- 1 - PROCESS FOR THE PREPARATION OF PYRIDO [2, |-A] | SOQU NOLI NE

DERI VATI VES AND PCLYMORPHI C FORVS THEREOF The present invention is
concerned with a novel process for thelpreparation of

pyrido[ 2, 1-a]i soqui nol i ne derivatives. The pyrido[2, 1-a]i soqui noline
derivatives of formula | 5wherein le, R2 and R3 are each independently
hydr ogen, hal ogen, hydroxy, |ower alkyl, |ower al kox-y or |ower alkenyl,
wherein | ower al kyl, |ower al koxy and | ower alkenyl nma i | y_be
substltuteﬂﬂhﬁﬁﬁ6Q%EHEFR@%¥VQ§WBéﬁ§YRH5}@11%Wﬁﬂ%V%F%@?%Qgﬁgﬁgﬂgﬁéxm

phar maceut} Nras€ephabraem@dit s thereof are useful for the treatnent

and/ or prophylaxis of diabetes, particularly non-insulin dependent diabetes
mellitus, and/or inpaired to glucose tol erance, as well as other conditions
wherein the anplification of action of a peptide normally inactivated by
DPP-1V gives a therapeutic benefit The conpounds can al so be used in the

treatment and/ og, %@%XA@M& 104onORES Jrivh 2 hdvtl ﬁb’@@stf@rl’tﬁe brpehidigease,

Colitis U cerosa, n, s Q- cel
protection. IR hérsasnolms e% %gﬁﬁ§’§§ﬂgge1“’u5% qﬁﬁg{lc agents and
for the tregbmaml and/ or 15 prophyIaX|s of hypertension (PCT Publication
No. WO 2005/ 000848). - The invention also relates to two crystalline
forms of (2S,3S,11bS)-1-(2-am no9, 10-di et hor -5,3,4,6,7,11b-herahydro-
2H-pyrido[2,1 -a..] iso quinolin-3-yl)-4{S)—\|uoronmethyl-pyrrolidin-2-one
di hydr ochl ori de, which are form A and fary nd to an amorphous form of

- said conpound. 20The process for prqp r atil ontas described in the PCT
Publ i cati on No. WD 2005/ 000848 & Seq~a réﬁctlon|sequence whi ch suffers
froma nunber of disadvantages wh prévents this process from being
useful on technical scale. PartR¢u ar it was found that the coupling
reaction in the presence of 2- hydr@kypyrldlne DK/ 20. 06. 2008 2 as catal yst
under the conditions outlined in WO 2005/ 000848 | ed to a conparabl e | ower

conver Si on, whi ]Sm Eﬁﬂ@sﬁztaﬁéﬁsa@@achfﬂﬁ&fpéfﬂéhtﬁrt}@dﬂogai a:nbgm ks,ﬁﬁm Jacwetrt hat ]E he
eprotection o ot ect r ve o
foliflula Il ﬁWfaeJéf’&OfLWebﬁgﬁ&yo?‘”ﬁ %eé%%y ;mg)x& A a}%ﬁlc

al cohol s | edmpoptoxnily bakibyitated by loser Blaseagehuels vyl ot heter 6‘[‘5-* Et of the
enbodi ment s ?hﬁﬁk&§@§u TRE Eﬁk%ﬂ@&@%&ﬁQKM@ﬁﬁH@nﬂeuehﬁaﬂanwbnmﬁgs&mhich

avoids the d ant a ounc c ARd.whi ch is
appl i cabl e Oﬁ?$g¥ﬁﬁp@§pﬁgggpn1nﬁﬂnh§%n&£$ %ggﬁ%?%ﬁ?% g w th the
process -aso oghkosnedtrives: ayell as other condmons wherem the amplification o ac?:lon ofa

peptide normally inactivated by DPP-IV gives a therapeutic benefit. The compounds can

also be used in the ircatment and/or prophylaxis of obesity, inflammatory bowel disease,

Colitis Ulcerosa, Morbus Crohn, and/or metabolic syndrome or B-cell protection.

Furthermore, the compounds can be used as diuretic agents and for the treatment and/or
15  prophylaxis of hypertension (PCT Publication No. WO 2005/000848).

The invention also relates to two crystailine forms of (28,35,11bS)-1-(2-amino-
9,10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H-pyrido[2,1 -a]isoquinolin-3-y1)-4(5)-
fluoromethyl-pyrrolidin-2-one dihydrochloride, which are form A and form B and to an

amorphous form of said compound.

20 The process for preparation as described in the PCT Publication No. WO
2005/000848 comprises a reaction sequence which suffers from a number of
disadvantages which prevents this process from being useful on technical scale.
Particularly it was found that the coupling reaction in the presence of 2-hydroxypyridine

DK/ 20,06.2008



In a first aspect, there is provided a process for the preparation of a

pyrido[2,1- alisoquinoline derivative of fornula I wherein RI, R2 and
R3 are each independently hydrogen, hal ogen, hydroxy, |ower alkyl, |ower
al koxy or |ower al kenyl, wherein |ower alkyl, |ower alkoxy and | ower

al kenyl may optionally be substituted by | ower al koxycarbonyl, aryl or
heterocyclyl and pharnmaceutically acceptable salts thereof, conprising a)

coupling g Qﬂh@ﬁlﬁer Ih%rcgﬂ<]l11ﬁ0111§ (guthned in WWO@)O@O@S 1ef%o @@&n&a@% gove@ch
|ndependentl lydr ogen, ogen, . hydroxv,, | ower al ﬁ%f v@m%f alko§¥ﬂ§

| over al kemversm@ﬁ@@hﬂqcmate%mwemeémlS@P“ka&k%ﬁ% thatBF depRIHU Hay

0|OéI i %28' | WhOR- Y Q@fcﬁtps}?@ﬂ2hya]i@h§@1hoﬁﬂlé<&mt %ﬁéﬂ@ﬂfyﬁhnulaﬂmtvmﬁcagtﬁ@ﬁl?@kyl |

an is a am no pro e r oi.act one, Q e formul a
TV %PWOﬁﬂe “F‘ﬁ]é’lh gﬁ‘ﬂﬁ“lﬁgdé? E’Xé%ai%%l#@ﬂ'éﬁe 8{/0 ¥ h) foi mi ng

t he nesylate of formula VI NNW
The object of the embodiments disclosed herein therefore was to develop a process

which avoids the disadvantages found in the prior art process and which is applicable on

technical scale.

The object has been achieved with the process as outlined below.



-H VI wherein RI, R2, R3 and R4 are as defined above and Ms stands for
met han-sul fonyl, by reacting the butyram de of fornmula V with

met hanesul fonyl chloride or nethanesulfonyl anhydride; c) ring closing
of the mesylate of formula VI in the presence of an organic base to foint
the N -protected pyrido[2,1-a]isoquinoline derivative of formula ri

wherein RI, R2 and R3 are as defined above and R4 is an am no protecting

group and a 1 Q&@}rfé?é igrobiRa N prostsclopehdpyrepatefian of a]iysidqld hol i ne
derivative & formufa |1 w.th hydrochloric acid in a solvent selected from
the groupsepmsilistidagvaive QEENBNE ! net hyl ethyl ketone, acetonitrile,
tetrahydrofuran or m xtures thereof, and water in adm xture wi th acetone,
nmet hyl ethyl ketone, acetonitrile, tenhydrof fh or nixtures thereof,
wherein at the end of step a), the anoyat sol vent nust be reduced by
distillation in order to achieve full ¢ohvgrston of conpound of ami ne of
formula H to butyram de of fornulq{ 7C wherei n the butyram de of
formula V obtained fromstep @) is_ W or fhe nesxlation step b) without
isolation fromthe reaction m xt and wherein the term"lower” is
used to nmean a group consistia: to six carbon atons. The process
of the disclosure conprises the ppeparation of a pyrido[2,1- a]isoquinoline
derivative of foinmula I

wherein R', R? and R® are each independentiy hydrogen, halogen, hydroxy, lower
alkyl, lower alkoxy or lower alkenyl, wherein lower alkyl, lower alkoxy and lower alkenyl
may optionally be substituted by Jower alkoxycarbonyl, aryl or heterocyclyl, and

pharmaceutically acceptable salts thereof,
comprising

a) coupling an amine of formula HI

Hl

wherein R', R® and R” are each independently hydrogen, halogen, hydroxy, lower

alicvl. lower alkoxy or lower alkenyl, wherein lower alkyl, lower alkoxy and lower alkenyl
Ci - - ..

may optionally be substituted by lower alkqucarbonyl, aryl or heterocyelyl, and R” 1s an

amine protecting group, with the fluoroiactone of the formula v

in the presence of 6-chloropyridin-2-0] as catalyst to form the butyramide of the formula V



wherein 1,e, R2 and R3 are each i ndependently hydrogen, hal ogen, hydroxy,

| ower al kyl, |ower al koxy or |ower alkenyl, wherein | ower alkyl, |ower

al koxy and | ower allcenyl may optionalZby be substituted by |ower

al | coxycar bonyl, aryl or heterocydyl, and pharnmaceutically acceptable salts
t her eof conprising the deprots&g#on of amyN-protected
pyrido[ 2, 1-a]i soqui noline derivative oftdfornmulja II wherein R1, 122
and if are as defined above and R4 cihgl abil e am no protecting
group, wi t h hydrochl id in acsol vent selected fromthe group
consi sting of an aliphatic n aliphatit nitrilé a cyclic ether or
m xtures thereof, and water, i ture with an aliphatic ketone, an
aliphatic nitrite, a cyclit ether or mxtures thereof. In a further
embodi nent, the process of thelpresent invention conprises 5a) coupling an
amne of formula |11 wherein R, R2 and R3 are each independently
hydrogen, ha&gg%@,ihgﬁqgﬁ%d ‘opess @il abhewer al koxy or |ower al kenyl,
wherein | owera Q%f ‘ower al koxy and | ower al kenyl may optionally be
substituted by | ower al koxycarbony|, aryl or heterocyclyl and R4 is an 10
ami no pr ot ech)ifagige dhpomesaiainhox WERIAUGT ol act one of the formula IV

NHR' |, OMs
N

Vi

atl

wherein R, R, R? and R* are as defined above and Ms stands for methanesulfonyl,

by reacting the butyramide of formula V with methanesulfonyl chloride or methanesulfonyl

anhydride;

¢) ring closing of the mesylate of formula VI in the presence of an organic base to

form the N-protected pyrido[2,1-ajisoquinoline derivative of formula II

k

wherein R’, R* and R® are as defined above and R* is an amino protecting group and

d) deprotecting the N-protected pyrido[2,!-ajisoquinoline derivative of formula II
with bydrochloric acid in a solvent selected from the group consisting of acetone, methyl
ethvl ketone, acetonitrile, terrahydrofuran or mixtures thereof, and water in admixture with
acetone, methyl ethyl ketone, acetonitrile, tetrahydrofuran or mixtures thereof,

wherein at the end of step &), the amount of solvent must be reduced by distillation in

order to achisve full conversion of compound of amine of formula HI to butyramide of

formula V,



in the presence of 6-chloropyridine-2-o0l as catalyst to formthe butyram de
of the formula V 15wherein R, R2, R3 and R4 are as defined above; b)
form ng the nesylate of formula VI wherein 12.1, R2, R3 and Rl are as
defined above and Ms stands for nethanegel fonyl, by reacting the butyram de
of formula V with a nmethanesul fonyl chloride or nethanesul fonyl anhydride;
c) ring closing of the nesylate of fornmula VI in the presence of an organic
base to formthe N-protected pyrido[2, 1-a]isoquinoline derivative of
fornula |1 .Wherein R, ; ofiefiineds abaver dwdndRdiaiisn an
aci d-1 abi | e am"5" m@%@&h??@%ﬁ%%@%%%%@%@%r ot ecljtq?ng the N-protected -
pyri dol 2, 1sakityeditionoisolaton Eomat FereLeF TE¥MFul a 11 with hydrochloric acid
in a solvent selected froman aliphatic ketone, an aliphatic nitrile or a
cyclic ether or g‘iw)ﬁtn}gh?ﬁaett 80feeof id kel@d Bfeat B oAt cohistngmftone smsiakipbrat i c
ket one, an ali tircnitrile or a cyclic ether or mxtures thereof.

Unl ess ot hettavhse i ndicated, the followng definitions are set forth to
illustrate and 15 define the neaning and scope of the various ternms used to
descri be the invention herein. In this specification the term"| ower"

is used to nmean_a grou nsisting of one {0 SiX,.: ».0f one'to four
carbon aton(s).the Pfoce?fﬁ‘éﬁg%a}‘?@oﬁ‘ggﬁalgﬁm?et% %?%b%%nﬁ ﬁ%ﬁ}%&c}ychl orine,
bromi ne andy)isegliiAclineictinativedifomeyla br omi ne and chl orine being preferred.

wherein RY, R® and R are each independently hydrogen, halogen, hydroxy, lower
alkyl, lower alkoxy or lower alkenyl, wherein lower alkyl, lower alkoxy and lower alkenyl
may optionally be substituted by lower alkoxycarbonyl, aryl or heterocyclyl, and
pharmaceutically acceptable salts thereof, '

comprising the deprotection of an Nmprotectéd pyrido{2,1-alisoquinoline derivative

of formula I

wherein R}, R? and R? are as defined above and R* is an acid-labile amino

protecting group,



20The term "l ower al kyl", alone or in conbination with other groups, refers
to a branched or straight-chain nonoval ent al kyl radical of one to six

car bon at oW®,209r0212&r abl y one to four carbon atons. THICE/EPEOFPESE urt her
exenplified by radicals such as nmethylz.ethyl, n-propyl, isopropyl,
n-butyl, s-butyl, isobutyl, t-butyl, n-pentyl, 3- nethylbutyl, n-hexyl,

