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(57) ABSTRACT 

The invention relates to novel 6-arylamino-5-cyano-4-pyri 
midinones of formula (I) 

(I) 
0 

CN, 
HN I 
\ 

N I|\IH 
A B 

methods for the production thereof, and the use thereof for 
producing medicaments utilized for improving awareness, 
concentration, learning capacity, and/ or retentiveness of 
memory. Said compounds (I) shoW activity as PDE9 inhibi 
tors. 
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6-ARYLAMINO-5-CYANO-4-PYRIMIDINONES 
AS PDE9A INHIBITORS 

[0001] This application is continuation of Us. application 
Ser. No. 10/559,954, ?led Sep. 28, 2006, Which is a 371 of 
PCT/EP2004/006477, ?led Jun. 16, 2004, Which claims the 
bene?t of German application 10 328 479.6 ?led Jun. 25, 
2003, each of Which is incorporated herein by reference. 
[0002] The invention relates to novel 6-arylamino-5-cy 
ano-4-pyrimidinones, process for their preparation, and the 
use thereof for producing medicaments for improving per 
ception, concentration, learning and/ or memory. 
[0003] Inhibition of phosphordiesterases modulates the 
levels of the cyclic nucleotides 5'-3' cyclic adenosine mono 
phosphate (cAMP) and 5'-3' cyclic guanosine monophos 
phate (cGMP). These cyclic nucleotides (cAMP and cGMP) 
are important second messengers and therefore play a central 
role in cellular signal transduction cascades. Each of them 
reactivates inter alia, but not exclusively, protein kinases. The 
protein kinase activated by cAMP is called protein kinase A 
(PKA), and the protein kinase activated by cGMP is called 
protein kinase G (PKG). Activated PKA and PKG are able in 
turn to phosphorylate a number of cellular effector proteins 
(e.g. ion channels, G-protein-coupled receptors, structural 
proteins). It is possible in this Way for the second messengers 
cAMP and cGMP to control a Wide variety of physiological 
processes in a Wide variety of organs. HoWever, the cyclic 
nucleotides are also able to act directly on effector molecules. 
Thus, it is knoWn, for example, that cGMP is able to act 
directly on ion channels and thus is able to in?uence the 
cellular ion concentration (revieW in: Wei et al., Prog. Neu 
robiol., 1998, 56: 37-64). The phosphodiesterases (PDE) are 
a control mechanism for controlling the activity of cAMP and 
cGMP and thus in turn these physiological processes. PDEs 
hydrolyze the cyclic monophosphates to the inactive mono 
phosphates AMP and GMP. At least 21 PDE genes have noW 
been described (Exp. Opin. lnveslig. Drugs 2000, 9, 1354 
3784). These 21 PDE genes can be divided on the basis of 
their sequence homology into 11 PDE families (for proposed 
nomenclature, see http://depts.Washington.edu/pde/Nomen 
clature.html.). Individual PDE genes Within a family are dif 
ferentiated by letters (e.g. PDElA and PDElB). If different 
splice variants Within a gene also occur, this is then indicated 
by an additional numbering after the letters (e.g. PDE1A1). 
[0004] Human PDE9A Was cloned and sequenced in 1998. 
The amino acid identity With other PDEs does not exceed 
34% (PDE8A) and is never less than 28% (PDE5A). With a 
Michaelis-Menten constant (Km) of 170 nM, PDE9A has 
high af?nity for cGMP. In addition, PDE9A is selective for 
cGMP (Km for cAMP:230 uM). PDE9A has no cGMP bind 
ing domain, suggesting allosteric enZyme regulation by 
cGMP. It Was shoWn in a Western blot analysis that PDE9A is 
expressed in humans inter alia in the testes, brain, small 
intestine, skeletal muscle, heart, lung, thymus and spleen. The 
highest expression Was found in the brain, small intestine, 
heart and spleen (Fisher et al., J. Biol. Chem, 1998, 273 (25): 
15559-15564). The gene for human PDE9A is located on 
chromosome 21q22.3 and comprises 21 exons. To date, 4 
alternative splice variants of PDE9A have been identi?ed 
(Guipponiet al.,Hum Genet., 1998, 103: 386-392). Classical 
PDE inhibitors do not inhibit human PDE9A. Thus, IBMX, 
dipyridamole, SKF94120, rolipram and vinpocetine shoW no 
inhibition on the isolated enZyme in concentrations of up to 
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100 nM. An 1C5O of 35 [1M has been demonstrated for Zapri 
nast (Fisher et al., J. Biol. Chem, 1998, 273 (25): 15559 
1 55 64). 
[0005] Murine PDE9A Was cloned and sequenced in 1998 
by Soderling et al. (J Biol. Chem, 1998, 273 (19): 15553 
1 55 5 8). This has, like the human form, high a?inity for cGMP 
With a Km of 70 nM. Particularly high expression Was found 
in the mouse kidney, brain, lung and heart. Murine PDE9A is 
not inhibited by IBMX in concentrations beloW 200 [1M 
either; the 1C5O for Zaprinast is 29 [1M (Soderling et al., J Biol. 
Chem, 1998, 273 (19): 15553-15558). It has been found that 
PDE9A is strongly expressed in some regions of the rat brain. 
These include olfactory bulb, hippocampus, cortex, basal 
ganglia and basal forebrain (Andreeva et al., J Neurosci, 
2001, 21 (22): 9068-9076). The hippocampus, cortex and 
basal forebrain in particular play an important role in learning 
and memory processes. 
[0006] As already mentioned above, PDE9A is distin 
gui shed by having particularly high a?inity for cGMP. 
PDE9A is therefore active even at loW physiological concen 
trations, in contrast to PDE2A (Km:10 uM; Martins et al., J. 
Biol. Chem, 1982, 257: 1973-1979), PDE5A (Km:4 uM; 
Francis et al., J Biol. Chem, 1980, 255: 620-626), PDE6A 
(Km:17 uM; Gillespie and Beavo, J Biol. Chem, 1988, 263 
(17): 8133-8141) and PDE11A(Km:0.52 [1M;FaWcett et al., 
Proc. Nat. Acad. Sci, 2000, 97 (7): 3702-3707). In contrast to 
PDE2A (Murashima et al., Biochemistry, 1990, 29: 5285 
5292), the catalytic activity of PDE9A is not increased by 
cGMP because it has no GAF domain (cGMP-binding 
domain via Which the PDE activity is allosterically increased) 
(Beavo et al., Current Opinion in Cell Biology, 2000, 12: 
174-179). PDE9A inhibitors may therefore lead to an 
increase in the baseline cGMP concentration. 
[0007] Us. Pat. No. 5,256,668 discloses aminopyrimidine 
derivatives Which are conspicuous as anti -viral agents and can 
be employed for the treatment of respiratory syncytial virus. 
[0008] WO 99/41253 describes pyrimidine derivatives 
Which have an antiviral effect and Which can be employed in 
particular for the treatment of human cytomegalovirus infec 
tions. 
[0009] EP 130735 discloses aminopyrimidine derivatives 
Which are conspicuous as cardiotonic agents. 
[0010] The present invention relates to compounds of the 
formula 

(1) 

CN, 

in Which 
[0011] A is Cl-Cs-alkyl, C3-C8-cycloalkyl, tetrahydrofuryl 

or tetrahydropyranyl, Which are optionally substituted by 
up to 3 radicals independently of one another selected from 
the group of C l-C6-alkyl, C l-C6-alkoxy, hydroxycarbonyl, 
cyano, tri?uoromethyl, tri?uoromethoxy, amino, hydroxy, 
Cl-C6-alkylamino, halogen, Cl-C6-alkylaminocarbonyl, 
Cl-C6-alkoxycarbonyl, Cl-C6-alkylcarbonyl, C1-C6 
alkylsulfonyl and C 1 -C6-alkylthio, 
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[0012] Where Cl-C6-alkyl, Cl-C6-alkoxy, Cl-C6-alky 
lamino, Cl-C6-alkylaminocarbonyl, Cl-C6-alkoxycar 
bonyl, Cl-C6-alkylcarbonyl, Cl-C6-alkylsulfonyl and 
Cl-C6-alkylthio are optionally substituted by one or 
more radicals selected from the group of hydroxy, 
cyano, halogen, hydroxycarbonyl and a group of the 
formula iNR3 R4, 
[0013] Where 
[0014] R3 and R4 are independently of one another 
hydrogen or C l-C6-alkyl, 

[0015] or 
[0016] R3 and R4 together With the nitrogen atom to 
Which they are bonded are 5- to 8-membered hetero 
cyclyl, 

[0017] B is phenyl or heteroaryl Which are optionally sub 
stituted by up to 3 radicals independently of one another 
selected from the group of Cl-C6-alkyl, Cl-C6-alkoxy, 
hydroxycarbonyl, cyano, tri?uoromethyl, tri?uo 
romethoxy, amino, nitro, hydroxy, Cl-C6-alkylamino, 
halogen, Cl-C6-alkylaminocarbonyl, Cl-C6-alkoxycarbo 
nyl, C l-C6-alkylcarbonyl, C l-C6-alkylsulfonyl and C1-C6 
alkylthio, 
[0018] Where Cl-C6-alkyl, Cl-C6-alkoxy, Cl-C6-alky 

lamino, Cl-C6-alkylaminocarbonyl, Cl-C6-alkoxycar 
bonyl, Cl-C6-alkylcarbonyl, Cl-C6-alkylsulfonyl and 
Cl-C6-alkylthio are optionally substituted by a radical 
selected from the group of hydroxy, cyano, halogen, 
hydroxycarbonyl and a group of the formula iNR3R4, 
[0019] Where 
[0020] R3 and R4 have the abovementioned meanings, 

and the salts, solvates and/or solvates of the salts thereof. 
[0021] The compounds of the invention may, depending on 
their structure, exist in stereo-isomeric forms (enantiomers, 
diastereomers) and tautomeric forms. The invention therefore 
relates to the enantiomers or diastereomers and respective 
mixtures thereof. The stereoisomerically pure constituents 
can be isolated in a knoWn manner from such mixtures of 
enantiomers and/ or diastereomers. 

