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‘Miethod for the producticn of dibydropteridinones

The inventon relates 1o a process for preparing dihydroptenidinones of general
formula (1)
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(1)

wherein the groups L, R!, R?, R3, R*and R’ have the meanings given in the

claims and specification.

Backeround 1o the invention

Preridinone derivatves are known from the prior art as active substances with
an antiproliferatve acavity, WO 03/020722 describes the use of
dihydropteridinone derivatves for the treatment of umoral diseases and
processes for the preparation thereof.

The aim of the present invenuon is to provide an improved method of

preparing the dihydropteridinones according 1o the invention.

 Summary

In one aspect, there is provided a compound of formula

Detailed description of the invention

The present invention solves the problem stated above by the method of
synthesis described hereinafrer which constrates a convergent process, by
comparison with the process described in WO 03/020722.

The invengon thus relates 10 @ process for preparing dihydropteridinones of

general formula (I}
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wherein

R}, R? which may be identical or different, denote hydrogen or optionally
substituted Ci-Ce-alkyl,

or

Rland R? together denote & 2- to 5-membered alkyl bridge which may contain 1

t0 2 hetercatoms,

R3 denotes hydrogen or a group selected from among optionally substituted
Cr-Chz-alkyl, Co-Crg-alkenyl, Co-Chg-alkynyl and Ce-Cis-aryl, or

a group selected from among optionally substituted and/or bridged C5-Cra-
cycloalkyl, Cs-Cra-cycloalkenyl, Cr-Cra-polycycloalkyl, Co-Cio-polycycloalkenyl,
Cs-Cira-spirocycioalkyl, Cs-Cie-heterocycloalky! which contains 1 to 2
heteroatoms, and Cs-Ciz-heterocycloalkenyl which contains 1 to 2 heteroatorms,

or

Riand R3or R? and R?together denote a saturated or unsaturated Ca~Cy-alkyl

bridge which may oprionally contain 1 hetercatom,

R4 denores a group selected from among hyvdrogen, ~CN, hydroxy, -NR¢R7 and
halogen, or

a group selected from among optionally substtuted C-Ce-alkyl, Cs-Ce-alkenyl,
Ca-Ce-alkynyl, Ci-Cs-alkyloxy, Ca-Cs-alkenyloxy, Co-Cs-alkynvioxy, Ci1-Ce-
alkylthio, C;-Ce-alkylsulphoxo and Ci-Ce-alkylsulphonyl,

L denotes a linker selected from among optionally substituted Ca-Cie-alkyl,
Co-Cye-alkenyl, Ce-Cre-aryi, -Co-Ca-alkyl-Ce-Cra-aryl, ~Ce-Chra-aryl-Ci-Ca-alkyl,
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optionally bridged Cs-Cia-cycloalkyl and heteroary! which optonally contains 1

0r 2 nitrogen atoms,

0 denotes 0 or 1

m denotes 1 or 2

RS denotes a group selected from among optonally substituted morpholinyl,
piperidinyl, piperazinyl, piperazinylcarbonyl, pyrrolidinyl, tropenyl, R8-
diketomethylpiperazinyl, sulphoxomorpholinyl, sulphonylmorpholinyl,
thiomorpholinyl, -INR#R® and azacycloheptyl,

RS, R7 which may be identical or different, denote hydrogen or Cy-Ce-alkyl,

and

R8, RY denote unsubstituted nitrogen subsrruents af R3, which may be identical
or different, either hydrogen or a group selected from among Ci-Ce-alkyl,
~Cy-Caralkyi-Cs-Cro-cycloalkyl, Cs-Cio-cycloalkyl, Ce-Cra-aryl,
~Ci-Ca-alkyl-Ce~Cire-aryl, pyranyl, pyridinyl, pyrimidinyl, Ci-Ca-
alkyloxycarbonyl, Ce-Cie-arylcarbonyl, C;-Cy-alkylcarbonyl, Ce-Cha-
aryimerthyloxycarbonyl, Ce-Cia-arylsulphonyl, Ci-Cs-alkylsulphonyl and Ce-Cis-
aryl-C-Ce-alkylsuiphonyl,

while 2 compound of formuta (II)

|
NP
Il P R
A/\&/\s?s $
R3
{n

wherein

R! 1o R? are defined as specified and A is a leaving group,

1s reacted with a compound of formuia (I},
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()

wherein

R4, R3, L and m, n may be defined as specified.

The mvention further relates to a process for preparing dihydropteridinones of
general formula (I) as hereinbefore described, wherein Rs denotes a morpholinyl
or piperazinyl group which may be mono or disubsttuted by au afkyl ot

cycloalkyl group, preferably cyclopropylmethyl or dimethyl.

The inventon further relates to a process for preparing dihydropreridinones of
general formula (I) as hereinbefore described, wherzin the dihydropteridinone is

selected from among the following dihydropteridinones of general formmula (I)
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while the abbreviagons X, X2, X3, X4 and X5 used in the Table in each case
denote a link to a position in the general formula listed in the Table instead of

the corresponding groups R!, R2, R? R* and L-R7.

In a preferred process the reacton is carried out in the presence of acid catalysts,
such as inorganic and organic acids.

Also preferred is a process wherein the acid caralysts used are organic sulphonic
acids, preferably methanesuiphonic acid, ethanesulphonic acid, ethane-1,2-
disulphonic acid, benzenesulphonic acid or p-toluenesulphonic acid.

Particularly preferred is a process wherein the amount of acid catalyst added is

berween 0.001 and 2 equivalents.

