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ifte invention relates to a process for preparing dihydropteridinones of general 
formula (I) 

wherein the groups L, R!, R2> R3> R4 and R5 have the meanings given in the 
claims and specification. 

Background 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 the preparation thereof. 
The aim of the present invention is to provide an improved method of 

preparing the dihydropteridinones according to 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 hereinafter which constitutes a convergent process, by 
comparison with the process described in WO 03/020722. 

The invention thus relates to a process for preparing dihydropteridinones of 
general formula (I) 

( 
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R1, R2 which may be identical or different- denote hydrogen or optionally 
5 substituted Ci-Ce-alky!, 

or 

R3 and R2 together denote a 2- to 5-membered aikyl bridge which may contain 1 
to 2 heteroatoms, 

10 R3 denotes hydrogen or a group selected from among optionally substituted 

Ci-Ci2-alkyl, C2-Ci2~alkenyl> C2-Ci2-alkynyI and Os-Ci^ary!, or 
a group selected from among optionally substituted and/or bridged C3-C12-
cycloalkyl, Cs-C^-cycIoalkenyl, C7-Ci2-polycycloalkyl, C7~Ci2-polycycloalkenyl> 
C5-Ci2-spirocycloalkyl> Cs-C^-heterocycloalkyl which contains 1 to 2 

15 heteroatoms, and C3-Ci2-heterocycloalkenyi which contains 1 to 2 heteroatoms, 
or 

R5 and R3 or R2 and R3 together denote a saturated or unsaturated C3-C4-alky! 

bridge which may optionally contain 1 heteroatom, 
20 

R4 denotes a group selected from among hydrogen, -CN, hydroxy. -NR6R7 and 
halogen, or 

a group selected from among optionally substituted Ci-Ce-alkyl, C^Cfi-alkeayl, 

C2-Cf>-alkynyIj Ci-Cs-alkyloxy. C2-C5-alkenyloxy3 Ca-Cs-alkynvioxy, Ci-Ce-
25 alkylthio, Ci-Cs-alkylsulphoxo and Ci-Ce-alkylsulphonyl, 

L denotes a linker selected from among optionally substituted C2-Cic-alkyl. 
C2-Cio-aikenyIj C6-Ci4-aryi. -Cz-C^alkyl-Ce-Cu-aryl, -C6-Ci4-aryi-Ci-C4-alkyI3 
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optionally bridged Cs-Cia-cycloalkyl and heteroaryl which optionally contains 1 

or 2 nitrogen atoms, 

n denotes 0 or 1 
5 m denotes 1 or 2 

R5 denotes a group selected from among optionally substituted morpholinyl, 
piperidinyl, piperazinyl, piperazinylcarbonyl, pyrrolidinyl, tropenyl, R8-
diketomethylpiperazinyl, sulphoxomorpholinyl, suiphonylmorpholinyl, 

10 thiomorpholinylj -NR8R9 and azacycloheptyl, 
R6, R7 which may be identical or different, denote hydrogen or Ci-C^-alkyi, 

and 
R8, R9 denote unsubstituted nitrogen siibstirucnr? at R5. which may be identical 

or different, either hydrogen or a group selected from among Ci-Ct-alkyl, 

15 -Ci-C4-alkyi-C3~Cio-cycloalkyU C3-Cjo-cycloalkyl, Ce-Cu-aryl, 
-Cs-C4-alkyl-C6~Ci4-aryl> pyranyl, pyridinyl, pynmiainyl, C1-C4-
alkyloxycarbonyl, Ce-Cn-arylcarbonyl, C!-C4-alkylcarbonyl, Ce-Cn-
aryimethyloxycarbonyl, Cs-Cu-arylsulphonyl, Ci-CU-alkylsulphonyl and Ce-Cu-

aryl-Ci-C4-aIkylsuiphonyi, 
20 

while a compound of formula (II) 

25 wherein 
R1 to R3 are defined as specified and A is a leaving group, 

is reacted with a compound of formula (III), 
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wherein 

R4> R5> L and m, n may be defined as specified. 

5 
The invention 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 aisubsututed by an alkyl or 

cycioalkyl group, preferably cyciopropyimethyi or dimethyl. 

10 
Tne invention further relates to a process for preparing dihydropteridinones of 
general formula (I) as hereinbefore described, wherein the dihydropteridinone is 
selected from among the following dihydropteridinones of general formula (I) 
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while the abbreviations Xi, Xa> 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 

tiie corresponding groups R5, R2, R3, R4 and L-R5. 

