was
m’pla(cs} bmhféremibﬁééxah» AL dhinpresoud @hewagl%welwrz “@s stirred (~800 rpm)

AHDOG A6 °€AHH PReT Mol B RoRBBRaNIERYe Sid FInRENtWR&] in vacuo. The

Ch g W&%Pﬁ%ﬂa toe%fi’?hgggg‘b? &l 58‘9 Byompmh-diydyoifprapggone. The

tﬂ.erﬂiiedllpaﬂq}oftﬁhﬁr(ﬁlmtmhm%/b$%aﬂeed and pressuri zed
several tines with argon (7 bar) in order to renove

a2 7 meb RN Ry ) R %&‘%@ﬂ%&?dfsg‘@%b’%ﬁiﬁ“@) 9)10-
B o 030 G- ) s b hahome scd r.

Blityl &stpg from a catal yst addition device previously
charged in a glove box (G2 content < 2 ppn) and

pressurized with ar 7 bar) he ar here

in tﬁﬁ fe&E‘iOé\?%u%%o‘f"’é‘é BafB&aTﬁE}HFfog iy 1?@{% pmejgr, a dropping

fdminel apfdesmtrbgen inhe wae aledrg@with 30 gr(ez&haﬁlod;)t (2638d 1()5)83)@m1no 9,10-
(I];)%\r/ = E? Ialtb hexa%lg r}gﬂ %ylgr%]oéﬁeinq 1sr|1ﬂu1nopn 2 d}'f'ff‘ carbamlc acid tert-

concen e res
Uutyt ¢skdred0Q ml&bh@ndalgi]} 81 g (23@9gmol) 2-hydroxypyridine. To th1s slightly

brohwritef Ju n@f&'ﬁt ¥ o gl@ﬂfrﬁy ;@)ﬁ 4%&?&1‘16&12?(11@19% &@n-2-one was
puri t rodtict. was
added ropw1se at R . No exothermy was observed during the addition. The dropping

funnel was rinsed portionwise with totally 100 mL toluene. The suspension was heated to
reflux, whereas it turned into a clear solution starting from 60 °C, after 40 min under reflux
a suspension formed again. After totally 23 h under reflux, the thick suspension was cooled
to RT, diluted with 100 mL dichloromethane and stirred for 30 min at RT. After filtration,
the filter cake was washed portionwise with totally 200 mL toluene, then portionwise with
totally 100 mL dichloromethane. The filter cake was dried at 50 °C / 10 mbar for 20 h, to
give 60.0 g product (94% yield; assay: 100%).

MS: m/e 496 (M+H)", 437.
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c) Preparation of (2S, 3S1
| fcS)-3-(3-Fluoronet hyl -4-hydroxy-butyryl am no)-9, 10-

waelresodioxy- 1, 3,4, 6,7, 1l b-hexahydro-2H pyri doPCREPDOHPS9264

i soqui nolin-2-yl] -carbamc acg:l tertbutyl ester A 1.5
L reactor eqw pped W|th a rrechanl cal stirrer, a Pt-100

t her i Shtiod { ) I’(] @odroraneﬁlyi haosgn ylrroh%m 1-y1)-9,10-
was C ed"Wi P 52

Q@t]&gyl— 1.3, é5)7 H-balmxa}@ycgo PHl- p‘ﬂq@pdﬂﬂm&ysoQumghm 26yl {7 cdrbamic acid tert-

@tgpgs{@hydro 2Hpyrido [2,1 -a] isoquinolin-2-yl)
rbam c acid tertbutyl ester , 500 nL toluene and

2.51 q#SGmml hydr oxy yr| ine. To this slightly
br owAi 35198 ﬁ%‘luBPled xglzth 7 My ilgga %Fl) a$f-100 thermometer; a dropping
{uBhnel a fbolargdimet hiyd a ditfugdlﬁ létwarhzrged &ithas a(ddednmol) of

