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THE PREPARATION OF (S)-4-FLUOROMETHYL-DIHYDRO-

FURAN-2-ONE The present invention relates to a process of the
WhrétaradEH of (S)-4-fluoromethytdihydro-furan-2-one of the fBEREE2@7/061676

and the use of this process for the manufacture of

pyrido[2,1-alisoquinoline 5 derivatives of the formula which are useful

forthe tigatment and/or prophylaxis of diseases which are associated with

DPP V. The pyrido[2,1-a]isoquinoline derivatives of formula 1l 10 I

wherein

PROCESS FOR THE PREPARATION OF (8)-4-FLUOROMETHYL-DIHYDRG-

FURAN-2-ONFE

The present invention relates to a process of the preparation of ($)-4-fluoromethyl-

dihydro-furan-2-one of the formula

and the use of this process for the manufacture of pyrido[2,1-a}isoquinoline

5 derivatives of the formula

I

which are useful for the treatment and/or prophylaxis of diseases which are
associated with DPP IV,

The pyrido|{2,1-ajisoquinoline derivatives of formula I

I

10

wherein
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DK/ 21.08.2007 - 2 - 1-2.3 and R4 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 substitdted by a group consisting of lower

alkoxycarb , aryl and hetero I . [ : ting of
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hygvarobsionushsiroxygpjuet Bt thd WrRbYHMTEARS dRrid S marairsiHs 1ver
allpronideralieshniadlly feasiilierglynihesisiofithe keyuintermetiiate grahp consisting
of [8%@95@19$E§§a%§1§1%@99£% 1alisaquinqlineidersivatives of fannmaehable salts

namely the (S)-4-fluoromethyl-dihydro-furan-2- f f la I It
theperd fEBAEMEEWRN e B?B"“éé% 06‘1%%%‘5%2&’%?‘6@ (?s%q%e?,og%s%ggﬂined

beIO\{;l,, theot{; E%%lgl@bggi%gn%e (ﬁso%gfsi _hfreilip g first,aspect. theredsarQvidedoe

a ppoé%%s e preparation o 4-tfluoromethyldihydro-furan- -ogfg of

syntiasfofiinaleesCoIPprSHAE thehstepaiayeoridrsiBn Bp e griRASIRE o the ™

of fREMIM I RA the (WhenibrRieibya protectingrgroup, afitl &ftudridle salt to
provide a fluoro hydrin of formula wherein Ria is as defined above;

It was found that with the process of the present disclosure, as outlined bejow, the

problem could be solved.

In a first aspect, there is provided a process for the preparation of (S)-4-fluoromethyl-

dihydro-furan-2-one of the formula

comprising the steps:
a) conversion of a glycidyl ether of the formula

JANCNINH In1

wherein R" is a protecting group, with a fluoride salt to provide a fluoro hydrin of

formula

OH

Fv’;\\/O\.Rm v

wherein R*? is as defined above;

b) esterification of the hydroxy group in the fluoro hydrin of the formula IV with a

sulfonic acid derivative;
¢} ester substitution with a dialkylmalonate of the formula
0O O

1b ib X]



b) esterification of the hydro), group in the fluoro hydrin of the formula IV
with a sulfonic acid derivative; C) ester substitution with a
dialkylmalonate of the formula 0 0 0¢&R1b 2a wherein Rib is lower
alkyl or lower phenylalkyl, in the presence of a base to provide an
intermediate of the formula 00 Rth  wherein R and R." are as defined
aboveyfaltelvad by ldyey clikaltion ohydndiysidaind, de daelpoxsdationf arder to provide
agjdic conditions In.asegond aspect, there is provided a compound of the
I

foinula 00
O O

1k b
S ©
R \O o v
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wherein R** and R are as defined above, followed by

d) cyclization, hydrolysis and decarboxylation under acidic conditions.

In a second aspect, there is provided a compound of the formula

o 0O

1b 1
~R
R \O o Vi
F O e

3

wherein R* is a protecting group and R is lower alkyl or lower phenylalkyl.

In a third aspect, there is provided the use of the compound of formula (I) prepared by the

process as defined above for the preparation of pyrido[2,1-a] isoquinoline derivatives of the

formula

wherein

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

alkyl, 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.



wherein R" is a protecting group and Rib is lower alkyl or lower

phenylalky!. In a third aspect, there is provided the use of the

compound of formula (I) prepared bgihe process as defined above for the
preparation of pyrido[2,1 -a] isoquinoline derivatives of the formula

wherein  R2, R3 and R4 are each independently selected from the

group consisting of hydrogen, halogen, hydroxy, lower alkyl, lower alkoxy

or lower alkenyl, wherein lower alkyl, 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 2b

In a fourth aspect, there is provided a process for the preparation of
pyridol12,1-al isoquinoline derivatives of the formula wherein R2. R3

and Rf, araigach.ndapendently.entasied fromsthe groupepasistingopyridol2.1-2]
hydrogen, halogen, ower alkyl, lower alkoxy and lower alkenyl,
!WH@@WF&%Y%WIO%WEP :gﬁ? Uxy and lower alkenyl may optionally be
substituted by a group selected from lower alko rbonyl, aryl and
heterocyclyl,

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,
comprising the process according to claims 1 to 14 followed by

e) coupling of the (S)-4-fluoromethyl-dihydro-furan-2-one of formula

O i
O

with an amino-pyrido[2,1-aJisoquinoline derivative of formuia

{_}IHBOC

Vil

wherein Rz, r? and R* are as defined above,



comprising the process according to claims 1 to 14 followed by e) coupling
of the (S)-4-fluoromethyl-dihydro-flran-2-One of formula 0 with an
amino-pyrido[2,1-a]isoquinOlille deriyative of formula NHBoc NH2 VIl
wherein R2, R3 and R4 are as defined above, 2c f) cyclization of the
obtained amide of formula wherein R2, Pi and 124 are as defined
above, in the presence of a base to obtain a compound of formula

f) cyclization of the obtained amide of formula

H F
X1
O
wherein R%, R? and R are as defined above,
in the presence of a base to obtain a compound of formula
F
NHBoc

O X

wherein R?, R? and R? are as defined above and

g) deprotection of the amino group.

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

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

In this specification the term “lower” is used to mean a group consisting of one to

six, preferably of one to four carbon atom(s}.

The term “halogen” refers to fluorine, chlorine, bromine and iodine, with fluorine,

bromine and chlorine being preferred.

The term “alkyl”, alone or in combination with other groups, refers to a branched
or straight-chain monovalent saturated aliphatic hydrocarbon radical of one to twenty
carbon atoms, preferably one to sixteen carbon atoms, more preferably one to ten carbon

atoms.

The term “lower alkyl”, alone or in combination with other groups, refers to a
branched or straight-chain monovalent alkyl radical of one to six carbon atoms,
preferably one to four carbon atoms. This term is further exemplified by radicals such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, s-butyl, isobutyl, t-butyl, n-pentyl, 3-
methylbutyl, n-hexyl, 2-ethylbutyl and the like. Preferable lower alkyl residues are methyt
and ethyl, with methyl being especially preferred.



wherein R2, R3 and R4 are as defined above and g) deprotection of the
amino group.  Unless otherwise indicated, the following definitions are
set forth to illustrate and define the thianing and scope of the various
terms used to describe the invention herein.  In this specification the
term "lower" is used to mean a group consisting of one to six, preferably of
one to four carbon atom(s).  The term "halogen” refers to fluorine,
chlorine, bromine and iodine, with fluorine, bromine and chlorine being
preferred.  The term "alkyl", alone or in combination with other groups,
refers to a branched or strai tﬁ/\/ ch |n m noval tlsaturated #B,hﬁ
hydrobaFheHradieal BhoHaHY r %C%@%sgrﬁ}é?se?éga ohe
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s-butyl, isobutyl, t-butyl, n-pentyl, 3- methylbutyl, n-hexyl, 2-ethylbutyl and
the like. Preferable lower alkyl residues are methyl and ethyl, with methyl
being especially preferred. 2d  The term "lower phenylalkyl" refers to
tower alkyl groups as defined above wherein at least one of the hydrogen
atoms of the lower alkyl group is replaced by a phenyl group. The phenyl
ring may be substituted as defined herein. Examples of preferred lower
phenylalkyl groups are benzyl, 4-methylbenzyl, 4-fluorobenzyl,
3-methoxybenzyl, methoxybenzyl, 2-phenylethyl and 3-phenylpropyl.
Especially preferred is benzyl. WO 2008/055814PCT/EP20071061676 - 3
- The term "lower 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-propenyt (allyl) or 2-butenyl (crotyl). 5The term "alkoxy"
refers to the group 'V-O-, wherein R' is alkyl. The term "tower-

at%ove whereln



alkory" refers to the group R'-0-, wherein It' is a lower alkyl group as

defined above. Examples of lower alkoxy groups are e.g. methaicy,

ethoxy, propoxy, isopropox-y, butoxy, isobutoxy and heicyloxy, with
WihethE§Abking especially preferred. The term "lower alRSE/EERHGTRATE76

refers to the group R'-0-00)-, wherein It'ig a 10 lower alkyl group as

defined above.  The term "aryl" refers to an aromatic monovalent mono-

or poljitarizoeyClicvradibanysuchiasiptvenyldsnnaphihyih tefarablyophebytiuted
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further exemplified by radicals such as cyclopropyl, cyclohutyl, cyclopentyl
and cydiokuieylalkirycyefopripiicasawy BlobButyl ey Pprefdirdd TButhm "lower-
cyetoatkykéasicues hay epionaty-Reinronar | flire ﬁﬁyﬁgﬂéﬁﬁﬂh @EQQﬁﬁned above.
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such as imidazolyl, pyrazolyl, thlazonI pyridyl, pyrimidyl, morpholino,
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pirioacidlswphlivit acide phdspheric acid, citric acid, formic acid, maleic
acid, acetic 30 acid, fumaric acid, succinic acid, tartaric acid,
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(S)-4-fluoromethyldihydro-furan-2-one of the formula

