1 Method for producing chiral 8-(3-amino-piperidin-1-yl)-xanthines Disclosed herein is an improved
process for preparing chiral 8-(3- aminopiperidin-1-yl)-xanthines, their enantiomers and their
physiologically 5 tolerated salts. In a first aspect, there is provided a process for preparing a
compound of the formula (I) 0 NH2 O N RA~~N~ (1) N N R2 10 or an enantiomer or salt thereof in
which R' is a phenylcarbonylmethyl, benzyl, naphthylmethyl, pyridinylmethyl, pyrimidinylmethyl,
quinolinylmethyl, 15 i inolinylmethyl, quinazolinylmethyl, quinoxaliny hyl, naphthyridinylmethyl
or phenanthridiny@ggﬁa%? G e @ﬁ?gﬁ%% Ea\'ﬁ?rgjé@(? f‘ﬁe?esbdg% éﬂéﬁiﬁé{?@m@%h case mono-
or disubstituted by Ra, where the substituents may be the same or different and 20 Ra is a hydrogen,
cyano, methyl, mﬁurafsuqqiazéi@ﬁ@)/émhwﬂvénqirm@ssif&w@mm@whtfﬁltgll(gmethoxy oé etgcgy
group, or two Ra.radicals. r nded t ' rbon atoms,,, m e an :0-CH2-O- or
oz cha B R S R S RS A RS DR R i and o
is a 2-buteh-1-yP'8atgeh§RSSouten-1-yl, 2-butyn-1-yl, 30 2-fluorobenzyl, 2-chlorobenzyl,
2-bromobenzyl, 2-iodobenzyl,

in a first aspect, there is provided a process for preparing a compound of
the formula (1)
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or an enantiomer or salt thereof

in which R' is a phenylcarbonyimethyl, benzyi, naphthylmethy!,
pyridinylmethyl, pyrimidinyimethyl, quinolinyimethy!,
isoquinolinylmethyl, guinazolinyimethyl, quinoxalinylmethyl,
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

—
£

20
Ra is a hydrogen, cyano, methyl, triflucromethyl, ethyl, phenyl,
methoxy, difluoromethoxy, trifluoromethoxy or ethoxy group,
or two R, radicals, that are bonded {o adjacent carbon atoms,
may aiso be an -0-CH3-0- or ~-O-CH»-CH»-O- group,
25
R?is a methyl, ethyl, propyl, isopropy!, cyclopropy! or phenyl group
and

R%is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yl,
30 2-fluorobenzyl, 2-chiorobenzyi, 2-bromobenzyl, 2-iodobenzyl,
2-methylbenzyl, 2-(trifluoromethylibenzyl or 2-cyanobenzyl group,



2-methylbenzyl, 2-(trifluoromethyl)benzyl or 2-cyanobenzyl group, la the process comprising: reacting
a compound of the formula (111) with 3-(phthalimido)piperidine or an enantiomer thereof O R3R1 N N
QN NIR2 5(ll) inwhich X is a leaving group selected from the group consisting of halogens,
phenyisulphonyloxy, p-toluenesulphonyloxy, methylsulphonyloxy and triffuoromethylsulphonyloxy, and
R1 to R3 are each defined as mentioned above to obtain a compound of 10 the formula (1) O Q R3 N
R1*N O N N Rz (ll) in which R1 to R3 are each defined as mentioned above; and deprotecting the
obtained compound ofi{he,fgrmu ieRtain the compound of formula (1). 15
8-(3-aminopiperidin-1-yl)-xanthines of the following general structure 0 NHZ R1~iNit (r) N |

reacting a compound of the formula (il with
3-(phthailimido)piperidine or an enantiomer thereof
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in which X is a leaving group selected from the group consisting of
halogens, phenylsulphonyioxy, p-toluenesuiphonyloxy,

methyisuiphonyloxy and trifluoromethyisulphonyloxy, and
R' to R® are each defined as mentioned above to obtain a compound of

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

8-(3-aminopiperidin-1-yl)-xanthines of the following general structure
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R=1b in which R'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 benzyl group or a straight-chain or branched alkenyl or alkinyl group are already
known from 5 the international applications WO 02/%68420 WO 04/018468, WO 04/018467, WO
2004/041820 and WO 2004/046148, in which comp tnds having valuable pharmacological properties
are described, which include in particular an inhibiting action on the activity of the enzyme

dipeptidylpepti; dgasgly Fﬁ'%beY)exTé?ﬁ Ieh %F@r%‘l §L9§§bﬂ§t§/d?% ﬁ\é%ﬂ% ?ti% &0 preventing or
treating disorders O[@é tes ﬁ% h[ ect ith.an incr P \Y/ a t|V|t [hICh can be
prevented or afRyIBRATbS-RIC ?ﬁ%{%ﬁaﬁ%ﬂ“g&mﬁy% R SRR & ks type 1 or
type Il, prediabgtespanéRicitofosfayanide. telectiznally W@MM@SW%@M erﬁeparatlon
process in WhI@ﬂrgr@atuéﬁhm@tp@wﬂehwwémhleeet&rﬁw@we@@yacﬁe@ bgnafepiresponding

