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-I- Method for producing annelated piperazin-2-one derivatives and
intermediates of said method 5 The invention relates to a process for
preparing fused piperazin-2-one derivatives of general formula (1) Rz H
N O R5R14ziR4 (~) R3 10 wherein the groups R' to R5 have the
meanings given in the claims and specification, particularly a process for
preparing 7,8-dihydro-SH-pteridin-6-one derivatives. Background to the
invention 15 Pteridinone derivatives are known from the prior art as active
substances with an antiproliferative activity. WO 03/020722 describes the

use of dihydropteridinone .derivatives for the treatment of tumoral.
eens R SRR T RN R DD 2 orte dER¥itives and
7,8-Dihydro-5H-pteridin-6ypRederyativesrafformda, () are important

intermediate products in the synthesis of these active substances. Up till
now they have been prepared using methods involving reduction of nitro

compayods.ptipnmula b bslow. whidhledto.siangly colomed Hraguet o

mixtures and required laborious working up and purification processes.
2820903 JBrIBE0)describes the catalytic hydrogenation of nitro
compounds using noble

R2
N
__ AN 05
Az 3
R1 Ag T R4
H =

wherein the groups R' to R® have the meanings given in the claims and specification,

particularly a process for preparing 7,8-dihydro-5H-pteridin-6-one derivatives.

Backeround to the invention

Pteridinone derivatives are known from the prior art as active substances with an
antiproliferative activity. WO 03/020722 describes the use of dihydropteridinone

derivatives for the treatment of turnoral diseases and processes for preparing them.

7,8-Dihydro-5H-pteridin-6-one derivatives of formula (1) are important intermediate
products in the synthesis of these active substances. Up till now they have been

prepared using methods involving reduction of mitro compounds of formula (II) below,

which Ied to strongly coloured product mixtures and required iaborious working up and

purification processes.

WO 96/36597 describes the catalytic hydrogenation of nitro compounds using noble
metal catalysts with the addition of a vanadiumn compound, while disclosing as end

products free amines, but no lactams.
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metal catalysts with the addition of a vanadium compound, while -
disclosing as end products free amines, but no lactams. -2 The aim of
the present invention is to provide an improved process for preparing
compounds of formula (1), particularly 7 8-dihydro-SH-pteridin-6-one

ILvatllvedc,f hDetalleo% desch tlon of the.i ventlon 5 The present invention

o dRE ARSI %%dﬁ?’ﬁ&ﬂ R56VR Y YE AL tRBI SrEprpRssiGngrepanng
coammmmnlls of formida(()) petcrbed Agrdingtier- SThpdnvantamshlsivelates
to a process for preparing compounds of general formulal 10 R2H N O
ARS R A2 N R4 R3 (I) wherein 15 R' denotes a group selected from the

oeiptegriistiiniol prine, bromine, methanesulphonyl,
ethanesulphonyl trlfluoromethanesuIphonyl para- toluenesulphonyl,
CH3S(=0)- and phenyls(=0) R22 denotes hydrogen or Ci-C3-alkyl, R3
dERGESHPHIBYEHI O 2yt ihr serbleay sraimed@tiroupy cbnsisting of synthesising
Optigin 20 stbsititey felcfbed-alkuinGRC12-alkenyl, C2-C12-alkynyl
and C6-C14-aryl, or a group selected from the group consisting of
optionally substituted and/or bridged C3-C12-cycloalkyl,

C3ie i2aytionlken yt£2-C hpobis Yolopdkyhring «chdounds of general formula I

R? PI-E
L L
= R
R N 4
A, R

=

M

wherein

R denotes a group selected from the group consisting of chiorine, fluorine,
bromine, methanesulphonyl, ethanesulphonyl, trifluoromethanesulphonyl, para-
toluenesulphonyl, CH;3(=0)- and phenyl5(=0}-

R denotes hydrogen or Cy-Cs-alkyl,

R? denotes hydrogen or a group selected from the group consisting of optionally
substituted C;-Cyz-alkyl, Cp-Crz-alkenyi, Co-Cys-alkynyl and Cg-Cyg-aryl, or
a group selected from the group consisting of optionally substituted and/or
bridged C3-Cra-cycloalkyl, C3-Ciz-cycloalkenyl, Cr-Ciz-polyeycloalkyl, Co-Coo-
potycycloalkenyl, Cs-Cyz-spirocycloalkyt and saturated or unsaturated
C3-Cya-heterocycloalkyl, which contains 1 to 2 heteroatoms,

R, R® which may be identical or different denote hydrogen or optionally substituted

-Cg-alikyl, or

R*and R® together denote a 2- to 5-membered alkyl bridge which may contain 1 to 2
heteroatoms, or