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

i

heterocyclic residue, which may optionally contain a further nitrogen or oxygen atom,
such as imidazolyl, pyrazolyl, thiazolyl, pyridyl, pyrimidyl, morpholino, piperazinae,
piperidino or pyrrolidine, preferably pyridyl, thiazolyl or morphelino. Such heterocyclic

rings may optionally be mono-, di- or tri-substituted, independenily, by lower alkyl,

I3
i

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

substituent is lower alkyl, with methyl being preferred.

The term "pharmaceutically acceptable salts” embraces salts of the compounds of
formula IT with inorganic or organic acids such as hydrochloric acid, hydrobromic acid,
nitric acid, sulphuric acid, phosphoric acid, citric acid, formic acid, maleic acid, acetic

30 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.



0 comprising the steps 5a) conversion of a glycidyl ether of the formula
L.S,%0R1alll0  wherein Rh'is a protecting group, with a fluoride salt to
provide a fluoro hydrin of formula OH IV wherein 12" is as defined above;

WEH)2BGERTfd4tion of the hydroxy group in the fluor hydrin of the”for#RA Xp61676
with a sulfonic acid derivative; C) ester substitution with a
dialkylmalonate of the formula 15wherein Rib is lower alkyl or lower
phenyialighiintise presé icevianbakeste provivwantinterfriSdiats whtingcthyl-
foirrpa- A0 an-2-one of the formula

comprising the steps

%3]

a) conversion of a glycidyl ether of the formula
A grto I

wherein R™ is a protecting group, with a fluoride salt to provide a fluoro hydrin of
formula

10 wherein R is as defined above;

b) esterification of the hydroxy group in the fluoro hydrin of the formula IV with a
sulfonic acid derivative;

c) ester substitution with a dialkylmalonate of the formula

o O

e AL me v

wherein R'® is lower alkyl or lower phenylalkyl, in the presence of a base to provide

an intermediate of the formula
R‘! b b
F O S 18

wherein R™ and R' are as defined above, followed by

15

d) cyclization, hydrolysis and decarboxylation under acidic conditions.
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wherein R" and Rib are as defined above, followed by d) cyclization,
hydrolysis and decarboxylation under acidic conditions. WO
20081055814PCT/EP2007/061676 -5  RI'is a hydroxyl protecting

WErHIB 'BY8tkerably, Ala is selected from the group consisting STXEER3HEYA61676

(t-Bu), allyl, benzyl (Bn), 4-methoxybenzy (PMB), 3,4- dimethoxybenzyl
(DMB) and tetrahydropyran-2-y1 (THP). In a more preferred embodiment
121a Radthé ydeaniny orcbogtrsw! Recfowklyalkyliosdoned fheniiatipup
Reateyabielke-lbds/salentpdironsdhsamu £onsising el Netwvipgthy.
ISORLARX det-RytYh AR, Srﬂé%;ah'{r‘d%‘ogérQ%Ef;eff%‘irﬁ%)embOd'me”t 121b has

B
the meariing o}?Lr%ethy . Step a tep a)’comprises the conversion of

a glycidyl ether of formula ]I with a flugride 10 salt to prqvide a fluoro
e o R P R G gt S A I s the
S)-t-butyl chid% ether. The fluoride salt is preferably potassium
(hy)droﬁerfs Wi o EXFEARTIHARE reHCRER % L?e%fafﬁk@a%ffﬁ@ the group
presstios of aphdsetrdnsferenrhlyst-Wnveramplefdr b suitable piase!
wransiancataly/Shis @u@mmlagruﬂmm% hydrogen sulfate 15 which is

usually applied in an amount of 0.1 mot% to 10 mo10/0 relating to the
glycidgﬂegtgn)er of formulall.  As arule a glycol such as triethyleneglycol

is used as diluent, although different organic solvents may be used.

Step a) comprises the conversion of a glycidyl ether of formula 1T with a fluoride

salt to provide a fluoro hydrin of formula I11.

Preferred glycidyl ether of formula 11 is the (S)-t-butyl glycidyl ether. The fluoride

salt is preferably potassium hydrogen difl voride.

Expediently the reaction is performed in the presence of a phase transfer catalyst.
An example for a suitable phase transfer catalyst is tetrabutylammonium hydrogen suifate
which is usually applied in an amount of 0.1 mol% to 10 mol% relating to the glvcidyt

ether of formula 1.

As arule a glycol such as triethyleneglycol is used as diluent, although different

organic solvents may be used.

The reaction temperature is usually selected in the range of 100 °C and 170 °C and
more preferably in the range of 130 °C to 140 °C. The fluoro hydrin of formula ITI can be
isolated by methods known to the skilled in the art such as by extraction with a suitable
organic solvent. Purification may happen by vacuum distillation of the residue.
Undesired side products such as the regioisomer (R)-1-tert-butoxy-2-fluoro-propan-1-ol

can be separated by careful fractionated vacuum destillation.
Step b)

Step b) comprises the esterification of the hydroxy group in the fluoro hydrin of the
formula 11 with a sulfonic acid derivative.

A suitable sulfonic acid derivative is selected from the group consisting of
trifluoromethanesulfonic acid anhydride, trifluoromethanesulfonyl chloride,

methanesulfonic acid anhydride, nenafluorobutanesulfonyl fluoride, p-toluene sulfonyl



The reaction temperature is usually selected in the range of 100 C and

170 C and 20 more preferably in the range of 130C to 140 C. The fluoro

hydrin of formula 11l can be isolated by methods known to the skilled in the
WEtU TRy extraction with a suitable organic solvent. PurfE&fSRIRE1676

happen by vacuum distillation of the residue. Undesired side products

such as the regioisomer (R)-I-tert-butoxy-2-fluoro-propan-I-ol can be

séhaidted-pyroarstiik attionzteblotdann! destitiitioneSteplfopny! cBlepdp)

couiprises:itenesterifi¢ationof heihydromegrompindie uarmhyarinof the
formula 111 with a sulfonic acid derivative. A suitable sulfonic acid
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éhl:tfﬂdb ang dednitrabdnizériersulfahyh chleridel. Riefecred sulionieaside is sclected
dervativeistriflyoromethanesulfonic acidianhydride. », -A suifable amine,

such as pyridine, triethylamine or dimethylamindpyridine, is usually

presenf, [9QEther V%L%%r\?ris%i(?éﬂ'% S%é’t%ﬂh WhIGh ma Re $5legte i1 M such

hanen ted hy ocarbons ichloromethane, chioroform or car

EStPACHTSHtRS. "Bre REHEIY S By HERAR! IO P DO he solvent.
reaction temperature is selected in the range of-40 C to 200 C, preferably

10 in the¥4Age of-20 Cto 0 C.  The resulting ester can be isolated by
methods known to the sicilled in the art such as by washing with aqueous
hydroetsibricasicasd sitsegeeitiovapithatidnlbfihel sovent. tStéprojula V in the
Prepg)asimprses psteiRubstiiiinn Wit a Oirdkdmalpnate of the formula
V in the presence of a base to provide the intermediate of the formula VI.

Preferreddialkymaianate istheilimabymalanate. Suitable bases are

alkali metal hydrides such as sodium hydride or potassium 15 hydride or

alkali neiahall@xides SuanAS UL DHONS 0L ROIBSSIID  crraium

i é tOXI he re? 10N ule periorme presence or an
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IRlalg %&}é&%%?{&h&%&ﬂ%,&%ﬂ!{ Clly GoR¥eAISE follawing the procedure as

outlined In step d

[ 82

The resulting intermediate of the formula VI can be isolated, but as a rule it is

20 directly converted following the procedure as outlined in step d).

The intermediates of formula

1o 1
F O\.Rﬁa

wherein R' is a protecting group and R'"is lower alkyl or lower phenylalkyl,
particularly wherein R' has the meaning of t-butyl and R'® has the meaning of methyl,

25  are novel compounds and thus are further embodiments of the present invention.
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The intermediates of formula wherein R'a is a protecting group and

Rth is lower alkyl or lower phenylalkyl, particularly wherein RI' has the

meaning of t-butyl and RIb has the meaning of methyl, 25 are novel
WoR¥EFHEs4and thus are further embodiments of the present jveRfiaR /061676

WO 20081055814PCT/EP2007/061676 - 7 - Stepd)  Step d) comprises

the transformation to the target product of formula 1 which includes an in

situ cystigatipn, hydrolysis and decarboxylation under acidic conditions.

