WO 2006/ 048427 PCT/ EP2005/ 055711 Met hod for produci ng chiral

8- (3-am no-pi peridin-1-yl)-xanthines The invention relates to an inproved

process for preparing chiral 8-(3- am nopiperidin-1-yl)-xanthines, their

enant i oners a¥d200@D4842f1ysi ol ogically 5 tol erated salPCI/EP2005/055711

8- (3-am nopi peridin-1-yl)-xanthines of the follow ng general structure 0 3
an optionally substituted

NH2Z Rl- ONN -%gi which RL is, for exanple, an. .

aryl met hyl grod@e- dfer pspelusing FD'@h%ﬁ%’tﬂ@dmﬁ@ﬂ'@'@érﬁ)ﬁﬂﬂgme@roup, R2
is, for exanple, an alkyl group and R3 is, for exanple, an optionally
substituted nzyl arou r strai ght.-chai n or branched.al kenyl or

al ki nyl gr ougﬁgr"iveﬁ%fa@zigk??%%\/\?ﬂ FPBWI%G'E’ RECSRSIPhHREIGASHED &Wﬁ‘i Pddti ons WO

02/ 068420, VamiaBia4his.1-Wexanthibs) 8h6enaion?ae 4rdh8r Ghysibidlfitally

2004/ 046148, '?i&\?}]gﬁ %ﬂtscorrpounds havi ng val uabl e pharmacol ogi cal properties
are descri bed, Ich include in particular an inhibiting action on the
activity of the enzyne di peptidyl pepti- dase IV (DPP-1V). Therefore,
conpounds of 1= AV ' i di sorders
o S at es vhe A e AL D RN B Ig Bl SATHRY ) or “wh o
can be prevented or alleviated by reduction in the DPP-I1V activity,
especially of diabetes nellitus ggype ksor ty 1, prediabetes, or

reducti on of glucose toler ) 041018468 Mzl oses a preparation
process in which 8-(3- 25 i INJi n- -xant hines are prepared by
deprotecting a correspondi ng : NXYyC bon;F/‘J -protected derivative
of the general formula (I 048227 pcT/ER3d05/05 57 1 1 2 0 R3
N~(O R tiNNO /}-N OAN ’f

10  inwhich R'is, for example, an optionally substituted arylmethyi group or an
optionally substituted heteroarylmethyl group, R?is, for example, an alkyl
group and R® is, for example, an optionally substituted benzyl group or a
straight-chain or branched alkenyl or alkinyl group are already known from
the international applications WO 02/068420, WO 04/018468, WO

15 -04/018467, WO 2004/041820 and WO 2004/046148, in which compounds
having valuable pharmacological properties are described, which include in
particular an inhibiting action on the activity of the enzyme dipeptidylpepti-
dase IV (DPP-1V). Therefore, compounds of this type are suitable for
preventing or treating disorders or states which are connected with an

20  increased DPP-IV activity or which can be prevented or alleviated by
reduction in the DPP-IV activity, especially of diabetes mellitus type | or
type I, prediabetes, or reduction of glucose tolerance.

WO 04/018468 discloses a preparation process in which 8-(3-

25 aminopiperidin-1-yl)-xanthines are prepared by deprotecting a
corresponding tert.-butyloxycarbonyl-protected derivative of the general
formula (If). | |



R2 (Il) In this process, inpurities which were difficult to renove,
especially on the industrial scale, occurred, and are attributable to the
protecting group used. 5 The process was therefore unsuitable for the

i ndustrial pwep2omr048a2pf 8- (3- am nopi peridi n- 1-yl) - x@ptapooesoseapeci al |y
for nedi canent production with its strpct demands on purity. Furthernore,
the nmet hod had the di sadvantage that the preparation of the
enantionerically pure precursor 3-(tert. butyl oxydarbonyl am no) pi peri di ne
is conplicated and expensive. Howev §, 10 ntQomgrical ly pure active
ingredients are to be preferr¥d for ‘'t he pharga-{ceutical application ow ng
to the risk of side effRetts afd for/ the redgcti of the dose to a

m ni rum These circunstanc conptN gai st Yhe sditability of the known
process for the industrial jprepdratyoniNof emantionerically pure

8- (3-am nopi peridin-1 -y s. 1 the light of the
above-descri bed di sadvan ageSéOf the known preparation process, it is an

obj ect of the present inventi to provide a process which allows the
preparation of enantionerically pure 8-(3-am nopiperidin-1-yl)- xanthines
using readily obtainable starting materials in high chem cal and 20 opti cal
purity and wi thout great technical cost and inconvenience. This novel
process should also be suitable for synthesis on the industrial scale and
t hus for cortidhigipadcesspimpuritiesnwhithiveereifficult tosresmdves\esgebiglly ba the ocess
according t i [ ' i .

8-(3-am nop?n%lhrgﬁgéflln%ié?% |°)‘q? %gﬁ?h?ﬁncggg %%dégfﬂte ﬁgﬁﬁ‘?brﬁﬁaﬁﬁng %Oé’llpou Siergi'dus't rial

per f or maAce, ThERPCEBWas teerctere unsyitable fenthepindustriskpreparation ofife(3-

advant ages. @fmihb@ipbﬁ&iﬁﬂ—klg&%h@@,?ésfpe(';@ﬂ?%r_ r’ﬁﬁﬂf&%@’ié@? Eﬁt}sdgr%nwlﬂf)e S ;5 . of

e ibapd L LR T SO N e g S Y
3- (pht hal i mthia)thé pespalation ohtreuehaitioeneritaltg puse ptedupsares-gerr-es of WO
200009 A oS DB S Ao Bbabt® ™
N, N- di n&® hy lenantiemedeal yonmp active ingregienteamniodse p@itéyred for the pharma-
N- et hyl - 2- B[ appREatNRNing to ShdRERYF side effects and for the reduction of
the dose to a minimum. These circumstances count against the suitability
of the known process for the industrial preparation of enantiomerically pure
8-(3-aminopiperidin-1-yi}-xanthines.
15
) In the light of the above-described disadvantages of the known preparation
process, it is an object of the present invention to provide a process which
allows the preparation of enantiomerically pure 8-(3-aminopiperidin-1-yi)-
xanthines using readily obtainable starting materials in high chemical and
20  optical purity and without great technical cost and inconvenience. This
novel process should also be suitable for synthesis on the industrial scale
and thus for commercial application.

This object is achieved by the process according to the invention for

25  preparing chiral 8-(3-aminopiperidin-1-yl)-xanthines. In addition to high
yield industrial performance, very good chemical and optical purities are
further advantages of the inventive synthetic route.

According to the process of the present invention, the appropriate xanthine
30  precursor (lll) is reacted according to scheme 1 with enantiomerically pure
or racemic 3-(phthalimido)piperidine in suitable solvents at temperatures of



sul phoxi de (DMSO). Preference is given to using NMP. Subsequently, the 5
pht hal yl protecting group is detached by processes known per se. Possible
det achnment met hods are described, for exanple, by T.W G eene in

"Protective WOMIH/04%407 gani ¢ Synt hesi s", Wley 1981 ponTmpeaeos051for
exanpl e hydrazine in ethanol). 0 RBRH3Z.NOR3 R> (IV) RO ONANGOG N
NI I R R (I1) (Il1) 0" RB N2 RO NN-N- NNR2(I) 10 In the
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enyl car no
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noiety is in, nono- st f ere the

substi t uent spﬁ%atfr’c W?f’r E'anrQ?tm(d V'f' Falt %ﬁﬁﬂ1§§1 08 RAAR HDHER, f1 uori ne,
chlorine or deompladydtayindin etheyaho, 25 nethyl, trifluoronethyl, ethyl,
phenyl , nethoxy, difluoronethoxy, trifluoronethoxy or._ethoxy group, WO

2006/ 048427 PCT/ EP2005/ 055711 :
o
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10  Inthe abovementioned formulae,

