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1 Inhalation powder formulations containing enantiomerically pure
beta-agonists 5 The present invention relates to powder formulations for
inhalation, containing enantiomerically pure compounds of general
formula 1 O, ~O OH HR1 HN N RZ Me Me I Rs OH 4 wherein the
groups R’, 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 mmgﬁwsﬁdWmﬁMsﬁkmﬁ@%ﬁm@ﬁx@r pure
pharmaceutical compositions for i %atraeatrqut of respiratory complaints
15 Background to the invention Be%;rmnﬁeﬁcs%B -adrenergic substances)
are known from the prior art. For example reference maybe made in this
r&3peptdsethénsisuiosurdands s docierSBtmulhinnme fopiopakeisn, containing
betantingtissaley the-treatmanidf & rragaIgheisgases. 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 concentratlon of the
active substance in the’body¥needgtl to Hchieve the § erapeutlc effect is
guaranteed 25 for amg:?rlod Vi E‘ 0 re-gpfhinister the
drug at frequent intervalSy; Morgover, givingian e‘ pstance at longer
time intervals contributes o thel well- beligy oMBe lhatiestt to a high degree.
2 In a particularly preferredmbodiment the presenfinvertion relates to
pharmaceutical preparationgwhich may confer a thﬂ‘apeutlc benefit in

the treatment of respiratory complaints.
wherein the groups R1, R2, R3 and R* may have the meanings given in the claims

and in the specification, optionally in the form of the pharmaceutically acceptable
acid addigon 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

Background fo the invention

Betamimetics (B-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

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 therapeutic effect is guaranteed
for a longer period without the need to re-administer the drug at frequent intervals.
Moreover, giving an active substance at longer time intervals contributes to the

well-being of the patient to a high degree.



5 Particularly for treating respiratory complaints, it is useful to administer
the active substance by inhalation. In addition to the administration of
broncholytically active compounds in the form of metered aerosols and
inhalable solutions, the use of inhalable powders containing active
substance is of particular importance.5s10 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
effpct phnsueh psasntheactivasHbsa P%Hﬁ%&@na@n%wegtwmﬁumma
XGHRIGHIR,D AR IR PIERAE e IUAERISANARL REGAIPE ALIE e
nt 0 ex0|p|ent he propertie he mhalable powder are cri iticall
inffiOBIRLERDY the choice of 15 eXC|p|ent When choosing the excipient its
particle size is particularly important. As a rule, the finer the excipient, the
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particle size of the excipient is very important for the emptying
10 charagtetisticeubt eapsilei v IeR H5a5kh 0 RIS, HRasyAlSEDERAI amounts
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de?%g?&f SP R ITATSTOR S PREYE FRCHARTSSR SRIISOHIBH B aRicR: sfé{ﬁ? jents

reférSTeFfHe wm@a@eﬁa@lmm Beroues v@m@qlc&@ eamIEyef excipient,
dets mopthradsraindleesiolidhl: lpogdendre mrmtivalyd siitte rec dat dptih Tdimice of

15 PaEHElpiSeWRRHIRG somthis deREPUER IO pa ARG 1D M, fiefarally important. As
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coRtalfiréca bbagrvieriatistance in the inhalable powder which is delivered for
inhalation, The term inhalable proportion of active substance refers to the particles
25  of the inhalable powder which are conveyed deep into the branches of the lungs
when inhaled with a breath. The particle size required for this is between 0.5 and 10
pm, preferably between 1 and 6 pm.

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

30  betamimetic which, while being accurately metered (in terms of the amount of
active 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
quantity of active substance released and delivered to the lungs on each acruation by
the inhalation process) with only slight variations between batches, enables the

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



which ensures good emptying characteristics of the capsules, whether it is
administered to the patient using an inhaler, for example, as described in
WO 94/28958, or in vitro using an impactor or impinger. 5 The fact that
betamimetics have a high therapeutic efficacy even at very low doses
imposes further conditions on an inhaable powder which is to be used

with highly accurate metering. Because only a low concentration of the
active substance is needed in the inhalable powder to achieve the
therapeutic effect, a high degree of 10 homaogeneity of the powder mixture
antBRRF SRSHRTRRMOR D R BRERRE EJBRSBRI PRIt RS Bff@mimetic
bathidf ponce g thenmexirgrchassentislicT loé thowrpgeiseityheflttripowder
mixHenaekeni poitiiusitiationsng dieshanel Fion RIOPE! TIRSRERTIBHAGA IO
englyiag saagng JahAR E&EQHRJ&QBEH;%{E’ﬁg&PSta”CG Is released
reproducibly In constant amounts and with the Towest possible variability.

15 Accordingly, a further aim of the present invention is to prepare an
inhBReRC shatderasbipalinnbay e fasherenspicre B @esritR A5 serpjoay doses
higmpegrefanhehomaligore tyramnd inhifiatieifyoofddispiichon td be psederith highly
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as APresult of minimar or poor emptying characteris |gs, significant

amounts of the inhalable powder containing the active substance are left

in thecpuligly.referthsit a{e gf the prgsenidentivar isoppieraicaninhalable
ungwaitiipleotardhiengaliesh nn3Rithetgelstishuse teHhed esu hathhisgee that
the,g RGN GaRRAMAYCE NsHEsiBRWERE XIS DAS IR HEIRTEIHRE 1o
so thatilie usplibe ot active subsianee, deliveled  sulicient o produce
thdesired her%peuetigc’& ect. Against this bac groun&’ the present

20 inv@%ﬁﬁpﬁ?rfﬂé}cﬂ@é‘ﬁtfﬁeﬂrﬁﬁaéh&ﬂowe“ possible variability.

15

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 active 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.
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35 inhalable powder which is also characterised by very good emptying
characteristics. 4 Description of the invention The present invention
relates to inhalable powders containing one or more, preferably one
enantiomerically pure compound of general formulal O~O OH H R'HN
N RZ Me Me I Rs 5 OH R4 wherein4RI denotes hydrogen, CI-C4-alkyl,
Cr-C4-alkoxy or halogen; R2 denotes hydrogen, Ci-C4-alkyl, C-C4-alkoxy
or halogen; R3 denotes hydrogen, CI-C4-alkyl, Ci-C4-alkoxy, halogen,
OH, 10 -O-Ci-C4-alkylene-COON or -O-CI-C4-alkylene-COO-CI-C4-alkyl;
R4 denotes hydrogen, Ci-C4-alkyl, Ci-C4-glkaxy or.halogen, optionally in
the form of the pharmaceuté%%‘é?@@%%%%—a&%?%%%on salts, hydrates
or ‘SO REEHAPYSRIEBISHEAY 1R inbaipkisrRoNidsTS SENSRIRIBELODE o more,
phy%ﬁ&n@ﬁaﬂymmﬁaiﬂ&mxﬂypmtsed:ﬁﬁ%mférmégew&raldbtmpln/\&jers as
mentioned above ar@g tain,one or maogga, preferably one
enantiomerically pure compouynd onenal formula Whergln Ri

denotes hydrogen, Cj-C4-a
halogen; optionally in the fo ¢ ptable acid
addition salts, hydrates or sojvates thereof, optlonall in admixture with
one or more 25 physiological§thcceptable excipients Eﬁi’referregl inhalable
powglers are those which contain one or more, preferably one

4 hydrogen or

Rl denotes hydrogen, Cy1-Ca-alkyl, Ci-Cs-alkoxy or halogen;

R2 denotes hydrogen, C~Cyalkyl, C1-Cy-alkoxy or halogen;

R3 denotes hydrogen, C;-Cs-alkyl, C;-Cgs-alkoxy, halogen, OH,
~0-C;-Cs-alkylene-COOH or -0-C;-Cy-alkylene-COO-C,-Ca-alkyl;

R4 denotes hydrogen, C;-Cs-alkyl, C1-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
physiologically acceptable excipients.

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

wherein

Rl denotes hydrogen or halogen;

R2 denotes hydrogen or halogen;

R3 denotes hydrogen, C1~Cs-alkoxy or halogen;
R4 denotes hydrogen or halogen;

optionally in the form of the pharmaceutcally acceptable acid addition salts,
hydrates or solvates thereof, optionally in admixture with one or more
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;
R2 denotes hydrogen, fluorine or chiorine, preferably hydrogen or fluorine;
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enantiomerically pure compound of general formula 1 contain, wherein RI
denotes hydrogen, fluorine or chlorine, preferably hydrogen or fluorine; 30
R2 denotes hydrogen, fluorine or chlorine, preferably hydrogen or fluorine;
5 R3 denotes hydrogen, methoxy, ethoxy, fluorine or chlorine, preferably
hydrogen, methoxy, ethoxy or fluoring; R4 denotes hydrogen, fluorine or
chlorine, preferably hydrogen or fluorine; optionally in the form of the
pharmaceutically acceptable acid addition salts, 5 hydrates or solvates
thereof, optionally in admixture with one or more physiologically
acR&ptable SEAPIEHEYdP858r B TR aPHROBBWNOEDS &L HIHSE N RF5 ferably
contain one loydrigre,; prefbredylye trnexyanehitmomerically pure compound of
gereral formudaclso@ins i aRIAELREMBRBIS S RYCHATE Rydi fpaiiBefluorine;
R%FFS’& iﬁ? ngt%réo%?ﬂi 5@1&%‘%&9&8&&@&1@9&1}? SOQMEE JLR NGB salts,
deno ydr ona h

e

tes ogen; opti y in the form of the pharmaceuticall
e T e e S S R S e T —
in Blelypidesisallitreseebinexeingisiologically acceptable excipients. Of
equal importance according to the invention are also inhalable powders

Whi?&emgtﬁéﬁaqm&? Saes laf@lfﬁ{@s!é| %ARS @aﬁl\%?o m@r&;ﬂﬁgw feferably one
compouna o era ormu erel o) ; i
P S R

R:enotes ARG $288R 06 &L Mrogen, fluorine or chlorine,
pré¥erably hyldmsyenhydiegsine; 25 optionally in the form of the
phRPMaceutidafiyracasptatlg atidgdditivnsadts, hydrates or solvates
thegeof, optioRally.nRdradyre with one or more physiologically
acceptable excipients. A referred according to the in [
e e T

enBFHGHEAE SN BiSTe RIARSORRTCBR Be HepAPRSHER Iy pre 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

formula 1, wherein

R! denotes hydrogen;

R? denotes hydrogen, fluorine or chlorine, preferably hydrogen or fluorine; _
R3 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.

Also preferred according to the invention are inhalable powders which contain one
or more, preferably one enantiomerically pure compound of general formuia 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
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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 6 formula | in
the form of the pharmaceutically acceptable acid addition salts thereof,
which may be represented by generalformula 1-HX. Preferred inhalable
powders contain as acid addition salts one or more, preferably 5 one
compound of general formula 1-HX, O~O OHHH R'HN N RZ Me Me (/
s )%()OH R X Where%_ignx- enotes an anion with ?'Sin.%lgcﬂﬁ ative

1-
Chara%mﬁrgflenra tfyf%rrr]na% IonE \BI ﬁrnﬁ\)ceunca accepiable acy on saéts thereof,

asingle neégative charge selecte
frofPiFR ‘@Pddt?é&ﬁ%%?ﬂ@‘b%ﬁﬁ?ﬁ&é,f%%%db‘}%&ide, sulphate,
phosphate, methanesulphonate, nitrate, maleate, acetate, benzoate,
citneiere saticiRig BIéflyoierpeto Rty MA@t a dHA Qa RXBIRISr PSR Bi lerably

beQEQ%quﬂ;%ﬁfdt8Pﬁ%Q§§Hlfé?8ﬂﬁ£et-§Pﬂ the groups RI, R2, R3 and R4

may have one of thé above-mentioniéd meanings, 15 optionally in the
form of the_tautomers, mixtures of the tautomers, hydrates ar solvates
thereof, ag well as optionally in admixture with one or more physiologically

acceptable excipignts: Cgeferrég;llirij_rt;'i:u ble powdgts contain one or more,
preferably ione compound of 20 fo X, whereinX- denotes an
anion with{a sin gative ¢ 2 oithe ﬁr up consisting of
chloride, bfomide, sulp methanpgsUlpens : , acette,

benzoate, citrate, saliCyaté, trifluoroacetate, fumgrate trate and

succinate; |25 and the groups RI, R2, R3 and R4imay haye one of the
above-mentioned mean?\'as, optionally in the fofm of th tautomers,
mixtures of the tautomers, hydrates or

