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PROCESS FOR THE PREPARATI ON OF

W@ 3)0845BIL4JOROVETHYL- DI HYDRO- FURAN- 2- ONE  The PCEEBRIW7/061676
invention relates to a process of the preparation of
(S)-4-fluoronethyl- dihydro-furan-2-one of the formula
F SOl O and the use of this process for the
oaseu?Ibure of pyrido [2,1-a] isoquinoline 5
derivatives of the formula F N2 N RR HO NIl Ra
R4  which are useful for the treatnent and/or

pr aptoCBss BORTHIE PREPARAMOSIORS)-4-88 FORGVETHN L DIBPPBRO-
V. The pyrido [2,1-a] | ﬁﬁﬂﬂ o: bﬂﬁ derivatives of
formula Il F NHR2 N R2 - Ra 4

The present invention relates to a process of the preparation of (S)-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

II

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

The pyrido[2,1-a]isoquinoline derivatives of formula II

II

10

wherein
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10 wherein DK/ 21.08.2007 WO 2008/ 055814
PCT/ EP2007/ 061676 -2 R2, R3 and R4 are each

WO padspeissent | y sel ected fromthe group consi stPEERI007/061676

hydrogen, hal ogen, hydroxy, |ower alkyl, |ower alkoxy
and | ower al kenyl, wherein |oweér alkyl, |ower alkoxy
and kﬂ\f@r nd kgreyeach %l%l]ege% Ierqtna eoé)éte?SfF Sl Seit ztvlrrtolljl]% g?n51s¥18g of

group ’const s 3@
hedregac higlogén, ha Xy,HengékM*rdoweut alle@iyl a}ndé@\e@’mﬂeﬁbw@ wherein lower

t
§l§ le%twel"‘_" alth%; aof lé)gfgtgeldgérgﬂ: hﬁ§ %?ﬁ})lgaél?(’gg sh?gtgﬁtg?iég Q %%up consisting

Pﬂ%fﬁ{ il bwm@ow wbaﬂddteteaowé%r@mééhq P %rgagmcély acceptable salts
fhepddfi el discdfsed REPCK eﬂtefﬂahaﬁﬂmite@t appnwWbeoosoedsagt ur e

of the pyrido [ 2, -a] I soqui nol i ne derivatives of

for

() -RoRes BRERR Henon ey s agyide afshpiceVrapll sup esi of he
key ihtermadiafeom ik mhmmfavwrdbftthepm@dm‘sa afoqtitmelipe deentives of

I
R T R
defl nitions are set forth to illustrate and defl
t he Hewafonpdthat with e mspcashef thepresery lwmﬁl@nw@alﬂmd below, the

gﬁ,@q‘@rﬂl b@]ﬂfﬁ@sdﬂﬂy@ntl on herein. In this specification
the term"lower" is used to nean a group consisting of

one r ef bl y one to four carb

5 rhiesSoreo i pdeRennf BN rplitnsaR Bh Mo fahfdiate and
tefowithemamaing oold r@pe wi the viatiooey iermes usedrtodiessebatd invention herein.
chlorine being preferred. The term"al kyl", al one or

in Cm&%@&ﬂﬂu%t@e thge‘[ovwrﬂ HRRed b%@éfr?a %I%ﬁg cgﬁﬁﬁﬁll%%‘# one to

or stralg’ al n nonoval ent saturated
Ay arefeEbho angde Exir carbogéo™s) t went y car bon atorrs,
preferably one to sixteen carbon atons, nore

pref Ehakly “GaRgt fefels ©alURIRe, AlbratedbEomihbend Bdife, with fluorine,
n comnbi nation with other

bietiBE o) Sfarine BRE Bt oa o "oty o ght - ehat

monoval ent al kyl radical of one to six carbon atons,
pr ef Ehatsiy “olkgl"t dofioar incanomtenorith offiki grotips, mefers to a branched

ﬁfa{ﬁ'& cﬁ&ﬁrﬁq!)ﬁ&}aﬁ:ﬂt ?&fmfa?eﬁ' a%ﬁh%[ucsl‘;t}gpoc%%borfﬁﬁﬁw of one to twenty

I SOpPro
Fg@mggg)rns, PI;C ql Y ong, op@%%/e}ﬂ carlg)nzegowé,trﬁgqemj@fy{ably one to ten carbon
AohRXyl, 2-ethyl butyl and the |like. Preferable |ower
al kyl resi dues are met hyl and ethyl, w th nethyl

pheng PRSI RL b8 BhisrcCarub Bl ellpE s eragpr a0 2
hibovieeddrestraight-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 methyl
and ethyl, with methyl being especially preferred.

The term “lower phenylalkyl” refers to lower 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, 4-
methoxybenzyl, 2-phenylethyl and 3-phenylpropyl. Especially preferred is benzyl.
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at | east one of the hydrogen atons of the | ower alkyl
group is replaced by a phenyl group. The phenyl ring

wWoregosossssubst i t ut ed as defined herein. Exanpl eBCDEP2007/061676

preferred | ower 30 phenyl al kyl ,groups are benzyl,
4- nethylbenzyl 4-f| uor obenzyl ;[ 3- nethoxybenzyl 4-

rmt h?ﬁé/ F IﬂZ‘YoWeF aﬂ(@g 3“%' L h ere%n(ge\%tcg gﬁ é%é@ggﬁl%ed or substituted

eCl a e nz
b@?&@owa(uﬁ n_a@l?c@l ha@ngﬁnemt?etprﬁ caflpwetorb keefgtablysfsorn 2gd 4

BELEN Qto%néﬁcﬁ%avﬁ{r% (Hﬂ:%f%& 'oiéﬁh?cddo%'i)le%bqﬂts 'ﬂré’ftzteaglg one oleflnlc

hydrocarbon chai m radi cal aV|n from?2

Ap e bongt Examplss grefiyin loprogenyl, %anovgéwl é%lkﬁ?@r 2a%ren‘/l (crotyl).
haV|ng one or two ol efinic double bonds, preferably

one Theéfermi“alkofpudefees faahe roﬁpatmlb-eﬁrhafeﬁl NiiBylkyl. The term "lower-

RERS o BHRCLL, LYY itlogbtbTRrow & Gildinove

Rramgeaddyiver dlkexytgeoups aroangrmethbkyo xhbxy,gfrepascyt isopropoxy, butoxy,

r oup as
gégﬂﬁed ég%gzMQ§éﬁgﬁ%{ﬁukgPgP%mﬁ%Emﬁtg%%ﬂ%?bups are
e. g. _Jret hox et hoxy, pr i SOpr opo but oxy
i sobliRgeym br(mN fwf ﬁ%@ﬁb&gr%@fﬁgo @é@ém@ereynf{ is a
pﬁ@i@kyggou B@d&ﬁkﬂhb&@%er al koxycarbonyl " refers to
t he group -O0C(O-, wherein R is a 10 | ower aIkyI

defi d b Th
A omhpf o ABY Atk On%%agomEPE Sl Anghe i v Byl

slsﬂtbdal aschpdsaringhylenr napipthyh pteferpblgﬁ)bcrakb,l whipheny loptisdrillytbe mono-,

| d
eg@%@gﬁﬁtw g(?epggﬁ]v\%rﬂyh lf kyI eto{lk%\ﬁlow%ragg?y l% g/ano, azido,
@yﬁﬁbdkbéYd Yiﬁwmﬁ@thdKmeer al kyl anino or hydroxy.

15 The term "cycl oal kyl" refers to a nonoval ent
car bpgy ekinC cy@&duem re@érs t(hz{ #RnbAl&itkarboy&it eddll )sz tHhEE® six,

%%feirl lﬁ? g%?étoﬁvgﬁagjgn a&;%is 2%&%%% i f F%%%%ﬁ %‘IE(E’BY radlcafjs such as
cyctdpopeitaytlobaigl, cyddginent yihd cyaldHexyyelth pydmyropdadd cyclobutyl

Bé/lﬁjg g%fgryéd FFC%I @/gloglﬁ(ﬁlfr%gldgg m%“&lﬂloﬁ;lx u%éal%n%%ﬂ) e dHG Stbstituted,

ut'ed,
HNEE®Ehd@meyﬂWﬁwﬂﬂ@mbbYb@k&ilor by hal ogen. 20 The

term"heterocyclyl” refers to a 5- or 6-nenbered
ar omghé férlﬁ”‘h@@fﬂd&ﬁfﬁ 18 Gefdls tB gtse BPGMQémEerE&%OME o%étﬁfhted N-

ty ?tljoa yg aln a, th nltro or OX(}/

heige whiRagrchgionsl s it BT or Sxven atom,
mthlad)ﬂmdap(ylml, mfrdzldlyl ﬂiﬁdzbb@lpyﬁdyl pyrpeidalz ntv@pholino, piperazino,
E}ﬁ)ggcﬁfnploﬁ] %819‘511(5) M5 ;Pgrfztierab?y @’u%ﬁﬁ i zokl)yl%r qrglqghrio auch hei‘/[erocychc

azo I no erocyc
opgs mm)abﬂ)t}ortaéy horr@no ,dli~orgri- S{Ubstatgtddsmdtpm@dnﬂy, by lower alkyl,

