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PROCESS FOR THE PREPARATION OF PYRIDO [2 , 1-A]
| SOQUI NOLI NE DERI VATI VES AND POLYMORPHI C FROVE THEREOF

wab@9persent i nvention is concerned with a novECT/EP2008/060865

process for the preparation of
pyrido[2,|-a]isoquinoline derivatives. The
pyrido[2,|-a]isoquinoline derivatives of fornula I
wherein R1, R2 and R3 are each independently hydrogen,
hal ogen, hydroxy, |ower al kyl, |ower al koxy or | ower

PRAFKENYPR ThiFe PREPARATIANT ORI ERREIDO 120hek] ISORGIWLa¥R] DERWEHYTIVES AND
PORIMQRTLC rFRPMO (REERRR | y be substituted by | ower

al koxycarbonyl, aryl or heterocyclyl and the
pharmaceutically acceptable salts thereof are useful

for the treatnent and/or prophyl axis of diabetes,
particularly non-insulin dependent diabetes nellitus,
and/ or inpaired glucose tolerance, as well as other
condThé¢ presensirerceiion tshenampd Witle atnowel podcesscior dre ppépaaation of

PREMBS R0 ARhbpd JARYNER Bk AR s N8 dorvagives of
famuld eat ment and/ or prophyl axi s of obesity,

i nfl ammat ory bowel disease, Colitis U cerosa, Mrbus
Crohn, and/or metabolic syndrone or Il protection.
Furt hernore, the conpounds canNae d as diuretic
agents and for the treatnment an 7q\l ophyl axi s of
hypertensi on (PCT Publicatio ( 2005/ 000848). The
invention also rel at gs( t cpystabline fornms of
(2S,3S,1 1 bS)-1-(2-anmin 1N- di met hoxy- 1, 3, 4, 6, 7,

1l b- hexahydr o- 2H pyrii Z ] isoquinolin-3-yl)

-4(S) - fluoronethyl-pyrrgdidin-2-one di hydrochl oride,
which are form A and form'B and to an anor phous form

of said conpound. The process for preparation as
descwhbeth RnRE hied RGIre Radi ind gicindentNchydvié e 0B B0BERoxy, lower

. : : f
TR LS 0SSN LG S ATk
fay wpbenally besebsituted by bnraiabakyadaing], apdpt hetatagyglyl ant the

RSl Ul Pace S8l SARERSE /AT iR thelEndHi GERE Srophylaxis
of 2-hydroxypyridine . . . .
of diabetes, particularly non-insulin dependent diabetes mellitus, and/or impaired

glucose tolerance, as well as other conditions wherein the amplification of action of a
peptide normally inactivated by DPP-IV gives a therapeutic benefit. The compounds can
also be used in the treatment and/or prophylaxis of obesity, inflammatory bowel disease,
Colitis Ulcerosa, Morbus Crohn, and/or metabolic syndrome or 3-cell protection.
Furthermore, the compounds can be used as diuretic agents and for the treatment and/or
prophylaxis of hypertension (PCT Publication No. WO 2005/000848).

The invention also relates to two crystalline forms of (2S5,3S,11bS)-1-(2-amino-
9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-a]isoquinolin-3-yl)-4(S)-
fluoromethyl-pyrrolidin-2-one dihydrochloride, which are form A and form B and to an

amorphous form of said compound.

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
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DK/ 20. 06. 2008as cat al yst under the conditions
outlined in WO 2005/000848 |l ed to a conparabl e | ower

W@ w9l RIon whi ch necessitates an i nternedi at eeCT/EP2008/060865

i solation step and that the deprotection of the

N—protected pyrido[2 I-a]isoquinoline derivative of

as & Ys§HnillerV\fle on tl(rl% C)lu‘flhle? in 9\29 ?E)O%}p(zdfﬁqg ﬁ{h t%gl(f%{’np%§able lower
gymvprsm]mgh n&'¢¢@s1tatqs eutintefm¢diase prkgien 1step nuea 4t elme deprotection of
ey g) @t@@ced@ﬁﬁo‘h qea\1 Sbﬁ’lﬂnéhr&r &?%t%ve%'f&ﬁmﬁ%(@ﬂ Weh 5&%%!1 c%lorlde or

dlsa ant a found prior art process and

¥dragm qhé%mfieem @leiwéksmlﬁ%lals l%dcté’l taxic phkylcgloride bytpaed l&féSen
achleved with the process as outlined below The
pr ocessolbctiolf ﬁlegfreﬁzﬁﬂinvérmtﬁﬂthieﬁfbré QAPtd &&slob |’zl@rocess which avoids

g\@ecﬁ %ﬁﬁ%ﬂlt%%f ?Q,m@rlg)ﬁ%e do([rzagjzprg%}ﬁg %%C&Jgpghlég%qp SIY8h tecﬁmcal

saabependent | y hydrogen, hal ogen, hydroxy, |ower alkyl,
| ower al koxy or | ower al kenyl, wherein | ower alkyl,

| ovetqy abise maQB%‘ nl RURY f!vﬁf?ﬂi/é rHPéé 6dtHHéH be¥oPe
substitute ower a oxycarbony aryl or
heterocyclyl and pharmaceutically acceptable salts

t her gof r|3|n the deprotection of an N tect.ed
pyr 1 BB PrECess O e B HETITRE aHTyS: he BrGRraigh Al R &VTifo12 -
mhﬁmanmhﬁadmﬁanamdfEﬁnmkﬂjas defi ned above and R4 is
an acid-labile am no protecting group,wth
hydrochloric acid in a sol vent sel ect fromthe group
consisting of an aliphatic ketone, al i phatic
nitrile, a cyclic ether or n1x@uwe t\hereof , and wat er
in admixture with an aliphat i€~k , an aliphatic
nitrile, a cyclic etQﬁ res ghereof. In a
further enbodi nent, t $”of the present

i nvention conprises %% > g an am ne of formula
1l wherein Rl, R2 a Aare each independently

hydr ogen, hal ogen, hydro%? | ower al kyl, |ower al koxy
or | ower al kenyl, wherein | ower alkyl, Iomer al koxy

and {,A¥Rin R KeRAYd 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 N-protected pyrido[2,1-a]isoquinoline derivative

of formula IT

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

protecting group,
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may optionally be substituted by | ower al koxycarbonyl,
aryl or heterocyclyl and R4 is an am no protecting

w@e@ap272 t h t he fl uorol actone of the fornul a PCI/EP200$16650865

presence of 6-chloropyridine-2-0l as catalyst to form
the butyram de of the formula V wherein Rl, R2, R3 and

Egr ranrj {vfth %‘Wroca\v\gl% gu:l bll’(l) E’EOIV@ sel%éngl ﬁ'ngﬁue gfoeu% cgnge?n%of 40
aihatc &ﬁdnwngilahrdg figile, mdmlsﬂlofr@myturesbbeneeﬁend wgter in
LdRixPE Wlﬁ@ndﬁ%)ﬁgtlé 1 &n Mlﬁﬂattlla nﬁrlfﬁeg '8?&% St QPM’Jlxtures thereof.

chl oride or hanesul f onyl anhy ride ring closing

of the | at f forpula Vi t he resence of anp
or gam g %éeling $ M ttﬂ;épqq_c%ﬁs 3{ g@tpéaserrl)t invention comprises
pyrido[2,]-a]isoquinoline derivative of formula |1
wher g soupling R2amie dRIoratida 88 def i ned above and R4 is
an acid-labile am no protecting group and d)
deprotecting the N-protected wgtido [2, 1-a]

I soqui nol i ne derivative of forzyul gyl ! wth
hydrochloric acid in a sol yert €l eéted from an

al i phatic ketone, an itrile or 3 cyclic
ether or mxtures there water in adhi xture
wth an aliphatic keg l'i phatic nitrile or a
cyclic ether or m xtures ghereof. Unless otherw se
indi cated, the follow ng definitions are set forth to
|IIustrate and defjne the nmeani ng and scope of the

var i whereineR nR @u@ia& g cadsiadensademly hyavegeni lhograr kydioxy, lower
élﬁylt hwer §1FR%§>P b 16%% «maeﬁyh ewﬁe%m vlré?\ﬁﬁ&l 1dveerl LAd Ran alkenyl

a group consisting ne era e to,

P8t PPEARBIY e st I )fc? ¥ ﬁﬁ?f“‘%é?%]@[ Al péLgF@cchy and R* is an
Aty pro@ectiehg@ipeith tlfecﬂndﬂelaaede bOdle fiermua th f 1 uori ne,
brom ne and chl orine being preferred. The term "Il owner
al kyl", alone or in conbinatio fFth ot her groups,
refers to a

@) v
@)

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

formula V

wherein R', R%, R’ and R* are as defined above;

b) forming the mesylate of formula VI
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branched or straight- chain nonoval ent al kyl radica
of one to six carbon atons, preferably one to four

W@ 200027226 ons. This termis further exenplifi eBCHEP2008/060865

radi cal s such asnethyl, ethyl, n-propyl, isopropyl,
n-butyl, s-butyl, isobutyl, t-butyl, n-pentyl, 3-

nmet hyl butyl, n-hexyl, 2- ethylbugyl and the |ike.
Preferabl e | ower alkyl reS|dU55 are met and et hyl,
wi th met hyl being especiall : The term

"l ower al koxy" refers to H{e gfougy R C>, wherein R
is |ower alkyl as defl i n beford Exafipl es of
| ower al koxy groups 5 el g. ) net hoxy, ethoxy, propoxy,
i SOpr opoxy, butoxy, i sobut oxy and hexyl oxy, wth

nmet hoxy bei ng espeC|aII§ preferred. The term "Il ower
al koxycarbonyl" refers to the group R-O0C(O) -

wher h&eRR RY R, IFOWRH Ralai‘eﬂs defm&i ilﬁ)rvénan@f\/]}él stanﬂ@?&rrﬁethﬁ)nesulfonyl,

an aronma nonoyal no- pol ycar ocyc |c
byraeng t ﬁﬂg EPBWWégldﬁﬁ’ gfhan P@Y gB qyide or
ﬁi@&ﬁylksulﬁohylcdﬁhgx@{ydeopt | onal I y be nono- , -
tri-substituted, independently, by Iomer aIkyI | ower
al kox

C

o e S Sy e @R e AR ror ROV il pROGHsREIY bpegnig base o
BnnnmeGLn&ﬁhﬁw@@mﬁbﬁhhmMsxpnn@amukavadwmﬁénenmtgcI|c
resi due, which may optionally contain a further

ni trogen or oxygen atom such as i mgazol yl,

pyrazol yl, thiazolyl, pyridyl ygR/r+G dyl, norpholino,
pi perazino, piperidino or pyrroligi preferably
pyridyl, thiazolyl or nDrpno I Ny. ch heterocyclic
rings may optional |l yRbe nane di - ©Or trl-ﬁpbstltuted
i ndependently, by | ower N | ower al koxy, hal o,
cyano, azido, am no, pr-NeWes~al kyl am no or hydroxy.
Preferabl e substituent i g3lower alkyl, wth nethyl
bei ng preferred. The term"acid-1abile am no
protecting group” refers to any substituents
conveherepniah R yampéBdane os Hefingdrabpyreandd ds i peig-ldfileramuno
ﬁﬂh&ﬁnﬁ? fHP dnfdat can be cleaved with an acid such as
ydrochloric acid. Suitable am no protecting groups

are g)eée%%(t)tggtufgrtgw —protected pyrido[2,1-a]isoquinoline derivative of formula IT

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.

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

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

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.

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
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group consisting of the fornyl group, am de groups,
and carbamate groups such as Anmet hoxybenzyl oxycar bonyl

w@ 200002727@nd tert-but oxycarbonyl ("Boc"). The BEI/BR1008/060865

and use (addition and subsequent renoval) of am no
protecting groups is well kno to the skilled in the

h f h
sty b PSP FRR Ry Bing ™0 €0yl P ERLRE flhn Wiy p-
mt@lblmlonélcml,vket@yﬂmpé angh ﬂ‘(ﬁlg@nl?lchegjhh }@e@r gl,kylaieddues are methyl
gl Leh nw1tﬁ91mth)){vble B?eferw York, NY, 1999.

Prefefred am no pr tect group for the process of

the present_inventign js Boc The ¢t ,
" pha"?iia@éltit e plkoxy relsrsi the graiUPét QonbhgreingR dgloper gyl as

H&fmea chiéﬁ@tib@f&reo Exdropledidbfdotvér) alm)tytgromragaag._cmahogg gebidixe,
ds such o Cc acl .
RitepRr. Sabro NS PRy e BErrl BRIt Biipg ewpecially

pefatredf ormi ¢ acid, maleic acid, aceticacid, fumaric
acid, succinic acid tartaric acid met hanesul phoni ¢

aci dTheQ‘ ?érfrf:ylloi/\@r Q&bgycamoﬂlyp%?e?y ltcplﬂ%n I‘BuﬁCR Cb%ft@l))t NSherein R’ is

i ke, whi are non toxic'to living orgahi sns.

fé&ybd salts with acids are fornmates, nal eates,
citrates, hydrochlorides, hydrobrom des and
met han@lﬁcli;ithf“aﬂil’?reﬁ&é t ﬁﬁihrbﬁmatiii\frﬁdﬂlohadéﬁﬁt(lﬁ&h&fdr@)%ﬁyc%bﬁ)g:hc
e ia ref.erred.  The t.he present
FRah et B aPE YR Ld, P PREDA i R o PSRy b mono-
&t ep trapulesdingred, SedepehdentlyLipl lowgr @kylalviveealbbxyf, baloudyand, dzido,
%g eapkﬁ% aﬁ%hﬁmﬂf ?5§¥gach i ndependent |y hydrogen,

ogen XY, , | ower al koxy or | ower
al kenyl , mherein | ower al kyl, |ower al koxy and | ower
al keh ‘F tepry Neistacyedl Irgfersdo 3 @b et pugrabered atogisic or saturated N-

aiatkm& @ierBadE whthhaydptidahiey @mysih M|fu1&l‘ﬂéi r%ogea G3dxygen atom,

abj | te
g S alee S Pyrea fe Prgplitari PRieReh gritisting. piperazine
pipetidiap @}Dpytrdhdlee,Zpreﬂerﬁty yaidal, yisbzalyd of ararphdéiéo. Such heterocyclic
r
g#%sy d[gtfon% l\éBpE‘tong rEf_h(Sr t}a/l rﬁ\Mr%gﬁtg =l B%l n“ﬁﬁﬁ%cﬁltﬁg bgﬂgfv{)a%lkyl
fomesp aliketsi% thelo, exsinagazidre aminch ditbovere @Hwi @éuimi qy hyyHeoxy. Preferable
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-
methoxybenzyloxycarbonyl (“Moz”) and tert-butoxycarbonyl (“Boc”). The selection and
use (addition and subsequent removal) of amino 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

