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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 () R2H N
O AI'R5 iRaAZiRa (~) R3 10 wherein the groups R' to R5 have the
meanings given in the claims and speclfication, 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 dihé(étr;i)pteridinone_ derivatives for the treatment of tumoral

disead¥etivd fryceEadadiorenrapsitgdmipengin-2-one derivatives and
7,8-Dihydro-5H-pteridin-6-pne derivativ f.for. ltxb ) are important
intermediate products in 9%%%%%%%%%??%&%&% ?\(/)g substances. Up till
now they have been prepared using methods involving reduction of nitro

mpounds ofgormula ) below, which led to strongly. cqloured product
RS R AR S e S T
26nw0 B6I3059 describes the catalytic hydrogenation of nitro
compounds using noble metal catalysts with the addition of a vanadium
compound, while disclosing as end

R2
N0
AT 5
A 3
=
R Ay ’Ej R4
n R

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 tumoral diseases and processes for preparing them.

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

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

which led to strongly coloured product mixtures and required laborious working up and

purification processes.

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

products free amines, but no lactams.
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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-5H-pteridin-6-one derivatives. Detailed description
of the invention 5 The present invention solves the problem outlined
above by the method of synthesising compounds of formula (1) described
h"éhre mafterhEipeciruentientthus telpteside anprocessdforopeepimingeparing
S N A2 Ra,R3

BB L SR o R,
chlorlne, fluorine, bromine, methanesulphonyl, ethanesulphonyl,
tefluoromethanesyiphenylyBaas toluenesulphonyl, CH3S(=0)- and
phenylS(=0) R2 denotes hydrogen or C1-C3-alkyl, R3 denotes hydrogen
or a group selected from the group consisting of optionally 20 substituted

@ﬁ@;&ﬁwd nkeRtionZwitka e, ;Sﬁ%%faﬂﬂdﬂyéi %B&ny%ﬂd Mbg}sf SyBRing
selecte onsisting of optionally substituted and/or

by ?@%oﬁiéﬁ % ggﬁ%’yéﬁ)élkenyl C7-C12-polycycloalkyl,
C7-C12-

The invention thus relates to a process for preparing compounds of general formnula I

~
\
R®
0
wherein
R! denotes a group selected from the group consisting of chlorine, fluorine,

bromine, methanesulphonyl, ethanesuiphonyl, trifluvoromethanesulphonyl, para-
toluenesulphonyl, CH3S(=0})- and phenylS(=0)-

R* denotes hydrogen or C;-Cs-alkyl,

R? denotes hydrogen or a group selected from the group consisting of optionally
substituted C;-Ciz-alkyl, C;-Ciz-alkenyl, Cy-Cio-alkynyl and Cg-Cs-aryl, or
a group selected from the group consisting of optionally substituted and/or
bridged C;-C)p-cycloalkyl, Ci-Cqiz-cycloalkenyl, Cr-Cia-polycycloalkyl, Cy-Cop-
polycycloalkenyl, Cs-Cip-spirocycioalkyl and saturated or unsaturated
C3-Cyp-heterocycloalkyl, which contains 1 to 2 heteroatoms,

R* R® which may be identical or different denote hydrogen or optionally substituted
Ci-Cg-alkyi, 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-atkyl bridge,

which may optionally contain 1 heteroatomns,
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polycycloalkenyl, C5-C12-spirocycloalkyl and saturated or unsaturated
C3-C12-heterocycloalkyl, which contains 1 to 2 heteroatoms, 25 R4, R5
which may be identical or different denote hydrogen or optionally
substituted C,-C6-alkyl, or Ra and R together denote a 2- to
5-membered alkyl bridge which may contain | to 2 heteroatoms, or Ra
amdd R3 or R5 and R3 together denote a saturated or unsaturated
A3fadalionl dridoene30anhich JP@MMPF@U&E&“@%‘ Hetgeo %ﬁ%f@vaﬁly ~N=,

and A, and A2 which may be identical or different represent -CH= or -N=,
ipratachpyompoug aiimdleothpound of formula 11 R2 NO2 10 OR R
AZNs R3R 4R 5 (Il) wherein 10 R'-R5 and At, A2 have the stated
meaning and R6 denotes C,-C4-glkyl, a) is hydrogenated with hydrogen
in the presence of a hydrogenatigh catalyst and b) a copper, iron or
vanadium compound is added, iplwhiclnsteps a) and b) may take place
simultaneously or successivély. 151 a przef@;red process, the
hydrogenation of the compourdd of farmula Il §§_carrfed out directly in the
presence of the hydrogerf&luon catalysgy he é%pper, iron or vanadium
[

rR* R

()