5 
In a preferred process the reaction is carried out in the presence of acid catalysts, 

such as inorganic and organic acids. 
Also preferred is a process wherein the acid catalysts used are organic sulphonic 
acids, preferably methanesuiphonic acid, echanesuiphonic acid, ethane-1,2-

10 disulphonic acid, benzenesulphonic acid or p-toluenesulphonic acid. 
Particularly preferred is a process wherein the amount of acid catalyst added is 

between 0.001 and 2 equivalents. 

If the compound of formula (I) contains one or more basic groups in the R5ra~Ln 
15 group, a further equivalent of acid or correspondingly more equivalents of acid 

have to be added in addition to 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 particularly preferred is a process wherein the reaction is carried out in a 

5 solvent selected from among amides, such as dimethylformamide, 
dimethylacetamide or N-methylpyrroiidinone, ureas such as 1,3-dimethyI-
3,4,5,6-tetrahydro-2(lH)-pyrimidone (DMPU or dimethylpropylurea), 
sulphoxides such as dimethylsulphoxide or sulphones such as sulpholane, 

primary alcohols such as methanol, ethanol, 1-propanol, l~butanol or !-
10 pentanol, secondary alcohols such as 2-propanol or 2-butanol, isomeric 

secondary' alcohols of pentane or hexane, tertiary alcohols of butane, pentane or 

hexane, acetonitrile and 2-propylnitxile. Particularly preferred are secondary 
alcohols such as 2-propano"l, 2-butanol or 2-meUiyl-4-peutanoi. 

15 Particularly preferred is a process wherein the reaction temperature is from 18°C 
to 180DC, 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. 

20 The reactions are worked up by conventional methods, e.g. by extractive 
purification steps or precipitation and crystallisation processes. 

The compounds according to the invention may be present in the form of the 

individual optical isomers, mixtures of the individual enantiomers, diastereomers 

25 or racemates, in the form of the tautomers and also in the form of the free bases 
or the corresponding acid addition salts with pharmacologically acceptable acids -

such as for example 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. 

30 
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, ocr/1, nonyl, decyl and dodecyl. Unless 
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otherwise stated, the abovementioned terms propyl, butyl, pentyl, hexyl., hepryl, 

octyl, nonyij decyl and dodecyi include all the possible isomeric forms. For 
example, the term propyl includes the two isomeric groups n-propyl and iso-

propyi. the term butyl'includes n-butyl, iso-butyl, sec. butyl and tert.-butyl, the 
5 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 substituted 
by fluorine. All the hydrogen atoms of the alkyl group may optionally also be 

10 replaced. 

The term alkyl bridge, unless otherwise stated, denotes branched and 

unbranched alkyl groups with 1 to 5 carbon atoms, for example methylene, 

ethylene, propylene, isopropylene, n-butylene, iso-butyl. sec. butyl and tert.-butyl 
15 etc. bridges. Methylenes ethylene, propylene and butyiene bridges are particularly 

preferred. In the alkyl bridges mentioned 1 to 2 C-atoms may optionally be 
replaced by one or more heteroatoms selected from among oxygen, nitrogen or 

sulphur. 

20 The term alkenyl groups (including those which are a part of other groups) 
denotes branched and unbranched alkylene groups with 2 to 10 carbon atoms, 
preferably 2 to 6 carbon atoms, most preferably 2-3 carbon atoms,, provided 

that they have at least one double bond. Examples include: ethenyl, propenyl, 
butenyi, pentenyl etc. Unless otherwise stated, the abovementioned terms 

25 propenyl, butenyi, etc also include all the possible isomeric forms. For example, 

the term butenyi includes 1-butenyl, 2-butenyI. 3-butenyi, 1-methyl-1-propenyl, 
l-methyl-2-propenylj 2-methyl-l-propenyl, 2-methy!-2-propenyl and 1-ethyl-1-

ethenyl. 

30 In the abovementioned alkenyl groups, unless otherwise stated, one or more 
hydrogen atoms may optionally be replaced by other groups. For example, these 
alkyl groups may be substituted by the halogen atoms fluorine. All the hydrogen 
atoms of the alkenyl group may optionally also be replaced. 
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The term aikynyl groups (including those which are a part of other groups) 
denotes branched and unbranched aikynyl 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. 

