
Alkyl sulfoxide quinolines as NK- 3 receptor ligands.
FIELD OF THE INVENTION This invention relates to
quinoline derivatives, pharmaceutical compositions
comprising them, and the use of such compounds in the
treatment of central nervous system and peripheral
diseases or disorders. This invention also relates to
the use of such compounds in combination with one or
more other CNS agents to potentiate the effects of the
other CNS agents. The compounds of this invention are
also useful as probes for the localization of cell
surface receptors. BACKGROUND OF THE INVENTION
Tachykinin receptors are the targets of a family of
structurally related peptides which include substance
P (SP)5neurokinin A (NKA) and neurokinin B (NKB),
collectively "tachykinins." Tachykinins are
synthesized in the central nervous system (CNS), and
peripheral tissues, where they exert a variety of
biological activities. Three tachykinin receptors are
known which are named neurokinin-1 (NK-I),
neurokinin-2 (NK-2) and neurokinin-3 (NK-3) receptors.
NK-I and NK-2 receptors are expressed in a wide
variety of peripheral tissues and NK- 1 receptors are
also expressed in the CNS whereas NK-3 receptors are
primarily expressed in the CNS. The neurokinin
receptors mediate a variety of tachykinin-stimulated
biological effects that include: transmission of
excitatory neuronal signals in the CNS and periphery
(e.g. pain signals), modulation of smooth muscle
contractile activity, modulation of immune and
inflammatory responses, induction of hypotensive
effects via dilation of the peripheral vasculature,
and stimulation of endocrine and exocrine gland
secretions. In the CNS, activation of NK-3 receptors
has been shown to modulate dopamine, acetylcholine and
serotonin release, suggesting a therapeutic utility
for NK-3 ligands for the treatment of a variety of
disorders including anxiety, depression, schizophrenia
and obesity. Studies in primate brain have shown the
presence of NK-3 mRNA in a variety of regions relevant
to these disorders. Studies in rats have shown NK-3
receptors to be located on MCH-containing neurons in
the lateral hypothalamus and zona incerta, again
suggesting a therapeutic utility for NK-3 ligands for
obesity.Non-peptide ligands have been developed for
each of the tachykinin receptors, however known
non-peptide NK-3 receptor antagonists suffer from a
number of problems such as species selectivity which
limits the potential to evaluate these compounds in
many appropriate disease models. New non-peptide NK-3
receptor ligands are therefore desirable for use as
therapeutic agents and as tools to investigate the
biological consequences of NK-3 receptor modulation.
SUMMARY OF THE INVENTION Disclosed are compounds,
particularly quinoline derivatives with affinity for
NK-3 receptors (NK-3r). These compounds have potential
for the treatment of a broad array of diseases,
disorders and conditions including but not limited to
depression, anxiety, schizophrenia, cognitive
disorders, psychoses, obesity, inflammatory diseases
including irritable bowel syndrome and inflammatory
bowel disorder, emesis, pre-eclampsia, chronic
obstructive pulmonary disease, disorders associated
with excessive gonadotrophins and/or androgens
including dysmenorrhea, benign prostatic hyperplasia,
prostatic cancer, and testicular cancer in which
modulation of the activity of NK-3 receptors is
beneficial, Ligands for NK-3 receptors disclosed and
stereoisomers, enantiomers, in vivohydrolysable
precursors and pharmaceutically-acceptable salts
thereof are compounds of Formula I wherein: R1 is
selected from H, C alky!-, Cs-gcycloalkyl- and
Ci^aIkVlOC(O)-; 



A is phenyl or Cs^cycloalkyl-; R2 at each occurrence
is independently selected from H, -OH, -NH2, -CN,
halogen, and n is 1, 2 or 3;R3 at each occurrence is
independently selected from H5-OH5 -NH2 -NO2, -CN,
halogen, Ci- alkyl-, Q.galkoxy- and
C1-6alkoxyCju6alkyl-; m is 1, 2 or 3; R4 is E-S(0)
r-(CH2)p-, wherein E is selected from C^alkyl-,
Cs^cycloalkyl-, aryl- and heteroaryl-, p is selected
from 0, 1, 2, 3, 4, 5 and 6, and r is selected from 0
1 and 2; R5 at each occurrence is independently
selected from H -OH, -CN, halogen, -R6, -OR 6, -NR R7,
-SR6 -SOR6 and -SO 2R6; q is 1 2 or 3; wherein: R6 and
R7 at each occurrence are independently selected from
H, a C1 straight or branched alkyl group, a C2-
straight or branched alkenyl or alkynyl group and a
C3-7carbocyclic group having zero, one or two double-
or triple-bonds, wherein said groups are either
unsubstituted or substituted with one or more moieties
selected from -OH, =0, -NH , -CN, halogen, aryl and
C1-SaIkOXy-; and, when R R or R is an alkyl,
cycloalkyl, alkoxy or alkoxyalkyl moiety, said
moieties are unsubstituted or have 1, 2, 3, 4 or 5
substituents independently selected at each occurrence
from -OH, -NH , -CN, phenyl and halogen. Also
disclosed are pharmaceutical compositions and
formulations containing the compounds, methods of
using them to treat diseases and conditions either
alone or in combination with other
therapeutically-active compounds or substances,
processes and intermediates used to prepare them, uses
of them as medicaments, uses of them in the
manufacture of medicaments and uses of them for
diagnostic and analytic purposes. In particular are
disclosed compounds, compositions containing them, and
methods using them for treating or preventing
conditions and disorders associated with a wide range
of diseases or disorders in which NK-3 receptors are
considered to have a role. DETAILED DESCRIPTION OF THE
INVENTION Compounds of the invention are compounds of
Formula I .A - wherein: R1 is selected from H,
Ci-4alkyl-, C3-6CyClOaIlCyI- and Ci-4alkylOC(O)-; A is
phenyl or Cs.ycycloalkyl-; R2 at each occurrence is
independently selected from H, -OH, -NH2, -CN,
halogen, C1-6alkyl-, C3-7cycloalkyl-, C1-6alkoxy- and
d-eaUcoxyC^salkyl-; n is I 32 or 3; R3 at each
occurrence is independently selected from H, -OH 5 -NH
, -NO2, -CN, halogen, C^alkyl-, C1-6alkoxy- and
Ci-ealkoxyQ. 6alky.l-; m is 1, 2 or 3; R4 is E-S(O)
r-(CH2)p-5 wherein E is selected from C1-6alkyl-,
C3-6cycloalkyl-, aryl- and heteroaryl-, p is selected
from 0, 1, 2, 3, 4, 5 and 6, and r is selected from 0,
1 and 2; R5 at each occurrence is independently
selected from H, -OH, -CN, halogen, -R6, -OR 6, -NR
6R7, -SR6, -SOR 6 and -SO2R6; q is 1, 2 or 3; wherein:
R and R at each occurrence are independently selected
from H, a C1. straight or branched alkyl group, a C2-6
straight or branched alkenyl or alkynyl group and a 



C3-7carbocyclic group having zero, one or two double-
or triple-bonds, wherein said groups are either
unsubstituted or substituted with one or more moieties
selected from -OH, =0, -NH , -CN, halogen, aryl and
C1-SaIkOXy-; and, when R1, R2 or R3 is an alkyl,
cycloalkyl, alkoxy or alkoxyalkyl moiety, said
moieties are unsubstituted or have 1, 2, 3, 4 or 5
substituents independently selected at each occurrence
from -OH, -NH , -CN, phenyl and halogen;
stereoisomers, enantiomers, in vrvo-hydrolysable
precursors and pharmaceuticallyacceptable salts
thereof.Particular compounds are those wherein: A is
phenyl; R1 is selected from C^aUcyl-, Cj-scycloalkyl-
and Ci-4alkylOC(O)-; R2 is selected from H, halogen
and unsubstituted Q^alkoxy-; R3 is H or halogen; n and
m are both 1, and when R1 is an alkyl, cycloalkyl,
alkoxy or alkoxyalkyl moiety, said moieties are
unsubstituted or have 1, 2, 3 4 or 5 substituents
independently selected at each occurrence from -OH,
-NH2 -CN and halogen; stereoisomers, enantiomers, in
v'vo-hydrolysable precursors and
pharmaceuticallyacceptable salts thereof. Other
particular compounds are those wherein: A is phenyl;
R1 is selected from C^alkyl- and C3-6Cy cloalkyl-; R2
is selected from H, halogen and unsubstituted
C1-6alkoxy-; R3 is H or halogen; n and m are both 1;
R4 is E-S(O)1-(CH )P wherein E is selected from C
alky!-, C - cycloalkyl-, aryl- and heteroaryl-, p is
selected from 0, 1, 2 and 3 and r is selected from 0,
1 and 2; R5 is H; stereoisomers, enantiomers, in
vzvo-hydrolysable precursors and
pharmaceuticallyacceptable salts thereof. Still other
particular compounds are those wherein: A is phenyl;
R1 is ethyl or cyclopropyl; R2 is selected from H, F
and -OCH3; R3 is H or F; n m and q are each 1; R4 is
E-S(O)r-(CH2)p-, wherein E is selected from aryl- and
heteroaryl-, p is selected from 0, 1, 2 and 3 and r is
selected from 0, 1 and 2; R5 at each occurrence is
independently selected from H, -OH and halogen;
stereoisomers, enantiomers, in vzr-hydrolysable
precursors and pharmaceuticallyacceptable salts
thereof.Still other particular compounds are
enantiomers in accord with Formula II wherein R1, A, R
, n, R , m, R4, R and q are as defined for Formula I;
stereoisomers, enantiomers, in vzvo-hydrolysable
precursors and pharmaceuticallyacceptable salts
thereof. Particular compounds are selected from those
described in Table 1, stereoisomers, enantiomers, in
vzr-hydrlysable precursors and
pharrnaceutically-acceptable salts thereof. Compounds
of the present invention have the advantage that they
may be more soluble, be more easily absorbed and more
efficacious in vivo, produce fewer side effects, be 



less toxic, be more potent, more selective, be longer
acting, be less metabolized and/or have a better
pharmacokinetic profile than, or have other useful
pharmacological or physicochemical properties over
known compounds. Using assays for functional activity
described herein, compounds of the invention will be
found to have IC50's of less than about 1 mM for NK-3
receptors and many compounds will be found to have
IC50's of less than about 100 nM for NK-3 receptors.
ABBREVIATIONS AND DEFINITIONS As used herein, unless
otherwise indicated, Q-ealkyl includes but is not
limited to methyl, ethyl, n-propyl, n-butyl, z-propyl,
z-butyl, -butyl, s-butyl moieties, whether alone or
part of another group and alkyl groups may be
straight-chained or branched. As used herein, unless
otherwise indicated, C -6alkoxy includes but is not
limited to -O-methyl, -O-ethyl, -O-w-propyl,
-O-n-butyl, -O-z-propyl, -O-i-butyl, -O-f-butyl,
-O-s-butyl moieties, whether alone or part of another
group and alkoxy groups may be straight-chained or
branched. As used herein C3 cycloalkyl groups include
but are not limited to the cyclic alkyl moieties
cyclopropyl, cyciobutyl, cyclopentyl and cyclohexyl.
As used herein, unless otherwise indicated,
C2-6alkenyl includes but is not limited to 1-propenyl,
2-propenyl, 1-butenyl, 2-butenyl and 3-butenyl.As used
herein, unless otherwise indicated, C2_<5 alkynyl
includes but is not limited to ethynyl, 1-propynyl,
2-propynyl, 1-butynyl, 2-butynyl and 3-butynyl. As
used herein, unless otherwise indicated, halo or
halogen refers to fluorine, chlorine, bromine, or
iodine; As used herein, aryl includes to phenyl and
naphthyl; As used herein, aromatic or non-aromatic
heterocyclic rings include but are not limited to N-
or C-linked furyl, imidazolyl, oxazolyl, pyrrolidinyl,
thiazolyl, thiophenyl, pyrrolyl, morpholinyl,
piperidinyl, piperazinyl, pyrazinyl, pyridyl,
pyrimidinyl, indanyl, indolyl, quinolinyl,
isoquinolinyl, quinazolinyl, quinoxalinyl,
benzo[b]thiorhenyl, benzoxazolyl, or benzthiazolyl;
DCM refers to dichloromethane; EtOAc refers to ethyl
acetate; EDC refers to
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide; EDTA
refers to ethylenediaminetetraacetic acid; HEPES
refers to 4-(2-hydroxyethyl)-l-piperazine ethane
sulfonic acid, monosodium salt, and TEA refers to
triethylamine. In processes described herein, where
necessary, hydroxy, amino, or other reactive groups
may be protected using a protecting group as described
in the standard text "Protecting groups in Organic
Synthesis", 3rd Edition (1999) by Greene and Wuts.
Unless otherwise stated, reactions are conducted under
an inert atmosphere, preferably under a nitrogen
atmosphere and are usually conducted at a pressure of
about one to about three atmospheres, preferably at
ambient pressure (about one atmosphere). The compounds
of the invention and intermediates may be isolated
from their reaction mixtures by standard techniques.
Acid addition salts of the compounds of Formula I
which may be mentioned include salts of mineral acids,
for example the hydrochloride and hydrobromide salts;
and salts formed with organic acids such as formate,
acetate, maleate, benzoate, tartrate, and fumarate
salts. Acid addition salts of compounds of Formula I
may be formed by reacting the free 