I-HX

wherein

X denotes an anion with a single negative charge, preferably an anion with
a single negative charge selected from the group consisting of chloride,
bromide, iodide, sulphate, }_f)hosphate, methanesulphonate, nitrate,
maleate, acetate, benzoate, citrate, salicylate, trifluoroacetate, fumarate,
tartrate, oxalate, succinate, benzoate and p-toluenesulphonate,

and the groups R, R?, R*® and R4 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 as optionally in admixture with one or more physiologically

acceptable 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 selected from the group
consisting of chloride, bromide, sulphate, methanesulphonate, maleate,
acetate, benzoate, citrate, salicylate, trifluoroacetate, fumarate, tartrate
and succinate;

and the groups R1, R?, R? 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 as optionally in admixture with one or more physiologically

acceptable excipients.
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solvates thereof, as well as optionally in admixture with one or more
physiologically acceptable excipients. 7 Preferred inhalable powders
contain one or more, preferably one compound of formula 1-HX wherein
X- denotes an anion with a single negative charge selected from the group
5 consisting of chloride, methanesulphonate, maleate, acetate, citrate,
salicylate, trifluoroacetate, fumarate and succinate, preferably chloride,
maleate, salicylate, fumarate and succinate, particularly preferably
chloride and the groups RI, R2, R3 and R4 may have one of the

v enti eanings, 10 optionally in the form of the tautomers
e e o R R D Bl AR e IR o
opfﬁé‘ﬁ&i@iﬁ%n‘ﬁ&ﬁ?@%th one or more physiologically acceptable

exgipients. Alsmpopartiodaidy prdiereugk edghalahibapgwdEgadHomodetahoup

one or moreaoA§s@r19§ef5&{mgae mﬂmﬁ&@pmm@m@t@fcmte,

general form e -

6-hydroxy-8 ‘gé“ g:’ ﬁz?oiﬁi]wfé gu%%r%/ g er Q{f)&ﬁ%@ E%E'ﬁz‘%ify C;IO ide,

ethylamino]- étl—lal e ﬁrﬁﬁ@ HESHAT o BATBAEEr. Breferably

8-{(R)-2-[2-(@4rHARIoro-phenyl)-1,1-dimethyl-ethylamino]-1-hydroxy 20

etlayb thelpyrdopxyRAHRBERY ofitl, Hbxazi h3-oosehfdieciboride)entioned meanings,
21 (1% e if PRI cd e rﬂﬁﬂﬁd‘f&“&)ﬂﬁi@ aalohbdiatates or

eth%/'i i %va [‘ESO %4(18)( -3 ﬂ.l dro&bloﬂldgf ore élm?}l%glcaliy

-eth oxy p metny amino]-1-hydrox
i FEHDISA™] oxazin-3-one- hydrochlorlde 25 -
8 {(R) -2-[2-(4-fluoro-phenyl)-1,1-dimethyl-ethylamino]-1-hydroxy-ethyl}-6-
hyAtexystilianzqlie ) codoaie idhatd dyovwatirbokibieh-contain one or more,
tEY %a{rﬁoﬁ(&-ﬂamgﬁ%(c@%(ﬁéesmﬁe%ﬁ@%h&é BRIV which are
e

%51 E% enzo 1 4%o>%azm -3-one maleate; -
rox 4-methoxy-phenyl)-1,1-dimethyl- 30

ethynemﬂ é‘?ﬁ%}g e‘ngés _0 AR R RS- 1, 1-dimethyl-

ethylamino] —ethy1}~4H—benzo [1,4] oxazin-3-one-hydrochioride;

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

- 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;

- 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-methoxy-phenyl)-1,1-dimethyl-
ethylamino]-ethyl}-4H-benzo[1,4,}oxazin-3~one maleate;

- 6-hydroxy-8-{(R)-1-hydroxy-2-{2-(4-methoxy-phenyl)-1,1-dimethyl-
ethylamino] —ethyl}—4H-benzo[I,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-
ethylaminol-ethyl}-4H-benzo{1,4,] oxazin-3-one-fumarate;
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- 6-hydroxy-8-{(R)-1-hydroxy-2-[2-(4-methoxy-phenyl)-1,1-dimethyl-
ethylamino]-ethyl}-4H-benzo[1,4,]Joxazin-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; 8 -
8-{(R)-2-[2-(2,4-difluoro-phenyl)-1,1-dignethyl-ethylamino]-1-hydroxy
ethyl}-6-hydroxy-4H-benzo[1,4) oxazin-3-one-maleate; -
8-{(R)-2-[2-(2,4-difluoro-phenyl)-1,1-dimethyl-ethylamino]-1-hydroxy-

th 4

o A R o
ethyi}-6 Hréx SEPPEATEP i"%ﬁf&x‘gﬂ?ﬁ%‘“o SRS | 8
(R)-z-[ﬁﬂ@df%&&ﬁmﬂhmwmmemyiammbﬁyhydroxy—
ethyl}-MW@ey%bpnmk:ébOK&Zmamaaaﬁemﬂﬁmte,

8-{(R)-Z-l2x fﬁimoanﬁﬁﬂxlbﬁe%ﬂjmqﬂmh%&mém%dwdmw%
ethyl) -6 8 ‘{% Oif) zﬁ) - -O e UCC

8-{(R)- S ugyo en% amlno % -h droxy-
ethyf}- é‘ﬁ;& o%ﬁ#ﬁeﬂ%ﬁf&]@%%’@é:&r%lgsﬁeg}rs%%ﬁa%ﬂ{o 1-hydroxy-
(R)-2-[21t&/5-ailudroxptEnylpazo [if) etayineBhytenfimodttty droxy

ethy}-Ghyenozyi2ii praraidsApRxadinirafignstistiodiaahno)- 1-hydroxy-
gﬂ{](ny}) £id 335592%9504@{1%@Mh%ﬂ%@dﬁ@lﬁ@é@&k 1-hydroxy-
8-{(R)- I% 5 o@%erae%rf‘l?ﬁq aﬁe1§| e&ﬁlyfﬂn?ln%yiéﬁly%%x gg1r°ffy6-
hydrox§2¥ %%Twﬂ%zaﬁﬁpibﬁ]@%@r@n@-sa icylate;

8-{(R)- B-{2RI-2t[Rox§-Proefiydrc-1h eyl thyl-ditmeiduylie dlylamjniobybetingiis6-
20 hydeaxytibl-hyarsal Ll pxaziit rpRa-salcydifuccinate;

8-{(R)- % Sttp Y; ?*&?ﬁw& QHWM &ﬁ%‘&l}i‘@alﬂamgsiwh%ﬁ%&yﬁ-

gy{cé;?)X% tfﬁl"_l i1 enZO %ﬁ‘gﬁ Zlgziigiﬁg%ﬁcgpﬁﬁn%ff droxy ethyl}-6-
hydroxﬂﬁ&b@n%%ﬂd}%aﬁh%ﬂéﬂelwmﬂ ghylgnino-1-hydroxy-ethyl}-6-
(R)-2-[2xfdstisprtEphemyd |11 4] ectimistidybathylamirg - 1-hydroxy-ethyl}-6-
hydraxg4kkhengn {4l &%agitad e 1RMEAS) - thylamino] -1-hydroxy-ethyl }-6-
hydroxy-4H-benzo[1,4]}oxazin-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-phenyl)-1,1-dimethyl-ethylamino]-1-hydroxy-ethyl }-6-
hydroxy-4k-benzo[1,4]oxazin-3-one-fumarate;
- 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-dimethyl-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-
hydroxy-4F-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,
optionally in the form of the tautomers, mixtures of the tautomers, hydrates or
solvates thereof.



- 8-{(R)-2-

~ [2-(4-fluoro-phenyl)-1,1-dimethyl-ethylamino)-1-hydroxy-ethyl}-6-
hydroxy-4H-benzo[1, 4] oxazin-3-one-salicylate; - 8-{ (R)-2-
[2-(4-fluoro-phenyl)-1,1-dime thyl-ethylamino]-1-hydroxy-ethyl}-6- 30
hydroxy-4H-benzo[1,4]oxazin-3-one-syccinate 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, optionally in the form of
the tautamers, mixtures of the tautomers, hydrates.or solvates thereof. 35
o 1 The HEbls e pa i s atngi e TS IReRyeh i R e ais P
puseTEeRSURE B b dntbeicin Ry &h B RRateres eciphelpre defined
heseirfivesent idefipadiliacipnes eptirnetiystaliveffommicht ongltylimeefurmes,
OrI Ha@sefamataaﬂma&@ymwﬁalﬁmwmmwaMﬁﬁyiBﬁaﬁ;@t\gﬁat@ﬁe
t r = e t . 1 2

o ST e e v v
meb AR S DETF 2D ABNE G RHESISIRASTRE B AR Ol preline
crystammerhyenateios brgseatig solvalbsanakases Wiigoanshighisss further
chahaeierisreldimntbiaithey are anysitiiine campoudisdshidhiclcacdurdnlpolye crystal
ong,gRigtaligrodification. 10 By the expression "only one crystal

10 modification” are meant crystalline compounds of formula 1 which do not

titute a mixture of any polymarphic _crystal modifications which ma

cons fﬁ'{? m%)ounds

exiSY BFBFHIRRIre8 B8O RS YR n BER ARSI Rt e CO
andismowsady viielbde sritecstifate arapsnd SbreordheBPEE fBHsiala 1.
Uniessifthesnisehsthtedythaalkyt draupsaissthight ehamedgstatanched

alkoflo SHRURRRARY A4 SDERAR BIARR LS HRIQWIRG &R pRaRHIREELRing 10
15 W of ?x?mple: methyl, ethyl, propyl or butyl. In some cases the

abbreviafions Me, Et, 20 Prop or Bu are used to denote the groups
OB e S s S
questiars Mtvirg foroekasniple, propyl iRblufddowipgopyimeriioned by way of
example: methyl, ethyl, propyl or butyl. In some cases the abbreviations Me, Et,
20  Prop or Bu are used to denote the groups methyl, ethyl, propyl or butyl. Unless
otherwise stated, the definitions propyl and butyl include all the possible isomeric
forms of the groups in question. Thus, for example, propyl includes n-propyl and

iso-propyl, butyl includes iso-butyl, sec.butyl and tert.-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-, EtO-, PropO- or BuO- are used in some cases
to denote the groups methyloxy, ethyloxy, propyloxy or butyloky. Unless otherwise

stated, the definitions propyloxy and butyloxy include all possible isomeric forms of



iso-propyl, butyl includes iso-butyl, sec.butyl and tert.-butyl, etc. 25 Unless
otherwise stated, the alkylene groups are branched and unbranched
double- bonded alkyl 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, thg term alkyloxy groups (or -0-alky!
groups) denotes 30 branched and unbranched alkyl groups having 1 to 4
carbon atoms which are linked via an oxygen atom. Examples of these

InGluderomeat ity Xy REDY FoKYs PISPMENPRY, frebiey: ihbrehiaag@nsy and iso-
MeO-, -tO-,bPro O- or ?l)J?O arebuse]d in Ssome cases toddeno%e thF e I
or SRR R RS F OIS S BT IoT) Bd S g ete. o
statgds taecdefithionbosopytond/tanbsayioryancir dhgltpms sitkexis srieeit
formg QiR Lﬁ%%&%ﬁ%ﬁ%i&x?@%&@ﬁdﬂ%@ﬁmf&&%ﬁ%'&h@ﬁ%’bﬂﬁ&w,nﬁ%%% or

n-propyloxy and iso- propyloxy, butyloxy includes iso-butyloxy,

5 SeRBORITRY A RSLBAAE Ut SERRE PEUBLC TR AR SR o
théprdsent invention, the term alkoxy is used instead of the term
alkyloxy. Accordingly, the terms methoxy, ethoxy, propoxy or 5 butoxy
may also be used to denote the groups methyloxy, ethyloxy, propyloxy or
buljatnaen Faligehesammabidapspbntcatiprdemisn fioation gelaanssbromine or
fluarithes, Chilesineatbdaminecoritriag) fimobin odd siateddbiheicontsaky preferred

10 flugkiggechlorine and bromine are the preferred 10 halogens. The term
enantiomerically pure describes within the scope of the present invention
compounds of formula 1 which are_present in an enantiomerical purity of
at [EeRBoaRtopyatealin Rrce {esrEsBPIERD B HRAna Ay PraTErsRlyry cition
95%EwoTHis eéfareelddndhtome Aresnidreassnmignenaslinwiy afahlsast 85%ee,
depgsflablihe lepticab e ipratalatialpecirpdy e 95%he Mighiytorystatiineomeric

15 copmpaunds.eifarmule Amaydes.ebiaine il pstister-helovoLBiagsam
1).110~0OH OHMeH\-.HNt OPG OPG OPG

The highly crystaliine compounds of formula I may be obtained as illustrated below
(Diagram 1).
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i5

23 4R HiNMe R#R2 RaHN NRZ OPG OPGR' 7O0~OOHHRHNN
RZ Me Me R s OH R4 1 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 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.