If the compound of formula (I) contains one or more basic groups in the Rip-1a
group, a further equivalent of acid or correspondingly more equivalents of acid
have 1o be added in addition o the catalytic amount of acid for the purpose of

protonation and hence blocking of the basic group or groups. In this case in a
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particularly preferred process the amount of added acid catalyst is more than one

equivalent.

Also partcularly preferred is a process wherein the reaction is carried out in a
solvent selected from among amides, such as dimethylformamide,
dimethylacetamide or N-methylpyrrolidinone, ureas such as 1,3-dimethyl-
3,4,5,6-tetrahydro-2( 1 H)-pyrimidone (DMPU or dimethylpropylurea),
sulphoxides such as dimethylsulphoxide or sulphones such as sulpholane,
primary alcohols such as methanol, ethanol, I-propanoci, i1~butanof or I-
pentanol, secondary alcohols such as 2-propanol or 2-butanol, isomeric
secondary alcohols of pentane or hexane, tertiary alcohols of butane, pentane or
hegane, acetonitrile and 2-propylnitrile, Particularly preferred are secondary

alcohols such as 2-propanol, 2-butanol or Z-methyl-4-pentanol.

Partcularly preferred is a process wherein the reaction temperature is from 18°C

10 180°C, preferably from 100°C to 150°C.

The reactions may also be carried out under pressure in low-boiling solvents or
using microwaves as the energy source,
The reactions are worked up by conventonal methods, e.g. by extractve

purification steps or precipitation and crystallisation processes.

The compounds according to the inventon may be present in the form of the
individual optical isomers, mixtures of the individual enantiomers, diastereomers
or racemates, in the form of the tautomers and also in the form of the free bases
or the corresponding acid additon salts with pharmacologically acceptable acids -
such 2as for example acid addition salts with hydronalic acids, for example
hydrochloric or hydrobromic acid, or organic acids, such as for example oxalic,

fumaric, diglycolic or methanesulphonic acid.

The term alkyl groups, including alky! groups which are a part of other groups,
denotes branched and unbranched alkyl groups with 1 to 12 carbon atoms,
preferably 1 - 6, most preferably 1-4 carbon atoms, such as, for example: methyl,

ethyl, propyl, butyl, pentyl, hexyl, heptyl, ocryl, nonyl, decyl and dodecyl. Unless
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otherwise stated, the abovementioned terms propyl, buryl, pentyl, hexvl, heptyl,
octyl, nonyl, decyl and dodecyl include all the possible isomeric forms. For
example, the term propyl includes the two Isomeric groups n-propy! and 5o~
propyl; the term buryl inchuades n-butyl, iso-butyl, sec. butyl and tert.-butyl, the

term pentyl includes iso-pentyl and neopentyl.

In the abovementioned alkyl groups one or more hydrogen atoms may optionally
be replaced by other groups. For example these alkyl groups may be substiruted
by fluorine, All the hydrogen atoms of the alkyl group may optionally also be
replaced.

The term alkyl bridge, unless otherwise stated, denotes branched and
unbranched alkyl groaps with 1 1o 5 carbon atoms, for cxample methylene,
ethylene, propylene, isopropylene, n-butylene, iso-butyl, sec. butyl and tert.-butyl
etc. bridges. Methylene, ethylene, propylene and butylene bridges are partcuiarly
preferred. In the alkyl bridges mengoned 1 to 2 C-atoms may optionally be
repiaced by one or more heteroatoms selected from among oxygen, nitrogen or

suiphur.

The term alkeny! groups (including those which are a part of other groups)
denotes branched and unbranched alkylene groups with 2 to 10 carbon atoms,
preferably 2 o 6 carbon atoms, most preferably 2 - 3 carbon atorris,, provided
that they have at least one double bond. Examples include; ethenyl; propenyl,
butenyl, penteny! etc. Unless otherwise stated, the abovementioned terms
propenyl, butenyl, etc also include all the possible someric forms. For example,
the term butenyl includes I-butenyl, 2-butenyl, 3-butenyl, I-methyl-1-propenyl,
1-methyl-2-propenyl, 2-methyl-1-propenyl, 2-methyl-2-propenyl and i-ethyl-1-
ethenyl,

In the abovementioned alkenyl groups, unless otherwise stated, one or more
hydrogen atoms may optionally be replaced by other groups. For example, these
aikyl groups mav be substituted by the halogen atoms fluorine, All the hydrogen

atoms of the alkeny! group may optonalily also be replaced.
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The term alkynyl groups (including those which are a part of other groups)
denotes branched and unbranched alkynyl groups with 2 to 10 carbon atoms,
provided that they have at least one triple bond, for example ethynyl, propargyl,

butynyl, pentynyl, hexynyl etc., preferably ethynyl or propynyl.

In the abovementioned alkynyl groups, unless otherwise stated, one or more
hydrogen atoms may optionaliy be replaced by other groups. For example, these
alkynyl groups may be substituted by fluorine. All the hydrogen atoms of the

atkynyl group may optonally also be replaced.

The term aryl denotes an aromatic ring system with 6 1o 14 carbon atoms,
preferably 6 or 10 carbon aroms, preferably phenyl, which, unless otherwise
stated, may carry one or more of the following substiruents, for example: OFL,
NO», CN, OMe, -OCHF,, ~-OCFs, -INHb», halogen, preferably fluorine or
chiorine, C)-Cic¢-alkyl, preferably Cy-Cs-alkyl, preferably Ci-Cs-alkyl,
particularly preferably methyl or ethyl;, -O-Cy-Cs-alkyl, preferably -O~methyl or
-O-ethyl, ~COOH, ~-COO-C-Cs-alkyl, preferably ~-O-methyl or ~-O-ethyl, or
~-CONHo.