The reaction mixture containing the intermediate of formula VI is acidified

with arsiﬁpa@mﬂ&ﬁwm@k@ﬁ@ePﬁ%f@@m%hQQ%%l sylf &?&%%b 2 ﬁ;ch
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Isolatign can methods known to the skilled in the art such as by
A

extraction WIﬁ? a suﬁ‘tbfé: BYGERE SO HECraRaairT of tPramsdi hissasidified with an
st EHt vatatth Brsfittatibi fovpunificiftioin. sl iscase. Rhe oeRfH Arfixture is as

lewee phignylalieyhgeaups shicheashenzyly @@taiyltn@ fydr 9&5&9 8 W@é’olvem

Q|§&jl? e ingt f I SISf rthe rot ction of |
f ri ﬁg%fgé’tg?ﬁ%g{%%%ﬁ eaﬁ1 yS|s a?gsﬁéﬁﬂéf}l R‘ﬁé& lﬁ‘)tﬁed n
|a 3]

diHSOR SHAPEEATIATSBRR At Lakls 8@%@&%&!@1@?1 of the solvent and
éﬁh@‘%ﬁkb@é}fét?ﬁh@n distillaTive forvpntiore fisnther relates to the use of the
process as descrlbed herein before for is the preparation of pyridol 2, |

-alisoduiristie dlerwgltmek)wﬁ:thﬁéﬁ?mﬂﬂﬁ groups such as benzyl, catalytic
hydrogenolysis may also be employed instead of hydrolysis for the deprotection of the
hydroxy groups. Typical catalysts used for the hydrogenolysis are Raney Nickel or

palladium on charcoal in solvents such as tetrahydrofuran or dimethoxyethane.

The invention further relates to the use of the process as described herein before for
the preparation of pyrido|2,1-alisoquinoline derivatives of the formula

i1

wherein

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

alkyl, 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, according to the following
schemes.



wherein 12,2, le and R4 are each independently selected from the group

consisting of hydrogen, halogen, hydroxy, lower alkyl, lower alkoxy or

lower alkenyl, wherein lower 20 alkyl, lower alkoxy and lower alkenyl may
WEHORARYBE substituted by a group selected from lower alkoR§dAEB061676

awl and heterocyclyl;  and of pharmacgutically acceptable salts

thereof, according to the following schemes. WO

2008/055814PCT/EP2007/061676 ScBen®cheme 1 SOCI2, Zna,7" )rni

50-70% VII  VIIIXIt  The %S)-4-fluoromethyl-dihydro-furan-2-one can

be ring opened in the preséace of 4 'é’chwmionyl chloride to
provide the respective (¥{)?4-chloro-3:fluororhet -5 butyryl chloride (VII).
The acid chloride can thef be coupdlétFwith the amino-pyrido

i Vil
F
NHBoc
H Ci
N NH, \V(\C\C’
) H © 0
R F O R
N D ] s s R
n? i NEL,, KOLBu, Acetyichloride, R
e THF, 0°C, 4 h isopropanol
VIl X If

The (5)-4-fluoromethyl-dihydro-furan-2-one can be ring opened in the presence of
zinc chloride and thionyl chloride to provide the respective (R) -4-chloro-3-fluoromethyl-
5  butyryl chloride (VII). The acid chloride can then be coupled with the amino-pyrido
[2,1-a] isoquinoline derivative (VIII) to form the fluoromethyl-pyrrolidin-2-one
derivative of the pyrido [2,1-a] isoquinoline (IX) which after deprotection yields the
desired pyrido {2,1-a] isoquinoline derivative (IT) (Scheme 1).

Scheme 2
F Her/
Jis acelic acid EtOj(\(\Br
o ©
1 X
F
NHBoc g
NHZ \H/T\Bi'
R2 H © F, Q
N NaHCO
s a ® acetylchloride,
=) . DMF, 130°C iscpropanct
R
10 VIH IX IH

According to another embodiment (Scheme 2) the {S)-4-fluoromethyl-dihydro-
furan-2-one is ring opened in the presence of HBr/ acetic acid to provide the respective
(R}-4-bromo-3-fluoromethyl-butyric acid ethyl ester (X). This ester can then be coupled
with the amino-pyrido [2,1-a] isoquinoline derivative (VIII) to form the fluoromethyl-

15 pyrrolidin-2-one derivative of the pyrido [2,1-a] isoquinoline (IX) which after
deprotection yields the desired pyrido [2,1-a] isoquinoline derivative (I1).
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[2,1-a] isoquinoline derivative (VIII) to form the

fluoromethyl-pyrrolidin-2-one derivative of the pyrido [2,1-a] isoquinoline

éX) which after deprotection yields the desired pyrido [2,1-a] isoquinotine
SR (Scheme 1). Scheme 2 According to another eR{BBRH@{61676

(Scheme 2) the (S)-4-fluoromethyl-dihydm- furan-2-one is ring opened in

the presence of HBri acetic acid to provide the respective

(R)-4-bromo-3-fluoromethyl-butyric dslakathgl ester (X). This ester can

then be coupled with the amino-pyridoisoquinoline derivative (VIII) to form

the fluoromethyl- Ip idin-2-one derivativ of the pyrido [2,1-a]

isoquinolir®*¢#X) whiah after deproteniQpgyie he desired pyrido [2, 1Nag;m fé-

isoquinglihe Eivative (11). WO 2008/8 9B814PCT/EP2007/061676 _*.9 !
St Nl Aceoreiag-te-stifka .-_w,( botliment{Sehemez3) SRS
(8 metfi/ls iyirG-fural ¢ is dlrectl%/ Eﬁu Ed Wlt

)10

aming-pyrido [2,]-a] |soqumoﬁne 5. derivative (VII orm the B
hydroxymethyl derivative of the pyrldo [241-a] isoquinoline (XI), which IS
subsequently cyclisized to the fluoroanethyI pyrrolidin-2-one derivative
(IX). The latter can be deprqggct;%fo yield the desired pyrido [2,1-a]
isoquinoline derivative (11),% __ nThe invention relates particularly to the
use.of the processqef the gresent nvention 10 for the preparation of (5)-14
( 2S.235,d:hhS)-2- @ 1)0-djmethoxy- 1,3,4,6,7,1
IbheRetryeird-2H- pﬁrldo [2,1-a] isoq uinolin-3-y1)-4-fl uoromethyl
-pyrrolidin-2-one. The invention further relates to a process for the
preparation of pyrido[2 a isogiiinotine derivatives of the formula WO
2008/055814PCT/EP2007/061676

According to still another embodiment (Scheme 3) the (S)-4-fluoromethyl-

dibydro-furan-2-one is directly coupled with the amino-pyrido [2,1-a] isoquinoline
derivative (VIII} to form the hydroxymethyl derivative of the pyrido [2,1-a] isoquinoline
(X1}, which is subsequently cyclisized to the fluoromethyl-pyrrolidin-2-one derivative
(IX). The latter can be deprotected to yield the desired pyrido [2,1-a] isoquinoline
derivative (11},

The invention relates particularly to the use of the process of the present invention
for the preparation of (5)-1-((2S,35,11bS)-2-amino-9,10-dimethoxy-1,3,4,6,7,1 1b-
hexahydro-2H-pyrido{2,1-a)isoquinolin-3-yl}-4-fluoromethyl-pyrrolidin-2-one.

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

isoquinoline derivatives of the formuia

I

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



- 10 - alkyl, tower alkoxy and lower alkenyl may optionally be substituted

by a group selected from lower alkoxycarbonyl, awl and heterocyclyl,

which comprises the process of the present invention as defined above
Wb EE B e) coupling of the (S)-4-fluoromethyl-dihydro-furdt-ZLBre 61676

formula SO with anamino-pyrido[2,1-aisgguinoline derivative of formula

wherein le, le and R4 are as defined above, fl cyclization of the obtained

athiitid of fortiata khe lower allivandimig o amdl Fecarddd defibed atiovesdincted

therplesenei ot haseiotain aaempeund of WO

2008/055814PCT/EP2007/061676

which comprises the process of the present invention as defined above followed by

e; coupling of the {S)-4-fluoromethyl-dihydro-furan-2-one of formula

O I

5 O

with an amino-pyrido[2,1-a]isoquinoline derivative of formula

VIII
wherein R?, R” and R* are as defined above,
f) ¢cyclization of the obtained amide of formula
H F
X1
O

4]