5 
In the abovementioned aikynyl groups, unless otherwise stated, one or more 
hydrogen atoms may optionally be replaced by other groups. For example, these 
aikynyl groups may be substituted by fluorine. All the hydrogen atoms of the 

aikynyl group may optionally also be replaced. 
10 

The term aryl denotes an aromatic ring system with 6 to 14 carbon atoms, 
preferably 6 or 10 carbon atoms, preferably phenyl, which, unless otherwise 

stated, may carry one or more of the following subsnmenrs, for example: OH, 

NOa, CN, OMe, -OCHF2, --OCF3, -NHs, halogen, preferably fluorine or 
15 chlorine, Ci-Cic-alkyl, preferably Ci-Cs-alkyI, preferably Ci-C3-alkyl, 

particularly preferably methyl or ethyl, -0-Ci-C3-alkyI: preferably -O-methyl or 
-O-ethyl, -COOHj -COO-Ci-C4-alkyi; preferably -O-methyl or -O-ethyl, or 

-CONH2. 

20 Examples of heteroaryi groups wherein up to two C atoms are replaced by one or 

two nitrogen atoms include pyrrole, pyrazole, imidazole, triazole, pyridine, 
pyrimidine, whiie each of the above-mentioned heteroaryi 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 
25 the following substituents: F, Ci, Br, OH, OMe5 methyl, ethyl, CN, CONH2, 

NH2, optionally substituted phenyl, optionally substituted heteroaryi, preferably 
optionally substituted pyridyl 

Examples of cycloalkyl groups are cycloalkyl groups with 3-12 carbon atoms, for 

30 example cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or 
cyclooctyl, preferably cyclopropyl, cyclopentyl or cyclohexyl, whiie each of the 

above-mentioned cycloalkyl groups may optionally also carry one or more 

substituents, for example: OH; N02> CN, OMe, -OCHP2, -OCFs, -NH2 or 
halogen, preferably fluorine or chlorine, Ci-Cio-alkyl, preferably Ci-Cs-alkyl, 



10 

preferably Ci-C3-alkyl> particularly preferably methyl or ethyl, -O-Ci-Cs-alkyl, 

preferably -O-methyl or -O-ethyl, -COOH, -CQO-Cs-C^alkyl, preferably 

-COO-methyl or -COO-ethyl or -CONH2. Particularly preferred substituents of 

the cycioaikyl groups are =0, OH. NH2, methyl or F. 

5 
Examples of cycloalkenyl groups are cycloalkyl groups with 3-12 carbon atoms 
which, have at least one double bond, for example cyclopropeny], cyclobutenyl, 
cyclopentenyl, cyclohexenyl or cycloheptenyl, preferably cyclopropenyl, 

cyclopententyl or cyclohexenyl, while each of the above-mentioned cycloalkenyl 
10 groups may optionally also carry one or more substituents. 

"=0" denotes an oxygen atom linked by a double bond, 

Examples of heterocycloalkyl groups, unless otherwise- stated in the definitions, 
15 are 3- to 12-membered, preferably 5-, 6- or 7-memberedv saturated or 

unsaturated heterocycles, which may contain as heteroatoms nitrogen, oxygen or 

sulphur, for example tetrahydrofuran, tetrahydrofuranone, y-butyrolactone, a-

pyran, y-pyran, dioxolane, tetrahydropyran, dioxane, dihydrothiophene, thiolane, 

dilhiolane. pyrroline, pyrrolidine, pyrazoline, pyrazolidine, imidazoline, 
20 imidazoline, .tetrazole, piperidine, pyridazine, pyrimidine, pyrazine, piperazine, 

triazine. tctrazine. moipholine, thiomorpholine, diazepam, oxazine, tetrahydro-

oxazinyl, isothiazole, pyrazolidine, preferably morpholine, pyrrolidine, piperidine 
or piperazine^ while die heterocyclic group may optionally carry substituents, for 

example Ci-C-ralkyl, preferably methyl, ethyl or propyl. 

25 
Examples of polycycloalkyl groups are optionally substituted, bi-, tri,-tetra- or 
pentacyclic cycioaikyl 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. ttetra- or pentacyclic cycloalkenyl groups, 

30 preferably bicycloalkenyl or tricycloalkenyl groups? if they contain at least one 
double bond, for example norbornene. Examples of spiroalkyl groups are 

optionally substituted spirocyclic C5-C12 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, 

5 chlorine, bromine, iodine, methanesulphonyl, ethanesulphonyl, 
trifluoromethanesulphonyl or p-toluenesulpfaony], preferably chlorine. 

The intermediate compounds (II) and (III) may be prepared by methods known 

from the literature, for example analogously to the methods of synthesis 

10 described in WO 03/020722. 

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

hereinafter, in the case of trans-diamino-substirated cyclohcxanes. 

15 The compounds of formula (I) listed in Table 1> inter alia, are obtained 
analogously to the method described hereinbefore. 