base or a salt, enantiomer or protected derivative
thereof, with one or more equivalents of the
appropriate acid. The reaction may be carried out in a
solvent or medium in which the salt is insoluble or in
a solvent in which the salt is soluble, e.g., water,
dioxane, ethanol,tetrahydrofuran or diethyl ether, or
a mixture of solvents, which may be removed in vacuum
or by freeze drying. The reaction may be a
metathetical process or it may be carried out on an
ion exchange resin. Certain compounds of Formula I may
exist in tautomeric or enantiomeric forms, all of
which are included within the scope of the invention.
The various optical isomers may be isolated by
separation of a racemic mixture of the compounds using
conventional techniques, e.g. fractional
crystallization, or chiral HPLC. Alternatively the
individual enantiomers may be made by reaction of the
appropriate optically active starting materials under
reaction conditions which will not cause racemization.
SYNTHESIS AND SCHEMES Compounds of Formula 1may be
prepared by general methods. Method 1: As shown in
Schemes A and B a
3-methyl-2-phenyl-quinoline-4-carboxylic acid
(alkyl)-amide may be reacted with N-bromosuccinimide
(NBS) in the presence of a radical initiator such as
ultraviolet light to afford a
3-bromomethyl-2-phenyl-quinoline-4-carboxylic acid
(alkyl)-amide. Said alkylhalide may be reacted with a
thiol such as sodium methanethiolate to afford the
corresponding thioether, which may then be oxidized
with an oxidizing agent such as sodium periodate to
afford a corresponding 3-methanesulfinylmethyl-
2-phenyl-quinoline-4-carbox.ylic acid (alkyl)-amide.
Alternatively, said thioether may be oxidized with an
oxidizing agent such as meta-chloroperoxybenzoic acid
to afford a corresponding
3-methanesulfonyhnethyl-2-phenyl-quinoline-4-carboxyli
c acid (alkyl)-amide. Method 2: Compounds with ethyl
or other alkyl-linked tethers between the quinoline
and the sulfur atom can be prepared by reacting a
3-bromomethyl-2-phenyl-quinoline-4-carboxylic acid
(alkyl)-arnide with another nucleophile such as dimsyl
potassium, instead of sodium methanethiolate, to
afford a corresponding
3-(2-methylsulfanyl-ethyl)-2-phenyl-quinoline-4-
carboxylic acid (alkyl)-amide. This material can then
be oxidized according to the processes described in
Method 1 to afford a corresponding sulfone. Method 3:
Compounds where a sulfur is directly attached to the
quinoline can be prepared, as shown in Scheme B, by
reacting a
3-alkylsulfanyl-2-phenyl-qu.inoline-4-carboxylic acid
with an appropriate amine in the presence of a
suitable coupling agent system such as
dicyclohexylcarbodiimide and hydroxybenzotriazole to
afford a
3-alkylsulfanyl-2-phenylquinoline-4-carboxylic acid
(alkyl)-amide, this compound may be oxidized with an
oxidizing agent such as sodium periodate to afford a
corresponding sulfoxide, or with an oxidizing agent
such as meta-chloroperoxybenzoic acid to afford a
corresponding sulfone. An exemplary process, to form a
particular compound of Formula I is shown in Schemes A
and B. Scheme A. Scheme B.mCPBA Thus as illustrated in
Scheme A3 3-methyl-2- rhenyl-quinoline-4-carboxylic
acid (1- phenyl-propyl)-amide may be halogenated by
reaction with a halogen source such as
Nbromosuccinimide in the presence of a radical
initiator such as ultraviolet light at elevated
temperature (typically 50-100 0C) in an appropriate
solvent such as carbon tetrachloride to afford
3-bromomethyl-2-phenyl-quinoline-4-carboxylic acid
(l-phenyl-propyl)-amide. This material may be reacted
with a suitable nucleophile such as sodium
methanethiolate to afford 3-(methylthiomethyl)-2-
rhenyl-N-(l -phenylpropyl)qumoline-4-carboxamide. This
material 



may be oxidized with an oxidizing agent such as sodium
periodate to afford 3-
(methylsulfinylmethyl)-2-phenyl-N-(l
-phenylpropyl)quinoline-4-carboxamide; or it may be
oxidized with an oxidizing agent such as
meta-chloroperoxybenzoic acid to afford 3-
(methylsulfonylmethyl)-2-phenyl-N-(l-phenylpropyl)quin
oline-4-carboxamide. In a further aspect the invention
relates to compounds described herein wherein one or
more of the atoms is a radioisotope of the same
element. In a particular form of this aspect of the
invention the compound is labeled with tritium. Such
radio-labeled compounds are synthesized either by
incorporating radio-labeled starting materials or, in
the case of tritium, exchange of hydrogen for tritium
by known methods. Known methods include (1)
electrophilic halogenation, followed by reduction of
the halogen in the presence of a tritium source, for
example, by hydrogenation with tritium gas in the
presence of a palladium catalyst, or (2) exchange of
hydrogen for tritium performed in the presence of
tritium gas and a suitable organometallic (e.g.
palladium) catalyst. Compounds of the invention
labeled with tritium are useful for the discovery of
novel medicinal compounds which bind to and modulate
the activity, by agonism, partial agonism, or
antagonism, of an NEC-3 receptor. Such tritium-labeled
compounds may be used in assays mat measure the
displacement of such compounds to assess the binding
of ligands that bind to NK-3 receptors.In a further
aspect the invention relates to compounds described
herein additionally comprising one or more atoms of a
radioisotope. In a particular form of this aspect of
the invention the compound comprises a radioactive
halogen. Such radio-labeled compounds are synthesized
by incorporating radio-labeled starting materials by
known methods. Particular embodiments of this aspect
of the invention are those in which the radioisotope
is selected from 18F, 123I5 1251, 131I5 75Br, 76Br,
77Br or 82Br. A most particular embodiment of this
aspect of the invention is that in which the
radioisotope is 18F. Such compounds comprising one or
more atoms of a radioisotope are useful as positron
emission tomography (PET) ligands and for other uses
and techniques to determine the location of NK3
receptors. Therapeutic uses of compounds: In another
aspect the invention relates to compounds in accord
with Formula I described herein and the use of such
compounds in therapy and in compositions useful for
therapy. In another aspect the invention encompasses
the use of compounds described herein for the therapy
of diseases mediated through the action of NK-3
receptors. Such an aspect encompasses methods of
treatment or prophylaxis of diseases or conditions in
which modulation of the NK-3 receptor is beneficial
which methods comprise administering a
therapeutically-effective amount of an antagonistic
compound of the invention to a subject suffering from
said disease or condition. One embodiment of this
aspect of the invention is a method of treatment or
prophylaxis of disorders, wherein the disorder is
depression, anxiety, schizophrenia, cognitive
disorders, psychoses, obesity, inflammatory diseases
including irritable bowel syndrome and inflammatory
bowel disorder, emesis, pre-eclampsia, chronic
obstructive pulmonary disease, disorders associated
with excessive gonadotrophins and/or androgens
including dysmenorrhea, benign prostatic hyperplasia,
prostatic cancer, or testicular cancer comprising
administering a pharmacologically effective amount of
a compound of Formula I to a patient in need thereof.
A further aspect of the invention is the use of a
compound according to the invention, an enantiomer
thereof or a pharmaceutically-acceptable salt thereof,
in the treatment or 



prophylaxis of a disease or condition in which
modulation of the NK-3 receptor is beneficial.
Particular diseases and conditions that may be treated
are depression, anxiety, schizophrenia, cognitive
disorders, psychoses, obesity, inflammatory diseases
including irritable bowel syndrome and inflammatory
bowel disorder, emesis, pre-eclampsia, chronic
obstructivepulmonary disease, disorders associated
with excessive gonadotropins and/or androgens
including dysmenorrhea, benign prostatic hyperplasia,
prostatic cancer, and testicular cancer. More
particular embodiments encompass uses of a compound in
the treatment or prophylaxis of anxiety, depression,
schizophrenia and obesity. A further aspect of the
invention is the use of a compound according to the
invention, an enantiomer thereof or a
pharmaceutically-acceptable salt thereof, in the
manufacture of a medicament for the treatment or
prophylaxis of the diseases or conditions mentioned
herein. A particular embodiment of this aspect of the
invention is the use of a compound of the invention in
the manufacture of a medicament for treatment or
prophylaxis of depression, anxiety, schizophrenia,
cognitive disorders, psychoses, obesity, inflammatory
diseases including irritable bowel syndrome and
inflammatory bowel disorder, emesis, pre-eclampsia,
chronic obstructive pulmonary disease, disorders
associated with excessive gonadotrophins and/or
androgens including dysmenorrhea, benign prostatic
hyperplasia, prostatic cancer, and testicular cancer.
PHARMACEUTICAL COMPOSITIONS Compounds of the
invention, enantiomers thereof, and
pharmaceutically-acceptable salts thereof, may be used
on their own or in the form of appropriate medicinal
preparations for enteral or parenteral administration.
According to a further aspect of the invention, there
is provided a pharmaceutical composition including
preferably less than 80% and more preferably less than
50% by weight of a compound of the invention in
admixture with an inert pharmaceutically-acceptable
diluent, lubricant or carrier. Examples of diluents,
lubricants and carriers are: - for tablets and
dragees: lactose, starch, talc, stearic acid; - for
capsules: tartaric acid or lactose; - for injectable
solutions: water, alcohols, glycerin, vegetable oils;
- for suppositories: natural or hardened oils or
waxes. There is also provided a process for the
preparation of such a pharmaceutical composition which
process comprises mixing or compounding the
ingredients together and forming the mixed ingredients
into tablets or suppositories, encapsulating the
ingredients in capsules or dissolving the ingredients
to form injectable solutions.
Pharmaceutically-acceptable derivatives include
solvates and salts. For example, the compounds of the
invention may form acid addition salts with acids,
such as conventionalpharmaceutically-acceptable acids
including maleic, hydrochloric, hydrobromic,
phosphoric, acetic, fumaric, salicylic, citric,
lactic, mandelic, tartaric and methanesulfonic acids.
Acid addition salts of the compounds of Formula I
which may be mentioned include salts of mineral acids,
for example the hydrochloride and hydrobromide salts;
and salts formed with organic acids such as formate,
acetate, maleate, benzoate, tartrate, and funiarate
salts. Acid addition salts of compounds of Formula I
may be formed by reacting the free base or a salt,
enantiomer or protected derivative thereof, with one
or more equivalents of the appropriate acid. The
reaction may be carried out in a solvent or medium in
which the salt is insoluble or in a solvent in which
the salt is soluble, e.g., water, dioxane, ethanol,
tetrahydrofuran or diethyl ether, or a mixture of
solvents, which may be removed in vacuum or by freeze
drying. The reaction may be a metathetical process or
it may be carried out on an ion exchange resin. For
the uses, methods, medicaments and compositions
mentioned herein the amount of compound used and the
dosage administered will, of course, vary with the
compound 