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,

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



PCT Publication No. WO 2005/000848, particularly as
described in schene 3.1n a preferred enbodi nent of the
w@e@seem27é nvention, Rl and R2 have the neani ngP@F/ER2008/060865
met hoxy group, R3 is hydrogen %nd R4 signifies a Boc
group The 6-chl oropyridin-2-ol" catalyst is usually
aé’ (ﬁ) #umarlc a$18nstu%(r:{g1lilzr5tc1td$ Iartaflc ac1HD met%?rlilelzs\lll h%pltcsac do a?m%lhc ac1d p-
m}rmmadphcfrm aad and fhie, llkfh@hmb apﬂl nangfokie a‘i@twml orgnessnsaPreferred
Sis iRl R PBR rinked rﬁéﬂfatt@sb lsl?ra% F&ehfldee %d%?&nﬁﬁs and
In toluene or. m xtures thereof referably 1'n_tol uene
%t@nﬁ%\hﬁ%%ﬁm%ﬁwmmw@%q@i elegemea@ BPEfAredf t he
reacti on, the amount of solvent nust be reduced by
5 di stThé pitoceesi dT tiod piRsent hvastibreme daschibkd ircoBvedsdibivelow.
Upon conpletion of the conversion the butyram de of
forny ,V can be used for the nesylation step b)
with3dt % ts isolation fromthe reaction m xture. Step
b) Step b) requires formng of the nmesylate of formula
VI whiep el eorRariseRthe qR@phngiarRammeet feymidd [thed above and
Ms stands for methanesul fonyl, by reacting the
but yrami de of formula V with aNR?et hanesul f onyl
chloride or nethanesul fonyl a NHde. In a preferred
enbodi ment of the present popentlion, Rl and R2 have
the neaning of a net R3 is hydrqgen and R4
signifies a Boc group. utlJi ned above the reaction
mxture resulting i nR&TE is diluted with THF or
di oxane and then dlrectlygused for the nesylation in
step b). Preferably, the reaction is carried out with

met ha esul onyl orid he reaction is edi en

per f BAFREE i Eyﬁn‘ﬁgg%ﬁueéﬁls%‘g%‘? G ot fiibeen, Bydrody, lower
10 hleylr by ﬁldlf)ki)f @ﬂio@?ﬂ‘lﬁkenydlv&)emiﬁ ld)/lfqr ik, llm&& atifox¥ bdrd ther alkenyl

di oxf)‘ ?neml){tbe su stHutgg %eo{vxzef Ei;kg) cfyar%glyg&rytl or étgra)oé{f%li nd R* is an

acrrdﬂlféa,lle sogho a@tNimetgmupnmtbhbdr flmerobictametog e farmpula IV

al i phatic amne, preferably

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

15 formulaV

wherein R', R%, R’ and R* are as defined above.

The amine of formula III can be prepared following the methods described in the
PCT Publication No. WO 2005/000848, particularly as described in scheme 3.
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triethylamne or tributylam ne, should be present as
well to absorb the HCO generated. Mst preferably,

W@ ehoememei@am ne is used. Upon conpl etion of thePCBERI00&060865

the nesylate of formula VI can.be used for the ring

cl osi ng step C) without its isgl ation fromthe

reacti LU St e theiring

of 1 ﬁep crfe teénq)o IIPO o%)[he Rﬂesen? l%tv I)ltlon % an(ﬁ] ﬁ ﬁ?vesthe gleamng of
@n@&mw gbageRf’ &I@drqgea@edﬂ?osrgmfm 1 Bec Noyupot ect ed

pyrido[ 2,1 -a]isoquinoline derivative of fornmula |1

wher €} 06 Rnlorpy@iith-R At&aBst idgflaNedpaRAVE aﬁ‘ﬁﬁhoﬁnt &f 03('5‘5 mol
acid-labil e am tect roup In.a rre
eHGHsHR I O- ¢t mpﬂ%qwai@éme %tW\%g?]PP%WOhiq‘a}‘?defF@ %b?\?émpﬁ ef
feaniagl.of a net hoxy group, R3 is hydrogen and R4

signifies a Boc group. As outli ned above the reaction

[nh)e(t Jrﬂl;?’l (éouja? u'gtrelza@ rrlé %CSIt gﬁle Ik])%:r S{me fnraes%gllljﬁ‘ée/le g)?%aglacesg)lvgn{ such as in
tdeahefon rrnlmmeesrthcrgot breéralgy nre‘ax},marm Rt ¢ tampeatyed @B0EE to 111 °C.
fromlithiumtert.-butoxide, sodiumtert.-butoxide or

pot aﬁﬂh‘é %H SF the rpégtlgﬁ' 1@@ anlo'uhhb%@h@mﬁlgtr Bé@&ﬁﬁéh%&ldysltﬂlatlon in
i um hexamnet yl i sil g}zane

rysaf%c ISVE A .ﬁﬂ}Lfc( Tyersisyy DpoB complation of e O8prsigy Itamb wrramide of
fdrby)a VP ftRrased fdiftﬁaﬂﬂegrlimﬁﬁﬁepaﬂemkhduh itslf¥okation from the reaction
bL% trimethylsilyl) amde and lithiumtert.-butoxide

H-are as a rule applied in an amount of 2.5 no

equi valents to 3.5 nol equivalents relating to one nol
equi val ent of the amne of formula Ill. The reaction

is chispbiarily performed in an organic solvent such as

in tetrahydrofuran (THF) or di oxane or their mxtures
W t hgiep %V%h%irepf&ﬁl%{ga(m tHe hidsyBatBoRtosm@ef virTHF and
t ol uene or m xture of di oxane and tol uene at a
tenperature of -20 0C to 10 QgRﬂ4 OMs

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.

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

in a mixture of THF and toluene, at a temperature of 10 °C to 35 °C.
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The isolation of the N protected
pyrido[2,]-a]isoquinoline derivative of fornmula Il can

whapperi2bey appl yi ng techni ques well known to tPEI/EP2008/060865

skilled in the art e.g. by qugﬁqhing of the reaction
m xtures with water, separation of the organic phase
and gubsequent cr | i zatii on t hrough seolwvent cha
fo. annaTiinstasay suhmh R otls o Bty AR KR sl dfrably
ttietloigming @s tdapsylomens, shgildbe preserifapwoll exalisdrb the HCI generated.
pMﬁ{gghgdh%qhaﬁﬁggﬁ&gkhggdder|vatlve of formula I
w th hydrochloric acid 1n a solvent selected from an
al i phatic ketaone, _an aliphatic njtri or a cyclic
Gt hok PBR CHRIUPB! TErsHPN Ghe EDAH ProRIHf Ve Dioped for the
fing alokipf atep ) Kahoimets igdlatddn fphatth€rdattidd méxt@re. a cyclic
ether or mxtures thereof. Preferably the solvent is
sel ected from acetone, nethyl ethyl ketone,
acetg&'%yile or tetrahydrofuran or m xtures thereof or
fromwater in adm xture with acetone, nethyl ethyl
ket one, acetonitrile or tetrahydrofuran or m xtures
t her Boftep Priharing closips of Ererperylffdpiame Vae Eregriesepge of an
B%%ﬁ@h%gsr 1Qkdddte 8 fo¥hXihe NePrith@EEHridd 2, 1al 86quiRoline derivative of
? n1$t#re wi th acetone or tetrahydrofuran or m xtures

are used. In a further nore preferred
enbodi ment, tetrahydrofuran or water il} adm xture with
tetrahydrofuran can be used. In a nogt preferred
enbodi nent, acetone or water iN iIxture with acetone
can be used. Preferably, an adig ¢ With water is
used in order to provi cie
solubility which is m iltration of the
reaction mxture. On thg hand t he anmount of
wat er shoul d be as | & i ble to achi eve high
yields. Preferred ratios g@f water/ acetone are 1 : 0.9
(mMmm tol: 1 (mMn. However the reaction itself can

in princjple_be conducted. i ny ratio of . :
acet BREIR dRodH] Br 116 aagrneslabate 0t is a%ﬁ%@ﬁ@%(eégmo
pasiasing kedupd hydrochloric acid with a HC

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.

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

the amine of formula ITI.

The reaction is customarily performed in an organic solvent such as in

tetrahydrofuran (THF) or dioxane or their mixtures with toluene, preferably in a mixture
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content of about 37 %in water. The deprotection
reacti on can expediently be perforned a tenperature

wheiwezn7é0 0C and 80 0C, depending on the sol RENEP2008/060865

Preferably, a tenperature in t@e range of 35 0C to 66

0OCis applled The desired product of formula I can be
8Prarh ?olI gnoe at elguxl?l}/ Fd#cd 0 an ndh[e% mP‘])?( S temiferature of - 20 °Cto 10
ace one and su sequen Ion ng

Wi.th the solvent in the forn1of col orl ess crystals
Preferably, the product is obtained in yields of > 90%

and Tﬁé’is@lgtléirﬂ oﬁfﬁ%@y pﬁfte&ec@@y{‘ido f‘@ a%s@c?ﬁﬂ&hﬂerﬁéﬁ%ﬁv‘%rbf formula II
also rel Etes to E ynor p

a_plpele Y arRlpge gec plaugs W%l tolt Q s]g_lll@d in the art e.g. by quenching
&f the hexabiy dﬁﬁu?dsl‘vﬁﬂf wéler, B@qaﬂatm&]of Ith‘:@dihghlﬂ@ Iphise3ny |51)1bsequent

rroljdin-2; one.di drochlo
BRI e R TR P R A s
B, and to an anorphous formof said conpound. In a
first aspect, the present invention relates to a
dlstﬁmbﬁ»crystall|ne formA of (2S,3S, 11bS)
-1-(2-am no-9, 10-di nethoxy- 1,3,4,6,7,

1|4ng@ @Wﬁfp@rs&"&eﬁydtéQfﬁ [o? ﬂ(lje]Nn [ﬁ‘oﬂg%tﬁ@ g&'ﬂﬁ(ﬁg@lna %8?rzjhﬂlohne
- oro | | |
flerlya W*h%f flé @ﬁﬁa%laﬁl% ﬁ(%]f ﬁﬁudan ﬁﬁola{ﬁlzﬁSﬁl@?teigfﬁgb%n aliphatic

kéreng mﬁahptﬁatmnmem anencyrcb& ahesortmixaurds thetdoy bf wateain denixture

{vggl: }3 §f'?lila\é%§ 1& f O;ﬂla%n p%au%nlilale §r @ CY?%IC etheir or ?lﬁtuées_}hcfeof
| b- hexahydr o- ZFprrldo [2,1 -a] |squ|noI|n 3-yl)
- 4( Shrefarpllp therpetviapt is psleqtes fr@ﬁnmcgoaﬂén@hﬂw&r% kptiooe,iadefonitrile or

J(e'f‘raﬁﬁﬁt)hﬁﬁn @15191%&{11165 tRedI1oR R whidy ﬁf‘idn%?turr@l/vﬁh &8etbRe, methyl
the anorp hous ﬁ)rm 0 - 'am no-9,

q yldfeﬁﬁé“teh%@gpmti %°r4te€al7‘>’df‘1ﬁ%lba%‘éf>é3%l%t obyri do [ 2,
1- a ]Jisoquinolin-3-yl) -4(S)
-f 1 unr @ﬂﬁtd"lp'ﬂefemeﬂreﬁiﬁodirﬂerﬁ aB®ndioh ydiabedroturaa er mMares thereof

aforenentloned S di stinguish
B xg/veslte{: 1a tur CHI ac toner %rptgtrr'i?hydrgf%lﬁant or m !EJLB'CS t%ereo}/are used.

characterlzed by |nfra red spectra, X-ray powder
di f f reefuirther pere prefrsredrenthetditeny, tsehaxdrofuran or water in admixture

with tetrahydrofuran can be used.

In a most preferred embodiment, acetone or water in admixture with acetone can
be used.

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

principle be conducted in any ratio of water/acetone.

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

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
to 66 °C is applied.
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In accordance with the invention, the above nentioned
crystalline or anorphous forns can be used for the

wee@pararé on of nedi canents for the treatment BCEPR2008/060865

prophyl axi s of di seases which n be nmedi ated by

DPP-1V inhibitors. Thus, the above nentioned

g{ é;gﬁa ésﬂgd §¥ocﬁ1n§ofqg%u SI c?n e %%aep rle Eise ult%%(arﬁy%élﬁﬁng Fhe mixture
prtb phqlblafxatrgl wibsajuabieilgstioptnloved bamiaghing with the solvent in the form
peds1bASLL QR Hﬁr@fé?ﬂﬂ %@ﬁ%ﬁﬁ@t i§8bhthinkd $h y@lﬁg 6P% 90% and having an
|npa|red [ ucose tolerance as well as other

punaeits e wherein the anplification of action of a

pepti de nornally i nactivated by DPPIV gives a

t herapeutic benefit. Description of the figures:

Fi guTke preseinawsndoXiRErd Resndgrolyadeplis &f ©26538a1 b$A)-(2-amino-9,10-

BONESH0. P18 LR IR Ghotmuies f1 29,
ﬂum.omlaylhw(yrrgh@ﬂ pyné d](hy{l@chl_‘p.rlde, L.e. two crystalhne forms which are form
Aland Gt BOAA e %nyénio ﬁﬁ&)s erH%?QAI&E&%FoEMI ol i din-2-one

dlhydrochiorl shows an IR (Infra Red
spectrogcopy) s&Fctrun1 pi cal at of for A of
(25, I Tt pget., the presgpl lﬁﬁe@onfda@? FRet Aiskyet cystl kpeéovnAof

adsmsl;uab&hydrzanﬁhb@ﬂra digndit?oxyll;3,4,6,7,11b-hexahydro-2H-pyrido[2,1-

.1 soqui.na) in- 3= -4(9),-f 1 uor thyl - ol..di.n-2-one
AL 45 gt P§ﬂ8@§5$é@%ﬁ§ﬁ@f%ﬁ%il-§1 the
SpapoumigofGat rimbt ry) curve of a typical lot of formA
of (2S,3S, 11bS) -1-(2-am no-9, 10-di net hoxy-
1,3,4,6,7, 1l b-hexahydro-2H pyrido & 1-

ali soqui nolin-3-yl)-4(S)- flqmqo yl -pyrrolidin-2-one
di hydrochl ori de. Figure 4: shows a>TGA (Thernp
Gravinetric Anal ysis) curve ypical lot of formA
of (2S,3S, 11bS) cHp(2 1@ di met hoay-
1,3,4,6,7, 1l b- hexéhy HYyrido [2, 1-
a]lsqu|noI|n 3-y 4 Laor omgt iyl - pyrrolidin-2-one
di hydrochl ori de. 38ure 5: shows a XRPD (Powder X-Ray
Diffraction) pattern of a typical |ot of formB of
(1 |2§ L;rﬁanolﬁé@ pect theZpra§nd ﬁrvenu&@revdt&% RekMethirfSrndarRidé (DMF)

%ﬁlvaé%gm% &S@;}ﬁ%ghf@% 2pfipg Powecllﬂgﬁrhwr rbbPdi bRy dro-
2iHyydidoth -atib@tgiindting3HyE -4 S) -§ homsen iyl Frriolidin- & oRe dihydrochloride.
spectroscopy) spectrumof a typical ot of formB of

In another aspect, the present invention relates to the amorphous form 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.