Xis a leaving group selected from the group of the halogens, for example a
fluorine, chlorine or bromine atom, or of the sulphonic esters, for example a
phenylsulphonyloxy, p-toluenesulphonyloxy, methylsulphonyloxy or

15  trifluoromethylsulphonyloxy group,

R'isa phenyicarbonylmethyl, benzyl, naphthylmethyl, pyridinylmethyl,
pyrimidinylmethyl, quinolinylmethyl, isoquinolinylmethyl, quinazolinylmethyl,
quinoxalinylmethyl, naphthyridinylmethyl or phenanthridinylmethyl group in
20  which the aromatic or heteroaromatic moiety is in each case mono- or
' disubstituted by R, where the substituents may be identical or different
and

, | Ra is a hydrogen, fluorine, chlorine or bromine atom or a cyano,
25 methyl, trifluoromethyl, ethyl, phenyl, methoxy, difluoromethoxy,
trifluoromethoxy or ethoxy group,



4 or two Ra radicals, when they are bonded to adjacent carbon atons, nmay
also be an -OCH2-O or -OCH2-CH2-O group, R2 is a nethyl, ethyl, propyl,
i sopropyl, cyclopropyl or phenyl group and 5 R3 is a 2-buten-1-yl,

3- et hyl - 2- byw@nobs/Mhg422- but yn- 1-yl, 2-fluorobenzyl, p2yaitonobeezml .

2- bronobenzyl, 2-iodobenzyl, 2-nethylbenzyl, 2-(trifluoronethyl)benzyl or
2- cyanobenzyl group. 10 The process is preferable for those conpounds in

\Q/hi chI X ish?hclhl @{erra@bg{@i AheAliRe) afdlborfded @M é(ée?rﬁ&;@?jr?ﬂl Aoy .
enzyl, napht hyl ne ridi : [ I nyl met hyl ,

qui nol i nyl met hyl , ”]aéyo%‘? ﬁé%‘&%&gﬁ% 4 &.Cﬁ%@?‘\’zﬁ% weyﬁw ,

qui noxal i nyl - met hyl or napht hyri di nyl met hyl group in which the aromatic or
het er oar omat e ; i | St = or  di It ( Ra, where
the subst ¢ usnte o s B 860, REPRohGchorhi 3 BBbhY 6 Bigar ogen.
fluorine or chlorine atomor a cyano, nethyl, ethyl, nethoxy or ethoxy
group, R2 ispra;dBthy . W lutds CY.S oR phenyl
group and 2R %@izgy%g?%a{gnm% 9'32 bgtﬁ?%@?hgﬁgﬁlﬁwﬁge@iﬂyn 1-yl,
2-f 1 uor obenz%c,h Or9OBRTYbr E‘Q@?b?n@’]’@’mbéﬁ%)ﬂi 2-roethyepevizy|

2- et hyl benzgl(trifRotdméethlyDbenrgbh2loyeebeghzgrdugyanobenzyl group. The
process is nore preferable for those conpounds in which 30 X is a chlorine

or bromne atom Rl is a cyanobenzyl, (cyanopyridinyl)nethyl,

qui nol i iyl neThg lprocessds pyefqrabioidrihdgeresmpbunds owhiehl i nyl met hyl ,

(et hyl i soqui nolinyl)nmethyl, 35 quinazolinyl nethyl,

(met hyl qui nazol i nyl ) nmet hyl, qui noxazi nyl net hyl, (nethyl qui noxalinyl)nethyl,
(di net hyl qui fdkaldhigrinenest brpming atamapht hyri di nyl met hyl group, WO 2006/ 048427
PCT/ EP2005/ 055711 5 R2 is a nethyl, cyclopropyl or phenyl group and R3 is

a 2-buten- I 1 3 oRenarbanymathyl bénzyl naphtyimetiyl, paidmyimetmi 27" 4
15  pyrimidinylmethyl, quinolinylmethyl, isoquinolinyimethyl, quinazolinylmethyl,
quinoxalinyl-methy! or naphthyridinylmethy! group in which the aromatic or
heteroaromatic moiety is in each case mono- or disubstituted by R,, where
the substituents may be identical or different and

20 Ra is a hydrogen, fluorine or chlorine atom or a cyano, methyl, ethyl,
methoxy or ethoxy group, '

R?is a methyl, ethyl, propyl, isopropyl, cyclopropyl or phenyl group and

25 R%is a 2-buten-1 -yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yl, 2-flucrobenzyl,
- 2-chlorobenzyl, 2-bromobenzyl, 2-iodobenzyl, 2-methylbenzyl,
2-(trifluoromethyl)benzyl or 2-cyanobenzyl group.

The process is more preferable for those compounds in which
30 - '
X is a chlorine or bromine atom,

R is a cyanobenzyl, {cyanopyridinyl)methyl, quinolinylmethyl,
(methylquinolinyl)methyl, isoquinolinylmethyl, (methylisoquinolinyl)methyl,

35  quinazolinylmethyl, (methylquinazolinyl)methyi, quinoxazinylmethyl,
(methylquinoxalinyl)methyl, (dimethylquinoxalinyl)methyl or
naphthyridinylmethyl group,



br onobenzyl or 2-cyanobenzyl group, 5 but in particular for the conpounds
1-[ (4- met hyl qui nazol i n-2-yl ) net hyl ] -

3-nmet hyl -7-(2-butyn-1-yl)-8-(3-(R)-am nopi peri di n-1-yl)-xant hi ne,

1- [ ( 3- met hyIWeapioc/dB42¥ 1- vl ) net hyl ] - 3- net hyl - 7- ( 2- bTER2MIY0Z7(( R) - 3-
am nopi peridi n-1-yl)-xanthi ne and 1-[(35cyanopi peridin-2-yl)nethyl] 10
3-net hyl -7-(2-butyn-1-yl)-8-(3-(R)-am nopi peridin-1-yl)-xanthine, where X
i s broni ne R°Ps efreethyt eyclopgdme or ipheagicdroapsmdt 0 usi ng

(R -3-(phthalimdo)piperidine as a reagent. The preparation of the
conpounds of_.the formnul aygl 1) has been 15 described in the literature
whi ch has alf¥ da@y2-butan-tivl, sdmetud-@-buient bye 2Hadyed -Yy 2 ohierebsrsyl kown per

se. The i nvepbihsBehifl bhelcvainekka ocess for preparing optically active
3- (pht hal i mi do) pi peir&{}di nec.;ﬁl n thiag gﬁ?@%’ess, 3-amnopyridine is initially

20 hydro%enat ed by neans of processes known per se. The thus obtained
rﬁfﬁmlc saangnwmmcmld¥fmghﬁ cbhmm@a\ge[(geﬁethrglqhn%z@qutapﬁmw}g o

pht hal i m de ydride. The enanti omer can be
preci pi t at e8"@/‘8f@?‘?rs(@%flﬁ%ﬁfﬁ%?&??{g}?dPWme' f"‘%@'ﬁg}yﬁ?c, crude

pht hal i m de 1-[(3-wethylisvaaimoliod1-{Hmathylr 3-methyldZ-(2-butyp-byB@-((B3s-bl e to

obtain the ; Aant4 : i ' e f t he not her

~liquor of t&@”@?gﬁﬁﬁﬁégﬁ?{‘ g’?énng_g%%ly%gg@b ?g&?aﬁg ?f(’),mggl ” Wi t hout
precedi¥y r érpotyl-éf(2thiiyn-dxd8<3dR)arsiaopiperidinatiyh-xanthine pwberenXis n t he
nmot her |iqugfomifal s extrenmely sinple enantionmeric separation of the

conpound of the 30 formula (1V) is surprising to those skilled in the art.
The racenmi c base from the hydrogenation reaction does not have to be

pur |b}‘ i ed bePesfehang i_é@ivetrﬁh?ealdhttfa@éstl @-ungiS‘g?im}@-éﬁlﬁtfnamrdﬁ?pw'eﬁbm@tasat”ydI
probl em eve e-—ji.ndust ri al e. n_ agddi tion, unexpect edl y
cl ean react EJ%Q%éQBTQ%%E%%rﬁg?? gfﬁlﬁ GRMROUDHE A i?‘lecfoﬁ'ﬂﬂ?cipﬁ(f@ﬁﬁg&éhr pri sing
per se,15%i ndescrinedondhadjtaraturdéevhich basiblready been ciedapbee bBd pat ent  US
4, 005, 208, lah aml Lxtures woul d be expected which, in
addi tion togﬁﬁgggygﬁ%ggprodﬁlﬁa E%'rr%p%('i se derivatives WO 2006/ 048427
PCT/ EP2005/ 055711 6