R?and R or R and R’ together denote a saturated or unsaturated C;-Cy-alkyl bridge,

which may optionally contain 1 heteroatom,
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polycycloalkenyl, CS-C12-spirocycloalkyl ahd saturated or unsaturated
C3-C12-heterocycloalkyl, which contains 1 to 2 heteroatoms, 25 R4, R5
which maybe identical or different dengte hydrogen or optionally
substituted C1-C6-alkyl, or R4 and R5 together denote a 2- to
Sunembered alkyl bridge which may contain | to 2 heteroatoms, or R4

nd R3 or R5 and R3 t ether dengte a saturated or unsaturated
R A e e T e
A, e dbAZwinholmhay fendéntical or different represent -CH= or -N=,
preferably -N=, in which a compound of formula Il RZ AINOZ O s OAR
RA2NJ-IR3R4tR5 (H) wherein 10 R-RS and Ai, A2 have the stated
meaning and R6 denotes Ci-C4-glkyl, a) is hydrogenated with hydrogen
in the presence of a hydrogenatio catalx t and b) a copper, iron or
vanadium compound is addegz{ i e@scg) and b) may take place
simultaneously or successwe)/“\

wherein

RY“R® and Ay, Ay have the stated meaning and

R® denotes Cy~Cq-alkyl,

a) is hydrogenated with hydrogen in the presence of a hydrogenation catalyst and
b} a copper, iron or vanadium compound is added,

in which steps a) and b) may take place simultaneously or successively.

In a preferred process, the hydrogenation of the compound of formula 11 is carried out
directly in the presence of the hydrogenation catalyst and the copper, iron or vanadium

compound to form the compound of formula I

In a particularly preferred process, after the first hydrogenation step a), first of all the

intermediate product of formula Il is obtained, which may optionally be isolated,

=8 o
YL
:
— R
R1/l\A2 ZEE 4
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15 In a preferred process, the hydrogenation of the compound of formula
Il'is carried out directly in the presence of the hydrogenation catalyst and
the copper, iron or vanadium compoynd to form the compound of formula
I. 20 In a particularly preferred process, after the first hydrogenation step
and fieshed alkihe r&@%M@@mﬂwbm f@ra&bganati&abt@mohxwfaiebpper,

I ti be isolat ZOHNTo Rs_.RA2NR4 R3 25 (lll) -4
gﬁ?‘?ﬂ Io?ﬁia‘[’fﬁ{tﬁg#%g)d%géﬁ ﬁ?ﬁ% Pregs ﬁ%% %?fg Fo§enation C:Elta)lyst

and a copper, iron or vanadium compound to form a compound of
formulal R2HN O RS R A2 N R4 ,R3 5 () Also preferred is a process in
which the hydrogenation catalyst i3 seleGted from the group consisting of
rhodium, ruthenium, iridium, plati , dium@ and nickel, 10 preferably
platinum, palladium and Ran cke Plati um is particularly preferred.
Platinum may be used in met 8 form as platinum oxide
on carriers such as e.g. a&vated%arc&él siion dioxide, aluminium
oxide, calcium carbonate, calcium phospfiate, caIC|um sulphate, barium
sulphate, titanium dioxide, magnesium

()

Also preferred is a process in which the hydrogenation catalyst is selected from the
group consisting of rhodium, ruthenium, iridium, platinum, palladium and nickel,
preferably platinum, palladium and Raney nickel. Platinum is particularly preferred.
Platinum may be used in metallic form or oxidised form as platinum oxide on carriers
such as é‘g. activated charcoal, silicon dioxide, aluminium oxide, calcium carbonate,
calcium phosphate, calcium sulphate, barium sulphate, titanjum ciioxide, magnesium
oxide, iron oxide, lead oxide, lead sulphate or lead carbonate and optionally additionally
doped with sulphur or lead. The preferred carrier material is activated charcoal, silicon

dioxide or aluminium oxide.

Preferred copper compounds are compounds in which copper assumes oxidation states I
or I, for example the halides of copper such as e.g. CuCl, CuCl,, CuBr, CuBry, Cul or
CuS0Q4. Preferred iron compounds are compounds wherein iron assumes oxidation
states II or I, for example the halides of iron such as e.. g. FeCls, FeCl;, FeBr, FeBrs,
FeF, or other iron compounds such as e.g. FeSO4, FePOy of Fe(acac),.

Preferred vanadium compounds are compounds wherein vanadium assumes the
oxidation states 0, II, III, TV or V, for example inorganic or organic compounds or
complexes such as e.g. VO3, V20s, V204, NasVOy, NaV0;, NH,VO;, VOCh, VOC,
V0OS0Qy4, VCly, VCls, vanadium oxobis(1-phenyl-1,3-butanedionate), vanadium
oxotriisopropoxide, vanadium(Iif)acetylacetonate [V{acac)i] or '
vanadium(IV)oxyacetylacetonate [VO{acac),]. Vanadium(IV)oxyacetylacetonate

[VO(acac),] is particularly preferred
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oxide, iron oxide, lead oxide, lead sulphate or lead carbonate and
optionally additionally 15 doped with sulphur or lead. The preferred carer
material is activated charcoal, silicon dioxide or aluminium oxide.
Preferred copper compounds are comfmunds in which copper assumes

