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-1ry1)-xanthines of the following general structure
9rNH, i i/N\ 0.'NN 1 R2 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 optionglysl B A6BAYG L RMR PE B LAAREBRIBMGANgiehaliRd or alkinyl group
are already known from the international applications WO 02/063420, WO"04/018468, WO 04/018467,
WO 2004/041820 and WO 2004/046148, in which compounds having valuable pharmacological
properties are deeribéeentionicairictide an papiiad orooeisitiog aupaTiog tieratfvi-of the enzyme
dipeptidylpepti-sageo i+ vy T RareresconmosRER IR Hus YR e ip iRkl ifyieamyenting or
treating disaordefra ol %%é%sél\{\éhich are connected with an increased DPP-1V activity or which can be
prevented or alleviated by reduction in the DPP-1V activity, especially of diabetes mellitus type | or
type 14, prediabetes, or reduction of glucose tolerance. WO 04/018468 discloses a preparation
process in whic-g{3rranaipipripgind nylyydgrtainbines taeefpliepaneddey enrgiestioga corresponding
tert.-butyloxycarbonyl-protected derivative of the general formula (II). In this process, impurities which
were difficult to remove, especially on the industrial scale, occurred, and are attributable to the
protecting group used. The process was thgreforefmsuitable i;mghe industrial preparation of 8-(3-
aminopiperidin-1-y1)-xanthines, esfRicially fQr meggdicame duction with its strict demands on purity.
Furthermore, the method had the disadbantagg th the’\q repatation of the enantiomerically pure
precursor 3-(tertbutyloxycarbonylaming}iperi ’?’s complicated and Expensive. However, rTh
enantiomerically pure active ingredi®@fs arblto béﬁoreferre or the pharmaceutical application owing to
the risk of side effects and for the reductior of the dose to a minimum. These circumstances count
against the suitability of the known proces$¥or the industrial preparation of enantiomerically pure
8-(3-aminopiperidin-l-yl)]xanthines.
10 inwhich R is, for example, an optionally substituted arylmethyl group or an
optionally substituted heteroaryimethyl group, R? is, for example, an alkyl
group and R is, for example, an optionally substituted benzyl group or a
straight-chain or branched alkenyl or alkinyl group are already known from
the international applications WO 02/068420, WO 04/018468, WO
15 04/018467, WO 2004/041820 and WO 2004/046148, in which compounds
having valuable pharmacological properties are described, which include in
particular an inhibiting action on the activity of the enzyme dipeptidylpepti-
dase IV (DPP-1V). Therefore, compounds of this type are suitable for
preventing or treating disorders or states which are connected with an
20 increased DPP-IV activity or which can be prevented or alleviated by
reduction in the DPP-IV activity, especially of diabetes meliitus type | or

type ll, 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 (II).



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
23optical purity and without great technical cost and3dnconvenience. 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 preparing ckir
8-(3-aminopiperidin-1-yl)-xanthines. In addition to high yield industtiad performance, very good
chemical and optical purities are furth advan%ges of the tive s\nthetic route.  According to the
process of the present inventi@, the appropr| e xanthine Opr ursor (111) is reacted according to
scheme 1 with enantiomerically pui¢ or r
temperatures of 20 to 160C; prefer ny of]
tetrahydrofuran (THF), dioxane ethylfbrmam MF), dimethylacetamide (DMA),
N-methyl-2-pyrrolidone (NMP) or dlmeqhyl sulphoxide (DMSO). Preference is given to using NMP.
Subsequently, the phthalyl protecting ggoup is detached by processes krgﬁ n per se. Possible
detachment methods are described, for example, by T.W. Greene in "P ctlve Groups in Organic
Synthesis", Wiley 1981 on page 265 (for example hydrazine in ethanol). (-7-) ji OR3 R'NN/7, NN

In this process, impurities which were difficult to remove, especially on the
industrial scale, occurred, and are attributable to the protecting group used.
5  The process was therefore unsuitable for the industrial preparation of 8-(3-
aminopiperidin-1-yl}-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.-
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.

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

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

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

o
o

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



\-../ R3 (Il; R2 ONH RIt N\ I') /7\ 0))2>c-INc.t-tN In the 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 phenylsulphonyioxy, p-toluenesulphonyloxy. methylsulphonyloxy or
trifluoromethylsulphonyloxy group, R1 is a phenylcarBonylmethyl, benzyl, naphthylmethyl,
pyridinyimethyl, pyrimidinyirnethyl, quinolinylmethyl, isoquinolinylmethyl, quinazo!inylmethyl, _
quinoxalinylmetpl ety ey B R AR IUR T 20 WRiCh e prgmatc or

' iS | - i [ ai, where the substituents may be
dentioal o difel RS 2 aido bt BT e NI T BRI BV B oyano, methyl
trifluoromethyl, 8ifgtprargtamErdMAHUNrBIathioRyp iftlisiomeetNOXR) craiirorihytoup,

sulphoxide (DMSO). Preference is given to using NMP. Subsequently, the

5  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 Organic Synthesis", Wiley 1981 on page 265 (for
example hydrazine in ethanol).