The invention further provides a process for preparing optically active

3-(phthalimido)piperidine. In this process, 3-aminopyridine is initially

20 hydrogenated by means of processes known per se. The thus obtained
racemic 3-aminopiperidine is then converted to the corresponding
phthalimide by means of phthalic anhydride. The (R) enantiomer can be
precipitated selectively out of the solution of the racemic, crude phthalimide
(IV) by means of D-tartaric acid. It is also possible to obtain the (S)

25  enantiomer of {IV) in a simple manner from the mother liquor of this salt
precipitation by adding L-tartaric acid, without preceding removal of the
excess of D-tartaric acid still present in the mother liquor.

This extremely simple enantiomeric separation of the compound of the

30 formula (1V) is surprising to those skilled in the art. The racemic base from
the hydrogenation reaction does not have to be purified beforehand for this
purpose. The process works without any problem even on the industrial
scale.

35  In addition, the unexpectedly clean reaction of 3-aminopiperidine with
phthalic anhydride is surprising per se, since, according to the literature (for
example US patent US 4,005,208, especially Example 27), mixtures would
be expected which, in addition to the desired product, comprise derivatives



in which the ring nitrogen atomis acylated. 0 0 + 3H/~ HNN-\ z HN_ ) O
~-+f Z phthal i canhydride NH2 NHZ o 3-am nopyri di ne rac3am nopi peri di ne OH
OOHHNQ X m HOp (R -3-phthalimdopiperidine tartrate ;ox [(R){lvil
D--)-tartariWOi06/088827The exanpl es whi ch fol | ow wi | IPCT/ER30050557 he
invention in greater detail: Exanple 1 ® Tartaric acid salt of the R
enantionmer of 3-(phthalimdo)piperidine 10 a. Hydrogenation: H2 HN NH2 NH2
3- am nopi perin which thecirgy vittogepiapemiisiacglated. 00 kg (106. 25 nol ) of

3-am nopyridine, 500 g of technical-grade 15 activated carbon and 65 litres
of acetic acid-are initially charged in a  hydrogenation reactor. 50 g of
Ni shinura catal yst (a commercially avai l abl e’ rhodl um pl.at i num n xed

catal yst) are added slurried in 2.5 litres o&tacetic acid and flushed in
with 2.5 litres of acetic aC|d Hydrogenatln ¢f fect ed at 50C and 100
bar of hydrogen,- - n. upt gke Stops and, N0 %006/.048427
PCT/ EP2005/ 05¢ 11\ 7-posi+h drighenyt | on is Qubsequept|y ekfecCted at 5S0C for
30 minutes. The==Catalyst and t ct i vatp&dalﬁaﬁrb@rmeare filtekegdff and
washed with 10 141 nies  of acetic 4 Hd The product.solutionds react ed

further with cati actl on aI S0~ proceed’s
Qﬁ%‘nlng%blm %-3-am§10;- peﬁd!r\

severe pr essur €s

{R) 3 phﬂ;ahm:dopup&ndine tartrate . B
I(R)—(W}l :

. D4-)tartaric acid

5  The examples which follow will illustrate the invention in greater detail:

Example 1

D-Tartaric acid salt of the R enantiomer of 3-(phthalimido)piperidine
10
a. Hydrogenation;

< 2 H,
H 4 \ . HN
NH, NH,

3-aminopiperidine rac-3-aminopiperidine

10.00 kg (106.25 mol) of 3-aminopyridine, 500 g of technical-grade
15 activated carbon and 65 litres of acetic acid are initially chai’ged ina
hydrogenation reactor. 50 g of Nishimura catalyst (a commercially available
rhodium/platinum mixed catalyst) are added slurried in 2.5 litres of acetic
acid and flushed in with 2.5 litres of acetic acid. Hydrogenation is effected
at 50°C and 100 bar of hydrogen pressure until hydrogen uptake stops and



O HN~~~ [//1][]"""~~~"""\~~\~~ HNQ O phthalic anhydride N NH2 O 15.74
kg (106.25 nol) of phthalic anhydride are initially charged in the 10
reactor and adm xed with the filtrate fromthe hydrogenation. It is flushed
in wth 7.5WMQ 2040482%ceti c acid and the reacti on nPETER005/058Mdequent |y
heated to reflux, in the course of whichi approx. 30% of the acetic acid
used is distilled off within one hour. The reaction solution is cooled to
90C. The prReRidtydseganation is subsequendyfeffiecteer atvbQ ol 3puninlitesafThen. 15 c.

o TR B b el L o oc
of 11.16 kg IC)aOF(hthf@rwr@da@hﬁplwtm isgeastey uﬁhelztvltbwtlnunﬂ@etm absol ut e

et hanol is rretered into the acylation reaction solution at 90C. It is

fl ushed |n Lth 10 litres of ahsolyte ethanol and stirred at 90C for 30
minutes, Vi n terAsHPREI PRISEE Sf’ﬁaeb'teéﬁl?@t’e'@rvﬁéwﬁszes After cooling to
5C, the product was centrifuged off and washed with absol ute ethanol. WO
2006/ 048427 |PCIL ﬁgﬁggS/ 055711 8 The product solution is reacted further

wi t hout puritiTarrom- d. Recrystallisation 5 The npoist crude product is
heated to reflux in a mxture of 5 litres of
: 0
& HN
HN - - o
phthalic anhydride N
NH,, o

15.74 kg (106.25 mol) of phthalic anhydride are initially charged in the

10 reactor and admixed with the filtrate from the hydrogenation. It is flushed in
with 7.5 litres of acetic acid and the reaction mixture is subsequently
heated to reflux, in the course of which approx. 30% of the acetic acid used
is distilled off within one hour. The reaction solution is cooled to 90°C. The
product soiution is reacted further without purification.

15

' ¢. Optical resolution

oH
CH

° xTD

HN o HN
: Ho
O o4
_ N CH
o D(-Martaric acid 0=

(R)-3-phthalimido-
piperidine tartrate

[RHIV)]

A solution, heated to 50°C, of 11.16 kg of D(-)-tartaric acid (74.38 mol) in
20 50 litres of absolute ethano! is metered into the acylation reaction solution
 at80°C. It is flushed in with 10 litres of absolute ethanol and stirred at 90°C
for 30 minutes, in the course of which the product crystallizes. After cooling
to 5°C, the product was centrifuged off and washed with absolute ethanol,



acetone and 90 litres of water until a solution has forned. Subsequently,
the solution is cooled to 5C, in the course of which the product
crystallizes out. The suspension is stirred at 5C for 30 m nutes, and the
product is YENRORE/HRAR70ff and finally washed with aPaiDERI0O50652Q |itres
of acetone and 10 10 litres of water. Ti8e m xture is dried at 45Cin a
dryi ng cabi net under inertization. Yields: 11.7-12.5 kg (29-31 % of
theory) Exahpeé @radus sslutiohds reacdéd further without purification.

1-[ (4- et hyl qui nazol i n-2-yl ) nethyl]-3-nmet hyl -7-(2-butyn-1-yl)-

8-(3-(R-am noEi peridin-1-yl)-xanthine a.