2- et hyl butyl anelith hedrbitk&ic 2B ed eschlbheclkaweforakieyploupeshdiesofane met hyl and
ethyl, with peth j i-a | - et "l al koxy"
refers to th%gr&g{lj%,%’ Qfgaﬁﬁa g{rﬁg!e’niyl EC%EE{%F%%?H%F%}/%&E? ng {gf?i{nned her ei n
bef or e. ExaﬁﬁF@EWGW“Péﬁémﬂ%P%%W§WQW6‘ tgpigile agy gy EEn B3O pr opoxy,
i sopropoxy, butoxy, isobutoxy and hexyl oxy, w th nethoxy being especially
preferred. Thefurgeremblodiment Hicloaeyss af he asehangfngendiop gompréseyr oup
R-0-C(0)-, wherein R is lower alkyl. 10The term"aryl" refers to an
aromat i ¢ mponovakpntuplinne-amdte gd@rpekriliocycl i ¢ radi cal, such as phenyl or
napht hyl, preferably phenyl, which may optionally be nono-, di- or
tri-substituted, independently, by |owar'al kyl, |ower al koxy, halo, cyano,
azido, amno, di-lower alkyl am no or kydedixy. The term "heterocyclyl"
refers to a 5- or 6-nenbered aromatidg)or [saturated N- 15 heterocyclic

resi due, which may optionally co } urther niti#ogen or oxygen atom
such as imdazolyl, pyrazolyl, t |, pyridyl, pyrimdyl, norpholino,
pi perazi no, piperidino or pyrr8|id o, preferably ppidyl, thiazolyl or

nor phol i no. Such heterocyclic ring@ may optionally be nono-, di- or
tri-substituted, independently, by |ower alkyl, |ower al koxy, halo, cyano,
azi do, anino, diwbkwingt Rilakg R’ araiash inslepdnyently kydro@meliddozab hadRey, lwsst i t uent i s
| ower a! kyl 1311&‘3‘1,33%&9&%{&5{"01: hﬂieﬂﬂk&?i‘?‘fgﬂé’réiﬁd)wer alkyl,-ﬁbﬁertaﬁ{fo@? andCdvekr higbivl e ﬁm 30
protecting group”. r [sS,t ) ubst, tuent s .conv I t o hi nder
t he reactivi??f6?°Fﬁé%%%¢ﬁ%u%?§L%WFﬁgF (gﬁmgg”gﬁéggéQ%Q?bk%gﬁ?%%Fd such as
hydr ochl ol canig¢ Brotesing eieyre vEnihs dupiobsciens ofrite FBupEY are sel ected fromthe
group consi sting of the fornyl group, ani@g groups, and carbamate groups
such as 4- 25 net hoxybenzyl oxycarbonyl (/*Mbz") and tert-butoxycarbonyl
("Boc"). The selection and use (additifon, and subsequent renoval) of am no
protecting groups is well known to thE~gkillhéd in the art. Further exanples
of groups referred to by the above ter are described by T. W G eene and
P. G M Wits, Protective Goups in Organic Synthesis, 3"1 edition, John

Wley and Sons, &N&t\é\lﬁgegegl:éée %t’eg:-]{%mqlrgp\%%ﬁitngﬁ%fl gsrgaﬁgf(s:tatmfor}gl RIQLGSLI42r gLoup for

the 30 process entron’i's
formula V
&
I';IHR H OH
' NY])
o E vV
15 wherein RY, R%, R? and R* are as defined above;

b) forming the mesylate of formula VI



The term "pharmaceutically acceptable salts" enbraces salts of the
conpounds of formula (1) with inorganic or organic acids such as

hydr ochl or W@ 28@sitgi27ehydr obroni ¢ acid, nitric acid, sulRSAEPIESRET6H,
phosphoric acid, citric acid, formc acikd, nmaleic acid, acetic - 6 - acid,
fumaric acid, succinic acid, tartaric acid, nethanesul phonic acid,
salicylic aC|d ptoluenesulphonlc aci gqand the mm«e whi ch are non toxic to
living organisnms. Preferred salts withi_amnNd formates, nual eates,
citrates, hydrochlorides, hydrobropi thanesulfonlc acid salts,

W th hydrochlorldes bei ng esp%~ : R ef ePre ~=5They processes of the
present invention are described nofde detail below Step a) Step a)

conprises the coupling an amRé o orrmula 111 NRA -NH, 111 wherein R2,
122 and If are each |ndependently?hydrogen hal ogen, hydroxy, |ower alkyl,
| ower al koxy or | ower al kenyl, wherein |ower alkyl, |ower al koxy and | ower

ﬁ' kenyl Wftyl opt kaaahlry, Eﬁ@RsSaLABSRf hrle d$ ?ﬁné:ﬁyabbmawSm&yfoambmmsulfoam%I ﬁr
eterocyclyl, i .2 I up, with the
I her oryey ¥ i 3ddifint SudleRflofl kARl \Sdd AapRlealiBih R &

resence of

6- chl or opyr i ithnepdfpnyl aghvdgees| yst to form the butyram de of the 15 fornul a
V wherein 1Z2, R2, 12.3 and R4 are as defi ned above. The am ne of
formula I Bl can Cble?ng‘mkép?apétﬂlembﬂlwfﬁ@fﬁm*ﬁevﬁéﬁmme@éQﬁqd‘iCﬁ@@iqbﬁseﬂhe PCT
Publ i cati on iygs tWR-2RR5E00R81E:, 1 -Pakllissnatbivaas desafidaed i n schene 3.

wherein R', R? and R are as defined above and R? is an acid-labile amino
protecting group and

10 d) deprotecting the N-protected pyrido|2,1-alisoquinoline derivative of formula II
with hydrochloric acid in a solvent selected from an aliphatic ketone, an aliphatic nitrile
or a cyclic ether or mixtures thereof or in water in admixture with an aliphatic ketone, an
aliphatic nitrile or a cyclic ether or mixtures thereof.

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

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

In this specification the term "lower” is used to mean a group consisting of one to
six, preferably of one to four carbon atom(s).

The term "halogen” refers to fluorine, chlorine, bromine and iodine, with fluorine,
bromine and chlorine being preferred.

20 The term "lower alkyl”, alone or in combination with other groups, refers to a
branched or straight-chain monovalent alkyl radical of one to six carbon atoms,
preferably one to four carbon atoms. This term is further exemplified by radicals such as



-7 - In a preferred enbodi nent of the present invention, 12,' and R2
have the neaning of a nethoxy group, R3 is hydrogen and R4 signifies a Boc

group. WO 20187266 chl or opyri di n-2-ol catal yst i s usR{GraPgeoapgssaSed i n an
amount of 0.05 nol equivalents to 0.20 _mul equivalents relating to one nol
equi valent of the amne of 5 fornula I11. The coupling reaction is as

a rul e perf omemg, divl,a-sbpill,aRbeopolt G0 s-S0lyV esbutdLciutdsn-paneil Gk uene or
mxtures t he?ﬂ@[ﬁ{(}bu‘fﬁrf E%}&ﬁ?le%lyg)ﬁtyt gdﬁﬁ&%ceaftre aEl%%F QIE(%{ %mﬁﬁs a%)m {710 111 ¢

At the end o vent e reduced

di stillati ontidrsthgh wak mehyiheestrscialinie F‘rf'élonver si on. Upon conpl etion of t he
conversion the butyrarnide of 10 fornmula IV can be used for the nesyl ation
step b) wit hout Tht grhsloivatalkeny frefomte the groen&t-Porvhaient RindowStalpl 43) St ep b)
requires fSOr(E'@ﬁHQi}Qtf'mﬁMr@%ﬂ&ﬁ%@fﬂfw&gkcﬁﬂ#'g?@u}ﬁ areegjiﬁm&ﬁfeﬁitlﬁb 1,112, R3 and
124 are as derfoloned above and Ms stands.f or h[ﬁlﬁq%ﬁ_l E’elﬁ"es reactl ng the
but yram de of R miF W TR a ut?f%{nesu Tae ?re%é nesul f onyl
anhydri de. preferrgdq g preferred embodi ment of the pr esent |nvent| on, R and
R2 have the neaning of a nmethoxy group, R3 is hydrogen and R4 si gnlfi es a
Boc group. 20As Thattdrinn8avebweychtrenyl e setdrs ntheigrdugr B-Q-€5Q)t whgeinR'st ep a),
is diluted wglh iHE or dioxane and then directly used for the nmesylation in
step b). Preferably, the reaction is carried out with nethanesul f onyl

chlori de. 10 The term “arvl” refers to an aromatic monovalent mono- or polycarbocyclic
radical, such as phenyl or naphthyl, preferably phenyl, which may optionally be mono-,
di- or tri-substituted, independently, by lower alkyl, lower atkoxy, halo, cyano, azido,

amino, di-lower alkyl amino or hydroxy.

The term “heterocyclyl” refers to a 5- or 6-membered aromatic or saturated N-

15 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 iower alkyl,
lower alkoxy, halo, cyano, azido, amino, di-lower alkyl amino or hydroxy. Preferable

20 substituent is lower alkyl, with methyl being preferred.

The term "acid-labile amino protecting group” refers to any substituents
conventionally used to hinder the reactivity of the amino group that can be cleaved with
an acid such as hydrochloric acid. Suitable amino protecting groups are selected from the
group consisting of the formyl group, amide groups, and carbamate groups such as 4-

25  methoxybenzyloxycarbonyl (“Moz”) and tert-butoxycarbonyl (“Boc”). The selection and
use {addition and subsequent removal) of amine protecting groups is well known to the
skilled in the art. Further examples of groups referred to by the above terms are described
by T. W. Greene and P. G. M. Wuts, Protective Groups in Organic Synthesis, 3" edition,
John Wiley and Sons, New York, NY, 1999. Preferred amino protecting group for the

30  process of the present invention is Boc.

The term "pharmaceutically acceptable salts” embraces salts of the compounds of
formula (I) with inorganic or organic acids such as hydrochloric acid, hydrobromic acid,

niiric acid, sulphuric acid, phosphoric acid, citric acid, formic acid, maleic acid, acetic



The reaction is expediently perfornmed in an organic solvent, such as in
tetrahydrofuran (THF), dioxane or m xtures of THF or di oxane with tol uene,
pr ef er abl ywZB0iwze7¢ri xt ure of THF and tol uene, at a trrg@r@s/tessof 10C to
35 C. WD 2009/ 027276PCT/ EP2008/ 060865 _ 8 - An am ne, such as

N- net hyl norpholine or a tertiary aliphatic am ne, preferably triethylam ne
or tributyl afidRumaSihedM, Gud@ﬁ\zcﬂx&ﬁﬁt@ﬂirzc@ﬁ;dyﬁétharieﬁlilﬂﬁﬁﬁl’abidtsﬁﬁ:yh’&bdg@nel’ at ed.
Most prefer a’cb ugr’xemlﬁrgll%oentlcha%l 4 h!k? \\?}Ilﬁ:%%re Ron to: toxic tg h%@g g%r?l %‘e‘f Py of the

reaction the rrng cIOS|ng step
c) without |Stal§sw1§b4taiﬁ ﬁl@rﬁorﬂw&w%@wﬁé&@fﬁsaﬁdwh@m V@PE pdgesand 1 ostep
Cc) the ring ekbsiengfoak atibh elmpayl gtecidbrifeobsd @apddaliy prefetred.pr esence of an
organi ¢ base takes place to formthe N-protected pyridoi soquinoline
derivative of fahEyPleshes ofile prlefent inventioM@ U8kl 2 moRcANYIR3. are as defined
above and R4 is an acid- Iablfe am no protecting group . In a preferred
enbodi nent of t R esent invention 124 and R2 have the neaning of a
met hoxy group, i's hydrogen and R4 signifies a Hoc group. 15As outlined
above the reactl? glxture resulfln Qiﬁan directly be used for
the ring cl osi ng PEALTTRBRITH STRPEE 9a”mw° “6fgani c base used for the
ring closing reaction can be selected fromlithiumtert.-butoxide, sodium
tert-butoxide or potassiumtert.-butoxi: ,Nhithiun}bis

2

i

wherein R', R” and R are each independently hydrogen, halogen, hydroxy, lower
10 alkyl, lower alkoxy or lower alkenyl, wherein lower alkyl, lower alkoxy and lower alkenyl
may optionally be substituted by lower alkoxycarbonyl, arvl or heterocyclyl and R*is an

acid-labile amino protecting group, with the fluorolactone of the formula IV

in the presence of 6-chloropyridine-2-ol as catalyst to form the butyramide of the

15 formula V

wherein R, R%, R® and R? are as defined above.

The amine of formula T can be prepared following the methods described in the
PCT Publication No. WO 2005/000848, particularly as described in scheme 3.



(trinethylsilyl) amde (LHVDS, |ithium hexanethyldisilazane),
n-butyl-lithium (n- 20 BuLi) or lithiumdiisopropylamde (LDA). Preferred
or gani ¢ basasewredé t hi um bis(trinethylsilyl)am de ari/drzeoRfHweas
tert.-butoxide which are as a rule appli-ed in an anmount of 2.5 nol
equivalents to 3.5 nol equivalents relating to one nol equivalent of the
ami ne of fornul ank pleferrtNembR@BEd: ONthE PrefasinOimich| R RERT IR EBE niciniagofor gani ¢

solvent such as,in 25 t dr of ura §% oxane or their mxtures
wi th tol uene, m%?%%éﬁ’ lsﬁgy ureg&}}y 5%g§ tol uene or a mxture of

di oxane and tqu erat re.of -20C top. 10 C. Th tion of the
N-protected pyri' 6?§Eﬁﬁ?ﬁ8ﬁ$ﬁéﬂ #WVEPWWgyﬁﬁmﬁgWﬁﬁPQOWPO 8§Wﬂ appen by
appl yi ng t echypivglaes tofeld mi mguirldn rtlh@ngskiohd wdl danivilbe oathe aming.of by quenchi ng
5 of the reagtih@apm xtures with water, separation of the organic phase and
subsequent crystallization through solvent change to an aliphatic al cohol

e.g. to net hano'”{‘he §n§ %F{n%)eecgggg aga ﬁﬂg?er foﬁ'ﬁegd HQQUI%F%%vgaH% ﬁtr%-ntrt g%h%lgr otect ed

pyridol2, 1- allsqu|n erivative o ormul a oric acid
in a sol ventolEneRrRigures geegh Prferahlapitelues Ak oRea P &) oAt Cnitrile or
a cyclic ether or m xtures thereof or water in adm xture with an aliphatic
ketone, an al i pHatticendipfthi teection, the gyaint of sebveimist baviesticat Bisdisthielieot .

Preferably tHgesohdeRtafull csleleeroheopéﬁ&mp&eeﬁ Qﬂ;ﬂe cdm&rkwia R bhykankét @ne,
acetoni t rft){Met (F)]r%ul% cankf% e%f T t enmor aF‘Irﬁ efkiarbﬁ% etﬂ% 1501&9101} frog%é’\@‘gcﬁon In

adm xture acet one, acetonitri
t et r ahydr of uREHTSr nixtures thereof. 151n a nore preferred enbodi nent,
acetone or tetrahydrofuran or m xtures thereof or water in adm xture with
acetone or tetrahydrofuran or m xtures thereof are used. In a further
nmore preferred &ddi ment, tetrahydrofuran or water in admixture with
t et rahydr of uran can be used.