%%%%@g’&%%’ﬁ%ﬁ QhAbiOl EXAPIRIR e, nal %éd%ﬁt%%?ﬁ’ﬁ%%ﬁcﬁ 82 Sefht of the

uC12, CuBr, CuBr2, Cul or 20"CuS0O4. Preterred iron' compounds
hirérepnpbumersafiticie foroatBosifesigkidatib als ttesgg iiHeps preferred.
example the halides of iron such as e.g. FeC12, FeC13, FeBr2, FeBr3,
FeF2 or other iron compounds such as e.g. FeSO4, FePO4 or Fe(acac)2.
plrerrderaiadinresniPs i 4RSS WHERaRFvARACTAYH yst 1S

BESHNES. theydodidation siade sk, holM Qs \éofap RXaArperiAerY ACL9Ed.
organic compounds or 25 complexes such as e.g. V203, V205, V204,
Na4VvO4, NavVO3, NH4VO3, VOCI2, VOCI3, VOSO04, VCI2, VCI3,
vanapheirres obisti-plwenytHedshutanedimnate) cuaradiomor vanadium compound
oltisonaReNae eI ace AR BRI 2ERB Yot formute ()
vanadium(l Xyaeetylaeetonate (lacac?ﬂ.

0
Veedadium(IV)oxyacetylacetonate [VO(acac)2] is particularly preferred -5-
The copper, iron or vanadium compound may be used either directly at
the start of the hydrogenation or after the formation of the intermediate of
folipmmsianydds prefsprsVhaRB Brctedriand eprdededtwhiralictiedeatsdnirom

efaddag bydiaaanationaatalysis & beiweanQlaaRt EMrdEhasedR)
the amaount of compouPrrIS(%YTf formula (11) used.  Also preferred.is a

B RGrERE BRI IR SR HGPRRF: THR ORI QO SHIBAE Gised
il faelwe gor @3 nphohidhaticlethaneld Dprtharsh Qupbphasmpountbef isomeric
fqrmula (1D, used. 10 Also preferred.is a proce herein the reaction is
S R A R o SO T R S
m@EWmlmﬁmfemmﬁmwmmae@immeMemmme;
'ﬂé@x%f'%é{lpéﬁaﬁ%‘?é”&%’ a '&L?é!‘ﬂﬁ%’{&%&‘&&&?ﬂ'ﬁﬂ?iQ&%ate, ketones, for
example acetone, methylethylketone or methylisobutylketone; carboxylic acids, for
example acetic acid; apolar solvents, for example toluene, xylene, cyclohexane or

methyleyclohexane, as well as acetonitrile, methylene chloride and water.

The solvents may also be used as mixtures.

Also preferred is a process wherein the reaction temperature is between 0 °C and 150°C,

preferably between 20°C and 100 °C.
Also preferred is & process wherein the hydrogen pressure is 1 bar to 100 bar.

The invention Turther relates to a compound of formula (I1I)

R Ci)H-
A N N @)
E 5
1)\ <= R
R A f}fi R
=
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alcohols, for example methanol, ethanol, 1-propanol, 2-propanol, the
various isomeric 15 alcohols of butane and pentane; ethers, for example
diethyl ether, methyl-tert.- butylether, tetrahydrofuran,
2-methyltetrahydrofuran, dioxane or d"lr%éthoxyethane; esters, for

ARpleReBY astiaiey tRLRMIRCRIBIS Q. 1-butylacetate; ketones, for
example acetone, methylethylketone or methylisobutylketone; carboxylic

acids, for example acetic acid; apolar solvents, for example toluene,

BgBECYElapexana OfoZnme Nicye ohexanBeam We has ACRtOaRMRA] and
E?eth leng chloride and water. The solvents may also be used as

fes. Also preferred is a process wherein the reaction temperature is
between O C and 150C, preferably between 20C and 100 C. 25 Also

erred. is a proce rein the hydreogen,pressure is | .bar.to 100.bar.
iR R b i e
AHPORSeRPN2INIRS R a{sadn-grefhdsein R' to R5 may have the

stated, Meaningd, Ricieried spmrunds sfomayadil) arediase é’g '&?er%éﬁiéi'dual

and A2 are identical and _denote -N=. 5 The reactions are worked up by
COMEhteRS InBIEHS < sy Ritideal enp i Attt H 1 a5 BB B CipsitaRsRS: 1o
and ferys e isationometifd®eal as in the form of the free bases or the corresponding

acid addition salts with acids - such as for example acid addition salts with hydrohalic
acids, for example hydrochlonc or hydrobromic acid, or organic acids, such as for

example oxalic, fumaric, diglycolic or methanesulphonic acid.