2- Chl or onet h cryst zoline NHz N~~i61 N\ CI / N O 10.00 kg (73.98

nol ) of 2-am noacetophenone are initially charged and 20 24.5 litres of
dto 1Q0C, is _adm xed with 16.72

1, 4- di oxane e added. ' The sol utjon, cool

kg (458.% niﬁ"} Mgs H?’%Qé?&%l‘%#‘?@@dg reiiinided Mbgure i fgesef on i xture

\Q?rnﬁ updtp Q&éﬁﬁélandtg(llit'r& (bfamlef rahll‘lr@solf.ltldgr? hGE foﬂﬂr)’éﬁ.(&]ﬁjkeqhéﬁﬂlyhde i's
anket ed | tota anket j.n mount .. the m xture

i s cool ed tgt hey @fﬂa%% &tog!;b@e{oi ﬁ&’ﬁ@ﬁ%eo?%?‘frﬁﬁ@ w @?S%feali@‘h‘irv%}?}“?ﬁ%

suspensi on feutnEbeisuspefsion és stireattlat®’°G f@Clomeuieghdand tha odudtisn of 6. 70

kg (88.78 antlk I é’f"l’d; ok d i e ol LT ' 9?9 i s added
at -10C_wi Pﬁf;; nn,or?g%ﬂgjfr. ﬁgaﬁ'Je\R’e%é%/%sggP%i @"?H"I&scﬁ?@ \i/&r%%é]razo%lltl r%@d of

1, 4- di oxé&ne. 1\ires ahwater. The mixaee irdriashaledh°S ira dnangreabinet eElerand stirred
for a furthepeaafion. 2 hours. 30 A further reactor is initially charged
wth a m xtuge pof I_tres of wat an 62.04 kg (775.31 nol) of sodium
hydr oxi de SBY'S{(%OHJ[(Z“ZS&& @1@96%‘5%@%%0“’ C. The reaction mixture fromthe
first reactor is added in portions. The internal tenperature is not nore

than 11 C %ﬁ&g%tly, the first reactor WO 2006/ 048427 PCT/ EP2005/ 055711

9
15

Synthesis of 1-[(4-methylquinazolin-2-yl)methyl}-3-methyl-7-(2-butyn-1-yl)-
8-(3-(R)-aminopiperidin-1-yl)-xanthine

‘a. 2-Chloromethyl-4-methylquinazoline

Na

NH, =[Ol N
= Ci
q( - @f\(\

Le]

10.00 kg (73.98 mol) of 2-aminoacetophenone are initially charged and

20 24.5litres of 1,4-dioxane are added. The solution, cooled to 10°C, is
admixed with 16.72 kg (458.68 mol) of hydrogen chloride by blanketing.
The reaction mixture warms up to 22-25°C. At this temperature, further
hydrogen chloride is blanketed in. From about half of the total blanketing
amount, the mixture is cooled to -10°C and blanketing is continued.

25 Subsequently, the suspension formed is left to stand at -10°C overnight.

A solution of 6.70 kg (88.78 mol) of chloroacetonitrile in 2.5 litres of 1,4~
dioxane is added at -10°C within one hour. The feed vessel is flushed with
2 litres of 1,4-dioxane. Afterwards, the reactor contents are warmed to 6°C
and stirred for a further approx. 2 hours.

30  Afurther reactor is initially charged with a mixture of 122 litres of water and
62.04 kg (775.31 mol) of sodium hydroxide solution (50%) and cooled to
6°C. The reaction mixture from the first reactor is added in portions. The
internal temperature is not more than 11°C. Subsequently, the first reactor



is flushed first with 6 litres of 1,4-dioxane and then with 6 litres of
water. The resulting suspension is stirred at 5C for a further 30 m nutes.
The product is centrifuged off, washed with 41 litres of water and dried
at 35C in aWdp 2000487 net under inertization. 5 YiePQI/EPQ065/025711kg
(74-85% of theory) b. 9

1-[ (4- Met hvl qui nazol i n-2-yl ) net hyl | - 3-net hyl - 7- (2-butyn-1-yl) - 8-

br onoxant hi nis flushed @rstipitiNg likie£GE 1)4-diokane afd théh with aNithés of@atkd. 00 kg

33. 66 nol 37.02
ol of 2- lh?"érﬁ%%?tt%ﬂpe‘% o0& 0L TR Byl he D,
anhydr ous SOWOGHPE'érQWHHtJGG%ﬁ ‘G’@Sﬂ\ﬁ?d witly 45 [ltN‘—Snt%ft\d@ﬂer angyiried|at 36f€ ar e
initially chmregg Cé[ﬁ]ﬁe{mr%em-zr%r[ eactor contents are heated to 140C

and sti rred he reacti on has ended, the reaction
15 ni xt ure | ?o &E‘ﬁggg%o‘i@th?‘éﬁ’ with 60 litres of 96% et hanol and
subsequently at 70C with 55 litres of water. At 60C, 4.04 kg (67.32 nol)

of acetic acH)dI s of water. The
resul ting suspe cooled to 23C

and stirred Mmtlmﬂer 30 ni nut es. Subsequently, the product is 20
centrifuged of f and washed fi rsot Wth.a mxture of 20 I|tres of _96% et hanol
and 20 litres of ter, then w I|tres of 96% et hano 20 litres of

: N . . .
iy BRI T Sty gyt o
1-[ (4- Met hvl qui naZzol i n-2 yI)met[hyI] 3-nethyl-7-(2-b tyn |} VI) 8-(3-(R) -
pht hal i m dopi peridin-1-yl)-xanthine 0 0 \ N~ 11 N \ Nr / INCNBr i NO
NN T /1@ N1.0dg (33.66 mol) of 3-methyl-7-(2-butyn-1-yl)-8-bromoxanthine, 7.13 kg
(37.02 mol) of 2-chloromethyl-4-methylquinazoline, 3.92 kg (37.02 mol) of
anhydrous sodium carbonate and 30 litres of N-methyl-2-pyrrolidone are
initially charged in the reactor. The reactor contents are heated to 140°C
and stirred at 140°C for 2 hours. After the reaction has ended, the reaction
15  mixture is cooled to 80°C and diluted with 80 litres of 96% ethanol and
subsequently at 70°C with 55 litres of water. At 60°C, 4.04 kg (67.32 mol)
of acetic acid are metered in and flushed in with 5 litres of water. The
resulting suspension is stirred at 60°C for 30 minutes, then cooled to 23°C
and stirred for a further 30 minutes. Subsequently, the product is
20  centrifuged off and washed first with a mixture of 20 litres of 96% ethanol
and 20 litres of water, then with 40 litres of 96% ethanol and 40 litres of
water. Drying is effected at 45°C in a drying cabinet under inertization.
Yield: 11.6-12.6 kg (76-83% of theory)

25 .

c. 1-{( 4-Methylquinazolin-2-ylymethyl}-3-methy!-7-(2-butyn-1-v1}-8-(3-(R)-
-phthalimidopiperidin-1-yl)-xanthine
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o / WD 2006/ 048427 PCT/ EP2005/ 055711 10 10.00 kg (22.06 nol) of
1-[ (4- et hyl qui nazol i n-2-yl)nmethyl]-3-nmethyl-7-(2- butyn-1 -yl)-8-bronoxa
nth ine, 12.59 kg (33.09 nol) of 3- (phthalim do)piperidine D-tartrate and
17.5 litres WO BBO&EI4RM272- pyrrol i done are initially pbhamgpedos/nsihe
reactor. The reactor contents are heaterhto 5 140C. After the tenperature
has been attained, 11.41 kg (88.24 nol) of diisopropylethylamne are
metered in wa. BDrng(QZrﬁﬁlmmBS)f 1'4'50@-{7&&(39"(:ptlmi‘:&eIm-lzsyl)ri‘lcia’tllrlﬁfl)@t;lrllo'l\érti'tylll'il’(t2|5 i E res g
of N-rnet hyl -2-pyr | subsequently stirre
at 140C f)c/)r %ﬂﬁ%t}rg 8%1'? %ﬂtﬁfﬁg’a{ %kgﬁg%%%ﬂ?he reaction mxture is
cool ed to e0@hiralimitdo)pireridine P-@otratetansk1 b6 lites ld Mo methyd-2Trrolisonkt | ng
suspensi on 'éreﬁhitnéﬂ;‘?@hé%;e QEtﬁ@Fea}% Wétrééct]& E@Hﬁ?ﬁﬁoél%%éa}‘?ed f3C and

uct 1s

m nut es ubsequent centrifuged

df
S hrd s A0S b APSIBtITe BB araING T RIHEREH MODET| Ny | &
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t

g [ (4- VL hyl'ﬁ'ﬁ?‘ §£’6‘ i 2 ittas) ofN e YI2-pyErAlidene and Hig (Racorn Mmixterg s (R) -

am nopi per i diubsgquentikstirrdd ab140°@C fal 2\ourbtAftéH tNe' rebttidn has ended)thei N O N

