1 Inhalation powder formulations containing enantio ericallv pure beta-agonists 5 The present
invention relates to powder formulations for inhalation, containing enantiomerically pure compounds of
general formula 1 OHR41 wherein the groups RI, R2, R3 and R4 may have the meanings given in the
claims 10 and in the specification, optionally in the form of the pharmaceutically acceptable acid
addition salts thereof, as well as optionally in combination with a pharmaceutically acceptable
excipient, processes for preparing them and their use as pharmaceutical compositions, particularly as
pharmaceutical compositions for the treatment of respiratory complaints 15 Background to the
invention Betamimetics (B- adrenerglc substances) are known from the prior art For example
reference may be mpgdmiatibis fRSPES 4 dipBitiin 2

betamimetics for the treatment of a range of dlﬁgg&gﬁggrug treatment of dlseases it is often
desirable to prepare medicaments with a longer duration ot activity. As a rule, this ensures that the
concentration of the active substance in the body needed to achieve the therapeutic effect is
guaranteed 25 TheP16HFE IHERTONFERGE IR RFdar i rearoRisiy BRABHAT aFIPSHEE intervals.
Moreover, givirgariastévediyhstancemplongbrdpenpté featsuwdodtributes to the well-being of the
patient to a high degree. 2 In a particularly preferred embodiment the present invention relates to
pharmaceutical preparations wh@ confer a therapeutic benefit in the treatment of respiratory
complaints. 5 Particularly for treat%(r?;p ator mpjaints, it is efuI to, administer the active
substance by inhalation. In additiadNQ the‘s ' y active compounds in the
form of metered aerosols and inhalabl > powders containing active
substance is of particular importance.

OH R 1

wherein the groups R!, R?, R? and R4 may have the meanings given in the claims

10  and in the specification, optionally in the form of the pharmaceutically acceptable
acid addidon salts thereof, as well as opuonally in combination with a
pharmaceutically acceptable excipient, processes for preparing them and their use as
pharmaceutical compositions, particularly as pharmaceutical compositons for the
treatment of respiratory complaints

15

Background to the invention

Betamimetics (8-adrenergic substances) are known from the prior art. For example
reference may be made in this respect to the disclosure of US 4,460,581, which

20 proposes betamimetics for the treatment of a range of diseases.

For drug treatment of diseases it is often desirable to prepare medicaments with a
longer duration of activity. As a rule, this ensures that the concentration of the
active substance in the body needed to achieve the therapeuuc effect is guaranteed
25  for a longer period without the need to re-administer the drug at frequent intervals.
Moreover, giving an active substance at longer rime intervals contributes to the

well-being of the patent to a high degree,



10 With active substances which have a particularly high efficacy, only small amounts of the active
substance are needed per single dose to achieve the desired therapeutic effect. In such cases, the
active substance has to be diluted with suitable excipients in order to prepare the inhalable powder.
Because of the large amount of excipient, the properties of the inhalable powder are critically
influenced by the choice of 15excipient. When choésing the excipient its particle size is particularly
important. As a rule, the finer the excipient, the poorer its flow properties. However, good flow
properties are a prerequisite for highly accurate metering when packing and dividing up the individual
doses of preparktiopartcglanherefsrodieaing daysstibs firtraldtrestifor paiosltr phiratlagni e when the
patient is meteriigpthgitidivisidRitiosehRfar thetaigta BehaRdlirdese-inhalest Maieaver, the particle size
of the excipient g,}{ﬁ@{n@portant for the emptying characteristics of capsules when used in an inhaler.
It has also been found that the particle size of the excipient has a considerable influence on the
proportion of active substance in the inhalable powder which is delivered for inhalation. The term
inhalable propoRtrHHAb{R STASRA ERSPERIATT G |9t BIS2S SR HRRIbI Jfidfaitvhich are
conveyed deep intetthedbanchas withkladdsiorhentrhalednidtin adorefitiroiidieyaratie sigecrequired
for this is betvxeﬁ%}ﬁbé'ﬂa@l %Woﬂ&?&%%%ﬂé@%%%& _mri]_ﬁrﬁmblﬁ_l%xaﬁaxﬁf m@ﬁ@yelﬁtion is t% '
prepare an inha, wder ining. metic w | ately metered (in
terms of the ami)g#r%?ao a%%vé1 %%%?t%%%%“ﬁ%?&%ﬁ %%)E%u}séégggﬁé%u?ﬁ%%ﬁ%géh of powder by the
manufacturer or by the patient before use, depending on the inhaler, as well as the quantity of active
substance feleaS&th astvdshkstancrs Waithriys on rashuartlytieh efficherinmiyameH! Broeass) with only
slight variations dfahweaetiveatdhesn enalel esdiinl 3z aatiyk: dvesianchindehadmingterechraitarge
inhailab!e progotrémt,/iglgﬁaﬁr:ﬁé@,Qﬁ&%@@g@@&%&g%ﬁ%ﬁﬂﬂt&%ffﬁtﬁmmﬁ@@ée' | lsip%]@/ctiﬁr N
containing a betamimetic which ensure emptying characteristics of the capsules, whether it is
acministored to o oot LR S e o ok mecan g o KRS AR S SR Vi
using an impactB¥dFRRFHGRP H%&HﬁBf’l?gﬁirﬁfﬁﬁi‘i'égaﬂ&mqﬂﬁwmﬁFgﬁéﬁﬂif‘éﬂéacy even at
very low déd8es rnppses. fHisardowditisnbeorreinipmhatabagdviey whichdslelbenpsatrnitk-highly
accurate meteriaguBeaause:orly adopianneenesien of evgstyersidbsianeesisrngssieddn the
inhalable powdey o, achieye the thesaneuticalieaty ahigh degiesinl 1 bepiearpaihs Afilgpowder
mixture and on%shﬁg}?t fl ctgagpgs in g}e dispersion char cterls(t)lgs from one baé%@lgf ptggg/ er to the

next are essentiar, ee"%évrh(?gengl ALY t%réa%cg\?vn &r fifkkture and minoruc f}g IONS 1 the i(gsoﬁersion
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reproducib®@in qonktaitsammbaitrs Mckeoithriitbd pamsipogsibieheoriainiity: is very important for
the emptying characteristics of capsules when used in an inhaler. It has also been
found that the particie size of the excipient has a considerable influence on the
proportion of active substance in the inhalable powder which is delivered for
inhalagon. The term inhalabie proportion of active substance refers 1o the particles

25  of the inhalable powder which are conveyed deep into the branches of the Iungs

when inhaled with a breath. The particle size required for this is between 0.5 and 10
um, preferably between 1 and 6 pm.

The aim of the invention is to prepare an inhalable powder containing a

30 betamimertic which, while being accurately metered (in terms of the amount of
actve substance and powder mixture packed into each batch of powder by the
manufacturer or by the patient before use, 'depending on the inhaler, as well as the
guantty of active substance released and delivered to the lungs on each actuation by
the inhalation process) with only slight variations between batches, enables the

35  actve substance to be administered in a large inhalable proportion. A further aim of



15 Accordingly, a further aim of the present invention is to prepare an inhalable powder containing a
betamimetic which is characterised by a high degree of homogeneity and uniformity of dispersion. The
present invention also sets out to provide an inhalable powder which allows the inhalable proportion of
active 20substance to be administered with the lowest possible variability. The characteristics of
emptying from the powder reservoir (the container ffom which the inhalable powder containing the
active substance is released for inhalation) play an important part, not exclusively, but especially in the
25 administration of inhalable powders using capsules containing powder. If only a small amount of the

powder form”""“ﬂﬂé‘;&%e&%lﬁ%ﬁ@&ﬁ&msﬂ?& ;91%)6’8%ra‘i‘?ﬁﬁ{mﬁiéfﬁf&&%ﬁ{ﬂﬁ%%ﬁﬁﬂfeﬁ@ ptying
characteristics, %(%,lhlcant amounts of the mfléala e eir%entalnlngb eg %lve substance are left in
the powder reseRdit (G- tHeSCaPSTIE Bty ?%‘8?1? Fﬁléf’) P THSY TR e patient for
30therapeutic uééwmtﬁé@%mdhmﬁ@@ﬁaﬁm& Poshuich ot avanpipstafcesriuedipoter mixture has

to be increased $&/Zi3ab e rinanitityueingaciiversuhstancdardpingered is sufficient to produce the desired
therapeutic gffect. Against this background the present invention further sets out to provide an 35

inhalable powd hic Q chara terised b 8Ly, 00d emptyin aracterist] mmary In a
first aspect, theer’g% f)aro T%a § %mfgﬁ%csé%v%ee%hé ntr{a%[rff‘ e%g:"g é r%%r%‘feeﬁgntlo%enca% pgure

compounds of gEARPSFY SRR PR ﬁ&é&d&hﬂeééwsﬁéwhﬁ EAARSENER-BRERy or
halogen; denoteschytiisgusietazsFAeediyt Craraleoxganchaitgon; & Seeacize faiagehisCl-C4-alkyl,
C1-C4-alkoxy, hategedirOhk heldbldaliyiene-LRIOH e Sedpadalfidene-RiQOsteCdralkyl;
10  homogeneity of the powder mixture and only slight fluctuations in the dispersion
characteristics from one batch of powder to the next are essental. The homogeneity
of the powder mixture and minor fluctuations in the dispersion properties are
crucial in ensuring that the inhalable proportion of active substance is released
reproducibly in constant amounts and with the lowest possible variability.
15
Accordingly, a further aim of the present invention is to prepare an inhalable
powder containing a betamimetic which is characterised by a high degree of
homogeneity and uniformity of dispersion. The present invention also sets out 1o
| provide an inhalable powder which allows the inhalable proportion of active
20  substance to be administered with the lowest possible variability.

The characteristics of emptying from the powder reservoir (the container from
which the inhalable powder containing the active substance is released for
inhalation) play an important part, not exclusively, but especially in the

25 administration of inhalable powders using capsules containing powder. If only a
small amount of the powder formulation is released from the powder reservoir as a
result of minimal or poor emptying characteristics, significant amounts of the
inhalable powder containing the actve substance are left in the powder reservoir
(e.g. the capsule or other container) and are unavailable to the patient for

30 therapeutic use. The result of this is that the dosage of active substance in the
powder mixture has to be increased so that the quantity of active substance
delivered is sufficient to produce the desired therapeutic effect.

Against this background the present invention further sets out to provide an
35  inhalable powder which is also characterised by very good emptying characteristics,



R4denotes hydrogen, C1-C4-alkyl, C1-C4-alkoxy or halogen, optionally in the form of the
pharmaceutically acceptable acid addition salts, hydrates or solvates thereof, optionally in admixture
with one or more physiologically acceptable excipients, wherein the compounds of the general
formula! have the parameters of a characteristic paarticle size X50 of from 0.1to 10 nm and Q(5 8) of
more than 60%. In a second aspect, there is provided the use of an inhalable powder as defined
above for preparing a pharmaceutical composiiigafai-ihe treatment of respiratory complaints. In a third
aspect, there is provided a pharmaceutical formulation containing an inhalable powder as defined
above. 4 Descfiptiespoftttieinisgntodedindarids gotvidere ntioarelates to initakalbleipowdells containing
one or mor?;?é@é%@&l}{d?%? nantigmerslly pure compound of general formula 1~ wherein denotes
hydrogen, Ci-C4alkyl, C1-C4-alkoxy or halogen; R2denotes hydrogen, CI-C4alkyl, Ci-C4alkoxy or
halogen; R3denotes hydrogen, Ci-C4alkyl, Ci-C4alkoxy, halogen, OH, 10-O-CI-Cralkylene-COOH or
-0-ClI-C4-alkylene-000-Ci-Céalkyl-R4denotes hydrogen, Cl-al-alkyl, Ci-C4alkoxy or halogen,
optionally in the form of the phafmac
thereof, optionally in admixturgyith ofie or

inhalable powders as mentioned afve\a
=

OH

wherein

R! denotes hydrogen, C,-Cy-alkyi, C;-Cs-alkoxy or halogen;

R° denotes hvdrogen, C,-C,-alkyl, C;-C,-alkoxy or halogen;

R? denotes hydrogen, C;-C.-alkyl, C;-C,-alkoxy, halogen, OH,
-0-C;-Cy-alkylene-COOH or -O-C,-C-alkylene-COO-C1-C4-alkyl;

R* denotes hydrogen, C,-C,-alkyl, C;-Cs-alkoxy or halogen,

optionally in the form of the pharmaceutically acceptable acid addition salts, hydrates or

solvates thereof, optionally in admixture with one or more physiologicaily aceeptable

excipients, wherein the compounds of the general formula 1 have the parameters of a

characteristic particie size Xsp of from 0.1 um to 10 pm and Qs 5 of more than 60%.

In a second aspect, there is provided the use of an inhalable powder as defined above for

preparing a pharmaceutical composition for the treatment of respiratory complaints.

In a third aspect, there is provided a pharmaceutical formulation contaixsiﬁg an inhalable

powder as defined above.



more, preferably one enantiomerically pure compound of general formula 1, wherein denotes
hydrogen or halogen; 20 R2denotes hydrogen or halogen, R3denotes hydrogen, Ci-C4alkoxy or
halogen; R4denotes hydrogen or halogen; optionally in the form of the pharmaceutically acceptable
acid addition salts, hydrates or solvates thereof, optionally in admixture with one or more
25physiologically acceptable excipients. Preferred fhhalable powders are those which contain one or
more, preferably one enantiomerically pure compound of general formula 1 contain, wherein
RlIdenotes hydrogen, fluorine or chlorine, preferably hydrogen or fluorine; 30 R2denotes hydrogen,
fluorine or chlorine, preferably hydrogen or fluorine; 5 R3denotes hydrogen, methoxy, ethoxy, fluorine
or chlorine, preferably hydrogen, methoxyDesbrixyvion fifidienavédidenotes hydrogen, fluorine or

chlorine, preferaﬂ%@\‘@&ﬂ‘?ﬁvgﬁ&'&??&%esQBHBHQ'%I@;EB@&@H%@M}E&Q@H@%@%@E@”Y acceptable

acid addition salts lgtg[rates or solvates thereof ogtlongg& ir agnrgll_éf re With pne or more
physiologically 5’58 BRI %?(8% P PretenBd hialabie powders aret thase which contain one or
more, preferably one enantlomerlc pu e)compj;?dnd tof general f&mula 1 contain, wherein 10
RlIdenotes hydrogen or fluorine; R2¢enotes hydragen; ethowy, ethoxy or fluorine;

Me Me
R
4
5 OH R 1

wherein

Rl denotes hydrogen, Ci-Ca-alkyl, C;-Cs-alkoxy or halogen;

R2 denotes hydrogen, C1-Cas~alkyl, C1-Cs-alkoxy or halogen;

R3 denotes hydrogen, Ci~Ca-alkyl, C;-Cs-alkoxy, halogen, OH,

10 -0-C1-Ca-alkylene-COOH or -O-C-Cs-alkylene-COO-Ci-Ca-alkyl;

Rt denotes hydrogen, C-Cs-alkyl, C1-Cs-alkoxy or halogen,

optionally in the form of the pharmaceutically acceptable acid addidon salts,
hydrates or solvates thereof, optonally in admixture with one or more
physiologically acceptable excipients,

15
Preferred inhalable powders as mentioned above are those which contain one or
more, preferably one enantiomerically pure compound of general formula 1,
wherein
R! denotes hydrogen or halogen;

20 R2 denotes hydrogen or halogen;
R denotes hydrogen, C:-Cs-alkoxy or halogen;
R4 denotes hydrogen or halogen;

optionally in the form of the pharmaceutcally acceptable acid addigon salts,
hydrates or solvates thereof, optionally in admixmre with one or more
25 physiologically acceptable excipients.

Preferred inhalable powders are those which contain one or more, preferably one

enantiomerically pure compound of general formula 1 contain, wherein

R! denotes hydrogen, fluorine or chlorine, preferably hydrogen or fluorine;
30 R2 denotes hydrogen, fluorine or chiorine, preferably hydrogen or fivorine;



R4denotes hydrogen; optionally in the form of the pharmaceutically acceptable acid addition salts, 15
hydrates or solvates thereof, optionally in admixture with one or more physiologically acceptable
excipients. Of equal importance according to the invention are also inhalable powders which contain
one or more, preferably one enantiomerically pure compound of general 20 formula 1, wherein
denotes hydrogen; It?denotes hydrogen, fluorine orchlorine, preferably hydrogen or fluorine;
R3denotes hydrogen; R4denotes hydrogen, fluorine or chlorine, preferably hydrogen or fluorine; 25
optionally in the form of the pharmaceutically acceptable acid addition salts, hydrates or solvates

P ol cdm s ang ol mareRlysalag Al AR ep e A iRisnly Wso preferred

according to the invention are in e powders w |cr}%conta|n one 30 or more, preferably one
i

enantiomerically pure comPouReFB ﬁ’@ﬁ%‘?ﬁ”f&g‘rﬁ%? HEfSrm of the free bases thereaf. Of equal
importance accdifling to tissnevesinitregenafeompientéipanudrs el BaftagrABBIcHBre,
preferably one esafigmericelly jorte sfatrpsherthef geaimeibl aGdarmbiatihahdifomsafsthe

pharmaceutically accentable acid.adeiton splisthesenhuieh MayheeRiesated by general formula

1-1-1X. Preferréd inhalable powders.contain as acid addition salts one or more, preferably 5 one
compound of geﬁ?&%f’?%‘ﬁﬁ T‘-:fig&g]ﬁ ?—?ﬁﬁng

Preferred inhalable powders are those which contain one or more, preferably one
enantiomerically pure compound of general formula 1 contain, wherein

10 R! denotes hydrogen or fluorine;
Rz denotes hydrogen;
R3 denotes methoxy, ethoxy or fluorine;
R4 denotes hydrogen;

optionally in the form of the pharmaceutically acceptable acid addition salts,
15 hydrates or solvates thereof, optionally in admixture with one or more
physiologically acceptable excipients.