Examples of alkyl groups, including those which are part of other groups, are branched
and unbranched alkyl groups with 1 to 12 carbon atoms, preferably 1 — 6, particularly
preferably 1-4 carbon atoms, such as for example: methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl and dodecyl. Uniess otherwise stated, the above-
mentioned designations propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl and
dodecyl inciude all the possible isomeric forms. For example the term propy! includes
the two isomeric groups r-propyl and iso-propyi, the term buty! includes n-butyl, iso-

butyl, sec. butyl and tert.-butyl, the term penty! includes 1sopentyl, neopentyl etc.

In the above-mentioned alkyl groups one or more hydrogen atoms may optionally be
replaced by other groups. For exampie these alkyl groups may be substituted by
fluorine. It is alse possible for all the hydrogen atoms of the alkyl group to be replaced.

Examples of alkyl bridges, unless otherwise stated, are branched and unbranched alkyl
groups with 2 to 5 carbon atoms, for exarnple ethylene, propylene, isopropylene, n-
butylene, iso-butyl, sec. butyl and tert.-butyl etc. bridges. Particularly preferred are
etyhlene, propylene and butylene bridges. In the above-mentioned allcyl bridges 1 to 2 C
atoms may optionally be replaced by one or more heteroatoms selected from among

oxygen, nitrogen or suiphur.
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The compounds according to the invention may be present in the form of
the individual optical isomers, mixtures of the individual enantiomers,
diastereomers or racemates, in 10 the form of the tautomers as well as in
the form of the free bases or the corrégp"onding acid addition salts with

agidapi sushRedarexapaplachsichadsiion salfsyitthvdrohalicragigdsrfor
example hydrachloric or hydrobromic acid, or organjc acids, such_as for
BRI A IR D ETEBE Mt L AIFRBARARIRS, PETerably 2 - 6
Exaoaieswef gllgdgiaypseiselbing theaesnhieinarepaitaf ohergraupsat

re branch nd ranched alkyl groups wjth | to 12 carbon atoms,
RS A R s S
exareie butethy/ petteylylprapinbutydipentyt sheoy| tHeegitylcontylti ooy,

] erwi ve- mentioned

LR R B
derdesey utdudensivgrs pdusisld idormtaiocragterds xasfpie ey, 1-

RERRYA IDGINEIeS, the hue IS QMRS GYR URS, By P8Rk R0 ARYh HDe. LRI 1

butyl'includes n-butyl, iso- butyl, sec. butyl and tert,-butyl, the term pentyl
includes isopentyl, neopentyl etc. In the above-mentioned alkyl groups

Qﬁ%@@ﬁ&ﬁ%&ﬁ'&iﬁi@ﬁiﬁnﬁﬁi@ﬁﬁ ﬁﬁ’?}pgmméﬁlb&%z)@w%‘éb@_@&i@ﬁ%@ﬁf& @ore
roups. ror exampet ese alkyl grou ma e substitute y Tjuorine. I

&y RS PoEeTBiaTRY %ﬂ%ﬂﬁy Fo@e@#&%oésﬁ%%ﬁﬂwam BB BE these alky
replasedybeanptaaied akyhdbhdges; ankesSuetherviide dtatedssse for all the

br{agched ?nd uq%gg&hedialka/l 505{?5 vyith g to 5 carbon atoms, for

e aﬁ*?ﬁf’engﬁri}lse%e, prop(?/?é’n , i propyfe n%?% 30 butylene, iso-butyl, sec.

butyl and tert.-butyl etc. bridges. Particularly preferred are etyhlene,
%Q%EQE&Q&Wﬁ/ 0E0100RR IhERRaNermertionss alkyLblidgpsd to

2 C atoms may optionally be replaced _tg{one or more heteroatoms

Seendeat ﬁ@f’mﬂ%ﬁ@ﬁﬁ%iﬁ}/@’@bﬂ Bt By StfphRurabropiemipag tficd that they
alkenyt gravps (Rslvding thosewhinh areBRALRRNeL, GIRVPa) Aéttynyl,
branched and uinbranched alkylene groups with 2 to 12 carbon atoms,

PPEFSPEDRI PR OR RO ST BXHREHANly preferably 2 - 3 carbon atoms,
provided that they have at

In the above-mentioned alkynyl groups, unless otherwise described, one or more
hydrogen atoms may optionally be replaced by other groups. For example these alkyl
groups may be fluorosubstituted. It 1s also possible for all the hydrogen atoms of the
alkynyl group to be replaced.

The term aryl denotes an aromatic ring system with 6 to 14 cérbon atoms, preferably 6
or 10 carbon atoms, preferably phenyl, which, unless otherwise described, may for
exarmnple carry one or more of the following substituents: OH, NG,, CN, OMe, -OCHF;,
-OCF,, halogen, preferably fluorine or chlorine, C;-Cyp-alkyl, preferably C,-Cs-alkyl,
preferably C;-Cs-alkyl, particularly preferably methyl or ethyl, -O-C;-Cs-alkyl,
preferably -O-methyl or —O-ethyl, ~-COOH, -COO-C,-C4-alkyl, preferably ~-O-methyl or
—O-ethyl, -CONHas.