1[4 et hy o nazafi%ez"s‘*‘%%'&?w(ﬁ?‘f@% 4 Bltec 1,80 frs orethancl.
1-yl) - 8103- (Rye fasuiting ww@psq@eﬂs&tfnedaybp G don 30 menutes, theatcedledoto80- 85C i n
16 11 tres ofodol senSumSHRALHEMNeL Yo rhrfis, SubbEsudll, IR bghlceighanol am ne

are added to ensj on at f eacti on,

mxture is SR P@@g W‘H@%‘f‘?%? t'ﬂ"@ﬁ)‘ﬂﬁ% 20 IW%@C&"&[W%@ pethanah the
sol i ds go i Mrmgingsielaffctst a8 ERALELARiING célﬁﬂeﬂh@tﬁ#ﬁnéﬁ:ﬂaﬁ(ﬁpar ated. The

et hanol am n th warm toluene (4 litres each
time). The %%ﬁbqgggﬁémﬁ%ééﬁh%? '¥) washed twice with 8 litres each
time of 1dat er
d. 1-[(4-Methylquinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y|}-8-(3-(R)-
aminopiperidin-1-yi)-xanthine
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1800 kg (3 mol) of 1-[(4-methylquinazolin-2-yl)methyl]-3-methyi-7-(2-butyn-
20 1-yl)-8-(3-(R)-phthalimidopiperidin-1-yl)-xanthine are heated to 80-85°C in
18 litres of toluene. Subsequently, 1.815 litres (30 mol) of ethanolamine are
added to the suspension at 75-80°C. To complete the reaction, the mixture
is stirred at 80-85°C for 2 hours, in the course of which the solids go into
solution. Subsequently, the phases are separated. The ethanolamine
25 phase is washed twice with warm toluene (4 litres each time). The

' combined toluene phases are washed twice with 8 litres each time of water
at 75-80°C. From the toluene phase, 22 litres of toluene are distilled off
under reduced pressure. 4 litres of tert.-butyl methyl ether are metered at
40-50°C to the resulting suspension and subsequently cooled to 0-5°C.

30 The product is isolated by filtration, washed with tert.-butyl methyl ether
and suction-dried. The moist crude substance is subsequently heated to
reflux with 5 times the amount of absolute ethanol and the hot solution is
clarified by filtration through activated carbon. After the filtrate has been



at 75-80C. Fromthe toluene phase, 22 litres of toluene are distilled off
under reduced pressure. 4 litres of tert.-butyl nmethyl ether are netered at
40-50C to the resulting suspension and subsequently cooled to 0-5C. 30 The
product is iWOl206M48¢2Tiltration, washed with tert.-borsHP2083/Dy371¢t her

and suction-dried. The noist crude substlance i s subsequently heated to
reflux with 5 tinmes the anmount of absol ute ethanol and the hot solution is
clarified byooléd toa2@°Chand cousidllizatiornvirasesietday ibandilubéd &y dolitdefthé t rat e has

l.ed tallization
has set in. voputigefiuriehe P g Ay, Th SRBeRlohis e3R8 LT X' et 1y
et her. The $liwdder aduithercdbpurs, fitlered with suetiardanddried fuddbHein 2 hours,

filtered W tych i gaégb ied at 45C in a vacuumdrying cabinet. 5
Yield: 1174 ¢ (g?%‘&mof tﬁ]z%try) Al ternative process for step d: 1400 g
(2.32 mor') of 1-[(4-nethylquinazolin-2-yl)nethyl]-3-methyl-7-(2 10

but yn- 1-yl) -Y8eki31 { R} gui8BI@3k iofitisapi/peri di n-1-yl ) -xanthine are initially
charged in 4.9 | of tetrahydrofuran and subsequently heated to 55-65C.
Subsequently, 350 nl of water and 1433 g (2.32 nol) of ethanol anine are
added to thdliensatbesronesgtorsteptet e the reaction, the mxture is stirred

t 60-63Cf 1QUr ug! 19 f-45% sodi um
E;ydroxi de S(;llqu ?JOLZJ%%Q@) QSPﬂuo@e@?%ﬁH%@@%&h%ﬂ%gtﬁ%ﬁ% i?%re I's
stirredi@t SshEsEW)R-(SORNPAthalingdopiperidiot trybreanthine aeminitisiy chargache
reaction m XﬁH!@I,oﬂtéﬁgmd?ﬁﬂfrﬁniaﬁd?édﬁsﬁagentiiypﬁ%\éa{gﬂg%@%t dz.hg li’hgfsea,a are
35-55C and Svoebaudefe byt el iaen ant B2 82 ga) ef phaselamine are ar o
di still ed o&tideddethe smhmtbrpﬂmm% 7%’?65%?&%@&" the rﬂix?hr%@ét;\rr?dhat et

t hyl I t - , In e course o e e produ
(r:rreys%/aﬂl?zglséﬁzﬁﬁgb@E?J@ﬁgggﬁﬁpgr&sti rred at 15-25C for 8-16 h and
subsequknt | pubsefieenttyo 60950, of e spdad ydicxidessolatienl ahgt 385 t ofavaten, washed
with 4.2 1 gfo ERUGYLAIThEARXARS s ARrethSt 5885 6 G A T ed at 35C under

reduced pressure. ] . X o
5.6 1 of toluene are then added to the reaction mixture, the mixture is stirred

for 15 min and the phases are subsequently separated.
The organic phase is washed with 2.8 | of water at 55-65°C and

20  subsequently removed. From the organic phase, 4.2 | are distilled off under
reduced pressure. Subsequently, 1.4 | of methylcyclohexane are added at
65-75°C, in the course of which the product crystallizes. The suspension is
stirred at 15-25°C for 8-16 h and subsequently cooled to 0-5°C. The
product is isolated by fiitration, washed with 4.2 | of methyicyclohexane,

25  suction-dried and dried at 35°C under reduced pressure.
The dried crude substance (991 g) is subsequently heated to reflux with 5
times the amount of methanol, activated carbon is added and the mixture is
filtered. The filtrate is reduced to a volume of 1.5 | by distilling off methanol.
After the filtrate has been cooled to 45-55°C, it is diluted to four times the

30 ° volume with tert.-butyl methyl ether. The suspension is cooled to 0-5°C,
stirred for 2 hours, filtered with suction, washed with tert.-butyl methyl ether
and dried at 35°C in a vacuum drying cabinet.

