| - Case 23884 PROCESS FOR THE PREPARATI ON OF
~ PYRI D 2, 1- A1l SOQUI NOLI NE DERI VATI VES COVPRI SI NG
OPTI CAL RESCLUTI ON OF AN ENAM NE The present
i nvention relates to a process for the preparation of
pyrido [2,1-a] isoquinoline dérivatives of the
formula wherein R2, R3 and R4 are each
thdepgndent |y sel ected fromthe group consisting of
hydr6gén, hal.ogen, hydroxy, |ower alkyl, |ower alkoxy
and | ower al kenyl, wherein lower alkyl, |ower alkoxy
and | ower al kenyl may optionally be substituted by a
group consisting of |ower al koxycarbonyl, aw and
het erocydyl, and the oharnaceutlcall accept abl e
sal t PROGHSS FOREHEAREPAR/ RY R AIBOQUINOHNE

Pr op PylrewA Brvais (%ﬁﬁ%ﬁﬁ(}?\bwicm RESGISOCIGN o AN ENABRRE
i V. he pyrido [2Z,1-a] isoquinoline derivatives

of the &Eﬁﬂiﬁ@nﬁoﬁ F@arél 56l 06@sk forhPEEphntien bepyirdofd,1-a]
Pat e Agg % 000848. A major task in the

%‘l’t“ﬁ’i’%‘ e gﬁﬁgﬁ% s of formula | is the

i ntroduction of the chiral center I the pyrido
[2,1-a] isoquinoline noiety, whi¢h in the current
synthesis according to the'ﬁ@ﬂ _ Appl . WO

2005/ 000848 i nvol ves | at e stage~yacemat e separati on
by chiral HPLC S#gh a pcegs i§ however difficult

t o manage on tech Al % The probleﬁ1to be

sol ved therefore wg
~alternative whichm vs to obtain the desired _
optical isomer in earlR stage of the process, which
affords a higher yield and:which can be -conducted on
techiheral scale. | a It was found that with the -
process of the disclosure, as outlined below, the

- proh), Ld be solved. i

el oy
ta]dgem duyi gy, iloveercdinyil Jawvénaliomxp ind lewer dkenyl, afherem lower alkyl, lower
alkoxy and lower alkenyl may opuona]ly be substituted by a'group consisting of lower 7
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 miajor task in the synthesis of the compounds of formula Lis the introduction of
the chiral center in the pyrido [2,1-a] isoquinoline moiety, which in the current synthesis
according to the PCT Int. Appi. 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. '



R4 wherein R2, R3 and R4 are each independently

sel ected fromthe group consisting of hydrogen,

hal ogen, hydroxy, Cl1-C6-al kyl, Ci1-C6-al koxy and

Cl1- C6- al kenyl, wherein Cl-C6-al kyl, C -Co-al koxy and

G - Co- al kenyl may optionaliky be substituted by a

group sel ected from Cl- Cl5-al koxycar bonyl, aryl and

heltewac jainy| thaicwithrihs iperest e the disalgsuspt aSoﬁlath%ﬂ GRigw. the

e steps b), c) or d), wherein step a)

P?Obgeiﬁirﬁ?‘il‘gg Othﬁ’g optical resolution of an enanine of the

f OfyTH | fstNEBedBaBR el ik providedrgriess fR2 theRBrepmatio®d obparides?, -

defi ned above and Ris Cl-Co-alley' or benzyl, in the
alisqupipsbine deryptives O pei e iact i ve resol ving agent to form

the (S)-enam ne salt of the for wherein R,

R2, R3 and R4 are as defin?@I abaye and RCC2" is the

conj-ugat e base of the resolzvR ent; |Ib :

: Wheréin RZ; R*and R* are each indepenc_lently selected from the group
consisting of hjrdrogen,héilogen, hydroxy, C;-Ce-alkyl, C;-Ce-alkoxy and C;-Cg-
 alkenyl, wherein C1-Cs—alkyl C;-Cg-alkoxy and C;-Cg-alkenyl may optionally be -
substituted by a group selected from C,-Cg-alkoxycarbonyl, a:ryl and heterocyclyl,

compnsmg step a) and optlonally one or more of the steps b), c) or d), wherein

" stepa) compnse's the optical resolution of an enamine of the fonnulq

wh,egein R2, R* and R* are as defined above and R' is C1-Ce-alkyl or benzyl, in
the presence of an optical active resolving agent to fprm the (S)-enamine salt of the

_ formula

wherein R!, R, R and R* are as defined above and RCOy’ is the conjugate base -

of the resolving agent;

stép b) comprises the transformation of the (S)-enamine salt of formula Il into
the ester of formula



.wherein R, R2, R3 and R4 gye as defined above and
Prot stands for an anino protecting group; step
c) conprises anidation of theNgBtoer of formula IV.to
formthe am de of . fornula wher ORR! R3' R4 and Prot
are as defined above; '
degradation of the af g mula Vpgo formthe
am ne of formula ?, R3, R4 and Prot are
as defined above; Wrerefn the process is
characterized in that the*optical resolution in step
a is a crystalli7ation-induced dynanmic resol ution;

I
e WasTFER i K 4 B °p“"?a pisbafe #&dﬁ%f%n#m
proR6i N

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

NHProt
A CONH,

v

~wherein RZ, R* R* and Prot are as deﬁned above;

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

NHProt 7

7 Wherein R2, R’, R and Prot are as defined above;

wherein the process is characterized in that the optical resolution in stepa) isa
crystallization-induced dynafnic resolution; and '

wherein the optical resolution in step a) is performed with a reéblving agent of
the formula



Rs wherein R5is selected frohithe group consisting of
m substituted phenyl, phenyl substituted by one, two,
or three groups |ndependently sel ected from .
Cl- C6- al kyl i Cl1- C6-al koxy and hal'ogen, C1-C6-al kyl,
benzyl, wherein the phenyl ring is insubstituted or
substltuted by one, two, or three groups.

i ndependent |y sel ected frod@C& C6- alkyl, C1-C6-

al 1 coxy and hal ogen, and - ghenyl wherein the
-phenyl ring is unsubstitafed Or substituted by one,
two, or three gr oups gendepend Ly selgcted from

Cl- C6-al kyl, Cr C5-al kbfy a halogen and is
hydroxyl. In a second agpectg. thgte is provided a
process as defined above for tjfie preparation of (2S,3
S,1 IbS)-(3-amino-9, 1 O-di methoxy- 1,3,4.6,7.11

b- hexahydr.o- 2FI pyri do[ 2, 1- a] i soqui nol i n-2-yCkcar bani c

acid tert-butyl ester. In a third aspect, there
IS provided a'process as defined above for the :
preparat|on of (S) - -(25,35, 11 b S)-(2-amno-9,1

: %poxy 1, 3, 4, 6 7,1 -b- hexahydro- 2H '
pyr| 'Fe 1 a]|squ| nol i n-3-y1)-4-fluoronethyl-pyrroli
di n- 2- one, wherein Rl , R3 and R4 are as
def Rhed aﬁ@?’@c’féﬁd%mgl’Q@"Pﬁ%s@@ﬁ ugate base of the

resol Vi ngya888tnuted phen gwhereln R, R2, R3 and R4 are
as defined abovi and ot standﬁhror an agl 4 ﬂ lected
prot ect i r@he@y stifuted by one, two, of three groups I ependently selec
from Cy-Ce-alkyly Cl-Cé-a,Ikoxy and halogen,
_Cp(%aﬂqd :
benzyl, wherein the phenyl rmg is unsubstituted or substltutcd by one,
two, or three groups mdependently selected from Cl‘CG“a]_kYI Cl-cé.
alkoxy and halogcn, and
-NH-phenyl, wherein the phenyl rmg is unsubstituted or substituted by
one, two, or three groups independently selected ﬁom Ci-Ce-alkyl, Ci-

Cgs-alkoxy and halogen; and

~ Re is hydroxyi.

Iﬁ a second aspect, there is provided a process as defined above for the

© preparation  of (2S,3S,11bS)-(3-amino~9,10-dimethoxy-1,3,4,6,7,lIb-hexahydro-ZH-

pyrido[2,1-alisoquinolin-2-yl)j-carbamic acid tert-butyl ester.

of

. o a third aspect, there is provided a process as defined above for the preparation

(S)-1-(28,3S, lle) (7—am1n0 9,10-dimethoxy-1.3 4.6.7, IIb—hexahvdro-'?H-

pyrido[2,1-a] isoquinolin-3-y1)-4-fluoromethyl-pyrrolidin-2-one.



Unl ess otherw se indicated, the follow ng definitions
are set forth to |IIustrat@ and define the neaning
and scope of the various terns used to described the
invention herein. W) 2008/ 031749PCT/ EP20071059264 -

2 - The term "hal ogen" refers to fluorine,
chl @rd ferth BERE, BRrdiB grdvebidne)-EMirhiRe §d1ttﬂifth@%rmﬁlfa0 m-ne
and. chl ori ne bei ng preferred. The term "al kyl "

~alone or in conbination with i
~a branched or straight-chain-
al i phatic hydrocarbon rad|c;

her groups, refers to .
g%; t saturated .

é) o twenty car bon
Ons. In thls

is useH’to nean a -
, RC@ferany of one to

preferably one t @2
- specification the t¢
~group consi sting of
four carbon atong®). - vs, the term "l ower
al kyl", alone or in c-qblnatlon ‘Wi th ot her groups,
refers to-a branched & strai ght - chai n nonoval ent
al kyl radical of one to six carbon atons, preferably
10 one ta fo r ,carbon.atong. This termis. furt
exewbwr:m.l’edegﬁ raa@Rcalresas deianedaboysand\RC Ozetsrﬂw conJugate basc of
ﬂﬁT&bﬁﬂM&%ﬁhﬁopropyl n-butyl, s-butyl, isobutyl,
. t-butyl, n-pentyl, 3 nethylbutyl nheXyI, '
2- et hiyd sk a/slpe@,rtﬂeﬂehﬁpﬂoiviﬂed esl?asre)ffe}reafb;}nmm ower al kyl -
residues are nethyl and ethyl, with nethyl- being
especially preferred. The ternmMPatkenyl " as used

herein denotes an unsubstituted. @ipgpbstituted 15
hydr ocar bon chai n .radi cal itng fromtwo to six
carboen atons, prefgéabl \om tiwo to four carbon
atons, and havi ng oné wo Ml ef i ni ¢ Bbubl e bonds,

preferably one ol efj .
vinyl, 1-propenyl ,h RZ- prngenyl (allyl) or 2-butenyl
(crotyJ). The termRal koxy" refers to the group
-0-, wherei'n R is alkyl. The term "l oweral koxy"
refers to the group, R -0-, wherein R is a | ower
ablepbingR'oR3, BS adéfR'nae asbdsfimed 200wxandoPws stnds Hiegn amino

roups are e.g. mnethoxy, ethoxy, propoxy,
pﬂm££§%§¥h%xy, but oxy, isobutoxy and hexyl oxy, wth

"%ﬁl@géyot 8 nﬁﬁ ﬁlel BuPREEKeliftons are sek!Trth & iustrate and |

| ower al koxycar ony refers to the group R-0-C '
defing Bhe-meanfvey anid ncdRe df sheavariowetermas kst tdeseribeddherar piion herein.

above. The term"aryl" refers to an aromatic

nmonoval ent nono- or pol ycarbocyclic radical, 25 such

as phenyl or naphthyl, preferably phenyl, which may

optionally be nono-, di- or trisubstituted, : _

i ndependently, by |lower alkyl, |ower alkoxy, hal ogen,

cyano, azido, amno, di-lower alkyl am no or hydroxy.

The term "heterocycltl"” refers to a 5- or 6-nmenbered

aromatic or saturated N
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- 30

het erocyclic residue, which may optionally contain a
further nitrogen or oxygen atom such 30 as
i m dazolyl, pyrazolyl, thiazolyl, pyridyl, pyrimdyl,

wWonogiesat49no, pi perazi no, piperidino or pyrroPCHERYNG7/059264

preferably pyridyl, thiazolyl,or norpholino. Such
heterocyclic rings may optlonally be nono-, di- or

trl | KlorRY, traMes a%'d‘&él&m LB uori

a koxlé%%%‘%gg/ KREERS m%%%%é’onoggzaf i & WIETHOTG
g beiag prrderredni no, di -1 ower aIkyI am no or

hydroxy Preferable substituent is lower alkyl, wth

met MHe threl RgkyDT, efoae bﬁﬁh combinafioe witarother groups, refers to a branched or

sttr%gﬁ{: g eﬁﬂfﬁlé}??%‘lf’% Fairar c?dt a%PLa%csrﬁJ ocarb‘%ﬂg{uﬁ&f 3f 8‘1{%' b %w&ty carbon

aoihe prderebly ase hydxtoohtadrinaterns dnorhpiasthip ﬁm:toatem @:trb@ atoms.
nitric acid, sulphuric acid, phosphoric acid, citric

aci gy tfipget iﬁceﬁﬁim%e f@ﬂne‘!lcﬁ/vea’cis GsedA6 Shdad adEb L0, coﬁqbiﬁf&fgl dof one to
ni ¢ Cld tartar%ﬁ aci d, nethanesulphonlc _
e

aci d

SB‘CP’Efferé“g Pipeite %‘H.Cafb‘)atamna sul phoni ¢ acid and t he

i ke, which are non toxic to |iving organi sms.