[0022] Salts Which are preferred for the purposes of the 
invention are physiologically acceptable salts of the com 
pounds of the invention. 
[0023] Physiologically acceptable salts of the compounds 
(I) include acid addition salts of mineral acids, carboxylic 
acids and sulfonic acids, eg salts of hydrochloric acid, 
hydrobromic acid, sulfuric acid, phosphoric acid, methane 
sulfonic acid, ethanesulfonic acid, toluenesulfonic acid, ben 
Zenesulfonic acid, naphthalenedisulfonic acid, acetic acid, 
propionic acid, lactic acid, tartaric acid, malic acid, citric 
acid, fumaric acid, maleic acid and benZoic acid. 
[0024] Physiologically acceptable salts of the compounds 
(I) also include salts of conventional bases such as, by Way of 
example and preferably, alkali metal salts (eg sodium and 
potassium salts), alkaline earth metal salts (e.g. calcium and 
magnesium salts) and ammonium salts derived from ammo 
nia or organic amines having 1 to 16 C atoms, such as, by Way 
of example and preferably, ethylamine, diethylamine, tri 
ethylamine, ethyldiisopropylamine, monoethanolamine, 
diethanolamine, triethanol-amine, dicyclohexylamine, dim 
ethylaminoethanol, procaine, dibenZylamine, N-methylmor 
pholine, dehydroabietylamine, arginine, lysine, ethylenedi 
amine and methylpiperidine. 
[0025] Solvates refers for the purposes of the invention to 
those forms of the compounds Which form, in the solid or 
liquid state, a complex by coordination With solvent mol 
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ecules. Hydrates are a speci?c form of solvates in Which the 
coordination takes place With Water. 
[0026] For the purposes of the present invention, the sub 
stituents have the folloWing meaning, unless speci?ed other 
Wise: 

[0027] Cl-Cs-alkyl, Cl-C6-alkyl, Cl-Cs-alkyl and C1-C4 
alkyl are a straight-chain or branched alkyl radical having 1 to 
8, preferably 1 to 6, particularly preferably 1 to 5 and 1 to 4 
carbon atoms. Preferred examples include methyl, ethyl, 
n-propyl, isopropyl, 2-butyl, 2-pentyl and 3-pentyl. 
[0028] C 1 -C6-alkoxy is a straight-chain or branched alkoxy 
radical having 1 to 6, preferably 1 to 4, particularly preferably 
having 1 to 3 carbon atoms. Preferred examples include meth 
oxy, ethoxy, n-propoxy, isopropoxy, tert-butoxy, n-pentoxy 
and n-hexoxy. 
[0029] Cl-C6-alkoxycarbonyl is a straight-chain or 
branched alkoxycarbonyl radical having 1 to 6, preferably 1 
to 4 and particularly preferably 1 to 3 carbon atoms. Preferred 
examples include methoxycarbonyl, ethoxycarbonyl, n-pro 
poxycarbonyl, isopropoxy-carbonyl and tert-butoxycarbo 
nyl. 
[0030] Cl-C6-alkylamino is a straight-chain or branched 
mono- or dialkylamino radical having 1 to 6, preferably 1 to 
4 and particularly preferably having 1 to 3 carbon atoms. 
Preferred examples include methylamino, ethylamino, n-pro 
pylamino, isopropylamino, tert-butylamino, n-pentylamino 
and n-hexylamino, dimethylamino, diethylamino, di-n-pro 
pylamino, diisopropylamino, di-tert-butylamino, di-n-penty 
lamino, di-n-hexylamino, ethylmethylamino, isopropylm 
ethylamino, n-butylethylamino and n-hexyl-1 -pentylamino. 
[0031] Cl-C6-alkylaminocarbonyl is a mono- or dialky 
lamino radical Which is linked via a carbonyl group, Where the 
alkyl radicals may be identical or different, are straight-chain 
or branched and each comprise 1 to 6, preferably 1 to 4, and 
particularly preferably 1 to 3 carbon atoms. Preferred 
examples include methylaminocarbonyl, ethylaminocarbo 
nyl, n-propylaminocarbonyl, isopropylaminocarbonyl, tert 
butylaminocarbonyl, n-pentylaminocarbonyl, n-hexylami 
nocarbonyl, dimethylaminocarbonyl, diethylaminocarbonyl, 
di-n-propylaminocarbonyl, diisopropylaminocarbonyl, di-t 
butylaminocarbonyl, di-n-pentylaminocarbonyl, di-n-hexy 
laminocarbonyl, ethylmethylaminocarbonyl, isopropylm 
ethylaminocarbonyl, n-butylethylaminocarbonyl and 
n-hexyl-1-pentylaminocarbonyl. A further possibility in the 
case of a dialkylamino radical is for the tWo alkyl radicals to 
form together With the nitrogen atom to Which they are 
bonded a 5- to 8-membered heterocyclyl. 
[0032] C l-C6-alkylcarbonyl is a straight-chain or branched 
alkylcarbonyl radical having 1 to 6 and preferably 1 to 4 
carbon atoms. Examples Which may be mentioned are: acetyl, 
ethylcarbonyl, propylcarbonyl, isopropylcarbonyl, butylcar 
bonyl, isobutylcarbonyl, pentylcarbonyl and hexylcarbonyl. 
Acetyl and ethylcarbonyl are particularly preferred. 
[0033] Cl-C6-alkylsulfonyl is a straight-chain or branched 
alkylsulfonyl radical having 1 to 6, preferably 1 to 4 and 
particularly preferably having 1 to 3 carbon atoms. Preferred 
examples include methylsulfonyl, ethylsulfonyl, n-propyl 
sulfonyl, isopropylsulfonyl, tert-butylsulfonyl, n-pentylsul 
fonyl and n-hexylsulfonyl. 
[0034] Cl-C6-alkylthio is a straight-chain or branched 
alkylthio radical having 1 to 6, preferably 1 to 4 and particu 
larly preferably having 1 to 3 carbon atoms. Preferred 
examples include methylthio, ethylthio, n-propylthio, isopro 
pylthio, tert-butylthio, n-pentylthio and n-hexylthio. 
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[0035] Halogen is ?uorine, chlorine, bromine and iodine. 
Fluorine, chlorine, bromine are preferred, and ?uorine and 
chlorine are particularly preferred. 
[0036] Heteroaryl is an aromatic, monocyclic radical hav 
ing 5 to 6 ring atoms and up to 3 hetero atoms from the series 
S, O and/or N. 5- to 6-Membered heteroaryls having up 2 
hetero atoms are preferred. The heteroaryl radical may be 
bonded via a carbon or nitrogen atom. Preferred examples 
include thienyl, furyl, pyrrolyl, thiaZolyl, oxaZolyl, imida 
Zolyl, tetraZolyl, pyridyl, pyrimidinyl and pyridaZinyl 
[0037] 3- to 8-membered cycloalkyl is saturated and par 
tially unsaturated nonaromatic cyclo-alkyl radicals having 3 
to 8, preferably 3 to 6 and particularly preferably 5 to 6 carbon 
atoms in the ring. Preferred examples include cyclopropyl, 
cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl and 
cyclohexenyl. 
[0038] 5- to 8-membered heterocyclyl is a mono- or poly 
cyclic, heterocyclic radical having 5 to 8 ring atoms and up to 
3, preferably 2, hetero atoms or hetero groups from the series 
N, O, S, SO, S02. Mono- or bicyclic heterocyclyl is preferred. 
Monocyclic heterocyclyl is particularly preferred. N and O 
are preferred as hetero atoms. The heterocyclyl radicals may 
be saturated or partially unsaturated. Saturated heterocyclyl 
radicals are preferred. 5- to 7-Membered heterocyclyl radi 
cals are particularly preferred. Preferred examples include 
oxetan-3-yl, pyrrolidin-2-yl, pyrrolidin-3-yl, pyrrolinyl, tet 
rahydrofuranyl, tetrahydrothienyl, pyranyl, piperidinyl, thi 
opyranyl, morpholinyl, perhydroaZepinyl. 
[0039] When radicals in the compounds of the invention are 
optionally substituted, unless otherWise speci?ed substitution 
by up to three identical or different substituents is preferred. 
[0040] A further embodiment of the invention relates to 
compounds of the formula (I) 
in Which 
[0041] A is Cl-Cs-alkyl or C3-C6-cycloalkyl, Which are 

optionally substituted by up to 3 radicals independently of 
one another selected from the group of C 1 -C4-alkyl, C 1 -C4 
alkoxy, hydroxycarbonyl, cyano, amino, hydroxy, C1-C4 
alkylamino, ?uorine, chlorine, bromine, C l-C4-alkoxycar 
bonyl, C l-C6-alkylcarbonyl, C l-C4-alkylsulfonyl and 
C 1 -C4-alkylthio, 
[0042] Where C l-C4-alkyl and C l-C4-alkoxy are option 

ally substituted by a radical selected from the group of 
hydroxy, cyano, ?uorine, chlorine, bromine, hydroxy 
carbonyl and a group of the formula iNR3R4, 
[0043] Where 
[0044] R3 and R4 are independently of one another 
hydrogen or C l-C4-alkyl, 

[0045] or 
[0046] R3 and R4 together With the nitrogen atom to 
Which they are bonded are 5- to 6-membered hetero 
cyclyl, 

[0047] B is phenyl, thienyl or pyridyl, Which are optionally 
substituted by up to 3 radicals in each case independently 
of one another selected from the group of Cl-C4-alkyl, 
Cl-C4-alkoxy, hydroxycarbonyl, cyano, tri?uoromethyl, 
tri?uoro-methoxy, amino, hydroxy, Cl-C4-alkylamino, 
?uorine, chlorine, bromine, Cl-C4-alkylaminocarbonyl, 
Cl-C4-alkoxycarbonyl, Cl-C4-alkylcarbonyl, C1-C4 
alkylsulfonyl and C l-C4-alkylthio, 
[0048] Where C l-C4-alkyl and C l-C4-alkoxy are option 

ally substituted by a radical selected from the group of 
hydroxy, cyano, ?uorine, chlorine, bromine, hydroxy 
carbonyl and a group of the formula iNR3R4, 
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[0049] Where 
[0050] R3 and R4 have the abovementioned meanings, 

and the salts, solvates and/or solvates of the salts thereof 
[0051] A further embodiment of the invention relates to 
compounds of the formula (I) 
in Which 
[0052] A has the abovementioned meanings, and 
[0053] B is phenyl or pyridyl Which are optionally substi 

tuted by up to 3 radicals in each case independently of one 
another selected from the group of methyl, ethyl, 2-propyl, 
tri?uoromethyl, methoxy, ethoxy, ?uorine and chlorine, 
[0054] Where one of the radicals on the phenyl or pyridyl 

is located in the ortho position relative to the attachment 
point of the amino function, 

and the salts, solvates and/or solvates of the salts thereof 
[0055] A further embodiment of the invention relates to 
compounds of the formula (I) 
in Which 
[0056] A is C3-C6-cycloalkyl, and 
[0057] B has the abovementioned meanings, 
and the salts, solvates and/or solvates of the salts thereof 
[0058] A further embodiment of the invention relates to 
compounds of the formula (I) 
in Which 
[0059] A is 2-methylpropyl, 2-butyl, 2-pentyl or 3-pentyl, 
and 