wherein

R'“R® and Ay, Aj have the stated meaning and

R® denotes Ci-Cy-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 L

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

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

R CI)H
A N 0
! ! 5
1)\/ R
R SAT TN RS
Ra
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compound to form the compound of formula I. 20 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, R2OH | N O:CR R A2 N R4.R3 25 (lll) -4- and is then further
reduced in the presence of a hydrogenation catalyst and a copper, iron or
sahadhem fooinp oulndetbifichn rasomp ol ad i feamaiion RRIpH | and @ copiRT,
B3 B 4r AR AhAlsaPrelsied is 8 aesefhich the hydrogenation
catalyst Is selected from the group consisting of rhodium, ruthenium,
iridium, platinum, palladium and nickel, t 0 preferably platinum, palladium
and Raney nickel. Platinum is pargieularly preferred. Platinum may be
used in metallic form or oxidised form ad platinum oxide on carriers such

as e.g. activated charcoal, silifg 2 nium oxide, calcium
carbonate, calcium phospha e‘lcalci m sulphate, barium sulphate,
titanium dioxide, magnesi i erjead oxide, lead sulphate

or lead carbonate and optionally additionglly % doped with sulphur or
lead. The preferred carrier material is advated charcoal, silicon dioxide
or aluminium oxide. Preferred copper,compounds are compounds in
which copper assumes oxidation statds |

Also preferred is a process in which the hydrogenation catalyst is selected from the
group consisting of thodium, ruthenium, iridium, platinum, pailadium 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 chércoal, silicon dioxide, aluminium oxide, calcium carbonate,
calcium phosphate, calcium sulphate, barium sulphate, titanium &ioxide, magnesium
oxide, iron oxide, lead oxide, iead suiphate 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 I1, for exampie the halides of copper such as e.g. CuCl, CuCly, CuBr, CuBr, Cul or
CuSO.. Preferred iron compounds are compounds wherein iron assumes oxidation
states 11 or 1], for example the halides of iron such as e.g. FeCly, FeCly, FeBry, FeBrs,
FeF- or other iron compounds such as e.g. FeSOy, FelP Oy of Fe(acac)s.

Preferred vanadium compounds are compounds wherein vanadium assumes the
oxidation states 0, IL, 1T, IV or V, for example inorganic or organic compounds or
complexes such as e.g. V,0s, VZOS,' V404, NagVQy, NaVOs3, NHs4VO3, VOCl, VOCI;,
VOS04, VCl;, VCl3, vanadium oxobis(1-phenyl-1,3-butanedionate), vanadium
oxotriisopropoxide, vanadium(ITacetylacetonate [V(acac)s] or
vanadium(IV)oxyacetylacetonate [VO(acac),]. Vanadium{IV)oxyacetylacetonate

[VO{acac),] is particalarly preferred
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or Il, for example the halides of copper such as e. g. CuCl, CuC12, CuBr,
CuBr2, Cu! or 20 CuSO4. Preferred iron compounds are compounds
wherein iron assumes oxidation states Il or Ill, for example the halides of
iron such as e.g. FeCl2, FeCl3, FeBr2; FeBr3, FeF2 or other iron
compounds such as e.g. FeSO4, FePO4 or Fe(acac)2. Preferred
Manedipen, compovinddiane wompouhas Wivereid sifiradirtigssumetathef the

tg?ﬁ%%féggtﬁﬁ?ﬁsager] khlsl Ifb%ﬂro\{’of%gm@}mgd@%rg%ﬁn%ao I‘@ﬁ ,igs referred.
ompounds or 25 complexes such as e.g. V203, V205, V204, a4€/04,

NaVvO31 NH4VO03, VOC12, VOCI3, VOS04, VCI,, VC13, vanadium
Arehisipheny Ir-butanadionaiamyanadi OIS eRRBR XN Y st is

vanadium(li)aeetylacetonate [V(acac)3] or :
RrihgemAri(ATbA) atietyiBestb Aatl TodPHEaR) sprmpound of formula (ID) used.
Vanadium(lV)oxyacetylacetonate [VO(acac)2] is particularly preferred -5-

The co%n@&ger, iron or vana(igum C m%%unq nr}acy be used either directly at d
P RERCEFhE ARIArSTRATSH SPattRP e forRRRE oA Bt the RS L EiatB o
doeiislbefitidcmd . Predet redwtAls d prefferr ¢k isnaopnb o sswphendinttfrerauto (HY
ofegdded hydrogenation catalyst is 5 between 0.1 and 10 wt.-% based on
the amount of compound of formula (ll) used. Also preferred is a process
wherein the amount of copper, iron or vanadium compound used is

R%&ﬁ%%&&%@@&é@%ﬁ&&ﬂ%ﬁgr%&hﬁ amauh.campaund alfaryiom

II) used. 10 Also preferred is a process wherein the reaction is carried

S BPSIDER R R HRa o AR HHE OGP IR R Gt e,
mwfglﬁac@kﬁﬁmﬁ&gﬁﬁmff?fm:]&i@gndﬂimgilhﬁi@iﬁamk?ﬁﬂﬁolﬁnef;
N-methylpyrrolidinone, dimethylsulphoxide or,s olane; alcohols, for .
PR RSO B BRI B SR i B e
Aibchlcishdisudieutahpeanddg etitancfoe therspiodexainplerdietityy lekirer,

thyl-tert - butyl tet f thyl '
R e e e

astocryfarexatepkatbriessetote, Expreprteesieone | fsistery kstones der
QQM%WQS%%%&W@@M@&%h%Eobutyiketone; carboxylic acids, for

example acetic acid; apolar solvents, for example toluene, xylene, cyclohexane or
methylcyclohexane, 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 a process wherein the hydrogen pressure is 1 bar to 100 bar.