Step b) requires forming of the mesylate of formula VI

4
IQIHR H OMs

15 wherein R', R%, R? and R* are as defined above and Ms stands for methanesulfonyl,
by reacting the butyramide of formula V with a methanesulfonyl chloride or
methanesulfonyl anhydride.

In a preferred embodiment of the present invention, R' and R* have the meaning of

a methoxy group, R® is hydrogen and R* signifies a Boc group.

20 As outlined above the reaction mixture resulting in step a}, is diluted with THF or

dioxane and then directly used for the mesylation in step b).
Preferably, the reaction is carried out with methanesulfonyl chloride.

The reaction is expediently performed in an organic solvent, such as in
tetrahydrofuran {THF), dioxane or mixtures of THF or dioxane with toluene, preferably
25 in a mixture of THF and toluene, at a temperature of 10 °C to 35 °C,



In a nost preferred enbodi nent, acetone or water in adm xture with acetone
can 20 be used. Preferably, an adm xture with water is used in order to
provi de a swffopwizené|y high solubility which i s neededTEmenpdopasat i on of
the reaction mxture. On the other handgthe amount of water shoul d be as

| ow as possible to achieve high yields. Preferred ratios of water/acetone

are 1 : 0.9 (M M dhbind, such ks KAHMAmSIPUEIRGr & htid-LaBhitRANiASPleferaBBN 1N 25

principle be_conducted. in _any ratipo.of water/acetona. rochloric acid
P e Bl SR e ot PR R b B A PR e ot IMERREY Cont ent

of about 37%lp# Prgerey, triethylamiqauddpr ot ecti on reaction can expediently be
performed a tenperature between 30 C and 80 C, depending on the solvent.
Preferably, a téfperanpieon o thchaciangemefyla85of@rB@la Y B6bOisesfoagpl i ed. WO
2000/ 0272 $GREHIERIAR1 060RRA: 1 ibton from indRRaligsiikied, product of formula |
can be as a rule isolated by diluting the mxture with acetone and
subsequent filtration foll owed by washing with the solvent in the form of
col orl ess cryst%h§f)Preferably, the product is obtained in yields of? 90%
and having an assay of ? 98% 5The present invention also relates to
pol ynmor phs of (25,35 b5)-1-(2-am no-9.1 | et - , 7, 11
b- hexahydr o- 2H ﬁ)% I %%)]'%e @%C%qsgajﬁ Oftsr}rl 8{1“%?}%87 (lg};llr(-)r_ {ﬂﬁzﬂg%‘%p “?5‘3%? éﬁg
f 1 uor onet hy| efE3iG bsss @kes PReoin dord thy dirtgetktet maido 121 -disoquipliss Jetvalieiche f or ns
whi ch are fofommdla@ind form B, and to an anorphous form of said conpound. In
a first aspect, the present invention relates to a distinct crystalline
formA of in (25,35,1 1 b5)-1-(2-am no-9, 10-dynet hoxy-1,3,4,6,7,1
| b- hexahydr o- 2H- pyri doi 2, 1-
aj i soqui nolin-3-yl1)-4(S)-fluoromethyl-pyrr
i.e. the conpound of the fornu%g CH,1Q_{CH,[0
N

i n-2-one di hydrochl ori de,
I
It

10

wherein R}, R? and R? are as defined above and R* is an acid-labile amino

protecting group .

In a preferred embodiment of the present invention R' and R? have the meaning of

a methoxy group, R’ is hydrogen and R* signifies a Boc group.

15 As outlined above the reaction mixture resulting in step b) can directly be used for

the ring closing reaction in step c}.

The organic base used for the ring closing reaction can be selected from lithium
tert.-butoxide, sodium tert.-butoxide or potassium tert.-butoxide, lithium-bis
(trimethylsilyl) amide {LHMDS, lithium hexamethyldisilazane), n-butyl-lithium (n-

20 Buli) or lithium diisopropylamide (LDA). Preferred organic bases are lithium-
bis(trimethvlsilylJamide and lithium tert.-butoxide which are as a rule applied in an
amount of 2.5 mo! equivalents to 3.5 mol equivalents relating to one mol equivalent of

the amine of formula I11.

The reaction is customarily performed in an organic solvent such as in
25  tetrahydrofuran (THEF) or dioxane or their mixtures with toluene, preferably in a mixture



I n anot her aspect, the present invention relates to a di nmethyl formam de
(DMF) 15 solvate formB of (25, 35,11bS)-1-(2-am no-9, 10-di net hoxy-

43, 4, 6, 7, 1w Joesheeahydr o- 214-pyrido[ 2, 1-a ] PCT/EP2008/060865

i soqui nol i n-3-y1)-4(5)-fluoronethyt-pyrgolidin-2-one di hydrochloride.

I n anot her aspect, the present invention relates to the anorphous form of
(25, 35, 11b)ofrrE-and 2@t BOs BixdurDodiidRENDY Yol udne 3t Sefrpdrathre of -20 °C to 10

| b- hexahydr q:.2H pyri do 12, 1-

al i soqui nol i n=3-yl)-4(5)-fluoromethyl-pyrrolidin-2-one dihydrochl ori de.
20The aforenmentioned solid fornms can be distingui shed by physical_and
cheni cal proper@?é§dﬁﬁﬁvfégﬁ¢ﬁﬁn%ﬁ§Pﬁ@%@%}fhﬁﬂg olinpfrderivariy qé%@%@”é, X-ray
powder di f f rashipen ppdppbingsedhnignelvell Agovbelald ditled in the art ag.dg qoandainge wi t h
the inventi o BR:APAUSEBRIH CRE el ¥h Ak tHeREra0k pRIPLRNQYS fQf M5 can be

used for the preparatjon ,of nmedicanments for.t treat mnent gnd/ or 25
prophylaxis‘ﬁ%mgg§5§"?“ﬁ%?@ﬁm6%ﬁ¥ﬁg)ﬂﬁﬁ?&?@&ﬁgyﬂﬁﬁgPEW &Wﬁibitors. Thus,

t he above nentioned crystalline or anorphous forns can be used for the
preparation of nedi&anents for the treatnment and/or prophyl axis of
di abet es, partiéﬁpg |y non-insulin dependent diabetes nellitus, and/or
i npai red glucose tolerance, as well as other conditions wherein the
anpl i fication oftcadiP@ariss dargessns efebndreiPyse RYHARILI AFUWIHIDPP- | V gives a
t her apeut i ¢ henafvi bt foledeivphihodrodfioddeidfin gsuleat sekctfd fjomen bliphstiows a XRPD
(Powder X T AR O RkIPBE 4 &F Br h¥RIGherl @br Qied 9L MANAS (25, 35,1
| bS) - 1_?§R%§ﬁgh§5§?@%bg?ﬁéthoxﬁé?fg%z,6,7%§ 1 %-he&ahyaro-z upyrido [2, 1-
a] i soqui nol i fithanAliphajic &ytops g BREHAVI LY & CBF BPF-03 PEHEHIMGTAY ochl or i de.
Firgure 2: shows an IR &anra Red spectroscopy) spectrumof a typical |ot of
formA of ( 2S, ¥8faalily igpolvent is sql@ted foprsetgne, methythtpp keiepeyacetpnigilgos 7 1 |
b- hexahydr o- t@ﬁh}ﬁ&{&fﬁ% br2miktures TheBeof or from water in admixture with acetone, methyl
a]isoquinolin:3;yl)-4 %%;tl 0 - i.din-2-one di hydrochl ori de.
Figure 3: sﬁﬁﬂgk§°%%£§ “?¥§F%%%ﬁgﬁxgggﬁﬁﬁ%éﬁ%ﬁ@%rFnetry) curve of a
typical lot of formA of S, 35,11 bS) -1 -( 2- . '
am no- 9, 10- di netiﬁawrﬁgrgﬁef&?%n%?&*b@ﬁ %ﬂiﬂ&ﬁwﬁﬂyﬁﬁﬁw Qo thereof
al i soqui nol i er-8utey i) add(iS)reivitiorcometdn ydtapydrefotap ¢ miurenidergeiayesekhl or i de.
Figure 4. shows a TGA (Thernmo Gravinetric Analysis) curve of a typical |ot
of form A of 15 ina further more preferred embodiment, tetrahydrofuran or water in admixture
(2S,3S, 11 bS) -1 }ggj -? %1-q&QPthoxy-l,3,4,6,7,11b-hexahydro-2kkpyrido[2,
1- a]isoquin"(\)nljdf%-a -yf?gﬁ 5 9?eluoronethyl-pyrrolidin-2-one di hydr ochl ori de.
Figure 5: shows a XRPD (Powder, X-Ray Diffraction),.pattern of a typical |ot
of orms of ( 24t38nr iryey e itodnliRY peslast LAY ARMHBRIH A Tuiofe D
| b- hexahydr obesedi- pyrido 12,1 -
al i soqui nolin-3-y1)-4(S)-fluoromethyl-pyrrolidin-2-one di hydrochl ori de.
Preferably, an admixture with water is used in order to provide a sufficiently high

solubility which is needed for filtration of the reaction mixture. On the other hand the

amount of water should be as low as possible to achieve high yields. Preferred ratios of

water/acetone are 1 : 0.9 (m/m) to 1: 1 {m/m). However the reaction itself can in

25  principle be conducted in any ratio of water/acetone.

Hydrochloric acid is as a rule applied as concentrated hydrochloric acid with a HCl

content of about 37 % in water.

The deprotection reaction can expediently be performed a temperature between 30
°C and 80 °C, depending on the solvent. Preferably, a temperature in the range of 35 °C

30 to 66 °C is applied.



20 Figure 6: shows an IR (Infra Red spectroscopy) spectrumof a typical |ot
of formB of

(25, 35, | | b8)o Meyi@s2aami no- 9, 10- di net hoi w1, 3, 4, 6, 7, 11b-oxahyanes@H pyri dof 2,
1- a]isoquinolin-3-yl)-4(S)-fluoromethylspyrrolidin-2-one di hydrochloride.
Figure 7: shows a DSC (Differenc al Scanning Calorinetry) curve of a

typical ot of fHgQEmsired 1&]15& of(fé3nuda> bl BS)salrule isolated by dilutin the mlxtule
-(2-amno-9, 1 dlneth X

ro-
a] i soqui nol i WY alf’% Bébsf 1458 ?%%f%%%gwegg%wxsgmﬁ Wétﬁ;)tﬁ%sodfﬂﬁt H&iplgé !THOI‘I de.
Fi gure 8: shfszeioelessr@stf(lsrﬁeqfqﬁﬁ)h@bmrmtrlﬁ ebtziped ipgiekly OE%?Q?/e&rb#haamg ¢pi cal | ot
of form B ofasfa?df3&4. | bS)- 1- ( 2-am no-9,1 0-di net hoxy-
1,3,4,6,7,11b- hexahydro-2H pyrido 12,1 -
al i soqui nol i n-3-y1)-4(S)-fluoronethyl-pyrrolidin-2-one dihydrochloride.
Fi gure 9: sshows 1ae $RRR: (:PoMER kisotceRaY tddyiniaghs F195,38at BN 2afmido-by@i cal | ot

if 3t 2e63(7) i‘n%) Ethﬁ%sa%&’é%gw& I%!d%wfléjpyrigo 1 -a 1soqu£nogn %r?l)nﬁS)g 10- di met hoxy-

i soqui nol i n-Buogemeriyt *s)mu ?@ﬁ% iydrogiaridglie diva cosialiae GRS WHEEHE Brde. - 12
- Figure 10:Ashbsn 8nankif §d shérahdRe dorspeedid aaampy)l. spectrum of a typical | ot
of the anorphous formof (25,351 1bS)-1 - (2-am no-9, 10- di net hoxy-

1“3 4,6, 7t% | b- hex ﬂméi{a&g Pfimqyéshqqm[eguok r@ilLﬁeé ﬁ)QtQHdtxﬁgcch?taﬁmyg&m #of( S) e
- uor one WS a
(Di fferendi stg%m’ﬁ Irﬁgb @Pé’r EPE? %Ogufgegoflqghfxak%]% pc‘)/f 'do “‘(f? the 5

anmor phous f o#ligp@finolin-3-y1)-4(S)-fluorome yl pyrrolidin-2-one dlhydrochlonde, ie. the

(25, 35, 11bS) cohrpb@n@mihorofndi®- di net hoxy-1, 3, 4, 6, 7, 11b- hexahydro- 2H-pyri do

[2,1 -a] isoquinolin-3-yl)-4(S)-fluoronethyl-pyrrolidin-2-one

di hydrochl oride. Figure 12: shows a TGA (Therfivn Gravinetric Anal ysis) curve

of a typical lot of the anorphous forgamof

(25, 35,11 bS)-1-(2-am no-9, 10-di net hoxy -1N3 , 6, 7, 11b- hexahydr o2H pyri do

[2,1-al isoquinolin-3-yl)-4( §) -fluodr I-pyrroI|d|n2-one

di hydrochl ori de. 10 Figure Q30 the | ellYhsoid plot of the

crystal structure of formA of Il I bS) -1-

(2-am no-9, 10- di net hoxy- 1, 3¢H, b- hé ydro- 2H pyrido [2,1- al

i soqui nolin-3-yl)-4( S) fl uor onet hyI pyrrolidin-2-one dihydrochl ori de.

The term "pol I.Ca ich can be
P ym?nana ggp@& th%rgre%ngxﬁye% gtk]reta?é’s% 9 Ehn-&ﬁ& f(g tui

characterized b as e E) i'ffraction,
R ek pett LRl os s Pt bREt o a’é“&’&r?m’ior@mé‘éf’ﬁ’rl%@¥9.bhexahYdm'

2H-pyrido[2,1-a}isoquinolin-3-yl)-4(S)-fluoromethyl-pyrrolidin-2-one dihydrochloride.

In another aspect, the present invention relates to the amorphous form of
(25,35,11b8)-1-(2-amino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-
alisoquinolin-3-yl)-4(S)-fluoromethyl-pyrrolidin-2-one dihydrochioride.