[0060] B has the abovementioned meanings, 
and the salts, solvates and/or solvates of the salts thereof 
[0061] A further embodiment of the invention relates to 
compounds of the formula (I) 
in Which 
[0062] A is C3-C5-alkyl or C5-C6-cycloalkyl, 
[0063] B is phenyl, thienyl or pyridyl, Which are optionally 

substituted by up to 3 radicals in each case independently 
of one another selected from the group of Cl-C3-alkyl, 
tri?uoromethyl, hydroxy, methoxy, ethoxy, cyano, dim 
ethylamino, diethylamino, methoxycarbonyl, ethoxycar 
bonyl, methylcarbonyl, ethyl-carbonyl, ?uorine and chlo 
rrne, 

and the salts, solvates and/or solvates of the salts thereof. 
[0064] A process for preparing the compounds of the inven 
tion of the formula (I) has addition-ally been found, charac 
teriZed in that a compound of the formula 

(11) 
o 

H3C CN \0 I 

T s 
CH3 CH3, 

is initially converted With a compound of the formula 

H2NiB (III) 

in Which 
B has the abovementioned meanings, 
at elevated temperature in an inert solvent or else in the 
absence of a solvent into a compound of the formula 
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(W) 
O 

H3C\O CN 
| 

H3C\s NH, 
1 

in Which 
B has the abovementioned meanings, 
and the latter is then reacted in an inert solvent in the presence 
of a base With a compound of the formula 

(V) 
NH 

NHZ xHX, 

A 

X I Cl, Br or I 

in Which 
A has the abovementioned meanings, 
and the resulting compounds of the formula (I) are reacted 
Where appropriate With the appropriate (i) solvents and/ or (ii) 
bases or acids to give their solvates, salts and/or solvates of 
the salts. 
[0065] The compound of the formula (II) is known from the 
literature (R. Gompper, W. Toep?, Chem. Ber. 1962, 95, 
2861-2870). The compounds of the formulae (Ill) and (V) are 
commercially available, knoWn from the literature or can be 
prepared in analogy to processes knoWn from the literature 
(see, for example, H. Gielen, C. Alonso-Alij a, M. Hendrix, U. 
NieWohner, D. Schauss, Tetrahedron Le”. 2002, 43, 419 
421). 
[0066] Solvents suitable for process step (ll)+(lll)—>(lV) 
are hi gh-boiling, inert organic solvents Which are not changed 
under the reaction conditions. These preferably include dim 
ethylformamide, dimethyl sulfoxide or sulfolane. It is like 
Wise possible to carry out the reaction Without solvent in the 
melt. The reaction is particularly preferably carried out With 
out solvent or in dimethylformamide. 
[0067] The reaction generally takes place in a temperature 
range from +100o C. to +2000 C., preferably in a temperature 
range from +125o C. to +1500 C. The reaction can be carried 
out under atmospheric, elevated or reduced pressure (eg 
from 0.5 to 5 bar). It is generally carried out under atmo 
spheric pressure. 
[0068] The compound of the formula (III) is in this case 
employed in an amount of from 1 to 2 mol, preferably in an 
equivalent amount of 1 mol, based on 1 mol of the compound 
of the formula (II). 
[0069] Solvents suitable for process step (IV)+(V)Q(I) are 
the usual organic solvents Which are not changed under the 
reaction conditions. These preferably include dimethylfor 
mamide, dimethyl sulfoxide, acetonitrile, dioxane or alcohols 
such as methanol, ethanol, propanol, isopropanol, n-butanol 
or tert-butanol. It is likeWise possible to employ mixtures of 
the solvents mentioned. Dimethylforrnamide or acetonitrile 
is particularly preferred. 
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[0070] The reaction generally takes place in a temperature 
range from +50o C. to +1500 C., preferably in a temperature 
range from +70o C. to +1000 C. The reaction can be carried 
out under atmospheric, elevated or reduced pressure (eg 
from 0.5 to 5 bar). It is generally carried out under atmo 
spheric pressure. 
[0071] Bases suitable for process step (IV)+(V)Q(I) are 
preferably alkali metal carbonates such as lithium, sodium, 
potassium or cesium carbonate or organic amine bases such 
as, for example, pyridine, triethylamine, ethyldiisopropy 
lamine, N-methylmorphiline or N-methylpiperidine. Potas 
sium carbonate is particularly preferred. 
[0072] The base is in this case employed in an amount of 
from 1.5 to 4 mol, preferably in an amount of from 1.5 to 2 
mol, based on 1 mol of the compound of the formula (IV). The 
compound of the formula (V) is employed in an amount of 
from 1 to 1.5 mol, preferably in an amount of 1.2 mol, based 
on 1 mol of the compound of the formula (IV). 
[0073] The process of the invention can be illustrated for 
example by the folloWing formula diagram: 

0 

H3C \0 CN 
I HZN — B 

—> 

a) 
s s 

CH3 CH3 
NH 

O xHX 

H3C\ CN NH2 
0 I A 

b) H3C 
\s I|\IH 

B 
0 

CN 
HN I 
\ 

N I|\IH 
A B 

a) 1500 C., 2 h; b) potassium carbonate, DMI, 900 C., 16 h. 

[0074] The compounds of the invention shoW a valuable 
range of pharmacological effects Which could not have been 
predicted. They are distinguished in particular by inhibition 
of PDE9A. 
[0075] It has surprisingly been found that the compounds of 
the invention are suitable for producing medicaments for 
improving perception, concentration, learning or memory. 
[0076] The compounds of the invention can, by reason of 
their pharmacological properties, be employed alone or in 
combination With other medicaments for improving percep 
tion, concentration, learning and/ or memory. 
[0077] The compounds of the invention are particularly 
suitable for improving perception, concentration, learning or 
memory after cognitive impairments like those occurring in 
particular in situations/diseases/ syndromes such as mild cog 
nitive impairment, age-associated learning and memory 



US 2009/0111838 A1 

impairments, age-associated memory losses, vascular 
dementia, craniocerebral trauma, stroke, dementia occurring 
after strokes (post-stroke dementia), post-traumatic demen 
tia, general concentration impairments, concentration impair 
ments in children With learning and memory problems, 
AlZhei-mer’s disease, LeWy body dementia, dementia With 
degeneration of the frontal lobes, including Pick’s syndrome, 
Parkinson’s disease, progressive nuclear palsy, dementia With 
corticobasal degeneration, amyotropic lateral sclerosis 
(ALS), Huntington’s disease, multiple sclerosis, thalamic 
degeneration, CreutZfeld-Jacob dementia, HIV dementia, 
schizophrenia With dementia or Korsakoff s psychosis. 
[0078] The in vitro effect of the compounds of the invention 
can be shoWn With the folloWing biological assays: 

PDE Inhibition 

[0079] Recombinant PDElC (GenBank/EMBL Accession 
Number: NMi005020, Loughney et al. J. Biol. Chem. 1996 
271, 796-806), PDE2A (GenBank/EMBL Accession Num 
ber: NMi002599, Rosman et al. Gene 1997 191, 89-95), 
PDE3B (GenBank/EMBL Accession Number: 
NMi000922, Miki et al. Genomics 1996, 36, 476-485), 
PDE4B (GenBank/EMBL Accession Number: 
NMi002600, Obernolte et al. Gene. 1993, 129, 239-247), 
PDE5A (GenBank/EMBL Accession Number: 
NMi001083, Loughney et al. Gene 1998, 216, 139-147), 
PDE7B (GenBank/EMBL Accession Number: 
NMi018945, Hetman et al. Proc. Natl. Acad. Sci. USA. 
2000, 97, 472-476), PDE8A (GenBank/EMBL Accession 
Number: AFi056490, Fisher et al. Biochem. Biophys. Res. 
Commun. 1998, 246, 570-577), PDE9A (Fisher et al., J. Biol. 
Chem., 1998, 273 (25): 15559-15564), PDE10A (GenBank/ 
EMBL Accession Number: NMi06661, Fujishige et al. J 
Biol. Chem. 1999, 274, 18438-45), PDE11A (GenBank/ 
EMBL Accession Number: NMi016953, FaWcett et al. 
Proc. Natl. Acad. Sci. 2000, 97, 3702-3707) Were expressed 
in Sf9 cells With the aid of the pFASTBAC baculovirus 
expression system (GibcoBRL). 
[0080] The test substances are dissolved in 100% DMSO 
and serially diluted to determine their in vitro effect on PDE 
9A. Typically, serial dilutions from 200 [1M to 1.6 uM are 
prepared (resulting ?nal concentrations in the assay: 4 [1M to 
0.032 MM). 2 [1L portions of the diluted substance solutions 
are introduced into the Wells of microtiter plates (Isoplate; 
Wallac Inc., Atlanta, Ga.). Then 50 pL of a dilution of the 
PDE9A preparation described above are added. The dilution 
of the PDE9A preparation is chosen so that less than 70% of 
the substrate is converted during the subsequent incubation 
(typical dilution: 1:10 000; dilution buffer: 50 mM Tris/HCl 
pH 7.5, 8.3 mM MgCl2, 1.7 mM EDTA, 0.2% BSA). The 
substrate, [8-3H] guanosine 3',5'-cyclic phosphate (1 uCi/uL; 
Amersham Pharmacia Biotech., PiscataWay, N1.) is diluted 
1:2000 With assay buffer (50 mM Tris/HCl pH 7.5, 8.3 mM 
MgCl2, 1.7 mM EDTA) to a concentration of 0.0005 uCi/uL. 
The enZyme reaction is ?nally started by adding 50 [LL (0.025 
uCi) of the diluted substrate. The assay mixtures are incu 
bated at room temperature for 60 min and the reaction is 
stopped by adding 25 [1.1 of a PDE9A inhibitor (e. g. the inhibi 
tor from preparation example 1, ?nal concentration 10 [1M) 
dissolved in assay buffer. Immediately thereafter, 25 pL of a 
suspension containing 18 mg/mL Yttrium Scintillation Prox 
imity Beads (Amersham Pharmacia Biotech., PiscataWay, 
N.J.) are added. The microtiter plates are sealed With a ?lm 
and left to stand at room temperature for 60 min. The plates 
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are then measured for 30 s per Well in a Microbeta scintilla 

tion counter (Wallac Inc., Atlanta, Ga.). IC5O values are deter 
mined from the graphical plot of the substance concentration 
versus the percentage inhibition. 
[0081] Representative examples of the PDE9A-inhibiting 
effect of the compounds of the invention are listed in Tables 1 
and 2 on the basis ofthe IC5O values: 