Of equal importance according to the invention are also inhalable powders which
contain one or more, preferably one enantiomerically pure compound of general
20 formmla 1, wherein '

R! denotes hydrogen;

R? denotes hydrogen, fluorine or chlorine, preferably hydrogen or fluorine;
R3 denotes hydrogen; '

R4 denotes hydrogen, fluorine or chlorine, preferably hydrogen or fluorine;

25  optonally in the form of the pharmaceutically acceptable acid addition salts,
hydrates or solvates thereof, optionally in admixture with one or more
physiologically acceptable excipients.

Also preferred according to the invention are inhalable powders which contain one
30  or more, preferably one enantiomerically pure compound of general formula 1 in
the form of the free bases thereof.

Of equal importance according to the invention are also inhalable powders which
contain one or more, preferably one enantiomerically pure compound of general



wherein X-denotes an anion with a single negative charge, preferably an anion with 10a single
negative charge selected from the group consisting of chloride, bromide, iodide, sulphate, phosphate,
methanesulphonate, nitrate, maleate, acetate, benzoate, citrate, salicylate, trifluoroacetate, fumarate,
tartrate, oxalate, succinate, benzoate and p-toluenesulphonate, and the groups RI, R2, R3 and R4
may have one of the above-mentioned meanings, £5 optionally in the form of the tautomers, mixtures
of the tautomers, hydrates or solvates thereof, as well as optionally in admixture with one or more
physiologically acceptable excipients.  Preferred inhalable powders contain one or more, preferably
one compound &t dnmultad fohxg eitbegihaxaterotesbnamionaithcdsigicior gatiyvehafge
selected from thengrauRgansising afichieyige i rigeuisUlphiate, methanesulphonate, maleate,
acetate, benzoate, citrate, salicylate, trifluoroacetate, fumarate, tartrate and succinate; 25 and the
groups RI, R2, R3 and R4 may have one of the above-mentioned meanings, optionally in the form of
the tautomers, rhERSFEIGP ARARLG RSERE RSRIIRA AU RARIS AR PR S s%*ﬁ%ﬁgf in
admixture With owe epmrrenshyistsragiddfiyradeds®EiBe excipients. Preferred inhalable powders
contain one or more, preferably one compound of formula 1-HX, wherein X-denotes an anion with a
single negative charge $€lected from the group 5consisting of chloride, methanesulphonate, maleate,

acetate, citrate, 0 1
Y\O OH H H R
NS 2
HN N

R .
Me Me X
R
OH !
" — 1-HX
wherein ,
X denotes an anion with a single negative charge, preferably an anion with
10 a single negatve charge selected from the group consisting of chloride,

bromide, iodide, sulphate, ?hosphate, methanesuiphonate, nitrate,
maleate, acetate, benzoate, citrate, salicylate, trifluoroacetare, fiumarate,
tartrate, oxalate, succinate, benzoate and p-toluenesuipbhonarte,
and the groups R1, R?, R? and R* may have one of the above-mentioned meanings,
15 optionally in the form of the tautomers, mixtures of the tautomers, hydrates or
solvates thereof, as well as optionally in admixrure with one or more physiologically
acceptable excipients.

Preferred inhalable powders contain one or more, preferably one compound of

20 formula 1-HX, wherein

X- denotes an anion with a single negative charge selected from the group
consisting of chloride, bromide, sulphate, methanesulphonate, maleate,
acetate, benzoate, citrate, salicylate, trifluoroacetate, fumarate, tartrate
and succinate;

25 and the groups R}, R?, R3 and R* may have one of the above-mentioned meanings,
optionally in the form of the tautomers, mixtures of the tautomers, hydrates or
solvates thereof, as well 25 optonaliy in admizture with one or more physiclogically
acceptable excipients.



salicylate, trifluoroacetate, fumarate and succinate, preferably chloride, maleate, salicylate, fumarate
and succinate, particularly preferably chloride; and the groups RI, R2,123 and P.4 may have one of the
above-mentioned meanings, 10 optionally in the form of the tautomers, mixtures of the tautomers,
hydrates or solvates thereof, as well as optionally in admixture with one or more physiologically
acceptable excipients. Also particularly preferred aré inhalable powders which contain.one or more, 15

preferably one enanuomerically pure compound of general formula 1 which are selected from the
group consisting of

6-hydroxy-8-{(R)-1-hydroxy-2-[2-(4-methoxy-phenyl)-1,1-dimethylethylamino]-ethyl}-4H-benzo [1,4)
oxazin-3-one-hyehdehtatidgiaBi i eR)ed-d2r{ 2 dndiftiore-pheamye; bhitfdintétodeattriponind Jof -hydroxy-
20ethyl}-6-hydroxysdhi-hepae [g,%)rt%azin -3-one- hydrochloride 8-{

(R)-242-(3,5-diflyoro-phe 1_5 -1, 1 dlme I e h ana no eth T}c é-u 4H benzo [1,4)
oxazin-3-one-hy rochlona&/ ho%%ngp‘he ?) rﬁeth e? amlnoi3 gmu%

1-hydroxy-ethyl}-6- hydro%;?%"‘ffﬁgrﬁ%‘[&lﬁ pan R Bﬁﬁkﬁfa’éatc’ accmea citrate,
258-{(R)-2-[2-(4-fluoro-phesiytyidd- tiifrethydetaydafemejate lapdr oxge iyl i efeyablyghintitrenzo [1,4]
oxazin-3-one- hydrochloriggsieate, salicylate, fumarate and succinate, parricularly preferably

6-hydroxy-8-1(R)-1-hydroxy: (%A‘g z(4-methoxy-pheny0-1,1-dimethylethylamino) -ethyl }-4H-benzo [1,4,]
oxazin-3-one maleate; 6-hydr 242- ny0-1,1-dimethyl-

]éR% /drox é/ -(4- r%?ﬁ%: J)

30ethylamino}- &H%,‘r‘“&#‘ﬁ&ﬁ% ? Ko RERORE L ARGIQ0S Ve ntioed meanings,
(R)-1-hydréRy- 2@@%@%&5&&@9@1@ Fmﬁmﬁw@mmmﬁ%ﬁamwpﬁehﬁé{&t,@ﬁ]@&azin-s-one
succinate; 6-hydishey:8-fHdR2pil dyyatatbas-2p fidr(dimnethdxysphenylid dheimethsd ethydarivipohiethyl
}-411-benzo [1 4.103azHR-S:OpR-funarate; 8 8-{
(R)-242-(2,4-difluoro-pheny1)-1,1-dimethyl-ethylamino]-1-hydroxyethy11-6-hydroxy-4H-benzo [1,4]

oxazin-3-one-maleate; - 8-{ (R) -242- (2 4- dlfluoro phenyl) -1,1-dimethyl-ethylamino]
1- hydroxyethyl‘f’)égl'@%ﬁ’bs&) e[:&agﬁ, ) -8h‘§d§é? &r}ﬁﬁg £Oontain one or More,

15 preferably one enantiomerically pure compound of general formula 1 which are
selected from the group consisting of
- 6-hydroxy-8-{(R)-1-hydroxy-2-[2-(4-methoxy-phenyl}-1,1-dimethyi-
ethylamino}-ethyl}-4H-benzo[1,4} oxazin-3-one-hydrochloride;
- 8-{(R)-2-[2-(2,4-difluoro-phenyl)-1,1-dimethyl-ethylamino]-1-hydroxy-
20 ethyl}-6-hydroxy-4H-benzo[1,4}oxazin-3-one-hydrochlonde;
- 8-{(R)-2-[2-(3,5-difluoro-phenyl}-1,1-dimethyl-ethylamino}-1-hydroxy-
ethyl}-6-hydroxy-4H-benzo(1,4] oxazin-3-one-hydrochloride;
- 8-{(R)-2~[2-(4-ethoxy-phenyl)-1,1-dimethyl-ethylamino]-1-hydroxy-ethyl }-6-
hydroxy-4H-benzo|1,4}oxazin-3-one-hydrochloride;
25 - 8~{{R)-2-{2-(4-fluoro-phenyl)-1,1-dimethyl-ethylamino]-1-hydroxy-ethyl}-6-
hydroxy-4H-benzo{1,4] oxazin-3-one- hydrochloride; ‘
- 6-hydroxy-8-{(R)-1-hydroxy-2- [2-(4—methloxy—phcnyl)~ 1,1-dimethyl-
 ethylamino}-ethyl}-4H-benzof1,4,] oxazin-3-one maleate;
- 6-hydroxy-8-{ (R)-1-hydroxy-2-{2-(4-methoxy-phenyl}-1,1-dimethyl-
- 30 ethvlamino] -ethyl}-éH-benzo[ 1.4,}oxazin-3-one salicylate;
~  6-hydroxy-8-{ (R)-1-hydroxy-2~{2-(4-methoxy-phenyl)-1,1~-dimethyl-
ethylamino}-ethyl}-4H-benzo[1,4,} oxazin-3-one succinate;
- 6-hydroxy-8-{(R)-1-hydroxy-2-{2-(4-methoxy-phenyl}-1,1-dimethyl-
ethylamino]-ethyl}-4H-benzo(1,4,] oxazin-3~one-fumarate;



5- 8-{ (R)-242-(2,4-difluoro-pheny1)-1,1-dimethyl-ethylamino]-1-hydroxy- ethyl }-6-hydroxy-4H-benzo
[1,4] oxazin-3-one-succinate; 8-{ (R)-242-(2,4-difluoro-pheny1)-1,1-dimethyl-ethylamino]
-1-hydroxyethy1}-6-hydroxy-4H-benzo [1,4] oxazin-3-one-fumarate; - 8{ (R)-2-
(2-(3,5-difluoro-pheny1)-1,1-dimethyl-ethylamino]-1-hydroxy10ethyl }-6-hydroxy-4H-benzo [1,4]
oxazin-3-one-maleate; 8-{ (R)-242-(3,5-difluoro-phéhy1)-1,1-dimethyl-ethylamino]
-1-hydroxyethy1}-6-hydroxy-4H-benzo [1,4] oxazin-3-one-salicylate; 8-{
(R)-242-(3,5-difluoro-pheny1)-1,1-dimethyl-ethylamino] -1-hydroxyethyl }-6-hydroxy-4H-benzo [1,4)
oxazin-3-one-succindté (A b2 d4-(R2UAu@ &ohftuplp ipheipt)hy e diptetipbbthppdning]- 1-hydroxy-
(eg;yzli:;'(zydtrr?x)""""egﬁﬂ' —[ﬂ-yﬂ}@ﬁﬁlmlvg%%@@[i%@iﬁﬁ-%ﬁnc-ma{ieate, 4tb 1.4]
ethoxy-p e min roxy:€e rox enzo
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oxazin-3-one-maleate; hény cum mino
-1-hydroxy-ethy11- 63%&8% rﬂﬁ"ﬁéﬁ rﬁoﬂ ﬁﬁ?ﬁ‘%' ‘i’?é‘% SHeSH @98{
(R)-242-(4-6thoxy-pHeHiR)-2; E-ditvethifinotoytdenybl-L hitrssyve thirtpaitgid ioxyddtsbenzo [1,4]
oxazin-3-one-succinatgyB-b{R)d2da-drpthaxsphgeyd)d.-cimetiyletitylamino] -1-hydroxy-ethy1}-6-
hydroxy-4H-benzo [184 (%af— = ?E%fﬂ%@&%%e@ { (lRﬁ'x?neth 1~ethy1ammo —hyd
[2-(4-fluoro-phenyl)-1 &%{ me }%/J eth lr?ﬂ’ l(epx roxy- ‘éb%ll- roxy enzc})qfl 4]
oxazin-3-one-maleat& %‘ A2V A oo p?'u ﬂxi T I %?ﬁ?\ %imlno] 1- C?/droxy ethyl }-6-
hydroxy-4H- benzo"[184 @Qa%fﬁéfb eiilypegiahenyl-1, dimethy 'ﬁﬂlY amino}-1-hydroxy-
(R)-242-(41fluoro- pheﬁ%f)}iﬁihdmm@rw%wan{hé]ci&mmmmﬂ@a&a 30hydroxy-4H-benzo [1,4]
oxazin-3-one-succingq @8t (3, 5~d1ﬂu0r0-phenyl) -1,1~dimethyl-ethylamino}-1-hydroxy-

(R)-242-(4-fluoro- phe@@% quﬁgg tBX pgﬁe- rgzg/ngmgc}wg hydroxy -4H-benzo [1,4]
0 tlona n the tauto

oxazin-3-one-fumarate form qQ mers, mlxtures ‘of the tautomers, hydrates or
solvates thereof. 9- )-2-12-(3,5-difluoro-phenyl)-1,1-dimethyl-ethylamino}-1-hydroxy-

ethyl}-6-hydroxy-4H-benzo[1,4] oxazin-3-one-succinate;
15 - 8-{(R)-2-[2-(3,5-difluoro-phenyl)-1,1-dimethyl-ethylamino]-1-hydroxy-
ethyl}-6-hydroxy-4H-benzo[1,4] oxazin-3-one-fumarate;
~ 8-{(R)-2-[2~{4-ethoxy-phenyl}-1,1-dimethyl-ethylamino}-1-hydroxy-ethyl}-6-
hydroxy-4H-benzo[1,4]oxazin-3~one-maleate;
« B-{(R)~2~[2-(4-ethoxy-phenyl)-1,I-dimethyl-ethylamino]}-1-hydroxy-ethyl}-6-
20 hydroxy-4H-benzo{1,4Joxazin-3-one-salicylate;
- 8-{(R)-2-[2-(4-ethoxy-phenyl)-1,1-dimethyl-ethylamino}-1-hydroxy-ethyl}-6-
hydroxy-4H-benzo{1,4) oxazin-3-one-succinate;
- 8-{(R)-2~[2-(4-ethoxy-phenyD)-1,1-dimethyl-ethylamino]-1-hydroxy-ethyl }-6-
hydroxy-4H-benzo[1,4]oxazin-3-one-fumarate;
25 - 8-{{R)-2-[2-(4-fluoro-phenyl}-1,1-dimethyl-ethylamino}-1-hydroxy-ethyl}-6-
hydroxy-4H-benzo[1,4]oxazin-3-one-maleate;
- 8-{(R)~2-[2-(4-fluoro-phenyl)-1,1-dimethyi-ethylamino}-1-hydroxy-ethyl }-6-
hydroxy-4H-benzo[1,4)oxazin-3-one-salicylate;
- 8-{(R)-2-[2-(4-fluoro-phenyl)-1,1-dimethyl-ethylamino]-1-hydroxy-ethyl }-6-
30 ~ hydroxy-4H-benzo|1,4}oxazin-3-one-succinate and
- 8-{(R)-2-[2-{4-fluoro-phenyl}-1,1-dimethyl-ethylamino}-1-hydroxy-ethyl}-6-
hydroxy-4H-benzo{1,4)oxazin-3-one-fumarate,
opuonally in the form of the tautomers, mixtures of the tautomers, hydrates or
solvates thereof.
35



In the inhalable powders according to the invention the enan_tiorherically pure compounds of general
formula 1, wherein RI, R2, R3 R4 are as hereinbefore defined are present in crystalline form, optionally
in the form of the crystalline tautomers, crystalline hydrates or crystalline solvates thereof. Particularly
preferred are 5 enantiomerically pure, crystalline compounds of general formula 1 wherein RI, R2, R3
and R4 have the meanings given above, optionally i the form of the crystalline umtomers, crystalline
hydrates or crystalline solvates thereof, which are further characterised in that they are crystalline
compounds which occur in only one crystal modification. 10 By the expression "only one crystal
modification” arénmeairbetysta tioerdumsoardisnidfshn inschugmchernpoicoasgaliiersmixture of any

polymorphic crystahpaadificetionswhishmmaayexisk ol ROy RADRITRS 0BG atinisi oy yiaed
modifications w dt*e e AMAPIOUR ALY AR Bl tttﬁﬁgmuméeg@tgmta&étemla 1. Unless
otherwise-stated, the alky] groups are stra égalne r bé“’?n hed havmg 1to 4 carbon
atoms. The follo%?ﬁba@fgﬁ? éd BVWQ@ ‘é%%l e )? iy %}' uzty? In some cases
the abbreviétionsnmcatswﬁsrm ww@awawmm@ﬁa&w&h@%w@m Broih or butyl.
Unless otherwisBsiatbe: ther€ efinttionsipro pidearab buty bmidudByalt the fiossitflehisormarbiferms of the
groups in questign,: Jaus, ILEXMRPIRRERRYLINGIMIaR - BERRYE AR ISSERHERY, ¢ ibd-Reludes iso-butyl,
sec.butyl and ten buta){l et 25 UnI SS gltherW| %f ated th%nadkxv%g&l%r C\J“?i?agg] mc gnd
unbranched dou% onget aﬁ‘quab gyes h&ving 110 4’ c on atoms. The following are mentioned by
way of example: “l‘ﬁgt FALAB: ethylene, n-propylene or n-butylene. Unless otherwise stated, the term
alkyloxy grdlips (or -0-alkyl groups) denotes 30 branched and unbranched alkyl groups having 1 to 4
carbon atoms wigghharedirderdyitoaly oxygesalomodRestplesaef theas: ineluslinenethyloxydethyloxy,
propyloxy or butx@&mmelwceﬂvwglﬁawt@&n@% oE259R0- BB AR AR Bsamme cases (0 denote
the groups met d’é‘ %)rol%élox%(%r btitylox%gl Unlessi) erwise stated the definitions
propyloxy and b élb iBTEIOment forms of "L TRE roupsrﬁ guestion. Thus, for
example, propyl RR%’§ Wigh By SR ERIP IS RF BI5ABRY SBURy XS I‘FBFE}HQEI}% A56Rp5RE ©
sec.butyloxysanddertuadtyloxy, etc. In some cases, within the scope of the present invention, the term
alkoxy is used instead of the term alkyloxy. Accordingly, the terms methoxy, ethoxy, propoxy or 5

butoxy may alsogisiseshia-diepetartie Geoslpsl meﬂmdmxy,saﬁimm@mpwnhyammwm. Halogen
within the scope of the present inv, S g Lraminex !gdj@e Unless stated
to the contrary, fiorhe %ﬁ%ﬁté a%g%tot%?npgqg%relt%:ho erre l(5.}0ha%ogens Tﬁre“term enantiomerically

pure describes WRRRIETBEES SthFe b‘i‘&@rﬁﬂh‘?éﬁtl R eompERrE SRRy AL Se present in
an enantiomericai iyl aileast %%mt@méegﬁmmaﬁtaagt QBgEepastiotiatlylprotarably > 95%ee.

