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Method for producing chiral 8-(3-amino-piperidin-1-ylj-xanthines

The invention relates {o an improved process for preparing chiral 8-(3-
aminopiperidin-1-yl}-xanthines, their enantiomers and their physiclogically
folerated salis.

8-(3-aminopiperidin-1-yl)-xanthines of the following general structure

RlﬁfN%Né | (1)

.
Rz

in which R’ is, for example, an optionaily subsiituted arylmeathyi group or an
optionally substituted hetercaryimethy! group, R? is, for exampie, an atkyl
group and R is, for example, an optionally substituted 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
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.

WO 047018468 discloses a preparation process in which 8-(3-
aminopiperidin-1-yl}-xanthines are prepared by deprotecting a
corresponding terl.-butyloxycarbonyl-protected derivative of the general
formula (il}.
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In this process, impurities which were difficult to remove, especially on the
industrial scale, occurred, and are attributabie (o the protecting group used.
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 f© the risk of side effects and for the reduction of
the dose to a minimum. These circumstances count against the suitability
of the known process for the industrial preparation of enantiomerically pure
&-(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
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20 to 160°C; preferably of 8 to 140°C. The solvents used may, for example,
be tetrahydrofuran (THF), dioxane, N,N-dimethylformamide (DMF),
dimethylacetamide (DMA), N-methyl-2-pyrrolidone (NMP} or dimethy!
sulphoxide (DMSO). Preference is given to using NMP., Subsequently, the
phthaiyl protecting group is detached by processes known per se. Possibie
detachment methods are described, for example, by T.W. Greene in
"Protective Groups in Organic Synthesis”, Wiley 1981 on page 285 (for
gxample hydrazine in ethanol).

in the abovementioned formulae,

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
triflucromethyisuiphonyloxy gro'up,

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

Re I8 a hydrogen, fluorine, chiorine or bromine atom or a cvano,
methyl, trifiucromethyl, ethyl, phenyl, methoxy, diffucromeathoxy,
trifluoromethoxy or ethoxy group,
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or two R, radicals, when they are bonded 1o adjacent carbon aioms,
may also be an -O-CH»-C- or -0-CHx-CH,-0- group,

R%is a methyl, ethyl, propyl, isopropyi, cyclopropyl or pheny! group and
R®is a 2-puten-1-yl, 3-mathyl-2-buten-1-yl, 2-butyn-1-yl, 2-fiiorobenzyl,
2-chiorobenzyl, 2-bromobenzy!, 2-iodobenzyi, 2-methylbenzyi,
2-{triftuoromethyl)benzyl or 2-cyanobenzyl group.

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

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

Riis a 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

X is a chiorine or broming atom,

R' is & cyanobenzyl, (cyanopyridinybmethyl, guinolinyimethy!,
(methylquinolinymethy!, isogquinolinyimethyl, (methylisoguinolinyimethy,
guinazolinylmethy!, (methviguinazolinymethyl, guinoxazinylmethy!,
(methylguinoxalinymethyl, (dimethyiguinoxaiinyl)methyl or
naphthyridinyimethyl group,
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R® Is a methyl, cyclopropy! or phenyi group and

Riisa 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-buiyn-1-yl, 2-chiorobenzyl, 2-
bromobenzyi or 2-cyanobenzyl group,

but in particular for the compounds 1-{(4-methyiquinazolin-2-yimethyl}-
3-methyl-7-(2-butyn-1-y}-8~(3-(R}-aminopipearidin-1-yl)-xanthine,
1-{(3-methyiisoguinolin-1-ylymethyf}-3-methyl-7-(2-butyn-1-y|}-8-((R}-3-
aminopiperidin-1-yl)-xanthine and 1-[{3-cyanopiperidin-2-yiimathy/i-

3-methyl-7-(2-butyn-1-y1}-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 formula (il!) has been
describad in the literature which has airsady been cited above and is
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.
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In a first aspect, there is provided a process for preparing (R)-3-(phthalimido)piperidine,
comprising the
following synthesis steps:

a) reaction of rac-3-aminopiperidine in suitable solvents with .ph‘thalic anhydride and

b) removal of the (R)-3-(phthalimido)piperidine fram a soiution of the thus obtained racemic

3-(phthalimido)piperidine by means of addition of D-tartaric acid and isolation of the
precipitated tartrate.