TABLE 1 

Inhibition of PDE isoenzymes by Example 3 

Isoenzyme Species IC5O [nM] 

PDEl C human >4000 
PDE2A human >4000 
PDE3B human >4000 
PDE4B human >4000 
PDESA human 1400 
PDE7A human >4000 
PDE8A human >4000 
PDE9A human 52 
PDEl 0A human >4000 

TABLE 2 

PDE9A-inhibiting effect of compounds of the invention 

Example 

[0082] The in vitro effect of test substances on recombinant 
PDE3B, PDE4B, PDE7B, PDE8A, PDE10A and PDEl 1A is 
determined in accordance With the assay protocol described 
above for PDE 9A With the folloWing adaptations: [5',8-3H] 
adenosine 3',5'-cyclic phosphate (1 uCi/uL; Amersham Phar 
macia Biotech., PiscataWay, N1.) is used as substrate. Addi 
tion of an inhibitor solution to stop the reaction is unneces 
sary. Instead, the incubation of substrate and PDE is folloWed 
immediately by addition of the yttrium scintillation proximity 
beads as described above and thus the reaction is stopped. To 
determine a corresponding effect on recombinant PDElC, 
PDE2A and PDE5A, the protocol is additionally adapted as 
folloWs: With PDElC, additionally 10'7 M calmodulin and 3 
mM CaCl2 are added to the reaction mixture. PDE2A is 
stimulated in the assay by adding 1 [1M cGMP and is assayed 
With a BSA concentration of 0.01 %. The substrate employed 
for PDElC and PDE2A is [5‘,8-3 H] adenosine 3',5'-cyclic 
phosphate (1 uCi/uL; Amersham Pharmacia Biotech., Piscat 
aWay, N.J.), and for PDE5A is [8-3H] guanosine 3',5'-cyclic 
phosphate (1 uCi/uL; Amersham Pharmacia Biotech., Piscat 
aWay, N.J.). 

Long-Term Potentiation 

[0083] Long-term potentiation is regarded as a cellular cor 
relate of learning and memory processes. The folloWing 
method can be used to determine Whether PDE 9 inhibition 
has an in?uence on long-term potentiation: 
[0084] Rat hippocampi are placed at an angle of about 70 
degrees to the cutting blade (chopper). 400 um-thick slices of 
the hippocampus are prepared. The slices are removed from 
the blade using a very soft, thoroughly Wetted brush (marten 
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hair) and transferred into a glass vessel With cold nutrient 
solution (124 mM NaCl, 4.9 mM KCl, 1.3 mM MgSO4>< 
7H2O, 2.5 mM CaCl2+ anhydrous, 1.2 mM KH2PO4, 25.6 
mM NaHCO3, 10 mM glucose, pH 7.4) gassed With 95% 
02/ 5% CO2. During the measurement, the slices are kept in a 
temperature-controlled chamber under a 1-3 mm-high liquid 
level. The How rate is 2.5 ml/min. The preliminary gassing 
takes place under a slightly elevated pressure (about 1 atm) 
and through a microneedle in the prechamber. The slice 
chamber is connected to the prechamber in such a Way that a 
minicirculation can be maintained. The minicirculation is 
driven by the 95% O2/5% CO2 ?oWing out through the 
microneedle. The freshly prepared hippocampus slices are 
adapted in the slice chamber at 33° C. for at least 1 hour. 

[0085] The stimulus level is chosen so that the focal exci 
tatory postsynaptic potentials (fEPSP) are 30% of the maxi 
mum excitatory postsynaptic potential (EPSP). A monopolar 
stimulation electrode consisting of lacquered stainless steel, 
and a constant-current biphasic stimulus generator (AM Sys 
tems 2100) are used for local stimulation of the Schaffer 
collaterals (voltage: 1-5 V, pulse Width of one polarity 0.1 ms, 
total pulse 0.2 ms). Glass electrodes (borosilicate glass With 
?lament, 1-5 MOhm, diameter: 1.5 mm, tip diameter: 3-20 
pm), ?lled With normal nutrient solution, are used to record 
the excitatory postsynaptic potentials (fEPSP) from the stra 
tum radiatum. The ?eld potentials are measured versus a 
chlorinated silver reference electrode located at the edge of 
the slice chamber using a DC voltage ampli?er. The ?eld 
potentials are ?ltered through a loW-pass ?lter (5 kHZ). The 
slope of the fEPSPs (FEPSP slope) is determined for the 
statistical analysis of the experiments. The recording, analy 
sis and control of the experiment takes place With the aid of a 
softWare program (PWIN) Which Was developed in the 
Department of Neurophysiology. The formation of the aver 
age fEPSP slopes at the respective time points and construc 
tion of the diagrams takes place With the aid of the EXCEL 
softWare, With automatic data recording by an appropriate 
macro. 

[0086] Superfusion of the hippocampus slices With a 10 [1M 
solution of the compounds of the invention leads to a signi? 
cant increase in the LTP. 

[0087] The in vivo effect of the compounds of the invention 
can be shoWn for example as folloWs: 

Social Recognition Test 

[0088] The social recognition test is a learning and memory 
test. It measures the ability of rats to distinguish betWeen 
knoWn and unknown members of the same species. This test 
is therefore suitable for examining the leaming- or memory 
improving effect of the compounds of the invention. 
[0089] Adult rats housed in groups are placed singly in test 
cages 30 min before the start of the test. Four min before the 
start of the test, the test animal is put in an observation box. 
After this adaptation time, a juvenile animal is put in With the 
test animal and the absolute time for Which the adult animal 
inspects the young one is measured for 2 min (trial 1). All 
behaviors clearly directed at the young animal are measured, 
i.e. anogenital inspection, pursuit and grooming, during 
Which the old animal Was no further than 1 cm from the young 
animal. The juvenile is then removed, and the adult is treated 
With a compound of the invention or vehicle and subsequently 
returned to its oWn cage. The test is repeated after a retention 
time of 24 hours (trial 2). A diminished social interaction time 
compared With trial 1 indicates that the adult rat remembers 
the young animal. 
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[0090] The adult animals receive intraperitoneal injections 
either Within a de?ned time period (e. g. one hour) before trial 
1 or directly folloWing trial 1 either With vehicle (10% etha 
nol, 20% Solutol, 70% physiological saline) or 0.1 mg/kg, 0.3 
mg/kg, 1.0 mg/kg or 3.0 mg/kg compound of the invention 
dissolved in 10% ethanol, 20% Solutol, 70% physiological 
saline. Vehicle-treated rats shoW no reduction in the social 
interaction time in trial 2 compared With trial 1. They have 
consequently forgotten that they have already had contact 
With the young animal. Surprisingly, the social interaction 
time in the second run after treatment With the compounds of 
the invention is signi?cantly reduced compared With those 
treated With vehicle. This means that the substance-treated 
rats have remembered the juvenile animal and thus the com 
pounds of the invention display an improving effect on leam 
ing and memory. 
[0091] The novel active ingredients can be converted in a 
knoWn manner into conventional formulations such as tab 
lets, coated tablets, pills, granules, aerosols, syrups, emul 
sions, suspensions and solutions, by use of inert, nontoxic, 
phar'maceutically suitable carriers or solvents. In these cases, 
the therapeutically effective compound is to be present in 
each case in a concentration of about 0.5 to 90% by Weight in 
the complete mixture, i.e. in amounts Which are su?icient to 
achieve the indicated dosage range. 
[0092] The formulations can be produced for example by 
diluting the active ingredients With solvents and/ or carriers, 
Where appropriate With use of emulsi?ers and/ or dispersants, 
it being possible for example in the case Where Water is used 
as diluent Where appropriate to use organic solvents as aux 
iliary solvents. 
[0093] Administration takes place in a conventional Way, 
preferably orally, transdermally or parenterally, especially 
perlingually or intravenously. HoWever, it can also take place 
by inhalation through the mouth or nose, for example With the 
aid of a spray, or topically via the skin. 
[0094] It has generally proved to be advantageous to 
administer amounts of about 0.001 to 10, on oral administra 
tion preferably about 0.005 to 3, mg/kg of body Weight to 
achieve effective results. 
[0095] It may nevertheless be necessary Where appropriate 
to deviate from the stated amounts, in particular as a function 
of the body Weight or the nature of the adminis-tration route, 
the individual response to the medicament, the nature of its 
formulation and the time or interval over Which administra 
tion takes place. Thus, it may be su?icient in some cases to 
make do With less than the aforementioned minimum amount, 
Whereas in other cases the stated upper limit must be 
exceeded. If larger amounts are administered, it may be advis 
able to divide these into a plurality of single doses over the 
day. 
[0096] Unless indicated otherWise, all stated amounts refer 
to percentages by Weight. Solvent ratios, dilution ratios and 
concentrations stated for liquid/liquid solutions are based in 
each case on volume. The statement “W/v” means “Weight/ 
volume”. Thus, for example, “10% W/v” means 100 ml of 
solution or suspension contain 10 g of substance. 