The term ee (enaiomelc k3o GRe N ARAHIBSUP.A 50 15SRURSA s GRLERLAUIM.pLon

forms of the groups in question. Thus, for example, propyl includes n-propyl and

iso-propyl, butyl includes iso-butyl, sec.butyl and zerz.-butyl, etc.

25  Unless otherwise stated, the alkylene groups are branched and unbranched double-~
bonded alky! bridges having 1 to 4 carbon atoms. The following are mentioned by

way of example: methylene, ethylene, n-propylene or n-butylene.

Unless otherwise stated, the term alkyloxy groups (or -O-alkyl groups) denotes

30  branched and unbranched alkyl groups having 1 to 4 carbon atoms which are linked
via an oxygen atom. Examples of these include: methyloxy, ethyloxy, propyloxy or
butyloxy. The abbreviations MeO-, BtO-, PropO- or BuO- are used in some cases
to denote the groups methyloxy, ethyloxy, propyloxy or butyloxy. Unless otherwise
stated, the definitions propyloxy and butyloxy include all possible 1someric forms of



The highly crystalline compounds of formula’ may be obtained as illustrated below (Diagram D.
Diagram 1: In the compounds of formulae 2 to 5 and 7 mentioned in Diagram 1 the group OPG
denotes a hydroxyl function protected by a protective group (PG). For a 5 choice of suitable protective
groups for the hydroxyl group reference is made to the prior an as given for example in Protective
Groups in Organic Synthesis, T.W. Greene and P.G!#. Wuts, John Wiley & Sons Inc, third Edition,
1999. Preferably OPG denotes a group which is selected from among -0-ClI-C4-alkyl, -0-benzyl or
-0-CO-Ci-C4-alkyl, preferably 10-0-methyl, -, -0-benzyl or -0- arficularl ferabl -0-methyl or
o-bonmy partcHEsuR? BP0 S e B BT R ST AU 3 RPCPH AL A 68
Diagram 1 the qnmmr]mdebmgkmylmu@gmubuﬂkei@rabWMeathtmmmmselénted from

among 15 _chigine, hromipe, indine methenesylabanals.ifbioramathangsuiphonatg and 12

p-toluenesulphonate, é)referabl y chlorine or bromine, particularly preferably chiorine.  In the

compounds of fiRFHEA @%&?’h?éﬁﬂ%ﬁédﬁﬁ%fﬁﬁ?&hﬁ BT R TR SIOR WP R May have the
above-mengoneshiseppiagalsStacting drond éharetyt groepz yiexyyihiyh enizdfiyd Iovapsito:3-one (a) the
compounds of genera aI formula 3 are prepared in the manner known from the prior art. The compound
of formula 3 is ther converted enantioselectively, in the presence of a 10 chiral transition metal
catalyst, into the chiral alcohol of general formula 4 which is then reacted under suitable conditions to

form the chiral 0@&% BfM@M?c ct%@&l? %séﬂﬂ%@&ﬁ%%f@s’ﬁuﬁ&ﬂé defbealivesRfisbg.compound
of formula3are theta t for exa Hamac Oggal Letters 002 4 4 73-4376). By
reacting the OXj Thidk r?es SSFRST Iaué) € compounds ormuﬁa fé are obtalned which

may be coﬁQenéﬁ‘ﬁﬁ@}l‘éhe compounds of formula 1 after

The term enantiomerically pure describes within the scope of the present invention

compounds of formula I which are present in an enantiomerical purity of at least 85%ee,

preferably at Jeast 90%ee, particularly preferably > 95%ee. The term ee (enantiomeric
15  excess) is known in the art and describes the optical purity of chiral compounds.

The highly crystalline compounds of formula 1 may be obtained as illustrated below
{Diagram 1).



cleaving of the protective group (PG). If the compounds of formula | are not obtained in crystalline form
by the method of synthesis outlined above, the synthesis may be followed by recrystallisation from
suitable solvents. More detailed comments on this subject can be found in the experimental part of the
present 20 invention that follows. In order to prepare the inhalable powders according to the invention,
it is first of all necessary to prepare the compounds of formula | obtained in crystalline form in
finely-divided (or micronised) form. 25 The micronising or grinding process may be carried out using
conventional mills. Preferably, the micronisation is carried out with the exclusion of moisture, more
preferably, using esgpndmg inert gas s@ei:as itrggen, for example. ﬂﬁﬁs? particularly
preferable to use:qir | in which the mategial igl 30 comminuted bx the i e particles on
one another and on all¥of the grinding contd . Thie micronising proces y be carried out
both by so-called cotugterflow mills, optionally with™s bsequent screening, and aI 0 in preferred
manner, using spiral afiffet mills. According to the in¥fgntion, nitrogen is preferably "ised as the grinding
gas. The material for grinding is conveyed by the grinding gas 35 under specific gtessures (grinding
pressure). Within the scope of the present 13 invention, the grinding pressure is usually set to a value
between about 2 and 8 bar, preferably between about 3 d 7 bar, most preferably between about 3.5
and 6.5 bar. The material for grinding is fed into‘the,ai Byc;neans of the feed gas under specific
pressures (feed pressure). Within t
about 2 and 8 bar, preferably H#
bar has proved satisfactorys=The
nitrogen again. The material to be gggund (crystalline compounds accogging to formula i) may be fed
in at a rate of about 5 -45 g/min, preferably at about 15-35 g/min. 10 For example, without restricting
the subject of the invention thereto, the following apparatus has proved suitablé as a possible
embodiment of an air jet mill: a 2-inch Microniser with grinding ring, 0.8 mm bore, made by Messrs
Sturtevant Inc., 348 Circuit Street, Hanover, MA 02239, USA. Using this apparatus, the grinding 15
process is preferably carried out with the fBligwi ringing parameters: grinding pressure: about 4.5 -
6.5 bar; feed pressure: about 4.5 -6.5 bar; %;Eply Of gril dingdmatrialz abogz17 - 21 g/min. Another
example is the use of an air jet mill as made by1e33 ; :
operated with the followingprocess parameterst rlndlnb“i)ré\@es : %{pressure:

OH R 1
-Diagram 1:
In the compounds of formulae 2 1o 5 and 7 mendoned in Diagram 1 the group
OPG denotes a hydroxyl function protected by a protective group (PG). For a
5 choice of suitable protective groups for the hydroxyl group reference is made to the
prior art as given for example in Protective Groups in Organic Synthesis, T.W.
Greene and P.G.M. Wuts, John Wiley & Sons Inc, third Edition, 1999,
Preferably OPG denotes a group which 1s selected from among
-0-C-Cs-alkyl, -O-benzy! or -O-CO-C;-Cs-alkyl, preferably
10 -O-methyl, -, -O-benzyl or -O-acetyl, particularly preferably -O-methyl
or -O-benzyl, particularly preferably -O-benzyl.

In the compounds of formulae 3 and 4 mentioned in Diagram 1 the group L.
denotes a leaving group. Preferably I denotes a leaving group selected from among
i5
chlorine, bromine, iodine, methanesulphonate,
trifluoromethanesulphonate and



25 product feed: nozzle setting (injector): 8.0 bar (+/- 0.5 bar) 8.5 bar (+/- 0.5 bar), Note: the feed
pressure is always set 0.25 to 0.5 bar higher than the grinding pressure 20 g/min (+/- 2,0 g/min) 37.2
mm (constant) The ground material thus obtained is then further processed under the following
specific conditions. The micronisate is exposed to water vapour at a relative 30 humidity of at least
40% at a temperature of 15-50C, preferably 20-45¢2most preferably 25-40C . Preferably, the humidity
is set to a value of 50 - 95% r. preferably 60 - 90% r.h., most preferably 70 - 85% r.h. By relative
humidity (r.h.) is meant within the scope of the present invention the quotient of the partial steam
pressure and the steam pressucessiitheonatgrmat e ignechratigreribrquastigmrBbuPrdferably, the
micronisate obtgiredfsamdieainding process described above is 14 subjected to the chamber
conditions mentioned above for a period of at least 6 hours. Preferably, however, the micronisate is
subjected to the chamber conditions mentioned above for about 12 to about 120 hours, prgferably

about 15 to abotht B ABTHRCRHICG KT Bl ér AB AB5HHB S BOHE I hb I By EF dfterhative 5
embodimerit thi&seast B foteseaybihdaiye Thngrogddasenaral is exposed to an elevated
temperature. For this, the micronised material is exposed to an elevated temperature of at least 40C,

preferably at least, 6 At RONING. 0k R ACHR A Ab 908l 0 oS REbbA TS 0 6
hours, partlcularcl%zé)rr?ereraéjlﬁg{l?%%ﬁ hgurésrt%gnr@urs,agyg%c%d %el?ﬁl\{g %mldali?(, % relative
humidity of less an %o, prefera R/ f@SSthin 2696 ana parﬁcﬂl!ar?y preefeDra%ﬁy ess than 30%. The
micronised comBUBREANS: $6Rixle A e ePRy SRedriransonclsribsindy Be BEEAREE Wy the method
described &hovehislerarsharactetistiopdyrsiclesizboEvrel Hevivelerf Seharah mmaiGvdnywpreiasably
between 0.5um @ad it dpaiticyiandiopmiaatiy bemeeml ShdnoandBcigsankiaddition they are
characterised by {h, gy 8MciEh QLS Al mar s han ARG P D RRI AT ARy iRuIarly
preferably more than 80%. The h{?r cteristic value X50 dego&gs the med@@é’%’%ﬁ#h&ﬁ rticle size
below which 505 SFR Sty Of (0 AEHERF & TRTAGE A 8L a thE VAL At Ao Y00 the
individual particle® I9as&ingh Sia Seercs aite x5 Bt Ridesrma ¢ thmeyrepunds of formula 7
15  are obtained, which may be converted into the compounds of formula 1 after
cleaving of the protective group (PG). If the compounds of formula } are not
obtained in crystalline form by the method of synthesis outlined above, the synthesis
may be followed by recrystaliisation from suitable sclvents, More detailed
comments on this subject can be found in the experimental part of the present
20  inventon that follows.

In order to prepare the inhalable powders according to the invendon, it is first of all
necessary to prepare the compounds of formula § obtained in crystaliine form in
fineiy-divided (or micronised) form.

25
The micronising or grinding process may be carried out using conventional mills,
Preferably, the micronisation is carried out with the exclusion of moisture, more
preferably, using a corresponding inert gas such as nitrogen, for example. It has
proved particularly preferable to use air jet mills in which the material is

30 comminuted by the impact of the particles on one another and on the walls of the
grinding container. The micronising process may be carried out both by so-called
counterflow mills, optionally with subsequent screening, and also, in preferred
manner, using spiral air jet mills. According o the invention, nitrogen is preferably
used as the grinding gas. The material for grinding is conveyed by the grinding gas

35 under specific pressures {grinding pressure). Within the scope of the present



particles below 5.8 tun, based on the volume distribution of the particles. The particle sizes were
determined within the scope of the present invention by laser diffraction (Fraunhofer diffraction). The
determination of the particle sizes by laser diffraction (Fraunhofer diffraction) was effected using the -
method described in WO 2503/078429 (page 16 if). The micronised compounds of general formula |
described hereinbefore may optionally be used for ifhalation without any other excipient. Preferably,
however, the pharmaceutical compositions according to the invention contain in addition to 30 one or
more, preferably one, compound of formula 1 at least one physiologically acceptable excipient or a
mixture of physivisgidatly theamprdbie presivisnissuEringsie ool physiotogicalsbavt a8 exsipients
which may be usedetativapasie éaebhalaale TovEesRepesting otheytevainn mslbee sfar example,
35monosacchaﬂgssﬁtgna@&aﬁwmaﬁg%r@@mboa@ =AY AR Ao Arlasey day saccharose,
maltose or trehalo e), oI - and ccharides tr|n starch, cellulose and the
derivatives ther&8f)° 8@? 9{: & ﬁi%ﬁﬂgé? ggf}ﬁj §C()é?§ éﬁl%f’sﬁ?ér’iﬁ%lu%}htol) amino
acids (argirine Ry dm%?ﬁeraot': Ftag%ﬁﬁl ca RpR $ R RiskpreioBetWerihAROI Satf drbak, sorbitol,
trehalose), 5alkatidnetat andealitdjine earth ahetal3salis.dbstaatiasgniol-fel. ga ddily steqardid)e $adts (e.g.

sodium ChJQrideg@Em%QQF@i@L&& HMM&%@J t#@%@;ﬁé@épismmiﬁgear@@aotWﬁe Prelferably, -
mono- o 'Sacﬁq) %%t‘afd% anmt Pf%&a?h%% ' gis%c%%‘%a%’ %?oﬁm% qi’ Dplgse or

mannitol, preferably lactose, ucose, | erred, particular Xclusive y, in the
form of their hy&l’eﬁé@t AR 6 ilset E@g’cﬁrﬁfﬁrﬁg&ﬁ%ﬁoﬁ’é&é §f‘?r‘|‘émnltol is the particularly
preferred dXcipient, while lactose monohydrate or mannitol is most particularly preferred. In
pharmaceutical Fatneuiatiple s eitbotd irtg i ting iheaniidrydiidhe cantativintadiitgnhiofalkompound of
formulala ph)@fﬁﬁgﬂiﬁé'Wa@iﬁ%@&@%ﬁ%fd@?Q%&Qﬁ&?éﬂﬂﬁ&ﬁ@ﬁt%@m@%'}& ‘Eﬁxf?@%eb to the
excipient is usuw keé?lt in th&i ang? from S: %%O ﬁ'glo ]b%QeOOO é’ﬁefﬁab% g%g{%gatnot and

the

particularly prefera%ly Fom 2 rat08 g Ei%;‘/en above being ratios by V\fel t (w/w).

The inhalable pm@f&%t&%réﬁ@%%m%%% %@m.wgeefeéaspﬁ%ga%aﬁts of 3-100 mg,
preferably B:50 pagekss ésapteferablitiarriettetiniil dhrdqiionies grndovd pryametersngaindmg do not
contain any excifigstreniypaneisy NEsa a1 etetaftlysone: cayppound effyanWapbiy shigtiadisgd form, 1

to 30ug, preferaply,319. 28big 3nd parfigiiarly preferably 5 CO 2(hig inhalable powder 25are usually

administered pe‘&nn %gté%ample is the use of an air jet mill as made by Messrs Jerpharma, type

Jetmill MC 54, which may be operated with the following process parameters:

20 grinding pressure: 8.0 bar (+/- 0.5 bar)
feed pressure: 8.5 bar (+/- 0.5 bar),
Note: the feed pressure is always set 0.25 to
0.5 bar higher than the grinding pressure
25  product feed; 20 g/min (+/- 2,0 g/min)

nozzle setting (injector): 37.2 mm {(constant)

The ground material thus obtained is then further processed under the following
specific conditions. The micronisate is exposed 10 water vapour at a relative

30 humidity of at least 40% at a temperature of 15-50°C, preferably 20-45°C, most
preferably 25-40°C . Preferably, the humidity is set to a value of 50 - 95% r. h.,
preferably 60 - 90% r.h., most preferably 70 - 85% r.h. By relative humidity (r.h.) 15
meant within the scope of the present invention the guotient of the partial steam
pressure and the steam pressure of the water at the temperature in guestion.

