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PROCESS FOR THE PREPARATI ON OF PYRI DO [ 2, 1- A]
| SOQUI NOLI NE DERI VATI VES The present invention relates

w0 eoog/opisecess of the preparation of pyrido[ 2, | PEI/EP2008/067136
i soqui noline derivatives of the fornula wherein R2, R3
and R4 are each independent|-y-sel ected fromthe group
consi sting of hydrogen, hal ogen, hydroxy, |ower alkyl,
| oner al koxy and | ower al kenyl, wherein | ower alkyl,
| ower al koxy and | ower al kenyl nay optionally be
substituted by a group consisting of |ower
al koxycarbonyl, aryl and heterocyclyl, and the

ﬁ@?@%ﬁf}éﬁﬁ%ﬁ{! @gﬁfgﬁqﬁg ﬁﬁYk?ﬁQh[‘yirr- ﬁé@@[ﬁ%LINE

di seases which are ass DPP I V. The present

invention relates particularly to a process of the

preparation of a pyrido[2,1-a] isoquinoline derivative

The pRrSert divdkioh RYAtésHd alptodess 8f the pRGputafioh | bﬂﬁyr1d0[2 1-a] isoquinoline
f the formula | are disclosed in PCT

dema?%i’%‘?ﬁh?¥°6ﬂ% Pat ent Appl. WO 2005/ 000848. A maj or

task in the synthesis of the conpoupds of formula I is
the introduction of the chiral cefiiters in the
pyrido[2,1-a] isoquinoline M which in the
synthesis according to th CIN . Appl. WO

2005/ 000848 i nvol ves | ate ge @nantioner separation

by chiral HPLC. SUtl ¢Ss i S howevér difficult to
manage on technical, s e. JThe problemto be sol ved

wast herefore to fifd a ,Su tabl e process alternative

whi ch al | ows obtalnlng?the desired optical isonmer in

an earlier stage of the process, affords a higher

wheleth RN &R whd 81 acasachéndepadicatesklaned fomnhegloup cahsisting of

0] [ S
hydro é n\’/e én lﬁggro&g qi’]”&n |gylb nﬁve&) %%gg ﬁ%(? Lobv{eg %lk%{é gﬂ%rem lower alkyl,
lower g oy gnd lower alkenyl may optionally be substituted by a group con51st1ng of lower
alkoxycarbonyl, aryl and heterocyclyl, and the pharmaceutically acceptable salts thereof, which

are useful for the treatment and / or prophylaxis of diseases which are associated with DPP 1V.

The present invention relates particularly to a process of the preparation of a pyrido[2,1-a]

isoquinoline derivative of the formula

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

A major task in the synthesis of the compounds of formula I is the introduction of the
chiral centers in the pyrido[2,1-a] isoquinoline moiety, which in the synthesis according to the
PCT Int. Appl. WO 2005/000848 involves late stage enantiomer separation by chiral HPLC.

Such a process is however difficult to manage on technical scale. The problem to be solved was



The process for the preparation of pyrido[2,1-a]
i soqui nol i ne derivatives of the fornula wherein R2, R3
w@reB80ser e each i ndependently sel ected from t PET/BP290§I067136

consi sting of hydrogen, hal ogen, hydroxy, |ower alkyl,

| ower al koxy and | ower al ken¥t, wherein | ower alkyl,

| ower al koxy and | ower al kenyl may optionally be

i t e . . .

“[herefgl{‘é‘&cg t)f('l%}é grsgg%@% Pr%g%%ﬂgrﬁ%ﬁkeeﬁ}eur%g gﬁlé&%#t%ﬁﬁtgg tg]@ desired optical ISOI’I‘IGI‘
in an qahlgar stege of thegirpgessa @tfepstsaiighos aial amt%wh@bfcan bopaprdugted on technical
scale.one or nore of the follow ng steps a) ring opening of

(S)-4-fluoronethyl -di hydro-furan-2-one of the formula

nd subsequent. esterification to.provide the.
ﬁﬁja-sic@‘ﬂ}d&ﬂﬁt-‘@-ﬂ? iHsgresisst %ﬁﬁ*@ B{?tSVFiHEVe £y 2 e pelpethe problem
5 could bosstutd wherein R laa is | ower alkyl;b) converting
the (R)-4-brono-3-fluoronethyl-butyric acid ester of

?Fﬁe(e %Jogésglﬂ)rathg %)ep\ﬂ.*attilgn 3 Pp%d%r[g ,tl -ea(i tl's%ﬂu&lo MI% H'e?ivaltigé/sl SthEformula

N- prot ected-(S)-4-(al koxycar bonyl
fl uoronet hyl -butyric acid ester
and R b are lower alkyl and¥p
protecting group; c) deprott
-(S)-4-(al koxycar
ric acid ester of
closure to formthe
oxo-pyrrolidin-I-y1)- cetic acid ester of formula b
wherein Rlb is |ower akyl; d) converting the
(gS);4-%IR?ororT§t hyl - 2- oxo- pyrrolidin-| -ylz-aceti c acid
wherein BT, R ondril arq( etiph ingepentdaetly selected from the group consisting of
hydrogdrohatd %&L %?&1%5@} 1BYkr zﬁk?’f RWRY B8k Fhddwe¥ hilkeRyI0%RelRH M ver alkyl,

ic acid ester of fornula i

10 lower alkoxy and lower alkenyl may optionally be substituted by a group selected from lower

alkoxycarbonyl, aryl and heterocyclyl,

hyl - am no) - 3-
ornmul a wherein Rl a
\S an am no

the N-protected

) - 3-fl uoronet hyl buty
subseduent ring

and of pharmaceutically acceptable salts thereof,
comprises one or more of the following steps

a) ring opening of (S)-4-fluoromethyl-dihydro-furan-2-one of the formula
0O

P

15 F

and subsequent esterification to provide the (R)-4-bromo-3-fluoromethyl-butyric acid ester

of the formula
Br O 1a

wherein R' is lower alkyl;



wherein Ric is a protecting group or a salt thereof;
e) transformng the

W@ ¢@®pg05H0 uor onet hyl - 2- oxo- pyrrolidin-I-yl) - 3-PXOEP2DS067136
ic acid ester of fornula (5a) into the
((S)-4-fluoronet hyl -2- oxo- pyBfrolidin-I-yl)-3-oxo-butyr
ic acid of fornmula or a salt thereof; f) coupling the

I r

Ig)g@élgﬁalﬁlg;f@e{ @Eﬁ{ F%ero %— 8r091¥e|:[1é9 blug;rﬁ deid %s}er%'f%%%lx (2) with an
N-protgeteid\ghcineealioflesterrinigl caNAvwetceted 45 1 41(¢1§¢>é@ﬁrb0t1ﬂnfeﬁmhaann0) 3-
ﬂuoroﬁféﬁﬁl‘l) BRdrRfacidsbfoMglel N R2, R3 and R4 are as

above, or a salt thereof, subsequently ring closing

t he conpound of fornula (7a§ Wi th fornaldehyde to form

the (3S, 11Db5)-3-((9)-4-fPubrjonet hyl -

oxo- pyrrol i din-I-yRYolc3, K COR1a 3

| b- hexahydr o- pyr|d0[2 I- a]lsqu|noI|n 2-one

riv hve fib nula wher and R4. are as
T A e o ARy S o

| b5) - 3 ((S) 4-fiuoronet hyl - 2- oxo-pyrrolidin-l-yl)-1,3,

d), &pitecting exhyrdicoted pinida@[kp xlycarbdriybmoetby hahinn)-2- fomaomethyl-
butylrlfi E%gi\égt%f Xﬁfo%%%gﬁewg%u%%eﬁ?l ﬁéfrllfn% ctli}ﬁfe(é)fo:h'xé xa§1€(§ §§%Joromethyl 2
oxo-pyreldin-doylpagetic apidssiguphirmylas. y| ) -

4-fl uoronet hyl - pyrrolidin-2-one of formula wherein R

2, R3 and R and Prot aréDas above, or a salt thereof;

h) renovi ng the protect -gLoup Prot in the

(S)-1-((2S,3S,1 1 bS)-2- Hm&ﬁ%d@mrm-l 3,4,6,7,1

| b- hexahydro-2 H pyridg| 2,1 -

a] i soqui noli n-3-yl)-4-1d uoronet hyl - pyrrolidin-2-one of

formul a (8) Unl ess otherw se indicated, the follow ng

10 w%&eﬂfﬁ“ are Ft forth to illustrate and define the
neani ng and scop¥ of the various terns used to

descri be the invention herein. o o
d) converting the ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-acetic acid ester of formula (4)

into the ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-oxo-butyric acid ester of formula

F
0 O
R'ICOJI\/IK/N Sa
@)

wherein R' is a protecting group or a salt thereof;

15 ¢) transforming the ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-oxo-butyric acid ester of
formula (5a) into the ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-oxo-butyric acid of formula

F
0O O
ALY s
@)

f) coupling the ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-oxo-butyric acid of formula

or a salt thereof;

20  (5b) with an isoquinoline derivative of formula



In this specification the term"lower" is used to nean
a group consisting of one to six, preferably of one to
wo op/08pbon aton(s). The term "hal ogen” ref er BCT/BP2008/067136
fluorine, chlorine, bromne and iodine, with fluorine,

bromi ne and chlorine being pfeferred. The term

"al kyl™, alone or in conbination wth other groups,
refers to a branched @&_styraight-chain nonoval ent
saturated aliphatic hydr @ M radgcal of one to
twenty carbon atons, ek one to sixteen carbon
atons, nore preferably on 4to ten carbon atons. The
term "l ower alkyl", alone i n conbination with other

refers to a b hed or _straight-chain
Sonsichehet e iheiAn Radt il Tofare, eatpse.dp YoTEhd BRPeTg ¢ formula
preferably one to four carbon atons._ This termis
further exenplified by radicals s ch as nmet hyl , ethyl,
n-propyl, isopropyl, nbutylQ s- yl, isobutyl,
t-butyl, n-pentyl, 3-nethylbut n-hefy ,
2-ethyl butyl and the |ike.| Preferabl e | ower al kyl
resi dues are nethy$ ] MH, With nmethyl being
especially preferred, ¢r m " hal ogenat ed | ower
al kyl" refers to &RTo ¥T 2 kyl group as defined above
wherein at | east one oR'the hydrogens of the |ower
al kyl group is replaced by a hal ogen atom preferably

ﬁvhék@anR?O rR3 %hdi /' arc A, bhe silf tleiof eshiie]eapahgdlosing the

ar riflu

s compeyfRl a5ttt (90 MR TORRIRON o 2R TR e BRSLAYIS-4rfjwromethyl-2-

oxo-pyresidit-d K phyl4, 6 ,ad 1bdeghHydree pyridghdtadsoqnnelins2Hoat denrtagice of

r substituted hydrocarbon chain radical having from?2

6 carbon atons, preferably from2 to 4 carbon
atons, and having one or two ol efingc doubl e bonds,
preferably one ol efinic double bghd. Exanples are
vinyl, 1- propenyl, 2-propepyl [(a\lyl) or 2-butenyl
(crotyl). The term "al koxy S to #he group R -0,
wherein R is alk¥y. "I pwer - al koxy"

formu

wherein R%, R® and R are as above, or a salt thereof:

10 g) transforming the (3S,11bS)-3-((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-1,3,4,6,7,11b-
hexahydro-pyrido[2,1-a]isoquinolin-2-one derivative of formula (7b) into the (S)-1-
((28,3S,11bS)-2-N-protected-amino-1,3,4,6,7,11b-hexahydro-2 H-pyrido[2,1-a]isoquinolin-3-yl)-
4-fluoromethyl-pyrrolidin-2-one of formula