The aforementioned solid forms can be distinguished by physical and chemical
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
prophylaxis of diseases which can be mediated by DPP-1V 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
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(2S,3S, 1IbS) -1-(2-am no-9, 10-dinethoxy- 1, 3,4,6,7,
1l b- hexahydr o- 2H pyrido [2, 1-

wW@Riosoeairsol i n-3-yl)-4(S)-fluoronet hyl - pyrrol i BCTHER20081¢50865
di hydrochloride. Figure 7: shows a DSC (Differencial
Scanni ng Cal ori nmetry) curve of 'a typical ot of formB

gpéiéesrgﬁbe%:s %%}g%%iﬁgé/ or'i 1regcl gl%‘c%s? E)Iferince, ¥s well as other
equdst@qmvrf@lrcﬂn g eyh])h 1S f)f u@po wét ryptidsynoroialldinactivagadby DPP-

gﬁégiggpﬁ‘lla{ @ﬁ@@be Ehgure 8: shows a TGA (Therno

Vi metrl Anal yS|s) curve of a typical lot of formB
of (2S,3S, 1l iﬁ 1-(2-am no-9, 10-di met hoxy-
1, 3, DegsTiption PHTRAGHFRGr o- 20+ pyri do [2, 1-
a] I soqui nolin-3-yl)-4(S)-fluoronethyl-pyrrolidin-2-one
_g_l;ﬁ_:l]r cledwd KBBD (Pb@déteX Ray SHifiastian )RRy o M@kaﬂoﬂﬁf}form A of

{1
P R A5S] 320 S-SR 620 4 8 bl STPERARYS
8lispgeinplin-3-1) HéS()aﬂny(m)methyl pyrrohdm 2-one dlhydrochlorlde
2H pyrido[ 2,1 -a]isoquinolin-3-yl)-4(S)-fl uoronethyl -py

Efofld Hishovds AR ?hﬂX@E@%ﬂc&B&c@ vFp8 &{E@m%@a tﬁ’&\l\’ﬁ)t%ﬁfdrBAof
nira spec, roscog spec rum of 3 Lypi cal_ | ot
1SSy gp—ﬁdasanplgpl%,]@r imethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-

£20q3mollih BSy1) 14 §)2A @dro et -bOrrelidiat hexy dihyddckioBdd., 1
Ib hexahydr o-

ey Isgo‘%szofagégi)af?e ér:'lrll:)cz:l1 ngarnnaneél b%:lorl !:L%% S Xzal 18Y of form
BS@(%&D‘&S,fléxSéﬂeGZazlm@@a&;m dgndador 1, ﬁ;ét6s7y)1beh|¢thbe> 2eH -pyrido[2,1-

t [
oo ) s MGorBIRAGNYN AN Be dinvdrgchloride, |

| b- hexahydr o-

@ﬂ_fﬁf&)f ?%%Vrsrzg TG4 ([Theree erimetsicynplyaissyurys ol BRiseHgt offprm A of
(2SS, 1dibBy-2=(Qnenid b Ipyidr &ﬁ’fﬂﬂﬂf)dydle.% 4 517glubehe3c2hyd$m‘1«5pﬁldw@;1-
%}s%l%hgn%g?,o}a\élh g?i) Q%qr’%'%%f}%r?' )rofc':ﬁglvze one dlﬁyé%ghlgglde

(2S,3S, 11 bS)-1-(2-am no-9, 10-di net hoxy-I, 3,4,6,7,1
MQM@XRPD (Powder X-Ray Diffraction) pattern of a typical lot of form B of

@ﬂﬂ‘ﬂ}’lrl'bgp[l%’z anﬁhb wg)uamekwﬁ yh)sﬂ(lﬁlh&am&e Rf V\E%Jm’[o‘?i’ 1-

din-2- rochlori'd
@]h@ﬂﬁmo 18t3- Ylﬁ)s‘l& d lmrefne&hfy wgoledlys%ane @W@r@ﬁhﬂp@d@f
formA of (2S,3S, 11bS) -1-(2-am no-9, 10-di nethoxy-
Bigdredo: Bhofws i IR hesaRydegsecidbbdoyy) shecthidm ofa typlcal lot of form B of

@%Sr@dﬁﬁéﬂ?a?. RS SRR AR LA
glispsadolifa-yh) GKS)HﬁmrbmdtyﬂmMrmhdlofﬁ omf]dlbgdrochlorlde
characterized by anal ytical nethods such as e.g. X-ray

p&‘ﬁgsef: sV & BSE!(PAferb:Rial Scanning Calorimetry) curve of a typical lot of form
B of (25,35,11bS)-1-(2-amino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido|[2,1-
alisoquinolin-3-yl)-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
amorphous form of (25,3S,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.
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spectroscopy or differencial scanning calorinetry. As
used herein, "anorphous fornt denotes a material that

WO 20R®212001g range order and as such does not SPOWEBINAS/60865

X-ray peaks. The XRPD pattern_ Pf an anor phous materi al
'S characterl zed by one or nore anorphous hal os. " DW"

L LS5 PSS INELRL Ol P X L gt
Svarnhiong fcrrzai ofr(ﬂ&;éﬁ,dbe)DS@ @mmﬁeg,IMI@eﬁhemrld% 6d 1 v exphydro-

t Tl d | :
%’% éiaﬁf);[JZr Pl Eg&gﬁﬂ'@hn 3%)%(%&%8?0;12&%@2 de%hg& 2 hgﬁfh?ﬁrochlonde.

suitability test re perforped th i dlumas
Figes; i showsbiasa pRdteseng! éﬁnsr%t@ﬁ” mGlaP U o dPigglots of the

alﬁslbftglolu@ ﬂirtﬂmk))f (bepge ﬂlﬁS)aE—(Iiamlihd)B 20ydimathdxzi1)3¢4,%,11b-hexahydro-
glglrﬁ,y(g 190%51%{?0 1n63 ﬁg OA{S]S Egﬁlg)'enge I\L}J\ﬂ fpé/rlis)ﬁ §ic[’lé%l-0flﬁ dihydrochloride.

al um num pans accuratel y weighed and hernetically
Eigoseld: siavs apEGAéIhtrirranthVdBetnPrAmelrysm)ocum@fmtenleﬂtlot of the

SIIBSF}JHOQQ oMl & (%%@'I’FEE})C? iXml%c?@‘i@Qhﬁl@@Mk} '1% eé% A 11b- he dahydro—

. he sanp] es were heat e
dfé’Fl al%] GWQﬁull?ﬂltnr%gB rfl(é} ﬂawetm@‘/ﬁ@hﬁinnmgﬁ Atpydrochloride.
heating rates of usually 10 K/ min."Form A" is used
higugi 13: esovakbthenhalellPBoitl plottdfiehCdryssdldtrutinee (5f(fbﬂ‘hé\dff

ﬁ@ﬁ?&%?&@w %ﬁoa@gle@y%fafg ARt Jrfp o
yligoqa {18)inf3-ylprdoetl b mpyiryt-plirdiidia 2-omedihydrochloride.

di hydrochl oride. "FormB" is used herein as
abbreviation for the crystalline DVF solvate form B of

(2S, 3 te%b‘ﬁ))lyngorﬁl% ﬁf@r@szagc Q- ARt BHfication whid cAn be

éj} b- hexaii%dr 0-

JrESYIACASY A2 ﬁl@f 5“611'((@)* WW@@&&W popderdffraghian.IRone
shebyrddcophbodiffdencial fannifg bgedmbeyei n as an acronym of
Infra Red spect roscopy The | R—spect rumof the sanple

\3?8 a%% 896[1% &g as‘amfor]gﬂous fgrm %enfotes %Sl{fqetglisfél?}q%tcfacﬂs (}n\%oralgge order
smrbatampl@ Idb@rnocﬂ eh@V alms X- WytphalanTlﬁeTXRRDsp@cm afrmetagrorphous

Ha?é?ﬁmstchﬁggt@nzeﬁ oPR&T I hﬁ)‘ipm nalNi col et (tm

20SXB or equi val ent (resolution:

“DMF” is used herein as an acronym of N,N-Dimethylformamide.

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

biphenyl and zinc as reference substances.

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 usually 10 K/min.
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cm 1, 32 or nore coadded scans, MCT detector). "XRPD'
is used herein as an acronym of X-Ray Powder

waedobrozreré on. X-ray diffraction patterns were PEUBPIORI060865

in transm ssion geonetry with a, STOE STADI P
diffractometer with CuKa radiation (1.54 A) and a

?g;lptr“gg:’]naensls ﬁstegéereq}eetlsea rev1at10|1']1%or '%e k():1‘;;ystsalhne f?rhm A of (25,3S,11bS)-

pdP2yamEno-P00-dimetticomm 3, 4,6J7nté éwdalafidafb -pepyridiof hbwtisoquinolin-3-
Zl%‘@"{é'beﬂuc%ﬁféﬁﬁ@ PEBOK&IQZ ok Jﬂlg f3enIBFiqsi evi ng) of the
ubst'ance atively, X-ray diffraction patterns
wer e neasured on a Sci ag X roXr
di f f rEETORe él.se(ﬂfq%sﬂaaéa RiEYiAtigH @émglpeew%géﬁ%w&wiw form B of
(chﬁ'zsaltlﬂ)@)’llé&ufnﬁﬁo 9T1|f)8d1$r&ﬂﬂl’£ﬂ_x@81,&)@,6_ﬁ,lﬁbami@ldyd&diilgi—ﬁyﬁdb[z,l—
.at. a, rate.0 e nut g ,.Wi i nci dent am
Ssopres Gt Do BelmTaRtofi dd BV o8
wi dths of 0.3 and 0.2mm For single crystal structure
anal Y& ds wsed haggiireascamyastraiynwakinfiv Retepedtrpsepnyoblpe dhspectrum of
RN, ARRLESS r@&Qd&Eﬁsfﬂﬁle(q a%u]@p;‘?fsﬁé?&o‘flgﬂgklgﬁl%rnl{cfta})grox 5 mg of

Al'ternativ e cr al_‘was cool e
m@aﬁﬁl@&w N@Oh]é%rysﬁ%reﬁﬁﬂodumflalowéﬁ alages) Vil pe § Tolff spectrometer
lienshimgicedr H:él ﬂie@tr&n@tfef aad & Mot 28K BlPRSNivAleRr&dion: 2
Dar tadtl) 51 m%/b radi ation of 0.71 A
MR WS %F&esaalf% 4ed0it ection. Data was
pr ocessed with STCE | PDS-software. The crystal
st r uCxRirie” isasedbérviachs andcroamngK-Rig Rosdandération. X-ray

|
L b b )
Aif ﬁr@rtwaﬁﬁewltb C@Wﬁm@w h54 Adped 11 @ﬂmmsq@élél@e flgectamilie

¥>plra>xuﬁat§1lyr39 |n@g)%éf§f)%ar\é@$)e%éﬁtﬂﬁﬂ poryn@erl(epﬂumm)

0,89 K in trogen .stream
%Y%taé‘&l‘/é‘id Wﬁt% %&P@éermrgﬁﬁﬁ%ﬁﬁ%éﬂﬁ ‘éilﬁionr ﬁ‘éVIRBbeAhe substance.
u5| ng a MAR CCD225 detector with synchrotron radiation
( 0. 8Alté&natvelly, Katay diffractess@dtewistwert heapiredoamSxbgg Xhgowder X-

(r:aﬁryd?fifr%l ofetd & hH@%e&‘%ﬁh%"s'es{&?cc%gr k&l chﬁQt%c‘h’l‘Q stolalrcset "?Héj?an‘?ples were

0 rap
aaenechiomr%m) Bp Ukbat a8 qfKAPEsmieg wwthsn@@@d eaméht Widths of 2

h&%ﬁ@'nﬁﬁ%ﬁa RifASc@DLAGE AIYNTIGE of HELAR 0Gnaui metric
Anal yS| s. TGA anal ysis was perforned on a

Met t -T Iedos t her ravi mftrl C anal zer éT 850
or TCHHAg/e cryst I'structure analysis a single crystal was ounte aloopona

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
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
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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System suitability tests were perforned wth hydrana
as reference substance and calibrations were carried

waiging2aram ni um and i ndi um as reference substBCIYER2008/060865

For the thermogravinetric anal $€S, approx. 5to 10 ng
of sanple were placed |n al um num pans, accurately

wei g A"aryjusg]cia Bereln gnas. an ro(r:llpfr%s %hve\:/lrr%o (ﬂ%%;n%{rlc AIHI SIs. "IjéA analysis
Prior tTo neas S Were au @