Pre erably OPG denotes a groug ich is selected from amofn

acety1—parrrc'ularly
preferably -O-benzyl. In

bén Diagram 1 the group L @egotes a leaving group. Preferably
L denotezs a leaving group selected frgm among 15 chlorine, bromige,
iodine, methanesulphonate, trifluoromethanesulphonate and 12
p-toluenesulphonate, preferably chlorine or hromine, particularly

Diagram 1 the

above-mentioned R
o R3
R4
5 7
o}
O OH H R
HN N R
U — . Me Me
R3
4
OH 1
Diagram 1:

In the compounds of formulae 2 to § and 7 mentioned in Diagram 1 the group
OPG denotes a hydroxyl function protected by a protective group (PG). Fora
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 is selected from among
-0-C;-Cs-alkyl, -O-benzyl or -0-CO-C,-Cs-alkyl, preferably
~-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 L denotes a leaving group selected from among

chlorine, bromine, iodine, methanesulphonate,
trifluoromethanesulphonate and
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Starting from 8-acetyl-6-benzyloxy-4H-benzo[1,4]oxazin-3-one (2) the
compounds of general formula 3 are prepared in the manner known from
the prior art. The compound of formula 3 is then converted
enantioselectively, in the presence of a 10 chiral transition metal catalyst,
into the chiral alcohol of general formyka 4 which is then reacted under
suitable conditions to form the chiral oxiran of formula S. Methods of
synthesising oxirans from derivatives of the compound of formula 3 are

known in the arét)l cgngor eﬁﬁm le H i’;\ }’ﬂq i Letters 2002, 4 i
4373- 4376) reac EARY Oemafznlnes Orid RIE %uttﬁ v
coRTsEG fifi€la 7 15 are obtalned, which may be converted into the

compounds of formula 1 after cleaving of the protective group (PG). If the
compaendsmpbinmuad arenot ahtainechinoaastaingtermibnihgoups R, R2,
m%%ﬂfkﬁﬂ&@%ﬂ% Q'QE&Q%X&&%?X@&?E@ may be followed by

li a vents. More I

recrystallisation from suit ed comments on this
subject can be found in the experimental part of the present 20 invention

that HoHew Stam Sraeetd-pregrmdake Mrdknre pdlriarrad ity thetsampounds
invefigtorril ffirstioBalte peegssdrinttprapareikecanfpaunts pfitermouldhe

1 oljaipschin arvstadinesfarmdn &ﬂ%&ft@&/@ﬁ@é@@t@&t@t&s@ﬁmrﬁe&éce ofa
The, MIgronis| E}@ﬁsﬁa%h’?@%s&? S dlh RS SRR %%S'HS formula 4 which is

conventlona mi e micronisation Is ca OUt wit

exARFGSrAoE SREGFS HIRbYS carétgtawotfgm@ e sxam gty R
suéﬂ%ﬂtr@@fmm@mmmmnn fiam geovedvsanichaesmpermdblcionata 3 are
airjabwills ithwinich ¢hdonatenplliskBihearmiali €t the:ipodt of the73-4376).
pa@gxt%a&mg&?emmﬁrﬁmwm&@mﬂtﬂ'mﬁ%ﬁw% Jt@rmula 7
micronising g‘ﬂo % mﬁ)glge carggrqe%ut bot nﬁ bé/ SO- callgd gfour&te foi/vafter

WI

mlﬁlS op tlona e ue screenlng an also, Iﬂg{ﬁ erre

mﬁ??é’ﬂnﬁﬁﬁﬂ‘gétfate&ﬁ“iétgﬁ?ﬁtg REDordig £OPROHRASRICRI A dedTssnot
preferaibid irsewelling fprintingoamrhedmBtenticus owiidierhaboon e egnthesis

by ithey GeirfdiRgvea S 3 beundeispeoificrore saitiese(gringing Pressgeeliled
W'HH&&@&&CQH%@J éﬁs;wﬁéﬁﬂﬁé@o‘ﬁtﬁﬁtm% heghiRdia E%%M% Present

usuallél set ta? ue between about 2 and 8 bar, preferably between
about s abar Most preferably between about 3.5 and 6.5

In order to prepare the inhalable powders according to the invention, it is first of all
necessary to prepare the compounds of formula 1 obtained in crystalline form in
finely-divided (or micronised) form.

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
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 to the invention, nitrogen is preferably
used as the grinding gas. The material for grinding is conveyed by the grinding gas
under specific pressures (grinding pressure). Within the scope of the present



bar. The material for grinding is fed into the air jet mill by means of the
feed gas under specific pressures (feed pressure). Within the scope of

- the present invention 5 a feed pressure of between about 2 and 8 bar,
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preferably between about 3 and 7 bar and most preferably between about

3.5 and 6 bar has proved satisfactory.qghe feed gas used is also

preferably an inert gas, most preferably nitrogen again. The material to be
ground (crystalline compounds according to formula 1) may be fed in at a
rajg eh @t UL e sfudiine Rigterahly Al,akpw 49237 HORiReAQSAR: 2 and 8 bar,
examplegihont resticing the sublect ot e venion EretB, 1S 5 and 6.5
followin ‘éppara?us as proved sui hgie a8 a possY_b & Smbodiment of an
aiPfét s My strlkony estiritent HAdRKGRirgt B8 Rinneare ofihadesy &as
Mesdes Stenifayantshuees 348 d@irewsitSireBtithianbveromod LRI cieginvention
Lrllsi g@d&ﬁ@ﬁﬁgr@ﬁy@nﬂa&mﬂlﬂm AR eeesprigqisipehlyearsiesoatanitty bar
t ingli - gr re. - ;

A SO S :  UE AAAc e co
BRI AP ERERTIME btk CPANFRREN PR R MR rs
Jemsiend do Hp erameh (Fvic Boewprepawadsnsopdingaa fmmwheliomswipg fed in
processtpafabreiefs: S0ggrindipofaebiuse aBaibEs-68/ gobrbar) feed
pressure: 8.5 bar (+/- 0.5 bar), Note: the feed pressure is always set 0.25

t0 0.5 bar higher.iha indi r t - i .
R R O e
e ARSHER R 55 BRIl Fo A RGP AT R PhS A doh Y @ 2-inch
spibiffeisrraitionstiTdingriasishians ogposude dyiitersvapburapat Inc., 348
relativeiBSthuemitisy ofeal MASOZL, ATSACITRTAH i A E6AChprefedibly

2 'ﬁﬁ:@s;sé%%gfﬁ%%?@%&%fﬂﬁgmf éﬁé%?%é@%ﬂh@@%@ﬁrﬁ%ﬁé&%mding

vaueo_-or_ e V. _.or_, s r 'oin
PR i RS G R B S g ftiee

in\iﬁﬁﬁgﬁltﬁé“?ﬁo]ﬂehtz fgfﬂB’bartiql steam pressure and the steam
préssuherchuranmiethet uheabmyraratt railhaguesdiohy Messrs Jetpharma, type
Jetmill MC 50, which may be operated with the following process parameters:

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
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 to water vapour at a relative
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.) is
meant within the scope of the present invention the quotient of the partial steam
pressure and the steam pressure of the water at the temperature in question.
Preferably, the micronisate obtained from the grinding process described above is
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35 Preferably, the micronisate obtained from the grinding 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, preferab%about 15 to about 96 hours,
particularly preferably about 18 to about 72 hours. In an alternative 5
embodiment this step is followed by drying. The ground material is
SXBR8RIR W o RinddTREIAM e, R ey MBIRIRIOPIFGR MRS 6
0 an elevate temperature 0 at least pre east

%0 SRR BIBE S heho FISTHTRLS SIS I8 Fe"rgtﬁé:‘@rsc‘md‘“‘m
homsmoafttbahgvgétmehmwl%r@f@k@blylt?@rhoors nerfesafe)szahentd Sato about 96
redusad, ielaiadiypicidtabe; sbalatisaedutoigity2aidass 10 tharibhiive
PrefeiaRlyiess dhand, ég%’ ﬂﬁgvp&f MPreiarahlyigss 1hamBR%:pdha w© an

mlc onlse#i com oun é‘ cordl to the |nvent|on WhICh TvXted

eﬁt%? t&”&} ebm above haa\‘/té:'réalc‘naré’(ﬁens IC cle
suzéﬂ%%%ﬂlﬁe%@éﬁ%%%%ﬁf%tﬁ%r@f&%@%&mﬁtcm%t P i
particat &yt I55pheiesaiphe festlp @5 hours and Bosms, radiion Megﬂatéy from
chayaatgtise Bynhes pararagten Q0a:fk ehmeie;iied) Seddreierallity of less

moﬁ?aﬁ‘@ﬁ“/ 9 /cgfe@% gt@%r%aﬂﬂ%e/aa% 839{1%&&?@ g%f@r:;g‘{?iess than 30%.

characterlstlc value enotes the median value of the particle size

below which 50% of the quantity of particles are found, based on the

voldie mistaplsad sonperms aidaula baﬁﬁeré%na%tbﬁa?&%té‘ﬁetwfvam@ay be

Q(disnindichyeh ¢hecgbian it oftpsitibies: belcva Bl mviérsedpartitle size Xso of

volymedistsipytian of hgpapicles.tiP8cpAsticle. sie sues e iRrainastly
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anyLbesexsipient. fralarRbbpheweysre MismAhesRacRUEtA olume distribution
20COMPESItions ace “%!ttt%leos thﬁa‘”%ﬁp 1o0L G néa'& d'“&'&f#é@?t& 85nt1ty of

more, pre?era e, compoun (0] ormua at ySIO cal

acdAHe E??E%érﬁ WPl e Htep‘fﬂ}ngFoatéfétRFHEEe é’%%% fon

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
03/078429 (page 16 ff).

The micronised compounds of general formula 1 described hereinbefore may
optionally be used for inhalation without any other excipient. Preferably, however,
the pharmaceutical compositions according to the invention contain in addition to .
one or more, preferably one, compound of formula 1 at least one physiologically
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,
monosaccharides (e.g. glucose, fructose or arabinose), disaccharides (e.g. lactose,



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, 15 saccharose, maltose or trehalose), oligo-
and polysaccharides (e.g. maltodextriq starch, cellulose and the
derivatives thereof), polylactide/glycolide (resomer), polyalcohols (e.g.
sorbitol, mannitol, xylitol), amino acids (arginine hydrochloride), chitosan
(particularly preferably lactose, mannitol, saccharose, sorbitol, trehalose), .
5 ARAPAEtE BAHCIAGR S AR mekaPs aRd BPLRESFRAGGRP (&8 MRjtodextin,
stesipath) celitloseangd sbeliderichivtiob el bivpelnhadsisisalyrolidnilaerem e

thesaaicipignts. with ool anethieicPrefrsabbmmoneider(digatabagdaschloride),

PORAIEONPIS AieHESH WOHEHIS 1H3R<0f IAGIARGST, IUCPS Lo ENHORE Aehalose),

|, prefergbly lactose, | u , Is. preferred,
5 A DA G SUNG SV I I S PR el EBpacgp s

puiBSaEe BRI ShRFd i Gl MERoSH RANREN ARBIRIWSES AR pleat fegh one
exeipientr. Wivlerdbltpsemorohijshateaoidmanmitdyadoniodt particedarshile the use
prefersesén ghasreageulicat ormulalienserardingaadhs invertisrowbighose, is

R ABAR0IR SATIRSA IO ARG A, o e

epta

e excipient, the 15 ratio of the compound of formulal tq the ..
10 SRR BRI SHEFPSh g6 PR B I PG00, RRRETeb ecpiens

according to the invention do not conta
15 o RERAIS h ETBRIOEHR ORI A STEIERRCE 15
prefer@dip 3 100800 nacfrirbdy Bl P Y seet N0 endowirakiiepdtvably from
25 mE0sually d@doinitie radqativeh alasiarb e rdal bl ergohrdersy).
according to the invention are preferably administered in the form of a

Prepeteied phatmaReylcal EsRaAon AR SS clide

capsuile system.

