Method for producing chiral 8-(3-amino-piperidin-1-yl)-xanthines The invention relates to an improved
process for preparing chiral 8-(3- aminopiperidin-1-y1)-xanthines, their enantiomers and their
physiologically tolerated salts. 8-(3-aminopiperidin-1-y1)-xanthines of the following general structure
10in which R1 is, for example, an optionally substituted arylmethyl group or an optionally substituted
heteroarylmethyl group, R2 is, for example, an alkyl group and R:9 is, for example, an optionally
substituted benzyl gr a straight-chain or brapched alkenyl qr alk'nﬂ roup are already known
from the internatio#aﬁ?%g{géii%ﬁi%’ﬁ%&%%fgggaf%, A Hiﬁofi%%ég’;‘wg }Sg’fﬁﬁ 1B%#87, WO
2004/041820 and WO 2004/046148, in which compounds having valuable pharmacological properties
are described, Whiglnireltide ieigdionlan anpirdvbitipmastiofop piteasieiyviyiel thezenzyme
dipeptidylpepti- TR NOARR:AV)) THAAIRER, SMAOUBS IS HPR 815 AURRS [appreventing or
treating dlsgrde{sio{r §t tg%%/vhlc are connected with an 20increased DPP-1V activity or which can be

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

11, prediabetes, or reduction of glucose tolerance. W004/018468 discloses a preparation process in

which 8-(3- 25afr3egipiacidipetidgih-xayithinsthinte peparedibyide preieatingragorsesponding
tert.-butyloxycarbonyl-protected derivative of the general formula (Il).
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10  inwhich R’ is, for example, an optionally substituted aryimathyl group or an
optionally substituted hetercaryimethy! group, R? is, for exampie, an atkyl
group and R’ is, for exampie, an optionally substifuted benzyl group or a
straight-chain or branched alkeny! or alkiny! group arg already known from
the international applications WO 02/068420, WO 04/018468, WO
04/018467, WO 2004/041820 and WO.2004/046148, in which compounds
having valuable pharmacoiogical properties are described, which inciude in
particuiar an inhibiting action on the activity of the enzyme dipeptidyipepti-
dase [V (DPP-IV). Therefore, compounds of this type are suitable for
prevanting or treating disorders or states which are connecied with an
20 increased DPP-IV activity or which can be prevented or alleviated by
reduction in the DPP-IV activity, especially of diabates meliiius type | or
type ||, prediabetes, or reduction of glucose tolerance.

!,_...\
n

WO 047018468 discloses a preparation process in which 8-(3-

25 aminopiperidin-1-yl}-xanthines are prepared by deprotecting a
corresponding terl.-butyloxycarbonyl-protected derivative of the general
formula (il}.



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 B-(3- aminopiperidin-1-yl)-xanthines, especially for medicament production
with its strict demands on purity. Furthermore, the thethod had the disadvantage that the preparation
of the enantiomerically pure precursor 3-(tert.- butyloxycarbonylamino)piperidine is complicated and
expensive. However, enantiomerically pure active ingredients are to be preferred for the
pharmaceutical application owing to the risk of side effects and@&ﬁg reduction of the dose to a
minimum. These circumstances coun gainsﬁ@ne suitabilg the kikown process for the industrial
preparation of enantiomericallgpure 8:(3-aminopiperidin
above-described disadvantages &@e k

-yl):xanthines. 15 In the light of the
reparatioi, process, it is an object of the embodiments
disclosed herein to provide a process which affowsithe préparation of enantiomerically pure
8-(3-aminopiperidin-I-yl)- xanthi i1y readily obtainable starting materials in high chemical and
20optical purity and without great techhical cost and inconvenience. This novel process should also be
suitable for synthesis on the industrial’$tale and thus for commercial aﬁﬂlication, This object is
achieved by the process according to the disclosure for 25preparing chiral
8-(3-aminopiperidin-I-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 disclbdiePtHESEPPFORHRANE AT SGHREBGISbI NEME Yeastee sistivefii2o scheme 1
with enantiomeriodly:parecalanemiced: (phdhaignitdpiperidinetis suiahiersolents aldemperatures of
5 The process was therefore unsuitable for the industrial praparation of 8-(3-

aminopiperidin-1-yh-xanthines, especially for medicament production with

its strict demands on purity. Furthermore, the method had the disadvantage

that the preparation of the enantiomerically pure precursor 3-(tert.-

butyioxycarbonyiamino)piperidine is complicated and expansive. Howevar,

10 enantiomericaily pure active ingredients are to be praferrad for the pharma-

ceutical application owing o the risk of side effecis 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

&-(3-aminopipendin-1-yl}-xanthinas,

In the light of the above-described disadvantages of the known preparation
process, it is an object of the embodiments disclosed herein to provide a process which
allows the preparation of enantiomerically pure 8-(3-aminopiparidin-1-yl)-
xanthines using readily obtainable starting materials in high chemica! and

20  optical purity and without great technical cost and inconvenience. This
novel process shouid also be suitable for synthesis on the industrial scale
and thus for commercial appiication.

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

25 preparing chiral 8-(3-aminopiperidin-1-yl}-xanthines. in addition to high
yieid industrial performance, very good chemical and opfical purities are
further advantages of the inventive synthetic route.

