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-y- Novel process for the preparation of roflumlast Technical field The
present invention relates to a novel, inproved process for the preparation
of N{3, Sdi chl oropyrid- 4-yl)-3-oycl opropyl met hoxy-4-dl fl uor onel hoxybenzam de
(INN: roflumlast). Prior art The international patent application WO

95/ 01338 descri bes the preparation of dial koxy-substituted benzam des,
including roflumlast, and the use thereof as PDE4 inhibitors. The

i nternational applica- tions WO 94/024651tand WD 93/ 25517 al so describe the
preparation of dial koxy-substituted benzam - des. In the International

pat ent applicati on W031070279 oral dosage forms conprising roflumlast are
descri bed. N9VR! RrAgesE far dhepienagiiap ohysflwRlast ppl i cati on W03/ 099334 topical |y
appl i cabl e pharmaceutical preparations conprising rofluml|ast are

descri bed. Organic Process Research & Devel opnent 2, 157- 168 (1998)

di scl oses j nproved processes for the preparation of

3-(cyclop =N- (3, 5-di chi oropy- rid-4-yl)-4-nmethoxybenzam de (I NN
piclamlast). In the international applications WO 94/ 02465 and WD 93/ 25517,
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mentioned are acid halides, especially acid chlorides or el se anhydrides.
The reaction may | ake place in the presence of a base, e.g. of an organic
base such ralOr exanple, trlethylamne, In the presence of a cyclic base
such as, xanpl e, N-nethyl norpholine or pyridine or else in the
presence of an alkali netal hydride such as, for exanple, sodium hydride.
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In the international applications WO 94/02465 and W0 93/25517, the dialkexy-substituled benzamides
are obtained by reacting activated benzoic acid derivatives of the general farmula
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with amines of the general formula R3NH,. Activated benzoic acid derivatives mentioned are acid
halides, aspecially acid chlorides or else anhydrides. The reaction may take place in the presence of a
base, e.g. of an organic base such as, for example, trlethylamine, In the presence ¢f a cyclic base such
as, for example, N-methylmorpheline ar pyridine or else in the presence of an alkali metal hydride such

as, for example, sodium hydride, In an Inert solvent such as, for example, tetrahydrofuran, dimethylor-
mamide or dichlorcmethane.

3-{Cyclopentyloxy)-N-(3,5-dichloropy rid-4-yl) 4 -melhoxybenzamide {INN: piclamilast) is obtained In
WO 93/25517 by reacting 3-cyclopentyl-4-methoxybenzgic acid, which has been deprotonaled with
N-methylmorpholine, with 4-amino-3,5-dichloropyridine in tetrahydrofuran. In WO 84/02465, 3-(cyclo-
pantyloxy)-N-(3,5-dichloropyrid-4-yl}-4-methoxybenzamide (INN: piclamilast) is prepared by mixing



benzoyl chloride. In the process for preparing roflumlast described in WO
95/ 01338, a solution of 0,0275 not of

3-cycl cpropyl nmet hoxy- 4-di f | uor omet hoxybenzoyl chloride in tetrahydrofuran Is
added dropwi se to a suspension of 0.03 not of 4-am no-3,5-dichloropyridine
and 0.066 nol of NaH (in mneral oil) in tetrahydrofuran at 15-20 C. In the
i nproved process described in Organic Prgcess Research & Devel opnent 2,
157-168 (1998) for preparing TeT

3-(cycl opentyl oxy)-N- (3, 5-di chl oropyrid-4-yl)-4-nmet hoxybenzam de (1 NN:
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Scyclopenﬁvwg ﬁ-ﬁ-ﬁhthoxybenzoyl chloride is added. The m xture is boiled
under reflux for sone tine, cooled to 90C again and then a further 0.218
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descri bed tbtahydi@a #4838 ¢.or preparing roflunm | ast, appear to be suitable
for the Industrial preparation of roflumlast of high purity. Al though the

i mproved process described in C)ganlc Process Research & Develognent 2,
157- 168 (Iq@ggvjprqveﬁi pﬁgp@b g?qcfz@d in Organic Process Research & Development 2, 157-163 (1998) for
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f ound, su&thélngly, that the formati on of by-products, especially of the
C

abovenent i ned by-product, can be very substantially averted when an
activated derivative of 3-cyclopropyl neth- oxy-4-difl uoronethoxybenzoic
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Although the improved process describad in Organic Process Research & Development 2, 157-188
(1998) for preparing 3-(cyclopentyloxy)-N-(3,5dichlaropyrid-4-yl)-4-methoxybenzamide (INN: piclami-
last) has already been optimized for teasibility on the industrial scale, when applied analogously to
roflumilast it leads to the formation of more than 3% by weight of the by-product N-{3,5-dichloropyrid -4-
yl)-3-cyclopropyl methoxy-4-hydroxybenzamide, which cannot be reduced even by multiple recrystali-
zation.

Description of the invention

it has now bean tound, surprisingly, that the formation of by-preducts, especially of the abovementio-
nad by-product, can be very substantially averted when an activated derivative of 3-cyclopropyl meth-
oxy-4-difluoromethoxybenzoic acid is reacted with an excess of the anion of 4amine-3,5-dichloropy -
ridine.