Pr ef[éus,ehb sahtower eliyBcilote arie csobirateswithathengresps, refers to a

Q& §tst a?@ﬁq %H&Hlnﬁ’(gﬂoqg%nt Mfmo%@% §Rehrbon atoms, preferably

anesu onic acl d sal t Mﬁth h chl qrides, bein
08§ ﬁé@l“ﬁ FarpoR plemsy (bl terGF T gepp llq‘ﬁgb)b?g%lé gichgp methyl,

ety rPprepAl ﬁbpr@pylpﬁ—bpm Isdﬁltﬁﬁsdbm}}l tHisapiLn-pentyl) 8-methylbutyl, n-

hg%g,l Vgti;}ﬁl ﬁ'b%rbde%xa lci{;gg; resléa é?wea aﬁé&ﬁ[e?fiﬁes%?fe mRt%ylaagl‘a eﬁﬁd with

n&@mébsmgngma@ﬂhydﬁmgén hal ogen, hydr oxy, Iomer
allcyl, lower alkoxy and | ower al kenyl, wherein Iomer_

15 ghk Yérm "aﬂ’c > 2 deBX Nergii Qieh&\é@in @slﬁsﬁﬂlhtedfaﬁ’ substituted

] %@gﬁﬁ%gﬁt et Y g oue, Seheel e L M oo

feonprtiosiangng aed havmg)m& cm‘twb bhzﬁstcei@sbh)bonﬂg prefeyatdy omk)olefinic |
AADEE bR, mpl%z ﬁ&%gﬁg)i mﬁ;ﬁép&!}ﬁ zop%lseq@ﬂ ([R5 Q) Ab LR @&om

an enam ne o
The term “atkoxy” refers to the group R’ —O—, wherein R’ is a]kyl. The term "lower-
a]koxy refers to the group R'- O-, wherein R'is a lower alkyl group as defined above.
Exarnplcs of lower alkoxy groups are e.g. methoxy, ethoxy, propoxy, 1sopropoxy, butoxy,
isobutoxy and hexyloxy, W1th methoxy being especially preferred

The term “lower alkoxycarbonyi” refers to the group R’-O- C (O)-, whereinR’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, independenﬂy; by lower alkyl, lower a]koxy, 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,



wherein e, R2, R3 and R4 are as defined above and
RCO2- is the conj ugate base of the resolving agent;
step b) conprises the transformation of the

WQRPs/eHA ne salt of fornula |11 into the 5 BSTEP2§7/059264
formul a wherein R, R2,. 12.3 and R4 are as
above and Prot stands for an am no protecting group;

@%Q mlué eﬁnﬁm d;i%w& AIkf arhi6 o8 ﬁ#&B%ﬁ?‘refféiﬁlﬁw Edbstident is
| & NHPr ot wher ei n

t he ami de .of
: 1@’“%&” ‘ﬁ&h%‘ﬁ@Yﬁ%‘igigF & defined above and  step
d) conprises degradation of the amide of formula Vto
f or MitehermatphasmatufiaiyadceptabMsalts” embraces salts of the compounds of

%Q'gl?%r ﬁi’&ﬂgg %ﬂ@g@&%ﬂu@ ggé@s‘haﬁ a?hydrmﬁfrfc' a'&d%drgﬁmnﬁd'aad

5 nitric acid, sulphuric acid, phosphoric acid, citric acid, formic acid, maleic acid, acetic acid,
fumaric acid, succinic acid, tartaric acid, methanesulphomc acid, salicylic acid, p-
toluenesulphonic acid and the like, which are non toxic to living organisms. Preferred salts

- with acids are formates, maleates, citrates, hydrochlorides, hydrobromides and
: methanesulfomc acid salts, with hydrochlorldes being especially preferred.

10 - Indetail, the process for the preparatmn of pyrido[2,1- aJ 1soqu1nohne derivatives of
the formula

wherein R, R® and R* are each independently selected from the group consisting of
hydrogen, halo gen, hydroxy, lower alkyl, lower alkoxy and lower alkenyl, wherem lower

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

18 COmMprising one or mére of the steps a), b}, c) or d} wherein

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

20 wherein R, R¥and R* are as defined above and R’ is lower alkyl or benz'}l, in the
presence of an optical active resolving agent to form the (S)-enamine salt of the formula



In one enbodi nent, the process of the present
invention conprises step a) as defined before.
In anot her enbodi ment, the process of the present
WG H0E#LT4En conpri ses step a) 5 followed by sPEBEBJ0EEI264

defined before. In yet apother enbodi ment of the
present invention, the process conprises steps a) to
d) together. I'n a furtherygnbodi ment, the

present invention relates to thg
preparation of pyrido[2,1-a]H
of the formula I, wher& :
carried out without isola
Preferably 121 is | ower®a bre preferably, Rl is
nmet hyl , ethyl or isopropyl 4l\/bst preferably, le is

ethyl. Preferably R2, R3 and R4 are independently

selected fro dr.oge yl
al kogr f—’“E%@g} Pg?/wi% Aﬂéﬁedéﬂﬁavem@@%%%mugﬂe base of the

&el and are lower 15 alkoity and R4 is
hydrogen Step a) conprises the optical resolutlon of

o B BRlg AS o ISH AR ol o

5 epigr efferipelesence of an optlcally active resoIV|ng
agent to formthe (S)-enanm ne salt of the fornmula 20 -

,ptgﬁﬁﬁs for the

oguf nol ine derivatives
ps b) and c) are
tﬁﬁpmnigrnedlate | V.

WO 2008/ 031749PCT/ EP2007/ 059264YHPgt . wher ei n
124, R2, R3 and R4 are as defined-8860Re and RCO2 is
the conjugate base of- Lhe resqlvijng agent The
enam ne of forrmula Il cany b® it hesi zed fr om
commerci al l'y avail abl e p eCHr Sof s according to scheme
1 bel ow. '

wherein RY, R, R* and R* are as above and Prot stands for an amino protecting

group;

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

16

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




5Schene | Sui tabl e resol ving agents of the
formula 12-002H are tartaric acid derivatives of the
formula 10 wherein R5 is selected fromthe group
WEWIgIRT49ng of unsubstituted phenyl, phenyl PCT/EP2067/059264
substituted by one, two, or three groups : ' -
i ndependent |y sel ected fromiower alkyl, |ower alkoxy
and gh.ps wherein the
pheﬁmﬁkﬁgngiﬁiéﬁﬁéﬁ%g?#%%%%dpgyaﬁﬁ%st|tuted by one,
or three groups |ndependentl sel ected from
I ovve?i‘1 ogf R§EPodimsiie Fhf‘dFR%%’i%/O fiherress B’@ﬁ“tm&r@mpmes step a) as defined
belrk- phenyl , wherein the phenyl ring i s unsubstituted
or substltuted by one, or three groups

and RAPagE s %Sm%‘mﬁ%@%?%"ﬂ%ﬁ?%%w%@@@% a8

5 followed byptepflo pagefined Refores sel ected from the group
consi sting of unsubstituted phenyl, phenyl

subgh ét%@ﬂﬁeb&n@é@meﬁw,th@preiehf BRerloBUDS process comprises steps a)
; ﬁg%%fﬁdently sel-ected fromlower alkyl, |ower alkoxy: :
l §P6%en, and - NH-phenyl, wherein the phenyl ring

is unsubstituted or substltuted by one, two or three

gr olips firtite phddimeny toepreentiventomrtlaigelo e pydcessforibe

p’i_’eﬁl'zﬁfémbf ansadIah Qﬂﬁ@qumolme dM%ﬁlv@J (ﬁffﬂ% bkl IRPhdréin the stepé b)
substltu ed eny f gﬂ& sub(ﬁ ﬁ%ed by one,
10 aP arS (CArRe Qut @"Elb‘ﬂﬁéso ZWSB[S’ éﬁ‘fiflg}e ted from

Iomer al kyl , Iomer al koxy  and hal ogen. Preferably, RG6

Iﬁye(%ergﬁ!(léx is I?w %‘ﬂ%ﬂ o7 e}%&g&%}%ﬁ%&%@%ﬁg‘gl, E&y} 3r iso nlﬂr(apyl Most

mﬂﬁmbWéRseHbﬂted fromthe group

Preff;rably R%, R? and R* are independenﬂy selected from hydrogen, lower alkyl and
lower alkoxy. Especially preferred are those compounds, wherein R* and R’ are lower

15  alkoxy and R* is hydrogen.

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

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

20



i0 consisting of (+)-0,0'-di benzoyl-D-tartaric acid,
(+)-0,0"-di benzoyl -D-tartaric acid nono
di met hyl am de, (+)-0,0"-Di-p-toluoyl-D-tartaric acid

- WORMESAHBIPRY, R*) ] -2, 3- bis[ | PCT/EP2007/059264
(phenyl am no) car bonyl ] oxy] -bytanedioic acid,
Preferred resolving agent is :
(+) “helein @1,%,%30%:511@'&%%@ & Aobéand RCO; is thel: éb@%lgg%fé'ﬂase of the
"conj ugat e base of the resolving agent™ ‘nmeans t :
reglyiBg pgsREli ng ani ons 15 sel ected from above acids of
formula VII, thus anions having the formula VIII O
0" | LI e e lof farei£ll BarRbe @mtheRPeddfin asmalefcialig dvailable
above. .Th[e ci_Fti <:la1lf ‘r‘gsol ution according to step
REFUSTAT A5 8I38 P ST Y™ pri nciple of a o
crystallization-induced dynam c optical resolution

5 (CDR. In the classical opehesgl 20 resol ution the
desired isomer crystallizes and the undesired isoner
remeins in the golyution. The yield of desired isoner
C chiflle. a X] ot 50 % only. “The -concept of.

e resoltign 7s based on Hhe conti nuous NH
racem sation of tlhe sol ved undek yoedry sQner and the_
continuous ciystgllisatign of }he deanioﬁ.(ﬁestog,:ser. The
yi el e desijr e ) '
of 19 he optiesE rg h o ~
crystal k4 zati on-i nduced dynami c optical resolutigh is
usual |y performed in a solvent selected fromwater,
nmet hanol , et hanol, isopropanol, WO -

2008/ 031749PCT/-EP2007/-059264. - - .acetone, . .

t et PAIRE BFAVER ,ageélﬁﬂﬁ tg%\%éma&%?aﬁ&é%%gw@ Iridqegivadyes of the
fernerdeof . The sel ecti on depends on the resol ving : .
agent . For the dynam c optical resolution at

‘| east 1 equival ent of the ﬁsolvi ng agent is required

for conplete conversion. s : : ~

10 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 alkoxy and halogen, ' ‘

15 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

20 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.



5The process tenperature is as a rule kept in a range
of 40 Cto reflux tenperature, preferably in a range

of 55 Cto 65 C The crystals of the
woegis/eedi ne salt can be separated from t he PCE&EPEIGN59264
m xture by filtration and drying. In a

preferred enbodi nent the optical resolution in step
a) ipg {edl 528 Pbt 261tk fed phenyl, phenyl
wher eﬁfﬁgﬁ’%?ﬁ%ﬁgﬁ r&lgt&he]ﬁq?@é]sops{gop {; él(rg lrf)g(!:}nz?/(“) civh PACHY

sHpsEFERABY gRRIVe, ©r g groups indepepdentiy)selastadirae lgwerallyhlower
afl@kbhBhdlbdenpdrRl INIY.Sh eSO w6 $hAdn AGGRridiMabtitaic o

furt her. enbodi ment of the.present .inyention. _
SHEPaR] BEOref Ao e SRR Rk G e poyrer gt ower
alkgxy 2ndhimalogen9, 10- di met hoxy- 1, 6, 7, 11b-t et r ahydr o- 4H- py
rido [2,1-a] isoquinoline-3- carboxylic acid

eg Pg@i&@ gﬁé&cezra&%&f%@éns?iaﬁwﬁa ?gyﬂmyplgéﬁgpﬁuﬁhﬁuéa bgl one, two, or

S : - 2-am no- -di oxy-1,6, 7,

R oSy RS R AgIer 65 o e AdR o ang halogen.
carboxylic acid nethyl ester,
( 2SPEBrably.sbenknoirboxyr-dUCHs hi Moacprdlesdly R is hydioxs) - 2-
amno -9, 10- di met hoxy-1, 6,7, 11b-tetrahydro

- AHERMA IO Rerdrrad cda%wda Bf foR@uB-VIZ QreGalk 8K itbinGhatiotp

i sopropyl .ester,. (2S, - bi shenzoyl [-succinic acrd .
CQRFAL gﬁﬁw&:&f :dzbénaml- -)t@@,mfei- , g%ﬁ@ﬁaﬁkﬁﬂi?’@‘,[)ﬂ% acid
mdnet diaathgaoriddK ) O, @oDI-@;tdluajl-D sartqiv ail andd SER* R*)]-2,3-
b%g@%@ia%]ﬂ%&%%%?g 1%] %ﬁkﬁ%‘?%ta 136/11 -succi nami ¢ acid

salt. Step b) conprises the transformation of the

( S) Pesheradriesobuing agsnt is §F hin'a -dippnagyl-R-tartariqagi i de

reducti on under acidic conditions followed by the

I Nt Theltegini “adnjagatabasant the réblvitipigent’ingng theuprritgpohtidg anions

R B R o M REE S BT
stands for an am no proteching group; This
transformati on produces thJ;st ereoi soner of formula

R5

'V with high selectivityg
Ra\n/krcoz" Vil

0

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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5The hydride reduction is perfornmed with a reducing
agent sel ected from sodi um borohydride, |ithium
bor ohydri de and sodi um cyanobor ohydride, preferably

wotzhes/osedeci ng agent i s sodi um borohydri de.  PCTEB27/059264

rule the (S)-enamne salt of _gornula Ill, suspended
in a suitable acid, such as trifluoroacetic acid,
I -
ﬂ*?ﬁ ek, ) BRI s B B AL hion depenc
eﬂéwnﬁégﬁyltetrahydrofuran (MeTHF), is added to a
n1xture of the reducing agent and a suitable sol vent.
The FoShe @@ﬂdﬁﬂ'lﬁﬁpﬁdﬂ ré@bliGioh et lashl € dghifalentraf Mele@10iig agent is
. llra?ngpro Qn%%mﬁﬂg trifluoro acetic acid in the
%1é§ ¥ SO Eht© The reaction tenperature is
as a rule kept in a range of -40 Cto 30 C
pr effbe atsicgssitemueatyre is agerds kepoine rpgeeic0 °C to rafyy tepperature,

padtiiBly G rdi@e SEPRTRIoasS oy a work-up procedure known
to the skllled |n the art, for instance by extraction

acti.on with
or g F & §8]: S98 e Slrlﬁa”rntl)lﬁe \S/vas e % racr)agfé%ﬁ?%ls% % "ea“‘"“ mixture by
ﬁhﬁﬂ@thdewngnDV|ng t he solvent I nt roducti on

of the am no protecting group can be effected
f ol oM fb@er%%ﬂﬂidhﬁélt\ﬁ@é dptRA KROWML!iA stch@) SlpeHbetled With the

AEE0E a0k T BRS BOSE PR i

ethgl.hi nder the react|V|ty of the am no group. Suitable
am no protecting groups and its introduction are

desghi E@dedaﬂlngs%ﬁ;@oﬂformulgﬁﬁta?@ﬁdv’épco 0;%933 Ay e@E&ﬁﬁigﬁy area
Sy. ntheS|s ?@ﬁer 7, .John Wl ey So I nc.