Examples of heteroaryl groups wherein up ro two C atoms are replaced by one or
two nitrogen atoms inclnde pyrrole, pyrazole, imidazole, triazole, pyndine,
pyrimidine, while each of the above-mentioned heteroaryl rings may optionally
also be anellated to a benzene ring, preferably benzimidazole, and these
heterocycles, unless stated to the contrary, may for example carry one or more of
the following substiruents: F, Cl, Br, OH, OMe, methyl, ethyl, CN, CONFz,
NHz, optionally substituted phenyl, optionally substituted hetefoaryk, preferably
optionally substituted pyridyl.

Examples of cycloalkyl groups are cycloalkyl groups with 3 - 12 carbon atoms, for
example cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or
cyclooctyl, preferably cyclopropyl, cyclopentyl or cyclohexyl, while each of the
above-mentioned cycloalkyl groups may optionally also carry one or more
substituents, for example: OH, NO,, CN, OMe, ~-OCHE;, -OCF;, -NHz or
halogen, preferably fluorine or chlorine, Ci1~Cig~alkyl, preferably C-Cs-alkyl,
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preferably Ci~Ca-alkyl, pardcularly preferably methy! or ethyl, -O-C,-Cs-alkyl,
preferably ~C-methyl or -O-ethyl, -COOH, -COO-C;-Cy-alkyl, preferably
~COC~methyl or ~-COQO-ethyl or -CONHaz. Particularly preferred substituents of
the cycloalkyl groups are =0, OH, NH,, methy! or F.

Examples of cycloalkeny! groups are cycloalkyl groups with 3 - 12 carbon aroms
which have at least one double bond, for example cyclopropenyl, cyclobutenyl,
cyclopentenyl, cyclohexenyl or cycloheptenyl, preferably cyclopropenyl,
cyclopententy! or cyciohexenyl, while each of the above-mentoned cycloalkenyl

groups may optionally also carry one or more substituents.
"=0" denotes an oxygen atom linked by 2 double bond.

Examples of heterocycloalkyl groups, unless otherwise stated in the definitions,
are 3- to 12-membered, preferably 5-, 6- or 7-membered, saturated or
unsaturated heterocycles, which may contain as heteroatoms nitrogen, oxygen or
sulphur, for example tewrabydrofuran, retrahydrofuranone, y-butyrolactone, o-
pyran, y-pyran, dioxolane, tetrahydropyran, dioxane, dihydrothiophene, thiclane,
dii’hioiaﬁe; pyrroline, pyrrolidine, pyrazoline, pyrazolidine, imidazoline,
imidazolidine, tetrazole, piperidine, pyridazine, pyrimidine, pyrazine, piperazine,
mriazine, tetrazine, morpholine, thiomorpholine, diazepan, oxazine, tetrahydro-
nxazinyl, 1sothiazole, pyrazolidine, preferably morpholine, pyrrolidine, piperidine
or piperazine, while the heterocyclic group may opuonally carry substtuents, for

example Ci-Cs-alkyl, preferably methyl, ethyl or propyl.

Examples of polyeycioalky! groups are optionally substitated, bi-, wi,~tetra- or
pentacyclic cycloalkyl groups, for example pinane, 2.2.2~0Ctane, 2.2.1-heptane or
adamantane, Examples of polycycloalkenyl groups are optionally bridged and/or
substituted, 8-membered bi-, tr, ttetra- or pentacyclic cycloalkenyl groups,
preferably bicycloalkenyl or wricycloalkenyl groups, if they contain at least one
double bond, for example norbornene. Examples of spiroalky! groups are

optionally substituted spirocyclic Cs-Ciz alkyl groups.
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The term halogen generally denotes fluorine, chlorine, bromine or iodine,

preferably fluorine, chlorine or bromine, particularly preferably chlorine,

The leaving group A denotes a leaving group such as for example fluorine,
chlorine, bromine, iodine, methanesulphonyl, ethanesulphonyl,

triflucromethanesulphony! or p-toluenesulphonyl, preferably chlorine.,

The intermediate compounds (IT) and (II0) may be prepared by methods known
from the literature, for example analogously to the methods of synthesis
described in WO 03/620722.

The intermediate compound (IIT) may be prepared by the methods described

hereinafter, in the case of wrans-diamino-subs

vl
o}
ot
]
—t
sl
Ch
(8]
tef
O

The compounds of formula (D) listed in Table 1, inrer alia, are obrained

analogously to the method described hereinbefore.

The abbreviations Xy, Xz, %3, s and Xs used in Table 1 cach denote alink to &
position in the general formula shown under Table 1 instead of the

corresponding groups RY, R2, R2, R* and La-Ros,.
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The following examples of synthesis are 1o be construed as examples of the
procedure for further iustration of the inventon without restricting it to their

53 content. The syntheses are illustrated in Diagrams (1) to (3).
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Synthesis of Compound of Example No. 46 {(synthesis diagram 1)

Synthesis plan ﬁ*
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" Preparation of the aniline fragment 4 by:

s preparation of the compound 3
Q" —
3 N
NH, N H |
Pae O A

Variant 1A:

[N
e8]
[

A suspension of 100 g (0.507 mol) 3-methoxy-4-nirobenzoic acid 2, 163 g
(0.508 mol) O-(benzotriazol-1-yI)-N,N,N’, N -terramethyluronium
terrafiuoroborate and 192 mL (1.1 mol) ethyldiisopropyiamine inn 1.2 L
dichloromethane is stirred for one hour at 25°C. 58 g (0.508 mol) l-methyl-4-
aminopiperidine 1 are added to the solution formed and it is stirred for 16 hours
at 20°C. The sohation is evaporated down to 600 ml and the organic phase is
washed five times with 80 ml I molar ammonia solution. The organic phase Is
concenirated by evaporation and the residue is chromarographed with
dichloromethane / methanol / conc. ammmonia (15:1:0.1) through silica gel.
Product fractions are combined, the solvent is evaporated off and the productis

crystattised from ethyl acetate / methanol. 123 g product 3 are obtained.