B gfﬁg'T“d’F%IBﬁﬁga ﬁ%%ﬁﬁﬁ@fﬂ ebosoniv-
stahydrot 2 pyrid 0, I isoglinetie-2-flheabaspensd ent-hetsl dseanad 750 mL
TR ehd J‘Pﬁ%tuW%%@gléHtto P bE Qﬁq g'sdl s@lh‘ﬁoﬁ‘ ofb ‘??‘En f))9%fn%ﬂ

startin under

wﬁk@@ﬁ%%%@ﬁlcfaéldﬂﬁdza@h'rﬁm WStaéded @wranlg 1P 123% maipdaing the

fe@igeraturctne-3 fti. Qlt 0USRBNFADIWAS HD @é(ﬁzdnin@olﬁﬂieﬂqimrﬁt&dn 42 mL
hlogrgf_dlchlltoro hane and stlrredfor%qg)@ h.a o

deg dyringahS R The gespiting spsnenpian was stisechion 8 mm at 0-5°C,
Whéﬁehﬂlﬁbb@&e\/grﬁdhaﬂ@ﬂ&tl{ey T 141l nblo( 4e memot)ne lithium-
LS{t 1me gl)amwlg (ﬁe% %%Ae%ﬁ tggho s }grlfgﬁlﬁfér Qo8 tllhl,a 0 erﬁash(ﬁe suspension
glsspéve@OTbe gplpruivest allo94d4y reethl RTaksiag 60 m@%ndelt\@rrmg 00 mL
écrgér («7%" gc?dea 'w1fh%Z1t Q(%ohnrgeﬂﬂé 'h%&ﬂu%‘w&i e)&r%;;see§§n m?eo% phase was

uor onet -2-0x0-pyrrol idin- 1-
whwﬁ%aﬁly cxtztacsedzw@ 700 mf.gng éﬁ%mldqhéhlzwwh@%”fbQorgfma]layers were
A GEISRE] With 2eodnlL hamaﬁ@ﬂh@ bAfe, @oh@melalawlev@ﬁir@t@d Hnd. ééotatory

reacto rrer
FHRPABHoTBY o R S NG TG M 455841 4 g BateRgifg a7 and
adatin egtpnralten] tetgiweld. chaude ;iroﬂuthas%&hghtﬂﬁl&o@nmhﬁbamo’fhls material
0 y n
‘vééilgs%ivled 1?%%23 mﬁj gtjhgﬁ)cg E;EL?IP%% na ﬁx%: s%xlyef’g_téh Wi 8R S, &ﬁed on
h@a]tmgg@ Cﬂﬂuﬁoﬁt(ﬂ 28 -rpi] of: refhr)bténﬁ@lua@m tas elictweldup ygradelg eeool to RT
éﬁ‘ﬁlng7 2, Whereas crystallization started after 10 min. After 2 h the suspension was cooled
to 0 °C for 1 h, followed by -25°C for 1 h. The crystals were filtered off via a pre-cooled
glasssinter funnel, washed portionwise with 78 mL TBME and dried for 18 h at 45 °C/ 20
mbar, to give 21.0 g of the title product as white crystals (77% yield; assay: 99.5%).

MS: m/e 478 (M+H)", 437, 422.

e) Preparation of (25,3S,115S)-1-(2-amino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-
2H-pyrido[2,1-a]isoquinolin-3-yl)-4(S)-fluoromethyl-pyrrolidin-2-one dihydrochloride

A 2.5 L reactor equipped with a mechanical stirrer, a Pt-100 thermometer, a dropping
funnel and a nitrogen inlet was charged with 619 g (1.30 mol) of (25,3S,115S)-3-((4S)-
fluoromethyl-2-oxo-pyrrolidin-1-yl)-9,10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H-
pyrido[2,1-a]isoquinolin-2-yl]-carbamic acid tert-butyl ester, 4.2 L isopropanol and 62 mL
water and the suspension was heated to 40-45 °C. In a second vessel, 1.98 L isopropanol
was cooled to 0 °C and 461 mL (6.50 mol) acetyl chloride was added during 35 min,

maintaining the temperature at 0-7 °C. After completed addition, the mixture was allowed