ﬁﬁ@ﬁie of &g PreseitdneRiipRy protectlng 25 groups

are trlchloroeth0|cycarbonyl benzyl oxycar bonyl
(Cb?kﬁm&ﬂusreﬂnﬂtwkﬂw&fﬁﬁhumwﬂheeiyI, phenyl acetyl ,
fornmyl, acetyl, benzoyl, tert-butoxycarbonyl (BCC),

' (%aﬁ Qﬁ%l{@)ﬁ{ %ﬁétﬂaﬁ’y‘ §¥@qr195i&¥flhydro 4H—pyr1d0[2 1- a]llsoqumolme -3-

et hoi'cycar b al oyl ,”‘succi ny
Cﬁé’ﬂ’ﬂg}‘lc aad\m%@&/(ééi%)n%‘ﬁréwze FEHYOEA Saﬁio -
di phenyl net hyl , triphenylrnethyl (trityl),
(Sbei-bmﬁﬁsﬂ,llﬁdﬁmbmop;aﬁ,éﬂt lI6buemdsdid-aHydyridplidviah Jaspkpinoline-3-

C%Jﬁbgﬁfc qyi'd%\lé]t%l{l ’eglref '(fg ?5% l b%ble}{iogfé‘&(g \l-:]i%ﬂ%/ L&k 'séf and

tert but o
referred. preferr d enbodi nt step '
(Yotrpriaee IQN@nﬁt&ﬁ@f évét7ulr1§ t@fﬁ@&%ﬂﬂrw et ﬂﬁogzzmsﬁne 3

cabdllie adidesoped v uter, (34,355 bRpetzogeny-andinic ackl ahchnidr ot
are as defined above. More preferably, step b)

o I: h r |
(EPPfiREs A AR b AhraRRBlL - ﬁvﬁﬂ’if £ hsdhiline 5
carbogd;lé acid ethyh’ﬁséereQSéSQ;by;fb qn@ylﬂam—g I‘Wigp Hoeqinamic acid salt.

compounds and accordingly are a further enbodi nent of

the present invention.
Step b) comprises the transformation of the (S)-enamine salt of formula III 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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10Preferred esters of formula IV are: (2S, 3S,11bS) -
- 2-tert-But oxycarbonyl am no-9, 10-cl i net hoxy-1, 3, 4, 6, 7,
11b- hexahydr o- 2Hpyr i doi soqui nol i nel -3-carboxylic

wozesd3tuhyl ester, and (2S,3S,1 IbS) - PCT/EP2007/059264

2-tert-But oxycarbonyl am no-9, 40-di net hoxy-1, 3,4,6,7,1
| b -hexahydro-2Hpyrido [2,1-a]isoquinoline]
-3-carboxylic acid nethyl esteryqdaStep c) conprises

am dation of the ester of fornufa %dl@ formthe

am de of fornula wherein R2, 4123, and Prot are as
defined above. TRe,_ a/d_d >n is ugually
performed with as suitabl 'dt| ng agiﬁ such as

f ormam de/ sodi um net hg

sodi um et hoxi de (NaOEt), 2& acetam de/ sodi um

met hoxi de or acet am de/ sodi um et hoxi de. The
reacti on ca g effected an organl c ol vent,, such
as ‘Y"IhIFre%TBF ﬁé@ﬁaﬁ@l asa a“él SstEds Oftaéﬁﬁ%‘i‘%PIIS’Feégng
g@fupl0C to 70 C, preferably of 20 Cto 45C In a

preferred enbodi nent step c) conprises the

prhg%ragrf% nﬁguﬁ'%gguc\éts Whet Sl isdRter %@%rﬁ%lmwﬁl{gﬁ XMectivity.

I's anh am no protecting @
as def i ned 25 above. WO 2008/ 031749PCT/ EP2007 59264
I'n Ahehedrideredncain scheriopmed vED adsduchigsery sdegierbirom sodium
boRhyfiaed, UfteufboadsHydeddamhaidaim cRAobobhREide] prefeedtipihy reducing

R4 is dr Prot is Boc. Step d)
BB gé‘ﬁ g‘%ﬁﬁ‘é‘ﬁ%ﬁron of the amde of formula V to

formthe amne of fornula 5 VI
As a rule the (S)-enamine salt of formula IIT, suspended in a suitable acid, such as

trifluoroacetic acid, mono-, di- or trichloroacetic acid, or acetic acid and an organic
solvent, such as tetrahydrofuran (THF) or methyltetrahydrofuran (MeTHF), is added to a

mixture of the reducing agent and a suitable solvent.

The (S)-enamine can also be added to a mixture of sodium borohydride and trifluoro

acetic acid in the organic solvent.

The reaction temperature is as a rule kept in a range of -40 °C to 30 °C, preferably in
arange 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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wherein R2, R3, R4 and Prot are as above. The
degradation of the amde of fornula Vin step d) is
performed according to the principles of the '

woblefsrearie degr adat i on usi ng OX|d|2|ng agents §€WEEH@@m$&&t

from Pl DA (i odosobenzene di acgtate), PlIFA
(i odosobenzene bistrifluoracetate) or iodosobenzene

el A K APET Fuief AR b 1 BRRBIy, pivaloyl,
timedsks B czdkily; wiphralish aedthadky, whereby tegibyiopycarpayl (Boc) is
prgaedd. on is performed in a suitable solvent such as

THF acetonltrlle wat er or m xtures thereof and in

t helrp | SR ?e re o%‘hmen% 8%egfb ggnsieﬁs‘?’eg (t‘hr% nalls Jfé’&Lg%’éfEQBJr%v wherein R?

sodiu e o S roxirde an
an@acaneoneth@ﬂ‘pﬁr athudr@grrnandﬁ acndrPget af ai)derﬁntd)alxwe 15 C,
preferably at 10 Cto 30 C Wrk up and

| SohMdrk BRAGADH, fseepa;mceﬁl gifesfiRs Mdh@adufaT cer [aKkldrgd R' is ethyl,

@“tdﬁg‘:‘”d'tﬁc%qt%r%&%ﬁpgwﬁ% R step @)

conprises the manufacture of anine VI wherein R2 and
R3 Zhecstat hbfoymuR4Viage hywt ogeppuadslamt acoidinghnara pifwreher
eHbQE%&hk89&@5%%&n%§mﬂﬁ$ﬁned 20 above. Mor e
preferably, Step d) conprises the nmanufacture of

e VI wherei are methoxy, R4 is
hydPB@gﬁﬁéﬁﬁmﬁﬁ%anﬁagggf In a further enbodinent,
the invention relates to the preparati on of am nes of
(21535, oS mA-wertvpytoTvedenylompouhds-danehosye!,3#4,6,7,11b-hexalydro-2H-

yﬂio% Tefisa &Rolf R - 3%%@@&@&&@&&9%@; ARPP-1V 25

hlbltors as disclosed’in PCT International Patent

. 005/ 00084 re a , ventiqn .
PRSP pgvteSontamnto i Sitithiproh ge 7B ey dro-26-
p28[3%;dl kbS)in¢ldredidi cadboxyMacid methyl ester.

2008/ 031749PCT/ EP2007/ 059264 - 12 -

9, 10-di met hoxy-1, 3, 4, 6, 7, 11b- hexahydr o- 2H pyri do

[ 2, rpl) & HeDRhidAridn Ythe ksteiCHTHMMIE 1R 6] BrQhd aide B formula
ester. Further steps:

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 (NaQEt),

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.
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According to still another enbodi nent (Schene 2,

bel ow) the (S)-4-fluoronethyl- 5 dihydro-furan-2-one
(VIl) is directly coupled with the am no-pyrido

WO[22081038121 soqui nol i ne derivative (VI) to for ®RCTHP2007/059264

hydr oxynet hyl derivative of jﬂg_pyrido [2,1-a]

i soquinoline (VMII1), which is then subsequently

cycl' L t

v Ihi1/ 2 Bikehe E%Dcfda#&mrgs ¥bimBtsel Bl g ) @08 amide V wherein R
a?ﬁ@lé“ﬁﬁ@hﬂﬁﬁRré@Y piang Brotisdioci soqui nol i ne

derivative (1). 10Schene 2 In a further

pref erabl e enbodi ment, the process for the

pr epStapal) icompafes ([dS)radation of the amide of formula V to form the amine of
fg&ﬁﬁ 3S, 11bS) - 2- am no-9, 10- di et hoxy-1, 3,4, 6,7, 11b- he

a y%ro-ZFprrido [2, 1-

a] i soqui nol i n- 3-y1)-4-fl uoronet hypgyrrolidin-2-one

or of a pharnmaceutically acceptadl e, 15 salt thereof
conprises the subsequent steps: &) coupling of

t he R%
(2S, 3S, 11bS) - 3-ani no- 9, 10
ahydr o2H pyri do[ 2, 1- a] ig'e O 2-yl)-carbamc acid
tert-butyl ester (am ne of Mornula VI, wherein R2 and

R3 are nethoxy, R4 is hydrogen and Prot is Boc) wth

the (S)-4-, fLuqronethyl -di hydro-furan-2-one of

f or HitFIEI R*/\@R.‘Léé%@flg%ﬁ%@Wﬂ/bE@007/ 059264 - 13 -

f) cyclization of the obtained

( 2STBSddgtnRYieB of thefdmide offetrhyia Vinlsyegrd) xyrufoymyd arording to the

p?%ilfifgs gﬁ %%@&Xmﬂ'—’d@@rﬁﬂzﬁm% gn% oﬁﬁ?ﬁ% %eﬂts %g’étftﬂe’{ %rgxg E{ID]A

thxy 1,34, 6,7, 11b- hex

ul nol acl
(ledpwbenzeng ﬁ’écﬁé?fé)s é’ﬁ%ﬁe(leﬂosa e bigtrflueigyetgfehpiopdese ﬁgzene
bish@hRiybaden@d Preferred omdjzmg agents are PIDA (iodosobenzene diacetate) and

S,.3S, 1 thyl- 2- 1i di n- 1-
Y 8RR RORTP 5B, 7. 11b- hexanydl o- 2 pyr do
]

[2,1-a] isoquinolin-2-ylj -carbamc acid tert-butyl
est Esually the rRaetiquyis peréorpdin apuitablsgpalvwent suple as THF, acetonitrile,

w%& oV ﬁﬁkﬁiﬁé 11RfrerARAW Bie(hdstn@%f BiS&|#S84 sh&h iser &%ple sodium
Ilcat|0£wgg 2005/ 000848. are usefu

bR BhEo D PSR PP SR RS b DGR o C 10 70
*Proplesabhat $0 o€ telBG8ases whi ch are associ ated with DPP
IV such as diabetes, particularly non-insulin

depwﬂlﬁ gaﬂaa*a%% JRld alﬁlaénf@ﬂﬁmgwéam'caﬁiéd%ys&éﬁmg to

t ol eranc as ot her conditions wherein t
"%fﬁltﬂqsﬁ(f‘%% toheskilsdin $626f a peptide normal |y

i nactivated by DPP-1V gives a therapeutic benefit.

Sur pf a piefigiey enftodimanpotnd)scoafpristiehprasefativiavfentihoWl wherein
c 4 egs 3 0 [
R d eirlg e%hc%% ﬂ 1fs Flg&l% ?rI {r%a%rgFﬂtan Jﬁlgxlleoa rol?erc%gI %/tloﬁé 18 defined
aL’W‘i‘é’erosa Mor hus Cr ohn, and/or nmet abol i ¢ syndrone or
13-cel | protection. FurthernDre t he compounds of the

p r em& pteﬂe\fﬁmr isep D aen@as@&wmaﬁumtufeeiﬂaﬁnwmseranck2 and R?

nt an ophyl axi s of hypertension.

mﬁﬁ% %@? %YHF “ﬁﬁﬁ% “of the present invention

exhi bi t |nproved therapeutlc and phar macol ogi ca

pr obes furdsr echedimeat tle ipvéndionppiptes tp the hdpptagips okarpings of the
fdrhdlder. ahtse SHPIUASs fe BseflNn@RAEBANEs for the preparation of DPP-IV

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-




20 w th pharnmacoki netics and bioavailability. The
follow ng exanples shall illustrate the invention
without Iimting it. Exanples Abbreviations DV
WOR0N/BLHRt hyl f or mami de MeOH Met hanol Et OH Et RERGIP2000059264
2008/ 031749PCT/ EP20071059264 , 14 - TBME '
tert-Butylinethyl ether THF Tetrahydrof uran

9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido|2,1-a]isoquinolin-2- yl)] -carbamic
acid tert-butyl ester.

Further steps:

According to still another embodiment (Scheme 2, below) the (5)-4-fluoromethy!-

5 dihydro-furan-2-one (VII) is directly coupled with the amino-pyrido [2,1-a]} isoquinoline
derivative (VI) to form the hydroxymethyl derivative of the pyrido [2,1-a] isoquinoline
(VILI), which is then subsequently cyclized to the fluoromethyl-pyrrolidin-2-one derivative
(IX). The latter can be deprotected to vield the desired pyrido [2,1-a] isoquinoline

derivative ().

10 ' Scheme 2
F
s
NHBoc O;)r
NH, O vn
2-Hydroxypyridine, 1. MsCi/ NEt,
toluene, 130°C 2 LiHMDS
Vi Vil
1. HCI, dioxane

2. HCI, isopropanol

In a further preferable embodiment, the process for the preparation of (5)-1-
((25,35,11bS)-2-amino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido{2,1-
aJisoquinolin-3-yl)-4-fluoromethyl-pyrrolidin-2-one or of a pharmaceutically acceptable

15 salt thereof comprises the subsequent steps:

e) coupling of the (25,3S5,115S5)-3-amino-9,10-dimethoxy-1,3,4,6,7,11b-hexabydro-
2H-pyrido[2,1-a]isoquinolin-2-yl)-carbamic acid tert-butyl ester (amine of formula VI,
wherein R” and R? are methoxy, R*is hydrogen and Prot is Boc) with the (§)-4-

- fluoromethyl-dihydro-furan-2-one of formula
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MeTHF Met hyl t et rahydr of uran RT Room Tenper at ure
((R)-3,5-tBu- MeOBI PHEP) , '
(6,6"-D met hoxy[ 1, 1' - bi phenyl ]-2, 2" -di y1) bi s(bi s(3, 5-

WOdesst9 - but yl phenyl ) phosphi ne Synt hesi s &ET/EP2007/059264

Precursor Compounds Al') Synthgsis of
()-1-(3-isopropoxycarbonyl-2-o0xo-propyl)-6, 7-di met hox
y-1, 2, 3,4- tetrahydro-isoqui nol,Lpi um chloride (3c)
5In a 100-m two-necked roun ttom fl ask equi pped
with a nmechanical stirrer, g addiwi on funnel and an
argon in/outlet, 5.0 g of 1 s suspended in 19 m of
hept ane at roomtenperature. 19 m of 2-PrOH was

