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ARTICLES OF MANUFACTURE
CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of
provisional patent application Serial No.
60/132,036, filed April 30, 1999,

FIELD OF THE TNVENTTON

The present invention relates to highly
selective phosphodiesterase (PDE) enzyme inhibitors
and to their use in pharmaceutical articles of manu-
facture. 1In particular, the present invention re-
lates to potent inhibitors of cyclic guanosine
3',5'-monophosphate specific phosphodiesterase type
5 (PDE5) that when incorporated into a pharmaceut-
ical product are useful for the treatment of sexual
dysfunction. The articles of manufacture described
herein are characterized by selective PDES5 inhibi-
tion, and accordingly, provide a benefit in thera-
peutic areas where inhibition of PDES is desired,
with minimization or elimination of adverse side
effects resulting from inhibition of other phospho-

diesterase enzymes.

BACKGROUND OF THE INVENTION

_ The biochemical, physiological, and clini-
cal effects of cyclic guanosine 3',5'-monophosphate
specific phosphodiesterase (cGMP—specific PDE)
inhibitors suggest their utility in a vériety of

disease states in which modulation of smooth muscle,
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renal, hemostatic, inflaﬁmatory, and/or endqcrine
function is degired. Type 5 cGMP-specific bhospho~
diesterage (PDES) is the major cGMP hydrolyzing
enzyme in vascular smooth mugcle, and its expression
in penile corpus cavernosum has been reported (Taher
et al., J. Urol., 149:285A (1993)). Thus, PDES5 is
an attractive target in the treatment of sexual dys-

function (Murray, DN&P 6(3):150-56 (1993)).

A pharmaceutical product, which provides a
PDES inhibitor, is currently available and marketed
under the trademark VIAGRA?. The active ingredient
in VIAGR.A0 is sildenafil. <The product is sold as an
article of manufacture ineluding 25, 50, and 100 mg
tablets of pildenafil and a package insert. The
package insert provides that sildenafil is a more
potent inhibitor of PDES than other known phospho-
diesterases (greater than 80 fold for PDEl inhibi-
tion, greater than 1,000 fold for PDE2, PDE3, and
PDE4 inhibition). The IC;, for sildenafil against
PDE5S hag been reported as 3 nM (Drugs of the
Future, 22(2), pp. 128-143 (1997)), and as 3.9 nM
(Roolell et al., Int, J. of Impotence Res., 8 p. 47-
52 (1926)) 8ildenafil is described as having a
4,000-fold selectivity for PDES5S versus PDE3, and
only a 10-fold selectivity for PDES versus PDES,

Its relative lack of selectivity for PDE6 is
theorized to be the basis for abnormalities related
to color vision.

While sildenafil has obtained significant
commercial success, it has fallen short due to its
significant adverse side effects, including facial
flushing (10% ineidence rate). Adverse side effects
limit the use of sildenafil in patients suffering
from visual abnormalities, hypertension, and, most
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significantly, by indiViduals who use organic
nitrates (Welds et al., Amer. J. of Cardiology,
83(54), pp. 21(C)-28(C) (1999)).

The use of sildenafil in patients taking
organic nitrates is believed to cause a clinically
significant drop in blood pressure which could place
the patient in danger. Accordingly, the package
label for sildenafil provides strict contraindica-
tions against its use in combination with organic
nitrates (e.g., nitroglycerin, isosorbide mono-
nitrate, isosorbide dinitrate, erythrityl tetra-
nitrate) and other nitric oxide donors in any form,
either regularly or intermittently, because silden-
afil potentiates the hypotensive effects of.
nitrates. See C.R. Conti et al., Amer. J. of
Cardiology, 83(5A), pp. 29C-34C (1999). Thus, even
with the availability of sildenafil, there remains a
need to identify improved pharmaceutical products
that are useful in treating sexual dysfunction.

The present invention provides an article
of manufacture for human pharmaceutical use, com-
prising a package insert, a container, and an oral
dosage form comprising a selective PDES5 inhibitor at
unit dosages between about 1 and about 20 mg/dosage
form. The beneficial effects of the present inven-
tion were observed in clinical studies and through
the discovery that a selective PDE5 inhibitor meet-
ing the following criteria allows for the effective
oral administration of about 1 to about 20 mg/dosage
form without contraindications
generally required for PDES inhibitor products, such

as warnings directed to vision abnormalities. A
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selective PDE5 inhibitor of the present invention
exhibits: |

1) at least a 100 fold differential in
the IC;, values for the inhibition of PDE5 versus
PDE6 for a particular PDES inhibitor (i.e., the IC,,
value versus PDE5 is at least 100 times less than
the IC,, value versus PDES6) ;

2) at least a 1000 fold differential in
the IC,, values for the inhibition of PDES versus
PDElc; and

- 3) an IC;, value less than 10 nM.

Significantly, clinical studies also
revealed that an effective product having a reduced
tendency to cause flushing in suéceptible individ-
uals can be provided. Most unexpectedly, the
product also can be administered with clinically
insignificant side effects associated with the
combined effects of a PDES inhibitor and an organic
nitrate. Thus, the contraindication once believed
necessary for a product cbntaining a PDES5 inhibitor
is unnecessary when a selective PDES inhibitor, as
defined above, is used as disclosed herein. Thus,
the present invention provides an effective therapy
for sexual dysfunction.in individuals who previously
were untreatable or suffered from unacceptable side
effects, including individuals having cardiovascular
disease, such as in individuals requiring nitrate
therapy, having suffered a myocardial infarction
more than three months before the onset of sexual
dysfunction therapy, and suffering from class 1
congestive heart failure as defined by the New York
Heart Association (NYHA), or individuals suffering

from vision abnormalities.
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SUMMARY OF THE INVENTION

The present invention provides an article
of manufacture for human pharmaceutical use, com-
prising & package insert, a container, and an oral
dosage form comprising about 1 to about 20 mg of a
selective PDE5S inhibitor per dosage form.

