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PREPARATI ON OF PYRI DO [ 2, 1-A] | SOQUI NCOLI NE

"DERI VATI VES The present invention relates to a

woemgemsiof the preparation of pyrido [2,1-apcr/Er2008/067136

i'soqui nol i ne derivatives of the formula- wherein R2,

R3 and R4 are each independéntly selected fromthe

group consi sting of 5 hydrogen, hal ogen, hydroxy,

| ower al kyl, |ower al koxy and | ower al kenyl, wherein

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

optionally be substituted by a group consisting of

| ower al koxycarbonyl, aw and heterocyclyl, and the
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di seases which are associated wth DPP | V.

The present invention relates part|cularly to a

rocess of the preparation of a pyrido[2,1-a] 10

'Ff?d&@ﬁe%nm@@l eelatosito apsoess aflike frepasation of pyrido[RY+a] Boquinotine |
daﬁmﬁ&mbfﬂkjbﬁﬁmylno|lne derivatives of the fornula | are

di sclosed in PCT International Patent Appl. WO

2005/ 000848. A mmjor task in th nt hesi s of the

conmpounds of fornula I |s,@he At roduction of the 15

chiral centers in the pyrixdd f221-a] isoquinoline

noi ety, which in the syntheyi sYaccording to the PCT

Int. Appl. WO 20 .Avol@es | atje stage

enant i omer - separ at | iral HPLC. Such a process

is however diffi g nage on technical scale.

The problemto be solpted was = WO

20091080500PCT/ EP2008/ 067136 -2- therefore to find a
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esirLe t.i cal rlle age
5 hydroggg] b elEs hifpardevr @ﬁﬂ ‘%%@n lower aly,
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lower aflonogtacd sctven alkeeﬂmmyaainowbrl be substrrutéct bywegrohwcondistifyadf lower
alkox t
0 yé‘!r%iﬁy&s IQﬁ@ﬁ&%c e1 Lpatr.]:glk;cﬁé ﬁr??ﬁé%ce&(%@?%%c%@ta&@%%s thereof, which
arc usegﬁ fr?aatfmt I"i‘é ﬁ%gfaplatl%w piF Plisparaasggeiated with DPPIV..
i saqui nol i ne derivatives of the fornula wherein R2,
R3 and R4 are each independently selected fromthe
Te pregene ervsitinm nelptasfpatiiculady éma prioadsoglthe prepanationyof A myvide|2,1-2]
1soqum@hﬂ&yder1v£%fﬂ% foexyaand | over al kenyl, wherein | ower
al kyl, 10 | ower al koxy and | ower alkenyl may -
optionally be substituted by a gr sel ected from
| ower al koxycar bonyl, aryl ﬂﬂ? erocycl yl,

MeO

MeO

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



and -of pharmaceutically acceptable salts thereof,

conprises one or nore of the followi ng steps a) ring

openi-ng of (S)-4-fluoronethyl-di hydro-furan-2-one of
wohaebssenul a 15 1 and subsequent est epPcTiEPaE/067136

to provide the (R)-4-brono-3-fluoronethyl-butyric

acid ester of the fornmula BRa). ORia 2 wherein Rais

| ower al kyl; WD 20091080500PCT/ EP2008/ 067136 - 3-

/- ] [ LGy s
thereig%:el t§ ﬁg%’ g é%n’.agg pﬁ:{k‘%ss( Jﬁkm%?pé \?%gh §E1§vk§"&:ﬁ8@% I degk’édé’;fpltlgal isomer
m an @qu}eé stage off tk@,pr@gtfs&raﬁomsg hygher yield and which can be conducted on technical
mmblﬂfprotected (S)-4-(al koxycar bonyl net hyl - am no) - 3-

fl uoronet hyl -butyric acid ester of formul a wherein
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5 COMHE?SQ (alkoxycarbonyhnethyl -am no) - 3-f | uor onet hyl but
yric acid ester of formula (3) and subsequent ring
. Thooprucess fob tHe@i¢patdtion of Hyriddi L, | apisoqmbding derivatives of the formmla
oxo-pyrrolidin-l-yl)-acetic acid ester of fornula
10wherein Rib is | ower alkyl; Fd) converting the
((S)-4-fluoronet hyl - 2- oxonpyr reki din-1-yl)-acetic
acid ester of formula (4)_int e
((S)-4-fluoronaethyl-2noko-
yric acid ester

yrrolidjn-l-yl)-3-oxo-but
A ,

wherein R?, R? and R? are cach independently sclected from the group consisting of -
hydrogen, halogen, hydroxy, lower alkyl, lower alkoxy and lower alkenyl, wherein lower alkyl,

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

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
O

2 4

15 F

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

of the formula
o - 2
Br . 0R1a

wherein R is lower alkyl;



wherein Ric is a protecting group or a salt thereof;

15e) transform ng the

((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-o0xo0-buty
woizeromeiseh ester of fornula (5a) into the PCT/EP2008/067136

((S)-4-fluoronethyl-2-oxo-pyrrolidin-|-yl)-3-o0xo-buty

ric acid of formula O O 5b 9 a salt thereof;

0 coupling the

? é'r’r%é H]?r( ?ﬁtﬂ} :? éél%lufﬂf QClill ik ﬁtf;@f&?m@lﬁt(,’}') with an

ornu soqui no
N—pro(gré;]t \gg{cmélﬂqyiesfegmpgl-pm ed-(S)-4- (alkoxycarbonyhnethyl—ammo) 3-
fluoro2eB1-BHGRO BRCT4 EF08MmAH 7136 6 or a salt thereof,

wherein R2, Rs and R4 are as above, to forma

conmpound of fornmula mheF in R2, Rs and R4 are as

above, or a salt tqereof” bseque ity ring closing

the 5 conpound of R 6wl A (%EBE férnaldehyde to

formthe (3S, 11bS)-34(S)-4-fl uoronethyl -

5 kSRR &ld /P Breliowd) al&yl?an& phot 1s ab amino protectmg group,
| b- hexahydro pyr|d0[2 -alisoquitto |in-2-

Sl R b o G o Ly
butyrlc g esteyof fampl) (34311&1 wﬁ@mmthym <iosar o foymr b i(§)-4-fuoyanethy!-2-

~ oxo-pyriolRirt 181 hcdtid &d ester of formula
xahydro pyrido[ 2, 1- cdi soqui nol i n- 2- one derivative

of formula (7b) into the (S)-1- -

NN
COZR 4
10 -wherein R™ is lower alkyl,

d} converting the ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yh-acetic acid ester of formula (4)
mto the ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-oxo-butyric acid ester of formula

‘ F
0 o
R1COJ'I\)I\/N sa

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

15 ¢) transforming the ((S)-4-fluoromethyl-2 -oxo0-pyrrolidin-1-yl)-3-oxo-butyric acid ester of
formula (52} into the ((S)-4-fluoromethyl-2-ox0-pyrrolidin-1-yl)-3-oxo-butyric acid of formula

F
o o
o AN 5b
0

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

or a salt thereof,

20. (5b) with an isoquinoline derivative of formula



((2S,3S,1 I bS)-2-N-protected-amno -1,3 ,4,6,7, 1
| b- hexahydr o-2H pyrido [2, 1-cdisoquinolin-3-yl)-
- 4-fluoromethyl -pyrrolidin-2-one of forrnda 5 " 1t)
WO eonoesasep t he protecting group Prot in the PCI/EP2008/067136 -
(9)-1-((2S,3S,11bS) - 2-N-protected- amno-1.3,4,6,7,1
1 b- hexahydro 2H pyri do[ 2, 14=a] i soqui nol
in-3-yl)- quoronethyIpyrrolldln 2-one of formla
(8). In a firstrQ there is provided a
‘ of'} pyré do[ 2, 1- a]

R4 are each i ndependent | Y 4se| ect ed fromthe group
consi sting of hydrogen, halogen hydr oxy. C14- al koxy
RM¥¥ 4
%{z%%agé%ﬁ?fk&n%é%pt io n&}drk %egssﬁ’lgg%/ :t(% fl‘j)tg'](le1 é %ﬂlpgglg&?% up
sel ected from G esal koxycar_bonyl ~—pghenyl , pyridyl,
t hi azol yl and nor pholino, phar maceutical |y
acceptabl e salts thereof, ing the follow ng
steps a) ring opening of 7a
(S)-4-fluoronet hykidi hydpQ-t hram 2- one of the formul a
and .subsequent ester Bn to provide the
(R)-4-brono- 3-f| ugeon ~butyric acid ester , of
the fornmula Bra)Ct, O8h 2 wherein Rh is Cl4-al kyl;
12) converti ng the (R) 4- br ono- 3-f | uor onet hyl - butyrlc

ﬁ i E(étlg ernﬁf &L era%lf)v o?a 1’%‘2 e%) Esg%&tlgtr%%tcﬁ)smg the | :
5 compotipdyt ripak @Xy@@rfma,mqmm Eommeg§ S 3155)-3-((9-4-fuoromethyb2-
oxo-p)frfdllz@ﬁaoﬂ?l)flﬂ 4,8 Uthltﬁxﬂﬁyﬂﬂ) -Saidl2, QE]lid?{ﬁiﬂé lif2-one derivative of

formula
F.
 7b
O
wherein Rz, R and r? are as above, or a salt thercof;
10 g) transformmg the (3S,1 1bS)-3—((S)-4—ﬂuoromethyl—Z-oxo—pyrroklidin-l-yl)-l,3,4,6,7,1 1b-

hexahydro-pyrido[2,1-alisoquinolin-2-one derivative of formula (7b) into the (S)-1-
((2S,38,11bS)-2-N-protected-amino-1,3,4,6,7, 11b hexahydro-ZH—pyrldo[2 1-aJisoquinolin-3- yl)—
4—ﬂuoromethyl—pyrrohdm~2—one of formula '

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



5a wherein Rand Rib are Cu-al kyl and Prot is an
.am no protecting group; c) deprotection of the

N- pr ot ect ed :
-(S)-4-(allioxycarbonyl net hyl -arni no)-3-fl uor onet hyl -
butyric acid ester of fornuba (3) and subsequent ring
closure to formthe ((S)-4-fluoronethyl-2-
oxo-pyrrolidin-1-yl)-acetic acid ester of fornula

Whenhgkdindiiky ihs prdteaiinlsydroup Prot ¢ theqB)-eNQISIBS, t1b8)-2-N-protected-
a3t b R QAT R o ot ol 5P A i
py_(’r()@iﬂ-_@'—&{etb%c&%y‘%@- 2- 0xo-pyrrolidin-/-yl)-3-mwbutyr

(¢}

Ic acid ester ormula wherein RI' is a protectin
gr ol a fisst aspessl ther e prided a progeps farghes PrspafpbRy pheyrdol2,1-al

| 1s<{q§1§bﬁné éé{%{?‘;’ggtgrg%-fg; -pyrrolidin-1-y1)-3-o0xo-hutyr

acl d ester ormul a(5a) into the
((S) - 4-fl uor omet hy1- 2- oxo-pyr r gtifdi n-1 - y1) - 3- oxo- but y

ric acid of fornmula . orkK t thereof; f)
coupling the AN :
((S)-4-fluoronet J-xoiplrkolidin-1-yl)-3-o0xo-but

yric acid of for Wi'th~an i sdqui noline

derivative of for,m wherein R2, R3 and R4 are
as above, or a Jait .hereof to forma conpound of
fornmula "R

wherein R%, R® and R* are each independently selected from the group consisting of
hydrogen, halogen, hydroxy, Ci¢-alkyl, Crs-alkoxy and Cy¢-alkenyl, wherein Cy¢-alkyl, Ci.¢
-alkoxy end Cy.¢-alkeny] may optionally be substituted by a group selected from Cy.q-
alkoxycarbonyl, phenyl, pyridyl, thiszoly! and morpholino, '

20d of pharmaceutically acceptable salts thereof,

7 compﬁsing the following steps

- 8) ring opening of (S)-4-fluoromethyl-dihydro-furan-2-one of the formula

01‘
F

and subsequent esterification to provide the (R)-4-bromo-3-fluoromethyl-butyric scid estor

. of the formyula
F o
OR™ .

