Method for producing chiral 8-(3-amino-piperidin-1-yl}-xanthines Disclosed herein is an improved
process for preparing chiral 8-(3- aminopiperidin-1-yl)-xanthines, their enantiomers and their
-physiologically 5tolerated salts. In a first aspect, there is provided a process for preparing a compound
of the formula (I) 0 1 R2 or an enantiomer or salt thergof in which R is a phenylcarbonylmethyl, benzyl,
naphthyimethyl, pyridinylmethyl, pyrimidinylmethyl quinolinyimethyl, isoquinolinylmethyl,
quinazolinylmethy noxalinylme R nylmethyl or phenanthridinylmethyl group in which
the aromatic or he%&roﬁi o 3‘7"‘.2 cg"ag%icg )é' Sﬁ@éﬁﬂt’é’gy Wﬁ@iﬁ%@re the
substituents may be the same or different and Ra is a hydrogen cyano, methyl, trifluoromethyl, ethyl,

phenyl, methoxiskifbssdrhetaoxis tiflimpramasdoxooeethaxyoenaringy @wﬁé?g_r@dlcals that are

bonded to adjacaq.ﬂ %rﬁ e is a methyl,
ethyl, propyl, |soprop ﬁcyc oproéty] or pﬁ*eﬁr?;?:gg}g‘%f{?ﬁﬁ%%@%’ﬁ %%%gﬁ% %ygoqﬁgﬁa@uten-l-yl,
2-butyn-1-yi, 3028 2 -chlorobenzyl, 2-bromobenzyl, 2- |odobenzyl 2-methylbenzyl,
2-(trifluoromethyl)benzyl or 2-cyanobenzyl group, la the process comprising: reacting a compound of

the formula (1ll) \withrRiPABalmidRBNRERARIPLE SRR RIS URA Lompound of

the formuia (I)
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or an enanfiomer or salt thereof

in which R' is a phenyicarbonyimethyl, benzyl, naphthyimethyl,
pyridinylmethyl, pyrimidinyimethy!, guinoiinyimethyl,
isoguinolinylimethyl, quinazolinyimethyl, quinoxalinyimethyl,
naphthyridinyimethyl or phenanthridinyimethyl group in which the
aromatic or heteroaromatic moiety is in each case mono- or
disubstituted by R., where the substituents may be the same or
different and

[
o

20
R is a hiydrogen, cyano, methy!, trifluoromethy!, ethyl, pheny,
methoxy, difluoromethoxy, trifluoromethoxy or ethoxy group,
or two R, radicals, that are bonded to adjacent carbon atoms,
may also be an -0-CHz-0- or -O-CH»-CH>-0O- group,

R? is a methyl, ethyl, propy!, isopropyl, cyclopropy! or phenyl group
and

R® is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yl,
30 2-fluorobenzyi, 2-chiorobenzyl, 2-bromobenzyl, 2-iodobenzyl,
Z-methylbenzyl, 2-(trifluoromethyl)benzyl or 2-cyanobenzyi group,



N R2 (1) in which X is a leaving group selected from the group consisting of halogens,
phenylsulphonyloxy, p-toluenesulphonyloxy, methylsulphonyloxy and trifiuoromethylsulphonyloxy, and
-R1 to R3 are each defined as mentioned above to obtain a compound of 10the formula (11) (Il) in
which R1 to R3 are each defined as mentioned above; and deprotecting the obtained compound of the
formula (I1) to obtain the compound of formula (1). 8-@%aminopiperidin-1-yl)-xanthines of the following
general structure 1b in which R'is, for example, an optionally substituted arylmethyl group or an
optionally substituted kigéerparwssetbyhgneuiy:R2 is, for example, an alkyl group and R3 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 04/018467,
WO 2004/041820 and"PRStNS0a/eREbsing Giibs temipdadid miing valuable pharmacological
properties are described, @hiphtinalindieidppsaiitiifes an ihibringieaientesrtg activity of the enzyme
dipeptidylpepti- dase IV (DPP-1V). Therefore, compounds (gzgﬁis type are suitable for 10preventing or
treating disorders or states which are connected yith an inCteased DPP-IV activity or which can be

prevented or alleviated by reduction in & DPP-IM activit ?'especially of diabetes mellitus type | or type
%468 discloses a preparation process in
Y

Il, prediabetes, or reduction of glucose toleh e.l
which 8-(3- aminopiperidin-1-yl)-xanthines arg prepargd b gfecting a corresponding
tert.-butyloxycarbonyl-protected derivativ%) F% ft@rmula (1.
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in which X is a leaving group selected from the group consisting of

halogens, phenylsulphonyloxy, p-toluenesulphonyloxy,

methylsulphonyloxy and trifluoromethyisulphonyloxy, and

R to R® are each defined as mentioned above to obtain a compound of
10 the formuta (1)

()

in which R" to R® are each defined as mentioned above; and deproteciing
the obtained compound of the formula (Il} fo obtain the compound of
formuia (1).

8-(3-aminopiperidin-{-yl)-xanthines of the following general structure
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WO 2006/048427PCT/EP2005/05571 2 In this process, impurities which were difficult to remove,
especially on the industrial scale, occurred, and are attributable to the protecting group used. 5The
process was therefore unsuitable for the industrial preparation of 8-(3- aminopiperidin-1-y1)-xanthines, -
especially for medicament production with its strict ands on purity. Furthermore, the method had
the disadvantage that the preparation of the enantiomerically pure precursor 3-(tert.-
butyloxycarbonylamino)piperidine is complicated and expensive. However, 10 enantiomerically pure

active ingrediertﬁSvaﬁR:mFb‘e!@rﬁif:eﬁﬁdméh@ﬁhmmmmiﬁab@ﬁmiwm@m;ﬁiﬁf ahside
effects and for nown Q'Q&b%ftﬁ fe ‘%?é‘té IH@H&\ r‘ino Eﬁ‘s‘”?ﬁ%%?&‘r%;ﬁ%“'&nagﬁé{)ﬁt the

suitability of th roc e |n | prepa nahtlomerlc ally pure

8-(3-aminopipedARA 3A9- ﬁ?mf%se’iaﬂﬁiﬁw@wﬁ%@ﬂ% &%@é@%ﬁﬁ&ﬂ‘@é@&%ﬁt&é@s of the
known preparawra@meisamtos Branbied atkbayresaiitimylantiup tarpravelsds Rrosvessroetrich allows

the prepargtlon quﬂ aél?{ §A§WW§E%WQJ égtﬁqngwg readily obtainable
high ¢ emlc

startlng materlas In

200 and_without great technical cost a
inconvenience. 3¢ £ p%@e?sgosﬂgﬁ@ é glgvﬁsagg%fgs%}ﬁ%s@ {fi %Ugf?féngﬁale and
thus for commehaigirappétaiie. s wijettcrinevpebe sharprdessshectoniiind toched@mwention for