]zyaepqr’édmeéwlatMn@ler - oaép?“dhernloga\mnemqanhkyk@s{TGHﬁSéO or TGA851).
§)§E@?111 ?lﬁtamftf tetsﬁ %r@ﬁé}?&%eH %ﬁlr }gﬁﬂriﬂe@ﬁ\é &feréﬂc‘e ﬁ’&%ﬁﬁc@fand
out 50 /mn usi heating rate of 5 K/'m As
calibeaiipps W@Fﬂ qab‘iﬁ"@d‘l%@ﬁr ImaHByendipdiugy @sréfﬁfern% véqﬁalné%
relates to two novel crystalline forns and to an
anor phrotis teemap el indific endpes) agpik. 3 @ Mng of tarhEls weaeslaced in

found t hat . .
(128 38N FBsRoqu B RS grd Germstiseihosgee g ihpsglopaton lids. Prior
tdjmeasal‘thqm, the lids were automatically pierced resultmg in approx. 1.5 mm pin

' t
AUl AORMLA) s SO i
@Bﬁéﬁ@ﬁ%@oéééﬁnv%e nmet hod of preparation, as formA, B
or in an anorphous form Form A can be isolated from
different crystallization nmethods as descri bed bel ow
For rTABal@@ﬂy h&;nh&ﬁécﬁlﬂ@@mﬁlﬁ@m bk Y8dsaht ihZedltioq Relates MwdoOiovel

annr rn1c be obt ai n
FYBNRE B (70 aftoa s L 6 e LEmghed BForRtla
(2S,3S,11bS)-1-(2-am no-9, 10-di net hoxy-1, 3,4,6,7,1
| b- hexahydr o- 2Hpyri do[ E
2,1-a]isoquinolin-3-yl)-4(S)-fluorgmethyl-pyrrolidin-2
-one di hydrochl oride. Form Aldan % obtai ned by
recrystallization of (2S, 3S: | - (2-am no-9, 10-
di met hoxy- 1,3,4,6,7, 1l ghydno- 2H- pyr.i Fo [2,1 -a]
i soqui nol i n- 3- yI%*%@( oronetyl - pyrr8li di n-2- one
di hydrochloride in a ure] of net hanol / wat er
(0.5:0.5 ww at @eora '
after seeding wth subsequent precipitation duri ng
cooling. Form A can al so be obtained

oot IR branaun o e 198} aipino - oodiapathxye, 346,71 1b-
BOHidmt 19xpyridd], ,2;31 ér,l&qﬁmoﬂih@' Nexady i roigtHy-plAelidia-2-one

3@@@%‘3@3 (DAL 53 et AcBkading hyen BemeiPedaf prspayation, as

fohvAeM 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 (28S,3S,11bS)-1-(2-amino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-
pyrido|[2,1-a]isoquinolin-3-yl)-4(S)-fluoromethyl-pyrrolidin-2-one dihydrochloride.

Form A can be obtained by recrystallization of (25,35,11bS)-1-(2-amino-9,10-
dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-a]isoquinolin-3-yl)-4(S)-
fluoromethyl-pyrrolidin-2-one dihydrochloride in a mixture of methanol/water (0.5:0.5
w/w) at certain temperature and concentration after seeding with subsequent
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-yl)-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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selected fromthe group consisting of nethanol,
et hanol , et hanol /water m xtures, acetone/ wat er

WOrowe23q tetrahydrofurane, 2-propanol and  PCT/EP2008/060865

acetonitrile and spontaneous cyystallization, w thout
seedi ng, with subsequent precipitation during cooling.

Form f . o

1Rl s smpuageer sehydrofirang, 2gpragpnelpd pecgoniide gof porancous

etxahljfigz;tﬁ}nzwpﬂapumfzding, with subsequent precipitation during cooling.

2,1 -a]isoquinolin-3-yl)-4(S)-fluoromethyl-pyrrolidin-2

-on eE?x!and{f ‘@%}!&S?% ltlﬁ;k -1L @-ﬁn&%t% @(ﬂﬂi'rféét,ﬁ@x;{— E,B,mé,iﬁl Mhexahydro-2H-

sigpificant weig oss. 1 s observed in.the curv L

prics 24 oﬁag@aﬂﬁl&-ﬁtﬁ%ﬁ&éﬁﬁlOé%lﬁetﬁaaél-@%@%@é@-érqrgéaby roghjoride is a

§dieent-Glek GG NGO $ignifichnkt weibt 1098isPBEdreddinabé AGAGEW firfor to

? CuKa r.adi ation hq¥in characteristic peaks expressed
FrOHEgPLen DY Et B TIPSt matel y: 6.0, 10.1, 12.1,

13.2, 14.5, 15.2, 15.5, 16.1, 16.4, 17.7, 19.5, 20.7,

21bpthedoll@ying X-Ry diffragicnpght®mn obtaifke withra uk,, radiation having

.y : ) ) . )
BB TR S 08 s 4 e e 1 2
0 0. V4 A -B1 <Tp . F ./ 3 ) ’5 e N . L.

f14.p 12.% d3pr Ksbd@-4 I -GdGredd 7 o2iHe24)0; 27-3:63/-8and) 3.2. The term
abspppéliRateBPesdant M thavdongexe ik Bk &ls iudtdréaiM@ i the measurements
expressed i m r oxi C , cm

&%g g d %T%, 1 qp ? ggatﬁlg 35 4$ 1, 3440

1, O3hgdegrnes Thstard 3 Orf expiassad ip degree %m 1, 1953 cm
1, 1681 cm 1, 1601 cm 1, 1575 cm 1, 1525 cm 1, 1491 cm
1, bl 4R glwotptioh3Pectom bavih 6daracteristic p2AS expredsed 111 63 ' cim

1, 1 x| - -1 10 -1
R g L Sy ] Tha g R g 1953
7688m 1084580 6520 1cem 1. 15Themt ek 1> "@ppridR} et el4P8 crrahdld cm

i nl%d@i C%quz%h*,t ig@% &65\? 1649 ?Jf?v,qllgﬁémclamgsase&éyh IQSgizpmb%’IOOO cm’
up 4C ! - ne g ran ) 0

50 9BEcha, T o0 adEr . 8By ahe WBLBhnas oard ekgn - he term
ché&pped:ematly” ascaan th bih@hsexatat sheawn' vaudsiguves, dgthy up to + 3
4. AJSiQple crystal structure analysis of formA was

cofduct®d. Table 1 lists sone crystal structure data.

The experinmental X-ray powder diffraction pattern of
f obyn mebingrrengroiis ) tod aboret 20h8ortedl ¢l updartsevere decomposition.
cal culated fromcrystal structure data collected at

anbi eRtse eRNEEEHARS and B eBl¥S SR} wiPAGHguRG 1ab 4f orm A
shows hydrogen bonds of the

A single crystal structure 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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car bonyl oxygen with the protonated primary am no
groups of two adjacent active nol ecules. A thernal

w@pkdovpzare pl ot of the crystal structure i s ShPUFIEP2008/060865

figure 13. Table 1: Crystal stjucture data of form
AForm B of

(283 [T W R A WP o W I o WP HE PO S AN BT, S, B ~ S 20 N B P
y OP, T T OO~ T - (z-aftr 0=« et noOXy=—"1-o, 4, 0,7, o011
exahydr o- ZHptal hdof platelet

2, | - ajisoquinotn=3=yt)=4(S=ftuoromethyt=pyrrotidin=2

-one di hydrochl oride, a DWF solMat e, car He/6bt ai ned
by stirringi@PNrhdRies (0.5 0 W W syspemsson of
(2S, 35, 11bS) -1-(2-am no-9, 1% di met hoxy- 1, 3,4,6,7,
11 b- héxahydr o- 2H pyri do [2,] 1- 1Al c=29.04

al i soqui nolin-3-yI)-4(S)-fluor thyl-pyrgoli -2-0ne
di hydrochl ori de several days. %gfm B of ® ’Y_%B

(2S, 35Tl 2%};}‘%%%%% am no-9, 10- dhﬂet hioxy - |893’ 4,6,7,1Tb-h

exahydr o-
2,1 -a]isoquinolin-3-yl)-4(9) -flzapromet hyl =pyrrolidin-2
-one di hyg:réllzl)‘éq%nrei de is a spl v[é[]g form?%%&a wei ght

loss 5.4 %?le&iédl%ggﬂqeﬂ.l. 8 %-_13.2%at, 25 0C up to
Yy

approxi nat e respective approximately 150 0C
up to|190 OC, j.540RsEFved in| t FCA curvegprior to
deconposi tCI onaangﬂca be char[ )g{neﬁazed: by the
following X-ray diffraction pattern obtained with a
CuKa radi ati on radiation having characteristic peaks

T2 stosber (15551 6712 nine 5. KRR hoR3! 533k el Tbpherghydro-21t-
Byridh([2,24]Boq@Bolin-339)-9( SufthodéndthyFpyerdlRlinr2-one dihydrochloride, a

! roximat el y", nea in thi t ext, th there is.an
ERREFARR b ob B Dyl oSBT ¢ A AT Skt
65,3501 1S [-eX Proesised, i0ndidegraesl, 210t 14 p-hdsyhyaimo2R -pyrido| 2, 1-

[ . € r_ 1 A I ) i A 3
R
1, 2706 cm 1, 2682 cm1l, 2610 cm. 1, 2574 cm 1, 2532 cm
1, 2Bam Bef 25,3%BhSirr @ amigsd, Hiyfimeth oL, ¢ oy, | 1Pstyexalydro-2H-
Byridd328- 4130 duind kB 3¢y (&) - b idm ey 1L pyricd @idn -0 onk, didy@it 6k idride is a

1, 1267 1, 125 o 1 9 ,,=1135

PVt (prmCARer g e fort Y% dhi 16880 2?2 S08 o
&zmox:ima_lgly Yﬂf@mﬁgctiﬁﬁ@mmimate@ntﬁmmm 1P0 °Theolhservad in the
”réﬁpcfu% &b lﬁ'éco'iﬁg[?&ﬁi bt g b€ 9@&%&'%&?“ the cm1

val ues can vary, e.Q. 0by up to cm 1. by an endo

thermc event at 171 0C to 175 OC (extrapol ated Peak;
DSy 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
“approximately” means in this context that there is an uncertainty in the

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

- byan IR absorption spectrum having characteristic peaks expressed in cm™ at
approximately 3480 cm’, 3376 cm™, 2706 cm™, 2682 cm’™, 2610 cm™, 2574 cm™,
2532 cm™, 2381 cm™, 1684 cm™, 1659 cm™, 1622 cm™, 1574 cm™, 1528 cm', 1487
cm™, 1410 cm™, 1383 cm™, 1310 cm™, 1267 cm™, 1251 cm™, 1229 cm™, 1192 cm™,
1135cm™, 1107 cm™, 998 cm™, 988 cm™, 930 cm™, 900 cm™, 841 cm™', 767 cm™, 680
cm’, and 667 cm™'. The term “approximately” means in this context that the cm™

values can vary, e.g. by up to £ 3 cm’.
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These characteristics and others are shown in figures
5 to 8 The anor phous formof (2S, 3S 1

WO p®YAOLR2(@- am no- 9, 10- di met hoxy-1, 3,4,6,7,1 PCI/EP2008/060865

| bhexahydr o-

2H—pyr|do[2 I-a]|squ|noI|n 3- yI) 4(8) fl uoronet hyl - py

rr i di 02 one dih hi be obt d
QDa’hu PagpeRfiS i ?ﬁut(?{é’nld%f t”a’og"‘? C?%’@?‘s@,g%f I'bs) -

1 (2- anlno 9, 10- dlnethoxy 3, 4 6, 7,

11 b- Fescakbarngedyicpynd gdefsare ahoeo]n indsgtasiFapisa- 3-

yl)-4(S)-fluoronethyl-pyrrolidin-2-one di hydrochl ori de

in 20 nL water (condensator at -40 OC and vacuum at O

t o 1Thbahprphid@s AR $asiss fmss:n ptz é&&&@a@dlmethoxy 1,3,4,6,7,11b-
%ﬂ‘ﬁ%&é{ﬂyﬁ? 2)}%138 9 1gsogllulno 1n—03')5¥1) 41S)- ﬂuorofneth])'fl -pyrrolidin-2-one
aiﬂiy@gomh]«buﬁé cdr b olsteinpad b lyiophBisytion-af(aSphtionaf 5oeg dfy(2s,3§,11bS)-

2 S ST OB F St
vi b pliraremsthybypyun lqllR?ab%@dlbYd@ﬁh lopde tnr Uhmkavaterd condensator at

clyeagidhbSih 6 Peaksaypr essed in cm 1 at
apprOX| mately 3429 cm 1, 2507 cm 1, 1680 cm 1, 1612 cm

o s N P e LS S A 8D -

Bfﬁ@h;admlmwﬂd@mua liseqginoin & yl@&ﬁS)Gﬂ]mdroﬁfedlyﬁ.j}ﬁrrﬁ]nﬂlﬂ 2-one
gl?lei}o%ﬂllorlaggano%(e (qlaaracté{rlzegeans in this context that the

es can €.g. by upto 3 cm1l. These
characteristics and ot hers are shown on figures 9 to
12 tthedorke of Mok EviantifsagioDateaksninna i pitterie assays
The assay of (2S,3S, 11bS) -3- ((4S)

= F'B!}’%ElQR%ﬂ)%tlgn @ﬁ&trﬁﬁfﬁé%ﬂ gihAracleriétid aﬁs &ressed in cm™! at

dlnethox 1Ib he dn rldo

.s@am%ﬁtﬁ é4§?£ DTaR %ﬁ%zﬁﬁ‘tylyﬂﬂésr%r, 1%%? cm’,
\/vaSIZGEtmr mi iedtnb 1H&@nénalzysns ousEmd, %4XBH @g5:c1618888 cm™,
COI%Q’E hir SX? L erls7673 P! m é6%§c?1rmqf¥1e erm ,,approx1m n[ely“

rad’i ent* Wlt res o
ac enemis iy tHl@coanmftXt thrait étwdnarrvaie@s cah gwryr agdyofp ® b tmi'n
and colum oven tenperature