tert.-butyl eriy 0 48427
PCT/EP2 5/0 Jfﬁ E % ég#} % wgﬁ@eﬁﬁkgg :| ; ré%h?syé%sc%ésg)fsg{?mpuntles which were
difficult to remdV 04§96 aly e 7 B Rt Bt 8 MEO R UHEG S AS alre WRishLREBM QY RRE protecting
group used. 5 Thgipoeakminaptnaretarolvgsial aipte totithed e deisaiipsd partaitonrafl 84S in
aminopiperidinglyl er?Fh RECALIPE MBACAMGRL BB sHidamands on purity.
Furthermore, t#aér{nlé@[fﬁ?tg |8ﬁ %Céa%/é)ntage that the regaratlonggmthe gr?gn ngge?l?ally pure
precursor 3- (te fase IV (DPP EV) Therefore compounds of this type are suitable for
10  preventing or treating disorders or states which are connected with an
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-
aminopiperidin-1-yl)-xanthines are prepared by deprotecting a
corresponding tert.-butyloxycarbonyl-protected derivative of the general
formuia (11).
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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 ks e1egess for the industrial preparation of enantieericpdyosunes711
8-(3-aminopiperid in-1-yl)-xanthines. 15 In the light af 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-l—y&- thines using readily obtainable
starting materials in high chemical anctgo optigal purity antf withiout great technical cost and
inconvenience. This novel process shfuld alsp be suitabl nthesis on the industrial scale and
thus for commercial applicatiort. Fhj ject.iplachieved-y the pibcess according to the invention for
25 preparing chiral 8-(3-aminopiperidin-1- I)-xja INes. Inwddition to high yield industrial
performance, very good chemica 0 urities,are/further advantages of the inventive synthetic
route. According to the process(Bf thj%;sent 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 2006/048427 PCT/EP2005/05%)11 3 20 to 160C; preferably
of 8 to 140C. The solvents used may, for example, be tetrahydrofuran (THF), dioxane,
N,N-dimethylformamide (DMF), dimethylacetamide (DMA), N-methyl-2-pyrrolidone (NMP) or dimethyl -

sulphoxide (DI\I/ISO : Preferesnce ingqi%zgn tQ usin NMﬁﬁiSH[tﬁg%J)entl\y tfé% 585%@algrl_}gﬁotecting group
is detached by Br %%85%0\%% S BELniE AR mg]tﬂo%’s are describe ,‘?or example,

by T.W. Green@iiustPpbacaice Gaupednaneharcedjihuiesis ey ProleringigeiResebr example
hydrazinedn etitaaqlfoEbBSWaREherefore 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 precursar 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-yt)-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 optical purity and without great technical cost and inconvenience. This
novel process should also be suitable for synthesis on the industrial scale
and thus for commercial application.

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

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

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



R\WNHNOR'/NO N />-XXOy)/~NONOiINR2R (U) () 1OR'IINH2 Ro'NN>NN 1(l) 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
phenylsulphonyiloxgopstoligangsulphonyloxy, methylsulphonyloxy or 15RfifluBrat@itiAstlighonyloxy
group, R1 is a phenylcarbonylmethyl, benzyl, naphthylmethyl, pyridinylmethyl, pyrimidinylmethyl,
quinolinylmethyl, isoquinolinylmethyl, quinazolinylmethyl, quinoxalinylmethyl, naphthyridinylmethyl! or
phenanthridin ngfhwg?%@ﬁﬁfﬁﬁaé)ﬁi@ﬁ% ﬁﬁ&?ﬁtiy&? REEFEH PSS RN el i S FR BRI case msijno-
or disubstituteisshye iR ywinefier dne SHFStidierts ey dy, Nediteatiodfendiffeitn{ DMB)R. is a hydrogen,

fluorine, chlorige,arRrprpine A5aM @AY AR/ MERVJFHIYRELS L g thivhdihgnyl. methoxy,
d|fluoromethox€/&;i trifluoro eth§x or ethoxy group, 2006/048427 PCT/EP2005/055711 4 or two

Ra radicals, wiklP %A kSeIB/ABERIEANER LRANINNY AISAHOS SR HED . or
-O-CH2-CH2-@hiralybp Risistmmangtbyh Ethighanfopy bispropgkesy sloprappeosphElessipttip and
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).
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10  Inthe abovementioned formulae,

Xis 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, methylsulphonyloxy or

15  trifluoromethylsulphonyloxy group,

R'is a phenylcarbonylmethyl, benzyl, naphthylmethyl, pyridinylmethyl,
pyrimidinylmethyl, quinolinylmethyl, isoquinolinylmethyl, quinazolinylmethyl,
quinoxalinyimethyl, naphthyridinylmethyl or phenanthridinylmethyl 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 a hydrogen, fluorine, chlorine or bromine atom or a cyano,
25 methyl, trifluoromethyl, ethyl, phenyl, methoxy, difluoromethoxy,
trifluaromethoxy or ethoxy group,



5 R3is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yl, 2-fluorobenzyl, 2-chlorobenzyl,
2-bromobenzyl, 2-iodobenzyl, 2-methylbenzyl, 2-(trifluoromethyl)benzyl or 2-cyanobenzyl group. 10
The process is preferable for those compounds in which X is a chlorine or bromine atom, R' is a
phenylcarbonymethybdiesngyt,/naphthylmethyl, pyridinylmethyl, 15 pyrimingPaetsydsgairtolinylmethyl,
isoquinolinylmethyl, quinazolinylmethyl, quinoxalinykmethyl or naphthyridinylmethyl group in which the
aromatic or heteroaromatic moiety is in each case mono- or disubstituted by Ra, where the
substituents may be idérivicaRorraficaiat WharpthRaasebeyuieddn atisrpel SREMEHACEdM or a

cyano, methyl, ethyl, maiheisy Gieetroxy-OiawD-R7 iDaChetiaH etwhmrany!, isopropyl, cyclopropyl or
phenyl group and 25 R3 is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yi, 2-fluorobenzyl,
2-chlorobenzyl, 2-bromobenzyl, 2-iodobenzyl, 2-methylbenzyl, 2-(trifluoromethyl)benzyl or

2-cyanobenzyl BrdSf TS Hoclad iP RN FiersPie FYF RGP KbAT A HWREANB0 X is a chlorine

or brominesatom, R' is a cyanobenzyl, (cyanopyridinyl)methyl, quinolinylmethyl,

(methy'qumo'i“F@ﬁ%%@biﬁ%ﬂu’iﬂﬁ]’MH?@WLZC'E‘@EQMU?%@Qﬂwfﬂ%ﬂ@éﬁ%}%@,‘inylmethw,
n

(methylquinazolinyl)methyl, quindxazinylmethyl, (methylquinoxali thyl
(dimethquuino}éﬁ%ﬁ %ﬂ%ﬁ&%&%}%ﬂ%{m@m@%@?ﬁﬁ»\2@%@%@&7 PCT/EP2005/055711
5 R2 is a methyZ-{¢5i8lopropytioy! premsyigoderancRenigy arbuen-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

compoun_ij B 1'[%5@ Ee)}r%%lgsuslr}gz&%r%é%%)g %tp t nlljse compounds in which

X is a chlorine or bromine atom,

R' is a phenylcarbonyimethyl, benzyl, naphthylmethyl, pyridinylmethyl,

15 pyrimidinylmethyl, quinolinyimethyl, isoquinolinyimethyl, quinazolinytmethyl,
quinoxalinyl-methyl or naphthyridinyimethyl group in which the aromatic or
heteroaromatic moiety is in each case mono- or disubstituted by Ra, where
the substituents may be identical or different and

