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the chiral centers in the pyrido

- | - PROCESS FOR THE PREPARATI ON OF

PYRI D012, 1- Al | SOOUI NOLI NE DERI VATI VES BY CATALYTIC
ASYMVETRI C HYDROGENATI ON OF AN ENAM NE The
present invention relates to a process for the
preparation of pyrido[2,1-a] isoquinoline derivatives

of the fornula wherein - -R2, R3 and R4 are each

i ndependent |y sel ected fromthe group consisting of
hydr ogen, hal ogen, hydroxy, |ower alkyl, |ower al koxy
and | ower al kenyl, wherein |ower allcyl, |ower

al I coxy and | ower al kenyl may optionally be .

substituted by a group consi st | _ r
al KoPROWESHRQR THE: pRibassRioN arfaibdifisooumNoLINE

AN

Liv, ;
whi ch are associ at ed mﬁthggggggﬁyloThe pyri do[ 2, 1-a]

i soqui nol i ne derivatives of L AatiorPéfyrido[2,1-a]
di s0s PEFSS H}ﬁé?ﬂqffﬁe&?‘?‘fg?? ﬁ"ac%gz%‘{tgnﬁéiippl? v%y

1205 NRO8LRatives of efimpurat ask in the synthesis of the
conpounds of formula I is the introduction .of the

chiral centers in the pyrido [2, =1 i soqui hol i ne
nmoiety, which in the curremH,symthesis according to
the PCT Int. Appl. WO 2005/Q004 i nvol ves | ate stage
racemat e separation raI HPLC. Such a process
i s however diffi cu? Bnage oM technital. scale.
The problemto be sol as therefore-to find a

sui tabl e process & ve which allows to obtain

the desired optical isgmer in an earlier stage of the
process, affords a higher yield and which can be

conducted on technical scale. - It was found

t hatwherdith t he process of the disclosure, as outlined

bel ow, the problem 20coul d be solved., - 1 a -.. fhydrogen
I'n ¥ kY §id Rtspeeth itdeperelently yskester fromn the 5@&8&9@”?{5’53@3’1 gEh
t he preparat.i on 1 LOOE 2ev a0l | Seeplkasl, iwkerein lower , lower
boebpRed 158 otttk oy o

T ol mul . - wherei ]
boarend baon akontb peseonyy e pub e Wl e Sty Suer

g‘?}ggf&{){"gg‘ 39’;1 ard RA¥EFRYayl, arldahe peamatepttally rayc,eptablﬁéplts thereof are
a 1
% th

wer’ al koxy and I ower ichhes fkdtidiehweith DPP IV,
r ?Eﬁ@@ﬂgﬁ?g¥frgﬁﬁﬂ$%§%rﬁg en&? may %%??gnally

- . be substituted by a group sel ect from.| ower;. . '
o KoRtemebr ] Lol deREE R Jit P o e isclosed RECT

1@%%%%10% %Qﬁ%‘iyy@%f@@@b?/oow& wherein step a) -

ri'ses cat tic asymmetric hydrogenation of an
o arr}L rI]I?ajo?:ftastkrift‘tIe%;nnth:?m of the compounds of formula I is the introduction of
7 [2;1-a) isoquinoline moiety, which in the current synthesis

according to'the PCT Int. Appl. WO 2005/000848 involves late stage racemate separation
by chiral HPLC: Such a process is however difficult to manage on technical scale. The
s therefore to find a suitable process alternative which allows to

problem to be solved wa .
. affords a higher yield

obtain the desired optical isomer in an eatlier stage of the process,

and Which‘ can be conducted on technical scale.

It was found that with the process of the disclosure, as outlined below, the problem

could be solved.



NH2 COOR1 || wherein R2, R3 and R4 are as

defi ned above and RI is lower alkyl, in: the presence
of a transition netal catalyst to formthe .
(all-S)-am no ester of formula Illa, alone or-as a
m xture wwth 3R-epinmer Il1lDb - Ib - step b)

conprises the introduction of an am no protecting
group Prot to formthe N-+laotected (2S)-am no esters
of forrmula NHProt COORI (Va wherein R', R2,
R3 and R4 are as defined above and Prot stands for an
amn rotectin A0 aen. 1-
of 1 e AN ech ey HAr P o R e R OO
f0isoquisv NbRedtatioeNkzhe/fommaleei n R2, R3, R4 and Prot
are as defined above; characterized in that in
the asymmetric hydrogenati on in S a), the
transition metal to catalyst r hodi um conpl ex
contai ning a chiral dlphospﬁﬁm } gand sel ected from
the group consisting of (Ry? | PHENT
(R) - Cy2- MeOBTI MP, _%5 R) - tBu)2 and
(S, R -PPF-P(tBu)2. | aNsecond aspect, there is
‘provi ded a process @ ~_ped above for the .
preparation of (S)f -((28,3S,1 | bS)-2-anino-9,1

- 0-di et hoxy-1, 3,4,6,7, I* | b-hexahydro-2H- pyrido [2,1
ali squ|noI|n 3
-y1) 4 dd 3”55&% rP¥dch @hde rldeﬁtlycsdected fromithg gep consisting of
othermnse N

t he, f.o Wherein :
5 s@ﬂrdggn,thqlqggn, ihyroEp loe a%cﬂld ?%]%cgty Qﬁ lchf Mﬁﬁﬁfl dreu; ow;r
5£1§*P ¢oir AliRy Ml lowbisalteepinsayrpsignally b bmegroup selecte
e

o e glkg%rcgr{bonyl aryl and heterocyclyl

compnsmg the steps a) and/ or b) a.nd/ or c), wherein

step a) comprlses catalync asymmetnc hydrogenahon of an enamine of the formula

10

) - . W 7 . '
wherein R%, R® and R* are as defined above and R™ is lower alkyl, in the presence of a

| transition metal catalyst to form the (all-S)-amino ester of formula [ITa, alone orasa

mixture with 3R-epimer IITb

, .
15 wherein B2, R® and R are as defined aboveand R" is lower alkyl or halogenated

lower alkyl;



In this specification the term"lower" is used to
mean a group consisting of one to six; preferably of
one to four carbon aton(s). - The term "hal ogen”
refers to fluorine, chlorine, brom ne and i odine,
Wi th quorine, brom ne and -cfy eri ne being preferred.
The term"al kyl", alone or in conbination with other

groups, refers to a bra ched. or .st a ttjbnnﬂm}L
D NeieEb)omps sesU g HW @P@"HR}" ocg&té%%& gg fCal o

Rﬂ%eﬁgzémﬁﬂﬁaeﬁﬁﬁQﬁ@mﬂhmﬂs preferably one to srxteen
P B ; tons, nore preferably one to ten carbon

atonms. The term" Iowﬁﬁmglkyl , al one or RNpiProt
~conbi nation with other groups, refers to*a HeeRhed

or straight-chai -b-'. ent al kyl r.bljcal of one to
si x car bonyzat o', spref er abl yy 10°0re~ko Tt car bon
atoms. Thi's ernyi sNfurt her exengl ed by padicals
such as nethy , M& propyl R |s-orooyl n- but yl ,

s-butyl, iCobu vl t-butyl, n-pentyR® 3-methyl butyl .
hexyl , 2 ethyl%utyl Preferable | ower allcyl residues
are nethyl and ethyl, with nethyl being espeC|aII '
pr e&ﬁ%rr:fnckl RReR g{drR" drahodeiat abiotendProf sands fqr@p@,rrgno
ower "al kyl group as defined above 15 wherein.at
5 pkﬁﬁﬁﬂggﬁﬁpof the hydrogens of the |ower aIkyI group
- is replaced by a.hal ogen atom prefera r ~
chl geoe) dipfiged anidpiied of the dsth E\g ﬂr/ of formula
groups are trifluoronethyl, drfluoronethyl
f1 uoromet hyl and chl or omet hyl . NHPft The term * alkenyl
as used herein denotes an nnsubstiGaited or
substituted hydrocarbon chalg ragli cal having from?2
to 6 carbon atons, pri@ A ~Nrom & to 4 carbon 20 .
atons, and havi ng one or ollefi ni c doubl e bonds,
_preferably one ol ef i nRt ubl® bond. Exanpl es are
-vinyl, 1-propenyl, 2-propehyl (allyl) or 2-butenyl
(crotyl) The term' allcoxy refers to t he group -

R -0-, wheyei,n R "l ower - -al koxy"
ref@ﬁ@ﬁﬂbR{ 2 @%Lsﬁg dﬁﬁ@%&%ﬁg is a lower S
al kyl group as deflned above Exanpl es of r "
al Kk epatadéraensn ﬂrfaEnﬂhg asmmmn@w;hyd@gmn %?tsb\é%he transition metal
t;]g( pr.opox At/% b ur o ggtcﬁ;ﬁy[ dapHbspray ligaod, selatied from the

PHE Ry peC|a

e o GyPHENLR IR Co M PIEEE (R S1D PPF-P(B:
aé&ﬁ,}e{)- ?ﬁf&f#ﬂg is a lower alkyl group as defined

term"aryl"” refers to an aromatic
nonoval ent nDno- or pol ycarbocyclic radical,

prefer abl(%]fl W |k 1&9}8@&1@1 lapro%@és@s@%ﬁhedlﬂjmg for the prepa:ranon '

unsdB &FPSr ‘hono-', di- of tri-substituted, 3
JEnSependaestigs)- b—)amlmwérl Oadifopgthoxy-dviet: 654&1@;&%&}&’&%8 A,
cyano, a2|do am no; mer dﬁgt %h?ﬂéﬁgﬂgr hydr oxy.
pmde[%léflwmoyn -3 ﬂr uqremy phenyl or
phenyl mono-, di- or tri-substituted, independently,

ﬁl\i{@és F@E%%T ihAWREd, Qhé‘ﬂﬁ%mﬁgﬂﬂeﬂ'@&mns aye&mbforth\ﬁ@ﬂlustrate and
2008 fEP2007/059265 tion herein
defihe theupkaitng amd svope pbiervatPe RIAEHHE descrbeibs gyer
The termaryl.'" (as used in the definition of the
di phosphine ligands) refers to an aronmati c nonoval ent
nono- or pol ycarbocydic radical, preferably phenyl or
napht hyl, said aryl' being unsubstituted or nono-,
di- or tri-substituted, independently, by |ower
al kyl, 5 I ower al koxy, hydroxy, hal o, hal ogenated
| ower al kyl, cyano, am no, |ower dialkylam no,
rnor phol i no, -S03H, -S02-1ower dialkylam no,
-C(0)O0-1 ower al kyl, -C(0)-1ower allcylam no,
-C(0)-1ower diallcylam no, phenyl and | ower
triallcylsilyl. Preferred "awl" is phenyl, being
unsubstituted or nmono-, di- or tri-substituted,
!ndepepdgntly, by !omer arky!, | ower al koxy, hydroxy,
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The term "l ower dial kylam no refers to the group
-NR R', wherein R and te are 15 | ower al kyl groups
as defned above. The term "cycloal kyl" refers to a
monoval ent carbocyclic radical of three to six,
preferably four to six carbonzatons This termis
further exenplified by radicals such as cycl obutyl,

- cycl opentyl, cydohexyl, cycloheptyl and cydooctyl,

with cyclopentyl and cyclohexyl $e|n g preferred, Such
cycl rbt&lSkS?PCIﬁ@%ioﬁl}'é%teﬂﬁy QT ey (P THEAYFHBUP CQiisistigg Of one to

sxkﬁbrefe?&lysélp&k'tb%@@m‘tioﬁ@ﬁﬁﬁ@)jem|y by I ower alkyl ‘or

by hal ogen. The term het erocyclyr refers to a 5-
d ar,0 t|c sat ate N- het er,ocyclic
P PO R e CRCtds et o DRy B Rty SR, ith fluorine,

bmnnn@gﬂblﬂxvmw@"praﬁenﬁd such as i m dazolyl,
pyrazol yl,” thiazolyl, pyridyl, pyrimdyl, norpholino,

pi: p?lﬁdﬁall%hﬂ Qﬁlkgf; p@&ﬁ@bﬂﬂ cgfnbﬁ'}éﬁﬁﬁ’ Ivh@l' o@ﬁér U?E %ﬁg % al branched or

pyr i or nDrp al lno Such eroc -
stfq1g1:§§~§ wgyncg@vgllgm sehBrtEy alihas fgdrocgrpon @@cal of one to twenty carbon

atbﬁlls Ifré’@ﬁ{b!l} sdead sﬂt&‘ﬁ%ﬁfb@%xﬁs}/ ,md%' pheBtly 8hkid ten bABBH atoms.

oxy, hal o, cyano azi do, am no, Iomer di-al kyl

0 -or hydrox Preferable |tu is | ower
e i e Ay BERE 57 Erditidipn W B g @riefers o a
braiilﬂieé 00 aﬂra&ght(mmmenb\aalent hliydraflicali dfiona taodix térbon atoms, preferably

ore écB ZOS Al Q}% a ?%%?teﬁgn% eiﬁ.lgtgéraerx% ?«g&/ ?)L %ﬁ ca{s such as methyl,
: ethﬁewropyl hsaphmiyé,n:ebutbhs -batyd, istbusd] elsitden-peassth, Remeshyputyl, n-
. héﬁl Bre‘fﬂoﬁﬁﬁtgﬁ PrétEh Bl 9% a]_kjgrl'@sll'cﬁﬁis @feem&ﬁ*l%ﬁ %Qlyf rvﬂfﬁ methyl being

?“r onsisting of thienyl, indoly pyr " di nyl ;
espoialfi RIEteyied- | mi dazol yl, pi peri-dinyl, finanyl,
pyrrolyl, isoxazolyl, pyrazolyl, pyrazinyl, '

be nmh&nﬁ t6H] epeakitet lowartiolibidftts aph Rivwer akkyﬂgroup as defined above

RS R R LR RTS L Fhog
atompgrpfenatdn ﬂhgvrosnlchkll‘@dtuhonmtﬂe ereferred lba}cbgenatcdvh}wer alkyl groups are

B R T

-S02H, --S02-| 1k| - S02- | di.al ky
i (W e kot aped bR nolop D PR Ok e

hQWEiH rﬁﬂ@éﬂh&ﬁrﬁ?ﬂ@m 2hy 6 lc@byn afdins! ﬁ%felr&lﬂjﬁ from™h® 4 carbon
tern1 har maceut j cal

ot BvipR E5€ Bt slgtn G AoTE pOngs PRy °ﬂ%?’§§ﬂﬁ°cd°8Ple bond.

| Exangpdesi ate ainyl 9 -ropdnyd 2- -prpgend (i) ar 2almitehyl foypalybr omi ¢

acid, nitric acid, sul phuric acid, phosphoric acid,
clt H I "
LA i L2 B rlPRELE, Skt CRGHES. P i loner
alkepsyh safers do feanoep ReOd wwln&/ is &losker efkyl group as defined above.
ﬁh?léé?&f@é&&é&&mgcgy&gﬁsdare whi £BHake e‘&ﬁﬁyt;ﬁéﬁ)&(yt Roplopbd butoxy,
Preferre a :

. orgdani sns "W th Wb E% f%e
isqhyiortand hegglpenmdth methoxy beiae epprgielE R Tdes,
- hydr obrom des -and net hanesul fonic acid salts, with

hy dﬂﬁ&éﬂn@*‘lbd&ﬁalkﬁiqﬂgr&&pb’(re&kd tp the gbep RaM-C (O)-, wherein R’ isa
i det aj t he (#¥e élon relates to a process for the
OB é??ﬁﬂ”o BYY FA0{°2, i soquinoline derivatives of

the formula. 15wherein R2, R3 and R4 are each ) ]

i nddpderdefaryly refersdonpdrdmain mprovgleotponerisipetyicagoexclic radical,
pr&%ﬁﬁ%%nyﬂf}lnggﬁtiﬂyl %Q%M%em b QMBEbsRIUA or ThNNEdi BdrAXNbstituted,

wherein | ower al kyl, |ower al koxy
independesiis byaloren @MW@@JKW@W%%@@%@H%%@%&QW
di K ARIrRedr e Hﬁﬁk f xR b&%ﬁblﬂ' ey fsﬁﬁlbﬁlﬁﬂmtecﬁiibéhilaﬁ@henyl mono-,

iSO i t\émﬁﬁn'%é% 4 %@lﬁﬁﬁﬁ?@@@%@%ﬁ g, cyano

asymmetri c hydrogenati on of an enam ne of the formula
NH2
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COOR1 Il WD 2008/ 031750PCT/ EP2007/ 059265 - 5 -
wherein R2, R3 and R4 are as defined above and Rl is
| ower- al kyl, in the presence of a transition netal

Wa200831830 to formthe (all-S)-am no ester of PESERZF059265

Ma, alone or as a mxture w th _3R-epiner 5Swherein R2,
-R3 and R4 are as defined above and Rr is | ower alkyl

&Edohglglucffb%].egl?jkgn MR @bildro step b) conprises the

i ntr l'on O am no ‘pro ectlng group Prot to

form,the N-prgtect m_no of f

N BENF T Gerged e U b os QB IR dsefers to an
ei?Br_naﬁdeﬂoﬁleﬁt amndebnpdyvatiovelia mﬂldai prefatibin gherfybor maphthyl, said
a Q prot rrou t

0% Qe PG (R oBERUP: irore T At GRERARG py tover ot
lpwemalkdre, bydrare, I@ﬂo,fh@hmaée lowgdkodi grarre ami®, loger digtkylamino,

81%%%% Hieéd) Beks 1gﬂglmﬂp -C(0)O-lower alkyl, -C o “lower
ﬁiﬂﬁéﬁﬁ“ @85@ F e R tﬁlﬂ@?é%ﬁ%ﬁ%md “an” s
pheny/s bﬁ@uﬁshbstﬁied) er mpndo Idi—(mmd—shi;suaitﬂb ifglepaslenkdyf, bpbover alkyl,
Igv%ror c?xg,nhyfiﬁolex?, l¥a% h%%lj{]ﬁé’d ]S%Pﬂk é.no,}mﬂ?)el e?ﬁﬁﬂgylammo,

I nven

_ €SS °conpri.s
neghelies, -SOEh eyOaloven ish ngagyn? h@ -HWE lkYla e
ANYLAEENE ORI defcyBRRIEb Nhe@fl 2B Gower trialkylsilyl.

The term "lower alkylamino" refers to the group -NHR', wherein R'is a lower allkeyl
group as defined above. ‘ '

. The tefrn "Tower ‘dialkylamiho" refers to the group -NR'R", wherein R' and R" are
lower alkyl groups as defined above.

- The term “cycloalkyl” refers to a monovalent carbocyelic radical of three to six,
prefel:ably four to six carbon atomis. This te'rm is further exemplified by radicals such as
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl, with cyclopentyl and
cyclohexyl being preferred. Such cycloalkyl residues may op'tioné]ly be mono-, di- or tri-
substituted, indepeﬁdently,’ by lower alkyl or by halogen.

The term “heterocyclyl” refers to a 5- or 6-membered aromatic or saturated N-
heterocyclic residue, which may optionally contain a further nitrogen or oxygén atom, such
as imidazolyl, pyrazolyl, thiazoiyl, pyridyl, pyrimidyl, rnofpholino, piperazino, piperidino
or pyrrolidino, preferably pyridyl, thiazolyl or morpholino. Such heterocyclic rings may
optiona.]lﬁr be‘mon‘o;, di- or tri-substituted, independently, by lower alkyl, lower alkoxy,
halo; cyano, azido, amino, lower dialkyl amino or hydroxy. Preferable substituent is lower

alkyl, with methyl being preferred.