35  Preferably, the micronisate obtained from the grinding process described above is



The inhalable powders according to the invention are preferably administered in the form of a
pre-metered pharmaceutical preparation. Examples include an inhalation capsule system. It is also
possible to use systems wherein the powder preparation is 30presented in single doses e.g. contained
in blister wells. In another form the preparations according to the invention are also suitable for use in
inhalers which have a powder reservoir and whereintthe quantity of powder to be administered or the
crystalline micronisate of the active substance is not metered or divided up until immediately prior to
use. The powder preparations described here may be inhaled 35 by means of a suitable inhaler.
Suitable inhalerssatektdwa flierchtistprosaditnckt Ragitiiatdssovtatdedphaletohre mwntioned for

example in WO Q3/034%0¢sthgigonisnin Ofdinl Al el ebyuitieernpated Byargirenngmihsregard to
the inhalers disclosed thetei, 2 -Eg]rea[)nor{latl?glgo%%Wgte[[a(?&e u%sfedrgt%%%f“%%&”f? {Ryentiogmay be
prepared as desEibBed BEloW, The process accérding to the mvention 1o Preparing inhalable powders
is characterised FPHTat NI UABLRESRIMDIE GRAME dRiEh St ARSI dGiR IR 9% ptable excipient
and N equalfortiamisodirtieamitsenisas folmpaliny dfyiognilte trommplazedin Hliewpeseiiayers ina -
suitable mixing vessgl-andmafiantony havema! hraniedded heANtndavesaf thadwreasgonents are

mixed ogether URiHg aa4aBIG Ul yB-eorn-aldiie.pibicoaically aesRriaRle GINIGRLRgINg putin
first, while N is an Integer >%£referab >T,an

I enotes 0 or 1. 15 Preferably, the individual
fractions are add&PinIafet ?81539@%}(5 Blg'gg%‘éﬁiﬁ%%%%%a%‘ﬂ%ﬁﬁ@&?%ﬁ%@%% TFhixing
process is finishdl? frusntird bewdettrrdinedosh BeeJuBRicind k- orislarvadamtditiohisFscreening
processes. 1n thelpmeess, acetdbily kothemvehtiond Nasinatudgliycfepbidiest ihter 3ia.0n the total
guantity 20 of powder mixture to be produced. When producing smaller batches, the desired effect of

high homogeneiei e, seises ALIIBIDGPESBNIENT AU DR ACTISKE S A TR Mo/ geprinciple.

however, it is preferaple according e invention | or more, nlo e prefergbly 20 or
more, better still SBBPATLPE BHPERAASIRFPEAAP]L I ARE HE AR YrEtn RAT ?@ﬁlﬁﬁsﬁé’ of layers of
the powder 25 frastiwaeniSrinen, 2pé Hore Ropiugelidmrythe Howeenhktife PEESHADIN the sense of
uniformity of £onisiaierbbé mambzen mmay iapresSent. Ioeddvithinitbesseaherafthrisqt dgeds according to
the invention. If m depgtes @ thedpsidractionaded:ie.thermixing BRRAEIS p3RiBkeiAFADIY screened
into it, in a layer is t grl%§t 810“!.:0“ OII e/mlcronlsed compound of formula 1. If m represents the

f a(?éeéhflot e ?hixing apparatus, preferably screened into it, in a layer is the

number 1, the ladifractio ( >
last portion of the sy SIBGEERCAEED t15 S BRRIEM. PHFAL AR 1 0 &8 RAERELG¥BL 8 much as,
when m = 1, any wasith ¥ obfiibe auefractiotper ke nativivsubstassb anilixerelimaglistibuton
20  of the individual particles. The characteristic value Qs indicates the quantity of
particles below 5.8 um, based on the volume distribution of the particles. The
particle sizes were determined within the scope of the present invention by laser
diffraction (Fraunhofer diffraction). The determinaton of the particle sizes by laser
diffraction (Fraunhofer diffracton) was effected using the method described in WO
25  03/078429 (page 16 ff).

The micronised compounds of general formula 1 described hereinbefore may
optionally be used for inhalaton without any other excipient. Preferably, however,
the pharmaceutical compositions according to the invention contain in addition to
30  one or more, preferably one, compound of formula 1 at least one physiclogically
acceptable excipient or a mixture of physiologically acceptable excipients.

Examples of physiologically acceptable excipients which may be used to prepare the
inhalable powders according to the invention include, for example,
35 monosaccharides (e.g. glucose, fructose or arabinose), disaccharides (e.g. lactose,



17 in the screening unit can be carried into the mixing unit by means of the last portion of excipient.
Preferably, the first portion of the N+m portions of the excipient is put in first, and 5 then the first
portion of the N portions of the active substance is placed in the mixing container. Whereas within the
scope of the process according to the invention the individual components are normally added in
roughly equal portions, it may be advantageous in séme cases if the first of the N+m portions of
excipient which is put into the mixing apparatus has a larger volume than the subsequent 10portions of
excipient. The inhalable powders according to the invention may also be prepared by first of all

producing a mixis¢enatAclinaBeRstrRem aRBesXsis i RTpoIging karides e ackitesexitng above and
then mixing the é&'b%%i{! edhuis.tianed wilh more SxGRIBNG ol thigBRY AR daRs LRy the method

described above, by mixing N batches of the actjve substance / excipient. mixture, layer by, layer with
N+m batches oPSIHBICeReH &% %B‘@t%@?@éé@’?ﬁﬁéﬁﬁﬁ%?aﬁ@%@ RIS e mfm%i??ie
invention prefer&bi&ﬁmlIﬁaﬁ@%&fﬁ’g@fwhﬁﬁI@@Wﬂi@l‘éosﬁﬁﬁ?m@ﬂ@‘%ﬁ’gg% pm,
particularly prefatiesilyehauindOat@fine cihh excipientsmbyayptionadats dieessemitelreal coarser
excipient with an ayeiag6RHI6IEdsIZ8 ik lQrbsmit phddingiexeipipil-wilbiaeryempeparticle size
of 1to 9 p.m, wherein the agtre%gg tion of finer excipient n the tatal quantity qf excipiant mayhe 1 to
20%. If the inhaf3ble powders w ich 25 may be prg tced usmg the process act ordiq to the invention
contain a mixturef QA CeERERR TRERL RS RE MR RE SRty Rsiante ’3&88?510}18’% %ﬁgsﬁ\}%ntion to
prepare inhalabergfewdérsantmieniytiaicoarsecksiipierintibe wamedthgs prgeiessBersba7 to 50 pm,
most prefefably g0 sithaitdhadinei@xsinie nidasaniater pgeipaditiesifoefi 2 0iBigm, most
preferably 3 o i RLAYPEAGRRRHIGIE iz dnrifMeaRpiedtiaEf tharahiguof the volume

r

distribution measured with a laser diffractometer using the dry dispersion method. For the
measurement of the mean particle size by this method see the disclosure of WO 03/078429 (page 21

if).  In the casd®PRATBRERIER AR BB AFSRFLAG ribF LXESBRIR WAIHOAYHE 35 preferred
processes accoraidéito theainvamiomd e thovelthihpprgidedivaliaisecrrgbho ardinis i wWitich the

proportion g fings @ eipiBALeRpBHiAeSt oanlia%b 1108t eaferably SriaIbOkpofitie:tatakafmnnt of
excipient.  The pereepiaoes Al RIS 3608501 HsBEsENbinveRlien BiealudysBarcent 5 by

weight. 1:1000 to 3:10000, the ratios given above being ratios by weight (w/w).

The inhalable powders according to the invention are usually administered in
20 amounts of 3-100 mg, preferably 5-50 mg for each inhalation.

If the inhalable powders according to the invention do not contain any excipient,

only one or more, preferably one compound of formula l_in micronised form, 1 to

30pg, preferably 3 to 25pg and particularly preferably 5 to 20pg inhalable powder
25  are usually administered per inhalation,

The inhalable powders according to the invention are preferably administered in the
form of a pre-metered pharmaceutical preparation. Examples include an inhalation
capsule system. It is also possible to use systems wherein the powder prepararjon' 1s
30 presented in single doses e.g. contained in biister wells. In another form the
preparations according to the invention are also suitable for use in inhalers which
have a powder reservoir and wherein the quantity of powder to be administered ot
the crystaliine micronisate of the active substance is not metered or divided up until
immediately prior to use. The powder preparations described here may be inhaled
35 by means of a suitable inhaler. Suitable inhalers are known from the prior art.



If the excipient used is one of the abovementioned mixtures of coarser excipient and finer excipient, it
is again expedient according to the invention to produce the excipient mixture using the process
according to the invention from N roughly 10 equal portions of the finer excipient fraction with N+m
roughly equal portions of the coarser excipient fraction. In such a case it is advisable first to generate
the above-mentioned excipient mixture from the abdge-mentioned excipient fractions, and then to
produce from it the total mixture including the active substance using the process according to the
invention. 15 For example, the excipient mixture may be obtained as follows, using the process

according to thepiRtioh: schabwatamponenit s e Rebiymsided Wmeoghassueetiag granulator

with a mesh size of 01, 16 & FMARLRESRIARY 230 b TR SYEWAR i A es Akl 0.6 mm.
Preferably the first ﬁf}%gao&%of the Nm 20 portions of the Coarser excipient Is put in first and then the

first portion of tH&" {8t the finer excipient fraction is added to the mixing container. The two
components are added alternately by screening them in layer by layer. After the preparation of the
excipient mixturéghhmirdizbiewovrs prapapedduce dddig fronk¢Hevaikturerapdthedestédsactive
substance usingjthe-pracgssccording to the invention. The two components are preferably added
through a screening granulator with a mesh size of 0.1 to 2 mm, most preferably 0.3 to 1 mm, even

more preferably 0.3 to 0.6 mm. 30 Preferably, the first portion of the N+m po%%;ns of the excipient
mixture is put in SHORIRSTSHEF FREE RGO bITHERN PO RN RATRE S BRP4HER 1% added to the

mixing containeElffsERisecom gemdntsapalsiaraielble el THeOS ¢ Breetosiiiigiartiin alternate
layers, in more thaepbiprefertbly amdritbgunPboniost pfeferatilyonied thanpsttdyest sofmorlexample,

with a desired tofglamauni £f NEWCIRE ffy3R: 35 SrukEioARNPG Q2101 %k a6tiye Substance, for
example, and usbln%lco %otge# gxuﬁlentsétq%t 0.components can be §5ee ecri indn aabout 30 to 60

. IS CoOmpoOnen € X [ I
layers each (N = 30~ swillbe ¢ ear apparent to anyoné Skiffed i the & the procCess can

equally well be CHHEIF GBI RIBOIPAEH ARy IRlogials R eaBErlt S RisShREIRF fBUSble
homogeneity of fhret pahitteNrsignireteseT il irefetalelpawchnd acderding@wthle invention are
characterisegl by their multiplicity of possible applications in the therapeutic field. Particular mention

should be madegeearehing ip G NMARILAALIASE w@@%i%@m%n ihe:rammPouRdS f formula 1

according o the Joveltion arc breferably ysed on the bagis, 10 of et pharmaceliical actiy as

can be subjected to one or more additional screening processes. In the process

according to the invention, N is naturally dependent inzer alia on the total quannrty

20  of powder mixture to be produced. When producing smaller batches, the desired
effect of high homogeneity in the sense of uniformity of content can be achieved
with a smaller N. In principle, however, it is preferable according to the invention if
N is at least 10 or more, more preferably 20 or more, better still 30 or more. The
greater N is and, as a result, the greater the total number of layers of the powder

25  fractions formed, the more homogeneous the powder mixture becomes in the sense

of uniformity of content,

The number m may represent O or 1 within the scope of the process according to
the inventon. If m denotes O the last fraction added to the mixing apparatus,

30  preferably screened into it, in a layer is the last portion of the micronised compound
of formula 1. If m represents the number 1, the last fracdon added to the mixing
apparatus, preferably screened into it, in a layer is the last portion of the
physiologically acceptable excipient. This may prove advantageous inasmuch as,
when m = 1, any residues of the last fraction of the actve substance still remaining



Accordingly, in another aspect, the present invention relates to the above-mentioned inhalable
powders as pharmaceutical compositions. The present invention also relates to the use of the
above-mentioned inhalable powders for 15 preparing a pharmaceutical composition for the treatment
of respiratory complaints. The present invention preferably relates to the use of the above-mentioned
inhalable powders for preParing a pharmaceutical composition for the treatment of respiratory
complaints selected from the group comprising obstructive pulmonary 20 diseases of various origins,
pulmonary emphysema of various origins, restrictive pulmonary diseases, interstitial pulmonary
diseases, cystiGfilghesisscorONE NS QfnveeioasiOdigins «hEaRBhIeCctasi By ARIAS: (Guk resniatay distress
syndrome) and gyef)gg@%ﬁf pulmonary oedema. 25 Preferably, the inhalable powders according to the
invention are used to prepare a pharmaceutical composition for the treatment of obstructive pulmonary
diseases selected from the group consisting of COPE) (chronic obstructive pulmonary disease),
bronchial asthmirefireblstiecaatsirnarta e éhgSthhna pacteanefihsLaeintes BreH dursBishchitis,
while their Use fereprapafiing opiarwixhe i ealtiompesitiondd foutheationtmdntal fardnchial asthma is
phart_icularly pref%[ﬁgﬁag‘gg{gm‘tmgﬁvm;}pt_heﬁlgégpgrgf%qu%@@g% inhalakle me@lerls according to
the invention are used to prepate. a bharmaceutical composition for.the treatment onary
emphysema 35 oLt B A SR AR i Sl el PR

proteinase inhibit R RERIARATEETS FBrEEA 2858 e S5 HIRUBIEBARBAARY 2 FRMF R ntion are
used to prepareveRpifadnpaceuticllccampasitoafonsiR redaraehrdires thetvbpihreauaps diseases
selected from ameriig:allefgiechlieaalitis, restrictive pulmonary diseases triggered by work-related
noxious substances, such as asbestosis or silicosis, and restriction caused by lung tumours, such as

for example ly an 'o§i% carcinomatosa bronc%alveolar carcinoma .and | mlpgobm%s. thfAIso
. ifhalablé powders ace ttiu%g %H & :nv?nuon m?ﬂy’ alao be Prng%a e irsf o .
preferably, the in alabié powgers according e Invention are used to prepare a p’ﬁarmaceutlcal

composition for MPTRAARAE SRFRERALAFHR TG 2od BB ASdarEREdmh g HbEfhonia
caused by infectiesilsthtaydend thenpiitife chiomipywivutns, dasined Mt gioprstoaipienitelminths or
other pathqgensrpReuMGYiHEaAUSEY Bk vaoud Belais-autivas foraxamaie mspiationand left heart
15 insufficiency jragialignsinguced BREUMARITE OF RIS, G0l agBNeses pauGl asdofrxample lupus

erythematodes, systemic sclerodermy or sarcoidosis, granulomatoses, such as for example Boeck's
disease, idiopatﬁ CRE stitial pneumonia or idiopathic pulmonary fibrosis (IPF). 20 Also preferably, the
inhalable powders according to the invention are used to prepare a pharmaceutical composition for the
treatment of cystihfibrogiscor nsed avide duisié dspopréder abbprthesind dieble govwdarse&oebiyling to the
invention agg usgghtgni-RreRjIe-acRhagcerticat compesitian fosubertigatngnh of Hanghitis, such as
for example broncoilis CRUSRMLPYPRGIGT a9l iRl IaCHon, ARrdiGPRarhils Aadipxigsbronchitis.
coarser excipient with an average particle size of 17 to 75 um and finer excipient
with an average particle size of 1 to 9 pm, wherein the proporton of finer excipient
in the total gquantity of excipient may be 1 to 20 %. If the inhalable powders which
25  may be produced using the process according to the invention contain a mixture of
coarser and finer excipient fractions, it is preferable according to the invention o
prepare inhalable powders wherein the coarser excipient has an average particle size
of 17 to 50 um, most preferably 20 to 30 pm, and the finer excipient has an average
particle size of 2 to 8 um, most preferably 3 to 7 pm. By average particle size is
30  meant here the 50 % value of the volume distribution measured with a laser
diffractometer using the dry dispersion method. For the measurement of the mean
particie size by this method see the disciosure of WO 03/078429 (page 21 ff).

