
Inhibitors of soluble adenylate cyclase The present
invention relates to inhibitors of soluble adenylate
cyclase, production thereof and use thereof for the
production of a medicinal product for contraception. A
large number of modern methods of contraception are
currently available for women, but very few methods
are available for male fertility control (condom and
sterilization). Development of reliable new means of
male fertility control is urgently needed. The
infertility brought about by a "male pill" should be
reversible and should be just as effective as the
existing methods available to women. Infertility
should be developed relatively quickly and should
persist for as long as possible. Such a method of
contraception should have no sideeffects, and the
preparations may be non-hormonal as well as hormonal.
A possible starting point is regulation of the
activity of an enzyme that plays an important role in
fertilization of the ovum: soluble adenylate cyclase
(sAC). This enzyme is mainly expressed in the
testicular stem cells and is present in mature sperm.
In 1999, the authors Levin and Buck succeeded in
purifying and cloning an isoform of sAC from rat
testes (Proc. Natl. Acad. Sci. USA 96 ( 1): 79-84).
The recombinant rat enzyme can be stimulated by
bicarbonate. It was demonstrated, using antibodies,
that the catalytic domain of the enzyme is localized
in testes, sperm, kidneys and the choroid plexus.
These disclosures are the subject of application
WO01/85753, which was granted in the USA (US6544768).
WO01/21829 (Conti et al.) claims isolated
polynucleotide sequences that code for the human
isoform of sAC, isolated sAC polypeptides and test
systems, using which it is possible to identify
substances that inhibit the activity of sAC. The
possibility of using these substances to achieve a
reversible reduction inthe motile sperm count, and
their use as a means of controlling male fertility, is
disclosed. John Herr"s group demonstrated the
isolation and characterization of the human isoform of
sAC from sperm. WO 02/20745 claims, in addition to
nucleic acids that code for sAC, also test systems for
identifying substances that modulate the expression or
the activity of human sAC. Such compounds might, for
example, selectively inhibit the activity of sAC, as a
consequence of which the sperm would lose the capacity
to fertilize an ovum. These sAC inhibitors might
therefore serve as medicinal products for non-hormonal
contraception. However, the sAC inhibitors that are
already known display specific problems: catechol
estrogens (T. Braun, Proc Soc Exp Biol Med 1990, 194(1
): 58ff) and gossypol (KL Olgiati, Arch Biochem
Biophys 1984, 231 (2): 4 1Iff) are inherently toxic,
whereas adenosine analogs only have a very weak
inhibitory action (MA Brown and ER Casillas, J Androl
1984, 5:361 ff). The inhibitors of recombinant human
sAC described by Zippin et al. are somewhat more
potent (IC50 < 10 mM) (JH Zippin et al., J Cell Biol
2004, 164(4): 527ff). In order to provide a means for
male fertility control, there is an increasing demand
for substances that lead to infertility quickly,
reversibly and successfully. This problem is solved by
the provision of the compounds of general Formula I,
where the following notation is used: R1 a hydrogen,
halogen, CF3, a C3-C6-cycloalkyl, which is optionally
multiply saturated and optionally multiply
substituted, orthe group CrC 6-alkyl, d-C -aryl, d-C
-acyl, halo-Ci-C 6-alkyl, Ci- C -alkyl-Ci-Ce-alkyl.
Ci-Ce-alkyl-CrCe-acyl, Ci-C 6-acyl-d-C 6-acyl, d-C
b-alkyl-Ci-Ce-aryl, Ci-Ce-aryl-CrC b-alkyI or CF3, in
which Ci-C6-alkyl, Ci-C 6-aryl, Ci-C 6-acyl, halo-Ci-C
- alkyl, d-Ce-alkyl-Ci-Ce-alkyl, d-Ce-alkyl-CrCe-acyl,
Ci-C 6- acyl-CrCe-acyl, d-Ce-alkyl-CrCe-aryl or Ci-C
6-aryl-CrC 6- alkyl can optionally be interrupted
singly or multiply, identically or differently by
oxygen, sulfur or nitrogen, or the group sulfonyl-d-C
6-alkyl, sulfonamide, or cyano, R2 a halogen, CF3, a
C3-C6-cycloalkyl, which is optionally multiply
saturated and optionally multiply substituted, or the
group d-C -alkyl, d-C 6-aryl, d-C 6-acyl, halo-Ci-C
6-alkyl, Cr C6-alkyl-Ci-C 6-alkyl, Ci-C6-alkyl-Ci-C
6-acyl, Ci-C 6-acyl-Ci-C 6-acyl, Ci-C -alkyl-d-C
b-aryl, Ci-C 6-aryl-CrC 6-alkyl or CF3, in which
Ci-C6-alkyl, CrC 6-aryl, d-C 6-acyl, halo-CrC - alkyl,
Ci-Ce-alkyl-CrCe-alkyl, d-Ce-alkyl-Ci-C b-acyl, d-C 6-
acyl-Ci-C 6-acyl, d-C -alkyl-d-C -aryl or d-C
-aryl-Ci-C b- alkyl can optionally be interrupted
singly or multiply, identically or differently by
oxygen, sulfur or nitrogen, or the group sulfonyl-Ci-C
6-alkyl, sulfonamide, or cyano, R3 a C6-Ci2-aryl,
which can optionally be substituted singly or
multiply, identically or differently with halogen,
with d-C 6-alkyl or Ci-Ceacyl, which can optionally be
singly or multiply substituted, or can be substituted
with Ci-C 6-alkoxy, hydroxy, cyano, CO2-(Ci-C
6-alkyl), N-(CrC 6-alkyl)2 > CO-NR4R5 or with CF3, a
C5-Ci2-heteroaryl, which can optionally be substituted
singly or multiply, identically or differently with
halogen, with Ci-C -alkyl, d - C6-acyl, d-C 6-alkoxy,
hydroxy, cyano, CO2-(Ci-C6-alkyl), N-(Ci-C 6- alkyl)2,
CO-NR4R5 or with CF3 orAa C3-C6-cycloalkyl, which can
optionally be substituted singly or multiply,
identically or differently with halogen, CF3, hydroxy,
cyano, COa^CrCe-alkyl), d-C b-alkyl, CrC 6-acyl,
N-(C1-C6 I yI)2, CONR4R5Or d-C 6-alkoxy, R4 a
hydrogen, a C3-C6-cycloalkyl, which is optionally
substituted singly or multiply, identically or
differently with d-C 6-alkyl, C1-C6- 



acyl, d-C 6-alkoxy or CF3, a C6-Ci2-aryl, which is
optionally substituted singly or multiply, identically
or differently with halogen, d-C -alkyl, d-C 6-acyl,
C1- Ce-alkoxy, N-d-C -alkyl-d-C b-alkyl, CF3 or cyano,
or a Cs-C^-heteroaryl, which is optionally substituted
singly or multiply, identically or differently with
halogen, CrC 6-alkyl, C1-C6- acyl, CrC -alkoxy,
N-d-Ce-alkyl-d-C b-alkyl, CF3 or cyano, or a d-C
b-alkyl, which can be substituted arbitrarily, R5 a
hydrogen, a C3-C6-cycloalkyl, which is optionally
substituted singly or multiply, identically or
differently with C -i-C6-alkyl, C1-C6- acyl, CrC
6-alkoxy or CF3, a C6-Ci2-aryl, which is optionally
substituted singly or multiply, identically or
differently with halogen, with d-C 6-alkyl, d-C
6-acyl, d-C 6-alkoxy, N-CrC b-alkyl-d-C -alkyl, CF3 or
cyano, or a Cs-C^-heteroaryl, which is optionally
substituted singly or multiply, identically or
differently with halogen, Ci-C 6-alkyl, C1-C6- acyl,
Ci-C 6-alkoxy, N-d-C -alkyl-d-Ce-alkyl, CF3 or cyano,
or a d-C 6-alkyl, which can be substituted
arbitrarily, R4 and R5 together form a 5-8-membered
ring, which can contain further heteroatoms, and X the
groups sulfonyl, (CH2)n or carbonyl, Y a -(CHa)n- or
carbonyl groupZ a nitrogen, A an oxygen or sulfur and
n 0 - 4, as well as their isomers, diastereomers,
enantiomers and salts, which overcome the known
drawbacks and display improved properties, i.e.
display good efficacy, good solubility and stability.