Variant 1B;

4.00 kg (20.3 mol) 3-methoxy-4-nitrobenzoic acid 2 are placed in 54 L toluene.
At normal pressure 16 L roluene are distilled off, The mixture is cooled to 105°C
and 40 ml of dimethylformamide in 2 L tolnene are added. At a jacket
temperature of 120°C, 2.90 kg (24.3 mo!) thiony! chioride are allowed to flow in
within 30 min. and the mixrare is rinsed with 4 L toluene, The reaction mixture
is strred for 1 hour at refluy temperature, Then 12 L tolnene are distilled off
under normal pressure. The contents of the reactor are cooled. A solution of 2.55
kg (22.3 mol) 1-methyl-4-aminopiperidine 1 in 2 L toluene and 2.46 kg (24.3

mol) triethylamine in 2 L toluene is allowed to flow in at 55 - 65°C. The mbiture
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is rinsed with 4 L toluene. The suspension is surred for 1 hour. 20 L water are
allowed to flow in and at 35-40°C 3.08 kg (30.4 mol) conc. nydrochloric acid
(36%) are added. The mixrure is rinsed with 2 L water. At 35 - 40°C 2 phases
are formed. The organic phase is separated off and the aqueous phase containing
the product is rerurned to the reactor. It is rinsed with 4 L water. Under reduced
pressure 3.2 L water are distilled off at 530°C. 4.87 kg (60.9 mol) sodium
hydroxide solution (50%) is allowed to flow into the remaining solution at 40°C.
It is rinsed with 4 L water. The product suspension is allowed to cool to 22°C
and strred for 30 min. at this remperature. T he suspension is sucton filtered and
the filrer cake is washed with 40 L water. The product is dried at 40°C in the

vacuum drying cupboard. 5.65 kg product are obtained.

« preparation of the compound 4:

~
L L
g e o N 0
0
N 7 NH,
9 O

3

T

[

Vartant 24
A solution of 145 g (0.494 mol) 3 in 2 L. methanol 15 hydrogenated ar 4 bar in
the presence of 2 g palladium on charcoal (10%). The catalyst is filtered off and

the filtrate is concentrated by evaporaton. 128 g product 4 are obrained.

Variant 2B
25 1. demineralised water are added to 5.00 kg (17.0 mol) 3 and 600 g activated

charcoal (industrial-grade). Then 2.05 kg (34.1 mol) acetic acid are added. The

suspension is stirred for 15 minutes at 22-25°C, 500 g palladium on charcoal

(10%) suspended in 3 L demineralised water are added and the mixture is rinsed
with 2 L demineralised water. The contents of the reactor are heated to 40°C

and hydrogenated at this temperature until the hydrogen uptake stops. The
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reaction mixture is filtered and the filter cake is washed with 10 L demineralised
water.

For crystallisation the filrate is transferred into a reactor and the transporting
vessel is rinsed with 5 L demineralised water. The contents of the reactor are
heated to 50°C. A mixture of 5.45 kg (68.2 mol) sodium hydroxide solution
(50%, industriaj-grade) and 7 L demineralised water is added. The mixture is
stirred for 10 minutes at 45-50°C. The suspension is cooled 10 20°C and stirred
for 1-1.5 hours at this temperature. The product is rsucdon filrered, washed with
30 L demineralised water and dried at 45°C in the vacuum drying cuphoard.

4.13 kg product 4 are obtained.
Preparation of the dihydropteridinone fragment 8, by

s preparation of the amino acid ester 6z2-¢d

o
2/ >4
i O
ien
i
o
¢’
o3

i

The methyl ester 6a, ethyl ester §b and 2-propyl ester 6¢ are prepared by by
methods known from the literature, for example according to WO 03/020722
A1l. The tert~butyl ester 6d is prepared by transesterification with rert. butyl
acetate in the presence of perchlonc acid (J. Med, Chem., Vol 37, WNo 20, 1994,
3294-3302). ‘

The amino acids may be used in the form of the bases or as hydrochlorides in the

following nucleophilic substitution reaction.
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¢ Preparaton of the amine acid amides 6e.f

;E
Z >
: O
jlen}
1¢43
foody

len

The amino acid amide 6e i1s prepared by aminolysis of the methyl ester 6a with

40% aqueous methylamine solution at ambient temperature.