20 The aforementioned solid forms can be distinguished by physical and chemrical
properties that can be characterized by infra-red spectra, X-ray powder diffraction

patterns or melting behavior.

In accordance with the invention, the above mentioned crystalline or amorphous
forms can be used for the preparation of medicaments for the treatment and/or
25 prophylaxis of diseases which can be mediated by DPP-IV inhibitors. Thus, the above
mentioned crystalline or amorphous forms can be used for the preparation of

medicaments for the treatment and/or prophylaxis of diabetes, particularly non-insulin



As used herein, "anorphous fornm denotes a material that |acks Long range
order and as such does not show sharp X-ray peaks. The XRPD pattern of an
anor phous W#t284%03127§ s characteri zed by one or nore arfSARYHUEINR®Fos. " DMVF"
is used herein as an acronym of N, N-Di ngt.hyl f ormam de. 20"DSC' is used
herein as an acronymof Differencial Scanning Calorinmetry. DSC curves were
recor ded USId&gerﬂeﬂvmabkt%rméﬂ&hﬁd@di01dh~fpfu®d’d%mcb&|t018ﬁﬂcmmm@:ﬁ aadtberi net er DSC820

or DSC 821 V!okgln&} '\:N@§I%§1 tﬁgﬂg]gfﬁcat{%\é%rfg ]ge?'mhé 1’20¥m£ Bé:ﬂ%&ﬁ) @ﬁfpf or ned

wi th indiumas reference substance an ations re carried out usi ng
i ndi um benZi%reatt arapqﬁﬂbhgﬁﬁ and zinc as ref erence substances. 25For the
nmeasurenents approximately 2 to 6 ng of sanple were placed in alum num
pans, accur at el Yeswepved therfgutesr metical ly closed with perforation |ids.
Prior to neasurenent, the lids were automatically pierced resulting in
approx. 155 m@; shdvala6RPDTiRewsa XpRaDitierdn) parrheat tggicallvdeifonn Aldw of

ni trogen of RGBS 408717 RSaRfidisiaklaor0 K/ mn. O
20091027276C Eng)op Dieoifoh MAENDERL3 N7 | aW:' ﬁeor[e| n as

abbr evi at i orf PR ?Xﬁégbﬁmrﬁ@%rwﬂhw 3(028 d%dffi ‘§j
-(2-am no-9, 10-di net hoxy-1, 3,4,6,7, 11b- hexahydro 2Hp r|do [ 2, 1-a]

i soqui nol i nligu_wl}m(asﬂﬂflmﬁaﬁeﬁ@tsmscowrspwqum ﬁﬁm%lom fiigrar dehl ur i de.
"Form B" is (uses1er-eiNaamoabivrdmkdbiyons,i.ar,1theeakiyisd-aHlpyriéo[DM- sol vat e

LOLg‘Xgh%rg é%?qs;%%ﬂig%@-qsylﬂaor&%aﬁmﬂ}%ﬁdi&@:o@% '&‘E&H&%&Maﬂde& 4,6,7,11

| 3 1 di.hyd h| d
RN Ueed bt e Ty GHRGRVR Sr Rt AfrathLa Bt e sy ol g ¢
| R-spect r um &pf tZ&éS Bdipl-€2- msmr%]@oil@éfhmasl $4ps ?hl%ﬁ hfaiaN@ijJPngéjéﬁb on

consi sting of}isGRMFdX-3-)-Y) -Bfio:saemliepyadidih @wniidjiglirobgbmeen two sodi um
chloride plates, with an FT | R spectrometer 10 in transmttance. The

Spect r omet erg; §4 %hé\vaCdOﬂ 3&%%1%& alientve Gf:?@ﬁkél'idtgf‘ferngCo@( 32 or

use S an acr onym

nore coadde erei

of X-Ray |50v\5& |3 H%F} f“'inB‘r‘?91)9‘1[%‘3‘7&81‘3’1’%?%8’[71?8?111%}9’@«%? ﬁ]g ?932 ecorded in
transm ssi onelgeonedinys-whi-4(6) -4uSTOEhETDeRigi2f dne ddtydireltierideni t h CuKa radi ati on
(1.54 A) and a position sensitive detector. The 15 sanples (approxi mtely

50 ng) were ppeparskevdetrpErPotviénX-Rol Yiffektidr) Haddw of aypidal for bisrrandf anal yzed
wi thout furt &§%§(be%§?3§' Q&o(semgdmg{hbﬂm wtseru%&\shﬂgg 2ﬂf prhilg2gubst ance.

Al ternatively, raction vvere ) n a Scintag X1
powder X-r ayAlpquinokidofbter ﬂé%fﬂi“ﬁ%é’d’m" élr@g“’g}ﬂ%r Kal radiation

source. The sanples were scanned from2 to 36 20 at a rate of 1 per mnute
wi t h i nci Wenkighre ashetsan IRiafh Sedpecr@@panedrumefairial ot efdemeiobeam sl i t
w dt hs of 0.3s3ndi8)-2MMemino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido{2,1-

alisoquinolin-3-yl)-4(S)-fluoromethyl-pyrrolidin-2-one dihydrochloride.

Figure 7: shows a DSC (Differencial Scanning Calorimetry) curve of a typical lot of form
B of (25,35,11bS)~1-(2-amino-9,10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H-pyrido|2,1-
25 alisoquinolin-3-y1)-4(S)-fluoromethyl-pyrrolidin-2-one dihydrochloride.

Figure 8: shows a TGA (Thermo Gravimetric Analysis) curve of a typical lot of form B of
(25,35,11bS}-1-(2-amino-9,10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H-pyrido[2,1-
alisoquinolin-3-yl}-4(S)-fluoromethyl-pyrrolidin-2-one dihydrochloride.

Figure 9; shows a XRPD (Powder X-Ray Diffraction) pattern of a typical lot of the
30 amorphous form of (25,35,11b8)-1-(2-amine-9,10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-
2H-pyrido[2,1-alisoquinolin-3-v1}-4(S}-fluoromethyl-pyrrolidin-2-one dihydrochloride.



For single crystal structure analysis a single crystal was nounted in a

| oop on a gonioneter and neasured at anbient conditions. Alternatively, the
crystal wa¥oc¥e¥@®7i n a nitrogen stream during measurBFEREISBAYa wer e
collected on a STCE Imaging Plate Diffracti on System (1 PDS) from STOE
(Darnmstadt). In this case Md-radiation of 0.71 A 25 wavel ength was used for
data col | ectpigite | (Jatows WRER (hfcRsISpeiralchiy) eﬂiuﬂqBDSa@mﬁitwméxe The crystal

structure t gl Ioftvvare
I this cai%%%_pgﬁgf’or%%?a%ﬁ’% NIz a%%*é%%‘ @"@*}%W%E?ﬁ i) m&éguse

Al ternativeldH %ﬁt‘sP@)‘Hn‘?’é‘d? %ﬁ’é’“ﬁg’@hpﬂﬂh gat 3n °Bfe A single
crystal was nounted in a | oop and cooled to 89 Kin a n|tr en stream Data
was col | ect eldgue Lk Beovwa3 DS ByleranghtSc8minsce dsieeeiy ) @vewimwelgptﬁgf He MAR

CCD225 detecdnirphdub &brﬁsbmpjsragtznm 1r@adinahd-9n0-A0h8RxA) , 3ammd, daihaxdprdeessed with

th S. . T t andar d
crisP;??LSF“afﬁﬁ%ﬂdoiﬁ L e e 5?2{@3 @S#%Sfﬁgﬁf% S e
(Karl sruhe) was us ein tcgfnmé';lcronym of

Char o o o Maie Y2 S p oA Thereas Camrsier Angits S Sramistcs
Mettl er-Tol ezdmjrpmdmefmmgxf 538t d - (én?ahw&ﬂo @ﬁ@&&ﬁﬂlér‘l §TEA8yahy8yst em

sui tabi ity drestfdoler-8iReuhaed) W hubwi-anabyrasidmel -efener-qubsiance and
calibrations were carried using aI um ni um and i ndi um as reference

Substancel% p‘ig&él jnﬁm;sg?x{e%qg @.\%o@ swﬁmwﬁﬁmﬁ&m&lﬁﬂéﬂo 10 ng of

sanpl e , accurate and her rretl cally

were
closed with Ferpbibat ﬂ(% g, IOF‘fP’S X et %ﬁ@‘\é\f"dr‘f ﬁjér LR
aut omat i cal | ajispiendied-yl esG)-flisrgmethylagprobdin-2dens dimyipiidotdsl es. The sanpl es
were then heated under a flow of nitrogen of about 50 ni/mn using a
heating rate of 5 K/ min. 10As al ready nenti oned herei nabove, the present

i nventi on rel at @beteomt piymopke? refersys atybthliferni earmedifuadornt whighcaarbor phous f orm

of the compoynd Qfi..fi ef Myﬁc%eglomugh asdld. X-ray powder diffraction, IR

15 spectroscopy or differencial scanning calorimetry.

As used herein, “amorphous form” denotes a material that lacks long range order
and as such does not show sharp X-ray peaks. The XRPD pattern of an amorphous

material is characterized by one or more amorphous halos.
“DMF” is used herein as an acronym of N,N-Dimethylformamide.

20 “DSC” is used herein as an acronym of Differencial Scanning Calorimetry. DSC
curves were recorded using a Mettier-Toledo™ differential scanning calorimeter DSC820
or DSC 821 with a FRS05 sensor. Systern suitability tests were performed with indium as
reference substance and calibrations were carried out using indium, benzoic acid,

biphenyl and zinc as reference substances.

25 For the measurements approximately 2 to 6 mg of sample were placed in aluminum
pans, accurately weighed and hermetically closed with perforation lids. Prior to
measurement, the lids were automatically pierced resulting in approx. 1.5 mm pin holes.
The samples were then heated under a flow of nitrogen of about 100 mL/min using

heating rates of usuatly 10 K/min.



It has been found that

(2S, 3S, 11bS) - 1- (2-am no-9, 10-di net hoxy-1, 3, 4, 6, 7, 11b- hexahydro-2H -pyri do

[ 2,1-a] i sw&quiosralziaie 3-yl)-4(S)-fl uoronet hyl - pyrrol i di B-1ZEreFedsss

di hydrochloride (VI1) can be isolated, _gependi ng upon the nethod of
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goniometer and measured at ambient conditions. Alternatively, the crystal was cooled in
a nitrogen stream during measurement. Data were collected on a STOE Imaging Plate
Diffraction System (IPDS) from STOE (Darmstadt). In this case Mo-radiation of 0.71 A
25  wavelength was used for data collection. Data was processed with STOE IPDS-software.
The crystal structure was solved and refined with standard crystallographic software. In

this case the program ShelXTL from Bruker AXS (Karlsruhe) was used.

Alternatively, synchrotron radiation was used for data collection. A single crystal
was mounted in a loop and cooled to 89 K in a nitrogen stream. Data was collected at the
30 Swiss Light Source beamline X10SA using a MAR CCD225 detector with synchrotron
radiation (0.80 A) and data processed with the program XDS. The crystal structure was
solved and refined with standard crystallographic software. In this case the program
ShelXTL from Bruker AXS (Karlsruhe) was used.
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holes. The samples were then heated under a flow of nitrogen of about 50 mL/min using

a heating rate of 5 K/min.

10 As already mentioned hereinabove, the present invention relates to two novel

crystalline forms and to an amorphous form of the compound of formula

CH,O $ O Vil

CH,O 2 HCI

It has been found that (25,35,11b8)~1-(2-amino-9,10-dimethoxy-1,3,4.6,7,11b-
hexahydro-2H-pyrido{2,1-alisoquinolin-3-yl)-4(S)-fluoromethyl-pyrrolidin-2-one
15 dihydrochloride (VII) can be isolated, depending upon the method of preparation, as
form A, B or in an amorphous form. Form A can be isolated from different crystallization
methods as described below. Form B can be isolated from crystallization in DMF or
DMF/water. The amorphous form can be obtained by lyophilization of an aqueous
solution of (25,35,11bS)-1-(2-amino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-
20 pyrido[2.1-a}isoquinolin-3-y1)-4(8)-fluoromethyl-pyrrolidin-2-one dihydrochloride.

Form A can be obtained by recrystallization of (2§,35,11bS)-1-(2-amino-9,10-
dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H-pyrido[2,1-a}isoquinolin-3-yl}-4(S)-
fluoromethyl-pyrrolidin-2-one dihydrochloride in a mixture of methanol/water (0.5:0.5
w/w) at certain temperature and conceniration after seeding with subsequent

25 precipitation during cooling. Form A can also be obtained by recrystallization of
(25,35,11bS)-1-(2-amino-9,10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H-pyrido[2,1-
alisoquinolin-3-vi}-4(S)-fluoromethyl-pyrrolidin-2-one dihydrochloride in a solvent
selected from the group consisting of methanol, ethanol, ethanol/water mixtures,
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acetone/water mixtures, tetrahydrofurane, 2-propanol and acetonitrile and spontaneous

crystallization, without sceding, with subsequent precipitation during cooling.

Form A of (25,35,11b5)-1~(2~amino-9,10-dimethoxy-1,3,4,6,7,1 I b-hexahydro-2H-
pyrido[2,1-alisoguinolin-3-yl)-4(S)-fluoromethyi-pyrrolidin-2-one dihydrochloride is a
solvent-free form as no significant weight loss is observed in the TGA curve prior to

decomposition and can be characterized:

- by the following X-ray diffraction pattern obtained with a CuK, radiation having
characteristic peaks expressed in degrees 2Theta at approximately: 6.0, 10.1, 12.1, 13.2,
14,5, 15.2, 15,5, 16.1, 16.4, 17.7, 19.5, 20,7, 21.6, 22.6, 27.3, 27.8 and 30.2. The term
“approximately” means in this context that there is uncertainty in the measurements
of the degrees 2Theta of £ 0.2 (expressed in degrees 2Theta);

- by an IR absorption spectrum having characteristic peaks expressed in cm” at
approximately 3582 cm™, 3440 cm’l, 3237 em, 2726 cm, 2535 em™, 2477 em, 1953
em’, 1681 cm™, 1601 em™, 1575 cm’™, 1525 cm™, 1491 cm™, 1408 em’™, 1308 cm™,
1260 cm™, 1225 cm™, 1193 cm™, 1145 em™, 1130 em™, 1096 cm™, 1054 cm™, 1000 em’
! 967 cmt, 946 cm™, 879 cm’™, 844 ¢, 808 cm™, 768cm™ and 654 cm’’, The term
“approximately” means in this context that the cm’ values can vary, e.g. by up to + 3

cm’™'; and
- by a melting range (DSC) of about 295 °C to 310 °C under severe decomposition.
These characteristics and others are shown in figures 1 to 4.