The compounds according to the invention inhibit
soluble adenylate cyclase and so prevent capacitation
of the sperm and thus provide male fertility control.
Alkyl means in each case a linear or branched alkyl
residue, such as methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec. butyl, tert. butyl, pentyl,
isopentyl and hexyl. Alkoxy means in each case a
linear or branched alkoxy residue, such as methoxy-,
ethoxy-, n-propoxy-, iso-propoxy-, n-butoxy-,
sec-butoxy-, iso-butoxy-, tert. butyloxy-, pentoxy-,
iso-pentoxy- and hexoxy-. Acyl means in each case a
linear or branched residue, such as formyl, acetyl,
propionyl, butyroyl, iso-butyroyl, valeroyl and
benzoyl. Cycloalkyl means monocyclic alkyl rings such
as cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl. The cycloalkyl residues can contain one or
more heteroatoms, such as oxygen, sulfur and/or
nitrogen, instead of the carbon atoms. Such
heterocycloalkyls with 3 to 6 ring atoms are
preferred. The ring systems, in which optionally one
or more possible double bonds can be contained in the
ring, mean for example cycloalkenyls such as
cyclopropenyl, cyclobutenyl,
cyclopentenyl,cyclopentadienyl, cyclohexenyl,
cycloheptenyl, where the coupling can take place both
on the double bond and on the single bonds. Halogen
means in each case fluorine, chlorine, bromine or
iodine. In each case the aryl residue comprises 6-12
carbon atoms and can for example be benzocondensed.
The following may be mentioned as examples: phenyl,
tropyl, cyclooctadienyl, indenyl, naphthyl, biphenyl,
florenyl, anthracenyl etc. In each case the heteroaryl
residue comprises 5-16 ring atoms and can contain one
or more, identical or different heteroatoms, such as
oxygen, sulfur or nitrogen in the ring instead of
carbon, and can be mono-, bi- or tricyclic and can
additionally be benzocondensed in each case. The
following may be mentioned as examples: thienyl,
furanyl, pyrrolyl, oxazolyl, imidazolyl, pyrazolyl,
isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl,
thiadiazolyl, etc. and benzo derivatives thereof, e.g.
benzofuranyl, benzothienyl, benzooxazolyl,
benzimidazolyl, indazolyl, indolyl, isoindolyl, etc;
or pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl,
etc. and benzo derivatives thereof, e.g. quinolyl,
isoquinolyl, etc; or azozinyl, indolizinyl, purinyl,
etc. and benzo derivatives thereof; or quinolinyl,
isoquinolinyl, cinnolinyl, phthalazinyl, quinazolinyl,
quinoxalinyl, naphthyridinyl, pteridinyl, carbazolyl,
acridinyl, phenazinyl, phenothiazinyl, phenoxazinyl,
xanthenyl, oxepinyl, etc. The heteroaryl residue can
be benzocondensed in each case. For example, the
following may be mentioned as 5-ring heteroaromatics:
thiophene, furan, oxazole, thiazole, imidazole,
pyrazole and benzo derivatives thereof and as 6-
ring-heteroaromatics pyridine, pyrimidine, triazine,
quinoline, isoquinoline and benzo derivatives.
Heteroatoms is to be taken to mean oxygen, nitrogen or
sulfur atoms.If an acid function is present, the
physiologically compatible salts of organic and
inorganic bases are suitable as salts, such as the
readily soluble alkali and alkaline-earth salts and
N-methyl-glucamine, dimethyl-glucamine,
ethylglucamine, lysine, 1,6-hexadiamine, ethanolamine,
glucosamine, sarcosine, serinol,
tris-hydroxymethylaminomethane, aminopropanediol,
Sovak base, 1- amino-2,3,4-butanetriol. If a basic
function is present, the physiologically compatible
salts of organic and inorganic acids are suitable,
such as hydrochloric acid, sulfuric acid, phosphoric
acid, citric acid, tartaric acid etc. Compounds of
general Formula I in which the symbols have the
following meanings are especially preferred, R1 a
hydrogen, halogen, CF3, a C3-C6-cycloalkyl, or the
group C-i-Cb-alkyl, Ci-C 6-aryl, d-C 6-acyl,
halo-d-Ce-alkyl, d-Ce-alkyl-Ci-Ce-alkyl, Ci-C
6-alkyl-Ci-C 6-acyl, C-i-C-e-acyl-Ci-Ce-acyl, Ci-C
6-alkyl-C r C6-aryl, Ci-C 6-aryl-CrC 6- 



alkyl or CF3, in which Ci-C 6-alkyl, Ci-C 6-aryl, Ci-C
6-acyl, halo-Ci-C 6- alkyl, Ci-Ce-alkyl-d-Ce-alkyl,
Ci-Ce-alkyl-d-Ce-acyl, d-C 6- acyl-Ci-C 6-acyl, Ci-C
6-alkyl-Ci-C 6-aryl or d-C 6-aryl-CrC 6- alkyl can
optionally be interrupted singly or multiply,
identically or differently by oxygen, sulfur or
nitrogen, or the group sulfonyl-C-i-C6-alkyl,
sulfonamide, or cyano, R2 a halogen, CF3, a
C3-C6-cycloalkyl, or the group Ci-C 6-alkyl, Ci-C
6-aryl, Ci-Ce-acyl, halo-Ci-C 6-alkyl, CrCe-alkyl-CrC
b-alkyl, CrC 6-alkyl-Ci-C 6-acyl, CrC 6-acyl-Ci-C 6-
acyl, Ci-Ce-alkyl-Ci-C b-aryl, Ci-C 6-aryl-Ci-C
6-alkyl or CF3, in which Ci-C 6-alkyl, Ci-C 6-aryl,
Ci-C b-acyl, halo-C-i-C6- alkyl, Ci-Ce-alkyl-Ci-C
b-alkyI, CrCe-alkyl-d-Ce-acyl, C1-C6- acyl-CrC 6-acyl,
Ci-C 6-alkyl-Ci-C 6-aryl or CrC b-aryl-d-C b-alkyl can
optionally be interrupted singly or multiply,
identically or differently by oxygen, sulfur or
nitrogen, or the group sulfonyl-CrC -alkyl,
sulfonamide, or cyano, R3 a C6-Ci2-aryl, which can
optionally be substituted singly or multiply,
identically or differently with halogen, with d-C
b-alkyl, CrC 3-acyl, C1-C3^IkOXy, cyano, hydroxy,
N-(CH3)2, CO2-(C 1-C3-alkyl), CONR4R5 or with CF3, a
C5-Ci2-heteroaryl, which can optionally be substituted