The invention further relates to a compound of formula (11I)

R> cin
] 5
_ — KR
R1/l\A2 N
E3
R

()
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example acetic acid; apolar solvents, for example toluene, xylene,
cyclohexane or 20 methylcyclohexane, as well as acetonitrile, methylene
chloride and water. The solvents may also be used as mixtures. Also
preferred is a process wherein the reagtion temperature is between 0 C
and 150C, preferably between 20C and 100 C. 25 Also preferred is a

proedsRircReim e #rdhsgireprassnigis | bar to 100 bar. The invention
further relates to a compound of formula (Il1) R2OH NO CRRA2NR'

R3 30 (lll) -6 wherein R' to R5 may have the stated meaning. Preferred
Bb«?ﬁﬁﬁéﬁa%%ﬁm&f%my&r&%@ ersraiheriany RS AreTakitatang

dennte -N=, 5 The reactions are worked up by conventional methods e.g.

by extractive purification steps or precipitation and crystallisation

methods. The compounds according to the invention may be present in

e foamiafthes iwdikictUep opticakisomersiethbdeires bf thgdriiviguafication
enanti.omers c{i tereomers.or.r es, in 10 the form of the

t%?t%% %gé%ﬂ\f\llﬁlﬁas_?n t%e fgrn% (c%?clt e E)é%bases or the corresponding
abrcaduitensafervdithedeits insaetioss oy dearstatdeithabiam of baidyyidpal
bydrohRlic, ACidx i XAMPIRIVEARERIRKE QR BY HRBIQDRIE ALK r@femates, in

organic acids, such as for example oxalic, fumaric, diglycolic or i
HhedamedifisHariernitesisch vamdhssrandigBepiairdndingmeending
whichianeo-par @hathecigroupsh asgdranshed acid addition salts with hydrohalic

acids, for example hydrochloric 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. Unless otherwise stated, the above-
mentioned designations propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl and
dodecyl include all the possible isomeric forms. For example the term propyl includes
the two isomeric groups n-propyl and iso-propyl, the term butyl includes n-butyl, iso-

butyl, sec. butyl and tert.-butyl, the term penty! includes i1sopentyl, neopentyl etc.

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

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

oxygen, nitrogen or suiphur.
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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.
Unless otherwise stated, the above-_mentioned designations propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl and 20 dodecyl include all the
asgibte dSelrarit gorips (Fehdiagiiectvlisdy moarop il EIdBESURREATVO
HEURHGH AHPSAERLR Bﬂgﬂ&%?‘%@@@% he EeraRuyhincdesbuy.- ¢
ert.-bu

iso- butyl, sec. butyl and tert.- , the term pentyl includes isopentyl,
GrEspert e RartiFaEpEE BN o RS AR FRFB TR BiED Hitidhe o sen
4B RaYHPbGHR LB €0 125Ha R | aeeHeR IREF BtaURT: Sampramplahese
alkyl groups may be substituted by fluorine. It ig also possible for all the
IHYBTBYe R AT0Ths B e ik aiﬁ&%wsﬁfa&%ad? ERABIRS B ARY 1
deidgesonniesseothdnviseisiaténlade fiahchediakwnnanthed. dkybxample
groups with 2 to 5 carhaon atoms, for example, ethylene, propylene _
e R L R TR S e R R, 1
Toridiyed:Particy )y ptefetretb peryleBrhichel-proppené andd ttltylehethenyl.
bridges. In the above-mentioned alkyl bridges 1 to 2 C atoms may
optionally be replaced by one or more heteroatoms selected from among

g ahovitFerisIPRdsal AR SPURKAMISRE O BREIRENJF GFitds AL BING
ﬁ@@%éﬂ"%ﬂa@?ﬁa@%ﬁtﬁf@ﬁm@féﬁl&b@d%ﬁo@f&%ﬁ@ﬁ%ﬂﬂ@ eRanRoRed alkyl

alkylene groups with 2 to 12 carbon atoms, preferably 2 - 6 carbgn atoms,
FAHRE A HERSHABIG DY éh%&f%%ﬁ%?é?ﬁ%,ﬁwa\ﬂaéa1%@&%%8&@%%}5% ke
pREdden blerhostihd hréallowing aréaesitiond by way of example:
ethenyl, 5 propenyl, butenyl, pentenyl etc. Unless otherwise stated, the
above-mentioned designations propenyl, butenyl etc. include all the
Possifile idethengd prass Gorledamiplesctivbitdrarenad oyoehgiesps)bigenyl,
-butenyl. 3 | |5 A SQAPEBRE Yovi
ot cibel | ool b ey
hiysvas-leserisniciaIRerd K cupBPih s shRRpR e S pdd P I Esh

meayhydrogena eptiepaliyibe replaced by other groups. For
example these alkyl groups may be substituted by the halogen atom
fluorine. It is also possible for all the

In the above-mentioned alkynyl groups, unless otherwise described, one or more
hydrogen atoms may opticnally be replaced by other groups. For example these alkyl
groups may be fluorosubstituted. It is 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
example carry one or more of the following substituents: OH, NO;, CN, OMe, -OCHF,,
-OCF;3, 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,-Cs-alkyl, preferably -O-methyl or
-0O-ethyl, -CONH,.

