
Case 22502 Sulfonamide derivatives The invention relates to compounds of
general formula wherein 5 R1 is aryl or heteroaryi, unsubstituted or
substituted by one or more substituents, selected from the group consisting
of halogen, lower alkyl>lower alkyl substituted by halogen, -O-lower alkyl
substituted by halogen, NO or CN; R2- R4 and R2 - R4 are hydrogen, lower
alkyl, phenyl or lower alkyl substituted by halogen; 0 R5 is aryl or
heteroaryi, unsubstituted or substituted by one or more substituents,
selected from the group consisting of halogen, lower alkyl, lower alkyloxy,
CN, nitro, amino, hydroxy, lower alkyl substituted by hydroxy, lower alkyl
substituted by halogen, or are substituted by -C(O)-NR" 2, 5 -(CRa)1n
-C(O)-R', -(CH 2)m-heterocycloalkyl, -(CH 2)m-heteroaryl, unsubstituted or
substituted by -(CH m-lower alkoxy, lower alkyl, -(CH 2)m-O-benzyl or
CH2OH, -O-C(O)-lower alkyl, 0 -0-C(O)-NR 2, -O-(CH 2)m-C(O)OH, -O-lower
alkinyl, -O-lower alkyl substituted by halogen, -O-(CH 2)m-heterocydyl,
Pop/02.05.2005-O-(CH 2)m-phenyl, unsubstituted or substituted by hydroxy,
-O-(CH 2)m-heteroaryl, unsubstituted or substituted by lower alkyl, -(CH
2)m-NH-C(O)R', -(CH 2)^-NH-S(O) 2-R', -S(O) 2-lower alkyl, -S(O)
2-heterocyclyl, -S(O)2NH-cycloalk7l, or is cycloalkyl; R' is hydrogen,
lower alkyl, lower alkinyloxy, hydroxy, cycloalkyl, heterocycloalkyl, which
is unsubstituted or substituted by one or more substituents, selected from
COOH, -C(O)O-lower alkyl -CH2C(O)O-lower alkyl, halogen or lower alkyl, or
is phenyl, benzyl, heteroaryl, -(CH2)m-lower alkoxy or -(CHR) m-C(O)O-lower
alkyl; R" is hydrogen, cycloalkyl, which is unsubstituted or substituted by
one or more substituents, selected from halogen, or is lower alkyl, lower
alkyl substituted by halogen, lower alkyl substituted by hydroxy, -(CH
2)m-heterocycloalkyl, -NR2, heteroaryl, benzyl or -(CHR) m-C(O)O-lower
alkyl; R is hydrogen or lower alkyl; 



R6 is hydrogen or lower alkyl; X is -CHR-; m is 0, 1, 2 or 3; and to
pharmaceutically suitable acid addition salts, optically pure enantiomers,
racemates or diastereomeric mixtures thereof. As used herein, the term
"lower alkyl" denotes a saturated straight- or branchedchain group
containing from 1 to 7 carbon atoms, for example, methyl, ethyl, propyl,
isopropyl, n-butyl, i-butyl, 2-butyl, t-butyl and the like. Preferred alkyl
groups are groups with 1 - 4 carbon atoms. As used herein, the term "lower
alkinyl" denotes a straight- or branched-chain group containing from 2 to 7
carbon atoms, wherein at least one bond is a triple bond for example,
ethinyl, propinyl, isopropinyl, n-butinyl, i-butinyl and the like. The term
"lower alkoxy" or lower alkinyloxy" denotes a group wherein the alkyl or
alkinyl residues is as defined above, and which is attached via an oxygen
atom.The term "halogen" denotes chlorine, iodine, fluorine and bromine. The
term "aryl" denotes a monovalent cyclic aromatic hydrocarbon radical
consisting of one or more fused rings in which at least one ring is
aromatic in nature, and wherein the fused ring may contain one or two
heteroatoms, for example phenyl, benzyl, naphthyl, biphenyl, indanyl,
benzo[l,3]dioxolyl or benzofuranyl. The preferred aryl group is phenyl. The
term "heteroaryl" denotes a monovalent aromatic carbocyclic radical, for
example pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, triazinyl, thiazolyl,
thienyl, furyl, pyrrolyl, imidazolyl, pyrazolyl, isothiazolyl, tetrazolyl,
[1,2,4] triazolyl, [1,2,4] oxadiazolyl, oxazolyl, or isoxazolyl. Preferred
heteroaryl groups are pyridyl, thienyl, triazinyl, furyl or thiazolyl. The
term "heterocycloalkyl" denotes a non aromatic hydrocarbon radical, for
example oxetanyl, tetrahydrofuranyl, tetrahydropyranyl, azetidinyl,
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl or thiomorpholinyl.
Preferred heterocycloalkyl groups are morpholinyl, piperidinyl or
pyrrolidinyl. The term "cycloalkyl" denotes a saturated carbocyclic ring,
containing 3 - 7 carbon atoms. The term "pharmaceutically acceptable acid
addition salts" embraces salts with inorganic and organic acids, such as
hydrochloric acid, nitric acid, sulfuric acid, phosphoric acid, citric
acid, formic acid, fumaric acid, maleic acid, acetic acid, succinic acid,
tartaric acid, methane-sulfonic acid, p-toluenesulfonic acid and the like.
It has been found that the compounds of general formula I are g-secretase
inhibitors and the related compounds maybe useful in the treatment of
Alzheimer's disease or common cancers including but not limited to cervical
carcinomas and breast carcinomas and malignancies of the hematopoietic
system. Alzheimer's disease (AD) is the most common cause of dementia in
later life. Pathologically AD is characterized by the deposition in the
brain of amyloid in extracellular plaques and intracellular neurofibrillary
tangles. The amyloid plaques are mainly composed of amyloid peptides (Abeta
peptides) which originate from the b- 



Amyloid Precursor Protein (APP) by a series of proteolytic cleavage steps.
Several forms of APP have been identified of which the most abundant are
proteins of 695, 751 and 770amino acids length. They all arise from a
single gene through differential splicing. The Abeta peptides are derived
from the same domain of the APP but differ at their N- and Ctermini, the
main species are of 40 and 42 amino-acid length. Abeta peptides are
produced from APP through the sequential action of 2 proteolytic enzymes
termed b- and g -secretase. b-Secretase cleaves first in the extracellular
domain of APP just outside of the trans-membrane domain (TM) to produce a
C-terminal fragment of APP containing the TM- and cytoplasmatic domain
(CTFb) . CTFb is the substrate for g -secretase which cleaves at several
adjacent positions within the TM to produce the Ab peptides and the
cytoplasmic fragment. The majority of Abeta peptides is of 40 amino acids
length (Ab40), a minor species carries 2 additional amino acids at its
C-terminus. The latter is supposed to be the more pathogenic amyloid
peptide. The b-secretase is a typical aspartyl protease. The g-secretase is
a proteolytic activity consisting of several proteins, its exact
composition is incompletely understood. However, the presenilins are
essential components of this activity and may represent a new group of
atypical aspartyl proteases which cleave within the TM of their substates
and which are themselves polytopic membrane proteins. Other essential
components of g-secretase maybe presenilin, nicastrin and the products of
the aphl and pen-2 genes. Proven substrates for g-secretase are the APP and
the proteins of the Notch receptor family, however, g-secretase has a loose
substrate specificity and may cleave further membrane proteins unrelated to
APP and Notch. It was demonstrated by genetic means, i.e., ablation of
either the presenilin 1 and 2 genes or the nicastrin gene, that g
-secretase is absolutely required for Notch signaling. This was
subsequently confirmed by treatment with specific g -secretase inhibitors.
Notch receptors are not only essential in embryonal development but also
play a critical role in several tissues of the adult organism which
continue to undergo proliferation and differentiation, e.g., hematopoietic
cells and epithelia of the gut and skin. The signaling of Notch receptors
occurs through an ordered sequence of events: binding to a ligand of the
Delta or Jagged group, cleavage of the extracellular domain by an ADAM
protease (TACE) and subsequent cleavage by the g -secretase within the
Notch transmembrane domain. The latter cleavage results in the liberation
of the cytoplasmic domain which then translocates to the nucleus where it
acts with other proteins as a regulator of a specific group of genes.A role
for Notch in human oncogenesis was most clearly established for T-cell
Acute Lymphoblastic Leukemia (T-ALL). Some rare cases of T-ALL show a (7:9)
chromosomal translocation which leads to a constitutive activation of
Notchl. Recently it was reported that ca. 50% of all T-ALL cases have point
mutation in the Notchl receptor which also cause over-activation. It was
shown that growth of some cell lines derived from such leukemias were
sensitive to treatment with g-secretase inhibitors which confirmed an
essential role for Notchl signaling. A broader role for Notch in
oncogenesis is discussed in several recent paper which descibe that its
signaling is required for maintaining the neoplastic phenotype in 