IM?QI%BQ)E aioy cyamﬂ AZWEHI%(J‘H 1ov?e'i_’ k?y\%ﬁm%lch' Mrox?ail’@ferable

ano, azli am no, di - ovver al y am no or OoXYy.
P% fisienbi dowes ahat imithenethybairgpieteriedy | | with net hyl
bei ng preferred.
The term "pharmaceutically acceptable salts” embraces salts of the compounds of

formula II with inorganic or organic acids such as hydrochloric acid, hydrobromic acid,
nitric acid, sulphuric acid, phosphoric acid, citric acid, formic acid, maleic acid, acetic
acid, fumaric acid, succinic acid, tartaric acid, methanesulphonic acid, salicylic acid, p-
toluenesulphonic acid and the like, which are non toxic to living organisms. Preferred
salts with acids are formates, maleates, citrates, hydrochlorides, hydrobromides and

methanesulfonic acid salts, with hydrochlorides being especially preferred.
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The term "pharmaceutically acceptable salts" enbraces
salts of the conpounds of forrmula Il with inorganic

W@r00808f M ¢ aci ds such as hydrochloric acid, PCI/EP2007/061676

hydrobrom c acid, nitric acid, sulphuric acid,
phosphoric acid, citric acid formc acid, naleic

taglr ?ar (?egalg the dpsrgse%f Hlvéntflou e eésn togt%g %reé)ara Bh7 If g?)a% ﬂggrodnethyl-
émydmiﬂemeéunphéﬂndbanub,and the like, mhlch are non
toxic to living organisns. Preferred salts wth acids
are formates, nal eates, citratgesF hydrochl ori des,

hydr obr om des and et hane ohic acid salts, with
hydr ochl ori des bei ng especpal Py preferred. WO
2008/ 055814 PCT/ EP2007/ 0616 -4 In detail, the

present invention refers to@he preparation of
(S)-4- quoronethyI di hydr o-furan-2-one of the fornmul a
r|S|ng the steps 5 a) conversion of a

egc?H?P“%?%%?ngf the fornula O1ll UORla wherein
Riais a protecting group, with a fluoride salt to

pr ovid@naersion®f o ghyulyl ¢thefof thofommula OH F. ~O-Rla |V
10 wherein Ria is as defined above; b) esterification

of the hydroxy group in e fluoro hydgi{n of the
formula IV wth a squo@E&:I\ der|vgpive c) ester

substitution with a dialkylnalonate of the fornula O

O 1b
wlllerﬁ IB | 5 ﬁ(prpte%rrl]g %I‘ﬁ)g.p WSS h %88r1g? sa%t 1t to grow%le a hXoro%ydrm of

| ower presen
ﬁnuuﬂ@e an |nterned|ate of the fornula

OH

F\/*\/O\Rm v

. la - .
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

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

R']b 1b
~o0 O/R VI
F O\R'Ia

wherein R'* and R'® are as defined above, followed by

an intermediate of the formula

d) cyclization, hydrolysis and decarboxylation under acidic conditions.
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OORL\ /RIb OOVI F O-Rla wherein Ria and Rib are
as defined above, followed by d) cyclization,

Woyas053gsd s and decar boxyl ati on under aci di c PCT/EP2007/061676

condi tions. WD 2008/ 055814 PCT/.EP2007/061676 5 Rla is
a hydr oxyl protectlng group. P?eferably, Rla is

?tel_ © ;aelsd a {ufcf% rotg %%?gémj o@’iefera ﬁ/gR is sef%:c{eﬂ?%%&he group
Gonsistigy nﬁteﬁdmlﬂdm- a(IIM\/BynzafheBrt)eimlyrdepwh@MByl3 4-
MOgb&ﬁl N8) Qﬁ@te@fahg&ogﬁg \?TQ'THP?]-& has the

nmeani n buty al kyl or 1 ower

phenyl al kyl Prefer is selected fromthe
groué’a@@ﬁ%]’@ ferieg e %OF}EPWIR Rasihe meﬁ%lagpébbwf

tert-butyl and benzyl. In a nore preferred enbodi nent

R| b R&ss loher mmmrngwafpmﬁylbudyl. Pﬁlfﬁpbla,) Rlemmear)ed from the group

]c_;on SEP% f 1ine{l]r1y eﬁln fls]o 'ré’pQ/ ert- %%rl X]il(li] g%(nzyletlrrl] § mote of greferred

a o’ provi
ﬁhb@@uwhyﬂrJWSdﬁnﬁ@ﬂmmidﬁhﬂhﬂ Preferred egC|dyI et her
of formula Il is the (S)-t-butyl glycidyl ether. The

quog&Qg salt is preferably potassi um hydrogen
dlfluorlde Expediently the reaction is performed in
t he presence of phase transf

for aicR 6} f%préseﬁ Scé)n{/ergﬁgio S'ﬁ]ldﬁf%}@?ry qsfgormula II w1?hrr}c13 fluoride

st toglooniyd affoom drinyod fa@geana Sul fate 15 which is
usual Iy applied in an amount of 0.1 nol%to 10 nol %

r (3: Zf)tle@egfed % df&g’l %g %T‘éltgtlp%enegﬁ) i 01{874 g@rcldgfl e %he fluoride

ﬂﬂﬂ@Eﬁ#ﬂﬁ@VPheﬁ@wmdwﬁﬁE$edﬁhkmm@an|c sol vent s nay be
used. The reaction tenperature is usually selected in

the EW%HGK/ tﬂquac(ﬁoﬂﬁg%)ér?&nfed@ﬂ the @sef’f&r @f ApHRkerraRiY catalyst.
in the range of 13%7 gy The f drlqpﬁé
ABEITBICRPTa AL Sh RN s o BystiniHab PR Ipigogen sulfate
wkichliedsually ij@iedrit as tbuasofiyl extd%actd ml% refatiag to the glycidyl

Sui_ { gr.gani ¢ solvent. Purification may happen by
9%8U%ﬁ%r Q?IFIatlon of the residue. Undesired side

products such as the regr0|soner

(R) - As ¢ eule alglycobopclp af rigbrybengglopd is ysed ks dibepnt,pethough different
SRRAIALR O G Peqhkdd. fractionated vacuum destillation.

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 III 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 IIT 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, nonafluorobutanesulfonyl fluoride, p-toluene sulfonyl



25 Step b) Step b) conprises the esterification of the

hydroxy group in the fluoro hydrin of the fornula IlI
Wawaok/0ss8sul f oni ¢ aci d derivative. A suitable seCT/BP1007/061676

acid derivative is selected frgm t he group consisting

of trifluoronethanesulfonic acid anhydrlde

chl r dé’l %rl’(l)l f)hazlgr?es suullffo chlor de andqle itr gen en uri onyﬂ h‘fon&e
d nona UOFO anesull P ?f Cf

Brelf@msﬂeﬂu osug Iat@rdytlvmezmﬂmmmharmﬁmmdﬁmme
-6 chloride, 2-nitrobenzene sulfonyl chloride and

4- ni AIQRQNZ SRfeSHIHABY rlcﬁmz Qﬁétﬂﬁlamu?er &f cﬁﬁfeﬁgflﬁlﬂggﬁﬁidine, is
nesul f oni c ‘aci

derlvatlvelstrl UOFOITE
aﬁﬁﬁ}ﬂ Pregent tpgedhar v 4 IRA QBN CREWPIFh ingfYis selected from
5 hilb@dﬁ;ﬁd&ffﬂf&aﬂfon@ hﬁﬁ&hhhﬂo&fﬂq&ﬁ@ﬁ{d chllohsform ®r c&iﬁdﬁkétbﬁchlorlde
et he an nert or
PR PR A e P8 e T S Pt Rlugis selected
th thhrorgomé t40eiaeto 20171 @ poé¢ferabdyon tlearabgnofi-80 F@ehD 8¢i de.
Preferably, pyridine and dichl oronethane are used. The

r eacTh@ﬂ?sﬁlﬁ @gt éeﬂ:l%e 1s%la§@cl E)gfn%glodk Rndhe tJ @1‘39?1119& i ff‘lg art such

era ran

2rShlzsf W@émawﬁgawpﬁ hx%ﬁdé@ﬂ@ o an Wbésﬂtwet W@agravaﬁewﬁthe solvent.
to the skilled in the art such as by washing wth

