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 5tolerated salts. 8-(3-aminopiperidin-1-yl)-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 R3 is, for example, an optionally

substituted benzy ight=ghai rangh el alkinyl arc Iready known
from the internatiohr?é?ﬁgﬁiiﬂ:{i %%%%/%@5%3%@%%1@%%’%@ 83%'1%'28%%0
2004/041820 and WO 2004/046148, in which compounds having valuable pharmacological properties
are described, Wiedhvediicke ralptasicolan ampmbiEtnoractes fon theEativgychirthe ¢6zyme
dipeptidylpeptzasgdibeRiR-iy baniis aRaIPaHRAH DS bive ks iadiadgiaaigrentng or
treating disorders or states which are connected with an 20increased DPP-IV activity or which can be
prevented50r aﬁ% & @?F@duction in the DPP-IV activity, especially of diabetes mellitus type | or type
- II, prediabetes, or reduction of glucose tolerance. WO 04/018468 discloses a preparation process in
which 8-(3- 2 SgurEnapiRertBrdA) #<NRKRRIALS RPN o8l BWIRPHIRSHIAG B s&tRsPONding
tert.-butyloxycarbonyl-protected derivative of the general formula(IT). 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 eref? unsuitablggor the industrial preparation of 8-(3-

aminopiperidin-1-y1)-xanthines, esgéciallyfor mgdicament proddction with its strict demands on purity.
Furthermore, the method had the disad¥anta t the’preparation of the enantiomerically pure
precursor 3-(tert.- butyloxycarbonylamido)pipgridiffe is somplicated drid expensive. However, 10
enantiomerically pure active ingredi€nts ahé to b8 preferréd ftor the pharmaceutical application owing to
the risk of side effects and for the reductiorh of the dose to a minimum. These circumstances count
against the suitability of the known procesB¥or the industrial preparation of enantiomerically pure
8-(3-aminopiperidin-1-y1)-xanthines. 15

10 inwhich R'is, for example, an optionally substituted arylmethyl group or an

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

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

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

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

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



In the light of the above-described disadvantages of the known preparation process, it is an object of
the present invention to provide a process which allows the preparation of enantiomerically pure
8-(3-aminopiperidin-1-yl)- xanthines using readily oBtainable starting materials in high chemical and
20optical 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 25prepatri iral
8-(3-aminopiperidin-1-yl)-xanthines. Ila)additiogzto high yiejdl indurstrial performance, very good
chemical and optical purities are furthgr adva?tages of the@\nvantive synthetic route. According to the
process of the present inventfony{ roprgte xanthine 30presursor (111) is reacted according to

scheme 1 with enantiomerically pure or r Fem A(phthaliynido)piperidine in suitable solvents at
rab to 148C. The solvents used may, for example, be

temperatures of 3 20 to 160C;
tetrahydrofuran (THF), dioxane; N,N-cﬁfmethy ormamide (DMF), dimethylacetamide (DMA),

N-methyl-2-pyrrolidone (NMP) or dim tgyl sulphoxide (DMSO). Preference is given to using NMP.

Subsequently, the 5phthalyl protectingﬁgroup is detached by processes{own per se. Possible
detachment methods are described, for example, by T.W. Greene in "Protective Groups in Organic
Synthesis", Wiley 1981 on page 265 (for example hydrazine in ethanol). 10In the abovementioned

e T e it
methylsulphoniyldugtialStky ectagty)samdhaiey/aikyogitabps Ritiepphiesiicardomngmetdyl, benzyl,
e O Dl .
which the arontitl G RELBIBaToH Rt TS S Th SHEI C0d e o A BURaE B ka, where the
substituents mi§ B&ictdrmaNeds anfersiy ahdrthennases adregdhedibadtbedirath@piag®@mine atom
or a cyano, 25rgtine ikgarameaihy tethyhaemikmeatioyMrslibygmetmgesrtrifluoromethoxy or
ethoxy group, butyloxycarbonylamino)piperidine is complicated and expensive. However,
10  enantiomerically pure active ingredients are to be preferred for the pharma-
ceutical application owing to 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
8-(3-aminopiperidin-1-yl}-xanthines.
15
' in the light of the above-described disadvantages of the known preparation
process, it is an object of the present invention to provide a process which
allows the preparation of enantiomerically pure 8-(3-aminopiperidin-1-yi)-
xanthines using readily obtainable starting materials in high chemical and
20  opiical 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 o the invention for

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

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



4 or two Ra radicals, when they are bonded to adjacent carbon atoms, may also be an -0-CH2-0- or
-0-CH2-CH2-0- group, R2 is a methyl, ethyl, propyl, isopropyl, cyclopropyl or phenyl group and 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. 10The process is
preferable for those compounds in which X is a chlorine or bromine atom, R1 is a

phenylcarbonyR ety 0etizytefembiydietayl 4pimuemetivbits pyamidiy metyhApigolinylmethyl,

isoquinolinylmggxgmg?ggm¥Wﬁ5ﬁ]) gﬁé}%ﬁd@%&ﬂ{@a rr?}té%rllgég yl group in which the