Examples of cycloalkyl groups are cycloalkyl groups with 3 - 12 carbon atoms, for
example cyclopropyl, cyclobutyl, cyclopentyl, eyelohexyl, cycloheptyl or cyclooctyl,
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hydrogen atoms of the alkenyl group to be replaced. 15 Examples of
alkynyl groups (including those which are part of other groups) are
branched and unbranched alkynyl groups with 2 to 12 carbon atoms,
provided that they have at least one_téiple bond, for example ethynyl,
propargyl, butynyl, pentynyl, hexynyl etc., preferably ethynyl or propynyl.
et akecmentiangskadidymyd giohps; Unlkss atheriiseaeseniatoned
O S R Onen Slome sk plonal e ERIased by Aer alguPSy

or ex ups may- be fluorosubsti l}tte iS also
POssibie foviall-theHidrOydhn atbrsgohiine: fatiyimyl gnmupdochbrepldbedc-
ryl iC Hn Wi
AT Ry SIS PR AP COURYE R UL [0t G R or

BStbridse deselitibar pirayHor- @xarHiecsafyedind dr @idre Si@kolfovalyl

SHRSHPLER OHicOZ: oo QM1 G125, Qb alaneR-RielBsalens
luorine or chlorine, Ci-C,0-alkyl, preferab%Cl-CS-alky, preferably

CiteerA b Emewrs Re T b R FHHRA Br ethyl, -O-Ci-C3-alkyl, 30
preferably -0-methyl or -0-ethyl, -COOH, -COO-Ci-C4-alkyl, preferably
-0-methyl or -0-ethyl, -CONH2. E les of cycloalkyl .
TR o B 8701 G AP AP SRRy, which
hwlt@bﬂﬁyﬁ ovekﬁméﬂﬁxﬂom@',dm@yﬂmlfcm tyleoyicyglbdaintidny8-cpckiprats gryl,
C I ,.C C e -mentione
%%//(gfg{a%ffﬁ% r%zc § ?n%é%?%b%a%%%ﬁ?ocgg%%ﬁﬁf %é??%gﬁlﬁnts, for
evdphpteng HYhNO2coN oM vorHHoneOTFR b malcge ) prafepabipally

fgring-O5LIPtRS. Sr&tifialkyl, preferably Ci-C5-alkyl, preferably
Ct-C3-alkyl, particularly preferably methyl or 5 ethyl, -O-Ci-C3-alkyl,

preferably -0-methyl or -0-ethyl, -COOH, -COO-Ci-C4-alkyl, preferably
“COQHRGRS Qe YRed GONKZ b Rassicularly preferred
substituents of the cycloalkyl groups are =O, OH, methyl or F. Examples

of cycloalkenyl groups are cycloalkyl groups with 3 - 12 carbon atoms,
Whiaipldohibsterat yelstionerdophiechonidsfothexaivplescyiblapnoherigiinitions,
§Y?$°1b}J¥SQrX{ae?¥&'SPe?Q&%W lS-, 6- or 7-membered, saturated or unsaturated
heterocycles, which may contain nitrogen, oxygeh or sulphur as heteroatoms, for
example tetrahydrofuran, tetrahydrofuranone, y-butyrolactone, a-pyran, y-pyran,
dioxolane, tetrahydropyran, dioxane, dihydrothiophene, thiolane, dithiolane, pyrroline,
pyrrolidine, pyrazoline, pyrazolidine, imidazoline, imidazolidine, tefrazole, piperidine,
pyridazine, pyrimidine, pyrazine, piperazine, triazine, tetrazine, morpholiﬁe,
thiomorpholine, diazepan, oxazine, tetrahydro-oxazinyl, isothiazole and pyrazolidine,
ﬁrefcrably morpholine, pyrrolidine, piperidine or piperazine, while the heterocycle may

optionally carry substituents, for example C;-Cy-alkyl, preferably methyl, ethyl or
propyl.

Examples 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 cycloalkenyl groups, preferably
bicycloalkenyl or tricycloatkenyl groups, if they contain at least one double bond, for

example norbornene.