A first aspect of the invention Ts therefore a process for the preparation of roflumilast by reacting the
anion of 4-amino-3,5-dichloropyridine (1)



NHC C (1) Nwth an activated derivative of

3-cycl opropyl net hoxy- 4-di f| uor onet hoxybenzoic acid (2), F /FOL G o )OY
J (2) Ocharacterized in that the nolar ratio of the enpl oyed ani on of

4-am no- 3, 5-dichloropyridine to the activated derivative of

3-cycl opropyl nmet hoxy- 4-di f| uor omet hoxybenzolc acid Is at least 1.5 and at
nost 3, preferably at least 1.8 and at nost 2.7, particularly preferably at
| east 2 and at nost 2.5 and very particularly preferably 2.2. A in the
formula 1 is a cation; A is, for exanple- an alkali netal cation

preferably the potassium cation. LGin formula 2 is a suitable |eaving
group, preferably a chlorine atom a bromne atomor a radical of the
formula 00(0)-1 4G alkyl. LGis particularlpy preferably a chlorine atom
1-4C-al kyl in the formula CIXC»-1-4C}aI“N+ is a straight-chain or branched
al kyl radicale. having 1 to 4 carbon ajfons. Exanples which may be nentioned
are the butyl, isobutyl, sec-butyl€l €1, propyl, isopropyl, ethyl
and nmethyl radicals. Reaction of the of ,4-am no- 3, 5-di chl oropyri di ne
(1) with an activated derivative of 3 93

met hoxy- 4-di f | uor onet hoxybenzol ¢ acid (2) can be carried out in al
conventional inert solvents such as, for exanple, dichloronethane, toluene,
xyl ene, di ne f i oA\ Q)4 f
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dimethyl formam de is very particularly preferred. -4- A further aspect of
the invention is therefore one of Fhe 46t ocesses descri bed above for
preparing roflumlast, characterized in that reaction of the anion of

4-am no- 3, 5-di chl oropyridine (1) witloa
3cycl opr opyl net hoxy- 4df | uor onmet hoxybenz cid (2) is carried out in a

characterized in that the molar ratio of the empleyed anlon of 4-amino-3,5-dichlorppyiidine to the
activated derivative of 3-cyclopropyimethoxy-4-diflucromethoxybenzoic acid is at least 1.5 and at most
3. preforably at least 1.8 and at most 2.7, particularly preferably at least 2 and at most 2.5 and very
particularly preferably 2.2.

A in the formula 1 is a cation; A” is, for example, an alkali metal cation, preferably the potassium
cation. LG in farmula 2 i a suitable leaving group, preferably a chlorine alom, a bromine adom or a
radicz! of the formula OC(QO)-t 4C-alkyl. LG is particularly preferably a chlorine atom.

1-4C-alkyl in the Tormuta OC{D)-1-4G-alky! is a straight-chain or branched alkyl radicale having 1 t0 4
carbon atoms. Exampies which may be mentioned are the butyl, isobutyl, sec-butyl, tert-butyl, propyt,
isopropyl, ethyl and methyl radicals.

Reaction of the anion of 4-amino-3,5-dichloropyridine (1) with an activated derivative of 3-cyclopropyl-
mathoxy-4-difluaromethoxybenzoic acld {2) can be carried out in all conventional inert solvents such
as, for example, dichloromathane, toluene, xyleneg, dimethylformamide or N-methylpyrrolidone. The use
ot dimethylformamide or N-methylpyrrolidons is praferred. The use of dimethylfermamide is very
particularly preferred.



sol vent selected fromthe group of dichlorornethane, toluene, xyiene,

di met hyl formam de or N-neth vylpyrrolidone, preferably In dinethylformam de
or Nmet hyl pyrrolidone and very preferably in dineth- ylfom am de. The
reaction tenperatures for the conversion are between OC and the boiling

poi nt of the solvent wused. The conversion is preferably carried out at

t enperatures between 15 and 40C, very particularly preferably between 20
and 30C. A further aspect of the inventian is therefore one of the processes
descri bed above for preparing roflumlast, characterized in that reaction
of the ani on of 4-am no-3,5-dichloropyridine (1) with an activated
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activated derivative of 3-cycl opropyl met hoxy-4-difl uoronet hoxybenzoic acid
(2) to the_respective other reactant. However, the grocess in which the
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the corresponding acid halides, especially the acid chloride or else an
anhydri de fRaneensciabinp Espdnmis thetefsrecyne offte RoFCe e escrbed hoxp leyprprarihe aci d
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propylmethoxy-4-difiusromethoxybenzeic acid is added as second reactant t¢ the anion of 4-aming-
3,5-dichlaropyridine {1) is preferred.

Activated derivatives of 3-cyclopropylmethoxy-d-diftuoromethoxybenzolo acid (2) may be, for example,
the corresponding acld halides, especially the acid chloride or else an anhydride [LG then corresponds
t0 Cl, Br or QC(O)-1-4G-alkyll. The acid halides are prefarred in this connection, and the acid chlorida
is very particularly preterred.

A further aspect of the invention is therefore the process described above for preparing roflumilast,
characterized in that the activated derivative of 3-cyclopropylmeihoxy-4-diflucromethoxybenzoic acid is
a 3-cyclopropylmethoxy-4-difluoromethoxybenzow halide, especially 3-cyclopropylmethoxy-4-difiuoro-
mathoxyhenzoyl chloride.