\N N
| )—x
o rlc N o r!« N
R R? an
(g l
0 R®
o / NH,
~ N et
N N/
!//—N\ )
o7 >N TN

10 In the 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-toluenesuiphonyioxy, methylsulphonyloxy or

15  trifluoromethylsuiphonyloxy group,

R'isa phenylcarbonylmethyl, benzyl, naphthyimethyl, pyridinyimethyl,
pyrimidinylmethyl, quinolinylmethyl, isoquinolinyimethyl, quinazolinylmethyl,
quinoxalinylmethyl, naphthyridinylmethy! or phenanthridinylmethy! 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, fluorine, chiorine or bromine atom or a cyano,
methyl, trifluoromethyl, ethyl, phenyl, methoxy, difluoromethoxy,
trifluoromethoxy or ethoxy group,
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4 or two R, radicals, when they are bonded to adjacent carbon atoms, may also be an -0-CH2-0- or
-0-CH2-C112-0- group, R2 is a methyl, ethyl, propyl, isopropyl, cyclopropy! or phenyl group and R3 is
a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yl, 2-fluorobenzyl, 2-chiorobenzyl, 2-bromobenzyl,
2-iodobenzyl, 2-methylbenzyl, 2-(trifluoromethyl)bedzyl or 2-cyanobenzyl group. 10The process is
preferable for those compounds in which X is a chlorine or bromine atom. R1 is a

phenylcarbonylmeth)g %Bzﬁl g%. lWﬁHth %i{rgﬁrgﬁg@g t&%&@g%%lggmiﬁh?(g %nollnylmethyl

isoquinolinylmethyl, qumazolln noxal or na ylmet roup in which the
aromatic or heteroar@h@é(t%?ﬁ RIS R ddde aﬁ T ol dietBsHReRr by Ra, where the
substituents may be identical or different and Ra is a hydrogen fluorine or chlorine atom or a cyano,
methyl, ethyl. me@%x% heﬂhgw "BHR 2|é6 h ag}y OB Byl Byg,l&propyl or phenyl
group and R3 is a 2-buten-1-yl, 3-methyl-2- bute -1y butyn quo ro enzyl 2-chlorobenzyl,

2- bromobrénzyl 2 -iodobenzyl, 2-methylbenzyl. 2- (trlﬂuoromethyl)benzyl or 2-cyanobenzyl group. The
process is moRe sefetdniteforitybst-m@tinbdenbstenwhigh %bsla!MIQﬁm%—ﬂU@mivmneyhtom Rlis a

E:yanrc])blenzyl g:}gﬁwéw I)mmlm yﬂn@&%&@h phy | iBdyngthyl, |squ|nc|)I|ny::n|ethyl
methylisoqui azom et umazomy methyl, quinoxazinylmethy
(methylquinox %?F:?Pﬂ%‘r? ﬂq}/?t@i Awe%ﬂy?ﬁwr?? %f%y% erf%wgr n%hthyndlnylmethyl group, R2is a
methyl, cyclopropyl or phenyl group and R3 is a 2-buten-1-4 3-methyl-2-buten-1-yl, 2-butyn-1-yl,

2-chlorobenzytihe proteekasieds isiaftohrozy esawis i drimatienlar for the compounds
1-[(4-methylquinazolin-2-yl)methylj3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-am inopiperidin-1-yl)-xanthine,

X is a chiorine or bromine atom,

R" is a phenyicarbonylmethyl, benzyl, naphthylmethyl, pyridinylmethyl,
pyrimidinylmethyl, quinolinyimethyl, isoquinolinylmethyl, quinazolinylmethyl,
quinoxalinyl-methyl or naphthyridinylmethyl 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

Y
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20 Ra is a hydrogen, fluorine or chiorine atom or a cyano, methyl, ethyl,
methoxy or ethoxy group,

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

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

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

R'is a cyanobenzyl, (cyanopyridinyl)methyl, quinolinyimethyl,
(methylquinolinyl)methyl, isoquinolinylmethyl, (methylisoquinolinylymethyl,
quinazolinylmethyl, (methyiguinazolinyl)methyl, quinoxazinyimethyl,
(methylquinoxalinyl)methyl, (dimethylquinoxalinyl)methyl or
naphthyridinylmethyl group,

(ad
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14(3-methylisoquinolin-1-yOmethyl]-3-methyl-7-(2-butyn-1-y1)-8-((R)-3- aminopiperidin-1-y1)-xanthine
and 1-[(3-cyanopiperidin-2-yl)methyl]. 2
03-methyl-7-(2-butyn-1-y1)-8-(3-(R)-aminopiperidin-1-y1)-xanthine. where X is bromine. Preference is
given in each case to using (R)-3-(phthalimido)piperidline as a reagent. The preparation of the
compounds of the formula (Ill) has been described in the literature which has already been cited above

and is effected Ry iRracesskgl kopyisppssEesr IdtecvesisipbfEFHber provides a process for preparing
optically active 3-(phthalimido)piperidine. In this process, 3-aminopyridine is initially hydrogenated by
means of processes known per se. The thus gbtained racemic 3-aminopiperidine is then converted to

the correspondig Prtraliier- by méanstby bRthakenminydAdeutyns! (?) aridnathengsh Be
precipitated seleciivelpenstydbithe-spdutsienlhgregemic, crude phthalimide (1V) by means of D-tartaric
acid. It is also possible to obtain the (5) enantiomer of (IV) in a simple manner from the mother liquor
of this salt precipitation?tﬁ%qadding L-tartaric acid, without preceding removal of the excess of D-tartaric

acid still preserft #h h8FREHE QL dreamavas i KifnmetBkiaioAgoHR-<aWAm&IN 1bf the compound
of the formula (BvinistBuiTriEInguty thbsd) ski(lR@dR)-treiadpibesidacdryig-kasthfrem the hydrogenation
reaction does npj{{quemﬁgmiﬂ%q,pth hatsl fes this pipess.nTheRiazess yerks without any

problem even on the industrial scale. In addition, t nexpectedly. clean reaction 0f 3-aminopiperidine
with phthalic arﬁﬂ}m%%ﬁ? %ﬂ'&)’r §Y%ﬁ§é]’%‘é‘,esﬁ{%%, é%_gé?éf. fﬂaﬁécﬁﬁ%ﬂ}@ﬁmygkample US patent
US 4,005,208, égpeiivdly’ Hxapiye 27y nfixterd3) vasultdpepexishaté ey \pianhthimadditeretX tise desired
product, compriseggtwatives 6 in which the ring nitrogen atom is acylated. OH x TD

Preference is given in each case to using (R)-3-(phthalimido)piperidine as
a reagent. The preparation of the compounds of the formula (lll) 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 to the corresponding
phthalimide by means of phthalic anhydride. The (R) enantiomer can be
precipitated selectively out of the solution of the racemic, crude phthalimide
(IV) by means of D-tartaric acid. It is also possible to obtain the (S)
enantiomer of (IV) in a simple manner from the mother liquor of this salt
precipitation by adding L-tartaric acid, without preceding removal of the
excess of D-tartaric acid still present in the mother liquor.