employed, the mode of administration and the treatment
desired. However, in general, satisfactory results are
obtained when the compounds of the invention are
administered at a daily dosage of about 0.1mg to about
20 mg/kg of animal body weight. Such doses may be
given in divided doses 1 to 4 times a day or in
sustained release form. For man, the total daily dose
is in the range of from 5 mg to 1,400 mg, more
preferably from 10 mg to 100 mg, and unit dosage forms
suitable for oral administration comprise from 2 mg to
1,400 mg of the compound admixed with a solid or
liquid pharmaceutical carriers, lubricants and
diluents. Some compounds of the invention may exist in
tautomeric, enantiomeric, stereoisomeric or geometric
isomeric forms, all of which are included within the
scope of the invention. The various optical isomers
may be isolated by separation of a racemic mixture of
the compounds using conventional techniques, e.g.
fractional crystallization, or chiral HPLC.
Alternatively the individual enantiomers may be made
by reaction of the appropriate optically active
starting materials under reaction conditions which
will not cause racemization. Exemplary compounds of
the invention may be prepared by processes analogous
to that described in Scheme A. Those of skill in the
art will readily appreciate that many suitable amines
and acid chlorides and carboxylic acids may be used to
form compounds within the scope of the subject matter
described herein as Formula I. EXEMPLARY COMPOUNDS
Examples 1, 2 and 3 were prepared in accord with
Scheme 1Scheme 1: Example 1.
3-(methylthio)-2-phenyl-iV-[fl^)-l-phenylpropyl]
quinoline-4-carb oxamide (1) To a solution of
3-(methylthio)-2- rhenylquinoline-4-carboxylic acid
(150 mg, 0.51 mmol) and triethylamine (0.17 mL, 1.22
tnmol) in EtOAc (2.5 mL) at 5 DC was added thionyl
chloride (0.043 mL, 0.61 mmol). The cooling bath was
removed and the suspension allowed to stir for 0.5 h,
then (<S)-(-)-l-rhenylpropylamine (76 nig, 0.56 mmol)
was added and reaction allowed to stir for another 0.5
h. Water (2 mL) and EtOAc (2 mL) were then added, the
layers shaken together, then separated, the organics
dried over Na2SO4, filtered, and concentrated under
reduced pressure. The resulting material was purified
by silica gel chromatography (0-20% EtOAc/CH2Cl2) to
give the desired product (150 mg, 70 % yield) as a
solid. 1H NMR (300 MHz, CDCi3) 8.11 (d, J 8.4 Hz, IH),
7.78 - 7.67 (m, 4H), 7.55 - 7.27 (m, 9H), 6.12 (d, J =
8.5 Hz, IH), 5.30 (q, J = 7.6 Hz, IH), 2.16 1.91 (m,
5H), 1.06 (t, J 7.4 Hz, 3H); HRMS m/z 413.1669, calcd
413.1688.Example 2. 3-fmethylsulfmyl)-2-rhenyl- ~jYl
1S' )- l-phenylrropyl]quinoline-4-carboxamide A
solution of
3-(methylthio)-2-rhenyl-JV-[(16)-l-phenylpropyl]quinol
ine-4- carboxamide (1) (60 mg, 0.145 mmol) in EtOH (2
mL) was prepared and to this, with stirring, was added
a solution OfNaIO4 (37 mg, 0.174 mmol) in H2O (1 mL).
Additional H2O ( 1 mL) and EtOH (2 mL) were then added
and reaction heated at 50 0C for 2 h. Additional NaIO
(10 mg) was then added and reaction heated at 78 0C
for 14 h. Again, more NaIO4 (50 mg) was added and
reaction heated at 90 0C (sealed tube) for 3 h., then
allowed to cool. It was concentrated under reduced
pressure, diluted with EtOAc5washed with H2O, dried
over Na2SO4, filtered, and again concentrated under
reduced pressure. The resulting material was purified
by silica gel chromatography to give the desired
products (50 mg, 80% yield) as a solid. (1HNMR shows
two diastereomers present). 1H NMR (300 MHz5CDCl3) d
8.20 - 7.28 (m, 14H), 6.96 - 6.48 (m, IH), 5.31 - 5.15
(m, IH), 2.94 - 2.62 (m, 3H), 2.32 - 1.84 (m52H)5 1.07
- 0.90 (m53H); HRMS m/z 429.1602, calcd 429.1637.
Example 3. 3-(methylsulfony l)-2-phenyl- -rri S -l
-phenylpropyl]quinoline-4-carboxamide To a stirring
solution of 3-(methylthio)-2-phenyl- V-[(l S)-l
-rhenylpropyl]quinoline-4- carboxamide (1) (40 mg,
0.097 mmol) in CH2Cl2 (ImL) was added MCPBA (54 mg of
70- 75%, 0.23 mmol) and solution allowed to stir for 1
h. Additional MCPBA (10 mg) was added and reaction
heated at 40 0C for 1 h., then allowed to cool. Next
was added H2O ( 1 mL) and afew crystals of sodium
thiosulfate, CH2Cl2 (3 mL), and 1N NaOH (2 mL
-aqueous). The 



layers were shaken together, separated, the organics
dried over Na SO4, filtered, and concentrated under
reduced pressure. The residue was purified by silica
gel chromatography (0-25% EtOAc/CH2Cl2) to give the
desired product (6 mg) as a white solid. 1H NMR (300
MHz, CDCl3, 65 0C) d 8.13 (d, J = 8.5 Hz, IH) 7.92 -
7.76 (m, 2H), 7.59 - 7.25 (m, 1IH), 6.19 - 6.08 (m,
IH), 5.27 - 5.15 (m, IH) 32.96 (s, 3H) 2.28 - 1.87 (m,
2H), 1.00 (t, J = 7.4 Hz5 3H); HRMS m/z 445.1573,
calcd 445.1586. Example 4, 5, 6 and 7 were prepared in
accord with Scheme 2. Scheme 2: Example 4. 3-(
ethylthio)-2-phenyl-N-fd
$)-l-phenylpropynquinolin-4-carboxamide (5)A solution
of 3-(ethylthio)-2-phenylquinoline-4-carboxylic acid
(4) (269 mg, 0.87 mmol), HOBT hydrate (230 mg, 1.5
mmol), 4-methylmorpholine (164 mL, 1.5 mmol) in DCM
(30 ml) was added EDC (289 mg, 1.5 mmol) at RT under
N2. (5)-l-Phenyl propylamine (202 mg, 1.5 mmol) was
then added and the reaction mixture stirred at RT for
12 h. All solvent was removed in vacuo and the residue
was partitioned between ethyl acetate and 0.5 NHCl
aqueous solution. The organic phase was washed with
10% aqueous sodium bicarbonate solution, brine, and
dried over sodium sulfate. The organic solution was
then concentrated in vacuo. The residue was purified
by chromatography eluting with 15- 25% ethyl acetate /
hexane to give the title compound (315 mg, 85% yield)
as a solid. 1H NMR (300MHz, CDCl3) d 0.96 (t, 3H),
1.22 (t, 3H), 2.0 (m, 2H), 2.40 (m, 2H), 5.28 (q, IH),
7.20 (d, 2H), 7.34 (d, 2H)5 7.39 (m, 2H), 7.78 (m,
2H), 7.84 (m, 2H), 8.00 (m, IH), 8.11 (m, 2H), 8.15
(m, 2H). MS APCI, m/z = 427 (M+l). LCMS: 2.82 min. The
starting acid,
3-(ethylthio)-2-phenylquinoline-4-carboxylic acid (4),
was prepared in the following manner: To isatin (882
mg, 6 mmol) was added a solution of sodium hydroxide
(2.30 g, 57.5 mmol) in water (5.0 mL). The resulting
brown precipitate was stirred vigorously at rt for 20
minutes before being heated to 85 0C. A solution of
2-(ethylthio)-l-phenylethanone (1080 mg, 6.0 mmol) in
ethanol/THF/water (13 mL / 2.5 mL/ 13 mL was then
added dropwisely over 30 minutes. The reaction mixture
was stirred at 85 0C or further 4h before cooling to
rt. All organic solvents were removed in vacuo and the
aqueous residue reduced to a volume of approximately
12 mL The aqueous residue was washed with ether (3 x
10 mL) and then the aqueous residue was acidified with
cooling to pH 4 with concentrated acetic acid.
Theprecipitate formed were collected, washed with
water and dried to give the title compound as a solid
(1580 mg, 85.2 %). 1H NMR (300MHz, CDCl3) d 1.22 (t,
3H), 2.97 (q, 2H)3 7.28 (d, IH) 7.35 (d, 2H)5 7.77 (m,
IH), 7.86 (m, IH) 5 7.99 (m, 2H), 8.29 (m, IH), 9.1 1
(m, IH), 10.33 (b, 2H). MS APCI, m/z 310 (M+ 1). LCMS:
1.73 min. Example 5. 3-fethyls iilfinv)-2-phen
gl-N-r(1Sf)-l-phenylpropynquinoline-4-carboxamide (6)
To a solution of
3-(ethylthio)-2-phenyl-N-[(16)-l-phenylpropylJquinolin
-4- carboxamide (5) (300 mg, 0.70 mmol) in MeOH (25
mL) was added a solution OfNaIO (300mg, 1.4 mmol) in
water (15 mL) while it was cooled to 0 0C. The cooling
bath was removed, and reaction allowed stir for 12 h.
LCMS indicated no reaction take place. Added another 2
eq OfNaIO and the reaction mixture was heated to
reflux for 8h. It was then diluted with EtOAc, washed
with brine, dried over Na SO , filtered, and
concentrated under reduced pressure. The residue was
purified by silica gel chromatography (10-35% EtOAc/
CH2Cl2) to give the desired product (two
diastereomers) as a solid (88mg, 28.4%). 1H NMR
(300MHz, CDCl3) d 0.97 (t, 3H) 1.21 (t, 3H)52.01 (m,
2H), 2.71 (m, 2H), 5.21 (q, IH), 7.21 (d, 2H), 7.34
(d, 2H), 7.39 (m, 2H) 7.78 (m, 2H), 7.84 (m, 2H), 8.00
(m, IH), 8.11 (m, 2H), 8.14 (m, IH), 8.16 (m, IH). MS
APCI, m/z = 443 (M+l). LCMS: 2.15 min. Example 6.
3-(ethvlsulfonv)-2-phenvl-N-rr^)-l-phenvlpropyllquinol
ine-4-carboxamide (7) To a solution of
3-(ethylthio)-2-phenyl-N-[(15}-
l-phenylpropyl]quinolm-4- carboxamide (5) (100 mg,
0.235 mmol) in CH2Cl2 (10 mL) was treated with m-CPBA 



(112mg, 70-75%, 0.45 mmol) at 0 0C. The cooling bath
was removed, and reaction allowedstir for 12 h. LCMS
indicated the reaction only goes for 60%. Another 30mg
of m-CPBA added and continue to stir the mixture for
6h. It was then diluted CH2Cl2, washed with IN NaOH
aqueous solution, brine, dried over Na2SO4 filtered,
and concentrated under reduced pressure. The residue
was purified by silica gel chromatography (10-15
%EtOAc/ hexane) to give the desired product as a solid
(40mg, 38.4%). 1H NMR (300MHz, CDCl3) d 0.98 (t, 3H),
1.26 (t, 3H), 2.15 (m, 2H) 2.96 (m, 2H), 5.22 (m, IH),
7.22 (d, 2H)5 7.36 (d, 2H), 7.39 (m, 2H), 7.78 (m,
2H), 7.84 (m, 2H) 8.00 (m, IH), 8.11 (m, 2H)5 8.14 (m,
IH), 8.17 (m, IH). MS APCI, mJz = 459 (M+l). LCMS:
2.27 min. Examples 7, 8, 9 and 10 were prepared in
accord with Scheme 3. Scheme 3. Example 7.
3-fbromomethyl)-2-phenyl-7Vr-r(l
S^-l-phenylrropynquinoline-4-carboxamide
(8)3-methyl-2-phenyl-7V-[(l"->)-l-phenylpropyl]quinoli
ne-4-carboxapiide (9.8 g 26 mmol) was dissolved in 200
mL hot CCU (with stirring) under N and heated at a
gentle reflux. NBS (6.9 g, 39 mmol) was added and
solution irradiated with long wave UV light for 0.5 h.
Additional NBS (1.9 g, 11 mmol) was added and solution
irradiated and refluxed for another 0.5 h. It was then
allowed to cool and concentrated under reduced
pressure to remove most of the CCl4. The residue was
then dissolved in CH Cl2 and washed with aqueous NaHCq
3 containing a few crystals of sodium thiosulfate. The
organic layer was then dried over Na SO4, filtered,
and concentrated under reduced pressure. The resulting
material was then purified using silica gel
chromatography (0-15% EtOAc/CH 2Cl2) to give 2.9 g of
desired product (24 %) as a yellow-white solid. 1H NMR
(300 MHz, CDCl3, 520C) d 8.1 1 (d, J = 8.1 Hz, IH)
7.81 - 7.67 (m, 2H), 7.67 - 7.58 (m, 2H), 7.55 - 7.26
(m, 9H), 6.39 (d, J = 7.8 Hz3 IH), 5.28 (q, J = 7.6
Hz, IH), 4.74 - 4.50 (m, 2H), 2.23 1.91 (m, 2H), 1.03
(t, J = 7.4 Hz, 3H); LCMS: m/z 459 (MH+) . Example 8.
3-[Tmethylthio)methyl]-2-phenyl-iV-[(16r)
l-phenylpropyl]quinoline-4- carboxamide (9) To a
stirring solution of 3-(bromomethyl)-2-phenyl-iV-[(l
S)-lphenylpropyl] quinoline-4-carboxamide (8) (2.9 g,
6.32 mmol) in anhydrous THF (35 mL) under N2 was added
sodium thiomethoxide (NaSMe, 880 mg, 12.64 mmol) and
reaction stirred 1.5 h. It was then diluted with
EtOAc; washed with aqueous 0.3 N NaOH, then H2O, then
brine; dried over Na2SO4; filtered; and concentrated
under reduced pressure. The residue was purified by
silica gel chromatography (5-15% EtOAc/CH 2Cl2) to
give the desiredproduct (2.5 g, 90% yield) as a solid.
1H NMR (300 MHz, CDCl3 52 0C) d 8.10 (d, J = 8.4 Hz,
IH), 7.78 (d, J = 8.1 Hz IH), 7.72 - 7.60 (m, 3H)5
7.53 - 7.25 (m, 9H)5 6.68 (d, J = 7.8 Hz5 IH) 5 5.29
(q5J = 7.6 Hz5 IH), 3.79 (q, J 13.7 Hz, 2H)5 2.19 -
1.90 (m, 2H), 1.77 (s, 3H), 1.03 (t, J = 7.4 Hz, 3H);
LCMS: m/z All (MH+) . Example 9.
3-Ffmethylsulfinyl)methyl]-2-phenyl-iV-r(16)-l-phenylp
r opyl]qumolipe-4- carboxamide (10) A solution of
3-[(methylthio)methyl]-2-phenyl-iV
:-[(15)-l-phenylpropyl]quinolme-4- carboxamide (9)
(1.7 g, 3.98 mmol) in EtOH (40 mL) was cooled to 0 0C,
and to this, with stirring, was added a solution
OfNaIO ( 1.02 g, 4.78 mmol) in H O (20 mL). The
cooling bath was removed and reaction allowed to stir
for 3 h, and then concentrated under reduced pressure
to remove most of the EtOH. It was then diluted with
EtOAc 5washed with H O (containing some NaCl to reduce
emulsion), dried over Na2SO4, filtered, and
concentrated under reduced pressure. The residue was
purified by silica gel chromatography (10-35%
EtOAc/CH2Cl2) to give the desired products (two
diastereomers) each as a solid. Isomer A: 1H NMR (300
MHz, CDCI3, 52 0C) d 8.66 (d, J = 6.6 Hz, IH), 8.1 1
(d, J = 8.4 Hz, IH), 8.02 (d, J = 7.6 Hz, IH), 7.73
(t, J = 8.4 Hz, IH), 7.62 - 7.51 (m, 3H), 7.50 - 7.25
(m, 8H), 5.31 (q, J = 8.0 Hz, IH), 3.96 (s, 2H)52.10 -
1.90 (m, 5H), 1.04 (t, J = 7.3 Hz5 3H); LCMS: m/z 443
(MH+) . 