Strong bases selected from the greup of KOtBu, NaOtBu and LiOiBu are particularly suilable for
preparing the anlon of 4-amine-3,5-dichloropyridine. The use of KOtBu is preferred.



to prepare the ani on of 4 an1n03 5-dichloropyridine. K&GBu is preferably
used. The nolar ratio of enployed base to 4-anuno3, 5-ddchl oropyrldine is in
this case advantageously in the range fromO0.8 to 1.1 and preferably in the
range fromO0.9 to 1.0. A further aspect of the invention is therefore one of
t he processes descri bed above for preparing roflumlast, characterized in
that the nolar ratio of enployed base to 4-am no-3,5-dichioropyridine In

the anion formation is between 0.8 and 1.1, preferably between 0.9 and 1.0.
The activated derivative of 3-cycl opropytmnet hoxy-4-difiuoronmethoxybenzoic
acid is prepared by nethods known to the skilled person. The corresponding

B b O lfinds Sopole3l 1 E ARk fe 1BLBLSHANY oRERPAIRLRN HEAG LRy

3-cyciopro uor onet nzo

in the pr e?ﬁ‘f?&féstd‘f‘”%%'é?‘%}? fhat aa?‘?ﬁﬁﬂ%‘%‘l”"ﬂ‘f“e Q’M%W‘PBrN‘Fﬁ’r‘ﬁ“cPéL‘PW“é?r\’s?%ert
sol vent . Aw pepariieenigf of drmingéididiotepwidine. iIKOBudH nuderablowsesty | ene; the chlori -
nation reaction is typically carried out at 70 to 90C. The rollum | ast

prepar ed b¥hehr§]o(?ar%§i98f%§1ﬁﬁyedqﬁ§e% 4?%9@398%I§or$ rlcﬂ{esl% I'n LE'a? %nt?%eo%ggﬁ tﬂet y of z

99% by wei romt' er ween 85: 15
and 100: O%aBS;P‘KPB‘I ”ﬁf"‘elffé*ﬁfa‘ﬂﬂﬂhelﬁ%ﬂ%\&@ho% %9 and 96: 5% by vol ume) all ows
the purity to be increased further to z 99. 8%by wei ght. A further aspect
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90: 10 and 95:5% by vol une). Further aspects of the Invention which should be
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characterize It uri IS z % by weight, preferably z 99. 8% by
wei ght . Rof'ieﬁ?f*slﬁoé"f‘t"ptp ﬂi?gﬁe"ﬁ’? one of the processes described above,

characterized in that it contains less than 0.1% by weight, preferably
0. 05% by wehgalresperding Bed Eybripd 1© dotabariiie( Sreforably sridaidop yoatting 3\ Qopdpgni@h-0- propy|
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i nvention repar at useful for
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pr epar ed i natan eeaibeis o/bicglp oartiedut ot @ B6YCkg per batch. Roflum | ast prepared by
one of the processes descri bed above can be used In human and veterinary

The roflumilast prepared by the processes described above ls distinguished by a purity of 2 99% by
weight. Crystallization from Isopropanoliwater (ratio: between 85:15 and 100:0% by volume, preferably
betwaen 90:10 and 96.:5% by volume) allows the purily to be increased further {o 2 99.8% by weight.

A further aspect of the inverition Is therefore one of the progesses described above for preparing
roflumilast, characterized In that the product resulting from the process Is recrystalized in a mixture of
isopropanol and water {ratio isopropanoliwater; between 85:15 and 100:0% by volume, preferably
betwean 90:10 and 95:5% by volume).

Further aspects of the Invention which should be mentioned are:

Roflumilast prepared by one of the processes described above, characterized in that its purity is = 99%
by weight, preferably 2 99.8% by weight. '

Roflumilast prepared by one of the processes described above, characterized in that it contains less
than 0.1% by weight, preferably 0.05% by waight, of the by-product N{3,5-dichloropyrid-4-yl})-3-cyclo-
propylmethoxy-4-hydroxybenzamide.



medi cine for the treatnent and prophylaxis, for exanple, of the follow ng
di seases: acute and chronic (especially inflanmatory and all ergen-i nduced)
ai rway di sorders of various etiologies (bronchitis, allergic bronchitis,
bronchi al asthma, enphysema, COPD); dernatoses (especially of a

proliferative, inflammatory and allergic nature) such as, for exanple,
psoriasis (vulgaris), toxic and allergic contact eczenmm, atopic eczensm,
seborrhoi c eczema, |ichen sinplex, sunburn, pruritus in the genitoanal

region, alopecia areata, hyportrophic sears, discoid |upus erythenatosus,
follicular and extensive pyodernas endogenous and exogenous acne, acne
rosacea and other proliferative, anmat ory and al |l ergi c_skin disorders;
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that a thera uticall I've anou st prepared by one of

the pr oces§é§ HeYdri oF”'élbfﬁvf "?"%m%{‘ﬂH‘?Wﬁ‘?%‘f’@r“éﬂ‘e“?sé'@@fi%‘éef“ewﬂt h conventi onal

auxiliaries and/or exciplents to the mammal wth the disease. Preferably the
The invention therefore further relates to roflumilast prepared by one of the processes described above

a

fai use In the freatment and/or prophylaxis of diseases, especially the diseases mentioned,

The invention alsc relates to the use of rofiumilast prepared by one of the processes described above
far the oroduction of pharmaceutical compositions which are employad tor tha treatment andfor
prophylaxis of the diseases mentioned. The digease is preferably an acute or chronic airway disorder
{for example asthma, bronchitis, allergic rhinitis, emphysema and COPD), a dermatosis or an arthritic
disorder {for example rheumataid arthritis, rheumatold spondylitis and osteoarthritis).