The abbreviations Xi,X2, X3> X4 and Xs used in Table 1 each denote a link to a 
position in the general formula shown under Table 1 instead of the 

20 corresponding groups R}, R2, R3> R4 and Ln~RV 
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The following examples of synthesis are to be construed as examples of the 

procedure for further illustration of the invention without restricting it to tiieir 
5 content. The syntheses are illustrated in Diagrams (I) to (3). 
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Preparation of the aniline fragment 4 by: 

• preparation of the compound 3 

1 

5 
1 2 3 

Variant 1A; 
A suspension of 100 g (0.507 mol) 3-methoxy-4-nitrobenzoic acid 2, 163 g 
(0.508 mol) O-rbenzotriazol-l-yO-NjNjN'jN'-tetramethyluronium 

10 tetrafiuoroborate and 192 ml (1.1 mol) ethyldiisopropylamine in 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 solution is evaporated down to 600 mL and the organic phase is 
washed five times with 80 mL 1 molar ammonia solution. Tne organic phase is 

15 concentrated, by evaporation and the residue is chromatographed with 
dichloromethane / methanol / conc. ammonia (15:1:0.1) through silica gel. 
Product fractions are combined, the solvent is evaporated off and the product is 

crystallised from ethyl acetate I methanol. 123 g product 3 are obtained. 

20 Variant IB: 
4.00 kg (20.3 mol) 3-methoxy-4-nitrobenzoic acid 2are placed in 54 L toluene. 
At norma] pressure 16 L toluene are distilled off. The mixture is cooled to 3 05°C 

and 40 ml of dimethylformamide in 2 L toluene are added. At a jacket 
temperature of 120°C5 2.90 kg (24.3 mol) thionyl chloride are allowed to flow in 

25 within 30 min. and the mixture is rinsed with 4 L toluene. The reaction mixture 
is stirred for 1 hour at reflux temperature. Then 12 L toluene are distilled off 
under normal pressure. The contents of the reactor are cooled. A solution of 2.55 
kg (22,3 mol) l-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 mixture 
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is rinsed with 4 L toluene. The suspension is stirred for 1 hour. 20 L water are 
allowed to flow in and at 35-40°C 3.08 kg (30.4 mol) conc. hydrochloric acid 

(36%) are added. The mixture 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 

5 the product is returned to the reactor. It is rinsed with 4 L water. Under reduced, 
pressure 3.2 L water are distilled off at 50°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 stirred for 30 min. at this temperature. The suspension is suction filtered and 
10 the filter 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. 

15 
Variant &A 
A solution of 145 g (0.494 mol) 3 in 2 L methanol is hydrogenated at 4 bar in 

the presence of 2 g palladium on charcoal (10%). The catalyst is filtered off and 
the filtrate is concentrated by evaporation. 128 g product 4 are obtained. 

20 
Variant 2B 
25 L demineralised water are added to 5.00 kg (17.0 moi) 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 

25 (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 

« preparation of the compound 4: 

4 
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10 

reaction mixrure is filtered and the filter cake is washed with 10 L demineralised 

water. 
For crystallisation the filtrate 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%, industrial-grade) and 7 L demineralised water is added. The mixture is 
stirred for 10 minutes at 45-50°C. The suspension is cooled to 20°C and stirred 

for 1-1.5 hours at this temperature. The product is suction filtered, washed with 
30 L demineralised water and dried at 45°C in the vacuum drying cupboard. 

4.13 kg product 4 are obtained. 

15 

Preparation of the dihydropteridinone fragment 9, by: 

• preparation of the amino acid ester 6a-d 

6 a fa c d 

X o
 o X o~ 

CH3 
o—c 

CH3 

CH, 
>—^-CH, 

CH3 

The methyl ester 6a, ethyl ester 6b and 2-propyl ester 6c are prepared by by 
20 methods known from the literature, for example according to WO 03/020722 

Al. Tne tert-butyl ester 6d is prepared by transesterification with ten. butyl 
acetate in the presence of perchloric acid (J. Med. Chem., Vol 37, No 20, 1994, 

3294-3302). 

25 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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* Preparation of the amino acid amides 6e.f 

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

40% aqueous methylamine solution at ambient temperature. 
The amino acid amide 6f is prepared by amide formation of the free amino acid 

with a fivefold excess of 2 moiar dimethyiamme solution in tetrahydrofuran in 

the presence of 0-(benzocria2ol-l-yI)-N5N,N%N,-tetramethylTiroiiiuin 
10 tetrafiuoroborare as coupling' reagent. 