Exampies of cycloalkyl groups are cycloalkyl groups with 3 - 12 carbon atoms, for
example cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl,
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least one double bond. The following are mentioned by way of example:
ethenyl, 5 propenyl, butenyl, pentenyl etc. Unless otherwise stated, the
above-mentioned designations propenyl, butenyl etc, include all the
possible isomeric forms. For example the term butenyl includes 1-butenyl,

- 3 , l-methyl-I- |, 1~ methyl-2- _
G0 S SO N SRy mon
apdoelnibansnethallanpingtblse artesensthemeseshesiritnd, fonexemple: OH,

ReLecvdspaencriems maroplignalyberaalacechy oibeE RS, FOk, -
example theses%%s%roups maybe substituted by the halogen atom

fillofingcferdhy 6k FopETRRNE Chyfdraden. apshsslsritherefiahll grsuy or
et eyt e
part o er groups) are branched and unbranched alkynyl groups with
%%Ef%ﬁ%&%ﬂﬁ?ﬁ%&?&ﬁﬁi%@"%@aﬁ%ﬁ@@ﬁ ﬁfﬁgfsfbe&fa})fafum
eXatm piecrdyryraepargyD bOynykthentymyl, hexynyl etc., preferably
ethynyl or propynyl. 20 In the above-mentioned alkynyl groups, unless
otherwise described, one or more hydrogen atoms may optionally be
r‘é]sﬂm}édsw @tﬁ@ﬂ@f@ﬂk@toﬁm m@fiﬂgmkngh@psManatoms, which
uQrosubslitied.dhis A5 Rasalnle il @L{Q&{}g&g@g&t&%%ﬁgf 4

9[ tenvl
alkynyl group to be replaced. 25 The term aryl denotes an aro z’ati?: r?ﬁsn ey

SyStentiTRH erteytiokenisan apstiasailie farkamyoBenr 10 easoirRYbATS,
Ripfeiakbhphenyl WRICHr iRless\RtAeNisE-deSeAadn IRY SRS cﬁﬁap@%mﬂy
e,

carry one or more of the following substituents: OH, NO2, ON,
BEISETY WSCEBORATBHEH fREerably fluorine or chlorine, C,-Cio-alkyl,
preferably CI-C5-alkyl, preferably C,-C3-alkyl, particularly preferably

me yé‘gr {g%] l, -O-C-C?f;(al I gfg) referaply -0-methyl or -0-ethyl,

OO £ S BHEtaty O Tor “0-cthyl CONH2.
Examples of cycloalkyl groups are cycloalkyl groups with 3 - 12 carbon
@%ﬁpf&r f%&@?&’ilgc?g "R CYGIoRYIYL SYEloREnivk SYEoneXY e finitions,
cycloheptyl or cyclooctyl, -8~

3- fo 12-membered, preferably 5-, 6- or 7-membered, saturated or unsaturated
heterocycles, which may contain nitrogen, oxygen or sulphur as heteroatoms, for
example tetranydrofuran, tetrahydrofuranone, y-butyrolactone, a-pyran, y-pyran,
dioxolane, tetrahydropyran, dioxane, dihydrothiophene, thiolane, dithiolane, pyrroline,
pyrrolidine, pyrazoline, pyrazolidine, imidazoline, imidazolidine, tetrazole, piperidine,
pyridazine, pynimidine, pyrazine, piperazine, {riazine, {etrazine, morpholine,
thiomorpholine, diazepan, oxazine, tetrahydro-oxazinyl, isothiazole and pyrazolidine,
preferably morpholine, pyrrolidine, piperidine or piperaziﬁe, while the heterocycle may

optionally carry substifuents, for exampie C-Ce-alkyl, preferabiy methyl, ethyl or
propyl.

Exampies of polycycloalkyl groups are optionally substituted, bi-, tri-, tetra- or
pentacyclic cycloalkyl groups, for example pinane, 2,2,2-octane, 2,2,1-heptane or
adamantane. Examples of polycycloalkenyl groups are optionally bridged and/or
substituted, 8- membered bi-, tri-, tetra- or pentacyclic cycloatkenyl groups, preferably

bicycloalkenyl or tricycloalkenyl groups, if they contain at least one double bond, for

example norbornene.
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preferably cyclopropyl, Cyclopentyl or cyclohexyl, while each of the
above-mentioned cycloalkyl groups may optionally also carry one or more
substituents, for example: OH, NO2, CN, OMe, -OCHF2, -OCF3 or
halogen, preferably fluorine or chlorine, €1-Co- alkyl, preferably

i-C5-alkyl, pref ly C1-C3-alkyl, particular] ferably methyl
RPD-C RS AN SR ML SRl oo ClD s 2
g00-Ci-C4-alkyl, preferably -COO-methyl or -COO-ethyl or -CONH2.