ras-transformed cells. Deregulation of the ras-signaling pathway is found
in a number of common cancers including cervical carcinomas and breast
carcinomas. The g-secretase activity is absolutely required for the
production of Abeta peptides. This has been shown both by genetic means,
i.e., ablation of the presenilin genes and by low-molecular-weight
inhibitory compounds. Since according to the amyloid hypothesis ofAD the
production and deposition of Abeta is the ultimate cause for the disease,
it is thought that selective and potent inhibitors of g-secretase will be
useful for the prevention and treatment of AD. Thus, the compounds of this
invention will be useful treating AD or common cancers by blocking the
activity of g-secretase and reducing or preventing the formation of the
various amyloidogenic Abeta peptides and furthermore, by blocking the Notch
signaling pathways they can interfere with cancer pathogenesis. Numerous
documents describe the current knowledge on g-secretase inhibition, for
example the following publications: The EMBO Journal (2204), 23, 483-488,
Biochemistry (2004), 43 (30), 9774-9789, Nature Reviews/Neuroscience, Vol.
3, April 2002/281, Biochemical Society Transactions (2002), Vol. 30. part
4, Current Topics in Medicinal Chemistry, 2002, 2, 371-383, Current
Medicinal Chemistry, 2002, Vol. 9, No. 11, 1087-1106, Drug Development
Research, 56, 211-227, 2002, Drug Discovery Today, Vol. 6, No. 9, May 2001,
459-462, FEBS Letters, 483, (2000), 6-10, Science, Vol. 297, 353-356, July
2002, Journ. of Medicinal Chemistry, Vol. 44, No. 13, 2001,
2039-2060,Nature Cell Biology 2, 461-462, 2000, Nature 398, 518-522, 1999,
Nature Cell Biology 3, 1129-1132, 2001, PNAS 98, 7487-7491, 2001, Cancer
Cell 1, 75-87, 2002, Science 306, 269-271, 2004, MoI Cell Biol 23, 655-664,
2003, Nature Medicine 8, 979-986, 2002 and Oncogene 22, 6598-6608, 2003.
Objects of the present invention are the compounds of formula I per se, the
use of compounds of formulas I and their pharmaceutically acceptable salts
for the manufacture of medicaments for the treatment of diseases, related
to the g-secretase inhibition, their manufacture, medicaments based on a
compound in accordance with the invention and their production as well as
the use of compounds of formula I in the control or prevention of
Alzheimer's disease or common cancers including but not limited to cervical
carcinomas and breast carcinomas. . A further object of the invention are
all forms of optically pure enantiomers, recemates or diastereomeric
mixtures for compounds of formula I . 



The invention relates also to compounds, encompassed by the general formula
wherein R1 is aryl or heteroaryl, unsubstituted or substituted by one or
more substituents, selected from the group consisting of halogen, CF , OCF
, NO2 or CN; R2- R4 and R2 >- R4 > are hydrogen, lower alkyl or CF3; R5 is
cycloalkyl, aryl or heteroaryl, wherein cycloalkyl, aryl or heteroaryl are
unsubstituted or substituted by one or more substituents, selected from the
group consisting of halogen, lower alkyl, CHO, CN, hydroxy, lower alkyloxy,
lower alkinyloxy, -OCF3, OCHF2, OCH2F, -OC(0)-lower alkyl, -OC(O)-NR R",
-O-(CH 2)n-heterocycloalkyl, -O-(CH 2)n-heteroaryl, which maybesubstituted
by lower alkyl, or is -O-(CH 2)n-aryL -(CH 2)n-C(O)NR'R", -(CH
2)n-C(O)O-lower alkyl, -(CH 2)n-C(O)OH, -(CH 2)n-C(O)O-lower alkinyl,
-C(O)-heterocycloalkyl, optionally substituted by COOH 5or is
-C(O)-cycloalkyl, -C(O)-aryl, -NR'R", nitro, -S(O) 2-lower alkyl, -S(O)
2-cycloalkyl, -S(O)2-lieterocycloalkyl, -S(O) 2-aryl, -S(O) 2-NR R", or is
- / or - ; RVR"are independently from each other hydrogen, lower alkyl,
cycloalkyl, heterocycloalkyl, heteroaryl, di-lower alkylamino, -CH2CF3,
-CH2CHF2, - CH2CH2F, -C(O)-lower alkyl, -C(O)O-lower alkyl or
-C(O)-cycloalkyl; X is a bond, lower alkyl or lower alkenyl; n is 0, 1, 2
or 3; and to pharmaceutically suitable acid addition salts, optically pure
enantiomers, racemates or diastereomeric mixtures thereof. The most
preferred compounds of formula I are those, wherein R1 is phenyl,
substituted by halogen and R5 is phenyl, substituted by -C(0)-NR" 2, for
example the following compounds:
4-{[(4-chloro-benzenesulfonyl)-((R)-2-oxo-azepan-3-yl)-amino]-methyl}-benza
mide, 4-{
[(4-chloro-benzenesulfonyl)-(5-isopropyl-2-oxo-azepan-3-yl)-amino]
-methyl}- benzamide,
rac-4-{[(4-chloro-benzenesulfonyl)-(5-isopropyl-2-oxo-azepan-3-yl)-amino]-m
ethyl}- N-cyclopropyl-benzamide,
rac-4-{[(4-chloro-benzenesuifonyl)-(2-oxo-azepan-3-yl)-amino]-methyl}-Ncycl
opropyl- benzamide,
4-{[(4-chloro-benzenesulfonyl)-(2-oxo-5-phenyl-azepan-3-yl)-amino]-methyl}-
Ncyclopropyl- benzamide,
5-{[(4-chloro-benzenesulfonyl)-(5-isopropyl-2-oxo-azepan-3-yl)-amino]-methy
l}- pyridine-2-carboxylic acid cyclopropylamide, N-cyclopropyl-4-{
[((R)-2-oxo-azepan-3-yl)-(4-bromo-benzenesulfonyl)-amino] -
methyl}-benzamide,
4-{[(5-tert-but7l-2-oxo-azepan-3-yl)-(4-chloro-benzenesulfonyl)-amino]-meth
yl}-iYcyclopropyl-
benzamide,4-{[(4-chloro-benzenesulfonyl)-(5,5-dimethyl-2-oxo-azepan-3-yl)-a
mino]-methyl}-iVcyclopropyl- 



b enzamide, 4-{
[(4-chloro-benzenesulfonyl)-(2-oxo-5-trifluoromethyl-azepan-3-yl)-amino]
-methyl}- N-cydopropyl-benzamide, rac-4-{
[(4-cUoro-benzenesulfonyl)-(5,5-dimethyl-2-oxo-azepan-3-yl)-amino]
-methyl}- N-(2-fluoro-ethyl)-benzamide, rac-4-{
[(4-chloro-benzenesulfonyl)-(5,5-dimethyl-2-oxo-azepan-3-yl)-amino]
-methyl}- N-(2,2,2-trmuoro-ethyl)-benzamide, rac-4-{
[(4-chloro-benzenesulfonyl) -(5,5-dimethyl-2-oxo-azepan-3 -yl)-amino]
-methyl}- N-(( lR,2S)-2-fluoro-cyclopropyl)-benzamide,
rac-4-{[(4-chloro-benzenesulfonyl)-(5,5-dimethyl-2-oxo-azepan-3-yl)-amino]
-methyl}- N-(2-hydroxy-ethyl) -benzamide,
rac-4-{[(4-chloro-benzenesulfonyl)-(5,5-dimethyl-2-oxo-azepan-3-yl)-amino]-
methyl}- N-cyclopentyl-benzamide,
rac-4-{[(4-chloro-benzenesulfonyl)-(5,5-dimethyl-2-oxo-azepan-3-yl)-amino]-
methyl}- N-methyl-benzamide,
rac-4-{[(4-chloro-benzenesulfonyl)-(5,5-dimethyl-2-oxo-azepan-3-yl)-amino]-
methyl}- benzamide,
rac-N-benzyl-4-{[(4-chloro-benzenesulfonyl)-(5,5-dimethyl-2-oxo-azepan-3-yl
)- amino] -methyl}-benzamide,
rac-(4-{[(4-chloro-benzenesulfonyl)-(5,5-dimethyl-2-oxo-azepan-3-yl)-amino]
-methyl}- benzoylamino)-acetic acid methyl ester,
rac-4-{[(4-chloro-benzenesulfonyl)-(5,5-dimethyl-2-oxo-azepan-3-yl)-amino]-
methyl}- N-(2-morpholin-4-yl-ethyl)-benzamide,
4-{[(4-chloro-benzenesulfonyl)-((R)-5,5-dimethyl-2-oxo-azepan-3-yl)-amino]-
methyl}- iST-cyclopropyl-benzamide, 4-chloro-N-[4-(isr,
r-dimethyl-hydrazinocarbonyl)-2-fluoro-benzyl]-N-((R)-5,5-
dimethyl-2-oxo-azepan-3-yl) -benzenesulfonamide or
4-chloro-N-[4-(N',N'-dimethyl-hydrazinocarbonyl)-benzyl]-N-(2-oxo-5-
trifluoromethyl-azepan-3-yl) -benzenesulfonamide. Further preferred are
compounds, wherein R1 is phenyl, substituted by halogen or lower alkyl
substituted by halogen and R5 is phenyl, substituted by halogen or lower
alkyl substituted by halogen, or halogen and lower alkoxy or CH2OH, for
example the following compounds:
rac-4-chloro-N-(4-chloro-benzyl)-N-(2-oxo-azepan-3-yl)-benzenesulfonamide,r
ac-4-chloro-N-(3-fluoro-4-methoxy-benzyl)-N-(2-oxo-azepan-3-yl)-
benzenesulfonamide,
rac-4-chloro-N-(4-methoxy-benzyl)-N-(2-oxo-azepan-3-yl)-benzenesulfonamide,
rac-4-Chloro-N-(3,4-dichloro-benzyl)-N-(2-oxo-azepan-3-yl)-benzenesulfonami
de, 4-cHoro-N-(3-fluoro-4-methoxy-benzyl)-N-((R)-2-oxo-azepan-3-yl)-
benzenesulfonamide,
rac-4-bromo-N-(3-fluoro-4-methoxy-benzyi)-N-(2-oxo-azepan-3-yl)-
benzenesulfonamide,
4-chloro-N-(2-fluoro-4-methoxy-benzyl)-N-((R)-2-oxo-azepan-3-yl)- 