.
wherein R?, R” and R” are as defined above,

in the presence of a base to obtain a compound of formula

FI
!:IHBOC

o X
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- 11 - wherein R2, 193 and le are as defined above and g) deprotection of
the amino group. The invention further relates particularly to a process for
the preparation of (S)-1-
WRHEHI$135)-2-amino-9,10-dirnethoxy-1,3,4,6,7,11b-hexahyero2#epytich 676
0 [2,1 - 5 a) isoquinolin-3-y19-4-fluoromethy4-pyrrolidin-2-one, which
comprises the process of the present invention as defined above followed
by e) couphingRéf Heu(B)r4-fluearoiatiylatibndiadt an 2-one of formula 0
with (25,35,115S)-3-amino-9,10-dimethory-1,3,4,6,7,1
Ib-hexahyelsar2tilQpyride[2nnalispgyinolin-2-y1)-carbamic acid tert-butyl
ester, f) cyclization of the obtained (25,35,11
bS)-3-(3-fluoromethy1-4-hydroxybutyrylamino)-9,10-dimethoxy-1,3,9,6,7,1

1b- hexa;hydveﬁzadﬂpwmmmqimtzmwﬂyo@rbw@e@scferte{& B}@p{iﬁétﬁwm) ]-

the presen f the
f‘@ SoiibS) %ﬁ*‘f@?ﬁéﬁ?&%{*ﬁfﬁ’ﬁé&% ST Lo-angico (21
ST ,E 8, AU HEKARS S ?P‘Frﬁgﬂﬁﬂ‘oz[.?‘if’-’a‘]ﬁ% & GABIFisgs Ylieprocess of the
dﬁﬂé@?ﬁi@‘éf@@%ﬂﬂb‘@fyi@é@ép\ﬁﬂﬂ@lpwﬂddnfz 1-a) isoquinoline derivatives
of formula (1) as disclosed in the PCT Int. Application WO 2005/000848
are usefubfolitgetréattient findiemprophillaxisofidiseasaswhishaig
associated with DPP 1V such as diabetes, partlcularly non-insulin 20
dependent diabetes mellitus, and/or imp glucose tolerance, as well
as other conditions wherein the amplificgtion of acilon of a peptide
normally inactivated by DPP-1V giveSgtherapeutiC benefit. Surprisingly,
the compounds of the present inventign can also be used in the treatment
and/or prophylaxis of obesity, inflammatory bowel disease Colitis

Ulceroﬁﬁh M@MW%@&%’%@%&%@&HS&E‘%@%‘? PIlERURgIeSon.
§ ermore the cog: aun%ﬁgﬂthe %resent mvenflon can e use

iuret ageln gay reNtREHE AHA/SHpPEPAYIES of hypertension.

Unexpect the pounds of the present invention exhibit improved
thora e AT A BIGEAP3robblISs SO e ek DRy

hHisiters iRAoW tndines droxstich A6, 8 Ig biteomtedtondth- -phadeiacokingtiesnolin-2-
ane-bioavailabdityrt-bl&t ester in the presence of a base, and

g) deprotecting the obtained (25,35,1158)-3-((4S)- woromethyl-2-oxo-pyrrolidin-
1-y1)-9,10-dimethoxy-1,3,4,6,7,1 Ib-hexahydro-2H-pyrido|2,1-alisoquinolin-2-yl]-
carbamic acid tert-butyl ester.

The pyrido [2,1-a] isoquinoline derivatives of formula (II} as disclosed in the PCT
Int. Application WO 2005/000848 are useful for the treatment and/or prophylaxis of
diseases which are associated with DPP IV such as diabetes, particularly non-insulin
dependent diabetes mellitus, and/or impaired glucose tolerance, as well as other
conditions wherein the amplification of action of a peptide normally inactivated by DPP-
1V gives a therapeutic benefit. Surprisingly, the compounds of the present invention can
also be used in the treatment and/or prophylaxis of obesity, inflammatory bowel disease,
Colitis Ulcerosa, Morbus Crohn, and/or metabolic syndrome or B-cell protection.
Furthermore, the compounds of the present invention can be used as diuretic agents and
for the treatment and/or prophylaxis of hypertension. Unexpectedly, the compounds of
the present invention exhibit improved therapeutic and pharmacological properties
compared to other DPP-1V inhibitors known in the art, such as e.g. in context with

pharmacokinetics and bioavailability.
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The following examples shall illustrate the nvention without limitin
Examples Example 1 Preparation of (5)-tert-bu4TI glycidyl ether (S)-1
(R,R)-Salen-Cc (Il) 5 In a 500 ml round bottomed flask equipped
Wit tkErAtdmeter and a magnetical stirrer and an ice bath 6.0t @/Ep2007/061676
(fR,2/2)-(-)-/,2-cyclohexanediamino-N, N -bis-(3,5-di-tbutylsalicylidene)
cobalt (1) (10 mmol; Strem Chemicals) and 260.38 g rac tert-butyl glycidyl
ether(20@dathmatgandi2pi@ ghalellisasie (40imverel) and:ROME A 19
(tetrahydrofurane) were cooled under stirring to OC and 19.82 g deionized
water (1100 mmol) were added all at once. The dark red reaction mixture
was stirred under an air atmosphere for 0.5 h at OC and for 23 h at RT.
Vacuum distillation over a column filleg, with. -Fenske" glass rings (20 x 2
cm column; "Penske" glass rings 0 4 mm; afforded 113.2 g (43.5%)
(S)-tert-butyl glycidyl ether (5)-1 as %%Iglgeﬁlliquid, b.p. 84-86 C/100 15
mbar. Example 2 Preparation of (10-1—ter}f-gutoxy-?a-fluoro-propan-2-ol

(R U208/ OFRIAT G ERF 2R 08]8 76

(R, R}-Salen-Co {1}

O

o

- o OH
O\J(\f + O\/:\\/OH
H,0, ACOM, O, (air), RT, 20 h >r >r

rac-1 {(5)-1 (R)-1a

In a 500 ml round bottomed flask equipped with thermometer and a magnetical
sturer and an ice bath 6.04 ¢ (IR,2R)-(- J-1,2-cyclohexanediamino-N,N’-bis-( 3,5-di-1-
butylsalicylidene} cobalt (II) (10 mmol; Strem Chemicals} and 260.38 g rac tert-butyl
glycidyl ether(2000 mmol} and 2.40 g acetic acid (40 mmol) and 20 ml THF
(tetrahydrofurane) were cooled under stirring to 0 °C and 19.82 g deionized water (1100
mmol} were added all at once. The dark red reaction mixture was stirred under an air
atmosphere for 0.5 h at 0°C and for 23 h at RT. Vacuum distillation over a column filled
with “Fenske” glass rings (20 x 2 ¢m column; “Fenske” glass rings & = 4 mm) afforded

113.2 ¢ {43.5%) (. S)-tert-butyl glycidyl ether (5)-1 as colorless liquid, b.p. 84-86 °C/100
mbar.

Example 2

Preparation of (R)-1-tert-butoxy-3-fluoro-propan-2-ol (R-2)

O OH
o KHF, cat. Bu,NHSO,
>( ~ o >]/O\/"1\/F'

TEG  130°

(8)1 (R)-2
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- 13 - In a 750 ml four-necked flask equipped with a condenser, a
thermometer, a mechanical stirrer, a device for supplying an inert
atmosphere (Ar) and an oil bath a white suspension of 104.2 g
W YAEHIBIHIA glycidyt ether (S)-2 (800 mmol from example 1), 8800mb2007/061676
triethylene glycol, 1210 g potassium hydrogen difluoride (1600 minol) and
1.36 5 g tetrabutylammonium hydrogen sulfate (4.0 mmol; Fluka) were
stirredlatlB00idio 80 hecAftefl egoling R Ti¢ro0d terHeralure)n i arown
suspension was diled Wit 160 midichiormetiansand weshed with 206 .
ml.deionized water 8{)9 m@clue us 5% NaHCO3 and 1 o brine.
Al AGUeoLS Thyers ters Btrat é%"é&’ ﬁ@ﬁﬁé{ﬁmﬁfh( BOiPC0 mmol from example
dherfOromatitie e dapibineeloranib ldyerswiste diied 00 KRGD3nd 136
andfitienedaAfteniem war@g@mmmm@rﬁ@ﬁH&@ﬁ@(ﬁ(ﬁ%ﬁ%@ﬁﬁ@&%@@lﬁc for 20
ragal. t ' -200 was yacuum distilled over g co
i e R rur oy o
(E?-fﬁ AR CYISNESE It BRY T4l rasA00 AR Bkanvsikus 15
Prefiarfatiendof@ifididinbtiemddulfoniciadigers were extracted sequentially with 80
(0-dietetirbhitakynrethy 1h2 ﬁ&ﬁ%@ﬂhﬂgﬁﬁi@'Ia();'e@'@ere(a')@%l(g\)é?’ %Z%Qd filtered.

e lpped with a condenser, a.thermometer, a
e M e s

CEHHSthanol 20 Bt 3o s HisiHamR  eA0 o vl Wore adtdd el witbriderske”
thasconseedosthgtitni af G0-04igr (R)tiroBhwiH5.63)-R a0Medliquid (bp. 104-
exraraple@)ima300 ml dichloromethane at -10 C. 34.7 m|
trifluoromethanesuffonic anhydride (210 mmol) was added at -10C over 1

h and stirring was continued at -10%%%@.3The yellow, colq suspension

was washed sequentially with 200 ml IM"Ha 120 ml 10% brine and 120 nil

%ng?alr\!i%%gQiarrf%lllhoro;'nethanesulfonic acid (R)-1-fert-butoxymethyl-2-fluoro-ethyl
ester (R)-3