According to the process of the present disclosure, the appropriate xanthine
30 precursor (lil) ts reacted according to scheme 1 with enantiomerically pure
or racemic 3-(phthalimido)piperidine in suitabie solvents at tempearatures of



- 20 to 160C; preferably of 8 to 140C. The solvents used may, for example, be tetrahydrofuran (TI-IF),
dioxane, N,N-dimethylformamide (DMF), dimethylacetamide (DMA), N-methyl-2-pyrrolidone (NMP) or
dimethyl sulphoxide (DM50), Preference is given to using NMP. Subsequently, the phthalyl protecting
group is detached by processes known per se. Possible detachment methods are described, for
example, by T.W, Greene in "Protective Groups in drganic Synthesis", Wiley 1981 on page 265 (for
example hydrazine in ethanol). 10In the abovementioned formulae, X is a leaving group selected from
the group of the HABGHHE Gorrefaimitiedd Aleridd” Ehidhnsontsmisredatery, tr sikarorsalphonic esters,
for example a phentgsaiprivofiosy (THB)UereephNYIaKeheibysatizaniam) or

15t_rif_|uoromethy@%g@&gmmm)jw@&mﬂg&r@pgw&% wwﬁgr&y&i pylmethyl,
pyridinylmethyl, g‘}f/ 'rt%xl'%%l W qgln Ilra/lmethé]i ISOC}#IHQHHW t él, quinazolinylmethyl,

quinoxalinylmetfyl:-naph ;;% i N tfﬁ?f% e R s yﬁvb%ro HaRSSBEAI #% aromatic or
heteroaromatic RBIBRMISPEaERI M PrisrintapipsUsroRRESSSFRAPWNE® thee Suissiitieents may be

identical or differdeteahoh&ta isathogdragede fodsng, fohlotinams spmine aiemareria cyano, methyl, -
trifluoromethyl, ethydDhgR)EMFRY dEeramerewy, Wﬁlégr%%%tq)ﬂ%rgé?g%@ogm”p' 4ortwoRa

radicals, when t%%%rqé)zgn&ed.to adljs‘%gfgﬁﬂt arbon atoms, may also bea - or
-0-CH2-CH2-0- group? y g%ﬁ]gtflﬁ/, y(I), propyl, isopropyl, cyclopropy! or phenyl group and 5
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10  Inthe abovementioned formuiae,

X Is & leaving group selected from the group of the halogens, for example a
fluoring, chlorine or bromine atom, or of the sulphonic esters, for axampie a
phenyisuiphonyloxy, p-toluenesulphonyioxy, methylsulphonytoxy or

15 triflucromethyisuiphonyloxy group,

R'is a phenylcarbonylmethyl, benzyl, naphthyimethyl, pyridinyimethy,
pyrimidinylmethyl, quinoifinyimethy!, isoquinolinyimethyl, guinazolinyimethyl,
guinoxalinyimethyl, naphthyridinyimethyl or phenanthridinylmethy! 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

b
<>

Re I8 a hydrogen, fluorine, chiorine or bromine atom or a cvano,
25 methyl, trifiucromethyl, ethyl, phenyl, methoxy, diffucromeathoxy,
trifluoromethoxy or ethoxy group,



R3 is a 2-buten-1-yl, 3-methy1-2-buten-I-yl, 2-butyn-1-yl, 2-fluorobenzyl, 2-chlorobenzyl,
2-bromobenzyl, 2-iodobenzyl, 2-methylbenzyl, 2-(trifluoromethyl)benzyl or 2-cyanobenzyl group. The
process is preferable for those compounds in which X is a chlorine or bromine atom, Feis a
phenylcarbonylmethyl, benzyl, naphthylmethyl, pyridinylmethyl, pyrimidinylmethyl, quinolinylmethyl,
isoquinolinyimethyl, quinazolinylmethyi, quinoxaiinyl-methyl or naphthyridinylmethyl group in which the
aromatic or heteroaromatic moiety is in each case mono- or disubstituted by Ra, where the
substituents may be idenfiaMer BffetEn VAT J0ReALPAVIRSEFIG6RANEEF RMAIRE Stom or a cyano,
methyl, ethyl, methoxyrosethexpeeup)-R2sG metlyC ethiliipropgkdsppropyl, cyclopropyl or phenyl
group and 25R3 is a 2-buten-1-yl, 3-methy1-2-buten-1-yl, 2-butyn-1-yl, 2-fluorobenzyl, 2-chlorobenzyl,
2-bromobenzyl, 2+i0dobe , 2:methylbenzyl, 2-(trifluoromethylbenzyl or 2-cyanobenzyl group. The
process is more%ré?eare%%%ﬁr ?ﬁmfépggw&gﬁ%? n {NRY(E%D 6%%05% or E\ rg}\ﬁ Br%?nd‘iene atom, Rlis a
cyanobenzyi, (cyanopyridinyl)nethyl, quinolinylmethyl, (methylquinolinyhmethyl, isoquinolinylmethyl,
(methylisoquinolRiyfinaetHyti@5quih &zoltiyhathytefreihy Risirtgzoliyy| Erfetbydbguindxazinylmethyl,
(methylquinoxalipyimesihAgimeshyissiessslinisastiu.1 naphihyridindmethyl group,

2-{triftuoromethyl)benzyl or 2-cyanobenzyl group.

T n

10 The process is preferable for those compounds in which
X is a chiorine or bromina atom,

R' is a phenylcarbonylmethyl, benzyl, naphthyimsthy!, pyridinylmethyi,
pyrimidinyimethyl, quinolinylimethyl, isoguinolinylmethyl, quinazolinyimethy!,
guinoxalinyl-methyl or naphthyridinyimethyl group in which the aromatic or
hetercaromatic moiety is in each case mono- or disubstifuted by R,, where
ihe substifuenis may be identical or different and

[
AR

26 Re is 2 hydrogen, fluorine or chiorine aiom or a cyano, methyl, ethyl,
methoxy or ethoxy group,

R? is a methyi, ethyl, propy!, isopropy!, cycioprapyl or phenyl group and

25 R°isa 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yl, 2-fluorobenzyi,
. Z2-chiorobenzyl, 2-bromebenzyi, 2-iodobenzyi, 2-meathylbenzyl,
2-{trifluoromethylibenzyl or Z-cyanobenzyl group.