Isomer B: 1H NMR (300 MHz, CDCl3, 52 0C) d 8.43 (d, J
= 7.6 Hz, IH), 8.09 (d, J = 8.1 Hz, IH), 7.75 - 7.64
(m, 2H) 5 7.57 - 7.26 (m, 1IH), 5.20 (q, J = 7.6 Hz,
IH), 4.25 (q, J = 16.7 Hz, 2H), 2.43 (b, 3H) 2.20 1.88
(m, 2H)5 1.00 (t, J 7.4 Hz, 3H); LCMS: m/z 443 (MH+) .
Example 10. 3-[(methylsulfonyl)methyll-2-phenyl-iV :-|
p S - l -phenylpropvl]quinolirie-4- carboxamide (
11)To a stirring solution of
3-[(methylthio)methyl]-2-phenyl-iV-[(l S)-l-
rhenylpropyl]quinoline-4-carboxarnide (9) (800 mg,
1.87 mmol) at 0 0C was added MCPBA (900 mg, 70-75%,
4.31 mmol), the cooling bath removed, and reaction
allowed to stir for 1 h. Additional MCPBA (100 mg) was
added and reaction heated briefly to 40 0C, then
allowed to cool. Sodium thiosulfate (Na2S2O3 SH O -
1.5 g) and H2O (10 mL) were added and suspension
stirred vigorously for 10 min., diluted with CH2CI2,
washed with aqueous 0.3 N NaOH, dried over Na2SO4,
filtered, and concentrated under reduced pressure. The
residue was purified by silica gel chromatography
(0-25% EtOAc/CH 2Cl2) to give the desired product (630
mg, 73% yield) as a solid. H NMR (300 MHz, CDCl3, 52
0C) d 8.12 (d, J = 8.4 Hz5 IH) 5 7.83 - 7.68 (m, 2H),
7.61 (d, J = 7.7 Hz 2H), 7.56 - 7.26 (m, 10H), 5.22
(q, J 7.6 Hz, IH), 4.74 (d, J = 12.3 Hz, 2H), 2.31 (s,
3H), 2.20 - 1.88 (m, 2H), 1.00 (t, J = 7.4 Hz5 3H);
LCMS: m/z 459 (MH ) . Examples 11 and 12 were prepared
in accord with Scheme 4. Scheme 4. Example 11.
3-[2-(meJhylsulfinyl)ethyl1-2-phenyl-7Y-[(16)-l-phenyl
propyl1quinoline-4- carboxatnide (12)A solution of
DMSO (0.075 mL, 1.05 mmol) and HMPA (0.38 mL, 2.2
mmol) in anhydrous THF (3 mL) was prepared under N and
cooled to ~78C. To this was added a solution of n-BuLi
(0.71 mL, 1.6 M in hexanes, 1.13 mmol), the reaction
allowed to stir for 10 min., then
3-(bromomethyl)-2-phenyl-iV-[(l"S)-l-phenylpropylJquin
oline-4-carboxamide (8) (200 mg, 0.44 mmol) was added
as a solution in anhydrous THF (ImL). The reaction was
allowed to stir 10 min., additional anhydrous THF ( 1
mL) added, and reaction allowed stirring another 10
min. The cooling bath was then removed, saturated
aqueous NH Cl (1 mL), H2O ( 1 mL), and Et O ( 1 mL)
added, the layers shaken together, and then separated.
The organics were then dried over Na2SO4, filtered,
and concentrated under reduced pressure. The residue
was purified by silica gel chromatography (EtOAc/CH
2Cl2) to give the desired product ( 170 mg, 85% yield)
as a solid. 1H NMR (300 MHz, CDCl3 52 0C) 5 8.10 (d, J
= 8.0 Hz3 IH), 7.86 - 7.61 (m, 2H), 7.55 - 7.25 (m,
12H), 5.29 - 5.16 (m, IH) 53.44 - 3.07 (m, 2H), 2.73 -
2.37 (m, 2H), 2.27 - 2.15 (m, 3H), 2.15 - 1.86 (m,
2H), 1.02 (t, J =7.4 Hz, 3H); LCMS: m/z 457 (MH+).
HRMS m/z 457.1927, calcd. 457. 1950. Example 12.
3-[2-(methyIsulfonyl)ethyl]-2-phenyl-iV-[( l lS)-l-
pheriylpropyl]quinoline-4- carboxamide f!3) To a
stirring solution of 3-[2-(methylsulfi
nyl)ethyl]-2-phenyl-iV-[(l S)-l -
phenylrropyl]quinoline-4-carboxamide (12) (60 mg, 0.13
mmol) in CH2Cl at 0 0C was added MCPBA (70-75%, 36 mg,
0.16 mol). The cooling bath was removed and reaction
stirred for 2 h, then sodium thiosulfate (1.2 eq.) and
H O (1 mL) were added and suspensionstirred until all
solids had dissolved. Aqueous 1NNaOH ( 1 mL) and CBbCl
(2 niL) were then added, the layers shaken together,
separated, the organics dried over Na SO4, filtered,
and concentrated under reduced pressure. The residue
was purified by silica gel chromatography (5-20%
EtOAc/CH 2Cl2) to give the desired product (40 mg, 65%
yield) as a solid. 1H NMR (300 MHz, CDCl3, 52 C) d
8.12 (d, J 8.2 Hz3 IH) 5 7.78 7.65 (m5 2H), 7.56 -
7.26 (m, 11H) 6.31 (d, J = 7.7 Hz, IH), 5.23 (q, J =
7.6 Hz5 IH), 3.36 - 2.88 (m, 4H), 2.45 - 2.34 (m, 3H),
2.16 - 1.88 (m, 2H)5 1.04 (t, J = 7.4 Hz5 3H); HRMS
m/z 473.1878, calcd 473.1899. Example 13.
3-[(isopropylthio)meth gl]-2-phenyl-
r-f(l"Sl-l-phenylpropyllquinoline-4- 



carboxamide This compound was prepared similarly to
3-[(methylthio)methyl]-2-
rhenyl-7V-[(15)-lphenylpropyl] quinoline-4-carboxamide
(9, Scheme 3) except sodium 2-propane thiolate was
used instead of sodium thiomethoxide. (Excess sodium
2-propane thiolate was added and reaction heated at 65
0C for 1 h to effect conversion.) 1H NMR (300
MHz5CDCl3, 52 0C) d 8.09 (d, J = 8.4 Hz5 IH) 5 7.78
(d, J = 8.5 Hz5 IH) 5 7.71 - 7.61 (m, 3H)5 7.54 - 7.25
(m5 9H)5 6.69 (d, J = 7.7 Hz, IH), 5.28 (q, J 7.5 Hz5
IH) 5 3.91 - 3.72 (m, 2H), 2.61 - 2.48 (m, IH) 5 2.20
- 1.90 (m, 2H)5 1.08 - 0.91 (m, 9H); HRMS m/z
455.2127, calcd 455.2157. Example 14. 2-phenyl-iV-[(l
$)-l
-phenglpropyl]-3-F(pyridin-4-ylthio)methyl]qumoline-4-
carboxamide
3-(bromomethyl)-2-phenyl-iV-[(l<S)-l-phenylpropyl]quin
oline-4-carboxamide (8) ( 150 mg, 0.33 mmol) was
dissolved in CH CN (2 mL) under N2 and to this, with
stirring, wasadded K2CO3 (140 mg, 0.99 mmol), then
4-mercaptopyridine (40 mg, 0.36 mmol). The suspension
was allowed to stir overnight; concentrated; diluted
with EtOAc; washed with 0.5 N NaOH, then H2O; dried
over Na2SO4; filtered, and concentrated under reduced
pressure. The residue was purified by silica gel
chromatography (EtOAcZCH Cl2) to afford the desired
product as oil (120 mg, 74% yield). 1H NMR (300 MHz,
CDCl3, 52 C) d 8.30 (s, 2H), 8.14 (d, J 8.4 Hz IH),
7.80 (d, J 7.2 Hz IH) 3 7.76 - 7.69 (m, IH), 7.62 -
7.49 (m, 3H), 7.43 - 7.37 (m, 3H), 7.35 - 7.28 (m,
2H), 7.25 - 7.19 (m, 3H), 6.80 (d, J = 4.4 Hz5 2H),
6.37 (d, J = 7.9 Hz, IH), 5.21 (q, J = 7.6 Hz, IH),
4.36 - 4.23 (m, 2H), 2.08 - 1.82 (m, 2H)5 0.95 (t, J =
7.4 Hz, 3H); HRMS m/z 490.193I 5calcd 490.1953.
Example 15. 3-[(isopropylsulfinyl)methyl]
-2-rhenyl-JV-r(l"S)-l-phenylpropyl]quinoline-4-
carboxamide This compound [two diastereomers] was
prepared similarly to 3-
[(methylsulfinyl)methyl]-2-phenyl-iV-[(15)-l-phenylpro
ryl]quinoline-4-carboxamide (2 _ scheme 1) except
3-[(isopropylthio)methyl]-2-phenyl-iV-[(l<S)-l-rhenylp
ropyl]quinoline-4- carboxamide (Example 13) was used
instead of
3-[(methylthio)methyl]-2-phenyl-7V-[(15)-lphenylpropyl
] quinoline-4-carboxamide (I). 1H NMR (300 MHz, CDCl3)
d 8.90 - 8.68 (m, IH), 8.16 - 8.03 (m, 2H), 7.80 -
7.27 (m, 12H), 5.35 - 5.12 (m, IH), 4.30 - 3.67 (m,
2H)5 2.86 - 1.83 (m, 3H), 1.19 - 0.55 (m, 9H); HRMS
m/z 471.2077, calcd 471.2106. Example 16. 2-phenyl-/y-
[(l S - l
-phenylpropyl]-3-[(pyridin-4-ylsulfinyl)methyl]quinoli
ne-4- carboxatnide This compound [two diastereomers,
TFA salt] was prepared similarly to 3-
[(methylsulfinyl)methyl]-2-phenyl-iV-[(l<S)-l-phenylpr
opyl]quinolme-4-carboxamide (2)except
2-phenyl-iV-[(1S)-1-phenylpropyl]-3 -[(pyridin-4-y
lthio)methyl]quinoline-4- carboxamide (Example 14) was
used instead of
3-[(methylthio)methylJ-2-phenyl-iV:-[(l
S)-lphenylpropyl] quinoline-4-carboxamide (1). (Excess
NaIO was added and reaction heated to effect
conversion. Product was purified using reverse phase
HPLC.) 1H NMR (300 MHz5 CDCl3, 52 C) d 8.81 - 8.43 (m,
2H), 8.23 - 8.12 (m, 2H), 8.08 7.90 (m, IH) 7.86 -
7.73 (m, 2H), 7.71 - 7.26 (m, 12H), 7.11 - 7.03 (m,
IH) 6.69 - 6.61 (m, IH) 3 5.32 - 5.15 (m, IH), 4.50 -
4.11 (m, 2H), 2.21 - 1.94 (m, 2H)5 1.08 - 0.95 (m,
3H); LCMS: m/z 506 (MH+) . Example 17. 3-[(isopro
rylsulfonyDmethyl]-2-phenyl-iV-f(IS)-I
-phenylpropyl]qumoline-4- carboxamide This compound
was isolated as a secondary product in the preparation
of 3-
[(isopropylthio)methyl]-2-phenyl-JV-[(l^)-l-phenylprop
yl]quinoline-4-carboxamide (Example 13). 1 NMR (300
MHz, CDCl3, 52 C) d 8.1 1 (d, J 8.4 Hz, IH), 7.88 -
7.25 (m, 14H), 5.28 - 5.15 (m, IH), 4.76 - 4.51 (m,
2H), 2.61 - 2.43 (m, IH), 2.21 - 1.88 (m, 2H), 1.09 -
0.86 (m, 9H); HRMS m/z 487.2008, calcd 487.2055. The
exemplary compounds in Table 1 and the processes
describe the invention by way of illustration and
example for clarity of understanding. However to those
skilled in the 