These characteristics and others are shown on figures 9 to 12.
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adjusted to 40 0OC and enpl oyi ng an external standard.
The assay of (2S,3S,11bS)-1-(2-am no-9, 10-di net hoxy-1,

wW@200982727d | b- hexahydr o- PCT/EP2008/060865

2H pyrido[ 2,1 -a] i soqui nol i n- 3- %)'4(8)'“ uor onet hyl - py
rrolidin-2-one di hydrochloride ({3) was determ ned by
HPLC anal ysis, using a Atlantis T3 colum of Waters, 3
mm 4.6 x 150 mm UV det ect 284 nm gradi ent
with m xtures of water, ac X%ﬂl% | e and pot assi um

di hydr ogen phosphate buffer and pH of 3.0, flowrate
of 1.0 nL/nin and col unn Abbreviasieper at ure adj usted to
45 QC and enplaying an external standard. Exanple 1

Breperat i on of g@tﬁﬁollle) -3- ((49)

- [El yotronet hy! 21loxo pyrrnl idin 1 \/I \ O 10

diEIé)tH]oxy 1,3, zlEﬂ;a?l,ol 1l b- hexahydro 2H- pyrl do [2 1-a]

i soquinotin=2=y1 JT =carbamc acid tert=butyl—ester (2)

ExHipl e 1a (withTerVDIrefsirgsase for cyclization) A 1.2

L ctor equi pjf Wi th a mechani cal stirrer, a Pt-100

th‘é&ﬁometer i%&ﬁtﬁpﬁﬁlefunnel and a nltrogen i nl et

wap schar ged V\/ltt (79.5 mmol ) of (2S,3S, 11bS)

-’a@:amnog 10-3 B%)%v-13467

1lnﬁkexahydro 2 Hpt ﬂ@quﬁ Retohe @] 1soquinolin-2-yl)]

-carbamcaci-d-tert-butyl ester (1)-and-1.20 g (91
') 6-chl oro- "-Rop;thednpmhtulren 450 m tol uene. The

nrxture was heated to 85 to 90 0C and 122 g (1603

mol ) of (S)-4-fluoronethyl-di hydro-furan-2-one was
added within 45-60 m nutes. After the addition, the

m xture was heated t @et&iehihtidnlof tBEagdngh St i rred at
this tenperature for 8 hours. Around 200 ml of toluene

wer e f hen di he resul
S bHBToH Ygebars 1idd YA BB BEom L st R e ing -1y 9 10-
AimatlsoxyTha 461 7t bk leexalgird 12¢h pralid ad @ eh | fsoq ginolin eyl RBarbamic acid

- T r
Eég Qlﬁ?rl?éégetrg%%{g dfgefr @&W@Qﬁeﬁ% S, Eiﬁg %Mﬁﬁg Tolumn of
Wetera e wi 6Ay 158 My iLoe d¢tedtionas é&bym1 graﬂlegt m.th@mﬁ’fmm)of water,
etddilrid vd @mymﬁmnlfrﬁw& gRlbt Hﬂ/ﬁqm &l SUBREBSEPRMRMture
a(h,lom%dtoost at 25 to 30 0 ({%Oto 90 m nutes,
tENeL Bt d ! emijovigs on sEeRbsttRdfed at this

The assay of (25,35,115S)-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
(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
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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tenperature within 1 to 2 hours with 168 g (238 nmol)
l[ithiumbis (trinethylsilyl) amde (23.8%in THF).

WORG0e022060ml et e addition, the al nost cl ear sol BET/BP200SIB60865

stirred for additional 1 to 2 npurs at -10 to 0 OC

The m xture was then quenched with 75 ml of water. The

| ayers were separated and the o(gﬁnlc | ayer was washed

with water (1x75 nml). From AeP organi c layer THF and

toluene were conpletely distilled off and replaced by

Reeortativh ef (25518 tlibhly 3 < disorometapEr @so-py2&didin-) - a8, 10-

Hﬁ%ﬂ?&qf[ 93 ﬁ%fﬁ Wh- E&HR}%}@IZLH ﬁy@(ﬂ%&tlhﬁ ﬁo@ﬁﬂn@l@ﬁq AR EBhic acid
t'hin to 6 hour he resualting

g%%b@%@ﬁﬁﬁ %bs stlrred for 2 hours at -20 OC. The

crystals were filtered off, washed with 60 m of

pre-col d and dried at 45 0C/ <30 nbar to afford F
29.8 g of & %ltle product as col orless cryst aesHy 77%

yi el d; as..V' .5 m .Exanmple Ib (wth L|CTBu=.s N
base fa i zat i on) 8.2 L reactor equugged A NS
mech alr%tlrre aoLr-100 t her nonet er YOI

famaoe a nltrogen il et was charged\%t.
(79.5 mmol ) of (2S,3S, 11bS) -(3-am no-9,
10- di nmetshoxy- 1, 3,4,6,7, 1l b-hexahydro-2Hpyrido [g,

1-a] isoquinolin-2-y|)]-carbanic acid tert-butyl ester

(1) and 1.20 g (9.1 nmol) 6-chloro-2- pyridinol in 450
thmmM@IaﬁMﬁhhfﬂdD595&§gsngaﬂéﬂ4m@.85 to 90 OC and

12 2 g (103 nmol ) of

(S)-4-f1 U%a@l%?%@ly kz p&H Wikl b endcHERPAl gtlﬁ‘@te aveso@eftedometer, a

%@Bi{%ﬁgﬁe Oaén 0T 4 att ¥ 95%&933&1 fmo(ﬂgﬁ g fﬁ)ﬁe
fZSE3S51 th}}(SamﬁﬂpE’ 08-diRbhory-13{4,6,0/1 Ule-lhexah@dﬁ) RHCIijndo[Z 1-a]

S bl ALl B 00 BPALI D s PSR ol choro 2
poidieslen ved el ttddecned iThe Mixtece wdstheared to é{altca%(k‘di myd mpgglo3
H‘]‘mcm_lgf (S?\tél fl@@roﬁﬁ: Wafpfdl ar'agos ?dergltl Il %@W&rﬁdﬁeé Gafk 4@”60 minutes.

vol uire o e m Xxture was

Abe1 b afl@tlszscha ikt (2308t DO 6 A styed agthls
{e@npk?.atﬂﬁl for SBbHA! n&ﬁﬁﬂnlﬁQOU Il & lt&ﬁérféew‘r@ ltﬂeav@ﬁsilue& oﬂf‘hn@ tige

L Sk g Bt 8 2057 1 R 95eb 58 Behdsy. The mixture
Wamhlteﬁa],low&ftbm aobloetd th 30-"CAntld50 n) Gf ARKF wdereatldd. Ahe mixture was
{htyn%retaFeHB?Eg{ g(ﬁ"%ftﬁ 19 9]g (tl P1 %m%w nmiethanesulfonyl 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

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 ml of
water. The layers were separated and the organic layer was washed with water (1x75 ml).
From the organic layer THF and toluene were completely distilled off and replaced by
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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with 95 g (0.24 nol) lithiumtert.-butoxide (20%in
THF) . After addition conpletion, the suspension was

waGpzd76 or 2 hours at -5 0C. The m xt ure wasPETIEP2008/060865

gquenched with 75 g of water. Tgf | ayers were separated
and the organlc | ayer was washed with 70 g sulfuric

aC|d sg!ﬁ ; t ?he organi c | ayer
THE Stl%LEt)/?Bu Ns Y& eefrg CF Iled of f and

repl aced by MeOH. The resul ting suspension (approx.
230 M1)2 hegactos saeippechwitle pinschamay etizei p 8t-4AQ) tlteh@ﬁmeter,

étdg%ﬁ%cfﬁgﬁel\%\ggla Srﬁt?c;gei‘i@nl@@vﬂ dhBidad vifthoI (fﬂ"ﬁmmol) of
&%ﬁe ) (PRI Pfcl@rdélae@mw lxéfa%%al\m}?w%érqﬁHdwdo 2,1-a]
Bb@ulﬁ@ﬂuﬂ-ﬂ\ﬁmaﬂ{iﬁ?lld auaderailljg% g@@ (h) =201. rmgr(i A enabl) @t ¢hloro-2-
Wéfg“?}q%%o i%lﬁff?e %Fﬁ"ﬁ%s) egﬁgg%kg%z%ﬁ Cg chzf'g g,103

ofm¢l P& 3%;4- ﬂl}uﬁ'))meﬂ(ﬂddmdrmf@aﬂ@-mermmddyd W;th@], 46- @) mjriutes.

éﬁ Iht‘ﬁé @gd’lﬁgﬁ the mtureuw%so eated 3;[0 lpg %?lé %rlred at this tfi']n;}rerature for 5
h@l@l81 fﬁ@moy 2éﬂén dlif WH?@C‘M‘?% ﬁhe@ey iglliedl pfignd t@@m@ﬂtl@g zfack
§isPenkidn w/vast@ﬁrl%H 2885 *@ﬁ)r%ﬁbﬂﬁf‘w héurd5Q0Hh dfeaIek & were then

5%@1:1 ¥ {“gr repgca{%bﬁ %g%ﬁgtrtg%@ldagfﬁﬁé Fl]aéfﬂlanﬂ rgpction volume

mﬁﬂ)OthW@&d]wmtdthllén@u(e%as&héﬁmidledﬁo B2Sa3&tredtzdh H) 23-30 °C
gh&g%d'%)g 12 9We%§n%¥ulfonypéﬁorp SAFAT N d By 14 0¥ (6 14 %101) of

Bjethydariink! ”ﬂlﬁmmdhlygiﬂmcmﬂsmmodofaz Alowdd woginiand forB0ZGfor 75
]nu(r‘lﬂﬁp ﬂ{gnccoﬁfé'dqot ﬁflto Obi{t é’rld SSk&ET at ki) tenq'égatme @fthly”ﬂ':to 2 hours

nperature b
éhs?S 350&4 (mnlbbt%%rt}frtobuqﬁfyldﬁ 6P F@Fécﬁ*f&r(déd@fpp ﬁompletwn,
ﬂ@tsagﬂen%ﬁ vagsiGieel foir iolrslkd -§ eC 3thethixuire Svas @ quenched with 75 g
sultggg sol uti on was he HFd for. hour s

sater, I BE Y FS v eEoPRGT powgnic answetWa%aé Py 0 g sulfuric
sdid ssledomt2.3%iis waempérahuheofganic 2aye 0 THFhad teluendeere completely

RIS D e I R g
heat¢detogetipoignessuicond thesdlopied o addd t¢ 9161)70(‘5/%1111@ ;5 hours. The
ARP Ao RasiHedH D hours at -10 °C. The crystals were filtered off, washed with 50

ml of pre-cold MeOH and dried at 45 °C / <30 mbar to afford 30.02 g of the title product
as colorless crystals (79% vyield; assay: 99.2 %(m/m)).
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Exanple 2b (in acetone / water as the solvent) A 250
m doubl e jacket reactor equi pped with a nmechani cal

W@ 009021276 a Pt -1 00 t hernoneter, a droppi ng funP@l/ER20ds/e60865

nitrogen inlet was charged w ;511 21.10g (43.74 mmol ) of
(2S,3S, 11bS) -3- ((49)
- Fl uor onet hyl - 2- oxo- pyrrol idi n-, - yl) -9,
10-di net hoxy- 1, 3,4,6, 7, 1I%?Wg}<ez]a\2hydr o-2H pyrido [ 2,
1-a] isoquinolin-2-yl] -carbamc acid tert-butyl ester
(2) , Prpaptign at &X5eidel 1ahi 1 18-amigo-Gf Onditmsthoxptl, 34,6,7,11b-hexahydro-
bA fd@FZ;'f—ﬁ] BRIMERM- 40D LA SPA UG @ Frbliam-FI¥RE Hihydrochloride
w rochloric acid (37%in water) were ‘added within"10

tes. The obtained solution was filter through a 5
nm si eve and the 250 nml reactor was washed with a

m xture of 18.0 g cEtone and 2.0 g water. The F
filteredosauti was transferred into a 500 m double
j acket reactor Ppped with &€lagitator, Pt-100 . I

t her nonegef’, dr bppi ng f urrel—anrd—a=ni trogen i n}e

g at ©20 to 30 0C 250 g of

:‘ - - - O
added he ''sol ution within 1-2 hours. SubSgEqURe
thre,o was stirred for additional N8
(’,2H3§a 2HCI

to 25 0C. The crystals were filtered of shed with
200 g of acetone and dried at 90 OC / <20 nmbar to yyj
afford 19.70 g of the title conpound as col orl ess
crystals (92.3%yvield; assay: 99.9 %mm). Exanple 2c
i n SRSt et o VST ERACSHVEIEAL) A 250 nl doubl e

j acket reactor equipped with a nechanical stirrer, a
Pt - 180350 hdremamateguippad dith pphéadpahicalrsalregrad’tal O0ith¢ragaimeter, a

581 (ARG i iR A0 TR it 1
(25,3510 b8l A0 uoronB thyl €, ao-mirtnlivencahy .40 Zimphekyto

[,3;4,61;7,@1b-h§;&ﬁ&'&r%0i}g{:ﬂ>ztﬁdb!ﬂ2ll-aﬁﬁqgﬁig‘lig-zgg'] -%gtbgfl{ic %tﬂ& Yert-butyl

t 2), .20.0 d 19.
feszquré}, é@éﬁé bt i 341??3§W%gr- B2 1@?@6@%@1‘5@3%%%%0&30 °Co15¢
by o ?ﬁﬁﬂlpprf l@yd@fﬁfﬂbtﬁcﬂﬂ@ (3|7%/\.ﬁ1tvez[tér) W@actﬁiéd Q\?tﬁl\i\iil | $1'thd13(fllainutes.

nu .. e ._.optal pe 1 on N er rou
Phi e ABoRy B BE 1% dhobb R Cu bbb o HoRa Bown 0
b sct Lir € @ofd th8n Brirgedratethio nempargtue Or § tudthewrs. Thecrystals were filtered
btel RREHWRRH QR THAS, é{ @ﬁi{]ﬁ 568 /1ah :P%lfar §<g$f_f<§1?8 Ol‘%%%%@the title

| acket reactor equippe

an agita ,
edrBperIfesaplorlgssarpips %o yield; assay: 88.9 %(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
mmol) of (25,3S,115S)-3-((4S)-Fluoromethyl-2-oxo-pyrrolidin-1-yl)-9,10-dimethoxy-
1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-a]isoquinolin-2-yl|-carbamic acid tert-butyl
ester (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 pm sieve and the 250 ml reactor was washed with
a mixture 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
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funnel and a nitrogen inlet. Under stirring at 38 to
42 0C 250 g of ACN were added to the solution within

waz@eziere. Subsequently the mixture was stirrRCI/ER2008/060865

additional 2 hours at 38 to 42,0C. The crystals were
filtered of, washed with 80 g ¢of ACN and dried at 90