In the case of an excipient mixture of coarser and finer excipient fractions, the
35 preferred processes according to the invention are those that produce inhalable



Also preferably, the inhalable powders according to the invention are used to 30 prepare a
pharmaceutical composition for the treatment of bronchiectasis. Also preferably, the inhalable powders
according to the invention are used to prepare a pharmaceutical composition for the treatment of
ARDS (adult respiratory distress syndrome). 21 Also preferably, the inhalable powders according to
the invention are used to prepare a pharmaceutical ¢@mposition for the treatment pulmonary oedema,
for example toxic pulmonary oedema after aspiration or inhalation of toxic substances and foreign
substances. 5 Particularly preferably the present invention relates to the use of the inhalable powders
according to thepirvestian fesipranaiingpatnarsideeuticalsempositinntiarihe tedtmenatof asthma or
COPD. Also of F%?éf@dﬁ& inporipnceris, the abyeimeniieRgditse of the inhalable powders according
to the invention for preparing a 10 pharmaceutical composition for once-a--day treatment of
inflammatory and obstructive respiratory complaints, particularly for the once-a-day treatment of
asthma or COPBIY RETpPRESSS EYERTOHISES &raR% A6 HDPEREES RYHROR AR AR Move- 15
mentioned diseagegeigharacterised in that one or more of the above-mentioned inhalable powders
according to the invention are administered in therapeutically effective amounts. The present invention

preferably also iglples.{0,0108S3583.10h 11 AURICRLALANIA AL GOPR ShaadiRtedinhat one or

more of the above-ment] ﬁ% alable powders accorging to the invention are dmlﬁilstered once a
20day in therapSBGESHGRIRLITAS AFRID AP SRR B3R 'élgg&? ﬁfﬁé’%ﬁ%f&%%%%g"r?&oﬁ serve to
illustrate the invergipient MiRIGaBINS HBWRIPSESHHEFUFINATR s ITEREQE o) 88 Focedures to
illustrate thinvegtiginpeithoistobsieidiag dktiptas: Srdisch watiar desorikghilyi ngmr lepa@uphifyifig
é5ﬁadpa_0ity Q‘?[Eﬁlg@ﬁ%&?&:’gi I&%Ei?&é?ﬁn@qmﬁ%ﬁ?%&é %@%E?‘ié%ﬁ@lﬂéﬂrb ge_@iamlﬂﬁ 1: b
-hydroicv-8-((R); 1-hvdroxv-2-[2-(4-methoxy-phepvl)-1,.1- th -4H-b e nzo
[1,410xazin-3-or%2‘e°‘i"ﬁ‘y%‘r%‘§ﬁ8ndé("%—*f’%ﬁ T@é%%%ﬁ%%ﬁmgrg%ﬁgﬁg%%ﬁ%g% ?%[?é%l({)gﬁe 18 mL

of fuming nitric A58 HEPAARIAHTHATR Yo ot Bl tHPg AR gfyve substance using

the process according to the invention.

15
For example, the excipient mixture may be obtained as follows, using the process
according to the invention. The two components are preferably added through a
screening granulator with a mesh size of 0.1 to 2 mm, most preferably 0.3 to 1 mm,
even more preferably 0.3 to 0.6 mm. Preferably the first fraction of the N+m

20  portions of the coarser excipient is put in first and then the first portion of the N
portons of the finer excipient fraction is added to the mixing container. The two
components are added alternately by screening them in layer by layer.

After the preparation of the excipient mixture, the inhalable powder is produced

25 from the mixrure and the desired active substance using the process according to
the invention. The two components are preferably added through a screening
granulator with a mesh size of 0.1 to 2 mum, most preferably 0.3 to 1 mm, even
more preferably 0.3 to 0.6 mm.

30  Preferably, the first portion of the N+m portions of the excipient mixture is put in
and then the first portion of the N portions of the active substance is added to the
mixing container. The two components are preferably added through a screening
unit in alternate layers, in more than 20, preferably more than 25, most preferably
more than 30 layers. For example, with a desired total amount of powder of 30-35

35 kg containing 0.3-0.5 % of active substance, for example, and using common



1-(5-benzyloxy-2-hydroxy-phenyl)-ethanone in 700 mL acetic acid, while being 5 cooled with the ice
bath, in such a way that the temperature does not exceed 20C. Then the reaction mixture is stirred for
two hours at ambient temperature, poured onto ice water and filtered. The product is recrystallised
from isopropanol, suction filtered and washed with isopropanol and diisopropylether. Yield: 69.6 g
(72%); mass spectroscopy [M+H] = 288. 10 b) 143-aenino-5-benzvioxv-2-hydroxv-nhenvl)-ethanone
69.5 g (242 mmol) 1-(5-benzyloxy-2-hydroxy-3-nitro-pheny1)-ethanone are dissolved in 1.4 L methanol
and hydrogenated in the presence of 14 g rhodium on charcoal (10%) as catalyst at 3 bar and ambient
temperature. ThEFPHEREiHig<tHS i%?ﬁ?@fé%f%ﬁqﬁ@rﬂrﬂﬁs@ém@awé&@o@{m&rﬁ&%@gfaﬂe is

reacted further with®@0anysadiliienat iy ifispdien: Yoeloyai: QiAo hi Ret, tAtugrocBsd ban

(dichloromethang il .. ¢). 8z %3?6' gpgvlorey-4H-hen iR-3-0 g EQ .0OmL
(258 mmol) chloer?)%%} t)%tec:"f;‘%c?ril eﬁ) é%q%que d}r\%pevéi\s?é) ??‘l’é%‘l% ?%2%%%@%%%&26@ R ot
1-(3-amino-5-bePRE5IBIE PRIRgBrRISHPBI Retriss R ®E- 70.0 g (506 mmol) potassium carbonate
while being gooled with the ice bath. Then the mixture is stirred overnight at ambient temperature and

then for 6 hours_at reflux temperature. The hot reaction mixture is filtered, then evaporated down to

approx. 25 400 rhfedRRRERTRREE TR A NaRe FHe DrisRaEsiorATat s S EBH T ltered, dried and
purified by chromeloghsiebnassihierepilisa ool GherthedicisiariofelthaRertiradanmesniion:1). The
fractions containibgutie pragdiehacerdiapar diedisentivisus gendegpidatpreganatisiisapsopylether,

suction filtered ang washed it diseRroRy o th I8 nib 0 S P02k BIPSRSPEAIASERRY M. +1-1]*
=298. 23 g 6-b(%r%§glox1\%8- 2-ch|orq—acetvl)-4 -benzo[1,41oxazin-3-one 13.8 g (46.0 mmol)

8-acetyl-6- enz;ﬂoxy}ﬁﬁ en%(%ff, TBXAZiIn-3-0ne an .%ts‘(lol.s mmol)

benzyltrimethylammonium-dichloriodate are stirred in 250 mL dichloroethane, 84 mL glacial acetic acid
and 14 mL wateAfspsingiysinta®sher aspect, the present invention relates to the above-

mentioned inhalable powders as pharmaceutical compositions. The present
inventon also relates 1o the use of the above-mentdoned inbalable powders for
15  preparing a pharmaceutical composition for the treamment of respiratory complaints,

The present invention preferably relates to the use of the above-mentioned
inhalable powders for preparing a pharmaceutical composition for the treattnent of
respiratory complaints seiected from the group comprising obstructive pulmonary

20  diseases of various origins, pulmonary emphysema of various origins, restrictive
pulmonary diseases, interstiial pulmonary diseases, cystic fibrosis, bronchitis of
various origins, bronchiectasis, ARDS (adult respiratory distress syndrome) and all
forms of pulmonary cedema.

25  Preferably, the inhalable powders according to the invention are used to prepare a
pharmaceutical composition for the treatment of obstructive pulmonary diseases
selected from the group consisting of COPD (chronic obstructive pulmonary
disease), bronchial asthma, paediatric asthma, severe asthma, acute asthma attacks
and chronic bronchiiis, while their use for preparing a pharmaceutical composition

30 for the treatment of bronchial asthma is particularly preferred according to the
invention.

Also preferably, the inhalable powders according to the invention are used to
prepare a pharmaceutical composition for the treatment of pulmonary emphysema
35  which has its origins in COPD (chronic obstructive pulmonary disease) or «1-



5 After cooling to ambient temperature 5% sodium hydrogen sulphite solution is added and the mixture
is stirred for 30 minutes. The precipitated solid is suction filtered, washed with water and diethyl ether
and dried. Yield: 13.2 g (86%); mass spectroscopy [M+H]* = 330/32. 10 e)
6-benzvloxv-8-((R)-2-chloro-1 -hvdroxv-ethv1)-4H-benzo [1,4] -oxazin-3-one The process is carried
out analogously to a process described in the literak@re (Org. Lett. 2002, 4, 4373-4376). 8 mL of a
mixture of formic acid and triethylamine (molar ratio = 5:2) are added dropwise at -15C to 13.15 g
(39.6 mmol) 6-benzyloxy-8-(2-chloro-acetyl)-4H- 15 benzo[1,4]oxazin-3-one and 25.5 mg (0.04 mmol)
Cp*RhC1[(S,S)rrsbpeN ilipiterpaficiensthylcyclopentadienyl and TSDPEN =
(1S,2S)-N-p-toluenesulphony1-1,2- diphenylethylenediamine) in 40 mL dimethylformamide. The

mixture is St'”%f&f%&@%@&t&%&ﬁﬁﬁ%ﬁ%&%&&%&édﬁ& caialyshargdded ard the mixture is

stirred overnight at 'éhe reaction mlxture is co tged with |ce tater and fl|t(‘-lﬁed 20 The filter

residue is dissoR/E8AT 8i %ﬁ%@%ﬁec%mga |?ﬁls |u?ntrselfl ate ana P?ae(ﬁ%m e s Ivent. The
residue is cﬁronﬁ‘&i‘%?@?ﬁﬁﬁ'éﬁt?él&ﬂﬁ?@iﬁ@ﬂ%@ﬁﬁéﬁé{?@%ﬁ%ﬁ%ﬁ@H@Wﬁfﬁ%’écrystalIlsed
from diethyl etheniglisedinpyietheriatedviekiod0s0Bsip(r6% jubleasadsizest@ig®r silicosis, and

(dichloromethangsprttanelm &Pl MhgikemaRgebach as for example lymphangiosis

6-benzvloxv-8 &%%X&Sﬁ%%ﬁ@&%&ﬁh@%@nmg%n&%@@o@%l mmol)

6-benzyloxy-84 roxy-ethyl)-4Hbenzo[1,41-0xazin-3-one are dissolved in 200 mL
dimethylformamide. The solution 30 is combined with 40 mL of a 2 molar sodium hydroxide solution at
0C and stif@d fé¥sp maefesabivhibednipdrhic re wrsss aserdinmittie iRV pBUPB RIS &Water, stirred for
15 minutes and g fiitedrihesalidlisougshatbwiftr watercandoried iMiskiitB a0 gn@89%); mass

spectroscopy [Mitdldes @33 teddrom among pneumonia caused by infections, such as for example

6-benzyloxv-8- {(g:xg %_)U:L h dro>§¥SeS gg(cb m’t% >§§ %%A :héhg H}ﬁgh&l%@é @gﬁgﬁg ll-4H-benzoll,4

,1oxazin-3-one yaiite) enz -oxiranyl-4H-ben Btlg_%%oxaz q_pe and 6.30 g
(35.1 mmol) 2- (f?ﬁ%’fﬂ%&'ﬁ)ﬁa&ﬁﬁ Yl"?ﬂﬁ‘é%ﬁ‘g‘ﬁ%fﬁyf&ﬁﬂﬁé %ﬂfeeéb‘ﬁ% Nk i& sopropanol
and stirreddr 36enffigiencat IE@E@@WW@W%@E&%W&S%QMWV%%I The solvent
is distilled off angkthieplesigiue aeheoneiaesaphethialininideannxicesaetbhjdatstatetuiethawstgradient).

The product thumtamfi&a%i@%@marmlIﬁﬁaastﬁﬁemg@aaybﬁm@imrmﬁﬁm mixture.
Yield: 5.33 g (63% mass s ectro [M+H] =477. 10 h)

6-hvdroxy-8- {(1(5j -Ilﬂyaa(l)-’f( ‘1325 methoxy-nhenv1)-1,1- dlmethylethylamlnol
-ethy11-4H-benzoll.41oxazin-3-one-hydrochloride A suspension of 5.33 g (11.2 mmol)
6-benzyloxy08-{ (R sryitrakiy2dR-(dhalabih ooyptrsagtprimglimeth yreantiRmaroysetigl }-4H-benzo
[1,4) oxazin-3-0ongdpaidd pAathdvaihanddmpombindo- wilt 0:3:thpadlatliyet ofitcbsisonal (10%), heated

to mucoviscidosis.

Also preferably, the inhalable powders according to the inventon are used to

25 prepare a pharmaceutical composition for the treatment of bronchitis, such as for
example bronchitis caused by bacterial or viral infection, allergic bronchitis and
toxic bronchitis.

Also preferably, the inhalable powders according to the invention are used to
30 prepare a pharmaceutical composition for the treatment of bronchiectasis.

Also preferably, the inhalable powders according to the invention are used 10
prepare a pharmaceutical composition for the treatment of ARDS {(adult respiratory
distress syndrome).

35



50C heated and hydrogenated at 3 bar hydrogen pressure. Then the catalyst is suction filtered and the
filtrate is evaporated down. The residue is dissolved in 20 mL isopropanol and 2.5 mL of 5 molar
hydrochloric acid in isopropanol are added. The product is precipitated with 200 mL diethyl ether,
suction filtered and dried. 20 Yield: 4.50 g (95%, hydrochloride); mass spectroscopy [M+1-111- = 387.
The following compounds of formula 1 are obtained2d#nalogously by reacting the compound
6-benzyloxy-8-(R)-oxiranyl-4H-benzo[1,4]oxazin-3-one (Example 1, Step 0 with the corresponding
amine. 25 Example 2: 8-{(R)-2-1-2-(2,4-difluoro-phenv1)-1,1-dimethyl-ethylaminol-1-
hydroxv-erhyl}-6Asgopesized bivh g e 4 b eririSonsdingchidrideveidaT irOited e Me  OH
Mass spectroscepaphyttiiimgRdce @icdt xanmpieidos fotilreatment pulmonary oedema, for

2-(3,5-difluoro-RRghle 1A YAk e WEIaRYEEN RN 0 RERaR L

oxazin-3-one- hydr loride
orexgn suopstances.

Particularly preferably the present invention relates to the use of the inhalable
powders according to the invention for preparing a pharmaceutical composition for
the treatment of asthma or COPD. Also of particular importance is the above-
mentioned use of the inhalable powders according to the inventon for preparing a

10  pharmaceutical composition for once-a-day treatment of inflammatory and
obstructive respiratory complaints, particularly for the once-a-day wearment of
asthma or COPD.

The present invention also relates to a process for the treatment of the above-

15 mentioned diseases, characterised in that one or more of the above-mentioned
inhalable powders according to the invention are administered in therapeutically
effective amounts. The present invention preferably also relates to processes for the
treatment of asthma or COPD, characterised in that one or more of the above-
mentioned inhalable powders according to the invention are administered once a

20  day in therapeutically effective amounts.

The examples of synthesis described below serve to illustrate the invention in more

detail. However, they are intended only as examples of procedures to illustrate the

invendon without restricting it 1o the subject matter described in an exemplifying
25  capacity hereinafter.

Preparation of the compounds of general formula i:

30 egthviamino}-ethvll-4H-benzoll.4)oxazin-3-one - hvdrochioride



x HCI Mass spectroscopy [M+1-1]* = 393. Example 4:
8-{(R)-2-12-(4-ethoxy-phenv1)-1,1-dimethvl-ethylaminol-1-hydroxv- ethyl }-6-hvdroxv-4H-b enzo [1,4]
oxazin-3-one-hydrochloride 0 x HCI OH Mass spectroscopy [M+11] = 401. Example 5:
8-1(R)-2-12-(4-fluoro-phenyl)-1,1-dimethvl-ethvlaminol-1-hvdroxv-
ethvlJ-6-hvdroxv-411-benzol1,41oxazin-3-one- hydchloride 0, 0 OH OH Mass spectroscopy
[M+EIJE = 375. 15 If the compounds of formula 1 according to the method of synthesis described
above by way of example do not Isad to uniform crystal modifications, it may be useful to recrystallise
the salts of formula 1 obtained fro itakle soulrden,gs. Moreover, other salts may be obtained from the
above-mentioned Examples using 26 methods [ m the PHS[ art. In the next section,

3

methods of preparing uniform salts of t a 1 which are particularly suitable for
preparing formulations for administratio sCrigdeby way of example.

a) 1-(5-benzvloxy-2-hydroxy-3-pitro-phenvh-ethanone
18 mL of fuming nitric acid are added dropwise to a solution of 81.5 g (0.34 mol)
1-(5-benzyloxy-2-hvdroxy-phenyl)-ethanone in 700 mL acetc acid, while being
5  cooled with the ice bath, in such a way that the temperature dees not exceed 20°C.

Then the reaction mixrture is stirred for two hours at ambient temperature, poured
onto ice water and filtered. The product is recrystaliised from isopropanol, sucton
filtered and washed with isopropanol and diisopropylether.
Yield: 69.6 g (72%); mass spectroscopy [M+H]* = 288,

10

- b) 1-(3-amino-5-benzvioxy-2-hvdroxy-phenvh-ethanone
69.5 g (242 mmol) 1-(5-benzyloxy-2-hydroxy-3-nitro-phenyl)-ethanone are
dissolved in 1.4 L methanol and hydrogenated in the presence of 14 g rhodium on
charcoal (10%) as catalyst at 3 bar and ambient temperature. Then the catalyst is

15  filtered off and the filtrate is evaporated down. The residue is reacted further
without any additional purification.
Yield: 60.0 g (96%), Rrvalue = 0.45 (dichioromethane on silica gel).