10 aqueswp chydrochloric acid and subsequent evaporation
of the solvent. 10 Step c) Step c) corrpri ses ester
Sl'lbs’%letl(:I LR rvl\gets Qstar S(ljli)q}th'g | maltgnacfleﬁ aL@lgtef rtlrrlrel'l’[1 ula V in the
int pi)res nce of “a base t 0 provi mt iterme {
pfesdrive of @bmlt@PMV.ldeFthefrécrmmdhaﬂ(t aof thy foradwndie is the
di met hyl mal onat e. Suitabl e bases are al kali et al

hydr p Q&S Uk AmafRA i MHYE A1 REoRAE aSSi um 15
hydri de or al kali rret al al koxi des such as sodi um

tert-hbu i de or assi but oxi The
r eac;%lﬂlbaﬁ??qxlg%%fsaraa @e&éﬁ%ﬂffﬁéauqfwwﬂﬁmm hidiileor pptagtium
15 bydradeice abkalivenil alitoxédes bwahips rs&cﬂlUfrEteftFlﬂI’[bma@oQ)dt@ssﬁﬁn €rt-
ﬁt%];ﬂde aﬁley reac%o I}se asraarn e or{‘ rmegl ﬁﬁe resence (H“I an ot%!gamc solvent at a
or ganic ‘sol Ven's i e oXy &t
teatpresdiyctriofo - 2Ah% tOTEH)e Cr, emﬂd:rablmgn thﬂrengﬁecmOa_CetO_@D °Ch&uitable
B%st@lvyﬂts 9%1&%’[1’!0%9%’[9&1’%%1‘ & hg‘aﬁ)féraﬁy.l eit is 20

ditectly converted follow ng t procedure as outI i ned

in step d). The internediates of fornula / R1
R1 RTheEJ re51)11t1ng 1ntermed1ate of the formula VI can be 1solategl) butasaruleitis

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

The intermediates of formula

0] 0]
R']b 1b
~o0 O/R VI
F O\R'Ia

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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OOVI F O-Rla wherein Rla is a protecting group and
Rlb is |l ower al kyl or |ower phenylal kyl, particularly

wob@sesis1Rla has the neaning of t-butyl and RiRCHEB200HE51676

meani ng of nmethyl, 25 are novgl conpounds and t hus

are further embodi ments of the present invention. WO
2008( 055814 PCT/ EP2007/ 061676 -7- Step d) Step d)
conprlge the transformation to the target product of
formula | which includes an in situ cyclization,

hydr ¥y ¢ sorapised st dsformatipoito thedegetarrioding of formula I which

GRS AP RSsitu c}ﬂ?zaﬁ@@%yﬂ&{brs'f@ AW eBarSORAA I et Qﬁdlc conditions.
internedi ate o0f fornula is acidified MAth an

aquegus mneral acid. Preferably, ue

ac ot PTG o QR Bt e P fite obtormsy {ﬁ}u@ 3hgiftgd with an
adueaut svipedilaicid; erdferabli, eaqﬁla@lgs&uﬁﬁrﬂ QciCid @edﬂ&e@eactlon mixture is as
dg@?gdﬂdl afa, 2 tegaﬁtugegllgll\lt ¢ ran e o % ‘f(f) ohlzlg) Bkcyer gn&l{l%m{l ﬁhe solvent
gedIfbet hours td40 lgurs. §§rdht1<ascamylaep¢rr bic miethodsdknewa to the skilled in

?Hé' 2 o agﬁgéﬁfagtléﬁl/ﬂtﬁrﬁtsultﬁlﬁgg @hlc‘%t)lvteﬁe rSRbMEBE th@ Qavent and

subsequent vacuum d l'ation Tor purification.
gepsequRIEVasHumstalagon iRferuriisalisl- al kyl  gr oups such as
benzyl, catalytic hydrogenolysis may al so be enpl oyed
i nst RachsoR “hy @r“odrysdvserfpmn;tlheylcgam;@tsaat :ilsClen@)ﬂ Eabytic

Ry ARSI SER S ey SR B Jp URGE BhintiiRarptection of e

bixhorpgloupn Typiculentadyssuskd fs thehydabgeaolybis aerRarey Nickel or
gma{dgﬁ %Sﬁ gh!ﬁ%&ﬁ in $S1GerdtOMRAL gé?%ﬁgéﬁoﬁﬁﬁn LF bﬁﬁ&ﬁ?%‘réthtalig

rocess as descri erein before
the preparation of pyrldo [2, 1-4a] |soquinoline

derivatives of the formula F NH2 N z H QR Rs

R4 hherppfigulfurther i m%@eéﬁw Hrﬁaeéf)@%réﬁfw herein before for
areleeiesidn apytiie] 20r-ougd q@aiesing Hemgitioes ofielfodg@in,

hal ogen, hydroxy, |ower al kyl, |ower al koxy or | ower

al kenyl , wherein | owner F

II

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.
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20 al kyl, | ower al koxy and | ower al kenyl may
optionally be substituted by a group selected from

WO omeoswiikoxycar bonyl, aryl and heterocyclyl; BCHER§007/061676

pharmaceutically acceptabl e sal,ts thereof, according

to the follow ng schenes. 5008/ 055814

PCT/ EP2007/ 061676 -8 Schenga 1 F SOClI21 C A ZnCl2
c t 1111 OF O 50- 70% F NHBoc CI NHBoc N
H2 NHz C NN H NQ RZHNO RZ N O R3 NEtS3,
KO . Bu, R3 Acetyl chieri deZnC f'\iﬁ@\(RduTHF 0C, 1 h R4
i sopropanol R4 VI Ph/I X | L_The ©

(S) - 4-fluoromet hyl &di hydrd="far an- 2- one can be ri ng
opened in the presence of zinc chigride and thionyl
chloride to provide the respective
(R)-4-chloro-3-fluoronethyl- 5 butygyd chloride (VII). F
The aci mHgaI oride can then be nesagpHed Wi th the NH,
|®|9% Tyalc i soqui noHpa rivative (VI1l)-toAN
| uor ety - pyrrofdldi h- 2%one  derivativé
[m_l'soqw' (1X) whichaft
Reprotect i on %;‘Fée'lﬁ‘?}§u'the3 estTed pyrirdihifios. 1-R4
i soqli nol i ne d&T%afive (IR) (Scheme Tf"%thene @ F

HBr / QI@cetl c acid EtOBr O FIX @) -

The (S)-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-
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 (II) (Scheme 1).

Scheme 2
F HBr/
J S acetic acid Eto\ﬂ/\(\Br
o) © F
1 X
F
NHBoc
2 O N
_  F R
(0]

NaHCO,,

DMF. 130°C R® acetylchloride,

isopropanol

VIII IX 1I

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-
pyrrolidin-2-one derivative of the pyrido [2,1-a] isoquinoline (IX) which after
deprotection yields the desired pyrido [2,1-a] isoquinoline derivative (II).



X FF NHBoc NH2 NHBoc DO~Br N RZ HNHZ O RZ HN
2HR~O NNN RDW 31 , 1, 31 acetyl chloride,

WR2R8/088K 1 R4 1/ 2 HCI 30C R i sopropanol R RECT/@PMD1/061676
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I X Il According to another en‘Q?Qi ment (Schene 2) the
(S)-4-fluoronethyl-di hydro- furan-2-one is ring opened

in the presence of HBr/ ac c acid to provide the
respective (R)-4-brorm-3-fe$—lg'o1—m%rethyl butyric acid

ethyl ester (X). ,[This ester can then be coupled wth
the am no- pyri §2,1-a] isoquinekine derivative

(V1) toBformithe fl uoronmet hyko yrrolidin-2-one yugoc F
eN'6f tfle pyrido [2, X isoqui noline (I1X) A
rj

sth
|

: |Soq4b|ydmo/byhd"|e (?1)1.vMAONROO8/ °
IBCT/REPZOOW CETE7EC - /-F Oigos F R =
NHBoc NHBoc NH, OH HNHYdi, | NO1l. MCl / NE®'3 NO
tolueMdl 130C R3/ 2. LIHWDS KB / 4 RA R4 VIII X ¥

acetylchloride,
isopropanol

11

According to still another embodiment (Scheme 3) the (S)-4-fluoromethyl-
dihydro-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
(XI), 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 (II).