~ The term “heteroaryl”(as used in the definition of the diphosphine ligands) refers to
a monovalent heterocyclic 5 or 6-membered aromatic radical, wherein the heteroatoms are
selected from N, O or S. Preferred “heteroaryl” groups are selected from the group
consisting of thienyl, indolyl, pyridinyl, pyrimidinyl, imidazolyl, piperidinyl, furanyl,

- pyrrolyl, isoxazolyl, pyrazolyl, pyrazinyl, benzo[1.3]dioxolyl, benzo{b}thiophenyl and

benzotriazolyl, said gfoups being unsubstituted or substituted by one or more substituents,



formula wherein R2, R3 and R4 are .each independently
sel ected fromthe group consisting of hydrogen,

hal ogen, hydroxy, |ower alkyl, |ower allcoxy and

| oner al kenyl, wherein |ower 10 al kyl, |ower alkoxy
and | owner alkenyl may optionafly be substltuted by a
group selected from !l ower al koxycarbonyl, aryl and
heterocyclyl and Ie is lower alkyl, in t he presence

g}?ﬁ]%d%"; Uz &gqr%l %ﬁ%{ﬁ}%\? aﬁ}%}%&iﬂ@%ﬁ&d%ﬂg&d lower élkyl,

cy‘mos,tazfch umiﬂm Rvee plkyiamihs, Ilmer]cﬁa%lﬁamim FE0,IR3S@ndb R4 alkyl,

%Flgwgr %?l& d ab?n\lltg(lw ﬁ&g . a?kox?fca{ﬁe&@rgf g Olﬁ%ﬁlkylammo -C(0)-

bsmt&Eﬂ@kmgedlmﬁngwegﬂhyhk@ransester|f|catlon of the
ester group -COORL is possible and thus conpounds of

s formd@mh y}}kﬁnﬂﬁ&uhbﬂg RAL&tN SillesmbMOsy Ritdofthe cbﬁpounds of

| [ k h ted | Ikyl.. F
ol 2 VDS SRRSO suE LS eI, BRobromic acid,

niGRIARRY Balph@tic Ad "ﬁhbépﬂ&hc atid Mitriodaet, GhrthiRacid) Iﬁalezc acid, acetic acid,

fUE’&ﬁB&E}h{jlglfC%\ﬁg{ E&lcﬁ‘%anclagl% obg}m ggpfggl%se{c%e sa.Hgghc acid, p-

tohnafsulphenmfacfdo wimixthaare hon:'amctte lisyogt dvegiisres] Prefomed salts with acids

1o o RS, A 55O RrAS  PAL o i

salts szaﬂehn@rqcmc@s(@apg eppeoiglippyadared- 60C: 24 h 0Bz 0

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

isoquinoline derivatives of the formula

15 wherein R%, R? and R? are each indepehdently selected from the group consisting of
hydrogen, halogén, 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 steps a) and/or_b) and/or ¢), wherein

20 step a) comprises catalytic asymmetric hydrogenation of an enamine (_)f the formula




Expediently the transition netal catalyst is selected
froma ruthenium rhodiumor iridiumconplex catalyst
cont ai ning a di-phosphine |igand. 5Most preferably, :
wd tves/zizsosi tion nmetal catalyst is a rhodi um EREPNT59265
catal yst containing a di phosphine |igand. In a
preferred enbodi nent of the present -invention, the

di phasphi ne Jsi d_is 1 e of
ar U ROn &y P RopteRs ReBRERH R’ RAbEE AT HiFreoence of a
tREisitive pettd ertelyst thfom dadpl-61-paino estes of fopnulg Huglanereas @
Iﬁﬁgﬁg“%g@@higgggﬂﬂgraryI', heteroaryl, cydoallcyl and

ower alkyl; 5 R5'is selected fromthe group -~

consi sting of hydrqgen and |ower alkyl; R81js o
sel ected fromthe gy&ueaé&nsisting of hydkogenor' ower

al kyl and phenylg I'ndependent | yHf[r o

ot her is Igwer.al each R7i ndg

other is lo pL ary | llib
i ndependengsky~ each other args ected fromthe
of | ower toal kyl, |IRWer alkoxy,

gr oup con3|st”gg .
hydroicy and -0-C(0)-lower alkyl; R9, R9', R and Rw
: independeng&g fromeach other are selected fromthe
5 gr ouyhecmBf, & and Rofrehay defngdiaboveand R 4 leyer alkyl\ge halogenated
Iggggmé%and l.ower dial kyl am no; or R8 and R9, R8' and
", and 12'9, ROT and Rm or R8 and R8', taken

both together, are -X; (CH2)L"-Y-, wherein Xis 50-.0

" o0 Compites Biigpodygohibe Aoy S 0T P fform the -
proteegé (25) fagtind edters 6f foomulaWD o
20081031750PCT/ EP2007/ 059265 R8 and R9, R8I and R9',

RO and R or R9' angimien both together, ¥P®ta - CF2-

group, or together ithddwe carbon at onp-~4Q.GHIRh

they are atgacheﬂ, forma naphthyl, H
tetrahydro { benzot-hi e pienzof ur anyl
ring; and ‘ ; : :
g . Na R’ Wb
R* ' R’
10 ‘wherein RY, R%, R® and R* are as defined above and Prot stands for an amino
- protecting group; -

step ¢) comprises amidation of the esters of formula [Va and IVb to form the amide

of formula

| 15 wherein R?, R’, R* and Prot are as defined above.

In one embodiment the process of the present irivention comprises step a) as defined

before.
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&eteroaryl and cycl oal kyl; or R11 and R "'

Ril and Ru independently from each other is selected
fromthe group consisting of aryl', 5l ower alkyl,

et her

Y¥PH i r al - phosphol ane or phosphet ane ri H&%EPZOOWO:S)Z&
Especially preferred are di phgsphine |igands of the
formula A wherein to each R5i ndependently from each
ot helf ah&thsedresddad elﬁtftlﬁél’pfdﬂess gf ’fhu }pf&élﬂﬂ(&&lhﬁtﬁlgccﬁﬁp@feytﬁe steps a) -

ter an ower al ky R5"is
g@ ‘f@%§%ﬁﬁﬁ%ﬁﬁ§1§%% ‘consi sting of hydrogen and
Iomer al kyl ; and R5"is selected fromthe group
condhgeiangthst etbertimgatof theprssenainkgitioaride piosesy comprises steps a) to
Bﬁg&gﬁged catal ysts are selected froma rhodi um

conpl ex catal yst containing a 15 di phosphi ne Ilgand
selected fromthe group consisting of DCyPP, DPPP,

(5, RpereEoBpfist sl SRRkl AR Al T %eamhme ofthe

f@rmﬂ)l SKEWPHCS, 25 ( | R, 112, 2S, TS) - DuanPhos,
2008/ 031750PCT/ EP2007/ 059265 ( S, S) - BCPM

(R R-(Cy)(3,5-tBu)2-DOP, (> Cy2- Bl PHEWP,
(R) - Cy2- MeOBI PHEP

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 alkoiy and lower alkenyi may optionally be substituted by a group selected
from lower alkoxycarbonyl, aryl and heterocyclyl, and R' is lower alkyl, in the presence of a
transition metal catalyst to form the (all-S)-amino éster of formula IIIa, alone or as a

mixture with 3R-epimer I1Ib

wherein R R? and R* are as defined above and R" is lower alkyl or halogenated
lower alkyl.

Depending on the solvent used in step a), transesterification of the ester group
~COOR! is possible and thus compounds of formula I1Ia and IIIB are obtained, wherein R"
is lower alkyl or halegenated lower alkyl. For example, if 2,2,2-trifluoroethanol is used as
solvent, compounds of formula ITfa or IIIb; wherein R1 is 2,2,2- mﬂuoroethyl are

obtained, besides of compounds wherein R" is equal to R'.

The enamiine of formula II can be synthesized from commercially available

precursors according to the scheme 1 below.



5

5 (S)-Binapine, (S 'S R -MPHOS- M2OBI PHEP
(R) -i Pr-MeOBI PHEP, (R)-Et2-BlIPHEMP, (S, R)-Cy2PF-PPh2,
10 (R R) - Xyl 2PPhFcCHCH3PXy 12,

WO2088/RY SPh2PPhFcCHCF1313Ph2, (R, R) - Ph2PPhFc CHCHEPHT B59265

(S, R) - MOD- PPF- P(tBu) 2 (S)- TI\/B'J}P 15 (all-S)-BICP

(S, R -Furyl 2PF-P(tBu) 2

(S, R - (3, 5-tBu2-4- MeOPh) 2Pk 201

(S, R) - (2- MeOPh) 2PF- P(t hu) 2 (4 F- Ph) 2PF- P(t Bu) 2

anbH0 (R) - PP(4-Ph) F- CHQP(tBu)Z More preferred
ystroHare pelgected froma rhodiumor iridium

canpllex—cart akystC gfnlng a chiral di phosphine

PT gan® sel ected ffromthe group ftonsi sting of (R)-Cy2iH.

Bl PHEMP, (R)-q/2- MeOBI PHEP, (9 RY® PRIGMP(tBU) 2

( S Pfql BU) 2 NaOAc RESPS g l y prliéf‘é‘lgfoéd R
-chi R4l dlphosphlne Iﬁga d

caﬁ@lysts*toﬁtm

5f the fornula A&Ra
defi nel’ above, nost preferrfied is a rhodlun1coan5x
catal yst containing (S, R -PPF-P(tBu)2 as ghpg,al
di phosphi ne |i gand. I'n the rhodium dan%ﬁm gﬁ?b h
catal ysts referred to above, rhodiumis chg,act sed
by the oxidation nunber 1. Such rhodi um conpl exes can
optionally conprise further |igands, either neu&{al
or anionic. 30Exanples of yguch neutral Iigands
e.g. olefins, e.g. ethyl e cqoropyl ene, cycl ddct&ne,
1,3-hexad|ene 1, 52hex i er e, nOLﬁﬁﬂadléh '
bi cydo-[ 2. 2. 1] hept a©
(Z,2)-1,5-cycl ooct )
formreadily sol ubl e gonpl exes with rhodi um or 0Bz O
ruthenium benzene, hexanet hyl benzene, 1,3,5- WO
2008/ 031750PCT/ EP2007/ 059265" - 12 -

trl ﬁféﬁdﬂéﬂ E itioR T8 ﬁ%@%iyspfs A3 $8h U HhEniBHE Ph@Bum or
et rahy uran, . di methyl formarni de,

RIS LB P &P BR RS et hanol and
pyridine. Exanples of such anionic |igands are
hal iMtesprefeneblyg tlovparaition-etaloratdyseis g rbotpuby-cofPlex, catalyst

' _ ) | ower al kyl, hal ogenated | ower

C&@Eﬁ@kgﬁﬁbﬁgﬁpﬁé?@&%ke rhodium5 conpl ex i s charged,
non coo |n3t| ani ons such as, a halide, BFl, Cl04-
SpFEE? nnt,ent ? Hﬁéﬁ%e)lhmveHUOn e diphosphine ligand is a
c&h@o&tcﬁs&de&fedﬂdﬁ@ﬂﬁ@é@/&mﬁi@&j@dﬂférmulﬁllE&SQﬁ , C6H5S03

are present. Preferred catal ysts conprising rhodi um

and a chiral diphosphine are of the fornula

[ Rh(chiral diphosphine)LX] or [Rh(chira

di phosphi ne) L] B-

cooRr!




wherein X is a halide such as a-, Br- or F, the group

A-000-, wherein A represents |ower alkyl, aryl or

haI enat ed | over al kyl, B is an anion of an oxyac
aé"% fipl ex acid such as c04-, PF6-, BR M@F@i’ﬁ(‘%‘ﬁ”ﬁs

i s hal ogen or aryl, SbF6- AsFg-, CF3S03- and

C6H5S03-; and L is a neutral ligand as defined above.

Preferal y, the halide is chloride. Preferred A- 000-

is CHRCD CF3C00-. Rrgreyred B is CF3SOFRY | fR'L

is allga OrT i Sidgpt oublperRbondsge e0g P\ Rit

1, 5-,-\@)5): Ct A |Peﬁe nl yyone Lis pg

isaligd conpri si ngy, ne douB

nE;

et hyl ene, such L are . A rhod gm R
conpl ex catal yst can be prepared, for exanpl ,cby
reacti on of rhodi um precur8ors such as e.g.

di - 14- chl gro- bIS[14 (Z Z)-1,5-cydooct adi ene] di r hodi um
(1) hﬁh(c:d)ClJZ), -p-cC <:Da-bga[i4-norbonadiene] -
i 4 )

di r hodi Rh(nbd)ﬁi]Z I

bi s[ 14- -A-R¥cydoget-&di ene] IF@{di umte

f 1 uorFOboM™At e ([Rh(cod) | BF4)~ oR® bi sf 1141- 29 ,
(Z, ZR%

oct adj ene]r ho perchl or& F R
[ Rh( cod) R th 3 drphosphrﬁg:éggiaiy n a
sui t werkt or gah¢eNor_.aguepus sol ven e
accordinqwgo t he netho§4descrﬁbed in J. Am RCREm
Soc, 1971} 93, p. 2397-2407 or E. Jacobsen, A
- Pfaltz, H; Yamanoto (Eds), gonprehensive Asymretric
CataIyS|sSpr|nger Verlag Berlin (1999) and references
cited therein. 25Int 4 _heni um conpl ex catal ysts
referred to above, r |ﬁ(pharacter|sed by the
oxi dati on nunber 11. N
optlonall conprlse furth
or aRiw gl es
ol efinsji,e.g. ethylen
1, 3- hex&di ene, Rnor boatl] efve. .
benzene hexanethylbenzgﬁe f, 'thyﬁﬁe ZEﬁdngﬂ
p-cynene, oe¢ al so sol vertS B.g. C o HCTS
tetrahydrofuran, dinethylfor 1 O] tonitril
benzonitrile, acetone and nethanol. Exanples of such
anionic |ligands are CH3C00-, CF3C00- or halides. If
t he rut henium conpl ex is charged, non coordinati ng
ani ons such as halides, BF4-, Cl04-, SbF6-, FF6-,
B(phenyl )4, B(3,5-di-trifluoronethyl-phenyl)4-,
CF3S03-, C6H5S03- are present. WO

2008/ 031750PCT/ EP2007/ 059265 - 13 - Sui t abl e
rut heni um conpl exes in question can be represented
e.g. by the followng fornula Ru(Z)2D - wher ei n

Z represents hal ogen or the group A-000-, A
represents | ower alkyl, aryl, 5 hal ogenated | ower
al kyl or hal ogenated aryl and D represents a chira

di phosphi ne |i gand. These conpl exes can in
princi pl e be manufactured in a manner known per se,
e.g. according to B. Heiser et al., Tetrahedron:

Asymmetry 1991, 2, 51 or N Feiken et al.

Organonetal lics 1997, 16, 537 or J.-P. Cenet, Acc.
Chem Res. 2003, 36, 908, MP. Flemng et al., US

6, 545, 165 Bl, and references cited therein.

Conveni ently and preferably, ruthenium conpl exes are
manuf actured, for exanple, by reacting a conplex of
the fornmula [Ru(Z1)2L1m p. (H20) g wherein Z1
represents hal ogen or a group Al -COO Al represents
| ower al kyl or hal ogenated | ower al kyl, LI represents
a neutral ligand as defined above, mrepresents the
15 nunber 1, 2 or 3, p represents the nunber 1 or 2
and g represents the nunber 0 or 1, with a chira

di phosphine |igand. Where mrepresents the nunber 2
or 3, the ligands can be the sanme or different.



25 Preferably, the asymetric hydrogenation is.

carried out at a pressure of 10 to 40 bar. The

reaction tenperature is conveniently chosen in the
WOrag81Hp 20C to 120 C. A process, wherein t PET/EP2007/059265

asymmetric hydrogenation is ggr_ri ed out at a reaction

tenperature from50 Cto 80 C, is preferred. This

reaction can be effected i,n an inert organi c sol vent

such as tetrahydrofuran, anol and

2,2,2-triflyerplthanol, or wjxtures g

2,2,2-t I,_por tHanol 30 wi th other

di chl orjfoney hayre

i sopr opandl N zotri or| de h-

R®
t et r agdyof ur'am ethyl acetat N 1!
Pr ef er yH:t he rhodi um cataly égg}?}r ogenation isL
carried out in 2,2,2-trif|uor ¥ The rut heni um
WD 2008/ 031750PCT/ EP2007/ 059265 - 1%%- cat al yzed
hydrogenatibn is carri ed out inkKa sol vent takeon from
t he group consisting o|R\2 2;Petr|fluoroeth 0

met kanol ,—at hanw! , n-Prdp ani-Rand di chl ogorret e, of
m xt U ese sol vepts, A\bre prefer R
r ut heyj q@yzed hy ion is carrije ou
2,2,2-trg fl wor oet hanol ~BTH nmount of cat ist ed
in the process of the pr esent i nvention is iR the
range of 20 to 0.005 nol % Telative to substrate,
preferablysin the range of to 0.01 nol%relative to
substrate.l The proc okt he present invention

can be Led out in ré,g_e{mce of an additive.
Sui t abl e itives inclu i norganic or organic salts

andR |chas'és Exanpllgs of salts 10 are ammoni um
acet afe,\ caesi m carb
sodi u 10 “Or gani

§o&i um form ate and

aB€s include a secondary
or a terRTaiy am ne such as' for exanple
di cycl oheryl ami ne, diisopf?opyl et hyl am ne and
triethylam ne. Each of these bases nay be used al one,
&Fregé a mxture of two or nore kinds of them The-
eadimint  oklejrmsentisedmicactagtherap sdl@atedl fyors elegromolcansisahg §f aryl',
fromth n of t ival ents, or preferably
fromth tirgaﬁgﬁﬁgogﬁﬁpglqwerg&gl equi vaI ents to the
R&nami neis selectedSfram thy gmpmbnmmotoﬁhydrngmmmudbwammr[ an

{25y - anP atcas] APah iRap i e PRI, Rk Ao Enennt
emhd{6R4 aulepemslenidyf fred eatiomber iRlowes alkginer al kyl or

hﬁ@gegﬁg‘?%&??v@[%%%ﬁ%hkg&m15 Werg%rst an s for an

Rpend REt indgpepiciony’ fram A athér areﬁeéﬂ'c&dtfmraﬂ}e group consisting of lower

“eact i Vi) e RESRPRECH kT S PIGH B XM o'

RISt BEtand R'Yiralependendy from eadit othetat B&ﬁdftteiirf&)rd elm:g’robpcbnsmtmg

Qnﬁii?@ydfﬁégéﬁégg a%%sﬁ’e%?wg&"ﬁe@@“m& or

Ri 99 RZBY 23857, SUandRT R amdic” pr 8f et Rgngakzﬁ bgriowgsher; ere -X-

ch ek ST PR OB BRECTSRN o\ - e

acetyl,mbem@@yﬂonikmmybutoxycarbonyl (Boc),

par anmet hoxybenzyl oxycar bonyl ,

di phenyl nmet hoxycar bonyl , phthal oyl, succinyl, benzyl,
di phenyl net hyl, triphenyl nethyl (trityl),

met hanesul f onyl , para-tol uenesul fonyl, pivaloyl, -
15 - trimethylsilyl, triethylsilyl, triphenylsilyl,
wher eby tert-butoxycarbonyl (Boo) is preferred.

I ntroduction of the am no protecting group can be
effected foll owi ng procedures well known to the
skilled in the art. Alternatively, steps a) and b)
can be carried out together in one reactor wthout 5
i sol ation of the conmpounds of fornmula Ilia or Md. For

yent s ch(@},e _R®
P

nmet han hanol , ~—= opanol
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and R3 are nethoxy, R4 is hydrogen and Rl and Prot
are as defined before. Mst preferably, R is ethyl.
- Most preferably, Prot is Boc. Step c) conprises
wWOoh8081750n of the ester of fornula IV to for RCTAE2007/059265
am de of formula 15wherein Ry R3, R4 and Prot are
defi ned as above. The an1é%t|on is usually

%5& RF e WﬁhR%éw%@w %n@ﬁwd@aa{wgomqsggﬂwr%eg -@8,- group, or

ornanlde sodi um net hoxi de (NaOMe), forfram d

sodi um taghidri ‘dTéh nNe@ERon at@r@étcawliusleﬂwg 8t amthﬁét f‘i’é‘)”tll aghaphthyl,
and ac eEe?x?lé rd e cﬁ)(ﬁ%ﬂ rﬂl@éﬂ'%%'xe%?l or dlbenmfz tah&) n

i'n ‘an organi c’sol vent gh as THF,

n be
Fivél R pedenensishily fromasagie ptber Boeladed @@n(tm}mp aprsiciing of aryl,

at tenp L Ui 6SLAE 1 5hd QG opreferably of 20 C
to 45 Fowt hﬂ? m%% err coerrt%:bogl ment step c)

ReomskR's é@eﬁwefqmmﬂwd phespbelapgprbogpligviesng: R2 and
R3 are nethoxy, R4 is hydrogen and Prot is as defined
above. Most preferably, Prot is Boo. WO

200&&&3@;’5&%@%&8@&? 826 3igandk®f the formuldhe desired

product is the (all-S)-diastereonmer of fornula V.
Thus, the nost preferred product is

(28,38 11bS)-2-tert. - But oF nylan1no-9,10-d|netho
xy1,3,4,6,7,1 |Db-hei cahfro- 5

pyrido[ 2, 1-a]i soqui nol i ne ar 5y|ic acid am de
havi ng the fol | owi ng SRY uctpf@r'éﬂ ORYHALVH 2 "CONN2 s
3Ib N It has been that during the

am dation of the ester epine tion takes place at
position 3 and thus the 3R-epinmer of the fornula |Vb
is transfornmed to a |arger extent in the 3S-epiner of
formula V. Further steps: A ,

wherein

each B>  independently from each other is selected from the group consisting of aryl’,
heterocyclyl, cycloalkyl and lower atkyl;

53

is selected from the group consisting of hydrogen and lower alkyl; and

R is selected from the group consisting of hydrogen, lower alkyl and phenyl.