aromatic or hegroarom ic molety | mono- or disubstitute a, Where the

substituents m3BRHRGREAMABIHRMAL M RiRd-R-BWRIidges, MR eoHesiAve atom or a cyano,
methyl, ethyl, metpbayide ¢IMdS0)rGupfr@rsaimgingh sihysimyapyiPissptardueyelppiigpyl or phenyl
group and=25R3+ - A=W Bamethyl-2- -1 - 1oyl 2-fl - -chlorobenzyl,
2-bromobgnzy -iog | ok?e%%z‘éllzﬁn éj %ﬁﬁégg%%ﬁi?@ﬁgkﬁﬁégggﬁg \I%rcfnﬁ %@O%hr‘ggéﬁ%zbﬁagroup. The
process is mor@‘% %%II% r}lbe?ﬁf%&%%&ﬁﬁégﬂeg EKPEPKEILY gh%fri@i%ﬁ”ﬁﬁd%ine atom, R1is a
cyanobenzyl, (dyepiggyiveifmypurshyl Qqoamitingimthasis{matisyglasdliop ragta@s S ¢iguinolinylmethyl,
(methylisoquin@ﬂgy&lﬁﬂ@ﬂw@gﬁginﬁéﬂm&nethyl, (methylquinazolinyl)methyl, quinoxazinylmethyl,
(methylquinoxalinyl)methyl, (dimethylquinoxalinypmethyl or naphthyii?nethyl group,
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10 Inthe abovementioned formulae,

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

15  triflucromethylsuiphonyloxy group,

R"is a phenylcarbonylmethyl, benzyl, naphthylmethyl, pyridinyimethyl,
pyrimidinylmethyl, quinolinyimethyl, isoquinolinylmethyl, quinazolinyimethyt,
guinoxalinyimethyl, naphthyridinylmethyl or phenanthridinyimethyl group in

20 which the aromatic or heteroaromatic moiety is in each case mono- or
disubstituted by R, where the substituents may be identical or different
and

Ra Is @ hydrogen, fiuorine, chlorine or bromine atom or a cyano,
25 methyl, trifluoromethyl, ethyl, phenyl, methoxy, difluoromethoxy,
trifluoromethoxy or ethoxy 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-yl, 2-chlorobenzyl, 2- bromobenzyl or 2-cyanobenzyl group, 5 but in particular for the
compounds 1-[(4-methylquinazolin-2-Dmethy11-
3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-aminopiperidin-1%y1)-xanthine,
1-[(3-methylisoquinolin-1-Dmethyl]-3-methyl-7-(2-butyn-1-y1)-84(R)-3- aminopiperidin-1-y1)-xanthine
and 1-[(3-cyanopiperigitwoyRngdivdls, when they are bonded to adjacent carbon atoms,

103-methyl-7-(2-butyn-1-y1)-8-(3-(R)-aminopiperidin- -xanthipe, where X is bromine. Preference is
R R b e B a5

. ; ) r )
given in each case to Using piperidiné asa age%f’uﬁﬁe preparation of the
compounds of the formula (111) has been 15described in the literature which has already been cited

above and is eftéasesl opibracessgsprapyn isehespyiheyolgsttppi furibes pypyidesn apgocess for

preparing thically active 3-(phthalimido)piperidine. In this process, 3-aminopyridine is initially 20

hydrogenateddt%g means of processes known per se. The thus obtained racemic 3-aminopiperidine is
0

then convertedoith@ EdrHieRohding BRIt RN riekng BYsvRnAnd. sflyareRen®id. (R) enantiomer
can be precipitatekdiseibetizgly Dbtaiibiecsaiytidhiobitieerayd n2ianethdib ehtlgglim de (IV) by means of

D-tartaric acid.lt {ﬁ@@g&ﬁéﬁiglfb%gwgpg‘t&%gg%%mr of (IV) in a simple manner from the

mother liquor of this salt precipitation’by adding L-tartaric acid, without preceding removal of the
excess of D-tartaric acid still present in the mother liquor. This extremely simple enantiomeric
separatidn of tiéemiguessdsoptete e il thQss sosunsrisidg to wivsb skilled in the art. The racemic
base from the hydrogenation reaction does not have to be purified beforehand for this purpose. The
process works%vgghg%th?ongn%rgp em even on the industrial scale. 35In addition, the unexpectedly clean
reaction of 3-aminopiperidine wi er{ﬂ%nc a%ydride 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 additRh i dhsheagicesbpiodariiioampsiseytaisiitygsn@thyl, pyridinyimethyl,

15 pyrimidinylmethyl, quinolinytmethy!, isogquinolinylmethyl, quinazolinyimethyl,
quinoxalinyl-methyl or naphthyridinylmethy! 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 Ra is @ hydrogen, fluorine or chiorine atom or a cyano, methyl, ethyl,
methoxy or ethexy group,

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

25  R%is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yi, 2-fluorobenzyl,
2-chlorobenzyl, 2-bromobenzyl, 2-iodobenzyt, 2-methylbenzyl,
2-(trifluoromethylbenzy! or 2-cyanobenzyi 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, guinolinylimethyl,
(methylguinolinyl)methyl, isoquinolinylmethyl, (methyiisoquinolinylymethyl,