The invention relates particularly to the use of the process of the present invention
for the preparation of (S)-1-((2S,3S,11bS)-2-amino-9,10-dimethoxy-1,3,4,6,7,11b-
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 formula

II

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



FNH2N HRz NO acetylchloride, 3 ~/ 2 HC
i sopropanol R R4 11 According to still another

weesdsisent (Scheme 3) the (S)-4-fluoronethyl -PCT/EP2007/061676
di hydro-furan-2-one is directly,coupled with the
am no-pyrido [2,1-a] isoquinoline 5 derivative (VIII)
gylf PK/\jreT:]r 51'1}8 Eé/nﬁd;) V%qu(?l&:l jn%%r/\,h glﬁlellllyg)e SSH‘B tltuteH %%, P ﬁroup selected

uibsrzéﬂomﬁmbheﬂfmubmmHBﬁMyhmbWrroI|d|n 2 one

derivative (IX). The latter can be deprotected to

yi el thcﬁ%og\?ﬁiisésetge EWC%Q‘M kée predht in%@rﬁﬂirﬁf%ldeﬂﬁed above followed by
derivative e invention relates particularly t

the use o cess of t t inventi

for § hcé’uB[‘ @ f glflof‘éﬁ‘@t{iﬁ(%@gguﬂqb%}m%Ofgﬁfmu a
no-9, 10-d ethoxy 1,3,4,6,7, 1l b- hexahydro-2H pyri do
[2,1-a] isoquinolin- 3 -yl) -#-F

-fl uoromet hyl - pyrrolidin- -pne. The Jinvention
further relates to a proces or the ﬂreparation of
pyrido [ 2, 1 -a] isoquinolllne derivatives of the
formula F NH2 N ::i' 4 1% wherein R2, R3 and R4 are
each i ndependently selected fromthe group consisting
of  RHHLAYRNO Iﬁ?ﬁ&’&{@ﬁ»a Iik\ﬁq{lﬁ%}ine HQWRLiv @b mulaover

al koxy and | ower kenyl, wherein | ower WO 2008/ 055814
PCT/EP2007/061676 - 10 aIkyIngypr al koxy and | ower
al kenyl may optionally be sub§titHFed by a group

sel ected from |l ower al koxycgr by aryl and

het erocyclyl, which gQnpii ses the process of the
present invention as @ Above fol | oWl by

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

f) cyclization of the obtained amide of formula

XI

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

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

F
l;lHBoc
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e) coupling of the
(S)-4-fluoronet hyl -di hydro-furan-2-one of formula F S

w@2408/055804 wi t h an am no-pyrido [2,1-a] isoqui nBCT/BR2007/061676

derivative of formula NHBoc NH2 HII ::T VI R4
wherein R2, R3 and R4 are as defined above, f)

cyclj zat] f_thesohtaiined . amde of formula HF

B el Hﬁx?ncp% e HEeAINGE  herei n R2, R3
and R4 are as defined above, in the presence of a base
t o ofrddprotactargl dnemato grovirula F NHBoc HNR2 | N O
I X R3 R4 WD 2008/ 055814 PCT/ EP2007/ 061676 -11
wherein R2, R3 and R4 are as defined above and

The invention further relates particularly to a process for the preparation of (S)-1-
((25,35,11bS)-2-amino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido|[2,1-
alisoquinolin-3-yl)-4-fluoromethyl-pyrrolidin-2-one, 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

with (25,35,115S)-3-amino-9,10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H-
pyrido[2,1-a]isoquinolin-2-yl)-carbamic acid tert-butyl ester,

f) cyclization of the obtained (25,3S,1156S)-3-(3-fluoromethyl-4-hydroxy-
butyrylamino)-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido|[2,1-a]isoquinolin-2-

yl]-carbamic acid tert-butyl ester in the presence of a base, and

g) deprotecting the obtained (2§,3S,115S)-3-((4S)-fluoromethyl-2-oxo-pyrrolidin-
1-y1)-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1-a]isoquinolin-2-yl]-

carbamic acid tert-butyl 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-
IV 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 3-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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g) deprotection of the am no group. The invention
further relates particularly to a process for the

wee@paswid on of (S)-1- ((2S,3S,1 1bS) PCT/EP2007/061676

- 2-am no-9, 10-di met hoxy-1,3,4,6,7,1

| b- hexahydro ZFprrido [2, 15 a] isoquinolin 3-yl)-4
|-C)E log'géés) oflp ¥1H;e£<X Pes she%lpﬂlH%tléar’% 6: r%nva%ltlan f/\zlt%ng{ Igleuné 1p €
foll oned by e) coupllng of the
(S)-4-fluoronethyl -di hydro-furan-2-one of formula F

s Ol O wth

(2S, 3S, 11 bS) - 3-am no- 9, 10- dixxgidd&xy- 1, 3, 4, 6, 7, 1l b- hexa
hydro-2H 1o pyrido [2, 1 -a |soquinolin-2-yl)
-carbam c acid tert-butyl %%;er cyclization of the
obt ai ned (2S, 3S, 11bS) - 3- ( 3- Fﬁ@kﬁhﬁthyl-4-hydroxy-
butyrylam no) -9, 1 O-dinethoxy- 1,3,4,6,7,1
Pbmhe&ahpﬁﬂbJ@ﬁHpmﬂgdmkWQahaaﬁ%ﬂsoquinoIin-2- yl ]
-carbamc acid tert-butyl ester in the presence of a
base, and g) deprotecymng the obtained

(2S, 3S, 11bS) - 3- ((4S)+ uoronethyl 2-oxo-pyrrolidin- 15

1 -yl) -9, 10-diretkdkss Y.3,4,6,7,1
| b- hexahydro-? P i soqui nolin-2-yll -
carbamc acid tert- y ester. The pyrido [2,1-a]

i soqui noline derivatives of fornula (11) as discl osed
in the PCT Int. Agp-bagatcbon WO 2005/ 000848 are usefu
for the freatment and/or prophylaxis of diseas¢s
kakle assocrated with DPP 1V suchcag<d ahet O\/\/OH
particul arly penadonseldin R0otepende di abet es §>r
mel litus, and/or inpaired glucose tol erance, as
as Gffler conditions wherein the anpli®{cation of 0313
action of a peptide normally inactivated by DPP- |V
gives a therapeutic benefit. Surprisingly, the
compounds of the present invention can also be used

i n t Hea 00t rasmd baamse flaslopmypred;vethythegpempteyand a magnetical
gtﬁ?ér&mh%eyoaﬂwah §qhus ORSE, ) 1 mydléh&aﬁ@mmsaw NV U835-di-t-

nd/
g{l%pgl&)’ﬁaﬂle? Q%b Riq) %ﬁs% &gd 8?0 %@ rac tert-butyl
gyedﬁnﬂunﬁme@hnﬁmjaamzhegusadxaﬁi@Dunmmbmnagemmﬁrﬁmd

{ra ??f{l{éﬁ%% &?%tco%‘ﬁg HCISJZEIQHE%/ a(??é ar?cI l&yf § délgﬂ‘%%cijalater (1100

esent-1 nve
Ibivere a@l]dccbvlédt qQrive: rHFﬁectwk rﬁdarn@ttphanwano Wegstratd under an air

ﬁér'e ¢ 0.5R '&Péﬂceﬁldt fgr 04 haf RPPPaduYnl H‘l@'ﬂﬂpdtfoﬁro%ellq‘&%@mn filled

In t e art such as e.g. In cont ext W t

PHAr hesbKisnst riggs @A 30‘?”6 898 pferskey gIWIQ@c%Eo‘SsM@fforded
PGTZ EPZND6) 0918t Dbutyl glycidyl ether (S)-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)

cat. Bu,NHSO, OH

s e

TEG 130°

(S)-1 (R)-2
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- 12 The foll ow ng exanples shall illustrate the
invention without limting it. Exanples Exanple 1

wee@passtd on of (S)-tert-butyl glycidyl ether PQ)/ER20BI/061676

QLIH N N cat. OCoO (R R)- Sa3enCo(II) O OH - Y0" Xv
~0+ 40~~0OH H20, AcOH, 02 (alr RT, 20 h /I rac-1

(eati %pée ?O Ilnﬁ:?u ne{:]ke% equ1%1%fz%lu 1%1 eli gctn%cf%nseiq f hteﬁ%ometer,
argchacal stgrdyaa dev@ce(far glpplymg an inert atmosphere (Ar) and an oil bath a

(hRe gﬁger(su)n (;‘f’ 1449 gc(}S(? t}@,)ﬂ @ﬂﬁm F?E‘ﬂdﬁﬂ%’tl’l\érws J- bi é Soo(rnmi Hont éxample
&

but [ cy [ ene) cob g t.rem
riehvigneiglyen. 138- Ogg P%esswa vdygesn diflypsjds (dpp0 mmol) and 1.36

gtéﬂﬁbﬁ m&ﬁ? ﬁ %1 s%]gfag (A08hMG]; #CilQ) I(Négza d‘ﬂiﬂi‘gﬂ)at UPC for 20
ra o were Ccool e un

afor bl St oan i o g i R S BnePn (i gguted with 60

mirdichlovemethade exd @hdhed twithrid®. mITdedordzsdkvated 1 6@t dq@ous 5%

' 5ed. r i f . .
SIS S T SR ATy AOPSALELS Ll i o
obdightereinethade and the combingideorgagtialagers Watpsdrieaipvrr Ba(ehn and filtered.
Rﬁlﬁﬂjﬂéﬂlsoval':&rﬁé‘lt%glrrgﬁa@ﬁ?f ytlhé B%er? by dﬁtlﬂﬁﬁ(}ﬁtf&?ﬁ@ﬁpre%&% tRe
E‘félldb‘F ( ”é%ﬁo m%(msaraCW% dlSEHeJB%"eCP f@lelmrné ﬁ‘b?a?m) @i%‘ﬁ‘iﬂé “Benske”

patgabfforlinf 7d. Ry (R)-flestohbdti0 k)~ B{d3.390002 pslogad’iiduid (bp. 104-
5@%@@\ ~~0Q KHF2 cat. Bu4NHSO4 OH TEG 130 (S)-1 (R -2
14 PCT/ EP2007/ 061676 - 13 In a 750 ni

four-necked flask equi pped with a condenser, a
t hernoneter, a Example 3

Preparation of trifluoromethanesulfonic acid (R)-1-tert-butoxymethyl-2-fluoro-ethyl
ester (R)-3

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

OH
O\V/I\V,F - O\V/I\V,F
>( CH,CI,, -10°C >(

(R)-2 (R)-3

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 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 1M 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 yellow oil
which was stored at -20 °C.