Preferred catalysts are sclected from a rhodium complex catalyst containing a
diphosphine ligand selected from the group consisting of
DCyPP,

DPPP,

DPPB,
1-,2—Bis(iPr2P)—acenaphthylene,
PiPPP,

(S,R)-PPF-P((Bu),,
(R)-CyMeOBIPHEP,
(8,5)-MeDuphos,
{(R,R)-SKEWPHOS,

(1R, 1'R,2S,2’S}-DuanPhos,
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10According to still another enbodi nent (Scheme 2,
bel ow) the (S)-4-fluoronethyl- dihydro-furan-2-one
(VMI'l) can directly be coupled with the am no-pyrido

WO[200810383501 soqui nol i ne derivative (V) which ®&RA/EF007/059265

obtai ned fromthe carboicamdg (V) via e.g. Hoffmann
Degradati on. Coupling yields t%e hydr oxynet hyl
(§g5@x§@ive of the pyrido [2,1-a] isoquinoline (VIIIl),

can then subsequently be cydized to the
(Bﬂﬁdgbﬁ%%ﬁ§BUZI§CE§rrol|d|n 2-one derivative (IX).
(Kmﬂﬁgmmmmyﬁan be deprotected to yield the desired

i soqui noline derivative (I). WO

By BB EPS007) 050965 - 1o - Schene 21X
(brBmapmet her preferabl e enbodi ment the process for

(SB@{)%@M@Q%&BBWHE(PS) 1- ((2S,3S,11bS) -2-anino- 9,1
-di et ho , 4, , 11b- hexahydro- 2Hpyrido [2,1 -

(5 éﬁ‘i‘%ﬁﬁfﬁiﬁﬁ*n 3- yl) 4 fl uoromet hyl - pyrrolidin-2-one
(R]r EofBl@Hhar,maceuti cal |y acceptable salt thereof
g%e%%:se subsequent steps d) degradation of

(331 Gé}ﬂi?é’hﬁsﬂHQHilfK}dh met hoxy- 1, 3, 4, 6, 7, 11bhexahydr o- 2H

(Rp;yy pgz@phﬁgdH@H PEQJui nol i n- 2- yl)] -carbam c acid
%@{ g% famde of fornula V wherein R2 and

( )aprhé ngé}? ’is hydrogen and Prot is Boc) 10e)

(88 ObgPRH-P{tBe),so obt ai ned

(%)2 M%%‘ 1bS) - 3- am no- 9, 10-di net hoxy-1,3,4,6,7,1 | b-
exa ro-2H pyrido [2,1-a]

(i'ﬂ;@hﬁ lin-2-yl)-carbanic acid tert-butyl ester

(gﬁynpﬁg,upﬁ; f@sml a VI wherein R2 and R3 are net hoxy,

SR SERA b So0) v e (974

(SRE(2-28¢0 RN RIF-P {tHe):0bt ai ned
% ?J(g;% ﬁﬂ)b@ gg?&ng f 1 uor onet hyl- 4- hydr oxy-
am no i met hoxy- 1,3,4,6,7,1
(Rbll%@ig o@HfiFﬁ Pyrido [2,1-a] -carbanic acid
tert- butyl ester in the presence of a base, and
g) deprotecting the obtained (2S,3S,1
I BS M@e pfefBledfchtatysomet felette? fiomna pyodivoh iodirmlidm cpinplex catalyst

«';-wé athif¥ ﬂﬁﬁ%ﬁﬁ]ﬁé{sphﬁre?flgémésgecgedg%nh %??é’l.gf &n%klt'nw&ﬂ (ﬂ? Cya-

rt-bu
%)ocfzszog}PH%%démaﬂpﬁkP%% P(BHaPE4S BY- e P(tBu). .
forrrula (I'l') as disclosed in the PCT Int. Application
WO BGE Ehmf)ﬁr&ﬂe&ea fcetalyste rd rhbdinnt fenpleeataiwntcoandling a chiral
dg;h%? hnc. axd Sdo tﬁg:fgr%gtg‘égéasgl?ﬂndgd 2o ﬁp %%)gpﬁxjvﬁﬁjeaﬁ;arhodmm
cwinabétc@tslystgamamw @FR)yPW(ﬁBﬁ%aﬂsmhlr@lélﬁémém ¢ igaadet es
mel litus, and/or inpaired glucose 5 tol erance, as
wel bn s rBbdigh c@ﬁﬁiﬂé}ddafbﬂ%ts%i@fr&ﬂ to 4008, aheiinhi iS earerBéd by the

.on of. a e..normal |y inactivat b
ofF R n o B PRl QP s o Rap rintr gands,
citionpounidor ehiontve present invention can al so be used
in the treatnment and/or prophylaxis of obesity,

| nf ERIMREOENSuBONRIrallli SHAS Bre e%')loleﬁiﬁ e%l &Eﬁ&%pro%?l’éﬂéjs

ohn, [or metabolic syndro
PrLEEs leﬂhe@&wpﬁﬁv%?% diephe TR it B ey Bsehpepta-2,5-
d1env)e 0,71, Seanlobetadiend(@d) d:ﬂotdemahertds ovhadefntrs raddy $aduble
r [
DBk SRR ARG QB A NC 2 R ERRIER AR 00 on
exhi b| t inproved therapeutic and phar macol ogi cal
properties conpared to other DPP-1V inhibitors known
in the art, such as e.g. in context with
phar macoki netics and bi oavail ability.
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WD 2008/ 031750PCDEP2007/ 059265 - 19 - Exanpl es
Abbrevi ati ons DVF N, N- Di net hyl f or mami d MeOH Met hanol
Et OH Et hanol TBME Tri butyl net hyl et her THE

WOPes/sper of ur an RT Room Tenperature TFA PCT/EP2007/059265

Trifluoracetate Tf Trifluormethansul fonate TFE
2,2,2-Trifluoroethanol Boc20

trimethylbenzene, p-cymene, or also solvents such as e.g. tetrahydrofuran,
dimethylformamide, acetonitrile, benzonitrile, acetone, methanol and pyridine.

Examples of such anionic ligands are halides, the group aryl-O’, or the groﬁp A-
COO’, wherein A represents lower alkyl, halogenated lower alkyl and aryl: If the rhodium
complex is charged, non coordinating anions such as a halide, BFy, ClO4, SbFs, AsFs, PFg’
, B{phenvl),, B(3,5-di-trifluoromethyl-phenyl)s, CFs505, CeHsSOs are present.

Preferred catalysts comprising thodium and a chiral diphosphine are of the formula
[Rh(chiral diphosphine)LX] or [Rh{chiral diphosphine)L]™ B’

wherein X is a halide such as Cl', Br or I, the group A-COQ, wherein A representslower
alkyl, aryl or halogenated lower alkyl, B 1s an anion of an oxyacid or a complex acid such as-
ClOy, PFg’, BRy'; wherein R is halogen or aryl, SbFs” AsFg', CF550;5" and CgHsSQs5'; and L is
a neutral ligand as defined above. Preferably, the halide is chloride. Preferred A-COO" is
CH3COOQ or CF3COOQ". Preferred B is CF;S0s3". If L is a ligand comprising two double
bonds, e.g. 1,5-cyclooctadiene, only one such L is present. If L is a ligand comprising only
one double bond, e.g. ethylene, two such L are present.

A rhodium complex catalyst can be prepared, for example, by reaction of rthodium
precursors such as e.g. di-n?-chloro-bis[n*-(Z,Z)-1,5-cyclooctadiene}dirhodium(I)
{[Rh{cod)Cl],), di-p-chloro-bis{n4-norbornadiene]- dirhodium(I) ([Rh(nbd)Cl],),
bis[n*-(Z,Z)-1,5-cyclooctadiene] rhodium tetra- fluoroborate {[Rh(cod);]BF,) or bis[n4-
(Z,Z)-cyclooctadiene]rhodium perchlorate ([Rh(cod),]ClO4) with a chiral diphosphine
ligand in a suitable inert organic or aqueous solvent (e.g. according to the method
described in J. Am. Chem. Soc, 1971, 93, p. 2397-2407 or E. Jacobsen, A. Pfaltz, H.
Yamamoto (Eds), Comprehensive Asymmetric Catalysis I-I1I, Springer Verlag Berlin (1999)

and references cited therein.

In the ruthenium complex catalysts referred to above, ruthenium is characterised by
the oxidation number II. Such ruthenium complexes can optionally comprise further
ligands, either neutral or anionic. Examples of such neutral ligands are e.g.r olefins, e.g.
ethylene, propylene, cyclooctene, 1,3-hexadiene, norbornadiene, 1,5-cyclooctadiene,
benzene, hexamethylbenzene, 1,3,5-trimethylbenzene, p-cymene, or also solvents such as
e.g. tetrahydrofuran, dimethylformamide, acetonitrile, benzonitrile, acetone and methanol.
Examples of such anionic ligands are CH;COO", CF;COO" or halides. If the ruthenium
complex is charged, non coordinating anions such as halides, BE4, ClOy4, SbF¢, PFs,
B(phenyl)s, B(3,5-di-trifluoromethyl-phenyl}s’, CF:SO3", CsHsSO3  are present.
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Di-te .-butyl-dicarbonate 5 (S)-Enam ne ester neans
(S)-2-am no-9, 10-di net hoi cy-1, 6, 7, 11b-t et r ahydr o- 4Hpy
rido[ 2, 1-a]isoquinoline-3-carboxylic acid ethyl ester

WO(2098/¢32Ty| or trifluoroethyl ester if speci fHCTA#M2§07/059265

indicated). (al'l-S) Am noes{£r denotes
(2S, 3S, 11bS) - 2- Ami no- 9, 10- di met hoxy- 1, 3, 4,6, 7, 11b10

hex [ :
e SO AN iy Bl A RO BB L g
foanylas) - N-Boc Ester refers to

(2S, 3S,11bS)-2-tert. -Butoxycarbonyl am no-9, 10- di met ho
xy1, 3,4, 6, 7, 11b- hexahydr o- R4(pypti do [ 2, 1- a]

i soqui nol i ne-3-carboxylic acid ethyl ester; (or

met Cc

| ndpe:hg{eed%trgﬁfg ygﬂi‘g@%@{l’f E%%%Lﬁ-‘% ocC- Es}t&féép‘}éé&% lower allcyl, aryl,
halogergy: 1o dirlogerpinday ear Boikpicasntsocoral gphosphine ligand.
di net hoxy 1, 3 4,6, 7, 11b- hexahydr o- 2H

pyr 'r[mleées:empildsted cialﬁ&n §nﬁa To s Yhan@ifaafiire @tdyihnes kedwn pdae, e.g.

ﬁEOO(é)OC O 1 gsce-l‘-l %—}?ggzg%yinmgry 19&?% g’ﬁbr I%bbse)iken etal,,

fef §
(be@)m@fftﬂw 11997Blb@d»37 cal.bb fehetit ero CRer. (Res. @0 A.G¥P- M.P. Fleming

elal3 65547.331%5@? e RRMREQ ired Fhepih] dO [ 2, 1- 3]

|squ|noI|ne - carboxylic acid ethyl ester.

(all oC- Ami enot.es. (2
| bs§3°§2f%ﬂ Y gt s %fe %ﬁf’a-lfw FsPBles s Tt Hastysd: for example,
bi r8icdn®a dorifdlx hiethaliyrdrda 2H pyrido [ 2, 1-a]

i soqui nol i ne- 3-carboxylic acid am de. Synthesis of

precursor conmpounds A)[RIYAHNES]|5(1950),
() 1- (3 ethoxycarbonyl 2- 0x0- propyl) -6, 7-di met hoxy-1,

d | 102
oy o HE P GaS P A D FRUCUTR L
hﬁbgém@dobyr AR, Il reprdesdnesot mneral Iggﬁﬁd At definbd nlodveywarrepresents the
nﬁgﬁi)gfjl OVst's, ﬁ?cgﬂrgsehg t%@l%élﬁy%ﬁed}? a91rd’q| ﬁl%pén%E Hﬁmbﬁr Oorl,

tenpera ure reac I on

“ﬂ@sqﬂwrah@p%@ﬂpbtqeéw%éfﬂaﬂ@@Hreaxﬁé?ntqths Humben2 b (ikg igands can be

t0RsieSridigraft. 370 g of im ne hydrochloride 2, 13.33 ¢
sodi um acetate, 2.77L ethanol and 93nL water, keeping

ey SR TG SIS0 Ao TG BB e con o e

St a crysta course o
pravarediin pitu, Aftj eﬂ befge Bserandatithont isalgtiong e selfitigy o which such a

cétal%fﬁ cpBtd ce@ﬁﬁ%@d Eﬂﬂtﬁﬂ@ge Q?.’)ftkﬁ@f(@‘ﬂlgé drlafflosfectdve fdlogenation
ept.ane over e ow, S
oF %hersp 0B an,pe ﬂhfb b J58) Ge1PFd the Pudfossqgion reaction is

ufitidtedr cake was washed vvlth a cold (0 C mxture of
599 ni et hanol and 1.2 L of heptane. The crystals

wer ?hgﬁ f ﬁPeraéfﬁﬂSﬁ oﬂ@cdﬂﬁ%unﬂ% 'fdrnﬁl‘?{ﬁ dmtr to the

g_g/ am ne 20 ydroch orl
Pres olsweerl@l t%w é‘%?taéé hw%wgm@ssammwm% rqrad .ban%ﬂ 200 bar.
Pscidriisintthe @sl?’i‘rﬁﬂéthc hydegeabh & @nteddiul et ®rEsshaydfubao 40 bar. The

rea%tlcgn g %1 era lgr%rllst coldeni ntpr C%Bsee% i J r%_!lglgeovﬁl) °C to 120 °C. A process,
wherein the asymmetric hydrogenation is carried out at a reaction temperature from 50 °C
to 80 °C, is preferred. This reaction can be effected in an inert organic solvent such as
tetrahydrofuran, ethanol and 2,2,2-trifluoroethanol, or mixtures of 2,2,2-trifluorethanol
with other solvents such as dichloromethane, methanol, ethanol, n-propanol, isopropanol,
benzotrifluoride (Ph-CFs), tetrahydrofuran, ethyl acetate or toluene. Preferably, the
rhodium catalyzed hydrogenation is carried out in 2,2,2-trifluoroethanol. The ruthenium
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2.13L acetic anhydride and 3L acetic acid were
charged at roomtenperature in the reaction vessel.
The sol ution was cooled to 8 to 10C and 2 kg of :

WORgs/@tEbone di carboxylic acid were added. THET/EP2007/059265

reaction mxture was stirred 3h at 8 to 10C. After a
reaction time of 25 about 1.5 a sol ution was al nost

P PADE ol BRI P o AR Rl e B P o
%ﬁ@mmr@@ﬂlm rpgthangleaharph @-piopaiol ppd diclieromethane, or mixtures
A QB EbenROR(oT¢ FRERANY, ABOR M eniwhh cataMBddehydRsBestion it barried out in
4% iﬁniuene and dried at 45C/ 10 to 20nbar until
i t to yield 133 kg of cycllc anhydri de
1(80%yield). B) Synthesis of ()
- 2- diic aonognti ¢ cdfatvist trest yn me@rdrceimflhmrmnym@tww@ylrthd range of
2@ tL a,oés il AN N8 shRerads Eéﬁb&mytd hie 8flgd ofst /0.0 BRIo®% relative to
480 g of am ne hydroc loride 3 were charged in
ralFeeact i on vessel followed by 7.2 L nethanol and
108. 9 g sodium acetate. The obtai ned sol ution was
adddtie pueess25 the prescheiepentipntdar bt earped attin ¢hdypesssenof an additive.
%gélﬁg &hh“feg it Rf é.H(Sng 0N 8f c@alfgiana gr/%aﬁ&qﬁgéésExam les of salts
or mal ein 2. t hanol 5h react! ol
awwoglumfﬁ% FROSEE %ﬁrhow éO%mafafa@atealﬁé spdjum phosphate.
Or@adt bas Mtk ecoB8arh0ak &dnﬁ@ affnddfdclCas BF Eimple

t ht {1 tragte
3 RS APl bl RGP R S
usal dlonedr &yya RixQuik oheweer m@rekindsidthean fdousoNaHIdBse used is
agﬁfomdeﬁ%péa@@ Qﬁdn%ﬂhﬁl @F AL 6f Phase em§aiaﬁp Qk Bk ably from the

0% aqueous Na The aqueous
THHESE8- iR P sEvalens AR theFna®ififent i al | y with 3.6 L
di chl or onet hane. The conbi ned organi c phases were
concentrated 15 and re-dissolved at reflux in 1.32 L
met Repdl) cdmeriss ithit ingndwa®ned eh ethitaopro@conggrogh Prot to form the N-
pUbHEROBAnAlo Qi B8 rAhaal -25 C after which the
suspen5| on was filtered. The filter cake was washed
in portions vvlth in h%tgll 800 nL cold (- 2sB)ot et hanol
and 300 nL cold g‘ [ The crystalsoyer e
dried at 45 C unﬁ ]
ester 4 (7% -
resi dual sol
(S)-2-am nﬁs : 9 ”
rido [2,1- Fsoqui nol i ne- 3- car boxwfi c acid et hyl
ester, salt VVI h (25; 39) - bi s-benzyl oxy-succinic acid
456 A 500- m four-necked fl ask equl pped with a
mec WanicgeR’, 8f and B} are pefl¢fined cborteRS eloweg alkyl or halogenated lower
J@F&d&%%&énds@&%ﬁﬁnﬁ& &e&t g%%%ﬁ was charged with
racem c enam ne 4 5 mol) and Et OH H20

9: 1(1‘% 5 m) was added The m xt ur.e S heat%d .o 50
¢ term “amino profecting group” or “Prot” refers to any substifuents

conventlonally used to hinder the reactivity of the amino group. Suitable amino protecting
groups and its introduction are described in Green T., “Protective Groups in Organic
Synthesis”, Chapter 7, John Wiley and Sons, Inc., 1991,309-385. Suitable amino protecting
groups are trichloroethoxycarbonyl, benzyloxycarbonyl (Cbz), chloroacetyl, tr1ﬂuoroacetyl,
phenylacetyl, formyl, acetyl, benzoyl, tert-butoxycarbonyl (Boc), para-
methoxybenzyloxycarbonyl, diphenylmethoxycarbonyl, phthaloyl, succinyl, benzyl,
diphenylmethyl, triphenylmethyl {trityl), methanesulfonyl, para-toluenesulfonyl, pivaloyl,
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WO 2008/ 031750PCT/ EP2007/ 059265 - 22 - whereupon a
cl ear yell owi sh sol ution was obt ai ned.

(+)-0,0"-Di benzoyl -D-tartaric acid 5 (10.8 g, 30.1
mmol ) was added in one portion to give a clear
solution. After a couple of rutes, crystallization
started. The m xture was allowed to slowy cool to
anbi ent tenperature over 2.5 h and was then stirred

no her 14 hour The .suspensi o s 5 filt
mmrﬁ ARt R S S %Equnh@m@iﬁ 5115 preferred.
at 0 C. After drying under vacuum (S)-enam ne salt 6
(9. Iﬁﬂ'o@c’aéﬁ of fe\tingind prA&:tDggaa)p cna de effeattd édloadngpiocedures well

cryst antioneric excess was determ ned by
knﬂﬁ%% Sgﬁﬂ- %%f%rt&l onary phase using a Chiral cel

CD-H colum. np = 161 C 10 D) nt hesi s of )

( S)Alternatively step9aldinddn vanx e darged outtpgatharrinpelreagctormtout
lstfléﬁjtﬁl (Ligthécorﬁf)élﬁﬂg W RRtuDErR-of L. PY L:keﬁnﬁl‘é e cﬁﬁehyﬂot is tert-

A 500-m . one- necnd% bottom .
burtwgwwal r(Bac)nﬁ@r?éymelegﬁ Inidgoeeationafdt %afmied out in the
rés‘éhc@mc@@ tb Mﬁxﬂ&ir&!ﬁ;{&h@N%ﬁb{ec@d (S)Saxﬁmg,estéﬂoﬂfoﬂiﬁﬁla,wa or IVb

and L xk de .
LA ORI eIk oo it o i OThe e W D Goethanol i
added ccrmmhuamSly duning teobed@penation &y pbmpi nut es. The

m xture was transferred to a separating funnel and

t h%% over %ﬁg& ?Stﬁ%(f)f&?ﬁoﬁ'g él\%lE iR ge Sﬁ&@t}u'ﬁf) wherein R

evapor atron o
ang &}5 mme@\amé R hydwemand %& anshii #7 ay defgnepbegoreggos

yield, 99.0%ee) as a yell ow foam The enantioneric

exQdes préterabit RF 1§ dikd. Pivs Or}}ﬂbfér@ﬂy,mtﬁalaos.t ationary 20
phase using a Chiralcel H col um. Acronyns of
d| phosphi ne |i gands DCyPP

| oh I
=, S LEDAGB RO AMITRS bl g r oo
Basel , Switzerland) DPPP 1, 3-Qpbghy! phosphi nopropane
~_CONH,

A

wherein Rz, R3, R* and Prot are defined as above.

The amidation is usually performed with as suitable amidating agent, such as
formamide/ sodium methoxide (NaOMe), formamide/ sodium ethoxide (NaOEt),
acetamide/ sodium methoxide and acetamide/ sodium ethoxide.

The reaction can be effected in an organic solvent, such as THF, MeTHF, methanol,
dimethylformamide (DMF), dioxane at temperatures of 10 °C to 70 °C, preferably of 20 °C
to 45 °C.

In a preferred embodiment step ¢} comprises the manufacture of amide V wherein
R? and R? are methoxy, R* is hydrogen and Prot is as defined above.