wherein R™ is Cy g-alkyl;

b) converting the (R)-4-bromo-3-flucromethyl-butyric acid ester of the formula (2) with an
N-protected glycine alkylester into 2 N-protected ~(S)-4-(alkoxycarbonylmethy!l-amino)-3-
fluoremethyl-butyric acid ester of formula



wherein R2, R 3 and R4 are . as above or of a salt

t hereof, subsequently ring closing the conpound of
formula (7a) with formal dehyde to formthe (35,1

| bS)-3-((i5)-4-fluoronethyl-2-
oxo-pyrrolidin-1-371)-1,3,4%,7,1 | :

b- hexahydr o- pyri dop, 1- allsqu|noI|n 2-one derivative

of formul a wherein R2, Ra and R4 are as above, or
"a salt thereat - g) transfornming the (38,11
big):3-((S)4- fluor6rrethyﬂzm2 oxo-pyrrolidin- |
-y1)-1,3,4,6,7,1 R®0,c._N COR™ 3

bhexahydro pyrido[2,1 a3|squ|nof|n 2-one der|vat|ve

for b) |ntothe )-1-
f? ’B*gyﬁ%éz ér@tarmnmum P&teTing gibup;

b hexahydro ZFprrldo[Z 1-a]isoquinolin-3-yl)-
4-fluorotnethyl-pyrrolidirt-2-one of fornmula wherein

rhdepratectpniof the Ef;utotwrei (&}%(aiko@bﬁbﬁsylnﬁdthy@-aﬁzﬁio -S-ﬂuorometh vl

butyribeig egér,ofgoqiﬁmﬁ) SRR hb HOLESE00 B Q8P4 ﬁummetgyl_z_ .
oxonpif—ngdgp %—yl} “&%ﬁ Tﬁg/ rfBU’ﬂ‘i pyrl dof 2, 1- a] i soqui nol i n- -
3-y1)-4-fluoronethyl-pyrrolidin-2-one of fornula - -
(13), - ILn a secong aspect, there is provided
((S)-4-fluoronet hy1-2 : é{ér@l | d| n-1-yl)- acetic
acid ester of fornmul aj}— _

wherein R is Cy.¢-atkyl;

d4) converting the {(S)-4-ﬂuorcmethyl-2—oxo—pyrrohdm-l-yl)~acct1c acid ester of formula 1(4)
into the ((S}-4—ﬂnoromethyi-2—oxo-pyrmhdm— 1-yl)- Smxo-butync acid ester of fomxu]a

,cuk,:{

‘ wherem R'®is a protecting £roup, or & salt ﬂ;creof

) tansfo:mm g the ((SJ#-ﬂuoromeﬁxyl-Z-oxo—pynohdm- 1-y1)-3-oxo-butyric acid ester of
fonmﬂa(Sa) inta the ((S)-4-fluoromethyl-2-oxo-pyrrolidin.1 -y])-3-oxo-butync acid of formula

o 0 .
do AN 8
_ e

) coupling the ((’b}-zi-ﬂuoromeﬂayl-:?—oxo -pyrrolidip-1 yI)-B -ox0-butyric acid of formula
{5b) with an isoquinoline derivative of formula

or a sait thereof;



wherein RIDis C, .6-alkyl. - In a third aspect,
there is provided ’ ‘ ‘ :
((S)-4-fluoronethyl-2-oxo-pyn-olidin4-yl)-3-
oxo-butyric acid ester of fornula wherein RI' is a
protecting group, or of a SRt thereof " In a
fourth aspect, there is provided .~ -
((S)-4-fluoronethyl-2-oxo-pyrrolidin-1-yl)-3- . )
oxo-butyric acid of formula 0 O A% "k" O 5d or of
a salt thereof I.n a fR%txaskect, there is provi ded a
conpound of formula effeingR2, R3 and R4 are
each i ndependently se*€Ct&U~Ffbm the group consi sting
of hydrogen, hal ogen, hydtoxy, G . 6-al koxy and

~ C2. 6-al kenyl, wherein Q 6-al kyl, e al koxy and

" GRerBn k2 l, oAy optionally he substituted by a group
seTrgg?{ e’g o é?é B2 g‘a"SxV@a%’é&?mc,prfw@hwqmmm@ dfdoymula
- thiazolyl and norpholino, or of a_salt thereof:
In a sixth aspect, there is pro'lﬁed_ .
+(13S, 11bS) - 3- ((S) - 4- f | uor oket 2-oxopyrroli din- 1.
-y1)- 1,3,4,6,7,1 | b-hexahydgpyrigzdo [2, 1
~ -aJ]isoqui-no lin-goneg

i vati ?,- of formula

ﬁhcrcig R?, R® and R* are as above or of a salt thereof; subscquently ring closing the

- compound of formmula (72) with formaldehyde to. form the (35,1 1bS)-3 -((6’)-4~ﬂuoromethyi-2-
oxo-pyaolidin-1-y1)-1,3,4 67,1 Ib-hexahydro-pmido[z,1-a]isoquinolin~2-one derivative of

formula - * : R ~' -

wherein R%, ®® and R? are s above, or a salt theréof;

g f;ansfomﬁng the (38,1 1b;S‘)'-3-{(S)—4—ﬂ_uom'mcthy1-z-oxo-pyrmiidin-I-yl)—1,3,4 6,7,11b-
hcxahydro-pyrido[&l -ajisoquinolin-2-one derivative of formula (7b) into the (S)-1- - o
- ((28,35,11b8)-2-N-protected-amino-1 ,3,4,6,7,1 1b—hexahydro-wpyrido[z,l-a}isaquinoiin~3—yl)-
4-fluoromethyl-pyrrolidin-2-one of formula : |

B2 m3 - : :
wherein R, R? and R* and Prot are as above, or a salt thereof:



wherein R2, R5 and R4 are each independently sel ected

fromthe group consisting of hydrogen; hal ogen,

hydr oxy, C) . 6- al koxy and C24-al kertyl, wherein

Cl. 6-al kyl, Cl1-6- allcoxy agd C2.4-al kenyi may

optionally be substituted by a group selected from

Cl. 6- al koxycarboayl, phenyl, pyridyl, thiazolyl and

nor phol i no, or of a salt thereof. Se- Unl ess

ot herwi se indicated, the followi ng definitions are

SKtredOFihdiht Brotdckiy in g and .
{3 f%gﬁ_of? t Hg ri %?o@% gfoﬁsﬂldt{jgg% i @Zstd%g %‘@2‘2"%’@%‘7@“@*
55000 ET TBHYRRr 7 Ryrido[2, 1 -qlsoquigalingpdl-¢-fineremethyl- pyrentidir Jrone of
formulp@fer” is used to nean a group consisting of one to

six, preferably of one to four carbon aton(s). X

T ' hal.qggn; Sed @514 4R, 251,96 108 lidin-1-vI)-

oo et AR £ iR Q9-HRbbRBE3 o piffoidin-y)
aceligpidesierel hamup preferred. The term "al kyl "

al-one or |n conbinat¢on wth other groups, refers to

- a branched or strai ght-chai n .nonoval ent saturat ed

al i phati c hydrocarBon radbg#ﬂ f one to twenty carbon

atons, preferably @n€ to sixteen carbon atons, nore

preferably one to ten carbon atons.  °~ The term

"l ower al kyl", alone or in conbination with other

groyps, ‘refers to a branched or straight-chain
whergip Bovia Conellod kyl radical of one to six carbon atoms, .

preferably one to four carbon atons. This termis '

f URtar8ird asrss there el pieyided diSo-dtfBuosera¢thd 2-ovat-pigriqlidin-1-yl)-3-
oxo-1RkyHE acidesRE @PWrmulaSOPr opyl, n-butyl, s-butyl,

i sobutyl, t-butyl, n-pentyl, 3-nethylbutyl, n-hexyl,

2-ethyl butyl and the |ike. PreFerable |ower alkyl

resi dues are nethylgangd et , With nethyl being
especi al Iy prefg&r . N t & m " hal ogenat ed | ower
al kyl" refers t 9 1 ower” al ky! group as defined above

wherein at | east one of the~hydrogens of the | ower
alkx[ group ts replaced by a hal ogen atom preferably
- wherefn RiG#s aprotedtingrgsouphoneip sehiheresdt er r ed hal ogenat ed
| ower al kyl groups are trifiuoronethyl,
dinrq Keurth menehly therd isuweddest (6)H4-Aneromiathyt-Srasopytrolidin-1-y1)-3-
OXO0- ; nyl" as used herein denotes an :
b%%@%%%%?%%@éEEOr substituted hydrocarbon chain
radi cal having from2 to 6 bon atons, preferably
from2 to 4 carbompat Qis, d having one or two
ol ef mi ¢ doubl e bonﬂgkﬂQF ePabky one ol ef mi ¢ doubl e
bond. Exanpl es KPe Vinyl, %- propenyl, 2-propenyl
(all'yl) or 2-butenyl (crot§?). The term "al koxy"
refers to the group R -0-, wherein R is alkyl. The
term"| ower-al koxy" refers to the group R -0-,
wherein R is a |ower alkyl group as defined above.
Exanpl es of | ower al koxy groups are e.g. methoxy,
et hoxy, propoxy, isopropoxy, butoxy, isobutoxy and
hexyl oxy, wi th nethoxy being especially preferred.
The term "l ower al koxycarbonyl" refers to the group
R -0-C(0)-, wherein R is a |lower alkyl group as
defi ned above. WO 20091080500PCT1EP20081067136 - 6-
The term"aryl" refers to an aromati c nonoval ent
nono- or pol ycarbocyclic radical, such as phenyl or
napht hyl, preferably phenyl, which may optionally be
nmono-, di- or tri-substituted, independently, by
| ower al kyl, |ower al koxy, halo,- cyano, azido, am no,
di -1 ower al kyl ami no or hydroxy. 5The term
"cycloal kyl"™ refers to a nonoval ent carbocyclic
radi cal of three to six, preferably three to five
carbon atons. This termis finther exenplified by
radi cal s such as cycl opropyl, cyclobutyl, cycl opentyl
and cycl ohexyl, with cyclopropyl and cycl obutyl being
preferred. Such cycl oal kyl residues may optionally be



15 lower al kyl am no or hydroxy. Preferable
substituent is lower alkyl, with nmethyl being
preferred. The term"salt" refers to salts that
are formed with inorganic adids such as hydrochloric
acid, hydrobromc acid, sulfuric acid, .nitric acid,
phosphoric acid and the |i ke, preferably hydrochloric
acid, and organic acids such as acetic acid,

propi oni c aci-d, glycolic acid, pyruvic acid, oxylic
dgiofla saitethaéof. aci d, mal onic acid, succinic acid,
fumaric acid, tartaric acid, citric acid, 20 benzoic
acid, cinnam c acid, mandelic acid, nethanesulfonic
ag b difthekfan asw ifs%_mﬁdéﬁcéi G omdpourtdldaferfastilfleni ¢ aci d,
salicylic acid, acetylcystein and the like. In
addition these salts may be prepared form addition of
an inorgani c base or an okganic base to the free
acid. Salts derived from i norygani ¢ base i ncl ude,
but are not limted to, : { um Zaot assi um
lithium ammoni umi_calci magmesi um sal ts and t he
like. Salts derived organi ¢ bases i ncl ude,
but are not Iim ts of primary, secondary,
and tertiary amines, gsubstituted anmines including
natural |y occurring substituted am nes, cyclic am nes

nd, Le | exchange resins, such as .
""?‘5%" &b%f)?‘l ﬁl?ﬁofﬂ‘é‘,m t5ch pdensndapthheslectsl Bomthegrouresonsisting of
hydrogen, hdogeyl oy, Cie-illoylpyl-siltoxyt £ad (3ABBAN MRS C| YAREE, -

alkoxy ?{d}i‘ﬁlﬂfﬁw . oA IRA bR atedls ;ogil-n . Ie term
Rk i P o s Ll

rgani ¢ acids such.as hydro ri.c .d, hydrobromc
%cgd,slx i £YRCE: afﬁ?ra, ISSBFO(BAF/FP?Pi gga 'b82"3"3&6§‘p‘i’1‘6¥?186 gh-groxo-
pyrroliden-t4yl)el, hdjod, | Ibdierats/daspgidofBl @jisoq@eiolin-2a6R! | fer@&iv of
furnaric acid, succinic acid, tartaric acid,
met hanesul phonic acid, salicylic acid,
p-t ol uenesul phoni ¢ aci d and t hg—Fi ke, which are non
toxic to living organisng. Preferred salts with acids
are formates, nul eates, fitpatges, drochl ori des,
hydr obrom des angd rngj HangSul foni c acid salts, with
35 hydrochl ori d®s beiad~gspeclal |y preferred. WO
2009/ 080500PCT/ EPA00g/ 06136 -7- Step a) St ep ‘a)
requires the rimg openihg of .
(S) - 4-f 1 uor or aet hylR%i hydr.o-furan-2-one of ‘the
“formula (1) and subsequent esterification to provide
vhérBe RER: 4 - : i ri.c acid ester qof’
MG b G e N
geny b %gfﬂ»phygﬁﬂé‘y rra il E oo plbewtand ad-allenyls wlisksin @i 3-alkpinC; -
atkoxy and Coiiatkenyimaysptionailiybeaibdiyate OBy © Fotp 26cid &b

| : Al mCir
elkoxycarbO8% PHefy L/ HRBFY Bikof) 8hd Bldnfholifle, Mck S B 7 0LY | OF

a | ower al cohol, preferably nethanol or ethanol, nore
preferably nmethanol is added to the reaction m xture.
The reaction tenperature is not critical, but 10
usually it is kept bel ow 40C. Al ternatively the
ring opening and the esterification can be effected
directly by reacting the
(S)-4-fluorornethyl -di hydro-furan-2-one with a

hydr obrom c acid solution in the | ower alcohol at the
conditions as outlined above. Upon. conpl eti on
of the reaction the

(R) - 4-brono-3-fluoronet hyl -butyric acid ester of the
15 forrmula (2) can be isol ated applyi ng agqueous work
up net hods known to the skilled in the art. Further
purification of the product can be achi eved by
distillation. Step b) Step b) requires
converting the (R)-4-brono-3-fluoronethyl-butyric
acid ester of the formula (2) with an N protected

formula




20 _ )
(al koxycar bonyl nmet hyl - am ng)- 3-f | uor onet hyl - butyric

acid ester of forrmula (3). Preferred
Ut1R)s-othdow Boinddatdd| e detitrityd ddfitityoris areset fhrihsd dlusivite and defne

the mea £: £he vérlfb%s eSROBYDGb qﬂéfe%ﬁbﬁflerem
Kk ot REpPEE

protecte yCi ne a ter
hkprotected ci ne Iomer al kyl ester, pref ably the
In fais gpacificgiio ﬁ?ﬂreséféafer BYPhiR ONPFAOGE eYn ?f&m@ one to six,

preferablPbDdnc tortyr tab@r atb®(ANY substituents conventional |y
used to hinder the reactivity of the am no group.