A single crystal strocture analysis of form A was conducted. Table 1 lists some
crystal structure data, The experimental X-ray powder diffraction pattern of form A
corresponds to the theoretical pattern calculated from crystal structure data collected at
ambient conditions. The crystal packing of form A shows hydrogen bonds of the
carbonyl oxygen with the protonated primary amino groups of two adjacent active
molecules. A thermal ellipsoid plot of the crystal structure is shown in figure 13.

Table 1: Crystal structure data of form A

form ——— A

crystal system - Orthorhombic

space group --- P2(1) 2(1) 2{1)
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Form B of (25,35,11bS)-1-{2-amino-9,10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H-
pyrido[2,1-alisoquinolin-3-yl)-4(S)-fluoromethyl-pyrrolidin-2-one dihydrochloride, a

DMEF solvate, can be obtained by stirring a DMF/water (0.5:0.5 w/w) suspension of

(25,35,11bS})-1-

(2-amino-9,10-dimethoxy-1,3,4,6,7,1 1 b-hexahydro-2H-pyrido|[2,1-

alisoquinolin-3-y1)-4(S}-fluoromethyl-pyrrolidin-2-one dihydrochloride several days.

Form B of (25,35,11bS)-1-{2-amino-9,10-dimethoxy-1,3,4,6,7,1 Ib-hexahydro-2H-
pyrido[2,1-a]isoquinolin-3-y1)-4(S)-fluoromethyl-pyrrolidin-2-one dihydrochloride is a
solvate form and a weight loss 5.4 % — 5.7 % and 11.8 9% — 13.2% at 25 °C up to

10

TGA curve prior to decomposition and can be characterized:

approximately 150 °C respective approximately 150 °C up to 190 °C is observed in the

by the following X-ray diffraction pattern obtained with a CuK, radiation radiation
having characteristic peaks expressed in degrees 2Theta at approximately: 6.8, 12.5,
13.5,15.1, 17.4, 18.1, 18.4, 24.3, 24.8, 25.3, 27.2, 27.9, 28.1, 29.9 and 30.7. The term

15

“approximately” means in this context that there is an uncertainty in the

measurements of the degrees 2Theta of £ 0.2 (expressed in degrees 2Theta).

by an IR absorption spectrum having characteristic peaks expressed in cm at

approximately 3480 cm’’, 3376 cm™, 2706 em™, 2682 cm™, 2610 cm™, 2574 cm”,
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162

values can vary, e.g. by up to £ 3 cm .

1267 cm'},
1107 cm™, 998 cm™, 988 cm’, 930 cm™, 900 cm™, 841 em™, 767 cm™, 680
and 667 cm™. The term “approximately” means in this context that the cm™

1528 ¢’
1192

1574 cm™,
1251 cm’’, 1229 em™,

2 cm'l,

1487

-1
cm,



by an IR absorption spectrum having characteristic peaks expressed in cm at
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20cnt', 1410 cm 1383 cni', 1310 cnj], 1267 cni', 1251 cni', 1229 cni, 1192
cm, 1135 cm 1107 cni, 998 cni, 988 cni, 930 cm 900 cm 841 cnm', 767 cm
680 cnt’, and. GWamethImcév%mmpert@zdsrv@t 8ltMpo E@@ﬁe%kllﬁsd}hls cont ext t hat
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- by an IR absorption spectrum having characteristic peaks expressed in cm™ at

approximately 3429 cm™, 2507 cm™, 1680 cm’™’, 1612 cm™, 1515 cm’™, 1310 em ™,
15 1261 em™, 1246 em™, 1219 am™, 1127 cm™, 994 cm’Y, 964 am™?, 945 cm™, 888 cm ',
860 cm™, 842 e, 767 cm’, 685 cm™ and 635 cm . The term ,approximately®

means in this context that the cm ™' values can vary, e.g. by up to £ 3 cm’™,

These characteristics and others are shown on figures 9 to 12.
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Abbreviations

MeOH Methanol

EtOH Ethanol

THF Tetrahydrofuran

ACN Acetonitrile

IPA 2-Propanol

MEK Methyl ethyl ketone

RT Room Temperature

Determination of the assays

w1

The assay of (25,35,115S)-3-((45)-Fluoromethyl-2-oxo-pyrrolidin-1-y1}-9,10-
dimethoxy-1,3,4,6,7,1 Ib-hexahydro-2H-pyrido[2,1-alisoquinolin-2-yl]-carbamic acid
tert-butyl ester {2) was determined by HPLC analysis, using a XBridge C18 column of
Waters, 3,5 um, 4.6 x 150 mm , UV detection at 284 nm, gradient with mixtures of water,
acetonitrile and trietylamine, flow rate of I mL/min and column oven temperature

10 adjusted to 40 °C and employing an external standard.

The assay of (25,35,11b5)-1-(2-amino-9,10-dimethoxy-1,3,4,6,7,1 Ib-hexahydro-
2H-pyrido|2,1-a]isoquinolin-3-y1}-4(8)-fluoromethyl-pyrrolidin-2-one dihydrochloride
(3) was determined by HPLC analysis, using a Atlantis T3 column of Waters, 3 um, 4.6 x
150 mm, UV detection at 284 nm, gradient with mixtures of water, acetonitrile and
15 potassium dihydrogen phosphate buffer and pH of 3.0, flow rate of 1.0 mL/min and

column oven temperature adjusted to 45 °C and employing an external standard.
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Example la {(with LHMDS as base for cvclization)

A 1.2 L reactor equipped with a mechanical stirrer, a Pt-100 thermometer, a
dropping funnel and a nitrogen inlet was charged with 30.0 g (79.5 mmol) of
(28,38,11bS)-{3-amino-9,10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H-pyrido|2,1-a]

10 isoquinolin-2-yl)]-carbamic acid tert-butyl ester {1) and 1.20 g (9.1 mmol) 6-chloro-2-
pyridinol in 450 ml toluene. The mixture was heated to 85 to 90 °C and 12.2 g (103
mmol) of {$)-4-fluoromethyl-dihydro-furan-2-one was added within 45-60 minutes.
After the addition, the mixture was heated to 100 to 110 °C and stirred at this
temperature for 8 hours. Around 200 ml of toluene were then distilled off and the

15 resulting thick suspension was stirred at 85 °C for another 10 to 15 hours, The mixture
was then allowed to cool to 25 to 30 °C and 450 ml of THF were added. The mixture was
then treated at 25 to 30 °C with 12.9 g (111 mmol) methanesulfony! chloride followed by
13.1 g (130 mmol) of triethylamine. The resulting thick suspension was allowed to stir at
25 to 30 °C for 60 to 90 minutes, then cooled to -10 to 0 °C and treated at this

20 temperature within 1 to 2 hours with 168 g {238 mmol) lithium-bis {trimethylsilyl)
amide (23.8% in THF). After complete addition, the almost clear solution was stirred for
additional 1 to 2 hours at -10 to 0 °C. The mixture was then quenched with 75 mi of
water. The layers were separaied and the organic layer was washed with water (1x75 ml).
From the organic layer THF and toluene were completely distilled off and replaced by

25  MeOH. The resulting suspension (approx. 250 ml) was heated to reflux temperature and
then allowed to cool to -20 °C within 4 to 6 hours. The resulting suspension was stirred
for 2 hours at -20 °C, The crystals were filtered off, washed with 60 ml of pre-cold MeOH
and dried at 45 °C / <30 mbar to afford 29.8 g of the title product as colorless crystals
(77% vield; assay: 97.5 %{m/m)).
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cool to 25 t@s36 1 ESsaNttafdmo-onlo-dihethbly- Wet, &7 atdedahylihe2pxtidis[2,1was t hen

d 5 o.o.nw.;c.a"a e l, ) ' g lLorid
]Egleflzﬁe daEyzgﬁ“% a0 29%" LBark Qd%{&_ %r]ﬁ) aﬁ;eaqtzla%r(%%ﬁ&py L gri de

(T I f trieth The resul ting thick
suspensi on V\%Yé’d%"ﬂﬁ\(ﬁégimll %P%'Fgﬁﬁuﬁ%reﬁ8¥}§6@df%$s %agt(éa"églzrﬁ%@?ses, t hen
cool ed to - 1@nted BC)antudreoreabdditatrotinim-2etvenpdied ithie 4pc0miinutds.t o 2 hours
\AV; E h 168 gl (%13@ tﬁ@é&&%ﬁ}ioh,ﬁﬁ&hb&fﬂr%& th:&tEc% rebhyt i&ldt Nk ﬁ%i@%{r@n@énﬁé’%m THF) .

er conplete additi nos ear.. i was,.stirred for
addi t i ong}) 179 mﬁfgﬁ% 0 gﬁ Oﬁi}g‘e?e&‘f ol tt%:en %ﬁglse%oé‘(% ua(r)tge \r/\%@ﬁ?%tgﬁkquenc hed with
75 M of \Watespenipewhejirpdatfeflefos epihertlé Bownd 0F meolgplyers wers &ger was washed
wi th water (dixidbfhnd kplard bieooas gamrcal @y aid ofidfe dasfitlatiolaueRtodvail@ne

conpl etely d&f%t()? L 69 %LJSF@.?#.E %ﬁﬁhg%@'ﬁ}%x &ored¥5 Ic 10 gfeitgds:}% '2513p9c suspensi on
(approx. 250 nl) was Hicdted t0 Teflux tenperature and then allowed to cool
to -20 C wi tWith!¥8 g @18 pRlumetharepdfopdspiofifgfglevrdbendP 8 h0-ib&odef rred for 2
hours at - 20ufehyhinecThestsalitg werksufpehdiered abéhed toazhelb wi30 AC GO 761 of

pre-col d NeOH:and frd &dicdto 48109 *C md Y0 thiPreRfpbofde @5hif1 & Phod:he title

product as colorless crystals (77%yi.eld. as - .97.93,.0/0(m . - 20 -
Exanpl e |b (1l R & 1edie! )a’étﬁlﬂ%%rtf’ﬁiig’ﬁ%c(??(yféﬁ a0 .

equi pped wi t the suspesivaniaggirred far2henss ag-3PE- MEMiktuer wo theh guenchediwidpfiiong f unnel
a?dga ni trog@fawta.!ﬁiem@@% wellleaé ea@bg%a %fﬁ@ﬁgic%yégﬁas@amwthgﬁ g@ﬁrigsj 15I bS)

- -am no- - di e - -hexa 0- rido -a

i soqui nol i n-%—“%f?uff’egj%?(ﬂ ‘Edt%{%-fb&’ R g}’eto-r aﬂff;ﬁye@%@dﬁ%@%ﬁgri %%eéeiy( 9.1 mmol)
6- chl or o-2- @yiiedpfiond ieplag8dy MeOFblheraltinpasnesaniepr wad>heltwd to 85 to
9gg gnd_ lﬁ_. 2h@t€@l@ﬁzﬂmin})ezﬁtfure(aﬁ)iﬂflmﬁtl]bkﬁfdQﬂB@dﬂyﬂ “orhyeiie sthetaEnz- one wgs
added wi thin_45- L heo heated to
105 C and st PP alhEStor b ol 15 ol é*/ﬁ%w%?ﬁlx?d?%ﬁ e RRETL

tol uene wer e™ plgiie-geld MePFenddried dda °¢ heGmbate ifgd £6 %@fﬁ(‘f WPpeisi on was
stirred at 8&CofodessarysthibhE19%hGeldassns 99.10Qmidh))of t ol uene were then distilled
of f and replaced by 400 g of THF. At the end of the distillation a reaction
vol une of 500 m was adjusted. The m xture was then cooled to 23C and
treated at 23-30 Cwith 13.8 g (0.12 noll nethanesul fonyl chloride foll owed
by 14.0 g (0.14 nol) of triethylam ne. The resulting thick suspension was
allowed to stir at 25 to 30 Cfor 75 15 mnutes, then cooled to -10 to OC
and treated at this tenperature within 1 to 2 hours with 95 g (0.24 nol)
lithiumtert.-butoxide (20%in THF). After addition conpletion, the
suspension was stirred for 2 hours at -5 C. The m xture was then quenched
wth 75 g of water. The | ayers were separated and the organic | ayer was
washed with 70 g sulfuric acid solution (2.5%in water). Fromthe organic

| ayer THF and tol uene were conpletely 20 distilled off and replaced by
MeOH. The resulting suspension (approx. 230 m) was




heated to reflux tenperature and then allowed to cool to -10Cwithin 5
hours. The suspension was stirred for 2 hours at -10 C. The crystals were
filtered omo20ugetad with 50 m of pre-cold MeOH and ReATERE0ORPGOBE C / <30
nbar to afford 30.02 g of the title progiuct as colorless crystals (79%
yield; assay 99.2 %4nmnm)). WO 2009/027276PCT/ EP2008/ 060865 -21 - Exanple 2
Preparation of Example 2

(2S,3S, 11 bS)-1-(2-am no-9, 10- di net hoxy-1, 3, 4, 6, 7, 11b- hexahydr o2H pyri do[ 2, 1

-a ] isoquinoli s} aﬁéﬂxén of‘bz@niﬁ}up;ﬁ%h!}#mQNrﬁ&%&yQ'3{14@7 meheeimwm 0Ch| oride

(V) 52V | n T ol vent m
react or eqw?ﬁbgﬁl n%)ha]ésoﬂ‘é‘ it ggﬁ S%’\t?ﬁ)’f"é?e%wépﬁf‘ﬂ@ﬁbz P %%%P@Flde
droppi ng funi¥él) and a nitrogen inlet was charged with 15.0g (30.8 nmol) of
(2S,3S,11bS)-34(4S)-Fl uoronet hyl-2-oxo-pyrrolidin-1- yl) 9, 10- di net hoxy-

1,3,4,6,7,1 | b-hexahydro- 2H pyri dol2, 1-al isoquinolin-2-yll
tert-butyl ester (ZogHN20 of THE and 3 ml of water. At
bet ween 20 to 30C 9. 155 mmol ) of Hy¥ydrochl oric aci d
were added within 1®. o BO n nutes. —TheTesufting sol

hours at 45 EH&% nsi on cool ed down to 10CH©

-

this tenperature to 3 hours. The crystals werg pred 15 of f,
washed with 405 of THE and dried at 45 C/ <30Hm to” af f or #43. 5 g of
the title conpound as golorless crystals (96%yield; assay, 98 9 Ynmm).