AN
wl

This extremely simple enantiomeric separation of the compound of the

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

W
3

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



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: H2 HN NH2NH2
3-aminopiperidinerac-3-aminopiperidine 10.00 kg (106.25 mol) of 3-aminopyridine, 500 g of
technical-grade 15activated carbon and 65 litres of &cetic acid are initially charged in a hydrogenation
reactor. 50 g of Nishimura catalyst (a commercially available rhodium/platinum mixed catalyst) are
added slurried;j > litr, cely i lus In with 2.5 litres of acetic acid. Hydrogenation is
effected at 50 Wa‘éﬁ?[%éﬁ%ﬁ@ ﬁﬁ%@%ﬁn%ﬁ&?egﬂr#?ﬁydrogen uptake stops and 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)severg pressures. b. Acylation 15.74 kg
(106.25 mol) of phthalic anhydride are initially charged in @@- and admixed with the filtrate from
the hydrogenation. Jtig flusheg in with 7.5 litrgs of acetic agld and the reactigyi mixture is subsequently
heated to reflux, in'theourse-ot which approxX. 30% of-thPacetic-acig-used is\digtilled off within one
hour. The reaction tion is cooled to 90€T he prodatthsisiativniridereacted furthe (Eout

purification. c. Optical ré&olution NH, )
3-aminopyridine rac-3-aminopiperidine
e
OH
o oF xTD
HN
o
HO O TP
N {R}-3-phthalimidopiperidine tartrate
OH [(RH1V)]

S

D-(-}-tartaric acid B

(@3]

The examples which follow will iliustrate the invention in greater detail:

Example 1

D-Tartaric acid salt of the R enantiomer of 3-(phthalimido)piperidine

10

a. Hydrogenation:

H,
'Y \? —
NH, NH,
3-aminopiperidine rac-3-aminopiperidine

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

15  activated carbon and 65 litres of acetic acid are initially charged in a

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



OH (R)-3-phthalimido- piperidine tartrate [(R)-(IV)] phthalic anhydride A solution, heated to 50C. of
11.16 kg of DH-tartaric acid (74.38 mol) in 50 litres of absolute ethanol is metered into the acylation
reaction solution at 90C. It is flushed in with 10 litres of absolute ethanol and stirred at 90C for 30
minutes, in the course of which the product crystallizés. After cooling to 5C, the product was
centrifuged off and washed with absolute ethanol. 8 The product solution is reacted further without

purification. d. iReshsalisasinatiS el fiARRsodiet isersed 1878 fUKiR Atk of 50 litres of
acetone and 90 Iit{]els Qtfa%%tﬁr) untllt.a 10[§|t|on has orrpﬁd. Sﬁ(—)ﬁ?#jently thg SO ut{%onplts coqled to 5C,
in the course of WHICH tAE Proguat ST AR AR SIEP iwEshed W 885minutes, and
the product is ceh@eiieads diefpraduaiamistionits eavteséuoteo Witte of pedfmatiand 10 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) Exa esis of 1-[(4-meth inazolin-2-yhmethyl]-3-methyl-7-(2-butyn-1-y1)-
8-(3- (R)-ar%inongﬁé%r%%%&l J)%gr&&?rgge% hﬁ'&%ﬁi [V press\ﬁles.

b. Acylation
8]
O
K HN
HN - o
phthalic anhydride N
NH, o

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

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

c. Optical resolution

OH

OH

N OH
o D{-)-tartaric acid o

(R}-3-phthalimido-
piperidine tartrate

[(R}-(IV)]

A solution, heated to 50°C, of 11.16 kg of D(-)-tartaric acid (74.38 mol) in
20 50 litres of absolute ethanol is metered into the acylation reaction solution
at 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 crystallizes. After cooling
to 5°C, the product was centrifuged off and washed with absolute ethanol.



a. 2-Chloromethyl 4 methylquinazoline N 10.00 kg (73,98 mol) of 2-aminoacetophenone are initially
charged and 24.5 litres of 1,4-dioxane are added. The solution, cooled to 10C, is admixed with 16.72

kg (458.68 mol) of hydrogen chloride by blanketing. The reaction mixture warms up to 22-25C. At this
temperature, further hydrogen chloride is blanketed8n. From about half of the total blanketing amount,
the mixture is cooled to -10C and blanketing is continued. Subsequently, the suspension formed is left

dat-1 {ght. |t f 1) of chl itrile in 2.5 i f1,4-
Giovane 1 addd RO R o B SRt et GRS Wree of 1.4-ciowane.