10

15

20

25

30

cyclohexenyl or cycloheptenyl, preferably cyclopropenyl, cyclopentenyl or
cyclohexenyl, while each of the above-mentioned cycloalkenyl groups
may optionally also carry one or more substituents. 15 "=0" denotes an
oxygen atom linked by a double bond,Examples of heterocycloalkyl
groups are, unless otherwise described in the definitions, 3-to

HnmamberpeopnefesahlysSmeGpabiamertheteddsattraiec arsuhsalisated

heterocycles, which may contain nitrogen, oxygen or sulphur as
$tEroatoms, for 20 example tetrahydrofuran, tetrahydrofuranone,
y-butyrolactone, a-pyran, y-pyran, dioxolane, tetrahydropyran, dioxane,

giyothiophEne. nioane, MhRIRAR. Rrgaline. RUTELGING. Ay HAlRR.,
pyragzcr)lll ine, imidazo Ine, |m|§ézoh€|ne, tetrazole, piperidine, pyridazine,
Pyormidivrerpyriagimertiperhzimelctazzinkiorarazine, morpholine,
thiomorpholine, diazepan, oxazine, tetrahydro-oxazinyl, isothiazole and
razolidine, 25 preferably morpholine, pyrrolidine, piperidine or
SHDSHE S IR RS RSO YO IR SR AT e A R BL EREL For
émlam@,?iq?ff%egﬂfwhm&fﬁ@k&ﬁd@u@iﬁhwh%@,tBﬂiaaespblmyi_lyilﬁxamplesscg
olycycloalkyl groups are optionally substituted, bi-, tri-, tetra- or
e AR R g i L SN
2,2,1-heptane or adamantane. Examples of polycycloalkenyl groups are
tionally bridged and/or_supstituted, 8- bered bi- tri- -
B e B B R Pt
tricycloalkenyl groups, if they contain at least one double bond, for

%@%‘&@ifﬁ%ﬁ?%@ﬁgﬁl{ré b@%@?ﬂ%@&{ spiroalkyl groups are optionally

substituted spirocyclic CS-C12Z alkyl groups. Halogen glenerally denotes
ipRalls ShRSivEdr - Cr

fluoriner ettisrineclsesvifiera e Greap srerrapsof aaliv
bromingy pasticulariypreferglaty, chigking aAbhe subskityie pidReranay preprasent

a group selected from the group consisting of Cplorine Iluorérslgfukt){ggrglg%r

methaE& Bl CRiFRBisHRGR, consisting ot optiondlly su
bridged C3-Cip-cycloalkyl, preferably cyclopentyl, Ci-Crp-cycloalkenyl, C7-Cio-

polycycloalkyl, C-Cyp-polycycloalkenyl, Cs-Cia-spirocycloalkyl and saturated

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

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

C3-Cs-alkyl bridge, which may optionally contain 1 heteroatom.
A; and A, which may be identical or different represent -CH= or ~N=, preferably -N=.
R® may represent a Ci-Cs-alkyl, preferably methyl 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.



trifluoromethanesulphonyl and para-toluenesulphonyl, preferably chlorine.
10 The substituent R2 mayrepresent hydrogen or C,-C3-alkyl, preferably
hydrogen. The substituent R3 may represent hydrogen, or a group
selected from the group consisting of 8ptiona|ly substituted C1-C12- 15
alkyl, C2-C,2-alkenyl, C2-ClZ-aIkyn'y}, and C6-C,4-aryl, preferably phenyl,
‘Bl SRRrIected drom thaig oHR sopsistparaf sirtionallysusiitived the
and/or bridged C3-C,2-cycloalkyl, preferably cyclopentyl,
fekorineaBRIREA YRR S TG EABRIRS FrE PO ol EPERIRERT,
&bnfpld-sppiocydlealkyand aathetednabynsatsmtesidcting it to their content.

3-C,2-h§ter C cloallﬁ/lwwhi? lg:onft: ins 1 to 2 heteroatoms. 20 The

HETRTEN S R SRS may B déntical of different and may represent
hyd@efeemed optionally substituted C,-C6-alkyl, or R4 and R5 together
represent a 2- to 5-membered alkyl bridge which may contain | to 2
heteroatoms, 25 or R4 and R3 or R5 and R3 together represent a
saturat
contain hetemy}@n. A, and A2 which may be identical o diﬁeﬂ?nt o
reprsen = or -\=, preferably -N=. 30 R6 may rep
C,-C lalkyl refegebly methyl or_ethyl, The compound1 f for ulaé\lx/@asy
bé-prepaced abfording tgmethods known from the., Jteratyfe, X @i@
analogously tolthgsi}%theses described in WO 03/020722.% 10 %he
compounds of§&neral formula (I) may be prepared inter alia an&®gously
to the following examples of synthesis. These Examples are, however,
intended or{§)as examples of procedures to illustrate the invéWt}on,
without restricting it to their content. The general synthesis is shown in
Scheme (1) . Scheme 1 R2 R2 OH _ l

R’)\AZ/ N7 R
L
h

Synthesis of (7TR)-2-chloro-8-cyclopentyl-7-ethyl-5-hydroxy-7.8-dihydro-5H-

pteridin-6-one

SIS G
O 5

1 2
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NO20NO Z\RIRA2NR5R4R6 RA2NR4R3Kk3 (Il) (I} R20's
AhA~2 RR N Ra 3 5 (l) Synthesis of
(7R)-2-chloro-8-cyclopentyl-7-ethyl-5-hydroxy-7,8-dihydro-5H-
pteridin-6-one NO2 O OHN ON O CH\INCINNalZ -11- 309(842
mmol) of 1 are dissolved in 300 ml of tetrahydrofuran and 3 g Pt/C (5%)

@r@g asid@@h:m@ sectiommixisaens Rydnogasaiagddentdh at89G PN @%) are
%?% pressure of 4 bar. The catalﬁéls fg‘ltered off and washed with
X.

