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Abstract: The ' | ates to a nethod for produci ;l?qu t hat
contain varden%tly?ﬁ%@dr‘socﬁl oride, essenti ail y as tri h;lfgﬁ' I'n so ?% form
and to nmedi canents that can be obtained atcording to this nethod.

2004/ 006894 PCT/ EP2003/ 007093 Medi canent s cont ai ni ng vardenafi |
hydrochl oride trihvdrate The application relates to nmedi canents which

conprise Vardemﬁidagif‘e_hﬁraﬁhﬁiﬂiﬂgggrdéhmtmtrbﬂiled@&inHﬂYéﬂrate in solid
form and processes.tor the production thereof. e active pharnmaceuti cal
i ngredi ent vardenafil (IUPAC nanme: 2-ethoxy-5-[(4-ethyl-
1- pi perazinyl) Ifo | }-5-net.hyl - 7-pr.opyl i m dazo[5, 1 f] .
1D BTt ot et ) Bt aEicabB Sebick 18 Besicament SHRER coenss g arafth dudrgchloride
hydrochlorlde erectile
dysfunction i s§ gésa}c{ﬁlg}eﬁ H%QS@%@?A%?H mfg&réx ’Ih[(ﬁ E;g%ﬁﬂcg%{‘ %fog It
has been §ound that vardenafil hydrochloride occurs in four different
pol ynor phi ¢
The active pharmaceutical ingredient vardenafil (IUPAC name: 2-ethoxy-5-[(4-ethyl-
1-piperazinyl)sulfonyl]phenyl}-5-methyl-7-propylimidazo[ 5,1-f][ 1,2,4]triazin-4(3 H)-
one), vardenafil hydrochloride and vardenafil hydrochloride trihydrate and the use
thereof from the treatment of erectile dysfunction is described in WO 99/24433 as

10 Examples 19, 20 and 336.

It has been found that vardenafil hydrochloride occurs in four different polymorphic
forms (anhydrous modifications I with melting point of 217°C, modification 1I with
melting point of 190°C, modification 11 with melting point of 183-186°C,

15 modification IV with transition point of 166°C) and that none of these polymorphic
forms is preferentially formed at room temperature. In addition, the individual
polymorphic forms may take up different amounts of water, depending on the
ambient humidity and temperature, and form with water further polymorphic forms,
called pseudopolymorphic forms.

20
Since different polymorphic forms of a substance frequently differ in their dissolving
behavior, these differences may become manifest for example in the bioavailability
(AUC), maximum plasma concentration (Cp,) and time of appearance of the
maximum plasma concentration (AUCmax). It is also possible for absorption to be

25 reduced, resulting in an inadequate or entirely absent effect.

Thus there is on the one hand the problem that solid medicaments must comprise the
active ingredient vadenafil hydrochloride in defined and reproducible form.
However, on the other hand, the polymorphic forms of vardenafil HC] cannot be
30 prepared or isolated in pure form because they each take up small amounts of water

and thus exist as mixture of the polymorphic form and of a hydrate.




forns (anhydrous nodifications | with nelting point of 217C, nodification 11
with nelting point of 190C, nodification Mwith nelting point of 183-186C,
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addition, the individual polynorphic forns may take up different anounts of

wat er, dependi on the anbient, hum dit d. tenperature, and formwt
wat er further Egﬁ yttl?_ﬁ?epl"ﬁe%sof’%r ﬁzg,rdengﬁl} ﬂ@'&}/ﬂ‘}ggﬁﬂiﬁpgﬁp y‘HﬁPB"!‘h?E f’%_r'l’i’g‘fed?@‘ Sthce
gifferent polyfRuRAMEnEH WhidheactRihGeGEn(iS RIUEHEIh: i {fifiolelt thelr -
di ssolving behavior, these differences nmay beco ani fest tor exanple in

the bioavailability (AUC), maxi mnum plasma concentration (Cnax) and tine of
appearance of the maxinum plasma concentration (AUChax). It is also

possi bl e for abstspravohednipiad that enyer efl vanderafilthydrpchlorign intheldeponoé ther

entirel bsent ..effect.. Thus..t here,is on.{he ,one hand th robl emthat. solid
med; carrgn s m fhy(qffﬁ’.in’ti ?epclfjsﬁlgie CPP{%P F‘ﬂﬁ# gﬁpgﬁwe%dgdﬁﬁpgwgr@EmdBF‘}blfe in
defined and remraﬂwﬁerpdhesefrﬁéd&amémsvm%oist&&dgdagipgtopsfterhg.gﬁProhnaio%Q' ymor phi ¢

forms of vardenafi|l HCI cannot be 30 prepare I sol at n pure form
because they each take up small anmpbunts of water and thus exist as m xture
of the pol ym)r[%hi ¢ formand of a hydrate. -2 For these reasons, vardenafil
hydr ochl ori de T8¢ itvsutiembiceeiars iekgseldi eprocess for producing medicaments comprising

vardenafil hydrochloride trihydrate in solid form, characterized in that

10
a) vardenafil hydrochloride with any content of water of crystallization is
employed in the production of the medicament,
b) the vardenafil hydrochloride is converted into the trihydrate form at an
15 intermediate processing stage or in the final product, and
c) where appropriate the process conditions in the following process steps are
controlled so that the content of water of crystallization of the vardenafil
hydrochloride trihydrate changes negligibly.
20
Vardenafil hydrochloride can be employed in this process with any water content, i.e.
as trihydrate or in a form whose content of water of crystallization differs
substantially from 9.3% by weight.
25 Vardenafil hydrochlonde is converted into the trihydrate form in one of the next

processing stages or in the final product and, where appropriate, the process
conditions in the following process steps are controlled so that the content of water of

crystaliization of the vardenafil hydrochloride trihydrate does not change.

Conversion into the trihydrate form takes place according to the invention by

30 bringing the intermediate processing stage or the final product into contact with



pedi canents in which the active ingredient is to be present in solid form

It has now been found that on use of vardenafil hydrochloride in the form of
the 5 trihydrate it is possible to obtain3solid nmedicanments in uniform and
reproduci ble formwhen these nedi canents are noi stened during or after
their production. The invention therefore relates to a process for producing

medi canment s conpr.i.si ng vardenaf. | drochloride trihydrate.i.n solid form
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in a form whoseusanthe MoifbndtBda8 ca® be Gltbahedd drnbvigst sHd Breiight imibRekaatwid | v
from9.3% by weight. 25 Vardenafil hydrochloride is converted into the

trihydrate fornhd phamacaficslhformexs unfooulyssiprgsibleage s whichrthe ipbafiacahtical
product and, where appropriate, the process . . )

forms can be incubated under the stated conditions. The time for which the

moistened gas is passed over or in, or the residence time of the pharmaceutical form

10 in the system and the relative humidity of the gas depends on the initial water content

of the pharmaceutical form and the ratio of amounts between moistened gas and

pharmaceutical form. It may vary from a few minutes up to several days, with 0.5 -

12 hours being sufficient in most cases. In the case of packaged pharmaceutical

forms, generally times of 1 day — 6 months are sufficient.

15
Solid medicaments are all pharmaceutical forms which comprise vardenafil
hydrochloride trihydrate in solid form, such as powders, granules, tablets, film-coated
tablets, sugar-coated tablets, fast-dissolving flakes or hard gelatin capsules.