ABBREVIATIONS 

[0097] DMF N,N-dimethylformamide 
[0098] DMSO dimethylsulfoxide 
[0099] ESI electrospray ioniZation (in MS) 
[0100] h hour(s) 
[0101] HPLC high pressure, high performance liquid chro 
matography 

[0102] LC-MS coupled liquid chromatography-mass spec 
troscopy 
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[0103] min minutes 
[0104] MS mass spectroscopy 
[0105] NMR nuclear magnetic resonance spectroscopy 
[0106] RT room temperature 
[0107] Rt retention time (in HPLC) 
[0108] THE tetrahydrofuran 

HPLC and LC-MS Methods: 

Method 1: 

[0109] Instrument: Micromass Quattro LCZ, With HPLC 
Agilent series 1100; column: Grom-Sil 1200DS-4 HE, 50 
mm><2.0 mm, 3 [1.111; eluentA: 1 1 ofWater+1 m1 of50% formic 
acid, eluent B: 1 1 of acetonitri1e+1 m1 of 50% formic acid; 
gradient: 0.0 min 100% AQ0.2 min 100% AQ2.9 min 30% 
A—>3.1 min 10%AQ4.5 min 10%A; oven: 55° C.; ?oW rate: 
0.8 ml/min; UV detection: 208-400 nm. 

Method 2: 

[0110] MS instrument type: Micromass ZQ; HPLC instru 
ment type: Waters Alliance 2795; column: Phenomenex Syn 
ergi 2[1. Hydro-RP Mercury 20 mm><4 mm; eluent A: 1 1 of 
Water+0.5 ml of 50% formic acid, eluent B: 1 1 of acetoni 
tri1e+0.5 ml of 50% formic acid; gradient: 0.0 min 90%A ?oW 
rate 1 m1/min—>2.5 min 30% A How rate 2 ml/min%3.0 min 
5% A How rate 2 m1/min—>4.5 min 5% A How rate 2 ml/min; 
oven: 50° C.; UV detection: 210 nm. 

Method 3: 

[0111] MS instrument type: Micromass ZQ; HPLC instru 
ment type: HP 1100 series, UV DAD; column: Grom-Sil 
1200DS-4 HE 50 mm><2 mm, 3.0 [1.111; eluent A: Water+500 [1.1 
of 50% formic acid/1, eluent B: acetonitri1e+500 [1.1 of 50% 
formic acid/1; gradient: 0.0 min 0% B—>2.9 min 70% BQ3.1 
min 90%Q4.5 min 90% B; oven: 50° C.; ?oW rate: 0.8 
ml/min; UV detection: 210 nm. 

Method 4: 

[0112] MS instrument type: Micromass ZQ; HPLC instru 
ment type: Waters Alliance 2795; column: Merck Chromolith 
SpeedROD RP-18e 50 mm><4.6 mm; eluent A: Water+500 [1.1 
of 50% strength formic acid/ 1, eluent B: acetonitrile+500 [1.1 of 
50% formic acid/l, gradient: 0.0 min 10% BQ3.0 min 95% 
BQ4.0 min 95% B; oven: 350 C.; ?oW rate: 0.0 min 1.0 
ml/min%3.0 min 3.0 m1/min—>4.0 min 3.0 ml/min; UV 
detection: 210 nm. 

Method 5: 

[0113] MS instrument type: Micromass ZQ; HPLC instru 
ment type: HP 1100 series; UV DAD; column: Phenomenex 
Synergi 2[1. Hydro-RP Mercury 20 mm><4 mm; eluentA: 1 1 of 
Water+0.5 m1 of 50% formic acid, eluent B: 1 1 of acetoni 
tri1e+0.5 m1 of 50% formic acid; gradient: 0.0 min 90%A ?oW 
rate 1 m1/min—>2.5 min 30% A How rate 2 ml/min%3.0 min 
5% A How rate 2 m1/min—>4.5 min 5% A How rate 2 ml/min; 
oven: 50° C.; UV detection: 210 nm. 

Method 6: 

[0114] Instrument: Micromass Quattro LCZ With HPLC 
Agilent series 1100; column: Phenomex Synergi 2[1. Hydro 
RP Mercury 20 mm><4 mm; eluent A: 1 1 of Water+0.5 m1 of 
50% formic acid, eluent B: 1 1 of acetonitrile+0.5 m1 of 50% 
formic acid; gradient: 0.0 min 90%A ?oW rate 1 ml/min%2.5 
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min 30% A How rate 2 m1/min—>3.0 min 5% A How rate 2 
m1/min—>4.5 min 5% A How rate 2 ml/min; oven: 50° C.; UV 
detection: 208-400 nm. 

Method 7: 

[0115] MS instrument type: Micromass ZQ; HPLC instru 
ment type: Waters Alliance 2790; column: Grom-Sil 
1200DS-4 HE 50 mm><2 mm, 3.0 [1.111; eluent A: Water+500 [1.1 
of 50% formic acid/l, eluent B: acetonitrile+500 [1.1 of 50% 
formic acid/1; gradient: 0.0 min 5% BQ2.0 min 40% B—>4.5 
min 90% B—>5.5 min 90% B; oven: 450 C.; ?oW rate: 0.0 min 
0.75 m1/min—>4.5 min 0.75 ml/min%5.5 min 1.25 ml/min; 
UV detection: 210 nm. 

Method 8: 

[0116] Instrument: HP 1100 With DAD detection; column: 
Kromasil RP-18, 60 mm><2 mm, 3.5 [1.111; eluent A: 5 m1 of 
HclO4/H2O, eluent B:Qacetonitrile; gradient: 0 min 2% 
B—>0.5 min 2% B—>4.5 min 90% B—>6.5 min 90% B; How 
rate: 0.75 ml/min; temperature: 30° C.; UV detection 210 nm. 

Method 9: 

[0117] Instrument: Micromass Platform LCZ With HPLC 
Agilent series 1100; column: Phenomenex Synergi 2[1. 
Hydro-RP Mercury 20 mm><4 mm; eluentA: 1 1 of Water+0.5 
m1 of 50% formic acid, eluent B: 1 1 of acetonitrile+0.5 m1 of 
50% formic acid; gradient: 0.0 min 90% A How rate 1 
m1/min—>2.5 min 30% A How rate 2 m1/min—>3.0 min 5% A 
How rate 2 ml/min%4.5 min 5% A How rate 2 ml/min; oven: 
50° C.; UV detection: 210 nm. 

Method 10: 

[0118] MS instrument type: Micromass ZQ; HPLC instru 
ment type: Waters Alliance 2790; column: Grom-Sil 120 
ODS-4 HE 50 mm><2 mm, 3.0 [1.111; eluent A: Water+500 [1.1 of 
50% formic acid/1, eluent B: acetonitrile+500 [1.1 of 50% for 
mic acid/l; gradient: 0.0 min 0% B—>0.2 min 0% B—>2.9 min 
70% BQ3.1 min 90% B—>4.5 min 90% B; oven: 45° C.; ?oW 
rate: 0.8 ml/min; UV detection: 210 nm. 

Starting Compounds: 

EXAMPLE 1A 

2-Cyc1openty1ethanamidine hydrochloride 

[0119] 
NH 

NH2 

xHCl 

[0120] In an argon atmosphere, 58.2 g (1.09 mo1)ofammo 
nium chloride are suspended in 350 m1 of toluene and cooled 
to 0° C. 544 m1 of a 2M solution of trimethylaluminum in 
toluene are added dropWise, and the mixture is then stirred at 
RT for 2 h. 34 g (217 mmol) of ethyl cylopentylacetate are 
then added. The mixture is then stirred at 80° C. overnight. 
After cooling to 0° C., 400 m1 of methanol are added drop 
Wise, and then the resulting solid is ?ltered off With suction. It 
is thoroughly Washed With methanol several times, and the 
combined ?ltrates are concentrated in vacuo. The residue is 
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suspended in dichloromethane/methanol 10:1 and the 
insoluble solid is again removed. The ?ltrate then obtained is 
concentrated and affords 23 g (65% of theory) of the desired 
product. 
[0121] MS (ESIpos): m/Z:127 [M+H]+ (free base). 
[0122] 2-Cyclohexylethanamidine hydrochloride and 
3-methylpentanamidine hydrochloride are prepared in anal 
ogy to Example 1A from the respective esters in a yield of 
56% and 61% respectively (see also H. Gielen, C. Alonso 
Alija, M. Hendrix, U. NieWohner, D. Schauss, Tetrahedron 
LelL, 2002, 43, 419-421). 

EXAMPLE 2A 

Methyl 2-cyano-3-[(4-?uorophenyl)amino] -3-(meth 
ylsulfanyl) -2 -propenoate 

[0123] 

O 

H C CN 

3 H C 

3 \S NH 

F 

[0124] 0.5 g (4.5 mmol) of 4-?uoroaniline is thoroughly 
mixed With 0.91 g (4.5 mmol) of methyl 3,3-bis(methylthio) 
2-cyanoacrylate (R. Gompper, W. Toep?, Chem. Ber 1962, 
95, 2861-2870). The reaction mixture is heated at 1500 C. for 
2 h, resulting in a melt. After cooling, a pale solid is obtained 
and is Washed several times With methanol. 0.68 g (55.7% of 
theory) of the desired product is obtained. 
[0125] LC-MS (method 1): Rt:2.6 min. 
[0126] MS (ESIpos): m/Z:267 [M+H]+. 

EXAMPLE 3A 

Methyl 2 -cyano -3 - [(4-methyl -3 -pyridinyl)amino] -3 - 
(methylsulfanyl)-2-propenoate 

[0127] 

O 

H3C\O I CN 

H3C\S NH 

/ CH3 

N\ | 
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[0128] In analogy to the preparation of Example 2A, 1.4 g 
(29.6% of theory) of the title compound are obtained as a solid 
from 2.0 g (18.49 mmol) of 3-amino-4-methyl-pyridine and 
3.76 g (18.49 mmol) of methyl 3,3-bis(methylthio)-2-cy 
anoacrylate. 

EXAMPLE 4A 

Methyl 2-cyano -3 -[(3 -?uorophenyl)amino] -3 -(meth 
ylsulfanyl) -2 -propenoate 

[0129] 

0 

H C CN 

3 H C 

3 \s NH 

F 

[0130] In analogy to the preparation of Example 2A, 0.43 g 
(36% of theory) of the title compound is obtained as a solid 
from 0.5 g (4.5 mmol) of 3-?uoroaniline and 0.91 g (4.5 
mmol) of methyl 3,3-bis(methylthio)-2-cyanoacrylate. 
[0131] LC-MS (method 1): R7263 min. 
[0132] MS (ESIpos): m/Z:267 [M+H]+. 