¢} 8-acetwvl-6-benzvioxy-4H-benzo(l.4]joxazin-3-one

20 21.0 mL (258 mmgcl) chioroacetyl chioride are added dropv&ise 0 60.0 g (233
mmol) 1-(3-aminc-5-benzyloxy-2-hydroxy-phenyl-ethanone and 70.0 g (506
mmol) potassium carbonate while being cooled with the ice bath. Then the mixture
is stirred overnight at ambient temperature and then for 6 hours at reflux
temperamfe. The hot reaction mixture is filtered, then evaporated down 10 approx,

25 400 mL and combined with ice water. The precipitate formed was suction filtered,
dried and purified by chromatography on a short silica gel column
(dichloromethane:methanol = 99:1). The fractions containing the product are
evaporated down, suspended in isopropanol/diisopropylether, suction filtered and
washed with diisopropylether,

30 Yield: 34.6 g (50%); mass spectroscopy [M+H]* = 298.



26 Example 6: 6-hydroxy-8-{(R1-1-hvdroxv-242-(4-methoxv-phenv1)-1,1-dimethvilethvilaminol -ethyl
}-4H-benzo 11,4,10xazin-3-one maleate 250 mg (0.65 mmol)
6-hydroxy-8-{(R)-1-hydroxy-242-(4-methoxy-phenyl)-1,1-
dimethyl-ethylaminohethy1}-4H-benzo[1,4,]Joxazin-3-one are combined with 5 sufficient ethanol to
make the solid go into solution completely. Then 7%#ng (0.65 mrnol) maleic acid and a crystallisation
aid are added. The mixture is cooled with ice and the precipitated solid is filtered off and washed with
ethanol and diethyl ether In the salt the aC|d and the ethanolamlne are present in the ratio 1:1. Yield:
254 mg (78%); & =< ROEE YBRYANDENAY 15C19 0 The highly crystalline
product was |nvmﬂwtedMhmtb&-é@ea&-pdwdeﬂdﬂmﬁ%ﬂd{e,%}mayzpew«lmedaa@Wrﬁ\@as recorded

using the f0”0W{@@1”39ﬁ{}931 Uaﬁzgﬁmm delsiagramnvan rreakdad-withindhe sappg of the present
|nvent|on using %%@kcer D Adyan: ﬁv&%] an nLcS I%:filgoan fltl\fe %ege}ctgr!h %U@t 15 radiation,

=1.5418 A, m ort ly crys ne comp oun owing characteristic values

&x. [Ahvere obtAEREqAHEE IR AT @wmﬁé Mtwﬁmaeﬂét&mﬁté& HHRRAS 21 68 A: 8.62
A;5.92A;5.01 #ddedend theIBIALBGS NHAd f@I’SEOAn@@EXaTﬂq@IQEClpWath solid is sucton
6-hydroxv-8-{(RiiitedaciomepedRi{d waeth axd-phran kied ingtaylethviaminol -ethy11-4H-b enzoll Ad

oxazin-3-one s gligyiate, (393 ynghy [M+H]* = 330/32.
6-hydroxy-8-{(R)- 11 -hydroxy- 4%9%4 methoxy- pﬁé%gﬁ) H}

ditnethyl-ethylaminol- ethyl} 4H benzo[l 4Joxazin-3- one are dissolved in a I|ttIe 25 ethanol and
combined fith $0-$riERaYR cgnebiRropdichvareras el Rz Idpld raiARRSHORE the mixture is
left to stand ove’fﬂugptodm ngomtcﬁ qmewk@uﬁs@poe@mmd d@aﬁ;ﬂam&aélmmm%after 30
minutes the mixtuke isofitergad3Theswhite solid thus obtained is washed with diethyl ether and dried.

ield: 205 g (3736) JpazsSReCtPRagRY DA Kk AR, Meling aaink g 2150 N hebiohy

as recorded SRR R %‘;ﬁe‘“ Lber B Xratdpuderdiiac clon, Mo Xray fonger dagram

15 bcnzo[l 4}oxazin-3-one and 25.5 mg (0. 04 mmol) Cp*RhCI{(S,S)-TsDPEN] (Cp*
= pentamethylcyclopentadienyl and TsDPEN = (1S,28)-N-p-toluenesulphonyl-1,2-
diphenylethylenediamine) in 40 mL dimethylformamide, The mixture is stirred for

5 hours at this temperature, then 25 mg catalyst are added and the mixture is stirred

overnight at ~-15°C. The reaction mixture is combined with ice water and filtered.
20  The filter residue is dissolved in dichloromethane, dried with sodium sulphate and

freed from the solvent. The residue is chromatographed

(dichloromethane/methanol-gradient) and the product is recrystallised from diethyl

ether/diisopropylether.

Yield: 10.08 g (76%); R¢ value = 0.28 (dichloromethane:methanol = 50:1 on silica
25  gel).

6-benzvioxy-8-(R}-oxiranvi-4H-benzol 1,4} oxazin-3-one
10,06 g (30.1 mmol) 6-benzyloxy-8-((R)-Z-chloro-1-hydroxy-ethyl)-4H-
benzo{1,4}-oxazin-3-one are dissolved in 200 mL dimethylformamide. The solution
30  is combined with 40 mL of a 2 molar sodium hydroxide solution at 0°C and surred
for 4 hours at this temperature. The reacdon mixture is poured onto ice water,
stirred for 15 minutes and then filtered. The solid is washed with water and dried.
Yield: 8.60 g (96%); mass spectroscopy [M+H]+ = 298.



27 The X-ray powder diagram was recorded within the scope of the present invention using a Bruker
D8 Advanced with an LSD (= location-sensitive detector) (CuKa radiation, A. = 1.5418 A, 30 kV, 40
mA). 5 For the highly crystalline compound the following characteristic values dhk: [A] were obtained,
inter alia, which give the lattice plane intervals determined in A: d=9.06 A; 8.36 A; 8.02 A; 6.84 A; 6.73
A; 448 A; 4.35 Aand 4.27 A.  Example 8: 24
6-hydroxv-8-{(R)-1-hydroxv-2-[2-(4-methoxv-nhenv11-1,1-dimethvI10 ethvlaminol-ethvl }-4H-benzo
[1,4,10xazin-3-0ne succinate 500 mg (1 2 mmol)

6-hydroxy-8-{(12)-4- -phenyl-1,1-dimethvi-

dimethyl- ethylawi@m&m@ﬁemgg&ﬁgmgz&g,:{@ydrochlorlde are combined with ethyl
acetate and ext 0 0 is dried with
Baﬁ?cg;(ggz@ FEHIE RAARS ‘zg?b%‘?{ﬁﬁ OHERIBR I ARRIAPASE N

sodium sulphaté a sidue.Is di solv In a little etha %21
n filtered

d
combined with £4808d33: >Rl %G%‘&?ﬁ%lgﬂ’dplﬁf’é' Sl RIBTRRES &8s E"
and washe& WltW@bI@lielMaFﬁﬂpaﬁnﬁaféM etnegdrive EaHbIaNMd %@a@éﬁr@}ﬁf@mn the salt in a
ratio of 1 to 0.5.r¥deidoA6s mg88Yehcimssespe CThscopyefvisdisdlB8 o ffieltinhqeisitiaclit 5C. 20 The

ighly crysta"m%mrdaﬂéaqgm%ﬁe ﬁgﬂﬁﬁ{ﬁﬂnﬁc&%&o’;&%% g%ytp@m%mﬁr &'&i@nﬂih@?ﬁe@%ﬂgé%derth
lagram was re%g)r e usmg e gHV{) ég% e raxgle % rg#?é Wsslyi%ﬁ?r eda within
It

the scope of the present INvention ance ocation-sensitive
detector) (CuKa&ttor 1945 B8 518 0 }36“@3 REFHR R YETh W%Fystalllne compound the

following cHaracteristic values &id [A]Jwere obtained, inter alia, which give the lattice plane intervals
determined in AL B0-Hvdtd3B AR 4B W ATedV-A ] 7-25- M hdfrAMntS A, Udidhédand 3.59 A. Example 9:
6-13vdroxv-8-{ (Ry: s rpieyien [4rtdpme Shoxahg RV L lrdd ALpidlylgthviaminol -ethyl

}-4H-benzol1l,4,10xazin-3-on

6-hydroxy-8-{(R): TRy GFS32- é\?}] ﬁ\ggox mﬁgrg% ﬂjrofgn‘g) (R)-1-hydroxy-2-{2-(4-
dimethyl-ethylarfhosipagny %éﬁﬁ{i%ﬂﬁﬁﬁ%@@%?oﬁ@ﬁﬁ@&ré OBERTHIRG Mith ethyl
acetate antbextrizdedlwitizthguelos spotassiuwithdiSon atdlsdiemiorn Tie o] dhphasetgidhed with

sodium sulphatesand fregeifremtherspivents 10s rasiye igdisaehac inatinne widipheiaddition of a
few drops of waley., f2 Fi. (07K WPk RS ATGARY 5665 cBmaluiaie Addedrrd themixture
mL isopropanol and 2.5 mL of 5 molar hydrochloric acid in isopropanol are added.
The product is precipitated with 200 mL diethyl ether, sucton filtered and dried.
20  Yield: 4.50 g (95%, hydrochloride); mass spectroscopy [M+H]}* = 387,

The following compounds of formula 1 are obtained analogously by reacting the
compound 6-benzyloxy-8-(R)-oxiranyl-4H-benzo[1,4]oxazin-3-one (Example 1,
Step ) with the corresponding amine.

25

hvdroxv-ethyll-6-hvdroxv-4H-benzo[ 1.4loxazin-3-one-hvdrochloride
O
OH

F
HN x HC!
Me Me
F

OH
Mass spectroscopy [M+H]* = 393,

30



5is left to stand overnight. The white solid is suction filtered, washed with diethyl ether and ethanol and
dried. The ethanolamine and acid are present in the salt in a ratio of 1 to 0.5. Yield: 208 mg (63%);
mass spectroscopy [M+Hr = 387; melting point = 130C. 10 The highly crystalline product was
investigated further by X-ray powder diffraction. The X-ray powder diagram was recorded using the
following method. The X-ray powder diagram was B&corded within the scope of the present invention
using a Braker D8 Advanced with an LSD (= location-sensitive detector) (CuKa 15radiation, A. =
1.5418 A, 30 kV, 40 mA). For the highly crystalline compound the following characteristic values clma
[Alwere obtainegisataphia; sAiE)-Gve-ies|aiine plasteivirvalsidatemisgdlinainel=114.23 A; 5.44 A;
4.76 A; 4.57 A, §28 A bR @@Erﬁﬁﬂﬁéﬁﬁr%ﬁ&@wﬁ 0% BelavelrRicyf:{ |
-hydroxv-242-(4-methon-phenvl)-§ 1-diethviethvilaminol-ethvl1-4H-benzo11,4,10xazin-3-one (free
base) Analogously to the preceding sts 500%9 ®.2 rrunol) 6- h\F/droxy -8-{(R)-1-
hydroxy-242-(4-methoxy-phenyl)-1, 5 Ay 4E1X a@benzo[l 4 ]oxazrn -3-one
hydrochloride are first of all combined wj )
potassium carbonate solution, dried with freed from the solvent. The free base
thus obtained is dissolved in acetonitrile WitH the addition of afew drops of water. The precipitated
solid is suction fwﬁ,rg %n BQ,ggeld 168 mg (37%); mass spectroscopy [M+1-1]* =
387; melting point = 1 8C The ighly crystallrne product was investigated further by X-ray powder
diffraction. The X-ray powder diagram was recorded using

diagram was redé¥asanig: AP actnie- - gaOsFaB RERY
LSD (= location-gguy} pidter aliadlqkay 11 B4 -'m« de O |nA) 5For the highly
crystalline compound the foIIowrﬁgéermr@cteaﬁtlc values dm,: [A]Jwere obtained, inter alia, which give
the lattice plane intervals determipgd injA: dj 14@6 A; 9.63 A; 7.05 A; 5.57 A; 5.28 A; 5.05 A; 4.63 A
and 3.73 A.  Example 11: 6-hy rox7-8-f(R)-1-hvgroxv-g425(4-methox-v-aHehv1)-1,1-dimethvi10

the foIIowmg method 29 The X-ray powder
] ALVS

ethvil-6-hvdroxy-4H-benzol1.4] oxazin-3-one- hvdrochloride

OH

Mass spectroscopy [M+H]* = 375.
15
If the compounds of formula 1 according to the method of synthesis described
above by way of exampie do not lead to uniform crystal modifications, it may be
useful to recrystallise the salts of formula 1 obtained from suitabie solvents.
Moreover, other salts may be obtained from the above-mentioned Examples using
20 methods known per se from the prior art.

In the next section, methods of preparing uniform salts of the compounds of
formula 1 which are particularly suitable for preparing formulations for
administraton by inhalaton are described by way of example.



300 mg (0.71 mmol) 6-hydroxy-8-{(R)-1-hydroxy-242-(4-methoxy-pheny1)-1,1-
dimethyl-ethylamino]-ethy11-4H-benzo[1,4loxazin-3-one hydrochloride are dissolved by heating in 4
mL isopropanol. The solution is cooled to ambient temperature and then placed in an ice bath for 15
minutes. The precipitated solid is 15suction filtered and dried. Yield: 180 mg (60%); mass
spectroscopy [M+1-1]+ = 387; melting point = 211C28he highly crystalline product was investigated
further by X-ray powder diffraction. The X-ray powder diagram was recorded using the following
method. 20 The X-ray powder diagram was recorded within the scope of the present invention using a
Bruker D8 Advaiceapid &6 hGlPoky-8ddiorn-dadstived tte@tan: fhadcakadiation -Airmeihbh 18 A, 30
KV, 40 mA).  Eefihs.p siahinese shedollowing.characteristic values du: [Alwere

250btained, intex glia, w \ it n grya etermined in A: d= 1A;551A;
5.10 A; 4.65 A; }@O'ﬁ Z{Hl%/gm E]A%O%vilﬂfigfgﬁm X 3om o% dsm 4“me & l?talng@ thglogously
using the methoﬁ”&‘&&ﬂb’%ﬁyﬁ*}’é%ﬁﬁg%%llw[ﬂf ﬁféﬂiﬁ'one afe Combmed with
8-{(R)-242-(2,4-sifficrnpttbagyal) (0, lakmethybledigdamimediasidny dooxylethy Fdny dioxg 4MHe5enzo [1,4]
oxazin-3-one-malewde), maiExaniplentd Sn{R)LeADPaft difluRieeR Ry Hrkrhrdin ety imgarnino]-1-

35hydroxy-ethyl} @Mimé ikl &@@@Eofa%aﬂ&e%%ﬁeﬁa‘w&ﬁéﬁ with ESARRIGrt diechyi
8-{(R)-242-(2,4- d yorp- p laming

e 1,1-dime
hydroxy-ethyl)--6-Aydroxy ﬁlg%lloenzofi 43%&1 e -%‘h"éa&r&‘&ﬁé%@f%%%mﬁ?ee gl
(R)-242-(2,4-difI 5 %‘ﬁ%ﬁ% FHA nﬁ&fﬁmﬂ%?ﬁ%jkﬁﬁ%m@%tmﬁmm%xym Benzo [1,4)
oxazin-3-ofe-fuma rate; Example 16: 8- { (R)-242-(3,5-difluoro-pheny1)-1,1-dimethyl-ethylarnino)-1-
hydroxy-ethy11-§ieysienty-drilaanrobtHiotadn i3Regmaiediend0F3amp 8 cde Sdiffraction.
<R>-242-<3,s-dlﬂwmquda L O i e
WE‘)%{a mple E‘LB

hydroxy-ethy11-6; ox -4H o[1,4)oxazin-
present invention

sali
8-{(R)-2-[2-(3,5-di uoror-a Ow Sr T meﬂﬁa Bty éﬁ@% 3/1%5 scope o
hydroxy-ethyl}-64%ifé Fﬂéﬁz‘bﬂwﬁ;j@aﬂﬁl%ﬁ@@&ciﬁg@on»scnsmvc detector) (CuK
15 radiation, x = 1.5418 A, 30 kV, 40 mA).

For the highly crystalline compound the following characteristic values duwa [A}were
obtained, inter alia, which give the lattice plane intervals determined in A:

d=21.68 A;8.62A;5.92A;5.01 A; 459 A; 436 A;3.64 A and 3.52 A,
20

ethviaminol-ethvl}-4H-benzoll 4.]loxazin-3-one salicvlate

250 mg (0.65 mmol) 6-hydroxy-8-{(R)-1-hydroxy-2-{2-(4-methoxy-phenyl)-1,1~

dimethyl-ethylamino}-ethyl}-4H-benzo{1,4,] oxazin-3-one are dissolved in a little
25  ethanol and combined with 90 mg (0.65 mmol) salicyiic acid. After the addition of

a crystallisation aid the mixrure is left to stand overnight, during which time a solid

is precipitated. Diethyl ether is added and after 30 minutes the mixture is filtered.

The white solid thus obtained is washed with diethyl ether and dried.