singly or multiply, identically or differently with
chlorine and/or fluorine, with Ci-C b-alkyl, Cr
C3-acyl, Ci-C 3-alkoxy, cyano, hydroxy, N-(CH3)2,
CO2-(CrC 3-alkyl), CO-NR4R5 or with CF3, a
C3-C6-cycloalkyl, which can optionally be substituted
singly or multiply, identically or differently with
chlorine and/or fluorine, CF3, cyano, Ci-C 3-alkyl,
C1-C3-BCyI1 hydroxy, N-(CH 3)2, CO2-(C 1-C3- alkyl),
CO-NR 4R5 or d-Cs-alkoxy, R4 a hydrogen, a
C3-C6-cycloalkyl, which is optionally substituted
singly or multiply, identically or differently with
Ci-C 3-alkyl, C1-C3- acyl, C1-C3^IkOXy or CF3, a
C6-Ci2-aryl, which is optionally substituted singly or
multiply, identically or differently with halogen,
Ci-C 3-alkyl, CrC 3-acyl, C1- C3-alkoxy,
N-d-Cs-alkyl-CrCralkyl, CF3 or cyano, or a
C5-C12-heteroaryl, which is optionally substituted
singly or multiply, identically or differently with
halogen, CrC 3-alkyl, Ci-C 3- acyl, CrCs-alkoxy,
N-CrCy-alkyl-CrCs-alkyl, CF3 or cyano, or a Ci-C
6-alkyl, which can be substituted arbitrarily, R5 a
hydrogen, a C3-C6-cycloalkyl, which is optionally
substituted singly or multiply, identically or
differently with CrC 3-alkyl, C1-C3- acyl, CrC
3-alkoxy or CF3,a C6-Ci 2-aryl, which is optionally
substituted singly or multiply, identically or
differently with halogen, Ci-C 3-alkyl, Ci-C 3-acyl,
Cr C3-alkoxy, N-Ci-C 3-alkyl-CrC 3-alkyl, CF3 or
cyano, or a C5-Ci 2-heteroaryl, which is optionally
substituted singly or multiply, identically or
differently with halogen, C-i-C3-alkyl, Ci-C 3- acyl,
Ci-C 3-alkoxy, N-Ci-Cs-alkyl-CrCs-alkyl, CF3 or cyano,
or a Ci-C 6-alkyl, which can be substituted
arbitrarily, R4 and R5 together form a 5-8-membered
ring, which can contain further heteroatoms, and X the
groups sulfonyl, (CHb)n or carbonyl, Y a -(CH2)n- or
carbonyl group, Z a nitrogen, A an oxygen or sulfur,
and n stands for 0 - 2, as well as their isomers,
diastereomers, enantiomers and salts. Compounds of
general Formula I in which the symbols have the
following meanings are also preferred, R1 a hydrogen,
R2 a C3-C6-cycloalkyl, Ci-C -alkyl, CF3, cyano,
bromine, or the group -OCF3, -SO2-CH3,R3 a
C6-Ci2-aryl, which can optionally be substituted
singly or multiply, identically or differently with
halogen, Ci-C 6-alkyl, Ci-C 3-acyl, Cr C3-alkoxy,
cyano, hydroxy, N-(CH3 2, CO2-(Ci-C 3-alkyl), CO-NR4R5
or CF3, a C5-Ci2-heteroaryl, which can optionally be
substituted singly or multiply, identically or
differently with chlorine and/or fluorine, with Ci-C
-alkyl, C -i-C3-acyl, Ci-C 3-alkoxy, cyano, hydroxy,
N-(CH3)2, CO2-(CrC 3-alkyl), CO-NR4R5 or with CF3, a
C3-C6-cycloalkyl, which can optionally be substituted
singly or multiply, identically or differently with
chlorine and/or fluorine, CF3, cyano, Ci-C 3-alkyl, Cr
C3-acyl, hydroxy, N-(CH3)2, CO2-(CrC 3- alkyl),
CO-NR4R5 or Cr C3-alkoxy, R4 a hydrogen, a
C3-C6-cycloalkyl, which is optionally substituted
singly or multiply, identically or differently with
CrC 3-alkyl, C C3- acyl, CrC 3-alkoxy or CF3, a C6-Ci
2-aryl, which is optionally substituted singly or
multiply, identically or differently with halogen,
Ci-C 3-alkyl, CrC 3-acyl, Cr C3-alkoxy,
N-CrQj-alkyl-CrCs-alkyl, CF3 or cyano, or a
C5-Ci2-heteroaryl, which is optionally substituted
singly or multiply, identically or differently with
halogen, Ci-C 3-alkyl, Ci-C 3- acyl, CrC 3-alkoxy,
N-CrCs-alkyl-d-Cs-alkyl, CF3 or cyano, or a CrC
-alkyl, which can be substituted arbitrarily, R5 a
hydrogen, X a sulfonyl or carbonyl group or -(CH2)n, 



Y a -(CH2)n- or carbonyl group, Z a nitrogen,A an
oxygen or sulfur and n 0 - 2 as well as their isomers,
diastereomers, enantiomers and salts. Compounds of
general Formula I in which the symbols have the
following meanings are also preferred, R1 a hydrogen,
R2 a C3-C6-cycloalkyl, Ci-C 6-alkyl, CF3, cyano,
bromine, or the group -OCF3, -Sq 2-CH3 in the
para-position, R3 a C6-Ci2-aryl, which can optionally
be substituted singly or doubly, identically or
differently with halogen, Ci-C 3-alkyl, acetyl,
methoxy, ethoxy, cyano, hydroxy, N-(CH3)2,
CO2-(C1-C3-alkyl), CO-NHR5 or CF3, a
C5-Ci2-heteroaryl, which can optionally be substituted
singly or doubly, identically or differently with
chlorine and/or fluorine, with Ci-C 3-alkyl, acetyl,
methoxy, ethoxy, cyano, hydroxy, N-(CH3)2
COa-CCrCs-alkyl), CO-NHR5 or with CF3, a
C3-C6-cycloalkyl, R4 a hydrogen, a C3-C6-cycloalkyl,
which is optionally substituted singly or multiply,
identically or differently with Ci-C 3-alkyl, Ci-C 3-
acyl, Ci-C 3-alkoxy or CF3, a C6-Ci 2-aryl, which is
optionally substituted singly or multiply, identically
or differently with halogen, Ci-C 3-alkyl, Ci-C
3-acyl, Cr C3-alkoxy, N-Ci-Cralkyl-Ci-Cralkyl, CF3 or
cyano, ora C5-Ci2-heteroaryl, which is optionally
substituted singly or multiply, identically or
differently with halogen, Ci-C 3-alkyl, Ci-C 3- acyl,
Ci-C 3-alkoxy, N-Ci-C3-alkyl-d-C 3-alkyl, CF3 or
cyano, or a Cr C6-alkyl, which can be substituted
arbitrarily, R5 a hydrogen, X a sulfonyl or carbonyl
group or -(CH2)n, Y a -(Ch^) n- or carbonyl group, Z a
nitrogen, A an oxygen or sulfur and n 1 - 2 as well as
their isomers, diastereomers, enantiomers and salts.