Exanpl e 2b (in acetone / water as the solvent) A 250 m dotibl e ] acket
reactor equi pped vmth a.mechanl cal stirrer, a Pt-100 thernoneter, a
droppi ng funnel Eigaplaai IptpAs ghe syent harged with 21.10g (4174

A 350 ml reactor equipped with a mechanical stirrer, a Pt-100 thermometer, a
dropping funnel and a nitrogen inlet was charged with 15.0g (30.8 mmol) of
(28,38,1168)-3-((48)-Fluoromethyl-2-oxo-pyrrolidin-1-y1}-9,10-dimethoxy-

10 1,3,4,6,7,1 1b-hexahydro-2H-pyrido[2,1-a]isoquinolin-2-yl]-carbamic acid tert-butyl
ester (2), 120 ml of THF and 3 ml of water. At a temperature between 20 to 30°C9.15 ¢
{~93 mmol) of hydrochloric acid (37% in water) were added within 15 to 30 minutes.
The resulting solution was heated for 4 hours at 45 °C. The suspension cooled down to
10 to 15 °C and then stirred at this temperature for 2 to 3 hours. The crystals were filtered

15  off, washed with 40 ml of THF and dried at 45 °C / <30 mbar to afford 13.5 g of the title
compound as colorless crystals {96% yield; assay: 98.9 %(m/m}}.

Example 2b (in acetone / water as the solvent)

A 250 ml double jacket reactor equipped with a mechanical stirrer, a Pt-100

thermometer, a dropping funnel and a nitrogen inlet was charged with 21.10g (43.74

20 mmol) of (25,35,115S)-3-((45)-Fluoromethyl-2-oxo-pyrrolidin-[-v1)-9,10-dimethoxy-
1,3,4,6,7,11b-hexahydro-2H-pyrido|[2,1-a]isoquinolin-2-yl]-carbamic acid tert-butyl
ester (2), 20.0 g acetone and 19.0 g of water. At a temperature between 47 to 53°C 15.2 g
(153 mmol) hydrochloric acid (37% in water) were added within 10 minutes. The
obtained solution was filter through a 5 um sieve and the 250 ml reactor was washed with

25 amixture of 18.0 g acetone and 2.0 g water. The filtered solution was transferred into a
500 ml double jacket reactor equipped with an agitator, Pt-100 thermometer, a dropping
funnel and a nitrogen inlet. Under stirring at 20 to 30 °C 250 g of acetone were added to



20 mmol ) of

(2S, 3S,11bS)-34(4S) - Fl uor onet hyl - 2- oxo-pyrrolidin-1-y1l)-9, 10-di met hoxy-

1, 3,4, 6, 7, Wdnobweneahydr o- 2H- pyri dol 2, 1-al i soqui nol i n-B=1yitrbecs/adoben ¢ aci d
tert-butyl ester (2), 20.0 g acetone ang, 19.0 g of water. At a tenperature
between 47 to 53C 15.2 g (153 mml ) hydrochloric acid (37%in water) were

added w Ej hit mhég)émdau&i&&I_Ih@urgfsh@sie@ﬁqmﬁﬁak H{uﬁﬁ»{g u%&irfeﬁif&r%ﬁdiﬁ%}{aﬁﬂgg asb u;n

si eve an e .eactor was washe re o .0 g acetone
oha 5. 0 e A e FrEy bR BRI AL e e e B hEai, Couble
j acket react®P0 &gliPpeerr i tiferaip- Agiof dieditle cpppoupd as ¢byriessraststals (93%r oppi ng
funnel and ayidd;tai@gens kitheh)). Under stirring at 20 to 30C 250 g of acetone
were added to - 22 - the solution within 1-2 hours. Subsequently the

mxture was stirkad.f or addihi pRal, LahoMrsat 20 to 25 C. The crystals were
filtered of, washed wth 200 g of acetone and dried at 90C /<20 nbar to

afford 19.70 g af,.t.he title.c und .as orless.crystals, (92. 3% yield,
Rssay: 990 o gy nabils P IR AR AT AL MERTET MBI P abeaBE ST R S8

nl doubl e | a@r@EtonpEsact BRI pITha A HiFegsn HbE pranshaged with 2+ 818 (4374pt - 100

t her nonet er , menot fod (U339 L AQHIAELS )-Ehdrandii-L agepyirolidd- 1 wh e, COhkhgeokyw t h 21. 109
(43.74 nmol) i S) ey 3z f: - thyl- 2- - alidin-1-y1)-9,
| 0-dirnet holigf’é}’%’,%% gécglll‘%pc%%%ﬁéé(oj%éﬁo 9&3%3{}?3} 2&?1)%?&5 Xl&ggﬁéﬂl}fnol in-2-yll
- car bami cacisHr terd0:0gicyiona gnddd O of poler. Abp tegingrakrabERE 4P P9CG g fof wat er .
At a tenper atlal anbdthwdenhidic 4cal (331l Gatd) gefebBEdrdliy 10hyidresibhoric acid (37%

I n water) wefig,fdded ¥ &Y delQrdibt G5 siebhgh Rt BonadeQk Whi RRhMRSH 1] ter
through a 5 pm si ev xture of

nd the 2 react o s washed with a.m
18 05 acet ohE HEUSIE e T Fh o e PRSP Br r eq | Nt o
a 500 m douBtenljdgeiletacketmedtereqeigpidppdichneigitdiorahit- HfithenometePp daopping
t her nonet gr, fuandl bAPPHIAPzch Il EUDRRE siaAtk A 3Bt 2200200 & bf AN weRdefdedsh ier i ng at
38 to 42 C 25?) t:%n(\?vfith% - I\{\cﬁfrse Si%}dsg eugn& ftZII;]TLeX’EljS Olwl'%lst siti(r)rg ¥g %h&itrilon:!il-zzikohourts'
Subsequent | y the mxture was stirred for ac{celliflona(I1 é%ou_rs at 38 to 42C.
The cryst al s38fertd ¢-iThe epads were iligahefdavagh ehvigoshe HCAaNdgRed 4P éd/ at 90C /
<20 nbar to afofmbal tdGfoBD1gs0af of tieitlk kéheouao apalisrttssasysall (e 3% sisldcasyst al s
(93.5% vyi el dg'ssa%ﬁﬁ%g)_%. 8 116(mMm). 20Exanple 2d (in MEK/ water as the

solvent) A 250 oubl e jacket reactor equi pped with a nmechani cal

stirrer, a Pt-l%o t eé@gﬁhﬁé ? dr LN :funnel and a nitrogen inlet was

(2S, 3S, 11bS) - 3- ((45) - FI uor onmet hyl- 2- oxo-pyrrolidin-1-y1)-9, 10-di met hoxy-

1, 3, 4, 6, 7, 11b- heéxaRydlHeuDeiapet Feasoea pred) withsggerh il firsyitt-10 ar bami ¢ aci d
tert-butyl 2heestreder(@)ropi@y Ongyl M mndcked ;i@ wgs dfargeatveh 21.10g (85.1€nper at ur e
bet ween 47 { g B3Ge 15 B 164 53 MRloloMELOGRL Ol GRS honpgL oT ) wer e

added within nut es he_obt.ai.ned,.sol utj.o s filter, through a 5 pm
Sl eve. The {11067 al> boRbIdBTFaRE PPl P BEN 6 | acket
react or eyui pet?hilitre MAKagl il oef waRt-At@Qertrertvm retver, 4740 B8 pisidg f unnel
agg S nit rﬁgﬁlas {ri&l.c_@ﬁhydké@ﬁﬁ@fic &dd {rfiﬁ%rzﬂxgvr\]@tt?r) mretaade%ﬁm@iﬁﬁ)l Igina{ﬁs.l‘wﬁg were 30
added to the ,solution wt to ours, .Subseguently the mixture was
Ctirred or daarieRlet bl hed g EsgRie SRARGELETK AR 15 20
within 10 miaipe¥0 mdeeie aedl wronanuigeddrithmg aaitateoPt B0 stgone@eiedat o 5 hours
t he cryst al sdrepfifg funhél @h & gnigbgenwalshoadeabiring 200 g T "CACQIONEKarde dri ed at
90C / <20, . [ -calorl ess
crystal s 8 Giig%lé {;,i ;gi %‘}%Itgg {‘%%32%? §§;2 %E%{%%R%e%{&én%y GRIRAUA, 28 £Qlr
acaaronal L QUIS al (8]
additional stirring at 20 to 22°C {for 4 to 5 hours the crystals were filtered of, washed with
200 g of Acetone and dried at 90 °C / <20 mbar to afford 16.96 g of the title compound as

colorless crystals (86.1% vield; assay: 99.1 %(m/mj}).

. 120g Acetoné were added within 10 minutes. After
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In the tabl e bel ow exanpl es
with different solvents are provided to illustrate the invention.
Sol vent cowpgasdsteears f or the reaction (debocyl ati on) * FEaIBpeas/o@@posi ti on
for crystallisation/isolation* Yield 1%, Assay | %i 2e Water Water / ACN 1

In the table below examples with different solvents are provided to illustrate the

Exanpl e

invention.

Example | Solvent composition for Solvent composition for | Yield Assay
the reaction crystallisation/isolation* | [%] (9%
{debocylation)*

%e Water / ACN =
Water 1/13.95 71,5 99,6

2f ACN / water ACN / water / acetone
1/0.875 1/0.64717.24 87,9 99,0

I Water / acetone Water / acetone / ACN c
1/0.95 1/0.55/6.58 93:5 | 988

2d MEK/ water Methyl ethyl ketone/

1700 water / acetone 86,1 99,1
’ 1/0.18/1.2
*In m/m. The water of the hydrochloric acid (37% in water) is not included.
Comparison example 24 {in MeOH as the solvent}
5 A 350 ml reactor equipped with a mechanical stirrer, a Pt-100 thermometer, a

dropping funnel and a nitrogen inlet was charged with 10.0g {20.7 mmol) of
(25,35,115S8}-3-({45)-Fluoromethyl-2-oxo-pyrrolidin-1-y1)-9,10-dimethoxy-
1,3,4,6,7,11b-hexahydro-2H-pyrido{2,1-a]isoquinolin-2-yi}-carbamic acid tert-butyl
ester (2) and 50 ml of MeQOH. The suspension was heated to 50 °C and treated at this

10 temperature within 5 minutes with 10.2 g hydrochloric acid {37% in water). The mixture
was stirred for 4 hours at 50 °C. The colorless suspension was then allowed to cool to RT
and then treated within 15 to 30 minutes with 100 ml of methy} acetate. The suspension
was cooled to 0 to 5°C and stirred at this temperature for 1 to 2 hours. The crystals were
filtered off, washed with a mixture of methyl acetate and methanol and dried at 70 °C /

15 <30 mbar to afford 8.89 g of the title compound as colorless crystals (93% yield; assay:
98%(m/m)) with a methyl chloride content of several hundred ppm.

Comparison example 2B {in MeOH/water as the solvent)

A 250 ml double jacket reactor equipped with a mechanical stirrer, a Pt-100
thermometer, a dropping funnel and a nitrogen inlet was charged with 21.10g (43.74
20 mmol) of (25,35,1155)-3-{(48)-fluoromethyl-2-oxo-pyrrolidin-1-y1)-9,10-dimethoxy-
1,3,4,6,7,11b-hexahvdro-2H-pyrido{2,1-a]isoquinolin-2-yl]-carbamic acid tert-butyl
ester (2}, 20.0 g methanol and 15.0 g of water. At a temperature between 47 to 53 °C 15.2
g (153 mmol) hydrochloric acid (37% in water) were added within 10 minutes. The



2f ACN/ water 1/ 0.875 ACN/ water / acetone 1/ 0.64 / 17.24 87,9 99,0
2c Water / acetone 1/ 0.95 Water / acetone / ACN 1/ 0.55/ 6.58 93,5 98,8
2d MEK/ wawrednob2@6 9 Met hyl et hyl ketone/ water / aocwmawercdosse®. 18 / 1.2
86,1

] _24_

obtained solution was filter through a 5 pm sieve. The filtered solution was transferred
into a 500 ml double jacket reactor equipped with an agitator, Pt-100 thermometer, a
dropping funnel and a nitrogen inlet. Under stirring at 20 to 30 °C 250 g of Acetone were
added to the solution within 1 to 2 hours. After seeding with 200 mg of VII the mixiure

5 started crystallization. Subsequently the mixture was cooled down to -5 to 0 °C and was
stirred for additional 16 hours. The crystals were filtered of, washed with 40 g of Acetone
and dried at 90 °C / <20 mbar to afford 19.44 g of the title compound as colorless crystals
(91.8% vield; assay: 98.5 %{m/m)) with a methyl chloride content between 100 and 200

10 Comparison Example 2C {in IPA/water as the solvent}

A 250 ml double jacket reactor equipped with a mechanical stirrer, a Pt-100
thermometer, a dropping funnel and a nitrogen inlet was charged with 21.10g (43.74
mmol) of (25,35,1155)-3-({4S)-fluoromethyl-2-oxo-pyrrolidin-1-yl)-9,10-dimethoxy-
1,3,4,6,7,11b-hexahydro-2H-pyrido[2, 1 -alisoquinolin-2-yl] -carbamic acid tert-butyl

15 ester (2), 20.0 g IPA and 18.0 g of water. At a temperature between 47 10 53 °C 15.2 g
(153 mmol) hydrochloric acid (37% in water) were added within 10 minutes. The
obtained solution was filter through a 5 um sieve, The filtered solution was transferred
into a 500 ml double jacket reactor equipped with an agitator, Pt-100 thermometer, a
dropping funnel and a nitrogen inlet. Under stirring at 20 to 25 °C 250 g of IPA were

20 added to the solution within 1 to 2 hours. After seeding with 200 mg of 3 the mixture
started crystallization. Subsequently the mixture was stirred for additional 3 hours at 20
to 22 °C. The crystals were filtered of, washed with 40 g of IPA and dried at 90 °C / <20
mbar to afford 18.22 g of the title compound as colorless crystals (92.50 % vyield; assay:
98.4 %(m/m)) with a isopropyl chloride content of approximately 100 ppm.