The present invention further provides a
method of treating conditions where inhibition of
PDES is desired, which comprises administeriﬁg to a
patient in need thereof an oral dosage form con-
taining about 1 to about 20 mg of a selective PDEB
inhibitor, as needed, up to a total doge of 20 mg/-
day. Tha invention further provides the use of an
oral dosage form combrising a selective PDESE inhibi-
tor at a dosage of about 1 to about 20 wmg for the
treatment of gexual dysfunction.

Specific conditions that can be treated by
the method and article of the present invention,
include, but are not limited to, male erectile dys-
function and female sexual dysfunction, particularly
female arcusal disorder, also known as female sexual
arousal disorder.
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In particular, the present invention
provides an article of manufacture for human
pharmacentical ugse comprising:

"~ (a) an oral dosage form comprising about
1 to about 20 mg of a selective PDE5 inhibitor
having

(1) at least a 100 fold differential
in ICg, values for the inhibition of PDES vérsus
PDES6,

(ii) at least a 1000 fold
differential in ICg values for the inhibition of
PDER vergus PDElc,

(iii) an ICg less than 10 nM, and

(iv) sufficient biocavailability to
be effective in about 1 to about 20 mg unit oral
dopages;

(b) a package insert providing that the
PDES inhihitor is useful to treat sexual dysfunction
in a patient in need thereof, and that is free of
contradictions associated with administration of
organic nitrates; and

(¢} a container.

The present inventlion further provides an
article of manufacture for human pharmaceutical use
comprising: .

(a) an oral dosage form comprising about
1 to about 20 mg of selective PDE5 inhibitor having

(i) at least a 100 fold differential
in IC,, values for the inhihition of PDES versus
PDEG,

(ii) at least a 1000 fold differ-
ential in ICy values foxr the inhibition of PDES
versus PDElc,

(iii) an IC, leps than 10 nM, and
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(iv) a sufficient bioavailability to
be effective in about 1 to about 20 mg unitlbral
dosages; |

(b) a package insert providing that the
PDE5 inhibitor is useful to treat sexual dysfunction
in a patient in need thereof and that is using an
organic nitrate; and

(c) a container.

The present invention also provides an
article of manufacture for human pharmaceutical use
comprising:

. (a) an oral dosage form comprising about
1 to about 20 mg of a selective PDES inhibitor
having

(i) at least a 100 fold differential
in ICs values for the inhibition of PDES versus
PDEG, '

(ii) at least 1000 fold differential
in ICy;, values for the inhibition of PDES veraus
PDElc,

(iii) an ICs lema than 10 nM, and

(iv) a .sufficient bioavailability to
be effective in about 1 to about 20 mg unit oral
dosages;

(b) a package insert providing that the
PDES inhjibitor is-useful to treat sexual dysfunction
in a patient in need thereof and that is suffering
from a condition selected from the group consisting
of a retinal disease, proneness to flushing, prone-
neps to vipion abnormalities, class 1 congéstive
heart failure, a myocardial infarction 90 days or
more before onset of the sexual dysfunction treat-
ment, and combinations thereof; and

(c) a container.
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DETAILED DESCRIPTION

For purposes of the present invention as
disclosed and described herein, the following terms
and abbreviations are defined as follows,

The term "container" means any receptacle
and closure therefor suitable for storing, shipping,
" dispensing, and/or handling a pharmaceutical prod-
uct.
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The term "IC," is the measure of potency
of a compound to inhibit a particular PDE enzyme
(e.g., PDElc, PDES, or PDE6). The IC,, is the con-
centration of a compound that results in 50% enzyme
inhibition in a single dose-response experiment.
Determining the IC;, value for a compound is readily
carried out by a known in vitro methodology gener-
ally described in Y. Chéng et al., Biochem. Pharma-
col., 22, pp- 3099-3108 (1973).

The term “package insert" means informa-
tion accompanying the product that provides a de-
scription of how to administer the product, along
with the safety and efficacy data required to allow
the physician, pharmacist, and patient to make an
informed decision regarding use of the product. The
package insert generally is regarded as the "label®
for a pharmaceutical product.

' The term “"oral dosage form" is used in a
general sense to reference pharmaceutical products
administered orally. Oral dosage forms are recog-
nized by those skilled in the art to include such
forms as liquid formulations, tablets, capsules, and
gelcaps. '

The term "selectiye PDES inhibitor® is
defined as a PDES iphihitor having:

1) an IC; value for the inhibition of
PDE5 at least 100 times lese than the IC; value for
the inhibition of PDES6;

2) an IC;, value for the inhibition of
PDES at least 1,000 times less than the IC; value
for the inhibition of PDElc; and

| 3) an ICy; value for the inhibition of

PDE5 lesa than 10 nM.
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Selective PDE5 inhibitors vary significantly in
chemical structure, and their use in the present
invention is not dependent on chemical strﬁcture,
but rather on the selectivity and potency parameters
disclosed herein.

The term "vision abnormalities" means ab-
normal vision : characterized by blue-green
vision believed to be caused by PDE6 inhibition. -

The term "flushing” means an episodic
redness of the face and neck attributed to vaso-
dilation caused by the ingestion of a drug, usually
accompanied by a feeling of warmth over the face and
neck and sometimes accompanied by perspiration.

The term “free drug" means solid particles
of drug not intimately embedded in a polymeric co-
precipitate.

