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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 phenylmethy! radical

and said radicals are monosubstituted by -COOH, -COOQA, -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).



particular heart failure, and for the treatnent and/or therapy of inpaired
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t hese medicinal substances it is necessary to be able to provide

sufficient anounts of suitable starting conpounds. The nedi ci nal substances
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The object of the invention is to provide a process for preparing compounds of the formula
15 I which is simple to carry out and provides-the compounds of the formula I in good yields
and high purity.

This object is achieved by a process for preparing compounds of the formula I wherein a 2-
aminobenzothiophene-3-carboxylic ester of the formula II

OR>
II

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

N=C—R; 111

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, isopenty! 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 II and Il 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.
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ether or ethylene glycol monoethy! ether (methylglycol or ethylglycol), diethylene glycol
dimethyl ether (diglyme). Suitable amides are, for example, acetamide, dimethylacetamide,
20 N-methylpyrrolidone or dimethylformamide. A suitable carboxylic acid is, for example,
glacial acetic acid. An ester which may be used is, for example, ethyl acetate. Suitable
chlorinated hydrocarbons are, for example, trichloroethylene, 1,2-dichloroethane, carbon
tetrachloride, chloroform or dichloromethane. It is also possible to employ mixtures of the
solvents mentioned.
25
The acids are suitably 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. 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.
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to the invention the adg acid to the mxture is continued during
the reaction. Thus it is possi8Ble TN aghi eve nearly quantitative
precipitation of the conpound of the fornula | as salt of the acid. 510
MAY 2004 The compounds of the fornula | constitute a valuable starting
substance for further syntheses. It is possible to achieve further
activatipn of .the conmpoun t formula I., if .in fur r step the
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The chlorinating agent is suitably selected from the group comsisting of SOCl,, POCI;,
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 § which is finally cyclized to give the compound
1

COOH
@[ LiAlH, @\(}H BaCl OH HCI
SH SH ¢ Ot
2

1




nucl eophil es. 10 The chlorinating agent is suitably selected fromthe group
consi sting of SOC12, POC13, PCl5, Cl COCOCL The conpounds ?1;3 Mﬁ@ﬁ rmul ae

Il and 111 are either known or may be-Prepared by the 15 rker
usi ng known synt hesi s pathways. An exanple of a synthesis of the conpounds
of the formulae Il and Ill is described in the following with particularly

preferred conpoungs, Ber other radicals B\ apehR2 the reactions can be
carried oufflana usI yCl 20 P#ehesi s B t hyllN  H;COCOOCH;

2- am nobenzot hi @p e- 3-@@{ boxyl ate 2 s S frﬁ@;pln%t higsaltcylic acid 1.
The carboxyl grolp~1 s g€ Uded by i thium¥dal urghi um hydride resulting in the
al cohol . Afterwards the thiol group is reacted with benzyl chloride to
give the thioether .4 Next the hydroxyl graoup of the compound is reacted

wi th hydrochloric acid to give the chloride which is then reacted with
sodi um cyanide to give the nitrile . This is reacted with 25 dinet hyl
carbonate to give the conpound which is finally cyclized to give the
conpound 2. 1 COOH SH €OQ0HY OH BnCl 3 HCL 6 4 6 NaCN

CN Hy
— —_— |
~Crty
S S NH

2

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 3. This is first converted into the acid chloride by thionyl chloride and
then into the acid amide ]0 by ammonia. The nitrile 1] is finally obtained from the acid
amide 10.