art, upon contemplation of the teaching of compounds,
processes and methods of this invention, modifications
and changes will be apparent that may be made thereto
without departing from the spirit or scope of the
invention.Table 1Inhaler for moisture sensitive drugs
TECHNICAL FIELD The present invention relates to a dry
powder inhaler device (DPI), and in particular to a
DPI capable of delivering moisture sensitive drugs in
humid ambient conditions. BACKGROUND The dosing of
drugs is carried out in a number of different ways in
the medical service today. Within health care there is
a rapidly growing interest in the possibility of
administering medication drugs as a powder directly to
the airways and lungs of a patient by means of an
inhaler in order to obtain an effective, quick and
user-friendly delivery of such substances. The active
substance in dry powder form, suitable for inhalation,
needs to be finely divided so that the majority by
mass of particles in the powder is between 1 and 5 mm
in aerodynamic diameter (AD). Powder particles larger
than 5 mm tend not to deposit in the lung, when
inhaled, but to stick in the mouth and upper airways
where they are medicinally wasted and may even cause
adverse side effects. Because inhalable drugs are
attracting a lot of interest today, many new
formulations of old and new medicaments are now in
development into inhalable dry powders. The objective
is to present dry, inhalable powder formulations and
have them approved for treatment of local or systemic
disorders by means of inhalation to the airways and
lungs. However, quite a few of these formulations are
very sensitive to humidity. Thus, new demands arise on
dry powder inhalers and their ability to maintain
acceptable performance in terms of delivered dose
mass, dose uniformity and fine particle fraction of
the delivered dose when ambient conditions change from
the ideal ones, e.g. when administering doses in very
humid conditions. For various reasons many such new
dry powder drugs are sensitive to exposure to
moisture, not only long term but also extremely
short-termexposure. Inhaling these new drugs using a
prior art DPI may provide acceptable dosage
performance in normal, dry, ambient conditions, but
the dosage performance from the DPI drops dramatically
if the inhalation is performed in ambient air of high
humidity. This is often the case even if the dose is
well protected up to the point of administration by
the DPI. The DPI and the method of aerosolizing the
powder dose play a big role in this problem. If the
drug delivery performance varies depending on ambient
conditions, the medical efficacy of the drug will vary
uncontrollably too much. Dose inhalers of prior art
often leave the powder dose exposed to the surrounding
atmosphere for a long time before the dose is actually
delivered. This is due to the inhaler design and the
design of the dose container. Barrier properties of
the container embodiments are also an issue. Adequate
protection must be secured of the fine particle dose
of the enclosed medicament during transportation,
storing and in-use. Some prior art products make it
necessary to open the container and empty the dose
into an aerosolizing chamber before the user can begin
an inhalation cycle. In some cases the dose may get
exposed to a voluntary or involuntary 



exhalation from the user before a proper inhalation
cycle begins. In some inhalers the container is opened
by a first action by the user but the act of inhaling
from the opened container is delayed uncontrollably,
because the user is somehow distracted. Exposing the
powder dose to the atmosphere for any reason,
including technical shortcomings of the
container-inhaler combination, must be kept as short
as possible so that the quality of the dose cannot
deteriorate before it is inhaled. The prior art dose
inhalers are consequently of limited use with moisture
sensitive inhalable medicaments. Efforts have
therefore been made to improve the moisture-protecting
properties in such dose inhalers. In the powder
inhaler devices disclosed in US 3,888,252; US
5,441,060; US 6,098,615 and US 6,715,485 desiccants
have included in the inhaler devices. The idea is then
to let the desiccants remove moisture from the air
drawn into the inhaler device during an applied user
suction. As aconsequence, the inlet air that contacts
and will carry the dry moisturesensitive medicament
powder has been at least partly dried prior reaching
the powder. However, the included desiccants in these
prior art inhalers have limited useful life which is
often shorter than the service life of the dry powder
inhaler device. Thus, the drying and
moisture-capturing effect of the desiccant will
decline to unacceptable low levels after a limited use
time. This in turn will reduce the total service life
of the inhaler device unless the user is forced to
remove the used desiccant from the inhaler device and
replace it with fresh desiccant, which might be a
complex or even impossible operation depending on the
actual inhaler design. SUMMARY Thus, there is a need
for a more efficient usage of a desiccant material in
a dry powder inhaler device to thereby exploit the
full service life of the inhaler device without the
need of premature discarding of the inhaler device due
to shortage of desiccant action. It is a general
object of the present invention to provide a more
efficient usage of desiccant action in a dry powder
inhaler device. It is another object of the present
invention to increase the service life of a dry powder
inhaler device equipped with desiccant material. The
present invention discloses a dry powder inhaler
device having an air inlet system provided in the
inhaler body and a mouthpiece. A first channel
structure of the inhaler defines a first airflow
channel inside the inhaler device. This first airflow
channel is provided for connection between the
mouthpiece, or a suction nozzle of the mouthpiece, and
an air inlet of the inlet system. In addition, the
first airflow channel has or passes a dose entrainment
region, at which dry powder of a dry powder medicament
dose is entrained and carried by air flowing through
the first airflow channel. A desiccant structure is
provided in the inhaler for housing a
desiccantmaterial. This desiccant material is in
connection with the first flow channel downstream of
the air inlet but upstream of the dose entrainment
region. For example, the first airflow channel may
pass through the desiccant material in the desiccant
structure. A second channel structure of the inhaler
device defines a second flow channel. This flow
channel is provided for connection between the
mouthpiece or nozzle and an air inlet of the inlet
system. This second airflow 



channel bypasses the desiccant material. Thus, air
flowing through the second airflow channel is not
dried by the desiccant material. A flow channel switch
arrangement is arranged for switching, in use of the
inhaler device, between the first airflow channel and
the second airflow channel during a suction action
applied to the mouthpiece. This applied suction action
will induce an airflow from the air inlet system
through an airflow channel selected by the switch
arrangement and to the mouthpiece. Thus, when the
switch arrangement selects usage of the first airflow
channel, ambient air entering this channel will first
be dried by the desiccant material. The so-obtained
(at least partly) dried air then passes the dose
entrainment region, where the airflow will entrain and
carry dry powder of the dose through the nozzle and
mouthpiece and to the airways of a user or to a dose
powder analyzing equipment. However, when the switch
arrangement selects the second airflow channel,
ambient air entering the second channel will not
contact the desiccant material before entering the
nozzle and mouthpiece, optionally first passing the
dose entrainment region. The first airflow channel
will, according to the present invention, be employed
and selected by the switch arrangement during the dose
delivering part of an inhalation procedure. It is only
during this short period of time of the inhalation
procedure that there is a need for air drying.
Consequently, when substantially all dry powder has
been entrained by the dry air passing through the
first flow channel and left the inhaler, the switch
arrangement switches to the second airflow channel.
Thus, during the remainder part ofthe inhalation
procedure, non-dried air will be drawn and flow
through the second airflow channel. This allows for an
efficient usage of the desiccant material since
inhaled air is only dried during the short period of
the inhalation procedure when the dry powder is
actually delivered. For the remaining major part, the
desiccant material is bypassed to save the drying
effect of the material. The invention offers the
following advantages: Efficient usage of desiccant
material in a dry powder inhaler device; Allows for
full exploitation of the service life of a dry powder
inhaler device; Reduces the need for large quantities
of desiccant material; and Provides a simple solution
for providing multiple internal airflow channels and
switching between the channels during operation. Other
advantages offered by the present invention will be
appreciated upon reading of the below description of
the embodiments of the invention. BRIEF DESCRIPTION OF
THE DRAWINGS The invention, together with further
objects and advantages thereof, may best be understood
by referring to the following detailed description
taken together with the accompanying drawings, in
which: FIG. 1 illustrates a diagram of relative
humidity and temperature for air having passed through
a desiccant material; FIG. 2A illustrates a top view
of a preferred embodiment of an inhaler device; FIG.
2B illustrates a side view of the preferred embodiment
of the inhaler device with a movable protective cover
in a closed position;FIG. 2C illustrates a side view
of the preferred embodiment of the inhaler device with
the movable protective cover in an opened position and



a movable slide in an outer position; FIG. 2D
illustrates a side view of the preferred embodiment of
the inhaler device with the movable protective cover
in the opened position and the movable slide in an
inner position; and FIG. 3 is a flow diagram
illustrating a method of operating a dry powder
inhaler device according to the present invention.
DESCRIPTION OF THE INVENTION Throughout the drawings,
the same reference characters will be used for
corresponding or similar elements. The present
invention discloses a novel type of dry powder inhaler
device (DPI), which is suitable for all types of dry
powder drug formulations, but particularly
advantageous for moisture sensitive dry powders. By
introducing a desiccant material into one or more of
the airflow channels of the inhaler device, the
inventors have surprisingly found that it is possible
to reduce the relative humidity of the flowing air
before the air stream reaches the dry powder dose. The
dose may be pre-metered and introduced into the device
e.g. in a tight blister or capsule, which is opened
just before delivery to an inhaling user.
Alternatively, the dose may also be metered from a
bulk store inside the inhaler device prior to delivery
by inhalation. Regardless of what type of DPI is
preferred, the novel use of desiccant in the upstream
air channels of a DPI, according to the present
invention, provides a major potential for improvement
in the drug delivery performance of the inhaler device
in high humidity conditions. Surprisingly, the
disclosed invention can thus be put to use in most DPI
types. It may thus be possible to boost the
performance of well-proven inhaler devices and make
them into inhaler candidates for the moisture
sensitive drug formulations, which are at the root of
the inhalation problem that this invention tries to
solve.A use of desiccant materials in inhalers is
known in the art, but the use is intended mainly for
keeping internal parts dry, especially if powder is
available from a bulk source. Desiccants are often
kept out of the air channel in prior art devices in
order not to create loss of air pressure during
inhalation, which is crucial to the drug delivery
efficacy of most prior art devices. Those prior art
documents identified in the background section are
marred by considerable shortcomings in terms of
reducing the service time of the inhaler due to too
large reduced air drying effect of the desiccant
material or, to combat this problem, requiring a large
quantity of desiccant material. The present invention
relates in a first aspect to a dry powder inhaler
device that allows for an efficient usage of a
desiccant material to be housed within the inhaler
body. Thus, the desiccant material is typically
employed for drying the flowing air stream during the
actual dose delivery period of an inhalation
procedure. The inventors have realized that the actual
dose delivery only lasts for a portion of the total
inhalation time. In a real inhalation procedure, the
inhalation lasts for up to about four to five seconds
or more. However, the entrainment of the dose in the
inhalation air stream and, thus, the delivery of the
dose to the airways of an inhaling user typically
lasts for less than one second. Thus, several seconds
of inhalation are preferably used to push the dose
into the lung and to let the particles of the dose
sediment onto the mucous membrane. It is not necessary
to let the 



air following on the release of the dose pass through
the desiccant material whereby the air would be dried,
since the dose, after its release, is already in the
airways of the user. Therefore, there is a need for
drying the input air stream only during about one
second of dose delivery but not during the remaining
and/ or preceding seconds of the total inhalation
procedure. The present invention provides a more
efficient usage of the desiccant material by drying
the input air stream during the powder entrainment and
dose delivery part of the inhalation but then
bypassing the desiccant material for the remainder
part of the inhalation. As a consequence, the drying
action of the desiccant material is utilized only when
needed and not when the dose already has been
delivered.The dry powder inhaler device of the present
invention comprises a mouthpiece onto which a suction
action is applied in operation or use (of the inhaler
device) during an inhalation procedure. It is
anticipated by the present invention that this suction
action most often is applied by a user inhaling
through the mouthpiece. However, the dry powder
inhaler device of the invention can also be used with
other suction sources, such as a suction inducing
device used in a test laboratory. The inhaler device
also comprises an air inlet system consisting of one
or more air inlets in the inhaler body. In a first
embodiment, the inhaler device has a single air inlet.
However, in a second embodiment, at least two such air
inlets are provided in the inhaler body, possibly
adjacent each other or at separate positions in the
inhaler body. It is anticipated by the present
invention that the at least one air inlet of the inlet
system may be equipped with an air filter or membrane
preventing ingress of small particles present in the
ambient air into the internal space of the inhaler
device. In clear contrast to the prior art inhaler
devices, the inhaler of the invention comprises
(internal) channel structures defining multiple, i.e.
at least two, different airflow channels for
connection between the mouthpiece and the air inlet
system. Usage of multiple inner airflow channels
allows bypassing the desiccant material when no
further drying of the air stream entering the air
inlet system is required. In a typical implementation,
the dry powder inhaler device comprises a first
channel structure defining at least a first airflow
channel for connection between the mouthpiece and at
least one air inlet of the inlet system. This first
airflow channel also has a dose entrainment region at
which a powder dose inserted into or provided in the
inhaler device is entrained by an air stream flowing
through the first airflow channel. This typically
implies that the first airflow channel passes the
position or region in the inhaler device at which the
dose is provided and should be entrained and captured
by the induced air stream. This entrainment region can
be a dedicated positioninside the inhaler body.
However, in the case the mouthpiece or a container
carrying the dose is movable, the entrainment region
can be an area or movement path over which inhaled air
will pass the dose and entrain the medicament powder
of the dose. The dose entrainment region can therefore
be regarded as the location or area inside the inhaler
device where a dose of a dose container or metering
receptacle comes in contact with an air stream passing
through the at least one first airflow channel defined
by the first channel structure of the inhaler device. 