As previously stated, the present inven-
tion_is directed to an article of manufacture for
human pharmaceutical use, comprising a package
insert, a container, and a dosage form comprising
about 1 to about 20 mg of a selective PDES5 inhibitor
per unit dosage form. A selective PDE5 inhibitor
useful in the present invention is a PDES inhibitor
having:

1) at least a 100 fold differential in
iC5 values for the inhibition of PDES wversus PDE6;

2) at least a 1000 fold differential in
IC;, values for the inhibition of PDE5 versus PDElc;
and | _

3) an IC,, value less than 10 nM;
and is sufficiently bioavailable to be effective in

about 1 to about 20 mg unit dosages.
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The differential is expressed as a
PDE6/PDE5 ratio of IC,;, values, i.e., the ratio of
the IC,;, value versus PDE6 to the IC,, value versus
PDE5 (PDE6/PDES) is greater than 100, more
preferably greater than 300, and most preferably
greater than 500. 5

Similarly, the ratio of IC;, value versus
PDElc to IC,, value versus PDES5 (PDElc/PDES) is
greater than 1000. Preferred PDE5 inhibitors have a
greater than 3,000 fold differential between the
inhibition of PDE5 and PDElc, more preferably
greater than a 5,000 fold differential between IC,,
value versus PDE5 and PDElc. The potency of the
inhibitor, as represented by the IC,, value versus
PDES, is less than 10 nM, preferably less than 5 nM,
more preferably less than 2 nM, and most preferably
less than 1 nM. )

The package insert provides a description
of how to administer a pharmaceutical product, along
with the safety and efficacy data required to allow
the physician, pharmacist, and patient to make an
informed decision regarding the use of the product.
The package insert generally is regarded as the
label of the pharmaceutical product. The package
insert incorporated into the present article of
manufacture indicates that the selective PDES inhib-
itor is useful in the treatment of conditions where-
in inhibition of PDES5 is desired. The package
insert also provides instructions to administer one
or more about 1 to about 20 mg unit dosage forms as
needed, up to a maximum total dose of 20 mg per day.
Preferably, the dose administered is about 5 to

about 20 mg/day, more preferably about 5 to about 15
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mg, and most preferably an about 5 mg or about 10 mg
dosage form administered once per day, as needed.

Preferred conditions to be treated include
sexual dysfunction (including male erectile dysfunc-
tion; and female sexual dysfunction, and more prefer-
ably fgmale arousal disorder (FAD)). The preferred
condition to be treated is male erectile dysfunc-
tion. _ |

Significantly, the package insert supports
use of the product to treat sexual dysfunction in
patients suffering from a retinal disease, for
example diabetic retinopathy or retinitis pigmen-
tosa, or in patients who are using organic nitrates.
Thus, the package insert preferably is free of
contraindications associated with these conditions,
and particularly the administration of the dosage
form with an organic nitrate. More pieferably, the
package insert alsd is free of any cautions or
warnings both associated with retinal diseases,
particularly retinitis pigmentosa, and associated
with individuals prone to vision abnormalities.
Preferably, the package insert also reports inci-
dences of flushing below 2%, preferably below 1%,
and most preferably below 0.5%, of the patients
administered the dosage form. The incidence rate of
flushing demonstrates marked improvement over prior
pharmaceutical products containing a PDES inhibitor.

The container uséd in the present article
of manufacture is conventional in the pharmaceutical
arts. Generally, the container is a blister pack,
foil packet, glass or plastic bottle and accompany-
ing cap or closure, or other such article suitable

for use by the patient or pharmacist. Preferably,
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the container is sized to accommodate 1-1000 solid
dosage forms, preferably 1 to 500 sclid dosage
forms, and most preferably, 5 to 30 solid dosage
farms. _

Oral dosage forme are recognized by those
gkilled in the art to include, for example, such
formg as liquid formulations, tablets, capsules, and
gelcaps. Preferably the dosage forms are solid
dosage forms, particularly, tablets comprising about
1l to about 20 mg of a selective PDES inhibitor. Any
pharmaceutically acceptable excipients for oral use
are suitable for preparation of such dosage forms.
Suitable pharmaceutical dosage forms include copre-
cipitate forms described, for example, in Butler
U.S. Patent No. 5,985,326, incorporated herein by
reference. In preferred embodiments, the unit
dosage form of the present invention is a solid free
of a coprecipitate form of the PDES inhibitor, but
rather contains a solid PDES inhibitor as a free
drug.

Preferably, the tablets comprise pharma-
ceutical excipients generally recognized as safe
such as lactose, microcrystalline cellulose, starch,
calcium parbonate, magnesium stearate, stearic acid,
tale, and colloidal silicon dioxide, and are pre-
pared by standard pharmaceutical manufacturing tech-
niques as described in Remington's Pharmaceutical
Sciences, 18th Ed., Mack Publishing Co., Easton, PA
(1990) . Such techniques include, for example, wet
granulation followed by drying, milling, and com-
pression into tablets with or without film coating;
dry granulation followed by milling, compression
into tablets with or without film coating; dry
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blending, followed by compression into tablets, with ,
or without film coating; molded tablets; wet granu-
lation, dried and filled into gelatin capsules; dry
blend filled into gelatin capsules; or suspension
and solution filled into gélatin capsules. Gener-
"ally, the solld dosage forms have identifying marks
which are debossed or imprinted on the surface.

. The present invention is based on detailed
experiments and clinical trials, and the unexpected
cbpervations that side effects previously believed
to be indicative of PDES inhibition can be reduced
to clinieally insignificant levels by the selection
of a selective PDES inhibitor having the specific
characteristics outlined herein, namely:

1) at least a 100 fold differential in
the IC;, values for the inhibition of PDES versus
PDE6; _

2) at least a 1000 fold differential in
the IC;, ﬁalues for the inhibition of PDES versus
PDElc; and ,

3) an IC; value for the inhibition of
PDES less than 10 nM,

This unexpected observation enabled the development
of articles of manufacture that incorporate a selec-
tive PDES inhibitox in about 1 to about 20 mg unit
dosage fprms that, when orally administered,

| minimize undesired side effects previously
believed unavoidable. These side effecta include
facial flushing, vision abnormalities, and a sig-
nificant decrease in blood pressure when the PDES
inhibitor is adminisetered alone or in combination
with an organic nitrate. The minimal effect of a
present PDES inhibitor, administered in about 1 to
about 20 mg unit dosage forms, on PDE6 also allows
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the administration of -a selective PDE5 inhibitor to
patients suffering from a retinal disease, like
diabetic retinopathy or retinitis'pigmentosa.