BTFRF P RPARIA S ST HEC Tl ot dBdaen pressure of
a/mommatu@dﬁs fitduetdfpragsuecdwGy ofpradsichd afechtthtifed@sThe

B e S R T A
faBydtesicibdw solid.
(@RRRRVR50 ¥nsy5Ianaayl:3-athyloZ &dihydros3 i RigHidin 200  4a 11):;

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

Synthesis of (7R)-2-chloro-8-cyclopentyi-7-ethyl-7,8-dihydro-5H-pteridin-6-one

o ;
N 0 N7 N 0
NT ™ e |
/“\ P CI/kN/ N
Cl N~ N

1N
[t

5.22 g (17.6 mmol) of 2 are dissolved in 55 m} 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 hrydrogen 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) (DMSOg): 8 11.82 (bs 1H); 7.57 (s IH) 4.24-4.21 (dd 1H); 4.17-
4.08 (m 1H); 1.97-1.48 {(m 10H); 0.80-0.77 (t 3H).

Syathesis of: (7R)-2-chloro-8-cyclopentyl-7-ethyl-7,8-dihydro-5H-pteridin-6-one

70g PYC (5%)are added to a solution of 700g (1.96 mol) of 1 in 700 ml of
tetrahydrofuran. The reaction mixture is hydrogenated for 2.5 hours at 35°C and a
hydrogen pressure of 4 bar until the hydrogen uptake has stopped. The autoclave is

opened and 35g vanadium(IV)oxyacetylacetonate are added. The mixture is
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100HH NONO N\VIJIBCINN CINN623 5.22g (17.6 mmol) of 2
are dissolved in 55 ml of tetrahydrofuran. 520 mg Pt-C (5%) and 250 mg
vanadium(lV)oxyacetylacetonate are added. The reaction mixture is 15
hydrogenated for 6 hours at 20C and g hydrogen pressure of 4 bar. The
catalyst is filtered off and washed with approx. 15 ml of tetrahydrofuran.
h'&ﬂaafg;ﬁﬁataiiSorca)ﬂﬁet&ﬂarﬁeddmyseﬂaﬁeefmmmergy@otueadrpr@%I:me 15i0 g

R PR s B RO o v
eﬂf@&!(mﬂm@&mm (ms:smd) TOBC0RT it Bppl Byinthadis lokeetone and
gp Rhgaeld g?f% A48 Y8IORE OB SV I Sl DY digrblpiedingg - ong 3%99 is

5/ ar to a solution of 700g (1.96 mol) of 1 in 700 ml of 2
mm@mt@daﬁdmh@a‘eﬁbm&%w@ﬁya%éﬁa{éd}oﬂlzﬂ%@d@at

RRGAN AedydroasniprResty eQfrpRRR Mk tbedvdsagen uptake has

stopped. The autoclave is opened and 35¢g
vanadium(lV)oxyacetylacetonate are added. The mixture is 12

syshipaenatedrior 2 durshen bchapsiscat Bafh Argsadily e og o feshlirecobde
bar. Itis filtered and the residue is washed with tetrahydrofuran. The

filtrate is concentrated by evaporation under reduced pressure. The
36giBsenisndi3 by eck iiBoTeeld iacHiond ahittphedipiated Ig/tife @dditon bbg

ane ﬁgl'&v gy%gf %%@ﬁ{@k%%%@f@ he, slidiisp srgtigndiliered and

was cetone/water mixture (1:1), then with tert.-

mtwmem@lé%ﬁmmrdmm%me@fﬁrbm@ terestipagcomplete. 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
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 18g of product 3 are obtained.

Synthesis of: (7R)-2-chloro-7-ethyl-8-isopropyl-7,8-dihydro-5SH-pteridin-6-one

‘jm); . — /CI);
/K ' Cl N /I]\f\

4
10g (316 mmol) of 4 are dissolved in 800 mi of tetrahydrofuran and 200 ml
isopropanol. 10g Pt/C (5%) and 5g 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 is heated to 70-

80°C until fully dissoived. After the addition of 600 ml demineralised water the product



Synthesis of:
(7R)-2-chloro-8-cyclopentyl-7-ethyl-7,8-dihydro-5H-pteridin-6-one 10 30g
(84 mmol) of 1 are dissolved in 300 ml of tetrahydrofuran. 3g Pt/C (5%)
and 1.5¢g vanadium(lV)oxyacetyIacg:E%Qate are added. The reaction
mixture is hydrogenated for 24 hours at 35C and a hydrogen pressure of
idthangtib thestgtickivmidtaomplike filtésediteiachsie ragidisenisandishedater.
ith tetrahydrofuran and. the filtrate js concentrated by evaporation under