As was described in the foregoing, the at least one
first airflow channel is adapted for connection
between the mouthpiece and the air inlet system. In an
implementation, this means that the input of the first
airflow channel is in connection with at least one air
inlet of the inlet system and an output of the first
channel is in connection with the mouthpiece or a
nozzle connected to the mouthpiece. However, the
present invention is not limited to such an
implementation. The first channel structure can
comprise movable parts so that the input (output)
opening of the first airflow channel is initially not
connected to an air inlet of the inlet system
(mouthpiece) . This implies that no free first airflow
channel connecting the mouthpiece with the air inlet
system defined by the first channel structure is
present inside the inhaler body. However, by moving
internal parts of the inhaler body, the elements of
the first channel structure together form and define
the first airflow channel connecting the mouthpiece
with the air inlet system. The inhaler device also
comprises a desiccant structure for housing a
desiccant material. This desiccant structure can be an
internal space of the inhaler device into which a
container, cartridge or other element comprising the
desiccant material is to be inserted. In such a case,
the desiccant carrying cartridge can be removably
arranged inside the inhaler device and removed after
use, possibly to be replaced by a cartridge containing
fresh desiccant material. This desiccant structure is
arranged inside the dry powder inhaler device so that,
in operation, the desiccant material housed00 10
therein is in air connection with the first airflow
channel. Furthermore, the desiccant material is in
connection with the first airflow channel downstream
of the air inlet system but upstream of the
above-described dose entrainment region. This
positioning of the desiccant material inside the
inhaler device makes sure that an air stream entering
the first airflow channel through the inlet system
will be dried by the desiccant material before the air
stream comes into contact with and entrains medicament
powder at the dose entrainment region. As a
consequence, inhaled air carrying the medicament
powder past the mouthpiece will be dried prior to
contacting with the powder. This desiccant material
arrangement can be realized by filling, at least
partly, the first air channel of the inhaler device
with desiccant material to preferably last the
specified in-use period (service life) of the inhaler
device, even if the device is used in harsh and very
humid conditions. In many parts of the world, people
and potential users find themselves in hot and humid
climates, where ambient relative humidity may be as
high a s 75 % Rh or higher. Of course, a safe
treatment of human disorders based on inhaled
medicaments must provide stable, predictable drug
delivery to all users in foreseeable situations of
usage, including humid ambient conditions. Inprocess
drying of the flowing inhalation air every time the
user inhales a dose of a dry powder drug is an
effective method of improving and securing the level
of performance from a dry powder inhaler, i.e.
performance in terms of high, stable, medical efficacy
of the drug, even in very humid conditions of use. In
clear contrast to the prior art inhaler device, the
inhaler of the invention 



also comprises a second channel structure defining at
least one second internal airflow channel for
connection between the mouthpiece and the air inlet
system. In consistency with the first air channel
described above, the input and output openings of the
second airflow channel can be connected to the air
inlet system and the mouthpiece, respectively.
Alternatively, at least one of the input and output
openings can be caused to becomeconnected to the air
inlet system or the mouthpiece through the movement of
at least one element of the second channel structure.
In contrast to the first channel structure and the
first airflow channel, the second airflow channel
defined by the second channel structure bypasses the
desiccant material in the desiccant structure, and
optionally the dose entrainment region. This means
that an air stream flowing from the air inlet through
the second airflow channel and the mouthpiece will
bypass (not contact) the desiccant material. As a
consequence, no drying of the air flowing through the
second airflow channel is performed. The inhaler
device also comprises an airflow channel switch
arrangement for switching in operation between the
first and second airflow channel during a suction
applied to the mouthpiece. This allows for induction
of an airflow from the air inlet system through an
airflow channel selected by the switch arrangement and
to the mouthpiece. If the switch arrangement selects
the first airflow channel to be currently employed,
the induced airflow will additionally pass or contact
the desiccant material and become dried before it
entrains medicament powder from a dose bed at the dose
entrainment region. However, if the switch arrangement
selects the second airflow channel to be currently
employed, the induced airflow will not pass or contact
the desiccant material and may optionally also bypass
the dose bed at the entrainment region before reaching
the mouthpiece. The switch arrangement therefore
allows usage of the first airflow channel when
medicament powder on a dose bed is entrained by the
airflow through the first channel and then switching
to the second airflow channel once substantially all
powder has been delivered through the mouthpiece to
thereby save the drying action of the desiccant
material. In a preferred implementation and during an
inhalation procedure, the first airflow channel is
first open and selected by the switch arrangement for
enabling initial drying of the air stream entering the
air inlet system and entrainment of the dose by the
dried air stream. Thereafter, oncesubstantially all
medicament powder has become entrained by the air
stream and delivered, the switch arrangement switches
to the second airflow channel. This means that air
will flow through the second airflow channel and not
the first airflow channel through the remainder of the
inhalation procedure. Alternatively, the second
airflow channel is first active and selected by the
switch arrangement until a sufficient inhalation
pressure has been reached. At this point in the
inhalation procedure, the switch arrangement switches
from the second channel to the first airflow channel
for providing air stream drying and dose delivery.
Thereafter, the switch arrangement switches back to
the second airflow channel so that no drying of the
inhaled air is performed during the last portion of
the inhalation procedure. The channel switch
arrangement may be arranged in the inhaler device for
switching in operation of the inhaler device from the
first airflow channel to 



the second airflow channel during the applied suction
action once a pre determined time has elapsed from
application of the suction action. For example, when
about one or two seconds has elapsed from initiation
of an inhalation, the switch arrangement switches to
the second airflow channel since during this about one
to two seconds substantially all medicament powder has
been entrained and carried by the dried air stream
through the first airflow channel. In this case, the
timing of channel switch operation can be realized by
usage of a latched spring arrangement that moves a
channel obstruction from the second airflow channel to
the first airflow channel or removes an obstruction in
the second airflow channel and adds an obstruction to
the first airflow channel. This latched spring
arrangement can be triggered once a threshold
inhalation pressure is reached or once the inhalation
pressure declines below a threshold level. In a
preferred implementation, the inhaler device comprises
a slide for carrying and inserting a dose container
into the inhaler body. The movement of this slide into
the inhaler device can be connected to the operation
of the switch arrangement. Thus, when the slide is in
an outer position to receive anew dose container, the
first airflow channel can be open in the inhaler
device. However, somewhere during the movement of the
slide and the container into the inhaler body, the
first channel becomes obstructed while the second
channel is opened. In such a case, the slide can
constitute a part of the switch arrangement of the
invention or the slide can be connected to an element
of the switch arrangement. It is anticipated by the
present invention that the first channel structure can
define more than one airflow channel that connects the
air inlet system with the mouthpiece and is in contact
with the dose entrainment region and the desiccant
material. Correspondingly, the second channel
structure can define more than one airflow channel
that connects the air inlet system with the mouthpiece
but bypasses the desiccant material. In a further
embodiment of the invention, the inhaler device is
provided with means to open and close the air inlet
system and preferably the mouthpiece opening of the
device such that the inlet system opens to let
inhalation air enter the device when the dose is about
to be administered. A suction effort made by a user or
a suction generating equipment generates airflow into
at least one first airflow channel of the inhaler
device, such that the airflow is first directed onto a
desiccant material placed in connection with the first
channel(s). The flowing air passes, at least partly,
through the desiccant material, where moisture in the
air is adsorbed and/ or absorbed by the desiccant
before the dried air stream hits the dose container or
aerosolization chamber (dose entrainment region) where
the dose to be sucked up is located. Fortunately, it
is not necessary to remove all moisture from the
incoming air, because most dry powder drugs do not
deteriorate chemically or physically in a linear
proportion to relative humidity. Generally, dry
powders show an unlinear, typically exponential
deterioration rate with increasing relative humidity.
Thus, it is only meaningful to remove the excess
moisture over a certain Rh-value, whereby the relative
humidity (Rh) of the air having passed through the
desiccant material is reduced below a certain, safe
thresholdvalue of relative humidity given as % Rh,
such that short-term deterioration of the powder dose
by the remaining moisture in the air stream is
prevented. 



If a desiccant material tends to reduce the humidity
in the streaming air more than necessary, i.e.
significantly below the safe threshold value, it may
be advantageous to use at least one third airflow
channel in parallel with the first, desiccant-holding
channel. Alternatively, the above described second
airflow channel can be used parallel with the first
channel during a portion of the inhalation procedure.
The airflows through the first and the second/ third
channels are preferably mixed with each other
downstream of the desiccant material in the inhaler
device in order to present an averaged relative
humidity of the combined airflow below the critical
threshold value of relative humidity. A correct
humidity of the mixed airflow may be achieved by
adjusting the airflow resistance of the second or
third airflow channel, such that the proportion of
humid, non-dried airflow mixed and combined with the
dried airflow results in a desired relative humidity
below the safe threshold value of the flowing air that
further downstream releases and aerosolizes the dose.
This arrangement of air channels having desiccant
material and those without desiccant will extend the
lifetime of the desiccant even further without risking
deterioration of the dose delivery performance.
Short-term deterioration of dry, medicament powders is
generally not determined by chemical degradation, but
is rather more physical in nature. Humidity in the
surrounding air may be very quickly adsorbed by the
powder particles. Depending on the degree of
hydrofobia or hydrophilia of the powder this process
of adsorption of moisture from the air is more or less
rapid and more or less pronounced. Some powder
formulations tend to act as drying agents, i.e.
gaining weight extremely fast by water adsorption or
absorption in humid air. Thus, it is important to
study the water sorption isotherm for a powder
formulation before deciding which DPI is best suited
to use for administration of doses thereof. For
instance, water on the surface of small, inhalable
particles may be harmless up to a point where the
number of water droplets on a particle have increased
so that the droplets connect to water droplets on
neighboring particles, whereby particle agglomerates
form that are held together by strong inter-particle
forces.Such agglomerates are very difficult to
de-aggregate by the DPI. Keeping the humidity in the
air below a critical point for the particular
medicament powder is thus important, as soon as the
dose is being exposed to air before the dose is
released and entrained into inhalation air. What
relative humidity in air is critical to drug delivery
performance depends largely on the powder and the
formulation, but typically the threshold value, not to
be exceeded, is in a range from 40 to 70 % Rh.
According to the invention, it is normally not
necessary to dry the inhalation air beyond the
critical point, as discussed above, for the
combination of a selected inhaler device and the
powder dose, which is going to be inhaled. Thus, a
desiccant material should be selected, which adsorbs
water from air predominantly at and above the critical
relative humidity, i.e. x % Rh, where x is a decimal
number preferably between e.g. 40 and 75. The selected
desiccant material is thus preferably much less active
below this threshold x. Asuccessful selection of
desiccant material in this respect means that less
desiccant are needed in the inhaler device compared to
another desiccant, which adsorbs water at lower
relative humidity. Such a desiccant will be saturated
before the selected preferred one, given the same
number of doses 



and ambient conditions, thereby requiring more
desiccant to compensate for the tendency to adsorb
more water than strictly necessary. Furthermore, the
less desiccant mass that is used means less pressure
loss over the desiccant material, which in turn means
that more suction power is available for the job of
releasing and de-aggregating the powder in the dose.
Typically, pressure loss across the desiccant may be 2
- 20 % of the applied suction pressure during
inhalation, the particular application sets what may
be an acceptable value. The resulting air speed
through the desiccant should be low, preferably not
higher than 2-3 m/s, more preferably below 1 m/s to
allow the air enough duration of stay for the
desiccant to adsorb as much water molecules from the
air as possible within a specification framework. In a
further aspect of the invention, active inhalers
including the ones using so called spacers also
benefit from the disclosure. Active inhaler devices
often use pressurized, ambient air to aerosolize the
dose before it is inhaled.Some devices use a spacer,
i.e. a large receiver, into which the aerosolized dose
is taken a s a dust cloud. Normally, a user pumps u p
the pressure in a reservoir chamber prior to an
inhalation. The pressurized air is then let out
through an outlet inside the device, such as a valve,
and the air is directed onto the dose with high air
speed, which releases the dose and the aerosolized
dose is then inhaled either directly or indirectly
through a spacer arrangement. Advantageously, the
desiccant material in this case is arranged at the air
inlet, such that the ambient air being pumped into the
reservoir chamber is first dried by the desiccant. The
pressurized air in the chamber will be reduced in
relative humidity when let out onto the dose, which
improves the performance of the inhaler device
regarding sensitive drugs. In this case, at least two
airflow channels are present in the inhaler device
from the air inlet system via the reservoir chamber
and to the mouthpiece. For example, two input airflow
channels can be used for pumping in air into the
reservoir chamber. In such a case, at least one of
these channels, the first airflow channel, passes the
desiccant material before reaching the chamber.
However, at least one of the channels, the second
airflow channel, bypasses the desiccant material
before reaching the chamber. This solution allows for
a correct selection of humidity of the pressurized air
provided in the reservoir chamber. Desiccants suitable
for use in the present application are typically but
nonexclusively silica gels (Siq 2), activated alumina
(AI2O3), molecular sieves and clays. Each material has
advantages and disadvantages. For example, silica gels
generally have a quick response time, which is very
suitable for dynamic applications, typical of inhaler
applications as described in the foregoing. Silica
gels also have a high adsorption capacity (saturation
approximately at 35 % weight increase) and high
efficacy in relative humidity between 40 and 80 % Rh,
which is perhaps the most interesting humidity range
for inhaler applications. Activated alumina, on the
other hand, have a higher adsorption capacity
(saturation approximately at 42 % weight increase) but
are slower in the response to dynamic conditions.
Molecular sieves have less adsorptioncapacity than
aforementioned types, but they are generally very good
at adsorption in low relative humidity, e.g. below 40
% Rh. Of course, in any particular application for the
present invention, it may be desirable to combine
different desiccants in order to combine the best
qualities from 