The process is more preferable for those compounds in which
30

X is a chiorine or broming atom,

R' is & cyanobenzyl, (cyanopyridinybmethyl, guinolinyimethy!,
(methylquinolinymethy!, isogquinolinyimethyl, (methylisoguinolinyimethy,

35  guinazolinyimethyl, (methviguinazolinyhmethyl, gquinoxazinylmethyi,
(methylguinoxalinymethyl, (dimethyiguinoxaiinyl)methyl or
naphthyridinyimethyl group,



5 R2 is a methyl, cyclopropyl or phenyl group and R3 is a 2-buten-1-yl, 3-methyl-2-buten-1-yl,
2-butyn-1-yi, 2-chlorobenzyl, 2- bromobenzyl or 2-cyanobenzyl group, but in particular for the
compounds 14(4-methylquinazolin-2-Amethy11-
3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-aminopiperidin-1-y1)-xanthine,
1-[(3-methylisoquinolin-1-yl)methyl]-3-methyl-7-(2-gutyn-1-y1)-8-((R)-3- aminopiperidin-1-y1)-xanthine
and 1-[(3-cyanopiperidin-2-yOmethy11,-
3-methyl-7-(2-bytyn-1-y1)-8-(3-(R)-aminopiperldin-1-y1)-xanthine, where X is bromine. Preference is
given in each ct:)gséstg l%s?%kgi( - g(%*ﬁﬁ%ﬁ%‘éﬁ%}’g@ﬁgﬁ%e%% a reagent. The preparation of the
compounds of the formula (I11) has been described in the literature which has already been cited above
and is effected By iprecessesknoive-pestisg- Thetiavention furiyer pyovidesiararesess for preparing
optically active gfmggﬂr&iﬂg})Q@@&Hgg%ﬂgw@r%gﬁocess, 3-aminopyridine is initially hydrogenated by

means of processes known per sé. The thus obtained racemic 3-aminopiperidine is then converted to
the corresponding phthalimide by means of phthaiic anhydride. The (R) enantiorner can be

precipitated selBEtiVeRRGIRHATHY S rHsLGST Adétibethyitripharimiidd) (jtyi-means of D-tartaric
acid. It is also possétte/td-obtainyvthe {B) BenRp@meT b IV2 iR -Siyplemanner from the mother liquor

of this salt precipiiai ' ~tartar [y Wil recedi novad of the excess of D-tartaric
pf@t %WE%%@&g&ﬁa[ 99}% aéﬁ%\@ %{‘mg‘?%@iagﬁ %%ss for preparing

acid still present in the. mother ligyor. { g
(R)-3-(phthalim%}B?ﬁ&?&fﬁg“é&ﬂﬁﬁ&ﬁa‘ﬁ]grfgsilﬁz GRS SR sy RyFENBrion of
rac-3-aminopiperfiifiain ‘s{Rtai 5o verds(With pRtniaiop metiinideyire ihremovereNthe
(R)-3-(phthalimigl@ypiperidine from a solution of the thus obtained racemic 3-(phthalimido)piperidine by
means of addition of D-tartaric acid and isolation of the precipitated tartrate. Jr a second aspect, there
is provided a pracess for preparing (S)-3-(phthalimido)piperidine, comprising the following synthesis
steps: a) reaction ?ﬂE‘&%’#ﬁ%lB&ﬁ&fﬁ %ﬁ%tﬁﬁﬁl@%@%%@%ﬁﬁ%ﬁﬂ@%%Wia% and b)
removal of the (B)E2gphthalimRIGRs Réaieé freracarsuiutics of the ibsubb@ihdesdeemic
3-(phthalimido) pipesittise bytnecrsseiradditioneid slectatic maid andiselation & the precipitated

tartrate. effected by processes known per se.

The invention further provides a process for preparing optically active
S-(phthalimido)piperidine. in this procass, 3-aminopyridine is initially
hydrogenated by means of processas known per se. The thus obtained
racemic 3-aminopiperidine is then converted to the corresponding
phthalimide by means of phthalic anhydride. The (R} enantiomear can ba
precipitated sslectively out of the solution of the racemic, crude phthaiimide
{V) by means of D-{artaric acid. It is also possible io obtain the (S)
enantiomer of (IV} in a simple manner from the mother fiquor of this salt |
precipitation by adding L-fartaric acid, without preceding removal of the
excess of D-{artaric acid still present in the mother liguor.



In a third aspect, there is provided a process for preparing (S)-3-(phthalimido)piperidine, comprising

the follgwingssynigsis %ggs:ig)p;g@ﬁggnaoklr&%-sg-@gp?&gﬁ)ﬁggidigﬁ}% (sg%ﬁﬁg Idgig%lvent%iwith phthalic

anhydride and b) removal of the (R)-3-(phthalimido)pi ine fr on of the thus ‘obtained

racemiﬁogl—?ﬁ‘ﬁﬁfam‘?]idq)pi eridine by means of addition of D-tartaric acid and isolation of the
precipiiaitel P& F 48 &Ra SRS dition of L-tartaric acid to the thus obtained mother liquor of the first salt

precipitation and isolation of the precipitated (S)-3-(phthalimido)piperidine tartrate. In a fourth aspect,

there is provided Qg(%E&T&R%'E?S@PAWB&BQWQﬁrﬁéﬂﬁa&é%ﬁ}em&(ﬁtlﬁ@ﬁ‘é{ﬁie Rydride an

(S)-3-(Phthalimido)piperidine. This extremely simple enantiomeric separa c mpoung of the
formula (V) is surprising to those skilled in the art. The racemic base from the hydrogenation reaction
does not have to bg reorified ddferéRatdfdh thiziporpesedecprocessiviiorksfwliththutsastyt ghmet lee mic

even on the indusiriahgcaieidn,aediians theHasestiaily Geaeacton £f3Amingrinsidinge with
phthalic anhydride is Su{ﬁn |ﬁ1§§)§r se, since, according to the literature (for example US patent US
4,005,208, espec%ﬁ&'g aﬁgp f‘mixtures would be expected which, in addition to the desired

product, comprise derivatives 6 in which the ring nitrogen atom is acylated. OH
In 2 second aspect, there is provided a process for preparing (S)-3-(phthalimido)piperidine,

comprising the following synthesis steps:

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

b) removal of the (3)-3-(phthalimido)piperidine from a soiutioﬁ of the thus obtained racemic
3-{phthalimido)piperidine by means of addition of L-{artaric acid-and isolation of the
precipitated {artraie.

In a third aspect, there is provided a process for preparing (S)-3-(phthalimido)piperidine,
comprising the following synthesis steps:

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

b) removal of the (R)-3-(phthalimido)piperidine from a soiution of the thus obiained racemic
3-(phthalimido)piperidine by means of addition of D-tartaric acid and isolation of the
precipitated tartrate and

c) addition of L-tartaric acid to the thus obtained mother liguor of the first salt pracipitation
and isolation of the precipitated (5)-3-(phthalimido)piperidine tartrate.