81 5810 t%)?llvxé Sgrrl (I:trZ% aff ug gug@% g);gttugeewas s‘ilrgg%%rng)cf%lutlonal 2
%lms A) JQ toR3eiiplTee Q@st@lsnvemzm/tempé washe o high 2 yefcptoae and dried
224) o/ deulh& haskRl 19, ﬁ?‘g&f)ﬂhe %ﬂ@ ORGui Sshco‘?orless crystals (92.3%
nmechani cal stirrer, a 100 thernoneter, a dropping
Yighdhassaa A% 9 Lo tmimdgen |nI et was charged with 21. 10y

(43.74 nmmol ) of (28 3S, 11bS) -3- ((49)

- FI upxonit by lin2c@¥ e Wﬁﬂéﬂild' tie Bolvénty! ) -9,

10- di net hoxy- 1,3, 4,6,7, 1lb-hexahydro-2H pyrido [2,

2'2;71 ] Afg@ %‘HI N}éf}% ]ac%g‘yrf%ct £ gqr D edC 1%%'1 rql&% earntlctapé{ r¥er, eﬁtr g(FO
ﬂ@tmmtmh droppidg 6@ b ard gn(tII@Bn mirttlvyas hbdlg@twntbﬂlldog (43.74
ﬁ%& 513(72%63'5& 198 ?r(mw@oraglqgfdﬂ i gL rﬁo@idm H-1ighes 10 Eﬁﬁethoxy-

t ai ned hr ou l.eve,

i |314t(é? Etb- é@iathir@nzmrléia insv]é%qqéal lﬁt?o‘/lé cs@@rrwf a%tﬂlsw Euwl

bsa@rkg; 20 @agcA&rtor@%unpeﬁg (}Mvt'zherflﬂt agsrﬁlaetrmre Eatwée@lml7 tto 53°C 152 g
ro | unne an n I Nl e

(A apmaT sl 258! @ ot Vker 5 Ao et felum sy The

dlotainied sslation wan filsertthraugh atEOprﬂ skoeiarsd thS8ubs eduentdrywdsheshed with

%t%fe fg%‘;O gkk{télﬁeem{vd\g{ % g% 19 'ﬂ%aijtﬂhe}gd J%gﬁjt{osh v@%s i hstePred into a

200 @} dewde raickaiagactiriennippgd with20 agivatop G166 tlxlermnseter, a dropping

heweBaddnenifoyst Al eI sfilr ngear[ 88l (i1 ~vasnedr XEARe200ddd to the
of Aceto e and drie <20 nbar. d

af for.
UG \jlt in k-p aotiys; $@3SE‘B}?B§&HEF HEUEE WP Pféré%do farﬁéé)lapgal 2 hours at
St 4%y Tak divsaksadte fiR&ed oftwikingd) wikin 80 hof habl hdadicdvit 90 °C /

e les with different oIvents are provi ded, t o wi1A. i
F?‘??@?Fg‘}%{rﬂé%&@é’ﬁﬁ? tht SPIpORRhs 79} grlﬁtcgfgbsf@?ﬁé‘) yield; assay:
P 8Pdaiigyi ¢ acid (37%in water) is not included.

Conpari son exanple 2A (in MeCH as the solvent) A 350

mrearthac 28@M‘MER¢w‘Me¥ Bs MeTBGOANI cal stirrer, a

Pt - 1 OO Ther nonet er,

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 (25,3S,115S)-3-((4S)-Fluoromethyl-2-oxo-pyrrolidin-1-yl)-9,10-dimethoxy-
1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-a]isoquinolin-2-yl|-carbamic acid tert-butyl
ester (2), 20.0 g MEK and 18.0 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 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 80 g of MEK were
added to the solution within 1 to 2 hours. Subsequently the mixture was stirred for
additional 16 hours at 20 to 22 °C. 120g Acetone were added within 10 minutes. After
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% yield; assay: 99.1 %(m/m)).
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droppi ng funnel and a nitrogen inlet was charged with
10. Qg (20.7 mmol) of (2S,3S, 11bS) -3- ((49)

WO Elogoeanet hyl - 2- oxo-pyrrolidin- 1-yl) -9, PCT/EP2008/060865

10-di met hoxy- 1, 3, 4,6,7, 1l b-hgxahydro-2Hpyrido [2,

1-a] isoqui nolin-2-yl] -carbanit acid tert-butyl ester
(()(2:) aﬁn Lthe ?agjéc?i)%o texe%rﬁi)_,es HE defeé s lv\%ﬂts \é\@efprg\%atc? % 1hustra9e the
WIVERtiat0. 2 g hydrochl oric acid (37%i n water). The

mxture was stirred for 4 hours at 50 0C. The

CObQM ASS URREAThPSI SOk hen Séiv'e%%ﬁo‘énﬁﬁ%r DYB_lr%l1 Assay

and then treated within 15 to 30 mnutes wt
of met hyl| tHe&RgE" The suspeng%wﬂmgorwela@an*to Goto | [%]
C and st|i(delestyRtiohfti s tenperature for 1 to 2 hpurs.

he crystlals were filtered offf, washed with a nm xture

36 nbar [(Wakfford 8.89 g of thestgst e conpound| agl> | 99,6

Nl orl pced pcrvyct al e Q204 i Al - LYY WSV 0904 rﬁ\ wi th A

5
T
of , met hyl| acetate and nmethanohyapd gdened at 70 DC /
<
C

Ul UT' T ©CoJ9 blﬁal Uro \(JY/uyrcru UAooAdy . JU/\E Ty VW UIr ™

metthyl chlrNde¥%bnt ent of s R WAiGR AR nﬁpm 879 | 99,0

Corpar i sant &8l e 2B (i n MeOW/Weftdrl7e4¢ t he sol vent) A
250 M douhher| ackete react or | avatepREEone Y AGN

mechani caly sg93rer, a Pt-100 qhe)rgmmsssar, a dr oopi9ﬁ§ 98,8
fonmet—and a nitrogen it et Wag i bt/ 21710

(|45 74 mOVEKewaEesS, 3S, 11bS Wa§ \}‘éggie / sl | 991
-quoronetlh/WQZ 0X0- pyrroI|d| 32 9 ’ ’
1U UI IICL 1 U)\Y' r) A f\ _’ J.I U' ||c1\a||yU| U Ll_l' pyl I dJ l'

1- a] *Imsrn/qnnTmlwatelzofyhe] hYCh'adﬁalm acid 3730 trewatebus pot lesltlé«rd

(2), 20.0 g nethanol and 15.0 g of water. At a

t enpep & EEMPRD AHin Me33 J0theleivéng (153 mmol)

hydrochloric acrd (37%| n water) were added within 10

m nu heobt ai ned tion was filter through a 5
RN P A R T S T A o R

ﬁﬂ@p[ﬂg fdondd lagd p adtk@ten islachay chatped pyitholl Ondgt (|203 imol) of

B SR P A0 TR SRR o el BEPLR A (VORRLRBRE o
Aéeltﬁa?] élbnbc@ha@r@elﬂwrldh é,ls@llssuqumhwl il wwarbatic &id tert but}’l
Hs‘?éfr@) af $®hl 5?1@1@()@9 T‘Netsﬁ' gSQQoWaQBanM totSI@e’Can)&ttWa?ed at this

started crystalljzation. bsequent he m xture
EHBICEHUIOVFIE ¢ i ufes Withgl@. %&hyméhlefvf fGid (B 7%p pn water). e mixture

additirteartat 4 hbuRaw 5@3°c Tie c@[df&tsadu;&éﬁ@foﬁ Wds |tﬁ&feﬂﬁ>v@ﬂ ,to cool to RT

hed Wt cet one and ied at 9
SR reaer ot o7 ips SR 1 € B RGRpbaso TR Suspension
wod ardieie (coypSCahd stlrred 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 /

<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
mmol) of (25,3S,115S)-3-((4S)-fluoromethyl-2-oxo-pyrrolidin-1-yl)-9,10-dimethoxy-
1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-a]isoquinolin-2-yl|-carbamic acid tert-butyl
ester (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



10

15

20

25

30

35

(91.8% vyield; assay: 98.5 %nmm) with a nethyl
chl oride content between 100 and 200 ppm Conpari son

wWE@oL272C (in | PA/water as the solvent) A 250CTEP2008/060865

doubl e jacket reactor equi ppedzﬂ th a mechani cal
stirrer, a Pt-100 thernoneter, a dropping funnel and a

nl}t [ ogg&f&n %tas S( E?f%rg a pmtsﬂzvez Iy %ﬂtel(eﬂl olu%ionmxr/voels)tra(r)lgferred

ertd) aéf)@mtétdhy le Zacbmew(prrqqtumped with- apl agita@r, Pt-100 thermometer, a
&Q)g?i Hﬁ’@ﬂénd ;vn%ro efsidlet. %Jnkaelhﬁffﬁﬁ% gf Ry t%"j'OpWZSQ% dfAcetone were

|squ|n0|n- -ylI'] -carbamc tert-butyl” ester .
fdded to phapofitiopAvita 118 2dogrofif twmeédmgMlthazopé%@ﬁ‘éﬂdh%mmure
hetwe stélﬁzitﬁ)n5§u&€qde5ltl tige thibdrervmIcholby do@a b 08 000 °C and was

d d h 1
St f% BTl T B TR e SR e AL S oL T i cetone
ﬁmd dieddeat 996Cdt<|2©rml\ma30 affandslf%w@mf thaitide eorbp@umd asdolasless crystals

n&le[ ggs"é)gg%gr pl ng g]%ﬂlfgl]\lgﬁhg {[.Ontg{t_bjegg)eien 100 and 200

a nitrogenin
Pj?mer stirring at 20 to 25 OCZSOgof | PA were added
to the solution within 1 to 2 hours. After seeding

Wi t NCRPaAthnOfxah INEC inXbUIBatst Arthegbleeny)st al | i zat i On
SubsequentTy the mxture was stirred for addi ti onal

hour 22 0C. The cryst,al. filtered o
nea B hriRonBleg ka0 s i aien it Tt bS5 %%5 00
thermbimeted, @ oBRing fudnel hed 4 hittoge uﬂﬁdwsdhaged:whthall d9g (43.74

ﬁlrn){(i 8‘%@'8(3%211%)) oy éé’ SZ ﬂ?J %ﬁ&ﬁ% 2 % éyt&{m ?nl) _YL%A(? - El’imethoxy—

chl or
Céfﬁsfa? ﬂﬁbhe@hadrpriéH Porido R, E@]@qqnlnmén&‘/légaltbhmlg@ﬂl aﬁtb)utyl
Ad39),7b. odgolm &d 1%Cd<§5f WARC RN t&ﬂﬁ%rﬁ’d@@@bé’t«%& 4’3‘7 to 53 °C 152 g

rrechanl 100 t her nonet

f9A ﬁ%mﬁram @CHW&@@W% latW%{ WeKdg @W%btm %}l%es The
614’(31&& s@lﬁﬁbl)l wak flfté’rShﬁﬁtgh:bmﬁ)l stee. Thie4Hkred solution was transferred
- f ug rro
_uLwéo a §ble iac et ie%)(o/r eqﬂpé)eﬁ &éﬁ%o%gga?ﬁpﬁylroo a]aerflz)meter,
dpc@pmgsfoqnnl nofl hmitge gehlinlet &dmdanitoriag A2 0t tor25-"BUA5Y Ig of $P s were
é(gc%e\%eté ﬁie g%tg) %’ﬂg@q té% EQ)ugs %gtgf/\@e%&?ig with dﬁgéﬁ%ﬁ glte%ﬁture
steiter] ¢r3stolizationadelrsyqypaily tlad@@@uwwaﬁ |8hrr1 f%adélﬁ@gal 3rhpurs 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 % yield; assay:

98.4 %(m/m)) with a isopropyl chloride content of approximately 100 ppm.

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 (25,3S,115S)-3-((4S)-fluoromethyl-2-oxo-pyrrolidin-1-yl)-9,10-dimethoxy-
1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-a]isoquinolin-2-yl|-carbamic acid tert-butyl
ester (2), 20.0 g EtOH and 18.0 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 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
added to the solution within 1 to 2 hours. After seeding with 200 mg of 3 the mixture
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obt ai ned solution was filter through a 5 nm sieve. The
filtered solution was transferred into a 500 mM double

WQ awR@272f€act or equi pped with an agitator, Pt-RODEP2008/060865

thernoneter, a dropping funnel ZZ%nd a nitrogen inlet.
Under stirring at 20 to 25 0C 250 g of ethanol were

sa[arq acp crég[aﬁ ?ah%ogogu sequefn h | i rteQNas SP lirecﬁ for élﬁ‘dlttlonal 3 hours at 20

e nlxtur
tsr 3/28‘1Ca [Th zgsiatsrwerStilised 06 rwalslyedt wigh A9 goliEdanalsansttdriedad90 °C/

£96 rr%qg{(; éfﬁﬂélw %4 QQ)"E' ﬂ?e t@ﬁe @t Hﬁo%na%s Q(gl"orlg_slg %Rgfay t)@'S% yield; assay:

wer e [tered
o - e@ﬁd{mwlt@@ e/thsézbbﬁlésﬁomsntab%?e@ ZP@ a&d 340 BPmt he

title conpound as colorless crystals (91.8%yi el d;
assay: 98.4 %{mm) with aBhfyplexhl oride content
bet ween 200 and 300 ppm Exanple 3 Preparation of form

A of . .
(28, Elgpialiaggsl _of fo(]él' Ao EZS 3& lfBS)dll rg,e taﬁ‘gno 9 103(?112’:eé11’0?(’}771,3,4,6,7,11b—
hiabydiy2h-gpyrido[2,1- a]1soqu1nol1n 3-y1)-4(S)- ﬂuoromethyl pyrrolidin-2-one

3114- hdelge: | -al i soquinolin-3-yl)-4(S)-fluoromnethyl -py
| g{i%gl n- 2- one di hydrochl ori de Form A of

é)%ghggﬁllbkg)zﬁ é Sgnln(OZ 2191’1‘11]1:19) 9d|10 }rr?eot 1 3 4, 6 7, Ilb Lexahydro 2H-

gyﬂldoe% Ilidmuqmﬁblhﬂl% h()S)ﬂ@}oﬁéth?lﬁpﬁﬁilfdﬂ%—zmﬁerdﬂh}ld(ﬂd)d]lrl&lde can
ne | ori can be uce estl on

BEP Rl L AERY BN HERNERG %L HRALRS! sTipbh Arapb P! oFsolven

suttvuen s adexdnglesera(s.gat: ¢t ohe wateemefleang] (elg. 1;1, wiwj), water/ethanol

%%M/ &@W%“ﬂ ‘iaglealsg)'beh é‘par%q 1¥\9 é’égéteﬁgéagfoﬁ%@%s §€185)-1-(2-

prainer$$@-simethaxy-ba.4¢f7,{ tsh @@hvdrwséﬂmy(lsio gl ggqginolin-3-yl)-
1@ digaRs eyt ]i))grrcﬁld‘ﬂn 6., 0he dihRirbaxahaediion SHvANG htdeediry in solvent

i soquj nho
zvezs%“ ﬁwgtbﬁgt/ P%Wteﬂ fednrthanln@etirRY Ay dehicar Pad-> w/w),
wihtuol pwatet/tthewdl (8.ge@6:0g, wiw)sol vent systens conpri sing
but not limted to nethanol, nethanol/water (e.g.