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



in which the ring nitrogen atom is acylaied.
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5  The examples which follow will illustraie the invention in greater detai:
Exampie 1
D-Tartaric acid salt of the R enantiomer of 3-(phthalimide)piperidine

&. Hvdrogenation:

HE
Y 2 \} — S MM
NH, NH,

3-amincpiperidine rac-3-aminopiperidine

10.00 kg (108.25 mot) of 3-aminopyridine, 500 g of technicai-grade

15 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
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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.

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
reactor and admixed with the filirate from the hydrogenation. Ht 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.

¢. Opiical resolution

G D{-ptartaric acid

{R}3-phthaiimido-
piperiding tartrate

HRIV)]

A solution, heated to 50°C, of 11.16 kg of D(-)-tartaric acid {(74.38 mol) in
50 iitres of absolute ethanot 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.
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The product solution is reacted further without purification.

d. Recrystziiisation

The moist crude product is heated to reflux in a mixture of 50 litres of
acefone and 90 litres of water until & solufion 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 litres of water. The mixturs is dried at 45°C in a drying cabinet under
inertization.

Yields: 11.7-12.5 kg {28-31% of theory)

Exampie 2

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
. =~ Ci R
N, \\/ Qs\;/\c|
K

T

10.00 kg (73.98 mal) of 2-amincacetophenone are initially charged and
24.5 litres of 1,4-dioxane are added. The solufion, cooled to 10°C s
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.
Subsagquently, the suspension formed is ieft {o 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 reactor contents are warmed to 8°C
and stirred for a further approx. 2 hours.

A further reactor is initially charged with a mixiure of 122 jitres 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
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is flushed first with & litres of 1,4-dioxans and then with 8 litres of water.
The resulfing suspension is stirred at 5°C for a further 30 minutes. The
product is centrifuged off, washed with 41 litres of water and dried at 35°C
in & drying cabinet under inertization.

Yield: 10.5-12.1 kg (74-85% of theory)

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

bromoxanthine

S e Hw/kr“/ Na D0, l \/’R\\T/\N)k/i!/
CQ’;% i c:}“‘:~r/”}““t\ef>_&r PN e

10.00 kg (33.86 mol) of 3-methyi-7-(2-butyn-1-yl}-8-bromaoxanthine, 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
mixture is cooled o 80°C and diluted with 80 iitfres of 86% ethanoi 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
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)

¢. 1-[{4-Methvilguinazolin-2-vihimethvil-3-mathvl-7-(2-butyn- 1 -y1)~-B-( 3-{ R}~
phthalimidopiperidin-1-yh-xanthine

o = e
/
My ‘ N : h’{/
i e S — ;/“\1/ = \
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10.00 kg (22,08 mol) of 1-{{(4-methyiquinazolin-2-y)methyl]-3-methyl-7-(2-
butyn-1-yl}-8-bromoxanthine, 12.59 kg (33.09 mol) of 3-
{phthalimido)piperidine D-tartrate and 17.5 litres of N-methyi-2-pyrrolidone
are initially charged in the reactor. The reactor contents are heated o
140°C. After the temperature has been attained, 11.41 kg ( 88.24 mol) of
diisopropyiethylamine are metered in within 20 minuies. The feed vessel is
flushed with 2.5 litres of N-methyl-2-pyrrolidone and the reaction mixture is
subsequently stirred at 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!,
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 washad 3 times with 20 litres each 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)

g 1-{{4-Methviguinazolin-2-vhmethvil-3-methvl-7-(2-butvn-1-yh-8-(3-( RS-
aminopiperidin-1-vl-xanthine

0 ==

=== E=
N i
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1800 kg (3 mol} of 1-[{(4-methylguinazolin-2-yhimethyl]-3-methyl-7-(2-butyn-
1-yh-8-(3-(R)-phthalimidopiperidin-1-yli-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
phase is washed twice with warm foluene (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,
The product is isolated by filtration, washed with tert.-butyl methyl ather
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
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cooled to 20°C and crystallization has set in, it is diluted to double the
volume with tert.-butyl methyl ether. The suspension is cooled o 2°C,
stirred for a further 2 hours, filtered with suction and dried at 45°C in a
vacuum drying cabinet.