10

15

20

mechani cal stirrer, a device for supplying an inert
at nosphere (Ar) and an oil bath a white suspension of

WwWaosasy14{ S)-tert-butyl glycidyl ether (S)-2 (BODEP®T/061676

fromexanple 1), 80 ni triet_hJ;:ne glycol, 125.0 ¢
pot assi um hydrogen di fl uori de { 600 mmol ) and 1.36 5 g
t et rabut yl ammoni um hydrogeg suIl te (4.0 mol; Fl uka)
were stirred at 130 C for 20""R¢ %fter coollng to RT
(room tenperature), the brown suspension was dil uted
Riephration of if)-4Hflgtiosrasmatdiseo-franwashed) v (Vithsed Hu)
dei oni zed water, 160 ml aqueous 5% NaHCO3 and 160 ni
10% brine. Al aqueous |ayers e extJ actqd
sequenbso@iFLy wi th 80 nl di chl orlqel hdpe and,t he 50,

(0]
ﬁl’,{b ror gagi & _Lyer s"wE¥ & dr iled oYer® K2
fflitered. 70 After Pemovaleol the

be
F
solvent by distillation at nor pressur et he

resi@te (--200 m) was vacuum di stsl4aed over a col unm (94
(20 x 2 cm filled wth "Fenske" glass rings

affording 76.1 g (R)-fluorohydrin (R -2 (63.3% as a
gabstitdtess |iquid (bp. 104- 105C/ 100 nbar). Exanple 3

15 Preparation of trifluoronmethanesulfonic acid (R

-1- frfee[ 750brl1ﬁ R?ﬁ)‘ 'B%Elt&ﬂl fTadk I:J&:Fgﬁ&l &M‘X lnecl?a?ﬁ@a‘i sthrr; g’ccg_clenser,
CF350 2)2 i di ne C(R-2 (R-3
Wpalrrzefenm % ’fmﬁ@é‘l%dl devigs f@rée}ap wé@nmrhatanosphere (Argon) and
fentl@ns®l or il bR@r 0INEet @diund terﬂﬁﬁmmle((@io Shidl) Were dﬁ’ssolved in 200

FEL: nﬁwﬁwﬁg@%%aé?ﬂé g7 e R REITH0 hvdOy e gvere added

aded @alet lﬁtnlmn”(:f&?rtwolmgctolwﬂ BSBg smﬂamet (Rjﬂﬁl of Z(E)(}nﬁl4)1 grom
R e I |
%&1}*{14{3 ?‘)gwgljtgﬁgﬁéedqegg) 1(%1 é?@ legggt!l F\He (%%YQ% rBacfibn xR 2OWH stirred at
f PEforolr-omret hanesul f oni ¢ anhydride (210 nmol) was
added at -10 Cover 1 h and stirring was conti nued at

ThOirterhRiiale (%)-44RQs y&hhﬁw{ vig OHONSUS@EDSE PR IVSS(s\VBS, |”(9(¢H3)3)

sgadenally 200 o), AN CL 20 400 brine, ang

&Mt CasCHe), 8 6quedtioal(hy eadht IH,80HMA.  di chl or onet hane and
the conbined organic |ayers were dried over K2CGB.

I was renmoved by rotar
6&%%%?%# hgal%ﬂég%&%i%o% “affordi n\é 55. 5yg cr udg
triflate (R -3 as yellow oil which was stored at -
C. ' VEhooanaisg] hatbomsERRODH ST EM LSy @amme) ware 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% NaHCOs.. The combined organic layers
were dried (Na,SOy), filtered and the solvent was removed by rotary evaporation (30-45
°C/z210 mbar) affording 22.1 g crude, brown oil. Vacuum distillation gave 19.8 g (84%)
fluoromethyl-butyrolactone (S)-4 as colorless oil, b.p. 68-69 °C/0.5 mbar.
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Preparation of (S) -4 -fluoronethyl- dihydro -furan- 2
-one (S)-4 (with NaGtBu) OOO OCSOZ CF 3 001

WORAOBBEE84 ~O ) 2 M H2SO4 DM F O er 48 h, 85-C FCT/BP2087/061676

(S)-4a (S)-4 Substitution: 5 |n a 750 nl four-necked
flask equi pped with a nechanical stirrer, a condenser,
a dropping funnel, a ther]g:mmstl iy @ devi ce for
supplying an inert at m)sphere lfﬁ\rgon) and

i ce-methanol or oil bath 21.14 g sodiumtert-butoxide
Preparapinn o} (Set-8udioseash il elhydio-2@@n-Zrpne (S)-4 (with NaH)

1, 2-di net hoxyet hane at 20 C and 31.71 ¢

di net hyl mal onate (240 mmol ) wer ¢ adde at720 C over

15 nin d’%&ter coollngtoOCSSQ thiflatle (R-4 (<_ §
200 ? cfrom xanmple @+ we rgadgedg at [0 aT 40480, 15ﬁ/
M and he+oT péact jl’n u |rreg "
(r)rg{oﬂh The i nt er medi atdé/'% 1§) 44 was |deﬁ fie h\e/g%g F

tH NMR (CDCL3): 6 1.15 (s, 9H, C(C§3)3), 2.58-2.78 (S)4
(m 1H CH), 3.47 (m 2H CHO, 3.67 (d, 1H CH),

3.74 and 3.75 (s, each 3H COQ2CH3), 4.52 and 4.67 (m
e dn: GH2F. 15 Cyclization, hydrolysis &

decar%oxyl ation: The ice-nethanol bath was renoved.

200 M 2M H2SO4 (400 mmol ) were added all ~at once and
the et 73} @alétrﬁeéf?drﬂaﬁlf mlépméswmafr@ehw@é plirFf § gradenser, a

ﬂﬁfppﬂfg ftinnéhfet ﬁ%rrﬁ@ﬂleﬂteﬂgt deQice RO shbﬁlyfn@&ﬁtmegﬂaﬂfﬁdéblﬂé’r@ (Ar) and
hr ee nes. (0]
KRGS Bt P b G 5 P Raig Bk D g i RGN Ao e oD in 200
21/l RadiEEth axydthencweerb iaddat m(ggdlmeth)dymlsnaze(zrs'é)rmmdbl ado °C over
t : :
r%?éf%%t{}% %tjrlg W;[gco?lg!g g(g?oré(ﬂ \TT\g c%%% S, 1\51%gluk?1¥n éNzas iooled to
°@f5§eﬁeg trk )0} (<200 aemabireimsexanipi 3})o\ﬁerg ageedig 08Cepver 15 min

5.1%8@3 oriﬂg‘é%a‘%ﬁ@ﬁ Mtu%XJ QHrRALPNE € Rr-sth.as col orless
il mbar. WO 2008/ 055814

0

P /EPZO 1676 15 Exanple 4b Preparation of ()
%lzf"il% W& d?ﬁaFRFH‘V]&UO‘Fur an- 2 -one (S)-4 (with
NaH) 0 0 0 >, ONOSO2 CF 3 00 1) NaHOO0 2) 4 M

H2 SC00 ml 4M H,SO4 (800 mmol) were added all at once and the yellow 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 ml dichloromethane. All organic layers were
washed sequentially twice with 100 ml 10% brine and the combined organic layers were
dried (Na,SO4). The solvent was removed by rotary evaporation (30-45 °C/>10 mbar)
affording 22.1 g crude, orange oil. Vacuum distillation gave 19.4 g (82%) fluoromethyl-
lactone (S)-1 as a light yellow oil, b.p. 65-68 °C/0.5 mbar.
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+ O DME, 10C O 40 h, 85C F (R -3 (S)-4a (S5)-4
Substitution: 5 1In a 750 m four-necked flask equi pped

wawraokosssiechani cal stirrer, a condenser, a drBEPEPZP07/061676

funnel, a thernoneter, a devi_cF6for suppl ying an inert
at nosphere (Ar) and ice-nethanol or oil bath to a
suspension of 9.6 g sodi umﬁ}xr%r 'iedse 60% (240 mmol ) in
200 nml 1, 2-di net hoxyet hane“Wwere "added 33.0 g di et hyl

mal onate (250 mmol ) at 20 C over 15 min. Stirring at

RT weespaefien nlidd)-4-chloto-f:flupmemediybbigsd chlotidbi d

solution was cooled to 10 0 C, 55.5 g triflate (R -3

(<200 mmol ; from ex e 3pooere @dded at. 0 C over 15

mn and the oranfe\feacti gacin xt uref wag s€lrred at 10
Cfor 5 h. Cycli ton, h si s & de boxyl ati on:

200 M 4M H2SO4 (&0 mmol )50480% added all' at once and

the yellow reaction mxture was heated under refl ux

for 40 h (--85 Q) .gpfter cooling to RgR _[ghe reaction

15 m xture was transferred into a separatory funnel

and diluted with 200 m deionized water. After

r enoab0 ofl redveorsmaipped pitbra roédhynicalyséirre(, r Fieltalthe@idometer and an

i ' hde) dy t; G ran-2-
AR, SO DY) ORI ran2on
phY e 87avamel) vins Hdridetsoitsiml (452mpl shignyliehicglentheppogture
%I\sla %ﬁuﬁe;mfogr Eg h,c%]@p glrg(t%ﬂecptb%gl ® Il’lgy{gl%s/x;ﬁgt@gfeciﬂfdté Which already

) so] v S v y y ,
ﬁ%lﬁg Sglf% He(rsertion, mfg?%%?f??lz rAPFAEEY Hgiosphere gnd washed with
& sl arfnlﬁtlﬁtk@&hibhlyll. ch‘l.(i’rﬁ‘dtuﬂfhdﬁl?iaitd Wad diﬁﬂlelg ay ﬁ)llb9733|4T lgonyl chloride

829 or o - Qne..((S),-1 as ight vell.ow .
\éVIan (’:@ll}gctsaj AxE _1@%?%%)%3%@ a¢011\k6)d2€§8’§)/e@g%1§:{%|6 mbat. 'i“hen the oil bath
RATERRGOVISBBLET Bicreaselibanixherfheidns Beeyran af kot 6FC / 1 mbar were
-Axchl T (IRYQr My bz ) rivge.: )
e B g R 5050 s
PEabt or equi pped with a mechanical stirrer, a Pt-100
thermonmeter and an 5 argon inlet was charged with 226

g (1.90 nol) (S)-4-fluoronmxhypteds hydr o-f ur an- 2- one,
64.9 g (476 mmol) zinc chloride and 698 m (9.52 nol)

thi op%lpar%lalor? I;)% FZ%',?)S-,I-IH%S)QB —)Eu{’)r) E:"Fluoromethyl—2—0)(o—pyrrolidin— 1-y1)-9,10-
dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido|[2,1-a]isoquinolin-2-yl]-carbamic acid
tert-butyl ester

F
NHBoc Cl NHBoc
A NH, \[I/\(\CI = !
H O E H
CH,O N CH,O N o)
NEt., KOt.Bu
CH.O 3 :
3 THF, 0°C, 1 h CH;0

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-1,3,4,6,7,1 1b-hexahydro-2H-pyrido[2,1-a]isoquinolin-2-yl)-
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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was refluxed for 66 h, then allowed to cool to RT. The
white precipitate, which already fornmed during the

wo e85 was filtered of f under an argon at nBGPERI087/061676

and washed with a snall am)u_ni of thionyl chloride.
The filtrate vvas distilled as ol  ows: Thi onyl
tion

30
gh']f)ﬁ%e qnuttl T YRS e G 1oneCt E\Jd' n%came tllﬂﬁzﬁtb t s?ﬁ rerpalgecg %tlrrab(i:e The

eratur e
mertperasusticredds 1s3 bwi §-5i°he pratberdbaaen Dﬁ%ﬂ’ g 6727 omsol) acid

babmeeh Bm T82F (Fad adicBRAN BN Ktu® Q\lak @&Itr@cfjfortaﬁotﬂ'elv £) min at 0
196 g (R)-4- IoroSquoromethyI but hl orid

( 5366 PepEsi e/ § @7gmo Ei?%fﬁﬂémeseri 5b115}’1é$§a? 909 B dy THE was
é&@d%anhg BSmid; Iﬁléﬂa&mﬁgwl@er@ﬂ@emlhre 2t bAewy (. aktetidindletéd

iﬁdgﬂﬁn %efmfftﬁe Max ﬁtﬁm despighit 0aGp Bovred P Sgdubaibiatyratsd brine

yid extactd it @2 Lethyl ecdtatl lm:ﬂorgm(e]my& walsBsloedGEithNBIBdchal

%I\hllf\llgﬁ(grﬁqg rl? tﬁlg}gxgbl eg é:EES ?Pbgré's ga%%&ﬁ’ag@wlgywnﬁ A ethyl

ﬁ@&qﬂiaﬂ’h@apn@medroggamglamrs 1o fillssedhayees @pd 06309 sodium sulfate,
S5RPRIAEd bH Qrﬂgﬂat&? gva‘i‘)opdt&r Q9erci/ rlb%bé’f@ﬁd clkidd 9e5h A L1 mbar

%qg lé%l’ &bgge 2%‘313 gld%rﬁ,gf H’&@VCHT 1s4n%er—;al was chromatographed over silica gel
vith Riechddry eHethra2 EFIRYF 3:0@s Eldeds; & gﬂ/ém&g mﬂhcﬁ "Phiy Imaterial was

S5PG R 5 BB reh g Fie 3009 S ipeion B gy reach
BdotesdtingirDa thidk, Buawe! sirsblasuspmsoh. Sfterd Iy a{ BhAhenaldjsh brown
&i&tg?&y&%&ﬁgf@d atod ¢ 89&5@%{ I?éﬂiovpeldltw X5 Ecg Roar 'dQﬁn%E h4’1’lz%crystals

was added mai nt al
te was @POYEOJEWIS%WMO@W@%@I ¢alé A BHFE Eamwpoled to -15

| JndQﬂfrlthTSr GRia€13MQ 2@%31955@&%&3&? 155PZOBACOLILE fbar, to give 127 g
[gﬁﬁagk g i de sol uti the reaction m xture becane

YA 91eld Y+l Prﬁ’i)ned stirrable. The mixture was
stlrred for 1.5 h at 0-5 C, another portion of 9.37 g
(52.7 mol ) acid chlorideBxampked dry THE was added
and the m xture was stirred for another 30 mn at 0 -

5 C. Pf%]bﬁlléﬁpﬁrd? B%soldgﬂtﬁ?-(g EﬁJulr%HEl ﬁ,ﬁhgﬁ%@@iﬁ%laﬁnm%) -9,10-
ﬁimﬁthWr]n Aion HE-haxehydsapdt- amﬁkeﬁdta el sinolbn-2-yl jxear gﬂmlc acid
£RPLOL &fr

F

S
'é‘HBOC \HBoo
: o (S)-4
j@gj, 2-Hydroxypyridine, :@:Ej‘

toluene, 130°C

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) (25,35,115S)-3-
amino-9,10-dimethoxy-1,3,4,6,7,11b-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 (S)-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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addition the mxture was stirred overnight at 0 C,
poured on 6.2 L half saturated brine and extracted

WORMR/058P4 L et hyl acetate. The organi c | ayer WeST/HRRNB61676

with 3.2 L half saturated bri fge_, and the conbi ned

aqueous phases were extracted twce wt h 2.2 L ethyl
gé\;(gﬁl?{o?uenghﬁ%e %gglnrgleo% v&asglra%gtlgg |t(|f a 21?(,8 Y rgag 1{: télrrlrﬁed ﬁgo T de clear
wlumrast@tmylgémp 60 %@ arften$0 #En @nderleﬂuﬁyasusamlmfperdedaagam After
&)Qalg 73 lpuﬂde'?t’@ﬁux h%lrtgﬂ:ﬁ gb;)eﬁé?o@bv‘é@cc%?éi 19 1Ef, WelBted with 100 ml

product . hi s maf er C ronatog hed over silica
]