Most preferably, Prot is Boc.
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(commercially available from Fl uka AG Sw tzerl and)

DPPB 1, 4- Di phenyl phosphi nobut ane = WD

2008/ 031750PCT/ EP2007/ 059265 - 23 - (commercially
Woped/gsalbe from Fl uka AG Switzerland) 1, 2- BRSIiEPR@RIs9263

acenapht hyl ene

1, 8- Napht hal enedi yl bi s[ bi s( 1- met hyl et hyl ) - phosphi ne

(pr P

et gﬁégﬁfe@%ﬁiﬁﬁm 859 UL IS Gl Ty the mos
prefeurey piodugioEy Hég h?wﬁ%br%lﬁﬂﬁé@%ﬁhwp@r%lq gimethoxy-

1945, bablbiheidh@moAEH Srid(RAPE is8uikhes £ Bbungie Ia&vagnﬁ& having the
P valtzerland) (R S) PPF-P(tBu)2 (R -(-)-

f%?%“fm%s B HE | phosphi no) f errocenyl J

et hyl di -tert - but yl phosphine ) (S, R) - PPF-P(tBu)?2

(S)-(-)-1- KR -2-Di nyl gnosphi no) f errocenyl |
ethyldi-tert.-butylp i (R) - CyMeCBI PHEP

(R -2, 2-Bi s- (di cydohexyl®phosphi no) - 6, 6- di met hoxyl 1 -

bi phenyl (preparation desciithedCGONKBchmi d et al .

Pure and Applied Ghem stmsfﬁs, 68(1), 131-8).

(S)-CyMeOBI PHEP O v
(S)-2,2-Bis-(dicycld
-blphenyl (prepar
Pure and Applied aw

phi no) - 6, 6- di net hoxy1l, 1’
s Pibed in Schmd et al.,
em stry 1996, 68(1), 131-8).

It has been found that during the amidation of the ester epimerization takes place at
position 3 and thus the 3R-epimer of the formula IVb is transformed to a larger extent in
the 3S-epimer of formula V. -

Further steps:

According to still another embodiment (Scheme 2, below) the (S)-4-fluoromethyl-
dihydro-furan-2-one (VII) can directly be coupled with the amino-pyrido [2,1-a]
isoquinoline derivative (VI) which can be obtained from the carboxamide (V) via e.g.
Hoffmann Degradation. Coupling vields the hydroxymethyl derivative of the pyrido [2,1-a)
isoquinoline (VIII), which can then subsequently be cyclized to the fluoromethyl-
pyrrolidin-2-one derivative (IX). The latter can be deprotected to yleld the desired pyrido

[2,1-a] isoquinoline derivative (I).
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(R) -3, 5-t Bu- MeOBI PHEP
(6,6 -D et hoxy[ 1, 1'.-bi phenyll-2, 2" -di yebi s(bis(3,5-
ditert.-butyl phenyl)phosphi ne (R R)-MDuphos 1, 2-Bis

WO[2008R35RY - 2, 5- Di net hyl phosphol ano [ benzene PCT/EP2007/059265

(comrer ci aI Iy available from Strem Chem cal s
I nc., Germany) (S, S)-MDuphos 1, 2-Bis[(2S,5S)-
2, 5- Di net hyl phosphol ano] berg,glggﬁ@egom’rerc:l ally
avail able from Strem Chenicals inc., Gernany) (R R)

- SKEWPHOS (2R, 4R)-(-) -
2, 5- Di mef.fpyl phosphol anol benzgac (co(g#} cially

avai | ablL® jooim St rem Chem caks.NHpC. ,OGeJ,;rrany) ¥ Oﬁ,

( (2S, 4592- H N
, S anof b&nz'tne r"—fr

a¥ e fr8ﬁma§{) FEm ey vdl s IQ.(;B?T Sy

(1R €R, 25, 2' S) - DuanPhos ®*

(1R 'R 2S,2' S)-1,1' - Bi - 1K i sophosphi ndol e, 2,R2' -
bis(1, 1-di net hyl ethyl)-2,2",3, 3'=4 et rahydr o-

F
(commercially avail abl e fr A ral Quest Inc., USAN,
1 ic acid, 4- A NS
enyl phosphi ng) met thyl ]
N

(S, S)-BCPM 1-Pyrrolidi n% At
(di cydohexyl phosphisR %

-, 1,1- hyI
20081031 75WPFEP2 GO
2. LiHMD

2 HC
5 _ HCI, dioxane
65 2% HCl, isopropanol R®

1X |

In a further preferable embodiment the process for the preparation of (S)-1-
((25,35,11b8)-2-amino-9,10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H-pyrido[2,1-

- alisoquinolin-3-yl)-4-fluoromethyl-pyrrolidin-2-one or of a pharmaceutically acceptable

salt thereof comprises the subsequent steps

d) degradation of [(25,35,11bS)- (3-Carbamoyl-9,10-dimethoxy-1,3,4,6,7,11b-
hexahydro-2H-pyrido[2,1-alisoquinolin-2-yl) |-carbamic acid tert-butyl ester (amide of
formula V wherein R” and R are methoxy, R* is hydrogen and Prot is Boc)

e) coupling of the so obtained (25,3S,11bS)-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 (amine of
formula VI wherein R* and R® are methoxy, R* is hydrogen and Prot is Bloc)' with the (5)-4-
fluoromethyl-dihydro-furan-2-one of formula

F
S
o Vil

o

f) cyclization of the obtained (28,35,11bS)-3-((S)-3-fluoromethyl-4-hydroxy-
butyrylamino)-9,10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H-pyrido[2,1-ajisoquinolin-2-

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

g) deprotecting the obtained (285,3S,11Bs)-3-((4S)-fluoromethyl-2-oxo-pyrrolidin-1-

 y1)-9,10-dimethoxy-1,3,4,6,7,1 1b- hexahydro -2H-pyrido[2,1-alisoquinolin-2-yl|-carbamic

acid tert-butyl ester.
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(2S-cis)- (GAS M 110005-30-6, preparation described
i n Takahashi et at Tetrahedron Letters 1986, 27(37),
4477-80) (R'R-(Cy2)(3,5-tBu)2-DICP Bis

[3,5-bis(1, 1-dinet hyl et hyl) ph%nyl ] I [ (4R 5R) -5-

[ (di cycl ohexyl phosphi no) met hy!¥]~ 2, 2- di met hyl - 1, 3-

di oxol an-4-yl ] nmethyl] - phosphine (prepared in

anal ogy to Morinoto et al. Chem cal & Pharnaceuti cal

Bul |.eti 1 , 241(6), ..1149-54 - - Bl PH .
PhOUHIAES 1 ) cHBLi T2 O R b PHIE A o sedosgd n the PCT
IndiApptitdtion WO 20050000848 yite]usefd frlthe treduisat, anGABrdpthylaxis of

bR 30 afoBh 05 35 bO LGB BB T Mt AV sch o
digtetasgpatitilamdy nen-insThe degendens didbetes mell@os and/pr iggaied glucose

to%?% %rgige ;(e;f;!\l/a%'é) 1 Fﬁ#gnﬂﬁj %ﬁ%@g‘ﬁﬁ‘ﬁg‘@éﬁ%ﬁf@ of. af:tion of a peptide
no@p’lﬁﬁl magiatediby. BPBHY iy gs-athgrppeuticbrpefit. Syipgigingly; thepompounds
of@lgei%éééﬂ@ﬁwieﬂﬁcﬁf O8elIscBe @kd iPRE tlcRimenfRR/or ﬁrﬂ)ﬁ@ﬁéxis YW besity,

. edr gn

i Wg%%@%wgl%s_éag% 'P.ligg | ge?%;az Mo%sia(#gm{eatnr or Ir(ljeta%olic syndrome
or (3&113rSiediond Forthddngrd, thSperipiunds 4T thBiprdsettinydntibn4an be used as

5~ tetrah RCHIIg o) '
el AR LD L e po R A BPRIIAC ot Brpbepiicy. Uikipoctadsy, the
codperdsaifshe present Geverony xSt BnRpvedibrascutiveod) phpEmacological
D ar R ol P R T Pkt e e g cone
withsphagmpegkingtics @@E@é?@lﬁ'gﬂltﬁ’-n Schmid et al., Pure and

Applied Chem stry 1996, 68(1), 131-8).

(R -iPr-MeOBI PHEP R 1R)-6, 6" -di net hoxy

[1, 1T- bi phenyl] -2,2'-diyllbis [his( 1- nethylethyl)-
- phosphi ne (preparation is described in Foricher et

al. PCT Int. Appl. (1993), WD 9315091 Al)

(R) - Et 2- Bl PHEMP (R) -

[2' - (diethyl phosphino)-6,6"-dinmethyl [1,1" - biphenyl]

-2-yl] diphenyl -, Phosphine (preparation described in

Broger et al. PCT Int. Appl. (1993), WD 9315089 Al

and in M Cereghetti et al, Tetrahedron Lett. 1996,

37. 5347-50) (R R)-PPF-PCy2




( R-1 - [ (R-2-D phenyynsphi no)ferrocenyl ]

et hyl di cycl ohexyl phosphine ) (S, R -Cy2PF-PPh2 (S)-1-

[ (R) - 2-di cydohexyl phosphi no) - f errocenyl j et hyl di phenyl
WOeRhTe 1) WO 20081031750PCT/ EP2007/ 0592 88 T/ER28) 7459265

(R R) - Xyl 2PPhFcCHCH3- PXy12 } :

(R-1-[(R-2-(2.-Di - (3, 5- xnyI% - phosphi nophenyl) -

ferrocenyfl et hyl di (3, 5-xyl phi ne )

(R S)-Cy2-PPF-P(Cy) 2 EELRBRR :

(R-1-[(S)-2-Di cyclohexyﬁg?osphlno)ferrocenyl]-

et hyl di cycl ohexyl phosphi hreyigtipys ph2 PPhFCCHCH3PPh2

(R-1- [(R-2-(2-D phenyl phosphi nophenyl )

ocenyl | - et

R R) - Ph2PPhFg

yrahasRy! ne 1)
y

HEBR

(Q D\ = MOD- PPE-

(R - =T (R=2-(
%@#ﬁ%cenleetk@ﬂ@p

2- D phenyl phosphi nophenyt)
aRad 5-xy| yl ) phosphi ne 1)

E&)Hl [(R-2-4

i no)ferrocenyl

D(t RII) 2
uﬁh&ﬂﬂnethoacy-S,S-dinethylphenyephosph
lethyldi-tert.-butyl phosphine 1)

?‘é}l TI\/BTP '
,9,5" -

I%Fn%%%?ﬁw%ﬂ% 4' - bls(dlphenylphosphlno)

3=bithiof

IICIIC \szIIIII:I L,I dl I y avdi I dUI [S] I I"OTTI UICIII

MeQPh) 2PF- P( t

§ﬁ§ A., Via ddictpby®Befeady i, G nasel | o Bal sano,
M1 ano ?OOQZ ltaly ) (aII-Q)--RI CP _
RT2' - bi s(di phemyophoappiri@ye ( | S, 1'S,25,2'§)-1,1" -
bicyclopentyl (Commercially avail able from Chiral
ﬁﬁ% I nc. hngftqg C&rporate Pl aza, Mnnouth Jct.

8852, USA) (r uryI 2PF- P(t Bu) 2

)'J. L\r‘)'L' = Z=- T Ul IIUD IIIIIU)ICIIUL’CIIyIIClllyIUll

if - but yl phos ﬂhlﬂh@ﬂ(@ﬁﬂ)wtfgnaset Bu2- 4-

u) 2

but yl phenyl ) ph

8- 1- [ (R) - 2- DigsA ATrEtb¥MaRel5- di -tert . -

osphi nol ferrocenyfl etbyldi-tert. -

Eg&x;phosphlne

Di-tert.-butyl-dicarbonate

(S)-Enamine ester means (S)-2-amino-9,10-dimethoxy-1,6,7,1 1b-tetrahydro-4H-
pyrido[2,1-a]isoquinoline-3-carboxylic acid ethyl ester (or methyl or trifluoroethyl ester if
specifically indicated). '

(all-S) Aminoester denotes (25,3S,11bS)-2-Amino-9,10-dimethoxy-1,3,4,6,7,11b-
hexahydro-2H pyrido[2,1-a]isoquinoline-3-carboxylic acid ethyl ((or methyl or
trifiuoroethyl) ester.

{all-S)-N-Boc-Ester refers to (285,3S,11bS)-2-tert.-Butoxycarbonylamino-9,10-dimethoxy-
1,3,4,6,7,11b-hexahydro-2H pyrido[2,1-a]isoquinoline-3-carboxylic acid ethyl ester; (or
methyl or trifluoroethyl ester if specifically indicated).”

(2R,3S,11bS)-N-Boc-Ester means (2R,3S,11bS)-2-tert.-Butoxycarbonylamino-9,10-
dimethoxy-1,3,4,6,7,11b- hexahydro 2H pyrido[2,1-ajisoquinoline-3-carboxylic acid ethyl
ester.
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(S, R -(2-MeOPh) 2PF-P(tBu)2 ( S)-1 -
KR) - 2- Bi s(2- net hoxyphenyl ) phosphi no] -
ferrocenyflethyldi-tert.-butyl phosphi ne

WO(8)sRp1754- F- Ph) 2PF- P(t Bu) 2 (S) - 1- " PCT/EP2007/059265

[ (R -2-Bis(2-fluorophenyl) ph_oi)o_hi noj -
ferrocenyllethyldi-tert.-butyl'phosphine

- - - P ) .
(RIS S SRR B s i Bayqpbomtamine o0
dreethod i S 1 lbbhﬂxyhﬁheig}@mo (213 -atenamirabingd3tqarboxylic acid ethyl

" eqt¥al | abl e from Sol vias AG Basel, Swtzerland. WO

20081031750PCT/ EP20071059265 - 26 - Exanple 1

(FILEPRLBELRBi® denotes (25,36, 11DS)-2-tert.-Butoxycarbopylgming-9,10-dimethoxy-
e e

i soqui noline-3-carboxylic acid amde a) In-situ
preparation of the catalyst solution 5In a gl ove box

Er | fl k h d
B o e 06 6075wl )0 1 g
, R)-PPF-P(tBu)2 (0.016 | d m..
) Sy g S eSS Py 61 ety 2.4 Atetrahydro-

isoqomolieipethddriiee. b) Asymetri c hydrogenation (SIC
500) In the glove box a 35 m gl ass-1ined autocl ave

equi pped with a nagnetic Spii pl:?@ bar to was charged
with 0.50 g (1.50 mmol ) of

(S)-2-am no-9, 10-di net hoxy-1, §, 7, 11bt et r ahydr o- 4Hoyr
ido [2,1-a] isoquinoline-3-caPboxylic acid ethyl
eshey 7, 3. m of trifluoroet hdnol and 1 gloof the
abos?I sphggdpicon.a)?%”&lﬁh@q' ave was ed Natnyeh,
prgsstvFzed W t h hydr ogepwistOvdeny ) . The aN=e

m xture was hydrogenat ed)#dtitdong 18 h at 65 C under
stirringZ At this point the reaction was coml&e

according to HPLC anal ysis 15 The hydrogenati on
m X220 eof @liccardmdedsbivad dharped iatherremnve deskdl dotiawed by 925 mL of

, )._.of : .
T e e
tepppsTaprerhestreR R0 CC fter I hrearioneths sesnbinggokugor wpsedsled over
115R a@&aﬁoﬁl?daﬁis&ﬁ%bwjosg (ﬁfﬁniﬂt&l_}rﬂﬁ&hﬂﬂi?le €01 %5 Podium acetate,
e U s N U e
siButbioypstdiimyduaing e Sui@-ofitrethaop. AlS, 145 reaciab 1hek el of
3PUHE DY Dol ek byAfle A iR DAY 1 BPE-%’:&}% DAL, The
acid et hyl “ester, a peak at RT 18.2 mpn (13,6 area’
y@%u&qnﬁgn &¥as stirred 2h at room temperature and filtered. The filter cake was

wadSd 3Gh1laR) () anixtdBe bD3opaal bdayblamin @ Doflidpeing e heXystals

_1,3.4 6, 7, 11b-hexahvdr o- 2H pvrida 2.1 .
Wi Ao T Al A RN Bl Qs v iheu yBalhg e Lapipe

3

hydracldonde® 038%ayd dacqyeateddor RRLQ@uGtymnd r¢sidial safwatgontent).

consi sting of

( 2STRE:yhbMIrydriti€ bt forBUla )R RPREYL AWM e SardDas follows:
di met hoxy- 1,?, 4,6, 7, 11b- hexahydr g‘g-é!gH pyr i %g

E:)Z 418 %%ﬁg %rlll{]y%lrlldg g.ﬁci)’ € gcre%g )é-yl!i Iw%reac%aldgeg tap lwongm%%}a%{ré in the
reaction vessel. The solution was cooled to 8 to 10°C and 2 kg of 1,3-acetone dicarboxylic
acid were added. The reaction mixture was stirred 3h at 8 to 10°C. After a reaction time of
about 1.5h, a solution was almost obtained, upon which crystallization of the product
started. After a reaction time of 3h at 8 to 10°C, the suspension was filtered. The crystalls
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A solution of the above residue in 7 m of THE was
treated with 0.60 mM of formam de (15.1 mmol) and
0.84 m of a 30% solution of sodiumnethylate in

WOrPeeHBnBP (4.5 mmol ) and stirred at room t enRETARPANUS/059265

over night. To the resulting_gsuspension was 30 added
3.5 mM of water, the m xture was heated at reflux for

Vgérpwa&gt@ 4tLq';) ugﬂé% {ﬁ@raﬂi&ute/ @n[g 26 %{e&rﬁg CMS%‘[ ]yveléht fo

suction. ter ca was vvas a total
vigld b?-”b’x&?%‘FYFh‘l-iElhl’ vide §(§0f0 peld). of de| oni zed water and
dried at 60 C at 5 rrbar for 5 hto afford. 0.46 g of

H) B5nBibsid dfl(25)2~ dich ihro B 00-Alithctlieox§ - 6, ¥ hllﬂ&trfhhﬁreaﬁﬁ—pmﬁdd 9,1-

/ /EP2007/ 059265 - 27 -
aﬁj}%’ (@F’]‘jgogir[llgl ti 5%%8%0?9&%2@& M nation of conversion and

sel ectivity. of hydrogenafion @ash am dation: Agilent
Mbd. 1100 witdh X- Bri dge C1§ col um i(:;(i\ﬂi‘l\iétters Taunten,
Mass., USA), J&_ScomEtporbes, 4 B 3e el uent: A H2®oEt

WVI,J;({] 1% tcrmrebhyl amine) .
for 2 5 mn, then to 300/ 0A/
18 M¢%, 10 W n isocratic, wavel ength 2885m
El enent al 3anal ysis for Cl 1 H31N305: C 62.20 (calc.
62.10); H 7.71 (calc. 7.63), N 10.36 (calc. 10.28)

Ex a@@é oizalﬁl)ne hgdl%'cﬁl%nﬁé § %f‘@é}ﬂa%d & thle I?@acﬁ@ﬁ @tl:sye? 1i?olbszecl by72L

solut | ove box onte t, < g

:Lr@gqa}()SfS] S8R SqMEy dD%\ﬁ u:*,@n s added over 25 min,
kbéi‘hxﬁm)‘.éﬂﬁd&aufdbe@@&& zmnm o, ta ﬁﬂuﬁﬁjl dm:g@@ {10360 8Gucous
f La%%egg@% Agi? thl £ Lg%{%%eﬁ Igﬁlge%lg u r|§86 g] )é_{:'AlllSJII[lOenluV\ll?l acetate were
aﬁ@@ra@géhmeaqwn(rsp@@ Bas heatechio 4GHHVE. ﬁ&xr sttlhrenm@vseght the
saah&ll y@; co%@&ﬂ&dtmo%ﬁmﬁ%qeﬂ 0L Hihl GHoRRthake FerclAAd RBwed by 2.0

L%Ss er23 glln IH&’ zg:lulfeuw AR Wrelsl(eﬂly added. The organic phase was separated
ahwheed atithd). ®F. 4 bbgnguieckes 123Cll- The aqueous phases were re-extracted

%eﬁﬁﬂg:\/ﬂﬁl 3 &8¢ d%éh?%%&%ﬁ%h% ofht%%l ﬁ]bﬁ{eg%lﬁ_%a% ases V\%Pedconcentrated

apghie-diswleed aaw@uﬁrueé dukinpeshangl-t ekglation was (@éedbta r0)°C over 8h,
stlif€l gIeaqt 1M dBhXit U EVRehyskep gRNaRHsi S v Mtk &1. Thafilter cake

SRRNGVER ™ Pralipbre A 503539@%08%@%9 Byl JogpL cold (25
°d] hdpearte. Thaatrydtalsivemrdrzdat €5 Weredeadobelzhy t¢ hiwe 265 griemdrvine ester 4
(Y55 ‘y/érd' bR Alfof Pf:gj’ %@%ﬁd@é{ aRRLAf.ed to dryness

acuo. HPLC ana e resi due showed the

S3BLlsl e 9§f (B ey ey L Bagabsdre 4Fpyrdo, -
aliaﬁuﬁﬁllﬁé.—b%rﬂ‘dxﬂi)@a(ﬁi bdill eetet,@il; with PRRKS) atis-BnziBx 2 sibcihic acid

(4.1 area% consisting of
(2S,3S, 11B) - N-Boc-Tri fl uoronet hyl ester, affpeak at

'. N- B cognd a peak at RH
coﬁs?"sﬁl ng.of (253K 1&@

o on The Caf boxyl iC esthﬁ%
.converted into the correspondi ng am de by treat nent
of the 4esidue in THF sMmth formam de and sodi ung

~met hyl ate sol uti on in an anal ogous rmnner as

desgrSPQ Ht% Ofl our rrlﬁc n(?hgﬂfo;qgg)pgcgw?tﬁ a r%e zu}lgaé stlrrer, relﬁux condenser, a

thepBoB8Gtet, B8 an Nr Bocin/viled ava8 changgd with racemic enamine 4 (10.0 g, 30.1
rr%%l? Mﬁ@@ﬁ% ﬁPg%zﬁQ%Qéded PR mixture was heated to 50 °C,



10

15

20

Exanples 3.1 to 3.5 The follow ng experinents in
Tabl e 1 bel ow have been carried out in analogy to
exanpl e 2 .using various non-chiral diphosphines for

WQWe8/43178i tu formation of the catal yst with PCI/EP2007/059265

[ Rh(COD) TFA] 2, SIC 25. 5Tabl e,l Exanpl e Di phosphi ne
Conversion (0/0) Content of (all-S)-NBocamde a) (%

@hée@g ohh, c’ﬁegl %’ho i sgldaﬁﬁ %alz J)béﬂ'leg 3—) Q) B %1196?129}71—%?—&%1341c acid 5

acena
1O 8g, 30 mmol ) was added 1 m one portlon to give a clear solution. After a couple of

minutes, crystallization started. The mixture was allowed to slowly cool to ambient
temperature over 2.5 h and was then stirred for another 14 hours. The suspension was
filtered and the filter cake was washed with EtOH/HO (15 ml) at 0 °C. After drying under
vacuum, (S)-enamine salt 6 (9.37 g, 45.1% vield, 98.0% ee) was obtained as white crystals.
The enantiomeric excess was determined by HPLC on chiral stationary phase using a
Chiralcel OD-H column.

mp = 161 °C

D) Synthesis of (§)-2-amine-9,10-dimethoxy-1,6,7,1 1b-tetrahydro-4H- le‘ldO[Z 1-

]moqumolme 3-carboxylic acid ethyl ester

NH, NH,
o -CO-Et OBz \ COE
H co.H S H
MeQ N HO,C 2 MeO N
OBz
MeO MeQ
6 7

A 500-ml one-necked round bottom flask with a magnetic stirrer was charged with
(8)-enamine tartaric acid salt 6 (18.6 g, 29.9 mimol, 99.0% ee) and CH,Cl, (180 mi).
Sodium hydroxide solution (1.0 N, 180 ml) was added and the mixture stirred at room
temperature for 5 minutes. The mixture was transferred to a separating funnel and the
aqueous phase was extracted with CH,Cl (180 ml). Drying over Na,SO, filtration and
evaporation of the solvent gave the desired (5)-enamine 7 (8.77 g, 98% yield, 99.0% ee) as
a yellow foam. The enantiomeric excess was determined by HPLC on chiral stationary

phase using a Chiralcel OD-H column.