05 th I, water/ethanol (e.g. 0.6:0.4,
8 fallthaltbn pEIDANE Procedure 250. 00 g of

(ZSBSIIb 2amn0910d|msthoxy-I3 6,7,11b-h
exahyfr@L 2 y2§,|3 d[le) 1-(2-amino-9,10-dimethoxy-1,3,4,6,7, llb -hexahydro-2H-

ByridAl |1529£36411!ﬂﬁbl|u{13 gﬂ)yhon ﬂu%}oﬁlletuw HM znwerdﬂhyd%ém&lde were

i @% Sr e ons e e atgérf#t%%%fl Seig i 30 it Fha Re Solution
ﬁf@é ludtifidrered. 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 (2S,3S,11bS)-1-(2-
amino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-a]isoquinolin-3-yl)-
4(S)-fluoromethyl-pyrrolidin-2-one dihydrochloride were added at 50 to 55 °C. After
complete addition of the acetone the temperature of the suspension was cooled with 0.3
to 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 %).

Preparation of seeding crystals of form A

Form A seeding crystals can be prepared by digestion of a slurry of (2S,3S,11bS)-1-
(2-amino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-a]isoquinolin-3-yl)-

4(S)-fluoromethyl-pyrrolidin-2-one dihydrochloride in solvent systems comprising but
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was hot filtered. To the clear solution at 50 to 55 0C
4763.0 g of acetone were added. After the addition of

wao®one7206 acetone 2.0 g of form A seedi ng cr yBCHEBR2008/060865

(25,35,1 IbS)-1 -(2- amno-9, J]0-dinethoxy- 1,3,4,6,7,

11 b- hexahydro 2Hpyrido [2, 1-a isoquinolin 3- yI) -

nét% m1t (t)lqenog%llie%tﬂé/rrg}ggl (Edl %{ ?A‘lelgtr&geg(rzci)rf)g ano helgglir qe dgn 0. 4 0.6 w/w).
ﬁﬁer mmng)th@ stiey atenpartanperetusé fqrhevesa.lslpleafgrmm owistals can be
BRALEIn MR Lied aE 90 % ¢<|§/O'H115‘arqgm f0o 5 to 10 0C. After

stirring at 5t h the colorless crystals

were fi]tered, mash? Wi th ca. 200 nmL of acetone (5 to
10 o@ﬁaﬁﬁwﬁaﬁé&%ﬁ%@/ < 20 mbar for 14 h. Yield:
241.0 49 (95.4 % . Preparation of seeding crystals of

f or "KRPBepanesn, SRegengimYST alise.cad Tiecytve ptfoeh Ayre shown in
E grgtloq of a slurry of (2S,3S,1 1bS)-1- (2-am no-9,

(h ?hoxy 1,3,4,6,7, 1l b-hexahydro-2H pyrido [2,

1-a] |squ|noI|n 3- yI) -

4(S)-fl uoronet hyl - pyrrol|dﬁhﬂmmbﬁb di hydrochl oride in

sol vent systems conprising butnot linmted to ethano

et hpRehrafibd oMl BY B BT plsWsas b9y 1%9%@{1@&@%}&%&%@ 1,3, 4 6,7,11b-
a oom

er.stirr rry
B@ﬁﬁ‘é@rat% Sige ey éSPaPmd’th"i‘lg S rhuetyk pEipligjg-2-one
tihytdexkldridad were dried at 70 0OC/ < 20 nbar for 14 h.
Solid state properties of form A XRPD- pattern,

IR-s €, T r
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Byr@fo 223l @&l.qlnblnisﬁ )11) é(;_S) élﬁommgthx:lep)dmieﬂaméwwldlh‘/drochlorlde,
%_I\I/?Fpﬁ)lyatélcalz e oqu dlgesltlr(])n of (ZS 3S lle) ll (&oe;mlrrrlgﬁhlo dimethoxy-
Fediod ﬂD E ’@1\1&3@. W@efaaﬁd n@quﬁ zs@ A8 flSromeuny Y
ﬁﬁﬁ)lﬁﬁnJZL&ﬁ) dihydrdchasiidom3hd ol eintetsteax PMEF/Brater 6e.¢.,0.3:0.5 Rv/w).
exahydr o- 2Hpyri do]

2,1- sl )-4(S)-fluoronethyl-pyrrolidin-2
-oneebFﬁﬁuFﬁ%%Fﬁ¥F%£¥ a DMF sol vate can be prepared by

di gestion of (2S,3S,1 IbS)-I-(2-am no-9, 10-di met hox
0.38 g of (2S,3S,11bS)- 1: (2-amino-9,10-dimethoxy- 1 3,4,6,7,11b-hexa ydro 2H-

pyrido|[2,1-a]isoquinolin-3-yl)-4(S)-fluoromethyl-pyrrolidin-2-one dihydrochloride were

(

suspended in 0.50 g DMF/water (0.5:0.5 w/w) and stirred for five days at ambient
temperature. After filtration and drying at 40 °C to 50 °C / <20 mbar for several hours
0.04 g of a white solid were isolated. Yield: 0.04 g.

Solid state properties of form B

XRPD-pattern, [R-spectrum, DSC curve, and TG curve of form B are shown in

Figures 5 to 8.
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1,3,4,6,7,1 | b-hexahydro-2Hpyrido [2,1 -a]
i soqui nolin-3-yl) -4(S) -fluoronethylpyrrolidin- 2-one

waledwg@derachl ori de in the sol vent system DVF/ wat BCT/ER2008/060865

0.5:0.5 ww. Crystallization gocedure 0.38 g of

(2S,3S, 11 bS)-1-(2-ami no-9, 10-di'met hoxy-1,3,4,6,7,11b-h
exahydro-2Hpyrido [2,1 -a] Eso Pg;olln 3 yl) -4(S)

-fl uoronet hyl - pyrrolidin-2-0ne di ydrochl ori de were
suspended in 0.50 g DMF/water (0.5:0.5 ww) and

st i r Pedafagen pf the agenysheus farmioé (RS, 3ehbét-at (draminpaf d)-dimethoxy-
i5ldd, ﬁiimﬁeﬁﬁ%&tmwna& 2410a](i?s(5qh9105lg ﬁ9)14(§)2@ucrfea{etﬁy@f

several hour ite solid Wwere i sol ated

Ryeel Hﬁln@ v Yd%‘ﬁ‘rl%i“‘gft ate properties of formB
XRPD-pattern, |IR-spectrum DSC curve, and TG curve of

f or mAB aafoeplshisviirnh Bf HSQ&S{I&SS}SH(Q a&lE&i@nlm)l-dirrﬁzthoxy—l 3,4,6,7,11b-

t f
FLERBE8L oy Ao Ly AIRERORYS P2 Shyomgthy-prgoifin-2-one
dihlydtoeilmhidd mos 2ddegsiblé bl)olprhlmsaﬂa}l i soqw nol i n-3-yl)
-4(S) -fluoronethyl pyrrolidin- 2-one di hydrochl oride

An apRiphays pfQlanef
(2S,35,T1bS)-1-( 2- ani no- 9, 10- di methoxy | 3 4 6,7, 1

| bhexahydr.o- | do [2,1 i soqui noI
| bhexgiydr o BHRUNYS [28 o) glsaau ol b Bl b aro o
pRasdAL, G:eﬂso@thﬁolﬁly-?)l}&pp@)lﬂ@mm&hyl Rrrepali@licie dihydrochloride were

ARG h By o ofts Lmisoesewperivons, s soluon s fpenand
b’)bahlﬂddﬂ’doulﬂidpyﬁdudcﬂ pr@ssire @pniasaper aolSp ﬁCangl Vicuudf $)0.2 mbar) for
dj hoHHs VM%CI rg%ﬁfeﬁgkdd\%gﬂo& 988s gjll)ll)"&)ﬁ dy ?f hhRd- g%o Véfﬁ'il@thﬁxy—

I ssol I ent enpera ure

EBdr7 L Ht- bf’iaéﬁdr\ﬂa%Hme%H laﬁhpqqywﬁpri yiedt (Ynegromethyl-
g AdsleRal 2PsRSENY R oGS YRad:ar7 @fo4-%H 0C and vacuum at
.2 nbar) for 72 hours. Analysis reveal ed anorphous
(2S, [ bS)-1-(2-apm.no-9, 10-di met hoxy- 1, 3,4,6,7,
11 b- RS , oUs fOr soqui nol i n-3-yl)
-4(S) -fluoronethyl pyrrolidin-
XRPD-pattern, IR-spectrum, DSC curve and TG curve of the amorphous form are

shown in Figures 9 to 12.

X%
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2-one di hydrochloride. Yield: 4.7 g (94 %. Solid
state properties of the anorphous form XRPD- pattern,

wo Rogpeerd um DSC curve and TG curve of the ankCTRBE8/060865

formare shown in Figures 9 to,J2.Clainms 1. Process
for the preparation of a pyridol2,1-a]isoquinoline
derivative of formula I mheQﬁlﬂlRl R2 and R3 are each
i ndependent |y hydrogen, halogen—'hydroxy, | ower al kyl,

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

| ower alkoxy and | ower al kenyl optionally be
subst-ifro¢ess qggth Emmra‘gq)m(g&%,mg%ﬁ%a 1sgq1ypolgre derivative of formula I
het er ocycl yl, and pharnaceutically acc%ptable salts

t hereof, conprising the deprotectionof™ an N-protected
pyr|d0[2 | -a] i soqui noline derinatiye\of formula Il
wherein RL, R2 and R3 are as dgfiped above and R4 is
an am no protecting group, P_yvlth ydriochloric acid in a
sol vent sel ected fromthe~g®up cons?sting of an

al i phatic ketone, an ali Itic nitrile, a cyclic ether
or m xtures thereof, gAdN\y in adm xture with an

al i phatic ketone, an alipgatic nitrile, a cyclic ether
or m xtures thereof. 2. Process according to claiml,
characterlzed in t?at the solvent is selected fromthe

gr ouphersmsk s ki ard B arg cethoindepandenif hydregen, idegsnehydroxy, lower
ARAL Rt El'kb%y oﬁlgtv@ﬂhm{y@fvme@an WwdFaldyH 1 & Fertl ahd 1AR4 alkenyl

g@épsﬂﬁal Bite Sﬁle%wts%}s ot Xifﬁaﬂ?ﬁfblfp aWégE Pgrasigeid

phoaassutralbpidepigble ealglthéreofl, characterized in that

acet one or tetrahydrofuran or m xtures thereof, or

wat e dr

R LB B R SRR Bl B B AL AR g
ohlermfladl ai ns 1 to 3, wherein Rl and R2 are nethoxy

and R3 is hydrogen. 5. Process according to claim1,

further conprising F

b

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

with hydrochloric acid in a solvent selected from the group consisting of an
aliphatic ketone, an aliphatic nitrile, a cyclic ether or mixtures thereof, and water in

admixture with an aliphatic ketone, an aliphatic nitrile, a cyclic ether or mixtures thereof.