EXAMPLE 5A 

Methyl 2-cyano-3 - [ (3 -chlorophenyl)amino] -3 -(meth 
ylsulfanyl) -2 -propenoate 

[0133] 

O 

H C CN 
3 \O 

H C 
3 \S NH 

C1 

[0134] In analogy to the preparation of Example 2A, 0.53 g 
(48% of theory) of the title compound is obtained as a solid 
from 0.5 g (3.9 mmol) of 3-chloroaniline and 0.79 g (3.9 
mmol) of methyl 3,3-bis(methylthio)-2-cyanoacrylate. 
[0135] LC-MS (method 1): Rt:2.78 min. 
[0136] MS (ESIpos): m/Z:283 [M+H]+. 
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EXAMPLE 6A 

Methyl 2 -cyano -3 - [ (3 -methoxyphenyl)amino] -3 - 
(methylsulfanyl)-2-propenoate 

[0137] 
O 

H C CN 
3 \O 

H C 
3 \S NH 

CH 
O/ 3 

[0138] In analogy to the preparation of Example 2A, 0.47 g 
(41% of theory) of the title compound is obtained as a solid 
from 0.5 g (4.0 mmol) of 3-methoxyaniline and 0.8 g (4.0 
mmol) of methyl 3,3-bis(methylthio)-2-cyanoacrylate. 
[0139] LC-MS (method 1): R7263 min. 
[0140] MS (ESIpos): m/Z:279 [M+H]+. 

EXAMPLE 7A 

Methyl 2-cyano -3 -[(3 -?uoro -2 -methylphenyl) 
amino]-3-(methylsulfanyl)-2-propenoate 

[0141] 

O 

H C CN 
3 \O 

H C 
3 \S NH 

CH3 

F 

[0142] In analogy to the preparation of Example 2A, 0.15 g 
(34% of theory) of the title compound is obtained as a solid 
from 0.2 g (1.59 mmol) of 3-?uoro-2-methylaniline and 0.32 
g (1.59 mmol) of methyl 3,3-bis(methylthio)-2-cyanoacry 
late. 
[0143] 
[0144] 

LC-MS (method 6): Rt:2.5 min. 
MS (ESIpos): m/Z:281 [M+H]+. 

EXAMPLE 8A 

Methyl 2 -cyano -3 - [ (2 , 5 -dimethylphenyl)amino] -3 - 
(methylsulfanyl)-2-propenoate 
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[0146] In analogy to the preparation of Example 2A, 0.9 g 
(75% of theory) of the title compound is obtained as a solid 
from 0.54 g (4.4 mmol) of 2,5-dimethylaniline and 0.9 g (4.4 
mmol) of methyl 3,3-bis(methylthio)-2-cyanoacrylate. 
[0147] LC-MS (method 1): Rt:2.91 min. 
[0148] MS (ESIpos): m/Z:277 [M+H]+. 

EXAMPLE 9A 

Methyl 2-cyano -3-[(2 -methoxyphenyl)amino]-3 
(methylsulfanyl)-2-propenoate 

[0149] 
O 

H3C \0 CN 

H3C\S NH 

O\CH3 

[0150] In analogy to the preparation of Example 2A, 0.9 g 
(67% of theory) of the title compound is obtained as a solid 
from 0.6 g (5.0 mmol) of 2-methoxyaniline and 1.0 g (5.0 
mmol) of methyl 3,3-bis(methylthio)-2-cyanoacrylate. 
[0151] LC-MS (method 7): Rt:3.01 min. 
[0152] MS (ESIpos): m/Z:279 [M+H]+. 
[0153] 1H-NMR (300 MHZ, DMSO-d6): 6:2.28 (s, 3H), 
3.71 (s, 3H), 3.84 (s, 3H), 7.00 (m, 1H), 7.17 (m, 1H), 7.33 (m, 
1H), 7.41 (m, 1H). 

EXAMPLE 10A 

Methyl 2-cyano-3-[(4-?uoro-2-methylphenyl) 
amino]-3-(methylsulfanyl)-2-propenoate 

[0154] 

O 

H3C \0 CN 

H3C\S NH 

CH3 

F 

[0155] In analogy to the preparation of Example 2A, 0.7 g 
(50% of theory) of the title compound is obtained as a solid 
from 0.62 g (5.0 mmol) of 2-methyl-4-?uoroaniline and 1.01 
g (5 .0 mmol) of methyl 3,3-bis(methylthio)-2-cyanoacrylate. 
[0156] LC-MS (method 4): Rt:2.28 min. 
[0157] MS (ESIpos): m/Z:281 [M+H]+. 
[0158] 1H-NMR (300 MHZ, DMSO-d6): 6:2.22 (s, 3H), 
2.27 (s, 3H), 3.70 (s, 3H), 7.11 (m, 1H), 7.23 (m, 1H), 7.33 (m, 
1H), 7.34 (m, 1H). 
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EXAMPLE 11A 

Methyl 2 -cyano -3 - [(2-methylphenyl)amino] -3 -(me 
thylsulfanyl)-2-propenoate 

[0159] 

O 

H C CN 
3 \O 

H C 
3 \S NH 

CH3 

[0160] In analogy to the preparation of Example 2A, 2.5 g 
(63% of theory) of the title compound are obtained as a solid 
from 1.6 g (15.0 mmol) of 2-methylaniline and 3.01 g (15.0 
mmol) of methyl 3,3-bis(methylthio)-2-cyanoacrylate. 
[0161] LC-MS (method 7): R7308 min. 
[0162] MS (ESIpos): m/Z:263 [M+H]+. 
[0163] 1H-NMR (300 MHZ, DMSO-d6): 6:2.27 (s, 3H), 
2.23 (s, 3H), 3.70 (s, 3H), 7.28 (m, 4H). 

EXAMPLE 12A 

Methyl 2-cyano-3-(methylsulfanyl)-3-[(2-propylphe 
nyl)amino]-2-propenoate 

[0164] 
O 

H C CN 

3 H C 

3 \S NH 

CH3 

[0165] In analogy to the preparation of Example 2A, 0.7 g 
(61% of theory) of the title compound is obtained as a solid 
from 0.5 g (3.7 mmol) of 2-propylaniline and 0.7 g (3.7 
mmol) of methyl 3,3-bis(methylthio)-2-cyanoacrylate. 
[0166] LC-MS (method 3): R7352 min. 
[0167] MS (ESIpos): m/Z:291 [M+H]+. 

EXAMPLE 13A 

Methyl 2 -cyano -3 - (methylsulfanyl)-3 - (3 -pyridiny 
lamino)-2-propenoate 

[0168] 
O 

H C CN 
3 \O l 
H C 

3 \S NH 

/ l 

\ N 
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[0169] 1.39 g (14.8 mmol) of 3-aminopyridine are dis 
solved in 50 ml ofTHF, cooled to —20° C., and 7.4 ml ofa 2M 
solution of n-butyllithium in hexane are added. After stir-ring 
for 15 min, 2.00 g (9.84 mmol) of methyl 3,3-bis(methylthio) 
2-cyanoacrylate are added. The mixture is Warmed to room 
temperature While stirring and then hydrolyZed With ice-Wa 
ter. The product is extracted With dichloromethane. After 
drying over sodium sulfate, the solvent is removed in vacuo 
and the residue is puri?ed by preparative HPLC. 0.44 g (18. 
1% of theory) of the desired product is obtained. 
[0170] HPLC (method 8): Rt:3.06 min. 
[0171] MS (ESIpos): m/Z:250 [M+H]+, 272 [M+Na]+. 

EXAMPLE 14A 

(3S)-3 -Methylpentanenitrile 
[017 2] 

CN 

[0173] 5 g (29.78 mmol) of (2S)-2-methylbutyl methane 
sulfonate are heated With 1.5 g (44.66 mmol) of sodium 
cyanide in 15 ml of dimethylformamide at 80° C. overnight. 
Cooling to room temperature is folloWed by dilution With 150 
ml of Water and extraction ?ve times With diethyl ether. The 
combined organic phases are Washed With Water and With 
saturated sodium chloride solution. After drying over sodium 
sulfate, the solvent is removed in vacuo at room temperature. 
2.3 g (67% of theory) of crude product are obtained and 
employed Without further puri?cation in the next stage. 
[0174] 1H-NMR (200 MHZ, DMSO-d6): 6:0.87 (t, 3H), 
0.92 (d, 3H), 1.30 (m, 2H), 1.67 (m, 1H), 2.42 (dd, 2H). 

EXAMPLE 15A 

(3 S) -3 -Methylpentanamidine hydrochloride 
[0175] 

NH 

NH2 

H CW“: xHCl 
3 

CH3 

[0176] In an argon atmosphere, 1.1 g (20.5 mmol) of 
ammonium chloride are suspended in 20 ml of toluene and 
cooled to 00 C. 10.29 ml of a 2M solution of trimethylalumi 
num in toluene are added dropWise, and the mixture is then 
stirred at RT for 2 h. 1 g (10.29 mmol) of (3S)-3-methylpen 
tanenitrile is then added. The mixture is then stirred at 80° C. 
overnight. After cooling to 00 C., 40 ml of methanol are added 
dropWise, and then the resulting solid is ?ltered off With 
suction. It is thoroughly Washed With methanol several times, 
and the combined ?ltrates are concentrated in vacuo. The 
residue is suspended in dichloromethane/methanol 10:1 and 
the insoluble solid is again removed. The ?ltrate then 
obtained is concentrated and affords 1 .01 g (64% of theory) of 
the desired product. 
[0177] LC-MS (method 2): Rt:0.31 min. 
[0178] MS (ESIpos): m/Z:115 [M+H]+ (free base). 
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EXAMPLE 16A 

Methyl 2-cyano-3-[(5-?uoro-2-methylphenyl) 
amino]-3-(methylsulfanyl)-2-propenoate 

[017 9] 

O 

H3C\O CN 

H3C\S NH 

cH3 

F 

[0180] In analogy to the preparation of Example 2A, 1.7 g 
(52% of theory) of the title compound are obtained as a solid 
from 1.5 g (1 1.98 mmol) of 5-?uoro-2-methyl-aniline and 2.4 
g (11.98 mmol) of methyl 3,3-bis(methylthio)-2-cyanoacry 
late. 

[0181] 
[0182] 

LC-MS (method 6): Rt:2.49 min. 
MS (ESlpos): m/Z:281 [M+H]+. 