different types or from differently acting desiccants
of the same type to meet the requirements in the
particular case. Figure 1 illustrates a test of the
invention in a diagram showing how temperature (curve
B) and relative humidity (curve A) of the inhaled air
after a silica gel desiccant varies over a long time
and several hundred of simulated inhalations, when the
inhaler device is used in ambient conditions of 25
C/75 %Rh. As can be seen the inhaled air is much
reduced in humidity over the whole test period. In a
non-limiting, illustrative embodiment of the present
invention a silica gel is used adapted for adsorbing
humidity in excess of 65 % Rh. The amount of silica
gel is selected with regard to the size and volume of
first air channel in the inhaler device, the number of
doses of a selected medicament formulation that the
device is specified to deliver, which typically is
between 100 and 500 off. Typically, the amount of gel
necessary to provide safe and consistent drug delivery
performance for the full in-use time of the device is
in a range from 2 to 20 g dry mass. Preferably, a type
of gel is selected, which comprises dust-free,
spherical, biologically acceptable particles, which do
not change in size or disintegrate when saturated.
Crushed gel particles, common in the industry, should
be avoided, because they have a wide range of particle
sizes and present much more of a problem from a
regulatory aspect, because of the potential risk of
emitting dust particles into the inhalation air. Of
course, in any embodiment of the invention, i.e.
having desiccants in the first air channels of an
inhaler device, adequate filter protection or the like
should be implemented to eliminate the risk of
inhaling unwanted dust particles, even if they are not
harmful as such. In yet a non-limiting, illustrative
embodiment of the present invention a socalled
monolith extruded from e.g. silica gel, clay or
zeolite is used, saidmonolith presenting a honeycomb
structure, similar to an automotive catalytic
converter, e.g. formed to physically suit a space in
the first air channel of a selected inhaler device.
The honeycomb structure makes the active surface
extremely large per weight of the material used, which
may be advantageously used in the inhaler device
application. In a further aspect of the invention, the
inhaler device is closed when not in use, such that
ambient air is prevented, as far as possible, to enter
the device. The desiccant material is thereby
preserved and not consumed unnecessarily. The
desiccant is predominantly in use only during a
portion of the time for inhalation of doses. The
inhaler device is therefore preferablyprovided with
means to close the air inlet, such as a flap or valve,
behind which the desiccant material is located.
Optionally, also the mouthpiece may be closed when not
in use. If all exterior ports of the inhaler device
are closed after use, the internal surfaces and the
internal air volume of the first airflow channel will
be dried out while the device is closed. Later, when
the inhaler device is opened in preparation for use
shortly before delivery of a next dose, the initial
air being inhaled by the user is dry, which is a
further advantage of the present invention. This
embodiment of the invention is very suitable for
different types of inhaler devices, particularly for
those using blisters or capsules containing a metered
dose, where the dose container is first opened inside
the device in an opening operation to be followed in a
next step by an act of inhalation. 



Since the internal inhaler space in this case is
filled with dry air, the effect of an interval of dose
exposure to the internal air of the device is
negligible. In yet a further aspect of the invention,
the desiccant material is filled in a cartridge or
carrier adapted for insertion into the desiccant
structure that is in contact with the first airflow
channel of the inhaler device. The cartridge may then
be removed and discarded and a new one inserted either
at regular intervals or the cartridge may be
regenerated by the user of the inhaler device and used
again, e.g. if the inhaler is intended for a long life
of administering a large number of doses before
scrapping. The cartridge maysignal by color change,
for instance, or by a dose counter or other signaling
means when the cartridge is due to be exchanged or
regenerated by the user. In a different embodiment of
the invention, such as in the case of an inhaler
administering pre-metered single or combined doses of
medicaments from dose containers, such as blisters or
capsules, desiccant material is integrated in the
container as either an added component or integrated
in the container material as such. The airflow is
forced by the channel structure denning the first
airflow channel of the inhaler device to pass through
the desiccant material, before the air reaches into
the dose container to release the dose, whereby the
air is dried before releasing the dose. In this case
it is possible to exclude all or part of the desiccant
material otherwise necessary to be incorporated into
the device itself. In this embodiment, the desiccant
structure forms part of the internal structure of the
inhaler device that is used for receiving the dose
container. In a preferred embodiment of the present
invention the user pushes a slide carrying the dose in
a sealed container into the inhaler body during an
interval of between 0.1 and 5 s, although preferably
between 0.2 and 2 s . The slide is thus manually
pushed with a generally constant speed using a
relatively light force at the same time as he or she
inhales through a mouthpiece of the inhaler. The
motion of the slide brings the container seal foil
into contact with an opener inside the inhaler device.
The opener slits the foil and folds it away from the
enclosed dose. This action makes the dose available to
a suction nozzle connected to the mouthpiece, such
that the stream of air entering the inhaler flows
initially through first airflow channel and contacts
the desiccant material, at least partly, and then into
the inlet aperture of the suction nozzle at high speed
at this point. The dose is thereby released,
aerosolized and de-aggregated gradually while the dose
container is being carried past the foil opener at the
same time as the dose is carried past the suction
nozzle by the user operated slide. Optionally but
preferably, the slide is locked by a catch in its
first, container loading position so that the slide
cannot move when the user exerts force onthe slide.
The catch lets go of the slide when the user also
applies a certain minimum suction effort to the
mouthpiece of the inhaler. Then, a flap or similar
arrangement known in the art opens for air to be
sucked in through first airflow channel and the
desiccant, at least in part. The user can now push the
slide and dose container into the inhaler body while
inhaling, whereby the dose gets delivered in the
process of pushing and inhaling. Optionally, the flap
itself, or additional means for controlling opening
and closing of air inlets, lets air on the way to the
dose pass through the desiccant material placed in the
first airflow channel during the motion of the slide.
The flap or additional means closes the air inlet of
the first airflow 



channel holding the desiccant material when the slide
is brought fully home into the inhaler body or nearly
fully home. At, or near, this home position the slide
is used to divert the inlet airflow so that incoming
air bypasses the desiccant material for the remaining
interval of the inhalation effort by passing through
the second airflow channel. This therefore reduces the
consumption of the desiccant material, thereby
extending the useful lifetime of the desiccant. The
inhaler according to this particular embodiment
comprises flaps or valves that are controlled by the
slide to open and close for air at correct moments of
a user's inhalation. Figs. 2A to 2D illustrate a
preferred embodiment of an inhaler device 1 according
to the present invention comprising multiple airflow
channels 50, 60, 70. When the inhaler device 1 is to
be employed for an inhalation, a user removes a
preferred protective mouthpiece cap 16 and air inlet
cover 17, if provided. In the figures, these two
protective entities 16, 17 are connected to each other
and rotatably fixed to the inhaler body IO by means of
a hinge arrangement. A slide 13 is movably provided in
the inhaler device 1 and can released from a position
inside the inhaler body IO by the user into a dose
loading position (see Fig. 2C). At this position, a
dose container 14 can be inserted in the slide 13,
which is adapted to receiving the dose container 14.
When the slide 13 is released and extends out of the
inhaler housing 10, airflow opening means 30 connected
to the slide 13 opens an air flap or valve 24 on the
downstream, outlet side of a first airflow channel 50.
Thisairflow channel 50 passes a desiccant structure 40
that is, in use, filled with a calculated amount of a
desiccant material 45. The opening means 30 may also
optionally open an air flap or valve 25 of an
optionally third airflow channel 70. Furthermore, an
optional breath-actuation device (not illustrated) in
the inhaler 1 may control opening of an air inlet flap
21, 23 to the first and third channels 50, 70. When a
suction action is applied to the mouthpiece 11, the
slide 13 is simultaneously pushed into (see indicated
arrow) the inhaler body 10 and air begins to flow
through the opened first airflow channel 50 and
optionally the third airflow channel 70, whereby at
least some air flows through the desiccant material 45
on the way to a dose entrainment region 19, where the
dose in the container 14 is provided. The container 14
typically comprises a sealing foil that protects the
dose from ingress of moisture, preferably up to the
point of delivery. This sealing foil is being opened
simultaneously by the pushing action using a knife
arrangement 15 arranged in the inhaler device 1. The
airflows through the first airflow channel 50 and
optionally the third channel 70 are mixed inside the
inhaler body 10 before the mixed airflow reaches the
dose in the dose container 14 at the dose entrainment
region 19. When the slide 13 is completely pushed home
into the inhaler 1, or when the slide 13 is almost
completely home, the airflow opening means 30
connected to the slide 13 closes the air outlet flap
or valves 24, 25. As the slide 13 is pushed home into
the inhaler 1, a flap 32 of the opening means 30
connected to the slide 13 opens an inlet 22 of a
second airflow channel 60 that bypasses the desiccant
material 45 so that the inhalation can continue
undisturbed with small changes in airflow resistance
until the inhalation is complete. Naturally, the air
through channel 60 is not being dried, which is not
necessary, since the dose has already been delivered
through a nozzle 12 



connected to the mouthpiece 11. In this manner, the
desiccant material 45 is only used to dry the influx
of air when the dose is being aerosolized, thereby
using the desiccant material 45 as efficiently as
possible. As the skilled artisan will realize, the
slide 13 may be moved in and/ or out of the inhaler
body 10 by user force or by e.g. spring loading or
hydraulic, pneumatic or electrical power means.
Combinations of user force and othersources of power
may also be used in order to control the operation of
the inhaler 1, according to the invention, which
operation solutions are within the scope of the
present invention. In another embodiment of the
invention, similar to the disclosure in Figs. 2A to
2D, the slide 13 may be replaced by a carrier of a
multitude of dose containers, which may be exchangable
in the inhaler or individually integrated with the
inhaler. In the Figs. 2A to 2D, the inhaler body 10
together with the desiccant structure 40, an airflow
guide 18 provided in the desiccant structure 40, the
slide 13 and elements 30, 31, 32 forming the airflow
channel switch and the nozzle 12 constitute the
structure that defines the first airflow channel 50
inside the inhaler device 1. The airflow through this
first channel 50 first passes an air inlet 2 1 of the
inlet system, see Fig. 2C. The air is directed through
the desiccant structure 40 and the desiccant material
45 provided therein by the inner walls of the
desiccant structure 40 and the air guide 18. The dried
air then exits the desiccant material through an air
outlet 24 and may optionally be mixed by non-dried air
coming through the optional third airflow channel 70
before the air passes through an opening 3 1 in the
opening means 30. The air will then impinge on the
dose in the dose entrainment region 19 and carry the
medicament powder of the dose through the nozzle 12
and mouthpiece 11 and out of the inhaler device 1.
Correspondingly, the second channel structure defining
the second airflow channel 60 constitutes the inhaler
body 10, the airflow channel switch elements 30, 32,
the slide 13 and the nozzle 12. As is clearly seen in
Fig. 2D, this second airflow channel 60 bypasses the
desiccant material 45 in the desiccant structure 40.
The airflow channel switch of the invention
constitutes, in Figs. 2A to 2D, the opening means 30
with its opening 3 1 and the flap 32 connected to the
opening means. Correspondingly, the air inlet system
comprises the air inlet2 1 of the first channel 50,
the air inlet 22 of the second channel 60 and
optionally the air inlet 23 of the optional third
channel 70. The desiccant structure 40 comprises an
air guide 26 for guiding air from an air inlet 23 to
an air outlet 25 of the structure 40. This air guide
26 isolates air flowing through the guide 26 from the
desiccant material 45. As a consequence, air passing
through the guide 26 will not be dried by the
desiccant 45. This air guide 26 forms part of a
channel structure defining the third airflow channel
70 together with the inhaler body 10, slide 13 and the
elements 30, 31, 32 of the switching arrangement. In a
particular aspect of the invention a dry powder
inhaler device is provided. This inhaler device
comprises an air inlet system comprising at least one
air inlet and a mouthpiece connected to a suction
nozzle. A first or primary airflow channel is present
in the inhaler and connects an air inlet of the inlet
system with the suction nozzle. This primary airflow
channel passes a desiccant material that is
arrangeable in the inhaler device. This causes 