3: 16bietirarore GRorahtdsaicamenretds apy ttrsricrladpomiare¢d00o, the
ratios given above being ratios by weight (w/w). The inhalable powders

aCqRrHINGHAJARIY htinI AeddsiRbY REMINIBIERek HitDWAMAUAS e in
3-100:m0, pISTerab] éﬁéoog%gr‘{%ﬁﬁ% #@%ﬁ@%%%aﬂéﬁ?ﬁﬁ?ﬂ?@&&%ﬂ&fﬁae
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IS also possi s?ems_where_l

to use s
20preti 9§33’(98|’€§eﬁféﬁﬁﬁb§¥n§1§°d8§é)§/ree.§9ft6m%‘ﬁ’f&fin blister wells.
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In another form the preparations according to the invention are also
suifalgle fanalsbidpinhatesavebicting to the invention do not contain any excipient,

only one or more, preferably one compound of formula 1 in micronised form, 1 to
30pg, preferably 3 to 25pg and particularly preferably 5 to 20ug inhalable powder
are usually administered per inhalaton. :

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
presented 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 wherein the 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
by means of a suitable inhaler. Suitable inhalers are known from the prior art.
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have a powder reservoir and wherein the 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 inhalers are known frggn the prior art. 16 Particularly
suitable inhalers are mentioned for example in WO 03/084502, the
contents of which are hereby incorporated by reference with regard to the

inhalarSadi ,L%%&@@@&%éaI@%iéﬁ@gﬁ‘@befggﬁgg{gxﬁﬁﬁr%%%%a%'%e

to the Inveniion ma repared as descri : The process, .
actOHiRG fﬂé‘gi\\%ﬁﬁlg%eﬁgﬁapg&?m@eﬁ1% %eﬁg%ﬁgpsr@ard to the inhalers

chéisteseisdiripiBhat N+m substantially equal portions of the
physiologically 10 acceptable excipient and N equal portions of the

MIGIRNISR A AOERAMAGOS IO P, d RIRIRIPES LN ARG YIS iR Bared as

su(i{gstglg @é)ii)n%‘\éessel and after they have all been added the 2N+m

layers of t e tWo components are mixed together using a suitable mixer,

a portion of the physiologically acceptable excipient being put in first,
whilkenpiscassinteemstingipretaraiolyion fandrapaempiebaablepapsders is
Prefiarablytisb i divioaldfi st ong @uiyadaariioraysy stiiie ik sossgiadlle
SCESELHRM 1 2PRAANE  HARSUR YATRIAEJHINGIUQHERT (S ASNGE dPformula

en{ireepowd r.m|>§ture c?n be subjected,to ane or more a dlpon |
ar arnl ter

.Rlace in 4 ternﬁte ﬁ €rs 10 a sultable nalxm% vesse ?Rﬁ; have all
screeni % processes. In process according to the inventon, S :

nabGFRIRAdER ehtiaht imdr¥ar Shthse Y P aPaRRIDere FyssHIOBRBRLINSIRG 2
besprodlcedsay harwprodwéity sinsliclobatdtyes; e alds redpeiie beofghigh in
homagensityNdhe Brese ooy pHermityyob contanhmndesagbieved with a
smaller N. In principle, however, it is preferable according to the invention

if Nis atleast 10 qQr more, more preferably.20 or morg, better still or .
TR o O SR eHE R S5 AR S SOLTR B gFreenine
lay@RAET e SRR 5TFa ChE MAIFREREPCATE bR heshn Bt eBE Paveder mixture
povaddrensirtieeeldaoome simthee sddsaorsd] soitemityroboostentn Theprocess
nugebeidmgaYHeesanf) 8k withimtheissone-at thepeessacetdinlantity

to otf‘;‘?ow@?ﬂﬁ!?m'xfe%%e”ﬁ’%g&u%ﬁe\ﬁ?&&%@&ﬂﬁﬁg%ﬁf&”ﬂﬁtgﬂé@&e desired
apggergg %%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
fractions formed, the more homogeneous the powder mixture becomes in the sense
of uniformity of content. |

The number m may represent 0 or 1 within the scope of the process according to
the invention. If m denotes 0 the last fraction added to the mixing apparatus,
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 fraction added to the mixing
apparatus, preferably screened into it, in a layer is the last portion of the
physioclogically acceptable excipient, This may prove advanta'géous inasmuch as,
when m = 1, any residues of the last fraction of the active substance still remaining
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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

fraction 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 agy when m = 1, any residues of the

last fraction of the active substance still remaining 17 in the screening unit

can be carried into the mixing unit by means of the last portion of

eI RUEIEERl: AP S AR G AARE RAT R0 SRLING PHIRIRR pordon

%ut lnftrst and 5 then the first portion of the N portions of the active

placed in the mixing container. Whereas within the scope of

the process according to the invention the individual components are

ndrreédiytdoodd firaoperitlynacfithedttians)rinmayf hiseachefyieng &opist im first, and

Soﬁﬁl&xctﬁéﬁﬁéf H&%JH&%?E@M%B&&W@&%@l%”&aﬂ/&@ﬂ%&& iRtehe

the mlxm apfgégt%hasalad%ertﬁglgcrgeeth the ggﬁ%gea uent tlotgqﬁéons
of eXCI ent. Thein arbela ers accgrd o e inventi
bérﬁ’reﬁa%alwfftgt%tasﬂmaaaﬁ@ %tm&fmé’@fa&éﬁéé%a%%t&ttc%qgﬁhpomm
extipienbacdyrgingaethia mathodsaat Sib B nbote Jhtmeardabd g eneipient
Mixticd thpsohta dedmiiihmeeaexcipienta 1addhisonayhRsionhe sishegnint
methipd desetidgdahove, by mixing N batches of the active substance /
excipient mixture layer by layer with N+m batches of other excipient. The

excipient used in the inhalable powders according to the invention
FABRA ISR AEFAGE PR dRe R B9y DRI ISP RERRER DY first of

-abaihpttommm puxtiets aflpcpreferbiianaband 28chBamt Fiverdyeipie thamagthod

optientaite @ lesnhe adnibxéur mxingaaksai-axeipiB Gl WhthiasdavRage featidisient.

S'Z‘Ph‘?J ey B AdRANSHENGE %&R&%"&e%ﬁ@d‘ HEHDS Hﬁi&t‘iﬁ%@@&&i& ¥ the
m Wher%m the Etxportlon of finer exci rfatt in thehtgtgl an

e LS R IR vt i R B OF ovher

eXCI lent T may%:ee
prédtiBEdtising the process according to the |nvent|on contaln a mlxture
of coarser and finer excipient fractions, it is preferable according to the

invEsdieRcipicptaRane el a eI aweenat vh Rt ding: GO AFREHOXEIRIB Hir BRSably
a”h%‘s’%%@e&%@'ﬁt?t%ﬁeslég de'1tP 59@{&1 TS PIsTeEaRY: 39 19 FRR YAl arly

the f| |ent as an av,
pre era out fo-%oa $ '?"he excipient may optionally also be a mixtare of

coarser exczplent with an average particle size of 17 to 75 pm and finer excipient
with an average particle size of 1 to 9 pm, wherein the proportion of finer excipient
in the total quantity of excipient may be 1 to 20 %. If the inhalable powders which
may be produced using the process according to the invention contain a mixture of
coarser and finer excipi.ent fractions, it is preferable according to the invention to
prepare inhalable powders wherein the coarser excipient has an average partcle size
of 17 to 50 pm, most preferably 20 to 30 pm, and the finer excipient has an average
particle size of 2 to 8 um, most preferably 3t07 pm. By average particle size is
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
particle size by this method see the disclosure of WO 03/078429 (page 21 ff). -

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



particle size of 2 to 8 m, most preferably 3 to 7 m. 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 particle size by this method see the disclosure
of WO 03/078429 (page 21 ff). In the gase of an excipient mixture of
coarser and finer excipient fractions, the 35 preferred processes

according to the invention are those that produce inhalable 18 powders in

SRR BORAOR. plfgb%@sé&@m&%% RS BAQR LIRS 5%, mos

%, of the total amount eXCI ient. The percentages
glgé?fwi'm%ﬁﬁg é%oﬁ@fotpﬁm@ @é’éﬁ?ﬂ gr?ffSW 4P-always percent 5 by

weight. If the excipient used is one of the abovementioned mixtures of

COnlRecRseiniges givan fineiiaxhipienpdiofthgairexpatdiemi@tec ding 1o percent
5 thgJnygptien 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 arser

e RS R AR RI97 40 PR OE AR FPRVETRFRUBRS Y (b F iRk xcipient and
abfonver-rxeiTtione dt éxedpiorexptitient feopiding a@dwmem@m@ eeeiprsrihe
fragligmisntantk the uionproduae deesmdctiditelab mhix ke dick ding Nerautivty
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ac@cﬁ’rﬁ g’jsfo g‘l ﬁ?/%t?: e \?V% compone S are pre erab 5 J

thﬁhpgﬁ-w%?ﬁﬁg@PM|atww&rﬁa%8w§9‘@d$lenf?8%‘ FfPHp{ractions,
prefetabép Go3ptodumrfromie thmuralprafevad pdi8itne0ls: nrHyPyebstempyg using

theHfirptfactiancetdng: HRedBweakitans of the coarser excipient is put in
15' first and then the first portion of the N portions of the finer excipient

t|on is addeq to the mlxm%{contamer T etwo cQ or‘kresnglss are a l%%gcess
ﬁ’iﬁé”r?‘B 5 8(3?%?:%% ayrélra% ?ay ert e prebaratﬁ)

exe«:ﬁrmmmml@ wwam MWS@F@%&&&&%F seieralily alsleldpgpaeh a

anstthenitespadativerstibs tamecle uising the préoess, mmm}q@lmw to 1 mm,
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20 9@%949&85 Wit amesh size,2fQ 4 1.2 A MRS BEGI e % OpdiiGoh Bihe N

portions 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 mixture 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 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 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 commuon



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

eXafopiRne) hHeiRg COMPBARTOCAXBIPIRRien WO LTSN ENED taftheeach (N
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caﬁ%‘éi}m}t’%ﬂ@ﬁlﬂ%@@dﬁ&éW@bé‘{hé%%ﬁ@ﬁeéﬁébt desiredhsiriphofihe maximum

possikisinaBReRARily of ihe poeerHkdIHEe. 5 The inhalable powders

according to the invention are characterised by their multiplicity of

5 possible applications in the therapeutic field. Particular mention should be
mahiee askalhRopiesitier dnivestdingoltifies mepplicatiensHaa vt dhs their
compeiNtdaPLIYINIR L prGIHEE 18 the ﬂﬂé&%@ﬂ{l@ﬁ%l@r%@élﬂalﬂ%&%n
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|n ano er as ect entlnven ion rela tes 0 ove mentione

%Wééﬁ%ﬁl BsibGatieRars Recfiebbnpsed on the basis
10 mv@th@n Rlsueictetdd degwuseasbiteralpaEssnentioned inhalable
powders for 15 preparing a pharmaceutical composition for the treatment
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pulmonary diseases, interstitial pulmonary diseases, cystic fibrosis,
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20 diséiasesss of various origins, pulmonary emphysema of various origins, restrictive

pulmonary diseases, interstitial pulmonary diseases, cystic fibrosis, bronchitis of
various origins, bronchiectasis, ARDS (adult respiratory distress syndrome) and all
forms of 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 COPD (chronic obstructive pulmonary
disease), bronchial asthma, paediatric asthma, severe asthma, acute asthma attacks
and chronic bronchitis, 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 al-



selected from the group consisting of COPD (chronic obstructive
pulmonary disease), bronchial asthma, paediatric asthma, severe
asthma, acute asthma attacks and chronic bronchitis, while their use for
preparing a pharmaceutical composition 30 for the treatment of bronchial
asthma is particularly preferred accordjng to the invention. Also
preferably, the inhalable powders according to the invention are used to
prepare a pharmaceutical composition for the treatment of pulmonary

LASENA BRI RAS IS origins in COPD (chronic obstructive

pu monary disease) or al 20 proteinase inhibitor deficiency. Also
preferably, the inhala bIe owders according to the invention are used to

préen esiprabin dhe inbairblrapystis R teP iR EnthidRyervaBAEYEed to
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as example angiosis carcmomatosa ron ar,carcinoma

an&?ﬁﬁﬁﬂBﬁ?&?eithg%%%‘?ﬁﬁhﬂ Ao %ﬁéﬁ %ﬁé‘éb?ﬂﬁwg to
th@ﬂm}@ﬁmmaﬁehmédh@alm@baﬁéfﬁlphmﬂwmos|t|on for the
treatment of interstitial pulmonary diseases selected from among

10 pnﬁw@9%%15&eﬂ@wﬁstpﬁ@wa%ma&ﬁa@mamﬁﬁaaral*eyused to
VINHES: baC ”r%’lalé cgf%%oasl glll (I)Q_t % rea%:r?rnlgawg] Sottial ulmonary
pn% ﬁ’mnl%gcause yvarlougcfactors such as for example as

|ra
B EHE S 6 SO BBREG, RN UL B BUROT R B RPdEcmermple
colifgetrsby vinshsab forerindrmgie upigswn/sknintbeles ofyerathogens,
ScClefeaannitiocsaed Bpsisicgrafvtomaiodess Buekasihy pampia and left heart

15 B%%ﬁ&éﬁ?sﬁadﬁ%ﬁlﬂi&d@é&fﬁﬁym”iﬁa%sig'Qﬁﬁﬂg&x&@mﬁfé{s for

flbr03|d§lg> 20 Al og_lref%rab thr%llphallabda owgggeslrgo rln%g%&lpomamses’
invention ar use‘t grega e’a armaceutical comp 05|ton

tretAletHfOF EFHD SRR ERASES lmgfatmé'rmmﬂ@ or idiopathic
inhaliEbtepovitieesiaBArding to the invention are used to 25 prepare a
pharmaceutical composition for the treatment of bronchitis, such as for

20 eX%fﬂB'&Qf&gﬁﬁﬂ'ﬁle%agb@yma%@&w&g RiegtionvaligraisRranchis
prepare a pharmaceutical composition for the treatment of cystic fibrosis or
mucoviscidosis.

