


Abstract: The invention relates to a method for producing medicaments that
contain vardenafil hydrochloride, essentially as  trihydrate in solid form,
and to medicaments that can be obtained according to this method.  WO
2004/006894 PCT/EP2003/007093 Medicaments containing vardenafil
hydrochloride trihvdrate The application relates to medicaments which
comprise vardenafil hydrochloride  substantially as trihydrate in solid
form, and processes for the production thereof. 5 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(3H)- 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 217C, modification 11
with  melting point of 190C, modification M with melting point of 183-186C,
15 modification IV with transition point of 166C) 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 (Cmax) 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 HCI 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. -2 For these reasons, vardenafil
hydrochloride is unsuitable as ingredient of 



medicaments 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 obtain solid medicaments in uniform and
reproducible  form when these medicaments are moistened during or after
their production. The invention therefore relates to a process 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 hydrochloride 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  crystallization 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 3 moistened gas in a suitable system until there
has been substantial formation of the  trihydrate of vardenafil
hydrochloride. Moistened gas is, in particular, air with a relative humidity
of from 35% to 100%,  5 particularly preferably 50% to 99%. Suitable systems
are all systems or chambers in which the moistened gas can be introduced or
provided and brought into contact with  the pharmaceutical forms as
uniformly as possible, or in which the pharmaceutical  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 trihydrate 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. -4 The tablets of the invention comprise in addition to
vardenafil hydrochloride  trihydrate preferably fillers, disintegrants and
lubricants and, where appropriate,  further excipients. The tablets of the
invention preferably comprise 0.1 - 70% by  weight vardenafil hydrochloride
trihydrate, 0.1 - 10% by weight disintegrant, 0.1  5 2% by weight lubricant
and, where appropriate, further adjuncts, and the filler as  remaining
ingredients. The tablet comprises preferably microcrystalline cellulose as
filler, preferably  



crospovidone 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 



5 hydrochloride trihydrate by the conventional methods there is a
particularly high  degree of loss of water of crystallization from the
active ingredient. A preferred embodiment of the invention is therefore a
method which produces  5 coated vardenafil hydrochloride trihydrate tablets
which comprise vardenafil hydrochloride reproducibly in the form of the
trihydrate also in the form ready for  administration. In this preferred
method, the coated vardenafil HCI tablets are subjected to a  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 HCl 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%. 6 During the
rehydration step, the coated tablets may be at rest in the system, for
example on the trays of a controlled environment cabinet or on the floor of
a  fluidized bed granulator or else be continuously or occasionally agitated
for better  mixing, for example in the drum or coating system. It is also
possible to carry out the 5 rehydration process after the coated tablets
have been packaged in a pack which is  permeable to water vapor. For this
purpose, the packaged coated tablets are incubated  in a controlled
environment room. 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 hydrochloride 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 is
astonishingly 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. 7 It has also
been found that the tablets produced by the method of the invention have a
number of advantages over coated tablets produced using vardenafil
hydrochloride  trihydrate in conventional methods. 5 The application
therefore also relates to the tablets produced by the method of the
invention. The advantage of the tablets of the invention or produced by the
method of the  



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 cm-1.
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, 13C solid NMR spectrum and the X-ray diffractogram
(cf. Figures 2, 4 - 8 and Tab. 3 - 8 appended). 25 Concerning 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. 8 



The medicaments of the invention and the medicaments which can be produced
by  the method of the invention, especially the tablets of the invention or
produced by the  method of the invention, are suitable for the treatment
and/or prophylaxis of diseases  in humans and/or animals, in particular for
the treatment of sexual dysfunctions, very  5 especially for the treatment
of erectile dysfunction. The medicaments of the invention display several
unexpected advantages: 1. The medicaments comprise vardenafil hydrochloride
only in one crystalline  10 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. -9 It has generally proved advantageous to
administer amounts of about 0.001 to  10 mg/kg, on oral use preferably about
0.005 to 3 mg/kg, of body weight to achieve  effective results. 5 It may
nevertheless be necessary where appropriate to deviate from the stated
amounts,  in particular as a function of the body weight or the nature of
the administration route,  the individual response to the medicament, the
nature of its formulation and the time or  interval over which
administration takes place. Thus, it may be sufficient in some cases  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. -10
Examples 



Comparative example 1 and Example 2: Tablets from the conventional
production  methods of drum granulation and coating and improved
disintegration of tablets of  5 the invention 216 g of microfine vardenafil
HC1 are mixed with 605 g of micro crystal line cellulose  and 43.2 g of
crospovidone. Addition of 2101 g of microcrystalline cellulose and  132 g of
crospovidone is followed by mixing and subsequent mixing with 350 g of 10
micro crystalline 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 m3/h inlet air of  25
30C 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  