’; 0wy s f'x
G armia

£

i A LT e e
L 0¢ amins aci ¥ ar

&6f is prepared by amide formation of the free aming acid

with a fivefold excess of 2 molar dimethylamine solution in tetrahydrofuran in

the presence of O-(benzorriazol-1-yD-N,IN,IN?, N -rerramethyloronium

tetraflucroborate as coupling reagent.

s Preparation of the compounds 7

ﬁ X O X NG,
N \f 5 cOX
b,; AN \Q- H - /k e l’
B o Y
/(?/[ * \ﬁw NN
e’ N e
% HCl
5 5 i
L * 2 b ¢ d g f
5
1 CH, CH, H 8
X | o—cH, O\ o-—< o CH, N S
j CH, o, CH, CH, CH,
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e Preparation of the methyl ester 7a

A suspension of 457 g (2.06 mol) of the amino acid methyl ester 62 and 693 g
(8.25 mol) powdered sodium hydrogen carbonate in 10 L cyclohexane is stirred
5  for 15 minutes at ambient temperature. 440 g (2.27 mol) 2,4-dichloro-5-

nitropyrimidine § and 1.5 L cyclohexane are added and the mixrure is stirred for
3 days at ambient temperature. The reacton is monitored by HPLC. In order 1o
redissolve any product which has crystallised out, 4 L of dichloromethane are
added 1o the suspension. After the addition of 335 g magnesium sulphate the

10 suspension is sucton filtered and the inorganic filter cake is washed again with
dichloromethane. The filtrate 13 evaporated down to 3.1 kg under reduced
pressure and the suspension obtained is refiuxed. The solution is allowed to cool
slowly and stirred for one hour at 10-15°C. The suspension is suction filtered
and the filter cake 1s washed with cyclohexane. The product 1s dried at 40°C in

15 the vacuum drying cupboard. 582 g of 7a (X = OCHs;) are obtained as a dark

yeliow solid.
Compounds 7b-f are prepared analogously to this method. During the reaction
of the amino acid amide Je.f a fairly polar solvent such as e.g. ethy] acetate or

20 dichloromethane is added to improve solubility,

« Preparation of cormpound §

1~
{00

A freshly prepared suspension of 560 g (1.63 mol) 7a and 185 g Raney nickel in
2.8 L. acetic acid is hydrogenated at 75 °C. After the uptake of hydrogen has
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ended the catalyst is filtered off and the hydrogenation solution is evaporated
down under reduced pressure. 4 L. of demineralised water and 4 L ethyl acetate
are added to the residue. A precipitate which contains the product is formed
berween the phases. The agueous phase is separared off. 2 L ethyl acetate are
added to the organic phase and the precipitate is sucton filtered. The precipitare
1s suspended in 600 mL demineralised water, stirred for I hour at ambient
temperature, suction filtered and washed with demineralised water. 110 g of

moist product A are obtained.

The filtrate 1s washed three times with sodium chloride solution. The organic
phase is concentrated by evaporation. 380 g of a reddish-brown residue B are
obtained, which is combined with the moist product A. The combined crude
products A and B are dissolved in 1.5 L ethanol at reflux temperarure, The
solation is filtered clear and the filter is rinsed with 150 mL ethanol. 550 ml.
demineralised water are added to the solution at reflux temperature, The mixture
15 left to cool and sdrred for 16 hours at ambient temperature and for 3 hours at
0-5°C. The precipitate is suction filtered and washed with demineralised
water/methanol (1:1) and then with demineralised water. The product is dried at

50°C in the vacuum drying cupboard. 266 g product § are obrained as a solid.

Preparation of compound &

! Lo
S S
O o

8

oo

38 g (0.95 mol) sodium hydride (60 % dispersion in mineral oil) are added
batchwise to a solution of 264 g (0.94 mol) of § and 161 g (1.13 mol) methyl
iodide in 2 L dimethylacetamide at 4-10°C within one hour. The cooling bath is

removed and the mixture is allowed to come up 1o 20°C within 2 hours. It is
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cooled to 10°C and a further 0.38 g (9.5 mmol) sodium hydride are added. The
mixture is stirred for 4 hours at 10-15°C. 100 mL ethyl acetate and iAk‘g ice are
added to the reacton solution. The resultung suspension is diluted with 3 L
demineralised water. The suspension is stirred for 2 hours, the precipitate is
suction filtered and the filter cake is washed with demineralised water. The
product is dred at 50°C in the vacuum drying cupboard. 273 g of product 9 are

obtained as colourless crystals.
Preparation of the Compound of Example No. 46 by reacting 4 with %:

|
AN
« T ® i;(Nj\"/

NH, R )
- O . o

8

~
Nl\:j\ﬁj\ {/% Ny i\fo . \i,ilj\mi A S
. L%\ ]

X
z

>

A suspension of 201 g (1.06 mol) para-toluenesulphonic acid~-hydrate, 209 g
(706 mmol) ¢ and 183 g (695 mumol) 4 in 800 mL 2-methyl-4-pentanol is
refluxed. 100 mi solvent are distilled off. The mixrure is refluxed for 3 hours,
200 mL of 2-methyi-4-pentanol are added and 120 mL of solvent are distlled
off, After 2 hours heating at reflux temperature a further 280 mL solvent are
distilied off. The mixrure is cooled to 100°C and I L demineralised water and
then 0.5 L ethyl acetate are added to the reaction sohusion. The organic phase is
separated off and the aqueous phase is again washed with 0.5 L ethyl acetate, 1.5
L. dichloromethane and 0.5 L ethy! acetate are added to the acidic agueous
phase. The pH value of the agqueous phase is adjusted 1o pH 9.2 with 260 mL. of
6 normal sodium hydroxide soludon. The agueous phase is separated off and the
organic phase is washed three times with in each case 1 L of 1 normal aguecus
sodium hydrogen carbonate solution. The organic phase i3 dried over sodium
sulphate, fliered and the solvent is evaporated down under reduced pressure.

406 g of crude product are obrained.
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The crude product is dissolved in 1.5 L ethyl acetate. At a temperatare of 50-
55°C 2.5 L of methyl-tert.-butylether are added. The mixrure is inoculated -at

45°C and stirred for 16 hours with cooling to ambient temperarure, The

suspension is stirred for 3.5 hours at 0-5°C and the precipitate is sucdon filtered.