In a fourth aspect, there is provided a (R)-3-(Phthalimido)piperidine,

In a fifth aspect, there is provided a (S)-3~(Phthalimido)piperidine.

This exiremely simple enantiomearic Separa’[ieh of tha compound of the
formuta (IV) is surprising o those skilled in the art. The racemic base from
the hydrogenation reaction doas not have to be purified beforehand for this
purpose. The process works without any probiem even on the industrial
scale.

in addition, the unexpeciedly ciean reaction of 3-aminopiperidine with
phthalic anhydride is surprising per se, since, according 1o the literature (for
exampie US patent US 4,005,208, especially Example 27), mixiures wouid
be expected which, in addition fo the desirad product, comprise derivalives



5The examples which follow will illustrate the invention in greater detail: Example 1 D-Tartaric acid

salt of the R enantiomer of 3-(phthailmido)piperidine 10 a. Hydrogenation:

10.00 kg (106.25 mol) of

3-aminopyridine, 500 g of technical-grade 15activated carbon and 65 litres of acetic acid are initially

charged in a hydrogenation reactor. 50 g of Nishim

a 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. H
uptake stops anf %W

g

drogenation is effected at 50C and 100 bar of hydrogen pressure until hydrogen

h th& ring nitrogen atom is acylaied.
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The examples which follow will illustrate the invention in greater detail:
Exampie 1
D-Tartaric acid salt of the R enantiomer of 3-(phthalimide)piperidine

&. Hvdrogenation:

i Z i
Y 2 \ ----———2-——--:w- MM
NH,

J-aminepiperidine

NH,

rac-3~aminopiperidine

10.00 kg (108.25 mot) of 3-aminopyridine, 500 g of technicai-grade
activated carbon and €5 litres of acetic acid are iniially charged in a
hydrogenation reactor. 50 g of Nishimura catalyst (a commercially availabie
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 urniil hydrogen uptake stops and



post-hydrogenation is subsequently effected at 50C for 30 minutes. The catalyst and the activated
carbon are filtered off and washed with 10 litres of acetic acid. The product solution is reacted further
without purification. 5The reaction also proceeds under less severe pressures. b. Acylation ol
phthalic anhydride 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

post-hydrogenation is subsequently effected at 50°C for 30 minutes. The
catalyst and the activated carbon are filtered off and washed with 10 litres
of acetic acid. The product solution is reacted further without purification.

5 The reaction aiso proceeds under less severe pressures,

b, Acviation

phthalic anhydride
NH,

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 fo refiux, in the course of which approx. 30% of the acetic acid used
is distilled off within one hour. The reaction solution is coaled to 80°C. The
product solution is reacted further without purification.

[
[#23

¢. Opiical resolution

G Di--tartaric acid o

{R}3-phthaiimido-
piperiding tartrate

HRIV)]

A solution, heated to 50°C, of 11.16 kg of D(-)-tartaric acid {(74.38 mol) in
20 50 iitres of absoiute ethanol is metered info the acyiation reaction solution
at 90°C. ltis flushed in with 10 litres of absolute ethano! 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.



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 90C. The product solution is reacted further without purification. c. Optical resolution
(R)-3-phthalimido- piperidine tartrate [(R)-(1V)] A solution, heated to 50C, of 11.16 kg of DH-tartaric
acid (74.36 mol) in 50 litres of absolute ethanol is netered 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 crystakizeednftesotigising esGethimipreduithwas metitedtiged off and washed with absolute
ethanol. 8 The product solution is reacted further without purification. d. Recrystallisation The moist

crude product isupﬁtgg é@aﬁ’a@%ﬁ@ a mixture of 50 litres of acetone and 90 litres of water until a

solution has formed: ; the solution is cooled to 5C, in the course of which the product
crystallizes out. The suspension is stirred at 5C for 30 minutes, and the product is centrifuged off and
finally washed withearmistareds e titreSiohastaoe afidx 10 Htresiofavatél Thesmixture is dried at 45C

in a drying cabinglipsie b RPOIZRHAN of water until a solution has formed. Subseguently,

' the solution is cooled to 5°C, in the course of which the product crystaliizes
out. The suspension is stirred at 5°C for 30 minutes, and the product is
cenirifuged off and finally washed with a mixture of 20 litres of acetone and

10 10 litres of water. The mixure is dried at 45°C in a drying cabinet under
inertization.
Yields: 11.7-12.5 kg {28-31% of theory)

Exampie 2

{834

et

Synihesis of 1-{{(4-methyiquinazolin-2-yimethyl}-3-methyi-7-(2-butyn-1-vi)-
B-(3-(Ry-aminopiperidin-1-yh-xanthine

a. 2-Chisromethyvi-&-methyiauinazoline

N

T
o

T

=

10.00 kg (73.98 mal) of 2-amincacetophenone are initially charged and

20 24 .51itres of 1 4-dioxane are added. The soluiion, cooled {o 10°C, 48
admixed with 16.72 kg (458.68 mol) of hydrogen chioride by blanketing.
The reaction mixture warms.up to 22-25°C. At this temperature, further
hydrogen chioride is bianketed in. From about half of the total blanketing
amount, the mixiure is cooled to -10°C and blanketing is continued.

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

A solution of 6.70 kg (88.78 mol) of chioroacetonitriie 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 reacior contenfs are warmed to 8°C
and stirred for a further approx. 2 hours.