20 Solid medicaments for the purposes of the invention are preferably tablets, especially

coated tablets, because in the processing of vardenafil hydrochloride trihydrate to
produce tablets, especially during coating of the tablets, by conventional methods
there is to a particular extent partial or complete dehydration of the tnihydrate again,
and the active ingredient is again present non-uniformly in a plurality of polymorphic

25 and pseudopolymorphic forms.

Besides vardenafil hydrochloride trihydrate, which exists at room temperature in only
one crystalline modification (the water content in vardenafil hydrochloride trihydrate
is 9.3% by weight), the medicaments product according to the invention comprise

30 further pharmaceutical excipients known to the skilled worker.




conditions in the follow ng process steps are controlled so that the content
of water of «crystallization of the vardenafil hydrochloride trihydrate does
not change. Conversion into the trihydratedf-ormtakes place according to the
invention by 30 bringing the internediate processing stage or the final
product into contact with 3 noistened gas in a suitable systemuntil there
has been subst | 0 of. the trihydrate of vardenafi .
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conprise var de@l%fsﬁdwdone as disintegrant, preferably magnesium stearate as lubricant.
10
Further adjuncts which may be added where appropriate to the tablet are, by way of

example and preferably, flow regulators such as colloidal silicon dioxide.

Particular preference is given to coated tablets which, also in the form ready for
15 administration, comprise the active ingredient vardenafil hydrochloride reproducibly

in the trihydrate modification.

Coated tablets are unambiguously defined by the European Pharmacopeia, 3rd
edition 1997, page 1852: "Coated tablets are tablets covered with one or more layers
20 of mixtures of various substances such as natural or synthetic resins, gums, gelatin,
inactive and insoluble fillers, sugars, plasticizers, polyols, waxes, coloring matter
authorized by the competent authority and sometimes flavoring substances and active
substances. The substances used as coatings are usually applied as a solution or
suspension under conditions in which evaporation of the solvent or dispersant occurs.
25 When the coating is a very thin polymeric coating, the tablets are known as film-

coated tablets.”

" Reference is additionally made to the definition of tablets in the European

Pharmacopeia, 3rd edition 1997.

30 Since the aim during the process is to dry off the solvent or dispersant and form a

film from the coating material, on production of coated tablets comprising vardenafil




hydrochloride trihydrate in solid form such as powders, granules, tablets,
filmcoated tablets, sugar-coated tablets, fast-dissolving flakes or hard
gelatin capsules. 20 Solid nedicanents for-5he purposes of the invention are
preferably tablets, especially coated tablets, because in the processing of
vardenafil hydrochloride trihydrate to produce tablets, especially during

coating of the | t 1anal thods . there is to_a particular
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vardenafil hydhoglotKlbtige reproduditly ot ehePfobhes Rk Mrihydrhteratso i thk To@RY kaday Soand
| ubricants and, where appropriate, further excipients. The tablets of the

i nventi on pref edmiglistrationpri se 0.1 - 70% by wei ght vardenafil hydrochloride
trihydrate, 0.1 - 10% by weight disintegrant, 0.1 5 2% by wei ght | ubricant
and, where appropriate, further adjuncts, and the filler as remaining

ingredients. T t%i%bﬁt%?er&ﬁ”&%{h%ﬁ,s iR ShSERRaYaMh AT RREYEbRE LRC skl 56 as

filler, preferabl
10 rehydration method. In this there is surprisingly formation in the coated tablet in all

cases of one and the same trihydrate of vardenafil HCI, irrespective of which
polymorphic form or mixture of polymorphic forms of vardenafil hydrochloride was

initially present in the coated tablet.

15 A further aspect of the invention is therefore a method for producing coated tablets
comprising vardenafil hydrochloride trihydrate, which is characterized in that coated
tablets comprising vardenafil hydrochloride in any one or plurality of (hydrate)

modifications and produced by conventional methods are subjected to a rehydration

process.

20
The rehydration process is preferably carried out in such a way that the coated tablets
are brought into contact in a suitable system with moistened gas until the trihydrate
of vardenafil HCI has formed in the pharmaceutical form.

25 Suitable systems in which the rehydration process is carried out are, by way of

example and preferably, in controlled environment cabinets, controlled environment

rooms, fluidized bed granuators, coating apparatuses or drums.

Moistened gas is, by way of example and preferably, air with a relative humidity of

30 from 35% to 100%, particularly preferably 50% to 99%.



erospovi done as disintegrant, preferably nmagnesium stearate as |ubricant. 10
Furt her adjuncts which may be added where appropriate to the tablet are, by

way of exanple and preferably, flow regul-&-ors such as colloidal silicon

di oxide. Particular preference is given to coated tablets which, also in the
formready for 15 adm nistration, conprise the active ingredient vardenafil

hydr ochl ori de i [ ri r.at odi fi,cation.. Ceated tahl ets
are unanbi guoug?"?/{ ngg[?{?nlgﬁdydéfi}t#hgetgﬁuﬁgp%%dgﬁgl?g@g et r§§dmc@(§i YriSH- 1997,
page 1852: " Coakafipleadil ehe uaye of abksitfolRAVANEEneA cAMet Ofr BRtRe IfRYETT L0 Of
m xtures of various substances such as natural or synthetic resins, guns,
gel atin, i nactluubzesnhbed graoulater eorfeldel e sontimugasts or ptasionally egitatedo firyhetter
waxes, colori n?raga aut hori.zed by the. conpetent authority and sonetines

tt
flavoring subs _%sﬁiﬁamaelﬁi%le B SARUAE SYFRE- d1jp alsa mesblE SR ERrRSOW AR | ngs
are usual by appli,arkidi Aokl U Me Wated YRGS Te Moy AAGIEAND NG Al ch

evaporation of t ent or persant occurs. he ¢ ng -

very thin pol ylpie;ﬁxh@bteaatuiraﬂ@‘,vabdileFbﬁihliseﬁlﬁ?@sreghk@9&1@ ascdatddmableRatSRchidet s
Reference is additionally nade to the definition of tablets in the European

Phar macopei a, 3 gceniralied snviggmmengeom®i.nce the ai m during the process is to
dry off the solvent or dispersant and forma filmfromthe coating
material, on production of coated tablets conprising vardenafil

The time the rehydration lasts depends on the initial water content of the coated
10 tablet, the relative humidity of the moistened gas and the ratio of amounts between
moist gas and the coated tablet. It may vary from a few minutes up to several days,
and a rehydration time of 0.5 - 12 hours is sufficient in most cases. In the case of
rehydration in a pack which is permeable to water vapor, the rehydration time
additionally depends on the permeability to water vapor of the packaging material. In
15 pharmaceutically customary blister packs, times of from 1 day up to 6 months are

generally sufficient.

If the rehydration is carried out at an intermediate processing stage, the subsequent
process conditions are controlled so that the content of water of crystallization of the
20 vardenafil hydrochlonide trihydrate does not change. For this purpose, the subsequent
process steps are carried out at relative humidities of the air in contact with the

product of 30 — 100%, preferably 35 — 99%.

It 1s astomishingly possible by the method of the invention to convert undefined
vardenafil hydrochloride modification mixtures completely into the trihydrate form
25 even in the dense structure of the finished coated tablet. There are moreover no
unwanted side effects on the quality of the coated tablet, such as, for example,
crumbling, cracking of coating layers or reduction in the rate of release of active

ingredient.