One such selective PDE5 inhibitor, i.e.,
(6R-trans) -6- (1,3-benzodioxol-5-y1)-2,3,6,7,12,12a-
hexahydro-2-methylpyrazino{l',2':1,6]lpyrido(3,4-
blindole-1,4-dione, alternatively named (6R,12aR)-
2,3,6,7,12,12a—hexahydro—2-methyl—6—(3,4—methylene;.
dioxyphenyl)pyrazino[2',1':6,1)pyrido[3,4-b]lindole-
l,4-dione, is disclosed in Daugan U.S. Patent No.

5,859,006, and represented by structural formula
(1) :

o]
H u\
W N/ CH;

N
H H

o)

o—/
(1)

The compound of formula (I) was demonstrated in
human clinical studies to exert a minimal impact on
systolic blood pfessure when administered in con-
junction with organic nitrates. By contrast, sil-
denafil, when administered with nitrates, demon-
strates as much as a four-fold greater decrease in
systolic blood pressure over a-placebo, which leads
to the contraindications in the VIAGRA? insert, and

in warnings to certain patients.
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Selective PDES inhibitors vary signifi-
cantly in chemical structure, and the use of a
selective PDE5 inhibitor as defined in the present
invention is not dependent on a particular chemical
structure, but rather on the critical parameters
outlined herein. HoWever, preferred compounds
having the required potency and selectivity .can be
readily identified by tests described herein from
those described in Daugan U.S. Patent No. 5,859,006,
Daugan et al. U.S. Patent No. 5,981,527, and Daugan
et al. U.S. Patent No. 6,001,847, each of which is
incorporated herein by reference.

Preferred compounds of Daugan U.S. Patent
No. 5,859,006 and Daugan et al. U.S. Patent No.
5,981,527 are represented by structural formula
(I1):

(11)

wherein R° is selected from the group con-
sisting of hydrogen, halogen, and C,_ (alkyl;

R' is selected from the group cdnsisting of
hydrogen, -C, alkyl, C,  alkenyl, Cbsaikynyl, halo-
C,.¢alkyl, C; cycloalkyl, C;@cycloalkylcbgalkyl,
arylC, ;alkyl, wherein aryl is phenyl or'phenyl
substituted with one to three substituents selected
from the group consisting of halogen, Cbsalkyl,

C,.salkoxy, methylenedioxy, and mixtures thereof, and
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heteroarylC, ;alkyl, wherein heterocaryl is thienyl,
furyl, or pyridyl, each optionally substituted with
one to three substituents selected from the group
consisting of halogen, C,  alkyl, C, . ,alkoxy, and
mixtures thereof;

R? represents an optionally substituted
monocyclic aromatic ring selected from benzene,
thiophene, furan, and pyridine, or an optionally

substituted bicyclic ring
gk

attached to the rest-bf the molecule via one of the
benzene ring carbon atoms and wherein the fused ring
A is a 5- or 6-membered ring, saturated or partially
or fully unsaturated, and comprises carbon atoms and
optionally one or two heteroatoms selected from the
group consisting of oxygen, sulphur and nitrogen;

R?® represents hydrogen or C,,alkyl, or R!
and R? together represent a 3- or 4-membered alkyl or
alkenyl chain; and salts and solvates thereof.

Other preferred compounds are those of
formula (II) wherein:

R’ is hydrogen, halogen, or Clsalkyl

R! is hydrogen or C,.¢alkyl;

R? is the bicyclic ring
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which can be optionally substituted by one or more
groups selected from halogen and C,.,alkyl; and
' R* is hydrogen or C,.alkyl.
The following Table 1 illustrates PDE5S and
PDE6 ICs, values for representative selective PDES
inhibitors disclosed in U.S. Patent No. 5,859,006,

as determined by the procedures described herein.

Table 1
Compound PDE5 IC;, (nM) | PDE6 IC,, (nM) PDE6 /PDES
1 5 663 ' 133
2 2 937 469
3 2 420 210
4 s 729 146
s 2.5 3400 1360

Compound 5 in Table 1 has the structural formula (I)
and additionally demonstrates an IC,, against PDElc
of 10,000 and a ratié of PDElc/PDES5 of 4,000.

The structures of Compound Nos. 1-5 in
Table 1 are as in structural formula (II) wherein R°,

R!, R?, and R’ are as follows:

R e L LT PR



Compound | R° R R? R?
1 H o H
\
—CH:-@—NH-Soz-CF; ,CH2
(6]
2 H CH, H
,CH2
(8]
3 H
0\ H
-S0, -
R NH-S0; -CF;3 e,
(6]
4 H H o CH,
\\[:::[: et
,CH2
’ O
5 H CH, o H
\CH
,CHa
(8)

The data in Table 1 indicate ‘that a com-
pound of structural formula (I), wherein R! is

hydrogen or C, alkyl, R? is

and R? is hydrogen is especially preferred. Prefer-
ably, A is
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Preferred compounds are:
(6R,12aR)-2,3,6,7,12,12a-hexahydro-2-methyl-6-(3,4-.
methylenedioxyphenyl)pyrazino{2',1':6,1]pyrido([3,4-
b]indole-1,4-dione; and
(38,6R,12aR)-2,3,6,7,12,12a-hexahydro-2,3-dimethyl-
6-(3,4-methylenedioxyphenyl)pyrazinof2',1':6,1]-
pyrido[3,4-blindole-1,4-dione;
and physiologically acceptable salts and solvates
(e.g., hydrates) thereof.

Other exemplary compounds useful in the
present invention are Ehose disclosed in Daugan et
al. U.S. Patent No. 6,001,847 and WO 97/43287,
incorporated herein by reference.