THF. The m xture was cooled to 0 OC and a sol ution of

6.17 nL (79 mmol ) nethanesul fonic acid in 42 nL THF
wor@sasided during 10 min, maintaining the tenpRCHEPR2087/059264

at 0-5 0C. At 0 OC a solution gf 12.6 nL (90.2 mol)

triethylamne in 42 nmL THF was added during 15 mn.

The nesulti uspensi_on,wa Lnr for m 5

BERaiia L5 e Pt HAPARE BN RRR S et RN Th Rt

¢ampletedetlilitiomthd mivitwrn washtised farmt8thhatl49450) wariedecrygnlgzation

Qgg&gaﬁ& 1t SN AT rs@spgﬂgibﬁ‘ Gadodiddho m@rcﬁﬁ&%gﬁtsgrred at that

suspensi on di ssolved. The solution was all oy )
feamertier faut-p Rgnddilierad: Reerystalsiverg washed portianwigstvagh 1.1 L
ifs@%ro?dﬁa@nw&ie@ 'ﬂ(frhﬁquﬁti%% / tzdtn) ehbat b tlgfve 5wtg oe&%er;gsa&? as white
an uepus ph S subsequently extracted w
gﬁﬁdﬁkﬁgﬁgyﬁggaﬁ%ﬁg?@%ﬁgronethane. The organic | ayers
were each washed with 300 niL half saturated brine,
conbi ned and evaporated on a rotatory evaporator. The
resulting foam was dissolved in 155 nL

di chl oronet hane, filtered and again evaporated to give
30.5 g crude product as a slightly brownish foam This
material was dissolved in 122 nL nethanol, resulting
in a thick suspension, which dissolved on heating to
reflux. After 20 mn of reflux the solution was
allowed to gradually cool to RT during 2 h, whereas
crystallization started after 10 mn. After 2 h the
suspensi on was cooled to 0 OC for 1 h, foll owed by
-25C for 1 h. The crystals were filtered off via a
pre-cool ed gl asssinter funnel, washed portionwi se with
78 nL TBME and dried for 18 h at 45 0C/ 20 nbar, to
give 21.0 g of the title product as white crystals
(77% vyield; assay: 99.5%. Ms: me 478 (M+H) +, 437,
422. e) Preparation of
(2S,3S,11fcS)-1-(2-am no-9, 10-di net hoxy-1, 3,4,6,7,1

| b- hexahydr o-

2H pyrido[ 2,1 -a]isoquinolin-3-yl)-4(S)-fl uoronethyl-py
rrolidin-2-one dihydrochloride A 2.5 L reactor

equi pped with a nechanical stirrer, a Pt-100
thernoneter, a dropping funnel and a nitrogen inlet
was charged with 619 g (1.30 nol) of
(2S,3S,11foS)-3-((4S)-
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15

fl uoromet hyl - 2-oxo-pyrrolidin-1-yl) -9, 10-di net hoxy-
1,3,4,6,7, 1l b-hexahydro-2Hpyrido [2,1 -a]

WO 2@g0311dd i n-2-yl] -carbamic acid tert-butyl eRCEEP2047/@59264

L i sopropanol and 62 niL vvater_%ppl t he suspensi on was
heated to 40-45 O0C. In a second vessel, 1.98 L

i sopropanol was cooled to O %@: 1%nd 461 nL (6.50 nol)

acetyl chloride was added dur-rrrg—35 m n, maintaining

the tenperature at 0-7 OC. After conpleted addition,

the m xture was all owedto reach ca. 15 0C and was then

sl owl yragrgeter thy prgparpiion of Rigilodd, 1 wlisedqgnaling drivativiegef the formula
conpl eted addition the m xture was stirred for 18 h at

40-45 0C, whereas crystallization starfed after 1 h.