Tl%l{kﬁﬁbd?ﬁ) g@ﬁnﬁ%%r@{o%iﬁ%g&logﬁlg %}ﬁ%jﬁ{e%ng e, B8 fuBrine, bromine

otective oups 1 n gani ¢ Synt hesis",
and chiorwg pege PeferFdhn Wl ey and Sons, Inc., 1991, 309- 385.
The benzyl group was found to be the preferred
T tpmotatioh’l, apng boimrohBimtidn wihsitha pefups, rrefirsNe piedneleddant

sish Gt bR AV LGB B Lo BePebaBisl BEIT L gt hn woms

preferabhefatettp élﬁtepe CaTBRMIPIIS,FEOTE GF pfe@bivipng i isp cahpe alggar
aprotic solvent such as in ac,etonitrile,
'ﬁh&&maﬁydﬁomgﬂambndbﬁ&mmmxmeﬁhaneﬂuﬂhﬁgan@soekmtoabmndmdor

straight Eﬂau? {‘noXc?va npﬁk}fﬂ{l(%cﬁro{i‘sh%%?é}% %ﬁ%@ﬂb&% 'ﬂr@feﬁ{)h{gme 10 foure carbon

ure [Fux te
atoms. Téms temeisdwithes mmmmwwaca@aw pichag friethyl, te%erﬂpnﬂewopyl n-

butyl, s-bit§L, %@BM?I”I butDIl BSHchfy @%&th@fbu%ﬂ,ﬁtph&}vl, 2;&1&@@1@@@ tld ke,

S ARG T e -

‘isol ated applying met hods known to the skilled in the

Thaternt ‘Grelogsuatas] lewpraledesferado & feves slkybgroup pydatmp alave pherein
at least &:@@.fﬂe hg&Bbanedt tRYokl dIRfiicheud B @eﬁl&‘éd eyl @ h@Mgén Sbin Srdferably

t.abl I
fuoro o ey ko e P A et s AR iay S R
difluoromtthyl, Svetatdybad dipomedyl. 10St ep ¢) St ep ¢)
requires the deprotection of the

ThRh@hOtRehadad @edﬁm(eﬁi &Qx¥g anh hagwknael by knafut@)hydrocarbon

aci r. of .formu

chain racgﬁad ilgg{ﬁéﬁe m%ytﬂg Oénsl, grefgrrahlgrtfﬁ)gl % cS§ c:g‘)g Sto)ns ang having

one or tvd elofimmdouiyd bahdsxwefoxablyodtiedilefinic yablelmeidi Exanyiles ass vioyl, 1-

b, |gi ) 2-butenvl (B first step the
propeny If?tr teggcyz{tl ar oulé)enyPr(gtty@)i s renoved by vvay of a

dr agenol ysi.s appl yi_ng. copdi tiQ are“kno
Tag i alaRy VRS Sibd BBl Ly cRBSEh g Mgl AR P hony”
refers to gife Mm-@«hﬁmm RAtis addvest afigy] @x)}lgen defidietl mbgpen Examples of lower

alkoxy g%ﬁé% be-c. eg 3 ggﬂ%)en%% Igr%lp&q) c&y@%} butox @fnt&x@%nd hexyloxy,

err on the ogenol yS|s can'as a
with methopyebeing gseecidystfeftier a hydrogen at mosphere of 1
bar to 10 bar in the presence of a common
Thhyﬁmdgﬁnmhmnmwmﬁkmyyst&sUOhhagmm@RLéHCGﬂ}pwmpﬁaRPﬁuanw

1 upport |i ke charcoal and in a | ower
alky grogﬁ a.@ﬁefin@@

, preferably 20 ethanol as sol vent. The
reaction tenperature i s expediently sel ected between
0O Cand 60 C, preferably 10 Cto 30 C Ri ng

cl osing can already be observed in the course of the
hydr ogenol ysis. Conpletion of the ring closing can be
achi eved by raising the reaction tenperature,
preferably to reflux 25 tenperature of the solvent.
The catal yst can be filtered off prior to the
tenperature increase. - The product of steps),
preferably the
((S)-4-fluoronethyl-2-oxo-pyrrolidin-1-yl)-acetic
acid ethyl ester can be isolated fromthe reaction
m xture by renoving the solvent and, if desired by
subsequent distillation of the residue..
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The ((S)-4-fluoronethyl-2-oxo-pyrrolidin-Il-yl)-acetic
acid ester of formula WO
2009/ 080500PCT1EP20081067136 -9- 0 ip---NC2R' 4 F
Wmlﬁs(ﬁ(}ﬂ b | S | ower al kyl pal‘tl CUl al‘l y th@CTjEpzo(}s/Oﬁ'?lsﬁ
((S)-4- quoronethyl 2- 0X0- pyrrolldln 1-y1l)- acetic
acid ethyl ester is novel agd thus represents a
further enbodi ment of the invention_ Step d) 5Step d)
ires t,he.conversion of
bty *ot TS RIP G 120 SHop G e of Rpbpeshpepfi radical such
as pheagl ai neplithyl, mefefablynphicayl #hichmtay dpienally be mono-, di- or tri-substituted, -
mdepe(nﬁ%tlg/ltﬁ loWRF et F&(w]eé fﬁg'h?%agﬁlni) di o a?t?ﬁ]m}» ﬁ'el&gég eatﬁélﬁ ¥mino or

cid ester niti

hydroxy.i 4 ester of the formula 10wherein R1 C is a

protecting group is deprotonated in the presence of a
"Blenter tf¢3etw|al:kjyl”i refesd to mgnmgdnﬁt&aﬂmsy:,ﬁc sadidal abthinic tdsik, Pheferably
l:
three to fivk CAtbimd IST*}:H @Jﬁ]iﬁ%xlefn e as 6, rhdibdld STk as cyclopropyl,

hexanmet hyl di' s ium

cyc ot}qg,%é:ﬁzélpﬁegg ﬂlagii pgczlq)}gféy Retrcppieprepd 385l Gyglobutyl being preferred. Such
cycloalieX el sitloagilge Mbnd.] FMVG Fi-dubsthitudNindependently, by lower alkyl

6- tetranethylplperldlde at a tenperature of 0OC
Orby%mﬁﬁgo preferably OC to -40C in the presence of

SU|tabIe |nert organlc solvent, for exanple 15 in

Therteran {hejeapcyelyd aisiers to a SgF fanmabepdraBtticRy Sarestad Tﬁhetcrocychc
residud, Svhixinzy o;ﬁbn dihphaai a Girhit nitrppef @oaPlon R 2N as imidazolyl,

pyrazo g&%%&?’n_ég? e&)?l},]lglg)rphoﬁno plpceira.zmo plperld-ll;lo orr;})yrropdmo
preferabiy3yuriglyt, Iﬂu@ioaﬂrm mﬂm@ﬁm Suply hetotorytilia :ingym)iy ept@maldy be mono-,
di- or tﬁcéugstﬁ%&,rmd&)eﬁdéhﬂ}v' g 16\431' 15@@1"‘&1]9}?{ ﬂ{o QZIdo amino, di-

s SR O 5en Sy S DL OB e e e

the enol ate formati on. Upon conpl etion of the ‘
Thederni Galt't teery (oSpltelthpt are faymed Myith-igbrparae aydsrsoth @i hydochloric

Kac1d, hyd&bﬁmﬁn@ﬁ%ﬁ@ Wk (i CachE infri€ 84i@ h@gphBﬁE Q&’lh and B )ike, pregerabl

hydroc@f i)amg?_ anﬁ)gtaghagl&é g(ﬁ%s ﬁ&lglsga%tﬁtg%mt pé(gjg(gl?cngc % rég 1cI ac|1 , pyruvic

‘acid, ok agtde chakeiycyd, meplamsdd) sucuinik acif, fmmtioatsd, karomin atid, citric acid,

benzmé heq Stslfdﬂallﬁéjac'lc{1 éﬁ@@d?,r .'sfad B{éfﬂaﬁés%%ﬁlg Qm fetﬁalﬁgs@ﬂ)gg %1

hi evé tration over ica gel using &
toluenss (gm o sahicyhg aR N seryiEHtols .an%Fb@AakF < sol vent
m xture as eluent, for exanple a m xture of
Ie aduitiactbesatselt cunely hfepltepatred form addition of an inorganic base or an organic

- base to the free acid. Salts derived from an inorganic base mclude but are not limited to, the

sodium, potassium, lithinm, 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, trimethylarmine, diethylamine, triethylamine, -

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

The term "pharmaceutically accepiable salts” embraces salts of the compounds of formula
I with inorgaﬁic or organic acids such as hydrochloric acid, hydrobromic acid, nitric acid,
sulphuric acid, phospboric acid, citric acid, formic acid, maleic acid, acetic acid, fumaric acid,
succinic acid, tartaric acid, metbanesulphonic acid, salicylic acid, p-toluenesuiphonic 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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The .
((S)-4-fluoronethyl-2-oxo-pyrrolidin-|-yl)-3-o0xo-buty
ric acid esters of fornmula WD
woQ080eeeb00PCT1EP20081067136 - - 10- whepeirtprRiosos7136
is a protecting group, particularly the :
((S)-4-fluoronethyl-2-oxo-pyerolidin-1yl)-3-o0xo0-butyr
~ic acid benzyl ester, or a salt thereof, are novel
ﬁﬁgggunds and thus represent a further enbodi nent of
nvention. 5f3-Ketoesters show ket o-eno
t aut oneri sm and t hus the (S% 4-f| uor onet hy1l- 2- oxo-
) P98 ¢4-the §ing epgning 61 U4y Fneromethyl-dikydse- ﬁeramﬁaqng of the formula
(1) anemusstequeat dsteifiedtdn tb providefthd (¥9- i&ﬁﬂiumﬂuomﬁétﬁﬂ-&}}m@ KRR ester of
the fo uires the transformation of the ,

%% *fl uonmet hyl - 2- oxo-pyrrolidin- 1-y1l)-3- 10
oxo-butyric acid ester of forrmula (5a) into the
Thsyngofening rensdehyspally kes nlgaervoith lyidrpblonyie poid, syt tith an

aceticia6ida6lutlo®bf Hydfdbetriic 688 bt a reactio8mp@EtIRIIFO0 °Ofto 16@°C, preferably

a rule consists of a hydrogeol ysis which can
°f4wg%°%8q?orned applylng met hods known to the skilled in

the art (see e.g. WH. Hartun R Sm rnoff 81953).
B@w%ﬁtgnﬁqﬂt@eﬁ Joprer @jcobpspraferabishactbans] axsthene), more
preferﬂbi}r hRERAe] iP4ddSWtdf thE reactidnOmixBRACEhe réabkioh thmbSratirRIbt cntlcal, but

t.he ction is performed under a hydrogen
-ummﬂﬁfﬁggﬁ%gg”wébqg bar to 10 bar in the presence of a

common hydrogenation catal yst such as pall adi um or
pltermitivein theringopenimgtand thspssterific4tion caby datedalirdctiyrbyreacting the

(S)-4—ﬂﬁ8&6ﬁetﬁ&lccﬁﬁ‘§?§r _fiRhRbenabliv a8 aARRImiBaciS b MASH in the lower alcohol at
TE eacthon|¥ q%erature is expedlently sel ect ed
0 C, preferably 0 C" 20 to 30 C
The resultin

@) compidtion pgihé tr¢pptiorpthy )@%}-Wﬂ@*ﬁdﬁunmnm')-b&wx oci Lastyr of the

formuki(2) @ ibe lsefate‘d%win@ 9 Gk B mk-ABAARUn th B kR in the art.
|It r|n off f. the catal yst and

reac tur
Furthep p Ca'fl%'hgf‘t;gff prg u‘it ﬁ@ 1%3& ENgd D ydlS’tﬂi?“”“fliibvvever it is

preferred not to isolate the
(S%-4-f|uoronethyl-z-oxo-pyrrolidin-I-yl)-3- 25
utyric acid of fornmula (5b), but to use the
filtrate (after renoval of the catalyst) for the

Sebisjarediant calveing 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-
(alkoXycarbonyhnethyl-amino)—S-ﬂuorbmethyl-butyric acid ester of formula (3).