5 hydrochloride trihydrate by the conventional nethods there is a
particularly high degree of |loss of water of crystallization fromthe
active ingredient. A preferred enbodi nent -8+ the invention is therefore a
met hod whi ch produces 5 coated vardenafil hydrochloride trihydrate tablets
whi ch conprise vardenafil hydrochloride reproducibly in the formof the

trihydrat I ' f ). N} tion, his preferred
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hydrochl oride was initially present in the coated tablet. 15 A further
aspect of the invention is therefore a nethod for producing coated tablets
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are subjected to a rehydration process. 20 The rehydration process is

preferably carried out in such a way that the coated tablets are brought
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invention is that the crystal structure of the active ingredient in the medicament is
10 unambiguously defined, reproducible and stable over a wide range of relative
humidities, corresponding coated tablets show faster disintegration and, contrary to
the expectation from the prior art to date (David J.W. Grant, T. Higuchi, Techniques
of Chemistry, Volume XXI, pages 38, 42 and 43), the rate of dissolution of the active
ingredient from the tablets of the invention or produced by the method of the

15 invention is constantly fast.

The tablets of the invention or produced by the method of the invention can be
unambiguously defined on the basis of the crystal structure by the raman spectrum
(the FT raman spectrum of vardenafil hydrochloride trihydrate shows a significant

20 peak at 1701 em’™. Polymorphic and pseudopolymorphic forms with a lower water
content and mixtures thereof by contrast have a band at 1692 cm™), IR spectrum,
NIR spectrum, FIR spectrum, *C solid NMR spectrum and the X-ray diffractogram
(cf. Figures 2, 4 — 8 and Tab. 3 — 8 appended).

25 Concerming the production of vardenafil hydrochloride and vardenafil hydrochloride
trihydrate, express reference is hereby made to the disclosure of WO 99/24433, in
particular Examples 20 and 336.

The vardenafil hydrochloride in the medicaments is preferably at least 90 mol%,

30 particularly preferably at least 95 mol%, in the trihydrate form.



of vardenafil HCO has forned in the pharmaceutical form 25 Suitable systens
I n which the rehydration process is carried out are, by way of exanple and
preferably, in controlled environnent cabi-8ets, controlled environnent

roons, fluidized bed granuators, coating apparatuses or drumnms. Mistened gas
I's, by way of exanple and preferably, air with a relative humdity of 30
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1 modification. The medicaments can therefore be produced reproducibly, and

they release of vardenafil at a reproducible and uniform rate.

2. The rate of release of the active ingredient from the medicaments of the
invention is comparable to that from medicaments containing the solvate-free

15 active ingredient. The rate of release from solvate-containing, in this case
water-containing, crystals in the same solvent, in this case water, is usually

less than from solvate-free crystals.

3. The disintegration time of the medicaments, especially the coated tablets, is
20 shorter. The medicaments are therefore particularly suitable for the treatment
of diseases for which the rapid onset of action is desired, such as, for

example, for the treatment of erectile dysfunction.

4. In contrast to the highly hygroscopic medicaments containing solvate-free
vardenafil hydrochloride, the medicaments of the invention are stable on
25 storage for long periods and scarcely change their composition, in particular

their water content.

The medicaments of the invention can be administered in various ways. Examples
which may be mentioned are: oral, sublingual, buccal, nasal, inhalation, subcutaneous,

30 or topical. Oral administration is preferred.




15 pharmaceutically customary blister packs, tinmes of from1l day up to 6
nonths are generally sufficient. If the rehydration is carried out at an
i ntermedi ate processing stage, the subsequ&nt process conditions are
controlled so that the content of water of crystallization of the 20
vardenafil hydrochloride trihydrate does not change. For this purpose, the

subsequent prpCESS I t ive hum di-ties af the air
in contact wt ﬁegé{gﬁgﬁug{&ﬁa@ghﬂ%ggébtgp?@gggﬁla§n %@ ogga:%outl ﬁ()l{)i t_o
astoni shingly skl enlyaltike pretetibly but 1803 &Y SR df BodPWefsht 1d/3dgdvened
vardenafil hydrochl oride nodification m xtures conpletely into the

tri hydrate foréffee8veresults n the dense structure of the finished coated
tabl et. There are noreover no unwanted side effects on the quality of the
coated tablet, such as, for example, crunbling, cracking of coating |ayers

or reduct4on i gﬁg, Lve.: | Lept. 7 |t _has also
been foun% thaItE r%aﬁ?e?%ﬁée%b{ﬁ%:guc d\gltﬁﬁfg? #g}fﬁ‘éa[t%%g{egﬁltﬁ ﬁ{)ami e ﬁ?%‘ﬁ"%?ze a
nunber of advaitpgealaves faRdbe &f tBodl Svate dr aRthatie BPHY ALL@NAEtbn route,
hydrochloride trihydrate in conventional nethods. 5 The application

t her ef or e al sothe éndividaal responss to tis reedicament ety of He foremhatidn aifid tha¢ime or
nvention. The, adyant aqg of (e {abl ets of Lhg Lnvention ar_produced by the

to make do with less than the aforementioned minimum amount, whereas in other cases

10 the stated upper limit must be exceeded. If larger amounts are administered, it may be

advisable to distribute these in a plurality of single doses over the day.

The following examples serve to illustrate the invention further, but the invention is not

confined to the examples.



Fnvention is that the crystal structure of the active ingredient in the
medi canent is 10 unanbi guously defined, reproduci ble and stable over a w de
range of relative humidities, correspondi Hy- coated tablets show faster

di sintegration and, contrary to the expectation fromthe prior art to date
(David J.W Gant, T. H guchi, Techniques of Chem stry, Volunme XX, pages
38, 42 and 43) ate of dissolution of the active ingredient fromthe
tablets of th E#%@@ﬁ%lon or produced by the nethod of the 15 invention is
constantly fast. The tablets of the invention or produced by the nethod of

the invention can be unanbl uousl def| ned on the basis of the crystal
structure by t&emnarativeerample | i riahletspfzom theeaiventaomdbpratlidtion

hydrochl ori de tr te shovvs i ficant eak, gt 1701 cm
ol oot phi ¢ antieodng 8&@&%@%3@9&%& pc Biaar QindsEriisgp eiableis el
m xtures theregk iVensigpt rast have a band at 1692 cnt'), IR spectrum NR

spectrum FIR spectrum 13C solid NWR spectrum and the X-ray diffractogram
(cf. Figures 2, 4 - 8 and Tab. 3 - 8 appended). 25 Concerning the production
of vardenafi l drochl oride and vardenafil hydrochloride trihydrate,

express refer e%{(eg pgﬂh@pﬁw\’#ﬂ@l@fﬂ 61Glteee midxedi wiglub@S ool mirrogyealias celivtose

ol cament s | SABt 73BT spo Ve AR of 21 GloZir PR o Pelstig at
least 95 mol % 130 WR@rdspb YA SFollWEN b mixing and subsequent mixing with 350 g of
10 microcrystalline cellulose, 17.5 g of colloidal silicon dioxide and 35 g of magnesium
stearate. The mixture is compressed in a rotary press to tablets with a diameter of
6 mm and a mass of 87 mg (equivalent to 5 mg of vardenafil base). In a coating
apparatus, 43.5 mg of a coating suspension composed of 4.5% hypromellose, 1.5%
macrogol 400, 1.23% titanium dioxide, 0.25% yellow iron oxide and 0.02% red iron

15 oxide are sprayed on per tablet.

Comparative example 1

Vardenafil hydrochloride is present in the tablets partly as trihydrate and as anhydrate

20 (1 to 4 modifications). The tablets have a disintegration time of 2 minutes.

Example 2

The tablets are rehydrated in a fluidized bed granulator with 150 m’/h inlet air of
25 30°C and 19 g/kg water content for 4 hours (equivalent to 70% relative humidity).
The modification of the vardenafil HCl in the tablet thus corresponds according to
the invention to the trihydrate. The tablets now have a disintegration time of only

4 minute.