15 wherein R%, R® and R* and Prot are as above, or a salt thereof;
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refers to the group R-0O, wherein R is a |ower alkyl
group as defined above. Exanples of |ower al koxy
WQ@Qe@apsoser e e. g. mnet hoxy, ethoxy, propoxy, i SOPCDPR209$/067136
but oxy, isobutoxy and hexyl oxy, w th nethoxy being
especially preferred. The tefm "l ower al koxycarbonyl"
refers to the group R-OC(O-, wherein R is a | owner

Q J%Xlovﬂn{gt‘ﬁ{é’px%?ecﬁﬁ% 'rg{b%g PIBOY Ghe| -1t-('?§§?33 elﬁ%{;*g)-.vr-ﬁ\ﬁfn%'ie%tetd‘-’amino-
n-aro I ¢ nonovafFent ‘nono- or 'polycarbocyclic o
1,3,4,6.3dil b-akxahydwh2 HpypHeliyl -ab$0qna}@hﬂwylg-4pﬂ@fr@matbly&pyrro lidin-2-one of
formuRh@fy! . which may optionally be nono-, di- or
tri-substituted, independently, by |ower alkyl, |ower
al koxy, hal o, cyano, azido, am no, di-I|ower alkyl

] no or hydrgxy. ,The .term" l.oal kyl" refers.to a
RBlksvaPenticinfticieg i & Ryting SFiFS e st for o, ltustrate and define

the mqanefgemd Bbypd dfitkevar@ub itarms cacdiordeadrirehe bl idndremin.s

further exenplified by radicals such as cycl opropyl,

. . n a . . .
B S T B o g v o
preferg8ly odankip fopeedrnredomey). opti onal |y be nono-, di- or
tri-substituted, independently, by |ower alkyl or by
TR REANhalbhen1refel folRioeihe Chtdritle, brogfigs sndt i9dme Swit®Fluorine, bromine

dlﬁ-neg%sred ?ro tic or saturated N-heterocyclic
and clyicdrde R %may optionally contain a further

nitrogen or oxygen atom such as i m dazolyl,

e ®rzol“glkyl’t hioaz ot Wl conphymatdy lwithpythemgrayps, rafes phabrandhed or
sraig RERARO R B Bl DR iR p iR b Bty carbon atoms
preferphly g8¢ teasixtgpn Fasbril atpmpemersrigeleraliy. onsrtotten cashiisatpmet ed,

i ndependently, by |ower alkyl, |ower alkoxy, halo,

THARSm “RAVGQlkyRMalRe of il @MBinaldanlitReihBOgeip) YERERXY a branched or

sra g YL TGSt i SXN STPEb aeu, BregaTis bpp g our carbon
atomsaf ks tamne durvtict bxdmdifgdriyaadicald suchusmabylhsttylo atpreysil,cisopropyl, n-

: ‘ b . : | . . i , ‘
o 858, ARSIV 99, FHRALFSE iy Ul o i

Preferable lower alkyl residues are methyl and ethyl, with methyl being especially preferred.

The term “halogenated lower alkyl” refers to a lower alkyl group as defined above wherein
at least one of the hydrogens of the lower alkyl group is replaced by a halogen atom, preferably
fluoro or chloro. Among the preferred halogenated lower alkyl groups are trifluoromethyl,

difluoromethyl, fluoromethyl and chloromethyl.

The term “alkenyl” as used herein denotes an unsubstituted or substituted hydrocarbon
chain radical having from 2 to 6 carbon atoms, preferably from 2 to 4 carbon atoms, and having
one or two olefinic double bonds, preferably one olefinic double bond. Examples are vinyl, 1-

propenyl, 2-propenyl (allyl) or 2-butenyl (crotyl).

The term “alkoxy” refers to the group R'-O-, wherein R' is alkyl. The term "lower-alkoxy"
refers to the group R'-O-, wherein R' is a lower alkyl group as defined above. Examples of lower
alkoxy groups are ¢.g. methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy and hexyloxy,

with methoxy being especially preferred.

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

alkyl group as defined above.
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hydrochl oric acid, and organic acids such as acetic

acid, propionic acid, glycolic acid, pyruvic acid,
w@000jogoseci d, mal ei ¢ acid, malonic acid, succi PCER20$1067136

fumaric acid, tartaric acid, citric acid, benzoic

acid, cinnamc acid, mandel i-6- aci d, met hanesul f onic

aci d, ethanesul fonic acid, ptoluenesulfonic acid,

A plye - \ he L] o
TAL ALk LB K SLIAM TG hGutd it st s
as pheapl orraphidsl. prasersblyghenyl, whighmiay dpgiosaltyoba mend- die oati-substituted,

indepcP@bhidy, 8§16 W& IETIOBWRNa kHLY, BAR EyRBSEiddIGHHTIE di-Riter @181 amino or
not Ifmted to,” the sodium potassium [|ithium

hydroXymoni um cal ci um magnesi um salts and the like. Salts
derived from organi c bases include, but are not

Thenchad'cydodRyIt sefofs to ainttambyalcstaaeidaclic radical dfehfet & ¥ix, preferably
am nes.. substituted am i nel udi-ng, nat.ur al |
tree GNGER e b TR A R e AR CRaE s asfopronst
cyclobubyl, escidpaniyéandsichhexgluvithayclopwpyopy cyniohatyl being preferred. Such

lodliby 1 FEG AUk By WptiofAIRE BWVh&RE-NGi- of frl- QiR dently, by 1 lkyl
CyCOtr}% propykzﬁy@,met ﬁ;ano]llngﬁrg he, Of fssdne, uar@?ﬁie%een, e, by flower afy
or by halegdty | pi peri di ne, piperidine. The term

"pharmaceutical ly acceptable salts" enbraces salts of

ThetceMpoRESelOP rbitdl aa5-lor \Whhéimbered g@diatic OF s@uAERI X-heterocyclic
d{a0|€s such as drthIo ic acid, hﬁdrobron1c aci.d, . dazolvl
residup; yhich meg optiond iy sanpaiea B RGYRECR #iogn Siih s pidazolyl,
pyrazalgi, thiaodylypyridytipgrinmdylemorpholiol, pamedzino, pdiedidirourmgryirolidino,
ot BB RO 1B dipIAsd I 1854 AP BRIRALAIAR e monc-,
di- or fri-kebstitiiecs ndgpendsaiy, toaxpwer akyli lpinieg abspyaialprsyano, azido, amino, di-

lower %!k?f ShlRbrIghioky Wiklrafté dbsafuent 9@ syl Rk IERL@S being preferred.
cifrates, hydrochl orides, hydrobrom des "and

t Jfopi j.d lts, w.th hyd hl orjd bei )
BB RSl Ry o ltirf e Ry ot b s S e s loric
acid, yldrdbBym#t-dcid) eultumit deyd, nitrib wcidpphaspeoricZectdhandothe tike, preferably
. 4. f ti i .
crob A0 Y PO TRSHERL 5L S R 4REBH . v
acid, qxylic fl@ﬂnmh]glc(@)d, mplenie iacng, @p@nic!@gl ; égpqricoqﬁldj gwncylmd, citric acid,
benzolcBKRE cRIn&nR Wid, MMl ORE @ ThahARkAforsthdi@RNanW L3 nRMcid, p-

toluenesulfonic acid, salicylic acid, N-acetylcystein and the like.

In addition these salts may be prepared form addition of an inorganic base or an organic
base to the free acid. Salts derived from an inorganic base include, but are not limited to, the
sodium, potassium, lithium, ammonium, calcium, magnesium salts and the like. Salts derived
from organic bases include, but are not limited to salts of primary, secondary, and tertiary amines,
substituted amines including naturally occurring substituted amines, cyclic amines and basic ion
exchange resins, such as isopropylamine, trimethylamine, diethylamine, tricthylamine,

tripropylamine, ethanolamine, lysine, arginine, N-ethylpiperidine, piperidine.

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 acid, fumaric acid,
succinic acid, tartaric acid, methanesulphonic acid, salicylic acid, p-toluenesulphonic acid and
the like, which are non toxic to living organisms. Preferred salts with acids are formates,
maleates, citrates, hydrochlorides, hydrobromides and methanesulfonic acid salts, with

hydrochlorides being especially preferred.
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acetic acid solution of hydrobromc acid at a reaction

tenperature of 20 0OC to 100 OC, preferably of 400C to
w@OT0s®Bar t he subsequent esterifcation a | owePCI/EP2008/067136

al cohol, preferably nethanol or ethanol, nore

preferably nmethanol is added7to the reaction mi xture.

The reaction tenperature is not critical, but usually

E{e i,§ kept bel ow 400C. Alternatively the ring opening

amg—ihe esterifcation can be effected directly by

reacting the (S)-4-fluoronethyl-dihydro-furan-2-one

wicbtd) eanipely b ragioperieg 6f eotiligamethyl-ddydimbiranfwsp of the formula

(1) anaﬂsulsse@ue%@ BéAdfi@NSn 8Spovide tRe@R )2 BNEno- HPRBronB/8Jub RR acid cster of

reaction the (R)-4-brono-3-fluoronethyl-butyric
thefo%lilﬂi(?gster of the fornula (2) can be isolated applying
aqueous work up nethods known to the skilled in the
Ahd ringopdriey repetianfusaalty takesgfladeheitiphpdiobriontaacitesuitably with an

acetic %ﬁla 8@&?{32 %% hg&rgjt')]l:‘pn# ?E%l? gﬁ% Fﬁ%}gﬁ lgge{l{%gthlgﬁrac | 9@ Yc? ﬁ 6(5 5@ preferably

of 40°Crte mula (2) with an N-prot ected gl ycine aI kyI ester
into a NNprotected -(S)-4-

F&l thoxyzaqRan é‘ﬂt&ﬁtdﬁﬁbﬁ @'IBVV&)a'lc%hBi 5%f&ﬁ§l§hﬂéth£ié‘l ¥F éthanol, more

prefer?}ﬁly n&e?lfﬁtng ogde];qo tggﬁ ?F@{(Vq%n m rﬁrfl&e reactipndemperayyre is not critical, but

usually @rigliem beRw 46 he correspondl ng nethyl ester. Suitable
N-protected glycine alkylester is a N-protected

th%ﬁ]laﬁ%lg %Wa&@ nlgga?h efl§e esperrﬁfcgtrlﬁp é% ‘tgehe?fe%'ﬂ Qﬂt]e%‘t @p B¥ reacting the

(S)-4- ﬂn@romﬁsdﬁthyém-ﬁlr@caxp@nWltlsmln)rdyolug@@p md mlntd@r intthelower alcohol at

the coh&ifi6hd 3 JuXlifdld 2B am no group. Suitable ami no
protecting groups are described in Geen T.

"Protectjve nt hesi s

Ygam CWlP]@E}O%H gqsflg;uoq %gtﬁ -fdgg 03y uoorgglethq] %utyrlc acid ester of the

formula (2) can be isolated applying aqueous work up methods known to the skilled in the art.

Further purification of the product can be achieved by distillation.

Step b)

Step b) requires converting the (R)-4-bromo-3-fluoromethyl-butyric acid ester of the
formula (2) with an N-protected glycine alkylester into a N-protected -(S)-4-
(alkoxycarbonylmethyl-amino)-3-fluoromethyl-butyric acid ester of formula (3).

Preferred (R)-4-bromo-3-fluoromethyl-butyric acid ester of formula (2) is the

corresponding methylester.

Suitable N-protected glycine alkylester is a N-protected glycine lower alkyl ester,
preferably the methyl- or ethylester.

The N-protecting group “Prot” may refer to any substituents conventionally used to hinder
the reactivity of the amino group. Suitable amino protecting groups are described in Green T.,
"Protective Groups in Organic Synthesis", Chapter 7, John Wiley and Sons, Inc.,1991, 309-385.
The benzyl group was found to be the preferred N-protecting group “Prot”.