benzenesulfonamide,
4-chloro-N-(3-fluoro-4-methoxy-benzyl)-N-(5-isopropyl-2-oxo-azepan-3-yl)-
benzenesulfonamide,
N-(2,3-difluoro-4-methoxy-benzyl)-N-((R)-2-oxo-azepan-3-yl)-4-trifluorometb
.ylbenzenesulfonamide,
Rac-4-chloro-N-(4-difluoromethyl-benzyl)-N-(2-oxo-azepan-3-yl)-benzenesulfo
namide
4-chloro-iV-((R)-5,5-dimethyl-2-oxo-azepan-3-yl)-N-(2-fluoro-4-methoxy-benz
yl)- benzenesulfonamide,
4-chloro-N-((R)-5,5-dimethyl-2-oxo-azepan-3-yl)-N-(2-fluoro-4-hydroxymethyl
benzyl)- benzenesulfonamide,
4-chloro-iV-(2-fluoro-4-methoxy-benzyl)-N-(2-oxo-5-trifluoromethyl-azepan-3
-yl)- benzenesulfonamide or
4-chloro-N-(2,3-difluoro-4-methoxy-benzyl)-N-((R)-2-oxo-azepan-3-yl)-
benzenesulfonamide. Further preferred are compounds, wherein R1 is phenyl,
substituted by halogen and R5 is phenyl, substituted by -(CR2)m-C(O)-R' or
-(CR2)m-C(O)-R 5and halogen, for example the following compounds:
4-{[(4-chloro-benzenesulfonyl)-((R)-2-oxo-azepan-3-yl)-amino]-methyl}-3-flu
orobenzoic acid methyl ester,
4-{[(4-chloro-benzenesulfonyl)-((R)-2-oxo-azepan-3-yl)-amino]-methyl}-benzo
ic acid ethyl ester,
4-{l-[(4-chloro-benzenesulfonyl)-((R)-2-oxo-azepan-3-yl)-amino]-ethyl}-benz
oic acid methyl ester, rac-4-{
[(4-chloro-benzenesulfonyl)-(2-oxo-azepan-3-yl)-amino] -methyl}-benzoic
acid methyl
ester,4-{[(4-chloro-benzenesulfonyl)-(5-isopropyl-2-oxo-azepan-3-yl)-amino]
-methyl}- benzoic acid methyl ester, Rac-4-{[(4-chloro-benzenesulfonyl)-(5
5-dimethyl-2-oxo-azepan-3-yl)-arnino]-methyl}- benzoic acid methyl ester,
4-{ [(4-chloro-benzenesulfonyl)-(5,5-dimethyl-2-oxo-azepan-3-yl)-amino]
-methyl}- benzoic acid,
4-{[(4-chloro-benzenesulfonyl)-((R)-5,5-dimethyl-2-oxo-azepan-3-yl)-amino]-
methyl}- 3-fluoro-benzoic acid methyl ester,
3-(4-{[(4-chloro-benzenesulfonyl)-((R)-5,5-dimethyl-2-oxo-azepan-3-yl)-amin
o]- methyl}-phenyl)-propionic acid methyl ester,
3-(4-{[(4-chloro-benzenesulfonyl)-((R)-5,5-dimethyl-2-oxo-azepan-3-yl)-amin
o]- methyl}-phenyl) -propionic acid,
4-{[(4-chloro-benzenesulfonyl)-((R)-5,5-dimethyl-2-oxo-azepan-3-yl)-amino]-
methyl}- 3-fluoro-benzoic acid, 3-(4-{
[(4-chloro-benzenesulfon7l)-(2-oxo-5-trifluoromethyl-azepan-3-yl)-amino] -
methyl}-phenyl) -propionic acid,
4-{[(4-chloro-benzenesulfonyl)-(2-oxo-5-trifluoromethyl-azepan-3-yl)-amino]
-methyl}- 3-fluoro-benzoic acid methyl ester,
4-{[(4-chloro-benzenesulfonyl)-(2-oxo-5-trifluoromethyl-azepan-3-yl)-amino]
-methyl}- 



3-fluoro-benzoic acid,
3-(4-{[(4-chloro-benzenesulfonyl)-((R)-2-oxo-azepan-3-yl)-amino]-methyl}-ph
enyl)- propionic acid,
rac-4-{[(4-chloro-benzenesulfonyl)-(2-oxo-azepan-3-yl)-amino]-methyl}-3-flu
orobenzoic acid methyl ester, 3-(4-{
[(4-cnloro-benzenesulfonyl)-((R)-2~oxo-azepan-3-yl)-ammo]
-methyl}-phenyl)-3- methyl-butyric acid or
3-(4-{[(4-chloro-benzenesulfonyl)-((R)-2-oxo-azepan-3-yl)-amino]-methyl}-ph
enyl)- 2,2-dimethyl-propionic acid. Further preferred are compounds,
wherein R1 is phenyl, substituted by halogen and R5 is phenyl, substituted
by hydroxy, for example the following compounds: rac-
4-chloro-N-(4-hydroxy-benzyl)-N-(2-oxo-azepan-3-yl)-benzenesulfonamide or
4-chloro-N-(4-hydroxy-benzyl)-N-((R)-2-oxo-azepan-3-yl)-benzenesulfonamide.
Further preferred are compounds, wherein R1 is heteroaryl, unsubstituted
orsubstituted by one or more substituents as described in formula I, for
example the following compounds:
rac-4-chloro-N-(5,5-dimethyl-2-oxo-azepan-3-yl)-N-[4-(2H-tetxazol-5-yl)-ben
2yl]- benzenesulfonamide, 4-chloro-iV-(5-isopropyl-2-oxo-azepan-3-yl)-A'
-[4-(5-methyl-[l,3,4]oxadiazol-2-yl)- benzyl] -benzenesulfonamide,
4-chloro-JV-(5-isopropyl-2-oxo-azepan-3-yl)-
-V-[4-(3-methyl-[l,2,4]oxadiazol-5-yl)- benzyl] -benzenesulfonamide,
4-cHoro-N-((R)-5,5-dimemyl-2-oxo-azepan-3-yl)-N-(4-isoxazol-5-yl-benzyl)-
benzenesulfonamide,
4-chloro-AT-(4-isoxazol-5-yl-benzyl)-iV-((R)-2-oxo-azepan-3-yl)-benzenesulf
onamide or
4-Chloro-N-[2-fluoro-4-(2H-[l,2,4]triazol-3-yl)-benzyl]-N-((R)-2-oxo-azepan
-3-yl)- b enzenesulfonamide. Further preferred are compounds, wherein R1 is
phenyl, substituted by halogen and R5 is phenyl, substituted by NH2, for
example the following compound:
N-(4-amino-benzyl)-4-chloro-N-((R)-2-oxo-azepan-3-yl)-benzenesulfonamide.
Further preferred are compounds, wherein R1 is phenyl, substituted by
halogen and R5 is phenyl, substituted by -(CH2) -NH-C(O)R , for example the
following compounds:
rac-N-(4-{[(4-chloro-benzenesulfonyl)-(5,5-dimethyl-2-oxo-azepan-3-yl)-amin
o]- methyl}-phenyl)-acetamide or
Rac-N-(4-{[(4-chloro-benzenesulfonyl)-(2-oxo-azepan-3-yl)-amino]-methyl}-ph
enyl)- malonamic acid ethyl ester. Preferred are further those compounds,
wherein X is -CH 2- . Further preferred are compounds, wherein R1 is aryl
and R5 is aryl. The present compounds of formula I and their
pharmaceutically acceptable salts can be prepared by methods known in the
art, for example, by processes described below, which processes comprise a)
reacting a compound of formulawith a compound of formula 



R5X-hal in the presence of a base, or with a compound of formula R5XOH in
the presence of diethylazodicarboxylate and tripenylphosphine to a compound
of formula wherein R - R and Xhave the meaning as described above, or b)
reacting a compound of formula with a compound of formula R^S(O)2-Cl in the
presence of a base to a compound of formulawherein R1 - R5and X have the
meaning as described above, and if desired, converting the compounds
obtained into pharmaceutically acceptable acid addition salts. The detailed
processes for preparing of compounds of formula I are described in schemes
1 and 2 and in Examples 1 - 223. The starting materials of formulae II, VI,
R^-S(O)2Cl, R5Xhal, R5X-OH or HOSO3NH2 are known compounds or maybe
prepared by methods well-known in the art.R Xhal base or R5-X-OH, DIAD, Ph3
P wherein R1 - R5 and Xhave the meaning as described above, DIAD is
diethylazodicarboxylate and Ph P is tripenylphosphine. An
amino-azepan-2-one of formula II is treated with an aldehyde and a suitable
reducing reagent such as sodium triacetoxyborohydride or sodium
cyanoborohydride to yield an amine compound of formula III. A solution of
this amine in dichloromethane can be reacted with one equivalent of an
aromatic sulfonyl chloride in the presence of a base such as Hnig's base or
triethylamine and catalytic DMAP to yield after column chromatography a
pure compound of formula IA. Alternatively, the compound of formula II can
be reacted first with the sulfonyl chloride resulting in sulfonamide
compounds of formula IVwhich are amenable to further derivatization using
for example a Mitsunobu protocol whereby an alcohol R5XOH,
triphenylphosphine anddiisopropyl or diethyl azodicarboxylate are reacted
at low temperature under an inert atmosphere in a dry solvent such as
tetrahydrofuran. The reaction mixture is allowed to warm up and further
stirred at room temperature for several hours to furnish after column
chromatography compounds of formula I . Intermediates of formula IV can
also b e used in a reaction where a halide R5Xhal in the presence of excess
potassium carbonate, catalytic potassium iodide in dry DMF solvent and at
an elevated temperature are reacted. The reaction mixture is then filtered,
acidified andpurified using column chromatography to give compounds of
formula I . An unsubstituted amino-azepan-2-one (II) can for example be
prepared from the corresponding lysine hydrochloride in toluene under
refiuxing conditions in the presence of a base such as
hexamethyldisilazane. Ring-substituted 3-amino-azepan-2-ones can be
prepared by numerous methods described in the literature and specificallyby
one approach outlined in Scheme 2. 