The nedi canents of the invention and the nedi canents which can be produced
by the nethod of the invention, especially the tablets of the invention or
produced by the nethod of the invention,-are suitable for the treatnent
and/ or prophyl axis of diseases in humans and/or animals, in particular for
the treatnent of sexual dysfunctions, very 5 especially for the treatnent

of erectile dysfunction.. .T. l.came I nvention.di splay several
unexpect ed advi\%& t.ablﬁlllﬁ"eorﬁg'ﬁl t(?z?ﬁ%i‘llfgé)?% &1 e PSR | hydr ochl ori de
only in one crystalline 10 nodification. The nedi canents can therefore be
produced reproduci bly, and they release of vardenafil at a reproducible and
uniformrate. 28.4The oltmicoodnize easdenafil tHE adhydrsei 3ghededenyith réMs kheof

medi canments of the invention is conparable to that from nedi canents
cont ai ni ng t he Mgnogap@limecellulgseand 3,66 ke gf dayasdrrosppmulopginea mlechasicahsexdrr om

sol vat e-cgnt ai gin t.hi se. r-cent.aining,.crystals i sane

sol vent, Fn t hiEIJgle %glsxe Gt éﬁm%ﬁ W&ﬁ??qﬁg FgggrOFWQ%IIfqeo%?@gqsgfpg é?‘g
crystals. 3. ThgspbhlcHeel tcbMinkt Mx& adderalBdied LR

coated tablets, |Sg(b 0 shorter. 1The ?red?cagrrgnts agy?ﬁi?g parlwc{} arly
suitable for t h&ntmtafﬂrﬁo lcgofchoﬂeaiabshécﬂfdxme land B@Orm)bﬁina)gl&emmm‘teaam,l on

is desired, such_ as, for exan‘g for the treatnent of erectile
dysfunction, 4!ablels Withearmass of 428 me andgndligmetel pH 2 supiats m@%én@ﬁf@aﬁfdmlm ni ng

sol vate-Tree  yardonal ol AR St cfiea il MRIDSAIENSSS. 21 1f BenjpksRideen are

stabl e on
10 1.91 kg of macrogol 400, 1.57 kg of titanium dioxide, 319 g of yellow iron oxide,

25.5 g of red iron oxide and 118 kg of purified water in a commercially available
coating system. The modification of vardenafil HCI in the coated tablets does not
correspond to the trihydrate form and therefore represents an undefined mixture of
anhydrous and hydrous forms of vardenafil HCl. The coated tablets are treated with
15 air having a water content of 16 g of water/kg (corresponds to 80% relative humidity)
in the coating system at 25°C for 5 hours. The modification of vardenafil HCI in the

rehydrated tablets corresponds to the trihydrate.

Stability test: The tablets with vardenafil HCI trihydrate are stored in the open at
20 25°C and 30% relative humidity for one week. Despite the low humidity, no loss of
water of crystallization occurs during this, and the vardenafil HCI active ingredient

modification still corresponds to the trihydrate form.

Example 4: Active ingredient release from tablets produced according to the

25 invention

336 g of vardenafil HCl 1s mixed with 2216 g of microcrystalline cellulose and 134 g
of crospouvidone and granulated dry. Transfer of the granules is followed by mixing
with 283 g of microcrystalline cellulose, 16 g of crospovidone and 15 g of
30 magnesium stearate and compression to tablets with a diameter of 5 mm and a mass
of 48 mg (equivalent to 5 mg of vardenafil base per tablet). The tablets are given a
white coating with 57.4 g of hypromellose, 19.1 g of macrogol 4000 and 19.1 g of



25 storage for long periods and scarcely change their conposition, in
particular their water content. The nedi canents of the invention can be
adm nistered in various ways. Exanples whjxh may be nentioned are: oral,
subl i ngual , buccal, nasal, inhalation, subcutaneous, 30 or topical. Oal
admnistration is preferred. -9 It has generally proved advantageous to

adm ni ster anounts of about 0.001 to . 10 ng/ kg, Qn qr use preferably about

0.005 to 3 my/ KENGE %@a@e@a gfred gn dbhiopyd at ?éf@&nﬁv@%e@ﬁr@g. ugiqyy ?f%ry

nevertheless b I e_apor. | ate ewi.a Q e

anounts, in pgrd ?f%ﬁf@f I%Qsd{\g&?lﬁ%cwggﬁ%kﬁphg@o@ym\%?ﬁg‘% € o@{e?fgonﬁgf{gr Ee]heof

the adm ni str afrilRadrat©fdr@. the individual response to the nedi canent, the
13d

nature of its fornulation and the tinme or interval over which
adm ni stration takes place. Thus, it may be sufficient in sone cases to

ke d Lth | h he af Nt | d mni , . \Wh ' h
cases ‘i’ov%hg S RaBAVB AR 15540t CATBg THRE dx S RRIES of e VP AFRUREL e

es 10 #he o e dafdt e dut Fgon Bl e
Gimgle doses oAy Ty AR, id R0 NG hBRienk Moty Loy

iE;Wenlt ion furt RgforattyttofithetrihPRRd fofl of Sardehafil (fih BiRdfidishedhgbiexanpl es. - 10
anpl es

Table 1: Active ingredient release from tablets of Example 4

10
Time Active ingredient release
5 min 100%
10 min 101%
30 min 101%
45 min ' 101%

Release conditions: n = 6, USP paddle, 900 mi 0.1 — M — HCl, 75 rpm, 10 um filter

15 Example 5 Small variation in the relative bioavailability of tablets of the

invention

0.645 kg of vardenafil HCI are mixed with 2.42 kg of microcrystalline cellulose and
161 of crospovidone, sieved and granulated dry with a drum. The granules are then
20 mixed with 0.339 kg of microcrystalline cellulose, 18.8 g of crospovidone and 18 g
of magnesium stearate and compressed to circular tablets with a diameter of 7 mm
and a mass of 120 mg (equivalent to 20 mg of vardenafil base). The tablets are coated
with 0.765 mg of macrogol 4000, 2.295 mg of hypromellose and 0.765 mg of
titanium dioxide (amounts per tablet in each case). The trihydrate form of vardenafil
25 HCI is produced in the finished tablets by exposing them on plates in a controlled

environment room at 16 — 24°C and 60 - 75% relative humidity for 72 hours.