'/2 minute. -11 Example 3: Stability of tablets produced according to the
invention 28.4 kg of micronized vardenafil HCl trihydrate is mixed with 69.6
kg of  microcrystalline cellulose and 5.16 kg of sieved crospovidone in a
mechanical mixer. 5 The mixture is mixed with 182 kg of microcrystalline
cellulose and 9.84 kg of  crospovidone in a container mixer and granulated
by dry drum granulation. After  admixture of 1.50 kg of colloidal silicon
dioxide and 3.00 kg of magnesium stearate,  tablets with a mass of 125 mg
and a diameter of 7 mm are produced in a rotary tablet  press. The uncoated
tablets are coated with a suspension of 5.74 kg of hypromellose, 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 HCl in the coated
tablets does not  correspond to the trihydrate form and therefore represents
an undefined mixture of  anhydrous and hydrous forms of vardenafil HCI. 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
25C for 5 hours. The modification of vardenafil HC1 in the  rehydrated
tablets corresponds to the trihydrate. Stability test: The tablets with
vardenafil HCI trihydrate are stored in the open at  20 25C and 30% relative
humidity for one week. Despite the low humidity, no loss of 



water of crystallization occurs during this, and the vardenafil HCl 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 HCI. is mixed with 2216 g of microcrystalline
cellulose and 134 g  of crospovidone 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 -12 titanium
dioxide and stored in the open at 25C and 80% relative humidity for  4 days.
The modification of vardenafil HCl in the tablets corresponds to the
trihydrate form. 5 As shown by the release data in Table 1, the tablets of
the invention produced in this  way show an extremely rapid release of
active ingredient despite the complete  restoration of the trihydrate form
of vardenafil HCI in the finished tablet. Table 1: Active ingredient release
from tablets of Example 4 10 TimeActive ingredient release 



5 min100% 10 min101% 30 min101% 45 min101% Release conditions: n = 6, USP
paddle, 900 ml 0.1 - M - HCI, 75 rpm, 10m filter 15 Example 5 Small
variation in the relative bioavailability of tablets of the  invention 0.645
kg of vardenafil HC1 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 -- 24C and 60 - 75% relative humidity for 72 hours. -
13 For comparison purposes, a solution consisting of 21.49 mg of vardenafil
HCl  (equivalent to 20 mg of vardenafil base), 38.69 mg of methyl
parahydroxybenzoate,  4.298 mg of propyl parahydroxybenzoate, 6448 mg of
sucrose, 17419 mg of water  



and lactic acid ad pH 3.9 is produced. The pharmacokinetics after
administration of 5 tablets and solution were compared in a randomized, open
crossover study on  12 male subjects (Table 2). Table 2: Pharmacokinetic
parameters after administration of tablets of Example  5 and a solution
(geometric means / geometric standard deviations) 10 ParameterTablets corr.
to Example 5Comparative solution AUC ( g x hfL)60.2/1.6464.6/1.78 Cmax (g /
L)21.1/1.8622.5/2.09 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 HC1 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 cellulose 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% -14 titanium dioxide, 0.25% yellow iron oxide and 0.02% red iron oxide
in a coating pan. The modification of vardenafil HCl 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 Glatt GPCG  1/3 type fluidized
bed granulator and treating with 150 m3/h inlet air of 25C and  16 g/kg
humidity (equivalent to 80% relative humidity) for 4 hours. The modification
of vardenafil HCl in the tablets treated in this way corresponds to the
trihydrate form  (Figure lb). 10 - 15 Figure 1a Raman difference spectrum (=
spectrum of tablet - spectrum of  vardenafil HCl 3 H2O) of tablets of
Example 6 before rehydration  vardenafil HCl anhydrous non-rehydrated
tablets. Raman units 



1692 cm-1 Wave numbers [cm-11 -16 Figure lb Raman difference spectrum (=
spectrum of tablet - spectrum of  vardenafil HCI 3 H20) of tablets of
Example 6 after rehydration  vardenafil HCI anhydrous non-rehydrated
tablets. Raman units 0 1790 1720 1700 1880 1000 1040 1820 1600 1586 1500
1540 1520 1500 Wave numbers [cm-1] -17 Example 7 37 kg of coated tablets
produced as in Example 6 are treated after the coating in a  tablet drum
with 40 m3/h inlet air at 21 C and 84% relative humidity through a gas-
introduction pipe for 3 days. 5 Example 8 12.3 kg of vardenafil HC1
trihydrate, 30.2 kg of microcrystalline cellulose and  2.24 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 m3/h inlet air of 16 g humidity/kg at 25C
(equivalent to 80% relative humidity) for 5 hours. 20 Example 9 600 g of
tablets consisting of 5.926 mg of vardenafil HCl 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 25C/80% relative humidity for 24 hours. _18 Example 10 Tablets are
produced as described Example 6. After coating, the tablets are sealed  into
blister packs which consist of 20 gm aluminum sheet combined with 3.5 g/m2 5
PP sheet, and 300 m colorless and transparent PP sheet. The blister packs
are  