- added over 15 mnutes and stirri B%twas conti nued for

1 hD excliadonbf thevbtained k8835 bLase bt Lumemptzks-grdiopped

Wyl Ra®i NRDdif R 113 £6,7, 1 B haghy 800 b, 18] Boginolin-2-
g rg Erlll%iu.Jﬁ?i?hlt@le V?/Zg ch r%ed vvitfiylyg.4 pg?ﬂg 3%8%5[“
YHereeraoniaang tesh i SRR Ge PrpEier! 863 T 27 pr ot To

this mxture was added over 1.5 h the previously

pr eghdadotedingthonbtaindd (2,3%¥153)-B- (8331 wprordthd ehexo-pyrrolidin-1-
e
agid ters b eifer at ure, filtered and washed portionwi se

with 12 mMl of 2-PrOH and 24 m of heptane (cooled to

0 ©. Evaporation of the solvent and dryi ng under

hi gihv pgridmi2glaviesddminkding degvatiBedf fafmBe (IRsasalmsclosed in the PCT

19 halaliG SR bllos/G00B4E K s Gy PRPURT A Endly aii%Pgﬂo?hﬁaxis of
used as reagent. was prepared as follows: .13
tgREgng anhhgio PRI aifsliseansewhichags asqrintes! wihPEB AV gtich as
dizbem, harRRaldly wos-ihdulih RiepdRiast disteeéesdieds, ahlier sapdited @icose
to ersange?aosl e gs%thgecr: cg)gdigiogs v%leell‘%gl ﬂ%e grgpl%ca&og’ of a%ﬁatn? O peptide
normally inactivated by DPP-IV gives a therapeutic benefit. Surprisingly, the compounds
of the present invention can also be used in the treatment and/or prophylaxis of obesity,
inflammatory bowel disease, Colitis Ulcerosa, Morbus Crohn, and/or metabolic syndrome
or B-cell protection. 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-IV 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
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WO 2008/ 031749PCT/ EP2007/ 059264 - 15 - dicarboxylic
acid were added. The reaction m xture was stirred 3h
at 8 Cto 10 C. After a reaction tinme of about 1.5h,

wo0esEBUMP on was al nost obtai ned, upon whi ch PCT/EP2007/059264

crystallization of the product, started. After a
reaction tinme of 3h at 8 to 10C, the suspensi on was

fittered—Fhecrystatts —were washed—-wth 4t —totuene
ARMEdri ed at 4%crc-Butglgefpigthato 20 nbar until 5

constant wej ght to yi eld 1 33 kg of r‘yr‘l ic anhyrlri de

THEBO0% yi el d) | TABMhyRelubesi s of
()-1-(3-ethoxycarbonyl-2-oxo-propyl)-6, 7-di met hoxy-1,

§Fﬁ: tetrahydrori I noli.ni um chl ori de (3a) 250
g/‘e cyclic an%‘?}?ﬁf’g&ﬁ%@r@éﬁar ged in the reaction

P |

by 925-nt—of—10theptane—925ntk
Blhanol were addet berepcrat8iin to the suspensi on,
keeping the tenperature between 20-25 C _After lh

[(@3ctd-eau- t he | 188UblhdiBosPl, UthisRentd 2, AIRThiAYR(3,51didhr+. -

pay | And wnt or - looapi-na

S ion|consi,sti of, .370 g of imne
N@&%’)Er )ii de %,Utyilgfe ?élgéwé;%lafjﬁm acetate, 2.77L
ot han oD lea tha + Ay oF 11y A
C T I IaATrTol [ZIR AV | JITTE Vvt Ty I\CC'JI Il\d L9 B A R ¥ CII’JCI at ur ©
- between 20-25 C. The product started to crystallize
during the course of the reaction. After 1.5 h

is efPrequss pmds5 379 HCO aq were added
foll owed by the addition of 2.75 L of heptane over
A3DByrithestheE (¥Rl | (0MsdpusRencirbohyWasoxstpropd 6,2 diskthooo 02,3,4-
tétr%gﬁfrr ature nd nfniciﬂtoeﬁgﬁc The filter cake was washed
Wi 37 ](51&} M Xt ur %f 599ni ethanol and 1.2 L
of heptane. The crystals werepdrded at 50 C under 10

nmbar until constant weight t leld 534 g of am ne

hydrochl oride 3a (88%yield, ®0rrected for HPLG

purity and residual sol vent c?ﬂhtent). 20 A3) COOiPr
- Synt hgsl S 0f MeO

() - 1- ( 3-Fret/hoYycas hemy 1- 2882 BE8Py 1) - 6, 7- t Womey - 1

, 2, 3,Me07 T ydr o- i soqubmgtriMsPam chl orvegé Fn™~a-

100-m twosnecked round BOTYBWf1 ask equi ppedewith a
mechani cal stirrer, an

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 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 I 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 HCl 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 mi 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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addi ti on funnel and an argon in/outlet, 5.0 g of Iwas
suspended in 19 m of heptane at roomtenperature. 19
m of MeOH was added over 15 m nutes and stirring was

wogemstsHded 25 for 1 h. A 200-m four-necked POHFH2007/059264

bottom flask equi pped with a mechanical stirrer, an
addi tion funnel and an argon in/outlet was charged

dWaI’l:n)x?l rﬁA‘acQ% Wire %ddt%G %hp r&&i&fm%g@%aﬁtgreh 3% 418 Bt MRCL. Aftera

his m xture was ad over 1.

r?ﬁcﬂ%ume@\ﬁ Flbct}%IIyShp?‘ écﬂawuwwgwhwm u%ﬁq ‘éli“di Clwstaﬁmﬂon of

t@@&odﬁct@fart@@ I’PQ_‘tera,qb@ﬁUﬁ tiEehf dRat aadﬂi@dc the sﬁ@e:&ion was filtered.
was a 0._mnute he, Y

'[h §1azg § Were d?m L4yt ueneﬁnt%drlct‘d toomCt gb H§D¥X5 {o 20 mbar until

cmm@mighsmm@@cwﬁ Kp20 ojrtio seip@dide 1 (0% Yfeld)t er ed and

washed portionwise with 12 ml of MeOH and 24 ml of

AR} An&is(dr o) @rtste@h&cy@)rbo@mnﬁwrbm) 67-diletheRy- 1 1% 4-

an de um gave 9.37 g (84% of 3b
fégaﬂg%ootffrcﬁwﬂq o BT 95y n hest s of
) - 2-am no-9, 10- di net hoxy- 306 7,41b-t etrahydro- 4H- pyr

|do [2,1- 5 a]isoquinoline- boxylic acid nethyl
ester (4b) ~ In a 100- t wo- necked o)
round- bottom fl ask equi pped woth a nmagneti c st |49 _e¥OPE
an adgidian funl_r; | and an argdn |n/outl,@J0 G of
3b was sHspented Ln,9Q n2 KM r oom t enf

and 1w NaOAc was apdedveofhe sus pex

warmed till, everything 16"RE$™di ssol ved, t henaadded

over 30 m n at roomtenperature to a 200- m

rocPaiLg S g b erterandn B *ERER st fpwed by 925 mt. of
heptameB25 aLrEhinot veondidnd ever Ahatirate the goperisivng ktdpig, the
&Iglfk&uﬁh{y H&?/ié%g g?“ 250’(3 mgﬂfﬁ%%tfbn‘&hmresgftmfggﬁl%ﬁbg %ygcﬁied over

t1aon | ater

| RPUDACOIHESR SoRFSEn ﬁéwqw@a}q}tﬁ&&hm&e 3rete ¢ 1%? acetatc,
2071 A 86l aadP3i1ewated, a&dph%&hmmefaem%eﬁiveam do-2heCIfhe product

| d C 5
L83 A g O PG00 o
3RHOCR, werh eddnddalidweddivatbe addiiors effaf el ebheptanew in. The
HYMV\’:&[S it nRE s BErred NIE 2 COBRI BRI AANERUPHIRNEE ThVBSer cake was

PR X f@ @%%@mg 5@8@8&%81 Bdﬁﬁ%cfa‘&‘éﬂa%s&e crystals

wietd drteatalt B@l"‘(aﬁﬂdtﬁ\/ia pabseatundhcoabtabirecigalty gmtd Fpa\geof anbneg

h?érogﬁlglq& @%?ﬂo};lfgg (to? med %c% }?17(3 ﬁrﬂl’y H:R%lr solvzﬁgt conrtent).

[2,1- |squ|noI|ne 3 car boxylic aC|d |sopropyl
Aégﬁjg}thqsz;s@f (+)-1-(3-methoxycarbonyl-2-o%o-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 Iwas 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 pl of conc. aqueous HCl was added. 55 ml of heptane

was added over 30 minutes. The yellow suspension was stirred for 2 h at room temperature,



WO 2008/ 031749PCT/ EP2007/ 059264 - 17 - In a 100-n

t wo- necked round bottom fl ask equi pped with a

magnetic stirrer, an addition funnel and an argon
woigsiitidet, 6.0 g of 3c was suspended in 90 RCTEHP2NEDF)264

at room tenperature and 1.44 g of NaOAc was added.

The resulting m xture was transferred into an

ftﬁfgfjédta}-a %agﬁéﬁﬂ)%hlﬁms@%ﬂ??zo&y &f Mo thadl Iﬁlﬁgﬁ[ﬂbgtane (cooled to 0

rature ur necked 5 rou
°€D-ér%’RP@amfb?féhe galtont andhdiagriindar high vaquuam gaye 9.7 g (8496) of 3b as

anhhErwemedcsd, a reflux condenser and an argon
in/foutlet containing 30 mM of MeOH and 1.3 ml of

S e ST Ty -
aliseguirolined- qagbaxrh@ad.\meéryi &gy (dhle vol atil es were

renmoved and the residue was di ssolved:in 50 nl . of
CH2C12 and 25 gl of H20, *M3P4°0fed by sl ow addi m on of

38 ml of sat. cobgEiCCBh) 1) TheO¥eghni c phasely
separajed an

aqueous eshiwer e extra)axmmcfour ti rres

of CH2&12: conbi ned organi c phasesu

over MgSHA.pRenoval of the solvent and dryi ng on high
vacuum gave 4.98 g of 4c as red foam which was used

t
IR s Bl e
@1@0{1 parel m@@qgnmwwl@né Q:%‘PW%SPS f at room
t&ﬁﬁ&ﬁmﬁ%‘eﬁﬁi 1 44 @@?ﬁﬁ&@w&t ﬁﬁe@%ﬂ%@us}@%?ﬁ&@hﬁﬁé&ﬁd@ﬂ everything
vvere r e acltl on vesse ol
0 R Bansd g ce EB triPabdatusote Rpbap il hecked
rsmidjtotmm flask equligppet! withn n25hanics] steapi thgrihbmmeter, an addition funnel,
t [t
P
foymaldehydeselytiondd 3.3 M e OFl/ HlQimidhiatsm 4idat ofth fidh @was added
ﬂ@edlotﬁéi saliithrt We waakHiten7 ACXAAL @ hwas viledbedert terd&red@nlihe

15 r%sb er Sfdlg%ogl '&[qg %ﬁ%l%f gﬁi 8}2|d“<ei Z%g ol uquf)@ VYzorw(f)ercrle ﬁg)r% addition of 40
nviexf eat ol BdHICE)s| ‘Blveak ghyic hse Maﬂmp@ratedand wash@bovaegrrathurine. The
RS affdc X Y&dotis ﬁhé%‘éﬁv@és adaedlather tﬁﬁ&@ﬂo/ 2000 Pﬁﬁ dthe Organic

g{%g{ﬁfgéecﬁ“%geg]sa\é@éﬂ@ Iogeré%g?% F ‘itaat%noa% %\efe?p%?atlon of the so?vent gave

5.6 g of crude 4b as red foam.

20 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) NaQAc, MeOH
0 NH,

o .
cooipr b) J InHOMeOH L« COOIPY

MeO NH Hey c) NH,CAc MeQ N

MeO MeO
3c 4c
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25 sequentially with 3.6 L dichloronmethane. The
conbi ned organi c phases were concentrated and

. re-dissolved at reflux in 1.32 L nethanol. The
WOQ88(81dHh was cooled to OC over 8h, stirred ERTHP2@7/659264

and 5h at -25.C, after which -he suspension was
filtered. The filter cake was washed in portions wth

i n 19h aho. ﬁ@@wmgeaé%ﬁgog@&@on{rﬁmr@e&gr %gnﬁ@% etfQkifter, an
aédlﬁteaﬁcwr@%rds@ aEen ‘?éﬁ%/? ?J ol oS Stypaad %ﬁ W@F @ﬁOH at

réen natpaahutoindHPACs Oﬂﬂ Ay anchddediTheabsulvigwemture wadMnsferred

g%g/ g&lZIA{ rgr dzep c/ig %%% rgjgm fe rgth 9200 mlf ur-necked
s

rocedure reso ution

rogidbotgosn ﬂ@skoequmpsé wszw m@lwaamer» aéhedmoys;er@ reflux condenser
a8l Qrgofd in/dBtlet, containing 30 ml of MeOH and 1.3 ml of formaldehyde solution

%@Lwﬁ@%@ﬁ%ﬁ .3ty st ARl o Ghpion s

wairibd (243, “@SALthi Sh_lnlsawdtxbesyﬁesummmd: amtthe résidale was dsplved in 50
ngo%%ﬁ-lleP anﬁ%ﬁ gjﬂl{)tflfp %ﬁgﬁ?@hﬂlo%%&&hgﬁgr?@mﬁ b@%’é ag NaHCOs.

equl pp e a nec lrrer ux con
The oFgapivoascoras seprdatah aad awhed Aristvih biae Téﬁé?@éawdnaﬁwous

phaee Wbk cefaitdRuf ﬂn‘(eﬂ-@qtﬁ 20ml1 30 CH,anUThe @!ﬁﬂ)uﬁcﬂ*ﬂébﬁ@phases were

EENCE NN R T A

rédHpald, Ghichivae nzalwiiiput further purifi@tiaei d (10.8 g, 30.1
nmmol ) was added in one portion to give a clear

B%?!S)H{thé%[& of('\t)t .@ranﬁns @Ll@[cﬁm@ﬁloﬁif nlét7e:§1b t@fré&ﬁﬂ?é Wiz@kidelm,1-
rte tosova cool"'to

mf’eqfn"ﬁél? fﬁ?@“‘% Yleét%&\gfand was then stirred

for another 14 hours. €S mggm on was filtered and
the filter cakegwas vvasﬁ é W th Et OH H20 (15 mk) at O
C. After dryi ngrupehset vabu,MLm npSMBham ne sajts
(9. 37 gueAS. 1%.yi el d, 98-0% ee)—was=~ohiai nedlas white

crystals. He’fﬁhntl e excess Waster ned
by HPLGCua chi~ral stationary phase uswustg & CHiral cel

OD-H col um. 2a 4a

480 g of amine hydrochloride 3a were charged in the reaction vessel followed by 7.2 L
methanol and 108.9 ¢ 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 NaHCQj; 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 reftux 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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rnp = 161C Exanple |b A 1.5 L four-necked fl ask
equi pped wth a nechanical stirrer, a reflux
condenser, a 20 Pt-100 thernoneter and a nitrogen

wWOoMB@B1MAs charged with 85.0 g (249 nmmol ) enZFTHE2MZ059264

and 300 m ethanol. Under stijring, 95.7 g
(+)-0,0"-di benzoyl -D-tartaric acid (262 mmol ) were
added as a solid, and theﬁ%‘q{ bld1@n funnel was rinsed
with 125 m abs et hanol white suspensi on was