Scheme 2 Pd-C, H.wherein R1 - R5 and X have the meaning as described above,
DIAD is diethylazodicarboxylate and Ph P is tripenylphosphine. A
substituted cyclohexanone of formula VI can be reacted with hydroXylamine
O-sulfonic acid in formic acid as solvent under refluxing conditions for
several hours to yield a ring expansion product of formula VII. Such cyclic
amides can be chlorinated using phosphorous pentachloride in xylenes by
slowly warming the reaction mixture to 900C in an exothermic reaction
whereby the evolution of HCl gas is also observed. After careful quenching
with water at lower temperature the organic phase is isolated in an
appropriate organic solvent such as chloroform, which is dried and a crude
compound of formula VIII is isolated ready to be used in the next step.
Monodechlorination of a compound of formula VIII can be achieved under
conditions of controlled hydrogenation using palladium catalyst in acetic
acid as solvent yielding compound of formula IX which can undergo
substitution reaction with sodium azide as a nucleophile in preferably dry
dimethylsulfoxide as solvent. Azides of compound formula X can be isolated
in pure form following chromatographic purification on silica gel.
Hydrogenation of azides X to the amine tend to proceed quantitatively,
however owing to the instability of the amine on storage, we preferred to
derivative in situ with an appropriate aryl sulfonyl chloride to yield
stable sulfonamides of compound formula IV. These can be further subjected
to a Mitsunobu protocol as described before to yield target compounds of
formula I . The detailed description can be found in Examples 1-223. If
compounds of Formula I are basic, they may be converted to a corresponding
acid addition salt. The conversion is accomplished by treatment with at
least a stoichiometric amount of an appropriate acid, such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the
like, and organic acids suchas acetic acid, propionic acid, glycolic acid,
pyruvic acid, oxalic acid, malic acid, malonic acid, succinic acid, maleic
acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic
acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid,
p-toluenesulfonic acid, salicylic acid and the like. Typically, the free
base is dissolved in an inert organic solvent such as diethyl ether, ethyl
acetate, chloroform, ethanol or methanol and the like, and the acid added
in a similar solvent. The temperature is maintained between 0 0C and 50 0C.
The resulting salt precipitates spontaneously or may be brought out of
solution with a less polar solvent. The acid addition salts of compounds of
formula I maybe converted to the corresponding free bases by treatment with
at least a stoichiometric equivalent of asuitable base such as sodium or
potassium hydroxide, potassium carbonate, sodium bicarbonate, ammonia, and
the like. The compounds of formula I and their pharmaceutically usable
addition salts possess valuable pharmacological properties. Specifically,
it has been found that the compounds of the present invention may inhibit
the g-secretase. The compounds were investigated in accordance with the
test given hereinafter. Description of g-secretase assay 



The activity of test compounds can be evaluated in assays which measure the
proteolytic cleavage of suitable substrates by g-secretase activity. These
can be cellular assays where e.g., a substrate of the g-secretase is fused
in its cytoplasmic domain to a transcription factor. Cells are transfected
with this fusion gene and a reporter gene, e.g., firefly luciferase, which
expression is enhanced by the transcription factor. Cleavage of the fused
substrate by g-secretase will lead to expression of the reporter gene which
can be monitored in appropriate assays. The g-secretase activity can also
be determined in cellfree in vitro asays where e.g., a cell lysate
containing the g-secretase complex is incubated with a suitable APP-derived
substrate which is cleaved to the Abeta peptides. The amount of produced
peptides can be determined with specific ELISA assays. Cell lines of
neuronal origin secrete Abeta peptides which can be measured with the
specific ELISA assay. Treatment with compounds which inhibit g-secretase
leads to a reduction of secreted Abeta thus providing a measure of
inhibition. The in vitro assay of g-secretase activity uses a HEK293
membrane fraction as a source of g-secretase and a recombinant APP
substrate. Latter consist of the C-terminal 100 amino acids of human APP
fused to a bxHistidin tail for purification which is expressed in E.coli in
a regulatable expression vector, e.g. pEtl5. This recombinant protein
corresponds to the truncated APP fragment which results after g-secretase
cleavage of the extracellular domain and which constitutes the g-secretase
substrate. The assay principle is described in Li YM et al, PNAS 97(11),
6138-6143 (2000). Hek293 cells are mechanically disrupted and the
microsomal fraction is isolated by differential centrifugation. The
membranes are solubilized in detergent (0.25 % CHAPSO) and incubated with
the APP substrate. The Abeta peptides which are produced by
g-secretasecleavage of the substrate are detected by specific ELISA assays
as described (Brockhaus M et al, Neuroreport 9(7), 1481-1486 (1998). The
preferred compounds show a IC50< 0.3 mM. In the list below are described
some data to the g-secretase inhibition:Inhaler for the administration of
powdered pharmaceuticals, and a powder cartridge system for use with this
inhaler Field of the invention The invention relates to an Inhaler for the
administration of powdered pharmaceuticals, and a powder cartridge for
powdered pharmaceuticals for use with this inhaler, particularly to a multi
dose dry powder inhaler with a dosing counting or indexing means provided
in the inhaler or the cartridge. Background of the invention In the field
of treatment of bronchial diseases, and also of other diseases in which
medication can be given via the airways, it is known not only to atomize
liquid solutions or suspensions into inhalable aerosols but also to
administer powdered medicaments. Many examples of such medicaments are
described in the literature, and of these we refer purely by way of
illustration to WO 93/11773, EP 0 416 950 Al and EP 0 416 951 Al. A
customary form of administration in this regard is the delivery via an 



inhalation device, a so-called inhaler. Known inhalers for powdered
pharmaceuticals include those for administration of a single dose and also
inhalation devices which have one or more reservoirs for a plurality of
pharmaceutical doses. In this connection, it is known either to provide
separate storage spaces for each individual dose or to provide one single
reservoir space for receiving a multiplicity of doses of a medicament
during the manufacturing process.Known inhalers in which a multiplicity of
individual doses are provided in separate storage spaces include those in
which individual areas of the inhaler are each filled with a pharmaceutical
dose. An example of such an inhaler is described in US -A- 5 ,301, 666.
However, it is also known to accommodate a multiplicity of pharmaceutical
powder doses in separate areas, so-called blister packs. An example of such
a blister pack for use with an inhaler is described in DE 44 00 083 C2. A
similar blister pack which is designed integral with a disposable inhaler
is described for example in DE 44 00 084 Al. An inhalation device into
which blister packs can be inserted, which each have separate storage
spaces for individual doses of a powdered pharmaceutical and which can be
emptied one after another with the aid of the inhalation device, is
described, for example, in DE 195 23 516 Cl. Typically, the number of
remaining doses is easily assessable for the patient using the inhaler. The
blister cavities already emptied and those still containing an available
dose of medicament powder can easily be recognized, as the emptied ones are
usually destroyed while releasing the medicament dose. Further, such kinds
of blister packs are typically formed from a transparent film on one side,
thus allowing visual inspection of the number of doses remaining available.
Many examples of inhalers with a storage space for a multiplicity of
pharmaceutical doses are described in the prior art. One example with an
exchangeable storage container is described in German Patent Specification
846 770, and another in WO 95/31237. An important problem with inhalation
systems in which a multiplicity of doses of a medically active substance
are accommodated in a common storage space concerns the apportioning of an
individual dose for one individual inhalation. A great many solutions have
been proposed to solve this problem, for example those which are described
in US-A-2,587,215 and US-A-4,274,403. Other types of arrangements for
metering an individual dose of pharmaceutical powder from a storage space
for a multiplicity ofpharmaceutical doses are described in WO 92/09322, WO
93/16748 and DE 35 35 561 C2 and in GB 2 165 159 A . An exchangeable
cartridge for receiving a multiplicity of doses of a pharmaceutical powder
with an integrated metering slide is known from DE 195 22 415 Al. Another
important problem with inhalation of pharmaceutical powders concerns the
breakdown of the galenic powder formulations into particles 



which can access the lungs. The active substances administered in this way
are generally combined with vehicles in order to achieve a reasonable
dosing capacity of the medically active substance and to set further
properties of the pharmaceutical powder, which for example can influence
the storage life. Proposed solutions concerning the designs of powder
inhalers with which particles which can access the lungs are intended to be
made available in an air stream for inhalation are described for example in
EP 0 640 354 A2, US -A- 5 ,505, 196, US-A-5,320,714, US-A-5,435,301, US-A
5,301,666, DE 195 22 416 A l and WO 97/00703. Proposals are also known to
use auxiliary energy to generate the air stream, for example from ZA-A
916741. In the use of medicaments for inhalation in powder form, it is also
quite generally known to combine active substances by administering
prepared active substance mixtures. Corresponding proposals are found in EP
0 416 951 Al and WO 93/11773, for example for combination of salmeterol and
fluticasone or formoterol and budesonide. WO 00/74754 and many other
publications over a period of more than twenty years have described how,
particularly in powder inhalers, there is a considerable problem with
moisture. Not only can moisture have a disadvantageous effect on the
pharmaceutically active composition of the medicament, it can also impair
in particular the interplay of physicaland chemical parameters of the
combination of active substance and auxiliaries. As a result, lumps may
form, for example, or the breakdown of the inhaled powder into particles
which can access the lungs may be impaired. All these circumstances can
lead to problems affecting the metering and the efficacy of the
administration of a powdered medi cament . To minimize these disadvantages,
various attempts have already been made in the past to reduce the
penetration of moisture into a powder inhaler by using seals. Attempts have
also been made to reduce the disadvantageous effects of penetrated moisture
by providing desiccants to absorb the moisture, in particular to keep the
air moisture in storage chambers to a minimum. Various attempts have been
made to improve dry powder inhalers with respect to the reliability and
applicability of dry powder inhalation and cost effective medical treatment
particularly for long term application of medicaments. Prior art With
respect to multiple dose inhalers, also various attempts have been made to
include various kinds of counting or indexing means to show a number of
actuations of an inhaler to the user. US 4,668,218 A discloses a disc type
inhaler with a toothed wheel with color markings, which is 