. Preferred (R)—4~bromo 3-fluoromethyl-butyric acid ester of formula (2) is the
corresponding mcthylester -

Suitable N-protected glycine alkylester is a N-protected glycme 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.



WD 20091080500PCT/ EP2008/ 067136 - 11- The
((S)-4-fluoronethyl-2-oxo-pyrrolidin-1-yl)-3-o0xo-buty

ric aci.d of fornula or a salt thereof, is a :
wooekss@rpound and thus represents a furthewrCT/EP2008/067136
enbodi nent of the invention. 5Step f) Step f)

requi res the coupling of th&-
((S)-4- quororrethyl 2- oxo-pyrrolidin-

%hé/ re%ct%n%&%gyy erk é'%%v i O{m’c}a@lr a?a;%r%t?c) sow‘ahpsu%ﬁ gs in acetonitrile,

ui nol1 ne

tetrahrdar@ﬁxy@f dimsthogysthanccdinproged tristhyrbping pseiembly Bracetoriiile at a

reacnm%ﬁ;s&fm@em:t G0P@ 15 e S ERIa Bhpdrhtl et TtIRSoREnQ hisall§ at the reflux
ngg f formula (7a) V\nthformaldehydetoform
temPef“ﬁ@(’ B%)‘ 34(8) - 4-fl uoronet hyl - 2- 10 .
0XO0- pyrrolldln- 1 -y1)-1,3,4,6,7, 11b- hexahydro-pyri do
The produit ebegen opiefematity &qudérﬁbml-ﬁéoma@gnmﬁy{m@&

fluoroASthYU bt e %l&'ﬂl@tﬁfyl 8k @Rak be BRI pl Ak SR kG foltREMkilled in
cont ai.ni n
the arfipr e s TS VigR SR st PiFificatio gam be. ashisvas s ffeging the residue

‘over sdick delaking asnidbde ¢rgbic seimert or atehaid selvent rextireog @iuaat] fon example

10

15

r f pm] 2 (6) to provide conpound of
ammgﬁdf\éﬁ.gla)(‘ Qamflﬁ alt thereof 15 (depending on the

reaction condl t| ons and i sol ation procedure). A
§UI t:abl e i soquinoline derivative of formula-(6).

i hydr oi soqui nol i ne of fornula 6a. HCI Inthls
case, preferred conditions involve the reaction of ,
$ts) c)(mqlfuteg thealepratgetionr obshe N -protected-(S)-4-(alkoxycarbonylmethyl-amino)-

| 3-fluoRef i9hbilylc hill Hrero s amti13) h¢ sl ol QIR Ao G the (5)4-
0]
ﬂuom@ﬁtﬁ“Y A5PE° BT (ii§ sHCHS a%?%?(’r 0%%%43 @F cohol s or

preferably m-xtures thereof. The addition of a base
Ing firggteiprteaiNfrootecting greur trer it wmevetlsevay #rrdngrogenolysis
applyid! ear@ﬁioﬁs Qﬁﬁﬁare 16RWRAY Yikd KilRE Ilﬁalesaal(ge% eag eHMB5@b y§H of

Benzyﬂ@mp%@ #4841 o8 NHoREn PADR oy BecErih (Ror hahs

onprise the use of 0.05 to 1 equivalents, preferably

I@r 08 nrefededdebguaylationthshydsegsnolyes eaqw@frekénlpyrf@mlsdm@r a

. hydrog2f WiriAbERE Sf Phari0d0 B ﬁQﬁ‘é ﬁ%&nbaofaa Btk 18:dRfgenation catalyst

20

25

such a%wlﬁg@xgg)&{}/ﬁ}tgﬁgacg%@égg? %ﬁ(ﬁ%]imaécc{%;%% 1B éiower alcohol, preferably
cthanotmrsebentent |y i ntroduced in the next step or can be
"~ isolated by direct crystallization (of its

TR RGN RidpSRnia kidxpQliet B cREtcH Betbeo *0¥ndBo °C, preferably 10 °C

t030 (ejxtract ive vvork- up.

. Ring clos’ing can a]rea‘dy be observed in the course of the hydrogenolysis. Co‘mpletion 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 ((8)-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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WO 2009/ 080500PCT/ EP2008/ 067136 - 12- The reaction
tenperature is as a rule selected between 0 C and 40
C, preferably between 20 C and 30 C. - The opti mal

wo esupesoadour e range can vary from substrate t @CT/EP2008/067136
substrate. The followng ring closing is
acconpl i shed wi th aqueous f-8+ mal dehyde at a
tenperature of 20 Cto 60 C, preferably 20 Cto 50 C
The optinal tenperaturedrange can vary from5
substrate to substrate, Thg\reactlon is perfornmed at
a pH between 5 and 7, oretfefahRy qtheen 6 and 7.
.Separation of the diagfereoners and isolation of the
speci fic di astereoner \(3S, 11bS) - 34, 3) -
4-fl uoronet hyl - 2-oxo-pyrrolidin-1-y1)-1,3,4,6,7, 11b-h
exahydro pyrido [2,1 -a]iso quino |in-2-one
whereu &' isdowdr aflgrmattularthe ((SeHdhatimetini-2tdro-pyrrolidin-1-yl)-

7,11

acetic Qé@eﬂi bSler % ddfved arfhit é(s;i?]greégﬁ{stﬁyfﬁrtﬁer %E’Bﬁ@iyx{eﬁpéf ¢ ﬂvé'ntlgn

-9, 10-di naet ho exahydr o- pyri
% allsqu|no i n-2-one can happen by silica ge

- AR t ography using .a suitable organic solvent such
as a m xture of ethylacetate and et hanol or '

Step BLrequironsherapinaerien ofithd () Hesiromasthygi dewet pyrrolidin:1-yl)-acetic
acid e@rﬁ?@iﬂula@} InfRDhle Y 45t lokGHR By 101 gﬁig?ﬁm‘ﬁ@hlvﬁ?f -3t o-butyric acid

e i chl oronet hane / ‘eth | eads {0 an even
emm"ﬁﬁ?EB%'géyproduct wherein R2, R3 and R4 are each

.independent |y sel ected fromthe group consisting of
InyeHy the roetivadcolyester ofthdrforxpla | ower al kyl, | ower al koxy
-and | ower al kenyl, wherein |ower alkyl, |ower alkoxy -
and | ower al kenyl rmay opti &hally be substituted by a
group selected from | ower koxycarbonyl, aryl and .
heterocyclyl, or a salt’ Hither &Y and t he conpounds of
formula 20 7b wherein R2, R3 and R4 are each

w&?&&mdﬁ Iathplra@e&&!ﬁeg% )gﬁ’ hAl€d &rtﬂygfyfe%ébﬁ; ﬂdﬁgj[ugfe%hﬂw

| en, | oge | ower al | ower a
ﬁmmgﬁ g%%Wmﬁﬁ eﬂ%@-“W%ﬁ%?”%ﬂ LigNEDS 310Kk
hexamethgldisilawide, KII—MDﬁl— Paayssnpi he&méthyldbﬁaﬁdﬁ)Na}MDSé sbd/ium
revam g BB T IME WS E lrpmpetylnpesiids o rpperaur of 0°C
to -1005¢'y prefgaebly, 8t iodPeq n the presencs af suitphle myaforgwcesowa |for cxample

mtﬁn&ﬁﬁpﬂﬁﬁds and t herefore represent a further
enbodi nent of the present invention.

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

_ To the in situ formed enolate the ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-yI)-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~ﬂuoromethyI-Z—oxo-pyIToﬁdin—1—y_l)-3-oxo—
butyric acid ester of formula (5a), preferably the ((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-y1)-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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Preferred representati ves of the conpounds of fornula
~7a and 7b are those wwth R2 and R3 bei ng net hoxy and

R4 being hydrogen. Preferred salt of the conpounds of
wbaoomk@oo’a and This 5 hydrochl oride. Step gecrerzoob8iise

g) requires the transformati on of the

(3S,11bS)-34(S)-4-fl uor onet-hil - 2- oxopyrrolidin-1-y1)-

1,3,4,6,7,11b- hexahydro-pyrido[2, 1-c]isoquirtolin-2-0

ne derivative of fornmula (7b) in the (S)-142S, 35

, 11bS) - 2- N—protected amm Ny 1, ,6,7,11b- hexahydro 2H
-pyrldo [2,1
allsqu|noI|n 3- yl)RﬁggLU6$bﬁe yl - %@rrolldln 2-one
of formula (8). The N-prote®ting group "Prot"

used hereinafter used for the conmpound of fornmula (8)

e[ ot S g U ed idin-1-
el o p?oécg&%ﬁl Vié&t%)?f) oﬁattemgﬁy@mggm Bty kP B8 b fhrolidin-|
y1)-3 %’fﬂr}ﬂ'@"}f‘r ¢ pq-yé nﬂ)oga%seaﬁd thus represent a

ﬁuthei‘éinbndantntwbétheimpﬁonn Organl c Synt hesis", Chapter 7,
John Wley and Sons, Inc., 1991, 309-385. The benzyl

srlewesee@,%h&@ﬁag ehfl taeohtaﬁ i and{i ﬁ.gﬁleﬁ hh&%&%fét %%90-
0

Prot " exch ange QXO-
pymollips ij‘l\‘si!)par -Brocuttais %4 ﬁ%erg%a seﬁtatl ity e fq rmilla
princi ples of a reductive antnatl (see e.g. EW
Baxter, AB. Reitz (2002) Redu t|ve ani mati ons of
carbonyl conpounds wit i de and borane
reducing agents.” Qg . Y.5p' 59: 1-714).
20The
(35, 11bS) - 34( S) - 4- quoronethy1(% oxo-pyrrolidin- 1
-yl) 1,3,4,6,7,11b- hexahydro- = -
- Y5r e 0[2 1- c]|squ|noI|n 2-one derivative of fornula
(7b), is reacted with the N-protected am ne,

Seed)at@liley theitrahsfbenaioh fiRa(S) M-Il igoRERHENe R -Pfrrdlidin-1-y)-3-
0] S
oxo-bt%[ﬂrrtx arcmte‘f‘ oPé&F;B]gl'ﬁ’EE'ﬁ ﬁt%rth a):)—ﬁ tﬂuorom%thlyl 2- 0P &)glﬁ?lldélb &ﬂd)—?»-oxo-

| SOPTr O [ e or

| meﬂ%EQQ%ﬁﬁ &b}uran at tenperatures of 0C to 40C and

by subsequent reducti on of the previously forned
Theifovenatibii Bf the samaw i1 doiksido f%&ya@geﬁlyﬁwhlcﬂﬁaﬂ/\wﬁbrfonmd

applyif 3SR ARE RN Vit 4Rl 1 AIRR QLYW A kR S0 (1953)
"Hydrqegalysioef Begzyl (rsypsAaghed tec@xxedn.afiragen] oBSulfu” Drd. Reatt. (N.Y)

7: 263 Xahydr o- 2Hpyri do[ 2, 1- a] i soqui nol i n-3-y1) - 4-fl uor onet
hyl -pyrrolidin-2-one of fornula (8), preferably of

(st tesgion. i pforseupge e upIogeL R STeeS L hehiR gy the
presencg of agognpn Jhy@ogg)aahy datalygttguch as palladium or platinum on an inert _support

like chi¥¥ddl 8@ 8 .aYowdr 3QMHI1, PRIAEALSeYhkhotds bivgs omet hyl - pyrroli
di n- 2-one can happen by filtration over 30 silica gel.