Compounds of general Formula I in which the symbols
have the following meanings are also preferred, R1 a
hydrogen, R2 a tertiary butyl, iso-propyl, iso-butyl,
sec. butyl, cyano, bromine, or the group -0-CF 3,
-SO2-CH3 in the para-position, R3 the groupa hydrogen
or the group -(CH 2)n-N-(CH3)2, -(CH2 2-CH3, -(CH 2J2-
NH-COCH3, -(CH 2J-CHCH3-OH, -(CH 2 2-O-CH3, -(CH
2J2-OH, -CHCH 3-CH2-OH, -(CH 2J3-C(CH3J2-CH2-OH, -CH
2-CN1R5 a hydrogen, X a sulfonyl or carbonyl group or
-(Ch^) n, Y a -(CHb)n- or carbonyl group, Z a
nitrogen, an oxygen or sulfur and n 1- 2 as well as
their isomers, diastereomers, enantiomers and
salts.Compounds of general Formula I in which the
symbols have the following meanings are also
preferred, R1 a hydrogen, R a tertiary butyl,
iso-propyl, iso-butyl, sec. butyl, cyano, bromine, or
the group -0-CF 3, -SO2-CH3 in the para-position, Rd
the group R4 hydrogen or the group, -(CH 2)-CHCH3-OH,
-(CH 2 2-O-CH3, -CHCH 3-CH2-OH, , -(CH
2)3-CH(CH3)2-CH2-OH, -CH 2-CN, R hydrogen,X a sulfonyl
or carbonyl group, or -(CHb)n- Y a -(CH2)n- or
carbonyl group, Z a nitrogen, A an oxygen or sulfur
and n 1 - 2 as well as their isomers, diastereomers,
enantiomers and salts. The following compounds
according to the present invention are quite
especially preferred: -
()-5-(4-tert-Butylbenzenesulfonylamino)-3-phenyl-1-ben
zothiophene-2- carboxylic acid-(2-hydroxypropyl)amide
- ()-5-(4-tert-Butylbenzenesulfonylamino)-3-phenyl-1
-benzothiophene-2- carboxylic
acid-(2-hydroxymethylethyl)amide
5-(4-tert-Butylbenzenesulfonylamino)-3-phenyl-1-benzot
hiophene-2- carboxylic
acid-(tetrahydropyran-4-yl)amide -
5-(4-tert-Butylbenzenesulfonylamino)-3-phenyl-1-benzot
hiophene-2- carboxylic
acid-(2-morpholin-4-yl-ethyl)amide -
5-(4-tert-Butylbenzenesulfonylamino)-3-phenyl-1-benzof
uran-2-carboxylic acid-(tetrahydropyran-4-yl)amide -
5-(4-tert-Butylbenzenesulfonylamino)-3-phenyl-1-benzof
uran-2-carboxylic acid-(2-mo f holin-4-yl-ethyl)amide
-
5-(4-tert-Butyl-phenylsulfonylamino)-3-phenyl-benzo[b]
thiophene-2- carboxylic
acid-(3-morpholin-4-yl-propyl)-amide -
5-(4-tert-Butyl-phenylsulfonylamino)-3-phenyl-benzo[b]
thiophene-2- carboxylic acid-cyclopentyl-amide-
5-(4-tert-Butyl-phenylsulfonylamino)-3-phenyl-benzo[b]
thiophene-2- carboxylic acid-(4-pyridyl)-amide -
5-(4-tert-Butyl-phenylsulfonylamino)-3-phenyl-benzo[b]
thiophene-2- 



carboxylic acid-(2-methoxy-ethyl)-amide -
5-(4-tert-Butyl-phenylsulfonylamino)-3-phenyl-benzo[b]
thiophene-2- carboxylic acid-cyclohexyl-amide -
5-(4-tert-Butyl-phenylsulfonylamino)-3-phenyl-benzo[b]
thiophene-2- carboxylic acid-(2-hyxdroxy-ethyl)-amide
-
5-(4-tert-Butyl-phenylsulfonylamino)-3-phenyl-benzo[b]
thiophene-2- carboxylic acid-(2-propen-1-yl)-amide -
5-(4-tert-Butyl-phenylsulfonylamino)-3-phenyl-benzo[b]
thiophene-2- carboxylic
acid-(2-acetylamino-ethyl)-amide -
5-(4-tert-Butyl-phenylsulfonylamino)-3-phenyl-benzo[b]
thiophene-2- carboxylic
acid-(5-hydroxy-4,4-dimethyl-pentyl)-amide -
()-5-(4-tert-Butylphenylsulfonylamino)-3-phenyl-1
-benzofuran-2- carboxylic acid-(2-hydroxypropyl)amide
()-5-(4-tert-Butylbenzenesulfonylamino)-3-phenyl-1-ben
zofuran-2- carboxylic
acid-(2-hydroxy-1-methylethyl)amide. The compounds
according to the invention inhibit soluble adenylate
cyclase, and this is also the basis of their action
for example in male fertility control. Adenylate
cyclases are the effector molecules for one of the
most-used signaltransduction pathways, they synthesize
the second messenger molecule cyclic adenosine
monophosphate (cAMP) from adenosine triphosphate (ATP)
with splitting-off of pyrophosphate (PP). cAMP
mediates numerous cellular responses to a large number
of neurotransmitters and hormones. Soluble,
sperm-specific adenylate cyclase (sAC, human mRNA
sequence (GenBank) nm_018417, human gene ADCY X) is
one out of ten adenylate cyclases described in the
human genome. sAC exhibits some specific properties
that distinguish it from the other adenylate cyclases.
In contrast to all other adenylate cyclases, sAC is
stimulated by the concentration of bicarbonatein the
surrounding medium and not by G proteins. sAC does not
possess any transmembrane regions in its amino acid
sequence, it cannot be inhibited by forskolin, can be
stimulated much more strongly by manganese than by
magnesium, and only displays slight sequence
homologies to the other adenylate cyclases (< 26%
identity of the catalytic domains I and Il of sAC with
other adenylate cyclases at the amino acid level).
Specific, manganese-dependent activity of sAC was
first described by T. Braun et al. (1975, PNAS
73:1097ff) in rat testis and sperm. N. Okamura et al.
(1985, J. Biol. Chem 260(1 7):9699ff) showed that the
substance which stimulates the activity of sAC in boar
seminal fluid is bicarbonate. It was also shown that
AC activity that can be stimulated by bicarbonate can
only be detected in rat testis and sperm, but not in
other tissues. sAC was purified from rat testis and
sequenced for the first time by the Buck and Levin
group (J. Buck et al. 1999, PNAS 96:79ff, WO
01/85753). The expected properties (e.g. capacity to
be stimulated by bicarbonate and magnesium) were
confirmed on recombinantly expressed protein (Y. Chen
et al. 2000, Science 289:625ff). Testis-specific and
sperm-specific expression of the enzymes can be
concluded from data on the distribution of sAC mRNA
and on sAC activity that can be stimulated by
bicarbonate (ML Sinclair et al. 2000, MoI Reprod
Develop 56:6ff; N Okamura et al. 1985, J. Biol. Chem
260(1 7):9699ff; J. Buck et al. 1999, PNAS 96:79ff).
In the testis, sAC mRNA is only expressed in later
stages, of the gametes developing to sperm, but not in
somatic cells (ML Sinclair et al. 2000, MoI Reprod
Develop 56:6ff). There have been a number of
pharmacological investigations into the function of
sAC in sperm in mammals. Before sperm can penetrate
the zona pellucida of the ovum and then fuse with the
oolemma of the ovum, sperm must be prepared for this
functionality. This process, sperm capacitation, has
been thoroughly investigated. A capacitated sperm is
characterized by an altered pattern of movement and by
the ability to go through the process of the acrosome
reaction (release of lytic enzymes which presumably
serve forpenetration of the zona pellucida by the
sperm) when suitably stimulated. Sperm capacitation
takes place in vivo and in vitro and among other
things independently of a raised bicarbonate
concentration in the medium (PE Visconti & GS Kopf
(1998), Biol Reprod 59: Iff; E de Lamirande et al.
1997, MoI Hum Reprod 3(3):175ff). Sperm capacitation
can also be stimulated by adding suitable
membrane-passing cAMP analogs, e.g. db-cAMP, and an
inhibitor that prevents their degradation (e.g. IBMX).