25preparing ch@rﬁc@aﬁ@wmﬂﬁ@aﬂeﬁ&wﬁt{m@%ﬁm eﬁ%@r#z@hé/@@éaaaﬂa@bﬂerformance
very good chergcal awi ?ﬁy‘tgzlk% re further advanta ﬁ}fft e inventiv % etic route.
According to th %?gcesé of th SnES’W?éJ%BB §€ ?e%%tﬁrﬁes %@% eiPSor (111) is reacted
according:to sclﬁ’éﬁ#@&%@fﬂéfﬁf@fﬁm@mﬁﬁmr@” Gtadesiwoishpreneoinmeelprpeibiad in suitable
solvents at tempesparasiab rWAN2 BB S AGRIGH/ER? 8850085Atkd or alleviated by

-reduction in the DPP-IV activity, especially of diabetes mellitus type | or

type i, prediabetes, or r_eduction of glucose tolerance.

15 WO 04/018488 discloses a preparation process in which 8-(3-
-~ aminopiperidin-1-yl}-xanthines are prepared by deproteciing a
corresponding tert.-butyloxycarbonyl-protecied derivative of the general
formula (11).



3 20 to 160C; preferably of 8 to 140C. The solvents used may, for example, be tetrahydrofuran (THF),
dioxane, N,N-dimethylformamide (DMF), dimethylacetamide (DMA), N-methyl-2-pyrrolidone (NMP) or
-dimethyl sulphoxide (DMSO). Preference is given to using NMP. Subsequently, the 5phthalyl
protecting grouy 1 Y84y processes known per se. Possible detaBhrh& ¥ b hle
described, for example, by T.W. Greene in "Protectiv& Groups in Organic Synthesis", Wiley 1981 on

page 265 (for example hydrazine in ethanol). (1) 10 in the abovementioned formulae, X is a leaving
group selected from the group of the halogens, for example a flqukichlonne or bromine atom, or of
the sulphonic esters, for example a phenylsulpR8nyloxy, p- I esulphonyloxy, methylsulphonyloxy
or 15trifluoromethylsulphonylopy grou Rl is @ phenylcar thyI benzyl, naphthylmethyl,
pyridinylmethyl, pyrimidinylmethyl; thyl, igoqui ounyl ethyl quinazolinylmethyl,
quinoxalinylmethyl, naphthyridinylm tHridinylphethyl group in 20 which the aromatic or
heteroaromatic moiety is in eac ho=gr disubstituted by Ra, where the substituents may be
identical or different and Ra Is a hydrogen, fluorine, chlorine or bromine atom or a cyano,
25methyl, trifluoromethyl, ethyl, phenylgmethoxy, difluoromethoxy, trifluoromethoxy or ethoxy group,
WO 2006/048427PCT/EP2005/055711 4 or two Ra radicals, when they '8 bonded to adjacent carbon
atoms, may also be an -0-040- or -0-CH2-CH2-0- group, R2 is a methyl, ethyl, propyl, isopropyl,
cyclopropyl or phenyl group and

in this process, impurities which were difficulf to remove, especially on the
industrial scale, occurred, and are atiributable to the proteciing group used.
5  The process was therefore unsuitabie for the industrial preparation of 8-(3-

aminopiperidin-1-yi)-xanthines, especially for medicament production with
its strict demands on purity. Furthermore, the method had the disadvantage
that the preparation of the enantiomerically pure precursar 3-{tert.-
butyloxycarbonylamino)piperidine is complicated and expensive. However,

10  enantiomerically pure aclive ingredients are 1o be preferred for the pharma-
ceutical application owing to the risk of side effects and for the reduction of
the dose 1o a minimum. These circumstances count against the suitabilify
of the known process for the industrial preparation of enantiomerically pure
8-{3~aminopiperidin-1-vi}-xanthines.

15

In the light of the above-described disadvantages of the known preparation
process, it is an objéct of the present invention o provide a prbcess which
) aliows the preparation of enantiomerically pure 8-(3-amincpiperidin-1-yl}-
xanthines uéing 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-yi}-xanthines. in addition to high
vield 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



5 R3 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-(trifluoromethyl)benzyl or 2-cyanobenzyl group. 10
The process is preferable for those compounds in which X is a chlorine or bromine atom, Ri is a )
phenylcarbonyWie28868¥EAA7 naphthylmethyl, pyridinylmethyl, 15 pyrifRefrARIEM/0iAblinyImethyl,
isoquinolinylmethyl, quinazolinylmethyl, quinoxalinyBmethyl or naphthyridinylmethyl group in which the
aromatic or hetgroaromatic moiety |s in h case o0- or disubstituted by Ra, where the
substituents m %’e?é@n%cﬁ%f%%@%ﬂf%&% ﬁﬁ%ﬁﬁg\ﬁﬁsf}ﬂﬁfﬁ@écﬁgﬁﬁg%p% or a cyano,
methyl, ethyl, reetessghydezfiosandrodp).Ribraacen diyrdimgthyitspyrasipeodMEyclopropyl or phenyl
grEUp angi 25R|<§ri‘$e@g%fbéé‘%ﬁrﬂﬁé Emeh-gbtronotrdhdbe iNMRfloodapesizyl, 2-chlorobenzyl,
2-bromobenzyl, 2-iodoben -methvlibenzyl, 2-(triflugrom I - group. The
process is mor%&pﬁg e’?‘gﬁﬁﬁoknh %1%}? gg?meﬁ%%ér?d?i !Vv%nccs‘%é %&s@\%ﬁoﬁgésor rc()%m' ’e@%om, Rlisa
cyanobenZyl, (S}dnalyy RemigpinsLIyP R SiRtarhethRY (AEERISER ENYIRSRSE- I SRRFIRNyImethy!,
(methylisoquinalstgbnment nistisine zednydeeibst (foetbylsmipiaz dlinYOMeBrgkmpimoxazinyimethyl,
(methylauinoxaliyumeds (dBe v iSHBREEgHIRRIYY! rREpREYTdRdRE b s TP, WO