Particularly preferred substituents of the cycloalkyl groups are =0, OH,

methyl or F. Examples of cycloalkenyl groups are cycloalkyl groups with 3
Halp garisonceabindenatsicAudinpedidoatedyporacdoupienbandicieb bxBnepiec,

SIRIRREQREYIn SXCIDRULE VY ?YQ&Q@I}I%H}%&&’UOV‘GXG“Y' or

cycloheptenyl, preferably cyclopropenyl, cyclopentenyl or cyclohexenyl,
while each of the above-mentioned cycloalkenyl groups may optionally
TROGBEBRRAC IO QTR SURSHenIss 1616300 GRROIRS @BuPXYBERIAHOTY
linked by a double bond. Examples of hetergcycloalkyl groups are, unless
ER TR B SEBET G SETHRRCTS. RSB . preferably 5
& fsicfameberethisaliraté gdoitrisabdratiphomnél erofystés ciibitcie may

contain nitrogen, oxygen or sulphur as heteroatoms, for 20 example
tetrahydrofuran, tetrahydrofuranone, y-butyrolactone, a.-pyran, y-pyran,
dibx ststiuatt Riyaropyrasedibydreediby frothiopnbresitidiankydrogen.
dithiolane, pyrroline, pyrrolidine, pyrazoline, pyrazolidine, imidazoline,
imidazolidine, tetrazole, piperidine, pyridazine, pyrimidine, pyrazine,
Fibe papBU B TR TSRIZRSE! PEIpERline, thiomorpholine, diazepan,

oxazing, tetrahydig.oxaziav irothiaglsand Nysagalidingy snarefemblyc,,-
morpholine, pyrrolidine, piperidine_ or piperazine, while the heterocycle

may oﬂ@a%’@&'@@ﬁ%tﬂ&"&%ﬁ%@%i%%&i‘t?ﬂérlﬁfﬁ,fﬁ A
methyl,cethyarp perpidd Bxanipesabpalycydaalidgiaulls aresdptiehatiy/or
substityted, bj-,.tri-, tetra- 0 tacyclic cycloalk oups, for,example
pinane%ﬂ%iéo%é%é:cﬁ%%—Eﬁ’zﬁg%gmgbr%ac e?r%}éﬁ?%%égﬁxéﬁ% %%a({) €
polycycioftkerpkbndufs-Gre vl idb et dhdimirocycloalkyl and saturated

or unsaturated C3-Cyz-heterocycloalkyl, which contains 1 to 2 heteroatoms.

The substituents R*, R® may be identical or different and may represent hydrogen,
or optionally substituted C,-Cg-alkyl,
or R* and R° together represent a 2- to S-membered alkyl bridge which may
contain 1 to 2 heteroatoms,
or R* and R® or R® and R’ together represent a saturated or unsaturated

Cy-Cy-alkyl bridge, which may optionally contain 1 heteroatom.
Ay and A, which may be identical or different represent -CH= or -N=, preferably -N=.
R® may represent a C;-Cy-alkyl, preferably methyi or ethyl.

The compound of formula (II) may be prepared according to methods known from the

literature, for example analogously to the syntheses described in WO 03/020722.



" substituted, 8- membered bi-, tri-, tetra- or pentacyclic cycloalkenyl
groups, preferably bicycloalkenyl or tricycloalkenyl groups, if they contain
at least one double bond, for example norbomene. -9- Examples of
spiroalkyl groups are optionally substitéited spirocyclic C5-C12 alkyl

roups. Haloge generﬁjly dengtes fluorine, chlorine, bromine or io?ine,

sfafegwﬂ&aﬁ%é?n%f@ e PTRARUIA) ﬁ’t‘gf%‘?g&%f’%}ﬁ Bithe
foliesibstiineptRdMmayhepralest &xgiopiesatected. e thengedumly as
consisting of chlorine, fluorine, bromine, methanesulphonyl, . .
R OB e AN G A S S R gt
Prefecablyl clrohise. 13 6Hbhe substitoentlR2 may represent hydrogen or
Cl-C3zalkyhpteferably hydrogen. The substituent R3 may represent
hydrogen, or a group selected from the group consisting of optionally
substituted CI-C12- 15 alkyl, C2-Cl2-alkenyl, C2-C12-alkynyl, and
C6-C14-gryl, preferably phenyl, or a group selected from thg.grou
consisting of optiongally substituted and/or bridged C3-CI2-¢yclo l,

prefg{ I, C3-C12-cycloalkenyl, C7-Cl22- polygycl |, O
C7-CI2-polygycloal [ C5-C1 spirocycloalkyl and saﬁurat&i or RS
qgsanﬁlﬁ -hetérocycloatkyt Which contains -2 hetero S.
20 The substituents™R4, % may be identical or différént arfbmayy R4
represent hydrggen, or optionally substituted CI-C6-atkyl, or R4 R5
together represent a 2- to 5-membered alkyl bridge which may contain |