The presumed dependence of sperm function on sAC was
confirmed only recently by a genetic deletion model, a
socalled knock-out mouse (G Esposito et al. 2004, PNAS
101(9):2993ff). Male mice lacking the gene for sAC
exhibit spermatogenesis that proceeds normally, but
are infertile. The sperm have motility defects and are
not capable of fertilizing an egg. The animals did not
display any other defects or abnormal findings, which
contradicts other hypothesized functions of sAC (JH
Zippin et al. 2003, FASEB 17:82ff)). sAC has a unique
sequence and only slight homology to other somatic
adenylate cyclases. It is the only adenylate cyclase
in mammalian sperm and the activity is essential for
sperm motility and capacitation. Specific sAC
inhibitors accordingly represent an important
possibility for controlling male fertility. The
present invention therefore relates to medicinal
products that contain at least one of the compounds as
claimed in claims 1-3. The present invention also
relates to the use of the compounds as claimed in
claims 1-7. For use of the compounds according to the
invention as medicinal products they are converted to
the form of a pharmaceutical preparation, which
contains, in addition to the active substance,
pharmaceutical, organic or inorganic inert vehicles
that are suitable for enteral or parenteral
application, for example water, gelatin, gum arabic,
lactose, starch, magnesium stearate, talc, vegetable 



oils, polyalkylene glycols etc. The pharmaceutical
preparations can be in solid form, for example as
tablets, dragees, suppositories, or capsules, or in
liquid form, for example as solutions, suspensions or
emulsions. If necessary theyalso contain excipients,
such as preservatives, stabilizers, wetting agents or
emulsifiers; salts for altering osmotic pressure or
buffers. These pharmaceutical preparations are also
the object of the present invention. Injection
solutions or suspensions, especially aqueous solutions
of the active compounds in polyhydroxyethoxylated
castor oil, are particularly suitable for parenteral
application. Surface-active excipients such as salts
of bile acids or animal or vegetable phospholipids, as
well as mixtures thereof and liposomes or their
constituents, can also be used as carrier systems. In
particular, tablets, dragees or capsules with talc
and/or hydrocarbon vehicles or binders, for example
lactose, maize starch or potato starch, are suitable
for oral application. Application can also be in
liquid form, for example as juice, to which a
sweetener is added if required. Clathrates are also
suitable for oral application of these compounds, and
the following may be mentioned as examples: the
clathrates with alpha-, beta-, gamma-cyclodextrin or
alternatively beta-hydroxypropyl-cyclodextrin. The
present invention also relates to enteral, parenteral
and oral application. The dosage of the active
substances can vary depending on the route of
administration, the patient's age and weight, the
nature and severity of the disease to be treated and
similar factors. The daily dose is 0.5-1000 mg,
preferably 50-200 mg, and the dose can be a single
dose that is to be administered once, or can be
divided into 2 or more daily doses. The compounds
according to the invention of general Formula I are,
among other things, excellent inhibitors of soluble
adenylate cyclase. Inhibitors of soluble adenylate
cyclase lead to depression of the cAMP signal. The
cAMP level is decisive for control of the processes
that play an important role in cell proliferation,
cell differentiation and apoptosis. Diseases, e.g.
cancer, in whichdepression of the cAMP level is
decisive, can be modulated by inhibitors of soluble
adenylate cyclase. This modulation can have
prophylactic and therapeutic effects for patients
suffering such a disease. At the present time diseases
which are, like cancer, associated with increased cell
proliferation, are treated for example by radiotherapy
and chemotherapy. These methods are nonspecific and
have a high potential for side-effects. The provision
of new substances, which act directly on particular
target sites, is therefore advantageous. The present
invention relates to substances that modulate cAMP
production by the inhibition of soluble adenylate
cyclase. For example, abnormal cell proliferation can
be reduced or prevented by regulation or inhibition of
cAMP production. Soluble adenylate cyclase can be
inhibited by the use of the substances according to
the invention, with a consequent reduction in cell
proliferation. The present invention relates to
medicinal products for the treatment of diseases that
contain at least one compound according to general
Formula I, and medicinal products with suitable
vehicles and excipients. The diseases are
characterized in that they are caused by disturbances
of metabolism of the second messenger cAMP. Lowering
of the cAMP concentration by inhibition of soluble
adenylate cyclase can provide a means of modulation of
sperm capacitation. The present invention relates to
the use of the substances according to the invention
for the lowering and/or inhibition of male gamete
fertility, mediated by the reduction or inhibition of
soluble adenylate cyclase activity and accordingly of
sperm capacitation. Fertilization of the ovum can be
prevented by administering an effective amount of a
substance that leads to inhibition of cAMP production.
The present invention also relates to the use of the
compound of general Formula I for the production of a
medicinal product for non-hormonal contraception. If
the production of the starting compounds is not
described, these are known or can be produced
similarly to known compounds or methods described
here. It isalso possible to carry out all the
reactions described here in parallel reactors or using
combinatorial techniques. The mixtures of isomers can
be separated into the enantiomers or E/Z isomers by
usual methods, for example crystallization,
chromatography or salt formation. The salts are
produced in the usual manner, by adding the equivalent
amount or an excess of a base or acid, which is in
solution if necessary, to a solution of the compound
of Formula I1 separating the precipitate or processing
the solution in the usual way. Production of the
compounds according to the invention The following
examples explain the production of the compounds of
general Formula I according to the invention, without
limiting the scope of the claimed compounds to these
examples. The compounds of general Formula I according
to the invention can be produced as described below.
Step 1: Amide coupling: Dissolve a carboxylic acid (
1.0 equivalent) in N,N-dimethylformamide (DMF) (10
ml/1 mmol), and add N-[(dimethylamino)-1H-1
,2,3-triazolo[4,5-b]pyridin-1- ylmethylene]-
L/-methylmethanaminiumhexafluorophosphate- N-oxide
(HATU) ( 1 . 1 equivalent) and the amine for coupling
(1 .0 equivalent). Then add ethyldiisopropylamine (
1.1 equivalent) at 00C and stir the mixture for 22
hours at room temperature. Then add ice water to the
mixture (35 ml/1 mmol carboxylic acid), and stir for
30 min at room temperature. Filter the precipitated
crystals with suction and dry in air. Use the product
in the next stage either without further purification
or purified chromatographically. If no crystals form,
after removing the DMF extract the aqueous phase with
ethyl acetate or dichloromethane, combine the organic
phases and dry over sodium sulfate. After removing the
solvent, carry out chromatographic purification of the



residue.Step 2: Reduction of the nitro group: Place
the nitro compound ( 1.0 equivalent) in methanol (10
ml/1 mmol) and water (0.03 ml/1 mmol), add ammonium
formate (5 equivalent) and catalytic amounts of
palladium on carbon (10%) and heat for 3 hours at 900C
under reflux. Then filter through Celite with suction
and rinse with boiling methanol. After removing the
solvent, add water to the residue (7 ml/1 mmol amide)
and filter off the precipitated crystals with suction.
If no crystals form, extract the aqueous phase with
ethyl acetate or dichloromethane. Wash the combined
organic phases with saturated sodium chloride solution
and dry over sodium sulfate. Then remove the solvent
under reduced pressure. Step 3: Coupling with
arylsulfonyl chlorides: Dissolve the resulting amine (
1.0 equivalent) in DMF (10 ml/1 mmol), add, at 00C,
ethyldiisopropylamine (1.5 equivalent) and
arylsulfonyl chloride ( 1 .0 equivalent) and stir for
one hour at room temperature. Remove the solvent under
reduced pressure and purify the residue
chromatographically. Step 4: Bromination: Dissolve the
compound to be brominated ( 1.0 equivalent) in
tetrahydrofuran (5 ml/1 mmol) and add
N-bromosuccinimide ( 1.0 equivalent). After 30 min add
water, and 20 min later filter off the precipitated
crystals with suction. If no crystals form, extract
the aqueous phase with ethyl acetate and dry the
combined organic phases over sodium sulfate. After
removing the solvent, carry out chromatographic
purification of the residue. Step 5: Saponification:
Add 19 equivalent of a 1M sodium hydroxide solution in
ethanol/water (1/1) to the ester compounds (1.0
equivalent). After 6 hours at room temperature, remove
the ethanol under reduced pressure, dilute with water
and adjust to pH 2 with 10% aqueous sulfuric acid.
Then filter off the precipitated crystals with
suction.Step 6: Coupling with arylboronic acids:
Suspend the bromine compound obtained after Step 4 ( 1
.0 equivalent) with an arylboronic acid ( 1 .5
equivalent) in toluene/ethanol 1: 1 (40 ml/1 mmol
ester) and add 1M sodium carbonate solution (2.5
equivalent) and lithium chloride (2.8 equivalent).
After adding tetrakis(triphenylphosphine)-palladium
(0.08 equivalent), reflux the reaction mixture for 8
hours. After cooling to room temperature, dilute with
ethyl acetate (70 ml/1 mmol ester) and, 10 min later,
filter through Celite with suction. Wash the filtrate
with saturated sodium hydrogen carbonate/saturated
sodium chloride solution and dry over sodium sulfate.