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

35



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 to prepare a pharmaceutical
composition for the treatment of ARD$ {adult respiratory distress
syndrome). 35 21 Also preferably, the inhalable powders according to the
invention are used to prepare a pharmaceutical composition for the

treﬁtm@a&@uAmsmre/:ﬁﬁ@!amapmd@i@m?dia%%%mﬁ@&{gﬁ@ﬂ%m&gﬂsr
stapces and foreign substances
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iniFXRIBRAC BT NE TE 4 AL R RBH B op iBpalHg mof toxic substances
ph@%m@é@ﬂﬂc@@mp@sltlon for the treatment of asthma or COPD. Also of

5 particular importance is the above- mentioned use of the inhalable
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sthfrizeatesarr rﬁe&ﬁaw%ﬂ@%w%tﬁr&éwﬁmgv
trememcﬁ tise ab@@enhﬁahbmmmmgg chabadtensediftharareing a
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present inve referably also relates to processes for the treatment of
as%m?%?ﬁ%@ggocharactensed in that one or more of the above-

mentioned inhalable powders according to the invention are administered
oncéha PG way invineiapeliticalhteifectivearsofmtshéliteaexampiéthofabove-

15 Synibestheesarbadshelaw serrdarlkuairaif tianayestignipvbaendaiahed

H I es.o (o)
e

rﬁﬁ?ﬁ?ﬁal %‘E?a ItI\}Iﬁ% félltlon prefera so 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

invention without restricting it to the subject matter described in an exemplifying
25  capacity hereinafter.

Preparation of the compounds of general formula 1:

Example 1: 6-hvdro

30  ethylaminoj-ethyl}-4H-benzo{1.4]oxazin-3~one - hvdrochloride
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Preparation of the compounds of general formula 1: Example 1:
6-hydroxy-8-((R)-1-hydroxy-2-12-(4-methoxy-phenyl)-1 1-dimethyl- 30
ethylaminol -ethyl }-4H-benzo[1,41o0xazin-3-one - hydrochloride 22 oY O
OH I HHN x HCI Me e Me OMe OH a) 1-(5-benzyloxy
2-hydroxv-3-nitro-phenyl)-ethanone 184nL of fuming nitric acid are added
dropwise to a solution-of 81.5 g (0.34 mol)
1-(5-benzyloxy-2-hydroxy-phenyl)-ethanone in 700 mL acetic acid, while
being 5 cooled with meiiee\lg)ath &such a way that the temperature does
not exceed 20C. Thelql\Ihe reactipn rrﬂxture is stirred for two hours at
ambient temperature, poty shto~Ce Wate ilteredx A& product is
recrystallised from isopropano¥, suctidte fifker washed with
isopropanol and dnsopropylther Yield: 69.6 g (72‘?3 fass spectroscopy
[M+H]+ = 288 10 b) 1-(3- aﬂho 5- benzyloxv -2-hydroxy-nhenvl)-ethanone
(4 K gdxedantnee phenyl)-ethanone are

d'&%Q&YEQ)f%th lgmaxe%egi maagaqg%g%a%gm%saewb 08108 14654 mol
mon.c a 9 St al nd,ampient te I
Thedﬁhewg afys R i B T A R e
reSRAIF b0 E?L]??ﬁ‘%ﬂr‘%ﬂ‘?&ﬁ Eﬁi}%&ﬂ?&ﬁﬁmﬁﬁf&‘éﬁ&?eg{fﬁﬁewwo C.
(98%n Fe vegouos OUISYH dh otopelivrm bowihiea gjabier) temperature, poured
8-aaeiit6vhaez yioksitdtdelhe [frddexaz i yendiged Fiothvo g2 famelction

chtﬁfa@a%w&%mg&aﬁva@ gggg%gagpma%m AL, 10D o6

mmc’% %ﬁfboz’r‘?gts W%HI%X% %%Ethe ice bath. Then the

mixture is stlrred overnight at ambient temperature and then for 6 hours
-amino-5-benzvloxy-2-hvdroxy-phenyl)-ethanone

69.5 g (242 mmol) 1-(5-benzyloxy-2-hydroxy-3-nitro-phenyl)-ethanone are
dissolved in 1.4 L. methano! and hydrogenated in the presence of 14 g rhodium on
charcoal (10%) as catalyst at 3 bar and ambient temperature. Then the catalyst is
filtered off and the filirate is evaporated down. The residue is reacted further
without any additional purification.

Yield: 60.0 g (96%), Rsvalue = 0.45 (dichloromethane on silica gel).

¢) 8-acetvl-6-benzyloxy-4H-benzo[1.4]oxazin-3-one

21.0 mL. (258 mmol) chloroacetyl chloride are added dropwise to 60.0 g (233
mmol) 1-(3-amino-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 surred overnight at ambient temperature and then for 6 hours at reflux
temperature, The hot reaction mixture is filtered, then evaporated down to approzx.
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.

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



temperature. The hot reaction mixture is filtered, then evaporated down to
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 evaporateg4lown, suspended in '
isopropanoildiisopropylether, suction filtered and washed with
diisopropylether. 30 Yield: 34.6 g (50%); mass spectroscopy [M+H]+ =

298, @%eﬁ}@owviom&&&@émﬂ%mmmzﬁegza&bwazin -3-one
131 gé moc)[8 acel l\% l%en?ﬁglo /A tpeenr%z gg%ag%lg_%&ne gk 5,
rioda

mm I) benz trime monjum-a lodate are stirre

W@Q&&@ré@éﬁ@%%ﬁ@ PUTFAE {Rtef FBrL
5 Iqiyzhis)mem:csmm @!maﬂgammbaémntbmbmiamees%rswm at 65°C.

5 hydregendiiphiambldtiokitpacdes andshuniivsediseatiigshier ssution is
migiies KR pRRlaled &914&1'%&%Im&%@r%evméasﬂmﬁ\s\eJﬁ&% 2kion
%g her drtgd ;Xé‘:f' @ :=2cH 86% é)ectroscopy [M+H]+ =
i (3ve3 enzvloxy- - -éhl%ro ethyl)-4H-benzo
1152131‘6%8?2?}133@91@J?H%SbFBéé‘@ﬁ%"éé{rﬁéd Hﬂﬁ anﬁy%’@usly to a process
described in the literature (Org. Lett. 2002, 4, 4373-4376). 8 mL of a
10 Mgy efMonicagr)andiiethyaniredretian fatiobe £:3) 134-a6886 3-one
drqﬁyg'ﬁgo@éss]éga%ééolt& Qng?fg @dEIE}‘RJ)a process described in the literature (Org.
enz 8%%(5 ?[?%l%ﬁ%; cetyl)- 4H 15 benzo[1, 4]ova|n -3-one and 25.5
Oygl (S,S)-TsDPEN] (Cp*
pe ik Wé}fthcgﬁ@q@ngNIMIne (molar ratio = 5:2) are added
(18r28)sk pital GtHasulpHoNy K192 dipfuinglbthidnedi@uidind)lomodBcanyl)-4H-
15 dirpeiby{ioapRaadees-bhe miéstysesi&gt@m iﬂ&n@lﬁ@ﬂfmméstsmm (Cp*
then ﬁéﬁ?ﬁe&%ﬂ%&ﬁéﬁﬁﬁ%ﬁ?} ”%0 Le fss%‘f g"%l@léﬂg g &hﬂnyl—l 2
5

-15C. The reactio mlxture ISTCO ice wafe filtered
fntéf%f‘s‘:f&{?g‘?éce&ﬁ% BRMRE IR, goaﬁéﬁ‘\%ﬁh%mﬁ%{ﬂ%%%” for

and bRBEdRiB ieRUREEE; Tira r%’%maéwbﬁmaaé@?ép#whe mixture is stirred
(dichanigheth arEsith &thanehgiad immthand thenragddotishrizeryatetised filtered.
29 fromyd Iﬁﬂaylm@m@é/@@@mewﬁihﬁ&m&e&%@ A48 WinRbualne suBHfe and

(d'f;ree met NG ven{1 aﬂ'le rest u]é ?sncﬁlrlé%atographed

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

ether/diisopropylether.
Yield: 10.08 g (76%); Ry value = 0.28 (dichloromethane:methanol = 50:1 on silica
25 gel).

6-benzvloxy-8-(R)-oxiranyl-4H-benzol1,4]oxazin-3-one
10.06 g (30.1 mmol) 6-benzyloxy-8-((R)-2-chloro-1-hydroxy-ethyl)-4H-
benzo[1,4}~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 0°C and stirred
for 4 hours at this temperature. The reaction 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%j); mass spectroscopy {M+H]}* = 298,



25 gel). 6-benzyloxy-8-(R)-oxiranvl-4H-benzo [ 1,410xazin-3-one 10.06 g
(30.1 mmol) 6-benzyloxy-8-((R)-2-chloro-I-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 OC and stirred for 4 hours aj this temperature. The reaction
mixture is poured onto ice water, stirred for 15 minutes and then filtered.
The solid is washed Wlth water and dried. Yield: 8.60 g (96%); mass
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10 6- hvdroxy -8-{(R)-1- hydroxv 2-12-(4- methoxv nhenyl)-1,1- dlmethyl-

y erzorL,4]oxazin-3-0

nem‘sm@im Efrﬁéthar(élhé mmmmlm@ b&ll}acdlrbmdm]w?afaddl*

(1QAeihbepieaiol) SOC-diaaitslanthyshiagpeaier-arBthasbyapgeirin-3-one in
B A e e

mlfslgféait1 %kg(ﬁ Stic %tmd m%zjjopri!1 Qr h6f are addet pﬁf‘ﬁetgf:oc lﬁ%%lsst '

pré&ﬁ}méatemﬁ/ shthsL IRy émprgt?&.eﬁm?@a i éadlzﬁpwéidn 20

4.501gi¢opsepdne rovhhide); of dsmsle dydsedpyritv/keit] in-is8@voEme! are added.

follonéngsauppe paelsiiednuta 2euentbiniey analogesishy Byéaarting dried.
20 th%ﬂiﬂ@%@@s‘?ﬁ HORARR Y ARG RERE vt lgpain-grpne

(Example 1
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

hvdroxy-ethyl}- 6—hvdroxv—4H—bcnzof1 4loxazin-3-one-hyvdrochloride

x HCH
Me Me

Mass spectroscopy [M-!—H]+ = 303,
30



10

15

20

Step f) with the corresponding amine. 25 Example 2:
8-{(R)-2-[2-(2,4-difiuoro-pheny)-11-dimethyl-ethvlamino]-1-
hydroxy-ethyl}-6-hydroxy-4H-benzo[1,41o0xazin-3-one-hydrochloride O~O
OH H F HN Nei ) /~\x HCI Me Me F OH Mass spectroscopy [M+H]+ =
393. 3025 Example 3: 8-{ 25

(R)-2-[2-(3,5-difluoro-phenyl)-1,1- dlmethyl ethylaminol-1-

hydroxy ethyl}-6-hvdroxv-4H-benzol1,4]oxazin-3-one- hydrochloride

Exshipld 5t Nﬂiﬂ \ﬁ% B%'d‘&% 88%'31)'\45‘15%%9&%0%% NEN
393"":3 EXample -2-12- (4-e NOX p enyl)-1,L-dimethyl-e ylaminol
- 1 ydoxyethydys 3 chloride
O~-OOH HNH N x o MeOtB OH Mass spectroscopy [M+H] + =

401. < Hel
Me Me

Mass spectroscopy [M+H}+ = 393,

“ethyl}-6-hydroxy-4H-benzo[1,4] oxazin-3-one-hyvdrochloride

x HCI
Me Me o~

Mass spectroscopy [M+H]* = 401,

ethyl}-6-hydroxy-4H-benzo[1.4]oxazin-3-one- hydrochloride

o
OHH

O .
i N7(\©\ x HCI
Me Me
_ F
' OH :

Mass spectroscopy [M+H]* = 375.