Acronyms of diphosphine ligands

DCyPP 1,3-Dicyclohexylphosphinopropane

{commercially available from Acros Europe at Chemie
Brunschwig AG, Basel, Switzerland)

DPPP 1,3-Diphenylphosphinopropane
(commercially available from Fluka AG, Switzerland)

DPPB , - 1,4-Diphenylphosphinobutane




62 3.5 DPPP 99 33 a) Determ ned by HPLC after
am dation reaction with formam de and sodi um

net hyl ate sol ution, a
WOi20081@bise 2 have been

exanple 2 using 10 va

the in-situ formation

rea% Exanple 4 The experinents
carried out in anal ogy PCE/EP2007/059265
rious chiyal diphosphines for

of the catalyst vvith

r DD/ A)\-TEAl-D ya
[ Rn(CCD)yTEAI2—(precut

B) or [Rh(COD)2]0Tf (

PR RbSiAls Gyle bl e HUEs A Sgheriand

Boc@@plehldnd))

E?a%gg(: 2  phosphi ne Prm:Na algﬁdav;ml siba fnéhy@@ﬂll Phosphine
-N-Boc-am d

?preparatlon 15 d]éscrlll::\;e(? ) I?aF;aFcar Et zEl BH)eteroatom
Chemzstryr 1997, 8(6), 539-550)

PiPPP

1,3-Di-isopropylphosphinopropane

(commercially available from Acros Europe at Chemie
Brunschwig AG, Basel, Switzerland)

(R,S)-PPF-P(tBu),

(R)-{-)-1-[(S)-2- Dlphen}rlphosphino)ferrocenyl]ethyl—
di-tert.-butylphosphine !

(S,R)-PPF-P(1Bu),

($)-(-)-1-[(R)-2- szhen}rlphosphino)ferrocenyl]éthyl—
di-tert.-butylphosphine '

(R)-CyMeOBIPHEP

(R)-2,2-Bis- (dlcydohexylphosphmo) -6,6- dlmethoxy—
L1’ blphenyl

(preparation described in Schmid et al., Pure and
Applied Chemistry 1996, 68(1), 131-8).

(S)-CyMeOBIPHEP

(S)-2,2-Bis-(dicyclohexylphosphino)-6,6-dimethoxy-
1,1'-biphenyl

{(preparation described in Schmid et al., Pure and
Applied Chemistry 1996, 68(1), 131-8).

(R)-3,5-tBu-MeOBIPHEP

(6,6'-Dimethoxy|[1,1"-biphenyl]-2,2'-diyl)bis(bis(3,5-di-
tert.-butylphenyl)phosphine

(R,R)-MeDuphos

1,2-Bis[(2R,5R)-2,5-Dimethylphospholano}benzene

(commercially available from Strem Chemicals
In;.,Germany)

(S,S)-MeDuphos

1,2-Bis[(2S,58)- 2,5-Dimethylphospholano]benzene

commercially available from Strem Chemicals Inc.,
Germany)

{R,R)-SKEWPHOS

(2R, 4R)-(-)- 2,5- Dunethylphospholano]benzene

(commercially available from Strem Chemicals Inc.,
Germany)

(S,5)-SKEWPHOS

(25,45)-(-)- 2,5-Dimethylphospholano]benzene

{commercially available from Strem Chemicals Inc
Germany.,)

(IR,1’R,28,2°S)-DuanPhos

(1R,1'R,28,2'S)-1,1"-Bi- lH-isophosphindole, 2,2"-
bis(1,1-dimethylethyl)-2,2",3,3'-tetrahydro-

(commercially available from Chiral Quest Inc., USA)

(5,S)-BCPM

1-Pyrrolidinecarboxylic acid, 4-
(dicyclohexylphosphino)-2-
[(diphenylphosphino)methyl]-, 1,1-dimethylethyl ester,




WD 2008/ 031750PCT/ EP2007/ 059265 - 29 - Exanple

Di phosphi ne Precursor

Conversion (9% Content of

(all-S)-N-Boc-amide (% 4.2 (S, R-PPF- P(tBu)2 B 100
WOPQISI0B1503 (R)- CyMeOBl PHEP C 95 42 4.4 (S)- PCT/EP2007/059265
CyMeOBI PHEP C 95 34 4.5 (R, R)z/MeDuphos

{25-cis)- _
(CAS Nr 110005-30-6, preparation described in

Takahashi et al. Tetrahedron Letters 1986, 27(37),

4477-80)

(R,R)-(Cy2)(3,5-tBu),-DIOP

Bis[3,5-bis(1,1-dimethylethyl}phenyl] [[(4R,5R)-5-
[(dicyclohéxylphosphino)methyl]-2,2-dimethyl-1,3-
dioxolan-4-yl] methyl]- phesphine

(prepared in analogy to Morimoto et al. Chernical ¢
Pharmaceutical Bulletin 1993, 41(6), 1149-56)

(R)-Cy,-BIPHEMP

Phosphine, dicyclohexyl[2'-(diphenylphosphino)-6,6'-
dimethyl[1,1'-biphenyl]-2-yl]-, (R)-,

(CAS Nr 151489-54-2, preparation described 1n Broger
et al. PCT Int. Appl. (1993), WO 9315089 Al and in
M. Cereghetti et al, Tetrahedron Lett. 1996, 37. 5347-
50))

(R)-Cy»-MeOBIPHEP

Phosphine, dicyclohexyl[2'-(diphenylphosphino)-6,6'-
dimethoxy[1,1'-biphenyl]-2-¥1]-, (R)-,
(preparation described in Broger et al. PCT Int. Appl.

(1993), WO 9315089 Al and in M. Cereghetti et al,
Tetrahedron Lett. 1996, 37. 5347-50).

(S)-Binapine

(35,3'5,45,4'S,11bS, 11'bS)-(+)-4,4"-Di-t-butyl-4,4',5,5'-
tetrahydro-3,3’- bi-3H-dinaphtho[2,1-C:1",2'-
E]phosphine

{commercially available from Strem Chemicals Inc.,
Germany)

(S,5,R)-MePHOS-
MeOBIPHEP

(28,2'5,55,5'S)-1,I'-[(1R)-6,6'-dimethoxy[1,1'-
biphenyl]-2,2'-diyl|bis[2,5-dimethyl-, Phospholane,

{preparation is described in Schmid et al., Pure and
Applied Chemistry 1996, 68(1), 131-8).

(R)-1Pr-MeOBIPHEP

[(1R)-6,6'-dimethoxy|1,1"-biphenyl |-2,2'-diyl | bis | bis(1-
methylethyl)- phosphine

(preparation is described in Foricher et al. PCT Int.
Appl. (1993), WO 9315091 Al)

(R)-Et,-BIPHEMP

(R)- [2‘—(ldiethylphosphino)—6,6'—djmethy1[ I,1'-
biphenyl]-2-yl]diphenyl-, Phosphine
(preparation described in Broger et al. PCT Int. Appl.

(1993), WO 9315089 Al and in M. Cereghetti et al,
Tetrahedron Lett. 1996, 37. 5347-50)

(R,R)-PPE-PCy,

(R)-1-[(R) —2—Diphenyl]¥hosphino)ferrocenyl] ethyl-
dicyclohexylphosphine

(S,R)-Cy;PE-PPh,

(S)-1-[{R}-2-dicyclohexylphosphino)-ferrocenyl jethyl-
diphenylphosphine V




C 99.3 13 4.6 (S, S)-MeDuphos C 99.2 36 4.7 (R R)-

SKEWPHOS A 93 63 4.8

(S, S)- SKEWPHOS A 92 42

a) Determ ned by HPLC after amidation reaction with

wonessranisde and sodi um
Experinment carried out on 0.

met hyl ate sol ution, ar @S¥%EPR)07/059265
| of (S)-Enam ne et hyl

ester as substrate in anal ogy to exarrpl e 1, c) 0.60 g |

of —(S)=Enmamne—ethyi I h h 1

SERMX}@BPBEd(H‘}Z(eH@t s1/ (R 8 %év %oﬂ’ 0sp m°P enyl)-
|4 - S) - N-Boc- ani de %‘T‘?CG%’ lgl) OSPl‘F‘ﬂé

ex| ériments in Tableg

3a and 3b have heen_carried out

gﬁsﬁggl ﬁgy e )exarrpl g

I nes or t he

(R)-usli( $l)g2-'ﬂ?)i¢}4cbbsx3@hqsphmo)ferrocenyl]
iethySdityaloheriptdspinnet’ t he

cataryst wth fRh(COl

[RRY mmf@@mﬂm

(Precursor O,

o ﬁ{%hinophenyl)

S RS

lﬁrﬂ}cﬁbﬂﬁe@w’f@wndpho@hxneé)l C 25.

(R,R)-Ph,PPhFcCHCH;PXyl>

(R)-1-[(R)-2-(2-Diphenylphosphinophenyl)
ferrocenylJethyldi-(3,5-xylyl) phosphine

(S,R}-MOD-PPF-P(tBu),

(S)-1-[(R}-2-bis-(4-methoxy-3,5-dimethylphenyl)-
phosphino)ferrocenyl] éthyldi-tert.-butylphosphine '

(S)-2,2’,5,5 - Tetramethyl-4,4’-bis(diphenylphosphino)-

(S)-TMBTP 3,3’-bithiophene (Commercially available from Chemi
S.p. A., Via dei Lavoratori, Cinasello Balsamo, Milano
20092, Italy.)

(all-S)-BICP 2,2’-bis(diphenylphosphino)-(15,1°5,25,2°S)-1,1’-

bicyclopentyl (Commercially available from Chiral
Quest Inc., Princeton Corporate Plaza, Monrnouth Jct.,
NJ08852, USA).

(5,R)-Furyl,PF-P(tBu),

(8)-1-[(R)-2-(Di-2-furylphosphino)ferrocenyl | ethyldi-
tert.-butylphosphine

(S,R)-(3,5-tBu,-4-
MCOPh) 2PF-P(T_BU)2

(8)-1-[(R)-2-Di-(4-methoxy-3,5-di-tert.-
butylphenyl)phosphino]ferrocenyl]ethyldi-tert.-
butylphosphine

(S,R)-(2-MeOPh),PF-P(tBu),

(8)-1-[(R)-2-Bis(2-methoxyphenyl) phosphino]-
ferrocenyl]ethyldi-tert.-butylphosphine

(S,R)-(4-F-Ph),PE-P(tBu),

(8)-1-[(R)-2-Bis(2-fluorophenyl)phosphino] -
ferrocenyl]ethyldi-tert.-butylphosphine

(R)-PP(4-Ph)F-CH,P{tBu),

(R)-(4-Phenyl-2-diphenylphosphinoferrocenyl)-
methyldi-tert.-butylphosphine

Y Commercially available from Solvias AG, Basel, Switzerland.
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WO 2008/ 031750PCT/ EP20071059265 - 30 - Table 3a
Exanpl e D phosphi ne Precursor Conversion (% Content
of (allS)-NBocanmide) (% 5.1 (1R

WOl20R/02685@" S) - DuanPhos (163) A 98 51 b) 5.2 (BCHEPBOPNSI265
(194) A 99 73 5.3 (R R)-(Q/Z)&)S_, 5-tBu)2- DIOP (228) A
>99 71 :

Example 1

Preparation of (25,3S,11bS)-2-tert.-Butoxycarbonylamino-9,10-dimethoxy-1,3,4,6,7,11b-
hexahydro-2H pyrido[2,1-a]isoquinoline-3-carboxylic acid amide

a) In-situ preparation of the catalyst solution

In a glove box (O, content < 2 ppm) an Erlenmeyer flask was charged with 4.88 mg
[Rh{COD)TFA]; {0.0075 mmol), 9.12 mg (S,R)-PPE-P(tBu), {0.016 mmol) and 5 mL
- trifluoroethanol. The mixture was stirred for 2 h at room temperature.

b) Asymmetric hydrogenation (5/C 500)

In the glove box a 35 ml glass-lined autoclave equipped with a magnetic stirring bar
was charged with 0.50 g {1.50 mmol) of (5)-2-amino-9,10-dimethoxy-1,6,7,11b-
tetrahydro-4H-pyrido[2,1-a]isoquinoline-3-carboxylic acid ethyl ester 7, 3 ml of
trifluoroethanol and 1 ml of the above catalyst solution. The autoclave was sealed and
pressurized with hydrogen {30 bar). The reaction mixture was hydrogenated during 18 h at
65 °C under stirring. At this point the reaction was complete according to HPLC analysis.
The hydrogenation mixture, an orange solution, was removed from the autoclave, 0.492
mg (2.26 mmol) of di-tert.-butyl-dicarbonate were added, the mixture was stirred at 40°C
for 1 h and evaporated to dryness in vacuo. HPLC analysis of the residue (0.65 g) showed a
peak at RT 16.2 min (77 area%) consisting of (25,35,11bS)- and of (2R,385,11bS)-2-tert.-

. Butoxycarbonylamino-9,10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H pyrido[2,1-
alisoquinoline-3-carboxylic acid ethyl ester, a peak at RT 18.2 min (13.6 area%) consisting
of (2§,35,11bS)-2-tert.-Butoxycarbonylamino-9,10-dimethoxy-1,3,4,6,7,1 Lb-hexahydro-2H
pyrido[2,1-a)isoquinoline-3-carboxylic acid trifluoroethyl ester (13.6 area%) and a peak at
RT 20.3 min (1.6 area%) consisting of (2S,3R,11bS)-2-tert.-Butoxycarbonylamino-9,10-
dimethoxy-1,3,4,6,7,11b-hexahydro-2H pyrido[2,1-a]isoquinoline-3-carboxylic acid ethyl

ester.
¢) Amidation

A solution of the above residue in 7 ml of THF was treated with 0.60 ml of
formarnide (15.1 mmol) and 0.84 ml of a 30% solution of sodium methylate in methanol
(4.5 mmol) and stirred at room temperature over night. To the resulting suspension was
added 3.5 ml of water, the mixture was heated at reflux for 3 h, cooled to room
temperature and filtered with suction. The filter cake was washed with a total of 6 ml of
water/THF 1:2, with 2 ml of deionized water and dried at 60 °C at 5 mbar for 5 h to afford
0.46 g of (28,35,11bS)-N-Boc-Amide 8 with 99.1 area% purity by HPLC.
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5.4 (R)-Cy2-BI PHEMP (136) A >99 71 5.5 (S)- Bi napi ne
(158) A 99 56 5.6 (S, S, R) - MePHOS- MeOBI PHEP (188) A
93 45 5.7 (R)-1Pr-MeOBI PHEP (189) A 84 34 5.8

WO(2R)8/EB1 736 Bl PHEVMP (236) A 99 PCT/EP2007/059265

27 -

HPLC conditions for determination of conversion and selectivity of hydrogenation
and amidation: Agilent Mod. 1100 with X-Bridge C18 column (Waters, Taunton, Mass.,
USA), 3.5 um pores, 4.6x150 mum; eluent: A (H20 with. 5% acetonitrile and 1%
triethylamine), B (acetonitrile with 1% triethylamine). Program: start 85%A/15%3B for 2
min, then to 309%A/70%B within 18 min, 10 min isocratic, wavelength 285 nm.

Elemental analysis for C;31H31N30s:

C62.20 (calc. 62.10}; H7.71 (calc. 7.63), N 10.36 (calc. 10.28)

Example 2
a) In-situ preparation of the catalyst solution

[n a glove box (O, content < 2 ppm) an Erlenmeyer flask was charged with 1.95 mg
[Rh(COD)TFA]; (0.0030 mmol), 2.89 mg DCyPP (0.0066 mmol) and 1 mL

trifluoroethanol. The mixture was stirred for 2 h at room temperature.
b} Asymmetric hydrogenation (§/C 25)

In the glove box the above catalyst solution was added in a glass vial to 0.050 g (0.15
mmol) of (§)-2-amino-9,10-dimethoxy-1,6,7,11b-tetrahydro-4H-pyrido|[2,1-
ajisoquinoline-3-carboxylic acid ethyl ester 7 and the vial was placed in an autoclave. The
autoclave was scaled and pressurized with hydrogen (30 bar). The reaction mixture was
hydrogenated during 18 h at 50 °C under stirring. The hydrogenation mixture was removed
from the autoclave, 0.050 mg (0.23 mmol} of di-tert.-butyl-dicarbonate were added, the
mixture was stirred at 40°C for 1 h and evaporated to dryness in vacuo. HPLC analysis of
the residue showed the conversion to be 97.5%, a peak at RT 16.2 min (58 area%)
consisting of (25,35,11bS})- and (2R,35,11bS)-N-Boc Ethyl ester, a peak at RT 18.2 min
(4.1 area%) consisting of {25,35,11bS)-N-Boc-Trifluoromethyl ester, a peak at RT 17.4 min
(4.6 area%) consisting of (2R,3R,11bS)-N-Boc-Ester and a peak at RT 20.3 min (3.6
area%) consisting of (25,3R,11bS)-N-Boc-Ester.

¢) Amidation

The carboxylic ester group was converted into the cotresponding amide by treatment
of the residue in THF with formamide and sodium methylate solution in an analogous
manner as described in Example 1. HPLC analysis showed the mixture to contain 44% of
the desired (25,35,11bS)-N-Boc-Amide 8.



62 5.9 (R R)-Xy12PPhFCCHCl - 13- PXy12 (214) A >99 27

5.10 (R R)- Ph2PPhFCCHCH3- PPh2 (231) A >99 47 5.11

(R R) - Ph2PPhFCCHCH3- PXy12 (233) A >99 46 5.12
WO(2B)sB)B17Bh- BPE (342) C >99 74 5.13 (R S, S) - ( OPCRHP2007/059265

Bl PHEMP C 8-

Examples 3.1 to 3.5

The folloWing experiments in Table 1 below have been carried out in analogy to
example 2 using various non-chiral diphosphines for the in-situ formation of the catalyst
with [Rh(COD)TFA],, S/C 25. '

5 - Table 1

Content of
Example Diphosphine Conversion (%) | (all-S)-N-Boc-
amide ¥ (%)
50 DPPP 36 21.7
3.2 DPPB 71 ' 57
3.3 DiPPB 99.6 26
1,2-Bis(iPr2P)-
3.4 98 62
: acenaphthylene
3.5 DiPPP 99 33

% Determined by HPLC after amidation reaction with formamide and sodium

methylate solution, area%.
Example 4

The experiments in Table 2 have been carried out in analogy to example 2 using
10  various chiral diphosphines for the in-situ formation of the catalyst with [Rh(COD)TFA],
(precursor A), [Rh(COD)Cl]; (precursor B) or [Rh(COD)2]OTf {precursor C) , S/C 25.