Conparative exanple 1 and Exanple 2: Tablets fromthe conventional

production nethods of drum granul ati on and coating and i nproved

disintegration of tablets of 5 the inventi®dn 216 g of m crofine vardenafil

HC1L are m xed with 605 g of mcro crystal line cellulose and 43.2 g of

crospovi done. Addition of 2101 g of mcrocrystalline cellulose and 132 g of
0

id ' | | b I X1 d.sub L, X1 ' 350 f
oo orystal | b ainret puests SR GERARHER of el ulimdl etivirdenaly el g o

magnesi um ste i i S | ets
g %écﬁ?@al%n'ﬂi@ 20104 Bf QarddendNHAESSSEE0 @m@ﬁl?r%(aémg%fn%yggmfoae,

with a dianeter o mm and a mass of 87 ' ng (equi val en

vardenafil basd)293| mgafquatyl pgrahgerpayamnasate, 43148 mp of kuaosod i Iy npusihems; on
conposed of 4.5% hypronel | ose, 1.5% macrogol 400, 1.23%titani um dioxide,
0.25% yel | ow i @B léskic gsidaaiptd oD e% predugedothhe phararekanetics afipy agminsyiatipn pf

t abl et . npar af,i apple 1 Vardenpafil, hydrochl oride is present n the
abl ets part 1y SUF S0 TRuGor i SR Rhtr o ARl o RORRRRL sy
The tabl ets haye maidksti@itearadld On tine of 2 minutes. Exanple 2 The tablets
are rehydrated in a fluidized bed granulator with 150 nB/h inlet air of 25
30C and 19 g/ kg water content for 4 hours (equivalent to 70%rel ative

hum dity). The nodification of the vardenafil HCO in the tablet thus
corresponds acd@bis Fg t o Phameacpkipetia paspmeterstatist adminstratior of tphiets efifixemplaow
have a disintegration ti 'gean8fa sgﬂxlti%n (geometric means / geometric standard deviations)

10

Parameter Tablets corr. to Example 5 | Comparative solution
AUC (g x L) 60.2/1.64 64.6/1.78
Cmax (pg/L) 21.1/1.86 22.5/2.09

The results show that tablets of the invention have a relative bioavailability of 93%
compared with an aqueous solution. Since the geometric standard deviations of the
bioavailability and maximum plasma concentration are less than after administration
15 of the aqueous solution, it is possible to rule out variations resulting from variable

polymorphic or pseudopolymorphic forms of vardenafil HCI in solid form in the
tablet.

Example 6
20

0.871 kg of vardenafil HCI trihydrate, 2.13 kg of microcrystalline cellulose and
0.158 kg of sieved crospovidone are vigorously mixed in a plowshare mixer. This
mixture is mixed with 3.08 kg of microcrystalline celiulose and 0.167 kg of
crospovidone, drum-granulated and then mixed with 0.0325 kg of colloidal silicon

25 dioxide and 0.0650 kg of magnesium stearate.

The mixture is tableted in a rotary press to tablets with a diameter of 8 mm and a
mass of 177 mg (equivalent to 20 mg of vardenafil base) and coated with 2.76 kg of

an aqueous coating suspension with 4.5 % hypromellose, 1.5% macrogol 400, 1.23%



“/2 mnute. -11 Exanple 3: Stability of tablets produced according to the

i nvention 28.4 kg of mcronized vardenafil HO trihydrate is mxed with 69.6
kg of mcrocrystalline cellul ose and 5. 1614«g of sieved crospovidone in a
mechani cal mxer. 5 The m xture is mxed with 182 kg of microcrystalline
cellul ose and 9.84 kg of crospovidone in a container m xer and granul at ed

by dry drum grapul ati,on, iy dm.xt ure, of kg, of colloidal silicon
i oxi e and 5 BOTR EB%idsoh R e ReTi e nd Pk s Fom Sk & S matg
and a di anet er Tpé nfodMAioR Bf QdKRALKT AR HOURT YbleRPliBls nbf ngpat ed
tablets are coated with a suspensi 0}1 of 51. 74 kg of hypsr gne%?%'gsé’m?ogl. 1 kg
of macrogol A40fhhydrabe/form (Bfgurd tani um di oxi de, 319 g of yellow iron oxide,
25.5 g of red iron oxide and 118 kg of purified water in a cormmercially
avai l abl e coating system The nodification of vardenafil HC in the coated

tabl ets dpes n onrespond to.the,trihydrate,formand.therefo r sents
an undefihed mﬂ}? ﬂ‘?%é’ ‘Ogdﬁﬁ%ﬁ&?g%dmﬁ%%é@SPﬁEg&%lﬁ}amgﬁaéﬁft ﬁgﬁ The
coated tabl etsyar e i Wy i : € . f

wat er/ kg (cor rlegplgﬁ%s@ ?%Eégjogs/\éo&r gﬁaé?lia@é aﬁgfﬁléglﬂtg%/)%vm?%ﬁ{ﬁemgggg %ﬁgjfs%]/sg?gan@at
25C for 5 hour $6 g/kighummdiity {eqaivalent of309ardenefhumidiG) ford hbas. TiRhediaitabn

tabl ets corresponds to the trihydrate. Stability test: The tablets with
vardenafi| HCl of varagrafihHE  ag Bredaldets drepted i hivyyen carresppado®ahairthydos fosmat i ve
hum dity for o&elguv\rlg%) Despite the low humdity, no | oss of

10




wat er of crystallization occurs during this, and the vardenafil HCO active

ingredient nodification still corresponds to the trihydrate form Exanple
4: Active ingredient release fromtabl ets-psoduced according to the 25
invention 336 g of vardenafil HCl. is mxed with 2216 g of mcrocrystalline

cellulose and 134 g of crospovidone and granul ated dry. Transfer of the
granules is followed by mxing with 283 g of mcrocrystalline cellul ose, 16
g of crospovidone and 15 g of 30 magnesi um stearate and conpression to
tablets with agsy er of e f 4 eqpi en of
vardenafi | basg@%gr@q%abl et ﬁ.gm'?'ﬁ]e(ﬁffgrgﬁtet S a}rg&gg vg%%&mgf 't[a\g?ééoa%?%gmvﬁ\ln t

57.4 g of hypronel |l ose, 19virdgnaffl H®IC3 BiQQ) o‘f@ﬂﬂet@@ﬁEﬂc&nﬁleg’) béforelhydra@et um
di oxi de and stored in the open at 25C and 80% relative humdity for 4 days.
The nodification of vardensidenaibHGlnhydorsminetehydrated dahbsmds to t he
trihydrate form 5 As shown by the release data in Table 1, the tablets of
the invention produced in this way show an extrenely rapid rel ease of
active ingredient despite the conplete restoration of the trihydrate form
of vardenafil RAphahinitye finished tablet. Table 1. Active ingredient release
fromtablets of Exanple 4 10 Ti neActive ingredient rel ease
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5 m nl00% 10 m n101% 30 m n101% 45 m n101% Rel ease conditions: n = 6, USP
paddle, 900 mM 0.1 - M- HCG, 75 rpm 10mfilter 15 Exanple 5 Small
variation in the relative bioavailability-bf-tablets of the invention 0.645
kg of vardenafil HCL are mixed with 2.42 kg of microcrystalline cellulose
and 161 of crospovidone, sieved and granulated dry with a drum The
granules are then 20 m xed with 0.339 kg of mcrocrystalline cellul ose, 18.8
g of crospovidone and 18 g of magnesi um stearate and conpressed to circul ar
tablets with aFgiviedber Rbmén ndiffefehe ape@asn QF dpdoirid O aatisal-effech®@n 26f MY
of vardenafil base). The tablets are coated wth 0.765 ng of macrogol 4000,
2.295 ng of hypronel | osevamdenadil 7861 FgHo®) dofi tablatsuod dExemplte 6 (aftop uebwdrateon

tabl et in each case). The tri te formof vardenafil 25 HCl is produced
in the finished tablets B@rd%%gﬁg{cﬁ&“m‘é%wnﬁlegﬁggteaFFbéEt%ontroI | ed
environment roomat 16 -- 24C and 60 - 75%relative humdity for 72 hours. -
13 For conpari sorRagHérg% g a solution consisting of 21.49 ng of vardenafil
HC  (equi val ent ﬁg of vardenafil base), 38.69 ng of nethyl

par ahydr oxybenzoate, 4.298 ng of propyl parahydroxybenzoate, 6448 ny of
sucrose, 17419 np of water
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and lactic acid ad pH 3.9 is produced. The pharnacokinetics after

adm nistration of 5 tablets and solution were conpared in a random zed, open
crossover study on 12 male subjects (Tablg72). Table 2: Pharmacokinetic
paranmeters after adm nistration of tablets of Exanple 5 and a sol ution
(geonetric neans / geonetric standard deviations) 10 ParaneterTablets corr.
to Exanpl e 5Co é e solution AUC ( g x hfL)60.2/1.6464.6/1.78 Crax (g /
L)21.1/1.8622. he results show that tablets of the invention have a
relative bioavail ab| lity of 93% conpared with an aqueous sol ution. Since
the geonetric standard devi ations of the bioavailability and maxi mum pl asna
concentration &g efSeatddaablafst prodaddianiis thxatmiptn6 hee oéattmeﬂaqhe@umrfgdhm i on,

it is possible to rule out variations resulting fromyvariable nmor phi ¢
or pseudopol yrréqbgfﬁ drum gyith 46 m il dHrat 21 e end %4%04513&‘-’? Sumidity tbfmlgxtaaﬁpet .