XO\RF

(CF,S0,),0 pyridine 0SO,CF,

L O\/X\/F
CH,CL, -10°C >r

{(R)-2 (R)-3

Ina 750 ml four-necked flask equipped with a condenser, a thermometer, a
mechanical stirrer, a device for supplying an inert atmosphere (Ar) and an ice-methanol
bath 32.2ml pyridine (400 mmol) were added all at once to a colorless solution of 30.04 g
{R)-fluorohydrin (R)-2 (200 mmol; example 2) in 300 ml dichloromethane at -10 °C.
34.7 ml trifluoromethanesulfonic anhydride (210 mmol) was added at -10 °C over 1 h
and stirring was continued at -10 °C for 1 h. The yellow, cold suspension was washed
sequentially with 200 ml IM HCI, 120 ml 10% brine and 120 ml 10% Na;COs, All
aqueous layers were extracted sequentially with 80 ml dichloromethane and the
combined organic layers were dried over K;COs. After filtration the solvent was removed
by rotary evaporation (20 °C/>10 mbar} affording 55.5 g crude triflate (R)-3 as vellow oil
which was stored at -20 °C.



i0

i5

25 aqueous layers were extracted sequentially with 80 ml
dichloromethane and the combined organic layers were dried over
K2COa3. After filtration the solvent was removed by rotary evaporation (20

WM A affording 55.5 g crude triflate (R)-3 as yellow oilRGAIER Wéiko61676

stored at -20 C. WO 2008/055814PCT/ER2007/061676 - 14 - Example
4a Preparation of (S)-4 uoromethyl-dihydro-furan-2-one (S)-4 (with
NaOtfiu) (R)-3(S)-4a(5)-4 Substitutroma@ida 750 ml four-necked flask
equipped with a mechanical stirrer, a condenser, a dropping funnel, a
thenmonieterf & davite formsupplyingan-inesh atroasphiens (ArgsnRang)
ice-methanol or oil bath 21.14 g sodium tert-butoxide (220 mmol) were
dissolved in 200 ml 1,2-dimethoxyethane 2og and 31.41 g
dlmeth lonate (24>0 ramol) were. added at 2 ver 1% mm, After

gft’gfg@ 55.5 g trifthte-(R)-4-260-rmal; ffon] 1Gexa gée-z)—vﬁe?r@ o
ad ed at 0 C over 15 min and thé¥fige rpaction mlxﬁ@ wds sfitfed at
OC fojfzh. The intermediate (S)-4a was identified via 11-1-NM12
(CDC13): 6 1.15 (s, 9H, C(CH3)3), 2.58-2.78 (m, 1H, CH), 3.47 (m, 2H,
CH20), 3.67 (d, 1H, CH), 334 and 3.75 (s, each 3H, CO2CH3), 4.52 and
4@%igmiieach 1H, CH2F. 15 Cyclization, hydrolysis & decarboxylation:
The ice-methanol bath was removed. 200 ml 2M H2S0O4 (400 mmol) were

addedl‘aH 24 0ntEoanthtbeyellaw deaption dmt'}sthl reMas hentad: Mng%ﬁﬁﬁﬂﬂ%r,
6§J4 Allercadinafobldne teacton mixienas etraed e g and
ém dlchlorometﬁane anccijl a?lf ree ayers were Ih e n

mm%lﬁﬂ AN %tfaasiﬁd et @ﬁ@aved in 200
(NaRS ) efiitenethandah® $6lvedtivas phhovéglbyiatary @daponationvere added

B0 GiLLQ mﬁr)@t@@em@é@@ysﬂ@ DRtk Macusip Qistillation,
gf? Vlgéljfgﬁ g' 1‘84’%&6](&'1 Eﬂrﬁ) U&E‘OV ¥ lP’DJ %I;?ilgﬁéo t%% gsgnﬂeaisezgc?ggrrll%?sgﬂ%lll’e l\:f)\’fs stlrred at

°C for7h

s34

The intermediate (S)-4a was identified via 'H-NMR (CDCls): & 1.15 (s, 9H, C(CHs)s),
2.58-2.78 (m, 1H, CH}, 3.47 {m, 2H, CH,0), 3.67 (d, 1H, CH}, 3.74 and 3.75 (s, each
3H, CO,CHs), 4.52 and 4.67 (m, each 1H, CH,F.

Cyclization, hydrolysis & decarboxylation:

The ice-methanol bath was removed. 200 ml 2M H,50; (400 mmol) were added all
at once and the yellow reaction mixture was heated under reflux for 48 h. After cooling to
RT the reaction mixture was extracted three times with 200 ml dichloromethane and all
three organic layers were washed with 100 ml 2% NaHCO;. The combined organic favers
were dried (Na;SO,), filtered and the solvent was removed by rotary evaporation (30-45
°C/z10 mbar) affording 22.1 g crude, brown oil. Vacuum distillation gave 19.8 g g (84%)
fluoromethyl-butyrolactone (S)-4 as colorless oil, b.p. 68-69 °C/0.5 mbar.
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WO 2008/055814PCT/EP2007/061676 - 15 - _Example 4b Preparation of
(S)-4-fluoromethyl-dihydro4uran-2-one (S)-4 (Wlt_h NaH) 5Ina 750 ml
four-necked flask equipped with a mechanical stirrer, a condenser, a

VtcpigRinnel, a thermometer, a device for supplying an INescT/EP2007/061676
atmosphere (Ar) and ice-methanol or Oilwbl%tf_l to a suspension of 9.6 g
sodium hydride 60% (240 mmol) in 200 ml 1,2-d|methoryethan_e were.
added 33.0 g dimethyl malonate (25@xapeb 4 20C over 15 min. Stlrrlng'
at RT was continued for 1 h. The colorless, turbid solution was cooled to 'O

0 ey il (R:3: (200, mamel fem.xample @) were addgd at 0 C

over 15 min and the orange reaction mixture was stirred at

Cyclization, hydrolysis & decarboxylation: _ 200 ml 4M_HZSO4 (800

mmol) werg, added all at once and the yellow regctign mixfure was heated o
undewteflux fof 40 h@g‘fg). After oesling to RT, Yie €actionil s wmixitire

wad transferred’inte>a séparatory,fenpel and ditute _ rTi( O_O@;Q‘ggﬁ?eg
water. After removal of the small upper oily-tayer (minerakoil from the
sodiuﬁ?)ﬁydride) the product was extracted thregsimes with 400 r_nI _ (S)4
dichloromethane. All organic layers were washed sequentially twice with
l;Q%gnl JEO%_ brine and the combined organic 'Iayers were dried (Na2S04).
The é%‘llvéorﬁ' was removed by rotary evaporation (30-45 C/10 mbar) 20

ffording 22,1 g crude, orange oil. Vacuum distillation gave 19.4 g (82%)
fluorolfe 99%%?%@(@5956 aligtymesiveh bipedBBeI0 G mbasndenser, a

fluorom
dropping funnel, a thermometer, a device for supplying an inert atmosphere (Ar) and

ice-methanol or oil bath to a suspension of 9.6 g sodium hydride 60% (240 mmol) in 200
mi 1,2-dimethoxyethane were added 33.0 g dimethyl malonate (250 mmol) at 20 °C over
15 min. Stirring at RT was continued for 1 h. The colorless, rurbid solution was cooled to
0°C, 55.5 g triffate (R}-3 (<200 mmol; from example 3} were added at 0 °C over 15 min
and the orange reaction mixture was stirred at 10 °C for 5 h.

Cyclization, hydrolysis & decarboxylation:

200 ml 4M H,50; (800 mmol) were added all at once and the vellow reaction
mixture was heated under reflux for 40 h (~85 °C). After cooling to RT, the reaction
mixture was transferred into a separatory funnel and diluted with 200 ml deionized water.
After removal of the small upper oily layer (mineral oil from the sodium hydride) the
product was extracted three times with 400 m! dichloromethane. Ali organic layers were
washed sequentially twice with 100 ml 10% brine and the combined organic Jayers were
dried (Na;SQy). The solvent was removed by rotary evaporation (30-45 °C/>10 mbar)
affording 22.1 g crude, orange oil. Vacuum distillation gave 19.4 ¢ (82%) fluoromethyl-
lactone (8)-1 as a light yellow oil, b.p. 65-68 °C/0.5 mbar.
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WO 2008/055814PCT/EP2007/061678 - 16 - Example 5 Preparation of
(R)-4-chloro-3-fluoromethyl-butyryt chloride (S)-4 A 350 ml reactor
equipped with a mechanical stirrer, a Pt-100 thermometer and an 5 argon
WA AS tHarged with 226 g (1.90 mol) PCT/EP2007/061676
(S)-4-fluoromethyl-dihydro-furan-2-one,-64.9 g (476 mmol) zinc chloride
and 698 ml (9.52 mol) thionyl chloride. The mixture was refluxed for 66 h,
then allowed to cool to RT. The whitBspregipitate, which already formed
during the reaction, was filtered off under an argon atmosphere and
washetapith GosmallFardedint of-thfbrydoohtdride ubheifilltateiwas distilled as
follows: Thionyl chloride 10 was collected as a first fraction at 30 C oil bath

temperature! 20 mbar. Th e oil batti,temperature was slowly
increased and the fracgon 5‘betweerirﬁ?lgand 62 €' 1 nbarwere collected,
to give 196 g (R)-4-chlord-3-f