Most preferred N-protected glycine alkylester therefore is the N-benzyl glycine ethylester.
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The benzyl group was found to be the preferred

N-protecting group "Prot". Most preferred N-protected
w@lkopeiosisoml kyl ester therefore is the N-benzyl PUH/EPI968/067136

et hyl ester. The reaction is usually perforned in a

sui tabl e polar aprotic solvelt such as in

acetonitrile, tetrahydrofuran, dinmethoxyethane,

? é)%%ggt?o Ol ugl[al I%}’f% ({]1% 3?1 it ¥1p110 c@&l@ %{1&{ A.J ifi acctonitrile,
SpORbI bR Tk 66 ooy

ure O
tetrahy@ﬁﬁlé&tmdun@h@*yeﬂﬁee mwn or trwﬁualmyleamefewé)ly e awomtrlle at a

reactﬁtﬁ%ﬁ@%ﬁ%&é Bf 9(5  3ehS AMNRMmpcthrds QAU Ivak, SLER Bthe reflux

pr ef er

tempe{aé‘)‘re@ E‘l?eﬁ‘?‘?m et hoxycar bonyl net hyl - ani no) - 3-
fluoromet hyl -butyric acid nethyl ester can be isol ated
anspbxy)ldng orfeteb Mqorkifembty the (tsb,e ($>kmjyll-edlo|xgncatrlbtﬁly&néthizloammo) 3-

ﬂuororneﬁn g‘afr% at nrfol%/t }r{‘lgeﬁ%er £, Qe gefa%ed apgf énrg 311 I I‘?O%Ynn toe[he skilled in
the artufei ergpnaple by tqueng)ﬁ@anlvcnts Blreentioncawbe acrhl@veédvbf\fémmg the residue
over sﬂlcﬁ?@f@sn%sa ﬁilﬁé@%tor 46 seraBl rod ﬁ‘sﬁfv@ﬁter;l&fture as cluent ‘F]Oér example

| acetat e an ptane. StepT) Step c) requires ft
a mixtyegRpfntisdagetyie epd hapgance.
N- prot ect ed- (S) - 4-(al koxycar bonyl net hyl - am no) -
3-fluoronethyl -butyric acid ester of fornula (3) and
Supsgquent ring closure to formthe ((S)-4-
fl uoronet hyl - 2- oxo-pyrrolidin-1-yl)-acetic acid ester

g{gpf ?f&]}ﬂlr& t(hé)depetlg&bﬁoﬁ bf b 1\I\ﬁ g%ﬁec{tj&iegsg %o%iéargcgqy%gtﬂgl -amino)-

3-fluorwnathyl oy icsiid hst@rroef fkmmﬂm(&) ang h@bssmldnlt eldg pbsmhéo ﬁcrrm the ((S)-4-

fl 1-8-Gko-pyriiRE ERPL MBI o 9 Attached to
uOer(]n%flﬂg%’en &Rll t roggn g? éé:él@ﬁérlﬁ e§€ﬂé POIE@C?W(N Y.) 7

preferred d | ati on.the
ﬁwﬁl@@ SRR rlsfg\'f PrUgHingLroun | r@tn’a IHVED Dy i ddwdpgenolysis
applyiny doedjgonsat ol pleeine wafto Thetekilldddn 1Kk aba(see: élgt eydpo &H6 188 of
a Cco 0ogen Lon cat L, |
Bonzy Gr S ATR A R ORISR RYE S te SHER AR ARV PAID.

| ower al cohol, preferabl %/ et hanol as sol vent.
For the preferred debenzylatlon the hydrogenolysis can as a rule be performed under a

hydrogen atmosphere of 1 bar to 10 bar in the presence of a common hydrogenation catalyst
such as palladium or platinum on an inert support like charcoal and in a lower alcohol, preferably

ethanol as solvent.

The reaction temperature is expediently selected between 0 °C and 60 °C, preferably 10 °C
to 30 °C.

Ring closing can already be observed in the course of the hydrogenolysis. Completion of
the ring closing can be achieved by raising the reaction temperature, preferably to reflux

temperature of the solvent. The catalyst can be filtered off prior to the temperature increase.

The product of step c), preferably the ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-acetic
acid ethyl ester can be isolated from the reaction mixture by removing the solvent and, if desired

by subsequent distillation of the residue.

The ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-acetic acid ester of formula
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The reaction tenperature is expediently sel ected
between 0 OC and 60 O0C, preferably 10 0OC to 30 0OC
wWoRRMWg/0815061 Ng can al ready be observed in the chCF¥/BR200$/067136
t he hydrogenol ysis. Conpletion of the ring closing can
be achi eved by raising the r8action tenperature,
preferably to reflux tenperature of the solvent. The
catal yst can be filteredoff prior to the tenperature
i ncrease. The product of s,gg c), preferably the
((S)-4-fluoronethyl - @@ka%r -l-yl)-acetic acid
et hyl ester can be isoI ed fromth® reaction mxture
by renoving the solvent and, if desired by subsequent
distillation of the redidue. The
((S)-4-fluoronet hyl -2-oxo-pyrrolidin-I-yl)-acetic acid

®8é@Mm IQ]f" i ra,wéu hmoah PhichlallyBhd $(J)MBlioramkthlyl-2-oxo-pyrrolidin-1-yl)-

acetic ARyt L alﬂﬁffelﬁg}ri thyss SGRCRSH biUraPT TS fient € dhg igvention.

acid ethyl ester is novel and thus represents a
Sweptdher enbodi ment of the invention. Step d) Step d)
requires t he conversion of the

. . i di [)- iQ:.aci :
?)d fleq?ﬁrgé‘){hg%ﬁ Lig gloﬁ‘%hg ({:%?-reéf-ﬂﬁdrghl@fﬂyl-i-&xo%%'hamap-&ﬁ-acetlc

acid ertersaﬂfarmlrla é4)dﬁ@tth9( SyAdflueremethist F-@rerpyrrgliding - ph-d-gxerYutyric acid
ester dfGor&il4l (6ot er of fornula (5a). Initially the acetic
acid ester of the fornmula wherein Rl c is a protecting

1 t th f
AR gl peTR =i SEms T ?%Qéisegﬁihoasawn? h LDA =

['ithiumdiisopropylam de, L| = lithium

hexanet hyl di si | azi de, KHNDS potassrum
hexanet hyl di si | azi de, N&ﬁﬁwoﬁedrum

hexanet hyl di si |l azi de or [ithium
2,2,6,6-tetramet hyl pi peridide at a tenperature of 00C

#RereMORPGs a pRItedtRE R Op 9 Q@ptbﬂ)nat%@%therbréﬂ%ﬁcMﬁsﬁ?ﬁﬁw%phlhc
strongtOég%ngab%regsnus fa%ﬁ%/rlt%i%g = 11t 1\1/1%{] 1150{)190&)y arm(q? lLFi‘HMbS = lithium
hexamethyldisilazide, KHMDS = potassium hexamethyldisilazide, NaHMDS = sodium
hexamethyldisilazide or LiITMP = lithium 2,2,6,6-tetramethylpiperidide at a temperature of 0°C
to -100°C , preferably 0°C to -40°C in the presence of suitable inert organic solvent, for example

in tetrahydrofuran.

Suitable protecting group R'® is benzyl or 1-phenyl ethyl, preferably benzyl. Preferably

benzyl acetate is used.

To the in situ formed enolate the ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-acetic acid
ester of formula (4) can then be added at a temperature of -50°C to -100°C , preferably -60°C to

-80°C in the presence of the same solvent as used for the enolate formation.

Upon completion of the reaction the ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-oxo-
butyric acid ester of formula (5a), preferably the ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-
oxo-butyric acid benzyl ester can be isolated applying aqueous work up methods known to the
skilled in the art. Purification of the product can be achieved by filtration over silica gel using a
suitable organic solvent or organic solvent mixture as eluent, for example a mixture of

cthylacetate and heptane.

The ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-oxo-butyric acid esters of formula
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Sui tabl e protecting group Ric is benzyl or 1-phenyl

ethyl, preferably benzyl. Preferably benzyl acetate is
W@ e@d/0805a0 t he in situ formed enol ate the PCT/EP2008/067136

((S)-4-fiuoronethyl -2-oxo-pyrrolidin-I-yl)-acetic acid

ester of formula (4) can thelW-be added at a

tenperature of -500C to -1000C , preferably -600C to

-800C in the presence of the sane,sbl vent as used for

the enolate formation. Hporyco etion of the reaction

t he

((S)-4-fiuoronethyl*é%ﬁ%b?%%?f% 'din§?-yl)-3-oxobutyri
c acid ester of fornmula (5a), préeferably the
((S)-4-fiuoronethyl-2-oxo-pyrrolidin-Il-yl)-3-

Qfﬁgreﬁtuﬁy RI%%cgnrl[g t %gé%gg pgﬁ}cﬁfarlgrat‘ﬂ]e% (ﬁ éﬁﬂo?otengeqlllﬁp#%%%é-g%rohdm- 1-

yD-3- @m butm«r aCfld baltzyb pstef o healp theteedt are apvd) omphinsls @dd Byus represent a

furthef &b AR bAMEvehtidnca gel using a suitabl e organic
solvent or organic solvent mxture as eluent, for

nple a m xture of ethylacet e ane.
(@O%t@fft ﬂwolﬁ@‘é?ﬁwl 1BUtELIY APG Sl 039 ﬁr‘ﬁwﬁmasz Yb%tow
pyrrolidin-acylp3 @b asusyr2facidoeseaticambies ekist it dnsl dripfodtiechimgla
group, particularly the
((S)-4-fluoronet hyl - 2- oxo- pyrroli k-1 yl) -
3-oxo-butyric acid benzyl or a salt thereof,

are novel conpounds and th Q\r prese t a further
Tl

enbodi nent of the i R/ toeff ers show

ket o- enol tautonerism and thus t be

(S)-4-fluoromethyl -2-oxopyrrolidin-

éﬁﬁka 3-o0xo0-butyric acid ester can also exist inits

formof the fornula Step e) Step e) requires the

transformati on of the

Biep)) eabiirerothe trensfgtmationyod tiwy((B oit-fldiorenhetlyy1y2-gxo-pyrrolidin-1-yl)-3-
oxo-b SC QHH%EﬂePo%tﬁuﬁ%B%rm&fthé stltﬁlogéﬁ%th&m 9x$ %?rrohdm-l -yl)-3-0x0-

or onet oxo-pyrrolidin-I- xobut
bmW“%aﬁépéﬁﬁﬁnt%tﬁﬁla (5b). The formation of the acid as a
rul e consists of a hydrogeol ysis which can be
D¢ fomareh of the acid as a rule consists of a hydrogeolysis which can be performed

applying methods known to the skilled in the art (see e.g. W.H. Hartung, R. Smirnoff (1953).
"Hydrogenolysis of Benzyl Groups Attached to Oxygen, Nitrogen, or Sulfur." Org. React. (N.Y.)
7:263).

Usually the reaction is performed under a hydrogen atmosphere of 1 bar to 10 bar in the
presence of a common hydrogenation catalyst such as palladium or platinum on an inert support

like charcoal and in a lower alcohol, preferably ethanol as solvent.

The reaction temperature is expediently selected between 0 °C and 60 °C, preferably 0 °C
to 30 °C.

The resulting ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-oxo-butyric acid of formula
(5b) can be isolated from the reaction mixture by filtering off of the catalyst and after removal of

the solvent.

However, it is preferred not to isolate the ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-
oxo-butyric acid of formula (5b), but to use the filtrate (after removal of the catalyst) for the
subsequent step f).