.a suit ] e for e o
e 08D BBl PRl SR e b i T R sttty 0 C
t0 30 @Naporatlon of the solvent and crystallization in a
sui tabl e organi c solvent, for exanple in

THé £RbIEnO }hlmswm&t; Mo- &ebeahtﬁwa%lwf@rmuta
2009/. 8 36 -14- Ste
ﬁé @tg]ystcypd lahgrp removal of

(5b) cal{i;)g)e lsé)'l]%egtﬁ"ggl 5: TG %ﬂ
the solygntot ect i ng group Prot in the (5) 1-
((2S, 3S, 11bS) - 2- N- prot ect ed-anmi no- 1, 3, 4, 6, 7, 11b- hexah
Hﬁ%ﬁbr-?ﬂ"rs@%&r%?l ot t(g-rs@ia’(tjestﬁ& miﬂdam%n Y-2- oxo-pyrrohdm- -yl)-3-
i y i di on
oxo-buiic e DERFRY (1B bt ate B B 0o ko P i ety for the
subsequehiesterefioval of the N-protecting group, preferably of
t he benzyl group can as a rule be acconplished by way

of a a hydrogenol ysis applylng conditions which are
known to the skill ed



in the art (see e.g. WH. Hartung, R Sm noff (1953).

"Hydr ogenol ysis of Benzyl G oups Attached to Oxygen,

Ni trogen, or Sulfur." Og. React. (N.Y.) 7: 263).
woOhBhsdsiie preferred debenzyl ation the hydr ogepgbYrkdsr13s

can as a rule be performed under a hydrogen

at nosphere of 1 bar to 10 bar- in the presence of a

common hydrogenation catal yst such as pall adi um or

at | on an inert su rt. l.ike charcoal. . a in a
el R Bt ik D2k JEH o1 Tortmla
The reaction tenperature is expediently selected

50 C 15 to 50 C.

between 0 C and 60 C, preferab

Upon. conpl etion of th%ﬁiﬁjt;i N\t he reaction mxture

is filtered and the §j N-g/'coReentrated to

af ford the deprotected product.q Subsequent -

formati on of a pharnaceutically acceptable salt of

t he conpound of fornulgﬂé{) is within the skill of an

a3 felt dherect oy g enqyebgosmmosnd sk tas TeBlssaEs & fygther embodiment of the
mventfbohydr ochl ori de can be acconplished by reacting the

deprotected product of formula (1) with a suitable

e‘P@Jnoyl chloride such as with acetyl chloride in a
suf t'abl e sol vent such as in nmethanol and at reaction

emer at.ur es. bet ween, 0C and 30C or with HC |
é"ﬁP DABIes e\‘r‘eﬂn’hﬂa&ﬁhf‘a@-ﬂﬂp%ﬁw% S HOFOBITRlit3 yl)-3-0n0-
butyrid/idd opoatnels (3 withodilisdquarioih© dgriviative( df)foinsuld {6 or a salt thereof to

om 4ol SRR AL B SRS B o
compauif pé erikla §73) ith PraldetyReisr PR P S S d-((S-4-fuoromethyl-2-
oxO—pﬁ'fdﬁdd!lPr'?/Dl193,4,6,@,Hfb—ﬁeﬂéﬂ?dfcﬂp}(rﬁ%[ﬂh@Lﬁdﬁhﬁl@M—_ﬁ&n@&é@ki@@of
& %%IJ illTustrate the invention without limting it.
orm ?‘?009/ 080500PCT/ EP2008/ 067136 -15- Exanpl es
Exanpl e 1 Synt hesis_of ) -
ARyuthnagrusder-stepre) dlesy Birateioptained dipn gendiad senthiping 6S0-¢r
fluorofnthy 02 -5k ByrfAVRIid 2-y9) RoRo-Butyrid adi@ uf foR@elk €sb) fckbKadded to the

. .equl pped. W th.a ne nical., stirrer r ef.l : '
ssoquifit BREGVE & pBmith G6P pfids o Era gfofifia gy « ot thercof
(dependinzenttheteactiondpoditions and awiadiog po@edrdre). 2. 28 nol, 5.7 M
: in acetic acid) was added to lactone 1 (80 g, 677
AgEtable IR kAR WES SEBHRLa [6) iHfle Gihgmdisdlhihé 186 off @rmula
3 hours to give a clear, yellow solution. Mthanol '
(800 m) was added owgy. lQ. mputes under ice cooling,
keepi ng the tenperature ow ‘80 - BC! The resul ting
m xture was stirredcagg.~ _

6a.HCI

In this case, preferred conditions involve the reaction of (S)—(4—ﬂu6romethyl—2—oxo-
pyrro]idin-1¥y1)-3~oxo-butyric acid of formula (5b} with the compound of formula (6a.HC1) ina
suitable solvent such as water, lower alcohols or preferably mixtures thereof. The addition of a
base is required for the reaction to proéeed. 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. -



10 tenperature for 19 hours and then concentrated
under reduced pressure at 40 C. The residue was .
diluted with toluene (400 m ) and saturated aqueous

wHQeioWRdses car bonate (1000 m) was slowy addegripgak
CO2 evol ution. The phases were separated angiét e 067136

organi c | ayer was washed w.i‘h water (200 m ), dried
over anhydrous Na2SO4, filtered, and concentrated

der reduced ressure at 40 Cto give 1
o e BT S 8 § G SsidcrecPebriet .46 B 40 U ol Dycpetween
20 °Cpod |3f) i’edT ltwpﬂmahﬁempehaﬂﬂm tahpd camrvaly6Rorh SulfStral@ & sublowmit.
to give ester 2 (111.3 g, 77%yield) of as a

3218 Rﬂﬂo%%ﬁg closig is BcBmpishel Mift Aquednt BMRlaRicRyde at a temperature of

2, S o,
20 °C.40 B IR 20, 02 70 36 bR AEERAh rps Fnee FanarGiem
5 substrhtglte bubtstrate.CT Iﬁccea&tlmeis pytfordfdesit @ pH(@)weeBS and 7, preferably between 6
and 7CO2NBEL 02C. .. ". NCO2Me 23 In a 2.5-1 f our - necked
flask equi pped with a nmechanical stirrer, a reflux

ondenser Pt- 100 tgerrmmeter and_ an
SSRRERGR Of the giasiereamen 4nd Trol450n 1 die At e dasorehmas 6P EES)-3-(S)-

4~ﬂuorcrmethy1—2aﬁmt-mzrniohdml leyl§-8 304,617 )11 b-hexdhimdrs -pseibo[L] locfjlsw@xlﬁnohn-}one
i 1.30,n0 -
G R LSS NS TR L0 opdp T oo
10 y)-3, Hodipogthoxy-didh46,7.0 Hivherghrtpoyridel 2durlispgpinciing?-piaesn hapyen by
silica g&@ﬂ/otﬁﬁﬂ)%%m@f@ 08RG soblmt ﬁfcﬁ 8 a %ﬂ@lilﬂegg et‘hglacetate and
f entrated un
ethanorl ggﬂlggg {é:gg eg hn&r%%ngg?skelf?eé]&\l@rﬁta 10711 3 spitahle oreanic solvent
for example uadlgiébm(l@th@nfgf) ctivgibhigadstto Au ehephem euik:Bodist. el uent , :
giving the crude title conpound 3 (169 g) as yellow

Bdth t oM@Sofys@ehiy thout further purification. M
nme 326 (M+H) +. 5Exarrp| e 3 Synthesis of
((S)-4-fluoronethyl-2-oxo-pyrrolldin- 1-y1)- acetic

acid ethyl ester (4) 0
7a

15

- wherein R%, R® and R? are each independently sclected 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

b

20

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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0O EtO, Cn N CO2Me(5-. 1L7rCO2Et B 34 In a 5-1 reactor,

ester 3 (148 g, 455 mmol).is dissolved in ethanol

(500 nl) and a suspension of palladiumon charcoal

wb bsboflsdden 10 Wt % Pd) in ethanol (40 m) is aggemtphddsicriss

one portion. The 10 m xture is stirred for 2 hours at

20 C under hydrogen atnosphgre (1.1 bar). The

reaction mxture is filtered and the filter cake

washed with ethanol. The fjltrate i's concentrate .
a’k""l’Pﬁg?é’F%r @a{@sﬁlem@gm & 3paliyereo, gre POy CORRC 88‘.9 thegsépre
represght adfindhdr kmbsdiinghi afithopesnhmdentenst i rred at refl ux _
: tenperature for 6 hours. After cooling to anbient

]?Fcﬁﬁ%ﬂ @é s@ntat‘i‘t&@ of ‘fﬂe\é‘éﬂboﬁlﬁls befFRMEE 74288 b hRdMGE Yith R? and R®

| being § 338?‘1’ “lﬁ igidrcraegﬁa HSﬁ‘ ?é\rl %ﬁ%&&?s%éiféwla 7a and 7b is

hydro¢lorits. rrbar 134-139 C) to give ester 5 (75.5 g, 81%
yi el d) as a colorless oil. NS m'e 204 (M-(IV 130,
Exanpl e 4 Synt hesi s of
?%3 4-f | uoronet hyl- 2- oxo-pyrrolidin- I-yl) 3- oxo- but

d t 1
%h B R J e A GO sk Rt s
pyrrolaitPt -yDaQ3, 4 6 & Itbrekehydraapyradl, t-zbsoghmnhe2 -onaddrientive of formula
(7b) ifté nggSj Pg(?g% qtle)d’i’-T\S%B{e%M laﬁﬁﬂon??) Ql%l'/rzni {(ﬂ %%Xéﬁ@r%ﬂm “pyrido[2,1~
aIwoqe%iﬂéé“YDo‘* thagyormethyl-pinrqfidin- %ﬁflﬁﬂﬁd 52 )), 787 mol, 1

55 min-hexanes) was added dropvw se over 35 m nutes
AedN-phetcating group CPuit T osed hasins fiemrusedfol dre cdthpoimiidfdsrnatla (8) may

refer to %(gr s(c}bﬂftﬁe%{s c%yg'?eél%galﬁfus%@ﬁ) kﬂﬂﬂ:‘r Eﬂquactleift} 6f thb Hﬁ]ﬂaeg}oup Suitable

* amino protectmg groups are described it Green T "Protectlve Groups in Organic Synthesis",

Chapter 7, John Wiley and Somns, Inc.,1991, 309-385. The benzyl group was found to be the
preferred N-protecting group “Prot™.

The exchange of the oxo-group by the N-protected amino group usually follows the -
principles of a reductive amination (see e.g. E.-W. Baxter, A B. Reitz (2002). "Reductive

* aminations of carbonyl compounds with borohydnde and borane reducmg agents " Org React.

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

The (3S,11b8)-3-((S)-4-fluoromethyl-2-oxo-pyrrolidin-1-y1)-1,3,4,6,7,1 lb-hexahydro-k
pyrido[2,1-a}isoquinolin-2-one derivative of formula (7b), is reacted with, thé N-protected amine,
preferably with benzylamine in the presenée 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 sbdium borohydride at temperatures of 0°C to -50°C. |

Isolation of (5)-1- ((ZS 35,11b8)- 2-N—pro1:ected—ammo 1,3,4,6,7,11b- hexahydro 2H-
pyrido[2,1- a]isoqumolm -3- yl)—4—ﬂuoromethyl—pyrro]1d1n—2 one of formula (8), preferably of the
(S)-1-((2S,38,11bS)-2-N-protected-amino-9,1 0-dimethoxy-1,3,4,6,7,1 1b-hexahydro- 2~
pyrido[2,1-aJisoquinolin-3-y1)-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. Evaporatidn of the solvent and crystallization in a suitable organic soivent,

for example in dichloromethane / ethano! leads to an even more pure product.
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25
- dlhydrochlorlde of formula (9)

WD 20091080500PCT/ EP2008/ 067136 -17- (114 m, 794

mol ) was added dropw se over 35 minutes and the

yel | ow solution was stirred for another 1 5 hours. A
wo Sobibdesdy of ethyl ester 4°(80.0 g, 394 mol peimphi#ne7ize

(40 M) was added over 1 hour at -70 C at the m xture

was allowed to warmto -25.1@-over 90 minutes after

the end of. the addition. SThe reaction was quenched

g ﬁddltlon of the reaction m xture to 1.0 m aqueous

% behloric aci d (2000 nml). The organic sol vents

were renoved by evaporation under reduced pressure at

Sep © fuadlyrequines tiedeapvad g fide peotecting group Brod sat the (¥ et
(28, 3941%5)0& NFﬂr@tre&EEJaﬁﬁﬂ)el 63,67, Qlﬂﬁhdﬂﬂydrdfbﬁ ;ﬁrﬂﬂ&ﬂzrl isoquinolin-3-y)-
iC ri a r ou
-0 R oS AR oS a7 i s BB RS foogynd of
formul4@DC, giving an orange oil (176.5 g). The crude
product was purified 10 by silica gel chromatography