Yield: 899 g (81.9% of theory)
35




The dried crude substance (991 g) is subsequently heated to reflux with 5
times the anmount of nethanol, activated carbon is added and the m xture is
filtered. The filtrate is reduced to a volune of 1.5 1 by distilling off
met hanol . AMOR0O6HESHRZT trat e has been cool ed to 45- 5BCr/EPRO0F0ssA1at ed to
four times the 30 volune with tert.-butipl nethyl ether. The suspension is
cooled to 0-5C, stirred for 2 hours, filtered with suction, washed with
tert.-butyl Isrhple 3ther and dried at 35C in a vacuum dryi ng cabi net.
Yield: 899 g (81.9% of theory) 35 WD 2006/ 048427 PCT/ EP2005/ 055711 12
Exampl e 3

1- [ ( 3- CyanopyHRdryanepyridine-rhmetiay @ trgthy!?7-(2-bukymy ieyl)- 8438 3- (R) -

am nopi peri Hhmd bﬂe}lﬁ?f‘ﬁmyhl%thiﬁe 3- QIano 2- (chI oronet hyl ) - pyr| d| ne 5 165.5
g (0.98 nol) of A nydroxyTet Nyl =3=pyridinmecar boxanide are-heated—toget her
with 270 ml of phosphorus oxychloride to 90-100C for 1 hour. The reaction

m xture is N I-Edat®@ 2RIy d IR Ineand subsequently added dropw se to
th h h hl orj de h
been hydrol g?écﬁg; e Mé@r%mg%' o sarieRAtoG AR PaPEY do

sol ution wi ttbgethet with 270nmt dfeprempheeubxydhiartie tbed0-POOUT & Pheg. pi t at es

Oried ot 35 5cRaChiap i B RO LDrosR 1 ThalioniB Sty SRt BBRE T Co Y 1 ep
a: 3-cyano- zd@@motse@\mﬁﬂwanmx &00embof Watgr (1 50-605 ConAvlie) thud
2- hydr OXy”Etdh)bbpﬁor@lérdx?bﬁ!%ﬁéé%%@&%ﬁ@lwé&'%ﬂ@@ﬁﬁﬂ%’%éé&r% f -

acetonitrile to 78C
of phosphor (ét Wndwidgexide gollipemath ¢eplingdin the cowrse Qf"é’hlcb theat ed to 81 C

f2 g(r) r2T1 ho]thr Sprdﬂdc@rpr@ap:tategoat I%Cﬁlt%irétﬁ?ﬁ?ﬁlﬁéh@wﬁﬂ Swﬁhb%ﬂuia%%‘gur{ﬁd into

of wa of toluene have been adde e
mxture is ﬁéﬁ??@l'e?r@é@ \ﬁﬁtq{%o%ﬁ? hydr oxi de solution with cooling. After
phase separ Xi¢ldn]22.6a @2Faof thepnglse i s washed with 100 ml  of water.
Renoval of the organic phase and evaporation of the sol vent

15 Variant to process step a; 3-cyano-2-(chloromethyl)pyridine
20.0 g (131.45 mmol) of 2-hydroxymethyl-3-pyridinecarboxamide are
suspended in 110 ml of acetonitrile and heated to 78°C. Within 15 minutes,
60.65 g (395.52 mmol) of phosphorus oxychloride are metered in and the
mixture is heated to 81°C for 2 hours. After cooling at 22°C, the reaction

20  mixture is stirred into 200 ml of water at 40°C. After 100 ml of toluene have
been added, the mixture is neutralized with sodium hydroxide solution with
cooling. After phase separation, the organic phase is washed with 100 ml
of water. Removal of the organic phase and evaporation of the solvent
under reduced pressure gives rise initially to an oily residue which

25  crystallizes on standing.

~Yield: 16.66 g (83% of theory)

b. 1-[(3-Cyanopyridin-2-ylimethyi]-3-methyl-7-(2-butyn-1-yl)-8-
bromoxanthine

AN Q
[ "
= + Br
N OJ\T | />‘— &)\JI }-—ar

G

30
202 g (0.68 mol)} of 3-methyl-7-(2-butyn-1 -yi)—8—bromoxanth|ne, 188.5¢g
(1.36 mol) of anhydrous potassium carbonate and 1.68 litres of N-methyl-2-



under reduced pressure gives rise initially to an oily residue which 25

crystallizes on standing. Yield: 16.66 g (83% of theory) b. .

1- [(3 Cyanopyridin-2-yl)net hyl]-3-nmethyl-7-(2-butyn-1-yl)-8- bronoxanthi ne
N O ~ W@2006/04347NN Br 1>-6r cl O N 30 1 202PQGT(EP2085/0657)110f

3 rret hyl - 7- (2-butyn-1-yl)-8-bronoxanthime, 188.5 g (1.36 mol) of anhydrous

pot assi um carbonate and 1.68 litres of N-nethyl-2 W 2006/ 048427

PCT/ EP2005/ osmmonwrgymltlally chargediir thenigzictdr andcinsatgd do 78°Che react or and

g-egﬁllegrz)?rezg | - an u?{g Q?(gg%llrﬁoﬂéﬁ% ('Zﬁl %‘%\%ﬂéﬁ ?ncboynd}nreollnl di ne (NWP)
are added dr ‘ﬂ)@\[rﬁ ¥ méé’c@m’()"d@’éﬁ](w{aéaéﬁ added dr@wa@ gastor19 hours.

After the reesitenr drastineded 702C8:p19 Houps Am‘er\fﬁé FdaclibR raddatichoatdhe
reacti on _m xt.ure duct |sf|Itere of f,

C.
washed with 574§ ?fa"?é%%?r%g‘i‘?gh@‘edpﬁggo f""?tﬁf‘? gﬂ‘? itds gpgieAdo Zbnet under
i nerti zati onTh&peidiict BSittebed offdva¥hed withedlityds dOwster and dried at 70°C in

hyl - 7- (2- butyn-1-yl ) - 8- (3- (R) -
ont et 11 dopd dhdioaniibt TradMheapalEA N 7L Y RN T G NN o6
0 230 g (0. 5\o‘l¢!dwﬂ5)7 ¢ (91% of theory)

1-[ (3-cyanopyridin-2-yl)nethyl]-3-nethyl-7-(2-butyn-1-

_ t 318 0.835 mol ) of 3-(phthalim do)piperidine
yl)-8- brom)xan I% r23\/3:‘1opyn :n£2 ylimethyl]-3-methyl- -(2 butyn-1-yI)- —P3 PR)—

phthalimidopiperidin-1-vi)-xanthine
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230 g (0.557 mol) of 1-[(3-cyanopyridin-2-ymethyl}-3-methyl-7-(2-butyn-1-
yl)-8-bromoxanthine, 318 g (0.835 mol) of 3~(phthalimido)piperidine
15 DHartrate and 1.15 litres of N-methyl-2-pyrrolidone are initially charged in

the reactor. The reactor contents are heated to 140°C. After the
temperature has been attained, 478 ml (2.78 mol) of diisopropylethylamine
are metered in within 20 minutes and the reaction mixture is subsequently
stirred at 140°C for 2 hours. Subsequently, the reaction mixture is cooled to

20 75°C and diluted with 720 ml of methanol. Afterwards, 2.7 litres of water

' are added at 68-60°C and the mixture is cooled to 25°C. The product is
filtered off and washed with 2 litres of water. Drying is effected at 70°C in a
drying cabinet under inertization.
The crude product thus obtained is subsequently stirred at boiling in 1 litre

25  of methanol, hot-filtered, washed with 200 ml of methanol and
subsequently dried at 70°C under inertization.