The Invention furthermore relales to a method for the treatment of mammals, including humans,
suffering from one of the mentioned diseases. The method is characterized in that a therapeutically
effective amount of roflumilast prepared by one of the processes described abave Is administered
tagether with conventional auxillaries andfor exciplents to the mammal with the diseass. Preferably the
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. T- dlsease is an acute or chronlc ai rway di sorder (for exanple asthnms,
bronchltls allergic rhinitis, enphysema and COPD), a dermatosis or an
arthritic disorder (for exanple rheumatoid arthritis, rheumatoid
spondylitis and osteoarthrltis). fie admnistration of the pharnmaceuti cal
conpositions according to the invention nmay be perfornmed in any of the
general ly accepted nodes of adm nistration available in the art.
Il'lustrative exanples of suitable nodes of adm nistration Include
I ntravenous, oral, nasal, parenteral, topiccal, transdermal and rectal
delivery. Oral delivery |Is preferred. The pharmaceuti cal conpositions are

db h
grk?ﬁ”eg i n%{sﬁd’s%%ﬁﬁ& or%brﬁé‘au%ﬁ?sé%%}"@ocg%rm Eeastﬂrﬂg btoﬁ%?nt’s'ﬂ% %ﬂ? Tﬂssf Bfrezgpe q

accor di ng eEPYEE" a5¢ CPH'S)' 3 BYTatosiReien sHute 6’8@&%@’?"?@ ’@“F’H‘@H Bfff-oyed as
such, or priebeselkpondpiiscovbitesattii). Wi t h - sui t abl e pharmaceutical auxiliaries
and/or excipients, e. g in the formof tablets, coated tabl ets capsul es,

caplets, s suspensi on soI

et ve: cominRigRisR Bnd P B ARERE I P g Salle 05et A
where, by tan!eofétwﬁwﬂfv %ﬁ@@m@ﬁeﬁde%of@ﬁmﬁf@ﬁewﬁwp Brthegast ﬁwaﬁtarﬁ exagplepPlent s, a
phar maceut isgigble adagsnt Siirtdration irkiDdanit@ergus, aralledsalyiacknical, apse), Fapsdrm a@n

enteric forddygxant b &ilehadot@rddre active conpound and/or to the desired
onset of action can be achieved. In the international patent application

W003/ 070279 oral dosage forms conprising roflumlast are described. The
per son ski [Theghermpceuteal gantpositions eraiptepared yiprdgesgesx ivhisheard kngwo pergg endfpmiir & whi ch
are suit ablue defbn §Kked ifl 8@iaFeat phirhatdiiaRdinpda@ibn, i FdNLhiREt pRpSre® Becdi@ing @UAE  Of
hi s/ her eXF&?ﬁe%Oé’?ﬁé:ﬁ&i%ﬁBroms@sﬂgéﬁhhr%pfoged%?lsq/cﬁ%tr Evefa%%\:y rfé% meIFoE %anm nt ment

bases and ractrve exci IOXI
di sper sant $uitablg HW’@?*?‘E?@“"BFWW&E‘?'R}% e g4 iplorm %féaibée's E‘@FBSI‘
conpl exi ng cagelks, saxats, peprsiais emulsiooaTaispansipnsceas doelutiorsetie aftoe cctrr’rweurﬁrcerat ment

of di ?0{ ﬁenén gﬁvaﬂfée;emrs@whd Lgerweyoh LACH5%, atnhemér@fnb Uﬁ‘ab@&iriaﬂ@&:ﬁc%ro@@e accotr]I dlb ng to
one 0O e n I e
AR En TR R BlATERRER abfaBiboiliRled sReBiea e iRt BT ©Y

i nhal ati on

liquid or rﬁ“)%éftfﬂfd“bﬁ’tﬂ@i&’lst"lﬁéﬁpfb?@?"@r%lﬂ%ﬂ”%%ﬂmh@ tf&"ﬂ?'fa‘#r‘é‘tsé*rf’fé‘f"o'ﬂ)?aﬂ beo 10 pm
advant ageoustigvedfin iR i@rnticpanpaté@ RASicdio W0 D2 Wret dkadadorta@ kémpaisingput , f or
exanpl e, Dby, hessi¥ Kdbéden jet atom zers or ultrasonic atom zers, but
advant ageousl y by propellant-driven netered aerosols or propellant-free

adm nistration of mcronized active conpounds frominhal ati on capsul es.
The person skilled in the art is familiar with auxiliaries or exciplents which are sultable for the desired

pharmaceutical formulations on ac count of his/her expert knowledge. In addition to solvents, gel for-
mers, gintment bases and other active compound excipients, for example antioxidants, dispersants,
emulsifiers, preservatives, solubilizers, colorants, cornplexing agents or permeation promotears, can be
used. '

For the treatment of disorders of the respiratory tract, the roflumilast prepared according to one of the
above-mentioned processas is preferably also administered by Inhalallon in the form of an aerosgl; the
aerosol particles of solid, fiquid or mixed composition preferably having a diameter of 0.5 10 10 um,
advantageously of 2 to 6 um.