Stl rre at. 60C, en all ovved t W coo
ProFeT %ﬁmge opi: quylua%ﬂﬁ{; pEEAERE % %OY -D-tartaric
aWES(E&d ashibb-9, 105 dinaedtiedy- 1,6, 1) Loy tetmhyd?romiﬁ{ pprelo?B1-alisoquinoline-3-

AT HPIEAS BTSSR R PP P°,

.at 45C / 10 nbar during 48 h, to give 154.6 \y, product

(90% vyi el ay: 97% e.r. >99:1) as a whilte
powder . _&%E C %ggg,/ 031749PCT/ EP2QQT/ D59264 - 9%
WD elem I's* (Sy—=2~ari HO,C 2
-9, @n Pt hoxy- 1, 6, 7,9zl b- t et r ahydr o- yrldo [2,1- OBz
'ﬂ‘}q soquihol i ne- 3- car boxylic acid méfRyl “ester,

(S, (S) 2 3- bi shenzoyl oxy-succinic acid (£b) 5In a
10-m tvvo necked round bottom fl ask equi pped with a

refl ux condenser and an argon in/outl et 81 %

met ﬁ)yqsm@é feselutigngh 00 o f‘ﬁﬁ neeked flask equipped with a mechanical stirrer,

réftk-cBndensél HeRzOyhreldr laad taa kit gndsi odleW&fﬁec}dIrgieﬁ@hﬂﬁdcdmﬂc enamine

4Tl oS AL B AT Sy RS S e
50 &L viwrawep errbiao mellmssh@obitled Wag Ob@gwﬁ-t (eﬁ;féf)aﬂl;b@zmlé? ~tartaric

adid10.6l] |j{bt1%¥(\41)t wbas%d[ﬂed Qlforgtpgﬁlcﬁﬂ@ ive atc%a? sbluddie After a couple
Ps

ysta € wash ce. wWth
o? minutes, cryst ization started ’Hlxe mixture was al we% to slowly cool to ambient

temperature over 2.5 h and was then stirred for another 14 hours. The suspension was

- filtered and the filter cake was washed with EtOH/H,O (15 ml) at 0 °C. After drying under

vacuum, (S)-enamine salt 5a {9.37 g, 45.1% yield, 98.0% 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 1b

A 1.5 L four-necked flask equipped with a mechanical stirrer, a reflux condenser, a
P$-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 (+)-0,0’-dibenzoyl-D-tartaric acid (262 mumnol)
were added as a solid, and the addition funnel was rinsed with 125 mil 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



to EtOH, and dried under high vacuumto give 643 ng

(91.6% ee) of 5b as an off-white solid.. NWR

(DVBSO-d6, 400 MHz): 88.00-7.95 (m 4H); ' 7.70-7.66 (m
WO2P)8/0377487-7. 53 (m 4H), 6.81 (s, 1H); 6.62 PST/EPR0T059264

5.73 (s, 2H); 3.91-3.65 (m 8K, 3.60 (s, 3H);

3.35-3.20 (m 2H): 3.15-3.03 (m 1H): 3.00-2.89 (m

1H), 2.80-2.60 (m 2H); Z.Pf)l(g]-n% (m 1H); Exanple id
15 Synt hesi s of 14

(S)-2-am no-9, 10- di met hoxy- etrah 4H py
Synigesty (S)-2raminghifi-Aigngthay 3. Qz%ilﬂbifwg P%&[?E?bpw

afisd ffinolin®)3-aB oxiSadid eyt exydrofsy, {S)kﬂ;mbﬁbmyﬂody §&einic acid (5b)
4c5¢c In a 10-m two-necked round-bottom fl ask

equi pped w,th a reflux condenser and an 20 zgon

infoutle meg of 1sopropyl ester
“g;(r)) “di benzoy> DBar t ar i gOCi d,pue

Hat & er-at-t-en The
a 65 C ohd, Hath for 20 o Tae

suspen3| on was cooled to roomterrperature over ﬁb
dilute®® with 5 m of EtOH, and filtered. The solid

was washed twice with 5 ml of EtOH, dried under high
5  vac luml®-olgiveectlidd mynd b@@)tﬁ%@eﬂﬂﬂ@ﬂm@wﬂhg reflux condenser and an

a%ﬁa WRLh&, §(RJ| 1{69 of m\é@ﬁ&@é@g 3hd %QP&E/OEFZ)OQ@ 0R8&68y1=D-tartaric

2 Procedure for tica
a@équ%plﬁseweéﬂn }nléggl?ﬁ“ﬁét O IR e QWP”‘BEF 4t Sfirped ina 65
°@ @il hathfoo 2o HEI‘H%eﬁﬂhﬁ@yeﬂbﬁ)su@eﬁﬁbxﬂ@a@coom to room temperatire over

lq‘ll Hﬁltltlgg )‘/(\Xth% 'mt of ]élt&??‘l t edtfll:l%lgé/dd 'Re crystﬂx wleldeow:{sgec’}tmce with 5 ml of

10 EtOH, and dried under high vacuum to give 643 mg (91.6% ee) of 5b as an off-white solid..

NMR (DMSO-ds, 400 MHz): 6 8.00-7.95 (m, 4H); 7.70-7.66 (1, 2H); 7.57-7.53 (m, 4H),
6.81 (s, 1H); 6.62 (s, 1H); 5.73 (s, 2H); 3.91-3.65 (m, 8H); 3.60 (s, 3H); 3.35-3.20 (m, 2H);
3.15-3.03 (m, 1H); 3.00-2.89 (m, 1H), 2.80~2.60 (m, 2H); 2.40-2.28(m, 1H});

Example 1d

15  Synthesis of (§)-2-amino-9,10-dimethoxy-1,6,7,11b-tetrahydro-4H-pyrido(2,1-
alisoquinoline-3-carboxylic acid isopropyl ester, (5),(S)-2,3-bisbenzoyloxy-succinic acid

(5¢)

NH, NH,
i COOIPr
% COOIPT o o N o oBs
MeO = EOH  peo H . oH
N +OHOT on ) HO™ %
4c 5¢

In a 10-ml two-necked round-bottom flask equipped with a reflux condenser and an
20 argon in/outlet, 500 mg of isopropyl ester 4¢ and 549 mg of (+)-0,0’-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% e¢) of 5¢ as an off-white solid.
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5 al isoquinoline-3-carboxylic acid ethyl ester, salt
W th (2S, 3S)-bis-benzyl oxy-N, N-di net hyl succi nam ¢
acid (5d) NH, NH, 4ab5d A 100-m four-necked fl ask
woegsippdel wi th a nechanical stirrer, a reflt PKT/EP2007/659264
condenser, a thernoneter, an_dzfa_n argon in/outlet was
charged with racemc enamne 1 (10.0 g, 30.1 mol)
r@gg %\?ﬁ (60 M) was added. The m xture was heated to
(]3, “wher eupon a clear solution was obtai ned.
(+)-D benzoyl-D-tartaric agid nodi met hyl am de (11.5
g, 30.0 mmol) was added inE’Ei‘ﬁ%i’q%%rtion to give a
cl ear yellow sh solution. Five mnutes after addition
Pobcctitve foedhe opiical r&glenbn of () sdnahlinezatsigndibé¢rantleld-tatarblcid
) e I : | ' :
o e e Sl T8 iR R B Y0 e 8PN Bhrido2,1
adipastuirnting 3-cprbaxglic acid gthel esigs sAlAWIt A2 His-Perylegy-Ably-dimethyl-
shi@ahltit had (spke was washed with EtOH (15 m) at 0 C
After drying under vacuum (S)-enamne salt 3 (9.09
g, 42.1%wi el d, 99.3% ee) was obtained as yhite
crystal sy ﬁ-ézEEnant'Bgrreri C excess was dlc_e[t e
HRL.C.onlchiral statjo phase U$i.8d ghi pal ¢ CONMe,
p Her %@%‘?&am—e—% Pr dicedlur e forqjtoﬁce OBz
P on of OBz MeQ
S) - 2- am no- 9, 10- di net hoxy-1, 6, 7, 11b-t et rahydr o- 4Hpyr
i do [ 24al- a] i soqui nol i ne-3-carboxylic acid et¥yl ester
(5e) We 2008/ 031749PCT/ EP2007/ 059264
A 100-ml four-necked flask equipped with a mechanical stirrer, a reflux condenser, a

thermometer, and an argon in/outlet was charged with racemic enamine 1 (10.0 g, 30.1
mmol) and EtOH (60 ml) was added. The mixture was heated to 50 °C, whereupon a clear
solution was obtained. (+)-Dibenzoyl-D-tartaric acid monodimethylamide (11.5 g, 30.0
mmol) was added in one portion to give a clear yellowish solution. Five minutes after
addition of the 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% vield, 99.3% cc) 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,
Ry, T OLEL OBz
MeC H N HOZC-)\rCOEH _— MeOQ
OBz
MeO MeO

5a ' 5e
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-21 - A 500-m one-necked round bottomflask with a
magnetic stirrer was charged with (S)-enam ne
tartaric acid salt 5a (18.6 g, 29.9 mmol, 99.0% ee)

WOeb/GHZC12 (180 nil). Sodi um hydr oxi de sol ut iPEA/EP2000/039264

N, 180 ml) was added and the qyi xture stirred at room
tenperature for 5 mnutes. The m xture was

LGSR PR R EERAHBHIA0 FLU0E) o LR B POE DS wit
Rixasmine Friari st Sd5GmBoP SNSrOBI eHans S Srk (150 m.

%arﬁem hﬁﬁoﬁ@@édﬁlﬁ%d Q)0 RNEBYI G was ad Bd 4@ thedBavtE Sfirdled at room
0% e t)ro I ow f oam

R P BR e P RRRRH SEpiyEng EEER and e

- agséag phas@Iwas attwlted(ﬁtti—[:ﬂdﬂlu (B0 riEy.dAPnying oferll¥a,SOy, filtration and

{ 0 0
eﬁ’é;%gﬁcﬁr gg@%ﬁ@;&é@é%&rﬁeﬁg@ gnamine sﬁ(s 5{ 98% y‘laef}d 99.0% ee) as
ajﬁmg}%rﬂ}c glp.glﬁy)p}ea]é e{rq:ssiwaé] etermm Con chn‘ statlonary
pha@qdisingel CHiglceBoDarkekiht.c aci d et hyl ester (6)

5a6 A 1.5 L four-necked flask equi pped with a
mechani cal stirrer, a Pt-100 thernoneter and a

nitrogen inlet was charged Mg]egso g (362 mmol) of

the tartaric acid salt 5a and 625 15 ml of dry THF.

To the - ooled suspensi on cool ed to O-
Pgrp@rrrtg?ﬂ&ég%%f &S 2 “fert %O%P‘)%OB%&‘PHOF? Gt Gocthani L4251
haeadhtd b2 B +pgrid) 2(ii-4lisonainoling | Fi-ogbdstylic hadrpbybdster €6)at .

0-5C. A yellow solution was obtai ned which was kept

at a tenperfture of 0 - 5 C In a second 1.5 WHBoc

four- necke H3kt equi pped W th a nechani cal stirreg, co,Et
a g 100+ herdnmomet rebHux condenser gnd a H

nitr oy i nfet, ?'Q?/Cg 362 mol ) of sodlia]ugI N

bog Ry eFTde and 375 m o dry THF were chgr

resul ting suspension was cool ed to -10 to - 20 C. To
this suspension was sl owy added the reaction m xture
fromthe firs®aflask during 30 min, maintaining &he

“tenperature at -10 to -20 C. The addltlon initially

was strongly exotherm c and a:vi gorous hydrogen
evoBut-$ briowonicked Besk equipped withtagneqhigpicaldtirner o t- {0 ghermometer

ah& @Qﬁt’r@gén rﬁ‘ll@tt\bk{sech‘é}@fﬁfl &i&ﬂh@@@ %f(@%Zhﬁ@m‘l}F’ofttﬁe &r@nﬁ Qkid 44kt 5a and 625
r etiron o ere
)5y T LR L RORL 08 O bhe LIS (O L 280 by added 156

nof( 1.8 oid] pofan@tidsaneetididd dadigd 30 meaotimnaninigthereenpassure at 0-5°C.
ﬁﬁﬁ@w%lﬁ%ﬂ wQ@%tEﬂn@&i wHRhRhs %glﬁ 21N té}nfrperature 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



WO 2008/ 031749PCT/ EP2007/ 059264 - 22 - 32 % sodi um
hydr oxi de solution during ca. 40 mn, until a pH of
. 13 -14 was achi eved, nmaintaining the tenperature at
WO-2808/051739 C. - The organi ¢ phase was separ 8CEEP2007/059264
washed with 1.25 L of 10% bripe, followed by 1.25L of
wat er. The aqueous phases were coll ected and

39%}, E&ﬁ&ﬁ%ﬂ&ﬁe LoldBokr dﬁf'mgcad 6 Blioromeh Bﬁrlﬁ 13 Thewas achieved,

or.gani.c ases were col | ected and evaporated to

LY REERE faFerPerERce e Brbdsure at 45 C. The red
orange residue was then taken up in 800 ml of

di chihe bfyaﬁetphaﬁemm rsebairzrtachs#aehwdedth n23aL df 8 % brine, followed by

LTSl SSEREA LA St

5 dighlespmgthdne Talp@pgwrcgaltamsﬁ@re colloated wbevepdraied fedoprennder

réﬂ@g&&gﬁssueeﬁqlgu@ on of 88.68 g of di-tert.-butyl
di carbonate in 200 nml of dichl oromat hane was added at

RT. The eaction,is slight exot
r ead PF &3 Froedraduceesd %?Léc/‘l R/er n| g O?dfcwm{t??neand
teosfpired foonl.bi. fourenacketcldshnquipprsl withud mephaniaal sirggg Pt-100
tﬁefﬁﬁg{e@&eadreﬁﬁg séncreﬁ&y ICEArBESSIAIE SndBd ddBpiag Whdel @
vol une of . The residual dichl oronmethane was
eva ted throu h sol vent xcha onst

0 yor Idbg e Teon AR dfoTcton O Shid Kt g 01 Adrbonate in
200 ytd oaldishvermeetbarspenaddded at R30 0hateacotfiorhie gightly exatblermic.
stirred at roomtenperature for 3 hours. The crystals

wer q‘h@ L L85 £8 gctl\é}@%g gtlﬂ?&f 5\!'69151 LS8 R"P‘ Rﬁeﬁc@hﬁv’lé‘cﬁbn@g %erijeactmn

of ept ane an uced vacu t
tBCrHGTER RS Vi @éapfmiecﬁ fgd%gs retaed PIEBHS A daf @ up é%% &?}ume of 400
n29%he ﬁ&dﬁal\ﬂiﬁhlcﬁoﬂﬁﬂﬂﬂé Waﬁ&aﬁ&ateﬂfﬂ&roﬁgﬁ sqnEbchangd8hder

1 aration of [(2S, 3S, 11bS) -
s Cf’gs%cgaw Igufrnoeyvfagf)lig gh oxy 1,3,4,6,7,11b- hexahydro- 2
Hpyrido [2,1-a] isoquinolin-2- gﬁ&l -carbam c_acid
t er thp abipined spysials(vere suapyisd &1 pHheberrroTbstrggs mpm

tempadature 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.