20 Rz is a hydrogen, fluorine or chlorine atom or a cyano, methyl, ethyl,
methoxy or ethoxy group,

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

! 25  R%is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yi, 2-flucrobenzyl,
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, quinolinylmethyl,
(methylguinolinylmethyl, isoquinolinylmethyl, (methylisoquinolinyl)methyi,

35  quinazolinylmethyl, {(methylquinazolinylymethyl, quinoxazinylmethyl,
(methylquinoxalinyl)methyl, (dimethylquinoxaliny!)methyl or
naphthyridinyimethyl group,



3-methyl-7-(2-butyn-1-yl)-8-(3-(R)-aminopiperidin-1-yl)-xanthine,
1-[(3-methylisoquinolin-1-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-8-((R)-3- aminopiperidin-1-yl)-xanthine
and 1-[(3-cyanopiperidin-2-yl)methyl] 10 3-methyl-7-(2-butyn-1-yl)-8-(3-(R)-aminopiperidin-
i-yi)-xanthine, wheseok /s daromine. Preference is given in each case t@UIHRP2005/055711
(R)-3-(phthalimido)piperidine as a reagent. The pre&paration 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 Rtie mveeitivh AyclenrpryidesRepib 888RcR Meparing optically active
3-(phthalimido)piperidine. In this process, 3-aminopyridine is initially 20 hydrogenated by means of

processes knaqyn per.se. The thus.optained.ye ic 3:aminqpiperdinesis-thsn cenyerted to the
correspondinﬁﬁhaaﬁsrf%%tg %3; r#ééjcrig&%%ﬂ j?t Z[&?%pﬁhyaﬁﬁ?e. Thgz?(RO)w;’nantiomer can9 be precipitated
selectively outtsPReRRIIALR G BYEPRESHTY! &RWP phthalimide (IV) by means of D-tartaric acid. Itis
also possible to obtain the (S) 25 enantiomer of (IV) in a simple manner from the mother liquor of this

salt precipitatign by addingd-tariaiie AU Arasdg KRR honmaesof D-tartaric acid
still present in the mother liquor. This @);ér%ng%s siqrrilr)le enant'omfrirﬁlg(e n%['?glon of the compound of
the 30 formula3 (VS IRMUAHASHEND ThYekine iR THE P TR M2 teMiEBaE Fom the hydrogenation
reaction does fhet havethylsoquintdio-Heitrekindlforiethyufddsbutie i8S Mosks without any
problem even %ﬁh'&dr@%%‘iﬂaf -$HR8ndwna aﬂaitiomatbwwp@ﬁtﬁﬂtmammwiorrl;e of |
3-aminopiperidjne wit thalic anhydride Is surprising pe Singe, kding i dhesliterature (for
exampli S p(gfgh%,}(%"f:%g 5,"@giye%iéﬁﬁ%iaﬁﬁ?ﬁ?%rﬁgﬁrgs V)V?é%jﬁiié expectedI which, in
addition to theltfesivieg-product, comprise derivatives WO 2006/048427 PCT/EP2005/055711 6 in
which the ring nitrogen atom is acylated. O

Preference is given in each case to using (R)-3-(phthalimido)piperidine as

a reagent. The preparation of the compounds of the formula (ilf) 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)

| 25  enantiomer of (IV) in a simple manner from the mother liquor of this sait
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 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.

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



0)HN + 3HZ O HN O ~/z phthalic anhydride N NH2 NH2 O 3-aminopyddine rac-3-amfnopiperidine
e OHOH X To NN HO o O (R)-3-ph#halimidopiperidine tartate oa N RRHV)) O-(-)-tartaric acid O /5
The examples which follow will illustrate the invention in greater detail: Example 1 D-Tartaric acid salt
of the R enantivmenoéd<pithalimido)piperidine 10 a. Hydrogenation: NI Y/BR2AARE QB NH2
3-aminopiperidine rac-3-aminopiperidine 10.00 kg (L06.25 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 dRNBifimhe BagogesLAtRmRiS AR RIgHable 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 50C and 100 bar of hydrogen pressure until hydrogen uptake stops and WO 2006/048427
PCT/EP2005/055 7 1 1 7 post-hydrogenation is subsequ ntl ected at 50C for 30 minutes. The

-+ 3H
R/ \ M——z‘—» HN o
= phthalic anhydride N
NH,

NHZ o

3-aminopyridine rac-3-aminoplperidine

&

AR B-p‘xﬂaahmadopapendme tartrate
[(R}-v)]

D-{-}-tartaric acid

5  The examples which follow will ilustrate the invention in greater detail:

Example 1

D-Tartaric acid salt of the R enantiomer of 3-(phthalimido)piperidine
i0
a. Hydrogenation:

H
W \? s HN
NH,

3-aminopiperidine rac-3-aminopiperidine

NH,

10.00 kg (106.25 mol) of 3-aminopyridine, 500 g of technica_!—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



catalyst and the activated carbon are filtered off and washed with 10 litres of acetic acid. The product
solution is reacted further without purification. 5 The reaction also proceeds under less severe
pressures. b. Acylation 0 Ir HNQ HN,\ O O phthalic anhydride N NH2 O 15.74 kg (106.25 mol) of
phthalic anhydvide a0ednigadiyicharged in the 10 reactor and admixed VAHRAP Filivate I6Gnl the
hydrogenation. It is flushed in with 7.5 litres of aceti€ 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 readiieBtddidfeseRatikde syTRRaUeREY sflacacaiurditiddealBytigfer\Wihout
purification. 15cait@pticahtedw uidivaét Qerbdb atNijterdtNdf@nN wastBO¢hattalicekid
(R)-3-phthal im,ido piperiding fartsata KRB Aigdusio erirer i mRSut fukifidéiks of D(-)-tartaric
acid (74.38 mol) in 20 50 litres of absolute ethanol is metered into the acylation reaction solution at
90C. It is flushed in with 10 litres of absolute ethanol and stirred at 90C for 30 minutes, in the course
of which tlie protacteayiitallides. pifleeedplimgier less severe pressures.

b. Acylation

//
g]/ BN
R
0=

phthalic anhydride

¥

NH,

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

10 reactor and admixed with the filtrate from the hydrogenation. It is flushed in
with 7.5 litres of acetic acid and the reaction mixture is subsequently
heated 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.

15
c. Optical resolution

OH

¢ x TP
HN o HN
O Ho 5]
[

o N
D(-)-tartaric actd o=

4]

{R)-3-phthalimido-
piperidine tartrate

[(R)-1V)}

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.



to 5C, the product was centrifuged off and washed with absolute ethanol. WO 2006/048427
PCT/EP2005/055711 8 The product solution is reacted further without purification. d.
Recrvstallisation 5 The moist crude product is heated to reflux in a mixture of 50 litres of acetone and
90 litres of watarcquntiba/eefian has formed. Subsequently, the solutioP(8dd818d%0BC] in the course
of which the product crystallizes out. The suspensién is stirred at 5C for 30 minutes, 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 R @@RUsE SRRy easme furber Wit hBYRNGRIRE: 11.7-12.5 kg (29-31 % of
theory) Example 2 15 Synthesis of 1-[(4-methylquinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-yl)-

8-(3-(R)-aminogi%'!§£ é'té}{ug‘ét%mne a. 2-ChtoromethVI-4-methViguinazoline NH N ~CI\ (\N R CI

iN 0 10.00 kg {73: -aminoacetophenone are initially charged and 20 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 ghlofithe yditdketirgrdthect éabtateniaurilwaims optaiase. iftenigftemperature,
further hydroggp-gbleridadsdalaiated itbramakossinat o hne fisiaidel agkeisrg uamoynt, the mixture
is cooled to -1QC and hlanketing js continued. 25 Subs nt u i is left to stand
at-10C overnig'ﬂ? Sﬁ%%ﬂﬂib%%%é%?%g’_ ( g9 rﬁo?%f%%%ré‘épgg O?\%EP%J@&S%%? 0 161% dioxane is
added at -10C SWthiFheneusoEn STt ife8as st 6T fRNdd WitHtEHiddLINE LREREHE. Afterwards, the
reactor contentiseptafvgemest erdGinally washed with a mixture of 20 litres of acetone and
10 10 iitres 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

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

a. 2-Chloromethyl-4-methviquinazoline

N
N, ‘*.\\/Cl N\Y\C[
q( o : ;: =H

o]

10.00 kg (73.98 mo!) of 2-aminoacetophenone are initially charged and
s 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 cocled to -16°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 A further reactor is initially charged with a mixture of 122 litres of water and
62.04 kg (775.31 mol) of sodium hydroxide solution (50%) and cooled to
6°C. The reaction mixture from the first reactor is added in portions. The
internal temperature is not more than 11°C. Subsequently, the first reactor



and stirred for a further approx. 2 hours. 30 A further reactor is initially charged with a mixture of 122
litres of water and 62.04 kg (775.31 mol) of sodium hydroxide solution (50%) and cooled to 6C. The
reaction mixture from the first reactor is added in portions. The internal temperature is not more than
11 C. SubsequéftOtHeirSt2@actor WO 2006/048427 PCT/EP2005/05%VEPAG8 FI0shet! first with 6
litres of 1,4-dioxane and then with 6 litres of water. $he resulting suspension is stirred at 5C for a
further 30 minute roduc IS centrlfu ed off, washed with 41 |itres of water and dried at 35C in a
drying cabinet lf‘nleé? g%%’%{%ﬁ Viggs: oo’ 54ﬁ01%e(ﬁﬂ%§a,%rm ié(f)ir r8S1C)(€(‘i¥?1\t/f’t:‘,rthyIgU|
nazolin-2-yl)méthglkSsoititigy b s(Zbeiyn-is-stijred ropiOxtnthifigrber 30Hindes~TBe / INO N I N --N
N1 1010.00 kﬁrﬁﬁ’u@ﬁm}uﬂﬁﬁg@@@w radHaynth-¥h-RrRproxamthingd drdeket §8792 mol) of
2- chloromethyl -4-meth qw azollne 92 k %ai 02 mol) of anhydrous sodium carbonate and 30 litres
of N-methyl-2- yl’?o faore Gie' R t%n crh'g%qé Pllie reactor. The reactor contents are heated to 140C
and stirrecbat M@@fdﬁﬁhﬂ)@lf@; Kgf{gﬁtﬁ5°(eﬁéﬂaﬁpﬁ¥§b ended, the reaction 15 mixture is cooled to 80C
and diluted with 60 Iltres of 96% ethanol and subsequently at 70C with 55 litres of water. At 60C, 4.04
kg (67.32 mol) bof.; gala, ; v gy ' ‘ _f‘l~ e . The resulting
suspension is ed for a further 30 minutes.
Subsequently, m@%@&@o centnfuged off and washed first W|th a mixture of 20 litres of 96%
ethanol and 20 litres of water, then with 40 Ilfr‘{eﬁ‘f’%% ethanol and 40 litres, of v/\Lalﬁ/Drylng IS
ization

effected at 45C in_a dryii abinetunde&lf\f ization. ,, ., PR Lo
TRy [o1) HAN Ha GO, Ny N g
C\]%,;N + )\N | N/}—ar —_— ] P /}*CA\NIN%&
l

I

;