Arlﬁ ﬂé@ﬁn )é(g ﬁ?@rﬁlgt%egfaﬁlgttflsmg%solved in 118 ml acetone and 15
' piraOipRa D bithe Bbititiar):6f Hhsddball & ouit Gf dBmingrdlisegneatsar! .89-
T olid.is ion fil ith an acetone/water mixture
}(ﬁ@lg? %hé?ﬁ?tﬁqg}%%ggta%eﬁﬁe ?her. After drying 189 of product 3
are obtained. Synthesis of:
(7R)-2-chloro-7-ethyl-8-isopropyl-7,8-dihydro-5lI-pteridin-6-one 20 O N2
NO OCINNCINN 45 |Og (316 mmol) of 4 are dissolved in 800 ml of
tetrahydrofuran and 200 ml isopropanol. I0g 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
suspension 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 689
of product 5 are obtained. 'H-NMR (400 MHz) (DMSOd5): 6 10.81 (bs 1H);
7.56 (s 1H); 4.37-4.24 (m 2H); 1.89- 1.65 (m 2H); 1.34-1.31 (m 6H);
0.80-0.73 (t3H) 5
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-14- Patent Claims 1. Process for preparing compounds of general
formulal 5R2H | *A2 N OIRR N R4 R3 (I) 10 wherein RI denotes a
group selected from the group consisting of chlorine, fluorine, bromine,
methanesulphonyl, ethanesulphonyl, trifluoromethanesulphonyl,
para-toluenesulphonyl, CH3S(=0)- Yha phenyls(=0)-, R2 denotes
hydrogen or C,-C3-alkyl, 15 R3 denotes hydrogen or a group selected
drom the:group consisting of optionally substituted C,-C12-alkyl,

C2Z-C.2-alkenyl, C2-C12-alkynyl and C6-C,4-aryl, or a group selected

from the group consisting of optionally substituted and/or bridged
C3-C,2-cycloalkyl, C3-C2-cycloalkenyl, C7-C,2-polycycloalkyl, 20
C7-C,2-polycyeloalkenyl, C5-C,2-spirocyclo Iikyl a %saturated or
binsatlraess BRSPS ETBRLY l?)ﬁ,gWﬁfgﬂ 88HP£ s 1 to 2 heteroatoms,
R4, R5 which may be identical or different denote hydrogen or optionally
substituted C,-C6-alkyl, or R4 and R5 together denote a 2- to
5-membered alkyl bridge, which ﬁ’"nay cﬁhtain I to 2 25 heteroatoms, or R4

and R3 or R5 and R3 together \gte atwated or unsaturated
/ optidnally fontain | heteroatom,
5

C3-C4-alkyl bridge, which

y R
R A, El\J R*
e
)
wherein
R denotes a group selected from the group consisting of chlorine, fluorine,

bromine, methanesulphonyl, ethanesulphonyl, trifluoromeéthanesulphonyl,
para-toluenesulphonyl, CH3S(=0})- and phenylS(=0)-,

R* denotes hydrogen or C;-Cs-alkyl,

R®  denotes hydrogen or a group selected from the group consisting of optionally
substituted C;-Cs-alkyl, C-Crz-alkenyl, C2-Ciy-alkynyl and Ce-Cis-aryl,
or
a group. selected from the group consisting of Optionall_y substituted and/or
bridged C3-Ciz-cycloalkyl, C3-Cyp-cycloalkenyl, C7-Cia-polycycloalkyl,
C5-Ciz-polycycloatkenyl, Cs-Cys-spirocycloalkyl and saturated or unsaturated
C3-Cp-heterocycloalkyl, which contains 1 to 2 heterdatoms,

R*, R’ which may be identical or different denote hydrogen or optionaily substituted
C,-Cg-alkyl, 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 Ca-Cy-alkyl bridge,
which may optionally contain 1 heteroatom,

and
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and -15- At and A2, which may be identical or different, denote -CH= or
-N=, characterised in that a compound of formula Il R2 NOZ i~O Rs O
RAZNRs 34R 5(ll) wherein.10 R'to R5, A, and A2 have the
meanings given in claim | and R6 denotes Ci-C4-alkyl, a) is hydrogenated
with hydrogen in the presence of a hydrogenation catalyst and b) a
copper, iron or vanadium compound is added, 15 in which steps a) and b)
MayHteke Rlacesimylianegusly or sueseasiMely.2CRrogessaccording to
claim 1, characterised in that in step b) a copper compound is added. 20
3. Process according to claim 1, characterised in that in step b) an iron
chpatnddsradded cdmProsessfaaaatding to claim 1, characterised in that
in step b) a vanadium compound is added. 25 5. Process according to
one of claims 1 to 4, characterised in that steps a) and b) are carried out
successively. R’

NO
A; = 0

wherein
R! to R®, Ay and A, have the meanings given in ¢laim 1 and

R® denotes C-Cy-alkyl,

a) 1s 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.