If the compounds of formula 1 according to the method of synthesis described
above by way of example do not lead to uniform crystal modifications, it may be
useful to recrystallise the salts of formula 1 obtained from suitable solvents.
Moreover, other salts may be obtained from the above-mentioned Examples using
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
administration by inhalation are described by way of example.



10 Example 5: 8-{(R)-2-[2-(4-fluoro
phenyl)-1,1-dimethyl-ethylaminol-1-hydroxy-
ethyl}-6-hydroxy-4H-benzol1,41oxazin-3-one- hydrochloride O~O OH H
HN /N x HC{ \ ~ Me e Me OH Mass spectroscopy [M+H]+ = 375. 15 If
‘the compounds of formula 1 according,fo the method of synthesis
described above by way of example do not lead to uniform crystal
modifications it may be useful to recrystallise the salts of formula 1

S0 ARSI ERP: MAlRRves. Oher el A0S A1 Nt crhy

fro e a,DOVE mentloned l:é?m eS usin AU metrnoas KNnowiT p

frofLY 4detibarad ring unlform salts

of ﬂrﬁé’G@mﬁﬁb@ﬁ]ml)férhmmwﬁhiéR)alehpémsmaf[%ﬂmabtbdm phenyl)-1,1-
prefiawdgyfanniatineg-tehyhdenistiat pndjoinhalaionase desdsined With
5 W%ﬁf&&?ﬁ?@l?ﬂ@l@(&%%@ @cdﬁi q%ysoluuon com Ietely Then 75 mg (0.65
8- {g{ Fu rf%xe/ 22 metho envl -11 d&
21 l_a' % 1100 at 5 E c{ j(«bcggled with

ethy amin oxazm- -

mriSI7BC rBSFf‘S‘{’(‘F?}i ks FW?@@%W—%W@MMHQI and diethyl
diragtbry| lathydaaiirtbt-ethd Brdi-hoenzafiddrionea 2ie-Breseedneticonabiméd .

witirislguifient etsesiokiasenpedbecsplido-le salptiopaampiripl= 215°C.

10 Then 75 mg (0.65 mmol) maleic acid and a crystallisation aid are added.

m| tui TXIS coo d with ,ice and.the %empt te s%li is filtered oﬁc?%l )
wad AL R LR TRASRA GHT P ARG hfcacion.
ett%%%rﬁﬁé’%‘r‘@?ﬁé%‘f%%ﬁé regpsded uwadhzéqﬂﬁmgsmghmass
spddiroScupypmdei3diagiagTwasalitingdedimtithil BE scoPeTdfalivgmbpent invention
CrysiRifineRHody Chsvag v igateshi IS BYolatay Rewstar.diftaqtien (Cuk
15 radiation, A = 1.5418 A, 30 kV, 40 mA).

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

d=21.68 A;8.62A;5.92A;5.01 A;4594;436A;3.64A and3.52A.
20

~-phenvi)-1,1~-dimethyl-

ethylaminol-ethyl}-4H-benzo(1.4.)oxazin-3-one salicylate

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) salicylic acid, After the addition of

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

is precipitated. Diethy! 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.
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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 LSD (= location-sensitive
detector) (CuKa 15 radiation, ), = 1.5418 A, 30 kV, 40 mA). For the highly
crystalline compound the following chasacteristic values dhkl [A]were
obtained, inter alia, which give the lattice plane intervals determined in A:
d=21.68 A; 8.62 A; 5.92 A; 5.01 A; 4.59 A; 4.36 A; 3.64 A and 3.52 A. 20

E@m@@é powder diagram was recorded within the scope of the present invention

i ﬂ@??%ﬁmé%%' S et g5
mﬁﬂ&fj‘%‘)ﬁy ng;%q{ 130 m‘i@/-‘?@ +(4-methoxy-phenyl)-1,1-

~dimethyl-ethylamino]-ethyl}-4H-benzo[1,4,]Joxazin-3-one are dissolved in a

littlerrdh cthizn1glandaoppkinadonih 82 %ﬂc{@%ﬁé &m&&@@ug@&i A8 were
th%&%&'@%ﬁe@ﬁ&?ﬁ?ﬁé‘% e the iy dst%g%l%g §riaht,

durin Ich time recjpitate Dle h erl and after
30 S{éétr‘c@ﬂ\ u?ré’%sﬁ’frl ﬁéo‘é‘p'ﬁh—g’ve‘mi‘e y ‘%B%ﬁe%ﬁ washed
with diethyl ether and dried. Yield: 295 mg (87%), mass spectroscopy
[MEkHinpI8 &7 crtetling poid(R) ALbrae-Phip Highty bstalliseybrodudimethyl-
inyasig R TN Qgtﬂ@f,g@gﬂgana}@e X-ray powder

e T S e L e ean e a

dlagram as recorde usl

;
e RO TR ‘Hé@f(“zfﬂéa‘%r&)ﬂi?é‘HSMéed&é&%m
radmnbnleﬂ with5ipl A;BOKWLiexkye8 Withtheukiislpowpstadiimerbonate

cosoleiong e dadiond io Haasatiedstichvalurmtiviihlwa R pliaineg iRter
a“@o;w%l@hmwee&l;@ul@wa%m@s iﬂt?ma@aﬁawa%dcmz&a %@ 3Pl (1.2

6.94.A: 6 A: 4.35 A and 4
O *Ch o e AR RIS Y fptesband
etﬂgﬂ%ﬁ%mf&ﬁg}z %’128[1 @?&éﬁﬁﬂl@- esﬁbéma@@lwmbaadzare present

mincheshlpdnoxya8el (R it dFoxy-2-[2-(4-methoxy-phenyl)-1,1-
dinviay 4ethingnesolethyildsdarnzebl, floxazi=3senendrpchiatide preccC,

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 LSD (= Jocation-sensitive detector) (CuKy
radiation, ) = 1.5418 A, 30 KV, 40 mA).

For the highly crystalline compound the following characteristic values dnw [A]were
obtained, inter alia, which give the lattice plane intervals determined in A;
d=1435A;8.49 A; 737 A;7.25A;5.47A; 4.78 A; 4.14 A and 3.59 A.

-phenvh)-1,1-dimethyl-
ethvlamino]-ethvl}-4H-benzo{1.4.]oxazin-3-one-fumarate
300 mg (0.71 mmol) 6-hydroxy-8-{ (R)-1-hydroxy-2-[2-(4-methoxy-phenyl)-1,1-
dimethyl-ethylamino]-ethyl}-4H-benzo[1,4,] oxazin-3-one hydrochloride are
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combined with ethyl acetate and extracted with aqueous potassium
carbonate solution, the organic phase is dried with sodium sulphate and
freed from.the 15 solvent. The residue is dissolved in a little ethanol and
combined with 140 mg (1.2 mmol) succinic acid. After 2 hours the
precipitated solid is suction filtered angg washed with cold ethanol and
diethyl ether. The ethanolamine and acid are present in the salt in a ratio
of I1to 0.5. Yield: 468 mg (85%); mass spectroscopy [M+H]+ = 387; melting

p%&fnm&éé%ugr I?h%éu&%yaﬁwg%ggeﬁﬂ%esr@eﬁg%mgeamnefe
u ?Ibl f{g fgjﬁfg e]ﬂ[;xg%ﬁ lfh I¥) SOXV E%ate anc?%rceg(%é)éla e -

e ra pow er ram was recor

wnﬁh*ﬁme"@e%pe s piss %ﬁfhﬁ\/e%aﬁf mglmgadmké\f pERQaRtel
withan. 83 Mot homa hsitivecteidctod) sged Keystabliationd)ied 4ngAhg mixture

3Qsh¥f: 40 mnk Gerdghighly ﬁm&t@uii@@@a&ﬂ@um&eﬂ@mummm diethyl
o RRF Pl AN SRS INIE MR RIBATh G B0 ORI e satgin e

attice Slréne intervals determined in A: 30 d="14.35A; 8.49 A; 7.37 A; 7

YSWK 1498 A; 4.14 A and 3.59 A. Example 9: 6-hydroxy-8-{
(RYszywawgzcﬁz{@,m@mmmmyi%ﬁﬁém;ﬁétﬁgﬂmw%hy#30"0
-4H-benzo[1,4,1 oxazin-3-one-fumarate 300 mg (0.71 mmol)

6- ﬁﬂrﬁ?gﬂ?] $Redifye W&{g&lééf 1RRtRgNER I@@x@ﬂgf b1 %32y powder diffraction.
no ethgl 4HS bgc%zggl 45]191x ﬁ’;}l ngggg&onde are
n%h %h)ﬁr egd wit aque

28 comb| Acelate and extract us potassium
carbonate solutlon The organic phase is dried with sodium sulphate and
freBaefonIROvEdv ST Fas AR Wil s eora R [hAPreREnt invention
adghitign & milfeni I8 dudveficedterh 82 FuSIXAF lonaniot) femsigive deicbam (CuKq
segdightiials areaddenl anddhesmixiye 5 is 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 saltin a ratio of 1

0. 5oy fbRiDiESEY Ay YBEIRY, SRES Wb EfoSLiSIY TR FRCeRE. PRt o were
= bBohed OiTthe fighihinly sistithe proite ctlwas ieeyeiipdatams

X-gy poywiie difsakiiame Tia s7ay poederadiagham svak ﬁadcmedéusmg

the following method.

ethylaminol-ethvl}-4H-benzo(1.4.)oxazin-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-~
benzo[1,4,] 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.

Yield: 168 mg (37%); mass spectroscopy [M+H]* = 387; melting 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.
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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 15 radiation, ? = 1.5418 A, 30 kV, 40 mA). For the highly
crystalline compound the following characteristic values dwa [A}were
obtained, inter alia, which give the lattige plane intervals determined in A:
d=14.23 A;5.44 A; 4.76 A; 4.57 A; 4.26 A; 4.12 A; 3.57 Aand 3.48 A. 20
Example 10: 6-hvdroxv-8-f 1-hvdroxy-2-j2-(4-methoxv-phenyl)-1

1-gisacthmy pthylrmdiateihwerdHdedzbtUtiaxazinedone tﬁéq&ebﬁﬁe)nvcnmon

Angi gy H 9%@@3@ REGRANOIESISn IS (12 4BMOhsitive detector) (CuKy,
&/19 oxy% 5;4?1]3%/‘% Qf?%k%bﬁgy?i%ylammo] -ethyl}-4H 25

benzo[l 4,]oxazin-3-one hydrochloride are first of all combined with ethyl

addsatde fghlprganidiplaesris @ddrbrte (hilitiagubauas potssialues du [A]were

CasBRRAE wéat 9%1 d&ﬁ@h\gﬁg; agﬂ!éi%%lﬂﬁﬁéiﬁxéﬂéﬂaﬁ%ﬁﬂme@ﬁx A: )

solve e s [ S oni it the
dltlg{iﬂ %$§ fgvg%l%pi H?v%ategﬁl e |o§r8e%l|p?’tiz)ateéQ ?é su%t%i?f%ered

Washed and drled 30 Y|eld 168 mg (37%) mass spectroscopy [M+H] +=

fU@ﬁl@ﬁM&ﬂM&ﬁﬁ@ﬂl@ﬂoﬁhﬁ%-ﬁﬁ%ﬂMﬂﬂﬁ%q@@m was

reggEdRg Hs AR NRERRIOR Y. M%@y[mm%ﬂ@@tgmwl 1

re ord(gh L%}]ﬁtha s%é) ticxifg-ﬁgrese t jnvention.,using. a rBGrC nc[1>e ar
vanc T RS {E ¥ ion-sensitiv ée?ect%r"(%% A Fad) lation,

= flwiss&bgéwnmmlslwww Ea?évéaﬂﬁés &ﬂalﬂmem

foltemvirgatirsrantetisticplatad scarmigabatk dor dbtakretetniBhalscaimiated solid is

givadhen alise planedrtervals determined in A: d=14.96 A; 9.63 A; 7.05

Arad: 4884 ?605/951{% &65&&7%\}51 amfle. Llering point = 211°C,

6-hydroxy-8-{(R)-1-hydroxy-2-[2-(4-methoxy_phenyl)- T 1-dimet yl- 10

ethylaminol-ethyl)-4H-benzof 1,4,loxazin-3-one-h drochlorlde 300 mg

(0Tl TRl PSR!y S e (HRRGR o gF PRERgH e difraction.

di%W-WIVMWMMSbmpﬂﬁqmmn@lmmmbmbnde are

dissRiVEG-Dyweatiigiiagdamlwisopiapded vithie shiliiopdsof dalgddent invention

an@@iﬁgta Bruker D8 Advanced with an LSD (= location-sensitive detector) (CuKgy
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:
d=5.92 A;5.81 A;5.51 A;5.10 A; 4.65 A; 4.50 A; 4.15 A and 4.00 A.