2006/048427PCT/EP 711
example hydrazine in ethanol}.
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10  Inthe abovementioned formulae,

X is a leaving group selected from the group of the halogens, for example a
] fiuorine, chlorine or bromine atom, or of the suiphonic esters, for example a
phenyisulphonyloxy, p-toluenesulphonyloxy, methyisulphonyloxy or
15 trifluoromethylsulphonyloxy group,

R' is a phenylcarbonylmethyl, benzyl, naphthyimathyl, pyridinyimethyi,

pyrimidinylmethyl, quinolinyimethyl, isoquinoliny!methyl, guinazolinyimethyl,

quinoxalinylmethyl, naphthyridinyimethyi or phenanthridinyimethyl group in
20  which the aromatic or hetercaromatic moiety is in each case mono- or
disubstituted by R,, where the substituents may be identical or different
and '

R. is a hydrogen, fluorine, chiorine or bromine atom or a cyano,
25 methyl, trifluoromethyl, ethyl, phenyl, methoxy, difluoromethoxy,
trifluoromethoxy or ethoxy group,



R2 is a methyl, cycllopropyl or phenyl group and R3 is a 2-buten-1-yl, 3-methyl-2-buten-1-yl,
2-butyn-1-yl, 2-chlorobenzyl, 2- bromobenzyl or 2-cyanobenzyl group, 5 but in particular for the
-compounds

1-[(4-methylquiRE2ARPEE4SHEthyl13-methyl-7-(2-butyn-1-y1)-8-(3-(R)-afrbfipepeiiit i} xanthine,
1-[(3-methylisoquinoli n-1-yl)methy1]-3-methyl-7-(2-btityn-1-y1)-8-((R)-3- a
minopiperidin-1-y1)-xanthine and 1-[(3-cyanopiperidin-2-yOmethylk 1 .
03-methyl-7-(2-butyn-f—W%gﬁ-@sg%nB’Bﬁfé H—@?)&?&Hﬁﬁ ?\ﬁﬂ@%eﬂtig%%%iﬁé?'ﬁﬁeference is
given in each case to BaWAIRY-BgEMhRlifaldo{piperiding be-CHa feagi@ntp The preparation of the
compounds of the formula (111) has been 15described in the literature which has already been cited
above and is effgcted by nrocesses known, per. se. The invention further provides ocess for
oreparing opticily S e R bl o SRR SR B B sy 20
hydrogenated by means of processes known per se. The thus obtained racemic 3-aminopiperidine is
then converted R? tlhezcrregpantivig piatettiphiiabicmedans of phighalicanhyilislebgheyR) enantiomer
can be precipitaégéﬁ JSB@YE!%{[ oygﬁ}gmg Y 'p [} N1y=Ks i%_ﬁggﬁl@s limide (IV) by means of
D-tartaric acid. If is aﬁso possible to obtaﬁlév(é% 25 enantiomer of (I @%@mple manner from the

" mother liquor of4H ST RHRTIEEIMAIRSNBY! Qi iy FRPERYAGER Without preceding removal of the

excess of D-tartaric acid still present in the mother liquor. This extremely simple enantiomeric

separation f thecampaund of the R0fonmula (ML is SiERsisinOiascskilled 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. 35In addition, the unexpectedly clean
reaction of 3-amnispiperigirieavithbpyhthinie aiphydride 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 additiO§1tct)stgep%%sr%ﬁgapré%%%ﬁﬁé%m!O gg%zgyef,r ilyx%gmﬁyimethy{, pyridinyimethyl,

15  pyrimidinyimethyl, quinolinyimethyl, isoquinolinyimethy!, guinazolinyimethyl,
quinoxalinyl-methyi or naphthyridinyimethy! group in which the aromatic or
hetercaromatic moiety is in each case mono- or disubstituted by R,, where
the substituents may be identical or different and

20 Rz is a hydrogen, fluorine or chlorine atom or a cyano, methyl, ethyi,
methoxy or ethoxy 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-yi, 2-fliorobenzyi,
2-chlorobenzyl, 2-bromobenzyl, 2-iodobenzyl, 2-methyibenzyl,
2-(trifiuoromethyl)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, quinolinyimethyl,
{methylguinoliny)methyl, isogquinolinylmethyl, (methylisoguinoiinyl)methyl,

35  guinazolinylmethyl, (methyiquinazolinyl)methyl, auinoxazinylmethyl,
(methylquinoxalinymethyi, (dimethylquinoxalinylymethy! or
naphthyridinylmethyl group,



WO 2006/048427PCT/EP2005/055711 6 in which the ring nitrogen atom is acylated. 5The examples -
which follow will illustrate the invention in greater detail: Example 1 D-Tartaric acid salt of the R
enan@iomer of 3-(phthalimido)piperidine 10 a. Hydrogenation:  10.00 kg (106.25 mol) of
3-aminopyridingceBfhg@fgerhnical-grade 15activated carbon and 65 li?€S GIRAUHECEGA1dre initially
charged in a hydrogenation reactor. 50 g of Nishimdra catalyst (a commercially available
rhodium/platinum mixed catalyst) are added slurried in 2.5 litres of acetic acid and flushed in with 2.5

. 52
litres of acetic Bci. ﬁ?lﬁb‘g{br%@gﬁpﬁﬁéﬁb@fééh%b@ra% 806 bar of hydrogen pressure until hydrogen
uptake stops and WO 2006/048427PCT/EP2005/055711 7 post-hydrogenation is subsequently

effected at 50G,for. 30,mi S, The, L gr ACtivate re_fi ashed with
10 litres of acé(‘;t{lc E%Néé tﬁrﬁdﬁ@?’sﬁcﬂ%ﬁﬁ %r%é%fég f%};{?g?lv%%ﬁ%ﬁygu%f?bgﬁ%ﬁT g%gaction also
proceeds undiRBSREVRYEPréspagbenzyl group,

5
but in particular for the compounds 1-[(4-methylquinazolin-2-yl)methyl}-
3-methyl-7-(2-butyn-1-y1)-8~(3~(R)-aminopiperidin-1-yl}-xanthine,
1-[(3-methylisoquinolin-1-ylymethyl}-3-methyl-7-(2-butyn-1-yl }-8-({(R}-3-
aminopiperidin-1-yl)-xanthine and 1-[(3-cyanopiperidin-2-yhmethyll}-
10 3-methyl-7-(2-butyn-1-yi)-8-{3-(R)-aminopiperidin-1-yl}-xanthine, where X is
bromine. .