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

Preparation of [(25,3S,11bS)- (3-Carbamoyl-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-
pyrido[2,1-a)isoquinolin-2-yl)]-carbamic acid tert-butyl ester (7)

“NHBoc NHBoc
ALCOEt A CONH,
H H
MeO N E— MeO N
MeO ' . MeO
6 7
25 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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di ssolved in 488 m THE. To this red solution 22.6 ni
(566 mmol ) formam de was added at roomtenperature
foll owed by 44.0 nml sodi um et hnrdde (0.238 nol, 5.4

wWOosHsIT4ag 15 nin During the addition the suPEEFRPRENT/059264

turned into a slightly reddi 3513 suspen3| on. The
m xture was stirred overni ght at It turned to a

ikt 0815 0 408 B AR 0 s e

AP, temﬁ@ra@@g@@ﬁwﬁfbhy e gl |S‘P<ilémé"ﬂﬂb$’ﬂ Bl 3RaxH et M) during 15
Jiscl Dhﬂ.ﬂ theQdWitbh tife fHsPdnidion t@lfneae 260 wklightd réﬂ'ﬂﬁsh@;@sﬂ&lsmn The

T 4
R p sustd it AR Ll 3‘15@&8%5 Fafitlghite suspension
whigl das @h}@ymﬂg%loa% metBnolmind stlﬁﬁd foRtHin. BRBps@Bdipn was

, ?(‘E \E)ag 'Sn@isgzv{tﬁ Glnikh®PE 13b QR and 60 ml methanol.
25, 3S, 11bS) -

Cg’éﬁkﬁg}ﬁ?@@ qthzﬁ:?ﬁ%flb%}(?,mPagfoA Zghquri, tpgive 43.0 g amide 7 (91.3%
ek akiel o528 pyri dol2, 1-al
i'soqui nolin-2-yl)l-carbam c acid tert-butyl ester

Mié: %Q}etzlgg(ﬁqw ,5-3\85 %ﬁlgﬂsgg 5a (without isolation of

ester ‘our-netked fl ask equipped with a

-mechanical stirrer, a Pt-100 thernonmeter, a dropping

funnel and a nitrogen inl eExawRe€harged with 4.05 g
(103 mmol ) sodi um borohydride and 165 ml dry THE. The
IErtspRRpiratomsts (2938, BldbSt -0 3-Chbirnoyl 200-dinathioxeadteds, At 1b-

hege{h?fsilt S)%&g [gela eu{oﬂhﬂloﬁﬂ%-ﬁguga %ﬂrﬁlp add fe?t gutgrfleg%r from the

l"uor resu
t@mr@tap@wakhé@(vadmlsalatwseffséerﬁioc in one portl on
54.60 g (79 mol ) tartaric acid 20 salt 5a. The
m xture was)f&l | owed to warmto RT within 7 hours dff§oc
then stirree OFhi s mﬁperature for additional
hakwcs . 5 'xture vva added_at 0 t qed0
m wa ang t he 2 sdjustedto pH 7.5 t
t heeod0ef Tiv6n of 43 ¢ so(a um hydr oxi de solyabi
in water). Approximately 200 ml of THF were then
distilled gff under reduced pressure and repl aced by
t he same anount of dichl oronmet hane. The pH was 25
adjusted t H 11.0 to,11.5 by the addition:of
ap pﬁésszcg?@ﬂ@h eguipged WHY ﬁyﬂa?cb%?l@é StEITLR ?fo HO thermagmeter, a
dvéjipiri) funddl@nd b inftfen Walst Wasrchel@e@ﬂvfﬂl and gt(h@s maydy Sdium

bm@ohg ill | O\ﬁel%a ni(a dsry eﬁl‘aﬁ'ﬁe sqsgeens%rn aglcgoll el ggls?. % and treated

ueous racte

aﬁﬁh@libmp@mhuﬁbm(w uprvyth 4Tr$eg (dﬁ@rmwr;éhtréhgmmnc acid. To the

rdsBHRE Sol(RLS wieSTIRE aMFoho Wi Elin ()né—pdi%gn Bl )50 a'('ﬁb ﬁlﬁﬁ:ﬂ‘) tartaric acid
trea dat RT wthin 10 m nut vgh a sol tlh
seé a@ F@@uws mvec{ E’r‘t’%‘iﬁ’tﬁm in 7 hours and then stu‘red at this

temperature for additional 5 hours. The mixture was then added at 0 to 10°C to 200 mi
water and the pH was adjusted to pIl 7.5 to 8.0 by the addition of 43 g sodium hydroxide
solution (28 % 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 % 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



10

15

20

WO 2008/ 031749PCT/ EP2007/ 059264 - 24 - dicarbonate in
44 m dichl oronet hane. After 2 hours at RT
di chl oronmet hane was distilled off and conti nuously

worepgt®d by 900 mi THE. The mi xture (appr oxPREBEERGH7059264

400 m ) was then successively,treated at 32 to 38C
wth 35.65 g (788 mmmol) forrmmde and 42.7 g (237

aﬁezgéanﬁ&qﬂ L RS 880 'Atf{ewﬁaoﬁ;’s%t f(qld&hg@m@m%a was distilled

e resu tln suspensi on _was stirre
@@edfceﬂﬁwqﬁlda?@acetiﬁé OR9 W G e Wagme%@t é@f%lflﬁteiworﬁﬂ) was
théd ﬁtce@ﬁ@hhh@ait&vatau 16 88°0wib§5.6 D¢ (743 hm:mls; forﬂfﬁﬁude 3nd 42.7 g (237

Ilillgjlls %I \%%pg squtﬁo&lugo %$Héwmt8§“f}lsl?li resu usperdsmn was
stfred amsth 68°G for fl0bopor Thamitum tas a'emd(mh éS(bml @@temmd heated at
6@1’56?@&)9@ h%rsvﬂeesﬁ?ﬁeﬂgog hia€ Boditd R T Ri{iAG Bb }%Qrs!mﬂrstlrred at

hours, to, af amde 7 (79,2
Rii Cr i 4 hous dh crvgigls rog 5‘55 Oéxsvaslmdemme PRioRR)ith agaigty = Jpigtue of 90
maSHHF @845 ﬁiﬁﬁatemihd ATQAGt 6OTC70°Cl at g0 notae G5 hatirs>to afford 25.40

@%@Q@%ﬁ Fﬁl% a’"’sar’(p %%B%Qnﬂet hoxy-1, 3, 4, 6, 7, 11b- he

xahydr o- 2Hpyri do [ 2 i soqui nolin-2-yl)] -carbamc
NS etigh (MDY R Ear PR 78 15 | A B L
four-necked flask equi pped with a nmechanical stirrer,
ngp: PI7040 0D s hraligianet@hp. s >dP501Pi ng funnel and a
nitrogen inlet was charged with 100 g (242 mol)
amde 7. 982 m 2 N sodi um hydroxi de sol ution were
added and the m xture stir %‘gﬁi} {of; 5 minutes at RT.
1.75 L acetonitrile were a gand stirring was

conti nue for a di ti.onal mn To the 2

P GRACP ) (SopaST OHAHED Sdeimates Seridr: -ty 26t
p&ﬂ&i{znmjis))qdnamelz%m(ﬂﬂmmbmmbmtw R40(81 wat er and
500 m acetonitrile during 15 mn, maintaining the
tenperature at 18- M#HSc The sl i ght Iy yellow Negetion
mxture was stirredhgLC8UHfor 15 min A slighk
yel | ow t wo- 1 Xxtlure cont ai ni ng sonme wndi skol ved
crystal s to which—200 HeO

MeO MeQO

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 mi 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 mimol) 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 1.5L
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sodi um chl ori de were added and the ni xture was
further stirred for 20 m nutes at RT, 25 then cool ed
to 5 C A solution of 220 ml 25 % hydrochloric acid

woang/Bram water were sl owy added duri ng 3CCEER203059264

bring the pH to about 5.5. From pH of 8 on, a
preci pitate fornmed. The susperisi on was further

[ f B, ] :
SABSERILAL M) 1534 Bk o ABE AN Bt T usensin
anf ghqTBEETS rwaaﬁerr%ifgp b aaisshwhersag PEL fyyas reachcd. The organic phase

v%@@@%la%édlﬂﬁi%@é%&% L2535k tractéd agaiflivih 1 qr dobaRghane. The
of a 10% s

b t
P BTt A PHLC RN Yas St RPuirs Freasscdfadon
peimt7é snl THE easc pide@andthereatngdnspPheonsifeaa for phaget RT and

&P ?@% ﬁI’ §tq) t%?iq1| e 0 u}%reotﬂa’?glté/i@éoﬁ xh4 aaded porﬂqnmse

aln_w ane The organi ¢ phases
”ngrt@taélﬁl ﬁfbeﬂeﬁw&%a M@ncentrat ed at 45 C to just
before the crystallization 5 point. 275 m TBME were

addate aryskalsverd @sad 4t Log>SLsdensbaforsds aved tHaarsudpehdedrin a

n%ctu%-r?ﬁﬁg nglﬂl op%d]?? rxh\qggthglg% Qg& gnr?'cidq’br ) lﬂgur% Y ﬁ’% ah?é

wer e

pmmlawwezﬁa"@terﬁd abf andayaghadaptionwise wigh gotalhy O élll@f wd lemixture of
n6bth A1 ﬁid ARarbd ORtfildfe mﬁ_aévzz}%jli?téﬂao RieKHeSs at 50 @D and the crystals dried

a m xture of and o
P arban b ot B pypesd £ 7 H8bes at 20 °C
apd dengot 2beuras0 Q.| The cedtabfWerafideradsfi enid prash:ed poioserise with

i IRl TR0, Fhe Blerds dicle dHAHEE 4% FRUBARAOK: 18T hoursto

rat e’was evapor ated to dryness at
g and srameing By E%aisldpssed 98%) 50C / 1 nbar. They vvere
t hen suspended in 400 ml TBME, stirred for 2 hours at

MK nfleansl(Mbhen*,f3ae, Wejspdrs at 0 C. The crystals were
filtered off and washed portionwise with totally 200
m cold TBME. The crystal g 080p Ari ed at 40-45C at 20
nmbar for 24 hours to 15 gl\}/(e % 7% g amne 8 (73%

0
ST R I L R MO R 2B O
iR [3.3-dll b&)inOlBn-Anil N aathaikle shidrettionyl-ckieB(8), 6, 7, 11b- he
xahydr o- 2HPYri do [2,1-al isoquinolin-2-yl1l)] -carbamc -

aci g {teEfs E%Id Bl ﬁi\ né B4 “g% &eéhaggylr %E&%P 96416 BRKmometer, a

equi ppe cal stirrer
t

d wnﬁfﬁéfl@@nd a n&rwp gt was shatecdigh 204 gx@%@ﬁqu hirgigle 7, 85 ml
whas asharoed aé’&tdﬂitr@eo Tﬁ@ s@hpbrsor R theateliall® to/ 10°BwitHin 30 minutes

N e AT
Zandndmyazﬂramxhldmmtanuneonﬂ@ms 198 houmatidra) solufes of 18 07 g (56
nﬂh&% 'rgcﬁyseﬁ?eﬁzéh%%&gta%e% 11@ il Q«a%&%né@g nﬂ ra@é&ﬁprﬂgtTh% r1]1'11§ture was

erature w 3 hours vvl(t1 ution of
stige 1g 1038 Gl ﬁ%}u}u% GRIEBEHSAHRI eI kP Fe g rhidusl
vl of approRifmdttly as®ind Amd thich €reatbB @t KT ¥ith 36 giBdrochloric 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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stirred at 15 to 20C for 30 m nutes, concentrated
under reduced pressure to a residual volune of
approxi mately 250 m and then treated at RT with 30 g

WOReHGeHPoric acid (37%in water) to adjust PREEFEPIFHESI264

9.4 to 9.7. Dichloronethane (£00 m) was added and
the layers were allowed to separate. The organic

vba@l‘@ﬁte(‘l@)? %ﬁ?@*@&rﬁﬂﬁt@ﬁq at Hﬁs @Hﬁ')@l%ﬁﬁe Iuﬁﬂ(l%%clé’ﬁ%olgigon was obtained.

tract or omet hane To renov
ﬁ'ﬁé@huasp ¥apythen aﬁwﬁfe&eek@ %tpe” nglh%}éo% b RRTOY erystallization
dc&)&@écﬁat\&?pﬁmﬁndtélﬁlsm Aﬁémﬂlnétge af 0 dot3°@ttkee crystals werelﬁltered off,
o orret ane t e t,
Waéﬁef Lot OBO fﬂf}w\r{ﬁ%? nillst gluene alrhdo JnedSQth goo%nt npo girﬁ’ﬁtar fé)r 15
hogrswﬂcaf&mdl 14 Reg pbamine i8r{go-8% yisds| aysaﬁ%kﬁ%{n@’m)l)}t i on was
polish filtered. The filtrate was concentrated under
MedHeeds puasstretweasosesi dual vol ume of
appr oximately 150 m . The resulting suspension WO
PCT/ EP2007/ 059264 - 26 - was heated to 75
qgé%z(yisggstl rred at this tenperature until a clear
soI uti on was obtained. The solution was then all owed
to cool to O to 5C within Example8 whereby
crystallization occurred at approxi mately 60C. After
TZa¥@ihfatiah oD(Z8BSAS)PG- Aﬁmﬁi ah&—dhﬁétﬁoyfyl 1,8.8J6e00 IQfHexahydro 2H-

eAR0lE g e eRabP 2t Tt a8 B il S8 RS 98551 109>

atn@9, 1§-dimethnin & 33(6701 B%hsriabydto- %sﬂydc)[gg abiggquimglin-3-yl)-4-

ﬂlM@m t§l o(ﬁ‘fﬁ"@ $ne. 322, 306, 305. np: 170C (DSC)
Transf ormati on of

Xahﬁbf’ﬂ?lplﬁgggriéfaé ﬂuorome%xy][%l-ld%u% 900)1(1% 1,3,4,6,7,11b-he

pyrido[ 2, 1-a]isoquinolin-2-yl)l-carbamc acid
t er A-thlutopttoesquappadntith { Sechiap{@B5tBE, IS0 Zherpwineter, a dropping

furﬁleilgjd Ahil Qpﬁﬁl/e’t Jvag’chdargbdzinﬁi@b@ é@%%ﬂl{)g 4= l%’d'r&%ffﬂeﬂﬂfl 5H-