Yield: 295 mg (87%;); mass spectroscopy [M+H]* = 387; melting point = 215°C.
30 '

The highly crystalline product was investigated further by X-ray powder diffraction.

The X-ray powder diagram was recorded using the following method.



Example 19: 8-{(R)-242-(3,5-dilluoro-pheny1)-1,1-dimethyl-ethylamino]-1-

. hydroxy-ethyll-6-hydroxy-4H-benzo [1,4) oxazin-3-one-fuma rate ; 20 Example 20: 8-{ (R)-2-
[2-(4-ethoxy-phenyl)-1,1-dimethyl-ethylamino]-1-hydroxyethyl }-6-hydroxy-4H-benzo [1,4)
oxazin-3-one-maleate; Example 21: 8-{ (R)-2-
[2-(4-ethoxy-pheny1)-1,1-dimethyl-ethylamino)-1-hgdroxye thy] }-6-hydroxy-4H-benzo [1,4]
oxazin-3-one-salicylate; 25 Example 22:

8-{(R)-242-(4-ethoxy-phenyl1)-1,1- d|methyl-ethylammo)-l-hydroxyethyl).-6-hydroxy-4E1-benzo[1,4)oxa
zin-3-0ne-succfﬁ'5fé§“fay%ﬁﬁi}§[ed%fw{was recorded within the scope of the present invention
(R)-242-(4-ethaxynpheByiRei D&l Adetneé thidaan 1T -y ticaty@D eibyti-6 deyeraxy-dldKyenzo
[1,4)oxa7in-3-opgifiparate; EXamle 3418540 ma).

(R)-2-[2-(4-fluoro-pheny1)-1,1-dimethyl- ethylamino; 1-hydroxyethyl)-6-hydroxy-4H-benzo[1,4)oxazin-3-
one-maleate; 31 Example 25:

8-{(R)-2-[274- f|58’f6hﬁﬁ“éﬁ‘§1¥)°iyi‘%i iRe FRMBAPG AR S Lo TTRE CRIEARF TG ot dma b 8RT0[ 1, 4]oxazi
n-3-one-salicylafetaineBxinvesleliac whigtRyigathq dafricsr pliphe yirtals- diaveothiyled e mino) - 1-hydroxy5

ethyl }-6-hydroxy=4rbbenandd Al 8xarii;3:9neseicainate; F2XAMPHS 2and 4.27 A,
8-{(R)-242-(4-f|uoro-phenyl)-l,1 dimethyl-ethylam

Py R ez ol el 3 o0 Hmarale; 10 EXAPIP 28 o
hydroxy-eiﬁ&[l} AL s.h.ui& AN aTEAAFD RS v21a 'w-= u' Au.!"v 388 : g amp|e 29:

8-{(R)-2-[2-(3, 55l mag d iR exuyipl] d—hkdteﬂyy&e{@laﬁhpdﬂekynz-—{Zn(%memoxy—phenyl)—1,1-
hydroicy-ethyl}-gnhiygraxudinRensiobld a1 3-00E 4&@%@&)@5@&%@@&%@ are

8-{(R)-242-(4- ega npet&e‘g_)@i) %EI(Z@%WI f%th)i@am{ng]w% h)éq ‘%%ethg}aé car {-é benzo[1,4]oxaz

in-3-one (free base or also

(R)-2-[2-(4-fluorSB ﬁﬂy?)ef%mee‘ﬁ%ﬁ]%’éﬁ’ $oiRb Ry Rbath bR B Abenzo[1,4]oxazin
-3-one (frd® baselverie pacarisifot thdpeniicdritorditiatoranatentoismineewithehtid mg) (Afparatus 25
The following mashih)esaisiegeifhmdnt maybe tsesk=topiexamplid o prepaiditizethhathble powders:

washed with cold ethanol and diethyl ether. The ethanolamine and acid are present

in the salt in a ratio of 1 10 0.5.

Yield: 468 mg (85%;); mass spectroscopy [M+H]* = 387; melting point = 115°C,
20

The highly crystaliine product was investgatred further by X-ray powder diffraction.

The X-ray powder diagram was recorded using the following method.

The X-ray powder diagram was recorded within the scope of the present invention
25  using a Bruker D8 Advanced with an LSD (= location-sensitive detector) (Culy
radiation, A = 1,5418 A, 30 kV, 40 mA).

For the highly crystalline compound the following characteristic values dua [Ajwere
obtained, inter alia, which give the latrice plane intervals determined in A:
30 d=14.35A;8.40 A;7.37A;7.25A;5.47A;478 A;4.14A and 3.59 A

Example 9: 6-hvdroxv-8-{ (R)-1-hvdroxy-2-[2-(4-methoxy-phenyD}-1,1-dimethy}-

cthviaminol-ethvl}-4H-benzo[1.4.Joxazin-3-one-fumarate

300 mg (0.71 mmol) 6-hydroxy-8-{(R)-1-hydroxy-2-{2-(4-methoxy-phenyl)-1,1-
35 dimethyl-ethylamino}-ethyl}-4H-benzo{l,4,}oxazin-3-one hydrochloride are




Mixing container or powder mixer: Turbulamischer 2 L, type 2C; manufactured by Willy A. Bachofen
AG, CH-4500 Basel 30 Hand-held screen: 0.315 mm mesh size The empty inhalant capsules may be
filled with inhalable powder containing the active substance manually or by machine. The following
equipment may be used. 32 Capsule filling machine: MG2, type G100, manufacturer: MG2 S.r.1,
1-40065 Pian di Macina di Pianos (BO), Italy 5 Exadiple I: Powder mixture : In order to prepare the
powder mixture 97.0 g excipient (lactose monohydrate 200 mesh with an average particle size of 25 -
50 pm, which varies from one batch to 10 another) and 3.0 g micronised compound of formula 1 are
used. The prop&PERitsHaEi i HuR SGHHRIE At EADSdMERAIE MY BERSHIEME LIRS 0. The
excipient is plagethtiva. Sihiabtgamixipigpeoistdiiat hrbugtianh anipietdasdreeediithmatheesh size of 0.315
mm. Then 3g of iNerRMised comRONNE i fRtH dHaab0wki fHof i IE@aned in in alternate
layers. 1he eXpRl QG D eI YRAURAARCA S AR Celh CARAI0 é@é%&%’e shealyshigemix
The constituents Screenedin Are then mixe Emlxmg: 30 rpm /30 min). 10g ot premix | and 90g
excipient are thisd et ALTER o) SR TSR SuchRR aFge eﬁiaga? é’ﬁt&/ﬁﬁeéhﬂesh size of
0.315 mm by scrdeniny!ietiacd atablsiod e stheoptetras Misbaskbisicpreasrtt tAahsrealiid are added
in 8 -10 layers (firrl 671%) 1d D& constituents screened in are then mixed (mixing: 30 rpm / 30 min). The

following inhalaie; poyiers, g be AhiRiInsd RGCAinaAPre-anaipg QHaHP (b PEocggure described

in Example 1. Example 2:

R
-

10  The highly crystalline product was investigated further by X-ray powder diffraction,
The X-ray powder diagram was recorded using the following method.

The X-ray powder diagram was recorded within the scope of the present invention
using a Bruker D8 Advanced with an L.SD (= locadon-sensitive detector) (CuKgy
15 radiation, A = 1.5418 A, 30 kV, 40 mA).

For the highly crystalline compound the following characteristic values dua [A]were
obtained, inter alia, which give the lattice plane intervals determined in A:
=1423A;5.44A;476 A; 457 A; 426 A; 412 A;3.57 Aand 3.48 A,

20
Example 10: 6-hvdro

ethylaminol-ethvl}-4H-benzo{1.4,loxazin-3-one (free base)
Analogously to the preceding tests, 500 mg (1.2 mmol) 6-hydroxy-8-{(R)-1-
hydroxy-2-[2-(4-methoxy-phenyl}-1,1-dimethyl-ethylamino]-ethyl}-4H-

25  benzol[l,4,}oxazin-3-one hydrochloride are first of all combined with ethyl acetate.
The organic phase is extracted with aqueous potassium carbonate solution, dried
with sodium sulphate and freed from the solvent. The free base thus obtained is
dissolved in acetonitrile with the addition of a few drops of water. The precipitated
solid is suction filtered, washed and dried.

30  Yield: 168 mg (37%); mass spectroscopy [M+H]* = 387; melung point = 128°C,

The highly crystalline product was investigated further by X-ray powder diffraction.
"The X-ray powder diagram was recorded using the following method.



active substance = Example 6 0.6g Lactose monohydrate: 99.4g Total: 100.0g Example 3: active
substance = Example 6 3.0g Lactose monohydrate: 97.0g Total: 100.0g 33 Example 4: active
substance = Example 90.6g Lactose monohydrate:99.4g

29

The X-ray powder diagram was recorded within the scope of the present invention
using a Bruker D8 Advanced with an 1LSD (= location-sensitive detector) (CuKg
radiaton, & = 1.5418 A, 30 kV, 40 mA).

5 For the highly crystalline compound the following characteristic values duma [A}were
obtained, inter alia, which give the lattice plane intervals determined in A
d= 14.96 A;9.63 A; 7.05 A;5.57 A; 5.28 A;5.05 A; 4.63 A and 3.73 A.

-phenvl}-1.1-dimethyl-
10  ethvlamino]-ethyl}-4H-benzol1.4.}oxazin-3-one-hydrochloride
300 mg (0.71 mmol) 6-hydroxy-8-{(R)-1-hydroxy-2-[2-(4-methoxy-phenyi)-1,1-
dimethyl-ethylamino}-ethyl}-4H-benzo{1,4,] oxazin-3-one hydrochloride are
dissolved by heating in 4 mL isopropanol. The solution is cooled to ambient
temperature and then placed in an ice bath for 15 minutes. The precipitated solid is |
15 suction filtered and dried.

Yield: 180 mg (60%); mass spectroscopy [M-+H]* = 387; melting point = 211°C,

The highly crystalline product was investigated further by X-ray powder diffracton.
The X-ray powder diagram was recorded using the following method.

20  The X-ray powder diagram was recorded within the scope of the present invention
using a Bruker D8 Advanced with an L.SD (= location-sensitve detector) (Culy
radiation, A = 1.5418 A, 30 KV, 40 mA),

For the highly crystaliine compound the following characteristic values dnu [A]were
25  obtained, inter alia, which give the lattice plane intervals determined in A:
d=5.92 A;5.81 A;5.51 4;5.10 A;4.65 A; 450 A; 415 A and 4.00 A,

The following compounds may be obtained analogously using the method described
in Examples 6 to 11!

30
Example 12: 8-{(R)-2-[2-(2,4-difluorc-phenyl)-1,1-dimethyl-ethylaminoj-1-
hydroxy-ethyl}-6~hydroxy-4H-benzo[1,4} oxazin-3-one-maleate;

Example 13: 8-{(R)-2-{2-(2,4-diflucro-phenyl)-1,1-dimethyl-ethylamino]-1-
35  hydroxy-ethyl}-6-hydroxy-4H-benzo[1,4}oxazin-3-one-salicylate;



Total:100.0g 5 Example 5: active substance = Example 10 0.6g Lactose monohydrate:99.4g
10Total:100.0g Example 6: active substance = Example H 3.0g Lactose monohydrate:97.0g
15Total:100.0g Example 7: active substance = Example 13 0.6g Lactose monohydrate:99.4g
. 20Total:100.0g Example 8: active substance = Example 11 0.6g Lactose monohydrate:99.4g

25Total:100.0g Example 9: active substance = Exafiple 10 3.0g Lactose monohydrate:97.0g

30Total:100.0g Example 10: active substance = Example 13 0.6g Lactose monohydrate:99.4g
35Total:100.0g

Example 14: 8-{ (R)-2-[2-(2,4-difluoro-phenyl)-1,1-dimethyl-ethylamino]-1-
hydroxy-ethyl}-6-hydroxy-4H-benzo[1,4joxazin-3-one-succinate;

5 Examgié 153 8-{ (R)-2-[2-(2,4-difluoro-phenyl)-1,1-dimethyl-ethylamino]~1-~
hydroxy-ethyl }-6-hydroxy-4Fi-benzo[ 1,4} oxazin-3-one-fumarate;

Example 16; 8-{ (R)-2-[2-(3,5-difluoro-phenyl)-1,1-dimethyl-ethylamino]-1-
hydroxy-ethyl}-6-hydroxy-4H-benzo[ 1,4]oxazin-3-one-maleate;

10 '
Example 17: 8-{(R)-2-[2-(3,5-difluoro-phenyl)-1,1-dimethyl-ethylamino]-1-
hydroxy-ethyl}-6-hydroxy-4H-benzo{1,4Joxazin-3-one-salicylate;

Example 18; 8-{(R)-2-{2-(3,5-difluoro-phenyl)-1,1-dimethyl-ethylamino}-1-
15  hydroxy-ethyl}-6-hydroxy-4H-benzo[1,4]oxazin-3-one-succinate;

Example 19; 8-{(R)-2-[2-(3,5-difluoro-phenyl)-1,1-dimethyl-ethylamino}-1-
hydroxy-ethyl }-6-hydroxy-4H-benzo{ 1,4} oxazin-3-one-fumarate;

20 Example 20;: 8-{ (R)-2-{2-(4-ethoxy-phenyl)-1,1-dimethyl-ethylamino}-1-hydroxy-
ethyl}-6-hydroxy-4H-benzo[1,4] oxazin-3-one-maleate;

Example 21: 8-{(R)-2-[2~(4~ethoxy-phenyl)-1,1-dimethyl-ethylamino]-1-hydroxy-
ethyi}-6-hydroxy-4H-benzo(1,4] oxazin-3-one-salicylate;

25 '
Example 22: 8-{(R)-2-{2-(4-ethoxy-phenyl)-1,1-dimethyl-ethylamino}-1-hydroxy-
ethyl}-6-hydroxy-4H-benzo[ 1,4} oxazin-3-one-succinate; :

Example 23; 8-{(R)-2-{2-{4-ethoxy-phenyl)-1,1-dimethyl-ethylamino}-1-hydroxy-
30  ethyl}-6-hydroxy-4F-benzo[1,4]oxazin-3-one-fumarate;

Example 24: 8-{ (R)-2-[2-(4~fluoro-phenyl)-1,1-dimethyi-ethylamino}-1-hydroxy-
ethyl}-6-hydroxy-4H-benzo[1,4]oxazin-3-one-maleate;



34 Example 11: active substance = Example 14 0.6g Lactose monohydrate:99.4g 5Total:100.0g
Example 12: active substance = Example 14 3.0g Lactose monohydrate:97.0g 10Total:100.0g
Example 13: active substance = Example IS 0.6g Lactose monohydrate:99.4g 15Total:100.0g
Example 14: active substance = Example 80.6g Lactose monohydrate:99.4g 20Total:100.0g

Example 15: active substance = Example 83.0g La&tose monohydrate:97.0g 25Total:100.0g Example
16:

Example 25: 8-{(R)-2-[2-(4-fluoro-phenyl)-1,1-dimethyl-ethylamino}-1-hydroxy-
ethyl}-6-hydroxy-4H-benzo[1,4}oxazin-3-one-salicylate;

Example 26: 8-{(R)-2-[2~(4-fluoro-phenyl)-1,1-dimethyl-ethyiamino}-1-hydroxy-
5  ethyl}-6-hydroxy-4H-benzo{l,4]oxazin-3-one-succinate;

Example 27: 8-{(R)-2-[2-{(4-fluoro-phenyl)-1,1-dimethyl-ethylamino]-1-hydroxy-
ethyl}-6-hydroxy-4H-benzo[1,4] oxazin-3-one-fumarate;

10  Exampie 28: 8-{(R)-2-[2-(2,4-difluoro-phenyl)-1,1-dimethyl-ethylamino}-1-
hydroxy-ethyl}-6-hydroxy-4H-benzo{ 1,4joxazin-3-one (free base);

Example 29: 8-{(R)-2-[2-(3,5-difluoro-phenyl)-1,1-dimethyl-ethylamino]-1-
hydroxy-ethyl}-6-hydroxy-4H-benzo[1,4]oxazin-3-one (free base);

15 :
Example 30: 8-{(R)-2-[2~(4-ethoxy-phenyl)-1,1-dimethyl-ethylamino}-1-hydroxy-
ethyl}-6~-hydroxy-4H-benzo{l,4]oxazin-3-one (free base) or also

Example 31: 8-{(R)-2-[2-(4-fluoro-phenyl)-1,1-dimethyl-ethylamino]-1-hydroxy-
20  ethyl}-6-hydroxy-4H-benzo[1,4]oxazin-3-one (free base).