“{he réRotd o?_ gn!e 'I\@-ﬁrtﬂ&gtc/ﬁl gﬁ{ it frB@rabist JF t@‘&ﬁﬁyl RERIpBE as Aste be:
sccomEER AT ShY O+ ¥R G SR LRy e g Kpqpndg e siled

in the f#xGopb.g. W.Kyitdrhag| B. $rhirnoff (1953). "Hydrogenolysw of Benzyl Groups
: ol = 2 I y1) - 3- oxo-bu
Aﬁa‘:hé‘;‘/%’i(@@é Jh@g%%g?} gm}%z &%OREM 55 Yro)j" Bn%dk])l-_AN HO i L) LN1

necke flask e ed wit
ES?a&mrF%ﬂecf degaystanehes frdregepalysis cqnyg @% e geged uider
hydrogematniosphse dif Ebar tv d0 baninnied praseate ¢fh conmion tyrdobgenation catalyst

such a{l)_ﬁzlﬂa@l% e mﬁﬂla&f&aiher% glﬁjggrt rgigﬁ cHPoolt 260 E’RL l&ﬁé él ﬂcﬂ,ﬁpreferabiy

e was stirred ours un

| ﬁhanohﬁsr‘?égﬁﬁﬁfere (1 bar) and then filtered, vvash| ng the

filter cake wth ethanol (1.6 nl). The vol ati |l es were
Trereaceoln tengperano iy egpbdiethypeksed betwatn @ AOamh60 °C, preferably 20 °C
tosooberrperature and the crude keto ester 5b (105 ny, 99%
ield) was obtained as a clear, colorless oil. Ms:
, n le 218 (M+H) +. WD 2009/ 080500PCT/ EP20081067
Uplron compie‘uon o@h Teaction the reaction ngxturg]-s 15tered ]dthe gteis

concentrated to aﬂ'ord the deprotected product.

Subsequent formation of a pharmaceutlcally acceptable salt of the compound of formula (I)

is within the skill of an a:rtlsan

The preferred formation of the dihydroehloride can be accomplished by reacting the
deprotected pro‘duct of formula (1) with a suitable alkanoyl chloride such as with acetyl chioride
in a suitable solvent such as in methanol and at reaction temperatures between 0°C and 30°C or
with HCl in a suitable solvent such as in isopropanol or dioxane.

Most preferred product of formula (I) is the (S)-1-((25,35,11bS)-2-amino-9,10-dimethoxy-
1,3,4,6,7,11b-hexahydro- ZH-pyrldo[Z l-a]n;oqumohn- -yI)-4—ﬂuoromethyl~pyrrohdm— -one

~ The following examples shall illustrate the invention without Iimiting it.
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-18- Exanple 6 Synthesis of
(3S,11b5)-34(S)-4-fl uoronet hyl-2-oxo0 -pyrro
lidin-1-y1l)-9,10-di methoxy- 1,3,4,6,7,1 1

5 dro-pyrido [2,1-a]Jiso quino lin-2-0

W%ZOE%@%I n a 350-m four-necked flask equi pg‘g’éﬁ@“{'%‘@“
gas-injection stirrer and g<Pt-100 thernoneter,
benzyl ester 5(16.19 g, 527 mmol) was dissolved in
et hanol (134 m) and pal |l adi um on charcoal (1.07 g,
10 wt % Pd) was added. ThExX3mpksire was stirred for 80
m nut es under a hydrogen atnosphere (1 bar) and then
filtered, washing the filldadipleake W th ethanol (20
mL). 10The yellow sh filtrate was added over 10
m nut h 4t f o (] [ i.nod 0
g, 55 Tl S 0 Kb o S R e bl vk ()
and water (3.7 mg in ethanol (56 m) under evol ution
of CO2, the tenpgfature being paintained between 20 C
and 23 C using ling bath\wﬁl\/ﬁithe end of the
addition, stirri was mal nt &0 f hour s,
| eading to an off-white suspension. 1 di um acet ate
(3.89 g, 47.2 tfinaol) (pH of reaction mixture ca.7)
and aqueous formal dehyde solution (4.5 m, 60.3 mol,
36.5% in H20) werle added and the Resulting mxture
was stirred at 40 C for 17 hours. The off-white

16 6 S PeBinrOftckél BdsR Bl dipFedcl @ifa fRciOnfGaloNierer, 3 rERI onddifer, a Pt-

t.this t 6
00 SHGEES 3y ST, S AR AT B i
acid) wag Fideddo lactpne éi&dgsé??smpw i Thicenixtuye winheatad @:géthiih yod stirred for 3
hours tﬁ\gﬁfe aXlidat %@II&W |sol(n§<5£p h@@than%?i)%g nﬁ} Q&Cadﬁ&p@)'{fer 90 hifSes under ice

el. uent Af'ter evaporat] o sol vent
coolingy KECHREMN® ISRTRATe HElG WeOs Loll AR A Y agubgynt
temperafuye fandld botramal théﬁ&nﬂt@ﬁﬁ@]&uﬂddedhcewpﬁnsuea/aﬂm"@t Thresidue

was d1ﬂfed%imb ﬁi@&{"@ HdRIGE t&ﬁ_ﬂieﬁg&g sg&ﬁﬁlsdﬁa?boﬁteét?ﬂ(ﬁ’ m% was

3/ Za curre spensi on was
slowly 4 "é‘r’rﬁfi@f ﬁb@?&ﬂhﬂ@hﬁ%ﬁs e sggted Théthe oyeanis ayopeies washed
with whtiet €60 e), dfléd owR shBdrous Nk, 8O ) dilteded,(#d I&bﬂceﬂﬂﬂﬂe(ﬂﬁmﬁﬂ redbeed

pressurd Qg% °(f E}%Weeﬂ" oRf rc?fé;ﬁ#%rudé girg)gﬁ}q%s g?l?cv)v (% T&g [:It'uée pro%%ct was
purlﬁerg Py gqcapgl dlqvélptthq@2p@ O(Q\jp})ar to]gfqﬂ @ter 2(111.3 g, 77% yicld) of as a

colorless oil.

MS: m/e 213 (M+H)".
Example 2
Synthesis of (§)-4-(benzyl-ethoxycarbonylmethyl-amino)-3-fluoromethyl-butyric acid methyl
ester (3)
F.

F ‘
Bn
— g 1
Br\)\,002Me EtO?_CvN\J\/COZMe

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)
and the reaction mixture was refluxed for 71 hours, slowly turning dark red during this time.



WD 2009/ 080500PCT/ EP2008/ 067136 -19- Ms: mile 377

(M+H) +, 399 (ML-Na)l. Exanple 7 Synthesis of

(S)-1-((2S, 3S, 11bS) - 2- benzyl am no-9, 10- di et hoxy-1, 3,

| b- hexahydr o- 2H
wozoﬁwrgm%nﬂ 1-a]isoquinolin-3-yl)-4-fl uoronet h{/ﬂ’%{/zrw%%frl%

di n-2-one (8) 578 I nga 350-m four-necked

flask equi pped with a nmechanical stirrer, a Pt-100

thernoneter, an argon in/outlet and a rubber sept um
After qoglinge r90Tp {QIRFTatDE, BT MTEHIC WasCoReraFatadi prier Fedweqd rassere. The
dark rd¥ilolil. wak fileRidWbVet ligatdes @@U@u@tﬁ EfG&c: Heprdne 15i’>as3eme&mgivlng the

erace FRGoRREH 3 1P ot dRwP v R

tenperature for 1 hour. Sodium 10 borohydride (1.57

MS: 1/ 336 {Mib)} was added and, after cooling the

m xture to -30 C, ethanol (20 m) was added dropw se
5 over 6 mnutes. The readsagipleBxture is stirred at

-30 C for 15 mnutes and then allowed to slowWy warm

Bt St a2 Aol Ties B yFeele

pressure to give a solid residue, vvhrcgh I s suspended
in dichloronethane (100 m) and stirrjed at room

tenperature forBdSym nutes. After fift a"wc@rrEtthe 15
di chl or onerolanens oyt jcmmes il tere er a’plug of

silica gel (150 g), using CH2Cl12: MeYH 19:1 as el uent.
Evaporation of the volatiles under reduced pressure

affords a white sblid (12.6 g), which i8¢ dissolved in
di chl or omret hane (100 nil). Ethanol (200 m) is added

12 8-1 ety oerserrs 455 nfAAPR eegﬁdem@aranérqmmeg and a suspension

S A

10 mixturasistioed foar @rhoersat Q¢ &C undve hgdrpgtmdtsospheref(j [1ther)ethakigtion
mixturBSHREE Wink tﬂleeﬁl{@ Begie \('a'éhgcpwﬂt L@ Fel fﬁgaty ﬁ%ﬁceﬁl&gﬂé% ggder

ressure | ve am ne

reduce PEEPYe atd %\Mo.,‘r pa velug;@tog |cg 5 & o u(uarée et} lslgjgn'ed at reflux
temperatnke 068 h¢ikH)fier W20 Qﬂﬁ&ﬁﬁﬁﬁﬁﬁ’ﬁilﬁth@ﬁﬂﬂ Bonova@under

reduced ARt 40 °C. The crude product (92.0 g) is fractionally distilled under reduced
15 pressure (0.75 mbar, 134-139 °C) to give ester 5 (75.5 g, 81% vield) as a colorless oil.

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

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

0 F
NN o O
COEt
o R R Q{
QO

4 5

20 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 mumol, 1.55 m
m hexanes) was added dropwise over 35 minutes and the clear solution was stirred for 30
minutes at —25 °C afier the end of the addition. After further cooling to —70 °C, benzyl acetate
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Synt hesi s of
(S)-1-((2S, 3S, 11bS) - 2- am no- 9, 10- di net hoxy-1, 3, 4, 6, 7,
11b- hexahydr o- 2H
a] i soqui nolin-3-y1)-4-fluoromethyl -pyrroli
WOS%M”%S%'ﬁe di hydrochloride (9)  5In a 1.5- % HE%’Q@’“”“
aut ocl ave, benzyl amne 8 (8.5 g, 182 mml) was
di ssol ved in nmethanol (300 nm) and pall adi um on
charcoal (1.68 10 wt % Pd) was added under argon.
(114 04 rargelh wies a@eg deipedsearvar 33 mintvted and the yallay @t@empn Wisestirred for

anothef T $thatu@. A SoliMeH SORMALGEr 43{80 @?ﬂﬁﬁﬁéﬁ? fw@i adfled over
1 hour a?m'i(] T:g t\kgesac | %&E g‘ Mﬁ%ﬁﬂé{%rmltot ovlqgggfzq@ft?saa(f@r ehgend of
theadcbiMn:entrat ed under reduced pressure at 40 Cto afford

6.65 g (97% crude 10 yield) of the debenzyl ated

TheE @éitldﬁén " fRndeh b%ﬂdlfﬁoﬁ@ﬂ théjthea(g:}on %ﬂgﬁ%éo/ Jg)l PQ hlguelus
carefu u i i
hydrodirh 4fg |<2Q®2%13~dﬁ% NGRS —
pressui€.at Fh (s ambthg résahmai @uacdxs daentvay oomnrted mithrdithioremetiare (30 970
mi). THE J&%ﬁéd%g’%ﬁﬁ%k dﬁfed 50 aflt erag 1 bR, and goncentrated

ereupon crystallization oc
under fgfjodd D P‘r‘?t% A0 SFEIR8 oSeRe O1L6HO- S8k T Figds Broduct was purifid

by silicegichttadmetd grfaphiy @ 150k sslica BB, dwtliiptvitis EfCRohsped 311y Edter 5 (109 g,

o, met hanol (7 nil), and dried
90% yl%ldgg{aﬂs'b uce ?‘Z‘%&%ﬂr@(lo nbar, 50 C).
chl ori,de 9 7 13 87%y| eld) is isolated as
N%] %3 § (MFHY 63298 O(MRN%M (M 2HCL+H) F, 400
(M 2HC1+Na) . ROCHE BASEL Pl pat ROCHE BASEL
Pl P- Examplie 5

Synthesis of 4-((8)-4-fluoromethyl-2-oxo-pyrrolidin-1-yl)-3-oxo-butyric acid benzyl acid (5b)
F F
g 0O g O
AN PN N
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% vield) was

obtained as a clear, coloriess oil.