Further exemplary compounds for use in the
present invention are disclosed PCT application
PCT/EP98/06050, which designates the U.S., enﬁitled
"Chemical Compounds," inventors A. Bombrun and F.
Gellibert, the disclosure of which is specifically
incorporated herein by reference. This class of

compounds has the structural formula (III):

A ] N TR T L AT P T M YL AL N 4 AN LA S S T e e e o e i o e



(II1)

and salts and solvates (e.g., hydrates) wherein

C represents a 5- or 6-membered heteroaryl
group containing at least ohe hetercatom selected
from the group consisting of oxygen, nitrogen, and
sulfur;

R!? represents hydrogen or halogen;

R is selected from the group consisting
of

hydrogen,

nitro (NO,),

trifluoromethyl,

trifluoromethoxy,

halogen,

cyano (CN),

a 5- or 6-membered heterocyclic group
containing at least one hetercatom selected from the
group consisting of oxygen, nitrogen, and sulphur,
dptionally substituted with C(=0)OR® or C, ,alkyl,

C,.salkyl optionally substituted with OR",

C,.;alkoxy,

C(=O)R®,

OC (=0) OR",

C(=0) OR",

C,..alkyleneHet,
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C,.,alkyleneC (=0)OR",

0C,.,alkyleneC (=0)OR",

Cb4alky1eneOC14a1kyleneC(=O)ORE

C(=0) NR!SO,RJ,

C(=0)C, ,alkyleneHet,

C,.;alkyleneNR"R?,

C,.salkenyleneNR"RE,

C (=0) NR"R?,

C(=0) NR"R!,

C(=0)NR"C, ,alkyleneOR?,

C(=O)NR"C, ,alkyleneHet,

OR?,

0C,.,alkyleneNR'R!,

0C, ,alkyleneCH (OR") CH,NR'R!,

0C, ,alkyleneHet,

0C,_,alkyleneOR",

0C,_,alkyleneNR"C (=0) OR", -

NRPR1,

NR"C,_,alkyleneNR"R!,

NR™C (=0) R},

NRPC (=0) NR'RY,

N (S0,C,._,alkyl),,

NR" (S0,C,.,alkyl),

SO,NR'RE,

and 0SO,trifluoromethyl;

R" is selected from the group consisting
of hydrogen, halogen, OR®, C,  alkyl, NO,, and NR"R!;

or R® and RY are taken together to form a
3- or 4- membered alkylene or alkenylene chain
component of a 5- or 6-membered ring, optionally

containing at least one heteroatom;

A R AR S I e S e e e e e weme s -
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R'* is selected from the group consisting
of hydrogen, halogen, NO,, trifluoromethoky,
C,.salkyl, 0C, . alkyl, and C(=0)OR";

R'® is hydrogen,

or R' and R} are taken together to form a
3- or 4- membered alkylene or alkenylene chain
component of a 5- or 6-membered ring, optionally
containing at least one heteroatom;

Het represents a 5- or 6-membered hetero-
cyclic group containing at least one heteroatom
selected from the group consisting of ongen,
nitrogen, and sulfur, and optionally substituted
with C, ,alkyl;

_ R" and R! can be the same or different and
are independently selected from hydrogen and
C,.salkyl;

RI répreseﬁts phenyl or C, (cycloalkyl,
wherein the phenyl or C,  cycloalkyl can be option-
ally substituted with one or more halogen atoms, one
or more C(=0)OR®, or one or more OR";

| n is an integer 1, 2, or 3; and

m is an integer 1 or 2.

PREPARATIONS
Human PDES5 Preparation

Recombinant production of human PDES was
carried out.essentially as described in Example 7 of
U.S. Patent No. 5,702,936, incorporated herein by
reference, except that the yeast transformation
vector employed, which is derived from the basic
ADH2 plasmid described in V. Price et al., Methods
in Enzymology, 1985, pages 308-318 (1990), incorpor-
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ated yeast ADH2 promoﬁér and terminator sequences
rather than ADH1 promoter and terminator.sequences
and the Saccharomyces cerevisiase host was the
protease—deficieqt strain BJ2-54 deposited on August
31, 1998 with the American Type Culture Collection,
Manassas, Virginia, under accession number ATCC
74465. Transformed host cells were grown in 2X SC-
leu medium, pH 6.2, with trace metals, and vitamins.
After 24 hours, YEP medium containing glycerol was
added to a final concentration of 2X YEP/3% glycer-
ol. Approximately 24 hours later, cells were
harvested, washed, and stored at -70°C. _

' Cell pellets (29 g) were thawed on ice
with an equal volume of lysis buffer (25 mM Tris-Cl,
pH 8, 5 mM MgCl,, 0.25 mM dithiothreitol, 1 mM
benzamidine, and 10 uM ZnSO,). Cells were lysed in a
microfluidizer with N, at 20,000 psi. The lysate was
centrifuged and filtered through 0.45 pum disposable
filters. The filtrate was applied to a 150 mL
column of Q Sepharose Fast Flow (Pharﬁacia). The
column was washed with 1.5 volumes of Buffer A (20
‘mM Bis-Tris Propane, pH 6.8, 1 mM MgCl,, 0.25 mM
dithiothreitol, 10 yM ZnSO,) and eluted with a step
gradient of 125 mM NaCl in Buffer A followed by a
linear gradient of 125-1000 mM NaCl in Buffer A.

_ Active fractions from the linear gradient
were applied to a 180 mL hydroxyapatite column in
Buffer B (20 mM Bis-Tris Propane (pH 6.8), 1 mM
MgCl,, 0.25 mM dithiothreitol, 10 uM ZnSO,, and 250
mM KCl). After loading, the column was washed with
2 volumes of Buffer B and eluted with a linear
gradient of 0-125 mM potassium phdsphate in Buffer

B. Active fractions were pooled,'precipitated with
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60% ammonium sulfate,.and resuspended in Buffer C
(20 mM Bis-Tris Propane, pH 6.8, 125 mM ﬁaCl, 0.5 mM
dithiothreitol, and 10 uM ZnSO,). The pool was
applied to a 140 mL column of Sephacryl S-300 HR and
eluted with Buffer C. Active fractions were diluted
to 50% glycerol and stored at -20°C. The resultant
preparations were about 85% pure by SDS-PAGE.