After removing the solvent, carry out chromatographic
purification of the residue. Example 1:
()-5-(4-tert-Butylbenzenesulfonylamino)-3-phenyl-1-
benzothiophene-2-carboxylic
acid-(2-hydroxypropyl)amide According to Step 1 after
reaction of 5-(4-tert-Butylbenzenesulfonylamino)-3-
phenyl-1 -benzothiophene-2-carboxylic acid (155 mg,
0.33 mmol) with 1-amino- 2-propanol (0.027 ml_, 0.35
mmol) and subsequent chromatographic purification
(silica gel, dichloromethane/methanol (0-10%
methanol)), the desired compound is obtained at 17%
yield (29 mg). NMR (300 MHz, DMSO-d6): d 0.93 (d, 3H),
1.25 (s, 9H), 3.00-3.13 (m, 2H), 3.62-3.70 (m, 1H),
4.65 (d, 1H), 6.90 (d, 2H), 7.24-7.38 (m, 6H), 7.43
(d, 2H), 7.50 (s, 1H), 7.91 (d, 1H), 8.70 (t, 1H),
9.30 (s, 1H). The starting material for the title
compound above is prepared as follows: 1a) 5-amino-1
-benzothiophene-2-carboxylic acid ethyl esterAccording
to Step 2, after reaction of 5-nitro-1
-benzothiophene-2-carboxylic acid-ethyl ester (5.0 g,
19.9 mmol) with ammonium formate (6.28 g, 99.5 mmol)
in the presence of palladium on carbon (500 mg), the
desired compound is obtained at 89% yield (3.92 g).
NMR (300 MHz, DMSO-d6): d 1.25 (t, 3H), 4.30 (q, 2H),
5.25 (s, 2H), 6.85 (dd, 1H), 7.00 (d, 1H) 7.60 (d,
1H), 7.90 (s, 1H). 1b)
5-(4-tert-Butylbenzenesulfonylamino)-1
-benzothiophene-2-carboxylic acid ethyl ester
According to Step 3, after reaction of 5-amino-1
-benzothiophene-2-carboxylic acid ethyl ester (3.92 g,
17.72 mmol) from Example 1a) with 4-tert-
Butylbenzenesulfonyl chloride (4.12 g, 17.72 mmol) and
diisopropylethylamine (6.9 ml_, 26.9 mmol) followed by
chromatographic purification (silica gel, hexane/ethyl
acetate (0-100% ethyl acetate)), the desired compound
is obtained at 72% yield (5.34 g). NMR (300 MHz,
DMSO-d6): d 1.20 (s, 9H), 1.25 (t, 3H) 4.30 (q, 2H),
7.25 (dd, 1H), 7.52 (d, 2H), 7.68 (d, 2H), 7.72 (d,
1H), 7.88 (d, 1H), 8.10 (s, 1H), 10.45 (s, 1H). 1c)
3-Bromo-5-(4-tert-butylbenzenesulfonylamino)-1
-benzothiophene-2- carboxylic acid ethyl ester
According to Step 4, after reaction of
5-(4-tert-Butylbenzenesulfonylamino)-1-
benzothiophene-2-carboxylic acid ethyl ester (5.34 mg,
12.79 mmol) from Example 1b) with N-bromosuccinimide
(2.30 g, 12.79 mmol) followed by chromatographic
purification (silica gel, hexane/ethyl acetate (0-70%
ethyl acetate)), the desired compound is obtained at
94% yield (5.98 g).NMR (600 MHz DMSO-d6): d 1.25 (s,
9H), 1.32 (t, 3H), 4.35 (q, 2H), 7.30 (d, 1H) 7.55 (d,
2H), 7.64 (d, 2H) 7.92 (s, 1H), 8.05 (d, 1H), 10.10
(s, 1H). 1d)
5-(4-tert-Butylbenzenesulfonylamino)-3-phenyl-1
-benzothiophene-2- carboxylic acid-ethyl ester
According to Step 6, after reaction of
3-Bromo-5-(4-tert-butylbenzenesulfonylamino)-
1-benzothiophene-2-carboxylic acid ethyl ester (496
mg, I .O mmol) from Example 1c) with phenylboronic
acid ( 176 mg, 1.44 mmol) followed by chromatographic
purification (silica gel, hexane/ethyl acetate (0-100%
ethyl acetate) and ethyl acetate/methanol (0-15%)),
the desired compound is obtained at 61% yield (300
mg). NMR (300 MHz DMSO-d6): d 1.22 (t, 3H) 1.30 (s,
9H) 4.33 (q, 2H) 6.90 (d, 



2H) 7.30-7.32 (m, 3H) 7.35-7.40 (m, 4H), 7.43 (d, 2H)
8.02 (d, 1H) 9.45 (s, 1H). 1e)
5-(4-tert-Butylbenzenesulfonylamino)-3-phenyl-1
-benzothiophene-2- carboxylic acid According to Step
5, after reaction of
5-(4-tert-Butylbenzenesulfonylamino)-3-
phenyl-1-benzothiophene-2-carboxylic acid ethyl ester
( 1.24 g, 2.5 mmol) from Example 1d) with 1M sodium
hydroxide solution in ethanol/water (2:1 , 49 ml_),
the desired compound is obtained at quantitative yield
( 1 .18 g). NMR (300 MHz DMSO-d6): d 1.30 (s, 9H) 6.92
(d. 2H) 7.30-7.42 (m, 7H), 7.50 (d, 2H) 8.03 (d, 1H),
9.45 (s, 1H).Example 2:
()-5-(4-tert-Butylbenzenesulfonylamino)-3-phenyl-1
benzothiophene-2-carboxylic acid-(2-hydroxy-1
-methylethyl)amide According to Step 1, after reaction
of 5-(4-tert-Butylbenzenesulfonylamino)-3- phenyl-1
-benzothiophene-2-carboxylic acid (155 mg, 0.33 mmol)
with 2-amino- 1-propanol (0.027 mL, 0.35 mmol)
followed by chromatographic purification (silica gel,
dichloromethane/methanol (0-10% methanol)) and
recrystallization from ethyl acetate/hexane, the
desired compound is obtained at 29% yield (51 mg). NMR
(300 MHz, DMSO-d6): d 1.03 (d, 3H)1 1.25 (s, 9H),
3.15-3.40 (m, 2H) 1 3.82-3.92 (m, 1H); 4.65 (t, 1H)1
6.92 (d, 2H) 1 7.25-7.38 (m, 6H), 7.42 (d, 2H), 7.50
(S, 1H), 7.92 (d, 1H), 8.40 (d, 1H), 9.25 (s, 1H).
Example 3:
5-(4-tert-Butylbenzenesulfonylamino)-3-phenyl-1
-benzothiophene- 2-carboxylic
acid-(tetrahydropyran-4-yl)amide According to Step 1,
after reaction of
5-(4-tert-Butylbenzenesulfonylamino)-3- phenyl-1
-benzothiophene-2-carboxylic acid (155 mg, 0.33 mmol)
with 4- aminotetrahydropyrane (22 mg, 0.35 mmol), the
desired compound is obtained at 50% yield (92 mg). NMR
(300 MHz, DMSO-d6): d 1.25 (s, 9H), 1.40-1 .52 (m,
2H), 1.62-1 .70 (m, 2H), 3.20-3.40 (m, 2H and water),
3.75-3.82 (m, 2H), 3.84 -3.93 (m, 1H), 6.92 (d, 2H),
7.26-7.38 (m, 6H), 7.43 (d, 2H), 7.48 (s, 1H)1 7.92
(d, 1H), 8.55 (d, 1H)1 9.25 (S1 1H).Example 4:
5-(4-tert-Butylbenzenesulfonylamino)-3-phenyl-1
-benzothiophene- 2-carboxylic
acid-(2-morpholin-4-ylethyl)amide According to Step 1,
after reaction of
5-(4-tert-Butylbenzenesulfonylamino)-3-
phenyl-1-benzothiophene-2-carboxylic acid (155 mg,
0.33 mmol) with N-(2- aminoethyl)-morpholine (0.046
mL, 0.35 mmol) followed by chromatographic
purification (silica gel, dichloromethane/methanol
(0-10% methanol)) and recrystallization from ethyl
acetate/hexane, the desired compound is obtained at
14% yield (27 mg). NMR (300 MHz, DMSO-d6): d 1.26 (s,
9H), 2.25-2.38 (m, 6H), 3.20-3.30 (m, 2H), 3.45-3.52
(m, 4H), 6.92 (d, 2H), 7.22-7.40 (m, 6H), 7.42-7.48
(m, 3H), 7.92 (d, 1H), 8.65 (t, 1H), 9.32 (s, 1H). The
following compounds were produced by analogy:METHOD
FOR KNITTING MANUFACTURED ARTICLES WITH HIGH-FINENESS
CIRCULAR KNITTING MACHINES Technical Field The present
invention relates to a method for knitting
manufactured articles with circular knitting machines,
particularly with high-fineness, high-gauge circular
knitting machines. Knitting machines for hosiery or
the like capable of transferring a loop of knitting
from the needle that formed it to a contiguous needle
are known. A machine of this kind is disclosed, for
example, in WO-02/070799. Background Art Up to now,
this technique for transferring loops of knitting has
been used mainly to obtain openwork in manufactures.