30 Afurther reactor is initially charged with a mixture of 122 iitres of water and
82.04 kg (775.31 mol) of sodium hydroxide solution {(50%) and cooied to
8°C. The reaction mixture from the first reactor is added in poriions. The
internal temperature is not more than 11°C. Subsequently, the first reactor



Yields: 11.7-12.5 kg (29-31% of theory) Example 2 Synthesis of 14(4-methylquinazol
n-2-yhmethy11-3-methyl-7-(2-butyn-1-y1)- 8-(3-(R)-aminopiperidin-1-y1)-xanthine a.
2-Chloromethy1-4-methylouinazoline 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 blan%eting. The reaction mixture warms up to 22-25C.
At this temperature, further hydrogen chloride is blanketed in, From about half of the total blanketing
amount, the mixtufessed Gletvtid BATendf blahketirgdssoahtirnediti2 BSieseouenty, the suspension

formed is left to stabalivhOC A SHRIHOR 816 B9 ka7 Sanahaladhisgacetonitile in 2.5
litres of 1,4- dloxang 'St?éj er(;jlg 1OC§V|t inon 41 e fe fee ssel iéusg quvlr!t 2 litres of
1,4-dioxane. AftBrvards tﬁ i@% eWarmetts 685 8 '&ired'Ter § I approx. 2
hours. 30A furth@r%éﬁ&'@ﬁ F@hﬁﬂ?&llﬁ‘éﬁéf@%ﬂ‘%ﬁiﬁ% mixture of 122 litres of water and 62.04 kg (775,31

mol) of sodium hidixidesstiutian (BO%]) anst tesdegl 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

" b 1-[{4-Methviquinazolin-2-yhimethyll-3-methvl-7-(2-butyn- {-y1}-8-

bromoxanthine
J = | Y all
N\\Y‘/\C} >__ Na L0 | = /I\{\\-E//\N H
CQ,;% + o /\/ L P G}\ﬁ/kf;}—-mr
| & |

10 10.00 kg (33.86 mol) of 3-methyi-7-(2-butyn-1-yl}-8-bromoxanthineg, 7.13 kg
(37.02 mol) of 2-chloromethyi-4-mathylguinazoline, 3.92 kg (37.02 mol) of
anhydrous sodium carbonate and 30 fitres of N-methyi-2-pyrrolidone are
initialty charged in the reactor. The reacior contents are heated to 140°C
and stirred at 140°C for 2 hours. After the reaction has ended, the reaction

15 midure is cooled to 80°C and diluted with 80 lifres of 86% sthanoi and
subsequently at 70°C with 55 litres of water. At 80°C, 4.04 kg (87.32 mol)
of acetic acid are metered in and flushed in with 5 litres of water. The
rasulting 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 86% ethano!
and 20 litres of water, then with 40 litres of 88% ethanol and 40 litres of
water. Drying is effected at 45°C in a drying cabinet under inertization.
Yield: 11.8-12.6 kg (76-83% of theory)

o
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¢. 1-[{4-Methvilguinazolin-2-vihimethvil-3-mathvl-7-(2-butyn- 1 -y1)~-B-( 3-{ R}~
phthalimidopiperidin-1-yh-xanthine
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9 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 minutes. The product is centrifuged off, washed with 41 litres of water and
dried at 35C in a drying cabinet under inertization. 5Yield: 10.5-12.1 kg (74-85% of theory) b.
14(4-Methylouinazolin-2-vlimethyll-3-methvi-7-(2-butvn-1-0-8- bromoxanthine 1010.00 kg (33.66 mol)
of 3-methyl-7-(2-butyn-1-yl)-8-bromoxanthine, 7.131kg (37.02 mol) of
2-chloromethyl--4-methylquinazoline, 3.92 kg (37,02 mol) of anhydrous sodium carbonate and 30 litres
of N-methy|-2-pw@omuagqmea?rrﬁka§lmmqwedémw@sﬂmh-i%ﬁe@tﬁw-@c?ﬁaﬂ;&mgheatfddto 140C
and stirred at 140G for:2 heuEs, Aft %Qﬁ@a@g h w e ction 15mixture is cooled to 80C
and diluted with gg trei%cgf R§36,0{/}o eiéganr% and s%ﬁ(ﬁilﬁ at CE{ Wé?th 55 litres of water. At 60C, 4.04
kg (67.32 mol) of" bﬂ BRYPIPETTRERR IR daHTRN R R PiHRRPE Nerae By i R8s ulting
suspension is stRfedéiaRCIfeIceo milfesatien Ebelethr@30raattsimeddeta further 30 minutes.
Subsequently, thetprodugkisizdeanpingarofband yasharhdastiwithy &grifswa sicipditres of 96%
ethanol and 20 Ii&lg%%égf Lok, thern with 4@15{53?3“0{ 64 ?@%gﬁ@%49 i%r f r..g)rYIng is
effected at 45C ig a rgzi\ﬁﬁ cr?}f)ine'i[ undgr inertizatign. w‘eﬁ :11.6-12,6 kg ffg?g?a%%gc%%meory) 25 c.
14(4-Methylquin328iiRS “@6 A LHISIA 2 RIT RIS angstir feaction mixiure is
ohthalimidopiperidipsgauEntivagiitiptbat 140°C for 2 hours. After the reaction has ended, the

reaction mixture is cooled 1o 80°C and diluted with 80 litres of meathano!,

10 The resulting suspension is stirred at 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 sach time of methanol.

Drving is effected at 45°C in a drying cabinet under inerfization.

Yield: 12.0-12.5 kg (80-84% of theory)

ot
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g 1-{{4-Methviguinazolin-2-vhmethvil-3-methvl-7-(2-butvn-1-yh-8-(3-( RS-
aminopiperidin-1-vl-xanthine
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1800 kg (3 mol} of 1-[{(4-methylguinazolin-2-yhimethyl]-3-methyl-7-(2-butyn-

20 1-yi-8-(3-(R)-phthalimidopiperidin-1-yl}-xanthine are heated 1o 80-85°C in
18 litres of toluene. Subsequently, 1.815 fitres (30 mol) of ethanolamine are
added 1o 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. Subseguently, the phases are separated. The ethanolamine

25  phase is washed twice with warm toluene (4 litres sach time). The
combined foluene phasas are washed iwice with 8 litres sach time of water
at 75-80°C. From the toluene phase, 22 litres of toluene are distilied off
under reduced pressure. 4 litres of tert.-butyl methyl ether are metered at
40-50°C to the resuiting suspension and subsequently cooled to 0-5°C,