Yield: 1174 g (83.2% of theory)

Altemafive process for step d:

1400 g (2.32 mol} of 1-{(4-methylquinazolin-2-ylimethyi}-3-methyi-7-(2-
butyn-1-yl}-8-{3-(R}-phthalimidopiperidin-1-yl}-xanthine are initially charged
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.

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
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,
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
volume with tert.-butyl methyi ether. The suspension is cooled o 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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Example 3

1-[(3-Cyanopyridin-2-yhmethyl}-3-methyl-7-(2-butyn-1-y1}-8-(3-(R)-
aminopiperidin-1-yl)-xanthine

a. 3-Cvanoc-2-(chioremethyl-pyridine

165.5 g (0.98 mol) of 2-hydroxymethyi-3-pyridinecarboxamide are heated
together with 270 mi of phosphorus oxychioride to 80-100°C for 1 hour.
The reaction mixture is cocled fo room femperature and subsseqguently
added dropwise to approx. 800 mi of water at 50-80°C. After the
phosphorus oxychloride has been hydrolyzed, the mixiure is neutraiized
with sodium hydroxide 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: 122.8 g (82% of theory)

Variant {o process step a; 3-cvano-2-(chloromethvlipyridine

- 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
mixture is sfirred 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
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

(YN el

0 — Ok
! Br | b .

A 1_{ QJ\T 'N/ SN OAN/}’LNK °

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-
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pyrrolidone are initially charged in the reactor and heated to 70°C.
Subsequently, 119 g {0.75 mol) of 2-chioromethyl-3-cyanopyridine in
240 mi of N-mathyl-2-pyrrolidine (NMP) are added dropwise. The reactor
contents are stirred at 70°C for 19 hours. After the reaction has ended, 2.8
litres of water are added to the reaction mixture and it is cooled 1o 25°C.
The product is filtered off, washed with 2 litres of water and dried at 70°C. in
a drying cabinet under inerfization.
Yield: 257.5 g (91% of theory)

c. 1-[{ B»Cyanopvridin-2-vi)methvﬁ—B»me’vam‘/‘m{ 2-butvn-1-y13-8-{3-( K-
phthalimidopiperidin-1-vii-xanthine

N

i . = N

1 | ; =
00V I e e
. /ftv] OA\N/LNN e .ﬁ\ /-_', N\ }

, fo\“““‘\o

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
756°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
of methanci, hot-filtered, washed with 200 mi of methanol and
subsequently dried at 70°C under inertization.

Yield: 275 g (88% of theary)
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d, 1-I{3-cyanopvrdin-2-vhimethyvll-3-methyi-7-{ 2-butyn-1-y}-B-{3-( R)-
aminopiperidin-1-vi-xanthine

| N E NH,

412.5 g {0.733 mol) of 1-[(3-cvanopyridin-2-yhmethyil-3-methyl-7-(2-butyn-
1-y}-B-{3~{R)-phthalimidepiperidin-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
ethanolamine phase is 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.

Yield: 273 g (86% of theory)
Melting 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.
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Claims

Process for preparing (R)-3-(phthalimido)piperidine, comprising the
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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 solution of the thus obtained racemic
3-(phthalimido)piperidine by means of addition of D-tartaric acid and isolation of the
precipiiated iartrate.

2. 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 solution of the thus obtained racemic
3-(phthatimido)piperidine by means of addition of L-tartaric acid and isolation of the
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
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

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.
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6.

(R)-3-{Phthalimido)piperidine.

(S})-3-(Phthalimido)piperidine.

17