in gear engagement with the disc of the inhaler, and thus urged to rotate
according to the rotation of the disc. So, the toothed wheel with markings
may show a marking depending on the number of rotations of the disc. WO
92/00771, corresponding to US 5,437,270, discloses an inhaler with an
integrated storage chamber for a multiplicity of medicament doses. After
removing the number of doses provided in the chamber the inhaler is
normally intended to be disposed of. Further described is adisplay means
for counting the number of times the inhaler has been actuated. Whilst
actuating a button a gear mechanism rotates a drum, onto which a tape
having markings thereon is wound, thereby routing the tape through a window
presenting the markings to the user. The markings in fact indicate the
number of actuating actions performed, however, it is intended to provide
an estimation of a number of medicament doses removed from or remaining in
the storage chamber. WO 94/14492 discloses an inhaler for providing a
number of medicament doses. After removing the number of doses provided
from the inhaler it is intended to be disposed of. Further it is described
a display means for counting the number of actuations or doses. Further, an
electronic counter is disclosed as an embodiment of the invention, which
further increases the costs for use of such an inhaler as well as
additional costs for recycling or disposal of electronic apparatus waste.
From US 5,840,279 A , WO 97/00703 Al, and DE 195 22 415 Al a replaceable
powder cartridge is known having a counting means and a display means
showing the number of doses remaining available in the cartridge, or the
number of doses removed from said cartridge. Although there is visual
information available, for a patient using an inhaler with such a cartridge
inserted, that there is little or no medicament available, one could
further actuate the dosing mechanism of such an inhaler and seek to obtain
to remove the very remainder of the medicament powder comprised in the
cartridge. Contrary to common aerosol inhalers, multi dose dry powder
inhalers do generally not suffer from a variation of the content of the
medically active components of the composition in the doses provided when
the inhaler is close to empty state. However, the accuracy of a metered
dose typically decreases, and, even more dangerous for the patient, he may
actuate and use the inhaler without getting any medically active substance
from an empty inhaler at all, thus causing risk of life forcertain diseases
treated with dry powder inhalation by not receiving the required medicament
dose. WO 02/24268 Al discloses a reusable inhaler for use with exchangeable
cassettes, each containing a predetermined number of separately stored
pre-metered doses. The inhaler described comprises a dose counter and a
cassette counter. The invention as disclosed is based on the general
statement that it would be generally undesirable to have a multiplicity 



of medicament doses stored within a single storage space. The cassette,
being an exchangeable dose member, carries a number of sequentially
accessible individually sealed pre-metered doses. The sealing of each dose
should ensure a sufficiently stable storing of the medicament powder during
the lifetime of such a dosing cassette. The inhaler disclosed has a quite
complicated spring loaded mechanism to perform the steps of cutting the
sealing, triggering and moving the cassette along a fixed suction tube of a
mouthpiece and braking the cassette during motion to control the time it
takes for the cassette to pass the suction tube, thus controlling the time
during which medicament powder is available for inhaling by the patient.
Activation and locking of the inhaler is performed by pulling a covering
lid and pushing it to a closing position. Before the first dose of
medicament can be delivered a cassette which comes in a box has to be
inserted into the inhaler together with that box. Then the inhaler must
first be opened by pulling the lid and shut again. In this way a mechanism
extracts the cassette from the protective box and brought into a loaded
position, whilst, at the same time a cassette drive spring is tensioned and
secured by a plunger element. After an inhalation cycle, a revolver
mechanism moves the cassette so that a fresh sealed dose is exposed to the
cutter mechanism for the next inhalation cycle. Opening the inhaler reveals
a removable mouthpiece.WO 02/24269 Al likewise discloses such kind of
inhaler. More specifically, the dose counter and the cassette counter of WO
02/24268 Al are described in more detail. As it is evident from the design
principle, the number of doses obtainable from a single cassette is quite
limited compared to a pharmaceutical powder cartridge as known from US
5,840,279 A and WO 97/00703 Al. The dose counter as disclosed is for a one
digit number of doses, the embodiment described shows a count down starting
at seven doses per cassette. The dose counter mechanism is located in the
inhaler and not inside the cassette. Once the dose counter is down to zero,
a mechanism returns the cassette to the storage box and the plunger and
catching mechanism releases the box so that it can be removed by the user
and replaced by a new one. However, there is no disclosure how such a
mechanism should function or look like. There is a second counter
disclosed, being described as a cassette counter which counts down the
number of cassettes used with the inhaler. The counter display can be seen
from the outside of the inhaler and the embodiment described shows a count
down starting at fifty cassettes before the inhaler is considered being
worn out. When such cassette counter is down to zero, the cassette will not
be released as described above, but the inhaler cannot be used any more and
has to be discarded. Again, there is no disclosure how such a mechanism
should function or 



look like. Besides, the cassette counter is described to comprise a visual
indication, e.g. an inverted prompt of the number shown, to remind the user
to exchange the mouthpiece of the inhaler, which is described as being
required for reasons of hygiene, maybe due to the fact that the suction
tube of the mouthpiece is being described as porous (WO 02/24268 Al). The
typical exchange interval for the mouthpiece is indicated as with every
fifth cassette, that is typically after 35 doses have been obtained from
the inhaler.Thus, the typical number of total doses which can be obtained
from such inhaler is 350 medicament doses, which seems to be reasonable
considering the wear and tear of the obviously complicated mechanisms
required caused by the abrasive properties and possible agglomerations of
the medicament powder. This is a quite short lifetime of the inhaler
compared to the inhaler known from US 5,840,279 A , and WO 97/00703 Al.
Generally, the inhaler disclosed in WO 02/24269 Al and WO 02/24268 Al lacks
from the same disadvantages as other inhalers do designed for
administration of medicament doses from individually sealed single dose
compartments, a number of which is arranged on a common carrier, like a
blister pack, as discussed above with respect to DE 195 23 516 Cl, for
instance. More particularly, the use of the inhaler suggested in WO
02/24269 Al and WO 02/24268 Al seems to be extremely costly, both due to
single dose packaging as well as discarding a lot of inhaler parts and
boxes, as well as the inhaler itself, after a relatively small number of
administered doses. The object of the invention is therefore to improve
known systems for administration of powdered pharmaceuticals. Summary of
the invention According to the invention, this object is achieved by an
inhaler for powdered medicaments, for providing a large number of doses of
pharmaceutical powder medicament from a single reservoir space or a
multiplicity of reservoir spaces, which medicament can be received by a
patient by means of an air stream, the inhaler further comprising an
activating device for manual engagement by the patient for repeatedly
metering a dose of medicament to be administered to the patient, and
further comprising an advancing mechanism for advancing a counter or
indexing means each time the activating device has been engaged by
thepatient so that a dose of medicament has been released for
administration to the patient, wherein the counter or indexing means
comprises an index, the index being detectable by a detection means of the
inhaler, and the detection means being coupled to a locking mechanism, the
locking mechanism blocking the activating device and/or any transportation
mechanism of the inhaler delayed by a predetermined number of metering
cycles since detection of the index. The arrangement according to the
invention allows to lock-out further 



use of the inhaler after removal of a number of doses from the reservoir
space, or an approximate number of doses left in the reservoir space with a
simple, inexpensive, and reliable mechanism, so that an improved security
for the patient using the inhaler can be obtained. The invention prevents
the patient from trying to dose from an empty reservoir space, causing an
inappropriate lack of required medicine. For certain diseases, such kind of
inadvertent underdosing may cause a risk of life for the patient. Further,
the manufacturer responsible for filling of the inhaling device is able to
limit the number of inhalation cycles from a single reservoir space
independent from the exact filing state so that even under an undesired
variation of the filling level caused by the manufacturing procedure the
patient can rely on the fact that each time he is able to initiate a dosing
cycle, he will get an appropriate dose of medicament as required. Further
the configuration according to the invention allows that manufacturer to
arrange the inhaler such that the patient will not be surprised by the
activation of the locking state. In a specifically preferred embodiment of
the invention the predetermined number of metering cycles since detection
of the index is one. This allows the patient to obtain one further dose of
medicament after the counter or indexing means indicates an empty reservoir
space, providing enough time for the patient even under acute symptoms
toobtain a freshly filled inhaler or cartridge, without the need to
carryalong a second inhaler all the time as a replacement. Further, the
patient will not be surprised by the activation of the locking state.
Moreover, there is no need to provide a larger number of doses by the
manufacturer in excess of the nominal number to avoid disposal of valuable
medicament powder. In a preferred embodiment the inhaler comprises a
reservoir space for a large number of doses of pharmaceutical powder
medicament, the activating device for manual engagement by the patient
being connected to a transportation mechanism for moving a metering means
at least from a filling position for receiving a dose of medicament powder
from the reservoir space into an emptying position for releasing said dose
of medicament powder into an air duct, for repeatedly metering a dose of
medicament to be administered to the patient, and further the advancing
mechanism being connected to the transportation mechanism for advancing the
counter or indexing means each time the transportation mechanism moved the
metering means so that a dose of medicament has been released for
administration to a patient, wherein the locking mechanism blocks the
activating device and/or the transportation mechanism after the
predetermined number of metering cycles since detection of the index. In a
particularly preferred embodiment of the invention the inhaler 