• Preparation of the compounds 7 

z a fa c d e f 

X o—CK3 o— 
CH3 • 

\ «>—< 
CH3 CH. 

cn3 

CH, 

H 
/ 

N 
\ CH3 

CH, 
/ 3 

N 
\ 
CH, 
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• Preparation of the methyl ester 7a 

A suspension of 457 g (2.06 mol) of the ammo acid methyl ester 6a 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-dichioro-5-
mtropyrimidine 5 and 1.5 L cyclohexane are added and the mixture is stirred for 

3 days at ambient; temperature. The reaction is monitored by HPLC. In order to 
redissoive any product which has crystallised out, 4 L of dichloromethane are 
added to the suspension. After the addition of 335 g magnesium sulphate the 

10 suspension is suction filtered and the inorganic filter cake is washed again with 
dichloromethane. Tne filtrate is evaporated down to 3.1 kg under reduced 

pressure and the suspension obtained is refluxed. The solution is allowed to cool 
slowly and stirred for one hour at 10-I5°C. The suspension is suction filtered 

and the filter cake is washed with cyclohexane. The product is dried at 40°C in 
15 the vacuum drying cupboard. 582 g of 7a (X = OCH3) are obtained as a dark 

yellow solid. 

Compounds 7b-f are prepared analogously to this method. During the reaction 
of the amino acid amide 7e,£ a fairly polar solvent such as e.g. ethyl acetate or 

20 dichloromethane is added to improve solubility. 

• Preparation of compound 8 

H 

7 8 

25 

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 
between the phases. The aqueous phase is separated off, 2 L ethyl acetate are 

5 added to the organic phase and the precipitate is suction filtered. The precipitate 

is 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. 

10 The filtrate is 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 temperature. The 
solution is filtered clear and the filter is rinsed with 150 mL ethanol. 550 mL 

15 demineralised water are added to the solution at reflux temperature. The mixture 

is left to cool and stirred 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 8 are obtained as a solid. 

20 
Preparation of compound 9 

25 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 8 and 161 g (1.13 mol) methyl 
iodide in 2 L dimethyiacetamiae at 4-10°C within one hour. The cooling bath is 
removed and the mixture is allowed to come up to 20cC within 2 hours. It is 
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cooled to 10°C and a further 0.38 g (9.5 mmoi) sodium hydride are added. The 

mixture is stirred for 4 hours at 10-15°C. 100 mL ethyl acetate and I kg ice are 
added to the reaction solution. The resulting suspension is diluted with 3 L 
demineralised water. The suspension is stirred for 2 hours* the precipitate is 

5 suction filtered and the filter cake is washed with demineralised water. The 
product is dried 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 9: 

10 

4 9 

A suspension of 201 g (1.06 mol) para-toluenesulphonic acid-hydrate, 209 g 
(706 mmoi) 9 and 183 g (695 mmoi) 4 in 800 mL 2-methyI~4-pentanol is 

15 refiuxed. 100 mL solvent are distilled off. The mixture is refluxed for 3 hours, 
200 mL of 2-iriethyl-4-pentanol are added and 120 mL of solvent are distilled 

off. After 2 hours heating at reflux temperature a further 280 mL solvent are 
distilled off. The mixture is cooled to 100°C and 1 L demineralised water and 

then 0.5 L ethyl acetate are added to the reaction solution. The organic phase is 
20 separated off and the aqueous phase is again washed with 0.5 L ethyl acetate. 1.5 

L dichloromethane and 0.5 L ethyl acetate are added to the acidic aqueous 
phase. The pH value of the aqueous phase is adjusted to pH 9.2 with 260 mL of 
6 normal sodium, hydroxide solution. The aqueous phase is separated off and the 
organic phase is washed three times with in each case 1 L of 1 normal aqueous 

25 sodium hydrogen carbonate solution. The organic phase is dried over sodium 
sulphate, filtered and the solvent is evaporated down under reduced pressure. 
406 g of crude product are obtained. 
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The crude product is dissolved in 1.5 L ethyl acetate. At a temperature of 50-

55°C 2.5 L of methyl-tert.~butylether are added. The mixture is inoculated at 
45°C and stirred for 16 hours with cooling to ambient temperature. The 
.suspension is stirred for 3.5 hours at 0-5°C and the precipitate is suction filtered, 

5 Hie filter cake is washed again with methyl-tert.-butyletiier /ethyl acetate (2:1) 
and methyl-tert.-butylether. The product is dried at 50°C in the vacuum drying 
cupboard. 236 g of crystalline compound of Example no. 46 are obtained as the 

anhydrate (I). 

10 Crystallisation: 

46.5 g of the crystalline anhydrate (I) described above are dissolved in 310 mL of 

l-propanol and filtered clear. The mixture is heated to 70°C and 620 mL 

demineralised water are added. The solution is left: to cool to ambient 
15 temperature, cooled to 0-10°C and seed crystals are added. The resulting 

suspension is stirred for 3 hours atQ-iO°C, It is suction filtered and washed with 
cold l-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. 