drying of ambient air entering the air inlet and
flowing through the primary airflow channel before
reaching a dose entrainment region in connection with
an inlet end of the suction nozzle. A second or bypass
channel is also present in the inhaler and connects an
air inlet of the inlet system with the suction nozzle.
This bypass channel bypasses the desiccant material so
that ambient air entering the air inlet and flows
through the bypass channel is not dried when entering
the suction nozzle. A flow channel switch arrangement
is provided in the inhaler device for switching
airflow between the primary channel and the bypass
channel during an act of inhalation. When suction is
applied to the mouthpiece an airflow is induced from
an air inlet through a airflow channel selected by the
switch arrangement and to the mouthpiece. Fig. 3
illustrates a flow diagram of operating a dry powder
inhaler device according to the present invention. In
a first optional step Sl, a desiccant material is
inserted into a desiccant structure, unless already
providedtherein. In a next optional step S2, a dose
container carrying a dry powder medicament dose is
inserted into the inhaler device, e.g. by means of a
slide arrangement. However, if the dose is already
provided inside the inhaler device, such as metered
from an internal multi-dose store, this optional step
S2 can be omitted. A suction action is thereafter
applied in step S3 to the mouthpiece of the inhaler
device. This suction action draws ambient air through
an air inlet system via a first airflow channel past
the desiccant material and up to a dose entrainment
region. At this region, the dried air entrains the dry
powder of the dose and carries the dose through a
suction nozzle and the mouthpiece to the lungs of an
inhaler user or to a dose analyzing equipment. During
this operation or use of the inhaler device, when
suction is provided to the mouthpiece, a switch
arrangement switches between the first airflow channel
to a second airflow channel that bypasses the
desiccant material. This means that non-dried air will
pass through the second airflow channel and exit the
inhaler device through the mouthpiece for the
remainder of the inhalation procedure. The method then
ends. In a further preferred embodiment of the present
invention, a selected, sealed dose container,
optionally comprising more doses than one, is inserted
in a DPI as described in US 6,422,236, which document
is incorporated herein by reference. A container is
opened and the enclosed, metered dose is immediately
sucked up by an applied, user-initiated suction during
a single inhalation effort, whereby the delivered fine
particle dose by weight amounts to at least 30 %,
preferably at least 50 % and most preferably at least
70 % or more of the active pharmaceutical
ingredient(s) of the metered dose, even in specified
humid ambient conditions. The present invention is
advantageously applied to such a sealed container and
inhaler arrangement, whereby retention of powder in
the container is minimized and not exceeding 20 %,
preferably not exceeding 10 % and most preferably not
exceeding 5 % of the active pharmaceutical
ingredient(s) of the metered dose by mass, even in
specified humid ambient conditions. An inhaler
providing delivery of a dose during the course of a
single inhalation from a sealed dose container
constitutes an inhaler, which wouldbenefit from the
present invention, for improving the delivery of a
moisture sensitive dry powder medicament formulation.
An Air-razor method as described in US 6,840,239 and
an Air-razor device as described in US 



6,892,727, which documents are incorporated herein by
reference, are preferably applied in the inhaler to
efficiently and gradually aerosolize the dose when
delivered to the user. The present invention is
suitable for many kinds of dry powder drug
formulations and powders produced by different methods
and processes, e.g. spray-drying, freeze-drying, super
critical crystallization, jet milling and other types
of micronization. Formulations may contain one or more
pure active pharmacologic ingredients (API's) or a
formulation may comprise pure API's and excipients, in
mixtures of powders or ingredients integrated into
particles. As used herein, the phrases "selected from
the group consisting of," "chosen from," and the like
include mixtures of the specified materials. All
references, patents, applications, tests, standards,
documents, publications, brochures, texts, articles,
instructions, etc. mentioned herein are incorporated
herein by reference. Where a numerical limit or range
is stated, the endpoints are included. Also, all
values and sub-ranges within a numerical limit or
range are specifically included as if explicitly
written out. What has been said in the foregoing is by
example only and many variations to the disclosed
embodiments may be obvious to a person of ordinary
skill in the art, without departing from the scope of
the invention as defined in the appended claims.CLAIMS
1. Adry powder inhaler device (1) comprising: an air
inlet system (21, 22, 23); a mouthpiece (11); a first
channel structure (10, 13, 18, 30, 31, 32, 40)
defining a first airflow channel (50) for connection
between said mouthpiece (11) and said air inlet system
(21, 22, 23) and having a dose entrainment region
(19); a desiccant structure (40) for housing a
desiccant material (45) in connection with said first
airflow channel (50) downstream of said air inlet
system (21, 22, 23) but upstream of said dose
entrainment region (19), characterized by: a second
channel structure (10, 13, 30, 31) defining a second
airflow channel (60) for connection between said
mouthpiece (11) and said air inlet system (21, 22,
23); and an airflow channel switch arrangement (30,
31, 32) for switching, in operation, between said
first airflow channel (50) and said second airflow
channel (60) during a suction action applied to said
mouthpiece (11) thereby inducing an airflow from said
air inlet system (21, 22, 23), through an airflow
channel selected by said airflow channel switch
arrangement (30, 31, 32), and to said mouthpiece (11).
2. The inhaler device according to claim 1,
characterized in that said second air flow channel
(60) bypasses said desiccant material (45) housed in
said desiccant structure (40). 3. The inhaler device
according to claim 1 or 2, characterized in that said
airflow channel switch arrangement (30, 31, 32) is
arranged for switching, in operation, from said first
airflow channel (50) to said second airflow channel
(60) during said applied suction action. 4. The
inhaler device according to any of the claims 1 to 3,
characterized 



in that said dose entrainment region (19) is
constructed for receiving, in operation, a dry powder
medicament dose in order to enable said airflow
toentrain dry powder of said dry powder medicament
dose provided said first airflow channel (50) is
selected by said airflow channel switch arrangement
(30, 31, 32). 5. The inhaler device according to claim
4, characterized in that said airflow channel switch
arrangement (30, 31, 32) is arranged for switching, in
operation, from said first airflow channel (50) to
said second airflow channel (60) during said applied
suction action once substantially all of said dry
powder has been entrained by said airflow. 6. The
inhaler device according to any of the claims 1 to 5,
characterized in that said airflow channel switch
arrangement (30, 31, 32) is arranged for switching, in
operation, from said first airflow channel (50) to
said second airflow channel (60) during said applied
suction action once a predetermined time has elapsed
from application of said suction action. 7. The
inhaler device according to any of the claims 1 to 6,
characterized by a movable slide (13) being movable
between a dose loading position and a dose releasing
position, said airflow channel switch arrangement (30,
31, 32) is arranged for switching, in operation, from
said first airflow channel (50) to said second airflow
channel (60) during said applied suction action once
said movable slide (13) has reached said dose
releasing position. 8. The inhaler device according to
any of the claims 1 to 7, characterized by a third
channel structure (10, 13, 26, 30, 31, 32) defining a
third airflow channel (70) for connection between said
mouthpiece (11) and said air inlet system (21, 22,
23), said first airflow channel (50) and said third
airflow channel (70) partly overlapping enabling
mixing of an induced airflow through said first
airflow channel (50) and an induced airflow through
said third airflow channel (70) upstream of said dose
entrainment region (19). 9. The inhaler device
according to claim 8, characterized in that said third
airflow channel (70) bypasses said desiccant material
(45).10. The inhaler device according to any of the
claims 1 to 9, characterized by a movable slide (13)
having a dose receiving region and being movable
between a dose loading position in which said dose
receiving region is accessible outside of a body (10)
of said inhaler device (1) and a dose releasing
position in which said dose receiving region at least
partly overlaps with said dose entrainment region
(19), said airflow channel switch arrangement (30, 31,
32) being connected to said movable slide (13). 11.
The inhaler device according to any of the claims 1 to
10, characterized in that said desiccant structure
(40) having an air outlet (24) through which said
first airflow channel (50) passes, and said airflow
channel switch arrangement (30, 31, 32) comprises: an
outlet closing element (30) movable between an open
position spaced apart from said air outlet (24) and a
closed position connected to and closing said air
outlet (24); and an inlet closing flap (32) connected
to said outlet closing element (30), said inlet
closing flap (32) being connected to and closing an
air inlet (22) of said air inlet system (21, 22, 23)
connected to said second airflow channel (60) when
said outlet closing element (30) is in said open
position and said closing flap (32) being spaced apart
from said air inlet (22) when said outlet closing
element (30) is in said closed position. 



12. The inhaler device according to any of the claims
1 toll, characterized in that said desiccant material
(45) is filled in a cartridge removably arrangeable in
said desiccant structure (40). 13. The inhaler device
according to any of the claims 1 to 12, characterized
in that said desiccant material (45) housed in said
desiccant structure (40) having a mass selected to
provide a minimum air drying for a time period
corresponding to a service life of said inhaler device
(1).14. The inhaler device according to claim 13,
characterized in that said mass of said desiccant
material (45) is in a range of from about 2 g to about
5O g. 5 15. The inhaler device according to claim 13
or 14, characterized in that said service life of said
inhaler device (1) corresponds to delivery of a number
of doses between 100 and 500. 16. The inhaler device
according to any of the claims 1 to 15, characterized
[0 by a closure element (16, 17) for closing said
mouthpiece (11) and said air inlet system (21, 22, 23)
to isolate said desiccant material (45) housed in said
desiccant structure (40) from ambient air outside of
said inhaler device (I)- 5 17. The inhaler device
according to any of the claims 1 to 16, characterized
in that said desiccant material (45) having an air
drying property to adsorb and/ or absorb moisture from
ambient air predominantly at and above a critical
relative humidity in a range from about 40 % to about
75 %. 0 18. The inhaler device according to any of the
claims 1 to 17, characterized in that said desiccant
material (45) is selected from a group of materials
consisting of silica, Siq 2, gels; activated alumina,
AI2O3; molecular sieves; and clays. 5 19. A method of
operating a dry powder inhaler device (1) comprising a
first channel structure (10, 13, 18, 30, 31, 32, 40)
defining a first airflow channel (50) for connection
between a mouthpiece (11) and an air inlet system (21,
22, 23) and having a dose entrainment region (19), and
a desiccant structure (40) for housing a desiccant
material (45) in connection with said first airflow 0
channel (50) downstream of said air inlet system (21,
22, 23) but upstream of said dose entrainment region
(19), said method characterized by: switching, during
a suction action applied to said mouthpiece (11),
between said first airflow channel (50) and a second
airflow channel (60) forconnection between said
mouthpiece (11) and said air inlet system (21, 22, 23)
and being defined by a second channel structure (10,
13, 30, 31) to induce an airflow from said air inlet
system (21, 22, 23), through a selected airflow
channel, and to said mouthpiece (11). 20. The method
according to claim 19, characterized in that said
switching step comprises switching, during said
applied suction action, from said first airflow
channel (50) to said second airflow channel (60) . 21.
The method according to claim 19 or 20, characterized
by: receiving, in operation, a dry powder medicament
dose in said dose entrainment region (19) to enable
said airflow to entrain dry powder of said dry powder
medicament dose when said first airflow channel (50)
is selected. 22. The method according to claim 21,
characterized in that said switching step comprises
switching, during said applied suction action, from
said first airflow channel (50) to said second airflow
channel (60) once substantially all of said dry powder
has been entrained by said airflow. 



23. The method according to any of the claims 19 to
22, characterized in that said switching step
comprises switching, during said applied suction
action, from said first airflow channel (50) to said
second airflow channel (60) once a pre-determined time
has elapsed from application of said suction action.
24. The method according to any of the claims 19 to
23, characterized in that said inhaler device (1)
comprises a movable slide (13) having a dose receiving
region for receiving a dose container (14), said
method comprising the further step of: moving said
movable slide (13) from a dose loading position in
which said dose receiving region is accessible outside
of a body (10) of said inhaler device (1) and a dose
releasing position in which said dose receiving region
at least partly overlaps with said dose entrainment
region (19), said switching step being triggered by
the movement of said movable slide (13).25. The method
according to any of the claims 19 to 24, characterized
in that said desiccant structure (40) having an air
outlet (24) through which said first airflow channel
(50) passes, and said switching step comprises the
step of: moving an outlet closing element (30) between
an open position spaced apart from said air outlet
(24) and a closed position connected to and closing
said air outlet (24) ; and moving an inlet closing
flap (32) connected to said outlet closing element
(30) between said open position in which said inlet
closing flap (32) is connected to and closes an air
inlet (22) of said air inlet system (21, 22, 23)
connected to said second airflow channel (60) and said
closed position in which said closing flap (32) is
spaced apart from said air inlet (22). 26. The method
according to any of the claims 19 to 25, characterized
by: inserting a removable cartridge comprising said
desiccant material (45) into said desiccant structure
(40). 27. The method according to any of the claims 19
to 26, characterized by: selecting a mass of said
desiccant material (40) to provide a minimum air
drying for a time period corresponding to a service
life of said inhaler device (1). 28. The method
according to claim 27, characterized in that said
selecting step comprises: selecting said mass of said
desiccant material (40) to be in a range from about 2
g to about 50 g. 29. The method according to any of
the claims 19 to 28, characterized by: closing said
mouthpiece (1 1) and said air inlet system (21, 22,
23) when said inhaler device (1) is not needed, such
that said desiccant material (45) is not subjected to
ambient air and humidity between releases of doses. 


