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where R is
10
a linear or branched alkyl radical having from 1 to 10 carbon atoms, in which one
or two CH; groups may be replaced by -CH=CH groups or
a cycloalkyl radical or cycloalkylalkylene radical having from 5 to 12 carbon atoms
15 or

a phenyl radical or phenylmethyl radical

and said radicals are monosubstituted by -COOH, -COOA, -CONH,, -CONHA, -CON(A),
20 or -CN where A is an alkyl group having from 1 to 6 carbon atoms.

Compounds of the formula I constitute an effective starting point for the synthesis of

medicaments since the presence of the carbonyl group of pyrimidine makes it possible to

attach various radicals, thereby paving the way for the synthesis of novel medicinal
25  substances whose properties may be modified by varying the group to be attached.

Medicinal substances containing the heterocyclic system of compounds of the formula I
are described, for example, in DE-198 190 23 Al. These compounds and the salts thereof
show good tolerability and possess very valuable pharmacological properties. They show

30 in particular a specific inhibition of cGMP phosphodiesterase (PDE V). Therefore the
compounds are suitable for the treatment of diseases of the cardiovascular system, in
particular heart failure, and for the treatment and/or therapy of impaired potency (erectile
dysfunction).
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30 in particular a specific inhibition of cGW phosphodi esterase (PDE V).
Therefore the conpounds are suitable for the treat nent of di seases of the
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where R is a linear or branched alkyl group having from 1 to 6 carbon atoms, in particular
methyl, and a nitrile of the formula III

N=C—R; I

25 where R' has the above meaning in solution or suspension in a solvent is reacted in the
presence of an acid.

Preferably methyl, ethyl or propyl, furthermore preferably isopropyl, butyl, isobutyl, sec-
butyl or tert-butyl, but also n-pentyl, neopentyl, isopentyl or hexyl is used as radical R? of
30 the carboxylic ester of the formula II. For the radical R' of the nitrile of the formula III
linear or branched alkyl radicals having from 1 to 10 carbon atoms may be used, in which
one or two CH, groups may be replaced by -CH=CH- groups. The alkyl radical used is
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The synthesis of the compound of the formula I is in general carried out by initially

introducing the carboxylic ester of the formula II and the nitrile of the formula III into a

suitable solvent and then adding the acid, for example by passing it into the solution as a

25  gas.

However, it is possible to significantly increase the reaction yield and the purity of the
reaction product of the formula I and further to shorten the reaction time if initially an
excess of acid is dissolved in the solvent, preferably the solvent is saturated with the acid,

30 and subsequently the 2-aminobenzothiophene-3-carboxylic ester of the formula II and the
nitrile of the formula III are added.

An excess of acid is an amount of acid so large that after quantitative reaction of the
compounds of the formulae I and II and subsequent precipitation as salt unbound acid still

35  remains in the solution. This amount of acid is to be already present in the reaction mixture
at the start of the reaction.



The reaction may proceed such that first a, preferably saturated, solution
of the acid. in the solvent is prepared and separately therefroma sol ution
whi ch contains the conpounds of the for4ula | and the formula Il. It is

possi ble either for the two solutions then to be introduced sinultaneously
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acid, aluminium trichloride and boron trifluoride. Particularly suitable are gaseous acids, in
30  particular hydrogen chloride.

The reaction is suitably carried out at a temperature of from —10°C to 100°C, preferably
0°C to 60°C, in particular 10°C to 50°C.

35 In a particularly preferred embodiment of the process according to the invention the
addition of acid to the mixture is continued during the reaction. Thus it is possible to
achieve nearly quantitative precipitation of the compound of the formula I as salt of the
acid.