Preference is given in each case to using (R)-3-(phthalimido)piperidine as
a reagent. The preparation of the compounds of the formuia (i) has been

15  described in the literature which has already been cited above and is
effected by processes known per se.

The invention further provides a process for preparing optically active
3~(phthalimido)piperidine. In this process, 3-aminopyriding 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
(V) by means of D-tartaric acid. it is also possible o 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 liguor. |

This extremely simple enantiomeric separation of the compound of the
30 formula (V) 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 probiem 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



b:-Acvlation NH, 15.74 kg (106.25 mol) of phthalic anhydride are initially charged in the 10reactor
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 diBtMEPFHOARRRY one hour. The reaction solution is cooled ¥6-98¢X2PRa/¥rddlkt solution is
reacted further without purification. 15 c. Optical resBlution OH (R)-3-phthal imido- piperidirie tartrate

(RH0)] A s, htod o S0C, o 1,46 o o gt acid (74.38 mo) i

+ 3 BN
A NI HN i - Q o
== phihalic anhydride N
NH,

NH, o
J-aminopyridine rac-3-aminopiperidine

2

{R)-3-phthalimidopiperidine tartrate
: KRV

D-{-}-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:

i ; H
W 4 \ --—-—2--~—-3-— HHN
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 85 litres of acetic acid are inifially charged in &
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



20 50 litres of absolute ethanol is metered into the acylation reaction solution at 90C. It is flushed in
with 10 litres of absolute ethanol and stirred at 90C for 30 minutes, in the course of which the product
crystallizes. After cooling to 5C, the product was centrifuged off and washed with absolute ethanol.
WO 2006/048 3 ORID0#M260%/055711 8 The product solution is reacteBEIHBRB2YAHBLR Ddrification. d.
Recnistallisation 5The moist crude product is heated’to reflux in a mixture of 50 litres of acetone and

90 litres of water until a solution has formed. Subsequently, the_sqluti coole [
of which the praBish¥RIOSRRRICE B g?@é‘ﬁéﬁ éﬁ/ﬁ é%? PA\HH?%% iﬁg

in the course
the product is

centrifuged off Gatalfishiypdvishadtivated raxnoe @f@ﬁﬁﬁf@ﬁ(ﬁ%@%ﬁ@&hﬁ@@'ﬂb tliTsrRwater. The

mixture is drie¢sphA5G-BdTViNg SRne! sEdabiNR eaiiead Yiglter Wthod BUreAi8A % of theory)
Example 2 15 Synthesis of 1-[(4-methylquinazolin-2-yOmethyl]-3-methy1-7-(2-butyn-1-y1)- .

8-(3-(R)-aminopiperidin-1-y1)-xanthine a. 2-Chloromethvl-4-methylouinazoline N
5  The reaction also proceeds under less severe pressures.

b. Acvlation
o)

8]

e
HN
HN o Fa \—2 o
]

phthalic anhydride
i 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 distilied off within one hour. The reaction solution is cooled fo 80°C. The

product solution is reacted further without purification.
15 '
c. Optical resolution

oH

OH
a D{-)-tartaric acid

{R)-3~-phthalimido-
piperidine tartrate

- IRV

A solution, heated to 50°C, of 11.16 kg of D(-)-tartaric acid (74.38 mol) in
20 50 litres of absolute ethanol is metered into the acylation reaction solution
at 80°C. 1t is flushed in with 10 litres of absolute ethanol and stirred at 80°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.



10.00 kg (73.98 mol) of 2-aminoacetophenone are initially charged and 2024.5 litres of 1,4-dioxane are
added. The solution, cooled to 10C, is admixed with 16.72 kg (458.68 mol) of hydrogen chloride by
.blanketing. The reaction mixture warms up to 22-25C. At this temperature, further hydrogen chloride is
blanketed in. Frét 208atMM&H2Gf the total blanketing amount, the mixture R&3oeRe@86/086 T and
blanketing is continued. 25Subsequently, the suspen8ion formed is left to stand at -10C overnight. A
solution of 6.70_kg (88.78 o# of chl.oroacetoni];ril in 2.5 litres of 1,4- dioxane is added at -10C within
one hour. The fedd %gggﬁlé &El?éb‘%\ﬁﬁ??ﬁ?’eé@‘fﬁ‘!ﬂf é?%'ﬁ'é: 2fYs, the reactor contents are
warmed to 6C and stirred for a further approx. 2 hours. 30A further reactor is initially charged with a
mixture of 122 |gragniryataniangi§404. kg (775.31 mol) of sodium hydroxide solution (50%) and
cooled to 6C. The reaction mixture from the first reactor is added in portions. The internal temperature
is not more than 11C. Subsequently, the first reactor WO 2006/048427PCT/EP2005/055711 9 is
flushed first witH beitfeaigfcrugeipresichionaaipdith tfitesiorRatsiurenel @duiieg slispension is

Ztirrgd at 5C foracfigherssd ginites. dihepepduailia epnttiboethoffowast et witadldittigs of water and
ried at 35C in rying,£abi inestizatiqn.. Yield:.10.5-12. -359
14(4Methquuw%%cﬁﬁ%ﬁ;ﬁr@g@%%ﬁhﬁqﬂig ﬁltSL%Sl% %%‘%ﬁ?ﬂ%ﬁtﬁ%ﬁ %%%%%)%g (33.66
not) of 3-methylCHR IS FHSRENSRB SRS TR, <. {%r (FHBESR0AS DIBmsraNR
4-methquuinaz@ﬁr&ﬁﬁjgéd(gf(;ah@ﬁnmﬁg mtthim;tlvaiﬂs sodintoreac faliéen di3fckeseoind
N-methyl-2epyrrelidane.are.initialr RRargeM B {ReifRasior4Ehe ﬁﬁ%@@%@@éﬁ%&%&@%‘?d to 140C

and stirred at 140C for 2 hours. After the reaction has ended, the reaction
inertization.