20 
The crude product of the reaction described above may also be crystallised 

directly as the crystalline monohydrate from 1-propanol/demineralised water. 

Synthesis of the compounds of Example No. 27, Example No. 110 and Example 

25 No. 234 (synthesis diagram 2) 
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10 

15 

260g (1.32 mol) 3-mediQxy-4-mtrobenzoic acid 2 are placed in 1.5 L toluene. 

300 rriL toluene are distilled off. 5 mL dimethylformamide are added to the 

residue and 123 mL (1.7 mol) tbionyl chloride are added dropwise thereto. The 
reaction solution is refluxed for 2 hours. The solvent is concentrated by 

evaporation using the rotary evaporator under reduced pressure. The residue is 
dissolved in 500 mL tetrahydrofuran and added dropwise to a suspension of 
202g (1.33 mol) trans-4-arriinocyclohexanol 1Q in 1.5 L tetrahydrofuran and 
1.38 L of a 30% potassium carbonate solution, so that the temperature is 
maintained between 5° and 13°C. The mixture is stirred for 1 hour at 20°C and 

5 L demineralised water are added. The precipitate is suction filtered and washed 
with demineralised water. The solid is dried at 70°C in the circulating air dryer. 
380g (98% of theory) product 11 are obtained. 
TLC (methylene chloride/ethanol ~ 9:1) Rf = 0.47 

1 g of finely powdered ruthenium(III)-chloride hydrate are added to I85g (0.63 

mol) 11 and 234g N-methyimorphoIine-N-oxide in 1.8 L acetonitrile and the 
mixture is refluxed for 1 hour. Under reduced pressure } .6 L acetonitrile are 
evaporated off. 1.5 L demineralised water are added to the residue and the 
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suspension is cooled to 5°C. The precipitate is suction 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 H are obtained. 
TLC (methylene chloride/ethanol = 9:1) Rf = 0.64 

•D reparation 

12a 

164g (0.51 mol) 13 (90%), 80.1 mL (0.65 mol) cis~2,6HiimethyIrnorphoiine 12 
10 and 60g sodium acetate in 1.4 L tetrahydrofuran are refluxed for 1 hour. The 

mixture is cooled to 20°C and 120g (0.57 mol) sodium triacetoxyborohydride are 
added batchwise in such a way that the temperature is kept between 18° and 
22°C. The mixture is stirred for 16 hours at 20CC. Tne solvent is concentrated 
by evaporation under reduced pressure. The residue is dissolved in 2 normal 

15 hydrochloric acid. lOg activated charcoal are added to the solution and it is 
suction filtered. 300 mL aiisopropylether and then ammonia solution are added 
to the filtrate until the aqueous phase is alkaline. Tne mixture is stirred for one 
hour and the suspension is cooled to 5°C. The suspension, is suction filtered and 

the solid is washed with demineralised water. Tne crude product is crystallised 

20 from 1.2 L isopropanol. The suction filtered crystalline product is dried at 50°C 
in the circulating air dryer. 84g (43% of theory) compound 14a are obtained. 
TLC (methylene chloride/ethanol = 9:1) Rf = 0.45 

25 
Preparation of 14b 
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A suspension of 65.3g (223 mmol) 13, 23.6 mL (268 mmol) rnorpholine 12b and 
0,4 mL methanesulphonic acid in 600 mL toluene is refluxed using the water 

separator until total enamine formation is achieved. Tne solvent is distilled off 
under reduced pressure to leave a residual volume of 100 mL. The residue is 

5 dissolved with 400 mL ethanol at 80°C and cooled to 0° to 5°C. At this 

temperature 10.Ig sodium horohyride are added batchwise and the mixture is 
then stirred for 16 hours at 20°G. Ice is added to the solution and it is adjusted.to 

. pH = 8 to 9 by the addition of semiconcentrated hydrochloric acid. The solvents 

are concentrated by evaporation under reduced pressure. The residue is 
10 suspended in methylene chloride and chromatographed on silica gel with a 

solvent mixture of methylene chloride/ethanol/ammonia (49:1:0.25 to 
19:1:0.25), .First; the cis compound [TLC (methylene chloride/ethanol/ammonia 
= 19:1:0.25) Rf = 0.23] is eluted. Fractions containing the trans compound 

[TLC (methylene chloride/ethanol/ammonia - 19:1:0.25) Rf = 0.12] are 

15 combined, and concentrated by evaporation. The residue is suspended in 350 mL 
methanol at boiling temperature. At approx. 50°C3 2 molar equivalents of 
trimethylchiorosilane are added followed by 500 mL tert.-butyimethySe.ther. The 
suspension is suction filtered and the solid is dried. 
24g (27% of theory) compound 14b are obtained as the hydrochloride. 