35  quinazolinyimethyl, (methylquinazolinylymethyl, guinoxazinyimethyl,
(methylguinoxaliny)methyl, (dimethylquinoxalinyl)methyi or
naphthyridinylmethy! group,



in which the ring nitrogen atom is acylated. OH 5The 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:  NH2NH2 3-arninopiperidinerac-3-aminopiperidine
10.00 kg (106.25 mol) of 3-aminopyridine, 500 g of ?echnical-grade 15activated carbon and 65 litres of
acetic acid are initially charged in a hydrogenation reactor. 50 g of Nishimura catalyst (a commercially
available rhodBfrigpkatimetinymiyedopatalystrareeadtiepipreed in 2.5 litres of acetic acid and flushed in
with 2.5 litres of acetic acid. Hydrogenation is effected at 50C and 100 bar of hydrogen pressure until

hyd t t
ydrogen Up 875@ %%pf-gﬂgen~1~y!, 3~methyl~_2-buten—1-yl, 2-butyn-1-yl, 2-chlorobenzyl, 2-

bromobenzyl or 2-cyanobenzyl group,

but in particular for the compounds 1-{{4-methylquinazolin-2-yl)methyl]-
3-methyl-7-(2-butyn-1-yh)-8-(3-(R)-aminopiperidin-1-yl}-xanthine,
1-[(3-methylisoquinoiin-1-ylmethyl]-3-methyi-7-(2-butyn-1-y})-8~((R}-3-
aminopiperidin-1-yl)-xanthine and 1-[(3-cyanopiperidin-2-yymethyl}-

10 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 (Ill) 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-aminopyridine is initially

20 hydrogenated by means of processes known per se. The thus obtained
racemic 3-aminopiperidine is then converted fo the corresponding
phthaiimide by means of phthalic anhydride. The (R) enantiomer can be
precipitated selectively out of the solution of the racemic, crude phthalimide
(1V) by means of D-tartaric acid. It is also possibie to obtain the (S)

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

This extremely simple enantiomeric separatioh of the compound of the

30  formula (IV) is surprising to those skilied 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 ciean 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 o the desired product, comprise derivatives



7 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. The reaction also proceeds under less severe pressures. b. Acvlation 15.74 kg
(106.25 mol) of phthalic anhydride are initially charg@d 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 heafaittotref K ginithegepussenoiadighagsprox. 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. 15 c. Optical resolution (R)-3-phthallmido- piperidine tartrate [(R}-(IV)] A solution, heated
to 50C, of 11.16 kg of D(-)-tartaric acid (74.38 mol) in 20 "Q litres of absolute ethanol is metered into
the acylation reaction solution at 90C. It is flushed in W|th >iresof absolute ethanol and stirred at
90C for 30 minutes, in the course of which the product cry ta | e After coolirg-to 5C, the product

was centrifuged of washed,with abs  ethanol. 8 Fhe product solutidi is peacted further
without purificatioff, d. ecrvstaliization HN > o

& phthalic anhydride N

NH, NH, o
3-aminepyridine rac-3-aminopliperidine
£
o
o on < TD
HK
0
HO O s
R {R}-3-phthalimidopiperidine tartrate
o TRV
(o]

D-{-}-tartaric acig

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

a. Hydrogenation:

: ; H
NH,

3-aminopiperidine rac-3-aminopiperidine

NH

2

10.00 kg (106.25 mol) of 3-aminopyridine, 500 g of technical-grade

15  activated carbon and 65 litres of acetic acid are initially charged in a
hydrogenation reactor. 50 g of Nishimura catalyst (a commercially available
rhodium/platinum mixed cataiyst) are added slurried in 2.5 litres of acetic
acid and flushed in with 2.5 iitres of acetic acid. Hydrogenation is effected
at 50°C and 100 bar of hydrogen pressure until hydrogen uptake stops and



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 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 with a mixture of 20 litres of aéetone and 1010 litres of water. The mixture is
dried at 45C in a drying cabinet under inertization. Yields: 11.7-12.5 kg (29-31% of theory) Example 2

15 Synthesis opdgiyuribylastonzelinuBsdinetyldr-orethat-ForalyBolnihltes. The
o ropatel i e aa e A A SRy GaRRea e L9 9RES (08 e

of 2-aminoacetophenone are_initia arged an res of 1,4-dioXane are added. The solution,

cooled to 10C, 35 2gfHE@E Nt earTedus  BolBa D essd Byt emBhaetnppligatiamg. The reaction
mixture warms up to 22-25C. At this temperature, further hydrogen chloride is blanketed in. From
about half:pf theHotalDIankeling SHesEls R JaxkLe ige%ql%g,l&-smgsand blanketing is continued.
25Subsequently, the suspension formed is left to stand at -10C overnight. A solution of 6.70 kg (88.78 °
mol) of chloroacetonitrile in 2.5 litres of 1,4- dioxane is added at -10C within one hour. The feed vessel
is flushed with P.1&velationpt-dioxane. Afterwards, the reactor contents are warmed to 6C and stirred
for a further approx. 2 hours. 30A further readaor is initially charged with a mixture of 122 litres of water
and 62.04 kg (775.31 mol) of sodium hydroxidg_sglktion (50%) and cooled to 6C. The reaction mixture
g emperature is not more than 11C.

Subsequently, the first reactor 9 AN
{) it
HN - o

phthalic anhydride N
0=

NH,

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

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

c. Optical resolution

OH

OH

o D(-}tartaric acid o

{R)-3-phthalimido-
piperidine tarirate

[(R}-(IV)]