Yields: 11.7-12.5 kg (29-31% of theory)

Example 2
15

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

a. 2-Chioromethyl-4-methviguinazoline

N
= Gi
NHR \\/ NY\CI
oA

G

_ 10.00 kg (73.98 mol) of 2-aminoacetophenone are initially charged and
J 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 mixdiure warms up to 22-25°C. At this temperature, further
hydrogen chioride is blanketed in. From about half of the total blanketing
amount, the mixture is cooled to -10°C and bianketing 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 chioroacetonitrile 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 conients are warmed {0 8°C
and stirred for a further approx. 2 hours.
30 A further 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. Subseguently, the first reactor



15mixture is cooled to 80C and diluted with 60 litres of 96% ethanol and subsequently at 70C with 55 .
litres of water. At 60C, 4.04 kg (67.32 mot) of acetic acid are metered in and flushed in with 5 litres of
water. The resulting suspension is stirred at 60C for 30 minutes, then cooled to 23C and stirred for a
further 30 minu®e XM&efddrtly, the product is 20centrifuged off and WishadBESSHIET Al tixture of
20 litres of 96% ethanol and 20 litres of water, then With 40 litres of 96% ethanol and 40 litres of water.

g)rgnggllslﬂel\(;ltg?d at ﬁ%&ﬁ 6??1"95%'%% Peft é’]%ﬂ lbglae%z% ﬁ;ﬁl\%}%%? 12.6 %&76 -83% of theory)

phthal|m|dop|péfmﬁqsvhn@amnensmt@enmhanﬁ@@r@%&o@@mm@&oﬁmkg (22.06 mol)
of 1-[(4- methyl%&mla@ é?e)‘@mﬁj@wb’ﬁ‘ RARiEAdAalin utyRrdovd) Wepraadaiiemet 3259 kg (33.09
mol) of 3- (phthallmfg dln D-tartrate r‘:’[mdtﬂ .5 litres of N-methyl-2-pyrrolidone are initially
charged in the fe4c rly olfm Rtents 4ra letted to 5140C. After the temperature has been
attained, 1%.41 Y@@Q@én?@l)"df@jﬁg&pﬁé@@fﬁ?%?ﬁﬁe are metered in within 20 minutes. The feed
vessel is flushed with 2.5 litres of N-methyl-2-pyrrolidone and the reaction mixture is subsequently

stirred at 140C Eor@@gmgt’@éggq ng E%ﬂcg SUI”% W@%%W%C(@r&m%g{hs gooled to 60C and

diluted with 80 | suspension 15 stifred at 50T for 30 minutes, then
cooled to 23C JR@ER¥88IPS further 30 minutes. Subsequently, the product is centrifuged off and

washed 3 times with 20 litres each time WDWW is effected at 45Cdn a d cabinet
under inertization. Yieldk 12.Q-12.5 kg (9094% of theory) 15 )t
= Ci N b
w Qe pO GV
{

o] K

{

) 10 10.00 kg (33.86 mol) of 3-methyl-7-(2-butyn-1-yl)-8-bromoxanthine, 7.13 kg -
{37.02 mol) of 2-chioromethyl-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 60 litres of 98% 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. Subsequentiy, 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)

c. 1-i{ 4—Methviquinazoiin-Z—v!)methyﬂ-S—methyi—?—{2~butvn-1 -y1}3-8-(3-(R)-
phthalimidopiperidin-1-vil-xanthine

N
/NA\I’}‘Br @ /UI/}“N
) 0

o



d. 1-f(4-Methylquinazolin-2-Almethy11-3-methy1-7-(2-butyn-1-v1)-8-(3-(R)-
aminopiperidin-1-v1)-xanthine 1800 kg (3 mol) of
-1-[(4-methylquinazolin-2-yOmethy11-3-methy1-7-(2-butyn- 2
01-y1)-8-(3-(RMihtrabtid8pderidin-1-y1)-xanthine are heated to 80-85KS R EBIARKEBHOIbene.
Subsequently, 1.815 litres (30 mol) of ethanolaminel&re added to the suspension at 75-80C. To
complete the reaction, the mixture is stirred at 80-85C for 2

hours,.in the gourse of which the solids go
into solution. SUBSELKRAES: tRdAcEd Af4- Tl %ﬂ?#ﬁ@‘&%ﬁ@@ﬁﬁﬁ@%ﬁﬂ%@ﬁ% shed twice
with warm toluboty 4 TitybsSe hotntioxa)tiine coEnbihisg (Ba<be plodisetZare washed twice with 8 litres

each time of watgtalirRI@Opidaipi b e lelHeae Riree722 (itres of lelupnayae-giaviadaibunder
reduced pressure. 4 '“Iéﬁ? 0 tert-%ulgl eth¥l g{%}he{_ are met re% attégig%?et% t%? rgw}ltlng suspension
and subsequer?ﬂ'? & BEEEd er% Sftlet ig‘%B?aﬁg By?mratlon, Washed wit tert.-butyl
methy! etrfer arfdeictiditerithe Eenamite tes bessiaitairesuddefldaiPhettadd @lux with 5
times the amowiis@frbsgletayeinanel ardrtaedhel salvliaids Marlinstdy, fivatiendhresghl activated

carbon. Afe te (12 ffasbec, W CO0IRURL2TECTIERA000SALLL M i 20C and

crystallization has set’in, 1t isdil S to doub me with tert.-butyl methy gé[e The suspension
is cooled to 2CsyhseaUBPHYSHAEA2hAAR Gifred s Alih hrd eRiiP A AR datiRim drying
cabinet. 5 Yieldehbthiég t8Rtdre of dhetsy)id B i@taredpdiatss feitrs & litres480me{R8%moll of

1-{(4-methylquinazoline A AMe iy rdaneWlifaPat 50°C for 30 minutes, then cooled to
23°C and stirred for a further 30 minutes. Subsequently, the product is
centrifuged off and washed 3 times with 20 litres each time of methanol.
Drying is effected at 45°C in a drying cabinet under inertizafion.
Yield: 12.0-12.5 kg (90-94% of theory)

d. 1-[(4-Methviguinazolin-2-vhmethvli-3-methyi-7-(2-butyn-1-y}-8-(3-(R)-
aminopiperidin-1-yl)}-xanthine

O == 0 =
NY\N NF/ Na 2 N
A A P R
/NO NN 2N N
O 07 N -
i N-—{ ! NH,

O o

1800 kg (3 mol) of 1-{(4-methylquinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-
| 20 1-y)-8-(3-( R)-phthalimidopiperidin-1-yl}-xanthine are heated to 80-85°C in
! 18 litres of toluene. Subssquently, 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 titres each time). The
combined toluene phases are washed twice with 8 fitres 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 filirate has been