20 TLC (methylene chioride/elhanoi/ammonia — 19:1:0.25) Rf — 0.12 

Preparation of 14c 

25 
112g (383 mmol) IJj 108g (770 mmol) N-(cyclopropylmethyl)piperazine 12c 
and 4.5 mL methanesulphonic acid in toluene are refluxed for 3 hours using die 
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. 

30 15g sodium borohvdride are added batchwise to this suspension at a temperature 

14c 
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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 

5 suspension is suction filtered, The residue is dissolved in I normal hydrochloric 
acid. 5g activated charcoal are added and the mixture is suction filtered. 400 mL 

tert.-butylmethylether are added to the filtrate and it is made alkaline with 
ammonia solution., it is cooled to 4°C> the precipitate is suction filtered and 
washed with demineralised water. The residue is refluxed in 400 mL tert.-

10 butylmethylether, It is cooled, the solid is suction filtered and washed with tert,~ 
butylmethylether. After drying in the circulating air dryer at 60°C 73g (46% of 

theory) product 14c is obtained. 
TLC (methylene chloride/ethanol = 9:1) Rr ~ 0.2 

15 Preparation of 15a 

A solution of 108.5g (277 mmol) 14a in 900 mL acetic acid is hydrogenated in 
20 the presence of lOg Raney nickel at a temperature of 20°C and a hydrogen 

pressure of 50psi. The catalyst is filtered off and the solution is concentrated by 
evaporation under reduced pressure. Tne residue is dissolved in 500 mL 
isopropanol and made alkaline by the addition of ammonia solution. Sufficient 
ice water is added to obtain a volume of 1,5 L. The precipitate is suction filtered 

25 and washed with 400 mL demineralised water, 160 mL isopropanol and 300 mL 
tert.-butylmethylether. Trie solid is dried at 50°C in the circulating air dryer. 92g 
(92% of theory) product 15a are obtained. 
TLC (methylene chloride/ethanol ~ 9:1) Rf = 0.25 
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Preparation of 15b 

15 

A solution of 23g (57.5 mmol) 14h. 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 nitrate is slowly adjusted to pH = 11 by the addition of 1 normal sodium 

hydroxide 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 

N 
14c yO O 

A solution of 72.5g (174 mmol) 14c in 700 mL methanol and 145 mL 
dimethylformamide is hydrogenated in the presence of lOg Raney nickel at a 
temperature of 20°C and a hydrogen pressure of 50psi. The catalyst is filtered off 

20 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°C5 60.5g (90% of theory) product 

15c is obtained. 
25 TLC (methylene chloride/ethanol/ammonia = 9:1:0.1) Rf - 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) 15a, 16.5g (61.4 mmol) l£ and 15.9g (83.6 

5 mmol) para-toluenesulphonic acid hydrate in 400 mL 2~methyi-4-pentanol is 
refluxed for 9 hours, while a total of 360 mL solvent are distilled off over the 

enure period. The residue is left to cool and the solidified oil is dissolved in 300 
mL demineralised water. The aqueous phase is washed three times with ethyl 

acetate. 400 mL ethyl acetate are added to the aqueous phase and sufficient 
10 sodium hydroxide solution is added to give a pH = 11. to 12. The organic phase 

is washed twice with demineralised water. The organic phase is dried over 

sodium sulphate, filtered and the solvent is evaporated off under reduced 
pressure. The residue is dissolved in 82 mL dimethylacetamide and slowly added 
dropwise to a solution of 60 mL conc. ammonia in 1.4 L demineralised water 

15 with thorough stirring. The mixture is stirred for 4 hours at 20DC> 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. 
Tne base thus obtained may be crystallised from acetone / 1 normal hydrochloric 

20 acid as the monohydrochioride with an m.p. of approx. 320°C (decomposition, 

DSC: 10 K/min). 

Preparation of 1.7b (corresponds to the compound of Example No. 27) 
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A solution of 16.2g (48.6 mmol) 15b, 14.5g (54 mmol) M and 13g (68,3 mmol) 

para-toluenesulphonic acid hydrate in 250 mL 2-methyl-4-pentanol and 20 mL 
N-msthylpyrroiidinone is refluxed. Within one hour 180 mL solvent are distilled 

off. 100 mL 2-methyl-4~pentanol are added and the solution is refluxed for 5 
5 hours. It is left to cool to 80°C and 40 mL methanol and 12g trimethylsilyl 

chloride 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 17b is obtained 

20 as the hydrochloride. 
After dissolving the hydrochloride in demineralised water and transferring it into 

an aqueous solution of potassium carbonate and common salt the free base is 

extracted with methylene chloride. The base of 17b is crystallised from acetone / 
demineralised water (1:1) (m.p. ~ 150°C> DSC: 10 Kymin). 