10 10.00 kg (33.66 mol) of 3-methyl-7-(2-butyn-1-yl)-8-bromoxanthine, 7.13 kg -
{37.02 mol) of 2-chloromethyl-4-methylquinazoline, 3.92 kg (37.02 mol) of
anhydrous sodium carbonate and 30 litres of N-methyl-2-pyrrolidone are
initially charged in the reactor. The reactor contents are heated to 140°C
and stirred at 140°C for 2 hours. After the reaction has ended, the reaction

15  mixture is cooled to 80°C and diluted with 60 litres of 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)

25

¢. 1-{{4-Methylquinazolin-2-ylimethyl]-3-methyl-7-(2-butyn-1-y1)-8-(3-(R)-
phthalimidopiperidin-1-yl)-xanthine

,N//l\ le ©/\f par
5%, -




Yield: 11.6-12.6 kg (76-83% of theory) 25 c. 1-f(4-Methylguinazolin-2-yl)methyll-3-methyl-7-(2-butyn-|
-yl)-8-(3-(R)- phthalimidopiperidin-I-yl)-xanthine 0 = O \NrN N\. Nom,iN /NO~NNNy/ O~h NN I
N N O WO 2006/048427 PCT/EP2005/055711 10 10.00 kg (22.06 mol) of
1-[(4-methylquipazaliws2ad)pethyl]-3-methyl-7-(2- butyn-1-yl)-8-bromoRaftAiR20AZ B k! (33.09 mol)
of 3- (phthalimido)piperidine D-tartrate and 17.5 litre& of N-methyl-2-pyrrolidone are initially charged in

the reactor. The reactor contents are heated to 5 140C. After the temperature has %e n attained,
11.41 kg (_88.zkpr_ﬁ?@lﬁ@f(%m&ﬁ)mﬁw@W%msfabéqu%ﬂr?\mﬁmﬁgwﬁﬁfm&ég% e'teed vessel is
flushed with 25 ijies oft NerbethybRapiiakdaaesaridttesroaation mfxdure is subsequently stirred at

140C for 2 hoygs, AMigrIe (eaclion 0. ended, e feas R B saplechArBR%Aed diuted with

80 litres of methanol.. e resulting suspension Is stirred at 50C for 30 minutes, then led to 23C
and stirred for%’%‘ﬂﬁ@rﬂE@%Fﬂﬁgﬁgﬂﬁs{@aﬁmﬁt&%ée&%t@ﬁ&qgt%ré tﬁf&gr%%a%?%t shed 3 1

: _ ) _ 7d washed 3 times
with 20 litres et @nAfténisthamobe Rryirghsetfectedtningd, ihladdniad EaBh & @h@ér inertization.

I'ﬁlj I\/lleztr?llz’&igg;(l% I@%ﬁgm%@relﬁaéltered in within 20 minutes. The feed vessel is '
S Vg R SN MG i A SRS Rk FBINgRIR itk d ) -xanthine o /
subsequently stirred at 140°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 resuiting suspension is stirred at 50°C for 30 minutes, then cooled to
23°C and stirred for a further 30 minutes. Subsequently, the product is
centrifuged off and washed 3 times with 20 litres 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-Methviguinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-1-y})-8-(3-(R)-
aminopiperidin-1-yi)-xanthine

9 = 0 =
4 e ¥,
=N O)\?;J N N O)\T N Ni ;NH

P
1800 kg (3 mol) of 1-[(4-methylquinazolin-2-yl)methyl]-3-methyl-7-(2-butyn-
) 20 1-yt)-8-(3-(R)-phthalimidopiperidin-1-yl)-xanthine are heated to 80-85°C in
i 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 ethano! and the hot soiution is
clarified by filtration through activated carbon. After the filtrate has been



C 0 ~N~N\ O NNN 0 JJIN..~~ttii i NHz O 1800 kg (3 mol) of
1-[(4-methylquinazolin-2-yl)methyl]-3-methyl-7-(2-butyn- 20
1-yD-8-(3-(R)-phthalimidopiperidin-1-yl)-xanthine are heated to 80-85C in 18 litres of toluene.

Subsequently 3@ 2Bdires 639 mol) of ethanolamine are added to the pyuspensionsaiss580C. To
complete the reaction, the mixture is stirred at 80-83C 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 tolueregd {nrd8 €aehdimp)staiizaiombrraabineiidspiitiges dpcdpublieethfvice with 8 litres

ea(;:h tirge of V\@i&ﬁﬁ%ﬁrﬁ%ﬁ JBqugl métiﬁ%}{l\l\%ﬂﬁaphﬁ@sagdiﬁr@%ﬁ teldeprR.ate g?m”ecll off under
reduce pressure fres R"éﬁf methy ether dzrlgd‘sgpté)q sulting suspension
ERRE TGRSR

and subsequen 'Iy c00 ?eo‘?to € pro duct s |so ration, washe with tert.-butyl
methyl ether ¥EGWIRBNIBECRRBtMOist crude substance is subsequently heated to reflux with 5
times the @mount of absolute ethanol and the hot solution is clarified by filtration through activated

carbon. After t tr %ﬁ 8427 PCT/EP2005/055711 11 cooled to 20C and
W H qttfa‘/‘t@sé%éllu éd tof’f&%QJ

crystallization has setin, i 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 dryindAdiiivestve Misbe:s$ 14 sf¢B8312% of theory) Alternative process for step d: 1400 g (2.32

mol) of 1-[(4-meihylguinazoiisB-¥h g rla]]th YRR LS BLE- i)methyl] -3- methyi -7-(2-
and subds ﬁr@ﬁﬁﬁ@%#”@f@feﬂé% it e%wl?'“‘"‘"é L iy oo
ethanolamine #ré-. %&@étﬁﬂﬂhﬁdmﬁpf@tﬁsw mmmé@théfﬁé%d:ﬁ@@&@rﬁ}xture is stirred at
3 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 1 of methylcyclohexane are added at
65-75°C, in the course of which the product crystallizes. The suspension is
stirred at 15-25°C for 8-16 h and subsequently cooled to 0-5°C. The
product is isolated by filtration, washed with 4.2 | of m'ethyicyclohexane,
) 25  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.