Assay for PDE Activity

' Activity of PDE5 can be measured by
standard assays in the art. For example, specific
activity of any PDE can be determined as follows.
PDE assays utilizing a charcoal separation technique
were performed essentially as described in Loughney
et al., (1996), The Journal of Biological Chemistry,
271:796-806. In this assay, PDES activity converts
[2P]cGMP to [*P]5'GMP in proportion to the amount of
PDES activity present. The ([3*?P]5'GMP then is quan-
titatively converted to free [*’P] phosphate and un-
labeled adenosine by the action of snake venom 5'-
nucleotidase. Hence, the amount of [3?P] phdsphate
liberated is proportional to enzyme activity. The
assay is performed at 30 C in a 100 uL reaction
mixture containing (final concentrations) 40 mM
Tris-Cl (pH 8.0), 1 uM ZnSO,, 5 mM MgCl,, and 0.1
mg/mL bovine serium albumin. PDE5 is present in
quantities that yield <30% total hydrolysis of sub-
strate (linear assay conditions). The assay is
initiated by addition of substrate (1 mM [*?P]cGMP),
and the mixture is incubated for 12 minutes.
Seventy-five (75) pug of Crotalus atrox venom then is

added, and the .incubation is continued for 3 more
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minutes (15 minutes tétal). The reaction‘is stopped
by addition of 200 mL of activated charcoal (25 mg/-
mL suspension in 0.1 M NaH,PO,, pH 4). After cen-
trifugation (750 x g for 3 minutes) to sediment the
charcoal, a sample of the supernatant is taken for
radioactivity determination in a scintillation
counter and the PDES activity is calculated. The
preparations had specific activities of about 3
pmoles cGMP hydrolyzed per minute per milligram

protein.

Bovine PDE6 Preparation

Bovine PDE6 was supplied by Dr. N.
Virmaux, INSERM U338, Strasbourg. Bovine retinas
were prepared as described by Virmaux et al., FEBS
Letters, 12(6), pp..325¥328 (1971) and see also, A.
Sitaramayya et al., Exp. Eye Res., 25, pp. 163-169
(1977). Briefly, unless stated otherwise, all
operations were done in the cold and in dim red
light. Eyes were kept in the cold and in the dark
for up to four hours after slaughtering.

Preparation of bovine retinal outer seg-
ment (ROS) basically followed procedures described
by Schichi et al., J. Biol. Chem., 224:529 (1969).
In a typical experiment, 35 bovine retinas were
ground in a mortar with 35 mlL 0.066 M phosphate
buffer, pH 7.0, made up to 40% with sucrose,
followed by homogenization in a Potter homogenizer
(20 up and down strokes). Thé suspension was
centrifuged at 25,000 x g for 20 minutes. The
pellet was homogenized in 7.5 mL 0.006 M phosphate

buffer (40% in sucrose), and carefully layered under
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7.5 mL of phosphate bﬁffer (containing no sucrose).
Centrifugation was conducted in a swing—éﬁt rotor at
45,000 x g for 20 minutes, and produced a pellet
which is black at the bottom, and also a red band at
the interface 0.066 M. phosphate--40% sucrose/0.066
M phosphate (crude ROS) .. The red material at the
interface was removed, diluted with phosphate
buffer, spun down to a pellet, and redistributed in
buffered 40% sucrose as described above. This pro-
cedure was repeated 2 or 3 times until no pellet was
formed. The purified ROS was washed in phosphate
buffer and finally spun down to a pellet at 25,000 x
g for 20 minutes. All materials were then kept
frozen until used.

Hypotonic extracts were prepared by sus-
pending isolated ROS in 10 mM Tris-Cl pH 7.5, 1 mM
EDTA, and 1 mM dithiocerythritol, followed by
centrifugation at 100,000 x g for 30 minutes.

The preparation was reported to have a
specific activity of about 35 nmoles cGMP hYdrolyzed

per minute per milligram protein.

PDElc Preparation from Spodoptera
ugi a Cells (Sf9)

Cell pellets (5g) were thawed on ice with
20ml of Lysis Buffer (50mM MOPS pH 7.4, 10uM ZnSO,,
0.1mM CaCl,, 1mM DTT, 2mM benzamidine HCl, Sug/ml
each of pepstatin,.leupeptin, and aprotenin). Cells
were lysed by passage through a French pressure cell
(SLM-Aminco) while temperatures were maintained
below 10°C. The resultant cell homogenate was

centrifuged at 36,000 rpm at 4°C for 45 wminutes in a
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Beckman ultracentrifuge using a Type TI45 rotor.
The superndtant was discarded and the resultant
pellet was resuspended with 40 ml of Solubilization
Buffer (Lysis Buffer containing 1M NaCl, 0.1M MgCl,,
lmM CaCl,, 20pg/ml calmodulin, and 1% Sulfobetaine
SB12 (Z3-12) by sonicating using a VibraCell tuner
with a microtip for 3 x 30 seconds. ‘This was
performed in a crushed ice/salt mix for cooling.
Following sonication, the mixture was slowly mixed
for 30 minutes at 4°C to finish solubilizing mem-
brane bound proteins. This mixture was centrifuged
in a Beckman ultracentrifuge using a type TI45 rotor
at 36,000 rpm for 45 minutes. The supernatant was
diluted with Lysis Buffer containing 10ug/ml calpain
inhibitor I and II. The precipitated protein was
centrifuged for 20 minutes at 9,000 rpm in a Beckman
JA-10 rotor. The recovered supernatant then was
subjected to Mimetic Blue AP Agarose Chromatographyl

In order to run the Mimetic Blue AP _
Aéarose Column, the resin initially was shielded by
the application of 10 bed volumes of 1% polyvinyl-
pyrrolidine (i.e., MW of 40,000) to block nonspe-
cific binding sites. The loosely bound PVP-40 was
removed by washing with 10 bed volumes of 2M NacCl,
and 10 mM sodium citrate pH 3.4. Just prior to
addition of the solubilized PDElc sample, the column
was equilibrated with 5 bed volumes of -Column Buffer
A (50 mM MOPS pH 7.4, 10puM ZnSO,, 5mM MgCl,, 0.1 mM
CaCl,, 1 mM DTT, 2 mM benzamidine HCl).