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



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.
1-f(4-Methylquinazolin-2-yl)methy11-3-methy1-7-(24butyn-1-y1)-8- bromoxanthine + 0')"N"--LNihar 1
1010.00 kg (33.66 mol) of 3-methyl-7-(2-butyn-1-y1)-8-bromoxanthine, 7.13 kg (37.02 mol) of
2-chloromethy I HRIBYI WHRERINE f83tkd (it MRRRi:aassodium carbonate and 30 litres
of N-methyl-2-pyrrolidone are initially charged in the reactor. The reactor contents are heated to 140C
and stirred at 140C for 2 hours. After the reaction has ended, the reaction 15mixture is cooled to 80C
and diluted witd-fReprustalitgatiemanol and subsequently at 70C with 55 litres of water. At 60C, 4.04
kg (67.32 mol) of acetic acid are metered in and flushed in with 5 litres of water. The resulting
suspensian is stir 6 r lpute tirredf further 30 minutes.
Subsequgér:tly,Tﬁé(:‘}p’gr(aa(%l’ﬁ((:Q{Eli_';cI g@?e%@ﬁ%eﬁ%ﬁﬁn?v%?ﬁ%ﬁ%& \m% ?nﬁ%?gr%? %g litres of 96%
ethanol and 2CPREENEANSHER thess whvatehiediR setitiondes fienad imeRssanay Drying is
effected at 45@ha sotirjorgisalvioeiduftd8f O ertitatioouiseldf WhigH the bgoditeB3ftstdlliaesry) 25 c.
1414-Methylquingzpln-2¥meiBytd-Semet ¥ sA S 4 w3 4Ra the product is

hthalimidopiperidin-1-y1)-xanthine 10
P P pcentrifug)éd)o and f?nally washed with a mixture of 20 litres of acetone and

10 10 litres of water. The mixture is dried at 45°C in a drying cabinet under
inertization.
Yields: 11.7-12.5 kg (29-31% of theory)

Example 2
15

Synth.esis of 1-{(4-methylguinazolin-2-ylmethyl}-3-methyl-7-(2-butyn-1-yi)-
8-(3-(R)-aminopiperidin-1-yl}-xanthine

a. 2-Chloromethvl-4-methylguinazoiine

NH, =G NY\C[

O

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

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

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

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

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



10.00 kg (22.06 mol) of 1-[(4-methylquinazolin-2-yl)methyl]-3-methy1-7-(2-
butyn-1-y1)-8-bromoxanthine, 12.59 kg (33.09 mop 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
5140C. After the temperature has been attained, 11941 kg (88.24 mol) of diisopropylethylamine are
metered in within 20 minutes. The feed vessel is flushed with 2.5 litres of N-methyl-2-pyrrolidone and

the reaction migtfitgfegubseaiterdyistsef st ldiocoe 2hdurenAlies hetreaciiandias ended, the

reaction mixturg, it L e Itlng suspension is
stirred at 50C ;@P%%ﬁﬁg Q‘%eﬁﬂc}'g%%e ?’(ﬁ ;ggl ﬁ?ﬁ gﬁ?e%f@%“%ﬂ%b %%%Dn%%u s Subsequently,
the product is Eéﬂﬂ‘ﬁﬁtg‘éd:%ﬁfﬁm%Qﬁe&’%ﬁ?ﬁ@wmﬁd‘tf@é§e&@ﬁfﬁé‘?ijﬁ'\%@h%tr%‘f’ Brying is
effected at 45@ia a iy gaizibetetnoeteinerétatadion. Yield: 12.0-12.5 kg (90-94% of theory) 15 d.

14(4- Met@/lqmg@ll{bzgl}meﬂ%l FANgHyf ﬁ?e[&'r}z)f” 14)-8-(3-(R)- aminopiperidin-1-y1)-xanthine
1800 kg (3 mol) of 1-[(4- methquumazolm -2-yOmethy1]-3-methyl-7-(2-butyn- 2

01-y1)-8-(3- (R) phthallmldoplperldln -1- yl) xanthlne are heated to 80-85C in 18 litres of toluene.

0.8 /ERITR0 o] il eting-3 yuspedsion at 75-80C. To
complete the rgggmam,ﬁgxture is stlrred at 80- 850 for 2 hours in the course of which the solids go
into solution. Subsequently, the phases are sepatated. The ethanolamine 25phase is washed twice
with warm toluene (4 litres each time). The c Ined toluene phases are wa hed fice with 8 litres

each time of Wat@?f@@t From thet ! e phasé=92 |t I|tre‘$ |IIed off under
reduced pressur of tert.-bu ether are meteredt-at40Q esultlng suspension
and subsequently cooled to 0-5C. 30 The product is isolated by filtration, wasthed with tert.-butyl
methyl ether and suction-dried. The moist crude substance is subsequently heated to reflux with 5
times thé @modAt& KpJStiBEcethal of Srtneibyhat-Edibtibmid olarBibdopydilaationghfolig kactivated
carbon. After therfilipatednasrzeghictdmethyl-4-methyiquinazoline, 3.92 kg (37.02 mol) of
anhydrous sodium carbonate and 30 litres of N-methyl-2-pyrrolidone are
initially charged in the reactor. The reactor contents are heated to 140°C
and stirred at 140°C for 2 hours. After the reaction has ended, the reaction
15  mixture is cooled to 80°C and diluted with 80 litres of 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 80°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 iitres of 96% ethanol
and 20 iitres of water, then with 40 litres of 96% ethanol and 40 litres of
water. Drying is effected at 45°C in a drying cabinet under inertization.
Yield: 11.6-12.6 kg (76-83% of theory)