15 
Preparation of 12c (corresponds to the compound of Example No. 110) 

20 A solution of 23g (59.5 mmol) 15c, 16.8g (62.5 mmol) 1£ and 28.3g (149 
mmol) para-toluenesulphonic acid hydrate in 350 mL 2-methyl-4-pentanoI is 

refluxed for 22 hours using the water separator. After the addition of ig of the 
mixture is refluxed for a further 2 hours. 300 mL solvent are distilled off and the 

viscous oil is allowed to cool to 60°C. 300 mL methylene chloride and 300 mL 
25 demineralised water are added and the pH is raised by adding approx. 20 rnL of 

10 normal sodium hydroxide solution to pH = 9. The organic phase is washed 

twice with demineralised water and dried over sodium sulphate. The solvent is 
evaporated off under reduced pressure and the residue is dissolved at 65°C in 
200 mL ethyl acetate. The mixture is left to cool slowly to 20°C5 the precipitate 

30 is suction filtered and washed with cold ethyl acetate. After drying at 60°C in the 



59 

vacuum drying cupboard 24.4g product 1.7c is obtained (m.p. = 182°C, DSC: 10 

K/min> additional endothermic effects in the DSC diagram before melting). 

The compound 14c may alternaoVely also be prepared by the following metiiod 

(synthesis diagram 3). 

is plan 3 

12c 

NK„ 



Preparation of 19 

60 

H 
H 

12o 18 19 

5 22g (142 mmol) 4-acetamido-cyclohexanone 1&, 39.7g (283 mmol) N-

cyclopropyirnethylpiperazine 12c and 0.71 mL methanesulphonic acid in 175 
mL toluene are refluxed using the water separator until no more water is 

precipitated. The mixture is left to cool and at 50°C 175 mL ethanol are added 

10 borohydride are added batchwise with thorough stirring and the mixture is 
stirred for 16 hours at 20°C. 200 mL of 4 normal hydrochloric acid are added 

dropwise to the reaction mixture. Under reduced pressure 200 mL solvent are 
evaporated off. 100 mL saturated potassium carbonate solution and 200 mL 
methyiisobutylketone are added to the residue. The two-phase mixture is cooled 

15 to 5°C with thorough stirring. The product is suction filtered and dissolved at 
reflux temperature in 90 mL methyiisobutylketone. 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 29 are obtained 

20 TLC (methylene chloride/ethanol/ammonia = 9:1:0.1) Rf = 0.39 

Preparation of 20 

37g (142 mmol) sodium 

H 
19 20 

25 

A solution of 44g (157 mmol) 19 in 500 mL 24% hydrochloric acid is refluxed 

for 6 hours. The solvent is concentrated by evaporation under reduced pressure 
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10 

15 

20 

and the residue is crystallised from 700 mL isopropanol. The precipitate is 

suction filtered} washed with tert -butylmethylether and dried at 60°C in the 
vacuum drying cupboard. 54,7g product 2£ are obtained as the trihydrochloride 

(contains 5% water). 

Preparation of 14c 

33g (90.4 mmol) 3-methoxy-4-mtrobenzoic acid 2 are suspended in 80 rnL 
toluene. 0.5 mL dimethylformamide and 16g (134 mmol) thionyl chloride are 
added. The mixture is refhixed for 1 hour. The solution is concentrated by 
evaporation under reduced pressure and the crude acid chloride is dissolved in 
50 mL tetrahydrofuran. The solution is added dropwise to a suspension of 18.7g 
(94.9 mmol, 95%) of 2$ trihydrochioride and 49g (397 mmol) of 
diisopropylethylamine in 150 mL tetrahydrofuran while being cooled in the ice 
bath. TLC is 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 solution. The organic phase is separated off and 
washed with saturated saline solution. The combined aqueous phases are 

extracted once with tetrahydrofuran. The combined organic phases are 
concentrated by evaporation under reduced pressure. Tne residue is refluxed in 
300 mL tert.-butylmethylether. The mixture is left to cool to 20°C and the 
precipitate is suction filtered. After drying in the vacuum drying cupboard at 
45°C 31.3g (83% of theory) 14c is obtained. 
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