Iuorongutyrypchlo ige (58% yield:
assay: 97%). Example 6015Prepar 0 ({‘f

(ZS,SS,11bS)-3-((4S)-Ftllklﬁromethyl-Z-oxo-pyrrolidin-l-yl)-9,10-
dimethoxy-1,3,4,6,7,110-H&%ahydro-2H-pyrido [2,18j-5
isoquinolin-2-y1l-carbamic acid tert-butyl ester

A 350 ml reactor equipped with a mechanical stirrer, a Pt-100 thermometer and an

argon inlet was charged with 226 g (1.90 mol} (§)-4-flucromethyl-dihydro-furan-2-one,
64.9 g (476 mmol) zinc chloride and 698 ml (9.52 mol) thionyl chloride. The mixture
was refluxed for 66 h, then allowed to cool to RT. The white precipitate, which already
formed during the reaction, was filtered off under an argon atmosphere and washed with
a small amount of thionyl chloride. The filtrate was distilled as follows: Thionyl chloride
was collected as a first fraction at 30 °C oil bath temperature / 20 mbar. Then the oil bath
temperature was slowly increased and the fractions between 57 and 62 °C / | mbar were
collected, to give 196 g (R)-4-chloro-3-fluoromethyl-butyryl chloride (58% yield; assay:
97%).

Example 6

Preparation of (25,3S5,11b5)-3-((4S)-Fluoromethyl-2-oxo-pyrrolidin-1 -v1)-9,10-
dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido(2,1-alisoquinolin-2-yl}-carbamic acid
tert-butyl ester

CH.O ~ NEt,, KOt.Bu,
¢ THF, 0°C, 1 h

A 4.5 L reactor equipped with a mechanical stirrer, a Pt-100 thermometer, a
dropping funnel and a nitrogen inlet was charged with 160 g (419 mmol) (25,35,115S)-3-
(3-amino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-a}isoquinolin-2-yi}-
carbamic acid tert-butyl ester, 1.50 L dry THF and 29.3 ml (209 mmol) triethylamine.
The suspension was cooled to 0 - 5 °C and a solution of 97.4 g (544 mmol) (R)-4-chloro-
3-fluoromethyl-butyryl chloride in 417 ml dry THF was added during 90 min,
maintaining the temperature at 0 - 5 °C. After the addition of about half of the acid
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A 4.5 L reactor equipped with a mechanical stirrer, a Pt-100 thermometer,
a 20 dropping funnel and a nitrogen inlet was charged with 160 g (419
mmol) (2S,3S,11bS)-3- (3-amino-9,10-dimethoxy-1,3,4,6,7,1 1
V2REsEbdie-2H-pyridoisoquinolin-2-y1)- carbamic acid tert-butylrasteo7/os1676
1.50 L dry THE and 29.3 ml (209 mmol)_tfiethylamine. The suspension
was cooled to 0 - 5 C and a solution of 97.4 g (544 mmol) (R)-4-chloro3-fl
udrmmymm;xryhemaﬁimimé&ﬂmﬂa&aﬂlﬁﬁamﬁﬁ@%@%gﬁm% %Fﬁgﬂﬁ The
25 maiataining | | eat-0: 5" fter.the ition of about half
ofthe.acid S\E%ﬁ%%%%%{%@f%a&aﬁ%’(%%%%ﬁaﬂ? %l; Eior AR B hudsis
thie reaction Mixttiré becand K, Bt Smeameas shivasi&rrre hixidrein at 0
was Stiftet st Ei8rtrat 068 O, 2nowid pporiomof I 37 gy{5R. F SU00H) aeid HE was
mﬂdtig%éaﬁ@ﬁgmmm %trﬂxl&alhtﬂﬁ%@Q&Wfﬂﬁ%@?ﬁ%@é’%@fﬂﬁ@c%pleted
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e S A S Bk W iiag brine
RatER 8%?%%?-6&66@?@ iEtlftet LoRIFIGISddBIdTts B athixtlrd Wadalf
stifteatesterivightat © Gopoired omuéc2d phalbsaterated drine and extactadehyl
with-fe2 h etyhBeRials chhe | oreanie ML MaS WAShEd Wl AL A uifate
Seljaied B A0 ombined agyiequs phases wers extradied wick -
ith §]ZBL ethyl acetate. The comobine ordzsa_n?cnﬂ WIS e mtdfed Vel gbar
g%l 3604 Sod mcsitmisod ek ohe et orractoronp evabodaton-atlica gel
agthvdiddonatyarthaa:Orie Bt 40:Gi0, kanpar fog L6 h4Q-QivRi2R2R 9 EIUle;
pregkicled hismaighiatwas.chiomat d qver silica gel with . N
gg(fﬁggqmgghaneﬂgF 3:1 as e?ﬁ%@é%%&ﬁ?ro}dﬁ% a%)i‘éqer%é eSE.‘a"EY reach
was suspehded in 0 B STl AT CRENEIR YIS Artiraftdr 1 Asiish brown
NSt W@SS%WF)?! @&éﬁ?ﬁrféghﬁtiﬁélwadthicki Dot Bellstimralie h. The crystals
suspéiision oAftensh blatoRTothe seddisblaowso:mixiurepyas slined ALO% 15
uptalgdoloried Biske tny BAC UG 211, Tha cystals yefe fltered

’ 127
ff. wa ortionwise with totally 250 ml'co lprétcooled¥o A 8ve 127 ¢
%ﬁtgﬁ]dﬁ?gg?j%girdoﬁsgl;%é\alé{/?b mbar, followed by 15 h at 45 C /0.1 mbar,

to give 127 g lactam ( 64% vyield; assay: 100%) Example 7 20Preparation

of (2S,3S,11bS)-3-(3-Fluoromethy 1542 ifoky-butyrylamino)-9, 10-
dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido [2,1-a] isoquinolin-2-yll
_carbafeidaden of (25.35,11 EJS)—3—(3~Fluorometh}fl—4—11ydroxy—butyrylamino)-9, 16-
dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H-pyrido[2, 1 -alisoquinolin-2-yl]-carbamic acid
tert-butyl ester

F
o S M F
NH, O (S)4 ?H'?’O;
H N
?-Hydroxypyridine, o0 N ©
.oiuene, 130°C CHO

A 1.5 L reactor equipped with a mechanical stirrer, a Pt-100 thermometer, a
dropping funnel and a nitrogen inlet was charged with 50 g (128 mmol) (25,3S,1 158)-3-
amino-9,10-dimethoxy-1,3,4,6,7,1 Ib-hexahydro-2H-pyrido[2,1-a] isoquinolin-2-yl)-
carbamic acid tert-butyl ester, 500 ml toluene and 2.51 g (25.6 mmol) 2-
hydroxypyridine. To this slightly brownish suspension, 22.7 g (192 mmol) of (§)-4-
fluoromethyl-dihydro-furan-2-one was added dropwise at RT. No exothermy was

observed during the addition. The dropping funnel was rinsed portionwise with totally
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15

30

tert-butyl ester A 1.5 L reactor equipped with a mechanica_l stirrer, a

Pt-100 thermometer, a 25 dropping funnel and a nitrogen |nlej[ was

charged with 50 g (128 mmol) (2S,35,11 bS)-3-‘ amin.o-9,'10-d|rlneth
VORyIP831E817,11b-hexahydro-2H-pyrido [2,1-a] isoquinol in-2-¥d1/Epa007/061676

carbamic acid tert-butyl ester, 500 ml tolugne and _2.51 g (25.6 mmol) 2-

hydroxypyridine. To this slightly brownish suspension, 22.7 g (192 mmol)

of ‘Qg)ﬂfﬂﬁlﬁn@rﬁéﬁhw&ﬂmgw@iﬁ@@n@ %%ﬁGM?éilququﬁ%@ﬁl%Ta Now

exalhermyawas 3 ahseeddluing e addiion, The dropping funnelwas

ri %el% rltl_on\%Ylse E{Ith totally WO 200t Zila’l ct " S o

1% - (?g RilfoTGERe: FhE' S USFE ALBRWAR Waarealrst iefik- diliedeaigiitl 00 m

t el iR eheansuliition StaptngifronkE0/Cieaflbn 40 mithenter safuXa washed

spspensiat:feimestagainoMlies tatallyish b snder &@J&%éﬁ%ﬁﬂl?ﬁ.oo ml

SUSRENSIABAVAS caRieskio R QQEEF}%H"#%Q i %ld{'fgfqﬁgﬁnea%%eivggo,o g

s_tirrgd for.30 min at RT. Afteﬁr filtration, the filter ca / _

d)drﬂlc}’ﬁ:%%ie/ WitH dotsiny 208 % toluene, then portion wise with totally 100

ml dichloromethane. The filter cake was dried at 50C / 10 mbar for 20 h_, to

give 60.0 g product (94% vyield; assaixa10096). Example 8 Preparation

of (2S,35,11b5)-3((4S)-Fluoromethy1-2-oxo-pyrrolid in-I-y1)-9,10- 10

di metlﬁ’és@ﬂ@,@?ﬂ, 617 2051 ékéh}?dﬁ@&l-{;ﬁuwidﬁﬂeﬂ}%&—qxo— pyrrolidin-1-y1)-9,10-