25
¢. 1-[(4-Methvlguinazolin-2-ylimethyl]-3-methyl-7-(2-butyn-1-y)-8-(3-( R)-
phthalimidopiperidin-1-vh-xanthine
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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 with suction and dried at
45C in a vacuum drying cabinet. 5 Yield: 1174 g (83.2% of theory) Alternative process for step d:
1400 g (2.32 mol) of 1-[(4-methylquinazolin-2-yfimetfy1]-3-methyl-7-(2-
10butyn-1-y1)-8-(3-(R)-phthalimidopiperidin-1-y1)-xanthine are initially charged in 4.91 of
tetrahydrofurary embs&@@zﬂGanM!h8ﬁhaﬂ4qﬁétﬁ§|§uﬁ@&éﬁﬁb@@t%é’t&?{pﬁ%wgﬁm(@ 1433 g (2.32
mol) of ethano |ne1a &%dged to th sus § 61%;( ng}glet eaction, the mixture is stirred at
60-63C for a f (X,PS R i%g%%% yrés A ‘hydroxide solution and 3.85 | of
water are adde@!aﬁh@hﬁ@dﬁ)me@@gr@@e@@tasg 85¢ 1dr @btrﬁmos!% -msittibériyERligRe added to the
reaction mixturgsgheinabifuitigstimethiordacian Ine RecoasenssupsemmBtyseparated. The

: " .
e 4.2 ard e e Bl A A e B oo are
added at 65- 75@3913{98368%@*’8\*%@6% fﬂ@tﬁ@éd@t‘&’i%{‘aﬁl%éﬁ‘”Hﬁ%ssﬂtﬁef%@gn\’%@r% at 15-25C
for 8-16 h and fiubseduitiil? Eolitted tsf BHpGethhePmdudids e mtediry ditration rmashedswith 4.2 | of

methy'CYC'Oheé%'&%e%%%%ﬂ%aﬁéﬁ%ﬁﬁ@djﬁﬁb%% W%ﬁéﬁ%%’a&{ﬁﬁﬂ@s Eﬁ'&é?f oeﬁﬂ'ecr“de

substance (991 g gls subsequently X with 5 times the amount of methanol, activated

ated tq reflu
carbon is addefFaRtMR EVRIYGE |§Cﬁﬁ@petﬂ° %ﬂ J:ff'i’r”a‘{le dituted il 89 Jnaianst a@?‘oy distilling off
methanol. Afterl thee ifgeitnp st seemscvoledtoras-s680 i satilGteth ouies: teescbeisDi@liume with

tert-butyl methglethegnd Qﬁrﬁé@l@&%'ﬁﬁtﬁéﬁ%ﬁ%&@é%ﬁ%@%@ﬁ%% rbigrgdgvith suction,
washed with tert.- aelcl-[%gl ether and at 35C, |n cuum % 998 aplne YleIE 899 g (81.9%
ot theory) 12 A IOR L 2T U L A AT (B DB ()

Drying is effected at 45°C in a drymg cabmet under mertlzation

Yield: 12.0-12.5 kg (90-94% of theory)

15
d. 1-[{4-Methviguinazolin-2-yhmethvll-3-methyvl-7-(2-butyn-1-y}-8-(3-(R)-
aminopiperidin-1-vl}-xanthine

0 /,% o /
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1800 kg (3 mol} of 1-{(4-methyiquinazolin-2-ymethyl]-3-methyi-7-(2-butyn-
20 1-yN)-8-(3-(R)-phthalimidopiperidin-1-yl)-xanthine are heated to 80-85°C in
18 litres of toluene. Subsequently, 1.815 litres (30 mol) of ethanolamine are
added to the suspension at 75-80°C. To complete the reaction, the mixture
is stirred at 80-85°C for 2 hours, in the course of which the solids go into
solution. Subsequently, the phases are separated. The ethanolamine

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

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



aminopiperidin-1-y1)-xanthine a. 3-Cyano-2-(chloromethyl)-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 cooled to room temperature and subsequently added
dropwise to approx. 800 ml of water at 50-60C. Aftérithe phosphorus oxychloride has been
hydrolyzed, the mixture is neutralized 10with sodium hydroxide solution with cooling, in the course of

which the prodesblereeindatesaot dtyistilleraibnihavashead wits 300ted af welelanksubsequently

dried at 35-40 ield: I % | - S ; o
3-cyano-2-(ch%?ynﬁi%hﬁﬁjtﬁgﬁ%g%%ﬂ (%%%ﬁ%ﬂ%%%%ﬁﬁ?r@%ﬁgf? 2yr(|3dinecarboxamide
are suspendedPHITEH0hiFo bRiIAY EnfliRsaWith Zsction @ I%'?rﬁrﬁjytéé, 068 g (395.52 mmol)
of phosphorus \aguiroddgrayeanateted in and the mixture is heated to 81C for 2 hours. After cooling at

22C, the rgaction 20mixture is stirred into 200 ml of water at 40C. After 100 ml of toluene have been
dium hydroxide solution with cooling. After phase separation,

added, the mixgure is tralj % ith_so
the organic ph é%?(fls Gv@%&f%ﬁ }%(Rﬁﬁ%ﬂ@/ater. Removal of the organic phase and evaporation of
the solvent under reduced pressure gives rise initially to an oily residue which 25crystallizes on