10butyn-1-y1)-8-(3-(R)-phthalimidopiperidin-1-y1)-xanthine are initially charged in 4.91 of -
tetrahydrofuran and subsequently heated to 55-65C. Subsequently, 350 ml of water and 1433 g (2.32
moll of ethanolamine are added to the suspension. To complete the reaction, the mixture is stirred at
60-63C for a fopthexddéyouga2i5 Subsequently, 619 ml of 45% sodium HYAHERROSGUMESMA1dnd 3.8510f
water are added and the mixture is stirred at 55-65C1for 30 min. 5.610f toluene are then added to the
reaction mixture, the mixture is stirred for 15 min and the phases are subsequently separated. The

organic phase3oatedtie @With 2nd carsiallizaliossnescahtn2idastibied saydRRE e From the organic
phase, 4.2 | argfligtideditftondeutgdesthbetbai & 15 baepeenitn ls4bolavdthZi@clohexane are

added at 65-7 in.t 0 favhich th . ' top is. stirred at 15-25C
for .16 h and SRS b e R B e TR with 4.2 1 o
methylcycloheXaREUILSNERSERE¥ANd dried at 35C under reduced pressure. The dried crude

substances(991 g) is subsequently heated to reflux with 5 times the amount of methanol, activated

carbon is addeqig{éq qqe,@gtg@is/g‘igﬁﬁgo e filtrate is reduced to a volume of 1.51 by distilling off
methanol. After the filtrate has been cooled fo 45-55C, it is diluted to four times the 30volume with

tert..-butyl methyl ether. The suspension is cooled to 0-5C, stirred for 2 hours, filtered with suction,
washed with tefitungtivsetitgcetisetonrmiairiad at 35C in a vacuum drying cabinet. Yield: 899 g (81.9%

of theory) WO 200604843 7-Faipelel@t-AeBytEHREORAS5Ihethyl]-3-methyi-7-(2-
10 butyn-1-yi)-8~(3-(R}-phthalimidopiperidin-1-yl}-xanthine are initially charged
in 4.9 | of tetrahydrofuran and subsequently heated to 55-65°C.

) Subsequently, 350 ml of water and 1433 g (2.32 mol) of ethanolamine are
added {o the suspension. To complete the reaction, the mixture is stirred at
60-63°C for a further 3 hours. _

15  Subsegquently, 619 mi of 45% sodium hydroxide solution and 3.85 | of water
are added and the mixture is stirred at 55-65°C for 30 min.
5.6 1 of toluene are then added fo the reaction mixture, the mixture is sfirred
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 methyicyclohexane 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 filtration, washed with 4.2 | of methylcyclohexane,

3 25 suction-dried and dried at 35°C under reduced pressure.

The dried crude substance (991 g) is subsequently heated to refiux 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 distiliing 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, filttered with suction, washed with tert.-butyl methyl ether
and dried at 35°C in a vacuum drying cabinet.

Yield: 898 g (81.9% of theory)
35



1-[(3-Cyanopyridin-2-yOmethyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)- aminopiperidin-1-yl)-xanthine a.
3-Cyano-2-(chloromethyli-pyridine 5165.5 g (0.98 mol) of 2-hydroxymethy1-3-pyridinecarboxamide

- are heated together with 270 ml of phosphorus oxychloride to 90-100C for 1 hour. The reaction
mixture is cool@dx@ee6MMtaperature and subsequently added dropwisBdo/EBRSG/ @87l of water at
50-60C. After the phosphorus oxychloride has beenlBydrolyzed, the mixture is neutralized 10with

sodium hydrox#&e solmtign with cooling, in the course of which the product precipitates out. It is filtered
off, washed wi f water and subsequently dried at 35-40C. Yield: 122.6 g (82% of theory)
15Variant to process step a: 3-cyano-2-(chloromethyl)pvridine 20.0 g (131.45 mmol) of

2-hydroxymethy 18- gyéd,l@ CAERO Wq@e@@]sgs@%?ﬁ?mqél&@hoi ppmtr ijgjand heated to 78C.

Within 15 minutes,
heated to 81GFor-27

40C. After 100 ml of toluene have been added the mixture is neutrallzed with sodium hydroxide
solution with coglmg\After PhasR esPRAAIPLRgiIAEIanic phase is washed with 100 n|I of water.

o SR e

fogether with 270 ml of phosphorus oxychionde to 90-1 C for 1 hour
The reaction mixture is cooled to room temperature and subsequently
added dropwise to approx. 800 mi of water at 50-60°C. After the
phosphorus oxychioride has been hydrolyzed, the mixture is neutralized

N 10 with sodium hydroxidé solution with cooling, in the course of which the

| product precipitates out. it is filtered off, washed with 300 mi of water and
subsequently dried at 35-40°C.
Yield: 122.6 g (82% of theory)

15  Variant to process step a: 3-cyano-2-{chloromethylpvridine
20.0 g (131.45 mmol) of 2-hydroxymethyi-3-pyridinecarboxamide are
suspended in 110 mi of acetonitrile and heated to 78°C. Within 15 minutes,
60.65 g (395.52 mmol) of phosphorus oxychioride 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 mi of foluene have
been added, the mixture is neutralized with sodium hydroxide solution with
cooling. After phase separation, the organic phase is washed with 100 ml

J 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-Cvanopyridin-2-vDhmethvil-3-methvi-7-{ 2-butyn-1-vi)-8-
bromoxanthine

—
N T F// o =
t + NJH},N . — l X " N
N f> T > Bt
OANAN N o)\N 5 N/
l

Ci |
30

202 g (0.68 mol) of 3-methyl-7-(2-butyn-1-yl}-8-bromoxanthine, 188.5 g
(1.36 mol) of anhydrous potassium carbonate and 1.68 litres of N-methyl-2-



b. 1-113-Cvanopyridin-2-vpmethy11-3-methy1-7-(2-butvn-1-v1)-8- bromoxanthine WO
2006/048427PCT/BP2005/055711 13 pyrrolidone are initially charged in the reactor and heated to
70C. Subsequently, 119 g (0.75 mol) of 2-chloromethy1-3-cyanopyridine in 240 ml of

N-methyl-2-pyelidifesiasr) are added dropwise. The reactor contentSPar&/ERA@@PLSEGCIfor 19
hours. After the reaction has ended, 2.8 5litres of water are added to the reaction mixture and it is

cooled to 25C. The product is filtered off, washed with 2 litres of water and dried at 70C in a drying
cabinet under M@fl&%ﬁ RINB3CHIBEA Br S RATE and heated ?0%90-