@éhlorwmam Tl BrsedehithwimiR g Aftey lt@t@@n&he filtgr gkgavas washed
p&Siod wasOmIE totalg‘ﬂ(f@ rﬂl&bﬁfehé}'thwﬁﬁort@ﬁ shenegttddlyd @O nﬁi:I

anol eat e o reflu f,
JrbryRrats ThigieralEie ot B oamogypr %L{w 1o e 6.0 g
ptaduraoue seldpangt 000%)After 4 h at RT, the reddi sh
brown 15 m xture was stirred at O C overni ght,
foll owed by -15 to -20C durd,ng . The crystals were
filtered off, washed port|onvv| ge wth totally 250 m
col d TBMVE (pre-cool ed t C) and dried for 6
45 cPvep@raﬁﬁlapf (2515 ld\kéb3ﬂgﬁsi§1wrafne&§1@ qxoomrqlasla% 1- Yll)o9 10-
Qin\/&h(};&ﬁ 94, 6l7§1p1ﬂ)aﬂi€x€1hﬁi48@2y{ glido[ags@koqdid0i)- 2E)1pwb@m7c acid

li%foar ation of
Ph S) - 3- (3- Fl uor on®et hyl - 4- hydr oxy- but yryl am no)
-9 10- di et hoxy-
1,3,4,6,7, 1l b- hexah |E!rd:ZH-pyrldo[Z 1-a]isoquinolin-2-,—F
yI] car bami c attHHoc -butyl ester F S HF NbHBec
NHBoc N 4C~7 _x :Tﬁ' CH30 ol uene, 130C CH30 A A
reactor equHgped['w a_nechani cal sghrder HPt - .00
t hebdhe N22 dropping funnel an 7R
was char W §h 50 g (128 mmol) (2S, 3S, L&
; et hoxy- 1, 3, 4, 6, 7, 11 b- h@k‘a@]ydro- pyri do
[2, 1-a] i soqui nolin-2-yl) - carbam c acid tert-butyl
ester, 500 ml toluene and 2.51 (25.6 rmol% 2-
hydré%ySp&rqae@ﬁéqu%ecmt% aélllqcbﬁillia} S%I'rr%‘irvﬁlpéﬂo thepaagict, a

g f0AS:, mﬂlg Ofith(ad- a4mtrogen inlet was charged with 28 g (56.5 mmol)

T S A AT LB

TAd,qlr, bﬂphevgthjrdmnﬁﬁ pweido 2 Inslesbqporol inehyli] serbantihacid tert-butyl

LRy s Y6 4908 1R ALt EFIL ERQE RLGEE, so1dfbn of 6.17 ml (79

mmol) methanesulfonic acid in 42 ml 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 (141 mmol) 1 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 20 min of reflux the solution was allowed to
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100 M toluene. The suspension was heated to refl ux,
whereas it turned into a clear solution starting from

W@008055i4 er 40 m n under reflux a suspensi on POY/ERW07/061676

again. After totally 23 h undgr reflux, the thick
suspensi on was cooled to RT, dituted with 100 ni

gra Palféftcogﬂol’?ﬂ Sulfalrrl]gq % ﬁt xl/vflerﬁas C\R%stallgzatlﬁn ataated 59’; T f%) mm After 2 h the

guspénsian wikd gporddo Mi°Ctiot Libniellowedhy PorE mml lesb@ cwsmhs were
ERér@h tﬁ?f V;aoepptli[1 coo%%s&ﬁrﬁ%ﬂﬁaewasﬂag prtlotn%se%ﬁ?%’\ﬁ? TBME and

dri ed C/ gl ve 60.
6}?1%{% tl 8 é’l%% y@ é|2Q1 mbggémgwe :@é@% pro@gﬁﬁ Whitg crysta?s (77% vield;
E’gsgpwa% yon of o

3S, 11bS) - 3- ((4S) - Fl uor onet hyl - 2- oxo-pyrrolidin-1-y
I) 9,10- 10
di met hoxy-1, 3,4, 6,7, 1l b- he;gﬁvg}eog 2H pyrido[ 2, 1-a]i soq
uinolin-2-yl]-carbamc acid tert-butyl ester HF F
NHBoEreRrBtion oH(2Y, 39, INDS) - 1- CRR@iN-O I0HE @ ethany O, 3,6h3 D 1 BH@hydro-

[ i :

B Bl s B BB Bl S A ERUrEE o Bl fchloride
and a nitrogen inlet vas. charged with 28 g (56.5 mmol )}
15 of
(2S, 3S, 11 bS) - 3- tol? uqr onmet hyl - 4- hydr oxy- butyry'?‘éngno
-9, 10- di net ho ~NY/6,7, | |b-hexahydro- 2k pyr
[2, lelapd q'olln- yI]_cau:am.C@,q:bd butlyl o
THF.” The m xture was co
anddﬁ_| f 6.17 mM (79 mol)
acid im 42 mM THF was added duri ng %_'3m n, maintaining
the tenperature at 0-5 C. At 0 C a solution of 12.6

m (80, 521545 aaBlo} e% 1p§éd1w1tl@tﬁ1nﬁh%hhrﬁcé}3tlmr, a0t Tbﬁtl}/@l&oﬁﬂ@@dﬁ
urin res I N suspen STI
ePb B TndTaid g hiredeR Tileb b BBt AR ald Sqiaeh o Cos 35, 165)-

Bh(%R&uordih&hy]llkbepy(rﬂ)Hdmnmll) 39, I0-Anhdthi dxyuin3,4,6,7,11b-hexahydro-

gfislg)ﬁr{do n¥ de’clul V\%Al?n% eﬁ'e]l\ﬁ?arn%c %88 GEQ’I 'i)ﬁtyli If?set\ern‘%l étLég(ﬁlFR%anol and

suspensi on di'ssod
éfbml:watm and thelubRansiontves heated taRI0-Av PGl agecandrvessabidd8 L

8bprophidl-was 208 elto ¥E 8hd Wm@@@ﬁﬁmﬂ)tﬂﬁdﬁ&@dé W adiB@during

m Xt ure was .extracted and ous 2 %‘ﬁa
PR dURAtIng thetgmpargtuie - %o@ ter£Qgn dition, the mixture

duclllowvednBidranea. 15 @dgaRiteen Ji@yighaddseioahefshvaeddadng 1.5 h.
St aEhon P bE S e BRL e T Ptdd 82 vhorge
Eystatl inat ®o nolita ol afied 1 hnTHSGhitt swpedsior emstokbddo 20 °C during 2 h,
stirred at that temperature 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%)
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filtered and again evaporated to give 30.5 g crude
product as a slightly brownish foam This materi al

woRr®sasssol ved in 122 m net hanol, resulting i PCHEPIWITH61676

suspensi on, which 30 dissol ved, fp heating to refl ux.

After 20 mn of reflux the solution was allowed to WO

2008/ 055814 PCT/ EP2007/ 061674 19 gradually cool to

RT during 2 h, whereas crysragp%zatlon started after

10 mn. After 2 h the suspension was cooled to 0 C

for { F}}ocefsgfolr@l‘l@ﬁep%aﬁgﬁ:’gf (If S9I4.- ﬂ-u(brom-g lgﬂxﬁf’@kﬁaﬂ‘@ éne of the

filtered off via a pre-cool ed gl asssinter ‘funnel
portionwise with 78 ni TBME and dri ed for 18 h

at 45 C/ 20 nbar, to give 21.0 g product as white

crystals (77%yield; 5 assay: F5% . Exanple 9

Preparati on of

(2S, 3S, 11bS) -1- (2-am no-9

exahydr o-

2H pyri do[ 2, 1- a] i soqui nol i n{B-yl)-4(S)-fluoronethyl -py

rrolidin-2-one dihydrochloride F F NHBoc NH2 N H N

CH3Ol 0O.CH3BONO CH3O CH3O 2 HCl 10 A 2.5 L reactor

equi PYRSRE HesREchani cal stirrer, a Pt-100

thernoneter, a dropping funnel and a nitrogen inlet

was ghangedioniof h gitRlybethdr. @@hairnubf ( 2S, 38,11bS)- 3-

((4S) -fluoronethyl-2-o0xo- pyrrolldln 1-yl)

-9, 10-di net hoxy- 1, 3, 4, 6, (7 b hexahydﬁg 2H pyri do

[2,1-a] isoquinolin-2-y| ca(baﬁ1c acid tert-butyl

ester, 4.2 L isopropanol and 62 m water and the

suspepsi on_was heated to 40 a,second,vessel , .

e e BpvIpAENe ucBR & dupto R REEvIAs S Roro hydrin of

{wm: nol ) acetyl chloride was added during 35 mn,

mai ntai ning the tenperature at 0-7 C. After conpl eted

addition, the mxture mas(HHIomed to reach ca. 15 C

and was t hen sl owl y added the first JU¥ssel during

1.5 h. After conpleted a d|t| on'RfAe mixture was

stirred for 18 h at 40-45 C, whereas crystallization

star fier ite suspension was cooled to

20 C%ggfﬁlﬁ z%ckg% zﬁmpged at that tenperature for

1.5 h and flltered The crystals were washed

por t bbesttirdicatioq efithg hydroxy giopp opdheoflueiedydrined ticdermplagV with a

allfARGdd aiwaher:, to give 583 g of the product as

white crystals (100%yiel d; assay: 99.0% WO

2008(/3)0658'[56§ g'u sﬁ%{olrzlavzlt OZ {1191 1Fmeﬁonate of the formula

R1b\OJ\/U\O/R1b v

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

R']b 1b
~o0 O/R VI
F O\R'Ia

wherein R'* and R'® are as defined above, followed by

S
i met hoxy-1, 3,4,6,7,1l b-h

an intermediate of the formula
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-20 CGainms 1. Process for the preparation of
(S)-4-fluoronet hyl -di hydro-furan-2-one of the fornula

WO-20080838k4 O 5 conprising the steps: a) converBCDREPWD7/@61676

glycidyl ether of the formula Q 11l UORla wherein
Rla is a protecting group, with a fluoride salt to

e °Ww§zn V%“r’lﬁ & ol &r?%%)ox}é}%%%n )T és Flecrﬁonl%lé’?‘.

of t he hydroxy group in the fluoro hydrln of the
formula IVwith a sulfonic acid derivative, c) ester
subs?iRra¢dsprccaiding @ Céﬁlm kgherarterieaddn dhatfheistesthulvh O
O1b 1b VR O QAR 15 wherein Rlb is |lower alkyl or

| ower phenylal kyl, in the presence of a base to

pr oV dBocafadcotdfigmdileing 1afr 2t terf@erinel an BaORMRls inefHfLb
OOVI F O-Rla wherein Rla and Rib are as defined
above, followed by

4. Process according to claims 1 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 hydrogen 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,
nonafluorobutane-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 to 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.