Yield: 899 g (81.9% of theory)
35



60-63C for a further 3 hours. 15 Subsequently, 619 ml of 45% sodium hydroxide solution and 3.85 1 of
water are added and the mixture is stirred at 55-65C 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 phasevgovaabwdawith72.8 | of water at 55-65C and 20 subsequeGtyHRROOGEE Fridm the
organic phase, 4.2 | are distilled off under reducedipressure. Subsequently, 1.4 | of
methylcyclohexane are added at 65-75C, in the course of which the product crystallizes. The
suspension is Exaraglaf15-25C for 8-16 h and subsequently cooled to 0-5C. The product is isolated
by filtration, Washed with 4.2 1 of methylcyclohexane 25 suction-dried and dried at 35C under reduced

pressure. The | I th 5 times the amount
of methanol, aft ate carggl%s ?d ﬂﬁwg Upemsbﬂ%ed% 5 fﬂﬁ)im

e m|x ure is filtered. The filtrate is reduced to a volume

of 1.5 | by di C 2 ed-to four times
the 30 volume with tert butyl methyl ether The suspension is cooled to O- SC stlrred for 2 hours,
filtered with sugtlgrb iyl Spgthykether and dried at 35C in a vacuum drying cabinet.
Yield: 899 g (8 W

0484727 PCT/EP2005/055711,12 Exam,
1-[(3- Cyaﬁopy iallf %/ ff WY 33}%\@ @?ﬁ?rt&%@bﬁiﬁeﬂcﬁd‘?a}%ianthme a.
3-Cyano-2- (chtcgﬂﬁahwwp?ﬁfdlml Bﬁ,@%@?@%ﬁﬁw@m&@ﬂ@hﬁ@fpilmnécarboxamlde are

heated togeth?hwma%ﬂaM%t@@@&@d&%ﬁ&wm&%me%@réubeuauéfhﬁyreactlon mixture is
cooled to room %}e erature and subse uentl wa Iro %\{v&e%%@{?pn% %%% ml of water at 50-60C.

After the phosp orus%%“h?on&e%ﬁ)gg%een , the mixture’s ‘Neutralized
phosphorus oxychloride has been hydroiyzed 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 mi of water and
subsequently dried at 35-40°C.

Yield: 122.6 g (82% of theory)

15 Variant to process step a: 3-cyano-2-(chioromethyl)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 mi 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-Cyanopyridin-2-ylymethyll-3-methyl-7-(2-butyn-1-yI}-8-
bromoxanthine

N
N Q /%’ ii o =z
S N e
" o T N 2N OJ\T N/

Cl

30
202 g (0.68 mol) of 3-methyl-7-(2-butyn-1-yl}-8-bromoxanthine, 188.5 ¢
(1.36 mol) of anhydrous potassium carbonate and 1.68 litres of N-methyl-2-



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 35-40C. Yield: 122.6 g (82% of
theory) 15 Variant to process step a: 3-cyano-2-(chloromethyl)pyridine 20.0 g (131.45 mmol) of
2-hydroxymethy3-pyridiagearboxamide are suspended in 110 ml of agétdriiiriteétfiobieated to 78C.
Within 15 minutes, 60.65 g (395.52 mmol) of phosgfiorus oxychloride are metered in and the mixture
is heated to 81 C for 2 hours. After cooling at 22C, the reaction 20 mixture is stirred into 200 ml of

water at 40C. A¥&iclidona dRdNHY KAFE9eddn HtueR i AdihrAteddarAised with sodium
hydroxide solutiubuéduaelint AgopraatmsepRation thectihghdicydasgyisdivesired with 100 ml of
water. Remov Il 1SE [ I ssure gives
fise nitially (o ?ﬁ?éﬁ"ﬁéﬁ%@@%&ﬂ?ﬁ?‘?ﬁ?@’Qﬁi@“ﬂ%ﬁ%’ﬁﬁ%ﬁ%ﬁ%ﬁ’%%ﬁ”g\s%%%d%‘?iheory) b
1-r(3-Cyanopyﬁ‘r&mf-%ﬂ§ﬁ)ﬁ{&ﬁyﬂ‘i@%@ét’ﬁ%-é-f&f-ﬂl?t%’-‘ir-%ﬁét% SRARRRORF ARierad 802 9 (0.68
mol) of 3-rheth)ikdg 2bubteriayd) Sddeshtoxhethimetiv88yHxju(d.36chibiy obardy tirélis Gotassium

carbonate and +48isas&f N RSB AR A0 I8 42T RE HERALPENS &ed At ¥8yiFolidone are
initially charged IH the rea%tor ind heated to 70C. Subsequently, 119 g (0.75 mol) of

2-ch|oromethyl§’3-5¥/5}%ﬁ§ 1oiis Lfdeﬁﬁqﬁ{_lnéfjf\'EFﬁethyl-z-pyrrolidine (NMP) are added dropwise. The
reactor conten@elee 2B SdmptNoe ediheohnurs. After the reaction has ended, 2.8 5 litres of water are
added to the reaction mixture and it is cooled to 25C. The product is filtered off, washed with 2 litres of

-water and dried.af 20C 3 diving cabinet Wpder INGIIARHoN 2-butyr-1-y1)-8-(3-(R)-
phthalimidopiperidin-1-yi}-xanthine
g 0 //5«/ g/ 0 f?;/
N N EN N
| ZN oj\)NIIN)_BF T | N oj\i‘IN}“NCz o]
f | %
[
230 g (0.557 mol) of 1-[(3-cyanopyridin-2-yl)ymethyl}-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 ml (2.78 mol) of diisopropylethylamine
are metered in within 20 minutes and the reaction mixiure 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 mi of methanol and
subsequently dried at 70°C under inertization.