Afterwards, the reactor contents are warmed to 6C and stirred for a further approx. 2 hours. 30A
further reactords Retailg iihsatibwith a mixture of 122 litres of water and 62.04 kg (775.31 mol) of
sodium hydroxide solution (50%) and cooled to 6C. The reaction mixture from the first reactor is added
in portions. The internal temperature is not more than 11C, Subsequently, the first reactor 9 is flushed

first with 6 litre 5 TAISHG %rr?(ﬂj‘tﬁél’?vviﬂ?@‘ﬂﬁ@sr SHwatR T‘Hét?‘égtﬂfiéa litrgsetfsion is stirred at 5C
for a further 3@caitanesinthelplitréa cbfisvedertrifotijeal ©ff Ltias e Jatiméd |iBebsequateihand dried at 35C
in a drying caietypeRihine EFano etd: iA Qs Eddrke tFvBrY% Siahrenide clyi4nidethylou
nazolln-2-yhmgat(1y Jr%?éi?s‘?é‘é%'é?d Zi_sbg%' NP )5_86 %?@8)%?6[5{2% and the product is
centrifuged off and finally 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

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

a. 2-Chloromethyl-4-methyvlguinazoline

N

NH, RN N
~ Ci
C o

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 to 10°C, is

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 chloride is blanketed in. From about half of the total blanketing

amount, the mixture is cooled to -10°C and blanketing is continued.

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

A solution of 6.70 kg (88.78 mol) of chioroacetonitrile in 2.5 litres of 1,4-

dioxane is added at -10°C within one hour. The feed vessel is flushed with

2 litres of 1,4-dioxane. Afterwards, the reactor contents are warmed to 6°C

and stirred for a further approx. 2 hours.

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

Do
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12110.00 kg (33.66 mol) of 3-methyl-7-(2-butyn-1-y1)-8-bromoxanthine, 7.13 kg (37.02 mol) of
2-chloromethy1-4-methylquinazoline, 3.92 kg (37.02 mol) of anhydrous sodium carbonate and 30 litres
of N-methyl-2-pyrrolidone are initially charged in the reactor. The reactor contents are heated to 140C
and stirred at 140C for 2 hours. After the reaction has®ended, the reaction mixture is cooled to 80C and
diluted with 60 litres of 96% ethanol and subsequently at 70C with 55 litres of water. At 60C. 4.04 kg

(67.32 mop of a&eﬂ@%Q AreY mﬁFeaeﬁ&ﬂ@samﬂw&heQéwaHoBtWéﬁW{hV@We;f 3¢ yzpulting suspension
is stirred at 60(‘81gr 30 utes then cooled t i?zrédrﬁ ed or a further 30 minutes. Subsequently,

the product is 20¢en ?ﬁﬁj '&Po%f‘sﬂ‘ar{ﬁ%hésd it BHPEERSR: dif&nol and 20 litres
of water, then vM?dQQttré§©fﬂ@@%%¢r@°ﬁdNaﬁdeﬁ)thbs%f IWe&prrgtag i afferddhnBE5C in a drying

cabinet under inarizateng ¥ialfhet LiAdE? m&aigders8% of theory) c.

14(4-Methylqui inz2- h hyl hyI -7=(2-butyn-1-y1)-8-(3-(R)-

phthallmld)()gplpéﬁ(%? yl)- x%alggj(% r%% r{ 6 mol) of

1-[(4-methylquinazolin-2-yl)methyl]-3-methyl-7- (2 butyn -1-y1)-8-bromoxanthine, 12.59 kg (33.09 mol)

of 3- (phthalimide) pifleritiethDefairitaieliang-JFrhditigl-of Nemsibyl2-puiyelidoge 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) ot diisopropylethylamine are metered in within 20 minutes. The feed vessel is flushed

with 2.5 litres of N-methyl-2-pyrrolidone @ ctlon mixture is subseque Iy St} at 140C for 2
lrr

mlxtune i9,c00lee 19 68 J d with 80 litres of
5?5C for 30 minu @@ conledito/23€ and stirred for

hours. After the r nded th@q
methanol. The remuspensﬁn is : oal
a further 30 minutes. Sybsequently, the product is centrifuged off and asﬁed"é tlmes with 20 litres
each time of methanol. Drying is effected at 45C in a drying cabinet under |nert|zat|on Yield: 12.0-12.5
kg (90-9496 of thecdy) khy 133 B8 Methyicimazalin72tmeyhytL3rBasisxarmya- 1B & (3-(R)-
aminopiperidin-fzylgXamhiag 20 hioromethyl-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
mixture is cooled to 80°C and diluted with 60 litres of 96% ethanol and
subsequently at 70°C with 55 litres of water. At 60°C, 4.04 kg (67.32 mol)
of acetic acid are metered in and flushed in with 5 litres of water. The
resulting suspension is stirred at 60°C for 30 minutes, then cooled to 23°C
and stirred for a further 30 minutes. Subsequently, the product is
20  centrifuged off and washed first with a mixture of 20 litres of 96% ethanol

and 20 litres of water, then with 40 litres of 96% ethanol and 40 litres of

water. Drying is effected at 45°C in a drying cabinet under inertization.

Yield: 11.6-12.6 kg (76-83% of theory)
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c. 1-[(4-Methylguinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y)-8-(3-(R)-
phthalimidopiperidin-1-vl)-xanthine

— B, N
/N A\ N N . IN/>~N > ]

J N
0



NAAAN TONNC N *\ N'Yr-.N ?-N 0t,4 N NH, 1800 kg (3 mol) of ‘ :
1-[(4-methylquinazolin-2-yl)methyll-3-methyl-7-(2-butyn1-y1)-8-(3-(R)-phthalimidopiperidin-1-y1)-xanthi
ne are heated to 80-85C in 18 litres of toluene. Subsequently, 1.815 litres (30 mol) of ethanolamine
are added to the suspension at 75-80C. To completé&the reaction, the mixture is stirred at 80-85C for 2
hours, in the course of which the solids go into solution. Subsequently, the phases are separated. The

thanolami | [ it ] i . ned tol
hases are v Loy A 20 B B e, 25 lires
of toluene are BiHMed-WirSriemexrrbunsetdne ko (P88 Ret)-8Lid1 methyl ether are metered at
40-50C to the (phthatighslmpeeidinand-sathseguend|yl Cdolebrdd-Ben8thyiHa-pyodiidioiegsolated by