2. Process according to claim 1, characterized in that the solvent is selected from
the group consisting of acetone, methyl ethyl ketone, acetonitrile, tetrahydrofuran or
mixtures thereof, and water in admixture with acetone, methyl ethyl ketone, acetonitrile,

tetrahydrofuran or mixtures thereof.
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a) coupling an amne of fornula Il wherein Rl, R2 and
R3 are each i ndependently hydrogen, hal ogen, hydroxy,

wo omen2alkyl , | ower al koxy or |ower al kenyl, WhEr/BPI908/060865

| ower al kyl, |ower al koxy and pwer al kenyl may

optionally be substituted by |ower al koxycarbonyl,

aryl het erqocycl yl ;. .an 4 i.s .an .am ng _protect]
o1 oub g e na tufE et ErAR A B A BbE! SO grofuran o

prigeem dleeredt, G- edtbvinadyrikidiawizh eteters ardetadhydtoftimnfaymaixtures
tHheputisem de of the fornula V wherein Rl, R2, R3 and

4 are as defined above; b) form ng the nesyl ate of
formula Viwherein Rl, R2, R3 and R4 are as defi ned

above and Ms stands for nmethanesul fonyl, by, reagtin
t he ‘&Ptrﬁ??eéﬁ?c&er 8 P Phang 5 iRt Hé‘ﬁé%%%f Eﬁ‘f?ﬁ are hethoxy
ofl R isti@d@igemret hanesul f onyl anhydride; c¢) ring closing
of the nesylate of formula VI in the presence of an
organi c base to formthe N protected
pyri =2l i Y Lvativegf formula Il
mhergﬁﬁggé?Qﬁgﬁg%%&%%5g$§fggﬁﬁé?%{ggnlbove and R4 is
an am&%PHg§£§%irﬁ%f%Maﬁmd d) deprotecting the
N-protected pyrido [2, 1-a] ISO%UInO|Ine derivative of
formula Il with hydrochloric afif'd in a sol vent
sel ected fromthe group consi s&iptHof an aliphatic
ketone, an aliphatic nitrihel alcyclic ether or
m xtures thereof, an® mﬁii ™y-adm xture wifh an

7

al i phatic ketone, an al tig nitrile, a cyclic ether
or m xtures thereof. RGT Frocess according to claimb5,
characterized in that inRStep a) the 6-chl oropyridin-
2-ol catalyst is applied in an anount of 0.05 nol

equi val ents, £.® 0,29 nol ,equi val,en relating to on
o BRI RO ot e CagtrtensParghiodty Modehcfifags lover
alkgloloslienglkboy ¢ laivesalkergt, viherah doves talkyl, 2@akeriatkaxhand tdveer alkenyl

L e e

ginglonyy oB:cting grouphwith dredhioreldctone phide foreula IV

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

H
“r\ﬁ
O

formula V

wherein R', R%, R’ and R* are as defined above;

b) forming the mesylate of formula VI
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butyram de of formula V obtained fromstep a) is used
for the nesylation step b) without isolation fromthe

WO e@on2ams m xture. 9. Process accordi ng to anyPOHEPDS/060865

claims 5 to 8, characterized if that in step b)
met hanesul fonyl chloride is used. 10. Process
according to any one of clains 5 to 8, characterized
in that the conversion in st@Hqu is peffornmed at a
tenperature of 10 0OC to 35 . . ess accordi ng
to any one of claing: 5 tdJ0, fharacterized in that
the nmesylate of formu OoNfai ned infstepM) is used
for the ring closin wi t hout isolation from
the reaction mxture. 12, Process according to any one
of clainms 5 to 11, charBcterized in that in step c)
[ithiumtert.-butoxide or

Ii t hiyHEreRi 19 RE IRTBLAYY Sid M4l deBR H8)0ve aﬁ'c?M%“s?a@ﬂsﬁ?rmethanesulfonyl,
or gani, c@'lb‘lage. 13, Pr?ces according to claim 12,

BhERgEEr PERTIRIE RATOrMUhY ovil Bethangsytieny! galogide or

hetthineg fohgl(dnhididdyyl si |yl )am de is applied in an

amount of 2.5 nol equivalents to 3.5 nol equival ents

rel aty ng to.one | equi val ent t am ne of. formul
1 Ol SRR S BB b B s BEah Biicbase o

fidm thha-pottentédzmatidon?, t adisoquieolpwrlesr givef fornsdeld c) is
performed at a tenperature of -20 0OCto 10 OC 15.
Process according to any one of claipsF5 to 14,
characterized in that for the gggr ction in step d)
a sol vent selected from acetong, tyl et hyl ketone,
acetonitrile or tetrahydropu anyor Wi xtures thereof,
or water in adm xtur&litf et one, Get hyl ﬁ:hyl
ket one, acetonitrile or ra drofuran or 'mi xtures
thereof are used. 16.2PMhage according to claim15
characterized in that acefsone or tetrahydrofuran or
m xtures thereof or water in adm xture with acetone or
tetrahydrofuran or_m xtures thereof are used.17.
Pr ocebereack'oRYumRE are amyefored abbvecdral Risis Bn tmirkbprotecting group
racterized in that the conversion in step d) is
performed at a tenperature of 35 0C to 66 OC.

d) deprotecting the N-protected pyrido[2,1-a]isoquinoline derivative of formula II
with hydrochloric acid in a solvent selected from the group consisting of an aliphatic
ketone, an aliphatic nitrile, a cyclic ether or mixtures thereof, and water in admixture

with an aliphatic ketone, an aliphatic nitrile, a cyclic ether or mixtures thereof.

6. Process according to claim 5, characterized in that in step a) the 6-chloropyridin-
2-ol catalyst is applied in an amount of 0.05 mol equivalents to 0.20 mol equivalents

relating to one mol equivalent of the amine of formula III.

7. Process according to claims 5 or 6, characterized in that the conversion in step a)

is performed at a temperature of 80 °C to 111 °C.
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18. Process according to any one of clains 1 to 17,
wherein the conpound of fornmula I is

W@ 2898824 bS) - | - (2- am no- 9, 10-di et hoxy- |, 3, 4, BCTVEP1008/660865

exahydr o- 2Hpyri do| 31
2,1 -a]isoquinolin-3- yI) 4(8) f?uoronethyl pyrrolidin 2

-one drochl pri cr

(2538 RGP Bl ST . ST
atty(gmimlde of formula V obtalned from step a) is used for the mesylatlon step b) without

#btaRYh OB thelreRlibg aQkiuro! | n-3-yl ) -4(S) - f | uor omet hyl - py
rrolidin-2-one di hydrochl oride characterized by a

powder X-ray diffraction pattern obtalned with a CuKa

r adi gtll%ggesg\%lcgpdugétole{nlyg)%g o iglnzs Sk 82 cﬂ%&gtsnz% ip t 6hai &0 step b)

&e&an&éiﬂﬁ';nyl&h%nd]:ﬁs dsed0. 2, 16.4 0.2, 17.7 0.2, 19.5
0.2, 20.7 0.2, 21.6 0.2, 22.6 0.2, 27.3 0.2, 27.8
0.2 and 30.2 0.2 in 2Q(2Theta). 20. A crystalline

for f 1

1 3[‘%@ &]L%% eft\?‘% ﬁ élng boné 6 ATRS 3 '8, O L BERQY that the

opVERARITGB[sEp| ) A P@;qued@r»m temnRarytumy )0 CiePd et hyl - py

trolidin-2-one di hydrochloride characterized by an IR
absor ption spectrum having characteristic peaks

expr es Peskebyncesinlg dlanfppE oKl MRS 19 1B3p&Aradtarized SAHAt the

654k a7 TR Ahi e e Wi 15708 Bl e oS iR g ithou
ikd@tios oty tht408tiommitturd308 cm 1, 1260 cm 1, 1225

cm 1, 1193 cm 1, 1145 cm 1, 1130 cm 1, 1096 cm 1,
1054 cm 1, 1000 cm 1, 967 cm 1, 946 cm1l, 879 cm1,

844 PZ“P%@cegsoé%cgﬂH‘lr% 10 AP %m? 011(:191% Hr84 1CMatactded fh that in step )

crystalline vat

klti%lrg@t ng{g ?th&mrﬂ lﬂétrtf@etaﬂﬁ%ilm@e is gelactod g organic base.

| b- hexahydr o- 2H pyri do[ 2,1 -a] i soqui nolin-3-yl)-4(S)-fl

uor onet hyl pyrrolidin- 2-one di hydrochl ori de

char bt tPesdezedctaylirgy toaluii@r] 2Xelraayctetized irathiat bthiypatérerbutoxide or

@,l’ill% rb‘?&tr%&il%&lﬁgﬁgdé g%;sﬁg@ﬂgw@n‘f %gﬁ’g'&g%&h&%mﬁ t0 3.5
moizeqtmvalents glating1g one n@] pquiygent of thoamipg offorguuba 1124, 8

0.2, 25.3 0.2, 27.2 0.2, 27.9 0.2, 28.1 0.2, 29.9
0.2 and 30.7 0.2 in 2Q(2Theta). 22. A crystalline DW

sol vat, @ré&ﬁd’ﬁc@érd{r?g&o%ﬁé lanlz BRlaiins-A t3-18NtHA@aPerized in that the

O RIS 1 cai Besrad T temmemtEiatold 0 0 WG 4(9) - 11

uor onet hyl pyrroli di n-

15. Process according to any one of claims 5 to 14, characterized in that for the
deprotection in step d) a solvent selected from acetone, methyl ethyl ketone, acetonitrile
or tetrahydrofuran or mixtures thereof, or water in admixture with acetone, methyl ethyl

ketone, acetonitrile or tetrahydrofuran or mixtures thereof are used.

16. Process according to claim 15, characterized in that acetone or tetrahydrofuran
or mixtures thereof or water in admixture with acetone or tetrahydrofuran or mixtures

thereof are used.
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25

30

2-one di hydrochl oride characterized by an IR

absorption spectrum having characteristic peaks
wexpeeseed in cm' at approximately 3480 cm 1, PGBEB20031960865

", 2706 cmr , 2682 cm 1, 2610 cm 1, 2574 cm 1, 2532

cm 1, 2381 cm 1, 1684 cnm' 1,.3p659 cm'1l, 1622 cm 1,

1574 cm 1, 1528 cm 1, 1487 cm 1, 1410 cm 1, 1383 cm

1, 1310 cm 1, 1267 cni 1, 1251 cm 1, RECTIFI.ED SHEET

' ( RULIE lgrb):esls SéVonﬁﬁé w%ﬁ%ﬂge df, cla}ﬂ:@g Stg s, Jchaﬂal&ﬁz@dﬁn]tliat the
cm m
BT insten o aittoredel ey a7 cap B D‘zc |

Anor phous form of -
- (2S, 3S; IIbS)-I-éZ am no-'9, 10 dlnethoxy |,3,4,6,7,11bhe
: xahy&;l{rocess according to any one of claims 1 to 17, wherein the compound of

- f@éﬂa‘pm isfteé 35 h189) ﬁ@ﬂﬂh‘i}% -5118:difnk 1-5Jza<7r1qaﬁtemy—dw-zn-

I.di n- 2~ one ydr ori ar rized
pmé'awplr?bwqgw&mr%m ﬁ*g%lﬁ @%@&M@SP& 2; Lé)éhy%roc oride.
expressed in cm1l at apprOX|nater 3429 cn11 2507 cm '
1, 1680 cm 1, 1612 cm' 1, 1515 cm 1, 1310 cnm'l , 1261

cm 19. Al.&ﬂ/ﬁtaﬁhié fdrm 62(L8,38rh1bS)- 14 2-amino-D,1098inetnoxy; 1,984,7,1 1b-

gl 15yl SR 9 40 bR ol 5

. d&n‘drqﬂhlmgiefcbpmtea@edab)da pewder Xmnay diffeacipn @Pﬁfrwblgn@d)mth a

- Gy, FiatidnEwIBER Ee%éhke‘a %@fouaﬁmg%ws@ £ 00, {0B+0.2,12.1 £0.2,13.2

LSRR T 20t 88N RS, Sy R P Lok b2, 07

H2, 2 BNE .2, 256 +Th£ 2n6\iel. 22708 £ 9and I03/£ 02 1h|26€€2'ﬁlmia)
annrphous forns as described herein before. *
RECTI FI ED SHEET (RULE 91) I SA/EP

20. A crystallme form of (28,38, lle) 1-(2-amino-9, 10 dlmethoxy 1,3, 4 6,7, llb-
hexahydro-2H-pyrido(2,1-a}isoquinolin-3-yl)-4(S)-fluoromethyl-pyrrolidin-2-one
dihydrochloride characterized by an IR absorpfion'spectrum having characteristic peaks
4expr,essed incm™ at approximatély 3582 cm;", 3440 cm’?, 3237 em™!, 2726 cm’, 2535
em!, 2477 cm, 1953 cm, 1681 cm, 1601 cm™, 1575 cm™, 1525 cm™, 1491 cm?, 1408
cm’, 1308 cm™, 1260 cm™, 1225 cm™, 1193 cm’™, 1145 cm™, 1130 cm’™, 1096 cm™*, 1054
cm’, 1000 cm, 967 cm™, 946 cm™, 879 cm™!, 844 cm™, 808 cm, 768cm™ and 654 cm”™.

_ 21. A crystalline DMF so'lvate form of (25,3S,il 1b§)- 1-(2famino-9,10-dimethc')_xy7
1,3,4,6,7,1 lb-hexéhydro-ZH-pyrido[2,1 -a] isoquinolin—3-y1)-4( S)-ﬂuoromethyl-
pyrrolidin?Z-one dihydrochloride characterized by a powder X-ray di'ffracti‘on pattern
obtained with a Cuq radiation which comprises the following peaks: 6.8 + 0.2, 125+

. 0.2,13.5+0.2,15.1£0.2,17.4 £ 0.2, 18.1 + 0.2,184+0.2,243+0.2,24.8+0.2,253
- 0.2,27.2+£0.2,27.9+0.2,28.1 £0.2,29.9 +£ 0.2 and 30.7 + 0.2 in 20 (2Theta).

22 A crystallme DMF solvate form of (25, 3S 11bS)-1-(2-amino-9,10- dlmethoxy-
1,3,4,6,7,11b- hexahydro -2H- pyr1do[2 1-alisoquinolin-3-yl)-4(S)-fluoromethyl-
pyrrolidin-2-one dxhydrochlorlde characterized by an IR absorption spectrum having
characteristic peaks expressed in cm™ at approximately 3480 cm", 3376 cm™, 2706 cm™’,
2682 cm’, 2610 cm™, 2574 cm™, 2532 cm™, 2381 cm™, 1684 cm”, 1659 cm™, 1622 cm”,
1574 cm™, 1528 cm™, 1487 cm”’, 1410 cm”!, 1383 cm"' 1310 cm™, 1267 cm, 1251 em™,

RECTIFlED SHEET (RULE 91)
| ISA/EP
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-33.

1229 cm’, 1192 cm’! 1135 cm’! 1107 cm’, 998 cm ,988 cm™ ,930 cm™, 900 cm™, 841
cm’, 767 cm 680 cm’, and 667 cm’! '

23. Amorphous form of(ZS 3S,11bS)-1-(2-amino- 9 10- dlmethoxy-l 3,4,6,7,11b-
hexahydro-2H-pyrido[2,1-a)isoquinolin-3-yl)-4(S)-fluoromethyl-pyrrolidin-2-one
dihydrochloride characterized by an IR absorption spectrum having characteristic peaks
expressed in cm™ at approximately 3429 ¢m’!, 2507 cm™, 1680 cm’, 1612 cm™, 1515

em?, 1310 cm™, 1261 cm™, 1246 cm™, 1219 cm™, 1127 cm’™, 994 cm™!, 964 cm™, 945
¢m™, 888 cm™, 860 cm™, 842 cm’, 767 cm™, 685 cm™ and 635 cm"". -

, 24. Use of the crystalline or amorphous forms according to any one of claims 19 to
23 for the preparation of medicaments for the treatment and/or prophylaxis of diabetes,

non-insulin dependent diabetes mellitus and/or impaired glucose tolerance. .

'25. The novel processes, crystalline and amorphoiss forms as described herein

before.

k%
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