The filter cake is washed again with methyl-tert.-butylether /ethyl acetare (2:1)
and methyi-tert.~butylether. The product i dried ar 50°C in the vacuum drying
cupboard. 236 g of crystalline compound of Exampie no. 46 are obrained as the
anhydrate (1),

Crystallisation:

46.5 g of the crystalline anhydrare (I} described above are dissolved in 3106 mL of
I-propanol and filtered clear, The mixrure is heated to 70°C and 620 mL
demineralised water are added. The solution is left to cool to ambient
temperature, cocled to 0-10°C and seed crystals are added. The resulting
suspension is stirred for 3 hours at-0-10°C, It is suction filtered and washed with
cold 1-propanol/ demineralised water (1:2) and demineralised water. The
product is dried at 50°C in the vacuum drying cupboard. 40.5 g crystalline

compound of Example No. 46 are obtained as the monohydrate,

The crude product of the reacton described above may also be crystallised

directly as the crystalline monohydrate from I-propanol/demineralised water.

Syothesis of the compounds of Example No. 27, Example No, 110 and Example
Mo, 234 (synthesis diagram 2)
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Preparation of 11

HO.,
H0‘~Q , HO —— O\N
+ o0 R
MH, N

10

It
s

5 2'60g (1.32 mol) 3-methoxy-4-nitrobenzoic acid Z are placed in 1.5 L toluene.
300 mL toluene are disglled off. 5 mL dimethylformamide are added 1o the
residue and 123 mlL (1.7 mol) thiony! chloride are added dropwise thereto. The
reaction solution 1s refluxed for 2 hours. The solvent is concentrated by
evaporation using the rotary evaporator under reduced pressure. The residue is

10 dissolved in 500 mL tetrahydrofuran and added dropwise 1o a suspension of
202g (1.33 mol) wans-4-aminocyclohexanol 10 in 1.5 L rerrahydrofuran and
1.38 L. of a 30% potassium carbonate solution, so that the temperature is
maintained berween 59 and 13°C. The mixture Is stirred for I hour at 20°C and
5 L demineralised water are added. The precipitate is suction filtered and washed

15 with demineralised water, The solid is dried at 70°C in the circulating air dryer.

380g (98% of theory) product 11 are obained.
TLC (methylene chlonde/ethanol = 9:1) Re = 0.47

Preparation of 13

HO. o
SUUE o¥

Hoo N E\
Kf’ E:{ﬁ = fgw
6 © 0 ©
u 13

1 ¢ of finely powdered ruthenium(III)-chloride hydrate are added to 185g (0.63
mol) 11 and 234g N-methylmorpholine-N-oxide inn 1.8 L acetoniwrile and the
25  mixrure 1s refruxed for 1 hour. Under reduced pressure 1.6 L acetonitrile are

evaporated off. 1.5 L. demineralised warer are added to the residue and the
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suspension is cooled 1o 5°C. The precipitate is sucton filtered and washed with
plenty of demineralised water. The solid is dried at 70°C in the circulating air
dryer. 168g (91% of theory) product 13 are obtained.

TLC (methylene chloride/ethanol = 9:1) Re = (.64

Preparation of 14a

o O)\v
L : U 5 )VN‘O\N
N, N e
H
. " w7 H
T N*ﬁ
0 © A .
2 1 O O

12z 13

164g (0.51 mol) 13 (8C%), 80.1 mL. (0.65 mol) cis-2,6-dimethylmorpholine 2
and 60g sodium acertate in 1.4 L rewrahydrofuran are refluxed for 1 hour. The
mixture is cooled to 20°C and 120g (0.57 mol) sodium macetoxyborohydride are
added batchwise 1 such a way that the temperature is kept between 18° and
22°C. The mixture Is surred for 16 hours at 20°C. The sclvent is concentrated
by evaporauon under reduced pressure. The residue is dissolved in 2 normal
hydrochloric acid. 10g activated charcoal are added to the solution and it is
suction fltered. 300 ml dusopropylether and then ammonia solution are added
to the filtrate undl the aqueous phase 1s alkaline. The mixture is stirred for one
hour and the suspension is cooled to 5°C. The suspension is sucton filtered and
the solid 1s washed with demineralised water. The crude product is crystallised
from 1.2 L isopropanol. The suction filtered cryvstalline product is dried at 50°C
in the circulating air dryver. 84g (43% of theory) compound 14a are obtained.
TL.C (methylene chioride/ethanol = 9:1) Re= 0.45

Preparavion of 14b

x HCI

f =
7P
O ©

o
{2
XY
{& ]
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A suspension of 63.3g (223 mmol) 13, 23.6 mL (268 mmol) morphokne 12b and
0.4 mL methanesulphonic acid in 600 mL roluene is refluxed using the water
separator unti} total enamine formaton is achieved. The solvent is distilled off
under reduced pressure to leave a residual volume of 100 mI. The residue is
dissolved with 400 mL ethanol at 80°C and cocled to 0° 1o 5°C. At this
temperature 10.1g sodium borohyride are added batchwise and the mixture is

then stirred for 16 hours ar 20°C. Ice is added ro the solution and it is adjusted to

. pH = 8 to ¢ by the addition of semiconcentrared hydrochloric acid. The solvents

are concentrated by evaporation under reduced pressure. The residue is
suspended in methylene chloride and chromartographed on silica gel with a
solvent mixture of methylene chioride/ethanolammonia (49:1:0.25 to
10:1:0.25). First, the ¢fs compound [TLC (methylene chioride/ethancl/ammonia
= 10:1:0.25) Re = 0.23] is eluted, Fractions containing the rrans compound
[TLC (methylene chloride/ethanol/ammonia = 19:1:0.25) Re= 0.12] are
combined and concentrated by evaporation. The residue is suspended in 350 mL
methanol at boiling temperature, At approx. 50°C, 2 molar equivalents of
wimethyichiorosilane are added followed by 500 ml. tert.—buryimethyiether. The
suspension is suction filtered and the solid is dried.