comprises a receptacle for a pharmaceutical powder cartridge comprising a
reservoir space for a large number of doses of pharmaceutical powder
medicament. Thus, the inhaler may be used several times and a replaceable
cartridge can be used to minimize the costs of the medical treatment and
the amount of waste generated. Additionally, use of a single inhaler type
is possible for a variety of medicaments provided in different cartridges,
thus improving the over all economic effect of such an inhaler.The
invention can be easily set into practice if the index is formed by a
signaling section of a mechanical counter or indexing means. In a most
simple and cost effective manner the signaling section is formed by a notch
or cam, so that the index can be detected mechanically. Consequently, in a
further preferred embodiment of the invention, the detection means
comprises a signaling lever for biased engagement with the signaling
section of the counter or indexing means. In a preferred embodiment of the
invention enabling realization of delayed activation of the blocking of the
activating device and/or the transportation mechanism the signaling lever
is in hinged connection with a rest lever such that a movement of the
signaling lever is transmitted to the rest lever, the rest lever comprising
a pilot section allowing the rest lever being biased against the activating
device and/or the transportation mechanism, and the rest lever being in
positive engagement with the activating device and/or the transportation
mechanism by means of a hook/notch arrangement, after the transportation
mechanism reaches the emptying position for releasing a dose of medicament
powder, and thus arresting the activating device and/or the transportation
mechanism so that no further dosing cycle can be performed. The blocked
state of the inhaler is easily recognizable for the user if the activating
device is arrested in a position different from normal operation position
to unambiguously indicate the blocking state of the inhaler. For repeated
use of the inhaler with replaceable cartridges it is preferred if the
position of the signaling lever and the rest lever is reset to normal
operating position, releasing the activating device and/or the
transportation from the blocked state, on insertion of a fresh unused
pharmaceutical powder cartridge.Where required, for instance by the
specific properties of the medicament applied, the inhaler may be used as a
one way device if the receptacle for a pharmaceutical powder cartridge
comprising a pharmaceutical powder cartridge is closed by a lid of the non-
removable snap on type. The objects of the invention are further obtained
by a pharmaceutical powder cartridge for use with an inhaler as described
above, comprising 



at least one reservoir space for receiving a large number of doses of
pharmaceutical powder medicament, having a dose counter or indexing ring
carrying a multiplicity of numbers or graphical or colored visual
information for a user, which ring is movable relative to a cartridge body
by an advancing mechanism of the inhaler, the counter or indexing ring
comprising a signaling section for activating a locking mechanism of the
inhaler once the counter or indexing ring reaches a predetermined position
relative to the cartridge body. In a most simple and cost effective manner
the signaling section is formed by a notch or cam for activating a
signaling lever of the inhaler, thus allowing simple and reliable
mechanical detection of the signaling section. To improve the security and
reliability of a pharmaceutical powder cartridge according to the
invention, the dose counter or indexing means comprises a securing means
preventing the counter or indexing ring from unintended rotation with
respect to the cartridge body by applying a frictional force, or a
notch/cam type security arrangement. For simple and reliable mechanical
detection of the signaling section a pharmaceutical powder cartridge
according to the invention furthercomprises an opening for engagement of a
signaling lever of a locking mechanism of the inhaler with the counter or
indexing ring. Further improved security of a pharmaceutical powder
cartridge according to the invention can be obtained by a ratchet mechanism
provided in the cartridge body interacting with a toothed section of the
counter or indexing ring preventing the counter or indexing ring from being
reversed even by user manipulation, probably even when using light tools,
like a small screwdriver, a pen, or the like. Misuse of an empty
pharmaceutical powder cartridge according to the invention can be most
prevented if the counter or indexing ring further comprises a notch or hook
for forced engagement with a corresponding hook or notch within the
cartridge body once the counter or indexing ring reaches a position
indicating that the predetermined number of medicament doses have been
removed, preventing any further movement of the counter or indexing ring in
either direction, once engaged. In a further preferred embodiment of a
pharmaceutical powder cartridge according to the invention the
pharmaceutical powder cartridge further comprising a lid, the lid covering
an opening of the at least one reservoir space for receiving a large number
of doses of pharmaceutical powder medicament, and a groove surrounding said
opening containing the dose counter or indexing ring, wherein the lid and
the interior edge of the opening comprise each a collar to provide a tight
snap -on fastening of the lid, so that the at least one reservoir space is
sufficiently sealed against the environment and the counter or indexing
ring cannot 



be removed without destroying the cartridge. The invention can be used most
effectively by use of an inhaler according to the invention together with a
pharmaceutical powder cartridge according to the invention.The object and
advantages of the invention are further obtained by a method for operating
an inhaler for powdered medicaments, comprising the steps of releasing a
medicament dose from a reservoir space, on engagement of an activating
device of the inhaler by a patient, advancing a counter or indexing means
comprising an index, displaying the counter or indexing means to the
patient or user of the inhaler, detecting whether the index of the counter
or indexing means reached a predetermined position indicating an "empty"
state of the inhaler, and on detection of the index at the predetermined
position indicating an "empty" state of the inhaler, blocking the
activating device and/or any transportation means after a predetermined
number of additional releasing steps since detection of the "empty" state,
particularly, if the number of additional releasing steps is 1 to 6 ,
preferably one. Application of the invention With the inhaler an
pharmaceutical powder cartridge according to the invention, it is possible
to make securely available pharmacodynamically active substances in the
form of powdered pharmaceuticals even under critical conditions for the
life of a patient, without making additional demands on the patient or
medical carer, compared with a conventional inhalation of an individual
pharmaceutical powder, and without additional handling requirements. The
inhaler and powder cartridge of the invention are particularly useful for
the application of pharmaceutical powder medicaments comprising, for
example, from the group of beta -sympathomimetics: salbutamol, reproterol,
fenoterol, formoterol, salmeterol. Possible examples from the group of
corticosteroids are: budesonide, beclomethasone, fluticasone,
triamcinolone, loteprednol, mometasone, flunisolide, ciclosonide. Possible
examples from the group ofanticholinergics are: ipatropium bromide,
thiotropium bromide, glycopyrrolate, R,R-glycopyrrolate. Possible examples
from the group of analgesics and anti-migraines are: morphine, tramadol, f
lupirtine, sumatryptan. The following can be used from the group of
peptides and proteins: cetrorelix, insulin, calcitonin, parathyroid
hormone, factor VIII analogs, interferon alpha, interferon beta, heparin,
FSH (folliclestimulating hormone), colistin, tobramycin. Pharmaceutical
powder formulations which can expediently be used with the inhaler and the
pharmaceutical powder cartridge according to the invention can contain
various active substances, such as, for example, analgesics, anti-
allergies, antibiotics, anticholinergics, antihistamines, anti
-inflammatory substances, antipyretics, corticoids, 



steroids, antitussives, bronchodilators, diuretics, enzymes, cardiovascular
agents, hormones, proteins and peptides. Examples of analgesics are
codeine, diamorphine, dihydromorphine, ergotamine, fentanyl and morphine;
examples of anti -allergies are cromoglycinic acid and nedocromil; examples
of antibiotics are cephalosporins, fusafungine, neomycin, penicillins,
pentamidine, streptomycin, sulphonamides and tetracyclines, colistin,
tobramycin; examples of anticholinergics are atropine, atropine
methonitrate, ipratropium bromide, oxitropium bromide, trospium chloride
and thiotropium bromide; examples of antihistamines are azelastine,
flezelastine and methapyrilene; examples of anti -inflammatory substances
are beclomethasone, budesonide, loteprednol, dexamethasone, flunisolide,
fluticasone, tipredane, triamcinolone, mometasone; examples of antitussives
are narcotine and noscapine; examples of bronchodilators are bambuterol,
bitolterol, carbuterol, clenbuterol, ephedrine, epinephrine, formoterol,
fenoterol, hexoprenaline, ibuterol, isoprenaline, isoprotenerol ,
metaprotenerol , orciprenaline, phenylephrine, phenylpropanolamine,
pirbuterol, procaterol, reproterol, rimiterol, salbutamol, salmeterol,
sulfonterol, terbutaline and tolobuterol; examples of diuretics are
amiloride andfurosemide; an example of an enzyme is trypsin; examples of
cardiovascular agents are diltiazem and nitroglycerin; examples of hormones
are cortisone, hydrocortisone and prednisolone; examples of proteins and
peptides are cyclosporine, cetrorelix, glucagon and insulin. Further active
substances which can be used are adrenochrome, colchicine, heparin,
scopolamine. The active substances listed by way of example can be used as
free bases or acids or as pharmaceutically acceptable salts. Counterions
which can be used include, for example, physiological alkaline earth metals
or alkali metals or amines, for example acetate, benzene sulphonate,
benzoate, hydrogen carbonate, hydrogen tartrate, bromide, chloride, iodide,
carbonate, citrate, fumarate, malate, maleate, Gluconate, lactate, pamoate
and sulphate. Esters can also be used, for example acetate, acetonide,
propionate, diproprionate, valerate. Brief description of the drawings In
the following, the invention is described by means of an non- limiting
exemplary embodiment of an inhaler and a pharmaceutical powder cartridge
according to the invention illustrated in the accompanying drawings, wherei
n : Figure 1 shows an inhaler according to the invention in normal
operating state, in a perspective view; Figure 2 shows an inhaler according
to the invention in blocked operating state, in a perspective view; Figure
3 shows a cross sectional view through an inhaler with inserted 