2. Process according to claim 1, characterised in that in step b) a copper

compound is added.

3. Process according to claim 1, characterised in that in step b} an iron

compound is added.

4. Process according to claim 1, characterised in that in step b) a vanadivm

compound is added.

5. Process according to one of claims 1 to 4, characterised in that steps a) and b)

are carried out successively.
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-16- 6. Process according to claim 5, characterised in that after the first
step a) the intermediate product of formula Il is first obtained, which may
optionally be isolated, R2OH | NOR4 1*AZ2NR5 RR3 5 (lll) and
after the subsequent step b) a comngnd of formula | is obtained. 10 7.
Process according to one of claims 1to 4, characterised in that steps a)
and b) are carried out simultaneously. 8. Process according to one of
elaimsplirdks ebaasterisethim thahthe:thydiogenation-catalish isgelpaied

from the group.consisting of rhodiym, ruthenium,. 15 iridiu latinum,
BB S 8 B oL ARG 16 i e e e
c¢hasadterised in that the amount of hydrogenation catalyst added is
between 0.1 and 10 wt.-%, based on the amount of compound of formula
(1) used. 20 10. Process according to one of claims 1 to 9, characterised

in that the amount of copper, ironRSr vamgdium compound added is
between 0.01 and 10 wt.-%, based on ﬁﬁ]e anaﬁ)unt of compound of

formula (I) used. 25 11. Proqe? rdi one of claims 1 to 10,
rried ouHm a solvent or mixture of

characterised in that the reactigin is
solvents selected from thezgtou £ONSISYng B«
|3

R
(1)

and after the subsequent step b) a compound of formula 1is obtained.

7. Process according to one of claims 1 to 4, characterised in that steps a) and b)

are carried out simultaneously.

8. Process according to one of claims 1 to 7, characterised in that the
hydrogenation catalyst is selected from the group consisting of rhodium, ruthenium,

iridium, platinum, palladium and nickel.

9, Process according to one of claims 1 to 8, characterised in that the amount of
hydrogenation catalyst added is between 0.1 and 10 wt.-%, based on the amount of

compound of formula (1T} used.

10.  Process according to one of claims 1 to 9, characterised in that
the amount of copper, iron or vanadium compound added is between 0.01 and 10

wt.-%, based on the amount of compound of formula (1) used.

11.  Process according to one of claims 1 to 10, characterised in that the reaction
is carried out in a solvent or mixture of solvents selected from the group consisting of
dipolar, aprotic solvents, alcohols, ethers, esters, carboxylic acids, apolar solvents,

acetonitrile, methylene chloride and water.



dipolar, aprotic solvents, alcohols, ethers, esters, carboxylic acids, apolar
solvents, acetonitrile, methylene chloride and water. -17- 12. Process
according to one of claims Ito 11, characterised in that the reaction
temperature is between 0 Cand 15919."13. Process according to one of
claims I to 12, characterised in that the hydrogen 5 pressure is from | bar
to 100 bar. 14. Compound of formula (111) RZOH N O5 INIR R R4 R3
10.(11) pedheseieRrinRB baveAbrimeanings speetiathéd slaimm thelBaction
Process for.preparin f general formulal 15 R2H gq2N O /
NFRERYR ee\?vggggé?rg ggglggt(g R5, Ai and A2 have the meanings
given in claim 1, characterised in that a compound of formula 11l -18-

13.  Process according to one of claims 1 to 12, characterised in that the hydrogen

5  pressure is from 1 bar to 100 bar.

14.  Compound of formula (1II)

R OH
N 0
l 5
— R
AL <
R3
10 (i)

wherein R' to R® have the meanings specified in claim 1.

15.  Process for preparing compounds of general formula 1
15
R 5
N O
A7 TR f -
I 5
= R
R1/f\ A2 f?] R 4
Y
()
wherein

20 R!'toR’, A;and A, have the meanings given in claim 1,

characterised in that a compound of formula I



R2OHI NO R5R*A~2N 4 R3 (lll} wherein RIto R5 and A,, A2 have
the meanings given in claim 1, is hydrogenated with hydrogen in the
presence of a hydrogenation catalyst and a copper, iron or vanadium
compound. 16. The compound with the following name and structure H N
O CIN zl~ (7R)-2-chloro-7-ethyl-84sopropyl-7,8-dihydro-5
H-pteridin-6-one,

R ClJH
N O
AT
! 5
A ER
R A, ff Rd
Ra

wherein
R'to R® and A;, A, have the meanings given in claim 1,
- is hydrogenated with hydrogen in the presence of a hydrogenation catalyst and a

copper, iron or vanadium compound.

16.  The compound with the following name and structure

(7R}—2—chloro—7—ethy1«8~i50pr0py1~7,8~dil'1ydro~5 H-ptendin-6-one.