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



10 10.00 kg (22.06 mol) of 14(4-methylquinazolin-2-yl)methyll-3-methyl-7-(2-
butyn-1-y1)-8-bromoxanthine, 12.59 kg (33.09 mol) of 3- (phthalimido)piperidine D-tartrate and 17.5
litres of N-methyl-2-pyrrolidone are initially charged in the reactor. The reactor contents are heated to
140C. After the temperature has been attained, 11.41 kg (88.24 mol) of diisopropylethylamine are
metered in within 20 minutes. The feed vessel is flddhed with 2.5 litres of N- -methyl-2-pyrrolidone and
the reaction mixture is subsequently stirred at 140C for 2 hours. After the reaction has ended, the
reaction mixturecisotabiod 5 G e6arydtilitediovitha3Qditias iofaatthan od IQThe figsulting suspension is

stired at SOC forcieniess M GPRIEd I0AAC: ancelinasd fas p el amingtes. Subsequently
the product is c%mr ggfega mr%ﬁer as &2?.%‘%‘:% t’g\t h?%g? 1%3% C% (%% ethanol Drying is

effected at 45C n a drying cabinet un 48¢of theory) ¢”. d.
14(4-11AethyloXREHHRADRGREIEE3-methy1-7-(2-butyn-1-v1)-8-(3- (R)-
aminooiperigin-1-v1)-xanthine 1800 kg (3 moo ) of

1-[(4-methylquingzeline 27 )Nl 3smetiandy 7-(2-butyn-

201-y1)-8-(3-(R)-phthalimidopiperidin-1-y1)- xanthlne are heated to 80-85C in 18 litres of toluene.
Subsequently, 1. 815 I|tres (30 mol) of ethanolamlne are added to the suspension at 75-80C. To
complete the re& ’ p e @.at 80-85C for 2 hours, in the course of which the solids go

into solution. Subé@@q@e(ﬁtl&/zﬂne phh%@ar&ﬁqhm&t&zb iHhe-ethasalansnasthyl-7-(2-

10 butyn-1-yl}-8-(3-(R}-phthalimidopiperidin-1-yl)-xanthine are initially chargead
in 4.9 | of tetrahydrofuran and subseguently heated to 55-65°C,
Subsequently, 350 ml of water and 1433 g (2.32 mol} of ethanolamine are
added to the suspension. To complete the reaction, the mixture is stirred at
60-83°C for a further 3 hours.

15 Subsequently, 819 ml of 45% sodium hydroxide solution and 3.85 | of water
are added and the mixture is stirred at 55-85°C for 30 min.

5.6 1 of toluene are then added 1o the rsaction 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 55-85°C and

20 subsequently removed. From the organic phase, 4.2 | are distilied off under
reduced pressure. Subsequently, 1.4 | of methyicyclohexane are added at
€5-75°C, in the course of which the product crystaliizes. The suspension is
stirrad at 156-25°C for 8-16 h and subsequently cooied to 0-5°C. The
product is isolated by filtration, washed with 4.2 | of methyicyclohexane,

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

The dried crude substance (891 g) is subsequently heated 1o reflux with 5
times the amount of methanol, activated carbon is added and the mixdure is
filtered. The filtrate is reduced to a volume of 1.5 | by distilling off methanal,
After the filtraie has been cooled to 45-55°C, it is diiuted to four times the

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

Yield: 829 g (81.9% of theory)
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25phase 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 75-80C. From the toluene phase, 22 litres of toluene
are distilled off under reduced pressure. 4 litres of tert.-butyl methyl ether are metered at 40-50C to the
resulting suspension and subsequently cooled to 0-5C. 30 The product is isolated by filtration, washed
with tert,-butyl methyl ether and suction-dried. The hoist 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 carbork afigsighe filtrate has been 11 cooled to 20C and crystallization has set in, it is diluted
to double the volume with tert.-butyl methyl ether. The suspension is cooled to 2C, stirred for a further
2 hours, filtered ¥v uction and dried at 45C in a vacuum drying cabinet. 5 Yield: 1174 g (83.2% of
theory) Alternatlvé g §(¥@§‘§W(‘§f@1‘;ﬂ3)rﬁﬁb’% {6 -Butyn-1-y1-8-(3-(R)-
1{(4-methylquingzaheRpgoeirethyl)-gamisthg|-7-(2-

butyn-1-y1)-8-(3-(R)-phthalimidopiperidin-1- yl) -xanthine are initially charged in 4.9 | of tetrahydrofuran

and subsequent 350 ml of water and 1433 g (2.32 mol) of
ethanolamine a £Y ?, ﬂé (%h(?ér%m% r?é]ﬂ% plete the reaction, the mixture is stirred at 60-63C

for a further’3 hodid:- 218 €, BEBpk iy W%F‘E‘ﬁﬁ@’}“%H&Fﬁf?ﬁ%m&?@%@tf@rhaﬁﬁﬁg 851 of water
are added and thegaibeontis 2iitrod of P65 fos 3ynimeBdeloBbIEIE doe thesuadded to the

reaction mixtureHee Bt Asatired kR &ync%m Eéﬁh Q?a’i@&aaéﬁcﬁém%ﬂ@?ﬁb{/ separated. The
organic phase i is, W&%%g ﬁ g%lagk%ategr{%t o' wa an a%gé%%ﬁ%q‘i&? emoved. From the organic

phase, 4.2 | are di
phosphorus oxychionde has been hydrolyzed, the mixiure is neutralized

10 with sodium hydroxide solution with cooling, in the course of which the
product precipitates out. it is fillered off, washed with 300 mi of water and
subsequently dried at 35-40°C.