idogeinetini2sdlscar b@ﬂé&;ﬂcﬁi&«lﬁ Qtf‘pHWld%ﬁtﬁ k —N ﬁ@(ﬂﬁh&in—}y} [-carbamic acid

tert-butyl ester

A 1.5 L reactor equipped with a mechanical stirrer, a Pt-100 thermometer, a
dropping funnel, a cooling bath and a nitrogen inlet was charged with 28 g (56.5 mmol)
of (25,35,11b8)-3-( 3-fluoromethyl-4-hydroxy-butyrylamine)-9,10-dimeth OXy-
1,3,4,6,7,11b-hexahydro-2H-pyrido] 2,1-alisoquinolin-2-yl]-carbamic acid tert-butyl
ester and 750 ml THF. The mixture was cooled to 0 °C and a solution of 6.17 ml {79
mmol) methanesulfonic acid in 42 m! THF was added during 10 min, maintaining the
temperature at 0-5 °C. At 0 °C a solution of 12.6 ml (90.2 mmol) triethylamine in 42 ml
THF was added during 15 min. The resulting suspension was stirred for 80 min at 0-5 °C,
whereas it became gradually thicker. Then 141 ml (14] mmol) I M lithium-
bis(trimethylsilyl)amide were added to the mixture during 15 min, whereas the
suspension dissolved. The solution was allowed to reach RT during 60 min under stirring.
500 ml water was added without cooling, the mixture was extracted and the aqueous
phase was subsequently extracted with 500 ml and 250 ml dichloromethane. The organic
layers were each washed with 300 ml half saturated brine, combined and evaporated on a
rotatory evaporator. The resulting foam was dissolved in 155 ml dichloromethane,
filtered and again evaporated to give 30.5 g crude product as a slightly brownish foam.
This material was dissolved in 122 ml methanol, resulting in a thick suspension, which

dissolved on heating to reflux. After 26 min of reflux the solution was allowed to
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A 1.5 L reactor equipped with a mechanical stirrer, a Pt-100 thermometer,
a dropping funnel, a cooling bath and a nitrogen inlet was charged with 28
g (56.5 mmol) 15 of

WESWEIEIHS)-3-(3-fluoromethy1-4-hydroxy-butyrylamino)-9, 19celimeiimas ¢ ¢

1,3,4,6,7,11b-hexabydro-2H-pyrido[2,1-§Ii§qquinolin-2-A-carbamic acid
tert-butyl ester and 750 nil THF. The mixture was cooled to OC and a
zitgﬂg:igﬁgmz%maamgma,mammvétmi@dﬁsisisiﬂagd%%ﬁé'}h'g%%?mer 2h the
_ ng, [ t ratuy, -5 C. At a

S 18 ol

uring 15 min *Fhe 245 iﬁg%ﬂgﬁeéﬁgFBWW%Sgﬁﬁ@é’WIB’O%Yﬁtbﬁ@-ﬁlkﬁ:BME and
Vit é"fggg ittle eafrie gratiuaihythickere Ther baddnil @At memes:IM 779 vield;
lishsaymbisttrdimethylsilyflamide were added to the mixture during 15 min,
whereas the suspension dissolved. The solution was allowed to reach RT
during 60 mm under stirring. 500 mlm;ﬁzbl\é@s added without cooling, the
mixture was extracted and the aqueous 25 phase was subsequently

extractggl,wi i ml ip%%o- ane. he organic layers
e i Job o halt A e S R D hecahyaro-

Vgﬁ-eei‘?%oyv—al e - _ N - . .
évapora 8t on TOILBRI B aBorAtoH s castlitihg foatinas dissbivedddhloride
155 ml dichloromethane, filtered and again evaporated to give 30.5 g
crude product as a slightly br whish foam. This material was dissolved fi
122 nil methanol, regulting in\a thick suspension, which 30 diss%{i'\’ﬂe 0
heating to reflux-1After 20"mig of reflux the solution was alloyed te~
200810588 14RCA 1ER2007/061676~19—gradually,0QoltQ Ri.during 24,
whereas cr izatibn started after 10 min. After 2 h @ spehsion was
cooledtd’0 Cfor 17h, followed by -25C for 1 h. Ttie,ofy3tafs wefe filtére
off via a pre-cooled glasssinter funnel, washed portionwise with 78 ml

o ancickied {oedd el 4Rfe/ RO BKe RO RPIOIIELES . o

. 0 ! . 0 >
R B st i b hiampinon 255 1145
ﬁr_(éﬁi)d8}Q’J’Ingl?é]@ﬂ[ﬁn@;m.}g{gqlidf(fs—)lwu&dméﬁhW¥b§mw lidias2:0neb-hexahydro-
dinrgroddlldrieldisoquinolin-2-yl | -carbamic acid tert-butyl ester, 4.2 L isopropanol and
62 ml water and the suspension was heated to 40-45 °C. In a second vessel, 1.98 L
isopropanol was cooled to 0 °C and 461 ml (6.50 mol) acetyl chloride was added during
35 min, maintaining the temperature at 0-7 °C. After completed addition, the mixture
was allowed to reach ca. 15 °C and was then slowly added to the first vessel during 1.5 h.

After completed addition the mixture was stirred for 18 h at 40-45 °C, whereas

F

crystallization started after 1 h. The white suspension was cooled to 20 °C during 2 h,
stirred at that temperatuare for 1.5 h and filtered. The crystals were washed portionwise

with 1.1 L isopropanol and dried for 72 h at 45°C / 20 mbar, to give 583 g of the product
as white crystals (100% yield; assay: 99.0%)



10A 2.5 L reactor equipped with a mechanical stirrer, a Pt-100
thermometer, a dropping funnel and a nitrogen inlet was charged with 619
g (1.30 mol) of (2S,35,11bS)- 3- ( (43)-fl uoromethy1-2-oxo-pyrrolidin-1
W130081858khethoxy-1,3,4,6,7,1 | b-hexahydro2H-pyrido PCT/EPI007/061676
12,1-alisoquinolin-2-y11-carbamic acid tersbutyl ester, 4.2 L isopropanol
and 62 ml water and the suspension was heated to 40-45 C. In a second
vessel, 1.98 L 15 isopropanol was coofgg;te0 C and 461 ml (6.50 mol)
acetyl chloride was added during 35 min, maintaining the temperature at
0-7 C. [Afjt{er completed addition, the mixture was allowed to reach ca. 15 C
and was ﬁ%ﬁ%ﬁh‘?ﬂn ' HHEE Y Heifst viEdssramty t Bl dattbreompieted the
atfditigithe mixture was stirred for 18 h at 40-45 C, whereas
crystallization started after 1 h. The white suspension was cooled to 20 C
during 2 h, 20 stirred at that temperatur M.5 h and filtered. The
crystals were washed portionwise with 1. T'L isopropanol and dried for 72
h at 45C / 20 mbar, to give 583 g oft roduct as Wwhite crystals (100%
yield; assay: 99.0%) WO 2008/0558]O PCT/EP2007/061676 - 20 -
Claims I. Process for the preparation of )
(S)-4-fluoromethyl-dihydro-furan-2-one of the formula 0 5comprising the
S steps: QIGUHRESBRE glycidyl ether of the formula 0 /\"0*--.0Ri alll
wherein R" is a protecting group, with a fluoride salt to provide a fluoro
hydrinaé)f:ﬂ.f)i‘f?lrléiiafm’fl AWik@dyl ether of the formula

Q
LA™ g I

. 1a - 3 as . . .
wherein R is a protecting group, with a fluoride salt to provide a fluoro hydrin of
formula

OH
o F\/A\/O\Rm v

. 1a - .
wherein R™ is as defined above;

b) esterification of the hydroxy group in the fluoro hydrin of the formula IV with a
sulfonic acid derivative;

¢) ester substitution with a dialkylmalonate of the formula

1b
R 1b \Y
s \OMO/R

e b
wherein R'"is lower alkyl or lower phenylalkyl, in the presence of a base to provide

an Intermediate of the formula
1b
R~ ®
F O\ T1a

wherein R' and R™ are as defined above, followed by
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wherein R" is as defined above;  b) esterification of the hydroxy group in
the fluoro hydrin of the formula IV with a sulfonic acid derivative;  ¢)
ester substitution with a dialkylmaionate of the formula 0 0 15RIKb 00V
WEHORBIASREDt is lower alkyl or lower phenylalkyl, in the presenaecafirbase®sic s

to provide an intermediate of the formula{ 0 131b...00"-RibVI 0,"tle
wherein Rid and Rib are as defined above, followed by WO _
2008/@13%dmmﬁeﬂaﬂﬂymahﬁkﬁmaﬂioxmwﬁliﬁa{i@gcmggggy@g&ﬁd
decarboxylation under acidic conditions. 2. Process according to .
claim 1, characterized in that R is ert-butyl. 3. Process according to claims
1 or 2 2cRavecterizediinghat Rirhis, miethylerized infkhRretessaeeding to
claims 1 to 3, characterized in that the fluoride salt used for 5 the
conversion in step a) is potassium hydrogen difluoride.