The white suspension was cool edHt OC during 2 h,

stirred at that tenperature f N and filtered.

The crystals were washed peyfionwi s with 1.1 L

i sopropanol and dri e t 458C / 20 nbar, to

give 583 g of the produ ite crystals (100%

yi el d; assay: 99.0% @&° > Process for the

preparation of pyrido[2,IRr%a]isoquinoline derivatives

of the formula wherein R2, R3 and R4 are each

i ndependent) y;sel e¢ct ed fro sistin ..
hydr%@ﬁznn%a%o@%%,ﬁ ﬁﬁ&?%&‘g? 8@%&%@9‘168? gg?%saﬁsmmg of
Aytto lgem{\/hﬁlogérk hﬂ&ﬂoxy,\/lb\@ﬂeﬂkyl | IGWEIT alldsgyaind ld)\@NVEaﬂkealylk Whyrein lower
%ﬂgl oww? lkg%}g '%1 erX)Vm %k%\éfrl %&%lglg(lgr&agﬁbsé%g sftftltltlélz(ti %y a&to uap selected
endpwcydkwcarbonﬁrm@lmgimoq& yhor e of the steps a),

b), c) or d), wherein step a) conprises the optical
resoé&hb@ﬁnz@&n@& BORBF RIS Q@ps a')‘eo)f @rdFH)awM\él‘é‘fne' n R2, R3

and R4 are as defined above and I ower al kyl or

benz%/ in the resenc of (Etl caI active eso Vi ng
agentt®R &) JOSRFSE %le(og}w sahitive < 4 Enghitieros th

wherein R1I, R2, R3 and R4 are ﬁ defi ned above and

RCOQ2 is the conj ugat e base of & resglving agent;

step b) conprises the transf Pf the (9)

-enam ne salt of for t he ester of

f ormul awherein Rl, RZ2, d R4 are as 'defined above

and Prot stands for 6}{1;

wherein R% R’ and R* are as defined above and R' is lower alkyl or benzyl, in the

presence of an optical active resolving agent to form the (S)-enamine salt of the formula

wherein R', R, R® and R* are as defined above and RCO; is the conjugate base of the

resolving agent;

step b) comprises the transformation of the (S)-enamine salt of formula III into the

ester of formula



protecting group; step c) conprises am dation of the
ester of formula IV to formthe amde of formula
woL@sesri4R , R' R and Prot are as defined aboR&T/ER2007/059264

step d) conprises degradation_g{_the am de of fornmula

Vto formthe am ne of fornula wherein R2, R3, R4 and

Prot are as defined above. 2. Prgﬁgﬁﬁ according to

claim1, conprising step a). 3. :rOC}§ R1according to

claim1l, conprising the stepsy A §. 4. Process

according to claim1, cpuprjsSiMg the steps a) to d).

5. Process according to cl 1, Mherei n ¥he steps b)

and c) are carried out w #~Js0l ati on of

intermedi ate 1 V.6. Process agcording to clains 1 to 5,

characterized in that the optical resolution in step

a) is a crystallization-induced dynam c resolution. 7.

Pr ocehsreAcR'oRAIRIgnt ®* atedsigfided dbobe anhBractaads foedniamino
the optical resolution in step a) is perforned

hﬁ?%m%gggggTving agent of the fornula wherein R5 is

sel ected fromthe group consisting of unsubstituted

phensttp cplearyisesubsiaiionpedrelsyienpidormule, [Vde ferm g amide of formula

groups i ndependently selected fromlower alkyl, |ower
al koxy and hal ogen, |ower alkyl, DER®YI, wherein the
phenyl ring is unsubstituted or sf QNH,ed by one,
two, or three groups ind el ected from | owner