10

15

20

25

appl yi ng met hods known to the skilled in the art (see

e.g. WH Hartung, R Smrnoff (1953). "Hydrogenol ysis
wW@RooBessyd G oups Attached to Oxygen, N trogenPCDEP2008/067136

Sul fur.” Og. React. (N Y.) 7 : 263). Usually the

reaction is performed under-H-hydrogen atnosphere of 1

bar to 10 bar in the presence of a conmmon

t [ um: or .. [

A R 2N U A B R DR G AT

al cohol , preferably et hanol as solwent. The reaction

tenperature is expediently sel ecfed between 0 OC and

60 0C, preferably O OC o 30 OLC. \The resulting

((S)-4-fluoronethyl 7'di Bb| -yl )-3-o0xo-butyr

ic acid of formula (Sg) can be iSgolated fromthe

reaction mxture by filtering off of the catalyst and

after renoval of the solvent. However, it is preferred

oot saltghgrsef, 4t & nprd compound and thus represents a further embodiment of the
inventédnS) - 4- f | uor onet hyl - 2- oxo-pyrrolidin-1-yl)-3-
oxo-butyric acid of fornmula (5b), but to use the
élltrate (after renoval of the catalyst) for the
quent step f). The
((S)-4-fluoronethyl -2-oxo-pyrrolidin-I|-yl)-3-o0xo-butyr
Sepdricduinés thocopliag of the (69-4-fltbieneofy]-2-sxcapyrodelin-1-y1)-3-oxo-

butyri? %&H Q¢ %5%5‘@11 aﬁ? ﬁw%thﬁef‘ ?etfn%lﬁtvggf fo?ﬁﬁfﬁddgggp sa‘?tf thereof to

e I nventli o requires
form gfonpipaind of formula (7a) ora salt thereo and the subsequent ring closmg of the

compcﬁfn@)o‘f%tfrﬂdﬂ@(ﬁmﬂl}ﬂ)r’n@eﬂ@é{@/d@YJ foRhitad (39, rl}f)@ ﬁ(st)mﬂwruﬁﬂethyl 2-

an, i ] nol I erivative
oxo- pmglfcld?wlbl%éﬁ%{aﬁ15%5@@%@%&)&5@ dﬂ%ﬂ?ﬁl M6 dfdvasie of
formufaot76)l @ (7a) or a salt thereof and the subsequent ring
cl osing of the conpound of fornmula (7a) with

éggn%ng(g X%:? ge )ef) &rer? lﬁgtr% (_)or‘tr)%atlr},'ed] frojn step ¢) and containing ((S)-4-
fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-oxo- butyrlc acid of formula (5b) can be added to the
isoquinoline derivative of formula (6) to provide compound of formula (7a) or a salt thereof

(depending on the reaction conditions and isolation procedure).

A suitable isoquinoline derivative of formula (6) is the dihydroisoquinoline of formula

CH3O]©/J\I el
CH,O

6a.HCI

In this case, preferred conditions involve the reaction of (S)-(4-fluoromethyl-2-oxo-
pyrrolidin-1-yl)-3-oxo-butyric acid of formula (5b) with the compound of formula (6a.HCI) in a
suitable solvent such as water, lower alcohols or preferably mixtures thereof. The addition of a
base is required for the reaction to proceed. Among suitable bases, carboxylic acids salts are

preferred, more preferably sodium or potassium acetate, even more preferably sodium acetate.

Preferred conditions comprise the use of 0.05 to 1 equivalents, preferably 0.05 to 0.5 equivalents,

even more preferably 0.1-0.2 equivalents of sodium acetate in a mixture of ethanol, water and
optionally heptane as co-solvent. The product of formula (7a) be conveniently introduced in the
next step or can be isolated by direct crystallization (of its hydrochloride salt) or can be isolated

by an extractive work-up.



oxo-pyrrolidin-1-yl)-1,3,4,6,7,

| b- hexahydro-pyrido[2,]- a]isoquinolin-2-one
walewppsispve of formula (7b). As outlined underPGI/EP208§/067136

the filtrate obtained fromstep e) and contai ni ng

((S)-4- -12-

fl uoronet hyl - 2- oxo- pyrrolidin-1I-yl)-3-oxo-butyric acid

?éer ;e%t't{gﬂ rné?l@urg ?snc] kéq’eg)%gt%gtehg)gb{]e |03>%an{(1|1{6| dCnﬁlrefelrably between
20 °Crod At G Tfrtac)pt@nalaergmr@tuterr@nman(‘@@p&nm St str.ﬁﬁe torrabstrate.

reaction conditions and isolation procedure). A

m tAllend SRAMLSRE iNRcSaplidal Wi %@rmgd&@he bfa tdderature of

20 °C i BY R ENGRG 1 0f 0 ol e e B i con vty from

5 substrgtS)e (ubstrhteoTionhitydn-iR pexf@yexrad b ip8li tetween 5 and 7, preferably between 6
and7I-yI)-3-oxo-butyric acid of formula (5b) with the
‘compound of forrmula (ba.HC) in a suitable sol vent
such as water, |ower alcohols or preferably m xtures
Senaration.of Trediadiercemons and ise latig@fiths speejfir dindterepmar 16, 1 1bS)-3-((S)-
4- ﬂuof&ﬁ&ﬁ&l@oi@- %Qlﬁﬁﬁ q~ I)A-"ir@nig6 suirh Ak Ras 435 iddf 2N Qﬂf&bfﬁﬁlﬁolm 2-one

N G G R N ———

10 yl)-9, Acéhdtiexy i@l T, erh- E@fﬁﬂjldrbWﬁldﬁm&]lﬁﬂuhbﬁn%@ldﬁan%aﬂ&:n by
re ui val

silica %@@#%q#égvf%ﬁkﬁvf”%? s S R A

cthancd oet.divgylimethylathet andeetbdnoéash@ln@it Cryatarzatiow inogpsuiite gl drganic solvent
T a) be
for ex R e R G hong TR PR BNE Mor S )
i sol ated by direct crystalllzatlon (of its
ﬁ9@rtb%ﬁ<l’f61?(?1@é ofdpimulyr can be isolated by an
extractive work-up. The reaction tenperature is as a
rule selected between 0 OC and 40 , preferably
bet ween 20 0C and 30 0C. Thé op | tenperature range
can vary fromsubstrate to_sSubsNr 2t e. he fol |l owi ng
ring closing is acconplisHed wt aqueous f or mal dehyde
at a tenperature 0R~ 205G QH60 ¢, preferably 20 0C
to 50 0C. The opti nal pe ature range can vary from

15 R

wherein R*, R* and R* are each independently selected from the group consisting of
hydrogen, halogen, hydroxy, lower alkyl, lower alkoxy and lower alkenyl, wherein lower alkyl,
lower alkoxy and lower alkenyl may optionally be substituted by a group selected from lower

alkoxycarbonyl, aryl and heterocyclyl, or a salt thereof and the compounds of formula

20 R

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

lower alkoxy and lower alkenyl may optionally be substituted by a group selected from lower
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substrate to substrate. The reaction is perforned at a

pH between 5 and 7, preferably between 6 and 7.
w@Eepanstshion of the di astereoners and i sol at i onPOF/EP1968/067136

specific diastereonmer (35,1 hS) -3-((S)-

4-f1 uor onet hyl - 2- oxo- pyrrol irid-n- 1-yl)- 1,3,4,6,7,1

| b- hexahydro-pyrido [2, 1-a]isoquinolin-2-one

alkox;fjcgt%o%gf ré/%i&z h%t?lroqyélﬁé@ﬁ Q %altz %1%%? ?%’J}ééff?ép%%ﬂ%i? gnd herefore
lfpﬁﬂgﬁﬁdhthEﬂﬁ@XWﬂ@ﬁ@fﬂmaﬂ¢%htmﬁmﬁexahydro pyrido[ 2,1 -
a] i soqui nol i n-2-one can happen by silica ge
ptét&fgatregma@tmv@%me @oﬁ?bﬁrﬂt@ lo® fRRBFT LariOtV:28tho3s &hith R? and R®

being fnetl}?@fy)gp #Eﬁﬁfpfg é]glhlgrglelg deé %ﬁ?g'[ § hggrglgwglrds of formula 7a and 7b is

hydro€lilyisdeal | i zation in a suitable organic solvent for
exanpl e in dichloronethane / ethanol |eads to an even
aﬁg% pure product. Both the conpound of fornula
%.n R2, R3 and R4 are each |ndependently selected
fromthe group consistin a of hydrogen, hal og

Bigt o xsAvirEbike tragsfRymationgiidihe @|Sk1d>b§) &ﬁéﬁ)rﬂoﬂmromeﬂ@hgroxo-
yrrolWr1 8111 | S%V,l@bjﬁﬁkah Q%? 1@&5@&1&] nélﬁﬂ@-bn@tit@t%%ﬂllve of formula
<7b> “FBM(%; 13@%5%# A -%tpgﬂ%te PR %ﬁé?%gﬂct 1?7%63%@50 éél(r)tyrldotll-

a]1soqhhtetlﬁaﬁylancﬂttdﬂ@rnetmxpp§trftdﬁhmfz dnofranth@)ei n R2, R3
and R4 are each independently selected fromthe group

F"R@ﬁﬂ pSrB Egnﬁjéroné dﬁF%\?\z{PSed Pt%lle?rgil%r &%M%Iol)ﬁg o \Ag&{ﬁ{dl (E‘l fﬁ%llula (8) may

ereln
refer th onge sutatlmw candentionally uski énbinderehe toetivghafithe b@mo group. Suitable

ammo%i‘&%&t‘tﬁé;ér@gpsbé{re Hederitied it @r@&lt"?d"ﬁrﬁf%@ﬂwe Groups in Orgamc Synthesm
r al’koxycar bonyl cyclyl, or

Chaptt% Jelp Wikyend soat. [ %ﬁﬁéb&&% 3§éd Elﬁg%?fyé g@@@&ﬁé@@m toave the
preferfedN-pestc @R dbupE Hrowf the present invention. Preferred
representatives of t he conpounds of fornmula 7a and 7b
R2 and and R4
RhrlsBEnRE e witF e oo PRCRY ARG A0 Pl by he
prinmﬁlas aﬁzdre?lbctux@ dmytdat@mr(lsme gl W. Baxter, A B. Reitz (2002). ”Reductlve
aminations of carbonyl compounds with borohydride and borane reducing agents." Org. React.

(N.Y.) 59: 1-714).

The (3S,11bS)-3-((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-1,3,4,6,7,1 1b-hexahydro-
pyrido[2,1-alisoquinolin-2-one derivative of formula (7b), is reacted with the N-protected amine,
preferably with benzylamine in the presence of a Ti-organic compound such as titanium
tetraisopropoxide in a suitable organic solvent such as tetrahydrofuran at temperatures of 0°C to
40°C and by subsequent reduction of the previously formed imine with a common reducing

agent such as with sodium borohydride at temperatures of 0°C to -50°C.