e Yielm&@ﬁ?géﬁ%r?&fhgp%;ﬁd; 7:(2-b 1-y1)-8- b ' Cl.30 202
(10.16183r7?31?2?g¥%%g@/l(2{%2§%3 nqiﬁyg;@én})éro%i %érﬁ%ﬁt‘%‘ll@n"%%l%n 5 ﬁmgﬁg‘%{% %rous potassigum
carbonatebandubB itrés-8r (¥-hFatafibalimidopiperidin-1-yl)-xanthine are initially charged
in 4.9 | of tetrahydrofuran and subsequently heated to 55-65°C.
Subseqguently, 350 m! of water and 1433 g (2.32 mol) of ethanolamine are
added to the suspension. To complete the reaction, the mixture is stirred at
60-63°C for a further 3 hours.
15  Subsequently, 819 mi of 45% sodium hydroxide solution and 3.85 i of water
are added and the mixture is stirred at 55-65°C for 30 min.
5.6 | of toluene are then added to the reaction mixture, the mixture is stirred
for 16 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 distilied off under
reduced pressure. Subsequently, 1.4 1 of methylcyclohexane are added at
65-75°C, in the course of which the product crystaliizes. 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,
25  suction-dried and dried at 35°C under reduced pressure.
The dried crude substance (891 g) is subsequently heated to reflux with 5
times the amount of methanol, activated carbon is added and the mixture is
filtered. The filtrate is reduced to a volume of 1.5 | by distilling off methanol.
After the filtrate has been cooled to 45-55°C, it is diluted to four times the
30 volume with tert.-butyl methyl ether. The suspension is cooled to 0-5°C,
stirred for 2 hours, filtered with suction, washed with tert.-buty! methyl ether
and dried at 35°C in a vacuum drying cabinet,

Yield: 899 g (81.9% of theory)



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-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 25&2 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.
1-1.(3-Cvanoppigimgeyimethvil-3-methyl-7-(2-butyn-14)-8-(3-(R)- phthalimidopiperidin-1-y1)-xanthine
i N 10 0-)--NAI r=-.-=-- === 1 =--mmmmme- r--wk--N' N 0 J1 0*-N1------ N-/--N1\

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

a. 3-Cyano-2-(chloromethyl}-pyridine
5 165.5 g (0.98 mol) of 2-hydroxymethyi-3-pyridinecarboxamide are heated

together with 270 ml of phosphorus oxychloride to 90-100°C for 1 hour.
The reaction mixture is cooled to room temperature and subsequently
added dropwise to approx. 800 m! of water at 50-60°C. After the
phosphorus oxychloride has been hydrolyzed, the mixture is neutralized

10 with sodium hydroxide solution with cooling, in the course of which the
product precipitates out, It is filtered off, washed with 300 ml of water and
subsequently dried at 35-40°C.
Yield: 122.6 g (82% of theory)

15  Variani to process step a: 3-cyano-2-(chioromethylpyridine
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 oxychloride are metered in and the
mixture is heated to 81°C for 2 hours. After cooling at 22°C, the reaction

20 mixture is stirred into 200 m! of water at 40°C. After 100 mi of toluene have
been added, the mixture is neutralized with sodium hydroxide solution with
cooling. After phase separation, the organic phase is washed with 100 mi
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-ylimethvli-3-methyl-7-(2-butyn-1-y}-8-
bromoxanthine
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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-

30



? 230 g (0.557 mop of 1-[(3-cyanopyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-
y1)-8-bromoxanthine, 318 g (0.835 mol) of 3-(phthalimido)piperidine 15D-tartrate and 1.15 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, 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 mpturdigopedieel iwtzlyshagedintéewiactao antdieateddnol OAferwards, 2.7 litres of

water are adderlBs6§uE0H,2nd dhe WIXBIFRJS BplethieraRHTHSRIpSNS FifilkRsed off and washed
with 2 litres of fden[].! BFW%@;%ﬁff%tedrraﬁiép% WM ig caf%ngzt émder. inehu;ﬁation. The crude
product thus o‘%\;alned IS su sed’uen ?/’s ifred &t Boif gin P B?Wé?ﬁa ?ﬁg?—ﬁwéred, washed
with 200 ml of $REtREHoREMAIEIREEGUENH aridd horos Hfigsthecrtiastion herrNdas @ 88% of theory)
14 d. 1-[(8-cvatres\uidimizivareeibylb@toneibyle addnipixtlaslin®d(#-€dooled to 25°C.
am'mp'pe”d'Wﬁ@’ﬁ}mfgﬁlté\ﬂed off, washed with 2 lifres of water and dried at 70°C in

a drying cabinet under inertization.

Yield: 257.5 g (81% of theory)

10 ¢. 1-i(3-Cyanopyridin-2-yDmethvl}-3-methyl-7-(2-butyn-1-yh-8-(3-(R)-
phthalimidopiperidin-1-yl)-xanthine
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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
D-tartrate and 1.15 litres of N-methyl-2-pyrrolidone are initially charged in
the reactor. The reactor conients are heated to 140°C. After the
temperature has been attained, 478 ml (2.78 mol) of diisopropyiethyiamine
are metered in within 20 minutes and the reaction mixture is subsequently
stirred at 140°C for 2 hours, Subsequently, the reaction mixture is cooled to
20  75°C and diluted with 720 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
filtered off and washed with 2 litres of water. Drying is effected at 70°C in a
drying cabinet under inertization.
The crude product thus obtained is subsequently stirred at boiling in 1 litre

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

Lt
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Yield: 275 g (88% of theory)



Ho r."---- - ei)--N 1/4.."........N...-,..~-- KION11i 412.5 g (0.733 mol) of
1-[(3-cyanopyridin-2-yl)methyl]-3-methyl-7-(2-butyn-
51-y1)-8-(3-(R)-phthalimidopiperidin-1-y1)-xanthine are heated to 80C in 4125 ml of toluene.
Subsequently, 445 ml of ethanolamine (7.33 mol) aé added to the suspension at 75-80C. To complete
the reaction, the mixture is stirred at 80-85C for a further 2 hours, in the course of which the solids go
into solution. Stibsd(Riendyotheidinadaed)aretsedd-atesthyhe-(Detanolaphird (Bh@e is extracted twice
with warm tolug% '&igﬂm_&)&g}{n%gombined toluene phases are washed twice with 2 litres
each time of erat /5-80C. Thetoluene phases are dried with sodium sulphate, filtered and
subsequently reduged to a volume of approx. 430 ml by distillgtion under reduced pressure.