pharmaceutical powder cartridge according to the invention, in
normaloperating state, without mouthpiece and airway elements downstream of
the dosing means; Figure 4 shows a similar cross sectional view through an
inhaler with inserted pharmaceutical powder cartridge according to the
invention, in actuated operating state for releasing a medicament dose,
without mouthpiece; Figure 5 shows a similar cross sectional view through
an inhaler with inserted pharmaceutical powder cartridge according to the
invention, in blocked operating state, without mouthpiece; Figure 6 shows a
perspective view of the underside of a lid for a cartridge receptacle of an
inhaler according to the invention; Figure 7 shows a perspective view of an
actuating device including a key according to the invention; Figures 8 and
9 show perspective views of a signaling lever of an inhaler according to
the invention; Figures 10 and 11 show perspective views of a rest lever of
an inhaler according to the invention; Figures 12 and 13 show perspective
views of a body of a pharmaceutical powder cartridge of the invention;
Figure 14 shows a perspective view of a counter or indexing ring of a
pharmaceutical powder cartridge according to the invention; Figure 15 shows
a lid for covering an opening of the reservoir space of a pharmaceutical
powder cartridge according to the invention;Figure 16 shows an inhaler
according to the invention in normal operating state, in a perspective
front view, the protective cover of the mouthpiece removed; Figure 17 shows
an inhaler similar to figure 14 with the lid and cartridge removed; Figure
18 shows a cross -sectional view of the top part arrangement of a
pharmaceutical powder cartridge according to the invention; and Figure 19
shows an exploded view of a pharmaceutical powder cartridge according to
the invention. Description of a preferred illustrative embodiment
Generally, the design of the inhaler and the cartridge of the invention as
described here as a preferred illustrative example of an embodiment
correspond to the general design and working principle as described in EP 0
837 710 Bl, US 5,840,279 A , and US 6,071,498 A , the disclosure of which
is hereby incorporated by reference. The inhaler 1 shown in the drawings 1
to 5 , and 16 to 17 is an inhaler for powdered medicaments, for providing a
large number of doses of pharmaceutical powder medicament from a reservoir
space 2 . The reservoir space 2 is provided within an exchangeable
pharmaceutical powder cartridge 3 , comprising the at least one reservoir
space 2 for receiving 



a large number of doses of pharmaceutical powder. Typically, the nominal
number of medicament doses provided is 200 or above per cartridge 3 .The
pharmaceutical powder cartridge 3 is inserted into a corresponding
receptacle 30 within the inhaler 1 . The receptacle 30 and, thus, the
powder cartridge 3 is covered by a lid 29 as shown in figure 6 . The lid29
can be a conventional one which is removable by the patient to exchange the
powder cartridge 3 against a fresh one, or can be of the non- removable
snap on type, if for specific reasons a reuse of the inhaler with a further
cartridge need to be prevented. This may be the case for medicaments
specifically sensitive to dust, humidity or remainders of medicaments from
previously used medicament powder. The powder medicament can be received by
a patient by means of an air stream. Therefore, the inhaler further
comprises an activating device for manual engagement by the patient in the
form of a key 4 being connected to a transportation mechanism 5 (not shown
in detail) for a metering means 6 of the powder cartridge 3 at least from a
filling position for receiving a dose of medicament powder from the
reservoir space 2 as shown in figure 3 into an emptying position for
releasing said dose of medicament powder into an air duct 7 . From the air
duct 7 the patient can inhale the medicament powder through a mouthpiece 16
(see figure 16) via an air stream generated by the patient. If not in use,
the mouthpiece is suitably protected from dirt by a removable cover 17 as
shown in figures 1 and 2 . Pressing the key 4 for dosing and inhaling of
the medicament need not to be coordinated by the patient. Security means
inside the inhaler, as for instance described in EP 0 837 710 Bl, US
5,840,279 A , and US 6,071,498 A prevent repeated dosing of medicament
without inhaling the previous dose from the inhaler, thus preventing
intended or unintentional overdosing. The key 4 and transportation
mechanism 5 allow for repeatedly metering a dose of medicament to be
administered to the patient, one after another. The inhaler 1 further
comprises an advancing mechanism 25 shown in figure 17 connected to the
transportation mechanism 5 for advancing a counter or indexing means 8 each
time the transportation mechanism 5moved the metering means 6 so that a
dose of medicament has been released for administration to a patient. The
counter or indexing means preferably in the form of a ring 8 and contained
inside the cartridge 3 comprises an index 9 , the index 9 being detectable
by a detection means 10 of the inhaler. The index 9 is formed by a by a
notch 11 as a signaling section of a mechanical counter or indexing means 8
, as can be seen from figure 14. The detection means 10 of the inhaler 1 is
coupled to a locking mechanism 12. The locking mechanism 12 of the
embodiment shown comprises the rest lever 14 with pilot section 15 and hook
elements 24, and the 



ramp elements 22 and notch 23 interior of the key 4 . The locking mechanism
12 will block the activating device/key 4 and/or the transportation
mechanism 5 after a predetermined number of metering cycles since detection
of the index 9 . With the embodiment shown, the predetermined number of
metering cycles since detection of the index 9 is one. This means that once
the patient can read from the counter or indexing means 8 on the front of
the inhaler 1 as shown in figure 16 that the predetermined number of doses
have been removed from the reservoir space 2 , and thus, the reservoir
space 2 of the powder cartridge 3 is considered "empty", the patient has
one further opportunity to activate the provision of one further dose of
medicament by pressing the key 4 one further time, before the inhaler 1
will be locked. The locked state of the inhaler is shown in figures 2 and 5
. This is achieved by the signaling lever 13 of the detection means 10 of
the inhaler 1 . The signaling lever 13 shown in figures 8 and 9 comprises a
spring element 18 for biased engagement with the counter or indexing means
8 , that is the signaling lever 13 is forced by spring load against the
ring 8 forming the counter or indexing means of the cartridge 3 . The
signaling lever 13 is pivotal Iy supported in a base frame element 19 of
the inhaler 1 and in hinged connection with a rest lever 14 which inturn is
also pivotal Iy supported by the base frame element 19, as can be seen from
figures 3 to 5 . The rest lever 14 is shown in detail in figures 10 and 11.
The spring element 18 of the signaling lever 13 also rests on the base
frame element 19 of the inhaler 1 . The hinged connection between the
signaling lever 13 and the rest lever 14 is provided by a protrusion 20 of
the signaling lever 13 which engages a generally u -shaped receptacle 21 of
the rest lever 14 such that a movement of the signaling lever 13 is
transmitted to the rest lever 14. If the notch 11 of the ring 8 forming the
counter or indexing means as shown in figure 14 comes in alignment with the
signaling lever 13, the signaling lever 13 is forced by its spring element
18 to swing into engagement with the notch 11, thus transmitting the
movement to the rest lever 14. The rest lever 14 comprises a pilot section
15 allowing the rest lever 14 to be biased against the activating device
(key 4 ) and/or the transportation mechanism 5 on engagement by the spring
loaded signaling lever 13. The key 4 as shown in figure 7 in its interior
comprises a ramp element 22 and, preferably on both sides, a notch 23. If
now the key 4 is depressed for a further dosing action the pilot section 15
of the rest lever 14 moves along the ramp element 22 of the key 4 until it
reaches an end of the ramp section 22 when the key 4 is fully depressed
(see figure 4), releasing two hook elements 24 of the rest lever 14 for
biased engagement with the key 4 . When the key 4 is fully depressed, the
transportation mechanism 5 reaches the emptying 



position of the dosing means 6 for releasing a dose of medicament powder.
When the patient subsequently releases the key 4 towards its normal
position, the hooks 24 come in positive engagement with the notches 23 of
the key 4 preferably half-way up of the key 4 , thus arresting the key 4 as
the activating device and the transportation mechanism 5 for the dosing
means 6 so that no further dosing cycle can be performed, as shown in
figure 5 .The activating device is arrested in a position different from
normal operation position as shown in figures 2 and 5 , thereby
unambiguously indicating the blocking state of the inhaler to the patient,
preferably such that the key 4 remains approximately half-way between its
normal rest position as shown in figure 1 , and a fully depressed position
during an activation cycle performed by the patient as shown in figure 4 .
For multiple use of the inhaler 1 the position of the signaling lever 13
and the rest lever 14 is reset to normal operating position, releasing the
key 4 and the transportation mechanism 5 from the blocked state, on
insertion of a fresh unused pharmaceutical powder cartridge. The
pharmaceutical powder cartridge 3 shown in figures 12 and 13 for use with
the inhaler 1 according to the embodiment described comprises a reservoir
space 2 for receiving a large number of doses of pharmaceutical powder
medicament, for the embodiment shown for a nominal number of 200 doses. The
reservoir space 2 may be factory filled with medicament powder through a
top opening 31 within the cartridge body 26. The pharmaceutical powder
cartridge 3 comprises a groove 28 within the top section of its cartridge
body 26 surrounding the opening 31 containing the dose counter or indexing
ring 8 . The ring 8 is movable relative to a cartridge body 26 by an
advancing mechanism 25 of the inhaler 1 . The advancing mechanism in the
form of a pinion gear 25 engages with the ring 8 through opening 35 in the
cartridge body 26, once the cartridge is inserted into the receptacle 30 of
the inhaler 1 . In the groove 28 preferably two resilient hook members 27
are located preventing the counter or indexing ring 8 from unintended
rotation with respect to the cartridge body 26 by applying a frictional
force. At the same time the hook members 27 prevent the ring 8 from being
urged upwards by the bias force of the signaling lever 13 of the inhaler
1once inserted into the receptacle 30 of the inhaler 1 . The hook members
27 also serve to keep the ring 8 in place and rotational position during
the manufacturing and filling process of the cartridge prior to fixing the
lid 38 on the cartridge body 26, as shown in figures 18 and 19. The
cartridge body 26 further comprises an opening 32 for engagement of the
signaling lever 13 of the inhaler 1 with the counter or indexing ring 8 .
The ring 8 can be read by the user through a viewing window 36 located in
the top region of the cartridge body 26. 