Yield: 122.8 g (82% of theory)

[
{5

Variant {0 process step a: 3-cvano-2-(chioromethyvlipyridine
- 20.0 g {131.45 mmal) of 2-hydroxymethyl-3-pyridinecarboxamide are
suspended in 110 ml of acetonitrile and heated to 78°C. Within 15 minutes,
80.85 g (395.52 mmol) of phosphorus oxychioride are metered in and the
mixiure is heated to 81°C for 2 hours. Afier cooling at 22°C, the reaction
20 mixiure is stirred into 200 mi of water at 40°C. Afier 100 ml of toluene have
been added, the mixture is neutralized with scdium hydroxide solution with
cooling. After phase separation, the organic phase is washed with 100 m/
of water. Removal of the organic phase and evaporation of the solvent
under reduced pressure gives rise initially to an oily residue which
25 crystailizes on standing.
Yield: 16.68'g (83% of thaory)

b. 1-[(3-Cvanopyridin-2-vlimethvli-3-methyl-7 -(2-butvn-1-y1}-8-
bromoxanthine

e f o
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202 g (0.68 mol) of 3-methyi-7-(2-butyn-1-yl}-8-bromoxanthine, 188.5 g
(1.3€ mol) of anhydrous potassium carbonate and 1.68 litres of N-meathyl-2-

30



reduced pressure. Subsequently, 1.4 | of methylcyclohexane are added at 65-75C, in the course of
which the product crystallizes. The suspension is stirred at 15-25C for 8-16 h and subsequently cooled
to 0-5C. The product is isolated by filtration, washed with 4.2 | of methylcyclohexane, 25suction-dried
and dried at 35C under reduced pressure. The drled 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
45-55C, it is diiEEPISHaraTMEHAY 2006us6H &t teretpugndiwaiackingd the suspension is cooled

to 0-5C, stirred SubRdvaenstiyilteredy Wit Suatipo Wmdmthwa,dw%maﬂwéaﬁher and dried at 35C
in a vacuum dryjpg ﬁﬂl@mtm\élﬂQx BAIR 84 %&’Wﬁ?%{)a&% e react

1-[(3- Cyanopyrldln -2- ftmeth -3- - 8-(3-(R)- aml erldln 1 1) -xanthine a.
3-Cvano-2- (chlg )%)Iﬂ‘g'%@t gl%s 8I)281?)? féhl%e arboxamide are

heated togé‘theﬂ’ﬁﬁﬁﬁwfﬁ?@?ﬁf éf%ﬁéﬁﬁﬁdﬂ@%i%mm@ltﬁtg@ &0@@ ﬁ)ﬁqﬂﬁﬁﬂfw ?ﬁé}eactlon mixture is
cooled to room ®rapesdlitasafitesab s uestisaddeddopyisedateppnerd #0-1r of gvater at 50-60C.

After the phospgqf% %}l@g{%@@isihgﬁgg%q{olyzed the mixture is neutralized 10with sodium

hydroxide solutl\(?n Wi cfoglln%1|g}e cggrrye of which the

i ¢ 1-[{&Cyanopvsidin-2-vi)methvﬁ—B»me’chvlm?m{Z»bu‘wn—1.-vl}~8-(3—-( M-
phthalimidopiperidin-1-vii-xanthine
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230°g (0.557 mol) of 1-[(3-cyanopyridin-2-ylimethyl]-3-methyl-7-(2-butyn-1-
yh-8-bromoxanthine, 318 g (0.835 mol) of 3-(phthalimido)piperidine
D-tartrate and 1.15 litres of N-methyl-2-pyrrolidone are initially charged in
the reactor. The reactor contents are heated io 140°C. After the
temperature has been attained, 478 mi (2.78 mol) of dilsopropylethylamine
are metered in within 20 minutes and the reaction mixiure is subsequently
stirred at 140°C for 2 hours. Subseguently, the reaction mixture is cooied to
20 75°C and diluted with 720 ml of methanol. Afterwards, 2.7 litres of water
are added at 68-80°C and the mixture is cooled to 25°C. The product is
filtered off and washead with 2 litres of water. Drying is effected at 70°C in a
drying cabinet under inertization.
The crude product thus obtained is subseguently stirred at boiling in 1 litre
25  of methanc!, hot-filtered, washed with 200 mi of methanol and
subsequently dried at 70°C under inertization.

ot
{5t

Yield: 275 g (88% of theary)



product precipitates out. It is filtered off, washed with 300 ml of water and subsequently dried at
35-40C. Yield: 122.69 (82% of theory) Variant to process sten a: 3-cvano-2-(chloromethyl)pyridine
20.0 g (131.45 mmol) of 2-hydroxymethy1-3-pyridinecarboxamide are suspended in 110 ml of
acetonitrile and heated to 78C. Within 15 minutes, 60.65 g (395.52 mmol) of phosphorus oxychloride
are metered in and the mixture is heated to 81C foHZ hours. After cooling at 22C, the reaction
20mixture is stirred into 200 ml of water at 40C. After 100 ml of toluene have been added, the mixture
is neutralized with s6@ierehyovaxie? sdlatethwiitiraetitvidl -Ateuphase/ SEpa&-dion, the organic phase is
washed with 10Qmhefwater- Ramavaleiie organic phase and evaporation of the solvent under
reduced pressure gives rise initially to an oily residue which 25crystallizes on standing. Yield: 16.66.9
(83% of theory) b. #-1(3-Cvanopyridin-2-viimethy11-3-meth 1 7 (2-butyn-1- O 8- bromoxanthlne 30
pyrrolidone are initiflly charged in /tﬁwfa‘ctor and heated to

)‘\V %N — Q:\;j: %N

412.5 g {0.733 mol) of 1-[(3-cvanopyridin-2-yhmethyil-3-methyl-7-(2-butyn-
5  1-y-8-(3-(R)-phthalimidopiperidin-1-yl}-xanthine are heated to 80°C in
4125 mi of foluene. Subsequently, 445 mi of ethanolamine (7.23 moi) are
added to the suspension at 75-80°C. To complete the reaction, the mixture
is stirred at 80-85°C for & further 2 hours, in the course of which the solids
go into solution. Subsequently, the phases are separated. The
10  ethanolamine phase 15 extracted twice with warm toluene (1 lifre sach
fime}. The combined foluene phases are washed twice with 2 litras each
fime of water at 75-80°C. The foluene phases are dried with sodium
suiphate, filtered and subseguently reduced to a volume of approx. 430 mi
by distillation under reduced pressure. Subseguently, 1 litre of fert.-butyl
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 methvl
ether and dried at 80°C in a drying cabinet.

[y
£

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

Analogously to Examples 2 and 3, 1-[(3-methylisoguinaciin-1-yhrmethyl]-3-
methyi-7-(2-butyn-1-y}-8-({R)-3-aminopiperidin-1-yl}-xanthine is also
prepared.