Yield: 275 g (88% of fheory)

30



15 D-tartrate and 1.15 litres of N-nethyl-2-pyrrolidone are initially
charged in the reactor. The reactor contents are heated to 140C. After the
tenperature has been attained, 478 ml (2.78 nol) of diisopropylethylam ne
are netered WORPPHDPHM42G ninutes and the reaction ni xPATERX0SMESEGUent | y
stirred at 140C for 2 hours. Subsequentl4, the reaction m xture is cool ed

to 20 75C and dlluted vmth 720 m of rrethanol Afterwards, 2.7 litres of
RDY : > : i GE(RJFhe product is

-

wat er ar e addeus

filtered offa,fmqb el 1M Qagthmetresof water. Drying is effected at 70C
in a drying cabrnét undér rnertization. The crude product thus obtained is
subsequently stigrred at boiling in | litre 25 of nethanol, hot-filtered,

washed with 20
inertization.

t hangl. subsequent Py dried at 70C under
5 g/—rﬁ%agf theory) 30 R0 200 /04@%I
PCT/ EP2005/ 05

1-1(3- cyanopyldWZVI)}reg}h‘ysll- - methyt=27- ( }bu ynly ,03- ) -

am nopi peri di n>1-vOY-panthi ne c 0 N Nx %\ NNz O
412.5 g (0.733 nol) off 1-[(3-cyaNeg¥ri di n- 2- yI)n'ethyI - 3- rrethyl -W.(2- but yn-
5 1-yl)-8-(3-(R) -phthalim dopigeli din-1-yl)-xanthine are heated td 80C in
4125 m of tol uene. Subsequently, 5 m of ethanolamne (7.33 nol) are
added to the suspension at 75-80C! conplete the reaction, the m xture
is stirred at 80-85C for a further 2 hours, in the course of which the

solids go i4t25&0#3pmol)ftiskeeyanoyyridime-y)methy!]d-metiudd: @ katynT hﬁ 10
ey T R e I IR a4 T,
tinme of wat e gf ey SRR ﬁﬁﬁi@lsofaﬁtba@@iﬁW%E B3 sanl) are
added to the suspension at 75-80°C. To complete the reaction, the mixture
is stirred at 80-85°C for a further 2 hours, in the course of which the solids
go into solution. Subsequently, the phases are separated. The
10 ethanolamine phase is extracted twice with warm toluene (1 litre each
time). The combined toluene phases are washed twice with 2 litres each
time of water at 75-80°C. The toluene phases are dried with sodium
sulphate, filtered and subsequently reduced to a volume of approx. 430 ml
by distillation under reduced pressure. Subsequently, 1 litre of tert.-butyl
15  methyl ether is metered in at 50-55°C and the mixture is then cooled to 0-
5°C. The product is isolated by filtration, washed with tert.-butyl methyl
ether and dried at 60°C in a drying cabinet.

Yield: 273 g (86% of theory)
20  Melting point: 188 + 3°C

Analogously to Examples 2 and 3, 1-[(3-methylisoquinolin-1-yh)methyl]-3-

methyt-7-(2-butyn-1-yl)-8-((R)-3-aminopiperidin-1-yl}-xanthine is also

prepared. |
25




sul phate, filtered and subsequently reduced to a volunme of approx. 430 m
by distillation under reduced pressure. Subsequently, 1 litre of
tert.-butyl 15 nethyl ether is nmetered in at 50-55C and the mixture is then
cooled to 0-“@20Qﬁﬁé4&§26duct is isolated by filtrati oPCTBRZORHOFG LM
tert.-butyl methyl ether and dried at BOC in a drying cabinet. Yield: 273
g (86% of theory) 20 Melting point: 188 3C Anal ogously to Exanples 2 and
3, 1-[(3-methylisoquinolin-1-yl)net hyClaims
met hyl - 7- (2- butyn-1-yl ) -8- ((R) - 3-am nopi peridin-1-yl)-xanthine is al so
prepared. 25, WO (2)906/ 048427 PCT/ EP2005/ 055711 15 Clainms 1. Process for
preparing a EonpouifFess iariieqaig aIcomnaundofths gepesapforipwa AN N O-N N |
RZ 5 or an enantioner or salt thereof in which RLis a
phenyl car bonyl net hyl , benzyl, naphthyl nethyl, pyridinyl nethyl,
pyri m di nyl met hyl , qui nolinyl netiyl , i soquiNtgJ i nyl met hyl ,
qui nazol i nyl met hyl , qui nox&4n hyri di nyl net hyl or
phenant hri di nyl met hyl group i ™ whi tic or heteroaromatic noiety
is in each case nono- or disubsti Ra/ wher{@)t he substituents may
be the sane or different a i ogen, fluorine, chlorine or
brom ne atom or a cyano, net hyI|, trifluoronethyl, ethyl, phenyl, nethoxy,
di fl uoronet hoxy, trifluoronethqgg or ethoxy group,

5 .

or an enantiomer or salt thereof

in which R" is a phenylcarbonylmethyl, benzyl, naphthylmethyl,
pyridinylmethy!, pyrimidinylmethyl, guinolinyimethyl,

10 isoquinolinylmethyl, quinazolinylmethyl, quinoxatinylmethyl,
naphthyridinylmethyl or phenanthridinylmethyl group in which the
aromatic or heteroaromatic moiety is in each case mono- or
disubstituted by Ra, where the substituents may be the same or
different and

15

Rz is a hydrogen, fluorine, chlorine or bromine atom or a cyano,

methyl, trifluoromethyl, ethyl, phenyl, methoxy, difluoromethoxy,

trifluoromethoxy or ethoxy group,

or two R, radicals, when they are bonded to adjacent carbon
20 atoms, may also be an -O-CHz-0- or -O-CH,-CH,-O- group,

R%is a methyl, ethyl, propyl, isopropyl, cyclopropy! or phenyl group
and :

25 R®is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yl,
2-fluorobenzyl, 2-chlorobenzyl, 2-bromobenzyl, 2-iodobenzyl,
2-methylbenzyl, 2-(triflucromethyl)benzyl or 2-cyanobenzyl group,

comprising the following synthesis steps:
30 .
a) reaction of a compound of the general formula (111




or two Ra radicals, when they are bonded to adjacent carbon 20 atons, may
also be an -O-CHz-O or -OCHz-CHz-O group, R2 is a nethyl, ethyl,

propyl, isopropyl, cyclopropyl or phenyl group and 25 R3is a

2- but en- 1-yIW(§2ﬂ%ﬁ/ﬂ%ﬂ422- buten-1-yl, 2-butyn-1-yl, 2PCTEI6DS0ZYILI

2-chl orobenzyl, 2-bronobenzyl, 2-iodobehzyl, 2-nethyl benzyl,
2-(trifluoronethyl)benzyl or 2-cyanobenzyl group, conprising the follow ng
synthesis steps: 30 a) reaction of a ¢pnpoungsof the general formula (111)
WO 2006/ 048427 PCT/ EP2005/ 0557%;]1 16 R3 NNI />x ONNRZ in which
X is a leaving group selected e t rowy of the halogens or the

sul phonic esters and Rl to R3 are &kch I'ngd as nentioned above with 5
3- (pht hal i mi do) pi peri dine or an enanti ongr t)}e'r‘e%f, b) deprotection of the
wla (I1) / 1 OV ORSN R NN

t hus obt ai ned conmpound of the g
O /--N ONNRZ 10 in which to are each defined as nentioned above
and c¢) optional conversion to a physijologically tolerated salt. 2. Process

according to Claim1l, in which R2

in which X is a leaving group selected from the group of the
halogens or the sulphonic esters and
R' to R® are each defined as mentioned above with

5 3-(phthalimido)piperidine or an enantiomer thereof,

b) deprotection of the thus obtained compound of the general

formula (1)
0
3
R1 i /R N
R. SN N ©
A W
0 Ii.l N _
R2
10 in which R to R® are each defined as mentioned above and

¢) optional conversion to a physiologically tolerated salt.