Example 6 20 OH?"E%WJ}%}E%/%&GQ&% 15HCI trihydrate, 2.13 kg of

m crocrystalli é an 8 kg of sieved crospovidone are
vigorously mxed in a plowshare m xer. This mxture is mxed with 3.08 kg
of mcrocrystalline cellulose and 0.167 kg of

Example 8

12.3 kg of vardenafil HCI trihydrate, 30.2 kg of microcrystalline cellulose and
224 kg of sieved crospovidone are mixed. This mixture is mixed with a further
10 238 kg of microcrystalline cellulose and 12.8 kg of sieved crospovidone, drum-
granulated and then mixed with 1.5 kg of colloidal silicon dioxide and 3.0 kg of
sieved magnesium stearate. This mixture is compressed in a rotary tablet press to
circular tablets with a diameter of 5.5 mm and a mass of 72 mg. The tablets are given
a red coating with 5.74 kg of hypromellose, 1.91 kg of macrogol 400, 1.57 kg of
15 titanium dioxide, 319 g of yellow iron oxide and 25.5 g of red iron oxide. The coated
tablets are rehydrated in two part-batches of about 140 kg by treating them in a Glatt
1250 type coating system with 2000 m*h inlet air of 16 g humidity/kg at 25°C

(equivalent to 80% relative humidity) for 5 hours.

20 Example 9

600 g of tablets consisting of 5926 mg of vardenafil HCI trihydrate, 4.35 mg of
crospovidone, 0.87 mg of magnesium stearate, 75.419 mg of microcrystalline
cellulose and 0.435 mg of colloidal silicon dioxde are coated in a Kugelcoater with
25 an organic coating solution consisting of 6.65 % cellulose acetate, 0.35% PEG 3350,
92.535% acetone and 0.465% water until 82.76 g of coating has been applied. The

coated tablets are treated on trays at 25°C/80% relative humidity for 24 hours.




Grospovi done, drumgranul ated and then m xed with 0.0325 kg of coll oi dal
silicon 25 dioxide and 0.0650 kg of nmagnesium stearate. The m xture is
tableted in a rotary press to tablets withl&-di aneter of 8 nmand a nass of
177 ng (equivalent to 20 ng of vardenafil base) and coated with 2.76 kg of
an aqueous coating suspension with 4.5 % hypronel | ose, 1.5% macrogol 400,

1.23%-14 ti ta'ﬁx'ﬂﬂ % ?ﬂ(i de, 0.25% yellow iron oxide and 0.02% red iron oxide

in a coating p dification of vardenafil HO in the tablets does not
correspond to the trihydrate form (Figure 1a). 5 The rehydration is carried
out by introducing the coated tablets into a datt GPCG 1/3 type fluidized
bed granul at or Tabkdtst are grodugediiat fedSibedEHxampid 6t Ader cadting Stheanblets lfe gédigt

hum dity (equivalent to 80% relative humdity) for 4 hours., The nodification
of vardenafil RtP blistef packsaphigh sonsis &l pm Alpmanumy gheeh combined vt 35 ghe’

trihydrate for Lour - lgure 1 | fhergnce spectrum (=
spectrum gf ta?ﬂp e%ﬂé? 9;!3 Sgcé%%n%? Olo\r}égdgﬂﬁgﬁ f‘ﬁ?spﬁ%f‘ﬁ?ﬁ%%- o"?het @bﬁ?%'t %a%g? are
Exanpl e 6 bef of@ubby dindéd Sshtrollad dRAakiohs HChsanydrepss raefed RIVHG BF six
tabl ets. Raman units

months. The modification of vardenafil HCl in the tablets treated in this way

corresponds to the trihydrate form.

10 Beispiel 11

2.96 kg of vardenafil hydrochloride trihydrate, 7.25 kg of microcrystalline cellulose
and 538 g of crospovidone are mixed in a plowshare mixer. The mixture is mixed in
a free-fall mixer with 26.1 kg of microcrvstalline cellulose and 1.64 kg of
15 crospovidone. The mixture is granufated dry in a drum granulator and then mixed
with 4.35 kg of microcrystalline cellulose, 218 g of colloidal silicon dioxide and
435 g of magnesium stearate. This mixture is compressed in a tablet press to circular
tablets with diameter of 6 mm. The tablets are coated in a coating pan with a coating
dispersion which has the following ingredients: 832 g of hypromellose, 277 g of
20 macrogol 400, 227 g of titanium dioxide, 17.1 kg of water, 46.2 g yellow and 3.70 g

of red iron oxide.

The finished tablets are sealed in blister packs which were produced using a 300 pm
colorless and transparent PP sheet and 20 um aluminum sheet with sealing layer. In
25 this state, the modification of vardenafil HCI does not correspond to the tnhydrate
form. The blister packs are then incubated at 25°C and 80% humidity for three days.
The active ingredient in the tablet then corresponds to vardenafil hydrochoride

trihydraic.




1692 cm 1 Wave nunbers [cm 11 -16 Figure | b Raman difference spectrum (=
spectrum of tablet - spectrumof vardenafil HClI 3 H20) of tablets of
Exanpl e 6 after rehydration vardenafil HECL9anhydrous non-rehydrated
tablets. Raman units O 1790 1720 1700 1880 1000 1040 1820 1600 1586 1500
1540 1520 1500 Wave nunbers [cm 1] -17 Exanple 7 37 kg of coated tablets
produced as i n%&G are treated after the coating in a tablet drum
with 40 nB/h i at 21 C and 84% relative hum dity through a gas-
i ntroduction pipe for 3 days. 5 Exanple 8 12.3 kg of vardenafil HCL
trihydrate, 30,2 kg of microcrystalline cellulose and 2.24 kg of sieved
crospovi done ar&e preseste oftthe trihiydrate orinsofiriaxdegafii HE1 in thefinirhed toateBableg iof
' ir . ' d id , dru
mcrocrystalli ?n%egt?glaltelﬁj I(J)ys ﬁTarg%a% 2spgctr% co%fy. ﬂlee \ﬁ‘ ra?nragss%ggt}un? 2? vardenarHI HCl
5 trihydrate tablets is distinguished in contrast to corresponding placebo tablets by
bands at 1701 em™, 1624 cm™, 1594 cm’, 1580 cm™, 1561 cm™ and 1518 cm’!
(Fig. 2). Unambiguous assignment of these bands to the active ingredient vardenafil
HCI trihydrate is proved as follows. A single-crystal X-ray structural analysis of
vardenfil HC1 trihydrate exists, and the theoretical two-dimensional X-ray powder
10 diffractogram is calculated with the aid thereof. If the X-ray powder diffractogram
obtained experimentally for a given sample of the active ingredient agrees with the
theoretical diffractogram, then the given sample is unambiguously vardenafil HCl
trihydrate. The FT raman spectrum of the same sample is thus unambiguously to be
assigned to vardenafil HCI trihydrate (Tab.3). If this substance is dried, bands of 1 to
15 4 anhydrate modifications appear in the FT raman spectrum, e.g. at about 1692 cm’
and 1599 cm™. The intensity of the bands belonging to vardenafil HC! trihydrate in
the FT raman spectrum is reduced according to the amount remaining in the sample
(Fig.3). Absence of the bands at about 1692 cm™ and 1599 cm™ in the FT raman
spectrum can thus be used to test for complete rehydration of vardenafil HCI
20 trihydrate. The practical procedure for this is as follows: the FT raman spectrum of
vardenfil HC] trihydrate and the FT raman spectrum of the active ingredient-free
tablet of the corresponding formulation is subtracted from the FT raman spectrum of
a given tablet. Remaining raman intensities which are larger than the spectral noise
and > 0 are bands of components other than those present in the active ingredient-free