25 Comparison Example 2D (in EtOH / water as the solvent

A 250 ml double jacket reactor equipped with a mechanical stirrer, a Pt-100
thermometer, a dropping funnel and a nitrogen inlet was charged with 21.10 g (43.74
mmol) of (25,35,115S5)-3-((45)-fluoromethyl-2-oxo-pyrrolidin-1-y1}-9,10-dimethoxy-
1,3,4,6,7,11b-hexahydro-2H-pyrido|2,1-a]isoquinolin-2-yl}-carbamic acid tert-butyl

30 ester (2), 20.0 g EtOM and 18.0 g of water. At a temperature between 47 to 53°C 152 g
(153 mmol) hydrochloric acid (37% in water) were added within 10 minutes. The
obtained solution was filter through a 5 pm sieve. The filtered solution was transferred
into a 500 ml double jacket reactor equipped with an agitator, Pt-100 thermometer, a
dropping funnel and a nitrogen inlet. Under stirring at 20 to 25 °C 250 g of ethanol were

35 added to the solution within 1 to 2 hours. After seeding with 200 mg of 3 the mixture



99,1 *In mm The water of the hydrochloric acid (37%in water) is not

i ncl uded. Conpari son exanple 2A (in MeOH as the solvent) 5A 350 ml reactor
equi pped wworeo@/opRohani cal stirrer, a Pt-100 ther nonCarEP2G8/H%Hpi ng f unnel
and a nitrogen inlet was charged with 1. 0g (20.7 mol) of
(2S,3S,11bS)-34(4S)-Fl uoromet hyl-2-oxo-pyrrolidin-1-y1)-9, 10-di net hoxy-
1,3,4,6,7, 1 dBrbexahydiion 2ithpyilehehothd Aixture ahs 56 Bir AAitidral3 Ybdrs atcar bam c

20 @ Loty DL el @y A0l M RN T BuSHARRRSHON, WP o2 ed Lo

50 C and tres

hydr ochl or i c<24cntar 305 1§- %tﬂéﬂl)e ttlqprampeuRd relopss ol (B BﬁldzﬁS%ur s at 50
C. The col ordsgis{ssuspeiiss ahylwalsrildh@ntcal beowen 200mnd00d pie. RT and then treated
within 15 to 30 minutes with 100 mM of nethyl acetate. The suspensi on was
cooled tos0 to 5C and stirred at thlﬁaﬁ@merature for 1 to 2 hours. The
crystals were filtered off, washed with a m xture of nethyl acetate and

met hanol ~and dr IP%%&%‘EO Ot/m A‘%f(?gg%bﬁyﬁ Qaﬁl IIOQJH) (ﬁmg 09} ,§,4EBQHI>| the

conmpound as col ess cr stal S say W th a nethyl
chloride cortssHydsr2ax éﬁ L-plisa ey RS ﬁlﬁa‘fﬂi@m BX{ 9K (in

MeOH wat er ashidaehkealivent) A 250 ni doubl e jacket reactor equipped wth a
mechani cal stirrer, a Pt-100 thernoneter, a dropping funnel and a nitrogen

i( g'segswc’ili g;lagg@grn;{\woh(z%bs 106)(43-2A0n 29 (TR e)ho®-1,3,4,6, 7 11b- hexahydro -2H- )

uor t \r oXy-
1,3, 4, 6, 71 ééésralao%n o ng E(S)Zﬂu%(gm%){g pgl‘]‘lé)fé)idlﬁl n]Do Y‘gmg}ﬁ? carbami ¢ acid
tert-butyl e‘is@t%‘? uead by dgstpngn ‘feﬁﬁﬁbffg&ﬁa“w ‘Bh N\%’@@? Ofﬁ(t"e&‘ t enper at ure
bet ween 47 t@ixbdé&s aiEce%ngfw@ﬂeE& gmmlu)/wlny\dfeﬁghtmnmlaje @.dn}dw(@N/ateﬁntMabler) wer e
added wi thi n(_F%O Hcg-rhz?so be %aredg?¥eaérﬂ'mﬂu§t%n%fl(%svﬁ§8 1I Et er through a

5 um si eve. tere ransferre doubl e

j acket react%ﬁ‘m‘éadp phedh R 4a§’|7 %E&V}Iaeéarbéﬁim UL %haﬂsﬁﬁ‘ﬁﬂ? 83>Y4 dr oppi ng
funnel and ai(fi-flucgeehjipystlidivader dydrodhlorgleatth20witho86€IR50: glvedt Acet one

wer e added tg st@ﬁ?co%?n%’i‘hg OR 0k fiBiedd 4 nlethadotNQUhshol htkele.c5E€00ENGWW th 200 ng

of VIl the mxture ta lization. Subsequently the m xture was
cool ed down "Etéamgwlat(?ﬁﬁg ;%Ci; @Béi’s‘f "red for additional 16 hours. The

crystals were filtered of, washed with 40 g of Acetone and dried at 90 C/
<20 nbar to af f Gxwialigation Bjogduehe title conpound as col orl ess crystals
(91.8%yield; assay: 98.5 %4nmn)) wth a nethyl chloride content between
100 and 200 250.00 g of (25,38,11b8)-1-(2-amino-9,10-dimethoxy-1,3,4,6,7,1 Lb-hexahydro-2H-

20 pyrido{2,1-alisoquinolin-3-yl)-4(S)-fluoromethyl-pyrrolidin-2-one dihydrochloride were

dissolved in 91.2 g acetone and 91.2 g water and heated up to 50 to 55 °C. The solution
was hot filtered. To the clear solution at 50 to 55 °C 4763.0 g of acetone were added. After
the addition of 400 mL of acetone 2.0 g of form A seeding crystals of {25,35,11b5}-1-{2-
amino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-ajisoquinolin-3-yl}-

25  4(S)-fluoromethyl-pyrrolidin-2-one dihydrochloride were added at 50 to 55 °C. After
complete addition of the acetone the temperature of the suspension was cooled with 0.3
t0 0.6 K/min down to 5 to 10 °C. After stirring at 5 to 10 °C for 1 h the colorless crystals
were filtered, washed with ca. 200 mL of acetone (5 to 10 °C) and dried at 70 °C/ < 20
mbar for 14 h. Yield: 241.0 g (95.4 %).

30 Preparation of seeding crystals of form A

Form A seeding crystals can be prepared by digestion of a slurry of (28,35,11bS)-1-
{2-amino-9,10-dimethoxy-1,3,4,6,7,1 Lb-hexahydro-2H-pyrido{2,1-a}isoquinolin-3-yl}-
4(S)-fluoromethyl-pyrrolidin-2-one dihydrochloride in solvent systems comprising but



PPm 10Conpari son Exanple 2C (in | PA/water as the solvent) A 250 ml double
j acket reactor equipped with a nechanical stirrer, a Pt-100 thernoneter, a
dr oppi ng f wwmebsards a nitrogen i nlet was charged w t PCIEP2@G0(EE. 74 Mol )
of (2S,35,11bS)-3-(

(4S) - fl uoronet hyl- 2- oxo-pyrrolidin-1- yl) 9, 10- di met hoxy- 1,3,4,6,7,1

| b- hexahydr o502 k‘hﬂb’d io@@Harol, zﬂietﬁ:lnoﬂ &antﬁ%kmreznyéahm@mmﬂbg B0, shwher t - but yl

15 ester (2) ter t bet ween 47
to 53C 15 2 4 1 b P oot s &t Bl AobRREAHh & 2Gaea wi thin
10 ni nutes. éfddb@af?ﬁﬁiéﬁe%@lmlf@bﬁzmmffﬂ tet through a 5 um sieve. The
filtered solution was transferred into a 500 mM doubl e jacket reactor

equi pped wi t h aroliyitdtapopertiffof i 4 her nonet er, a dropping funnel and a
nitrogen inlet. Under stirring at 20 to 25 C 250 g of I PA were 20 added to
the sol utison W tMPD-pattti@, R-dpedtisn, DSCL@Fveseadicngrsiot ford0areghooh i3 t he

m xture starg %9, crystallization. Subsequently the mXxture was stirred for
addi ti onal ours at 20 to 22 C. The crystals were filtered of, washed
with 40 g of | PA and dried at 90 C/E<20Eg%ar to afford 18.22 g of the
title compound as colorless crystal sE{g2! % yiel d; assay' 98.4 %M m)
with a isopropyl chloride content of approxi matel 100 ppm 25C0rrpar| son
Exanmpl e 2D (i n Ergprariompftfeim kel £heS é&sgéﬁ‘r"ﬁmmo 9,1 Ad12“‘5@‘°ﬁﬁ Labar1dby acket
reactor equilpnsddw-THpandeel halidoqaiolst-Bvh e S) -faroRimdi0 pyivadidiroeher , a

dr oppi ng fun %I;dr%rﬁg)% nitrogen inlet was charged wth 21.10 g (43.74 mmol)
of (2S, 35 11 ( % fl uoronet hyl 2- oxo pyrroI|d| n-1- yl) 9, 10-di met hoxy-
1,3,4,6,7, 11b- h ri so U|n I, c acid
tert- butyI 30 e %S%g%ﬂé) Iq%t ?‘P 4%721% heﬁthy m%ir?per ature
bet ween 47 tm’ﬂ%@ 1125115%1@16(1125535’1}71‘1@ ﬂuwyme%lhm lémazc‘i"ft} d{@#%blﬁ“@ﬁ‘a{* er) were
added wi t hi np@ sBlivait®e pldpere@ bt dikaash sk, OBSMAS2-fninberiotdimeatgh-a 5 p. m

sieve. The fjihens %ﬁ@aﬂdr@?‘[ﬁﬁ@ﬁdé A ERIRH 0@ #&%ﬁldhﬂoub' e j acket

reactor equi ppe opp| ng funnel
and a nit¥o g@ﬁ"oﬂlﬁF’e?r‘m@HHé?oc}%‘PF‘ilerlpﬁ‘&SQIWE@GYSEQB“ DklFwages (- 0510-58¥ Wanol  wer e 35
added to the sol utlon Wlthln 1 to 2 hours. After seeding with 200 ng of 3
the m xture PO 76 6ROTEEP2008/ 060865 - 25 - started
crystallization. Subsequent I y the m xture was stirred for additional 3
hours at 20 to 238G.of Tsescrysstiabsmiss-e 16-dintedroag 1 64,6, Wabhreghhwdrbi240 g of

Et hanol and Wri! 8@1 138 1(!11{131— < ) ?ﬁu&l%n@{hf}rp roiigm%org: dgﬂfyd;()raﬁmtﬂetvlfe?e conmpound

as colorless cr ass a et hyl
chlori de coni”é?%gﬁe‘fl\% %W%W 356)05 ‘iﬁ(ﬁﬁ‘ﬁfn‘%‘%{ ﬁfﬂr%“’%dy ataﬁfbgﬁbr ati gn of

form A of20 temperature. After filtration and drying at 40 °C to 50 °C / <20 mbar for several hours

(25, 35, 11b5) g ds & MR Qa1 weBs iH15PEL XY 084 3, 4, 6, 7, 11bhexahydr o- 2H pyri do[ 2, 1
-a]isoquinolin-3-yl)-4(5)-fluoronethyl-pyrrolidin-2-one di hydrochl oride

Solid state properties of form B

XRPD-pattern, IR-spectrum, DSC curve, and TG curve of form B are shown in
Figures 5 to 8.



Form A of (25,35,11 bS)-1-(2-amno-9, | O-dinethwy-1,3,4,6,7,1

b- hexahydro-2H 10 pyrido [2,1-a]

i soqui nol i wo3eeslop7244 S) - f | uor onet hyl - pyrrol i di n- 2- one RiiTfapa0®edsbaSr i de can be
produced by digestion in solvents as e.g:_nethanol, ethanol, 2-propanol or
solvent m xtures as acetone/water (e.g. 1:1, ww, water/nethanol (e.g. 1:

| ww, water/ethanol (e.g. 0.4:0.6 miwbleslt can al so be prepared by
re-crystallization of (25,35,1 |bS)-1-(2-

ami no-9, 10-di ne ge?))él)émén g’f’ﬂg %%#&MP&@@@%%@#@MM% b 20-hie@dhoxy

i soqui nol i n ne d|hydrochlor|de
with or wit hb%%/ 6, ééltib"?%‘@h}idFP %[b'ﬂ’\‘?’é‘i{?ﬁzéﬁ f"éﬁ’é“’@‘b'?'rﬁ %gn@o et limited to
nmet hanol , neivhahdh/2wateaihvfecigorid®. 5: 0. 5, w w), ethanol, water/ethanol (e.g.
0.6:0.4, ww). Crystallization Procedure 250.00 g of

(25, 35, 11195) 1- (A8 fHRuOfohkf o Hi20B8, MY & 2 B 69, W-dindeboke x ahydriob2H 20

pyri dol soqui %&g:lih}fﬁroazfx/g)rmﬁg fl 1so§8£8%e%?yélfﬂg)ﬁuo%ln&e%vpg%ﬁ%aﬁ ?bll;'cydr ochl ori de

wer e di ssol ve wat er an eated up to 50 to 55
C. The sol ut‘il@fﬁif%@@“ﬁ%’t*’asch?eﬁséﬁ"e‘ﬂ13’°P81Fﬁ@ncl ear solution at 50 to 55C 4763.0
g of acetone were added. After the addition of 400 nL of acetone 2.0 g of
form A seedi ng (BLQ{EI@&{)_TSM@S 35, 11W 142- am no-9, 10-di nethory-1,3,4,6,7,1
| b- hexahydr o-2H pyrido [2, 1-a] isoquinolin-3-yl) - 25

4(S)-fluoronet h)ﬁloelg)blfrzsb'sdima 2-(pamii-hyddiechloey-i de,swane-haddetoat- 50 to 55
C After 303;}31:@5@ 1%]&!)&& Ring yntﬂ@) ﬁ&&ha@ﬁgtg}@roﬁam%hﬁw&o@ﬁioﬁ&%wspensn on

was cool e é Af ter fstlrrln at 5to
10C for 1 h 41ﬁéi"%‘F‘&PE€§‘§ai€’r“§/%‘fﬂ§FI§ tmeéatvw%f o solRtiemesr e heWa. 200 ni of
acetone (5 tlgophlGkd ambr ddied patsuitd@ndexs2@r atbaF °d awd vidkum at ¥i2ehldr) 841. 0 ¢

(95.4 0/0). BORRaPALM:IOReAld ﬁ&#ﬁl{dﬁg(%wiﬁ@)ﬁ ©@F i 40 Adimethdk@r m A seedl ng

crystals can re n of a Yy, of 11K-1-

anmino -9, 10- g?ﬁ’gtlﬁgg aﬁj@b‘%zﬂ g ﬁ‘ﬁ‘@??ﬁ;ﬁ?d’b @pyrlr?}m&tﬁ’ﬁ 1- a]

i soqui nol i5n-Frrofidip=2- ﬂ(ﬁ@)hyﬂtoaldﬂmYWM g3k di n- 2- one di hydrochl oride in
sol vent systens conprising but WO 2009/ 027276PCT/ EP2008/ 060865 - 26 - not
limted to etharselid sureploaagts oitd amwmtgounfoxtur es of et hanol /water (e.g.