24g (27% of theory) compound 14h are obtained as the hydrochloride.

TILC (methylene chioride/ethanolammonia = 19:1:0.25) Re= 0.12

Preparation of 34¢
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112g (383 mmol) 13, 108g (770 mmol) N-{cyclopropylmethyl)piperazine 12¢
and 4.5 mI. methanesulphonic acid in toluene are refluxed for 3 hours using the
water separator (approx. 76 mL water are separated off). Under reduced pressure
900 ml. toluene are evaporated off and the residue is suspended in 1.2 L ethanol.

15g sodium borohydride are added barchwise to this suspension at a temperature
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of 15° to 25°C within one hour, The mixture is stirred for 3 hours at 20°C and
another 4g sodium borohydride are added. The mixture is stirred for 16 hours at
20°C. Under reduced pressure 650 mL ethanol are evaporated off. 2 L purified
water and 300 mL cyclohexane are added. The mixture is cooled to 5°C and the
suspension is suction filtered. The residue is dissolved in I normal hydrochioric
acid. Sg activated charcoal are added and the mixture is suction filtered. 400 mL
tert.-butylmethylether are added to the filirate and it is made akkaline with
ammonia solution, It is cooled to 4°C, the precipitate 18 sucton fltered and
washed with demineralised water. The residue is refluxed in 400 ml tert.~
butylmethylether. It is cooled, the solid is sucton filtered and washed with tert.~
butylmethylether. After drying in the circulauing air dryer at 60°C 73g (46% of
theory) product 1de is obtained.

Y PRV

TLC (methylene chioride/ethanol = 9:1) Re= 0.2

Preparation of 185
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A solution of 108.5¢g (277 mmol) 14z in 900 ml acetic acid is hydrogenated in
the presence of 10g Raney nickel at a temperature of 20°C and a bydrogen
pressure of 5Gpsi. The caralyst is filtered off and the soluton is concentrated by
evaporation under reduced pressure. The residue is dissolved in 500 mL
isopropanol and made alkaline by the addition of ammonia solution, Sufficient
ice water ig ac?.cieci to obtain a volume of 1.5 L. The precipitare is suction filtered
and washed with 400 mL demineralised water, 160 mL. isopropano! and 300 mL
tert.-butylmethylether. The solid is dried at 50°C in the circulating air dryer. 82¢g
(92% of theory) product 152 are obtained.

TLC (methylene chloride/ethanol = 9:1) Re = (.25
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Preparaton of 15b
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A solution of 23g (57.5 mmol) 14b hydrochloride in 200 mL demineralised
water is hydrogenated in the presence of 5g palladium on charcoal (10%) at a
temperature of 20°C and a hydrogen pressure of 50psi. The catalyst is filtered off
and the filrrate is slowly adjusted 1o pIi = 11 by the addivion
fivdroxide solution. The suspension is stirred for 2 hours at 20°C, suction filtered
and the solid is washed with demineralised water. After drying in the vacuum

drying cupboard 17.5g product 15b is obtained.

Preparation of 15¢
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A solution of 72.5g (174 mmol) 14¢ in 700 ml methano! and 145 mL
dimethylformamide is bydrogenated in the presence of 10g Raney nickel at a
temperatre of 20°C and a hydrogen pressure of 50psi, The caralyst is ﬁltei'ed off
and the methanol is evaporated down under reduced pressure. 500 ml.
demineralised water are added to the residue and the suspension is cooled to
5°C. The precipitate is suction filtered and washed with demineralised water.
After drying in the circulating air dryer at 60°C, 60.5g¢ (90% of theory) product
13¢ is obtained.

TLC (methylene chlonide/ethanol/ammonia = 9:1:0.1) Ry = 0.58
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Preparation of 17a {corresponds to the compound of Example No. 234)

A solution of 20.2g (55.9 mmol) 158, 16.5g (61.4 mmol) 16 and 15.9g (83.6
mmol) para~toluenesulphonic acid hydrate in 400 mL 2-methyl-4-pentanol is
refluged for 9 hours, while a total of 360 ml. solvent are distilled off over the
entire period. The residue is left to cool and the solidified oil is dissolved in 300
mlL demineralised water. The agueous phase is washed three times with ethyl
acerate, 400 mL ethyl acetate are added to the aqueous phase and sufficient
sodium hydroxide solution is added to give a pH = 11 to 12, The organic phase
is WaAshad wice with demineralised warer. T'he organic phase is dried over
sodium sulphate, filtered and the solvent s evaporated off under reduced
pressure. The residue is dissoived in 82 mL. dimethylacetamide and slowly added
dropwise 10 a solution of 60 mL conc. ammonia in 1.4 L demineralised water
with thorough stirring. The mixtare 15 strred for 4 hours at 20°C, the precipitate
is suction filtered and washed with plenty of demineralised water, After drying at
60°C in the vacuum drying cupboard in the presence of sodium hydroxide flakes
30.3g product 17a is obtained.

The base thus obrained may be crystallised from acerone / 1 normal hydrochloric
acid as the monohydrochloride with an m.p. of approx, 320°C (c,ivecomposiﬁion>
DSC: 10 K/min).