2{EL""QZ’q”L;Sliihﬁé%?ﬁé“%ﬁié‘%ﬁ%%?ﬁ%“%ﬁk@?ﬁ#ﬁﬁ%?%?f%%%@fﬁ% %ﬁﬁ?ﬁ’?ﬁ’i&‘?ﬁiifﬂ s
: BEAd B0 BB

clarified by filtra88rhflRS SRR BN Fo R 2R RS AHHA 0C and
crystallization Hascgebpyléthydilmioe areloudlerdtivohithio wdmértiastyl heefegdetieset e suspension

is cooled to 2Gy afERAiRh 2 ithas 2PRURse B YHBIRIHIOR RN thdried i dtPmiln@raasuum drying

) o 5
cabinet. YIeIOI'slu 7sAé8u%8n 13 éoti(r);etg% r¥210°C for 2 hours. After the reaction has ended, the

reaction mixture is cooled to 60°C and diluted with 80 litres of methanol.

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 lifres each time of methanol.
Drying is effected at 45°C in a drying cabinet under inertization.

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

15

d. 1-[(4-Methvlguinazolin-2-yhmethy!]-3-methvl-7-(2-butyn-1-yh-8-(3-( R)-
aminopiperidin-1-yh-xanthine

0 = 0 =
Na N g N;N/ N‘N/\NJ\P/N/\//
CAL I o COn-C
' | :Ng | NH,
o
1800 kg (3 mol) of 1-[(4-methylquinazolin-2-ylymethyl}-3-methyl-7-(2-butyn-
20 1-yD)-8-(3-(R)-phthalimidopiperidin-1-yl)-xanthine are heated to 80-85°C in
18 litres of toluene. Subsequently, 1.815 litres (30 mol) of ethanolamine are
added to the suspension at 75-80°C. To complete the reaction, the mixture
is stirred at 80-85°C for 2 hours, in the course of which the solids go into
solution. Subsequently, the phases are separated. The ethanolamine
25  phase is washed twice with warm toluene (4 litres each time). The
combined toluene phases are washed twice with 8 litres each time of water
at 75-80°C. From the toluene phase, 22 litres of toluene are distilled off
under reduced pressure. 4 litres of tert.-butyl methyl ether are metered at
40-50°C to the resulting suspension and subsequently cooled to 0-5°C.
30  The product is isolated by filtration, washed with tert.-butyl methyl ether
and suction-dried. The moist crude substance is subsequently heated to

reflux with 5 times the amount of absolute ethanol and the hot solution is
clarified by filtration through activated carbon. After the filtrate has been




Alternative process for step d: 1400 g (2.32 mol) of 1-[(4-methylquinazolin-2-yl)methyl]-3-methyl-7-(2-
abutyn-1-yl)-8-(3-(F?)-phthalimidopiperidin-1-y1)-xanthine are initially charged in 4.9 | of

tetrahydrofuran and subsequently heated to 55-65C. Subsequently, 350 ml of water and 1433 g (2.32
moo ) of ethanolamine are added to the suspension! To complete the reaction, the mixture is stirred at
60-63C for a further 3 hours. 15Subsequently, 619 ml of 45% sodium hydroxide solution and 3.85 | of

water are added@@dth 'f@mwé@@&?%@ﬂﬁl@éﬁén%fg]é@ﬂﬁw% aiftiterf g&'&sn&&&%ﬁe” af%eq'r LO the
reaction mixture, the mixture is stirred for na e phases.are subs ntly separated. The
organic phase |\§b\¥/\yan§ﬁé'g%w§%az§§%? Wae{gﬁan%’be-% @%ﬁ(@%%%%%'aﬂéﬁtﬁ?ﬂf%%e%érom the organic
phase, 4.2 | arstiiegfider #URber reboues flessdritbupictipreang, dried ot #ethyiryaiohexane are
added at 65-75¢dodRedi9igebiwbich 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, suction-dried and dried at 35C under reduced pressure. The dried crude
substance (9917¢5'% 4848 8RR /AOAEEEWeflux 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. Afterdhe fitRIE hazBeSRrqled o 45-55C, itis diluted to four times the 30volume with

tert.-butyl methyl er, The suspensian is cooled to 0-5C, stirred for 2_hours, filtered with suction,
v(\i;tshele)/Wirtr;1(atei‘.d'-%%I I%S%WU% o kﬁ%dﬂ@@&%ﬁ?%é&lUﬁ?&ﬁ%h&-&ﬁ%ﬁh&%ﬁ%m: 899 g (81.9%

of theory). 12 Exatyple-B)18HS-OF xnbidyaitimdbp@aredin -3inetinghing 2 ritpiidily Dhar@eR)-
aminopiperidiniA-y 19 panidinmyarottryRed Ghiqmsthy hexriding s5-65°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
60-63°C for a further 3 hours.
15  Subsequently, 619 ml of 45% sodium hydroxide solution and 3.85 | of water
are added and the mixture is stirred at 55-65°C for 30 min.
5.6 | of toluene are then added to the reaction mixture, the mixture is stirred
for 15 min and the phases are subsequently separated.
The organic phase is washed with 2.8 | of water at 55-65°C and
20 subsequently removed. From the organic phase, 4.2 | are distilled off under
reduced pressure. Subsequently, 1.4 | of methylcyclohexane are added at

65-75°C, in the course of which the product 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,
suction-dried and dried at 35°C under reduced pressure.
The dried crude substance (991 g) is subsequently heated to reflux with 5
times the amount of methanol, activated carbon is added and the mixture is
filtered. The filtrate is reduced to a volume of 1.5 | by distilling off methanol.
After the filtrate has been cooled to 45-55°C, it is diluted to four times the
30 volume with tert.-butyl methyl ether. The suspension is cooled to 0-5°C,
stirred for 2 hours, filtered with suction, washed with tert.-butyl methyl ether
and dried at 35°C in a vacuum drying cabinet.