0.4:0.6 ww). After stirring the slurry at roomtenperature for several

days form A crystighspsianm, hesfeith e mad AR HETE caivk stthedmdiBhduskhorm 20 mbar for

14 h. shown in Figures 9 to 12.

%4 ¥



Soliq state properties of formA 5XRPD-pattern, |IR-spectrum DSC curve, and
TG curve of formA are shown in Figures 1 to 4. Exanple 4 Preparati on
of form B of (28,38,11b8)-1-(2-anino-aglo-dinethoxy-1,3,4,6,7,1

| bhexahydr o- 2H pyrido [ 2, 1-a] e

i soqui nolin-3-y1)-4(S)-fluoronethyl-pyrrolidin-2-one |a dihydrochloride
FormB of (25,3S,1 1bS) -1 - (2-am noaBus |

0- di et hoxy- 1, 3, 4, 6, 7, 11b- hexahydr o- 2H -

pyrido[ 2, 1-a] i soqui nolin-3-yl1)-4(S)-fluoronethyl-pyrrolidin-2-one

di hydr ochl or, g [ HeRAT; 1364 b forfnd 13S, 1

| bS) - 1- ( 2- anln%g‘jcﬁg‘sl%eﬁﬁ%@f%ggﬁ g@f‘% %ﬁ%ﬁ%ﬁ%?ﬁ‘%ﬁ"ﬁﬁffdo [2, 1-a]

i soqui nolin-3-yl1) -4( 5) -fluoronethyl- 15 pyprelidin-2-one dihydrochloride
in the solvent system DMF/ water (e.g. 0.5:0.%5 ww). Crystallization
Procedure 0.38 g of NH,
(28,38,11bS)-1-(2-anino-9,10-dinethoxyfivaw 6, 7, 11b- hexahydr o- 2Hpyri do
[2,1-a] isoquinolin-3-yl)-4(S):fluorgmet hyl-pyrrolidin-2-one

di hydrochl ori de were suspended Ng DMF/water (0.5:0.5 ww and
stirred for five days at anbiﬁgt ZQite erature. After filtration and
drying at 40 Cto 50 C/ <20 ar;gor several hours 0.04 g of a white solid
were isolated. Yield: 0.04g. Solié& state properties of formB

XRPD-pattern, |IR-spectrum DSC curve, and TG curve of formB are shown in
Figures 5 to_ 8. . 009/ Q2727 7 6 oin 2¥als 5

Preparat i on 8%“%W§§génfﬁégugmf%gﬁrggaég@%%g,?gﬁé%&n’Kﬂo@gﬁqﬂﬁkﬁ}’igwﬁ

| bS) - 1- ( Zkeiriaveer YKLy dir ey Toalyely B whessiy Jowdr sliéxiampd pibo v fomigs alienii. ]

I soqui rt gl | ng iy - e (suBlimfdeHOBPMBLRY | X6 EREIERNA; 2roner dhdivdepah, osicde

pharmaceutically acceptable salts thereof,

comprising
10 a) coupling an amine of formula HI
NR*
AN,
5 H
: | = N H
Rz)\/\)
B

wherein R', R* and R’ are each independently hydrogen, halogen, hydroxy, lower

allevl, lower alkoxy or lower alkenyl, wherein lower alkyl, lower alkoxy and lower alkenyl
. 4 -

may optionally be substituted by lower alkoxycarbonyl, aryl or heterocyclyl, and R” 1s an

15 amino protecting group, with the fluorolactone of the formula IV

-~

Owg IV

in the presence of 6-chloropyridin-2-ol as catalyst to form the butyramide of the formula V



5An anor phous formof (25,35,11bS)-1 - (2-am no-9, 10-di neth
oxy-1,3,4,6,7,1 | b-

hexahydro-ZH-pyrid012,1-alisoquinoIinQ -y1)-4(S)-fluoronethyl -pyrrolidin-2-
one di hydrochl ori de was accessi bl e by ?ophilisation. Preparati on Procedure
5.00 g of (25,35,1 IbS)-1-(2-am no-9, | :

0- di met hoxy- 1, 3, 4, 6, 7, 11b- hexahydr o3 110 pyr?do12,1 -al isoquinolin-3
-yl) -4 (S)-fl uoronethyl -pyrroligds N i‘hydrochl ori de were di ssol ved
in 20 g of water at anbient; B[ . Jhejcl ear solution was frozen and
| yophi li zed under reduced » ondehsat 6f at -55MC and vacuum at 0.2
mbar) for 72 hours. Analysis ed anor phous

(25, 3S, 11 bS) - 1- (2- am no- 9, 30- difmethoxy1, 3, 4,6, 7,1 | b-hexahydro-2H pyri do
2,1 -al isoquinolin-3-yl) -4(S$3-fluoronethyl- 15 pyrrolidin-2-one

di hydrochloride. Yield: 4.7 g (94 % . Solid state properties of the

anor phous for . X patt.er - DSC curve and TG curve of the
anor phous foW%%rglpeRéliﬁE% E?Ir? Iﬁiegeﬁﬁée(gg 1:90(;1';0%{25{:'m **% .28- Cains |I. Process
for the preparation of a pyrido[z,;-aLisoquinoline derivative of formula I
Swher ei n Rl , bRRmang tRemgrdategE fPringleendent | y hydr ogen, hal ogen, hydr oxy,

| oner al kyl, |ower al koxy or |ower al kenyl, wherein |ower alkyl, |ower

al koxy and | ower al kenyi nay opti onal KgR substtMsut ed by | ower

al koxycarbonyl, aryl or heterocyclyl , ~a ceutically acceptable salts
t hereof, conprising

F Wi

wherein RI, R* , R? and R* are as defined above and Ms stands for methanesulfonyl,
by reacting the butyramide of formula V with methanesulfonyl chloride or methanesulfonyl
anhydride;

¢) ring closing of the mesylate of formula VI in the presence of an organic base 10

i0  form the N-protected pyride[2,1-ajisoquinoline derivative of formula Ii

F
NHR®
3 N
1 ’ r\/ (5
R I\‘ \NJ 0
Rz -

. 2 3 s - e :
wherein R', R” and R are as defined above and R’ is an amino protecting group and

d) deprotecting the N-proiected pyridof2,]-ajisoquinoline derivative of formula II
with hvdrochloric acid in a solvent selected from the group consisting of acetone, methyl
15 ethyl ketone, acetonitrile, terrahvdrofuran or mixtures thereof, and water in admixture with

acetone, methy] ethvl ketone, acetonitrile, tetrahvdrofuran or mixtures thereof,

wherein at the end of step a), the amount of solvent must be reduced by distillation m
order to achieve full conversion of compound of amine of formula I to butyramide of

formula V.



10a) coupling an amne of formula |11 wherein R, Wand R3 are each

i ndependent |y hydrogen, hal ogen, hydroxy, |ower alkyl, |ower al koxy or
| ower al kenyl, wherein |ower alkyl, Igggr al koxy and | ower al kenyl may
optionally be substituted by | ower al Koxycarbonyl, aryl or h.eterocyclyl,

and R4 is an 15 amino protecting group, with the fluorolactone of the
formul a TV otvheteld thevbigpeirid®Rp{ foRRUIaRS obfatheR4roan slcpg) tafsehey tabpoeiation

b) form : : SRV I wherein R R2. R3 and IR4
are as d%%?hgﬁngﬁﬁégmgﬁaq%gﬁg%ﬁ%%@“%%?§%%¥hanesulfonyl, by reacting the
butyram de of formula V with nethanesul fonyl chloride, or t hanesul f onyl
anhydri de; and wheremnghe e glawa’sithEsegfio 5D FEEHPACESISING O 4RSI SNICATIRt he
presences@fsan organi c base to 10 formthe N-protected
pyrido[ 2, 1-aiisoqui noline derivative of fofinula I

2. Process according to claims 1 or 2, wherein R' and R? are methoxy and R is

hydrogen.



where RI. R2 and Rs are as defined above and R4 is an am no protecting
group and d) deprotecting the N-protected pyrido[2,].-alisoquinoline
derivative of formula IT with hydrochl,;%ri c acid in a solvent selected from
the group consisting of acetone, nethyl"”"1 5 ethyl ketone, acetonitrile,
tetrahydrofuran or m xtures thereof, and water in adm xture with acetone,
net hyl ethyl ketone, acetonitrile, tetrahydrofuran or m xtures thereof,

wherein at theérens afcostieptoadiaint hehamoterizedin bal venp artist o-pdorcpduded- by

distillation,in order.to ' | Y QU s @Mmipe of
f oonul a 9} qapat]%pguatpyﬁ‘adrﬁn éla%@n%\c()?)}frgl%g r@%}ég‘g%nmocﬁm%\(g@g? 't %é&%ult%{?rnggﬁ de of
formul a ¥ aibtrail ved vileomishepnt) df Sorusealllf.or the nesyl ation step b) without

isolation fromthe reaction m xture. and wherein the term"Il ower”
is used to nmean a group consisting of one to six carbon 5 atons. 2.
Process accof di:NGsi &colBhd® dlaidls 12or WRBE-QEBriAd 8Nk @neelBhhoxyp and R3 |'s
hydr ogen. Pro .ng to claim 1. characterized in that

- 29- 3. Pr ac
in step B‘?fquﬁ’éd@i%WI‘W%VPioggﬁ-%@-mgl?{g talyst is applied in an amount of
0.05 nol equivalents to 0.20 nol equivalents relating to one nol equival ent
of the amne of fornmula 54. Process according to clainms 1 or 3,
char act eri zefl Fmcdshatcordies coaveosi oiclaimsst ep? &) 4i Gapstdrigedrivdihat ingtep b)
tenmperature of 8 : (L. 5. Process according to any one of
cl ai ms 1m§‘rtana§estu§8ﬂﬁ%ghog}rdé%%%&’r%?2ed in that in step b) methanesul f onyl
chloride is used. 6. Process according to any one of clainms 1 or 3
to 5, characterized in that the () conversion in step b) is perf rm?d at a
t enper at ur e 6f Progess, aqeerdyse ¢ any one of Cipm§cedy altor (EPP?’?@“F%ZEBW T3%“&
clai ngy 1.QkvedidPinbiepa)al petRhiededa tdndchatretdre orresyliatee. of formla Vi
obtained in step b) is used for the ring closing step ¢c) wi thout isolation
fromthe reaction m xture.

7. Process according to any one of claims 1 or 3 to 6, characterized in that the
mesvlate of formula VI obtained in step b) is used for the ring closing step ¢} without

isoiation from the reaction mixture.



- 30- 8. Process according to any one of clains 1 or 3 to 7,

characterized in that in step el lithiumtert.-butoxide or
lithiumbis(trinethylsilyl)am de is sghected as organi c base. 9.
Process according to cl ai m8 characterized inthat lithiumtert. -butoxi de
or 5 I|th|umb|s(tr|rreth silyl)am.c

pI| d, i
equi val ent s & §7FE HEPBRUIOVE é’ﬁ?é)fl‘: Iat? g -t6 728%&%??1 t:’%t:ﬂl?va 1;9%1;@%];
am ne ofjjfiarmetabhibkide or lithid-bidProoeisdsikd mondd mge}tecteéafyoﬁﬁﬂc@fiSGC| ai s 1 or
3to 9, characterized in that the conversion in step c) is perforned at a

terrperatureo 20 Cto 10 ' C. cor -gtains 1
or B to 10, ‘CrPE kPR I Y ForMERRe1BUG L T A Pan B M 101
sol vent tﬁhﬂuﬁcbedrtmmﬂsaigbammb is mlhaﬁl INENIIOREPDAE, MBI e %Fno

teu- ahyde{q%n%{e?t% r@tattm Xt &{eetﬁoitebﬁ B0y o Phe WSS of BrAdATXt Ure with acetone,

met hyl tone. “acetonit e or tetrahydrofuran or m xtures thereof
are used 12. Process according to claim1l, characterized in that
acetone or tetrahydrofuran or m xtures .thereof or ter in. a wth
acet one or t¥t FaPSESE GFLVERE IP W)&F’Er‘e{sdﬁlﬁegr goOfT L dﬁ@%%eme X[B# fie
Process @g¢ek@inng sied catypetoamed atcl @infsraturenf 20t°0° w20 “Char act er| zed in that
the conversion in step d) is perforned at a tenperature of 35 'Xl' to 66 C.
14. Process according to any one of clains | to 13, wherein the conpound of

I(Sr TJ|334| IESS(7%I%SOEH%§< %C%?ng% gglgxét%n%rﬂf&%?i i o5 97' tLHQ{'etctertz"-‘d in that for the

soquiinol dapr@estiop- (8- d)l amﬁmmétﬂi@qteqaﬁﬁmcme? i IﬁetQX 1cffr‘frle‘ﬂ drtperaseRPbicds.

tetrahydrofuran or mixtures thereof, or water in admixture with acetone, methyl ethyl

ketone, acetonitrile or terrahydrofuran or mixtures thereof are used.

12. Process according to claim 11, characterized in that acetone or tetrahydrofuran or

mixtures thereof or water in admixture with acetone or tetrahydrofuran or mixtures thereof

15 are used.

13, Process according to any one of claims 1 or 3 to 12, characterized in that the

conversion in step d) is performed at a temperature of 35 °C to 66 °C.

14. Process according to any one of claims 1 to 13, wherein the compound of formula
I is  (28.38,11bS)-1-(2-amino-9,10-dimethoxy-1,3.4.6,7,1 1b-hexahydro-2H-pyrido[2.1-

20 ajisoquinolin-3-y1)-4(8)-fluoromethyl-pyrrolidin-2-one dibydrochlornde.