to 2 heteroa{ 215, 25 or R4 and R3 or R5 and R3 together reprggent a.
saturated or'unsaturated C3-C4-alkyl bridge, which may optionally

contain 1 heteroatom. l

Synthesis of (TR)-2-chloro-8-cyclopentyl-T-ethyl-5-hydroxy-7,8-dihydro-SH~

pteridin-6-one
OH
e N0 Q 1
N O
P We NS
0NN PP
? Cl N N

1 2
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Al and A2 which may be identical or different represent -CH= or -N=,
preferably -N=. 30 R6 may represent a Cl-C4-alkyl, preferably methyl or
ethyl. The compound of formula (II) may be prepared according to

methods known from the literature, feriéxample analogously to the

syntheses described in WO 03/020722. 10- The compounds of general
ORI () THBSPLR SrisabeRpinedr i bhRigstely Someangwiag ve (5%) are
exdiepldaofesynthaslzFbase/ Esaemptes ares haweer aitendacealpassure of

examples of procedures to illustrate the, invention, without restricting it to
R R R Rl el etheiabion. e
RRE OHoNOE Gellty @apor&i® tidRs RiAZ AN REuR. A2 GRS ¢HYID) are

R3 QA RS RAAZLRA K35 (1) Synthesis of
(71R)-1§1-chloro-§-cyc oplehtyl-?-ethyl-5-hydroxy-7,8-dihydro-5|_|_
ptEHdIMB-GRE MIND SR sc ): & 11.05 (bs 1H); 7.85 (s TH); 4.47-4.45 (dd 1H);

4.16-4.08 (t 1H); 1.95-1.67 (m 10H); 0.80-0.73 (¢ 3H)

Synthesis of (7R)-2-chloro-8-cyclopentyl-7-ethyl-7,8-dihydro-SH-pteridin-G-one

(?H H
N O NS N ©
NS . |
/l = Cl/l\N/ N
Cl N N

N
&

5.22 g (17.6 mmol} of 2 are dissolved in 55 ml of tetrahydrofuran, 520 mg Pt-C (5%)
and 250 mg vanadium{IV)oxyacetylacetonate are added. The reaction mixture is
hydrogenated for 6 hours at 20°C and a hydrogen pressure of 4 bar, The catalyst is
filtered off and washed with approx. 15 ml of tetrahydrofuran. The filtrate is
concentrated by evaporation under reduced pressure.

5.0 g of product 3 are obtained as a yellow powder. .

"H-NMR (400 MHZ) (DMSQOgg): 6 11.82 (bs 1H); 7.57 (s 1H); 4.24-4.21 (dd 1H); 4.17-
4.08 (m 1H); 1.97-1.48 (m 10H); 0.80-0.77 {t 3H). |

Synthesis of: (7TR)-2-chloro-8-cyclopentyl-T-ethyl-7,8-dihydro-SH-pteridin-6-one

70g P/C (5%)are added to a solution of 700g (1.96 mol) 0f1 in 700 ml of
tetrahydrofuran. The reaction mixfure is hydrogenated for 2.5 hours at 35°C and 2
hydrogen pressure of 4 bar until the hydrogen uptake has stopped. The autoclave is

opened and 35g vanadium(I'V)oxyacetylacetonate are added. The mixture is
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OO CI\NNC/CrNNb2-11- 30 g (84.2 mmol) of 1 are dissolved in
300 ml of tetrahydrofuran and 3 g Pt/C (5%) are added. The reaction
mixture is hydrogenated for 5 h at 35C and a hydrogen pressure of 4 bar.
The catalyst is filtered off and washedwith approx. 30 ml of
tetrahydrofuran. The filtrate is concentrated by evaporation under

reducsdateé Ssurdipthesg-ofhotoeact ¥ Grens wbtaivnadrarresyahiow el is

H:NMRAAEQ MEZQMIOI0K:R A0 Bt TR sdiED: dofideftdRa by
(dd IH); 4.16-4.08 (t 1H); 1.95-1.67 (m [OH); 0.80-0.73 (t 3H) Synthesis of

ETRCABAIOFRIST EGRISHR REFE USSR SrE 52 S5t et dinr = dREer by
DL Nt M G D arbedudl Bt CliTdbninnial) 0f 2vate. dTRe @bIRk s
In 55 m| of tetrahydrofuran, 520 mg Pt-C (5%) and 2

A R L AR A e S ML e

bydregendtaic-fon B drabysnat X0¢€ cidaitydragesbpriesdure of 4 bar. The
catalyst is filtered off and washed with approx. 15 ml of tetrahydrofuran.