The chlorinating agent is suitably selected fromthe group consisting of
SOC12, PCC13, PCls, CICOCOCI. The conpounds of the fornmulae Il and Il are
-ei ther known or may be prepared by the-45 skilled worker using known

synt hesi s pat hways. An exanple of a synthesis of the conpounds of the
formulae Il and Il is described in the following with particularly
pref‘erred conpounds. For other radicals R and R2 the reactions can be
carri ed olthe g@mp@g@gsquthezbr@y}ﬁ heoonsfitafe apiayable starting substance for further
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gi ve tshe mvhi oet her ~. Next the hydroxyl group of the conpound ~ is reacted
wi th hydrochloric acid to give the chloride 4 which is then reacted with
sodium cyanide to give the nitrile 75 This is reacted with 25 di nethyl
carbonate to give the conmpound 6 whifch is finally cyclized to give the
conmpound Z. LiAlH4 OH Bn HC 6 ~~COOCH3 5 7
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by a chlorinating agent. The chlorine may simply be substituted by appropriate
nucleophiles.

10
The chlorinating agent is suitably selected from the group consisting of SOCI,;, POCl;,
PCls, CICOCOCI.

The compounds of the formulae II and III are either known or may be prepared by the

15 skilled worker using known synthesis pathways. An example of a synthesis of the
compounds of the formulae II and III is described in the following with particularly
preferred compounds. For other radicals R' and R? the reactions can be carried out
analogously.

20  Synthesis of methyl 2-aminobenzothiophene-3-carboxylate 7 starts from thiosalicylic acid
1. The carboxyl group is reduced by lithium aluminium hydride resulting in the alcohol 2.
Afterwards the thiol group is reacted with benzyl chloride to give the thioether 3. Next the
hydroxyl group of the compound 3 is reacted with hydrochloric acid to give the chloride 4
which is then reacted with sodium cyanide to give the nitrile 5. This is reacted with

25  dimethyl carbonate to give the compound 6 which is finally cyclized to give the compound

1
COOH
SH SH S/C7 7

1




5 Synthesis of the preferred nethyl trans-4-cyanocycl ohexanecarboxyl ate
starts from nethyl trans-cycl ohexane-I, 4-di.carboxylate $ which is first
-hydrol ysed by KOH to give the nononethyé-ester 9. This is first converted
into the acid chloride by thionyl chloride and then into the acid am de 10
by ammonia. The nitrile ~is finally obtained fromthe acid amde .LQ 10

H3COOG, .,, [~ -. -~ pyridine 1. gQC . NH3 ~~~COOCH3 15
Accordi ng t 8 he pfiti o, t heN#&ad¥hpound and CN arlG8QGHd to t he

i m done ~. By reagtian W'épl t hionyl" chl a it b;H7pOSS| ble to obtain the
conpound 1~. the Chtortgfe 7g|7oup of which Ty bg nucl eophilically

substituted and which thus is available as a starting conpound for the
synthesis of a pluralgty of pharmacol ogically active substances. NaCN KOH
-- HOOC~,. COOCH3 8 9

OOCH3;

COOCH;
CN
- i T @
7117
s~ s~ “NH,

5  Synthesis of the preferred methyl trans-4-cyanocyclohexanecarboxylate starts from methyl
trans-cyclohexane-1,4-dicarboxylate § which is first hydrolysed by KOH to give the
monomethyl ester 9. This is first converted into the acid chloride by thionyl chloride and
then into the acid amide 10 by ammonia. The nitrile 11 is finally obtained from the acid

amide 10.
10
H;COO0C.. KOH HOOC.., 1. S0Cl;
2. NH3
COOCH; COOCH;
8 9
HoNOC..., CHsSOLC NC...
—_— —
pyridine
'COOCH; COOCH;
10 11

15 According to the invention, the compounds 7 and 11 are cyclized to the imidone 12. By
reaction with thionyl chloride it is possible to obtain the compound 13 the chlorine group
of which may be nucleophilically substituted and which thus is available as a starting
compound for the synthesis of a plurality of pharmacologically active substances.