Subsequently, 1 liffe of tert.z utyléSg@thyl ether is metered i
is ii{ lated by filtration, washed

at 50-5%0 and th ture is then
ith tert.#%ryet%ﬁfher and dried at

60C in a drying 3C/Analogously to

TN ; % of theory) 20i1E ~§88
Examples 2 and'3, 1N(3-pethylisdquinolin/l-yOmethyl]-3- € _n L. h{>— N
methyl-?-(2-butyn-l-y153-8-( )-3-aminopipgrigin-1-y1)-xanthine is%lso'}&repared. 15 H\ims Process
2

for preparing a compound of the genergl prmula (1)

412.5 g (0.733 mol) of 1-{(3-cyanopyridin-2-yhmethyl]-3-methyl-7-(2-butyn-
5  1-yD-8-(3-(R)-phthalimidopiperidin-1-yl)-xanthine are heated to 80°C in
4125 mi 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 extracted twice with warm toluene (1 litre each
time). The combined toluene phases are washed twice with 2 litres each
time of water at 75-80°C. The toluene phases are dried with sodium
sulphate, filtered and subsequently reduced to a volume of approx. 430 mi
by distillation under reduced pressure. Subsequently, 1 litre of tert.-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 methy!
ether and dried at 80°C in a drying cabinet.

'...J
&2}

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

Analogously to Exampies 2 and 3, 1-{(3-methylisoquinolin-1-ylmethyl}-3-
methyl-7-(2-butyn-1-yl}-8-((R)-3-aminopiperidin-1-yl}-xanthine is also
prepared.



I NH'N N (I) 0 R2 5 or an enantiomer or salt thereof in which R1 is a phenylcarbonylmethyl, benzyl,
naphthylmethyl, pyridinylmethyl, pyrimidinylmethyl, quinolinylmethyl, 10isoquinolinylmethyl,
guinazolinyimethyl, quinoxalinylmethyl, naphthyridinylmethyl or phenanthridinylmethyl group in which
the aromatic or heteroaromatic moiety is in each cak® mono- or disubstituted by Ra, where the
substituents may be the same or different and 15 Ra is a hydrogen, fluorine, chlorine or bromine atom
or a cyano, methyl, trifluoromethyl, ethyl, phenyl,angipaxy, difiuoromethoxy, trifluoromethoxy or ethoxy
group, or two Ra radicals, when they are bonded to adjacent carbon 20atoms, may also be
an -0-CH2-0- or -0-CH2-CH2-0- group, R2 is a methyl, ethyl, propyl, isopropyl, cyclopropy! or phenyl
group and 25RB is a P1eGest foj[preraing 2 smseangd of Himaeneyal dotovisbhzyl, 2-chlorobenzyl,
2-bromobenzyl, 2-iodobenzyl, 2-methylbenzyl, 2-(trifluoromethyl)benzyl or 2-cyanobenzyl group,
comprising the following synthesis steps: 80 16 }23 N

2

R, o
J )—N (1)
0 ;!»: N

R2

or an enantiomer or salt thereof

in which R" is a phenylcarbonyimethyl, benzyl, naphthyimethyl,
pyridinyimethyl, pyrimidinylmethyl, guinolinylimethyl,

10 isoguinolinylmethyl, quinazolinylmethyl, quinoxalinyimethyl,
naphthyrdinyimethyl or phenanthridinylmethyl 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

Ra is a hydrogen, fluorine, chiorine or bromine atom or a cyano,

methyt, trifluoromethyl, ethyl, phenyl, methoxy, difluoromethoxy,

trifluoromethoxy or ethoxy group,

or two R, radicals, when they are bonded to adjacent carbon
20 atoms, may aiso be an -0-CH;-0- or -O-CH,-CH,-0- 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-fluorobenzyl, 2-chiorobenzyl, 2-bromobenzyi, 2-iodobenzyl,
Z2-methylbenzyi, 2-(irifluoromethylibenzyl or 2-cyanobenzy! group,

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



in which X is a leaving group selected from the group of the halogens or the sulphonic esters and R1
to R3 are each defined as mentioned above with 3-(phthalimido)piperidine or an enantiomer thereof;. -
b) deprotection of the thus obtained compound of the general formula (ll) in which R1 to R3 are each
defined as mentioned above and c) optional conveldion to a physiologically tolerated salt. 2.Process
according to Claim 1, in which X is a chlorine or bromine atom, R1 is a phenylcarbonylmethyl, benzyl,
naphthylmethyl, pyridinylmethyl, pyrimidinylmeth quinolir%g*nethyl, 20isoquinolinylmethyl,
quinazolinylmethyl, quinoxalinylmethyl or naphthygidinylmethyl group in which the aromatic or
heteroaromatic moiety is in each case ritino- or disubstityted by Ra, where the substituents may be
the same or different and 17 Rais a hydrogéf, fluom chlorine atom or a cyano, methyl, ethyl,
methoxy or ethoxy group, 5R2 is a methyl, ethyl, propyl, isg ¥, cyclopropyl or phenyl group and R3
is a 2-buten-l-yl, 3-methyl-2-buten-1-yl, 2- y?g benzyl, 2-chlorobenzyl, 2-bromobenzyl,