Inside the groove 28 there is preferably a ratchet mechanism provided by an
elastically supported hook lever 33 in the cartridge body 26 interacting
with a toothed section 34 of the counter or indexing ring 8 preventing the
counter or indexing ring 8 from being reversed even by user manipulation,
for instance by using a small screwdriver through an opening 35 for
receiving the advancing mechanism 25 of the inhaler 1 . The pharmaceutical
powder cartridge 3 may comprise within the counter or indexing ring 8 a
notch 37 or hook for forced engagement with a corresponding hook 33 or
notch within the cartridge body 26 once the counter or indexing ring 8
reaches a position indicating that the predetermined number of medicament
doses have been removed, preventing any further movement of the counter or
indexing ring 8 in either direction, once engaged. The counter or indexing
ring 8 carries a multiplicity of numbers or, alternatively or additionally,
graphical or colored visual information for a user on its outer
circumference. The counter or indexing ring 8 shown in figure 14 comprises
a signaling section for activating the locking mechanism of the inhaler 1
once the counter or indexing ring 8 reaches a predetermined position
relative to the cartridge body 26, that is after 200 doses have been taken
from the cartridge 3 . The signaling section is formed by a notch 11
adapted for receiving the signaling lever 13 of the inhaler 1 . The
interior circumference of the counter orindexing ring 8 further carries two
small protrusions 41 forming a notch between them, which notch is
releasably engaged by one of the hook members 27 when the ring 8 is
inserted into the cartridge body 26 in an orientation providing an
indication through viewing window 36 associated with a full cartridge. This
notch/cam security arrangement serves to keep the appropriate orientation
of the ring 8 even under rough handling or shipping conditions prior to
providing the full cartridge 3 to a patient as the end user. The powder
cartridge 3 further comprises a lid 38 covering the opening 31 of the
reservoir space 2 and the groove 28 containing the ring 8 . The lid 31 and
the interior edge 39 of the opening 31 comprise each a collar 40 to provide
a tight snap -on fastening for the lid 38, so that the reservoir space 2 is
sufficiently sealed against the environment and the counter or indexing
ring 8 cannot be removed without destroying the cartridge. As it is evident
for a skilled person, various alterations can be made with respect to the
exemplary embodiment described without departing from the scope of the
invention as defined in the claims.Claims 1 . An inhaler (1) for powdered
medicaments, for providing a large number of doses of pharmaceutical powder
medicament from a single reservoir space (2) or a multiplicity of reservoir
spaces, which medicament can be received 



by a patient by means of an air stream, the inhaler further comprising an
activating device (4) for manual engagement by the patient for repeatedly
metering a dose of medicament to be administered to the patient, and
further comprising an advancing mechanism (25) for advancing a counter or
indexing means (8) each time the activating device (4) has been engaged by
the patient so that a dose of medicament has been released for
administration to the patient, wherein the counter or indexing means (8)
comprises an index (9), the index (9) being detectable by a detection means
(10) of the inhaler, and the detection means (10) being coupled to a
locking mechanism (12), the locking mechanism (12) blocking the activating
device (4) and/or any transportation mechanism (5) of the inhaler (1)
delayed by a predetermined number of metering cycles since detection of the
index (9). 2 . The inhaler of claim 1 , wherein the predetermined number of
metering cycles since detection of the index (9) is one. 3 . The inhaler of
claim 1 or 2 , comprising a reservoir space (2) for a large number of doses
of pharmaceutical powder medicament, the activating device (4) for manual
engagement by the patient being connected to a transportation mechanism (5)
for moving a metering means at least from a filling position for receiving
a dose of medicament powder from the reservoir space (2) into an emptying
position for releasing said dose of medicament powder into an air duct (7),
for repeatedly metering a dose of medicament to be administered to the
patient, and further the advancing mechanism (25) being connected to the
transportation mechanism (5) foradvancing the counter or indexing means (8)
each time the transportation mechanism (5) moved the metering means so that
a dose of medicament has been released for administration to a patient,
wherein the locking mechanism (12) blocks the activating device (4) and/or
the transportation mechanism (5) after the predetermined number of metering
cycles since detection of the index (9). 4 . The inhaler of any of claims 1
to 3 , wherein the inhaler (1) comprises a receptacle (30) for a
pharmaceutical powder cartridge (3) comprising a reservoir space (2) for a
large number of doses of pharmaceutical powder medicament. 5 . The inhaler
of any of claims 1 to 4 , wherein the index (9) is formed by a signaling
section of a mechanical counter or indexing means (8). 6 . The inhaler of
claim 5 , wherein the signaling section (9) is formed by a notch or cam
(38). 7 . The inhaler of any of claims 6 to 7 , wherein the detection means
(10) comprises a signaling lever (13) for biased engagement with the
signaling section of the counter or indexing means (8). 8 . The inhaler of
claim 7 , wherein the signaling lever (13) is in hinged connection with a
rest lever (14) such that a movement of the signaling 



lever (13) is transmitted to the rest lever (14), the rest lever (14)
comprising a pilot section (15) allowing the rest lever (14) being biased
against the activating device (4) and/or the transportation mechanism (5),
and the rest lever (14) being in positive engagement with the activating
device (4) and/or the transportation mechanism (5) by means of a hook/notch
arrangement, after the transportation mechanism (5) reaches the emptying
position for releasing a dose of medicament powder, and thus arresting
theactivating device (4) and/or the transportation mechanism (5) so that no
further dosing cycle can be performed. 9 . The inhaler of claim 8 , wherein
the activating device (4) is arrested in a position different from normal
operation position to unambiguously indicate the blocking state of the
inhaler. 10. The inhaler of claim 7 or 8 , wherein the position of the
signaling lever (13) and the rest lever (14) is reset to normal operating
position, releasing the activating device (4) and/or the transportation (5)
from the blocked state, on insertion of a fresh unused pharmaceutical
powder cartridge (3). 11. The inhaler of claim 4 , wherein the receptacle
(30) for a pharmaceutical powder cartridge comprising a pharmaceutical
powder cartridge (3) is closed by a lid (29) of the non-removable snap on
type. 12. Pharmaceutical powder cartridge for use with an inhaler (1)
according to any one of the preceding claims, comprising at least one
reservoir space (2) for receiving a large number of doses of pharmaceutical
powder medicament, having a dose counter or indexing ring (8) carrying a
multiplicity of numbers or graphical or colored visual information for a
user, which ring (8) is movable relative to a cartridge body (26) by an
advancing mechanism (25) of the inhaler (1), the counter or indexing ring
(8) comprising a signaling section (9) for activating a locking mechanism
(12) of the inhaler (1) once the counter or indexing ring (8) reaches a
predetermined position relative to the cartridge body (26). 13.
Pharmaceutical powder cartridge according to claim 12, wherein the
signaling section (9) is formed by a notch or cam (11) for activating a
signaling lever of the inhaler.14. Pharmaceutical powder cartridge
according to claim 12 or 13, wherein the dose counter or indexing means (8)
comprises a securing means (27) preventing the counter or indexing ring (8)
from unintended rotation with respect to the cartridge body (26) by
applying a frictional force, or a notch/cam type security arrangement. 15.
Pharmaceutical powder cartridge according to any of claims 12 to 14,
further comprising an opening (32) for engagement of a signaling lever (13)
of a locking mechanism (12) of the inhaler (1) with the counter or indexing
ring (8). 16. Pharmaceutical powder cartridge according to any of claims 12
to 15, wherein there is a ratchet mechanism (33) provided in the cartridge
body 



(26) interacting with a toothed section (34) of the counter or indexing
ring (8) preventing the counter or indexing ring (8) from being reversed
even by user manipulation. 17. Pharmaceutical powder cartridge according to
any of claims 12 to 16, wherein the counter or indexing ring (8) further
comprises a notch or hook (37) for forced engagement with a corresponding
hook or notch (33) within the cartridge body (26) once the counter or
indexing ring (8) reaches a position indicating that the predetermined
number of medicament doses have been removed, preventing any further
movement of the counter or indexing ring (8) in either direction, once
engaged. 18. Pharmaceutical powder cartridge according to any of claims 12
to 17, further comprising a lid (38), the lid (38) covering an opening (31)
of the at least one reservoir space (2) for receiving a large number of
doses of pharmaceutical powder medicament, and a groove (28) surrounding
said opening (31) containing the dose counter or indexing ring (8), wherein
the lid (38) and the interior edge (39) of the opening (31) comprise each a
collar (40) to provide a tight snap-on fastening of the lid (38), so
thatthe at least one reservoir space (2) is sufficiently sealed against the
environment and the counter or indexing ring (8) cannot be removed without
destroying the cartridge. 19. Use of an inhaler (1) according to any one of
claims 1 to 11 together with a pharmaceutical powder cartridge (3)
according to any one of claims 12 to 18. 20. A method for operating an
inhaler for powdered medicaments, comprising the steps of: releasing a
medicament dose from a reservoir space (2), on engagement of an activating
device of the inhaler by a patient, advancing a counter or indexing means
(8) comprising an index (9), displaying the counter or indexing means (8)
to the patient or user of the inhaler, detecting whether the index (9) of
the counter or indexing means (8) reached a predetermined position
indicating an "empty" state of the inhaler, and on detection of the index
(9) at the predetermined position indicating an "empty" state of the
inhaler, blocking the activating device and/or any transportation means
after a predetermined number of additional releasing steps since detection
of the "empty" state. 21. Method according to claim 20, wherein the number
of additional releasing steps is 1 to 6 , preferably one. 