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

used.



WD 2008/ 055814 PCT/ EP2007/ 061676 -21 d) cyclization,
hydr ol ysi s and decar boxyl ati on under acidic
W@ omdisisons. 2. Process according to clai m1,PCI/EP2007/061676
characterized in that Rla is tgyt-butyl. 3. Process
according to cIainB 1 or 2, characterized in that Rlb
S I 0cess,) acco
char ac%(r)(feﬁsea Cordu%gnto & e’ ?‘ ?uorl es gieflzed méﬁ‘?[ e e
mﬁaunmmuemsrpn)mmeébepahﬁihspp@@asgfamvhydmogbnnﬂnatﬂnpﬂﬂUHe
g{gggghtioC§05gb@cess according to clains 1 to 4,
racterized in that the conversion in step a) is
performed in the presence of a phase transfer
cat al ¥ Frocebs acbH QeSS BEHO, elh38ctb@zedli@tHRt Phe acid used for the
characteri zed |%&that thagﬁgase trgnsfer catal yst is

5 PR RRATNP PSSR FAFUEYEMESTH A6'd: 10 7. Process

according to claims 5 and 6, characterized in that the
conv p t . Qf.q.
Lrie Fr ety Rt 1 Uaph LR AR T B P A i Blia
g¥tdr acteri zed in that the sulfonic acid derivative
used for the esterification in step b) is selected
fromtrifluoraomethanesul fonic acid anhydride,
trlfl%6¥6W%¥ﬁ§ﬁé§H1P8ﬁ9 chl ori de, nethanesul fonic
aci d anhydride, 15 nonafl uorohutane-sul fonyl fl uoride,
p-tol uene sul fonyl chlgridg, & nitrobenzene sulfonyl
chloride and 4-nitrob8nzg éaﬁyl chl opj de. 9.
Process according to claim or08 characterized in
that the esterification I A5t B is performed with
trifluoromethanesul fonic acid anhydride in’the
presepce, of,,an amne and an i r or gan sol vent a

10 5 t eWBERE R & 3 RiofRENg givys B Rnﬁ@ (@V%ﬁ Eor lgwery eilcsla kyl.
Process according to claim1l, characterized in that
the base used for the ester substitution in step c)
i s sib.€mngobuhdafchaim ab kalereimBi®ds t-byitt ardeR Biis mnthal. kal |
nmetal al koxide. 11. Process according to claim 10,
characterized in that sodiumtert-butoxide is used.
WO ZPﬁ%QéﬁﬁﬂeébrE&I! &Pgﬁl%l t%%%@ 1 t6 44 fordhe Efe Gf2#81 of pyrido[21-
accordlng toclaim]l 1, characterl P
plhsoqypline degiwativies aﬁﬁhéﬁomw %t ep c) is perfor rred i n t he
presence of an organic solvent at a tenperature range
from-20 Cto 50 C. 13. Process acgording to claim i,
characterized in that the aciNg,u for the 5
transformation in step d) isA eous m neral acid.

II

15 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;

20 and of pharmaceutically acceptable salts thereof.
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14. Process according to claim 13, characterized in
t hat aqueous sulfuric acid is wused. 15. Conpound of

we b@spssmul a O O b /RlIb RL R O VI F O-Rla 1BCTWRR2081/661676

Rla is a protecting group and_ggg)i s lower al kyl or

| ower phenyl al kyl. 16. Conpound of claim 15 wherein

Rla | -hutyh. and ‘R b.i thyl . 17. 0 .
o oc kg AeHnR RS e Ry 1 Rl oy gHRG 21(28.381165)-2-amino-
pi eplamathomy 1 34, @Y 1 tbp@hydroalHipyoidal 2nloh jisne udetinviayh) vie s
Afiolofe oyeh BdiG2-bhR N ::i' O 4 15 wherein R2, R3

and R4 dre’each i ndependently selected fromthe group
consi sting of hydrogen, hal ogen, hydroxy, |ower

al kyl . | ower, al koxy or_.|ower al keny|, wherein, | ower

al kyl9- Freqsey fon thedugpaspiien %*fvéfrﬁabkﬂﬁhwmg}olgm qegixaiiyey of the
fenmsiltbst i tuted by a group selected froml ower

al koxycarbonyl, aryl and heterocyclyl; 20 and of
pharmaceutically acceptable salts thefFeof. WO

2008/ 055814 PCT/ EP2007/ 06167y - 18. Use according

to claim17 for the preparationfi oOf

-Wi net hoxy- 1, 3, 4, 6,

aj Dsoquinolig-s-yl)
-one. 19. Process for the

-4- fluoronethyl-pyrro
' % i soqui nol i ne derivatives

preparation of pyrige
of the 5 fornmula F NH

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

9] 1
O

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

l;lHBoc

VIII

wherein R%, R® and R* are as defined above,



21" 4 wherein R2, R3 and R4 are each independently
sel ected fromthe group consisting of hydrogen,
wh 2008083814 hydr oxy, |ower al kyl, |ower al koxy aPCI/ERP24eT/061676
al kenyl , wherein | ower alkyl ower al koxy and | ower
al kenyl may optionally be subs%ltuted by a group
sel egte al_kqgx rbo yI aryl and
het e (¥8uF9?noP&k08M%KﬁanPﬁ Xﬁ%ocegs according to
cl ai s 1 to 14 follomed by e) coupling of the
(S)-4-fluoronethyl -di hydro-furan- %ne of formula F
SOl 0 wth an am no-pyri doNHEqcl- i soqui nol i ne
derivative of formula NHBoc A NH2 2 R\ NVII R3 R
15, wherein R2, R3 and R4 ar efi ned gpove, WO
>R ) cyclization of
t he obtai ned am de of lafyHF NHBoc H 2 HX R
I NOR3 R4 wherei g*R2
above, R*

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

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

F

l;lHBoc

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 (S)-1-((2S,3S,11bS)-2-
amino-9,10-dimethoxy-1,3,4,6,7,11b-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 (25,35,115S)-3-amino-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-
15  pyrido[2,1-a]isoquinolin-2-yl)-carbamic acid tert-butyl ester,



in the presence of a base to obtain a conpound of
formula F NHBoc HNR2 1 NOIX R3 4 wherein R2,
WR08/558R% are as defined above and ¢) depr ot BCT/ERP200T61676
the am no group. 20. Process agcording to claim9 for
the preparation of (S)-1-((2S,3S, 1l bS) - 2-
hoxy-1
| b h cg%liIZatlon g Fflgg\ajqu%2§ 39 r’l}%l?ﬂ)% éﬂ ﬁF fon}ftl‘llyl -4-hydroxy-
buwmellﬂ imethoxgi 1B 26.3r1db- k@@dp’drcsizng}trhf@ bt atiegguinolin-2-
ﬁ?%@qu}rﬂgactl@teﬁ Qu esgertlﬁ’th‘legaresfeﬁ&é mspﬁn@ coupl i ng
t he - nethy i hydr o- f ur an- 2- one of
for
(25, Ssiepreisy g Tanphgingt 1855 a3, Broromett Provemarolidin-
hWL@iQ&métﬁoW[ BA®, T, 21 b-BexaBdriosxaiyplyFiad 20~ 2Holginolin-2-yl] -
grban1c a% erg butyl ester, WO 2008/055814
é&%ﬁés L25 f) cycllzatlon of the obtained
(2S, 3S, 11bS) - 3- (3-f | uor onret hyl - 4- hydr oxy-
butyryl am no) -9, 10-di net hoxy-1, 3,4,6, 1, 3,4,
| b- héﬁié&hy@pﬁe@[@cess@s inferrhedigfes #1) lisas 25 @ﬁlsc}rlbedénemb@fore
acid tert-butyl ester in the presence of a base, and
g) deprotecting the obtai ned
(2S, 3S, 11bS) - 3- ((4S) -fl uor onet hyl - 2- oxo-pyrrolidin- 5
1-yl) -9, 10-dinethoxy- 1,3,4,6,7,1
| b- hexahydro- 2H pyrido [2,1-a] isoquinolin-2-yl] -
carbamic acid tert-butyl ester. 21. The novel

processes, internedi ates and uses as descri bed herein
bef ore.