MS: m/e 218 (M+H)".
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395 PCT/ EP 2008706-7 1 -21- Cdains |, Process
for the preparation of pyridof2,1-a] isoquinoline
derivatives of the formula wherein R2, 123 and
ach independently selected fromthe
W‘?‘g"%’g‘fsg ﬂ:‘?ng of hydrogen, hal ogen, hydroxy, Cl%@féﬁ:@@&){o)?nsﬁ

and C24-al kenyl, wherein Clg6-al kyl, Cl4- al koxy and
024- al kenyl may optionally Ee substituted by a group
sel ected from Cl. 4- al koxycarbonyl, phenyl, pyridyl,

thi azol yl and nophol i no EsmPlo# phar maceutical |y
acceptable salts thereof, 10conprising the foll ow ng

Shthpss af) (35,1 Hgh) SpEM-hFusomethyl-2-oxo-pyrrolidin-1-y1)-8,10-dimethoxy-

S)-4-fl - di hydr o- VA Of, ormul a

0 e T B AN Ao P 20T The
(R)-4-brono-3-fluoronethyl -butyric acid ester ofthe F
formula 15Br. W 2 wherein Rb is Cl4-al kyl; b(%
converting the (R)4-brono-3-fluoronethyl-butyric
ester of the fornmula (2) with an N-protected g_l [
al/ kyl est Anto a N protect edHd MeO
o (- 444l koxycar b#ey -@- Fhgar ni n0) - 3-

Mﬂ{g yl -butyric ak esl er—of—for nigé
BnO MeO
o}

5 6a 7

In a 350-m! four-necked flask equipped with a gas-injection stirrer and a Pt-100
thermometer, benzyl ester 5 (16.19 g, 52.7 mumol} was dissolved in ethanol (134 ml) and
palladium on charcoal (1.07 g, 10 wt% Pd) was added. The mixture was stirred for 80 minutes
under a hydrogen atmosphere (1 bar) and then filtered, washing the filter cake with ethanol (20

ml).

The yellowish filtrate was added over 10 minutes to a mixture of dihydroisoquinoline &
(12.0 g, 52.7 mmol), sodium acetate (432 mg, 5.24 mmol), and water (3.7 mi) 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 agueous
formaldehyde solution (4.5 ml, 60.3 mmol, 36.5% in H,0) 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 EtQAc: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.
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BASEL PLO ROCK BASEL PLP 395. PCT/EP 2008107 13 -22-
Prot 14102Cco2e wherein Rhi and Rib are C . 6-al kyl

is an am no protecting group;
Wo?ég”/@@&ti on of the N-protected §%Tmpzaosmﬁ7136

-(S)-4-(al koxycar bonyl net h}i%z am no) - 3- f | uor onet hyl but
yric acid ester of fornmula (3) and subsequent ring
closure to formthe (($)-4-fluoronmethyl-2.. 5
Nygongyr 7 OVirHD) n392 (MyNaketi ¢ acid ester of formula CO2
Rib 4 wherein Ribis Cl4-alkYi; d) converting the
((S)-4-fluoronmethyl-2- oxxapyglié @l i di n-1-y1)-acetic
acid ester of formula (4) into the

Synth%ig& f @?g l(@%?ﬁqgsy%-gr@ﬁﬂ%gﬂiﬂéiﬁf 18! diflLiBody- ¥ 3 27637, MChdRh Viro-24r-

pyrido]2,1-alisoquinolin-3-yl)-4-fluoromethyl-pyrrolidin-2-one (8)

F
O
N A N
H ? H
O 9]
MeQ N | MeO N
MeO MeO

7 ]

In a 350-ml four-necked flask equipped with a mechanical stirrer, a Pt-100 thermometer, an
argon m/outlet and a rubber septum, ketone 7 (10 g, 26.6 mmol) was suspended in THF (150 mi).
Titanum tetraisopropoxide (15.7 ml, 53.1 mmol) and benzy! amine (5.9 ml, 53.1 mmel) were
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
1s 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 filiration, the
dichloromethane solution is filtered over a plug of silica gel (150 g), using CH>Cl:MeOH 19:1
as eluent. 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
1s evaporated under reduced pressure at 40 °C under stirring, Ieading to crystallization. After
stirring for 15 hours at ambient temperature, the crystals are filiered off, washed with ethanol (5
ml) and dried under reduced pressure {10 mbar, 50 °C) to give amine 8 (8.61 g, 69% vield) as
white crystals.

Mp = 192 °C (decomp.)

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



wherein Itic is a protecting group, or a salt thereat
e) transformng the
((S)-4-fluoronethyl-2-oxo-pyrrolidin-1-yl)-3-oxo-buty

ester of fornula(5a) into the
W(i(“fg_&@ﬁé-oIuoronethy1-2-oxo-pyrrolidin-l-yl) C$§?298m€n36
ric acid of fornula 2b) coupling the

((S)-4-fluoronethyl-2-exo-pyrrolidin-111)-3-o0xo-butyr

ic acid of formula (5b) with an isoquinoline

derivative of fornula EVPRANMESZEIT 19, 01ft 12119

AMVENDED SHEET 23- wherein R2,123 and 1(4 are as
Sﬁﬂ&vie of (ﬂ) 1&(5%39,1 IbSe? aafind-9, 1 -dimthoxyenpd 6t 1bthexahydro-2 -

A Sl et o it

conpound of fornula (Z Mﬁth fornaldehyde to'f

t he (35,11b5)1§ﬂ%ﬁ | uor onet hyl -

oxo-pyrrolidin )-¥, 3,4,6,7, 11b hexabyd?o pyri do[ 2
,1-ajisoquiQ?I' e dQLLlﬂllve of Lo

MeO
- MeQ 2HCI
8 9
5 In a 1.5-1 glass autoclave, benzyl amine 8 (8.5 g, 18.2 mmol) was dissolved in methanol

(300 ml) and palladinm on charcoal (1.68 g, 10 wit% Pd) was added under argon. The reactor is
sealed and flashed with hydrogen. The mixture is hydrogenated at 40 °C under a pressure of 4
bar. The reaction mixture i filiered, and the filter cake is washed with methanol.

The filtrate is concentrated under reduced pressure at 40 °C to afford 6.65 g (97% crude
10 yield) of the 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 18 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 1s mamtained for 2 hours. The solid 1s recovered by
15 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—2HCHNa)".



rein R2,123 and R4 ar a salt - :
71 105) - Borhl 4/8LLOL DTS- NSRS
,3,4,6,7,11b- :
hexahydr o- pyri do[ 2, 1-al i soqui nol i n-2-one derivative
of formula (7b) into the (8),-1-
428, 3S, 11bS) - 2- N- pr ot ect ed-dmi no- 1, 3, 4, 6, 7, 11b- hexahy
dr o- 2H pyri do[ 2, 1-a] i soqui nol i n-3-y1)-
4-f| uoronet hyl-pyirolidin-2-one of formula
ROCHE BASH. ROCHE BASE. ?Jljt 11395PCT/ EP
200810e-7.)2: -24- 10 re fig the protecting group -
Prot in the (5)-14(25,35,1 1 bS)-2-'N-protected-ani-no-
, 7,11b- hexahydr.o-211-pyrido[ 2,1
.%'c’i??%%ﬁ‘rﬁ ‘ﬁ%Pﬁ“’ﬁ%‘-‘%‘{f‘é’&@f’ﬂ@drﬂ%ﬁ@ﬁﬁwﬁqu!mwﬁveﬁ of 1B fanBula
- of fornula (8). 2. Process_of claiml,
~characterized in that the pyridb[2, 1-a) isoquinoline
derivative of the 5 fornuﬁﬁzl a 3. Process of
clainms 1 or 2, characteri? that the formati on of
the (10-4-bromo-ge flt
the forrhula (2) i
hyd. robromi ¢ aci gz
to 100 C. - '

is perforimed with
ction tenperature of 20 C

5 wherein R, R? and R? are each independently selected from the group consisting of
hydrogen, halogenf hydroxy, Cj-alkyl, Cy.¢-alkoxy and Cag-alkenyl, wherein Cy g-alkyl, Cy.s-
alkoxy end Cy.s-alkeny] may optionally be substimted'b'y a group seiected‘fmm Cros-
atkoxycarbonyl, phenyl, pyridyl, thiazoly! and morpholino, '

- end of pharmaceutically acceptable salts thereof,

10 ' coxﬁpﬁsing the foﬂo“dng steps

2) ring opening of (8)-4-fluoromethyl-dihydro-furan-2-one of the formula
o
o .
F

and subsequent esterification to provide the (R)A-bromo-s-ﬂuoromathy&—butyric aﬁfd ester
.- of the formula ' '

15 - | Brs oR™ .

wherein R® is C1.5—a1kyi;

| _b) converting the (R}-4-bromo-3-flucromethyl-butyric acid ester of the forfula {(2) with an
N—protected glycine alkylester into 2 N-protected —(SH-(a]koxycarbonylmeﬂ:yl -aming)-3-
fluoromcthyl-butyric acid ester of formula

_ AMENDED SHEET
EMPEARGSZEIT, 19.0KT. 12:09




10. 4. Process of clains.1 to 3, characterized in
eNERER he srﬂoerﬁqsmr P AR ni

ertormed i Tp| fiTCt iﬁ“ﬁﬂfg?@m o]f:t
to 4, characterized in that the I\I-protected gI ycr ne
al kyl ester used for the formation of ,

N- protected-(S)-4-(al koxyc onyl net hyl - ar ni no) -3-f| u
oronet hyl -butyric acid estér“of fornmula (3) in step
. b) is the N-benzyl glyci ne ethyl ester. 156. Process
of clainms Ito 5, characte ed |n that the conversion

in step h) is perf;p*rd'r@d N :nap:r otic sol vent at
a tenperature of 60 ux tenperature of -
the sol vent 7. Process of clains 1 to 6,

cvhgreicR & padBY arerCisbalkyl binEPrbois BB binBid pRftecs g |
((3)-4-fluoronethyl- 2-oxo- pyrrolldln 1l-y %ra%etlc
acid ester of formula (4) |n step c) is a

k)itpodetot Vﬁhﬁm}ﬁ&’i“-‘ﬁm@—‘i— anlg meromethyI-

r My PSSR o |
: "“"“E:gg T P I oSt e et farm the((Bb%uorgy:cﬁayi-z-
oxo-pITHEiRy @Bt“?thrﬁgidcqsﬁspfrfgrm@act ion at increased
~ tenperature. ENPFAH(BZE[ T 19. - OT. 12:9 AVENDED SHEET
ROCHE BASH Pi klir 1139%- PCT/ EP 2008Thuat 13r -ROCHE
BASEL PET" avn “og® .
2

hl“
=

4

wherein R is Cy.¢-allyl;

d) converting the ((S)-4—ﬂuoromethylJ2-oxo-pyzwhdm-l-yl)-accnc acid ester of formula (4)
into the ((8)- 4—ﬂuorome:hyl-2—oxo-pyrrohdm—l -yl)-3-oxo-bmync acid ester of formula

A

10
" Whmﬁiﬂ R'°is a protecting group, or a salt ﬂ:ereoﬁ
) transfonnmg the ((S)-4-ﬂuoromethyl—.?—oxo-pyrro!xdm~ 1-y1)-3-oxo-butyric acid ester of
fonnu]a(Sa) into the ((S)-4-ﬂuoromethyl-z-oxmpyrrolzdm- —yI}S-oxo-but}mc reid of fo:mula
15 . orasalt thmof;

1) coupling the ((5)-4- ﬂuommeﬂayl-}oxo -pytrofidin-1 yl)—3 -oxo-butyric acid of formula
(5b) with an isoquinoline derivative of formula

AMENDED SHEET
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8. Process of clains 1 to 7, characterized