al kyl, | ower al koxy and And - NHyphenyl ,
wherein the phenyl ring is bspituted or
substituted by one, two,Ror

wherein R%, R* R* and Prot are as defined above; and

step d) comprises degradation of the amide of formula V to form the amine of

formula

NHProt
A _,NH

2

\

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

2. Process according to claim 1, comprising step a).

3. Process according to claim 1, comprising the steps a) and b).

4. Process according to claim 1, comprising the steps a) to d).

5. Process according to claim 1, wherein the steps b) and ¢) are carried out without

15 isolation of intermediate TV.
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three groups independently selected from | ower alkyl,
| oner al koxy and hal ogen; and Ris selected fromthe

w@e@ap3vensi sti ng of hydroxy, |ower al koxy andPCINRIFIR07/059264

wherein R7 and R8 |ndependently fromeach other are
| ower alkyl. 8. Process accordlng to clalns 1to 7,
char erized | QRt I caI in
a) i @ C%e refss accor 1% {]ohctlalmrsg St8 f%vl naéacterl #]1 ? ﬁle oiptlcal T solutlon n
mh@akmncasmﬂgagemgmh@ddﬂwwmmth60@moup consi sting of

unsubsti tuted phenyl, phenyl substituted by one, two,

or t hrlergc&g QdéBﬁhﬂ@QeoqlﬁHQQ% |6)’ch°a%&é‘rtz@9 irf ﬂlQmHeQ)\fﬁEal resolution in

al ky | ower hal ogen, ., and H phenyl ,

%ﬁlé? is megf ﬂrén%n‘@ﬁwr?sp we%%fdb%fqr %d or
substituted by one, or three groups independently
sel ected from | ower aIkyI, lfpwer al koxy and hal ogen,

and R6 i s hydroxy or -NR7 rein R7 and R8
i ndependently from each otyher are | ower al kyl. 9.

Process accordi ng to RXai 1 6081 chatilacterized in
that the optical resolutf|on ijn step a) is perforned
with a resol ving agent <&l ec ROM

(+)-0O O -di benzoyl -D-tartaric id and

(+)-0O O -di benzoyl -D-tartaric agid nono di net hyl am de.

10. Process according to claiml1l to 9, characteri zed

iﬁe}pat the optical resolution in step a) is perforned
dsol vent sel ected fromthe group consisting of

wat er, methanol, ethanol, isopropanol, acetone,

Retr ahglckrtcxi fromrthe gtdupl coasistirgtal, tol uene and ni xt ures

t her g0f bsttdte %%gﬁ SS accordlng to claims 1 to 10,

characterlze hat the optical resolution in step

a) iBhewat Ww&ed\mqvet o> @RBHEHEO8Ps Igerandgnty selﬁﬁ@démm lower

R i Salkgt Tavler alﬁbﬂyzincmalég%ﬁpr opyl. 12. Process according

to c alng%]characterlzed in that the transformation

of t > enamine salt of formula Il in step b) is

per f benreld whyrean the phietyl oing unareubsttiigtd or sabmstitdtedbpone, two, or three

foll géﬁﬁg%ﬁ%g?&%ehﬁ‘} Je?eg{éag%o% l(%%er %P(g?'lu‘?fg aH{o%r G hﬁggen, and

grou ess accor
c h ar actlephengddwhereinnthe pheryl rlee iscurisgbstitateg or pdrstrsded by one, two, or

three groups independently selected from lower alkyl, lower alkoxy and halogen; and

R® s selected from the group consisting of hydroxy, lower alkoxy and -NR'R®, wherein
R’ and R® independently from each other are lower alkyl.

8. Process according to claims 1 to 7, characterized in that the optical resolution in

step a) is performed with a resolving agent of the formula

wherein R’ is selected from the group consisting of unsubstituted phenyl, phenyl

substituted by one, two, or three groups independently selected from lower alkyl, lower
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wi th reduci ng agents sel ected from sodi um bor ohydri de,
['ithium borohydride and sodi um cyanobor ohydri de. 14.

wee@ses4according to clainms 1, 12 or 13, charBCI/BP10AB0F9264

in that the reduction is perforymed in an organic

sol vent at tenperatures of -40"0C to 30 0C 15.