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

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

Example 13: 8-{(R)-2-{2-(2,4~difluoro-phenyl)-1,1-dimethyi-ethylamino}-1-
hydroxy-ethyl}-6-hydroxy-4H-benzo[1,4]oxazin-3-one-salicylate;
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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 = 211C. The highly
crystalline product was investigated further by X-ray powder diffraction.
The X-ray powder diagram was recor%d 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 LSD (= location-sensitive
detector) (CuKa radiation, 7, = 1 5418 A, 30 kV, 40 mA). For the highly

talline co char cteristic v Iuesd k! JA]Jwer
oIS S o R S A S A e
dmdrpRysR i 5 g At ol Hlaxazin A0 R0ERR e following
compounds may be obtained analogously using the method described in
72_5@%@61_59 (RY-Eoa0ple difuoro-phenyl)-1,1-dimethyl-ethylamino} -1~
R fﬁtg%';% el A e YA A

oxy-et roxy-4H-benzo[1,4Joxazin-3-one- maleate Example
13 8-{(R)-2- [2 (2 4-difluoro-phenyl)-1,1-dimethyl-ethylamino]- 135
hyirasmrdent 63.8- W&@oﬁﬁﬂsmm&@aﬂw%ﬁé@ﬂﬁymlmlno} ~1-
Exaiayoteydedh A3 Ry rR(2A B difnar D ghenayin 3 lodemethadigthylamino]- 1-
hydroxy-ethyl}-6-hydroxy-4H-benzo[1, 4]oxazin -3-one-succinate; 5

Example 5 (R ~2- ifluor n di e [
hﬁm%}péeﬁgﬁ‘ Eﬁ é%edr;lgof; glfé lrz}-éloralg um%ré@ggﬁ%(%nyr
16O Y&mré%wm AR B AL 1
hydroxy-ethyl}-6-hydroxy-4H-benzo[1,4]oxazin-3-one-maleate; 10
E>@sapiple/1 8-§(RR2-421£3(5;3kdiihrere brayyh 1l | rdimestityi-e thyl amino]-1-

M@f%ﬁm& LARIRX%A !;hbsaﬁc&% ARxazin-3-onessalipdate; Example
18: 8-{(R)-2-[2-(3,5-difluoro-phenyl)- 1- -dimethyl-ethylamino]-1 15

hydroxy -ethyl}-6-hydrox 4H -benzo[1,4] oxazin-3-one-succinate; Example
4 RGN R BRI R P aminol 1

hydroxy-ethy}} ~6~-hydroxy-4¥H-benzo[1,4}oxazin-3-one-fumarate;

Example 20: 8-{(R)~2-[2-(4-ethoxy-phenyl)~1,1-dimethyl-ethylamino]- lahydroxy—

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-

ethyl}-6-hydroxy-4H-benzo[1,4]oxazin-3-one-salicylate;

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-

ethyl}-6-hydroxy-4H-benzo[1,4]oxazin-3-one-fumarate;

Example 24: 8-{(R)-2-[2-(4-fluoro-phenyl)-1,1-dimethyl-ethylamino]-1-hydroxy-

ethyl}-6-hydroxy-4H-benzo[1,4]oxazin-3-one-maleate;



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-dimethy;ethylamino] -1-hydroxy-
ethyl}-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-

eﬂm}aﬁa YE5QX Y- ?kk?%n@ O%E Hﬁﬁsfﬁ ﬂﬁﬁl@ﬁ{a mlﬁoﬁ Sikdroxy-

-e 0X -dime amino]-1-hydroxy- 3
g%(gr%/%f’i eva 336’#5?@ ?“Fe Example 24
8 {(R) 2 [2 (4- quoro phenyl)-1,1-dimethyl-ethylamino]-1-hydroxy-
ettBaatablel?ox ¥4 (Rbenibili docarphanphethalpate) Bk thylamipls -AShydroxy-

5 8-URY12-RriArfbiorarphirnybil, didimeibyleihylamingd:1-hydroxy-
ethyl}-6-hydroxy-4H-benzo[1,4] oxazin-3-one- sallcylate Example 26: 8-{

R)-2-[2-(4-fluoro-phen 1-dimeth Ieth lamino]-1-hydroxy- 5 ethyl)

o FSaRlE 41 S A0 NP BRSPS RATRS p ol T bydross-
8-gRyl2-fRhprlfuord ihthemgd [1,4] ohavdthitosgrfiamarasd; 1-hydroxy-
ethyl}-6-hydroxy-4H-benzo[1,4] oxazin-3-one-fumarate; 10 Example 28:

10 ﬁ {ér%)f(&:%t-%ﬁ'{k@@@ﬂ%ﬁ)&ﬂ%&#@ﬁ%ﬁf@%ﬁ%ﬁ ethylamlno} -1-
ya"F% ? 3 YQP[[%YS%PGS ﬁuo(r[ -pHenyL 1 Gim g’i’ﬁy estﬁylamlno] 1-

Ex

hydroxy ethyl} 6-hydroxy-4H-benzo[1,4]oxazin-3-one (free base); 15
ExBngiepdo29: 8-{(R)-2-[2-(3,5-difluoro-phenyl)-1,1-dimethyl-ethylamino]-1-

8-HiR)raxfZethyel oKy droemI HIbEGie ek mmhR Qb babXy -

15 ethyl}-6-hydroxy-4H- benzo[l 4]oxazin -3-one (free base) or also Example

318 R2 4- -1,1-dimet Ieth dro
e e S O LS BT Byeon-
thé%%a% Yéfﬁ?mzﬁ%rge%% I E I e ﬁaqgmsﬁmtus 25 The
following machines and equipment may be used, for example, to prepare
th&xample 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; Imanufacturcd 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
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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 equipmegs may be used. 35 32 Capsule
filling machine: MG2, type G100, manufacturer: MG2 S.r.l, 1-40065 Pian
di Macina di Pianoro (BO), Italy 5 Example 1: Powder mixture : In order

to prepaEdiaLAVASHMixture 97.0 g excipient (lactose monohydrate 200
ith an-a rtlcle S 5 ICh s from.
batcﬁ'% anoeﬂré% %&82?55 P Qéggﬁ’f? ?’nanoro

g mlcronlse Pcom ormufaal
b(roportlon of actlve substance in the 100g inhalable powder
obtalned Is 3.0 %. The excipient is placed in a suitable mixing container
thiepes atband-held screen with a mesh size of 0.315 mm. Then 3g of
micronised compound of formula 1 and 15 7g of excipient are screened in
lternate Jayers. The excipient and the active substance are added in 7

rgeév—%%%’%%?pectlvely (premix 1). The constituents screened in are
thén eaflesdqfisMIge 8T BMTISOHIRIC1TG b srstivtdlg9sryrasapisdtate 200
arentharwaticedave alfe rpaticlayens dhrdsi g5 6hen sefriehham@dshistdrsenedntch to
With, &aReeskhaizeoaf Qlé;&lm Qan%g&ﬁeiegmaaw iﬁp{?seaoﬂiéqﬁgmomon of
contglnesrug; igaengé(clz t?]entlgg [eMix I J(Fele ed d S% & Iayers (final
mIXS The Constituents screened in arg?hen mixed mixing: éO rpm /30
min). The following inhalable powders may be obtained according to or
anakyexshjer thelgsestioy pigdse AbizinhcormsictitopsIFa hanstdiold screen

with a mesh size of 0.315 mm. Then 3g of micronised compound of formula 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 constituents
screened in are then mixed (mixing: 30 rpm / 30 min).

10g of premix I and QOg 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 I are added in 8 -10 layers (final
mix). The constituents screened in are then mixed (mixing: 30 rpm / 30 min).

The following inhalable powders may be obtained according to or analogously to
the procedure described in Example 1: '

Example 2:
active substance = Example 6 0.6g

Lactose monohydrate: 99.4g
Total: 100.0g

Example 3:
active substance = Example § 3.0g
Lactose monohydrate: 97.0g
Total: 100.0g



active substance = Example 6 0.6g Lactose monohydrate: 99.4g Total:
100.0g 30 Example 3: active substance = Example 6 3.0g Lactose
“monohydrate: 97.0g Total: 100.0g 35 33 Example 4: active substance =
Example 9 0.6g Lactose monohydrate: 99.4g Total: 100.0g 5 Example 5
active substance = Example 10 0.6g kactose monohydrate: 99.4g 10
Total: 100.0g Example 6: active substance = Example 11 3.0g Lactose
monohydrate: 97.0g 15 Total: 100.0g Example 7: active substance =
Exgr}gple 38.69 Lactose monohydrate: 99.4g 20 Total: 100.0g
Exampie 8. active substance = Example 11 0.6g Lactose monohydrate:
99.4g FSHGAFLEARERy™ Example 3 0.6g

Lactose monohydrate: 99 .4g

Total: 100.0g
Example 5;

active substance = Example 1¢  0.6g

Lactose monohydrate: 99.4g

Total: 160.0g
Example 6:

active substance = Example 11 3.0g

Lactose monohydrate: 97.0g

Total: - 100.0¢g

Example 7:
active substance = Example 13  0.6g
Lactose monohydrate: 99.4g
Total: 100.0g

Example 8:
active substance = Example 11 = 0.6g

Iactose monohydrate; 99.4g
Total: 100.0g

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

Example 10:
active substance = Example 13 0.6g

Lactose monohydrate: 99.4g
Total: 100.0g



Example 9: active substance = Example 10 3.0g Lactose monohydrate:
97.0g 30 Total: 100.0g Example 10: active substance = Example 13 0.6g
Lactose monohydrate: 99.4g 35 Total: 100.0g 34 Example 11: active
substance = Example 14 0.6g Lactose monohydrate: 99.4g 5 Total:
100.0g Example 12: active substance,z Example 14 3.0g Lactose
monohydrate: 97.0g 10 Total: 100.0g %xample 13: active substance =
Example 15 0.6g Lactose monohydrate: 99.4g 15 Total: 100.0g
Example 14: active substance = Example 8 0.6g Lactose monohydrate:
99.4g 20 Total: 100.0g Example 15: active substance = Example 8 3.0g
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Aydrate: 97.0g 25 Total: 100.0g Example 16: active
substanegiveExbooplec’-Ofgmple 14 0.6¢

Lactose monohydrate: 99.4g
Total: 100.0g
Example 12:
active substance = Example 14 3.0g
Lactose monohydrate: 97.0g
Total: 100.0g
Exampie 13;:
active substance = Example 15 0.6g
Lactose monohydrate: 99.4g
Total: 100.0¢g
Example 14:
active substance = Example 8 0.6g
Lactose monohydrate: 99.4¢
Total: 100.0g
Example 15:
active substance = Example 8  3.0g
Lactose monochydrate: 97.0g
~ Total; 100.0g
Example 16
active substance = Example 7 0.6g
Lactose monohydrate: 99.4g
Total: 100.0g
Example 17:
active substance = Example 6  0.6g
Mannitol: 99.4g
Total: 100.0g



Lactose monohydrate: 99.4g 30 Total: 100.0g Example 17: active
substance = Example 6 0.6g Mannitol: 99.4g 35 Total: 100.0g 35
Example 18: active substance = Example 6 3.0g Mannitol: 97.0g 5 Total:
100.0g Example 19: active substance = Example 9 0.6g Mannitol 99.4¢g
10 Total: 100.0g Example 20: active sWbstance = Example 10 0.6g
Mannitol: 99.4g 15 Total: 100.0g Example 21: active substance =
Example 11 3.0g Mannitol: 97.0g 20 Total: 100.0g Example 22: active
substance = Example 13 0.6g Mannitol: 99.4g 25 Total: 100.0g Example