2 I sogul nol | n-
&Wﬁﬁ Ly whl@mlaﬁtﬁalze dhe solggorppasrepkeditonl lof and 1.12 kg
(4SI hid)@)l’lﬁm h)éﬂhcﬁ%tﬁjdbaﬁhﬁhﬂas@fme tofflpride | BasxooFl u€xq thiap @@iéd during

Q’I i ma %ﬁﬁé‘ hl %mﬁetrlatrurree £t’ 5?0 FitO %thﬁ ap cecro rgTEgt%r Durmg the
addltlon a yellowmh 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 1N 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% vield;
assay: 99%,. -

MS: m/e 118 M7, 74, 59, 41.
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15 funnel and a nitrogen inlet was charged with 500 g
(4 38 mmol ) 4- hydroxynet hyl-5H furan-2-one and 2.0 L
di chl oronet hane. The sol uti on was cooled to -10C and

WORIMBR3KEY (4. 82 no0 bi s- (2- met hoxyet hyl ) ani noEUTEHR07/4059264

trifluoride (Deoxo-Fluor) wasyadded during 50 mn,
mai ntai ning the tenperature at -5 to -10Cwith a

CoOb} P&g%ﬁ& oW1 1408 §B8 ARG -Rrieh ogwd sh

emul si on fornmed, which dissolved to an orange-red

solutjon after 20 c eted.addi.ti.on. This solution ..
nos Ak © Pttt ipped Wi raech g st faros e aree it « Sgpgtion of
96.0 g -Bodromictiyl-6H- 256 - Honwdl. 2T x L0+ 1 hadPinl 286 tnfamethanals The

T L
apptraeea ehoxyBen. 20 €] bpt aigas. a wloash 8t gt OA)2E(R)-3,5-tBu-
MAYRPOIEY) e5/EPOIEE Aol 05/8 12600 iR 168 mCanetHarl Wwaddddd@ ufder

/. 60Q-120 . . Th d A ' l.Lved,in,2.0.L
ST oA ST AT A RS HeRre TP e T fae At bt (Drgoptent <2
pbi) hyd poshirzed witheighn (Ther)ctinbirpedatagpapousinl thy euteclave was

-t i i . . . _ rom
r%[?%cﬁii gf%ﬁ%&%@ﬁgﬂa@ﬁgt tHi{Rss de[ fhekeiibn mixture was stirred {~800 rpm)

f on e conbi ne ’orqanlc ayers were
e ddortal e apd thenrgmay et o hs gragiye apg cghagatreigg irgracuo. The
ré&sididevap dRAEE toasfoal siag vg (PrOWS) - jtbremethil- hplrb futadl 2-one. The
S. %i still over a Vi r7§+~1F< @gl_u(r?m at 0.1 nbar, the
Cg%ﬁl& A AT BRSUHeY Ry~ €6 Peetedbet ween 71 and 75 C
(312 g). This material was re-distilled under the
sane) Riepaiitioroef(2S85415S) 2k t3- Biyerasedthy- sy deey gy etgmino)-9,10-
dﬁﬁétﬁﬁ)@nl,ﬁ@,G%ﬁbﬁx@y&@-Zﬂ—ﬁﬁi&?@,1-@] isoquinolin-2-yl]-carbamic acid tert-
4- EI uor onet hy1-5H f ur an- 2-one (58%yield; assay:
bygesstervs: nfe 118 M+, 74, 59, 41. WO
2008/ 031749PCT/ EP2007/ 059264 - 27 - b) _ ]
Pr epdrak rantoptquisedavith aoredmamtidal$tirgtiriair BOfthgr mentenedropping
fikhriel dn P4 iR6LAVIRILHHE BRE _dmhhs@%ggg Ranbis &s, & 11b5 RS -amino-9,10-

a solutio

h d h ) .. .
dﬁ?&%@?@%@ﬁﬁﬁﬁéﬁ%@%ﬁ%ﬁﬁ%?a.légﬂs%ufélhf-%?ﬁlp asbgmic acid tert-

- bdBAesidr , 560 fdrtoluend el A5t @ (1sav@nmuls?-agdbedbysditle. To this slightly

ressurized. s a [ i ' r
PR AR B P PLich POt Rl Atk e i Glonc vas
addgdudrppmisodt B2 Novexatheruy @ae PRyl dgrisg tRaNeioer PrEmropping
f&rﬁreﬁ%a&émgsgd E%I%h)vtis_@ i t$%§9 9d0 i, t&l?@lllﬁr. ﬁh@sﬁgﬁswﬁ%s heated to
S ea .under, stirrin roma cat.a o | on.

B CRETE U o CFB SR SO PeURTY B iR inder reflux
asusbepgion) foaimed pgais Sufrer zarallyd 3t hundey oeflug./thb arigk subpension was cooled
OB BRI D R0 A SPhaPR L fcon
thi ey eakews weshedmegtiqnvgeovity iptallyF.0P gl bpepe.dhergppretonwise with
1@y fdoenL ﬂg}gﬁy&aeﬁla@mhe ﬁltaptta.{a@}vlasfcgie?ra@l 5? gmx: gmltéﬂlaazts @820 h, to

I n cuo. resl gue wa | | e O artor .
g’("@ﬁg/g gpEydust fﬁ%?’%ﬁéﬁﬁw ?%&@dr o-furan-2-one. The )

chem cal purity of the product was 99.7% by GC- ar ea.
MS: m/e 496 (M+H)",437.
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c) Preparation of
(2S, 3S, 11bS) - 3- ( 3- Fl uor onet hy1- 4- hydr oxy- but yryl ani no
)-9,10- di et hoxy-1, 3, 4, 6,7, 11b- hexahydr o- 2H pyri do

Wq@98103&]49i soqui nol i n-2-y1l-carbam c aci d t er tPOI/ERQ§07I059264

ester A 1.5 L reactor eogyd pped with a mechanical

stirrer, a Pt-100 thernoneter, a dropping funnel and

a nigmne, I Wi ddRorRdhmg-1- A ;
dg 1%1% b 0?(25‘{%?1 1%@)3543@%) 1%(:'?% thhgl 1)%@ Wi‘gham 1-y1)-9,10

cf ﬁli’@;@éh’;'d? 7, Q],lp_ pr O[Z'LH Iyréc}n%Z I-a 1soqumolm 2 yl] carbamlc acid tert-

bus@@stenol i n-2-yl)-carbam c acid ten-butyl ester, 500
L toluene and 2.51 g (25.6 muol) 2- hydroxypyr|d|ne

To t hj § £q¥ pégd Q{tﬁ%ﬁ%ﬁ%}ﬁﬁﬁ?%ﬁp | OBy 1(%)2thzrn%n(xét9x2a dropping

oronet h furan-
diCéPP ath angd a Ritrogrp ués@dfaaé dpsigh ghg éﬁ@%@mol) of

(8484, 0bh Be(aafm?ﬂrbh@ﬂlt YL Thoddiomal R aﬁluﬁm@l 10MBciHoRB 0,467, 11b-
ortion a
G drrdel s Rurbip ey e Rk e serop e gnd 750 mi.

TR Oha nokiear wasalooteill om 0 S€ and b ngjufiorwofl € GL (49 tremol 40

rHétHar%Fmﬁ)gléJ aﬁ d io9n B b a9 ed &ILH%%%%' &amﬁﬁﬁlﬁg\éhe

t ot under re Kk suspenS|o

t@amré@r% O 2 GRAAt Od(Cr w&ammf fllz g0 (90-2apewl grighEpmapien 42 mL
THTwEd ddde@durhif) 153@iMTThe aésulﬁ]ig s@pedior whdstired €Y, 80t at 0-5 °C,

| Kk h 200
erbSSERER ARG PR e e e Do) P B
bai( i dsiiet) aivie. we"fh edded|to gre makae dasnglld mih, athefds @e suspension
distQvaP e g&ﬁtl&pwlé‘s a]fo%eg Y FEZlng@ dgnH%Q@Hfﬁ{ uh @4 GEdHng! $50 mL

V\%&Sggwja@ gcifg:%gfp@pp]; @rgifbs guBATe wggxtracted and4he aqueous phase was
st e pasndly edrfactdd Wit S)BHL hhd DS) nrlﬁhchloromethane The oroamc layers were

45 1

eét.l(h %shec!( w&ﬁ gQF Tliélalfzsi%a exaeh y0 d & éora? r]otatory

SE e Eﬁ:e reseltipl ffoane ampdisiodved 6 5% Iehdtyﬁ)l{qrbme@aem fikered and
bBAGE ©rgiR g Sf%’@iqd%rtoﬂu& ﬂ%@r@mly%mﬁgﬂ fo%ﬁf Th material

t her t er dro n nnel ,
“ﬁéf‘ﬁs“f dB%tﬁafi‘% réf*ﬁﬁ%l c’ﬁBF éﬁspﬁﬁ% CF%BI.Vsd on

hearbig)to oéﬂlﬁ{Z&t&S,O]ﬂﬂDf@f refBsx the solution was allowed to gradua]ly cool to RT

d(ﬁTfr %Ho%ggg&s@%ylsfagl#%ﬁg% 9‘%%&8&) gﬁ@{' Y lnﬂg" A0 2% hQ sgépgi'?sti&o%as cooled
t<|3 i) @fca]h bé@ilnvffémnﬁ [ 1 he Bhoaratals weredlerdiofibin gpre-cooled
gRSdsRifer Eimshel, %md ﬁfl&mﬂa@e Wit VRBE. TR EGAE Hﬁéd fo@ 1@ hGt 45°C /20

nd .a sol an c
o300 B oL L (3 e PRy 7 7op P 250 5o,
mai ntai ning the 10 tenperature at 0-5 C. ‘At 0 C a
M imit Hoh(M#HL2 487,M22(90 2 nmol ) triethyl anine in 42
mL. THF was added during 15 mn. The resulting

susg)em SBLNRSE (35j3571€55)f 0(2-8Rid#. 91 @ HindtSo gz 1,3U181785-hexahydro-

Zk;‘[ Eﬁﬁﬁ%% adually %9}{1 S‘ﬁ%&/ﬁ)‘ The glﬂ}\g oonteglr?yﬁ%ochorlde

m xture during 15 m n, whereas the suspension
di S8 ekactPheqsippad Witha weshaii¢abstirckrt 0Pt BAcherRbmeter, a dropping

el 1 HQeBhdh M}:‘E'%s St erd'\ﬁﬁl 61@%0(1@81&& Wz@%s\ﬁ@és) 3 ((4S)-
added wi t holit ¢

0 re was [
fppromedfye u%fiopwagﬁ 2 YQU%%%&HE??F?’SY b%#»ﬁgeklé@%sft)ﬁr%éﬂ
priidelnd- aaﬁaqumoiﬁi atyﬂ}omnmhih and tdipbunt gadj £2 Lagoprspanelrad 62 mL
wa eﬁ%n&"ﬁ%@ﬁ%gﬁ%rg wga’? g ate t8n|0; Sf"gf[. grag s:,eg(gncp vessef, étgg L Lsoﬂ%’ce)panol
Wnaegcmlftd tad Qy@dm%ésnldiésfébmﬁ acetyd Chbsldnwas added during 35 min,

n@h&ﬁhﬁfg‘lﬂ@kt’r@%@atu&'a‘t bered AaBd. RG] SUBRAL, at eergu&tﬁ'e was allowed

give 3 g Crude product as a slightly br owni sh f oam
This materi al




20 was dissolved in 122 nL nethanol, resulting in a

t hi ck suspension, which dissolved on heating to

reflux. After 20 min of reflux the solution was o
woablssmeds t o gradual ly cool to RT during 2 h, PEREPHNT/059264

crystallization started after,g10 min After 2 h the

-suspensi on was cooled to O C:?or 1 h, followed by

to ?e%gl E rb iﬁ lejd ek ¥1§)W a?ldgf{oe&lg i) hstt %s?éﬂ dgfljl Y5& Rfter

asssi nter ti.onw se

cmwkteﬂsa OBV HrcgYds SHrTecbfor 18Rt ’éﬁ 155 wimeras erystallization
stmaa aftdrQ H)ITHe whlie QupeBfiod Wes doblel@o PO BTl dGiing® B h\Miikfe@ at that

tals 0
S t]?;re f&% ;E ﬁé’xéleflﬂtered? %%? Xrﬁtgﬁwlggtxyaalg/%oqo%x%w%eswﬂl 1L
1iﬂ@0P3m¢lzmdrdmd £&, 720 4t hiapbar, B, give38p, gldfshdpredhstds white

obge@ui nol in-3-yl)-4(S)-fl
ﬁg%gﬁe yrro |d|%92 one di hydro chloride A 2.5 L

react or eqU|pped with a nmechanical stirrer, a Pt-100
thernoneter, a dropping 30 funnel and a nitrogen
inlet was charged with 619 g (1.30 nol) of

(2S, 3S, 11bS) - 34( 45S) -

fl uor omet hyl - 2- oxo- pyrrolidin-1-y1)-9, 10-di net hoxy-1,
3,4,6,7,1 | b- hexahydro-2H pyrido [2, 1-a]

i soqui nolin-2-yll-carbamc acid tert-butyl ester, 4.2
L i sopropanol and 62 nL water and the suspensi on was
heated to 40-45 C. In a second vessel, 1.98 L

I sopropanol was cooled to O C and 461 nL (6.50 nol)
acetyl chloride was added during 35 mn, 35

mai ntai ning the tenperature at 0-7 C. After conpleted
addition, the mxture was allowed - 29 - to reach
ca. 15 C and was then slowy added to the first

vessel during 1.5 h. After conpleted addition the

m xture was stirred for 18 h at 40-45 C, whereas
crystallization started after 1 h. The white
suspensi on was cooled to 20 C during 2 h, stirred at
that tenperature for 1.5 h and filtered. The crystals
were washed portionwise with 1.1 L 5 i sopropanol and
dried for 72 h at 45C /20 nbar, to give 583 g of the
product as mhlte crystals (10096y|eld assay 990% -
30 -