EXEMPLARY EMBODIMENTS 

Example 1 

2-(Cyclopentylmethyl)-4-[(?uorophenyl)amino] 
6-oxo-1,6-dihydro-5 -pyrimidine-carbonitrile 

[0183] 

O 

CN 
HN 

g I N NH 

F 

[0184] 0.1 g (0.37 mmol) of methyl 2-cyano-3-[(4-?uo 
rophenyl)amino]-3-(methylsulfanyl)-2-propenoate, 0.07 g 
(0.41 mmol) of 2-cyclopentylethanamidine hydrochloride 
and 0.11 g (0.82 mmol) of potassium carbonate are heated in 
1 ml of dimethylformamide at 900 overnight. After ?ltration, 
the ?ltrate is acidi?ed With concentrated hydrochloric acid, 
Whereupon the product precipitates. Washing With Water sev 
eral times and drying under high vacuum results in 54 mg 
(46% of theory) of the product as a colorless solid. 

[0185] LC-MS (method 1): Rt:2.86 min. 
[0186] MS (ESlpos): m/Z:313 [M+H]+. 
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[0187] 1H-NMR (300 MHZ, DMSO-d6): 6:1.13 (m, 2H), 
1.56 (m, 6H), 2.15 (m, 1H), 2.44 (d, 2H), 7.15 (dd, 2H), 7.41 
(dd, 2H), 9.66 (s, 1H), 12.36 (s, 1H). 

Example 2 

2-(Cyclopentylmethyl) -4-[(4 -methyl-3 -pyridinyl) 
amino] -6-oxo-1 ,6-dihydro-5 -pyrimidinecarbonitrile 

[0188] 

0 

CN 
HN l 
\ 
N NH 

/ cH3 6 N\| 
[0189] 0.2 g (0.76 mmol) of methyl 2-cyano-3-[(4-methyl 
3 -pyridinyl)amino] -3 -(methyl -sulfanyl)-2-propenoate are 
dissolved With 0.13 g (0.85 mmol) of 2-cyclopentylethana 
midine hydrochloride and 0.23 g (1.67 mmol) of potassium 
carbonate in 4 ml of DMF and stirred at 900 C. for 3 days. 
After cooling, the product is puri?ed by preparative HPLC 
(Y MC Gel ODS-AQ S 5/15 um; eluent A: Water, eluent B: 
aceto-nitrile; gradient: 0 min 30% B, 5 min 30% B, 50 min 
95% B) puri?ed. 60 mg (25% of theory) of the product are 
obtained. 
[0190] LC-MS (method 5): Rt:1.57 min. 
[0191] MS (ESlpos): m/Z:310 [M+H]+. 
[0192] 1H-NMR (300 MHZ, DMSO-d6): 6:1.04 (m, 2H), 
1.51 (m, 6H), 2.01 (m, 1H), 2.28 (s, 3H), 2.39 (d, 2H), 7.51 (d, 
1H), 8.41 (d, 1H), 8.52 (s, 1H), 12.41 (s, 1H). 

Example 3 

2-(Cyclohexylmethyl)-4- [(4-methyl-3 -pyridinyl) 
amino] -6-oxo-1 ,6-dihydro-5 -pyrimidinecarbonitrile 

[0193] 

0 

CN 
HN l 
\ 
N NH 

/ cH3 

N\ | 

[0194] 0.4 g (1.51 mmol) ofmethyl 2-cyano-3-[(4-methyl 
3 -pyridinyl)amino] -3 -(methyl -sulfanyl)-2-propenoate are 
dissolved With 0.29 g (1.67 mmol) of 2-cyclohexylethanami 
dine hydrochloride and 0.46 g (3.3 mmol) of potassium car 
bonate in 5 ml of DMF and heated at 900 C. for 7 days. After 
cooling and ?ltration, the product is puri?ed by preparative 
HPLC (YMC Gel ODS-AQ S 5/15 um; eluentA; Water, eluent 
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B: acetonitrile, gradient: 0 min 30% B, 5 min 30% B, 50 min 
95% B) puri?ed. 433 mg (88% of theory) of the product are 
obtained. 
[0195] LC-MS (method 5): Rt:1.47 min. 
[0196] MS (ESIpos): m/Z:324 [M+H]+. 
[0197] 1H-NMR (300 MHZ, DMSO-d6): 6:0.88 (m, 2H), 
1.09 (m, 3H), 1.56 (m, 6H), 2.28 (d, 2H), 2.32 (s, 3H), 7.68 (s, 
1H), 8.53 (d, 1H), 8.61 (s, 1H); 9.79 (s, 1H). 

Example 4 

2-(Cyclopentylmethyl)-4-[(3 -?uorophenyl)amino] -6 
oxo-1,6-dihydro-5 -pyrimidine-carbonitrile 

[0198] 

0 

CN 
HN 

g N NH 

Q. 
[0199] 0.1 g (0.37 mmol) of methyl 2-cyano-3-[(3-?uo 
rophenyl)amino]-3-(methylsulfanyl)-2-propenoate and 0.06 
g (0.41 mmol) of 2-cyclopentylethanamidine hydrochloride 
are dissolved in 1 ml of DMF and heated With 0.11 g (0.82 
mmol) of potassium carbonate at 900 C. overnight. After 
?ltration, the solvent is removed in vacuo and the residue is 
puri?ed by preparative HPLC (YMC Gel ODS-AQ S 5/15 
um; eluent A: Water, eluent B: acetonitrile; gradient: 0 min 
30% B, 5 min 30% B, 50 min 95% B) puri?ed. 70 mg (59% of 
theory) of the product are obtained as a colorless solid. 
[0200] LC-MS (method 1): Rt:2.9 min. 
[0201] MS (ESIpos): m/Z:313 [M+H]+. 
[0202] 1H-NMR (300 MHZ, DMSO-d6): 6:1.16 (m, 2H), 
1.53 (m, 4H), 1.71 (m, 2H), 2.21 (m, 1H), 2.46 (d, 2H), 6.88 
(m, 1H), 7.31 (m, 2H), 7.44 (m, 1H). 

Example 5 

4- [(3 -Chlorophenyl)amino] -2-(cyclopentylmethyl) 
6-oxo-1,6-dihydro-5 -pyrimidine-carbonitrile 

[0203] 

O 

CN 
HN 

\ 
N NH 

C1 

[0204] In analogy to the preparation of Example 4, 45 mg 
(39% of theory) of the title compound are obtained as a 
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colorless solid from 0.1 g (0.35 mmol) of methyl 2-cyano-3 
[(3-chlorophenyl)amino]-3-(methylsulfanyl)-2-propenoate, 
0.06 g (0.38 mmol) of 2-cyclopentylethanamidine hydrochlo 
ride and 0.1 g (0.79 mmol) of potassium carbonate. 
[0205] LC-MS (method 1): Rt:3.06 min. 
[0206] MS (ESIpos): m/Z:329 [M+H]+ 
[0207] 1H-NMR (300 MHZ, DMSO-d6): 6:1.14 (m, 2H), 
1.55 (m, 4H), 1.71 (m, 2H), 2.19 (m, 1H), 2.46 (d, 2H), 7.19 
(m, 1H), 7.38 (m, 2H), 7.63 (m, 1H), 9.78 (br. S, 1H), 12.49 
(br. S, 1H). 

Example 6 

2-(Cyclopentylmethyl)-4-[(3 -methoxyphenyl) 
amino] -6-oxo-1 ,6-dihydro-5 -pyrimidinecarbonitrile 

[0208] 

0 

CN 
HN 

\ 
N NH 

@\ CH3 O/ 

[0209] In analogy to the preparation of Example 4, 40 mg 
(42% of theory) of the title compound are obtained as a 
colorless solid from 0.08 g (0.28 mmol) of methyl 2-cyano 
3 - [ (3 -methoxyphenyl)amino] -3 - (methyl sulfanyl) -2 -prope 
noate, 0.05 g (0.31 mmol) of 2-cyclopentylethanamidine 
hydrochloride and 0.09 g (0.63 mmol) of potassium carbon 
ate. 

[0210] 
[0211] 

LC-MS (method 1): Rt:2.84 min. 
MS (ESIpos): m/Z:325 [M+H]+. 

Example 7 

2-(Cyclopentylmethyl)-4-[(3 -?uoro-2-methylphenyl) 
amino] -6-oxo-1 ,6-dihydro-5 -pyrimidinecarbonitrile 

[0212] 

O 

CN 
HN 

\ 
N NH 

CH3 

F 

[0213] In analogy to the preparation of Example 4, 31 mg 
(35% of theory) of the title compound are obtained as a 
colorless solid from 0.075 g (0.27 mmol) of methyl 2-cyano 
3-[(3-?uoro-2-methylphenyl)amino]-3-(methylsulfanyl)-2 
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propenoate, 0.047 g (0.29 mmol) of 2-cyclopentylethanami 
dine hydrochloride and 0.081 g (0.59 mmol) of potassium 
carbonate. 
[0214] LC-MS (method 6): Rt:2.37 min. 
[0215] MS (ESIpos): m/Z:327 [M+H]+. 
[0216] 1H-NMR (300 MHZ, DMSO-d6): 6:1.08 (m, 2H), 
1.43 (m, 4H), 1.55 (m, 2H), 2.04 (m, 1H), 2.04 (s, 3H), 2.39 
(d, 2H), 7.05 (m, 2H), 7.20 (m, 1H), 9.60 (s, 1H), 12.30 (s, 
1H). 

Example 8 

2-(Cyclopentylmethyl)-4-[(2,5-dimethylphenyl) 
amino] -6-oxo- 1 , 6-dihydro-5-pyrimidinecarbonitrile 

[0217] 

0 

CN 
HN 

\ 
N NH 

CH3 

H3C 

[0218] In analogy to the preparation of Example 4, 53 mg 
(45% of theory) of the title compound are obtained as a 
colorless solid from 0.1 g (0.37 mmol) of methyl 2-cyano-3 
[(2 , 5 -dimethylphenyl)amino] -3 - (methyl sulfanyl) -2 -prope 
noate, 0.06 g (0.39 mmol) of 2-cyclopentylethanamidine 
hydrochloride and 0.1 g (0.79 mmol) of potassium carbonate. 
[0219] LC-MS (method 10): Rt:3.39 min. 
[0220] MS (ESIpos): m/Z:323 [M+H]+. 
[0221] 1H-NMR (300 MHZ, DMSO-d6): 6:1.10 (m, 2H), 
1.43 (m, 4H), 1.62 (m, 2H), 2.04 (m, 1H), 2.10 (s, 3H), 2.24 
(s, 3H), 2.36 (d, 2H), 6.98 (m, 1H), 7.09 (m, 2H), 9.15 (br. s, 
1H), 12.19 (br. s, 1H). 