T f I | Fo i 52 e § Soorr | u . | - 2- .- o
SO RoEke et SRR 2l dERAae oo 7 15 BRI
formul a (Sg P g?e d) is perforned via condensation '
of an enolate in situ forned by deprotonadng an
acetic acid ester of the formula . 5wherein Rl is a
protecting group in the prédence of a non
nuel eophilic strong organic base with the
y[,rolidin-1-yl)-acetic.
acid ester of forrmula (f}) At o tegperature of - -50C to
:; S 9. Process of o
claims | to 8, characterigzed in that the formation of
. the ((S)-4-fluoronethyl -
" @k PWLOL Rain-1-y1) 4. oxo4, . utyric acid of formula
( 5%?’9 f{ﬁ)%’tag%kei‘“i"% _‘“%"é)ﬁ At thstrotisfomt 2 eemppund of formula
. hydrogenol ysis to renove the protEcting group Ric
ti nder a hydrogen atnosphere of/1 bar to 10.bar in
" the presence oh hydr ogenaffi on cat al yst. ‘10.,
Process of clainms 1 to 9 MgCteriygzed in that the
((-S) - 44| uor onmet hgd- 2.0xdpyrrol pdi n-1
-y1l)-3-0xo0-butyric-
i sol ated, but w ghow of ation transferred to the
reaction step f). 1544d. Process of claims Ito 10,
- characterized in that the formati on of the conpound

of prmyl,a (7a) in step f) is perforned wth the
“’_ﬁ%%‘&gﬁa’r% PR &&%@L@rw od s#lbt?hcmfasub&aum ring cldsing the
5 - compoup egﬁvgwa atta) with dm_mldehydet to. fdrdh t]g:E’{sgg t@_ss-ao((fft%s@%e{hygg.
0X0-~ idinCI). L Al L QFaL I Ol Al 20
TRy 7 S b b2 Al o cieivnel,
S Tahydr o- pyrido[ 2, 1-a)i soequi nol i n-2-one derivative of
formula (7b) in step f) is perforned w th aqueous
f or mal dehyde at -a tenperature.ffF 20 G to 60 C,
13. Process of clainms 1 l’ \ characterized in.that
the formation of the ( N(25, 39pl1l i '
bS) - 24- pr ot eet.egd - agi 3, 436, 7, 11b- hexahydr o- 21f - p
yridol2, 1-ali soqw' $~y1)- 25 . :
4-f | uor onet hyl - pyr~vegkrdi-n- 2-one of formula (8) in

step g) is perfornmetk by feductive_ arni nation of
EMPFANGSZELT 19. OKT. 12: 09

5 2 2
E2efy
o

wherein R?, R? and R are es above, or a salt thereof:

hexahydro-pyridof2,1 -ajisoquinolin-2-one derivative of formula (7b) into the (S)-1- -
{28,381 1bS)-Z-N—protecteﬁ-amino-l,3,4,6,7, 11 b-hexahydro-ZH'-pyddo[2,I -dJisogquinolin-3-yl)-
4-fluoromethyl-pyrrolidin-2-one of formula : \

16 g) fransforming the (38,1 1b‘S)lB-((S)-4~flpozdmeﬁnyl-Z-oxo-pyrmﬁdin-1-y!)~l,3,4,’6,?;,1 16~

15 wherein R?, R and R* and Prot are a¢ above, or e salt thereof;

| ~ AMENDED SHEET.
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s _:;._, ,"-;" Q PC‘I‘/ 9 n @ e -..:_ﬂ;%-_ - e - - -f‘-_‘,f::z.;_'"'*'_j"""' R -“ 3 -

TOEERE% 0S| R St v EPERONIG: % £ (5 20807 A REIERREID
)-1,3,4,6, 7, 11b- Eexa ydr o- pyrido[ 2, 1-

al i soqui noli n-2-one derivative of formula (713).

14. Process of claim13, chgracterized i.n that the

reductive amination is perfdfnmed by.reacting the

8_39, I'1 bS) -3<(S)-4-fluoromnet hyl - 2- oxo-pyrrolidin-I-yl) :
rparing U prdtbcnpgabupdioyly tiedBE- 24286 5.3 M8Y200)pk e e fine-

e

e L T I T e

r
fonm,ﬁ% ed imne with a reducing agent. 15. Process of
clains 1 to 14, characterized in that The renoval of
b%e protecting nmop Prot of the (8)-1-((2S,38,1 I
- bSyegsaelsisin dcehamotenizeron hashe perido[2, e} sequirvyiste deribfivdof the
-5 formujaiislor 2, 1- . . -
er |l i soqui nolin-3-yl)-4-fluorenethyl-pyrrolidin-2-one
of fornmula (8) and the formation gffthe 10 :
‘pyridop, 1-al isoquinoline dggivagive of the formula
(1) in step h) is perfornediby, of a
hydrogenol ysi s under a hy en Wt nosphere of 1 bar
to 10 bar in'the WeRsergs a h@drogenati on
catal yst. 16. U I -
((S)-4-fluoronet Wde2-6%x0>pynol2hti n- 1-y1) - acetic acid
ester of formula 0 "-"CO2R" 4 15wherein 11.lb is
Diet-al kyl. 17. 9 _ :
- ((S)-4-fluoronet hyl-2-oxo-pyrrolidin-I-yl)-3-o0xo-buty
ric acid ester of formula RisCk-)0 (UN -

3. Process of claims 1 or 2, characterized in that the formation of the (R)-4-bromo-3-
fluoromethyl-butyric acid ester of the formula (2) in step a) is performed with hydrobromic acid

at a reaction temperature of 20 °C to 100 °C.,

10 - 4. Process of claims 1 to 3, characterized in that the subs#quent esterification in step a) is
performed in a lower alcohol, B

5. Proefgss of claims 1 to 4, characterized in that the N-protected glycine alkylesterused for ..
the formation 'qf—N-protected-{S)-4~{alkoxyca;bonylmethyl"amino)-S—ﬂuorome&yl«buﬁrric acid -
ester of formula (3) in step b) is the Nfbﬂnzyi glycine ethylester, ’

1§ 6. Process of claims 1 1o 5, characterized in that the conversion in step b) is performedina
p.olar aprotic solvent at a temperature of 60 °C to the reflux temperature of the solvent,

7. Process of claims 1 10 6, charactgrizeﬁ in that the formation of the ((S);tiﬂﬂuoromeﬂi'yl-
2-oxo-pyrrolidin-1-yl)-acetic 2cid ester of formula (4) in step ) isa hydrogeﬁolysis 10 1emove
the }t!—protecting group under a hydrogen atmosphere of 1 bar to 10 bar in the presence of a
20  hydrogenation catalyst foliowed by a subsequent ring closing reaction at increased tempézature.

4 | AMENDED SHEET
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wher ei n ngociH? BiSJEFErI?lt 'rlégﬁg:&og ; or of a salt

N __?_,, Of 18 Forreadts s :_gf - N (113
“CCS) - 4-f | upprapgheny | pE- rrolidi r?—cir-/gti)z-og-sc{xo- b
.rio acid of fornula if 51).20 .  ROCHE BASEL PL,

. ROCHE BASI L- PLR 395PCT/ EP 200fi/-0-7-13 or of a salt
' thereof. 19. Conpound of fsarnula wherein R2, R3"
and R4 are each independentTy selected fromthe group

| sting.of ‘

BOPRees of' thims 1 to 7, characterized in that the formstion of ((S)-4-fluoromethyl-2-
oxo-pyrrolidin-1-yl)-3-ox0-butyric acid ester of formula (Sa) in step d) is performed via
condensation of an enoléte in situ formed by deprotonating an acetic acid ester of the formula

Aoor
5 wherein R1°is a protecting grovp in the presence of a non nucleophilic strbng organic

base with the (( S_)-4~ﬂuoromezhy1-2—pxo-pyno!idin-l ~yl)-acetic acid ester of formula (4) at
temperature of -50°C to -100°C in an organic solvent,

9. Process of claims 1 to 8, characterized in that the formation of the ((S)-4-fluoromethyl-
| ;-oxq-pynpiidind~yl)_-3-‘oxo-butyﬁc acid of formula (5b) in step &) is performed by way of a
10 hydrogenolysis to remove the pmtectt‘_hg group R under a hydropen atmosphere of 1 barto 10
' bar in the presence of a hydrogenation catalyst. - '

10. Process of claims ] to 9, characterized in that the ((8)-4-fluoromethyl-2-oxo-
- pywrolidin-1-yl)-3-oxo-butyric acid of formula (5b) is not isolated, but withont isolation
transferred to the reactior: step f), ' '

15 11. Pro;ess of claims 1 to 10, characterized in that the f‘o;niaﬁon of the co:ﬁpound of the
formula (72) in step f) is performed with the isoquinoline derivative of formula

CHO_

e _m . Hel

CHO™ "
6a.HOL

in the presence of 2 base,

12. Process of claims 1 to 11, characterized in that the formation of (351 1b5)—3~{($j-4-
20 ﬂu?romeﬂryl-z-oxo-pmolidin-l—yl)—1,3,4,6,7,1lb—hexahydro~pyzi_do[2,1-a]isoquinolin-2-cm
derivative of formula (7b) in step f) is performed with aqueous formaldehyde at 2 temperature of

20 °C t0 60 °C. B '

13. Process of claims 1 to 12, characterized in that the formation of the (8)-1-
((28,38,11 hS)-Z-N-prote;ted-arrﬁno-I,3,4,6,7,1 1 bnhexahydro-ZH-pyrido[z.l-a]isoqninolin-B -yi)- -
: 25 4-fluoromethyl-pyrrolidin-2-one of formula (8) in step g) is performed by reductive stninstion of

T
SRl
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reacﬁﬁ@!heﬁ@ﬁbbtﬁgﬁggggﬂen FRESRE Sy

aﬁ"ﬁ PSS SR
C2. 6- al kenyCHeRASEbtPLBNal Ty
sel ected from Cl4- all pxycaxbonyl, phenyl, pyridyl.,

t hiazolyi and norpholino, or of a salt thereof.

20. 26~
(33',11b5)-3-((5)-4-fluoronet hyld-oxo-pyrrolidin-1-yl
the 38,111’1) P - hexahydr-opyrl.do[ 2, 1- a] i soqui noli n-2-on"- '
¢ .dﬁf‘?’f"’y“g@?"v‘*éﬁ?_ "?%W%Péﬂ?%’"&lﬁim-l-'in)-l,E{Mé,r@ilbhtmydra@yﬁdop,;.
alisoguipelinz-ofededvative iofifbopalad@nt | y sel ected from the group
consi sting of hydrogen, hal ogen, hydroxy, Cl. 6-al koxy
- and C24-al kenyl, wherein Cl.6-al kyl, al koxy and

@4. Rsocgssadnlpim ddychaptiedndlih habife st hﬁ&%%ﬁo#% %f%%g By
Dr b6t 1bdexahydro-

. tehi,azol yl “an .
pyndé[&,l—g@m%ggﬁg g an&ﬁ'mm}ﬂgbpmbeﬂﬂa&%e in the presence of

Ti—org_am’c compound and by reducing the forpied imine with a reducing agent,

ogen, hal o n, hydr
R Rt AL s

15. Process of claims | to 14, charagterizcd in thatﬁe_remova.f ofthe protécting group Prot
of the (8)-1-((28,38,1 1b5)-2-N-protected-amino-1,3,4,6,7.1 tb-hexahydro-2H-pyrido[2,1-

: a]isqquinoliri-B-yl)~4—ﬂuoromeﬁzy!-pyﬁolidin-}one.of formula (8) and the formation of the

pyridof2,1-a] fsoqaﬁnoiiﬁe derivative of thie formula (T) in step h) is performed by way of a
hydrogenolysis under a hydrogen atmosphere of 1 bar to 10 bar in the pteseﬁi:e ofa |

- hydrogenation catalyst,

. 16. '{(S)-{!-ﬂuoromeﬂaylez—oxo-pynolidin-l -yf)-aceﬁc acid ester of formula
o | : . _ _
—.‘\CO_._,R“.; 4
wherein RP is C.s-alloy,

17. ((S)#_—ﬂuoromeﬁzyl-z-oxo-pyxmliﬁin—l -yl)-B-onébmyﬂc acid ester of formula

F
' o o
RiﬂOJUK/N 5a

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

18. ((S)—4»ﬂuoro:nethyl_-z-axo-pynoﬁdin-1-yI)-3-oxo-butyzic acid of formula
Q9 0 ‘
o S AN < 5
O
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27
or of a salt thereof.
19. Compound of formula
.
R -
w};crein RLR? and R* are each independently selected from the group consisting of

5 h_ydroge_n, halogen, hjr_droxy, Ci¢-alkyl, Cy.¢-alkoxy and Cz,a-alkenylf wherein C,.s-éilq'l, Cig
- alkoxy and Cy.¢-alkeny] may optionally be substituted by a group selected from Cp g
alkpxyca.rbonyl, phenyl, pyridyl, thiazolyl and morpholine, or of 2 salt thereof:

20. 38,1 165)-3-((S)-4-flucromethyl-2-oxo-pyrrolidin-1-yl)-1,3,4,6,7,1 1b-hexahydro-
© pyridof2,1-alisoquinolin-2-one derjvative of formula . '

10 | .
vherein R%, R® and R? Vérc each independently selected from the group consisting of
hydrogen, halogen, hydroxy, Crs-alkyl, Cy.5-alkoxy and Cag-alkenyl, wherein Cig-alkyl, Ciug-
alkoxy and C;.¢-alkenyl may optionally be substituted by a group selected from Cp.q-
- alkoxycarbonyl, phenyl, pyridyl, thiazolyl and moxpholino, or of a salt thereof.
15 - ‘ ; . ’ L]
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