Isolation of (S)-1-((2S,3S,11bS)-2-N-protected-amino-1,3,4,6,7,1 1b-hexahydro-2 H-
pyrido[2,1-alisoquinolin-3-yl)-4-fluoromethyl-pyrrolidin-2-one of formula (8), preferably of the
(S)-1-((2S,3S,11bS)-2-N-protected-amino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2 H-
pyrido[2,1-alisoquinolin-3-yl)-4-fluoromethyl-pyrrolidin-2-one can happen by filtration over
silica gel using a suitable organic solvent, for example a mixture of dichloromethane and
methanol as eluent. Evaporation of the solvent and crystallization in a suitable organic solvent,

for example in dichloromethane / ethanol leads to an even more pure product.
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Step g) Step g) requires the transformation of the
(3S,1 Ib5)-3-((S)-4-fluoronet hyl -2-oxopyrrolidin-

WO 2000081508, 4, 6, 7,1 | b- hexahydr o-pyrido[ 2,1 - PCT/EP2008/067136
a] i soqui nolin-2-one derivative of fornula (7b) into
the (S)-1-((2S,3S,I -14-

| bS) - 2- N- prot ected-anm no-1, 3,4,6,7,1 |b-hexahydro-2

%GB gl do[ 2,1 -
aJrsoqui nolin-3-yl)-4-fluoronethyl-pyrrolidin-2-one of
formul a 1$8). The N-protecting group "Prot" used
Biep &) Haelhercquisesdthe srmavsbotbapetiedingferewy Praf & theyS)nky
(28, 3Belf1%8) Q?ﬁ 9We&ét?&hinbuﬁ@ﬂ%tﬁpfw&&$ah?d}@liﬁf yrs&cqtztloa]lsoqumolm -3-yl)-
r e.re i Vi e uita
4- ﬂuomﬁﬁylpwoélém- QnaPﬁfﬂs &@ BLiLF s tlpﬁo %éﬁfg?t compound of
formulaRipt ecti ve Groups in Organic Synthesis", Chapter 7,
John Wley and Sons, Inc. ,1991, 309-385. The benzyl

?E’é) *’é?uo%]?.%if tﬁé'ﬂ]d 11096091“?% %l%%ﬁ elgrgfe?a{b g}? gf i %Er?z{yﬁ gitouﬂ%alg LY Bule be

an e
acconmhphadttycw@do%m hyﬁrggmbfsuwamu}g ¢Q§1Idlt®W§ thhél g5¢ knewiptoethe skilled

in the@1ft (&e eegl‘WtH \Irﬁart% natd RendBe®58). 9Hy @‘0%\1: §@F Beﬁ%yEGroups
Reitz é)no\ﬁ ) Re uctive am nat| ons car bonyl

Attacheg ﬁa&m ifrpE e PHPYIEHT &%fgaﬂaa%cﬁNaX f éiei ng

agents." Org. React. (N.Y.) 59: 1-714). The (3S,1

Fé&xSthe Broférzyd- dbbéﬁzydnmmh&lﬁdragmgfsmmﬁ a b dile bb pyﬂﬁ)ﬁﬂadiﬁnder a
hydroéléél?dtzg%phl?ge ?r;f??( ? ?rgﬁ %X 1.?b§?i pregenigeé 80%1 8%%1['1'10 1ho§ena?10n catalyst
such alpplastien toe glagimimen q@rleére slEiployt lwemhamedzayldm trevdraldohel, preferably
cthand1a€580GR. of a Ti-organi c conpound such as titanium

tralsopropOX|de in a SU|tabIe organi ¢ sol vent such
as t et rahydr of uran at tures of 00C to, 400C and .
bie SapuGRREr S P tagdrhetvesnd) \© pigt o oiniefgbly 20 °C
to 50 Wi.ith a conmon reduci ng agent such as with sodi um
borohydride at tenperatures of 00C to -500C. Isolation

ﬁgé S%TDRLG{I ' ec F %?,Ctl?rlll thg rFac:t;loH ngxt}lrei is ﬁ[%te};]eéixaélﬁ )}l&ﬁ, ﬁlt]fte 18
conceiipated ‘d)cf[fford the deprotected product.

Subsequent formation of a pharmaceutically acceptable salt of the compound of formula (1)

is within the skill of an artisan.

The preferred formation of the dihydrochloride can be accomplished by reacting the
deprotected product of formula (I) with a suitable alkanoyl chloride such as with acetyl chloride
in a suitable solvent such as in methanol and at reaction temperatures between 0°C and 30°C or

with HClI in a suitable solvent such as in isopropanol or dioxane.

Most preferred product of formula (1) is the (S)-1-((28,38,11bS)-2-amino-9,10-dimethoxy-
1,3,4,6,7,11b-hexahydro-2 H-pyrido[2,1-a]isoquinolin-3-yl)-4-fluoromethyl-pyrrolidin-2-one
dihydrochloride of formula (9)

The following examples shall illustrate the invention without limiting it.



2,1 -

a] i soqui nol i n-3-yl)-4-fluoronethyl -pyrrolidin-2-one of
wWo oroadesoq 8) , preferably of the (S)-1-((2S, 3S, PCT/EP2008/067136

| bS) - 2- N- pr ot ect ed- am no- 9, 10- di net hoxy-1, 3,4,6, 7, |

| b- hexahydro-2 Hpyrido[ 2,!-I5-

a] i soqui nol i n-3-yl)-4-fluoromethyl-pyrrolidin-2-one

can happen by filtration lica gel using a

sui tabl e organi c sol vent, Eliinplcs anple a mxture of

di chl or omet hane and net hanol as el uent. Evapor ati on of

t he sol vent and crystalllﬁﬁﬂnbhlln a suitable organic

sol vent, for exanple in dichloronethane / ethano

| eadSS{Rhail SMRNATE0 MR PARHYEbSHERm@hARshY (2)

finally requires the renoval of the protecting group

Prot in the (S)-1-0((2S, SSI

| bS) - 2- N—protecte am no- |, 67, | Ib hexahydr o- 2

H pyrido[ 2,1 - |so |noI|n 3 yI)

4- fluoronethyl |i'di n-2- la (8) and the
formati on of the t ar get conpound of fo a (l). The

renoval of the N¥fprotecting group, preferably of the
benzyl group can as a rule be acconplished by way of a
a hydrogenol ysis applying conditions which are known
to the skilled in the art (see e.g. WH. Fbrtung R.

5 Ii{Q 3. gu?ffé rgtfle ﬂask 'E%%E)?&F&}ﬁh X%&hglfﬁ%ﬂﬁy @L&E\psond?nser a Pt-

tache rogen,

100 therpomgterz and z@gr)gon m@putth’qehyﬁr@fr@mmeaﬁ;lcu@l@@ iy a? ingy, 3-AdM in acetic

acid) \k}é(sda[d&@ RPlaY®hs 1‘(9@5;3637 78mid l)eTf?eemB&ﬁIfe%Mat‘éH 4860 8C and stirred for 3
ere o in the resence

hours 5 eige eg[};ﬁ{‘;‘&”ﬁ% ﬁ@g@%#&tﬁa@é&% iR o v Pgpiniy under ice

coolin@J kqeb gl t idltengidratuiy-cibB Rt 36U pﬂfetreéulﬂ{@ ebaieeads stfdd hiambient
ef er ab

10 empep Bl Flfn b SRS L ARE refRaEPiat Rt Fo dhe gevidue
was dd@camutha0lud@, (409 eflpambdayuraed @@ doos 5@I@@.biddpmate (1000 ml) was
slowlf&f&gh %hg&rt@ f es’oﬂﬁpﬁl%‘ﬁé fgl%@est Vre s@ﬁ‘a%t'e&’ QnJQIfétoyéa%ld Ryer was washed

tere
with water (200 ml), dried over anhydrous Na,;SO,, filtered, and concentrated under reduced

pressure at 40 °C to give 139 g of the crude product as yellow oil. The crude product was
15 purified by vacuum distillation (62—65 °C, 0.9 mbar) to give ester 2 (111.3 g, 77% yield) of as a

colorless oil.
MS: m/e 213 (M+H)".
Example 2

Synthesis of (§)-4-(benzyl-ethoxycarbonylmethyl-amino)-3-fluoromethyl-butyric acid methyl

20 ester (3)
F BnF
—> I
Br CO,Me EtO,C N CO,Me
2 3

In a 2.5-] four-necked flask equipped with a mechanical stirrer, a reflux condenser, a Pt-
100 thermometer, and an argon in/outlet, bromide 2 (110 g, 519 mmol) was dissolved in
acetonitrile (880 ml). To this solution was added N-benzylglycine ethyl ester (256 g, 1.30 mol)

25 and the reaction mixture was refluxed for 71 hours, slowly turning dark red during this time.
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concentrated to afford the deprotected product.
Subsequent formation of a pharmaceutically acceptable

W@ 2000/0850@ he conmpound of fornula (1) is w thi nP€HEP2008/067136
skill of an artisan. The preferred formation of the
di hydrochl ori de can be accori§l-i shed by reacting the
deprotected product of fornmula (I) with a suitable

After %&@g(&%{ lroo?ﬁ]*e%éﬂ Ea‘?s ub Q nﬂ?tu% &/Qst ﬁo%%&%ﬂrat@ﬂ%ef ge%u&?i ﬁ“essure The

dark redoiberafilicisd oyet slkeesrecd 0‘1@0@ asBgdTOdc:haptane HS asw&ueat giving the

crude ﬁHé b&Rb&uRIdl M8D) a46dlIdsoil Gzhicﬁ%sqﬂ@c[‘%th%t fgﬁ%%ﬁﬁcatlon
Most preferred product of forrmula (I) is e (S

%%ﬁ;éﬁé@\@@sh sy?%gfzgl _10 di met hoxy- 1 3,4,6,7,1

a] i soqui nolin-3-yl)-4-fluoronethyl-pyrrolidin-2-one
di hydrochl ori de of fornulBxdqpleBhe fol | ow ng exanpl es
shal | illustrate the invention wthout limting

£ -
g@%égﬁﬁﬁp@%}%@q&{bg Oylﬁl%l a(ljcetlc a%ld ethgl ester 4)
(2) In a 2.5-1 four-necked flask equi p@ed vvlth a
mechani cal stirrer, a reflux condenser a Pt 100

t her nomet er, andB@F ar gon i n/outl et, C aci d
(400 nl, 2Etga3 moj, 7 Mive acetic aC| added to
| actone 1 (80 o 3. The mixt evvas heatedto

60 OC and stirred for 3 hours to giveFa clear, yellow
solution. Methanol3 (800 m) was added ovey 10 m nutes
under ice cooling, keepi ng the tenperature bel ow 30

P rEebr e b dte el s g e e e Pl i @ suspension

of palraéﬁimcmdcmmwﬁet% at1040t% Bd) ihheehanes{4duel) iesdddd qudn@bortlon The

mixtu 15 ht ona? 5%{3&%038 261 g: u%ﬁgr Iiy%go\tge%tag‘g d%ggr%gﬁ]% b%%o‘THg}eactlon
rmxtu@vl@ Iﬁitt:ned and Theefilgsh asle%wwélpé stélmélna@pb d'hardirathes epngentiaged under

reducd@ylsulBg 4028184 volume of ca. 500 ml and the solution obtained is stirred at reflux
temperature for 6 hours. After cooling to ambient temperature, the solvent is removed under
reduced pressure at 40 °C. The crude product (92.0 g) is fractionally distilled under reduced
pressure (0.75 mbar, 134—-139 °C) to give ester 5 (75.5 g, 81% yield) as a colorless oil.

MS: m/e 204 (M+H)", 130, 158.
Example 4

Synthesis of 4-((S5)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-oxo-butyric acid benzyl ester (5)

0 F
NN O O
COEt __ o
2 BnOJI\/U\/d
O

4 5

In a 2.5-1 four-necked flask equipped with a mechanical stirrer, a Pt-100 thermometer, an
addition funnel, and an argon in/outlet, diisopropylamine (112 ml, 792 mmol) was dissolved in
960 ml THF and the mixture was cooled to —30 °C. n-Butyllithium (507 ml, 787 mmol, 1.55 m
in hexanes) was added dropwise over 35 minutes and the clear solution was stirred for 30
minutes at —25 °C after the end of the addition. After further cooling to —70 °C, benzyl acetate
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20

with water (200 m), dried over anhydrous Na2SO ,
filtered, and concentrated under reduced pressure at

W@ 00981500 gi ve 139 g of the crude product as yRCT/BR2008/067136
oil. The crude product was purified by vacuum
distillation (62-65 0C, 0.9-Fbar) to give ester 2 (
111.3 g, 77%yvyield) of as a colorless oil. M5 me 213

(114 r%lg/yé_%n%o’ﬁf‘@g? (ﬁit EOX A aﬂa‘bc?\l’e?? tn%lﬁutias and the )ye]éov]y [solutlon WP%StlI‘I‘ed for

anothgr| L phaus.i s@gﬁu@n ofeathyl|cstes ¢ é$0 08) %/924 @mpﬁ in THEA9 ml) was added over

1 houf AuUrroreck e &lxﬁrﬁrg w2 YIPRES NV A B BCitaR £ 3 nﬁhut%§ £fter the end of
a. reflux condenser, a Pt- 100 thernoneter, and

the additigBn i n/outlet, bronmide 2 ( 110 g, 519 mmol) vvas
di ssol ved in acetonitrile (880 m). To this solution
Tesreactib@dvab\Gubssteyt Ibglaydditiog o€theybaceidheiix(uzdbtd DO nilag@@ous
hydro%ﬁor)lc acq&J éd\;(\l)ﬁ l’IrI]S Slfl%,]el o%gan(r%%(qt(l{fje{nesdWaﬁérrlrerﬁlfalf%(ﬁt?yde\{asgraag? %mder reduced
pressucoal] 40ng3 aol th@ omsidue hppicaturpsr wisexirhstedimathwaghloromethane (3 < 970

ml). ThE @&?Bfﬂ%er gggnférlgﬁs'}s Heduatd ogéleﬁﬁl [il%sus N%@S@;a rfiftefeﬁdatﬁi' doncentrated

over silica gel (80
under Efd@@\%d Pepiush 406, g571ng YepranggPil{ I 5t$9ebet" tigde produg was purified

by sili6® g&cdhﬁﬁnéioéﬂiﬁlgy Q)75 ¥iftd g, @thwlqhm@a@c hi§peshe 3:1. Ester 5 (109 g,

90%3’@}@}-}8#%15%1% t.her é’pﬁé"l"%hcﬂ“ on. nme 326 (M-H) +.