Examples of application of this technique for openwork
are disclosed in WO2005/080653 by the same Applicant.
Methods for knitting shaped manufactures with circular
knitting machines are also known which are based on
increasing the number of active needles in certain
regions of the manufacture. Techniques of this kind
suffer the drawback of allowing only to increase the
active needles and therefore require starting the
knitting of the manufacture from its side that must be
knitted with a minimum number of needles. This fact
limits the knitting processes that are possible and
the shapes that can be obtained with this technique.
Disclosure of the Invention The aim of the present
invention is to provide a method for knitting
manufactured articles or manufactures with circular
knitting machines, particularly with high-fineness
circular knitting machines, which by using the
technique of transferring the loop of knitting from
one needle to a contiguous needle allows to obtain
particular shaping effects of the manufacture and/or
aesthetic effects. Within this aim, an object of the
invention is to provide a methodwhich can be used also
to reduce the consumption of thread in certain regions
of the manufacture in order to avoid wasting raw
material. Another object of the invention is to
provide a method which can be used to obtain shaping
or aesthetic effects on manufactures produced with
circular machines of high fineness, ranging preferably
substantially from 16 to 50 needles per inch. This aim
and these and other objects, which will become better
apparent hereinafter, are achieved by a method for
knitting manufactured articles with circular knitting
machines, particularly with high-fineness circular
knitting machines, characterized in that at least once
during the formation of the manufacture, the number of
active needles is reduced by transferring the last
loop of knitting formed by certain needles to
contiguous needles and thus excluding from knitting
such certain needles during the formation of at least
one subsequent row of knitting by the needles that are



kept active. Brief description of the drawings Further
characteristics and advantages of the invention will
become better apparent from the description of some
preferred but not exclusive embodiments of the method
according to the invention, illustrated by way of
non-limiting example in the accompanying drawings,
wherein: Figure 1 is a view of the reverse side of a
portion of manufacture obtained with the method
according to the invention in a first embodiment;
Figure 2 is a view of a constructive variation of the
knitting shown in Figure 1; Figure 3 is a view of the
reverse side of a portion of manufacture obtained with
the method according to the invention in a second
embodiment; Figure 4 is a schematic view of an
undershirt which can be obtained with the method
according to the invention; Figure 5 is a view of a
tubular intermediate, semifinished,manufacture for
producing a body suit obtained with the method
according to the invention; Figures 6a and 6b are
respectively views of the front side and rear side of
a tubular intermediate manufacture for knitting a pair
of underpants; Figures 7a and 7b are respectively
views of the front side and rear side of a tubular
intermediate manufacture for knitting a pair of
underpants. Figure 8 is a fragmentary view of an
adjustable cam arrangement, known in the art, wherein
a stitch is released from one needle and transferred
to an adjacent needle; Figure 9 is a schematic top
plan view of adjacent hooks and sinkers showing the
creation of the stitch pattern according to the cam
location shown in Figure 8. Ways of carrying out the
Invention With reference to Figures 1 to 3, the method
according to the invention consists substantially in
that at least once during the formation of the
manufactured article or manufacture, the number of
active needles is reduced by transferring the last
loop of knitting formed by certain needles to
contiguous needles. After the transfer of the loop of
knitting, these needles are excluded from knitting,
while the other needles continue to form knitting at
the subsequent feeds or drops of the machine. Figure 1
illustrates a portion of a manufacture obtained with
the method according to the invention. For the sake of
simplicity, the illustration of the portion of the
manufacture has been limited to the knitting of eight
needles, whose rows of knitting have been designated
by the reference numerals 1 to 8. The formation of the
portion of knitting proceeds from the bottom upwardly
in Figure 1. According to the invention, after
providing a first region of knitting A, using
substantially all the needles of the machine, except
for any variations of the active needles due to
pattern requirements, a region of knitting B is
produced by using half of the needles used to form the
regionof knitting A. This reduction of the active
needles is obtained, according to the invention, by
causing in a per se known manner, for example as
provided in WO-02/070799 (see Figures 8 and 9), the
transfer of the last loop of knitting formed by the
needles that form the rows 1, 3, 5, 7 to the needles
that form the rows 2, 4, 6, 8 and then continue
knitting by forming the region of knitting B. The
needles N excluded from knitting are kept retracted
within the needle cylinder Cy, below the casting-off
plane formed by the sinkers S, so as to not interfere
with the work of the other needles N or of the other
elements of the machine. Owing to the fact that the
region of knitting B is knitted with a smaller number
of needles and therefore is composed of a smaller
number of loops of knitting, greater transparency
and/or reduced stretchiness of the knitting is
obtained at such region of knitting B. Moreover, again
for this reason, at said region the manufacture
contracts. In this manner it is possible to achieve
shaping of the manufacture. The shaping effects and/or
the transparency effects on the manufacture that can
be obtained with the method according to the invention
are several and can be alternated with each other,
since at any time after the formation of the
manufacture it is possible to resume knitting with at
least some of the needles previously excluded from
knitting. Figure 3 illustrates a portion of a
manufacture produced with the method according to the
invention by excluding from knitting, in a certain
step of the knitting process, certain needles, in a
manner similar to what has been described with
reference to Figure 1, and by resuming, in a
subsequent step, knitting with the needles previously
excluded from knitting. In Figure 3 also, for the sake
of simplicity, the illustration of the portion of
manufacture has been limited to the knitting of eight
needles, whose rows of knitting have been designated
by the reference numerals 1 to 8. The formation of the
portion of knitting proceeds from the bottom upwardly
inFigure 3. More particularly, after providing a first
region of knitting A by using substantially all the
needles of the machine except for any variations of
the active needles due to pattern requirements, a
region of knitting B is produced by using half of the
needles used to form the region of knitting A. This
reduction of the active needles is obtained, according
to the invention, by causing, in a per se known
manner, the transfer of the last loop of knitting
formed by the needles that form the rows 1, 3, 5, 7 to
the needles that form the rows 2, 4, 6, 8 and then
continue knitting by forming the region of knitting B.