[N)
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Yield: 899 g (81.9% of theory)
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5165.5 g (0.98 mol) of 2-hydroxymethyl-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. After the phosphorus
oxychloride has been hydrolyzed, the mixture is neufralized 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 sub egue ly.dried at 35-40C. Yield: 122.6 g (82% of theory) Variant to process step a:
3-cvano-2-(ch%mm’él§y%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 phosphorustoXgcCiguisiepgrizimeleybhisttayidIhaattiviure s hegied-i) 8.03fORE hours. After cooling at
22C, the reac_téqﬂigg fred ﬁ%%oo ml of water at 4OC. After 10_0 ml of toluene have bet_an
added, the mixture X T Afterphase separation,
the organic phase is washed with 100 ml of water. Removal of the organic phase and evaporation of
the solvent undeB+Egaced(eskergitted risgriditially to an oily residue which crystallizes on standing.
Yield: 16.65 0 83% gf($198 Mol oAyt ZopHRRIBYLBIREde e Hlied-V1) 8
bromoxanthine 13 pyrrolid are initially charged in the reactor and heated to 7/0C. Subsequently,
110 g (0.75 miAFEH BRI RORHRRSHER NP ISR 61 REHAGth{t-Bbyiine (NMP) are
added dropwiSe)eT reacsiaxton ixdue nsscadestitretbatt? (e ripertdune asd Aftbsduiesdigtion has ended,
2.8 litres of waigHareREgaA0 thapsrskosoniHLe Ratkit i 6ecdrr o ZRS: thie product is filtered off,

heashed Wit Z S RO G She L BSR AR SRR RS e RERIg ol 2575 0
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)

Variant to process step a: 3-cyano-2-(chloromethyl)pyridine

20.0 g (131.45 mmol) of 2-hydroxymethyl-3-pyridinecarboxamide are

suspended in 110 ml of acetonitrile and heated to 78°C. Within 15 minutes,

60.65 g (395.52 mmol) of phosphorus oxychloride are metered in and the

mixture is heated to 81°C for 2 hours. After cooling at 22°C, the reaction

20  mixture is stirred into 200 ml of water at 40°C. After 100 ml of toluene have
been added, the mixture is neutralized with sodium hydroxide solution with
cooling. After phase separation, the organic phase is washed with 100 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  crystallizes on standing.

Yield: 16.66 g (83% of theory)

[
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b. 1-[(3-Cyanopyridin-2-yhmethyll-3-methvyl-7-(2-butyn-1-yl)-8-
bromoxanthine

N
=N O == H ==
= Br _— N
NJ\C} o)\?f % ] L O}\T/LN,}—-&

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



c. 14(3-Cyanopyridin-2-yhmethy11-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-
phthalimidopiperidin-1-y1)-xanthine o r-- .--'---ty-"N""N \r-Th J1 ,/,,--N' 0-5'-'1V------ N\O 'N----#'
0-----c7c Il 230 g (0.557 mol) of 1-[(3-cyanopyridin-2-yOmethy11-3-methy1-7-(2-butyn-1-
y1)-8-bromoxanthine, 3189 (0.835 mol) of 3-(phthalirhitlo)piperidine D-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 tempep@tmﬂ.ds@@@@mﬁamdhéﬁg%mlr@h@ r@ﬁ&&g Qﬁéqgﬁ%g?v'@*tgne af% mbetered ;]rt‘ly
ithin 20 minut ac I9Q M ently stirre or. 2 hours. Subsequently,
me :gacnon mixiu ;%eglgscsbnogoﬁ b to?zg 87@3r § Oziﬁuf %qt\gljvr? ; r‘ﬁgﬁ{}ﬂ%niﬁgr\ﬂams 2.7 litres of

water are added4? 68LeHN-arrtEIRMliRlidne Mg o Q%QW@BMM% fitepereattand washed
with 2 litres of waiateftying istieféected ot CG6r incardvirg AtbinglurdetifieHEaboed, 2.8

5 litres of water are added to the reaction mixture and it is cooled to 25°C.
The product is filtered off, washed with 2 litres of water and dried at 70°C in
a drying cabinet under inertization.

Yield: 257.5 g (91% of theory)

10 c. 1-[(3-Cyanopyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y)-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

15 D-tartrate and 1.15 litres of N-methyl-2-pyrrolidone are initially charged in
the reactor. The reactor contents are heated to 140°C. After the
temperature has been attained, 478 mi (2.78 mol) of diisopropylethylamine
are metered in within 20 minutes and the reaction mixture is subsequently
stirred at 140°C for 2 hours. Subsequently, the reaction mixture is cooled to

20  75°C and diluted with 720 ml of methanol. Afterwards, 2.7 litres of water
are added at 68-60°C and the mixture is cooled to 25°C. The product is
filtered off and washed with 2 litres of water. Drying is effected at 70°C in a
drying cabinet under inertization.
The crude product thus obtained is subsequently stirred at boiling in 1 litre

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

Yield: 275 g (88% of theory)