((5)-4-1l uoromsthyl 2- 0X0- pyrrol idin-1-yl)-acetic acid
MiShyi/e 888 @+KF) 327 3308MiNgact or, ester 3 (148 g, 455
mol ) is dissolved in ethanol (500 m) and a

suspensi on of pal | adi um ogy goal (13.8 g, 10 wt %
Pd) in ethanol (40 m) is zﬁﬂ@é in one portion. The

Synt%s?%éjfiﬁi@ ? uli)gré_n?%g{d?g o%qu%élzcgg 10)%19 300C>:(oubuctj§?rgc acufj benzyl acid (5b)

F
O O O O
AN g HOJ\/”\/N
O O
5 5b

In a 10-ml two-necked flask equipped with a magnetic stir bar, benzyl ester 5 (150 mg,
0.488 mmol) was dissolved in methanol (1.5 ml) and palladium on charcoal (10.0 mg, 10 wt%
Pd) was added. The mixture was stirred for 2 hours under a hydrogen atmosphere (1 bar) and
then filtered, washing the filter cake with ethanol (1.6 ml). The volatiles were removed under
reduced pressure at ambient temperature and the crude keto ester 5b (105 mg, 99% yield) was

obtained as a clear, colorless oil.

MS: m/e 218 (M+H)".



5

10

15

20

25

mxture is filtered and the filter cake washed with

ethanol. The filtrate is concentrated under reduced
w@e@eesnsed at 40 OC to a volunme of ca. 500 nl aPCI/EP08/067136

solution obtained is stirred at reflux tenperature for

6 hours. After cooling to arl¥-ent tenperature, the

sol vent is renoved under reduced pressure at 40 OC.

The crude product (92.0 %%ﬁ%r@ctl onal ly distilled

under reduced pressure ( 134-139 0C) to gr ve

ester 5 (75. 81% yield) as a colorless oil.

SEhca (A D340 Tppronstxt-evorpayelidied nd)- 3 0-dimethoxy-

4- ((S) - 4-1f 3 weronmt kkhhyer@69ridyn! 104 Jigdy imbtiN 2 ond-(9X 0- but

yric aci d benzyl ester}?dErS))f)%QﬁQ ] .5-1 four-(nzcked

flask equi pped with a nmechani cal strrrer, a pPt-100 F
thernmoneter, an addition funnel, and an argon 0
in/outlet, diisopropylamne ( 112 m, 792 nmol) was
di ssolved in 960 m THF and the m xture was cool
=30 0C. n-Biftyllithium (507 m, H&87 mol ,mdo 5

ion"was stir f or] 36Tt esyad C
end of t haveg . After further cooling
to -70 08 benzyl acetate( 114 m, 794 mvol) was added
dropwi se over 35 m nutes @and the yell ow sol uti on was
stirred for another 1.5 hours. A solution of ethyl

£33 20,4 £80:8000 3% cATRAs i THR. 40, h ks ddad oo

er
thermwéefm tb@nzn 55t91(,5 o\el® 832m mro@swaffcilesp theﬁén eihanadf(134hal) and

palladagélbh b@ﬁeoaﬂo{sor ears ven PaRSvas h!&’db@h?ﬁe %ﬁt@{@d»éslseﬂe@ffortémemnutes
Ion m X eous r rc.ac
under (3G ERR §iMOrREF rs.(fgﬁrrﬁ en%@rf@giﬁﬁ Rimecie foer B with ethanol (20

ml). evaporation under reduced pressure at 40 0OC and the
resi dual aqueous | ayer was extracted with

r§| ) 4
18&9&61&3&%% ad)éec? ngeﬁh% amnﬂ%g maé) @%&tﬂl%dof% @%Pd&goqgmg line 6
(12.0 g, ‘emnmod), sefdium acetate (432 mg, 5 24 mmol), and water (3.7 ml) in ethanol (56 ml)
under evolution of CO,, the temperature being maintained between 20 °C and 23 °C using a

cooling bath. After the end of the addition, stirring was maintained for 4 hours, leading to an off-

white suspension.

Sodium acetate (3.89 g, 47.2 mmol) (pH of reaction mixture ca.7) and aqueous
formaldehyde solution (4.5 ml, 60.3 mmol, 36.5% in H,O) were added and the resulting mixture
was stirred at 40 °C for 17 hours. The off-white suspension is slowly cooled to 0 °C over 3 hours
and stirred at this temperature for 6 hours. The solids are filtered off and washed with ethanol (8
ml).

The solid residue is purified by chromatography over silica gel (650 g), using EtOAc:EtOH
9:1 as eluent. After evaporation of the solvent, the purified product was dissolved in
dichloromethane (40 ml) and ethanol (23 ml) was added. Upon evaporation of dichloromethane
under reduced pressure at 40 °C, crystallization occurred. The suspension was stirred at ambient
temperature for 3 hours. The crystals were filtered off, washed with ethanol (6 ml) and dried
under reduced pressure (10 mbar, 50 °C) for 24 hours, giving ketone 7 (5.18 g, 26% yield) as

white crystals.

Melting point (Mp) = 134 °C.



under reduced pressure at 40 0OC, giving an orange oi
(176.5 g). The crude product was purified by silica
w@e009080semat ogr aphy (1.75 kg silica gel), el utPCHERID$1067136

Et OAc: heptane 3:1. Ester 5 (109 g, 90%yield) was
i solated as a yellowi sh oil-19%6: me 308 (M-H)+, 325,
330 (MNa) +. Exanple 5 Synthesis of

( I 40 I +0X0- pyrrolidin-I-yl)-3-o0xo0-but
@?sr @%%%f%ﬁﬁiﬁ%@%ﬁ%b) 5b In a 10-m two- necked
flask equi pped with a magnetic stir bar, benzyl ester
5 (150 nmg, 0.488 mmol) wakxamBkdl ved in nethanol (1.5
m ) and pal | adium on charcoal (10.0 ng, 10 w % Pd) was

SyntiRedebest.(S)I N (231 st UbS)-DdSnSlldhin6 D, f RHindet XYL 53 YIHIET 1 Rhexahydro-2H-
hydrogen.ﬁﬁgﬁﬁﬂhere é.13b r%ﬂggd tng fll'ﬁ&%g’
washi ngYHHREZfrleanuipais 3wkt Tap MYy lifiny 2-ong@)
vol atil es were renoved Hnder reduced pressure at
anbi ent tenperature d the crude keto ester 5b ( 0%
ng, 99%vyield) Qas ained as a clear, col &BegS\0il.
M5: me 218 (M- N npl e 6 Synt hesis of
11 b5) - 3- ((5)4- f I |uor t AyT=2=0x0- pyr r ol Hg

MAENRORY INE, 4, 6, 7, 1 Ib-hexalﬂ% oy T

a] i soqui u@ -2rone (7) In a 350-n l-

equi M$&d Wth™a gas-injection stiMe@r and™a Pt-100
t hernoneter, benzyl ester 5 (16.19 g, 52.7 mmol) was

di ssolved in ethanol (134 m) and pal |l adi ug on
charcoal (1.07 g, 10 wt % Pd) was added. The m xture
s,Stirred fqr m_nut es, under a hydrogen a ere
PO i) b BeaiRe b &R VB Ry NG AR, EPCRg B8 Rometer, an
argon w/oitlat tahd a olbbeR Septinh,. ketone 7 (10 g, 26.6 mmol) was suspended in THF (150 ml).
Titanium tetraisopropoxide (15.7 ml, 53.1 mmol) and benzyl amine (5.9 ml, 53.1 mmol) were

Yy

added to give an orange solution which was stirred at room temperature for 1 hour. Sodium
borohydride (1.57 g, 39.9 mmol) was added and, after cooling the mixture to —30 °C, ethanol (20
ml) was added dropwise over 6 minutes. The reaction mixture is stirred at —30 °C for 15 minutes
and then allowed to slowly warm to 0 °C over 45 minutes. After 100 minutes at 0 °C, the solvent
is removed by evaporation under reduced pressure to give a solid residue, which is suspended in
dichloromethane (100 ml) and stirred at room temperature for 15 minutes. After filtration, the
dichloromethane solution is filtered over a plug of silica gel (150 g), using CH,Cl,:MeOH 19:1
as cluent. Evaporation of the volatiles under reduced pressure affords a white solid (12.6 g),
which is dissolved in dichloromethane (100 ml). Ethanol (200 ml) is added and dichloromethane
is evaporated under reduced pressure at 40 °C under stirring, leading to crystallization. After
stirring for 15 hours at ambient temperature, the crystals are filtered off, washed with ethanol (5
ml) and dried under reduced pressure (10 mbar, 50 °C) to give amine 8 (8.61 g, 69% yield) as
white crystals.

Mp =192 °C (decomp.)

MS: m/e 468 (M+H)".



The yellow sh filtrate was added over 10 minutes to a

m xture of dihydroisoquinoline 6 (12.0 g, 52.7 muol),
waombrsnsacet ate (432 ng, 5.24 mmol ), and wat er PCBER200$/)67136

in ethanol (56 m) under evolution OCO, the

t enper at ure bei ng mai nt ai neellbet ween 20 0C and 23 0C

using a cooling bath. After the end of the addition,

stirring was maintained f I ours, | eading to an

of fwhite suspen5| on. Sodium acetate (3.89 g, 47.2

mol ) ( reaction m xture ca.7) and aqueous

Sy he ée((?s%}%tlibé%%amsomlo Gorcthopidl, 3,486/, B haxapydro-2H-
W8121-8 irRINE- 3 PI8-AL Bsob inb RG-S 1R 2 Ve dSitydkd @thrafe (9
%'r [ ]m%ﬂhours fﬂl he of f - V\hlgtgg’rsuspeny on |}Js slowy ®
cooledtoOOC over 3 grs and stirred at this
tenperature for ,@H% urs. The solids arefiINhere of f
and washed with €t (8 mM). The solid res
purified by chromaedygaphy_over silica
usi ng \EHOAc. Itk d: 1 el uent . mg@er eVsiporati oo of
t he sol ver heNpurified product we

di chl 8{?@ '

Upon porati on of dichl oronet hanée under reduce
pressure at 40 OC, crystallization occurred. The
suspensi on wasB stirred at anbient tenperadure for 3
hours. The crystals were filtered off, washed with

ﬁoahf"gql 8‘(35%‘)% la@éqg %’:I) gtg%ﬂé (i%\rll %el%%ﬁlﬂl@r \§§§@5s%és(eaQn methanol

(300 m%%@p@llaé}uragn ghareeal €198 gal (gwt Mﬁdt) g agdsy mnd@rwgo& Thg geactor is
sealedad MRshddl V@ltl@ﬁydrS @@H‘Dﬁie nﬁ%ﬁre( VN gendrR@IIe Clunder a pressure of 4

nt hesi s. of
bar. TF%%’?“?%@H‘NF 3# lﬁ%?e@(afg th ﬁlé%rr?a&vswasshe%wh cthanol.
| b- hexahydro-2 Hpyrido[ 2,1-
‘B4 Slogte inobncenBatydl hinder frtdroed mesduyd atpdr W(Oloi adfond B-66rpe(97% crude

yield) CPhne debenzylated product as an off-white solid.