The solubilized sample was applied to the
column at a flow rate of 2 ml/min with recycling
such that the total sample was applied 4 to 5 times

in 12 hours. After loading was completed, the
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column was washed with 10 column volumes of Column
Buffer A, followed by 5 column volumes of Column
Buffer B (Column Buffer A containing 20 mM 5'-AMP),
and followed by 5 column volumes of Column Buffer C
(50 mM MOPS pH 7.4, 10 uM ZnSO,, 0.1 mM CaCl,, 1 mM
dithiothreitol, and 2 mM benzamidine HCl). The
enzyme was eluted into three successive pools. The
first pool consisted of enzyme from a 5 bed volume
wash with Column Buffer C containing 1 mM cAMP. The
second pool consisted of enzyme from a 10 bed volume
wash with Column Buffer C containing 1 M NaCl. The
final pool of enzyme consisted of a 5 bed volume
wash with Column Buffer C containing 1 M NaCl and 20
mM cAMP.

The active pools of enzyme were collected
and the cyclic nucleotide removed via conventional
gel filtration chromatography or chromatography on
hydroxy-apatite resins. Following removal of cyclic
nucleotides, the eﬁzyme pools were dialyzed against
Dialysis Buffer containing 25 mM MOPS'pH 7.4, 10 uM
ZnSO,, 500 mM NaCl, 1 mM CaCl,, 1 mM dithiothreitol,
1 mM benzamidine HCl, followed by dialysis against
Dialysis buffer containing 50% glycerol. The enzyme
was quick frozen with ﬁhe aid of dry ice and stored
at -70°C.

The resultant preparations were about >90%
pure by SDS-PAGE. These preparations had specific
activities of about 0.1 to 1.0 umol cAMP hydrolyzed

per minute per milligram protein.
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IC;, Value Determinations

The parameter of interest in evaluating
the potency of a competitive enzyme inhibitor of
PDE5 and/or PDElc and PDE6 is the inhibition con-
stant, i.e., K;. This parameter can be approximated
by determining the IC,,, which is the inhibitor o
concentration that results in 50% enzyme inhibition,
in a single dose-response experiment under the
following conditions.

The concentration of inhibitor is always
much greater than the concentration of enzyme, so
that free inhibitor concentration (which is unknown)
is approximated by total inhibitor concentration
(which is known) .

A suitable range of inhibitor concentra-
tions is chosen (i.e., inhibitor concentrations at
least several fold greater and several fold less
than the K; are present in the experiment). Typi-
cally, inhibitor concentrations ranged from 10 nM to
10 uM. '

The concentrations of enzyme and substrate
are chosen such that less than 20% of the substrate
Sis consuméd in the absence of inhibitor (providing,
e.g., maximum substrate hydrolysis of from 10 to
15%), so that enzyme activity is approximately con-
stant throughout the assay.

The concentration of substrate is less
than one-tenth the Michaelis constant (K,) . Under
these conditions, the ICy;, will closely approximate
the K;. This is because of the Cheng-Prusoff equa-
tion relating these two pérémeters: ICm=K;(1+S/K;),

with (1+S/K,) approximately 1 at low values of S/K,.
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The IC;, value is estimated from the data
points by fitting the data to a suitable model of
the enzyme inhibitor interaction. When this inter-
action is known to involve simple competition of the
inhibitor with the substrate, a two-parameter model

can be used:
Y=A/ (1+x/B)

where the y is the enzyme activity measured at an
inhibitor concentration of x, A is the activity in
the absence of inhibitor and B is the IC;,. See Y.
Cheng et al., Biochem. Pharmacol., 22:3099-3108
(1973). _

Effects of inhibitors of the preseht in-
vention on enzymatic activity of PDES and PDE6
preparations as described above were assessed in
either of two assays which differed from each other
principally on the basis of scale and provided
essentially the same results in terms of IC;, values.
Both assays iﬁvolved modification of the procedure
of Wells et al., Biochim. Biophys. Acta, 384:430
(1975). The first of the assays was performed in a
total volume of 200 pl containing 50 wM Tris pH 7.5,
3 mM Mg acetate, 1 mM EDTA, 50 ug/mL snake venom
nucleotidase and 50 nM [°H] -cGMP (Amersham). Com-
pounds of the invention were dissolved in DMSO
finally present at 2% in the assay. The assays were
incubated for 30 minutes at 30°C and stopped by
addition of 800 pl of 10 mM Tris pH 7.5, 10 mM EDTA,
10 mM theophylline, 0.1 mM adenosine, and 0.1 mM
guanosine. The mixtures were loaded on to 0.5 mL
QAE Sephadex columns, and eluted with 2 mL of 0.1 M
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formate (pH 7.4). Thé éluted radioactivity was
measured by scintillation counting in Optiphase
Hisafe 3.

A second, microplate, PDE assay was
developed using Multiscreen plates and a vacuum
manifold. The assay (100 pl) contained 50 mM Tris
pPH 7.5, 5 mM Mg acetate, 1 mM EDTA and 250 ug/mL
snake venom nucleotidase. The other components of
the reaction mixture were as described above. At
the end of the incubation, the total Vvolume of the
assays were loaded on a QAE Sephadex microcolumn
plate by filtration. Free radioéctivity was eluted
with 200 pl of water from which 50 pl aliquots were
analyzed by scintillation counting as described
above.

The following examples are presented to
fﬁrther illustrate the preparation of the claimed
invention. The scope of the present invention is
not to be construed as merely consisting of the

following examples.