23: active substance = Example 11 0.6g Mannitol: 99.4g 30 Total: 100.0g
Example 18:

active substance = Example § 3.0g
Mannitol: 97.0g
Total: 100.0g

Example 19: .
active substance = Example 9  0.6g

Mannitol 99.4g
Total: 100.0g

Example 20:
active substance = Example 10 0.6g

Mannitol: 99.4g
Total: 100.0g
Example 21:
' active substance = Example 11  3.0g
Mannitol: 97.0g
Total: 100.0g

Example 22:
active substance = Example 13  0.6g
Mannitol: 09.4¢
Total: 100.0g

- Example 23;
active substance = Example 11  0.6g
Mannitol; 99 .4g
Total: 100.0g

Example 24:
active substance = Example 10 3.0g
Mannitol: 97.0g

Total: 100.0g



Example 24: active substance = Example 10 3.0g Mannitol: 97.0g 35
Total: 100.0g 36 Example 25: active substance = Example 13 0.6g
Mannitol: 99.4g 5 Total: 100.0g Example 26: active substance = Example
14 0.6g Mannitol: 99.4g 10 Total: 100.0g Example 27: active substance
= Example 14 3.0g Mannitol: 97.0g Total: 100.0g Example 28: active
substance = Example 15 0.6g Mannitol: 99.4g 20 Total: 100.0g Example
29: active substance = Example 8 0.6g Mannitol: 99.4g 25 Total: 100.0g
Example 30: active substance = Example 8 3.0g Mannitol: 97.0g 30

Total: 100.0g Example 31: active substance = Example 7 0.6g
- Example 25;

active substance = Example 13  0.6g

Mannitol: 99.4g

Total: 100.0g
Example 26:

active substance = Example 14  0.6g

Mannitof: 99 4g

Total: 100.0g
Example 27;

active substance = Example 14 3.0g

Mannitol: 97.0g

Total: 100.0g
Example 28:

active substance = Example 15  0.6g

Mannitol: 99.4g

Total: 100.0g
Example 29;

active substance = Example 8 0.6g

Mannitol: 99.4¢

Total: 100.0g
Example 30:

active substance = Exampie § 3.0g

Mannitol: 97.0g

Total: 100.0g
Example 31:

active substance = Example 7  0.6g

Mannitol: 99 4¢

Total: 100.0g
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Mannitol: 99.4g 35 Total: 100.0g 37 Patent Claims 1) Inhalable powders
containing one or more enantiomerically pure compounds of general
formulal 50 O OHH R HN N RZ Me Me 3 R OH 4 wherein RI denotes
hydrogen, Ci-C4-alkyl, Ci-C4-alkoxy or halogen; R2 denotes hydrogen,
Ci-C4-alkyl, Ci-C4-alkoxy or halogen; .10 R3 denotes hydrogen,
Ci-C4-alkyl, CI-C4-alkoxy, halogen, OH, -O-Ci-C4-alkylene-COOH or
-O-Cr-C4-alkylene-COO-Ci-C4-alkyl; R4 denotes hydrogen, Ci-C4-alkyl,
Ci-C4-alkoxy or halogen, optional |n the rm of the pharmaceutically
acceptable acid addition salts, h BRAtes thereof, optionally in
admixture with one or more 15 phy5|olog|cally acceptable excipients. 2)
InHalable poimtlekshicporeing twatainink wivch eomainaneotemeild; pure

engitigmersalbePie cRMRAINds of general formula 1, wherein RI
denotes hydrogen or halogen; 20 R2 denotes hydrogen or halogen; R3

denotes hydrogen, gi-C4-alkoxy or halogen; R4 denotes hydrogen or
halogen; optionally in fori of thél-phaﬁnaceutlcall acceptable acid
addition salts, hydrajg [ in adgghixture with

one or more 25 physiolog ceptable
Me Me
_ .
OH R* 1

wherein

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

R2 denotes hydrogen, C;-Cy-alkyl, C;-Cs-alkoxy or halogen;

R3 denotes hydrogen, Ci1~Cq-alkyl, C1-Cs-alkoxy, halogen, OH,

~0-Cy~Cs-alkylene-COOH or -O-C;-Cy-alkylene-COO-C-Cs-alkyl;

R4 denotes hydrogen, Ci-Cy-alkyl, Ci-Cs-alkoxy or halogen,

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

physiologically acceptable excipients.

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

R! denotes hydrogen or halogen;

RZz denotes hydrogen or halogen;

R3 denotes hydrogen, C;-Cs-alkoxy or halogen;

R4 denotes hydrogen or halogen;

optionally in the form of the pharmaceutically acceptable ac1d addition salts,
hydrates or solvates thereof, optionally in admixture with one or more
physiologically acceptable excipients.

2) Inhalable powders according to claim 1 or 2 which contain one or more

enantiomerically pure compounds of general formula 1, wherein

R! denotes hydrogen, fluorine or chlorine, preferably hydrogen or fluorine;
R2 denotes hydrogen, fluorine or chlorine, preferabiy hydrogen or fluorine;



3) Inhalable powders according to claim 1 or 2 which contain one or more
enantiomerically pure compounds of general formula 1, wherein RI
denotes hydrogen, fluorine or chlorine, preferably hydrogen or fluorine; 30
R2 denotes hydrogen, fluorine or chlorine, preferably hydrogen or fluorine;
38 R3 hydrogen, methoxy, ethoxy, fluggine or chlorine, preferably
hydrogen, methoxy, ethoxy or fluorine; R4 hydrogen, fluorine or chlorine,
preferably hydrogen or fluorine; optionally in the form of the
pha3rmaceutica||y acceptable acid addition salts, 5 hydrates or %(flvat S
thBreo optBTLI SRS e HFFEr LR fchE g ERSORTERGPY hyarogen,
acceptable exaipantsyanhaddeipswders according to claim 1, 2 or 3
wireh contajiy gl Moihenarilshascpthfaubtydompgends theensral

fOEgEr%MMH%%%M 3 &%’b@%ﬁ%ﬁ)ﬁ@ﬁ%?ﬁhﬁ&ﬂ,yﬁgﬂﬁi 183 HeNatfSsales,

h &%en; R3 qenote metthox A etfipxl\éto& uorine; ! 4 %%noq_tefhsp drogen;
oéﬁ" W ﬁfﬁ?evﬁg?% ot five Sﬁqf)rﬁzéc%u i%aﬁi‘/l%ccr:cépta 2584 A8Hition
safyysiphigalsraccepiablo sednissfeof, optionally in admixture with one or
more physiologically acceptable excipients. 5) Inhalable powders

acgording toglainbie Rodd3whichbraniiainamar, e RARAlimesicatls or

Pue &OEBQRE SRLAGRIA oAk Whelsin A Rhasnoieaa¥g{ogen;
Rz denotes rogen, fluorine or chlorine, preferably hydff)gen or fluorine;
10 RFdenotes %’b%%zﬂ' #eRoté®HYiGtogen, fluorine or chlorine,

pré&ferably hylarsigsrhgdmesane; optionally in the form of the
pharmaceutibailyaceegiakle abickadditfloprsadis, 25 hydrates or solvates
thereof, optigpadiimadrbditre with one or more physiologically

cERIRYS, SXIRa0kS & hiable oM aseaing oG ahAA)

to 5 which’contain onfﬁor more. enantiomerically pure compounds o
15 o dhuliatrs ARamvETS REFOMPBHANaHY in admixtdr

with one or more
physiologically acceptable excipients.

5) Inhalable powders according to claim 1, 2 or 3 which contain one or
more enantiomerically pure compounds of general formula 1, wherein

200 R denotes hydrogen; |
R? denotes hydrogen, fluorine or chlorine, preferably hydrogen or fluorine;
R3 denotes hydrogen;
R denotes hydrogen, fluorine or chlorine, preferably hydrogen or fluorine;

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

6) Inhalable powders according to one of claims 1 to 5 which contain one or
more enantiomerically pure compounds of general formula 1 in the form of their
30  free bases.

) Inhalable powders according to 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.
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30 free bases. 7) Inhalable powders according to 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. 39 8) Inhalable powders according to one of claims 1to 5 or 7
which contain one or more enantiomeyjcally pure compounds of general
formula 1 in the form of their acid addition salts of general formula 1-HX,
O~-OOHHHR' ZHNNR - Me Me (Ra OH R4 5 1-HX wherein X-
denotes an anion with a single negative charge, preferably an anion with '
a Sihgle HG4RIE Bﬁ‘ﬁ?ﬁ&@éféﬁf@&%ﬁ&ﬂ%é’@ﬁﬂﬁ%ﬁ%i‘étﬂ{g? SftiAfoFRpsain one
bromideeietlideosidpbalie pphospirmeye thfagresoip fomead, himahe, foom of their
maledifl REsIAIBIDENZaRIR] Eiraiglaspligiate, trifluoroacetate, fumarate,
tartrate, oxalate, succinate, benzoate and p-toluenesulphonate, and the
groups R,/R2, R3 and R4 may have the meanings given,in glaims 1 to 5,
optionally{in the form of the tautomers,mixtures of the tayitomers, hydrates
or solvategs th , asavell agi@ptionglly in adnfitture with one or more
physiologically acceptablg exci%ilénts. 9) InhIabIeR@ wders according

™ xyactensed | sifpoupds of %ﬁeral
N size X50 of
to 10m and>(s.s) of more than 609 R) |Inhalable
powders gccording to oRg, of claims 1 to 9, chargeterised,in that they
contain orjly one or moré compounds of general formula|l. 11) Inhalable

powders ording to one of claims 1 to 9, characterised in that 11X
wherein
X- denotes an anion with a single negative charge, preferably an anion with

a 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, sucéinate, benzoate and p-toluenesulphonate,

and the groups R!, R%, R? and R* may have the meanings given in claims 1 to 5,

. optionally in thé 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.

3 Inhalable powders according to one of claims 1 to 8, characterised in that
the compounds of general formula 1 have the parameters of a characteristic particle
size Xso of from 0.1 um to 10pm and Qgs.5) of more than 60%.

10) | Inhalable powders according to one of claims 1 to 9, characterised in that
they contain only one or more compounds of general formuia §.

11) Inbalable powders according to one of claims 1 to 9, characterised in that
they contain in addition to one or more compounds of general formula 1 at least
one physiologically acceptable excipient.
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25 they contain in addition to one or more compounds of general formula
1 at least one physiologically acceptable excipient. 40 12) Inhalable
powders according to claim 11, characterised in that the physiologically -
acceptable excipient is selected from the group consisting of
monosaccharides, disaccharides, olig%and polysaccharides,
polylactide/glycolide, polyalcohols, amino acids, chitosan, alkali metal and
alkaline earth metal salts of 5 stearic acid, salts and mixtures of these
excipients with one another. 13) Inhalable powders according tq claim 12,
chiFhoterisehiate PRy SRaBEtingIP e b charmpEntds R chate
frarnythelogisallyconnisiig exgimoseisfselcwsd fermbiho geguactosdstng of
sagehakasehnakassitehalre, sughodeatppyiicharidescoliiRsdde/glycolide,

s iasesicehalans, ovglods | ,
so%?ﬂpﬁ?%%f‘r%‘%’a‘a‘f*‘é‘é%’?%&n%%5%‘8‘&%%%%‘%%%3%2%2;?#55& e i of

orfiCARE AR 12Y5 AR BB S P S ST HISE B0 BheBF GBIRE™T to 13,
characterised in 15 that the ratio of compound of formula | to
phisiologicaliyhatabée talved erx eipientiis withaimhi2iahgeftorsdt 100has the
1:10000R crrfeakbn 33200 dp £ 4090 4k Inbalahiepovyasspasaring

o aile. LGRS, 8 ddnSliaglsloet Rt e B ORI mattaaextrn,
ac ep?a&e excipient has an average particle sjze of about h;' 20 -}20d M
g3 rErIBP s SER ORI 0B EAHObET R Bh AX I aRABTR PO lgEp chioride, Me-
acuerding sodnmahitaides cleus sarbpreprarind Biphurpmalcdgte srcipients with
cosmeagiteiefor the treatment of respiratory complaints. 25 17)
Pharmaceutical formulation, characterised in that it contains an inhalable

powﬂer accoirl%gg‘%?e%%%ggrgl%rg& itr(x)g]tg ‘one of claims 1 to 13, characterised in

that 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.

15 Inhalable powders according to one of claims 1 to 13, characterised in-
that the physiologically acceptable excipient has an average particle size of about 17

-120 pm, preferably about 17- 90 pm.

16) Use of an inhalable powder according to one of claims 1 to 15 for

preparing a pharmaceutical composition for the treatment of respiratory complaints,

17) Pharmaceutical formulation, characterised in that it contains an inhalable
powder according to one of claims I to 15.