Acrosol ganeration can be carried out, for example, by pressure-driven jet atomizers or wltrasonic
atomizers, but advantageously by propellani-driven metered aerosols or propeliant-free administration
of micronized active compounds from inhalation capsules.

Depending on the Inhaler system vsed, in additiont to the active compounds the administration forms
additionally contain the required exclplents, such as, for example, propellants (e.g. Frigen In the case



Dependi ng on the Inhaler systemused, in addition to the active conpounds
the admnistration forns additionally contain the required excipients, such
as, for exanple, propellants (e.g. Frigen in the case .a- of netered
aerosol s), surface-active substances, emulsifiers, stabilizers,
preservatives, flavorings, Olers (e.g. lactose in the case of powder
inhalers) or, if appropriate, further active conpounds. For the purposes of
i nhal ation, a |arge nunber of apparatuses are available with which aerosols
of optlnun1part|cle si ze can be generat®d and admi ni stered, using an

I nhal ati on technique which is as right as possible for the patient. In

addi tion t g hdifedtaRsd), s@%@tamésusmsseexﬁmsw%pﬁmgm remupe%afravorﬁ&aped
cont ai ners de |ces emttlng

Cputter opbhye e *ﬂﬁﬁaé?%%riwg? PRl EotagbanBBduiet SR BEERE ar ¢ he
case of powder |nhal ers, a nunber of technical solutions are available
(e.g. D skheltergumpses R)aﬁrardimkz( Kange nuktbisDe BEpamtukds)areavailable withitadnesgrostissat r | bed i n

Eur opean E’&Fn‘ﬁﬂtp?r?&?@é 1deCa} beinriteParmd Qaminidtdrba, u&lﬁd é%%h‘é(ﬁt‘o%ecﬁ&?q&%lc%'as

adm ni stration 0O actlve e treat nent of
o e ring oo e nede e e O el Sl s SR H R ot § oned
processes ﬁ@pﬁmp‘a‘ﬂﬁf § oW Hebulaw® NplepeticBdandguipmatic Pericss @nittinghdpruEeEY naceut i cal
conposi ti O%tohEMHQ? lfbr AkiBred s&bstoahk Barfic@lar ih B Ic£:3 bot p%nadr inﬁ{ﬂ&rk thumEé? lof théMRical

product i Onfcgfh(%ns are gatf Ig? % Lha?e l‘l%‘ |.*9< IIl"rlgog %rg ori%e mQaler% scnba?grn Eu re ar ed

accordi ng I one E es TS e PSEd with
suitabl e prRaMAsRdeaier BRP 5%&%131 ysigp waish vt %qufa‘&ﬁéb%?g@éﬂ"‘lﬁwﬂ ?W@esw tabl e
phar maceut ag@bed or nul ati ons. Suitable pharmaceutical formulations are, for
exanpl e, powders, enulsions, suspensions, sprays, oils, ointnments, fatty

oi ntments, _creans ol utions er nati onal , pat ent
appl i cati oﬁ”‘Wﬁ%Fﬁ‘gé}%ﬂ‘%g‘i L“SH‘?W@?SH@"E%%W@%%P%@ oé&e é%fle MR8 at i ons
conpr i si ng PioeAekag i ip pasticularragministpeadjimibe)iorm of theserieragesutynl qomeositigrs) witeh asss t

prepar ed aeaabidiongpitzDappinaticdf Fo the paboter orea bhadtieeutipd GeeBssiRss itis cbiumidse  or der
g{] eﬁggln: tuggséé&f&ﬁmgxoég f!ﬁpgbowmbrmoxeﬁa pRoceskds .e.bp%fago:,pﬁa&&; %%ui%@leadm Imsilt e
for exanpl BT RECOR68 A28 2 i TgbBaed *’%a"afu“a%g*a‘a@c?%fﬂﬂ@ B, S 001
mg to 5 nyphayneerdica famuistipsarg fopSxamglet rewdsrs emgisionsprepeetidrarsPiayppisf erably 0.1
mg to 0.5 wemehis,iad bidehiaSteas hades fgcor sdlitibns. DisagendiatafEdnappicoyph c al

adm ni st radegfeé‘s%Ek@ﬁ}nJ %Bl%‘a%prggégﬁgcaﬁ &eéra{mws c u&ﬁd #%HJnMIasQaQ(J?eémbetdo 2.5 g

particularly prefera rof lumlast per dosage unit,
Typi cal |y, pharnaceutlcal conposi tions of the invention contain 0.01 ng, 0.1
mg, 0. 125 Thedos@e 26hengtiugtilashprBpamy agforiingftd engiof thesdooprementiensd gegcasrstls in The
foll owi ng exargphegiuse il iérlPDESHLAGE itbElgy dobsktnd bmniftetnicary dobd ihonet
restricti ng, rh&re dosage units. Customary dosages ara disclesed for example In WOB5/01338. In general, oral

dosage forms contain from 0.01 mg to 5 mg, preferably from 0.05 mg to 2.5 mg, particularly praferably

0.1 mg to 0.5 mg of roflumilast per dosage unit. Dosage forms for topical adminisiration contain from

0.005 mg o 5 mg, preferably 0.01 mg to 2.5 mg particularly preferably 0.1 mg to 0.5 mg of roflumilast

per dosage unit. Typically, pharmaceutical compositiens of the invention contain 0.01 mg, 0.1 mg,

0.125 mg, 0.25 mg ar 0.5 mg of roflumilast per dosage unit,

The tollowing examples serve to illustrate the [nvention further without restricting it.