2'923 Q05 RS WU e éeﬁaéir@&mxzmhme 318
g mol) 0 alimido)piperidine ate’ an itres 0 ethyl-2-pyreolidone are
initially charge(‘f‘?ﬁ"{ B?e%f&o% "‘)f%g?é &o 8?1 Eoé@ & ‘E‘&ﬁ@é‘o rp%??hge éer%}/ g?gture has
been attaifed, WTrssmf @atemaos aﬂdesbmaw@aytmumswmmwwm ®04Rikutes and the

reaction mlxturqfw@%a%uwﬂn&t&ﬁe@mm@é%@mgum@wmmm thesteacondripcture is
cooled to 20750§nd dllut th 730 mleo’:}_I thr?nol Afterwards, 2.7 litres of water are added at
68-60C and the’ %cg C00 eH%%B e b product is filtered off and washed with 2 litres of water.
Drying is effect¥ipi: AT i & (RYigddbeRivlinder 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 subsgguently.dnad al s WAMRLGHIRBHRM. Y Ridua/icA BRI NGaM) s (R)

phthalimidopipendin-1-vh-xanthine
N
| %” e — %f Ny
[ #N DA\N i'N&_Br | N oA‘N l N%NQ 0
i ! 3
O%

230 g (0.557 mol) of 1-[(3-cyanopyridin-2-yl)methyl}-3-methyl-7-(2-butyn-1- .
yl}-8-bromoxanthine, 318 g (0.835 mol) of 3-(phthalimido)piperidine

15  D-tartrate 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
femperature has baen attained, 478 mi (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 o

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

are added at 88-60°C and the mixture is cooled to 25°C. The product is
filttered 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 mi of methanol and
subsequently dried at 70°C under inertization.

Yield: 275 g (88% of theory)

30



WO 2006/048427PCT/EP2005/055711 14 d. 1-1.(3-cyanopyrid
in-2-vDmethyl1-3-methyl-7-(2-butvn-1-v1)--8-(3-(R)- aminopiperid in-1 -v1)-xanthine 412.5g (0.733
- mol) of 1-[(3-cyanopyridin-2-yhmethy11-3-methy1-7-(2-butyn-

51-y1)-8-(3-(RbitbHidRAAPeridin-1-y1)-xanthine are heated to 80C iRGLEY XA05f ¢efidrie.
Subsequently, 445 ml of ethanolamlne (7 33 mot) até added to the suspensmn at 75-80C. To

scourse of which the
: : me phase is
pig@ach tlme) The comblned tquene phases are Washed twice

solids go into s&lu .
extracted twmeamth mirenidi

Subsequently, 1 lit
cooledto 0-5C. T
60C in a drying in

Examples 2 and 3; T{%ﬁ%‘e i ﬂqum Amgthyl} -3- N
methyl-7-(2-butyn-1-y1)-8-((R)-3-aminopipdiieifi-1 -yl)-xanthine is also ptepared 25 1%igjaims
O

yl ether is metered i
u Iate filtration, washed

Ixture is then
er and dried at

412.5 g (0.733 mol) of 1-{(3-cyanopyridin-2-yhmethyl}-3-methyl-7-(2-butyn-
5 1-y1)-8-(3<(R)-phthalimidopiperidin-1-yl}-xanthine are heated to 80°C in

4125 ml of toluene. Subsequently, 445 mi of ethanolamine (7.33 mol) 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 exiracted twice with warm toluene (1 litre each
time). The combined toiuene 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 fo a volume of approx. 430 mi
by distillation under reduced pressure. Subsequently, 1 iitre of tert.-butyl

15  methyl ether is metered in at 50-55°C and the mixiure is then cooled to 0-
5°C. The product is isolated by filtration, washed with tert.-butyl methyl
ether and dried at 80°C in a drying cabinet.

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

Analogously to Examples 2 and 3, 1-[(3-methylisoquinolin-1-yl)methyl}-3-
methyi-7-(2-butyn-~1-yl)-8-((R)-3-aminopiperidin-1-yl)-xanthine is also
prepared.

25



1.Process for preparing a compound of the formula (I) R2 or an enantiomer or salt thereof in which RL
is a phenylcarbonylmethyl, benzyl, naphthylmethyl, pyridinylmethyl, pyrimidinylmethyl,
guinolinylmethyl, 10isoquinolinylmethyi, quinazolinylmethyl, quinoxaiinylmethyl, naphthyridinylmethyl
or phenanthridinylmethyl group in which the aromatitfr heteroaromatic moiety is in each case mono-
or disubstituted by Ra, where the substituents may be the same or different and R2 is a hydrogen,
cyano, methyl, trifluoromethyi, ethyl, phenyl, metl‘eg%, dgluoromethoxy, trifluoromethoxy or ethoxy
group, or two Ra radicals, that are bonded to adjacenf%arbon atoms, may also be an -0-CH2-0- or
-0-CH2-0H2-0- group, 20 R2 is a methyl, ethyl, propyl, isopropyl, cyclopropy! or phenyl group and R3
is a 2-buten-1-yi, 3-methytssbiitepieyh@nbuiytolpo2ad-dfitnedenayli2(bhlorobenzyl,
2-bromobenzyl, 2-iodobenzyl, 2-methylbenzyi, 2-(trifluoromethyDbenzyl or 2-cyanobenzyl group, the
process comprising: 30reacting a compound of the formula (lll) with 3-(phthalimido)piperidine or an

enantiomer thereof 16 O }{3 NH,
R,\NJ\FN
L0 o
o' :iq N

R2

n

or an enantiomer or salt thereof

in which R" is a phenylcarbonylmethy!, benzyl, naphthylmethyl,
pyridinytmethyl, pyrimidinyimethyvl, guinolinyimethy!,

10 isoquinolinyimethyl, guinazolinyimethyl, quinoxalinyimethyl,
naphthyridinylmethyl or phenanthridinyimethyl group in which the
aromatic or heteroaromatic moiety is in each case mono- or
disubstituted by R,, where the substituents may be the same or
different and

15
Rz is a hydrogen, cyano, methyl, trifluoromethyl, ethyl, phenyl,
methoxy, difluoromethoxy, triflucromethoxy or ethoxy group,
or two R, radicals, that are bonded o adjacent carbon atoms,
may also be an -O-CH2-0- or -O-CHz-CH2-O- group,

20
R? is a methyl, ethyl, propy!, isopropyl, cyciopropyl or phenyl group
and
R®is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yi,