Table 2
) Content of (all-
. . ' Conversion 1A
Example Diphosphine Precursor §)-N-Boc-amide
_ (%)
(%)
1.1 (R,S)-PPE- B 99.6 14 %
P(tBu)2




88 66 5.14 (R -(Qy)2(pTolyl)2- C >99 82 WO
20081031750PCT/ EP2007/ 059265 - 31 -

Exanpl e

Di phosphi ne Precursor Conversion (% Content of

wOo(2a04/8) 3N Boc- amide') (% Bl PHEMP TABLECITEP2007/059265
-29 .
- Content of (all-
. . Conversion 1)
Example Diphosphine Precursor (%) S)-N-Boc-amide
0
(%)
4.2 (S,R)-PPE- B 100 799
P(tBu)2
4.3 (R)- C 95 42
CyMeOBIPHEP
4.4 (S)- C 95 34
CyMeOBIPHEP |
4.5 (R,R)-MeDuphos | C 99.3 13
4.6 (S,5)-MeDuphos | C 99.2 | 36
4.7 (R,R)- A 93 63
SKEWPHOS
4.8 (5,5)- A 92 42
SKEWPHOS

% Determined by HPLC after amidation reaction with formamide and sodiwm

methylate solution, area%; b) Experiment carried out on 0.5 g of {S)-Enamine ethyl ester as

~ substrate in analogy to example 1; ¢) 0.60 g of (S)-Enamine ethyl ester was used as
substrate in a 35 ml autoclave at S/C 25, isolated yield of (all-S)-N-Boc-amide was 70%.

Example 5

The experiments in Tables 3a and 3b have been carried out in analogy to example 2

using various chiral diphosphines for the in-situ formation of the catalyst with
[Rh{COD)TFA]; (precursor A}, [Rh(COD)CI]; (precursor B) or [Rh(COD),]JOTf
{precursor C), [Rh(COD)}),]SbFs (precursor D), $/C 25.




Exanpl e D phosphi ne Precursor Conversion (% Content

of (allS)-NBoc-

amide) (% 5.15 (R R)- PPF-PCy2 (105)
D 98 54 5.16 (R R)-PPF-PCy2 (117) A 99 59 5.17

WO(ZB)3RB1BY 2PF- PPh2 (195) A >99 49 5.18 PCT/EP2007/059265
(R S)-Cy-PPF-P(Cy)2 (225) A 5.
Table 3a
Example | Diphosphine Precursor | Conversion | Content of (all-
(%) S)-N-Boc-
amide® (%)
5.1 (1R,1’R,25,2°S)-DuanPhos | A 98 51
(163)
5.2 (S,5)-BCPM (194) A | 99 73
5.3 (R,R)-(Cy2)(3,5-tBu)2- A >99 71
DIOP (228)
5.4 (R)-Cy,-BIPHEMP (136) | A >99 71
5.5 ($)-Binapine (158) A 99 56
5.6  (5,5,R)-MePHOS- A 93 45
MeOBIPHEP (188) '
5.7 (R)-iPr-MeOBIPHEP A 84 34
(189)
5.8 (R)-En-BIPHEMP (236) | A 99 62
5.9 (R,R)-Xy,PPhFcCHCHs- | A >99 27
PXyl, (214)
5.10 (R,R)-Ph,PPhFCCHCH;- | A >99 47
PPh, (231)
5.11 (R,R)-Ph,PPhFcCHCHs- | A 99 46
PXyl, (233) |
5.12 (5,5)-Ph-BPE (342) C >99 74
5.13 (R,S,S)-(Cy,Ph),- C 88 66
BIPHEMP '
5.14 (R)-{Cy)(pTolyl),- C >99 82




>99 34 5.19 (S, R -PPF-PCy2 D >99 67 5.20
(S, R -PPF-CH2P(tBu)2 C >99 80 5.21
(S, R -Furyl 2PF-P(tBu)2 D >99 76 5.22 (R)-PP(4-Ph)F-

WOCHBRGIBA) 2 C 98 78 5.23 (S, R - (3, 5-tBu2-4- PCT/EP2007/059265
MeOPh) 2PF- P(t Bu) 2 ’

_37 -
Example | Diphosphine Precursor | Conversion | Content of (all-
(%) S)-N-Boc-
amide” (%)
BIPHHEMP
TABLE 3b
Example | Diphosphine Precursor | Conversion | Content of (all-
(%) $)-N-Boc-
amide” (%)
5.15 (R,R)-PPF-PCy; (105} D 98 54
5.16 (R,R)-PPE-PCy, (117) A 99 59
5.17 (S,R)-Cy,PF-PPh, (195) A >99 49
5.18 (R,S)-Cy-PPE-P(Cy),; (225) | A >99 34
5.19 (S,R)-PPE-PCy, D >99 67
5.20 (S,R)-PPF-CH,P(tBu), C >99 80
5.21 (S,R)-Furyl,PE-P(tBu); D >99 76
| 5.22 (R)-PP(4-Ph)F- C 98 78
CHzP(tBll)z
5.23 (S,R)-(3,5-tBuy-4- C | 99 75
MeOPh);PF-P(tBu),
5.24 (5,R)-(2-Me(OPh),PF- C >99 58
P(tBu),
5.25 (8,R)-(4-F-Ph),PF-P(tBu), | C >99 82
5269 | (S,R)-MOD-PPE-P(tBu); |C 91 619

% Determined by HPLC after amidation reaction with formamide and sodium

methylate solution, area%; b) 0.70 g of (S)-Enamine was used as substrateina 35 ml
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C >99 75 5.24 (S, R) - (2-MeOPh)2PF- P(tBu)2 C >99 58
5.25 (S, R)-(4-F-Ph)2PF-P(t1311)2 C >99 82 5.26 c)
(S, R)- MOD-PPF-P(tBu)2 C 91 61 d) ~ a)

woDgessaisned by HPLC after amidation reaction HﬂTtE?2007/039263

fonnam de and sodi um net hyl at.g, sol uti on, area% b)
0.70 g of (S)-Enam ne was used as substrate ina 35

o029 895/09@ %Kégmn% QY EQROPOR at 5821500 in analogy to Example

* 11. ¥ Content of (all-S)-N-Boc- Ethyl ester + (2R,38,11bS)-N-Boc-Ethyl ester +

(28,358,11bS)-N-Bo¢-2,2,2-Trifluoroethyl ester (%), not of (all-S)-N-Boc-amide.

Example 5a

The experiments in Table 4 have been carried out in analogy to example 2 using 50

mg of (S)-Enamine ethyl ester, with [Rh(COD)g_] OTf/ (S,R)-PPF-P(tBu), as catalyst at S/C

50 in 1 ml of total solvent.

Table 4
Example Solvent - | Conversion (%) Content of esters ¥
4:1 vol/vol (%)
5a.1 | TFE/ MeOH >99 91"
5a.2 . TFE / THF >99 91
5a.3 TEE / CH,Cly >99 83
5a.4 TFE / toluene - >99 88_
5a.5 TFE / ethyl acetate >99 RS
5a.6 TFE / acetone >99 73

% Esters added together: (all-S)-N-Boc- Ethyl ester + (2R,3S,11bS)-N-Boc-Ethyl ester
+ (2§,35,11bS)-N-Boc-2,2,2-Trifluoroethyl ester; determined by HPLC after treatment
with 50 mg of di-tert.-butyl-dicarbonate, area%. ® As a mixture of trifluoroethyl and
methyl ester.

Example 5b

The experiments in Table 5 have been carried out in analogy to example 8 under
addition of an additive (0.15 mmol).
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autoclave at S/C 50; ) This experinment was carried
out at S/C 1500 in analogy to Exanple 11. d) Content
of (all-S)-N Boc- Ethyl ester +

WO(2BR/BE501bS) - N- Boc- Et hyl ester + PCT/EP2007/039265

(2S,35,11bS) - N-Boc- 2, 2, 2-Tri f4uoroet hyl ester (%,
not of (all-S)-N Boc-an de. anpl e ba The
experiments in Table 4 haverhgen carried out in:

anal ogy to exanpl e 2 usi ng S50 g of (S)-Enam ne et hyI

ster, wtir {RI(COD 2} 0TF 7 (S, R - PPE-R(TRI) 2 a5
cakxmpde at BseC 50 in 1 m cfc‘?l’cYFﬁ}ons(o/‘P)ve optepf af (3ll-5)-N-
Bxanmpl e So| vent Conversion (% Content of | @st-amsded)(%)
4:1 vollvol ( % 5a.1 TFE /| MeOH >99 91 b) 5a.2 TFE.
/ l;li)HF >99 93&11151161‘611111111 ace{at ]>299>99 71
5b.2 Cesium carbonate >99 71
5b.3 Sodium formiate >99 _ 88
5b.4 Dicyclohexyl amine >09 83
5b.5 Diisopropyl ethylamine | >99 82
5b.6 Triethyl amine >99 83

* Determined by HPLC after amidation reaction with formamide and sodium

methylate solution, area%;
Example 6
a) In-situ preparation of the catalyst solution

In a glove box (O content < 2 ppm) an Erlenmeyer flask was charged with 7.4 mg
[Rh(COD)TFA], (0.011 mmol), 14.0 mg (R)-Cy2-BIPHEMP (0.025 mmol) and 5 mL

trifluoroethanol. The mixture was stirred for 2 h at room temperature.
b) Asymmetric hydrogenation (S/C 200)

In the glove box 1 ml of the above catalyst solution was added in a glass vial to a
solution of 0.30 g (0.90 mmol) of (S}-Enamine ethyl ester 7 in 2 ml of trifluoroethanol and
the vial was placed in an autoclave. The autoclave was sealed and pressurized with
hydrogen (30 bar). The reaction mixture was hydrbgenated during 18 h at 50 °C under
stirring. The hydrogenation mixture was removed from the autoclave, 0.306 g (1.4 mmol)
of di-tert.-butyl-dicarbonate were added, the mixture was stirred at 40°C for 1 h and
evaporated to dryness in vacuo. HPLC analysis of the residue showed the conversion to be
99.6% with following composition: {25,35,11bS)- and (2R,35,1 le) -N-Boc-Ethyl ester (84
area%), (25,35,11bS)-N-Boc-2-Trifluoroethyl ester (7.6 area%), (2R,3R,11bS)-N-Boc-Ester
(0.3 area%).
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83 5a.4 TFE / toluene >99 88 5a.5 TFE / ethyl acetate
>99 91 5a.6 TFE / acetone >99 73 a) Esters added
together: (all-S)-NBoc- Ethyl ester +

WO(BR/BE501bS) - N- Boc- Et hyl ester PCT/EP2007/059265

10(2S, 3S, 11bS) - N-Boc- 2, 2, 2-Trif 1 uor oet hyl ester;

determ ned by HPLC after treatnent with 50 ng of

di -tenty; yl -di carbonate, area% b) As a m xture of
tri1ﬁc?euor6(1)%1t6 yl and nethyl ester. Exanple 5b

The experinents in Table 5 have been carried out jn

an a|T§§ yarbegi% ATFBY FOBP MAYEATY I5edigin Ttle‘F G TEFPORHNG Rpideiby dreatment
of Ghelrosidmeih JTHE Weh 26108ml3d DRGNP 0GAIO&RAGM inan 3Balogous
n-"[afant%lere assdesc%)f)%gﬂ'll Example 1c. HPLC analysis showed the mixture to contain 84% of

the desired (25,3S,11b5)-N-Boc-Amide 8.

Example 7
a} In-situ preparation of the catalyst solution

In a glove box (O; content < 2 ppm) an Erlenmeyer flask was charged with 7.4 mg
[Rh(COD)TFA], (0.011 mmol), 14.8 mg (R)-Cy,-MeOBIPHEP (0.025 mmol) and 5 mL
trifluoroethanol. The mixture was stirred for 2 h at room temperature.

b) Asymmetric hydrogenation (5/C 200)

In the glove box 1 ml of the above catalyst solution was added in a glass vial to a
solution of 0.30 g (0.90 mmol) of (S)-Enamine ethyl ester 7 in 2 m! of trifluoroethanol and
the vial was placed in an autoclave. The autoclave was sealed and pressurized with
hydrogen (30 bar). The reaction mixture was hydrogenated during 18 h at 50 °C under
stirring. The hydrogenation mixture was removed from the autoclave, 0.306 g (1.4 mmol)
of di—tért.—butyl—dicarbonate were added, the mixture was stirred at 40°C for 1 h and
evaporated to dryness in vacuo. HPLC analysis of the residue showed the conversion to be
99.5% with following composition: (25,3S,11bS)- and (2R,3S,11bS)-N-Boc-Ethyl ester (80
area%), (25,3S,11bS)-N-Boc-2-Trifluoroethyl ester (6.7 area%), (2R,3R,11bS)-N-Boc-Ester
(0.3 area%).

¢) Amidation

The carboxylic ester group was converted into the corresponding amide by treatment
of the residue in THE with formamide and sodium methylate solution in an analogous
manner as described in Example 1c. HPLC analysis showed the mixture to contain 79% of
the desired (285,3S,11bS)-N-Bo¢-Amide 8.
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Base Conversion (% Content of (all-S)-NBoc-am de)
(% 5b.1 Amoni um acetate >99 71 5b. 2 Cesium
carbonate >99 71 5b.3 Sodiumform ate >99 88 5b. 4

woRDb@ydotsexyl am ne >99 83 5b.5 Dii sopropyl ePRYIERRGOAO59265

>99 82 5b.6 _35.
Example 8
a) In-situ preparation of the catalyst solution

In a glove box (O; content < 2 ppm) an Erlenmeyer flask was charged with 7.0 mg
[Rh{COD);}OTf {0.015 mmol), 9.00 mg'(S,R)—PPF—P(tBu)g (0.016 mmol) and 5 mL

trifluoroethanol. The mixture was stirred for 1.5 h at room temperature.
b) Asymmetric hydrogenation (S/C 500)

In the glove box a 35 ml glass-lined autoclave equipped with a magﬁetic stirring bar
was charged with 0.50 g (1.50 mmol) of (S)-Enamine ethyl ester 7, 3 ml of triflucroethanol
and 1 ml of the above catalyst solurtion. The autoclave was sealed and pressurized with

hydrogen (30 bar). The reaction mixture was hydrogenated during 18 h 4t 50 °C under

~ stirring. The hydrogenation mixture, an orange solution, was removed from the autoclave,

0.492 mg (2.26 mmol) of di-tert.-butyl-dicarbonate were added, the mixture was stirred at
40°C for 1 h and evaporated to dryness in vacuo. HPLC analysis of the residue showed the
conversion to be 99.9% with following composition: , (25,35,11bS)- and (2R,3S,11bS)-N--
Boc-Ethyl ester (77 area%), (25,3S;11bS)-N-Boc-2-Trifluoroethyl ester (15 area%),
{28,3R,11bS)-N-Boc-Ester (1.9 area%).

Example 9
a) In-situ preparation of the catalyst solution: same as in example 8
b) Asymmetric hydrogenation (S/C 500)

In the glove box a 35 ml glass-lined autoclave equipped with a magnetic stirring bar |
was charged with 0.50 g (1.50 mmol) of (S)-Enamine ethyl ester 7, 3 ml of trifluoroethanol
and 1 ml of the above catalyst solution. The autoclave was sealed and pressurized with
hydrogen (10 bar). The reaction mixture was hydrogenated during 18 h at 50 °C under
stirring. The hydrogenation mixture, an orange solution, was removed from the autoclave,
0.492 mg (2.26 mmol) of di-tert.-butyl-dicarbonate were added, the mixture was stirred at
40°C for 1 h and evaporated to dryness in vacuo. HPLC analysis of the residue showed the
conversion to be complete with following composition: , (25,3S,11bS)- and (2R,35,11bS)-
N-Boc-Ethyl ester (77 area%), (28,38,lrle)—N—Boc—2—Triﬂuoroethyl ester (15 area%),
(2S,3R,11bS)-N-Boc-Ester (1.3 area%]).
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30

Triethyl am ne >99 83 a) Determ ned by HPLC
after am dation reaction with formam de and sodi um
nmet hyl ate sol ution, area% Exanple 6 5a) In-situ

wopoepsrabi on of the catal yst sol ution | RCIA/BFL@T59265

box (02 content < 2 ppm) an Erl enneyer flask was
charged with 7.4 ng fRh(COD) TFAl 2 (0.011 mmol), 14.0
ny (R)-Cy2-BI'PHEMP (0.025 pmpl ). @nd 5 nb
trifluoroethanol. The m'xture was stirred for 2 h at
roomtenperature. Asyrmet ric hydr ogenatl on
(S/ @ bogiu nrep%a%qxeofgth@%albﬁﬁo wrig: sypc phig cxdppls AH

catal yst solution was added in a glass vial to a

sol ) heym@Etrid h3rogekddiodqS/a®io) of (S)-Enam ne et hyl
ester 7 in 2 m of trifluoroethanol and the vial was

| .
b oot e Bo RS TS Xh{; Ul N lPFiD Bl hring bar
viis sharged vigs0RQ a bééﬁ’é{l‘g&i ofjpiEngmie athy estegy; &l ghifluorocthanol

afll i1 ikl ST Bhe aDdGe BXAlYR 98086 e Fud Mt Ew BBl ARY Sidsshifigdd with

t ' | 0.306 g.(1.4 15 qf, . o
gl | 056 Jhe a%ae%qlblgﬁé‘efs "R ket pfae 4P et pC under
suaigs The Ineldogrhatik@Gnixpurelashorangt selusipos wdsgdmboeddrgm dissautoclave,
0'492 \QZ%:(%C% rﬁﬁbﬁ: of ﬁ?lce¥§ 'b%%? fdl&%ﬂ&é%ﬂ%d%&] %@Hl&tﬁﬁt was stitred at

conversion to be 6% W ng Itio
4p%glog g by angsyaposprgd tozmsgs rfr w@)w r@%&&refmﬁ |0?§7§tr%ﬁ15]1{eéhowed the
caneadon to(b2$9384 With ) ovinBesmpositfont | (QS,BS&UB@L a@db (2R 35,11bS)-N-

W08 040 abACHESa00 7 Dasans - T ag oot S B
(THhaR, ¢ Do Por Esestlet agaBlp was converted into the
correspondi ng am de by treatnment of the residue in

THF : W infHakief e de and sodi um nmet hyl ate sol ution in
an anal ogous manner as described in Example |c. HPLC

dooTPE koSS osy PR PSR 3dBies s and
ahd civerfeptogtha catréspandihg imadeduttegaipgant sethdoimgamide and a pePo
s@ullhP Mpsogﬁifn ‘rgalﬁm@&exﬂg:thﬁuﬁ iPRMlo rio @E LRy Qlftef fil®Kon and

was ¢

waofgge IRy PEys T éscgg %59%%/0 purity by

HRTJ Wweroisokitddanol . The mxture was sti rred for 2 h at

roomtenperature b) Asymetric hydrogenation (SIC

200) In the glove box,l. m.9f the above catal yst

sol ution was added in a glass V|aI to a solution of

0. 30 (0.90 Mol ) m.ne ethyl ester 7 in 2

m 6}19nr?1ﬁL‘erER?rrﬁé{r'rf§CﬁET’ Caé?“l&“ts‘ﬂéuﬂ’/‘i‘ al was placed in an

aut ocl ave. The autocl ave was seal ed and pressuri zed

wi t n 4 flohy/blsso@erroi®at barppm)EncErteeaeydrdiasinivat dmaezedasth 6.9 mg

3 (A

ﬁ@?ogféﬂ%f. Tk I L R
tharol. Thegmigtuye whs girreddpr 2 hgiopm Ympsrbgeat e wer e

added, the m xture was stirred at 40C for 1 h and

eVaBDAg&ﬁﬁleﬁiehqldimg&&Siohmsmmmm HPLC anal ysis of the

resi due showed the conversion to be 99.5% w th

E gthg@g ey g@g%gggé ﬁ,g?j?g%% @% éh% gga wit¥b7 ¢ (30 mmol) of (S)-

Enamine ethyl ester 7, 65 ml of triffuoroethanol and the above catalyst solution. The

autoclave was sealed and the hydrogenation was run under stirring under 30 bar of

hydrogen at 60 °C. After 16 h the autoclave was opened and the reaction mixture, an
orange solution, was transferred to a glass flask with aid of 10 ml of tetrahydrofuran. After
addition of 9.64 g (44.2 mmol) of di-tert.-butyl-dicarbonate the mixture was stirred at 40°C
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20 area%, (25,35, 11bS)-N-Boc-2-Trifl uoroethyl ester
(6.7 area%, (2R 3R 11bS)-N-Boc-Ester (0.3 area%. c)
Ami dati on The carboxylic ester group was

wWOeomHsitsed i nto the correspondi ng am de by t PERERRIVT/059265

of the residue in THF with fogmam de and sodi um
net hyl ate sol ution in an anal ogous 25 manner as
[ |3 e PSR : Cr. Iyl :

by Pl PRl gy i IS, s SRR owed the
CEPBTES [q tﬁgs;.q% Bibfellawiag gompaegsion: (25,3S5,11bS)- and (2R,35,11bS)-N-
B%Q—Qﬁflﬁ%31215@8@-6/3@2@@3?9;%615-]?{&;52,2,%-@?@:@@%@&&1 l@s}er (12 area%),