-9- Synthesis of roflumlast - coupling step The potassium salt suspension
of the anion of 4am no3, 5-dichloropyridine In DMF (2-2.5 equivalents) is
introduced into a reaction vessel. A solution of

3cycl opr opyl net hoxy- 4-di f | uor onet hoxybenzoyl chloride (1 equivalent) in DV
s slowy added to this suspension while stirring vigorously at a tenpera-
ture of 15 to 40 C, preferably 20 to 3DC. After the reaction is conplete,
water Is slowy added while stirring at 15-25C, and the pHis adjusted to
2-3 with hydrochloric acid. The solid is centrifuged or filtered, washed
with water, resuspended in a sodi um hydrax de solution (pH . 9-10),
centrifuged or filtered again and washed with water. This nbist crude
material is, if desired, subjected to a recrystallization from an

i sopr opanol PYReEls oHPlyiast -cPuRling SI8Bt ween 85: 15 and  100:0, preferably 95: 5%
by volunme). The resulting product |s centrifuged or filtered and dried in
vacuo at a''ecapeiuasal wsprspioediesaPh e Gone-s IneRyridingip DMF (2-2.5 equivalerts)

3- cycl opr opy Infredubebite 4 reelétibh wemsed Hesb o whisyzaydpyalathoryidiiudomabsybeoroybessel 1 s
amount of Ly o BAAcloR MR [y SBORHE b Qoo e bkio gl 8kt oFimgofa®
3-cycl opr opVIer‘?g.{}ﬁ?)i?/‘fh'ﬁrﬁ?r%?y@g#%%'r%éfﬂﬁ%'ﬁ?&?nds ?&p@e’ W'7§’}95i%l PR ¢ to 4
equi val ent sstigihg #tHp8iE andieait igledivated to wiinyydsettieds 2agie.- 70 to 90C. After the
reaction is conplete, the reaction mxture is concentrated in vacuo at 45 to

60C, and th l. ; I I i ! .

3-cycl opr opﬁleﬁgﬁ ﬁ%‘)%%fﬂéegior ﬁ%‘g?'g%%%ﬁyﬁ%ﬁ%’z@éﬁfﬁb@ﬁI_'%??Ogggzﬁg#rﬁ#gﬁmaug used
wi t hout fur%Hérg'@luF%/“f”?“@%‘?rﬂlff“?dr?g?”l’l%“dé%ﬁr?@% HRterc Yt sh U egieniad i hesi s of
t he pot assi dasresiajubjecidd tda eaiys1@ B aBndipo b Berogparalditeranidure batio beteypenv@sisl§and | s
charged wi t {uoldMretaiasly gb:308yVaiume) ST irds i@y Rfald: isGbMBuded obilitby @d@nid)in vadlid | e

stirring vgtgqén%g%l%mop&&%&% s tert- butoxide (0.8-1.1, preferably 0.9-1.0
i's ed |

equi val ent) nportions at a tenperature between 15 and 30C. A
suspensi on of the potassiumsalt of the anion of 4-am no-3, 5-

di chl or opyr &hitheeis ot 3-cyztoniapgithethndy-3-diflagrpingt exdrbenizot eblorideur t her purification
for the subsequent coupling step. Process A: Standard process as descri bed

above; synthesis_of e . potassjum sal f 4-am e B CHIOr ridine using
ot val et ey s S ,f@fﬁd‘?’ihﬁ%%@&aﬁﬁ‘ F oo BAP u2 e B S B GIIEE,
tert- butoxingey chiqjde sorinyet andd: eapiydienbt i Srivel FPropYHNBIF txe € S8 Lo metnoxtbgRzoie [eid.

pot assi um sw@hite sifingd+ B aaaivalnB-otihiehs cHicdisyaré ddvieadded at 70 to H0°C,

After the reaction Is complete, the reaction mixture I8 concentrated In vacuo at 45 t0 60°C, and the
solvent tcluene 1s replaced by DMF; the resulting 3-cyclopropyimethoxy-4-difluoromethoxybenzoyl
chioride solution is used without further purification in the subsequent coupiing step.

Synthesis of the potassium salt of 4amino-3,5-dichloropyridine

A reaction vessel is charged with DMF and 4-amino-3,5-dichloropyriding {1 equivalent). While stirring
vigorously, potassium tert-butoxide (0.8-1.1, preferably 0.9-1.0 equivalent) is added in portions at a
temperature between 15 and 30°C. A suspension ot the potassium salt of the anion of 4-amino-3,5-
dichlorepyridine is obtained and is employed without further purification for the subsequent coupling
step.