25 2-fluorobenzy!, 2-chlorobenzyl, 2-bromobenzyl, 2-iodobenzyl,
2-methylbenzyl, 2-(trifluoromethylibenzyl or 2-cyanobenzyl group,
the process comprising:

30 reacting a compound of the formula (lll) with

3-(phthalimido)piperidine or an enantiomer thereof



(I0) in which X'is a leaving group selected from the group consisting of halogens, phenyisulphonyloxy,
p-toluenesulphonyloxy, methylsulphonyloxy and trifluoromethylsulphonyloxy, and R1 to R3 are each

- defined as mentioned above to obtain a compound of the formula (1) R2(ll) in which R1 to R3 are
each defined as mentioned above; and deprotecting tlie obtained compound of the formula (Il) to
obtain the compound of 10formula (I). 2.The process according to claim 1, further comprising
converting the compound of formula (1) to a physiglogically tolerated salt. 153.Process according to
Claim 1, in which X is chlorine or bromine, IR1 i phenylcggﬁ’bonyimethyl, benzyl, naphthylmethyl,
pyridinylmethyt pyrimiclinylmethyl, quingtinylmethyl, isoquifiofinylmethyl, quinazolinylmethyl,
guinoxalinylmethyl or naphthyridinyimethyTbN pin h the aromatic or heteroaromatic moiety is

in each case mono- or disubstituted by R., wHere the ents may be the same or different
and Re is a hydrogen, cyano, methyl, ethél ri% oXy group,
Rz

(h
in which X is a lsaving group selected from the group consisting of
halogens, phenyisulphonyloxy, p-toluenesuiphonyioxy,
methyisuiphonyloxy and trifluoromethylsuiphonyioxy, and
5 R' to R® are each defined as mentioned above to obtain a compound of

the formuta (11
Q l
1 i /R3 N
R \N N o
PP W
0 Tx N _

R (I

in which R" to R® are each defined as mentioned above; and deprotecting
the obtained compound of the formula (1) to obtain the compound of
10 formula (1. '

2. The process according o claim 1, further comprising converting the
compound of formula (1) to a physiologically toierated salt.

[
(611
Yy

Process according to Claim 1, in which

X is chiorine or bromine,

R'is a phenylcarbonyimethyl, benzyi, naphthyimethyl, pyridinyimethyl,
pyrimidinylmethy!, quinoiinyimethyl, isoquinolinylmethyl,
guinazolinyimethy!, guinoxalinylmethyt or naphthyridinyimethy! group in
20 which the aromatic or heteroaromatic moiety is in each case mono- or
disubstituted by R,, where the



R2 is a methyl, ethyl, propyl, isopropyl, cyclopropyl or phenyl group and R3 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-(trifluoromethyl)benzyl or 2-cyanobenzyl group. 4.Process according to Claim 1, in
which 15X is chlorine or bromine, R' is a cyanobenzyl;7(cyanopyridinyl)methyl, quinolinylmethyl,
(methylquinolinyl)methyl, isoquinolinylmethyl, (methylisoquinolinypmethyl, quinazoiinylmethyl,
20(methylquinazoiinyl)methyl. quinoxazinylmethyl,.tmethylquinoxalinyl)methyl,
(dimethquuinofa‘ii.ﬁlsfﬁ)lpneeﬁtﬁsyha%ng%rﬁheyﬁ my rﬁg'mﬁlg g?orﬁ{p% Is a methyl, cyclopropyl or phenyl
group and 25 R3 is a 2-buten-1-yl, 3-methy1-2-buten-1-yl, 2-butyn-1-y[, 2- chlorobenzyl,
2-bromobenzyl or 2-cyanobgngy Braitpgbirogess, avenraihgtayClatstiony whisihdOX is bromine, IR1
is a (4-methquuinazolin-z-%B[}‘bethyl, (3-methylisoquinolin-1- yOmethyl or (3-cyanopyridin-2-yl)methyl
group, R2 is a methyl group and'R3 is a 2-butyn-1-y1 group. 18 7. The process according to claim 1,
wherein X s a leaving group selected from the group consisting of halogens. 8. The process according
to claim 5, wherein sai3ighthathiyhiethpiperiing, is Ry (htiyalmpidpyiperidieay! group

and

R®is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yl,
2-flucrobenzyl, 2-chicrobenzyl, 2-bromobenzyl, 2-iodobenzyl,
2-methylbenzyl, 2-(triflucromethyl)benzyl or 2-cyancbenzyl group.

.
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4, Process according to Ciaim 1, in which

15 X is chlorine or bromine,

R"is a cyanobenzyl, (cyanopyridinyl)methyl, quinolinyimethy!,
(methylguinoiinyl)methyl, isoguinolinylimethyl,
{methylisoguinoiinyymethyi, quinazolinyimethy!,

20 (methylguinazoiinyl)methyl, guinoxazinylmethy!,
(methylquinoxalinylymethyi, (dimethylguinoxaiinyimethy! or
naphthyridinyimethyi group,

R? is a methyl, cyclopropy! or pheny! 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-cyanobenzyi group.

5. Process according to Claim 1, in which
30 X is bromine,
R'is a (4-methyiquinazolin-2-yhmethyl, (3-methylisoguinofin-1-
yhmethyl or (3-cyanopyridin-2-yl)ymethy! group,
R? is a methyt group and
R?is a 2-butyn-1-yi group.
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8. Process according to Claim 1, in which the compound of the formula
(i) is reacted with (R}-3-(phthalimido)piperidine.



9. The process according to claim 1, wherein X is bromine, Rlisa

(4-methylquinazolin-2-yl)methyl group, 10R2 is a methyl group, and R3 is a 2-butyrt-1-ylgroup. 10. The

process according to claim 9, wherein said 3-(phthalimido)piperidine is (R)-3-(phthaiimido)piperidine.
18

7. The process according o ciaim 1, wherein X is a leaving group
selected from the group consisting of halogens.

g, The process according to ciaim 5, whierein said 3-(phthal-
5 imido)pipenidine Is (R)-3-(phthalimido)piperidine.

9. The process according to claim 1, wherein
X is bromine,
R'is a (4-methylguinazolin-2-yhmethyl group,
10 R?is a methy! group, and
R® is a 2-butyn-1-yl group:

10.  The process according o claim 8, wherein said 3-(phthal-
imido)piperidine is (R)-3-(phthalimido)piperidine.