Acetyl chloride (5.1 ml) is added carefully under ice-cooling to methanol (22.7 ml),
keeping the temperature below 17 °C. This solution is added at room temperature over 40
minutes to a solution of the crude product in methanol (50 ml), whereupon crystallization occurs.
After completion of the addition, stirring is maintained for 2 hours. The solid is recovered by
filtration, washed with methanol (7 ml), and dried under reduced pressure (10 mbar, 50 °C).
Dihydrochloride 9 (7.13 g, 87% yield) is isolated as white crystals.

MS: m/e 378 (M—2HCI+H)", 400 (M—2HCl+Na)".



7 8 In a 350-m four-necked flask equi pped with a
mechani cal stirrer, a Pt-100 thernoneter, an argon

WO pgoosdset and a rubber septum ketone 7 (10 gPCREPBI08/067136
nmol ) was suspended in THF (150 m ). Titani um
tetrai sopropoxide (15.7 nl,-H3.1 nmol) and benzyl
amne (5.9 mM, 53.1 mobl) were added to give an orange
solution which was stirred at roomtenperature for 1
hour. Sodi um borohydride (1.57 g, 39.9 muvl) was added
and, after cooling the m xCwimsto -30 0C, ethanol (20
m ) was added dropwi se over 6 minutes. The reaction
mxture is stirred at -30 C for 15 minutes and then

ig%%ﬁ%g u rCEhéc' J%’{%%X‘d%% m%sog%, \E/)_gk i%X :qaliinélgnr?g%egfggtgie' S 0’% ftﬁeefrorrnula

evaporatlon under reduced pressure Fo give a solid
resi due, which is suspended in difhl or onmet hane (100
M) and stirred at roomteryérgfuxe for 15 ninutes.
After filtration, the di chiore ane solution is
filtered over a plyig of Hgjlida g (150 g), using
CH2d | MeOH 19: 1 as e Berit 'N‘Evapor ati onlof the

vol atil es under red pressure affords a white solid
(12.6 g), which i§?dis4olved i n di chl oronet hane (100
m ). Ethanol (200 ml) R's added and di chl oronet hane is
evapor at ed under reduced pressure at 40 OC under

%ét%fﬂ I@Q’ *laga g '393 dafh ?r{d%?&ﬂlehﬂ}z @l1d Q84 fr&gnttﬁé ordbf rc&'ls'i@mg of

hours at anbi ent erature, the cry stals are
hydrogfm ?@Pé‘?}l’ Ay droxyde el hw,etf RHREY 2pds lowyey a!%ﬁay dvhegin lower alkyl,

lower WIRARY ah® binee dilieh PSBA &ptiohQlybasubsBitdIGy 4 @mgp ¥éle@dd ABm lower

| el as white crystals. M = 192 0C
alkoxy gt 351 RRS PEFIOCHEHl ( Meby +. Exampl e 7 Synt hesi s of
) ofl pha(riRB eBtSally acceptable salts thereof,
| bS) - 2- anino 9, 10-di net hoxy-1,3,4,6,7,| |b-hexahydro-2

%ﬁﬁ%l no rmor Of ¥ fﬁu?\ivmg Sterlr)et hyl - pyrrolidi n-2-one

di hydro chlorlde (9)

a) ring opening of (S)-4-fluoromethyl-dihydro-furan-2-one of the formula
0O

P

and subsequent esterification to provide the (R)-4-bromo-3-fluoromethyl-butyric acid ester

I
Br OR'Ia

of the formula

wherein R' is lower alkyl;

b) converting the (R)-4-bromo-3-fluoromethyl-butyric acid ester of the formula (2) with an
N-protected glycine alkylester into a N-protected -(S)-4-(alkoxycarbonylmethyl-amino)-3-

fluoromethyl-butyric acid ester of formula



8 91na 1.5-1 glass autocl ave, benzyl amne 8 (8.5 g,
18.2 mol ) was di ssolved in nethanol (300 m) and
W@200baglisam on charcoal (1.68 g, 10 wt % Pd) wasPEIER08/067136
under argon. The reactor is sealed and flashed with
hydrogen. The mixture is hyel2egenated at 40 OC under a
pressure of 4 bar. The reaction mxture is filtered,

and the filter cake is was wi t h net hanol . The
filtrate is concentyated Rk dr reduced pressure at 40
0C to afford 6.65 § QIRWHY @R & the
debenzylated product as an off-white solid. Acetyl
chloride (5.3, m) is added carefully under ice-cooling
wherstt ha ﬁé‘li R( 2z Pwanalkyk aebPing it HeartisprpEt et MBS o1 ow

17 OC. This solution is added at room tenperature over
40 mnutes to a solution of the crude product in
dpanaitlo(lw the W-provbeted USPA-(alky syakbdng ahéthyl-agiav)- 3-fluoromethyl-

butyric amﬁ tegter gfjtloFm?laES%%ngrsggseﬁH I‘Ilttsrb Oln Oosﬁltrel tPegron%te}}eZ(&S) -fluoromethyl-2-

5 oxo-pfirdlidimtl iydracatmshddster phfomeulkanol (7 m), and drled
under reduced pressure (10 nbar, 50 00).
Di hydrochloride 9 (7.13 %, 87%yield) is isolated as
white crystals. MS: me 878 (M2HC1+H) +, 400
(M 2HCL1+Na) 4C ains 1. \Pr es@OJRé 4 he preparatl on of
pyrido[2,|-a] isoquinojine derivatives of the fornmula
wherein R2, R3 and R4 e each independently sel ected
fromthe group consisting of hydrogen, hal ogen,
hydroxy | oner al kyl, |ower al koxy and | ower al kenyl,
whera R'"liolerr alkkyl , | ower al koxy and | ower al kenyl
may optionally be substitut ed by a group selected from
| ower al koxycarbonyl, aryl and heterocyclyl, and of
Wﬁn@%ﬁ%%ﬁ&@? X fﬁgfoﬁpeftﬁ‘)aﬂ foﬁ@%%oﬁd'ﬁgl eﬁf acctie TPid PO formula (4)

one_or
into the ((S)-4-fluoromethyl- 2 -oxo-pyrrolidin-T-yl)-3- oxo -butyric acid ester of formula

F
o O
R1cOJ\/U\/N
@)

10

wherein R' is a protecting group, or a salt thereof;

¢) transforming the ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-oxo-butyric acid ester of

formula (5a) into the ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-oxo-butyric acid of formula
F
0O O
ALY =
@)

15 or a salt thereof;

f) coupling the ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-oxo-butyric acid of formula

(5b) with an isoquinoline derivative of formula



a) ring opening of
(S)-4-fluoronet hyl -di hydr o-furan-2-one of the fornul a
wW@rwIssissequent esterifcation to provide the PCI/EP2008/067136
(R) - 4-brono-3-fluoronet hyl -butyric acid ester of the
formula wherein Ria is | ower23al kyl; b) converting the
(R)-4-brono-3-fluoronethyl -butyric acid ester of the
formula (2) with an cted glycine alkyl ester
into a N-protected N
-(S)-4-(al koxycar bonyl no) - 3-
fluoronethyl -butyric acid laster of fornul awherein R a
and Rib are |ower alkyl a Prot is an am no
protecting group; c) deprotection of the N protected
whSEidR{, & ok RE ardxanpb v bhy lsalathieroo) tBfofmuctonmpaiahy bb vt yula
ric acid ester of formula (3) and subsequent ring
closure to formthe ((S)-4-fluoronetthyl - 2-
oxo-pyrrolidin-I-yl)-aceticgpaci ster of formula
wherein Rb is | ower alkyl; d)rfo verting the
((S)-4-fluoronethyl ' oIydi n- 1231 )-acetic acid
O

((S)-4-fluoronet hyl -2
ic acid ester of fgprmulé&~wherein Ric is a protecting
group, or a salt theregf; e) transform ng the
((S)-4-fluoronethyl -2-0xo-pyrrolidin-I-yl)-3-o0xo0-butyr

ic acid ester of fornula (5a) into the

whSEindR Y, IR( @nd Ré tteyds-aDovxar- gfiar sats thateof; subgtqueBtipxiog bloting the

[ [ ; r oo 1 i/

5 compd AR Stefily 28 BT S duSas o KRRAPLS T s SYRY Ot Bfiothyl2
oxo-pyrgolzin-d - d¥- 1 Bt oridi 1 b-hsyhydra-pyrade 2.4 wiisp @ione le2-one derivative of
formuderi vative of formulawherein R, 2 , rR 3 andj rR>4

are as above, or a salt thereof to forma conpound of

formula wherein R2, R3 and R4 are,as above or of a

salt thereof, subsequently(5in osi ng the compound

of formula (7a) with formalfehydedto formthe (3S,

11 b5) - 3- ((5) - 4-f | uor onet h b
RY H

wherein R%, R® and R are as above, or a salt thereof:

10 g) transforming the (3S,11bS)-3-((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-1,3,4,6,7,11b-
hexahydro-pyrido[2,1-a]isoquinolin-2-one derivative of formula (7b) into the (S)-1-
((28,3S,11bS)-2-N-protected-amino-1,3,4,6,7,11b-hexahydro-2 H-pyrido[2,1-alisoquinolin-3-yl)-
4-fluoromethyl-pyrrolidin-2-one of formula

15 wherein R%, R® and R* and Prot are as above, or a salt thereof;



oxo-pyrrolidin-1-yl)-1,3,4,6,7,
| b- hexahydro-pyrido[2,]- a]isoquinolin-2-one

walzomsshve of fornula wherein R2, R3 and R4 aPET/EB2008/067136
above, or a salt thereof; g) transform ng the (3S,1
| b5) -3-((S)-4-fiuoronethyl - 24%xo0-pyrrolidin-1-yl)-1,3
4,6,7,1 |bhexahydro- pyrido[2,]- a]isoquinolin-2-one

ﬁ)btrg;ﬁéghﬁtﬁe {otgc?ﬂ'lg]é}o% (ﬂge 1n§ﬂ]é &ét]g&]’ﬁ ?% 1|1F>S)(é1 %ISPI%%f ed-amino-
1,3,4,64 ,ﬂ}bﬁgg{l@dto.—ﬂd]pygdq@ h@]1$qqugm§m)3. yl) 4- ﬂuorornethyl pyrrolidin-2-one of
jformufa(\fgbuoronethyl pyrrolidin-2-one of formula wherein R2,

and R4 and Prot are as above, or a salt thereof;h)
renDV|ng t he protectlng group Prot in the
é@rﬂé%ééggpgﬁs % 1(}1}'_21%% elrlag El g %)ﬁrqdoigj ltlaﬂ iso:lq’u?n’oﬁhe6 dezrivjétive of the
5 formul]liisoqui nol i n-3-yl)-4- quoronethyI-pyrroIidin-2-one of

formula (8). 2. Process of claim1, characterized in

that the pyrido[2,]-a] isoquinolineydérivative of the

formula | is 3. Process of clpyns or 2,

characterized in that the forf %Non of the

(R) - 4-brono-3- fluoronet hy| ri§ acid ester of the

formula (2) in stemed :

acid at a reaction te tur'g of 20 0C to 100 OC 4.