Yield: 275 g (88% of theory)

30



Yield: 257.5 g (91 % of theory) 10 c.
1-f(3-Cyanopyridin-2-yi)methyil-3-met"hrvi-7-(2-butyn-Il-yi)-8-(3-(R)-
phthalimidopiperidin-1-yl)-xanthine Noo ,NjN>rliN,NNAOiINOiN ~~~~~~ NO O\1230¢g
(0.557 mol) of $x{§320yamapyridin-2-yl)methyl]-3-methyl-7-(2-butyn-1- yEIedREEAHNNE] 318 g
(0.835 mol) of 3-(phthalimido)piperidine 15 D-tartraiet and 1.15 litres of N-methyl-2-pyrrolidone are
initially charged in the reactor The reactor contents are heated . 1e temperature has
been attained, 478} B0k SRS DYk (ke GAHI 2D minutes and the
reaction m|xtur§ﬁ§rﬁym§@ﬂuennlwl$miadmtel40c for 2 hours. Subsequently, the reaction mixture is
cooled to 20 75C and diluted with 720 ml of methanol. Afterwards, 2.7 litres of water are added at
68-60C and the mpjgture is cooled to 25C. The product is filtepe¢d off and washed with 2 litres of water.
Drying is effected t70cina dryi Inet under inertizatioft. The crigde pr us obtained is

at hoiling in X litre of methanol, hot-filtered, waghed,with ml of methanol
70 u@e&@zaﬁeﬂ.—%@m: 276 g (B8of th o%ﬁ% 2006/048427
PCT/EP2005/05 rCyanepyridin-g-yl)methyll- <T(2-btyn-13%)3-(3-(R)-
aminopiperidin-1-yi)-xanthing N rN N N~/ N\../ooIN I NH,

0O

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

4425 ml of toluene. Subsequently, 445 mi of ethanolamine (7.33 mol} are
added to the suspension at 75-80°C. To complete the reaction, the mixture
is stirred at 80-85°C for a further 2 hours, in the course of which the solids
go into solution. Subsequently, the phases are separated. The

10  ethanolamine phase is 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.-butyi

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.

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

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

25



N NN2 0412.5 g (0.733 mol) of 1-[(3-cyanopyridin-2-yl)methyl]-3-methyl-7-(2-butyn- 5 1
-yl)-8-(3-(R)-phtha limidopi perid in-1 -yl)-xa nth ine are heated to 80C in 4125 ml of toluene.
Subsequently, 445 ml of ethanolamine (7.33 mol) are added to the suspension at 75-80C. To
complete the reaction, the mixture is stirred at 80-85& 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 ti%e .. The combined toluene phases are washed twice
with 2 litres each time of water at 75-80C. The to HB%hases are dried with sodium sulphate, filtered
and subsequently reduced to a volume of approx. 430 ml by distillation under reduced pressure.
Subsequently, { litre obigit=BsItdr IRdpaHNY atheis Mmpleedie a6pARed)and the mixture is then
cooled to O0- 5C. The product is isolated by filtration, washed with tert.-butyl methyl ether and dried at
60C in a drying cabinet. Yield: 273 g (86% of theory) 20 Melting point: 188 3C Analogously to
Examples 2 and 3, 1-[(3-methylisoquinoli -yI)m?ﬁyl]—S- NH

methyl-7-(2-butyn-1-yl)-8-((R)-3-anpnopipelidin-1:yl)-xanthi is also prepared. 25 15 Claims 1
Process for preparing a compoun%for

§§:) 03 NHR C}N NI 5 or an enantiomer or salt
thereof in which R1 is a phenylcarbonylineth zyl,

b aphthylmettiyl} pyridinylmethyl,
pyrimidinylmethyl, quinolinylmethyl, & N N

RZ

L

or an enantiomer or salt thereof

in which R' is a phenylcarbonylmethyl, benzyl, naphthylmethyt,
pyridinyimethyl, pyrimidinyimethy!, guinolinyimethyi,

10 isoquinolinylmethyl, quinazolinyimethyl, guinoxalinyimethyl,
naphthyridinyimethyl or phenanthridinylmethyl group in which the
aromatic or heteroaromatic moiety is in each case mono- or
disubstituted by R,, where the substituenis may be the same or
different and

15
R. is & hydrogen, cyano, methyi, triffluoromethy!, ethyl, phenyl,
methoxy, difluoromethoxy, trifiuoromethoxy or ethoxy group,
or two R; radicals, that are bonded to adjacent carbon atoms,
may alsc be an -O-CH;-0- or -O-CH,-CH,-0- group,

20

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

R?is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yl,
25 2-fluorobenzyt, 2-chlorobenzyl, 2-bromobenzyl, 2-iodobenzyl,
2-methylbenzyl, 2-(triffluoromethylibenzyl or 2-cyanobenzyl group,

the process comprising:

30 reacting a compound of the formula (lil) with
3-(phthalimido)piperidine or an enantiomer thereof



10 isoquinolinylmethyl, quinazolinyimethyl, quinoxalinylmethyl, naphthyridinylmethyl or
phenanthridinylmethyl group in which the aromatic or heteroaromatic moiety is in each case mono- or
disubstituted by Ra, where the substituents may be the same or different and 15 Ra is a hydrogen,
cyano, methyl, trifluoromethyl, ethyl, phenyl, methoxy, difluoromethoxy, trifluoromethoxy or ethoxy
group, or two Ra radicals, that are bonded to adjacent carbon atoms, may also be an -O-CH2-O- or
-O-CH2-CHZz-0O- group, 20 R2 is a methyl, ethyl, propyl, isopropyl, cyclopropyl or phenyl group and
R3 is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-béiyn-1-yl, & 2-fluorobenzyl, 2-chlorobenzyl,
2-bromobenzyl, 2-iodobenzyl, 2-meth¥¥qenzyl, (trifluorpmethyl)benzyl or 2-cyanobenzyl group, the

process comprising: 30 reacting a compoln the f la (1ll) with 3-(phthalimido)piperidine or an
enantiomer thereof 16 0 R3 | (lll) in whichX is a lgavin selected from the group consisting of
halogens, phenylsulphonyloxy, p-toluenes onyl ethylsulphonyloxy and
trifluoromethylsulphonyloxy, and 5 R' to 83 are BAch deffhed as mentioned above to obtain a

compound of the formula (Il O~ O R3 N R2 t
R2
(It
in which X is a leaving group seiected from the group consisting of
halogens, phenyisulphonyloxy, p-toluenesuiphonyloxy,
methyisulphonyloxy and trifluoromethylsutphonyloxy, and
5 R’ to R® are each defined as mentioned above to obtain a compound of