Preparation of the powder formulations according to the invention:

I} Apparatus
25  The following machines and equipment may be used, for example, to prepare the
inhalable powders:

Mixing container or powder mixer: Turbulamischer 2 L, type 2C; manufactured by
Willy A. Bachofen AG, CH-4500 Basel
30

Hand-held screen: 0.315 mm mesh size

The empty inhalant capsules may be filled with inhalable powder containing the

active substance manually or by machine. The following equipment may be used.
35



active substance = Example 70.6g Lactose monohydrate:99.4g 30Total:100.0g Example 17: active
substance = Example 60.6g Mannitol:99.4g 35Total:100.0g 35 Example 18: active substance =

- Example 63.0g Mannitol:97.0g 5Total:100.0g Example 19: active substance = Example 90.6g
Mannitol99.4g 10Total:100.0g Example 20: active substance = Example 10 0.6g Mannitol:99.4g

15Total:100.0g
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Capsule filling machine;
MG2, type G100, manufacturer: MG2 S.r.], I-40065 Pian di Macina di Pianoro
(BO), Italy

Example I:

Powder mixture ;

In order to prepare the powder mixture 97.0 g excipient (lactose monohydrate 200
mesh with an average particle size of 25 - 50 pum, which varies from one batch to
another) and 3.0 g micronised compound of formula 1 are used. The proportion of
active substance in the 100g inhalable powder obtained is 3.0 %.

The excipient is placed in a suitable mixing container through a hand-held screen
with a mesh size of 0.315 mm. Then 3g of micronised compound of formuia 1 and
7g of excipient are screened in in alternate layers. The excipient and the active
substance are added in 7 and 6 layers, respectively (premix I). The consttuents
screened in are then mixed (mixing: 30 rpm / 30 min).

10g of premix I and 90g excipient are then added in alternate layers through the
same hand-held screen with a mesh size of 0.315 mm by screening into a suitable
mixing container. The excipient and the premix [ are added in 8 -10 layers (final
mix). The constituents screened in are then mixed (mizing: 30 rpm / 30 min).

-The following inhalable powders may be obtained according to or analogously to

the procedure described in Example 1:

Example 2:
actve substance = Example ¢  0.6g
Lactose monohydrate: 99.4g
Total: 100.0g
Example 3:
active substance = Example 6 3.0g
Lactose monohydrate: 97.0g
Total: 100.0g



Example 21: active substance = Example 11 3.0g Mannitol:97.0g 20Total:100.0g Example 22: active
substance = Example 13 0.6g Mannitol:99.4g 25Total:100.0g Example 23: active substance =
Example H 0.6g /Vlannitol:99.4g 30Total:100.0g Example 24: active substance = Example 10 3.0g
Mannitol:97.0g 35Total:100.0g 36 Example 25: active substance = Example 13 0.6g Mannitol:99.4g
5Total:100.0g Example 26: active substance = Ex&mhple 14 0.6g Matmitol:99.4g 10Total:100.0g
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Example 4:
active substance = Example 9
Lactose monohydrate:
Total:

Example 5:
active substance = Example 10
Lactose monohydrate:
Total;

Example 6:
active substance = Example 11

Lactose monohydrate:
Total:

Example 7;
active substance = Example 13

Lactose monohydrate:
Total:

Example 8§:
active substance = Example 11

Lactose monohydrate:
Total:

Example 9:
active substance = Example 10

Lactose monohydrate:
Total:

Exampie 10;
active substance = Example 13
Lactose monohydrate:
Total:

0.6g
99 .4¢g
100.0g

0.6g
9%.4g
100.0g

3.0g
97.0g
100.0g

(.6g
99 4¢
i00.0g

0.6g
00.4¢
100.0¢g

3.0g
97.0g
100.0g

0.60g
99 4g
100.0g



Example 27: active substance = Example 14 3.0g Mannitol:97.0g 15Total:100.0g Example 28: active
substance = Example 15 0.6g Mannitol:99.4g 20Total:100.0g Example 29: active substance =
Example 80.6g Mannitol:99.4g 25Total:100.0g Example 30: active substance = Example 83.0g
Mannitol:97.0g 30Total:100.0g Example 31: active substance = Example 70.6g Mannitol:99.4¢g
35Total:100.0g 37 34

Example 11:
active substance = Example 14 0.6g

Lactose monohydrate: 89.4¢
5 Total: 100.0g

Exampie 12:
active substance = Example 14 3.0g

Lactose monohydrate: 97.0g
10 Total: - : 100.0g
Example 13:
active substance = Example 15 0.6g
Lactose monohydrate: 9% 4o
15 Tortal: 100.0¢g
Example 14;
active substance = Example § 0.6g
Lactose monohydrate: 90.4g
20 Total: 100.0g
Example 15:;
active substance = Example § 3.0g
Lactose monohydrate: 97.0g
25 Tortal: 100.0g
Example 16:
active substance = Example 7 0.6g
Lactose monohydrate: 90 4g

30 Total: 100.0g

Example 17:
active substance = Example § G.6g

Mannitol; 99 4¢
35 Total: 100.0g



THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 1)Inhalable powders containing one
or more enantiomerically pure compounds of general formula 1 5 wherein Rldenotes hydrogen,
Cl-Ca-alkyl, C1-C4-alkoxy or halogen; 10 R2denotes hydrogen, Cl-Ca-alkyl, Cl-C4alkoxy or halogen;
R3denotes hydrogen, C1-C4-alkyl, C1-C4-alkoxy, halogen, OH, -0-C1-C4-alkylene-COOH or
-0-C1-C4-alkylene-000-C1-C4-alkyl; R4denotes hy@&fogen, Cl-Ca-alkyl, C1-C4-alkoxy or halogen,
optionally in the form of the pharmaceutically acceptable acid addition salts, hydrates or 15 solvates
thereof, optionally in admixture with one or more physiologically acceptable excipients, wherein the
compounds of the general formula 1 have the parameters of a characteristic particle size X50 of from
0.1 um to 10 unggaehEld18) of more than 60%. 2)Inhalable powders according to claim 1 which
contain one or more g [ jcall mpgunds of general formula 1, wherein RI denotes
hydrogen or halogenq%%%gﬁ%%g%fdr%o%%ﬁg %r%?alo 9(;?1% R3 denotes hydrogen; CI-C4-alkoxy or
halogen; R4 denote%@ffﬁﬁalén or halogen; 25 optio gﬂgin the fonn of the pharmaceutically
acceptable®cid addifieftsalts, hydrates or solvates #8e@gof, optionally in admixture with one or more
physiologically acceptable excipients.

Example 19;
active substance = Example 9 0.6g
Mannitol 9%.4g
10 Total: 100.0g
Example 20:
active substance = Example 10 0.6g
‘ Mannitol: 99.4¢g
15 Total: 100.0g
Example 21
active substance = Example 11  3.0g
Mannitol: 87.0¢g
20 Total: 100.0g
Example 22:
actve substance = Example 13 0.6g
Mannitol: 99.4¢
25 Total: 100.0g
- Example 23:
active substance = Example 11 0.6g
Mannitol: 99.4g
30 Total: . 100.0g
Ezxample 24:
active substance = Example 1¢ 3.0g
Mannitol: 97.0g

35 Total 100.0g



38 3) Inhalable powders according to claim 1 or claim 2 which contain one or more enantiomerically
pure compounds of general formula!, wherein R'denotes hydrogen, fluorine or chlorine, preferably
hydrogen or fluorine; denotes hydrogen, fluorine or chlorine, preferably hydrogen or fluorine; 5
R3hydrogen, methoxy, ethoxy, fluorine or chlorine, preferably hydrogen, methoxy, ethoxy or fluorine;
R4hydrogen, fluorine or chlorine, preferably hydrog@& or fluorine; optionally in the form of the
pharmaceutically acceptable acid addition salts, hydrates or solvates thereof, optionally in admixture
with one or more physiologically acceptable excipients. 10 4) Inhalable powders according to any one
of claims 1 to 3 which contain one or more enantiomerically pure compounds of general formula 1,
wherein denoteghygdiogien Sor quorine' R2denotes hydrogen; 15 R3denotes methoxy, ethoxy or
fluorine; R4de'notes % aﬂx in thef‘glm 8f the pharmaceutically acceptable acid addition
salts, hydrates or solva ereo o tlona m‘admle lire with one or more physiologically acceptable
excipients. 20 5) Inh B%‘Bbwders according to an?/ ot of claims 1 to 3 which contain one or more
enantiomerfeally purelegmhipounds of general formul#.0&herein Ridenotes hydrogen; R2denotes
hydrogen, fluorine or chlorine, preferably hydrogen or fluorine;

Example 26:
active substance = Example 14 0.6g

Mannirol; 99 4¢
10 Total: 100.0g
Example 27:
active substance = Example 14 3.0g
Mannitol: §7.0g
15 Total: 100.0g
Example 28:
- active substance = Example 15  0.6g
Mannitol: 90.4¢
20 Total: 100.0g
Example 29; _
active substance = Example § 0.6g
Mannitol: 99 4¢
25 Total: 100.0g

Example 30:
active substance = Example § 3.0g

Mannitol: 97.0g
30 Total: 100.0g
Exampie 31:
active substance = Example 7 0.6g
Mannitol: 99 4¢

35 Total: 100.0g



25 R3denotes hydrogen; R4denotes hydrogen, fluorine or chlorine, preferably hydrogen or fluorine;
optionally in the form of the pharmaceutically acceptable acid addition salts, hydrates or solvates
thereof, optionally in admixture with one or more physiologically acceptable excipients. 30 39 6)
Inhalable powders according to any one of claims 1 to 5 which contain one or more enantiomcrically
pure compounds of general formula 1 in the form of their free bases.  7) Inhalable powders
according tgapyoaevs ClErMMSIGOrSIRVINGIHESTONGInARTE Af fldre@vesrantiomerically pure compounds
of general formula 1 in the form of their pharmaceutically acceptable acid addition salts. 8) Inhalable
powders according to any one of claims 1 to 5 or claim 7 which contain one or more enantiomerically
pure compdunds JfeHReaefREUrATAIAHESTS Hh eI T EIFEEBT DAY IS eaReBYyeheral formula
1-11X  whegseipMeortes an anion with a single negative charge, preferably an anion with a single
negative charge selected from the group consisting of chloride, bromide, iodide, 15sulphate,
phosphglte, methanesulphonate, nitrate, maleate, acetate, benzoate, citrate, salicylate, trifluoroacetate,

fumarate, tartrate, oxalate, Ci r‘S p-toluenesuylphonate, and the groups RI, R2, R3
ningg giveryl : :

frt

wherein

R! denotes hydrogen, C-Cy-alkyl, C;-Cs-alkoxy or halogen;
10 R denotes hydrogen, C-Cy-alkyl, C;-Cy-alkoxy or halogen;

R? denotes hydrogen, C;-Cg-alkyl, C;-Cy-alkoxy, halogen, OH,

-0-C,-C-alkylene-COOH or -0O-C;-Cy-alkylene-COO-C1-C4-alkyl; -

R* denotes hydrogen, C,-C;-alkyl, C,-C4-alkoxy or halogen,

optionally in the form of the pharmaceutically acceptable acid addition salts, hydrates or
15 solvates thereof, optionaily in admixture with one or more physiologically acceptabie

excipients, wherein the compounds of the general formula 1 have the parameters of a

characteristic particle size X5 of from 0.1 pm to 10 um and Qs 5 of more than 60%.

2) Inhalable powders according to claim 1 which contain one or more enantiomerically
20  pure compounds of general formula 1, wherein

R! denotes hydrogen or halogen;

R* denotes hydrogen or halogen;

R* denotes hydrogen; C,-Cs-alkoxy or halogen;

R* denotes hydrogen or halogen;
25  optionally in the form of the pharmaceutically acceptable acid addition salts, hydrates or

solvates thereof, optionally in admixture with one or more physiologically acceptable

excipients.



20 thereof, as well as optionally in admixture with one or more physiologically acceptable excipients.
9)Inhalable powders according to any one of claimsg 1 to 8, wherein they contain only one or more
compounds of general formulal. 40 10)Inhalable powders according to any one of claims 1 to 8,
wherein they contain in addition to one or more compounds of general formula! at least one
physiologically acceptable excipient. 5 11)Inhalable powders according to claim 10, wherein the

physiologicgjly acegptable gxsipientds-aalacterifontbriar ownhransising ff sepesaccharides,
disaccharides, oligo- and polysacchargie?, polggftide{g]lycoﬂde, polyalcohols, amino acids, chitosan,
alkali metalPAHH SMEIHECAHH FHRPIM A P& AfEan

_ & acid; salts qhd mixtures of these excipients with
one anotheR'10 IRninksdiadiezpovidenscaecbiding. torataimi lydurerain theriphysiologically acceptable

excipient isyselectggd, from, the, GLoUR, GoRP BHSIG LGRS HYHARE A BPiRsRe/actose, saccharose,

maltose, trehalose, maltodextrin, starch, cellulose, resomer, sorbitol, mannitol, X)r/llitol, arginine
hydrochiorifle, MgtEasste "SHuMEEIRoH AN ORARTE A CHRSoPAE i R rBs ™5 81 he se excipients
with one another. dijxnhatabiegowders according to any one of claims 1 to 12, wherein the ratio of

compound gf formula 1 to siologically. acceptable exeipient is\within the r ;100 to
1:100000, &eferﬁ&a@ﬁeﬁo 1%%1??1%(%8.}4 50 pf%ﬁ%%%bfleg %élv(\;}d%g\@gf}:%o giﬁ%ﬂ%qgﬁggg@ of claims 1 to

12, whereirpfiiephosisksyically aecsoplbreidaciiiim abs hrimresragwiyaiidiesiewiianlt 17 -120 um,
preferably ahquh 47904 0250k MMsBIekaR ithalahle-pawderasearding to any one of claims 1 to 14

for preparing a pharmaceutical composition for the treatment of respiratory complaints.

16)Phai‘r9naceutical formulation containing an inhalable powder according to any one of claims 1 to 14.
30 4 Inhalable powders according to any one of claims 1 to 3 which contain one or more

enantiomerically pure compounds of general formula 1, wherein
R denotes hvdrogen or fluorine;
R? denotes hydrogen;

15 R denotes methoxy, ethoxy or fluorine;
R* denotes hydrogen;
optionally in the form of the pharmaceutically acceptable acid addition salts, hydrates or
solvates thereof, optionally in admixture with one or more physiologically acceptable
excipients.

20
5) Inhalable powders according to any one of claims 1 to 3 which contain one or more
enantiomerically pure compounds of geperal formula 1, wherein
R denotes hydrogen;
R? denotes hydrogen, fluorine or chlorine, preferably hydrogen or fluorine;

25 R denotes hydrogen;
R denotes hydrogen, fluorine or chlorine, preferably hydrogen or fluorine;
optionally in the form of the pharmaceutically acceptable acid addition salts, hydrates or
solvates thereof, optionally in admixture with one or more physiologically acceptable
excipients. .

30
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6) Inhalable powders according to any one of claims 1 to 5 which contain one or more

enantiomerically pure compounds of general formula 1 in the form of their free bases.

7 Inhalable powders according to any one of claims 1 to 5 which contain one or more
enantiomerically pure compounds of general formula 1 in the form of their

pharmaceutically acceptable acid addition salts.

&) Inhaiable powders according to any one of claims 1 to 5 or claim 7 which contain one
or more enantiomerically pure compounds of general formula 1 in the form of their acid

addition salts of general formula 1-HX,

—

— +
0
Y\o OH 1 H R
N/ 2
HN N R _
Me Me X
RS
OH R’
T — 1-HX
wherein
X denotes an amion with a single negative charge, preferably an anion with a single

negative charge selected from the group consisting of chioride, bromide, iodide,
sulphate, phosphate, methanesulphonate, nitrate, maleate, acetate, benzoate, citrate,
salicylate, trifluoroacetate, fumarate, tartrate, oxalate, succinate, benzoate and
p-toluenesulphonate,
and the groups R!, R?, R’ and R* may have the meanings given in any one of claims 1 to 5,
optionally in the form of the tautomers, mixtures of the tautomers, hydrates or solvates
thereof, as well as optionally in admixture with one or more physiologically acceptable

excipients,

9) Inhatable powders according to any one of claims 1 to §, wherein they contain only

one or more compounds of general formula 1.
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10)  Inhalable powders according to any one of claims 1 to 8, wherein they contain in
addition to one or more compounds of general formula 1 at least one physiologically

acceptable excipient.

11} Inhalable powders according to claim 10, wherein the physiologically acceptable
excipient is selected from the group consisting of monosaccharides, disaccharides, oligo- and
polysaccharides, polylactide/giycolide, polyalcohols, amino acids, chitosan, alkali metal and
alkaline earth metal salts of stearic acid, salts and mixtures of these excipients with one

another.

12) Inhalable powders according to claim 11, wherein the physiclogically acceptable
excipient is selected from the group comprising glucose, fructose, arabinose, lactose,
saccharose, maltose, trehalose, maltodextrin, starch, cellulose, resomer, sorbitol, mannitol,
xylitol, arginine hydrochloride, Mgmstearafe, sodium chioride, calcium carbonate and mixtures

of these excipients with one another.

13) Inhalabie powders according to any one of claims 1 to 12, wherein the ratio of
compound of formula 1 to physiologically acceptable excipient is within the range from 5:100
to 1:100000, preferably 3:1000 to 1:10000.

14) Inhalable powders according to any one of claims 1 to 12, wherein the
physiologically acceptable excipient has an average particle size of about 17 -120 pm,

preferably about 17- 90 pm.

15) Use of an inhalable powder according to any one of claims 1 to 14 for preparing a

pharmaceutical composition for the treatment of respiratory complaints.

16) Pharmaceutical formulation containing an inhalable powder according to any one of

claims 1 to 14.