Process of clains 0 ract gmgized in that the

subsequent esterifcation in step a) is perforned in a

| ower al cohol. 5. Process of clains 1 to 4,

characterized in that the N$rotected gl ycine

al kyl ester used for the formation of

N-prot ect ed- (S) - 4- (al koxycar bonyl net hyl - ami no) - 3-f | uor

9@5%%5 oPUb ¥k Pma@ IC‘HE).I%%%G(HB thR rtl'f@-‘fo?mﬁt@n diné EI@)O4 Blomo-3-

enz ¥CI ne eth éz est er. . Process
ﬂuoroa}eﬁ}yllr@utims @051 eSE?ﬁ aF thetfermuletP)iin stepa 1&9?@0%%&@ |hb5111f0bﬂ)mlc acid

at a re8étRM thpéstupesf 20 Ted 100 .

10 4. Process of claims 1 to 3, characterized in that the subsequent esterification in step a) is
performed in a lower alcohol.

5. Process of claims 1 to 4, characterized in that the N-protected glycine alkylester used for
the formation of N-protected-(S)-4-(alkoxycarbonylmethyl-amino)-3-fluoromethyl-butyric acid
ester of formula (3) in step b) is the N-benzyl glycine ethylester.

15 6. Process of claims 1 to 5, characterized in that the conversion in step b) is performed in a

polar aprotic solvent at a temperature of 60 °C to the reflux temperature of the solvent.

7. Process of claims 1 to 6, characterized in that the formation of the ((S)-4-fluoromethyl-
2-oxo-pyrrolidin-1-yl)-acetic acid ester of formula (4) in step ¢) is a hydrogenolysis to remove
the N-protecting group under a hydrogen atmosphere of 1 bar to 10 bar in the presence of a

20 hydrogenation catalyst followed by a subsequent ring closing reaction at increased temperature.
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pol ar aprotic solvent at a tenperature of 60 OC to the

reflux tenperature of the solvent. 7. Process of
W@L@9080500t 0 6, characterized in that the fornecT/BP2008/067136

the ((S)-4-fluoronethyl- 2-oxo-pyrrolidin-l-yl)-acetic

acid ester of formula (4) iRXstep ¢) is a

hydrogenol ysis to renove the N protecting group under

§ It}XQJSQS?& Al W%flﬁa&fengedblﬁrt dt <i.)he Qt Jf ( 4 ﬂuorornethyl—2-
of A B

genat1 on
0Xo- pm@yqu esdl 3mxnd>u®rru‘eacrfbes|t@@cf tf¢r@nllea(5 a) ﬁb&tqa@)el@l perforrned via

condeﬁ&'ﬁ@ﬁ bR ER1&e iPSRCRSSePDy ﬁl‘éﬁbﬁﬁaﬁngt $h a?cen@ Q@IH @ﬁ&e&ﬂ th€frmula
hat the formation of 4-f | uor onet hyl - 2-

oxo pyrrolidin-1-yl)-3- oxo butdrlc acid ester of
fornmula (5a) in step d) is perfforned via condensati on
of an enolate in situ fOfﬂﬁd; oe’pr ot onati ng an
acetic acid ester of the fornula wherein Rl c is a
protectlng group in the presence of a non nucl eophilic
whergingR brigapiaedtimgeravnt n thhgresence of a non nucleophilic strong organic

base vx(lgha)ne 9'4%&8}?.%% -%%XSWM&{&I% Z? IRatic %@1& s RGSf 'f&mﬁﬁé &) at a

ester f ormu tenperature o 500C t
temperafgg@E-3hCdn -G arin én osgapiriolvest. process of cl ai ms 1
to 8, characterized in that the formation of the
((S)-4-fluoronethyl -
Q- Rrﬁé)espy)f ¢cleingdi ©-8, -chahrﬁ?&@d&n ot yid ibrrﬁa:tiicdl affthd @Sl fuoromethyl-
n er

2-oxoﬁ3 lélhIzt @% e}zot fgﬁ‘[ skt orrn (;glgi%n sted) ear is &Jlgrf%med by way of a
hydrognmbérsmato hgrdeoxtba pa:ttmbmg lzeuwp lb umdetrairhytdmgb@ atypospherctofié bar to 10

bar in?{egﬁ@%ﬁge of a %rd?bf%é’nggﬁp@itélgﬁ catal yst. 10. Process of

aracterized in that the
((S)-4- fluoronethyl 2- oxopyrrolldln-

-yl )-3-0xq-butyric acid of fornula b) .is not
ﬂ%ér%&eéﬂs’f( i o1 hareizat i o r@r@ﬁ%@%ﬁe@%ﬂ%—é-oxo-
pyrrolidi@dtylpB-okbefutifric. ackilof fBrrgle $5b)as net isdlamwd,Ibut oithOut isolation
Ummfc(%ia%herlcﬁp in that the formation of the compound of
h gt Pfé? n step f) is performed with the

i soqui noline derivative of forrmula ga.HCl in the

resence of a base. o .
1. Process of claims 1 to 10, characterized in that the formation of the compound of the

formula (7a) in step f) is performed with the isoquinoline derivative of formula

CH3O]©/J\I el
CH,O

6a.HCI

in the presence of a base.

12. Process of claims 1 to 11, characterized in that the formation of (35,11bS)-3-((S5)-4-
fluoromethyl-2-oxo-pyrrolidin-1-yl)-1,3,4,6,7,1 1b-hexahydro-pyrido[2,1-a]isoquinolin-2-one
derivative of formula (7b) in step f) is performed with aqueous formaldehyde at a temperature of
20 °C to 60 °C.

13. Process of claims 1 to 12, characterized in that the formation of the (S)-1-
((28,3S,11bS)-2-N-protected-amino-1,3,4,6,7,11b-hexahydro-2 H-pyrido[2,1-a]isoquinolin-3-yl)-

4-fluoromethyl-pyrrolidin-2-one of formula (8) in step g) is performed by reductive amination of
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12. Process of clainms 1 to 11, characterized in that
the formation of (3S,1 IbS)-3-((S)-4-
wo basosogesed hyl - 2- oxo-pyrrolidin- 1-yl)- 1,3, 4, 6PGI/LP2008/067136
| b- hexahydro-pyrido [2, 1-a]isoquinolin-2-one
derivative of formula (7b) 36-step f) is perfornmed
W t h aqueous formal dehyde at a tenperature of 20 0C to

: P f [ - : 2 [ ' -
the (33 ﬁﬁﬁ@?—&ﬁa&%frﬁﬁh@f%@k@-pgﬁy A P54 SR TbHekfdrd Byricor2. -
alisoquiyg)jin2-epeteniveidtecef-farmua(Th)3, 4, 6, 7, |
| b- hexahydr o- 2H pyri do[ 2,1 - a]isoquinolin-3-yl)-
4-fl uoronet hyl -pyrrolidin-2-one of formula (8) in step
lg% };r§cd§§6fél£ig€ﬂ3, Qharﬁ@t@itdﬁdd: M €ha mﬁmﬂh@ﬂle Qfﬂiﬁ@}oﬁl?lﬁsyérforgled by
: -3 -4 one - 2- 0X0- pyr .ol i -l - -1,3,
reucting {435 (i risi Sk SREy o o b ot b d 3 b diabydro-
pyridod21 tajab fuieo lof-2foae deitieat(vé bf forinila Fbpodth dendfylahme in h3,presence of
. r -CI. . - ON 1
T1—0rg%g1? fcgﬁlﬁ%égﬁtﬁ%%r%rg%iﬁcﬁ%g Pﬁgo‘%@%ﬁ%lhy %nﬁryr&%cn% ageﬁt.
| b5)-3-((S)-4-fiuoronethyl-2-oxo-pyrrolidin-l-yl)-I,3,
4,6,7,1 |b-hexahydropyrido[ 2,|- a]isoquinolin-2-one
i rHrgcess okclmstlofonkdh sharaasorizad imthgbthe yemayahef the nrefecting group Prot
of thdfC(lS?-S 2@39,ﬁ1€$)_=2t1m1&6h 'te@ae@cammmgk,@,eg,1l11%-1fe@@lg@1ir@gﬁt¢5eido[z,1-
: or imne w redyci.ng agent.. . JProcess. of .
aisoqufaf -3 oo BRI T (R 58 o Jaimagion of the
pyridd] @ -q)igecblingdgivatipe &f tht fafinutlhd) (1Skeflh)i§ RS @&/t by way of a

hydro &g%xsfs&%{dglr e? flfcﬁrg ge%' aqmo Qﬁf&e & PoRtd ’lb bhrbthEé(ﬂ%Xeqlrcg ofa

hydroggnationcatalgbti n- 3- y1 ) - 4- f | uor onet hyl - pyrrol i di n- 2- one of
formula (8) and the formation of the pyrido[2,1-a]
I soqui noline derivative of the formula (1) in step h)

16 é(@ﬁ-ﬂﬁ&@ﬁmﬂb&l-‘@%&o%y@lﬁﬂﬁI%%@ﬁ(\/ 8di8 estBEST foAnula

hydr ogen atnosphere of 1 bar to 10 bar in the presence
of a hydrogenation catalgst. 16.
((S)-4-fluoronet hyl -2-oxQ-pyrrolidin-I-yl)-acetic acid
ester of formula b wher(ei M ébjﬁblfmer al kyl .

wherein R' is lower alkyl.

17. ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-oxo-butyric acid ester of formula

F
0O O
A A s
O

wherein R' is a protecting group, or of a salt thereof

18. ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-oxo-butyric acid of formula

F
0O O
ALY s
@)



17.
((S)-4-fluoronethyl -2-oxo-pyrrolidin-I-yl)-3-o0xo0-butyr
WO eooaosoest er of fornula wherein Ric i s a proR@€UEPI9G8/067136
group, or of a salt thereof 18.
((S)-4-fluoronet hyl - 2- oxo- pyd#ol i di n-1 -yl ) - 3-oxo- but yr
ic acid of fornmulaor of a salt thereof. 19. Conpound
Q erein R2, R3 and R4 are each
?&3&6%%3%%?*@ sel ected fromthe group consisting of
hydr ogen, hal ogen, hydroxy, |ower alkyl, |ower al koxy
and | ower al kenyl, wherein | ower alkyl, |ower alkoxy
EhdCarerespd of fspya may optional |y be substituted by a
group selected from| ower al koxycarbonyl, aryl and
het erocyclyl, or of a salt thereo —F20. (35,1
| b5)-3-((5)-4-fiuoronethyl-2-oxg=Ryrrolidin-l-yl)-I,3,
4,6,7,1 | b-hexahydropyrido N iSOﬂyinoIin-Z-one
derivative of formu a wherfein R2,\ R3 and R4 are each

i ndependent |y sel elte owLhe d?oup consi sting of
hydr ogen, hal ogen, ower al kyl, | ower al koxy
and | ower al kenyl ,R¥ ower al kyl, | ower al koxy

and | ower al kenyl nmay gptionally be substituted by a
group selected from| ower al koxycarbonyl, aryl and

hetero Lyl r of salt thereof
wﬁerelrn 19{ %3 %nd RQ are eacﬁ independent?y se?ected from the group consisting of
5 hydrogen, halogen, hydroxy, lower alkyl, lower alkoxy and lower alkenyl, wherein lower alkyl,
lower alkoxy and lower alkenyl may optionally be substituted by a group selected from lower

alkoxycarbonyl, aryl and heterocyclyl, or of a salt thereof.

20. (35,11bS)-3-((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-1,3,4,6,7,1 1b-hexahydro-

pyrido[2,1-alisoquinolin-2-one derivative of formula

10 R

wherein R*, R* and R* are each independently selected from the group consisting of
hydrogen, halogen, hydroxy, lower alkyl, lower alkoxy and lower alkenyl, wherein lower alkyl,
lower alkoxy and lower alkenyl may optionally be substituted by a group selected from lower

alkoxycarbonyl, aryl and heterocyclyl, or of a salt thereof.

15 ok ok