3. Process according to claims | or 2, characterized in that R™ js methyl.

4. Process according to claims | to 3, characterized in that the fluoride salt used for
the conversion in step a) is potassium hydrogen difluoride.

5. Process according to claims 1 to 4, characterized in that the conversion in step a)
is performed in the presence of a phase transfer catalyst.

6. Process according to claim 5, characterized in that the phase transfer catalyst is
tetrabutylammonium hydregen sulfate.

7. Process according to claims 5 and 6, characterized in that the conversion in step
a) is performed in the presence of triethyleneglycol.

8. Process according to claim 1, characterized in that the sulfonic acid derivative
used for the esterification in step b) is selected from trifluoromethanesulfonic acid
anhydride, trifluoromethanesulfonyl chloride, methanesulfonic acid anhydride,
nonafiuorobutane-sulfonyl fluoride, p-toluene sulfonyl chloride, 2-nitrobenzene sulfonyl

chloride and 4-nitrobenzene sulfonyl chloride.

9. Process according to claim 1 or 8, characterized in that the esterification in step
b) is performed with trifluoromethanesulfonic acid anhydride in the presence of an

amine and an inert organic solvent at a temperature in the range of -40 °C 1o 20 ° C,

10. Process according to claim 1, characterized in that the base used for the ester

substitution in step ¢) is selected from an alkali metal hydride or an alkali metal alkoxide.

L1. Process according to claim 10, characterized in that sodium tert-butoxide is
used.



LAy

5. Process according to claims 1 to 4, characterized in that the conversion
in step a) is performed in the presence of a phase transfer catalyst. 6.
Process according to claim 5, characterized in that the phase transfer
catalyst is tetrabutylammonium hydrogen sulfate. 107. Process according
to claims 5 and 6, characterized in that'the conversion in step a) is
performed in the presence of triethyleneglycol. 8. Process according to

claim -l pehacacterizrenp thatthe sulfoniq acid Aesivative sask foktiger

%ste{ification in st P b Is sele teq from trifluor?methanesulf?nic acid .
Sybglituiion 1r shej c,i 5 z?_xl‘.orme il hie Cgr:]resel Ce O gfl organic so vent.?f & temperature
ansnydrl & ritfdorométnandsu fonyl chloride, methanesulfonic aci
rakydrite 2(5 fofsafiGrobutane-sulfonyl fluoride, p-toluene sulfonyl

chloride, 2-nitrobenzene sulfonyl chloride and 4-nitrobenzene sulfonyl

chlogides, . @EQ&F@?Q&P&“&'}{QQ tghv%l%%‘]ﬁﬁ% & ‘EQ%%%%%‘Z%H& thatihe

esterifi'catlon_ln step b) 7s performeéd \ uoromethanes ic acid

THRHOAREE R thaElprednas B ENRCEHE A inert organic solvent at a
temperature in the range of -40 C to 20 C. 2010. Process according to
claim 4, icharactenzed i (hatthe Rasesad ordhe eaiersEbSiianNcid is
step c) is selected from an alkali metal hydride or an alkali metal alkoxide.

“* Process according to claim 10, characterized in that sodium
tert-butoxide is -22- 12. Process according to claim 1, 10 or 11.
characterizegimthat the mstaisubstitution in step ci) is performed in the
presence of an organic solvent at a temperature range from -20 C to 50 C.
13. Process according to claim 1, € aré]tterized in that the acid used for 5
transformation in step d) is &1i‘a ysmyipefal acid. |, 14. Process
according to claim 13 characteriged in thacg agueous su‘%ric acid is used.

e S

la
wherein R'* is a protecting group and R'” is lower alkyl or lower phenylalicyl.
16. Compound of claim 15 wherein R'* is t-butyl and R'” is methyl.

17. Use of the compound of formula (1) prepared by the process according to claims

1 1o 14 for the preparation of pyrido{2,1-a] isoquinoline derivatives of the formula

wherein

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

from lower alkoxvcarbonyl, aryl and heterocyelyl;

and of pharmaceutically acceptable salts thereof.



15. Compound of the formula 0 0 R IbR Ib VI towherein Rib is a protecting
group and Rib is lower alkyl or lower phenylalkyl. 16. Compound of
claim 15 wherein Rib is t-butyl and R is methyl. 17. Use of the
compound of folola () prepared by the process according to claims Ito 14
for the preparation of pyrido[2.1-a] isqu?rPoTine derivatives of the formula

1 5where 2 R3 and R4 ea elec d from the ,
(groug %o%%ﬁs%fn%%o?%lla{r)g}leﬁ) @1[ ogg %BS%)HEJ a&my Ib%é?%m@?rmm“ of

Pbwer alReryi: W%@miﬁq&mhﬂ—émwh@mialmy AhbHswelralike Al-maidof 2, 1 -

Aptignaltlibe’ substifuiechhyia greuposeiectedfrom lower alkoxycarbonyl,
aryl and heterocyclyli - 23 - 18. Use of the compound of formula (1)

according to claim 17 for the preparation of (S)-14(2S.35,11

bS)-2@amino:ss koretimpthaxnytbadb A Sl dbib-hexahyeia2HRwidol2 1z 8} ihe
Asogyinolin-3-y1)-4-fluoromethyl-pyrroi idin-2 -one. 19. Process for le
preparation of pyi ido[2. | -a] isoquinoline derivatives of the formula

-

N, [/
j?f‘(j/ i
7

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
16 from lower alkoxycarbonyl. aryl and heterocyelyl,

comprising the process according to claims 1 to 14 followed by
¢} coupling of the (5)-4-fluoromethyvi-dihydro-furan-2-one of formula

F
~
O |

i

T

o

with an amino-pyrido[2,1-ajisoquinoline derivative of formula

NHBOC

= ﬁ ikl
D

. R*

12 p3 4
wherein R”, R” and R” are as defined above,



wherein R2, R3 and R4 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 alkenyt may
VidhHIAR%€ substituted by a group selected 10 from lower pCT/EP2007/061676

alkoxycarbonyl, aryl and heterocyclyl, comprising the process according to

claims | to 14 followed by coupling of the

(S)-4-fluoydimathyl dithdsotuan 2none.offarmida 0 with an

amino-pyrido[2,1-a)isoquinoline derivative of formula wherein R2. R3

and R4 are as defined above, - 24 - f) cycliza of the obtained amide of
formulaH F

NHBoc
i H
o N
X
O
wherein R*, R® and R* are as defined above,
in the presence of a base to obtain a compound of formula
F
NHBoc
o X

o

wherein R%, R? and R* are as defined above and
g) deprotection of the amino group.
20. Process according to claim19 for the preparation of (8)-1-{(25,35,11bS)-2-

amino-9,10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H- pyrido[2,1-a}isoquinolin-3-yl)-4-

10 fluoromethyl-pyrrolidin-2-one, comprising the process according to claims 1 to 14
followed by

e} coupling of the (S)-4-fluoromethyl-dihydro-furan-2-one of formula

with (25,35,116S8)-3-amino-9, 10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H-
15 pyride{2,1-alisoquinolin-2-y]}-carbamic acid tert-butyl ester,



wherein le, R3 and 124 are as defined above, in the presence of a base to
obtain a compound of formula wherein R-, R3 and R4 are as defined
above and g) deprotection of the amino group. 20. Process according to
claiml19 for the preparation of (S)-1-((2S,3S,1 |bS)-2-
amino-9,1O-dimethoxy-1,3,4,6,7,11b-heg<§§1ydro-2H-pyrido [2,1-a]
isoquinolin-3 -y1) -4- 10 fluoromethyl-pyrrolidin-2-one, comprising the
processaickordimpfolelaimsidetb 24 fe) lem@dgbyjamguﬁmypttmd o

hh@ﬁﬁ e@h)d -di Rl f T0-2 W&t
T T e

gyrldo 2, lé]iagbdqﬁfﬁ olih: %?_fﬁr SArBAmTCSHNA Pn %ﬁf’yﬁééter -25- )

cychz t| n of the obtained

(25,351 BS%t%ft(ﬁwﬂ RN A Ry drids) bt Farhinee clovdinethoxyrolidin-
1730 18- ditoe Hexahlyro 62H: pyrided2ydoaltispauinolin-2;iydd:caspamis)| -

agiteit-butylesterinthe presence of a base, and g) deprotecting

the obtained (28,3S, 11 /75)-34(45)-fluoromethyl-2-oxo-pyrrolidin51-y1) -9,

1 0-dimethory-1,3,47, 1 1b-hexahydro-2H-pyrido 12, 1-aj isoquinolin-2- yl]

- carbamic acid tert-butyl ester.