HzNCC. .,. ~~ C6F15S02CI -7CO0CH3 NC~... 7 COOCH3 11 --. 50C12 12 /\
~~~CO0CH3 5. 13 In the followng, -the invention is illustrated by exanples.
‘Exanpl e 1 Preparation of nethyl -7-

4- (benzot hi eno[ 2, 3- d] 3H 4- oxo- pyri m di n- 2yl ) cycl ohexanecar boxyl ate ~

(variant A 1 COOCH; NC...
‘ ' Q\
S COOCH;

NH;
7 11
NH SOClI,
' L —
e
S N | Q
COOCH;
12
]
Z N
I
NS
S i O\
COQOCH;

13

In the following, the invention is illustrated by examples.
5
Example 1
Preparation of methyl 4-(benzothieno[2,3-d]3H-4-0x0-pyrimidin-2-
yl)cyclohexanecarboxylate 12 (variant A)
10

9079 g of methyl 2-aminobenzothiophene-3-carboxylate 7 and 8600 g of methyl trans-4-
cyanocyclohexanecarboxylate 11 were dissolved in 50 1 of 1,4-dioxane. The mixture was
heated to 45 °C and HCI gas was passed into the mixture for 15 hours. The reaction was
followed by thin layer chromatography (methanol/methylene chloride = 1:1). After ten

15 days the precipitate was removed by filtration and dried, yield 79.1%. Analysis by HPLC
(acetonitrile / HO 60:40 (v/v); 0,1% (Vol) trifluoroacetic acid added) revealed a purity of
86%. This corresponds to a yield based on content of 68%.



9079 g of nethyl 2-am nobenzot hi ophene-3-carboxylate Z and 8600 g of nethyl
trans-4cyanocycl ohexanecar boxyl ate 11 were dissolved in 50 1 of
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di chl or onbickbHb75 kgyaf white prysiglsomganr3000kases were extracted with water,
aqueous sodi um hydroxi de and again water and then dried over sodium
sulfate. After filtration the solvent was distilled off under reduced
press%?re. "'ﬁﬁ’ép'&?ystal | ine resi due was washed in the

Preparation of methyl 4-(4-chlorobenzothieno[2,3-d]pyrimidin-2-yl)cyclohexanecar-
boxylate 13

30 12.5 1 of thionyl chloride were initially charged and cooled with stirring to 25°C. Then
2320 g-of 12 were introduced and 1100 ml of dimethylformamide were added dropwise.
After stirring overnight the solvent was stripped off under reduced pressure. The
crystalline residue was dissolved in dichloromethane and then slowly added to ice/water.
The organic phase was removed. The aqueous phase was extracted three times with

35  dichloromethane. The combined organic phases were extracted with water, aqueous
sodium hydroxide and again water and then dried over sodium sulfate. After filtration the
solvent was distilled off under reduced pressure. The crystalline residue was washed in the



-9 cold with diisopropyl ether and subsequently the crystals were renoved
by filtration. The crystals were - dried to constant nass at 50C. Yield: 1420
-g of yellow crystals 5 mp.:127C -10 Patent Clains 1. Process for

prepari ng conpounds of the formula | I 5 where Rl is a |inear or branched

al kyl ra o) &
o gl o e T i 1
cycl oal kwrxﬁtadw@rﬂedrmsﬂdpczanstmmasgaﬁ5Q5’Eﬁ5 to 12 car bon atoms 15 or - a
phenyl radical or phenyl methyl radical

Yield: 1420 g of yellow crystals
5 mp.:127°C



and said radicals are nono substituted by COOH, COOA, CONH2, CONHA, CON(A) 2
or CN, where Ais an alkyl group having from1 to 6 carbon atons by

-reacting a 2-am nobenzot hi ophene- 3-car-doxylic ester of the fornmula Il Il 20
where R2 is a linear or branched al kyl group having from1l to 6 carbon
atoms, in particular nethyl, and alia-réd’tidlging the formula Il N=CR- 111 25
where Rl has the above neaning in solution or suspension in a solvent in

the presence of an acid. 2. Process according to Claim1, wherein initially
an excessy, Prodsd fé,r?ﬁepd{-iﬁg@dnﬁﬁdu{dgofﬂﬂ forrddla $0! vent, preferably the sol vent