25 tablet and vardenafil HC! trihydrate. In the case of vardenafil HCI tablets these are,

for example, bands of 1 to 4 anhydrate modifications of vardenafil HCI.




granul ated and then m xed with 1.5 kg of colloidal silicon dioxide and 3.0
kg of sieved nmagnesium stearate. This mxture is conpressed in a rotary
tablet press to circular tablets with a d2@reter of 5.5 nmand a mass of 72
my. The tablets are given a red coating with 5.74 kg of hypronellose, 1.91
kg of macrogol 400, 1.57 kg of 15 titaniumdioxide, 319 g of yellow iron

oxi de and 25.5 l. ' ' blets are rehydrated in

t wo part-batchggg'i(:)}]f;3 2&8%31&%&%&%59%@/%3 eéﬁfﬁg?SﬁéP]ai nadatt 1250 type
coating systemw th 2000 nB/h inlet air of 16 g hum dity/kg at 25C

(equi val ent to 8p%t+etat+vehumei-ty)—For—5—hours—20FExanple—-9 600 g, of

tabl ets consistipg of 5.926 ng of vardenafil HO trihydrate, 4.35 ng of
crospovi done, 0.B7 nd‘oﬁ magnesi um stearate, 75.419 ng of m crocrystalline
cellul ose and 0.435 ng |of colloidal silicon dioxde are coated in a
Kugel coater w th| 25 a2 jrganic coating solution consisting of 6.65|%
cel lul ose acetatpe, 0.35% PEG 3350, 92.535% acgtone and 0. 465% wat er unti
82.76 g of coatipg has jpeen applied. The coatgd tablets are treated on
trays at 25C/80% relatijve humdity for 24 hourg. 18 Exanple 10 Tablefs are
produced as descf|ihed BExanple 6. After coating,} the tablets are sealed into
bl i ster packs whjchsdnsi st of 20 gm al um num dheet conmbined with 3.5(g/n2 5
PP sheet, and 30pP ngcollorl ess and transparent RP sheet. The blisten packs
are E 054
o

04 1

02+ b
, - ; . A [

300 3000 2500 2000 1500 1000 500 0
Wavenumber (em-1)




i.ncubat ed under controlled conditions at 25C and 60% relative humdity for
six nonths. The nodification of vardenafil HCO in the tablets treated in
this way corresponds to the trihydrate foe2lm 10 Beispiel 11 2.96 kg of
vardenafil hydrochloride trihydrate, 7.25 kg of mi crocrystalline cellul ose
and 538 g of crospovidone are mxed in a plomshare nixer The m xture is
mxed in a fr I i | 1 ul ose and
T 64 kg of 15 dABLGE AR bah it 50 o Bleglih SEPERUETHC 3T o um

granul ator and then m xed wth 4.35 kg of nlcrocrystalllne cellul ose, 218 g
of colloidal silicon dioxide and 435 g of magnesium stearate. This m xture
is conpressed pama@hﬂQIet press to circular tablets with dianeter of 6 nm
The tabl ets are_coated 7 coat Ty mwrtir—a coating dispersion which has
the foll ow ng |%red|ent\9 832 ¢ of1ﬁ§ﬁronellose, 277 g of 20 macrogol 400,
227 g of titanipgon di oxi dejpgs7. 1 kg |[aasgater, 46.2 g yellow and 3.70 g of
red iron oxidg. Jhe flnl‘gﬁ% tabletﬁ ? e sealed in blister packs which were
pr oduced usingzg 300 m rless é ransparnent PP sheet and 20 m al um num
sheet with sedBimg | ayer 111 25 thI$SSIate the nodification of vardenafi

HCl does not cgéﬁespond lﬁ he trihyS% folm The blister packs are then
i ncubat ed at 2 and 80% idity f& hree days. The active ingredient in
the tabl et thgdegorrespontslét o varddadil hydrochoride trihydrate.

499 1224 1623
583 1236 1701
624 1253 2940
649 1281 20983
733 1306 3002
746 1326
778 1357
817 1381
882 1395




-19 Exanple 12 The presence of the trihydrate formof vardenafil HCO in the
finished coated tablet is investigated by FT raman spectroscopy. The FT
raman spectrum of vardenafil HCO 5 trihydrdle tablets is distinguished in
contrast to corresponding placebo tablets by bands at 1701 cm 1, 1624 cm1,
1594 cm', 1580 cm, 1561 cm' and 1518 cm' (Fig. 2). Unanbi guous

T hyarate i s SRR ac PelRubaSr BE LK BrC R QAR 20mE Bl dnal ysi

of wvardenfil HCL trihydrate exists, and the theoretical two-dinensional
X-ray powder 10 diffractogramis calculated with the aid thereof. If the
X-ray powder diffractogﬁgﬂ% ﬁbtained experinentally for a givensanmple o
the active ingredient agrees With the theoretical diffracto ramsoghert he
gi ven sanpl e i s unanbi guously vardenafil HC trihydrate. The F—+aman
spectrum of the same sanple is thus unanbi guously to be agsigned to
vardenafil HC trihydrate (Tab.3). If this substance is, dr ed94baghs of59b {o
15 4 anhydrate nodificptions appear in the FT raman spd“ r tm—e—g—at—abott
1692 cm' and 1599 cg). The intensity of the bands bel éngi ng tﬁ;::;fj:fjil
HC trihydrate in the|FT raman spectrumis reduced ac¢ordi ng {ds590emrount
remaining in the sanplp (Fig.3). Absence of the bands|at about and
1599 cm' in the FT rgman spectrumcan thus be used tp\itest for conplete
rehydration of vardenafiabdidl Hod@ydalel hydrate The pract’ al pfocedure for
this is as follows: thge FT raman spect|rypapém™’
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vardenfil HC trihydrate and the FT raman spectrum of the active
ingredient-free tablet of the corresponding formulation is subtracted from
the FT raman spectrum of a given tablet.-Resaining raman intensities which
are larger than the spectral noise and > 0 are bands of conponents ot her
than those present in the active ingredient-free 25 tablet and vardenafi l

HO trihydrate. In S ardenafj | ts these are, for
exanpl e, bands of 1Eﬂ§"§§a§%%%Fé?@‘hﬁﬁF?P@ﬂﬁ%ﬁﬂgﬂg vardenafil HCl . -20
Figure 2: Raman spectrum of vardenafil HO 3 H2O0 1.4 1.2 f 1+ 0.4 + 0.2 + of
U uwd" 3500 3000 2500 2000 1500 1000 500 O Wavenunber (cm1l) -21 Table 3:

Tabl e of bands in the raman spectrum of vardenafiT HC 3 HZO PeakK [cnr|ll
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26010451456 29710891517 31311101561 39011671581 46012161594 49912241623
58312361701 62412532940 64912812983 73313063002 7461326 7781357 8171381
8821395 -22- Figure 3: Detection of the tf2dydrate form of vardenafil HCl
20ng tablet Raman units N 1701 cm' 1594 cm'

Table 4: Table of bands in the IR spectrum of vardenafil HC! 3 H.O

Peak [cm™]

515 906 1253 1707
560 927 1264 1935
583 954 1289 2478
604 983 1339 2517
648 1026 1357 2544
663 1043 1382 2621
684 1074 1388 2641
697 1089 1395 2680
714 1108 1411 2722
721 1132 1421 2875
732 1153 1454 2934
745 1168 1475 2967
751 1182 1517 3068
820 1202 1580 3332
841 1226 1594 3467
882 1236 1623

in




1599 cnm'' 1740 1720 1700 1680 i 650 ,640 Wave nunbers [cm] 1 1500 1540 1520
1509 23 Figure 4: IR spectrumof vardenafil HCl 3 H2O -24 Table 4-: Table
of bands in the IR spectrum of vardenafil-23G 3 H, O Peak [cm 11
51590612531707 56092712641935 58395412892478 60498313392517 648102613572544
663104313822621 684107413882641 697108913952680 714110814112722
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Table 5: Table of Bands in the NIR spectrum of vardenafil HC1 3 H,O

Peak [cm™]

4041 4804
4083 5107
4165 5694
4192 5833
4266 5911
4353 6080
4428 6501
4556 6818
4655 8479
4744




751118215173068 820120215803332 841122615943467 8821236 11623 -25 Figure 5:
Nl R spectrum of vardenafil HCO3 H2O 1.8 1.6 + 14+ CL) 1.2 2 0.6 0,4} 0.2 + O
i I_ 1 1 -i 10000 9000 aJOD 7000 6000 500028000 Wavenunber (cm 1) Table 5:
Tabl e of bands in the NIR spectrum of vardenafil HC13 H20 Peak [cm 1]
40414804 40835107

Figure 6: FIR spectrum of vardenafil HC1 3 H.O
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07 ¢+
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04+
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031
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01+

480 430 380 330 80 230 180 130 80
VWavenumber (cm-1)

Table 6: Table of bands in the FIR spectrum of vardenafil HCI 3 H.O

Peak[cnfﬁ

82 326
102 345
115 384
154 426
243 434
259 460
297 481
315




41655694 41925833 42665911 43536080 44286501 45566818 46558479 4744 -26
Figure 6: FIR spectrum of vardenafil HCO 3 H20 Table 6: Table of bands in

the FIR spectrum of vardenafil HCl 3 H20 P2ak [cm 11 82326 102345 115384
154426 243434 259460 297481 315

Figure 7: °C solid NMR spectrum of of vardenafil HCI 3 H,O
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--27 Figure 7: ' 3C solid NWVR spectrumof of vardenafil HCO 3 H20 -28 Tabl e
7: Table of bands in the '3C solid NMR spectrum of vardenafil HO 3 H20
Peak [ppm 10.667.7 13.3112.3 15.4115.0 152&4130.8 21.7132.6 28.7138.8
31.3143.3 42.6145.3 44.1152.1 50.2160.2 52.8 -29 Figure 8: X-ray

di ffract ogram of vardenafil HCI 3 H20 -30

Table 7: Table of bands in the "*C solid NMR spectrum of vardenafil HCI

3 H,0
Peak {ppm]
10.6 67.7
133 112.3
15.4 115.0
15.7 130.8
21.7 132.6
28.7 138.8
31.3 1433
42.6 145.3
44.1 152.1
50.2 160.2
52.8




Tabl e 8: List of peaks in the X-ray diffractogram of vardenafil HC 3 H20
Peak [2 Theta] 5.122.9 8.123.2 10.224.0 10.824.3 14.424.5 15.325.1 16.325.8
17.226.2 17.427.0 19.027.9 19.729.0 20.13029-20.732.0 22.333.3 WO

2004/ 006894 PCT/ EP2003/ 007093 -31 dains 1.

* Figure 8: X-ray diffractogram of vardenafil HCI 3 H,0
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510 2. 15 3. 20 4. 5. 25 6. 307. A nethod for produci ng nedi canents
conprising vardenafil hydrochloride trihydrate in solid form characterized
in that a) vardenafil hydrochloride with ay- water content is enployed for
produci ng the nedi canent, b) the verdenafil hydrochloride is converted
substantially into the trihydrate format an internedi ate processing stage

or in the finap,Redugbe pdfi€ REROS ARACIALIED oF uGlalii S5 act eri zed in

that coated t s‘are oduce

Peak [2 Theta]

5.1 229
8.1 232
10.2 24.0
10.8 243
14.4 24.5
15.3 25.1
16.3 258
17.2 26.2
17.4 27.0
19.0 279
19.7 29.0
20.1 30.9
20.7 32.0
223 33.3




The method as ¢f@ihoBglobéroal ai s 1 and 2, characterized ﬂcﬁr/EP%OBt/ﬁ?iOEJ
I nt ermedi ate processing stage or the final,product, or the coated ta%l et,

are brought into contact with noistened gas until the trihydrate has
substantially formed. The nethod as clainmed in claim3, characterized in
that air is enployed as gas. The nethod as clainmed in clains 3 and 5,
characterized Chaimisat the gas enployed has a relative humidity of from 35%
to 100% A nedi canent obtainable by the nmethod as clained in at |east one of
claimse 1 to 5. A coated tablet obtainable by the nmethd as clainmed in claim 2

. -32 8. di | I 04l 7. f t
Lreaimont and/ & pf oy s FEeRER APAGhARE Blopfee ardiofifmlarieloddE

clained in either ofritstigiteih Bliafishny, ch@mcteAgedihegdtment and/ or 5 prophyl axis
of erectile dysfunction. 10. The use of a medicanent as clained in either of

claims 6 and 7 for the treatnment and/or prophylaxis of erectile dysfunction.
a) vardenafil hydrochloride with any water content is employed for

producing the medicament,

b) the verdenafil hydrochloride is converted substantially into the
trihydrate form at an intermediate processing stage or in the final

product.

2. The method as claimed in claim 1, characterized in that coated tablets are

produced as medicament.

3. The method as claimed in claims 1 and 2, characterized in that the
intermediate processing stage or the final product, or the coated tablet, are

brought into contact with moistened gas until the trihydrate has substantially

formed.

4. The method as claimed in claim 3, characterized in that air is employed as
gas.

S. The method as claimed in claims 3 and 5, characterized in that the gas

employed has a relative humidity of from 35% to 100%.

6. A medicament obtainable by the method as claimed in at least one of claims 1

to 5.

7. A coated tablet obtainable by the methd as claimed in claim 2 to 5.
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8. A medicament as claimed in either of claims 6 and 7 for the treatment and/or

prophylaxis of sexual dysfunctions.

9. A medicament as claimed in either of claims 6 and 7 for the treatment and/or

5 prophylaxis of erectile dysfunction.

10. The use of a medicament as claimed in either of claims 6 and 7 for the

treatment and/or prophylaxis of erectile dysfunction.