2-iodobenzyl, 102-methylbenzyl, 2-(trifluoromethyf)benzyl or 2-cyanobenzyl group. 3.Process
according to Claim 2, in which X is a chlorine or bromine atom, 15 R1 is a cyanobenzyl,
(cyanopyridinyl)methyl, quinolinylmethyl, (methyld@fnolinyl)methyl, isoquinolinylmethyl,
(methylisoquinolinyOmethyl, quinazolinylmethyl, (methylquinazolinyl)methyl, quinoxazinylmethyl,
20(methylquinoxalinyimethgh, Xdisne thgdom axalipybeiettsti drom the group of the

halogens or the sulphonic esters and '

R to R® are each defined as mentioned above with

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

b) deprotection of the thus obtained compound of the general

formutla {I1)
O
3
1 i /R N
R \N N O
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0 z?z N .
R2
10 in'which R" to R® are each defined as mentioned above and

¢} optional conversion to a physiologically tolerated sait.

2. Process according to Claim 1, in which

—
(&2

X is a chiorine or bromine atom,

R' is a phenylcarbonylmethy!, benzyl, naphthylmethyl,
pyridinyimethyl, pyrimidinylmethy!, quinolinyimethyl,

20 isoquinolinytimethyl, quinazolinylmethyl, quinoxalinyimethy! or
naphthyridinyimethyl 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



naphthyridinylmethyl group, R2 is a methyl, cyclopropyl or phenyl group and 25R3 is a 2-buten-1-yl,
3-methyl-2-buten-1-yl, 2-butyn-1-yl, 2- chlorobenzyl, 2-bromobenzyl or 2-cyanobenzyl group.
4.Process according to Claim 3, in which X is a bromine atom, 30R1 is a
(4-methylquinazolin-2-yl)methyl, (3-methyl soquinoli-1- yl)methyl or (3-cyanopyridin-2-yl)methyl
group, R2 is a methyl group and R3 is a 2-butyn-1-y1 group. 355.Process according to one of Claims 1
to 4, in which the reactant used in step a) is (R)-3-(phthalimido)piperidine. 18 following synthesis

steps: a) reaction of rac-SE@
of the (R)-3- (phthahmldo)plagerldln
3- (phthallmldo)plperldlne%g/

orlne O ne a10m or
a SO ution O{t?] US obtaine (V,emIC

n%néo g%fer %ﬁ suitable 30 vents ith phthallc anh)(]%jrlﬁj]e land b) removal
Yhe BRSO TSRO 3 i@kRvic acid and |solat|on of the precipitated

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

steps:

ib) removal of thee?sr)egegé%%ﬂﬁ%mg)gﬁgwcgwf ng;%%ﬁ éﬁw’[ r#fc @ %yﬁﬁ}%\wﬁ?’am ér mlc

anhydride and

3- (phthallmldo)plperlcﬂﬂ by means of addition of L-tartaric acid and isolation of the precipitated

20tartrate.

10

15

20

25

30

R®is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yl,
2-flucrobenzyl, 2-chlorobenzyl, 2-bromobenzyl, 2-iodobenzyl,
2-methylbenzyl, 2-(trifluoromethylibenzyl or 2-cyanobenzyl group.

Process according to Ciaim 2, in which
X is a chiorine or bromine atom,

R' is a cyanobenzyl, (cyanopyridinyl)methyl, quinolinyimethy!,
(methyiquinolinyl)methyl, isoguinolinyimethy!,
(methylisoquinoliny)methyl, quinazolinylimethyl,
(methylquinazolinylymethyl, guinoxazinyimethyl,
(methylquinoxalinylymethyl, (dimethylguinoxalinylymethyi or
naphthyridinyimethy! group,

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

R®is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yl, 2-
chiorobenzyl, 2-bromobenzyl or 2-cyanobenzyl group.

Process according to Claim 3, in which

X is a bromine atom,

R'is a (4-methylquinazolin-2-yl)methyl, (3-methylisoquinolin-1-
yhmethyl or (3-cyanopyridin-2-ylymethyl group,

R?is a methyl group and

R®is a 2-butyn-1-y! group.

Process according to one of Claims 1 o 4, in which the reactant
used in step a) is (R)-3-(phthalimido)piperidine.

Process for preparing (R)-3-(phthalimido)piperidine, comprising the



8.Process for preparing (S)-3-(phthalimido)piperidine, comprising the following synthesis steps: 25a)-
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 30addition of D-tartaric acid and isolationl@® 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- 35@%&%’%@1igmmgggdg%@rtrate.

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 precipitated
tartrate.
10
7. Process for preparing (S)-3-(phthalimido)piperidine, comprising the
following synthesis steps:

a) re_ac:tion of rac-3-aminopiperidine in suitable solvents with
15 phthalic anhydride and

b) removai of the (S)-3-(phthalimido)piperidine from a solution of
the thus obtained racemic 3-(phthalimido)piperidine by means of
addition of L-tartaric acid and isolation of the precipitated

20 tartrate.

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

25 a) reaction of rac~3~aminopiperidine in suitable solvents with
phthaiic anhydride and

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

30 addition of D-tartaric acid and isolation of the precipitated
tartrate and |

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