Example 9 

2-(Cyclopentylmethyl)-4-[(2-methoxyphenyl) 
amino] -6-oxo- 1 , 6-dihydro-5-pyrimidinecarbonitrile 

[0222] 

CN 

CH3 

[0223] In analogy to the preparation of Example 4, 62 mg 
(26% of theory) of the title compound are obtained as a 
colorless solid from 0.2 g (0.71 mmol) of methyl 2-cyano-3 
[(2 -methoxyphenyl)amino] -3 - (methyl sulfanyl) -2 -prope 
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noate, 0.13 g (0.79 mmol) of 2-cyclopentylethanamidine 
hydrochloride and 0.22 g (1.58 mmol) of potassium carbon 
ate. 

[0224] 
[0225] 

LC-MS (method 1): Rt:2.92 min. 
MS (ESIpos): m/Z:325 [M+H]+. 

Example 10 

2-(Cyclopentylmethyl)-4-[(4-?uoro-2-methylphenyl) 
amino] -6-oxo-1 ,6-dihydro-5 -pyrimidinecarbonitrile 

[0226] 
O 

CN 
HN 

\N NH 

CH3 

F 

[0227] In analogy to the preparation of Example 4, 54 mg 
(46% of theory) of the title compound are obtained as a 
colorless solid from 0.1 g (0.36 mmol) of methyl 2-cyano-3 
[(4-?uoro-2-methylphenyl)amino]-3-(methylsulfanyl)-2 
propenoate, 0.06 g (0.39 mmol) of 2-cyclopentylethanami 
dine hydrochloride and 0.1 g (0.78 mmol) of potassium 
carbonate. 

[0228] LC-MS (method 3): Rt:2.98 min. 
[0229] MS (ESIpos): m/Z:327 [M+H]+. 
[0230] 1H-NMR (300 MHZ, DMSO-d6): 6:1.09 (m, 2H), 
1.53 (m, 6H), 2.10 (m, 1H), 2.14 (s, 3H), 2.28 (d, 2H), 6.98 
(m, 1H), 7.08 (m, 1H), 7.29 (m, 1H). 

Example 11 

2-(Cyclopentylmethyl) -4-[(2 -methylphenyl)amino] - 
6-oxo-1 ,6-dihydro-5 -pyrimidine-carbonitrile 

[0231] 
0 

CN 
HN 

\ 
N NH 

i 1on3 
[0232] In analogy to the preparation of Example 4, 1.25 g 
(43% of theory) of the title compound are obtained as a 
colorless solid from 2.48 g (9.45 mmol) of methyl 2-cyano 
3 - [ (2 -methylphenyl)amino] -3 -(methyl sulfanyl) -2 -prope 
noate, 1.69 g (10.33 mmol) of 2-cyclopentylethanamidine 
hydrochloride and 2.87 g (20.79 mmol) of potassium carbon 
ate. 

[0233] 
[0234] 

LC-MS (method 1): Rt:2.84 min. 
MS (ESIpos): m/Z:309 [M+H]+. 
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[0235] lH-NMR (300 MHZ, DMSO-d6): 6:1.07 (m, 2H), 
1.42 (m, 2H), 1.52 (m, 2H), 1.59 (m, 2H), 2.05 (m, 1H), 2.14 
(s, 3H), 2.36 (d, 2H), 7.17 (m, 4H), 9.47 (s, 1H), 12.24 (s, 1H). 

Example 12 

2-(Cyclopentylmethyl)-6-oxo-4- [(2-propylphenyl) 
amino] - 1 , 6-dihydro-5 -pyrimidine-carbonitrile 

[0236] 
0 

CN 
HN 

\ 
N NH 

@/\/cH3 
[0237] In analogy to the preparation of Example 4, 57 mg 
(49% of theory) of the title compound are obtained as a 
colorless solid from 0.1 g (0.34 mmol) of methyl 2-cyano-3 
(methylsulfanyl)-3-[(2-propylphenyl)amino]-2-propenoate, 
0.06 g (0.37 mmol) of 2-cyclopentylethanamidine hydrochlo 
ride and 0.1 g (0.76 mmol) of potassium carbonate. 
[0238] LC-MS (method 1): Rt:3.13 min. 
[0239] MS (ESlpos): m/Z:337 [M+H]+. 
[0240] 1H-NMR (300 MHZ, DMSO-d6): 6:0.84 (t, 3H), 
1.07 (m, 2H), 1.52 (m, 8H), 2.04 (m, 1H), 2.35 (d, 2H), 2.49 
(m, 2H), 7.16 (m, 2H), 7.23 (m, 2H), 9.44 (s, 1H), 12.20 (s, 
1H). 

Example 13 

2-(Cyclopentylmethyl)-6-oxo-4-(3-pyridinylamino) 
1 ,6-dihydro-5 -pyrimidinecarbonitrile 

[0241] 
0 

CN 

HNI 
\ 
NNH g/ 
\N 

[0242] 0.1 g (0.40 mmol) of methyl 2-cyano-3-(methylsul 
fanyl)-3-(3-pyridinylamino)-2-propenoate and 0.065 g (0.40 
mmol) of 2-cyclopentylethanamidine hydrochloride and 0.16 
g (1.60 mmol) of triethylamine are dissolved in 0.5 ml of 
DMF and stirred at 1000 C. overnight. After cooling, the 
mixture is diluted With 10 ml of Water and extracted With 
dichloromethane. The organic phase is dried over sodium 
sulfate and concentrated in Vacuo, and the residue is puri?ed 
by ?ash chromatography (mobile phase: dichloromethane/ 
methanol 200:1, 100:1, 50:1). 78 mg (64% of theory) of the 
product are obtained as a colorless solid. 

[0243] HPLC (method 8): R7336 min. 
[0244] MS (ESlpos): m/Z:296 [M+H]+. 
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[0245] lH-NMR (300 MHZ, DMSO-d6): 8:1.05-120 (m, 
2H), 1.37-1.75 (m, 6H), 2.16 (m, 1H), 2.47 (d, 2H), 7.36 (m, 
1H), 7.83 (m, 1H), 8.32 (m, 1H), 8.66 (m, 1H), 9.80 (s, 1H), 
12.48 (s, 1H). 

Example 14 

2-(2-Methylbutyl)-4-[(2-methylphenyl)amino] -6 
oxo-1 ,6-dihydro-5 -pyrimidine-carbonitrile 

[0246] 
0 

CN 
HN 

\ 
N NH 

CH3 
H3C 

CH3 

[0247] In analogy to the preparation of Example 4, 105 mg 
(77% of theory) of the title compound are obtained as a 
colorless solid from 0.12 g (0.46 mmol) of methyl 2-cyano 
3 -(methylsulfanyl)-3 - [ (2 -methylphenyl)amino] -2 -prope 
noate, 0.07 g (0.50 mmol) of 3-methylpentanamidine hydro 
chloride and 0.14 g (1.0 mmol) of potassium carbonate. 
[0248] LC-MS (method 2): R,:2.06 min. 
[0249] MS (ESlpos): m/Z:297 [M+H]+. 
[0250] 1H-NMR (300 MHZ, DMSO-d6): 6:0.80 (d, 6H), 
1.09 (m, 1H), 1.24 (m, 1H), 1.74 (m, 1H), 2.14 (s, 3H), 2.32 
(dd, 2H), 7.16 (m, 4H), 9.49 (s, 1H), 12.27 (s, 1H). 

Example 15 

2-[(2 S) -2 -methylbutyl] -4-(2 -methylphenyl)amino] -6 
oxo-1 ,6-dihydro-5 -pyrimidine-carbonitrile 

[0251] 

0 

[0252] In analogy to the preparation of Example 4, 183 mg 
(80% of theory) of the title compound are obtained as a 
colorless solid from 0.2 g (0.76 mol) of methyl 2-cyano-3 
(methylsulfanyl)-3 - [(2 -methylphenyl)amino] -2 -propenoate, 
0.17 g (1.14 mmol) of (3S)-3-methylpentanamidine hydro 
chloride and 0.23 g (1.66 mmol) of potassium carbonate. 
[0253] LC-MS (method 5): Rt:2.28 min. 
[0254] MS (ESlpos): m/Z:297 [M+H]+. 
[0255] 1H-NMR (300 MHZ, DMSO-d6): 6:0.78 (d, 6H), 
1.09 (m, 1H), 1.21 (m, 1H), 1.70 (m, 1H), 2.13 (s, 3H), 2.29 
(dd, 2H), 7.16 (m, 4H), 9.49 (s, 1H), 12.25 (s, 1H). 
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Example 16 
4-[(5 -Fluoro-2-methylphenyl)amino]-2-[(2S)-2-me 
thylbutyl] -6-oxo- 1 ,6-dihydro-5-pyrimidinecarboni 
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[0257] In analogy to the preparation of Example 4, 182 mg 
(73% of theory) of the title compound are obtained as a 

colorless solid from 0.22 g (0.78 mmol) of methyl 2-cyano 
[0256] mle 3-[(5 -?uoro-2-methylphenyl)amino]-3-(methylsulfanyl)-2 

O propenoate, 0.17 g (1.17 mmol) (3S)-3-methylpentanamidine 
hydrochloride and 0.24 g (1.73 mmol) of potassium carbon 

CN ate. 
HN 

[0258] LC-MS (method 5): Rt:2.11 min. 
\N NH [0259] MS (ESlpos): m/Z:315 [M+H]+. 

CH [0260] 1H-NMR (200 MHZ, DMSO-d6): 6:0.75 (d, 6H), 
H3C\\“" 3 1.1 (m, 1H), 1.25 (m, 1H), 1.71 (m, 1H), 2.1 (s, 3H), 2.26 (dd, 

2H), 7.03 (m, 2H), 7.28 (m, 1H), 9.51 (s, 1H), 12.36 (s, 1H). 
H C 

3 1: [0261] Examples 17-58 listed in the table beloW are pre 
pared in analogy to the preparation of Example 4: 

MS: HPLC or LC-MS 

Example Structure m/Z [M + H]* R, [min] method 

17 0 313 4.37 8 

CN 
HN | 
\ 
N NH 

F 

18 0 329 4.52 8 

CN 
HN | 
\ 
N NH 

Cl 

19 0 325 4.50 8 

CN 
HN | 
\ 
N NH 

O\ 






