Process A: Standard process as described above; synthesis of the potassium salt of 4-amino-3,5-
dichioropyridine using 1 equivalent of 4-amino-3,5-dichloropyriding and 1 equivalent of potassium tent-
putoxide.



prepared using | equival ent of 4-am no-3,5-dl chloropyridine and 0.91

equi val ent of potassiumtert- butoxide. Process C. Differing fromthe
standard process in that N-nethyl pyrrolidone is used as sol vent instead of
DMF in the coupling step and in the preparation of the potassiumsalt of
4-am no- 3, 5-dichl oropyri- dine. Process D. Differing fromthe standard
process in that only 1.8 equivalents, Instead of 2-25 equi- valents, of the
pot assi um salt of 4-am no-3,5-dl chl oropyridine are enployed in the coupling
step. Process E Differing fromthe st ahtfar d process in that 2.7

equi val ents, instead of 2.2.5 equivalents, of the potassiumsalt of

4-am no- 3, Emgés(i@ DiftéraYy frénd#)r&%ss'ﬂ.&ﬂ 1RRL QM&Gwh Balf J1&-aRRLB |51dl’c1;glor8§ﬁi@ine iProcess F:
Differing f LS %:ltuhln%?ecﬁlrv ﬁ{t gf tpam?nst)%-diéh%roég%ﬁ'te EIQFG éﬂ%g&\%?en{]%a@sﬁ)?w%n

4- ami no3, 57arc usi ng
4- am no- 3, Em%w&hloropyrlldlne and 1. 83 eqU|vaIents of pot assi um
tert-butoxide. Process G The inproved process described in Organic Process

Resear ch &pBeysélcoﬁn&ms fr&’rm méféznd;@%més?s%ﬁat nimhyraprﬁ'o%rne RGsdRi o8 ks 5Bn] ifidad

(coupling s ). e flumlast.

br ocoss PupiTy aPs epbRa Pl he DRETUr Rra R B g O RS £ £ om

| sopr opanofifevat er di chl oropyrtd-4-yl p3- (data in % by wei ght)

cycl opropylnet hcxy- 4- hydroxy- benzam de (data in % by weight) A 299.8 <0.05

B 299.8 <P|Qic<9&:§ DCDraarﬁgfrgn ﬁegtarqgrd pchs%Qn tﬁatigiy Q§eqﬁval%%9 Ir&;.teglgof%5daui96 208 G
95.4 3.47 - ono um | ast by
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Process E Differing from the standard process in that 2.7 equivalents, instead of 2-2.5 equivalents, of
the potassium salt of 4-amino-3,5-dichloropyridine are employed In the coupling step.

Process F: Differing from the standard procsss in that the potassium sait of 4-amino-3, Sdichloropyridi-
ne is prepzared using 1 equivalent of 4-amino-3,5-dichloropyridine and 1.83 equivalents of potassium
tert-butoxida.

Process G: The improved process described in Qrganic Process Research & Development 2, 157-168
{(1998) for praparing plclamitast {(coupling step) is applied analogously to the preparation of roflumilast,

Process Purity after recrystallizalion Cantent of by-praduct N-(3 5-

from Isopropanol/water dichloropyrid-¢-y1)-3-
(data in % by welght) cyclopropylmsthoxy-4-hydroxy-
benzamide

{data in % by weight)

A 2998 < 0.05
B z99.8 <0.05
c >99.8 < 0.05
D »99.8 < 0.05
E >99.8 < 0.05
F 96.2 0.8

G 95.4 3.47




A NHCOA C (1) Nin which A is a potassiumcation, with an activated
derivative of 3-cycl opropyl net hoxy-4- difl uoronet hoxybenzoic acid (2), FyF
OfILG OO (2) inwhich LGis a suitgble leaving group selected froma
chlorine atom a bromne atomor a radical of the fornmula OC(O) -1-4C al kyl,
characterized in that (a) the nolar ratio of the enployed anion of

4-am no- 3, 5-di chl oropyridine (1) to the activated de- rivative of

3-cycl opropyl nmet hoxy- 4-di f | uor omet hoxybenzoic acid (2) is at least 1.8 and
at nost 2.7, (b) the reaction of the anion of 4-am no-3,5-dichloropyridine
(1) withytihg activated derivative of

3-cycl opropyl net hoxy- 4-di f| uor onmet hoxybenzoic acid (2) is carried out in a
sol vent selected fromdinethylformam de or NNmethyl pyrrolidone, (c) the
reacti ony of j ~ 2 Ne- —idkGhl ryi, di i ivated
Ger vat e dro R e Bl e e o A ool ¢
carri ed mutinat(1)a tenperature be- tween OC and the boiling point of the inert
sol vent used, and (d) KO Bu is used to prepare the anion of

4-am no- 3, 5-dichloropyridine (1). 2. ProceAs according to Claim1,
characterized in that the nolar ratio @f,-the enpl oyed ani on of

4-am no- 3, 5-dichl oropyridine (1) to the ‘activated derivative of

3-cycl opropyl et hoxy- 4-di f | uor omgf berC4oic acid (2) is at |least 2 and
at nost 2.5. -12- 3. Process accordlvg\b Claim 1, characterized in that the
the activated derivative of 3-cyclopr

nolar ratio of the enployed anion of! 4-am nd43, 5-dichloropyridine (1) to
| met hoxy- 4-difl uoro-

in which A" is a potassium cation, with an activated derivative of 3-cyclopropylmethoxy-4-
difluoromethoxybenzoic acid (2),

LG

o
(2)

in which LG is a suitable leaving group selected from a chlorine atom, a bromine atom or a radical of
the formula OC({0)-1-4C-alkyl, characterized in that

(a) the molar ratio of the employed anion of 4-amino-3,5-dichloropyridine {1) to the activated de-
rivative of 3-cyclopropylmethoxy-4-diflucromethoxybenzoic acid (2) is at least 1.8 and at most
2.7,

{b) the reaction of the anion of 4-amino-3,5-dichioropyridine (1) with the activated derivative of
3-cyclopropylmethoxy-4-difluoromethoxybenzoic acid (2) is carried out in a solvent selected
from dimethylformamide or N-methylpyrrolidone,

(c) the reaction of the anion of 4-amino-3,5-dichloropyridine (1} with the activated derivative of
3-cyclopropylmethoxy-4-difluoromethoxybenzoic acid (2) is carried out at a temperature be-
tween 0°C and the boiling point of the inert solvent used, and

(d) KOtBu is used to prepare the anion of 4-amino-3,5-dichloropyridine (1).