incubated under controlled conditions at 25C and 60% relative humidity for
six  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 microcrystalline cellulose and
1.64 kg of 15 crospovidone. The mixture is granulated 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 m  colorless and transparent PP sheet and 20 m aluminum
sheet with sealing layer. In 25 this state, the modification of vardenafil
HCl does not correspond to the trihydrate  form. The blister packs are then
incubated at 25C and 80% humidity for three days.  The active ingredient in
the tablet then corresponds to vardenafil hydrochoride  trihydrate. 



-19 Example 12 The presence of the trihydrate form of vardenafil HCl in the
finished coated tablet is  investigated by FT raman spectroscopy. The FT
raman spectrum of vardenafil HCl 5 trihydrate tablets is distinguished in
contrast to corresponding placebo tablets by  bands at 1701 cm-1, 1624 cm-1,
1594 cm-', 1580 cm', 1561 cm-' and 1518 cm-'  (Fig. 2). Unambiguous
assignment of these bands to the active ingredient vardenafil  HCl
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
HCl 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 HCl 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
HCl trihydrate. In the case of vardenafil HC1 tablets these are,  for
example, bands of 1 to 4 anhydrate modifications of vardenafil HCI. -20
Figure 2: Raman spectrum of vardenafil HCl 3 H2O 1.4 1.2 f 1+ 0.4 + 0.2 + of
UluwWd" 3500 3000 2500 2000 1500 1000 500 0  Wavenumber (cm-1) -21  Table 3:
Table of bands in the raman spectrum of vardenafil HCI 3 H2O Peak [cm-11
1979271424 



26010451456 29710891517 31311101561 39011671581 46012161594 49912241623
58312361701 62412532940 64912812983 73313063002 7461326 7781357 8171381
8821395 -22- Figure 3: Detection of the trihydrate form of vardenafil HCI in
20mg tablet Raman units N 1701 cm-' 1594 cm-' 



1599 cm"' 1740 1720 1700 1680 i65o ,640 Wave numbers [cm'] 1 1500 1540 1520
1509 23 Figure 4: IR spectrum of vardenafil HCI 3 H2O  -24 Table 4-: Table
of bands in the IR spectrum of vardenafil HCl 3 H-,O Peak [cm-11
51590612531707 56092712641935 58395412892478 60498313392517 648102613572544
663104313822621 684107413882641 697108913952680 714110814112722
721113214212875 732115314542934 745116814752967 



751118215173068 820120215803332 841122615943467 8821236 11623 -25 Figure 5:
NIR spectrum of vardenafil HCI3 H2O 1.8 1.6 + 14+ CL) 1.2 2 0.6 0,4} 0.2 + 0
i I_ I ! -i 10000 9000 aJOD 7000 6000 5000 4000 Wavenumber (cm-1) Table 5:
Table of bands in the NIR spectrum of vardenafil HC13 H2O Peak [cm- 1]
40414804 40835107 



41655694 41925833 42665911 43536080 44286501 45566818 46558479 4744 -26
Figure 6: FIR spectrum of vardenafil HCl 3 H2O Table 6: Table of bands in
the FIR spectrum of vardenafil HCI 3 H2O Peak [cm-11 82326 102345 115384
154426 243434 259460 297481 315 



-27 Figure 7: ' 3C solid NMR spectrum of of vardenafil HCl 3 H2O -28 Table
7: Table of bands in the '3C solid NMR spectrum of vardenafil HCl  3 H2O
Peak [ppm] 10.667.7 13.3112.3 15.4115.0 15.7130.8 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
diffractogram of vardenafil HCI3 H2O -30 



Table 8: List of peaks in the X-ray diffractogram of vardenafil HCI3 H2O
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 20.130.9 20.732.0 22.333.3 WO
2004/006894 PCT/EP2003/007093  -31 Claims 1. 



5 10 2. 15 3. 20 4. 5. 25 6. 307. A method for producing medicaments
comprising vardenafil hydrochloride  trihydrate in solid form, characterized
in that 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. The method as claimed in claim 1, characterized in
that coated tablets are  produced as medicament. 



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. The method as claimed in claim 3, characterized in
that air is employed as gas. The method as claimed in claims 3 and 5,
characterized in that the gas  employed has a relative humidity of from 35%
to 100%. A medicament obtainable by the method as claimed in at least one of
claims 1 to 5. A coated tablet obtainable by the methd as claimed in claim 2
to 5. -32 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.