The crude product thus obtained is subsequently stirred at boiling in 1 litre of methanol, hot-filtered,
washed with 200 ml of methanol and subsequently dried at 70C under inertization. Yield: 275 g (88%
of theory) 14 d. 14(3-cvanopyridin-2-Ornethy0-3-methyl-742-butyn-1-v1)-8-(3-(R)-
aminopiperidin-1-v1)-xanthine 1 0 N/ 1 CN\ 0 412.54 (0.733 mol) of
1-[(3-cyanopyridin-2-yOmethyl]-3- methyl -7- (2 butynl yl) -8-(3-(R)- phthallmldoplperldln 1-yl)-xanthine
are heated to %OQ | : .33 mol) are added
to the suspensior _ X o-at38=85C for a further 2
hours, in the c€ : g salds Haqnto solutlon Subsequently, the phases are separated. The
Cethanolamine phase is extracted thce Wlth warm toluene (1 litre each time). The combined toluene
phases are washeil twice with 2 litres each time of water at 7%-80C. The toluene phases are dried with
peqn!*nﬂy reduced to a vold

sodium sulphate, e of approx. 4307t by distillation under
reduced pressure: 1 litr, tert.-butyl methyl etQe reg in at. 50:55C and the
-5 T%Nrod t is Tsotated by filtration, Washpd yithntert.“putyl methyl
an arI&!ryln’ﬁ cabe—n:{z dield: 273 g N

mixture is then
N t NH

ether and dried a

o]

412.5 g (0.733 mol) of 1-[(3-cyanopyridin-2-yl)methyl]-3-methyl-7-(2-butyn-
1-y1)-8-(3-(R)-phthalimidopiperidin-1-yl)-xanthine are heated to 80°C in
4125 ml of toluene. Subsequently, 445 ml 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 ml
by distillation under reduced pressure. Subsequently, 1 litre of tert.-butyl
15  methyl ether is metered in at 50-55°C and the mixture is then cooled to 0-
5°C. The product is isolated by filtration, washed with tert.-butyl methyl
ether and dried at 60°C in a drying cabinet.

(82

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

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



23Melting point: 188 3C Analogously to Examples 2 and 3, 1-[(3-methylisoquinolin-1-yl)methy1]-3-
methyl-7-(2-butyn-1-y1)-8-((R)-3-aminopiperidin-1-y1)-xanthine is also prepared. Claims 1.Process for
preparing a compound of the general formula (I) or an enantiomer or salt thereof in which R1 is a
phenylcarbonylmethyl, benzyl, naphthylmethyl. pyrididylmethyl, pyrimidinylmethyl, quinolinyimethyl,
isoquinolinylmethyl, quinazolinylmethyl, quinoxalinylmethyl, naphthyridinylmethyl or
phenanthridinylmethyl group in which the aromatig:¢4;pgteroaromatic moiety is in each case mono- or
disubstituted by Ra, where the substituents may be the same or different and RE is a hydrogen,
fluorine, chlorine or bromine atom or a cyano, methyl, trifluoromethyl. ethyl, phenyl, methoxy,
difluoromethoxy! trifludropsesoigr Grepasiag @ agmpeund Riathadiealsraliienthiey(Bre bonded to
adjacent carbon atoms. may also be an -0-OH2-0- or -0-CH2-0H2-0- group, R2 is a methyl, ethyl,
propyl, isopropyl. cyciopropyl or phenyl groyp and R3 is a 2-buten-1-yl, 3-methy1-2-buten-1-yl,
2-butyn-1-yl, 2-fluorobenzyl, 2-chlorobenzy}j 2- broﬁmbenzyl 2Nbdobenzyl, 2-methylbenzyl.

2-(trifluoromethypbenzyl or 2-cyanoBén up.pcomprisiagéthe following synthesis steps: a) reaction
of a compound of the general formula (Ilf) 16
P g ﬁ l />—~N ()
o~ >N~ N
|
RZ

or an enantiomer or salt thereof

in which R' is a phenylcarbonyimethyl, benzyl, naphthyimethyl,
pyridinylmethyl, pyrimidinylmethyl, quinolinyimethyl,

10 isoquinolinyimethyl, quinazolinyimethy!, quinoxalinyimethyl,
naphthyridinylmethyl 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

et
w1

Rz Is a hydrogen, fluorine, chlorine or bromine atom or a cyano,
methyl, trifluoromethyl, ethyl, phenyl, methoxy, difluoromethoxy,
trifluoromethoxy or ethoxy group,

or two R; radicals, when they are bonded to adjacent carbon
atoms, may also be an -O-CH3-O- or -O-CH;-CH,-0- group,

e
(&

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

25 R’ is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yl,
2-fluorobenzyl, 2-chiorobenzyl, 2-bromobenzyl, 2-iodobenzyl,
2-methylbenzyl, 2-(trifluoromethyl)benzyl or 2-cyanobenzyl group,

comprising the following synthesis steps:

a) reaction of a compound of the general formula (l11)



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 (II) R2 1Cin which R to R3 are
each defined as mentioned above and c) optional cofversion to a physiologically tolerated salt.
Process according to Claim 1. in which X is a chlorine or bromine atom, R1 is a phenylcarbonylmethyl,
benzyl, naphthylmethyl, pyridinylmethyl, pyrimidinylmethyl, quinolinylmethyl, isoquinolinylmethyl,
quinazolinylmethyl, quinoxalinylmethyl or naphth¥fidinylmethyl group in which the aromatic or
heteroaromatic moiety is in each case rRG@e; or gisubstituted by R2, where the substituents may be
the same or different and 17 R, is a hydrogegj fluori hlorine atom or a cyano, methyl, ethyl,
methoxy or ethoxy group! R2 is a methyl, ethyl. propyl isop X cyclopropyl or phenyl group and R3
is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-bp%n-1- robenzyl, 2-chlorobenzyl, 2-bromobenzyl,
2-iodobenzyl, 2-methylbenzyl. 2-(trif|uor09ethyl) nzyl or 2-cyanobenzyl group. Process according to
Claim 2, in which X is a chlorine or bromine atom; 15 R1 is a cyanobenzyl, (cyanopyridinyl)methyl,
quinolinyimethyl, (methylquinolinyl)methyl, isoquiR8linylmethyl, (methylisoquinolinyhmethyl.
quinazolinylmethyl, (methylquinazolinyhmethyl, quinoxazinylmethyl,

in which X is a leaving group selected from the group of the

halogens or the sulphonic esters and
R" to R® are each defined as mentioned above with
3-(phthalimido)piperidine or an enantiomer thereof,

(@3]

b) deprotection of the thus obtained compound of the general
formula (l1)

o

0 ¥*E»I N
R2
10 in which R to R® are each defined as mentioned above and

c) optional conversion to a physiologically tolerated salt.