2. Process according to Claim 1, characterized in that the molar ratio of the employed anion of
4-amino-3,5-dichloropyridine (1) to the activated derivative of 3-cyclopropylmethoxy-4-diffuorometh-
oxybenzoic acid (2) is at least 2 and at most 2.5.



met hoxybenzoic acid (2) is 2.2. 4. Process according to any of Clains 1to
3, characterized in that the reaction of the anion of

4-am no- 3, 5-dichloropyridine (1) with an.activated derivative of

3-cycl opropyl nmet hoxy-4-di fl uor omet h- oxybenzoic acid (2) is carried out in
di et hyl formam de. 5. Process according to any of Clains 1 to 3,
characterized in that the reaction of the anion of

4-am no- 3, 5-di chl oropyridine (1) with an activated derivative of

3-cycl operyI %Qgé%ogjm%ﬁg o ?%Lgcte?&g%etngtq}ll%mgﬁll rg%é gf)thé eﬁa&@feﬁ gﬁlgn gut in

N- net hyl pyrroli ocess' accor
char act er4-amigo-B§-didhierory fiding @hiettherstivited qPéVQi!M‘F ef @‘Flopfopylmethoxy -4-difluoro-

4- am no- 3nandlh e ok any e (1) with an activated derivative of
3-cycl opropyl et hoxy- 4- d|f| uor omet h- oxybenzoic acid (2) is carried out at a

tenperature between 15C and 40C. 7. Process according to any of Clains 1 to
5, characd.erifreckss acqohm; to by of €dairn$ biv DEharémteraed ipnhapthe reaction of the anion of

4- ani no- 3, %ﬁ%g{y L H]@r ) &l an ci.\tgt&ntﬂ%waﬁ#&cgs{ow%m Blifliorometn-

3-cycl opr op %/ uor onet enzol ¢ aci I's carried out a at
t enper at u%é PePinadHh 2266351?803‘0@'%1“3"@”66’@@% according to any of Claims 1 to
7, characterized in that the activated derivative of

3-cyc|opr pyl et hoxy- 4- di uor.ome enzoi.c. a . ,
3-cycl opr pyI yﬁg?eﬁ?»% Coéfjm(?l ; or or?ér{'%g%(oyéj lEenzo”‘"fe cgtlwgﬁ?e ad'@? Ofﬂ?eoacne'osnsm
accor di ng4-sminadyp-difhicGhraiidine (1) with ah acwmm!emwe eicB-¢yaloplonymethexysfediflupsanesth-

derivati Vg, Qn-oidaGY Bl %WaFH%M'oUﬁﬁ Ro¥etryiyHbifdok@r omet hoxybenzoi c acid (2) is
3-cycl opropyl met ﬁoxy -di fl uor omet hoxy- benzoyl brom de. 10. Process

according to any of CIalms 1 to 7, characterized in that the activated
derivati ve ofPro&ssycdonfgaﬁyhmtdmwmﬁbmdraméraammhmmeambmofam shidqndf i s a

3-cycl opr t .

Pr ocess. seagpisisrdafing HEMATE] Aihteo REDARL & A5 Bprbo el afi fhon

pr oduct r@@bﬁnﬁplﬁgm %rﬁqaﬁ@d Obtr%éé%%oelf%m?é@tv"?%rthﬁ CiapddCn a mixture of

i sopropanol and water and the ratio of |sopr opanol /water is between 85:15

and 100: 0% by_vol une. 12. Process a ny ai_ s to.10,
ohar act e {2 otPbiest REordigo greaSams LE0T Endtg RN hegpaiaRe g shion o
r ecr yst al 4-emied-3j5rdicolanepytidine( 1D fwith so petoptat odrivaiive ohapriopeopg metrexy-adifloorometh-
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8. Process according to any of Claims 1 to 7, characterized in that the activated derivative of
3-cyclopropylmethoxy-4-difluoromethoxybenzoic acid (2} is 3-cyclopropylmethoxy-4-diflucromethoxy-
benzoyl chloride,

9, Process according to any of Claims 1 to 7, characterized in that the activated derivative of
3-cyclopropylmethoxy-4-difluoromethoxybenzoic acid (2) is 3-cyclopropytmethoxy-4-difluoromethoxy-

benzayl bromide.

10. Process according to any of Claims 1 to 7, characterized in that the activated derivative of
3-cyclopropylmethoxy-4-difluoromethoxybenzoic acid (2) is a 3-cyclopropylimethoxy-4-difiluoromethoxy-
benzoic acid 1-4C-alkyl-aster.

1. Process according to any of Claims 1 to 10, characterized in that the product resutting from the
process is recrystallized in a mixture of isopropancl and water and the ratio of isopropanol/water is
between 85:15 and 100:0% by volume.

12, Process according to any of Claims 1 to 10, characterized in that the product resulting from the
process is recrystallized in a mixture of isopropanol and water and the ratio of isopropanol/iwater is
between 90:10 and 95:5% by volume.