Cainmse 1. Process for the preparation of
pyrido[ 2, 1-a] i soquinoline derivatives of the fornula
R4 wherein R2, R3 and R4-&0e each i ndependently

sel ected fromthe group consisting of hydrogen,

hal ogen, hydroxy, Cl1-C6- , Ci -C6-al koxy and

Cl- C6- al kenyl, wherein =Cb- al kyl , - Cl-C6-al | coxy

d G - C6-al kenyl opt i onal I'y .be. substituted b .
1 B fadne preasotion i Brdoh LARsd T Ao VA o tf foruia

het er ocycl yl, conprising step a)_ apd optionally one

or nore of the steps b), ?ﬁH or , Wherein step a)
conpri-ses the optical resdfttilonyof an enarnine of
the formul a whe €My R3 and R4 are as

defi ned above anq?Rl i §aC1- §6- apkyl or benzyl, in the
presence of an opti actN've resolving agent to form
the (S)-enam ne salt g the fornmul a wherein R,
R2, R3 and R4 are' as Ildefi ned above and RCO2" is the
conj ugate base of th&resolving agent; - 31 -

- wherein Rz? R? and R? are each independently selected from the group
consisting of hydrogen, halogen, hydroxy, C;-Cs-alkyl, C-Cg-alkoxy and Ci-Cs-
alkenyl, wherein C;-Cg-alkyl, Cj-C¢-alkoxy and C;-Ce-alkenyl may optionally be
substituted by a group selected from C;-C¢-alkoxycarbonyl, aryl and heterocyclyl,

comprising step a) and optionally one or more of the steps b), ¢) or d), wherein

* step a) comprise$ the optical resolution of an enamine of the formula.

wherein R% R® and R* are as defined above and R'is C;-Ce-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 TII into

the ester of formula



NHProt COORL |V wherein R, R2, R3 and R4 are
as defined above and Prot stands for an am no
protecting group; © steyg.c) .conprises atnidation

of the ester of formula IVt Hf;,,%{mthe am de of

fornmul a wherein R2, R3' R4 a Prot are as defi ned
above,; - Step d) corrp‘rh; o gjro ation of the '
amde of formula V g0 fqr
wherein R2, R3, R4 andg (
wher ei n -t-he processt' [ acterized in that the
optical resolution Th stgp a) is a ' :
crystal | i zati on-i nduced®dynani ¢ resol ution; and

wherein R}, R% R? and rR* are as defined above and Prot stands for an amino

protecting group;

f(_)_rmula

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

NHProt
A _CONH,

i

Whereiﬁ Rz,_R3’ R* and Prot are as deﬁnéd above;

step d) comprises degradatidn of the amide of formulzi V to form the amine of

formula

. NHProt
A NH,

Vi

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

wherein the process is characterized in that the optical resolution in step a) is a

crystallization-induced djfnaﬁlic resolution; and

wherein the optical resolution in step a) is performed with a reéblving agent of

the formula



wherein the optical resolution in step a) is
performed with a resoIV|n%1agent of the formula -
3la - 0 OR5 CO2HVI| OR5 ®erein is selected from
the group consisting of unsubstituted phenyl, phenyl
substituted by one, two, or three groups
i ndependently sel ected from Cl-C6-alkyl i Cl- C6- alkoxy
and hal ogen, Cl-C6-al kyl, benzyl, wherein the phenyl
ring i s unsubstituted or substituted.by.one, two, or
sel ected from G - C6-al kyl,

t hree groups independent| P
"~ Cl1-05- al koxy and hangenJngd - NH phenyl, wherein
the phenyl ring is unsubgtitiuted or substituted by
one, two, or three gtou epﬁmdennmw sel ected from
Cl- C6-al kyl, Cl1- C6-al oxy and hal ogen; and

-0 0 R
g

0

wherein

R’ is selected from the group consisting of

unsubstituted phenyl, :

| phenyl substituted by one, two, or three groups mdependenﬂy selected
from C;-Cg- -alkyl, Cl-Cﬁ-a.lkoxy and halogen,
C1-Ce-alkyl,

| benzyl, wherein the phenyl rmg is unsubstituted or substituted by one,
two, or three groups independently selected from C1-Ce-alkyl, Ci-Ce-
alkoxy and halogen, and ' ' '
-NH-phenyl, wherein the phényl ring is unsubstituted or substituted by
one, two, or three groups independently selected from C;-Cs-alkyl, C1-
Cs—a]koxy a:nd halogen; and

Re is hydroxyl.
2. Process according 10 claim 1, comprising the steps a) and b).
3. Process according to claim 1, corhprising the steps a) to d).

4. Process according to claim 1, wherein the steps b) and c) are carried out

without isolation of intermediate IV.



R6i.s hydroxyl. 2. Process according-to claim1,
conprising the steps a) and b). ‘3. Process according
to claim1, conprising th&2steps a) to d). 4.
Process according to claim1, wherein the steps b)
and c) are carried out without isolation of
intermediate V. - 32 - ' 5. Process

acg Pfdileﬁglcé& 2b BBk | @ 4, chahBkASERiFR thd dpticﬁﬁ"esdlﬁ@on

. optical resojufjon in.step erformed with a
msﬁeaéb}smeffgna@iam aresphidng %geﬁh?féﬁlﬁﬁgf”é‘,an k5 is sel ected

fromthe group consisti of unsubstituted phenyl,
phenyl substituted by ompe, two, or three groups
i ndependent |y sel ected Cl- C6-al kyl;, C1- C6- -.

33 - al koxy and hal oggnh, and'-NH-phenyI, wherein the
phenyl ring is u b &t subtituted by one, .

- two, or three group ind'pendently sel ected from

Cl- C6-al kyl, C6-al koxy afd_ha’ogen, and R6 is
hydroxy. - 6. Process cording to clains | to 5,

'characterized in that the gptical resolution in step

is perforned with a resol ving agent selected from

whe? Je% RO i drniic g iashnd S iy Sffiged phenyt, phenyt
subgtiuted by bieg, iveleor three grotips Rideparisnthcwbactidrigort € €lgeatksd, C;-

. Cﬁ‘

to 6, characterized in that the optical resolution in
step a) is perforned in a solvent selected fromthe
group consi sting of water, nethanol, ethanol,

i sopropanol, acetone, tetrahydrofuran, ethyl acetate,
tol uene and m xtures thereof. - - 8. Process -
according to clains 1 to 7, characterized in that the
optical resolution in step a) is perforned with the
enanmine of formila Il wherein Rl - is nethyl, ethyl or

i sopropyl . " 9. Process according to claiml1,

~.characterized.in that the transformation of the

(S)-enam ne salt of fornula Il in step b) is
perfornmed by a reduction under acidic conditions
fol l owed by the introduction of an amino protecting

group.



10. Process according to claim9, characterized in
that the reduction is perfofmed with reducing agents
sel ected from sodi um borohydri de, |ithium borohydride

alkBy! agrﬁig%lgg& CHAN ?ﬁ{) &}ﬁi rvlltfé?em the phenyt %111? Y @&aBdituted or

acc to clal o har ac |ze n.tha
substitaddyane; B9 Pgﬂ?é%ﬁrgfépﬁﬁéﬂdqpﬁndﬁﬁﬁﬁ %ﬁﬁ‘? %%H ed:fraﬂ@H &
Cs-hﬂ‘kﬁk’ﬁ&ﬁih’dl&%n%d 40 Cto.30 C.- 12. Process ,
6accordlng to claims 1, 9, 10 or 11, characterized in
R ISARErOxy- ani no protectlng gr oup selected fromthe.
group consisting of trichloroethoxycarbonyl, _
beﬂﬂbmymﬁﬂ@ﬁfgytb clafhid Df@ﬂ@&drydterlzbd ief ﬂhaﬂh@apiiiﬁydewlution in

cet for |
st PR B b i el eR BT R 0. 0s dbenntp-
tartamcpmwd@)hb@ydmemm taphnhacn@mono duv@e;thﬂymldebenzyl
di phenSTI et hyl, triphenyl met hyl, -met hanesuLfonyl,

p i fetbyths opiidal resol
: ?T gr &Féﬁ@ﬁﬁﬁg %Q%Ié}.}npgiov@(tﬁ’éﬁo;eﬁzfes Phavhe Sié eg reso uté%,n
in step a} is PGI@’HHF# Brrsdvet & ?‘Ef? émp CHFRPHFonsIsiing o water,

metﬁaﬂﬂ 3é%11£fol 4 rdpinbl) atetbiectenahytabfuen, éthylsicefiesjoliche and

erf h formam de/ sodi um net hndde, formam de/
i e@ hOXIde acet ani de/ sodi um net hoxi de or
'acetanide/ sodi um et hoxi de. . 14. Process

adc Bratiesspctardirigaiorldime ! ta 3, chetwtesieedsinithadhd optichlaesclkton
in o 00 P TS e Bn B REAEA 20 00500 s o
1&3&@34Process according to claiml1, characterized in

that the degradation athe am de of fornula V in step

d). Pﬁoc@?srzfc%rﬁﬁ‘é BEER, E&r&&eﬁﬂé@ uDﬂ:xlaﬂﬁé pafsfOfmatide of the

f de di
(S gt o lad o stp ) SERHOrReL Rok G rob B

condiﬁoﬁshi%ﬂ@ﬁ?e@lﬁ e haboudtan ¢f am amtreprotcting grewf. or med
with an OX|d|2|ng agent sel ected fromiodosobenzene

"ORCEhRLR pet RURRIP ERERRS BRI HARRARCIONEIANS
perfamosh with geducing lagemts sdlegied ﬁ@me@émﬂh@r@h)@ﬁéﬁdtﬂH@m of

borchydrid
borcfhﬁ‘lénges%f}dl g’)m %ﬁ“gng_‘) Y% 6.7, 11b- hexahydro 2H-pyrid

0 1-a] |so U|nol Y. r bam c.ac
't é,[l{]?qggqs; |accé)§ 1gg to c alms 1891 31]|ﬂr00 elgag%c terrzgd) pjd%hﬁ'rglh{: gpduction is
perféin@ddTh ahb@% 1 §dwerit hetepipenaired 6f6A0 oC t(( 50 °@-

((28 3S, 11 -am no- 9, 10- di met hoxy-1, 3, 4, 6, 7 11b- he

2H-
?y&éﬁﬁSﬁsf*f%&%g?a}%M il § 854 hyPassierizgd ig hat g amipo
protdcﬁmg Rraugestecteddoord ithegroop corsistpg of mﬁmemﬂxyﬁarbollyl

venf| SRR Ay B iores b bt L 9 e

benzezh jatt-buRkyqayldrgd 1jaga-methoxy enzyloxycarbon ],
dlph@:lﬂﬁleﬂfék?sé:bdhy@ phthalbylf éﬂé@h?g‘%bﬂ%ﬂ ﬂliw'eﬁﬂhieﬂi - 2- one,
triphemy el 5 anesug? oY ooPT gérg}slﬁ%nyi’ o rihehishSr
trietify281y3 Snd HirBenyAsityli 8 tntfhdbEeddi met hoxy 1,3,4,6,7,11b-hex -
ahydr o2H-pyrido[ 2, 1- al i soqui nol i n-2-y1)-carbamic acid
tert-butyl -ester with the (S)-4-
f1 uoronet hyl -di hydro-furan-2-one of fornul a f)
cyclization of the obtained
(28, 38, 11bS) - 3- ( 3-f | uor onet hyl - 4- hydr oxybut yryl am no)
-9, 10-di net hoxy- 1, 3, 4, 6, 7, 11b- hexahydr o- 2H pyri do
[ 2, 1-a]isoquinolin2-yl kcarbam c acid tert-butyl ester
in the presence of a base, and - g) deprotecting
t he obt ai ned _
(28, 38, 11bS) - 3-045) -f | uor onet hy1- 2- oxopyrrolidin-1-yl
) -9, 10-di net hoxy-1, 3, 4, 6, 7, 11b- hexahydr o- 2H pyri do
[2,1- alisoquinolin-2-yl]-earbanm c acid tert-butyl
ester.



20. (S)-Enamne salt of the formula- wherein R2,
R2, R3 and R4 are as defined in claim1l and RCO2- is

t he conjugate base of the 3£solving agent. 21. Ester
of the formula wherein RI, R2, R3 and R4 are

asl X &facesthccordoigato wlaimaln dhaPacerizet amthet the rnadatiminetep ¢) is
perfrb WithWrm@HnBHE/ sodium methoxide, formamide/ sodium ethoxide,
acetamide/ sodium methoxide or acetamide/ sodium ethoxide. '

14. Process according to claim 1 or 13, characterized in that the amidation in
step ¢) is performed in an organic solvent at temperatures in the range of 10 °C to 70
oc_

15. Process according to claim 1, characterized in that the degradation of the
amide of formula V in step d) is performed accordlng to the principle of the
Hofmann-degradation. :

16. Process according to claims 1 or 15, characterized in that the degradation of
the amide of formula V in step d)is pt;rformed with an oxidizing agent selected from
iodosobenzene diacetate, iodosobenzene bistrifluoroacetate an‘d iodosobenzene

bistrichloroacetate.

17. Process accordmg to clauns 1to 16 for the preparatlon of (28, 3S 11bS)-(3-
amino-9,10-dimethoxy-1,3,4.6,7,11b-hexahydro- 2H~pyr1do[2 1-a]130qum01m—2 yl)]-
~ carbamic acid tert- butyl ester. : :

18. Process according to claims 1 to 16 for the preparation of (S)-l--
((28,35,1158)-2-amino-9,10-dimethoxy-1,3.4,6,7,1 1 b-hexahydro-2H-pyrido[2,1-
alisoquinolin-3-yl)-4-fluoromethyl-pyrrolidin-2-one.

- 19. Process according to claims 1 to 16 for the preparation of (S)-1-
((2S,35,11bS)-2- aminé-Q 10- dimethoky-l 3,4,6,7,11b-hexahydro-2H-pyrido[2,1-
alisoquinolin-3-yl)-4- -fluoromethyl-pyrrolidin-2-one, comprising the process
accordmg to clauns 1to 16, foHowed by

¢) coupling of (25,35,1 1b.$-3-amino-9, 10-dimethoxy-1,3,4,6,7,1 Ib—hexahydro—
2H-pyrido|2,1-a]isoquinolin-2-yl)-carbamic acid tert-butyl ester with the (S)-4-
fluoromethyl-dihydro-furan-2-one of formula

. .
s

o)



- -35-

f) cyclization of the obtained (25,3S5,1155)-3-(3-fluoremethyl-4-hydroxy-
_butyrylamino)-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido]2,1-a]isoquinolin-
2-yl]-carbamic acid tert-butyl ester in the presence of a-base, and

g) deprotecting the obtained (28,35, 1 1bS)-B—((4S)5ﬂuor0me’d1yl-2-bxo-
pyrrolidin-1-yl)-9,10-dimethoxy-1,3,4,6,7,1 1 b-hexahydro-2H-pyrido]2,1-
A alisoquinolin-2-yl]-carbamic acid tert-butyl ester.

- 20. (5)-Enamine salt of the formula

" wherein Rl_, R% R® and R” are as defined in claim 1 and RCO4 is the conjugate

base of the resolving agent.

21. Ester of the formula

NHProt
i LCOOR'

Y]

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

protecting group.