2. Process according to Claim 1, in which

=
(@3]

X is a chlorine or bromine atom,

R' is a phenylcarbonyimethyl, benzy!, naphthylmethyl,
pyridinylmethyl, pyrimidinyimethyl, quinolinylmethyl,
isoguinolinylmethyl, quinazolinylmethyl, quinoxalinylmethyl or

[N
(-

naphthyridinylmethyl 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



20(methylquinoxalinyl)methyl, (dimethylquinoxalinyl)methyl or naphthyridinylmethyl group, 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 groulf. 4.Process according to Claim 3, in which X is a
bromine atom, R1 is a (4-methylquinazolin-2-yl)met ﬂ (3-methylisoquinolin-1- y1)methyl or
(3-cyanopyridin-2-yl)methyl group, R2 is a methyl group and R3 is a 2-butyn-1-y1 group. Process
according to one of Claims 1 to 4, in which the reactant used in step a) is
(R)-3-(phthalimido)piperidipe, i nthesis steps:. a) reaction of rac-3-aminopiperidine in
suitable solvents with phthﬂgﬁiézS a%‘r?ﬂ%lf? Qghﬁﬁgflpgm%rvcgrﬁg{ %eﬁ?ﬂé%pﬂtﬁ%ﬂﬂd&%%éﬁidine from a
solution of the thus obtain8HYAdBRIRXY AEEAM@REEridine by means of addition of D-tartaric acid
and isolation of the precipitated tartrate. Process for preparing (S)-3-(phthalimido)piperidine,
comprising the following Rythesis, BeRsy| PASARTRLBISRGSHERIBIRTIBRRUiRlg solvents with

phthalic anhydride and
and

R is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yl,
2-fluorobenzyl, 2-chlorobenzyl, 2-bromobenzyl, 2-iodobenzyl,
10 2-methylbenzyl, 2-(trifluoromethyl)benzyl or 2-cyanobenzyl group.

3. Process according to Claim 2, in which

X is a chlorine or bromine atom,

[}
w

R"is a cyanobenzyl, (cyanopyridinyl)methyl, quinolinyimethy!,
(methyiquinolinyl)methyl, isoquinolinylimethyl,
(methylisoquinolinyl)methyl, quinazolinyimethyl,
(methylquinazolinyl)methyl, quinoxazinylmethyl,

20 (methylguinoxalinyl)methyl, (dimethylquinoxalinylymethyl or
naphthyridinyimethyl group,

R?is a methyl, cyclopropyl or phenyl group and

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

4 Process according to Claim 3, in which
X is a bromine atom,
30 R'isa (4-methylquinazolin-2-yl)methyl, (3-methylisoquinolin-1-
yl)methyl or (3-cyanopyridin-2-yl)methyl group,
R? is a methyl group and
R®is a 2-butyn-1-yl group.

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

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



b) removal 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
Ltartrate. Process for preparing (S)-3-(phthalimido)piperidine, comprising the following synthesis steps:
a) reaction of rac-3-aminopiperidine in suitable solugnts 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 ff D-t%rtaric ci% .%n ?i?)gl_ation of the precipitated tartrate and c) addition of

L-tartaric acid to the Rﬂg\% thinet rﬁoi & quior of the first salt precipitation and isolation of the

precipitated (S)-3- (phthalimido)piperidine tartrate. 19 10. (R)-3-(Phthaiimido)p peridine. 11.
(S)-3-(Phthalimido)piperidineak2iod @ patiBcsnoiht)si pensira farsuitableRdivents aftienantiomer
thereof, in which R1 to Rgrﬂﬁ%r‘r‘@%ﬁ%ﬁ%@r‘gﬁdn 10Claims 1 to 4, obtainable by the process according

to one of _
5

b) removal of the (R)-3-(phthaiimido)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.

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

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

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

20 tartrate.

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

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

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

30 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.

w
w

9. Process according to one of Claims 6 to 8, in which the solvent used
in step b) is ethanol.



Claims 1 to 5, or one of their salts. 11Medicament comprising a compound according to Claim 12 as
well as optionally one or more inert carriers and/or diluents. 14.Use of a compound according to Claim
12 for producing a medicament which is suitable for treating diabetes mellitus type | and type I,
prediabetes or reduction of glucose tolerance, arthriti§, obesity, allograft transplantation and
osteoporosis caused by 20calcitonin.

10.  (R)-3-(Phthalimido)piperidine.

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

5
12.  Compounds of the general formula
nF NH,
N N
o) I?l N
R2
or an enantiomer thereof, in which R to R® are each as defined in
10 Claims 1 to 4, obtainable by the process according to one of

Claims 1 to 5, or one of their salis.

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

b
o

14.  Use of a compound according to Claim 12 for producing a
medicament which is suitable for treating diabetes mellitus type |
and type |, prediabetes or reduction of glucose tolerance, arthritis,
obesity, allograft transplantation and osteoporosis caused by

20 calcitonin.