The filtrate is concentrated by evaporation under reduced pressure. 5.0 g
Sivprbdsicto8 dmdm&—m@mb\?@@rﬂﬁ,&dmydro~5H-pteridin—6«0ne

30g (84 mmol) of 1 are dissolved in 300 ml of tetrahydrofuran. 3g PUC (5%) and 1.5g
vanadium(IV)oxyacetylacetonate are added. The reaction mixtore is hydrogenated for
24 hours at 35°C and a hydrogen pressure of 4 bar until the reaction is complete. It is
filtered, the residue is washed with tetrahydrofuran and the filtrate is concentrated by
evaporation under reduced pressure. The residue is dissoived in 118 m! acetone and
precipitated by the addition of an equal amount of demineralised water. The solid 1s
suction filtered and washed with an acetone/water mixture {1:1) and then with tert.-

butylmethylether. After drying 18g of product 3 are obtained.

Synthesis of: (TR})-2-chloro-7-ethyl-§-isopropyl-7,8-dibydro-5H-pteridin-6-one

cle:r;[r\xz OK T /fﬁ\/jNﬁ
/(\ ci” N /Nk

4 5
10g (316 mmol) of 4 are dissolved in 800 ml of tefrahydrofuran and 200 ml
isopropanol. 10g PYC (5%) and Sg vanadium(IV)oxyacetylacetonate are added. The
reaction mixture is hydrogenated for 24 hours at 35°C and a hydrogen pressure of 4 bar

until the reaction is complete. It is filtered and the filtrate is evaporated down until

crystallisation sets in. 150 ml isopropanol are added and the suspension 1s heated to 70-

80°C untl fully dissolved. After the addition of 600 m! demineralised water the product



'H-NMR (400 MHz) (DMSOd6): 8 11.82 (bs IH); 7.57 (s1H); 4.24-4.21 (dd
IH); 4.17- 20 4.08 (m IH); 1.97-1.48 (m IOH); 0.80-0.77 (t 3H). Synthesis

of: (7R)-2-chloro-8-cyclopentyl-7-ethyl-7,8-dihydro-SH-pteridin-6-one 70g
Pt/C (5%)are added to a solution of 708¢g (1.96 mol) of 1 in 700 ml of 25
tetrahydrofuran. The reaction mixture is hydrogenated for 2.5 hours at
ISHEORER 1 FYRROGE Breldtirectpa Birahapthy aaroyh digtincsafisyd water.
ASteppedinklue acfochivetis sapengdsand 35¢

vanadi etonat added. The mixture_is 12
Tl TR R T S b o e e
bar. {nigHjlteréd-arkd {hediesitide-iswashed with tetrahydrofuran. The
filtrate is concentrated by evaporation under reduced pressure. The
residue is dissolved in 2.75 L acetone and precipitated by the addition of
an equal amount of demineralised water. The solid is 5 suction filtered and
washed with an acetone/water mixture (1:1), then with tert:
butylmethylether. After drying 551 g of product 3 are obtained. Synthesis
of: (7R)-2-chloro-8-cyclopentyl-7-ethyl-7,8-dihydro-SH-pteridin-6-one” 10
30g (84 mmol) of 1 are dissolved in 300 ml of tetrahydrofuran. 3g PVC
(5%) and 1.5g vanadium(lV)oxyacetylacetonate are added. The reaction
mixture is hydrogenated for 24 hours at 35C and a hydrogen pressure of
4 bar until the reaction is complete. It is filtered, the residue is washed
with tetrahydrofuran and the filtrate is concentrated by evaporation under
reduced pressure. The residue is dissolved in 118 ml acetone and 15
precipitated by the addition of an equal amount of demineralised water.
The solid is suction filtered and washed with an acetone/water mixture
(1:1) and then with tert.- butylmethylether. After drying | 8g of product 3
are obtained. Synthesis of:
(7R)-2-chloro-7-ethyl-8-isopropyl-7,8-dihydro-SH-pteridin-6-one 202 0 N
O ON _



ac CINNCi~NN 45 |10g (316 mmol) of 4 are dissolved in 800 ml of
tetrahydrofuran and 200 ml isopropanol. | Og Pt/C (5%) and 5g
vanadium(lV)oxyacetylacetonate are added. The 25 reaction mixture is
hydrogenated for 24 hours at 35C and a hydrogen pressure of 4 bar until
the reaction is complete. It is filtered and the filtrate is evaporated down
until crystallisation sets in. 150 ml isopropanol are added and the
shsperSion is heated to 70- 80C until fully dissolved. After the addition of
600 ml demineralised water the product - 13 is brought to crystallisation.
It is suction filtered and washed with demineralised water. After drying
68g of product 5 are obtained. 'H-NMR (400 MHz) (DMSOd6): S 10.81 (bs
IH); 7.561(6 dinpodnd ki, 24 {MoRid}; thoBnd s65ecim: 2H); 1.34-1.31 (m 6H);
0.80-0.73 (t 3H) 5 -14- Patent Claim 1. The compound with the following
name and structure 1 N N-

(7R)-2-chloro-7-ethyl-8-isopropyl-7 MhdeQTBfH -pteridin-6-one.

i‘ .
e N g
S

(7R)-2-chloro-7-ethyi-8-isopropyi-7,8-dihydro-5H-pteridin-6-one.