Preparation of 17b (corresponds to the compound of Exampie No. 27)
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A solution of 16.2g (48.6 mmol) 15b, 14.5g (54 mmol) 16 and 13g (68.3 mmol)
para-toluenesulphonic acid hydrate in 250 mI 2-methyl-4-pentanol and 20 mL
N-methvipyrrolidinone is refluxed. Within one hour 180 mL solvent are distilled
off. 100 mL 2-methyl-4-pentanc! are added and the soludon is refluxed for 5
hours, It is left to cool to 80°C and 40 mL methanol and 12g wimethylsilyl
chioride are added. At 60°C, 400 mL of acetone are allowed to flow in. The
suspension is refluxed and cooled to 30°C, The precipitate is suction filtered and
washed with acetone / methanol {(85:15) and acetone, After drying in the
vacuum drying cupboard at 50°C, 22.7g (78% of theory) product 17k is obrained
as the hydrochloride.

Afrer dissolving the hydrochioride in demineralised water and transferring it into
an agueous solution of potassinm carbonate and comumon salt the free base isl
extracted with methylene chloride. The base of 17b is crystallised from acetone /
demineralised water (1:1) (m.p. = 150°C, DSC: 10 K/min).

Preparation of 17¢ (corresponds to the compound of Bxample No. 110)

A solurion of 23g (59.5 mmol) 15¢, 16.8g (62.5 mmol) 1§ and 28.3g (149
mmo}) para-toluenesulphonic acid hydrate in 350 mL 2~methyl-4-pentanol is
refiuxed for 22 hours using the water separator. After the addition of ig of 1§ the
mixture is refluxed for a further 2 hours. 300 mi. solvenr are distilled off and the
viscous oil is allowed 1o cool to 60°C. 300 mL methylene chloride and 300 mL
demineralised water are added and the pH is raised by adding approx. 20 mL. of
10 normal sodium hydroxide solution to pH = 9. The orgamic phase is washed
twice with demineralised water and dried over sodium sulphate. The solvent is
evaporated off under reduced pressure and the residue 13 dissolved at 65°C in
200 mL. ethyl acetate. The mixture 1s left to coaol slowly to 20°C, the precipitate
is suction filtered and washed with cold ethyl acetate. After drying at 60°C in the
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vacuum drying cupboard 24.4¢g product 17¢ is obtained (m.p. = 182°C, DSC: 10

K/min, additional endothermic effects in the IISC diagram before melung).

The compound 1d¢ may alternatvely also be prepared by the following method

(synthesis diagram 3).

8
\ ' e Synthesis plan 3
v UN Ji§

V/\FO HO ~

et
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5  22g (142 mmoly 4-acetamido-cyclohexanone 18, 39.7g (283 mmol) N-
cyclopropyimethylpiperazine 12¢ and 0.71 mL methanesulphonic acid in 175
mi. toluene are refluxed using the water separator unil no more water is

precipitated. The mixture s left to cool and at 50°C 175 mL ethano} are added

.

and the resultng mixture is cosled to 20°C. 5.37g (142 mmol) sodum
10 borohydride are added batchwise with thorough strring and the mixrure is
stirred for 16 hours at 20°C, 200 mL of 4 normal hydrochloric acid are added
dropwise to the reaction mixrure. Under reduced pressure 200 mL solvent are
evaporated off. 100 mL saturated potassiwm carbonate solution and 200 mi
methylisobutylketone are added to the residue, The rwo-phase mixture is cooled
to 5°C with thorough stirring. The product is suction filtered and dissolved at
reflux temperature in 90 ml methylisobutylketone, After the addition of
activated charcoal it is filtered hot. The mixture is left to cool and the precipitate
is removed by suction filtering. After drying, 16.2g (41% of theory) of trans
compound 1% are obramed

20 TLC (methylene chioride/ethanolammonta = 9:1:0.1) Re= (.39

Preparavon of 2¢

A solution of 44g (157 mmol) 12 in 500 mi. 24% hydrochioric acid is refluxed

for 6 hours. The solvent is concentrated by evaporation under reduced pressure
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and the residue is crystailised from 700 mL. tsopropanol. The precipitate 1s
suction filtered, washed with tert.-butylmethylether and dried ar 60°C in the
vacuum drying cupboard. 34.7¢g product 20 are obtained as the trihydrochloride

(contains 5% water).

Preparation of 14¢
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33g (90.4 mmol) 3-methoxy-4-nitrobenzoic acid 2 are suspended in 80 m1.

=]
fro

. toluene. 0.5 mL dimethylformamide and 16g (134 mmol} thionyl chloride are

added. The mixrure is refluxed for 1 hour. The solution is concentrated by
evaporation under reduced pressure and the crude acid chloride is dissolved in
50 mL tewrahydrofuran. The solution is added dropwise 1o a suspension of 18.7g
(94.9 mmol, 95%) of 20 mihydrochloride and 49g (397 mmol) of
diisopropylethylamine in 150 mL tewrabydrofuran while being cooled in the ice
bath. TLC 1s used to check that the reaction is complete. After the reaction has
ended water is added to the suspension and the pH is adjusted to 10 by the
addition of sodium hydroxide soluoon. The organic phase is separated off and
washed with saturated saline soluton. The combined aquecus phases are
extracted once with tetrahydrofuran. The combined organic phases are
concentrated by evaporation under reduced pressure. The residue is refluxed in
300 mL rert-butylmethylether. The mixture is left to cool to 20°C and the
precipitate is sucton filtered. After drying in the vacuum drying cupboard at
45°C 31.3g (83% of theory) l4c 15 obrained.
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