H;CO0C.., kog  HOOC.. 1. SOCl
2. NH;
COOCH; COOCH;

8 9

HNOC... CHSOCH NC..
—_— ———tinil
O
COOCH; COOCH;

10 " —

10

15 According to the invention, the compounds 7 and 1] are cyclized to the imidone ]2. By
reaction with thionyl chloride it is possible to obtain the compound ]3 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.
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trans-4- cyanocycl ohexanecar boxyl ate starts from nethyl trans-cycl ohexane-1
, 4-di carboxyl ate which is first hydroFysed by KOH to gi ve H8¥AY Blinonet hyl
ester 2. This is first converted into the acid chloride by thionyl chloride
and then into the aci yde j Q by monia. The nitrile is finally
obt ai ned f M thhe—aetd amde 10. 10 H3GEO ‘"' COOCH3 KOH HoOC. .., "
COOCH3 S 9 ... 110 COOCH3 C&HSSO2C1 NC.... 1—S66t2 2. NH3 ' "
COOCH3 11 I{ AcCH i; o the invention, e \gikgﬁyds 2 and j are cyclized
to the i mdone . By ction with thionyl chl it is possible to
obtain the conpound the chlorine group of which nmay be nucl eophilically
substituted and mh%ch thus is avail abl e a?la starting

l NH SOCi;
. —
COOCH;
12
a
. Z

— g

s N7 O\

COOCH;
13

In the following, the invention is illustrated by examples.
Example 1

Preparation of methyl 4-(benzothieno(2,3-d]3H-4-oxo-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 1] 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 / HyO 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%.



conpound for the synthesis of a plurality of pharnmacol ogically active
substances. 5 + -7- NC... CQOCH3 7 11 18 MAY 2006 Soclz '~COOCH3 12 ~
COOCH3 5 13 In the following, the invéhtion is illustratedgyemanp! es.
Exanple 1 Preparation of nethyl 4-(benzothieno[ 2, 3-d] 3H 4-oxo0-pyrimdin-2-
yl)cycl olggy arboxyl ate (variant A) 10 9079 g of nethyl

2- am nobenzot'hi ophene- 3-car boxyl ate 2 and 8600 g of nethyl trans-4-
cyanocycl ohexanecar boxyl ate 11 were dissolved in 50 1 of 1,4-dioxane. The
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68% 8- adjubted't?DI’C. 14.8 kg of HCI gas were subsequently passed in over 15.5 h.

50 1 of 1,4-dioxane were initially charged into a second reaction vessel and 9079 g of
10 methyl 2-aminobenzothiophene-3-carboxylate 7 and 8600 g of methyl trans-4-
cyanocyclohexanecarboxylate 1] were introduced. The reaction mixture was heated to
45°C and subsequently the HCl-saturated 1,4-dioxane solution was added over 20 min.
During the addition a beige precipitate crystallized. A further 6 kg of HCI gas were passed
in at an internal temperature of from 34°C to 45°C over 4.75 h. The reaction mixture was
15 stirred overnight at 34°C. The next day a further 10 kg of HCI gas were passed in over 8 h
‘ and the reaction mixture was stirred overnight. The precipitate was removed and
suspended in 60 1 of deionized water. The pH was adjusted to pH 9 by adding 12 1 of
aqueous ammonia (13% by weight). After finishing the addition, stirring was continued for
a further 45 min and the crystallized precipitate was filtered off via a suction funnel. The
20  filter residue was washed twice with 12 1 of deionized water and the product was
subsequently dried under reduced pressure at 50°C.

Yield 10.75 kg of white crystals, m. p. >300°C
25 Example3

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

30 12.5 ] 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
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the reaction mxture was stirred overnight. The precipitate was renoved and
suspended in 60 1 of deionized water. The pH was adjusted to pH 9 by addi ng
12 1 of aqueous amonia (13% by weight). After finishing the addition,
stirring was continued for a further 45 mn and the crystallized
precipitate was filtered off via a suction funnel. The 20 filter residue
was washed twice with 12 1 of deionized water and the product was
subsequent |y dried under reduced pressure at 50C. Yield 10.75 kg of white
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di chl oronet hane and then slowy added to ice/water.