=] reparat i 0 e catalyst solution In a
(g{%‘géi%gdﬁq%g‘ﬁf%ﬁm%@%@ ppn) an Erlenneyer flask
was char_?e_d with 7.0 ng 112h( COD) 210Tf (0. 015
mok) Am@dg@nny (S, R)- PPF-P(tBu)2 (0.016 nmol) and 5
mL 5 trifluoroethanol. The m xture was stirred for
1. 5 The adsidu@ 9% HREMRAH U2@ml B) teb8lyIBFdntand converted to the

hyd ti S/ C 500) . I n. b 5 :
B K A L L A
of sadinmmgethdate wasicthaaolgdéd Swilt $8.9 nbGolgat(36°GOvermight. Wie resulting -
s&%ﬁﬁ&@ww@ d Wik §5EPLt réfick, Bholld 1 obfd tyﬁ;za%m@m filtered with
a I m of t h

( e above catal yst sol ution,

suattogoT s Btersskeoemveahed BopreBbun iyt 2 ThofiaF byeisr 21
i2@rf aifler ddHE ofERCHe@pitdtt B7AESIBS oNBAS) OBk dnide with 99.6
dug/i nl?‘. 1% %Pg&‘go C PFe%er stirring. The hydrogenation
ARG RIFEY PR ange“88fUti on, was removed fromthe

aut ocl ave, 0.492 (2.26 mol ) of

di -Emﬁn%ﬁnwﬂﬂfogg?abfdﬁéb@mere added, the mixture

was stirred at 40C for 1 h and evaporated to dryness

in vacuo. HPLC anal yshig of the residuefesh@wed the
conyersion to be 99.9%w th foll ow ng osition:,
(ZS,Y:jeS, 11bS)- and (2%,‘298, 1 bS)-N 15 B%lg%t hyl ester
(77Harea%, (2S, 3S, 1165) - N-Boc- 2- Tri f 1 46t oet hyl ester
(15parea%, (2S, 3R 1) - N-Boc-Ester (g area%.
Exarrpl_&lf‘Q a) In-situ preparation of the catalyst

sol BET'8¥E sane as in exanple 8 b) Asy 9 c

hydr ogenati on (S/C 500) 20In the glove box a 35 m

gl ass-1ined autocl ave equi pped with a nmagnetic

stirring bar was charged w,th .50 g (1.50 mmol) of
(S)-Enam ne ethyl ester 7,3 %IP 01? trifluoroethanol

and 1 _m of the above catal yst solution. The

aut atPehaatipolwistede st essuri zed with hydrogen
(10 bar). The reaction m xture was hydrogenat ed

dur img23Bmhraaind S ttomeddiask s tixtniend 20.7Ah e oh Y rbganat$, b

j I okt j : . r .

dg}&%%’g %/g,?n é@-t%@giﬁ)ﬁ% Ilf—(ﬂérggg[ZYﬁ?}%]IL{O‘ag?\Sﬁge—g—cgmok)HE acid
cdiylester (25, bUtHs-benzedpropcainesd s é4 ¢ of sedinmihogate, 100 ml of
i90Bfop¥! ddeta@thndtz04Refideionked wand werainredt Rrduely Wuying 88 min. After

| n vacua. HPLC anal ysi,s of the residue g(i-uov%ﬁgv % hed ed over
SPBFRPOPS (hE 195°HE R {OZBARNG PPPH IV POURE! With water, dried ove
saboposiphaernd paak|lgEvapdiz®)d ataharotdRp @S 2 1@l weight of 16 g.
e i SR e P o 2oy 2 e sphon asiroduce?
into i HOFLRD)

-N-Boc-Ester (1.3 area%.



WD 2008/ 031750PCT/ EP2007/ 059265 - 36 - Exanple 10 a)
In-situ preparation of the catalyst solution: sane as
in exanple A118. b) Asymetric hydrogenation (S/C

WOR03)031730 t he gl ove box a 35 nml gl ass-1lined aBChHEPPEN39265

equi pped with a magnetic stirgyd.ng bar 5 was charged
vvlth O 50 g (1 50 mmol) of (S)-Enanm ne ethyl ester 7,

Af st ‘]I hé:i%&%ﬂﬁ@ elsal ?%i%l%uﬁh of the above

cata yst s tion. The autocl ave was seal ed and
ressur en (3 : reac
T PR R LR Y rOB AT S P TR K pa o gy it 937 m
th(I(D]DM}DTﬂ' (h)el)zhyﬂibbgﬁﬁﬁtngdﬁ R’)’}BH}EHP(EEBU)QI(IO 02 aungpéd) and 4 mL
u 92 ny
Qféétggmfl %Im} g’qudrg fBFSgl%gg at gra\?%r?ée added,

the m xt ure .vvas stirred at 10 40Cfor 1 h and
evapbparencttie hydipaegdon 1544l HPLC anal ysis of the
resi due showed the conversion to be 99.9% w th

f ol hotiegpveboradss b auntock2SyZFEShitdeS)vithahelabove solution of (S)-
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(2S, 3R, 11bS) - N- Boc- Est e 5@1 4 ar ea% C) ] dati.on
15Tibe puioFat st Hickibe AHFOERIARAR “EoHET WK HifiRs ppder 30 bar

of Bd rdghfhsatgﬁ e x&iR18% Be amdc1Qverngs @@ﬂétﬁﬁﬁh f abe fe@cﬂd’iﬁnncture,

corre onal am trea nt t e

oS SARERS ol SR R DIk i Ut B R ' 8P hefhanol

Armahdijtion of BXagpioeninol) oftli-tart. fqumlﬂmtma@nhie ehinpiggvag tirred at

45*@‘1‘109 i &0 B{gr %tgﬁo%’ﬁ:??rtl gac{@ Mer@fmﬁ%g%%ad%ﬁ%’f%ﬂ%f 150 ml of
0

%@@hﬁp@ﬂrﬂha}eﬂd#e é?%/ 195} ﬁ%fgjéét 8’3 Lol tf&?b&‘ilfyélm HPLC

grrﬂ &fQRe residue biovadghosavbrion(t0 Be ©DA%ewith folidwirgrdpmgosition: ,

SRRBG35199 SIRESRHLGE Sl (S s
Tmflgpjoecthytiesgerri 11 ﬁrefa?Vq)o&ZﬁéRHah%) N-HoreEsigry -G aecali
stirred for 2 h at room tenperature. 25b) Asyrmetrl c

hydgpaanaddoan (S/ C 2000) In the glove box a 185
m autocl ave was charged with 9.97 g (30 mmol) of

an d TPﬁ g@OVE 8 él%ggiévgf gOS tV%ll'"f.e to ng ng I’eﬁﬁgn&l{;% Iiljl’lkﬂg rag Séslgm

uti1on.
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aut qocl ave n he re Xt u
PERIAGEE ohich o) ohbss S Sbeiahmads § 5T o Asehurley FeLC were
isladdd. aid of 10 m of tetrahydrofur an After addition

of 9.64 g (44.2 mmol) of di-tert.-butyl-dicarbonate
the mxture was stirred atg A0 MO
2008/ 031750PCT/ EP2007/ 059265 - 37 - for 1.5 h and

evaporated to dryn in vacua.. HPLC an sis.of th

" o5 RULPes SHRIRRAIH o0 BA GAIRLEHt Sl lign fas %ﬂ%ﬁ%af jp example 11.
foll owi ng composition: (2S,3S, 11bS)- and (2R 3S,1

| bS)n NeloBobe:EtOydonest &r2 (B0) areddmeyer flask was charged with 6.9 mg

@cg};?)i ngz%g w ﬁﬁ Tcngfzi)ulefspgtBM 2 (gzy%ggnrﬁa and 6 mL

QIQ@ he mixture was stu‘red for 2h at room temperature,
b) Asymmetric hydrogenation (S/C 2000)

In the glove box a 185 ml autoclave was charged with 9.97 g (29 mmol, 96.7% pure)
of (S)-Enamine ethyl ester 7, 204 mg (3.0 mmol) of sodium formiate, 60 ml of
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The residue was dissolved in 120 m of
tetrahydr of uran and converted to the correspondi ng
am de by treatnent with formamde (12 nl, 302 mmol)

WOAeB/@1B0% sol uti on of sodi um nethyl ate in nmBCRERH7/059265

(16.5 m, 88.9 nmol) at 36C oxer night. The resulting
suspension was treated with water at reflux, cooled

t?ﬂ?ér‘am NRE HAL HoFe &@Q@ kILBE R d MM fifd 1A %%asmmdwﬁ@

ter ca evvas hor.ou a total of
IiragERapRR as it BROCS ST %P@ﬁlﬁgﬁ’%ﬁpﬁ@ b ic. it T b the
alﬁfcﬁtélvatvbﬁb/;ﬁsngd 4 e (r&z%m ﬁflxt(lﬁ., om &l)aﬂg\b sBdlmolﬁ[TWGkétraMsfdmed toa
rea%. pu t
sfons PR VERAP St bt by BPepd el TR b RbPOLSD B RTRRIRLofgctert
bRyl O @tel bk B YO STired a9 rdch 1 96 oRENaleglit vapo under
BhifiRRaAN@HLOBE 93‘0 Iﬁmﬁﬁéﬁ&fol 8904 WlhEh w1th a tdtﬁl Wigh Of 84 g. IIPLC

apgl;'sq?(;tgﬁ}:: L orcrlgg if we%i the corlr{v)e(}syorn to %fe 93 g% Wlﬂg fo?iowmg composition:

(28,381 theXy add @R{3S1MbHS}-81- Bah§ tivbestdr [8/areddo), [(25,3S, HIbS)-N-Boc-2,2,2-
[ [ f o

SRR O S Vs BOS APEREREE a) § of

sodi um carbonate, 100 m of 25 isopropyl acetate and

80 M ApHdagienoni zed water were stirred vigorously

during 30 mn After separation of the agueous phase,

t he Torthasbode pilase: was addahB) mi dfhetvhtyérofurdn,itheh the @onversion to

tﬁ'e (Sor%%onlﬂluggga%ﬁ? 9&@9 ?a%qgc} J)l# ﬂy%¥e%§1g§1? %%ﬁﬁmﬁpg 2 ml, 302 mmol)

aaé ABBY sobftion Sf sehami m@hldﬁiﬁym mgghtagpl (17 wls916 wmpl) at96°C over

l UtHeQRs RS suSfin Gl GaE et @ whth Svalt QVR1189%00le ¥ room
081031750PCT/ EP 007/ 05

6
“BP%%%H“E& GO DAy O T EF 37 zvashed%wrg“@lw&h a total of
1bax of FRIFdomdtart 1 mi2uiepAfteratryiap loéthewyeipifaleas ¥} gv@9%) of (5,5,5)-N-

B0 Wilhbotk AEoBuBGRUE L lotlih. 02 mmol) . 9. 37

trifluoroethanol. The m xture was stirred for 2 h at
roomtenperature. 5c) Asyg%gtrlic hydr ogenation (SIC
1500) In the glove b aut ocl ave was
charged with the above sol ution of (5)- Enami ne et hyl
est ef In7sitGtepdraticin ¢frth¢ tasdysetlbtioml and t he above
catal yst sol ution. The autocl ave was seal ed and

t he Dy dio egsaé{oz%nv@wz% o rl i b el FRAGKk Hm%r @Mm 1 mg

B RRE s e 0 i o PR 50: BFAR ST Sna 5

tisibhdrbéthinol VB rhixans vas steeed for A hgl assn fekra;eithet h aid
of a total of 10 nml of nethanol. After addition of

9. 82 & g{nwas stf éna%n&@’%‘lso@}“y' di carbonate the

m xtur for" 1.5 h and evapor ated

R BRSPSl et -
Ewasirteakie edtgr, { mBOf ﬁ‘iﬂuofoeﬂeinbhhyﬂr of of tha abd¥elc@alyst solution. The

afRLYSla, Qhicd [ fie é;a%eéﬁgmw&g@é%ﬁ%gﬂﬁqg%%r of
hadres¢r®, 795C TisS)s NS aoEpﬁy pO &¢f Bye046.78 resmoly in 7 2 of
tliffirrdahdnd? Rhas Micﬁﬁcbg r[éf dihind 4,818 Ofedrhy h 1BSh@bclivklval opened
and alaeoﬁeactlgg gm%tlﬁrel:,l 3 orange so %u(l)zr?,tm?ars tr; Osferrecf to a@ass flask with aid of a
total of 5 ml of methanol. HPLC analysis showed that the ratio of N-Boc-protected to free
esters was 1:2.7. After addition of 1.5 g of Boc;O the mixture was stirred at 40°C for 1.5 h
and evaporated in vacuo. Finally, the residue was taken up in 10 ml of tetrahydrofuran,
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d) Am dation The above solution was converted to
the correspondi ng am de as described in exanple 11 by
treatment with formam de (12 m, 302 nmmol) and a 30%
WO0PBILBA of 20 sodi um net hyl ate i n net hanol PCTEP7/059265
88.9 nmmol ) at 36C over night., After drying of the
precipitate 10.11 g (83% of %S S, S)-N Boc-Am de 8
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m xture was stirre

" BheaiATEYHS RICHyest 'agtéfﬁalpveohmf gt by reaction
Bine wetht @ (@A CHDAUA Giflditeeth@tol €@ e 6t room
4.51 mmol ) of (S)- 25 Enam ne et hyl

of trifluoroethanol and 1 m of the

above catalyst sol ution. The autocl ave was seal ed and

t he hydrogenation was run under stirring under 10 bar

of hydrogen at 70 C whereas a solution of 1.50 g of

1de an sodlum

Boc20 (6 78 mmol) in 7 m of trifluoroethanol was
added by a punp during 4.5 h. After 22 h the
aut ocl ave was opened and the reaction m xture, an

orange solution, was transferred to a glass flask
with aid of a 30 total of 5 m of nethanol. HPLC
anal ysis showed that the ratio of N-Boc-protected to
free esters was 1:2.7. After addition of 1.5 g of
Boc20 the mixture was stirred at 40C for 1.5 h and
evaporated in vacuo. Finally, the residue was taken
up in 10 m of tetrahydrofuran.
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WO 2008/ 031750PCT/ EP2007/ 059265 - 40 - HPLC anal ysis
of the residue showed the conversion to be 99.80/0
with follow ng conposition:, (2S,3S,11bS)- and

WO(2BR/BB5¢1bS) - N- Boc- Et hyl ester (67 area%, PCI/EP2007/059265

(25, 35, 11bS) - N-Boc- 2, 2, 2-Tri f J,uor oet hyl ester (22.5
area%, (2S,3R 1 IbS) -N-Boc-Ester (0.8 area%.

S5Exanpl e 15 The expe ¢ N Table 6 have been
carried out in anal ogy toﬂég@%pﬁsle 2 using 50 ny (O 15
nT nol ) ster as substrate _and varlous chi
Prr@.naﬁ%wm%(é%%sai Wp§t-§3 é@ue@féewrﬁﬂﬂesh%fsﬂ 4557, | brhﬁ%ﬂ@?’fbo -2H-

a@[r,zl 18a]Ga @i ylsh-2GOY) Wartsindo a & tdrehitylakter (%9
-S)-N Boc- am de) (0/0) 14.1
: NHBoc NHBoc

CONH2 x NH2
MeO > MeO '

MeQ . MeO

8 | 9

A 6 L four-necked flask equipped with a mechanical stirrer, a Pt-100 thermometer, a
dropping funnel and a nitrogen inlet was charged with 100 g (242 mmol) amide 7 982 ml 2
N sodium hydroxide solution were added and the mixture stirred for 5 minutes at RT. 1.75
L acetonitrile were added and stirring was continued for an additional 30 min. To the
resulting suspension was added a solution of 95.5 g (291 mmol) diacetoxyiodosobenzene in

240 ml water and 500 ml acetonitrile during 15 min, maintaining the temperature at 18-

' 22°C. The slightly yellow reaction mixture was stirred at RT for 15 min. A slightly yellow

two-phase mixture containing some undissolved crystals was formed, to which 400 g
sodium chloride were added and the mixture was further stirred for 20 minutes at RT,
then cooled to 5 °C. A solution of 220 ml 25 % hydrochloric acid and 220 ml water were
slowly added during 30 min to bring the pH to about 5.5. From pH of 8 on, a precipitate
formed. The suspension was further stirred for 75 minutes at 5 to 10°C and pH 5.5. The
suspension was filtered off, transferred back into the reactor and suspended in 1.5 L-
dichloromethane, 1 L of a 10 % sodium bicarbonate solution was added to the suspension
and the mixture was stirred for 15 minutes, whereas pH 8 was reached. The organic phase
was separated and the aqueous phase was extracted again with. 1 L dichloromethane. The
organic phases were collected and concentrated at 45 °C to just before the crystallization
point. 275 ml TBME were added and the resulting suspension stirred for 1 hour at RT and
then for 1.5 hour at 0 to 4 °C. The crystals were then filtered off and washed portionwise
with totally 150 ml of cold TBME. '

The crystals were dried at 40-45°C at 10 mbar for 48 hours, then suspended in a
mixture of 530 ml ethanol and 530 ml methanol and stirred for 2 hours at RT. The
precipitate was filtered off and washed portionwise with totally 100 ml of a 1:1 mixture of
methanol and ethanol. The filtrate was evaporated to dryness at 50 °C and the crystals dried
at 50°C / 1 mbar. They were then suspended in 400 ml TBME, stirred for 2 hours at 20 °C
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(R S)-PPF-P(tBu)2 / >99 12 b) [Ru(OAc)2(COD)]  14.2
(S R -PPF-P(tBu)2 / 99 71 b) [Ru(QAc)2(COD)]  14.3
[RU(OAC) 2((S, S)- >99 63 SKEWPHOS)]  14. 4

WO 2008/031750¢ PCT/EP2007/059265

-42 -

and then for 2 hours at 0 °C. The crystals were filtered off and washed portionwise with
totally 200 ml cold TBME. The crystals were dried at 40-45°C at < 20 mbar for 24 hours to
give 67.2 g amine 9 (73% vield; assay: 99%)

Examﬁle 17

Transformation of (25,35,11bS)-(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 into {S)-1-((25,35,1155)-2-
amino-9,10-dimethoxy-1,3,4,6,7,1 [b-hexahydro-2H-pyrido{2,1-a] isoquinol-in—?)-yi) -4-
fluoromethyl-pyrrolidin-2-one

a) Preparaﬁon of 4-fluoromethyl-5H-furan-2-one

A 6 L reactor equipped with a mechanical stirrer, a Pt-100 thermometer, a dropping
funnel and a nitrogen inlet was charged with. 500 g (4.38 mmol) 4-hydroxymethyl-5H-
furan-2-one and 2.0 L dichloromethane. The solution was cooled to -10 °C and 1.12 kg
(4.82 mol) bis-(2-methoxyethyl)aminosulfur trifluoride (Deoxo-Fluor) was added during

50 min, maintaining the temperature at -5 to -10 °C with a cooling bath. During the

addition a yellowish emulsion formed, which dissolved to an orange-red solution after
completed addition. This solution was stirred for 1.5 h at 15-20 °C, then cooled to -10 °C.
A solution of 250 ml water in 1.00 L ethanol was added during 30 min, maintaining the
temperature between -5 and <10 °C, before the mixture was allowed to reach 15 — 20 °C. It
was then concentrated in a rotatory evaporator to a volume of ca. 1.6 L at 40 °C / 600-120
mbar. The residue was dissolved in 2.0 L dichloromethane and washed three times with
4.0 L IN hydrochloric acid. The combined aqueous layers were extracted three times with
1.4 L dichloromethane. The combined organic layers were evaporated in a rotatory

~evaporator to give 681 g crude product as a dark brown liquid. This material was distilled

over a Vigreux column at 0.1 mbar, the product fractions being collected between 71 and
75 °C (312 g). This material was re-distilled under the same conditions, the fractions being
collected between 65 and 73 °C, to give 299 g 4-fluoromethyl-5H-furan-2-one (58% yield;
assay: 99%).

MS: m/e 118 M", 74, 59, 41
b) Preparation of (S)-4-fluoromethyl-dihydro-furan-2-one

A 2 L autoclave equipped with a mechanical stirrer was charged with a solution of
96.0 g 4-fluoromethyl-5H-furan-2-one (8.27 x 10-1 mol} in 284 mL methanol. The

“autoclave was sealed and pressurized several times with argon (7 bar) in order to remove
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[Ru(OAc)2((all-S)-BICP)1 >99 71 143
[Ru(OAc) 2((S)-TMBTP) 1 >99 54 10a) Determ ned by HPLC
after amdation reaction with fornmam de and sodi um

WORBesHB1 AP e sol ution, area% b) The catal yst R&$/EP2007/659265

prepared in the glove-box in. gtu by reaction of the
chiral di phosphine with [Ru(OAc)2(COD)] in

ahghiaééé QF 88khangl- 1fHaf oﬁ ehso?tiud'nQﬂ@E be Pfrg%ﬂmc%«mm tBu-
g tgg C;/IOEFS)?EQ ) (5/ %ggO) mLTl&O mL meafgglo‘lewas added under

sﬁﬂﬁo&ﬁqﬂ 1 b8l €3ddition atelicd Prediony meged:lm 3 ,gkb,v6 b@x (Qbeoneent < 2

SRS GLEY s et Ol PULUIBH LG ) v

r@pj@ﬁeé b hydﬁogw @ heek haHlisptessairg, rheerﬁactlan mmywwas stirred (~800 rpm)
£5 R BB and 2h G RV D rb A hutdAvednichh @8 B8 Rtell W €icuo. The .