2. Process according to Claim 1, in which
15
X is a chlorine or bromine atom,

Rlisa phenylcarbonylmethyl, benzyl, naphthylimethyt,
~ pyridinylmethyl, pyrimidinylmethyl, quinolinylmethyl,
20 isoquinolinylmethyl, quinazolinylmethyl, quinoxalinylmethyl or
- naphthyridinylmethyl group in which the aromatic or heteroaromatic
moiety is in each case mono- or disubstituted by R,, where the




15 X is a chlorine or bromne atom Rl is a phenyl carbonyl nethyl, benzyl,
napht hyl met hyl , pyridinyl methyl, pyrimdinylnethyl, quinolinylnethyl, 20
i soqui nol i nyl met hyl, qui nazolinyl methyl, quinoxalinyl nmethyl or

napht hyri di r¥yIOn2306y348¢2Dup in which the aromatic or heCEMBPAOGSASIMA1 nDi ety
is in each case nono- or disubstituted 19y Ra, where the WD 2006/ 048427
PCT/ EP2005/ 055711 17 substituents may be the sane or different and Ra is a
hydrogen, fl uori rebstituehisomiaydeathermamne ar diffenent aret hyl , et hyl, nethoxy or
et hoxy group, 5 R2 is a nethyl, ethyl, propyl, isopropyl, cyclopropyl or
phenyl group and R3 is a 2-buten-1-yl, 3-nethyl-2-buten-1-yl,
2-butyn-1-yl, 10 2-fRaisromiregen, fuasinegrradenng atom pr 8 eyBeazyethy!,
2-iodobenzyl ,  2- metdiylibgEvdxy o dthbky frsUpPmet hyl ) benzyl or 2-cyanobenzy
group. 3. Process according to daim2, tn which 15 X is a chlorine or
bromne dtom Rl is a cyanobenzyl, (cyanopyridi nyl) et hyl,

qui nol i nyl met hyl ,R? igremnsHyliuithgll, bropy),nedrsbyl, b?@qpidml onyhemi Gydup

(et hyl i soqui nol inyl ) methyl, quinazolinyl methyl, 20

(et hyl qui nazol i met hyl , qui noxazi nyl met hyl ,

(et hyl qui noxal i nyl ) met hyl , (di met hyl qui noxal i nyl ) net hyl or

ht hyri di nyl i t | h d
2R3 15 a 2 but e 4 e E POy 9 SRR gL PIepY! roue @
chl or obéfizyl, 2- BrivibenrRayl, Sehiprehenwybehbrmebeiryl, 2iodpbgbads according to
daim3, in whi CQ-n‘r%ﬂw%e%z@l,lhir-ﬁmlL?&oﬂﬁé?ﬁyl?d%nz‘yﬁolaz-lcyanobenzyl group.

(4- met hyl qui nazol i n- 2-'yl ) mét hy 3-net hyl 1 soqui nol i n-1-
3. Process according to Claim 2, in which
15 X is a chlorine or bromine atom,

R’ is a cyanobenzyl, (cyanopyridinyl)methyl, quinolinylmethyl,
(methylguinolinyl)methyl, isoquinolinylmethyl,
(methylisoquinolinyl)methyl, quinazolinylmethyl,

20 (methylquinazolinyl)methyl, quinoxazinyimethyl,
(methylquinoxalinyl)methyl, (dimethquuinoxalinyl)methyl or
naphthyridinylmethyi group,'

R? is a methyl, cyclopropyl or phenyl group and

25
R?is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yl, 2-
chlorobenzyl, 2-bromobenzyl or 2-cyanobenzyl group.

4, Process according to Claim 3, in which
30 X is a bromine atom,
R'is a (4-methylquinazolin-2-yl)methyl, (3-methylisoquinolin-1-
yhmethyl or (3-cyanopyridin-2-yl)methyl group,
R? is a methyl group and
R?is a 2-butyn-1-yl group.
35
5. Process according to one of Claims 1 to 4, in which the reactant
used in step a) is (R)-3-(phthalimido)piperidine.



yl)met hyl or (3-cyanopyridin-2-yl)nmethyl group, R2 is a nethyl group and
R3 is a 2-butyn-1-yl group. 35 5. Process according to one of Clains 1 to
4, in which the reactant wused in step a) is (R -3-(phthalimdo)piperidine.
WO 2006/ 0484WP PEOG/E8ARD5/ 055711 18 6. Process for pPEPAIA2005/055711

(R) - 3-(pht hal i m do) pi peridine, conprisifg the follow ng synthesis steps:

a) reaction of rac-3-am nopiperidine in suitable solvents with 5 phthalic
anhydri de arft b) Peegsalorgirepagng F&)a{pbmahmnda)pm@yupur@ecommmﬂgrtbm a

solution of the foheRingRya ”‘W&%%ﬁﬁ 3- (pht hal i m do) pi peri di ne by neans
of addition of Dtartarlc acid a I solation of the precipitated 10

tartrate. 7. Process for preparing (S)-3-(phthalimdo)piperidine,

conprising the fol lgweagticyof PRS3-anfihGpperidibed) suRAGILIDvedits with

rac- 3- am_nopi peri din i swt Je s vents wi th phthalic anhydride and b)
renmoval Of the (S)- é’ertbﬂ eridine froma solution of the thus
obt ai ned racem c 3-( pht hal | m do) p| per| di ne by neans of 20 addition of

CLarars 2 and ek 6 5 BRI oo BB gl 0
synthesis steps: 25 thy thusek amedorraceauc 3-(ahthadipiige)pipgiridine by swdanstgfe

solvents with phth GHBWIO
(R -3- (Rht hal i m do) Ee}dé*gh di ne t?lﬁﬁrﬁgﬁg?nlﬂllgg%‘t‘éh O(Pg'bé pﬁe %%%d obt ai ned

raceni c+8- (phthallma 5 ?perldl ne by means of addition of Dtartaric acid
and isolation of the precipitated tartrate and

7. Process for preparing (S)-3-(phthalimido)piperidine, comprising the
following synthesis steps:

15 a) reaction of rac-3-aminopiperidine in suitable solvents with
phthalic anhydride and

b) removal of the (S)-3-(phthalimido)piperidine from a solution of
the thus obtained racemic 3-(phthalimido)piperidine by means of

20 addition of L-tartaric acid and isolation of the precipitated
tartrate.

8. Process for preparing (S)-3-(phthalimido)piperidine, comprising the
following synthesis steps:
25 '
a) reaction of rac-3-aminopiperidine in suitable solvents with
phthalic anhydride and

b) removal of the (R)-3-(phthalimido)piperidine from a solution of

-30 the thus obtained racemic 3-(phthalimido)piperidine by means of
addition of D-tartaric acid and isolation of the precipitated
tartrate and

¢) addition of L-tartaric acid to the thus obtained mother liquor of
35 the first salt precipitation and isolation of the precipitated (S)-3-

(phthalimido)piperidine tartrate.

9. Process accordin_g to one of Claims 6 to 8, in which the solvent used



c) addition of L-tartaric acid to the thus obtained nother |iquor of 35
the first salt precipitation and isolation of the precipitated (9S)-3-
(phthal i m d%ﬁizl%eri dine tartrate. 9. Process according to one of Clains 6
to 8, in whi RE/048427ent used WD 2006/ 048427 PCT/ ERZUUBPDEBISE7IL9 i n
step b) is ethanol. 10. (R)-3-(Phthalidfdo)piperidine. 5 11.
(S)-3-(Phthalimdo)piperidine. 12. Conpounds of the general fornula 0 NHZ
RAN N | /> N~ OFNster®D)iga@thanokn enantiomer thereof, in which RL to R3 are
each as defined in Cains 1 to 4, obtainable by the process according to

one of dai 1 r one of their salts. 13. Medicanent conprising a
conpound acég‘rsdi 6‘39?’3"&?‘?\*%@@%@ '§- 15 as optionally one or nore inert
carriers and/or diluents. 14. Use of a conpound according to Claim12 for
pr oduci a4 qmedjeant I i itable for treating diabetes nellitus
type | n%nd1t1'ype@fﬁ%b@gﬂgﬁ(&)@@eﬁﬁh}%ducti on of glucose tol erance,
arthritis, 20 obesity, allograft transplantation and osteoporosis caused by
calcitonin. 12, Compounds of the general formula

PR NH,
N

RL
OJ\N | N}“N (1)
|

R2

10 or an enantiomer thereof, in which R to R® are each as defined in
Claims 1 to 4, obtainable by the process according to one of
Claims 1 to 5, or one of their salts.

13.  Medicament comprising a compound according to Claim 12 as well
15 as optionally one or more inert carriers and/or diluents.

14.  Use of a compound according to Claim 12 for producing a
medicament which is suitable for treating diabetes meliitus type |
and type }l, prediabetes or reduction of glucose tolerance, arthritis,

20 obesity, allograft transplantation and osteoporosis caused by
| calcitonin. |