The' organi ¢ phase was renoved. The aqueous phase was extracted three tines
with 35 di chl oronet hane. The conbi ned organi ¢ phases were extracted with
wat er, aqueous sodi um hydroxi de and again water and then dried over sodium
sulfate. After filtration the solventlOwas distilled off uldeMAY Rgluced
pressure. The crystalline residue was washed in the -9 18 MAY 2& cold with
di i sopropyl ether and subsequently the crystals were renoved by filtration.
The «crystals were dried to constant mass at 50C. Yield: 1420 g of yell ow
crystals 5 mp.:127C -10- 1 S M¥at2bO€ldaisent Cl ains 1. Process for
prepari ng conpounds of the fornmula | 1 where RL is - a linear or branched
al kyl ene radical having froml| to 10 carbon atons, in which one or two CH2
groups gﬁgq% - a cycl oal kyl radical or
cycloa eng(%gg I'ca Q éFﬁgk¢§%ﬁ?§f Ia%’Zlocarbon atons or - a phenyl

radi cal or phenyl met hyl radi cal and said radicals are nono substituted by
COOH, CODA, CONH2, CONHA, CON(A) Zoor CN, where A is an al kyl group having
from1l to b carbon atons by reacting a 2-am nobenzot hi ophene- 3-carboxylic
ester of the formula | wher e~ R2 a linear or brapched al kyl group
having from1 to 6 ca inN%grtlcular methyl, and a nitrile of
the formula Il N=CR . R;inas t he above neaning in solution or
suspension in a solvent 1n the pridsenda of an

where R' is

- a linear or branched alkylene 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 cycloalkylene radical having from 5 to 12 carbon atoms or

- a phenyl radical or phenylmethyl radical

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

OR2
11

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 I1I
N=C—R; 111

where R' has the above meaning in solution or suspension in a solvent in the presence of an

acid ,



acid, -11 10 MAY 200b wherein initially a excess of acid is dissolved in
the solvent, preferably the solvent is saturated with the acid, and
subsequent |y the 2-am nobenzot hi ophene- 3-carboxylic ester @B @ e fornul a
Il and the nitrite of the fornula IlLjace added, or the éc& Ys tionis
added to the solution of conpounds of the fornmula Il and Il1. 2. Process
according to Claiml, wherein the solvent is selected fromthe group

consi st i Rghedfin QhikANST a e Soid 86 URESIvedvi Bie sclvénepferablp diey bdleernds ds,
chlorinated hydrocarbons and m xtures thereof. 3. Process according to

dai m 1d@awza§e¢mmethm a¢ideandsubs¢quentdy &&%@Tnmumoghmé-wwmteﬁﬁg of
5 : ; . ; . ! e
nydr obr orftehbrauiady Apd, e ils o o Biila I s od K6 SR BB S i added,

met hanes y} iNofutiod@f SompBlindswraeforaaRIbAddMI.c acid, trifluoroacetic acid,
alumniumtrichloride and boron trifluoride. 4. Process according to one

of Clains 1 to 3, wherein the reaction is carried out at a tenperature of

Pr ocess decor di HEeTs SRICHE B Gk 3, Ygrejh HO ' Bl wRkour |

the m Xtgh8istify ©PNéthereAlcdUbIs)@stele WaBst afitles,6 carBoxydies acids,c olildiinged 0 one
of Clains 1 to 5, whereinin a further step the conpound of the fornula I
i s converhydepcatbons andcwintwighthegtoft he formula |V IV by a chlorinating agent.
7. Process according to Claim6, wherein the chlorinating agent is sel ected
from the group consisting of SOC12, POC13, PCI5, Cl COCOCI .

3. Process according to Claim 1 or 2, wherein the acid is selected from the group

consisting of Brénsted acids and Lewis acids, in particular hydrochloric acid,
hydrobromic acid, sulfuric acid, phosphoric acid, polyphosphoric acid, methanesulfonic
acid, triflucromethanesulfonic acid, trifluoroacetic acid, aluminium trichloride and boron

trifluoride.

4, Process according to one of Claims 1 to 3, 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.

5. Process according to one of Claims 1 to 4, wherein the addition of acid to the

mixture is continued during the reaction.

6. Process according to one of Claims 1 to 5, wherein in a further step the

compound of the formula I is converted into a compound of the formula IV

].

N v
S N)\Rl
by a chlorinating agent.
7. Process according to Claim 6, wherein the chlorinating agent is selected from

the group consisting of SOCl,, POCl;, PCls, CICOCOCI.