St Ao atogtrLf ¢ SR S e S S e o Bone. The

chemicalgahritoof the prorlutegas®o. AT by GCroed. acetonitrile were
added and stirring was continued for an additional 30

mne) ﬁ&pmﬁoﬁ sﬁ(lzbfssrﬂm%p@.wmom d99dass Dutirli9Rino)-

oo s b - hasbr i 11 Sy o e - acid

térabatyhéspirng the tenperature at 18- 22C. The sl i ghtly
yel l ow reaction m xture was stirred at RT for 15 mn.

A Shiy 9?; %g'réﬁpgefmﬂpts@feg}r@e 353 Uirfer t@orz%&am-a@&a a dropping

undi SSO S was %
famngl %nﬁ%ﬁltr@%@@lﬁwyﬂ%&ﬁ’dﬁé‘dmﬁhho 4 Héé mm@la,w ekt S)-3-amino-9,10-

diHEthBBL 1,8 1617 86K @hhyZRo THI Pire [au aﬁ?ro Wikt - 2:91@1caﬂ>ahﬂc acid tert-
b)ét-!ge (% g‘fL tﬁ&eog anzdzg 5 fd g (fé 6 m; rlm%zrplyﬁdl%%l 'fjo t%ls slightly
brownish suspension, 22.7 g (192 mmol) of (S )-4- ﬂuoromethyl—dxhydro—furan—Z—one was
added dropwise at RT. No exothermy was observed during the addition. The dropping
funnel was rinsed portionwise with totally 100 mL toluene. The suspension was heated to
reflux, whereas it turned into a clear solution starting from 60 °C, after 40 min under reflux
a suspension formed agé.in. After totally 23 h under reflux, the thick suspension was cooled
to RT, diluted with 100 mL dichloromethane and stirred for 30 min at RT. After filtration,
the filter cake was washed portionwise with totally 200 mL toluene, then portionwise with
totally 100 mL dichloromethane. The filter cake was dried at 50 °C / 10 mbar for 20 h, to
give 60.0 g product (94% yield; assay: 100%).

MS: m/e 496 (M+H)", 437

d) Preparation of (25,35,1155)-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

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
(28,35,11bS5)-3-((S)-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
and 750 mL THEF. The mixture was cooled to 0 °C and a solution of 6.17 mL (79 mmol)
methanesulfonic acid in 42 mL THF was added during 10 min, maintaining the
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15 slowy added during 30 mn to bring the pHto

about 5.5. FrompH of 8 on, a precipitate fornmed. The

suspensi on was further stirred for 75 ninutes at 5 to
WOROB/BHEOpH 5. 5. The suspension was filter ed PETEP2007/059265
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BBl TR LRI e LA 81 S iy s o
dahn5@®,MhﬁfmbawmﬂmnayntMEdahﬁﬁﬂsmspéﬁﬂédlﬂwSnﬂﬁnm¢n“mmcookd

r a
Ry, BEoE D RINEO et ool

s Ser sl oy bPHIg By §RRZP & TR e SR Ffd b at 45 °C /20
i3 e Give 10l Ot 6@ ROABNG106ta8 Whyte 280tal31( 7190 lyidl dT BiViy: 93.50).
crystals were dried at 40-45C at 20 nbar for 24 hours

g 9 (73% yield; assay: 99%
LE%HWe4?8?y %Dngzg ornatlon of (28 3S,11bS) - (3

1.3,4 1.1 b-hexahydro

i 2H53/Pseaarfzoao% 28 3§dé|{z§ Mol ﬁmzfmﬁ)ﬂl iR b4l L b-hexahydro-
2ERpirideft.yla] BEdieiiolinn3-91) (Bp)-fludlod i3S piibii}in2-one dihydrochloride
an1no 9, 10-di net hoxy-'1, 3,4,6,7,1

b- exahydl. por%gt YL 402 glechilich SRR DL | i fleatddmends, 3 dropping

fluorone par at I.

funrfe] prst @am;qmmwaa ehargal wWitlp 6 1f @OLm?léaE%r?’S 11b5)-3-((45)-
ﬂ%@lkﬂ -%idlpﬁraﬁﬁmrw)ca,ho%mle -1,3,4/8 7 1®0hexahydro-2H-

g [gﬁa? tbsgéu%oak% r %gg %Ile%glg%rm%ﬂty? es%rt, 5 Qg,elyoplr&l)a%%l and 62 mL

Mtdnyldd theysuspdnyibn Sidb beand @-Onts Ghdn Qsdaond vessel, 1.98 L Lsopropanol

Sifei B o
RS EMIBEBLE: atpu?059 Affescoadedd a 1y pmitie was allowed

t&Bdalbll &d.Nb P ah M @al BN @Foﬁﬂl}kﬁcﬁledfto the Q) ves%él@u?ﬂng h. Séh After
Dur.ing the.l5

<Rl e AR e e R o it dgrlizacion
smﬂedl wftorl lafltherwhite npipenedn wdgliaoleiio 2TRC slusog @Ihl smredats that -
I?Jrét‘ﬁge fo? ;1 5k éldfmé&edl‘irhggrygzalsm?@w&ﬁ@d sanbﬁmsé-%f;l 159

ution o water in 1. et hanol
lwafqmowdrﬁrw f?fa”ﬁt Hinh§2e H’é’af é‘?rﬁ‘é’? S Be ngeﬁt asgvhite
cBRALADQS yhes; assay:h@%)i xture was al l owed to reach 15
-20 C. It was then concentrated in a rotatory
evaporator to a volunme of ca. 1.6 L at 40 C/ 600-120
20 nbar. The residue was dissolved in 2.0 L
di chl or onet hane and washed three tinmes wwth 4.0 L 1IN
hydr.ochl oric acid. The conbi ned aqueous | ayers were
extracted three tines with 1.4 L dichl oromethane. The
conmbi ned organic |layers were evaporated in a rotatory
evaporator to give 681 g crude product as a dark
brown liquid. This material was distilled over a-
Vi greux colum at 0.1 nbar, the product fractions
bei ng col |l ected between 71 and 25 75 C (312 g). This
mat eri al was re- dlstllled under the sane condltlons



- 43 - any traces of oxygen. At -1 bar argon, a

solution of 82.74 ng Ru(QAc) 2((R) -3, 5-t BuMeOBI PHEP)

(6.62 x 10-5 nol) (S/C 12500) in 100 nL net hanol was
wadeedsrsier stirring froma catalyst additi QETHIIIGHSI265

previously charged in a glove,box (02 content < 2

ppm) and pressurized with argon (7 bar).. The argon

at nrosphere in the autoclave S repl aced by

. hydrogen (5 bar). At this pr‘e‘S‘S‘Ure the reaction

m xture was stirred (-800 rpm) for 20 h at 30 C and

t hen, rermved fromthe, autocl d concentrated. i

vacub Prages ipedieugaionaf BYidaled 4 soat ek (%TY@VQS& the formula

(94% (S)-4-fluoronethyl-di-hydro-fugan-2-one. The

chem cal purity of the product wa 9. 7% by GC-area.

c) Preparation of (2S, SSIIBBQ ' '

(S) 3 Fl uor onet hy1- 4- hydro

yI amno)- 10 9, 10-
dr & 2H pyri doi soqui nol i
Nutyl ester ! A15L
reactor equi pped W} echani cal stirrer, a Pt-100
‘thernometer, a droPpi ng, funnel and a nltrogen i nl et
was charged with 50 g 6128 mol )

(25, 3S, 11bS) - 3- ami no- 9, 10- di met hoxy-1,3,4,6,7,1

1 b- hgxahy e, (Rs?aH'd@Zy bt £ nﬁ@:llﬂyrkelgct&!l ﬁomQﬁé Q@ Qonsmtmg of

5' lgrc%ggsg% %but Dest ﬂﬁgﬁrarf[kotm Oé”fel‘" F‘F’é ei‘e%llower

Ableyb i et ulledss pad $ovan ,alkzﬁyl g opti8allyte kybsafuted by a group selected
S)14-fl yorongt h h -2-one was added

ér%l%”%é’ﬂ(a cré}'l?b %aléy;l(o%ﬁ%e?% S observed during the
add|t| on. The droppi ng funnel was rinsed portionw se
Wi t FORGrgng yhesteps ¢ ard PR AR C) SHSEBRsi on was heat ed
to reflux, whereas it turned into a clear solution '
st aitebny ccﬁl’ﬁ?fﬂeﬁ Qathlytiahdyeimetfic hydtogenakisn ofahledam2@ ofithe formula
suspension forned again. After totally 23 h under
reflux, the thick suspensi onNMas cool ed to RT, .
diluted with 100 ni di chl or phetitmos'and stirred for
30 min-at RT. After filtrigfion] the filter cake was
washed portionw se A ity 200 nL tol uene, then
portionw se with total 00j nL di chl or omet hane. The
filter cake was dri®d ay 50C /10 nbar for 20 h, to

1w 9ive 60. O g product (94Bbyield; assay: 100%. 25 NS

' me 496 (M FH)+, 437 d) Preparation of

( 28\%@ #ES)R?’ g?é] il‘ﬂ @e ag ldgﬁ{fggﬁf}%yalld%(l Qg(lgwglyz[ﬁg}@ l; lh %erbrgsence ofa

tlrabsm@&m% ﬁ@alzmpﬁmﬁﬁieéalhﬁ -Aeinester of formplad Bayglqne or asa
Iﬁﬁﬂuéeﬁgﬁgg_éf,%yﬂﬂﬁster A 1.5 L reactor equipped with

a mechanical stirrer, a Pt-100 thernoneter, a

dr oppi ng 30 funnel ' NER cooling bath and a N|H2trogen
~inlet was charged V\itzhcgéRg (56.5 mmol ) gk .COOR'

(2S, 3S,11bS) -3y H
- 3-f | uor omet hyl.- £
yl1,3,4,6,7,1

on-2-yl] -carbamc

uroxy-bytyryR. ' ) 20- di met hox
ygéo 21-1. -pyri pamyg, aci d
tert-butylge d 750 nL THE. RTheym xture was
cooled to OC aad a solution of 6.17 Rt (79 nmol )
met hanesul fonic acid in 42 nL THE was added during 10
mn, maintaipning fhe W) 2008/ 03175QPCT/ EP2007/ 059265
15 . 4whereieRpRr andiReargs defined abaye apd® 4s lomeralkd gr Blogenated
loWr ikl (90.2 mmol ) triethylamne in 42 nL THE was
added during 15 min The resulting suspension was
stirred for 80 min at 0-5 C, whereas it becane
gradual ly thicker. Then 141 nL (141 nmmol) 1 M
['ithiunmbis(trinmethylsilyflamde were added to the
m xture during 15 mn, whereas the suspension 5
di ssol ved. The solution was allowed- to reach RT
during 60 mn under stirring. 500 nL water was added
" Without cooling, the mxture was extracted and the
agueous phase was subsequently extracted with 500 nL



to O Cfor 1 h, followed by -25C for 1 h. The
crystals were filtered off via a pre-cooled 15

gl asssinter funnel, washed portionwi se with 78 niL
TBME and dried for 18 h at 45, / 20 nbar, to give
21.0 g product R04876706 as wWhite crystals (77%

" )él) ezlfjs%éb)gq%iﬁqnéﬁs fgnf: m@oductmn cr)rtf an a41:[21§10 5) tc@tl}lg gf"o%% Pr"g"[2 t%'form the N-

po25ted 328 1aBho kst afiformoul®, 10- di met hoxy- 1, 3, 4, 6, 7, 11b-
hexahydr o2H pyrido [ 2, 1- a] I soqui-nolin-3-yl)- 4(8)
=1 uor omet hyl - pyrr oNi4gign- 2- one di hydr ochitgirotde 20A
2.5 L.reactor eqU|p=ed§% - a mechani cal &t i.COeR, a
roppi ng fgnnel 4 ni

619 g (1136 ,
- fluoronethyl . '
0XO0- pyr r ol jd A) M 10-di m? M 7.1 b
- hexahydr o- 2H 'pyrido [ 2, 1-a] - carbamac aC|d -
tert-butyl ester, 4.2 L isopropanol and 62 nL water
and the suspenS|on was heated to 40-45 C. In a second
vesskireinR'982 R adiR taveastefiid wheveand| Rrot stands Goraamciming
830 nDI) acetyl chloride was added during 35
> pré%%t’ﬂ%%ﬁgn aining the tenperature at 0-7 C. After
conpl eted addition, the m xture was allo d to re
c a. Sterse) commeiseacamidafion of thepsferad eyl Y fiE of formula
vessel during 1.5 h. After co Ieted addltlon the
m xture was stirred for 18 h at HE®L 45 C, wher eas
crystallization started afterAJrCONR white :
suspensi on was cool ed o 200 dufing 2 h, stirred at
that 30 tenperature f 5 h™mhd fVvltered.: The
crystals were washed. i.$e with 1.1 L
i sopropanol and drie for /2 h at 45C! 20 mbar, to
give 583 g of the productRas white crystals (100@6
yleld assay: 99.0% MD 2008/ 031750PCT/ EP2007/ 059265

§ par.ati on . of
yr| 1%%? %SR?lsgéﬁﬁﬁ% I ne g%??%ﬁ%fves of the
fomwa wherein R2, nd R4 are eacgh
| nPbpERleERed ip thalli SRR ISRG @%eaa*g%wps% thg rgpsition metal
- calhyet Bgﬁlhodllilﬁi ex BorlaiaKie,a dhraediphbdphiine ligaid selediddoftom the

R e R T

ang(®W)-FHe-raBey. from | oner al koxycar bonyl, aryl and

het erocyclyl, conprising the steps a) and/or b) -

and/ or c), mhereln step-a) conprises catalytic
asymetric hydrogenatlon of an enam ne of the formula

10

(2S, 3S, 11bS)-




[ wherein R2, R3 and R4 are as defined
~above and Ice is lower alkyl, in the presence of a
transition-netal catalyst to formthe (all-S)-amno.
ester of fornmula Ma, alone or as a mxture with
3R-epinmer Ilth - 46 - st P b) conprises the
i ntroduction of an am no protecting group Prot to
formthe N-protected (2S)-am no esters of fornula.
wherein RP, R2, R3 and R4 are as defined above and
Prot stands for an-amno 5 protecting group; step c)
conprises ami dation of e ester of formula IV to form
the am de of forrmula N 1Prot CONH2 V wherein R2, R3,
R4 and Prot are as defined above; characterized in
t ha?. Brocdsh eccaslimpet dliien hydinmgeriatd iothat thestsppmalric tydeogenation

.transi.tion netal.,10; i L ;
i D PRI i B hpleR ot IS R EP T By pus oo
5 chitabdiphosphinedigendt i ng of (R)-Cy2- BLPHEM P,
(R) - Cy2- MeOBI PHEP, (S, R)-MOD- PPF-P(tBa and
(SR -PPF-P(tBu)2. - 47 - 2. Process according
to £ImbdBd accbRRE PR @hih?Z POr £18int DadhadaberiRsiAmRi: tiecCasymmetric
- hydrogenation, in sie .a%ﬁls performed with a rhodi um
k m%%%&mé@uw&w 'ﬁ@%%,%ﬁf?@pp- P(tBu)2 as 5
chiral di phosphi ne |igand. 3. Process according
~to claim1 or claim2, characterized in that the
asymetric hydrogenation is carried out in-aninert
organi ¢ sol vent. :
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-48 - 4. Process according to claim 3,
charact-eri zed in that the asymmetric hydrogenation IS
carried out in 2,2,2-trifluoroethanol. 5.
Process according to clains 1 to 4, characterized in
that the asymmetric. hydrogenat-on takes,place at a

* hydrogen pressure in a range from1 bar to 200 bar.
56. Process according to clains 1 to 5, characterized

in 4 fl’@éce&i"&c@ﬁﬂﬁg@tdlmﬁl hetlsragenizddi io that gleesymivsetne latdr@enatlon
reacti on. te gg%aﬁture N range from20 Cto 120 C.
is pamgfl QOB o e ﬂlfﬂé tlaiml, characterized in
that in step b) tert-butoxycar bonyl is introduced as
am no protecting group. . Process accordi ng
to 5:Ihmmﬂaccoﬁmawt@mmédo|4nch¢i%ﬁ‘ieftzﬁ@ iphpbe AsApetTic
rak Resduls B b d RS m S OsHr ¥8TR00 bar.
8%0 ék% rlérrbgm ?&%c%ﬁlhm et hoxi deg acet am de/ -
SOdI um net hoxi de and acet am de/ sodi um et hoxi de .

9. Process accordin o cI acterize

i n & RARCEFHECRET; 3e$363°t?f¥3€&}@8 FHY f
hydEchRitonsiakesgceal atrﬁmen eempeetufin 4 Gange fiony 20 &C to 120 °C.

10. Process according to clains 1 to 9 for the

. preparation of (5)-14(28,3S,1 | b5)-2- 15

am .p ® ig s di et J%]{,},X;%{miln g cﬁﬁgt@ﬂ%@dﬁﬂ'ﬂ% %5%6&5-9) R Sdyfarbonyl is

1'S0(
mtrbdlmedneﬁmm&mwep@mg giodp2- one. 11. Process
according to claim 10 for the preparation of
(S)-1-((2S,3S, 11bS) - 2-
amg @r&e&@a&ébﬂ%ﬁ aitn B, cﬁaﬁct@niékhnh]@t ﬂ’(waiﬁﬁaﬁ’(bﬂt m)smpd:) is

oggp%ﬁgﬁﬁuwﬁp)ﬁodaﬁ H%ﬂ:g)ﬁ(éde gogrx}ggnde/ ﬁodlwﬁl ethormde écetamlde/

soaﬁﬁxﬂﬁﬁth’mglde(hnd lna¢tamide/ taliGm dﬂmmdwved 20 by l d)
- degradation of [(2S, 3S, 11bS)-
(3 Car banoy1- 9, 10- di met hoxy-1, 3, 4, 6 7,1

| c a??%;égsrer X 8‘1@6{%{ rr% 1or8, bﬁeﬁ%&ﬂ%ﬁ'u@ﬂ:&t M&)a]rm&éﬂdﬁaﬁlstep c) is

f th
ghapan organic solvent at ?ermperatures o 1 98 t pJ?é !;1(9 © € so

(28 38 11bS) - 3- ani no- 9, 10- di et hoxy- 1, 3 4,6, 7, 11bhexa
hydr o- 2H pyri do[ 2, 1-a] i soqui nol i n- 2- 1) car bami ¢ aci d
tero. Pkﬂc)éés s&a@ﬁmgm)tdmmisa 6 S)foﬁlaheipﬁeparatlon of (8)-1-((25,385,11bS)-2-

m%li}& r%}{fgﬁh 5 h%gr(’oljﬁgt? Ga%y&%%}?%ﬁ@d’{ﬂ' aﬁlSOqé%ohn-?;-yl) 4.

floz8maiByltyrRlids-@nkl uor onet hy1- 4- hydr oxybut yryl ani no)
-9, 10- di met hoxy-1, 3, 4, 6, 7, 11b- hexahydr o- 2H pyri do
[2,1 -a] isoquinolin-2- ylkcarbamc acid tert-butyl

eSTA! plfel iR HIRRPRCAIRT 1 CHoR ARDropialich O (SPRHOSES 1 hS)-2-

t he obtal ne
aings 9318)-dimetoxyaluih 6 T-h Hr-Breamgio- SLaxadqigd rdiseayipolin-3-y)-4-
6 mSth-Pyreil i -tfe; cdm sn4g fhe Prdeess according to claims 1 10 9, followed
1b- hexahydr o- 2H pyri do a]
by soqui nol i n- 2- yI ]-car bam c aC| d tert-butyl ester.

d) degradatlon of [(25,35,11b8)- (3-Ca.rbam0y1-9,10-dunetho>_cy—1,3,4,6,7,1 1b-
hexahydro-2H-pyrido[2, 1-alisoquinolin-2-yl)]-carbamic acid tert-butyl ester

e) coﬁpling of the so obtained (28351 1bS)-3-amino~9,10—dimeth0xy—l,3,4,6,7,1 1b-
hexahydro-2H-pyrido{2, 1-a]isoquinolin-2-yl)-carbamic acid tert-butyl ester with the (5)-4-
fluoromethyl-dihydro-furan-2-one of formula



_49 -

O Vi
O
f) cyclization of the obtained (285,38,11 bS)-3—(3-ﬂu0romethy1~4-hydroxy—

butyrylamino)-9,1 0-dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H-pyrido[2,1 -a]isoquinolin-2-

‘yl]—ca_rbamic acid t@rt~buty1 ester in the presence of a base, and

g) deprotecting the obtained (25,35,1 158)-3-(4S)-fluoromethyl-2-oxo-pyrrolidin-1-
y1)-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-2H-pyrido[2,1 —a]isoquinolir;—2-y1]—carbamic' |
acid tert—bu‘tjd ester. |

Gk