The needles of the rows 1, 3, 5, 7 that had been
excluded from knitting are then made to knit again,
forming, together with the other needles, a region of
knitting A which is similar to the region of knitting
A that had been formed before the needles of the rows
1, 3, 5, 7 were excluded from knitting. It should be
noted that for the sake of simplicity in description
it has been assumed that during the formation of the
region B one needle out of every two contiguous
needles is excluded from knitting, but the number of
needles excluded from knitting may change according to
the requirements. It is in fact possible, by means of
the repeated transfer of a loop of knitting and
optionally of loops of knitting received previously
from a contiguous needle, to exclude from knitting two
needles out of every three, or three needles out of
every four, and so forth. Figure 2 illustrates a
region B produced by excluding from knitting, by means
of repeated transfers of loops of knitting from one
needle to a contiguous needle, four needles out of
every five contiguous ones. In this figure, for which
the same numbering as in Figures 1 and 3 has been
kept, after a certain number of rows of knitting,
required to transfer the loops of knitting from the
needles to be excluded from knitting to a contiguous
needle, the needles that form the rows of knitting 1,
3, 4, 5, 6, 8 are gradually excluded from knitting,
while theneedles that form the rows of knitting 2 and
7 continue to knit. Likewise, the needles previously
excluded from knitting may all be returned to work, or
only some of the needles previously excluded from
knitting may be returned to work, according to the
requirements. Moreover, although the needles excluded
from knitting are preferably uniformly spaced from
each other, they may also be arranged at mutually
different distances. For example, in the formation of
a same row of knitting there may be regions of row
knitted by one needle out of every two contiguous ones
and regions of row knitted by one needle out of every
three contiguous ones and/or regions of row knitted by
one needle out of every four contiguous ones, et
cetera. In this manner it is possible to obtain
regions of the manufacture with diversified
transparencies and shaping effects which can vary
according to the requirements. Moreover, it should be
noted that since the regions B are knitted with a
smaller number of needles, they require a smaller
amount of thread to be manufactured. It is therefore
particularly advantageous to provide as regions B the
regions of the manufacture that are meant to be cut
and discarded during the finishing step of the
manufacture, as will become better apparent
hereinafter. Merely by way of example, Figure 4
illustrates an undershirt 10, which can be
manufactured with the method according to the
invention. The undershirt 10 is preferably
manufactured starting from the lower edge 1 1 and by
providing, in a per se known manner, almost all the
undershirt up to the region of the neck 12, for
example by making all the needles of the machine knit,
with allowance for any need to vary the active needles
in order to produce patterns and for any cutting of
the threads in order to provide armholes. In practice,
the entire undershirt 10, except for the region of the
neck 12, can be provided like the region A described
above with reference to Figures 1, 2, 3.The neck
region 12 is manufactured by reducing the number of
active needles. The number of active needles is
reduced, according to the invention, by transferring
the last loop of knitting from the needles that must
be subsequently excluded from knitting to the
contiguous needles. In practice, the neck region 12
can be provided like the region B described above with
reference to Figures 1, 2, 3. In this manner, the neck
region 12 is highly shaped and narrow with respect to
the remaining part of the manufacture, obtaining an
excellent fit for such region. Figure 5 illustrates a
tubular intermediate, semifinished, manufacture 20 for
providing a body suit, in which the regions 21, 22,
23, 24, 25, 26 meant to be removed during the
finishing step of the knitted manufacture are marked.
In this case, nearly all the manufacture can be
provided like the region B described above with
reference to Figures 1, 2, 3 , i.e., by using a
reduced number of needles. In this manner it is
possible to obtain a transparency effect on the entire
item, the use of thread is reduced particularly for
producing the regions that are meant to be
subsequently removed, and it is possible to obtain
shaping effects in the various regions of the
manufacture to be produced. The transparency and
shaping effect of the manufacture can be obtained, as
explained above, by varying, even on a same row, the
number of needles used to produce the different
regions of the manufacture. Specific regions of the
manufacture requiring greater consistency and/or
reduced transparency and/or an increase in the
circumferential dimensions of the manufacture, such as
for example the regions of the cups of the bra 27, can
be provided by increasing the active needles used to
produce these regions with respect to the needles used
to produce the remaining part of the manufacture.
Substantially, the regions 27 can be provided like the
regions A described above with reference to Figures 1,
2,3. Figures 6a, 6b illustrate the front side and the
rear side of a tubular intermediate manufacture 30 for
producing a pair of underpants. The intermediate
manufacture is preferably obtained by starting
production from the belt region 3 1 and by producing
the regions 32, 33, which are meant to be removed
during the finishing step of the manufacture, with a
reduced 



number of needles, for example like the regions B
described above with reference to Figures 1, 2, 3,
while the remaining part 34 of the manufacture is
produced by using substantially all the remaining
needles of the machine, for example like the regions A
described above with reference to Figures 1, 2, 3,
with allowance for variations of the active needles
for obtaining pattern effects and/or
open-knit/open-work and/or ladderproof knitting
structures. This reduces the amount of thread for
providing the regions 32, 33 meant to be removed.
Figures 7a, 7b illustrate the front side and the rear
side of a tubular intermediate manufacture 40 for
producing a pair of underpants, with regions 42, 43
which are meant to be removed during the finishing
step of the manufacture. Preferably, the tubular
intermediate, semifinished, manufacture 40 is obtained
by starting production from the belt region 41. The
manufacture is produced by using, for most of its
production, all the remaining needles of the machine,
for example such as the regions A described above with
reference to Figures 1, 2, 3, with allowance for
variations of the active needles in order to obtain
pattern effects and/or open-knit and/or ladderproof
knitting structures. Optionally, the regions 42, 43
meant to be removed during the finishing step of the
manufacture may be provided with a reduced number of
needles, for example like the regions B described
above with reference to Figures 1, 2, 3. At preset
regions 44, 45, such as for example the front central
region and/or the peripheral region of the buttocks,
for which transparency effectsand/or effects of
reduced stretchiness are to be obtained in order to
achieve containment and/or shaping and/or support
effects, knitting is performed by using a reduced
number of needles, for example as in the production of
the regions B described above with reference to
Figures 1, 2, 3. Substantially, in the examples
described above, the transition from knitting with a
certain number of needles (region A) to knitting with
a reduced number of needles (region B) is obtained,
according to the invention, by transferring the last
loop of knitting formed by the needles that must then
be excluded from knitting to the contiguous needles
that instead must continue knitting. Any transition
from knitting with a reduced number of needles (region
B) to knitting with a larger number of needles (region
A) is achieved simply by returning to work at least
part of the needles previously excluded from knitting.
It should be noted that the method according to the
invention is meant to be used preferably in circular
knitting machines having a fineness or gauge ranging
from 16 to 50 needles per inch, obtaining
high-fineness manufactures with transparency and/or
shaping effects never obtained before on these
finenesses. In the examples of embodiments described
above, individual characteristics, given in relation
to specific examples, may actually be interchanged
with other different characteristics that exist in
other examples of embodiments. In practice it has been
found that the method according to the invention fully
achieves the intended aim, since by using the
technique of transferring the loop of knitting from
one needle to a contiguous needle in order to reduce
the active needles it allows to obtain particular
shaping effects of manufactures and/or aesthetic
transparency effects and/or savings in thread, even on
high-fineness manufactures. The method thus conceived
is susceptible of numerous modifications and
variations, all of which are within the scope of the
appended claims; allthe details may further be
replaced with other technically equivalent elements.
In practice, the materials used, as well as the
dimensions, may be any according to requirements and
to the state of the art. The disclosures in Italian
Patent Application No. MI2005AOO1189 from which this
application claims priority are incorporated herein by
reference. Where technical features mentioned in any
claim are followed by reference signs, those reference
signs have been included for the sole purpose of
increasing the intelligibility of the claims and
accordingly, such reference signs do not have any
limiting effect on the interpretation of each element
identified by way of example by such reference
signs.CLAIMS 1. A method for knitting manufactured
articles with circular knitting machines, particularly
with high-fineness circular knitting machines,
characterized in that at least once during the
formation of the manufactured article, the number of
active needles is reduced by transferring the last
loop of knitting formed by certain needles to
contiguous needles and thus excluding from knitting
said certain needles during the formation of at least
one subsequent row of knitting by the needles that are
kept active. 2. The method according to claim 1,
characterized in that during at least one successive
step of knitting, at least part of the needles
previously excluded from knitting are returned to
work. 3. The method according to claim 1,
characterized in that the needles excluded from
knitting are uniformly spaced from each other. 4. The
method according to one or more of the preceding
claims, characterized in that it is performed on
circular knitting machines having a fineness
substantially ranging from 16 to 50 needles per inch. 