Q
o 2
O R? N
R, N 0
O
¢ :Es N ,

R? )

the formula (i1}

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

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

15 3. Process according to Claim 1, in which
X is chiorine or bromine,
R' is a phenylcarbonyimethyl, benzyl, naphthylmethy!, pyridinylmethyl,
pyrimidinyimethyl, quinoiinylmethy!, isoquinolinylimethyl,
quinazolinyimethyl, quinoxalinylmethyl or naphthyridinyimethyl group in
20 which the aromatic or heteroaromatic moiety is in each case mono- or
disubstituted by R,, where the



(I in which R' to R3 are each defined as mentioned above; and deprotecting the obtained compound
of the formula (II) to obtain the compound of 10 formula (1). 2. The process according to claim 1,
further comprising converting the compound of formula (l) to a physiologically tolerated salt. 15 3.
Process according to Claim 1, in which Xis chloring-pr bromine, R1 is a phenylcarbonylmethyl,
benzyl, naphthylmethyl, pyridinylmethyl, pyrimidinylmethyl, quinolinylmethyl, isoquinolinylmethyl,
quinozolinylmeth I,&uinoxalinylmethyl or naphth thyl group in 20 which the aromatic or

ridinylme
heteroaromatic® Y501R Bashae iR of %ﬂﬁgﬁfﬁgﬁ@ by R, where the 17 substituents may be

the same or different and R. is a hydrogen, cyano, methyl, ethyl, methoxy or ethoxy group, 5 R2 is a

methyl, ethyl, propyl, isopp@ﬂg,é:y,?@,%@b{l @&%W&ﬁ%ﬁ’%}tﬁgfj ﬁ%ﬂﬁ@gm%;@yi,

3-methyl-2-buten-1-yi, 2-butyn-1-yl, 10 2-fluorobenz I 2 uve v enzy , rymC cozy , 2-touv cnzyl,
2-methylbenzyl, 2-(trif|uor8 é‘ﬁwl)benzyl or 2-cyanobenzyl group. 4. Process according to Claim 1, in
which 15 X is chlorine or bromine, R1 is a cyanobenzyl, (cyanopyridinyl)methyl, quinolinylmethyl,

(methylquinoliny) metkidsaritalinysmsingropneisytirosyinalapprpinybr@Haagolripethyl, 20
(methquuinazolinyl)maeyag/l, guinoxazinylmethyl, (methylquinoxaiinyl)methyl,
(dimethylquinoxalinyl)méethyl or

R? is a 2-buten-1-yi, 3-methyl-2-buten-1-y!, 2-butyn-1-yl,
10 2-fluorobenzyl, 2-chiorobenzyl, 2-bromobenzyl, 2-icdobenzyi,
2-methylbenzyl, 2-(trifluoromethyl)benzyi or 2-cyanobenzyl group.

4. Process according to Claim 1, in which
15 X is chiorine or bromine,

R'isa cyanobenzyl, {cyanopyridinyl)methyl, quinclinylmethyl,
(methyigquinolinyl)methyl, isoquinoilinylmethyl,
{methylisoguinolinyl)methyl, guinazolinylmethyl,

20 {methylguinazolinylymethyl, guinoxazinylmethyl,
{methylguinoxalinyimethyi, (dimethylquinoxalinytymethyl or
naphthyridinyimethyl group,

R? is a methyl, cyclopropyi or pheny! group and

R*is a 2-buten-1-yl, 3-methyl-2-buten-1-yl, 2-butyn-1-yl, 2-
chiorobenzyl, 2-bromobenzyt or 2-cyanobenzyt group.

5. Process according to Claim 1, in which
30 X is bromine,
R' is a (4-methylquinazolin-2-yhmethyl, (3-methylisoguinolin-1-
ybhmethy! or (3-cyanopyridin-2-yl)methy! group,
R? is a methyl group and
R®is a 2-butyn-1-yl group.
35
6. Process according to Claim 1, in which the compound of the formula
{Il) is reacted with (R}-3-(phthalimido)piperidine.



naphthyridinylmethyl group, R2 is a methyl, cyclopropyl or phenyl group and 25 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.
Process according to Claim 1, in which 30 X is bromine, R1 is a (4-methylquinazolin-2-yl)methyl,
(3-methylisoquinolin-1- yl)ymethyl or (3-cyanopyridini®&-yl)methyl group, R2 is a methyl group and R3 is
a 2-butyn-1-yl group. 35 6. Process according to Claim 1, in which the compound of the formula (lII)

is reacted with (R)-3-(phthalimido)piperidjne. 18 i7 The process corci to claim 1, wherein X is a
leaving group elected TR PHE 61&% ihGBMdio gﬁge@ H& Pre é@%ga%c%tf'alng to claim 5,

wherein said 3-(phthaseteiteddypmetidingsds gR P 8ptiteatifiadygpesidine. 9. The process according to
claim 1, wherein X is bromine, R'is a (4- methquuinazolin -2-yl)methyl group, 10 R2 is a methyl group,

and R3 is a 2-Qutyn-1- roup 10. The rocess accordin to clai n sald 3-(phthal-
imido)piperidin€’is (R)ﬁé-% elsn% 88%) pen%lne f 3?ﬁl’em?‘o'?cg%]s acfé?}gn ing to claim 10, wherein
the solutioh further cdiﬁiéﬁ%@@@él@ﬁ@tﬁﬂ ﬁ?@tﬁy{@lﬂ'@ifmfﬂpfpeﬂdme

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

10.  The process according fo claim 9, wherein said 3-(phthal-
imido)piperidine is (R}-3-(phthalimido)piperidine.

11.  The process according to claim 10, wherein the solution further
comprises tert-butyl methyl ether.

20