Process;,accor dj Laihns, 1,. 13 or. 14, .
TS E AR RSB e iR yin B prsty gl fraggpbsitured or
sidiseutietby erentvher threeigrovps gidspéndgnidyf selected from lower alkyl, lower
LkbehRINegspaxyfar bonyl . benzyl oxycarbonyl,

chl droacetyl, 1rdif|uoroacetyl,, phenylacetyl, fornyl,
gcgt}y}irp)qg &R 21834 R", vherem R W&ﬂ% ndently from each other are lower alkyl.
par a- met hoxybenzyl oxycar bonyl ,

di phenyl net h bonyl , phthal oyl , . Lnyl, b [, . .

G pharhyPHSt Hy it oY1 e gt s RATE LG s qproa Fesolution in

gap a) t pktfemesinvitlo ayésplvingrakoydelected ifrort byl-©i0'ydibenzoyl-D-tartaric
g NPV Y ri B ISy d. 16.

A TILhEDIS PR EDRARING §d Monb BB BMEET {1

the am dation in step c) is performed with formam de/

sodi WP‘?@@eE‘soﬁ%lcgt%lmgf B IR 108/9, SRAhMEHRHRO¥ M ehe optical resolution in
acet am de/ sodi um gét hotegggéor cet am de/ . sodi

gemakis gerformed ippselisat s FOy tReBre YR F RSB tBE ogg]gter, methanol,

ethanclci@prop &bl dtefoRattetrdts/dadtuthat el dcBradl &Pudhk an8 mixtures thereof.
performed in an organic solvent at tenperatures in the
range of 10 OCto 70 OC. 18. Process according to
cl ai M. Prochaacactderg wethime 1ttd1a0, chhecdegedidabatahe optidcaheesolution in

L i RErrb0h | B HisPofForrhGla REVAGEBE | lieBg
ED s o BRIV My pBhiieerh B BPUAGERRE OGER It o
PPPOP¥s according to clains 1 or 18, characterized in
that the degradation of the am de of formula Vin step
o Db ez IO ALRN B SOBanghat T Gansformation o the (5)-
biasiint tdluefifoatetdlién aed b) ddesfobesd Bne reduction under acidic conditions
RARLEL RN 08881 QLS oARu Rh BRI AGG AL O tO ol aims 1

0 16" Por the preparation of pl{ S'388] uIpr) - (3-am no-

9, 10-di net hoxy- 1, 3,4,6,7, 1lb-hexahydro-2H pyrido [2,
é;?]e % 3. @%E%lcbﬂah?g' ¥l daid ICZ?E% &2 ifthh e e rPUI Xibn is performed
with reducing agents selected from sodium borohydride, lithium borohydride and sodium

cyanoborohydride.

14. Process according to claims 1, 12 or 13, characterized in that the reduction is

performed in an organic solvent at temperatures of -40 °C to 30 °C.

15. Process according to claims 1, 12, 13 or 14, characterized in that an amino
protecting group selected from the group consisting of trichloroethoxycarbonyl,
benzyloxycarbonyl, chloroacetyl, trifluoroacetyl, phenylacetyl, formyl, acetyl, benzoyl, tert-
butoxycarbonyl, para-methoxybenzyloxycarbonyl, diphenylmethoxycarbonyl, phthaloyl,
succinyl, benzyl, diphenylmethyl, triphenylmethyl, methanesulfonyl, para-toluenesulfonyl,
pivaloyl, trimethylsilyl, triethylsilyl and triphenylsilyl is introduced.
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21. Process according to clainms 1 to 19 for the
preparation of (S)-1-((2S,3S,11fo0S)-2- am no-9,

waeodiosgshoxy- 1,3, 4,6,7, 1l b-hexahydro-2H pyrPAUUEPRN7/059264

1-a] isoquinolin-3-yl) -Afl uor 9 t hyl -
pyrrolidin 2 one 22. Process according to clains 1 to