Subsequently, 119 g (0.75 mol) of 2-chloromethy1-3-cyanopyridine in 240 ml of N-methyl-2-pyrrolidine
(NMP) are added dropwise. The reactor contents are stirred at 70C for 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 inertization. Yield:
257.5 g (91% of theory) 10c. 14(3-Cyanopyridin-2-¢fgfiBthyll-3- ethy1-7-(2-butyn-1-0-8-(3-(R)-
phthalimidopiperidin-1-y1)- xanthine 230 g (0.557 mol) of

14(3-cyanopyidin-2-yhmeth thy, b e, 318 g (0.835 mol) of
3- (phtri/ahmld%fplggﬁdln rfg% Pélrt Q Rﬁtﬁ% %ihtl‘ ilpo% @ %e(t{fé)yll-g-pggr?o iIdone are initially charged in

the reactor. The reactor contents are heated to 140C. 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 140C for 2 hours. Subsequently, the reaction mixture is cooled to 2075C and
diluted with 720 ml of methanol. Afterwards, 2.7 litres of water are added at 68-60C and the mixture is
cooled to 25C. The product is filtered off and washed with 2 litres of water. Drying is effected at 70C in
a drying cabinet under inertization.



The crude product thus obtained is subsequently stirred at boiling in 1 litre 250f methanol, hot-filtered,
washed with 200 ml of methanol and subsequently dried at 70C under inertization. Yield: 275 g (88%
of theory) 14 d.1-1(3-cyanopyridin-2-vhmethy11-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-
aminooicieridin-1-v1)-xanthine 412.5 g (0.733 mol) of
1-[(3-dPHABPERNADE BrRPS/]- 3-methyl-7-(2-butyn-
51-y1)-8-(3-(R)-phthalimidopiperidin-1-y1)-xanthine are heated to 80C in 4125 ml of toluene.
Subsequently, 4455_wa%ﬁesﬂﬂmg@@lmﬁﬂzggemﬁmmg 1BitRRSUTRE BRIADIRLA PG, TALOMPlete
the reaction, the mixture is stirred at 80-85C for a further 2 hours, in the course of which the solids go
into solution. Subsequently, the phases are separated, The 10e,thanolamine phase is extracted twice
with warm toluené)( ekt aaghtiniB)- SFd b eithineditsitdine ibase s dvianastibe thvigetéithe! liaeymic
each time of watef. gihf5aRA%E o s tRlkeNns, Phasesarmidiied with sediverasidphateofiiriedrans
subsequently reduced t{) taa/gl%m%e of approx. 430 ml by distillation under reduced pressure.
Subsequently, 1 et -5 §ﬁ renethyl ether is metered in at 5055C and the mixture is then cooled
to 0- 5C. The product is isolated by filtration, washed with tert.-butyl methyl ether and dried at 60C in a
drying gabineproce¥Yielt: i#ép2iRp%) - heorin0dipiingipeintodiBistg hedtngaustysiofsansiess?

d 3, 1-[(3-methylisoquinolin-I-yl)methyl]-3- :

methy1-7-(2-butyn-l-y1)-8-((R)-3-aminopiperidin-1-y1)-xanthine is also prepared.
Y ( ya) r)éaz;tior(l(of) racw3mamirgogiperidine ¥n )suitable sclvents wi?h p%thaﬁc anhydride and

b} removal of the (3})-3-(phthalimido)piperidine from a solution of the thus obtained racemic
3-(phthatimido)piperidine by means of addition of L-tartaric acid and isolation of the
15 precipitated tartrate.

3. Process for preparing (S)-B—(phtha%imido)péperidine, compyrising the following synthesis steps:

a) reaction of rac-3-aminopiperidine in suitabie soivents with phthalic anhydride and

20
b) removal of the (R)-3-(phthalimido)piperidine from a soiution of the thus obtained racemic
3-(phthalimido)piperidine by means of addition of D-tartaric acid and isolation of the
precipitated tartrate and '

25 c) addition of L-tartaric acid to the thus obtained mother liquor of the first salt precipitation

and isolation of the precipitated (S)-3-(phthalimido)piperidine tartrate.

4. Process according to one of Claims 1 to 3, in which the solvent used in step b) is ethanol.



15 Claims 1.Process for preparing (R)-3-(phthalimido)piperidine, comprising the 16 following

- synthesis steps: a) reaction of rac-3-aminopiperidine r’suitable solvents with phthalic anhydride and
5b) removal of the (R)-3-(phthalimido)piperidine from a solution of the thus obtained racemic
3-(phtr;alimido piperidine by means of addition of D-tartaric acid and isolation of the precipitated
tartraté: 2. Prébess forpriphTMG P8Y 4 ®hthalimido)piperidine, comprising the following synthesis
steps: 10 a) reaction of rac-3-aminopiperidine in suitable solvents with phthalic anhydride and
b) remgval of thes(Frs-dahhrlpde)pireridine from a solution of the thus obtained racemic
3-(phthalimido)piperidine by means of addition of L-tartaric acid and isolation of the 15precipitated
tartrate. 3.Process for preparing (S)-3-(phthalimido)piperidine, comprising the following synthesis
steps:



a) reaction of rac-3-aminopiperidine in suitable solvents with phthalic anhydride and 20 b) removal of
the (R)-3-(phthalimido)p peridine from a solution of the thus obtained racemic 3-(phthalimido)piperidine
by means of addition of O-tartaric acid and isolation of the precipitated tartrate and 25c) addition of
L-tartaric acid to the thus obtained mother liquoy of the first salt precipitation and isolation of the
precipitated (S)-3-(phthalimido)piperidine tartrate. 4.Process according to one of Claims ito 3, in which
the solvent used in step b) is ethanol. (R)-3-(Phthalimido)piperidine. 6.(S)-3-(Phthalimido)piperidine.
18 Method for pro ral 843-amino-pi 1-yl)-xanthines Ab ct The invention relates to
an improved methd’% Qg)pgrgaugng it |or815r fré(ja 83(%)L ﬁépSfﬁ%Wd %ﬁ??gﬂﬁﬁﬁes. (No suitable
figure)

Abstract

The invention relates to an improved method for producing enantiomer-free
8 {3-amino-piperidin-1-yl}-xanthines.

{No suitable figure}
10