is saturated with thé acid, and subsequently the

2am nobenzot hi ophene- 3- car boxylic
of the formula Il are added. 5 3.

wherein the solvent is sghected f
al cohol s, esters, wat er

gpter of the formula Il and the nitrile
[Process according to Caim1l or 2,
orq t he group consistiﬁg of ethers,

ylic acids, chlorinated hydrocarbons
and m xtures thereof. 4 ding to one of Cains 1 to 3, wherein
the acid is selected fronvrthe gfroupl”lo Rpnsi sting of Bronsted acids and
Lew s acids, in particular hydrochloric acid, hydrobromc acid, sulfuric
aci d, sphosphoric acid, polyphosphoric acid, mnmethanesul fonic acid,
trifluoronethanesul fonic acid, trifluoroacetic acid, alumniumtrichloride
and bor on8¥¥ K ffori de. 15 5. Process according to one of Claims 1 to 4,
wherein the reaction is carried out at a tenperature of from-10C to 100C,

preferably 0Ct ] pqul ar 10C. t o. 50C. . 6,, Process accor di to one
of daims 1 td @?e%gﬁ{apléairﬁﬁl?ﬁ%k@JS&tc?%%‘g&g %(grpgl Eoolq ﬁaé'g?ﬁ Q%’H}Selq ‘é’gg’g Fnued
during the reauttworHz groups may be replaced by -CH=CH- groups or

10
- a cycloalkyl radical or cycloalkylalkylene radical having from 5 to 12 carbon atoms
or
- a phenyl radical or phenylmethyl radical
15
and said radicals are mono substituted by COOH, COOA, CONH,, CONHA, CON(A), or
CN, where A is an alkyl group having from 1 to 6 carbon atoms
by reacting a 2-aminobenzothiophene-3-carboxylic ester of the formula II
OR»
II
20 S NH;

where R? is a linear or branched alkyl group having from 1 to 6 carbon atoms, in particular
methyl, and a nitrile of the formula III

N=C—R, I1I

1 . . . . . .
25  where R* has the above meaning in solution or suspension in a solvent in the presence of
an acid.

2. Process according to Claim 1, wherein initially an excess of acid is dissolved in the



20 7.

t he conpound of the fornula I
1V IV by a chlorinating agent.

Process according to one of Clains 1 to 6, wherein in a further step
I s.converted into a conpound of the fornula
25 8. Prlacess according to Claim7, wherein

the chlorinating agent is selected fromthe group consisting of SOCl2,
ROCL3, Pcélofveng ﬁgﬁ%ly the solvent is saturated with the acid, and subsequently the 2-

10

15

20

25

aminobenzothiophene-3-carboxylic ester of the formula II and the nitrile of the formula III
are added.

3. Process according to Claim 1 or 2, wherein the solvent is selected from the group
consisting of ethers, alcohols, esters, water, amides, carboxylic acids, chlorinated
hydrocarbons and mixtures thereof.

4, Process according to one of Claims 1 to 3, wherein the acid is selected from the group
consisting of Bronsted acids and Lewis acids, in particular hydrochloric acid, hydrobromic
acid, sulfuric acid, phosphoric acid, polyphosphoric acid, methanesulfonic acid,
trifluoromethanesulfonic acid, trifluoroacetic acid, aluminium trichloride and boron
trifluoride.

5. Process according to one of Claims 1 to 4, wherein the reaction is carried out at a
temperature of from -10°C to 100°C, preferably 0°C to 60°C, in particular 10°C to 50°C.

6. Process according to one of Claims 1 to 5, wherein the addition of acid to the mixture is
continued during the reaction.

7. Process according to one of Claims 1 to 6, wherein in a further step the compound of the
formula I is converted into a compound of the formula IV

)\ 14Y

by a chlorinating agent.

8. Process according to Claim 7, wherein the chlorinating agent is selected from the group
consisting of SOCl,, POCl;, PCls, CICOCOCI.