19. f 4. é?tr at Io% ai lsglzlgr ct?gz(eé%’l ﬁla’t tlrlleba%)udatlon in step ¢) is

am no-
m¢rﬁ)rh€5dafh§ldﬁ0@nzm4cw wctium[rzethgzmd]z fplsm@rmdnbmdtiure e{Hokide, acetamide/

sddih MO QABLAY br a Wi/ sHiintetRPBde.CONPri sing the

process according to clains 1 to 19, followed by e)
coupling of (2S,3S,11fcS)-3-am no-9, 10-di net hoxy-1I,

3,4, 6. T’Idcels@crcb@tﬂ%@’t@rdm@*'lpd’tﬂl@Qldz[rifotélrlz'ea]lrtl thlat thetamldatlcin in step ¢)
i soqui no anj c_aci er u
tswﬁgye%nﬂw)éﬁmi AR ERE G s Figh op0 o 104
formul af) cyclization of the obtained

(2S, 3S, 11 bS)-3-(3-fluoronet hyl - 4- hydr oxybut yryl am no)
-9, 19 Pdoeret dvosayglinglto3]lama, 7hara¢ttr42¢éx1aﬁyedﬂm({egrq§lynom of the amide

Lizﬁon%uf%]v ir?é%éﬁldiﬂ@gkﬂ?ox%ledyi& d&%}t@ i 19ru?&f>lg of Bt OHNh-

ester In the presence of deprot ecti ng

f¢pEAGHOR] ned

(2S,3S,11f¢cS)-3-((4S)-fluoromet hyl -2-oxo-pyrrolidin-ly

) -9, 10-di nethoxy- 1,3,4,6,7,

1l b- tEE)P&dSk}é@H z&c&idn’pg/tbictknmﬁ 2 ,or 18 aﬂhafasmtzlédlml thactRe ylééradatlon of the

%I?l? € O% rg}u rﬁli jlvgln ?Sﬁ‘[‘):eélf W1 1’1 O Oﬁgﬁﬁg age%?]seqezectg’ I'Ol’I‘l

d)@lbisqb@dzqnn dedcaliate, mdasrdnem hl%rlﬂlhm‘oa@tqt@gat odbsdenzzhe

Eﬁﬁmhﬁﬁ%c\é{a&g agent. 24. Ester of the fornula NHProt
wherein R1I, R2, R3 and R4 are as defined in claiml

and Prot stands for an am no prot ecting group. 25. The

nove rocesses,. .inte di at uses as d ri be
her e{’.(}] Bgcfegﬁ,aécordmg to c{arlrr%s 1 to ?3 for the preparataion o? EZCS 3S, llgS) (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.

21. Process according to claims 1 to 19 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.

22. Process according to claims 1 to 19 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 19,
followed by

e) coupling of (25,3S,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-

F
S
o?r [

o)

dihydro-furan-2-one of formula
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f) cyclization of the obtained (25,35,1156S)-3-(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 (25,3S,115S)-3-((4S)-fluoromethyl-2-oxo-pyrrolidin-1-
5 y1)-9,10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H-pyrido[2,1-a]isoquinolin-2-yl]-carbamic
acid tert-butyl ester.

23. (S)-Enamine salt of the formula

wherein R', R>, R? and R* are as defined in claim 1 and RCO; is the conjugate base of

10  the resolving agent.

24. Ester of the formula

NHProt
. _,COOR'

wherein R', R%, R’ and R* are as defined in claim 1 and Prot stands for an amino

protecting group.

15 25. The novel processes, intermediates and uses as described herein before.

X%