Example 1

The compound of structural formula (I) was
prepared as described in U.S. patent 5,859,006 and
formulated in tablets using wet granulation. Povi-
done was dissolved in water to make a 10% solution.
The active compound, hicrocrystalline cellulose,
croscarmellose sodium, and sodium lauryl sulfate
were added to a high shear mixer and mixed for 2
minutes. The powders were wet granulated with the
povidone solution and extra water as required to

complete the granulation. The resultant mixture was
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driedjin a fluid bed drier with inlet air at 70°C.i
5°C until the loss on drying was below 2.5%. The
granﬁles were passed through a Comil with a suitable
screen (or a sieve) and added to a suitable mixer.
The extragranular croscarmellose sodium and sodium
lauryl sulfate, and the colloidal anhydrous silica
were passed through a suitable siéve (e.g., 500
micron) and added to the mixer and blended 5
minutes. Magnesium stearate was added and blended
for 2 minutes. The blend was compressed to a target
compression/weight of 250 mg using 9 mm round normal
concave tooling.

The core tablets were coated with an
agueous suspension of Opadry OY-S-7322 using an
Accelacota (or similar coating pan) using inlet air
at 50°C to 70°C until the tablet weight was in-
creased by approximately 8 mg. Opadry OY-S-7322
contains methylhydroxypropylcellulose Ph.Eur.,
titanium dioxide Ph. Eﬁr., Triacetin USP. Opadry
increases the weight of each tablet to about 258 mg.
The amount of film coat applied per tablet may be
less than that stated depending on the process
efficiency.

The tablets are filled into blister packs
and accompanied by package insert describing the

safety and efficacy of the compound.
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about 8 mg

Compound of structural formula (I).

Example 2

Formulat%ons
Component (mg per tablet)
Selective PDES Inhibitor! 1 5
Hydroxypropylmethylcellulose 1 5
phthalate
Microcrystalline Cellulose 221.87 213.87
Croscarmellose Sodium 5.00 5.00
Sodium Lauryl Sulfate 2.50 2.50
Sulfate Povidone K30 9.38 9.38
Purified Water, USP (water g-s. qg.s.
for irrigation)
Croscarmellose Sodium 5.00 5.00
Sodium Lauryl Sulfate 2.50 2.50
Colloidal Anhydrous Silica 0.50 0.50
Magnesium Stearate 1.25 1.25
Total core subtotal 250.00 250.00
{(Film coat Opadry OY-S-7322) about 8 mg

The following formula is used in preparing

a finished dosage form containing 10 mg of the

compound of structural formula (1) .




Ingredient Quantity (mg)
Granulation
Selective PDE5 Inhibitor! | 10.00
Lactose Monohydrate . 153.80
Lactose Monohydrate (spray dried) 25.00
Hydroxypropylcellulose 4.00
Croscarmellose Sodium 9.00
Hydroxypropylcellulose (EF) 1.75
Sodium Lauryl Sulfate 0.70
35.00
Outside Powders
Microcrystalline Cellulose (granular-102) 37.50
Croscarmellose Sodium ) 7.00
Magnesium Stearate (vegetable) 1.25
- Total 250 ﬁg

Film coat (approximately) 11.25

Purified Water, USP is used in the manu-
facture of the tablets. The water is removed during
processing and minimal levels remain in the finished
product.

Tablets are manufactured using a wet gran-
ulation process. A step-by-step description of the
process is as follows. The drug and excipients to
be granulated are security sieved. The selective
PDES inhibitor is dry blended with lactose mono-
hydrate (spray dried), hydroxypropylcellulose, cros-
carmellulose sodium, and lactose monohydrate. The
resulting powder blend is granulated with an aqueous
solution of hydroxypfopylcellulose and sodium lauryl

sulfate using a Powrex or other suitable high shear
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granulator. Additional water can be added to reach
the desired endpoint. A mill can be used to delump
the wet granulation and facilitate drying. The wet
granulation is dried using either a fluid bed dryer
or a drying oven. Once the material is dried, it
can be sized to eliminate any large agglomerates.
Microcrystalline cellulose, croscarmellose sodium,
and magnesium stearate are security sieved and added
to the dry sized granules. These excipients and the
dry granulation are mixed until uniform using a
tumble bin, ribbon mixer, or other suitable mixing
equipment. The mixing process can be separated into
two phases. The microcrystalline cellulose, cros-
carmellose sodium, and the dried granulation are
added to the mixer and blended during the first
phase, followed by the addition of the magnesium
stearate to this granulation and a second mixiné
phase.

The mixed granulation then is compressed
into tablets using a rotary compression machine.
The core tablets are film coated with an agueous
suspension of the appropriate color mixture in a-
coating pan (e.g., Accela Cota). The coated tablets
can be lightly dusted with talc to improﬁe tablet
handling characteristics.

The tablets are filled into plastic con-
tainers (30 tablets/container) and accompanied by
package insert describing the safety and efficacy of

the compound.
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Example 3
The following formula is used in preparing

a finished dosage form of 5 mg of the compound of

structural formula (I).

Ingredient Quantity (mg)

Granulation

Selective PDES Inhibitor! 2.50
Lactose Monohydrate 79.395
Lactose Monohydfate {(spray dried) 12.50
Hydroxypropylcellulose 2.00
Croscarmellose Sodium 4.50
Hydroxypropylcellulose (EF) : 0.875

Sodium Lauryl Sulfate 0.35

Outside Powders

Microcrystalline Cellulose (granular- 18.75
102) '
Croscarmellose Sodium 3.50
Magnesiuﬁ'Stearate {(vegetable) | 0.63
Total 125 mg

Film coat (approximately) 6.875.

The dosage form of Example 3 was prepared
in an identical manner to the dosage form of Example
2.
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Example 4
Solution Capsule
Ingredient mg/Capsule Percent (%)
Selective PDE5 Inhibitoxr! 10 2
' PEG400 NF 490 98
Fill Weight 500 100

The gelatin capsules are precisely filled
by pumping an accurate fill volume of pre—dissolﬁed
drug formulation into the partially sealed cavity of
a capsule. Immediately following injection fill of
the drug solution formulation, the capsule is
completely heat sealed.

The capsules are filled into plastic con-

tainers and accompanied by a package insert.
X. le

This study was a randomized, double-blind,
placebo-controlled, two-way crossover design clin-
ical pharmacology drug interaction study that evalu-
ated the hemodynamic effects of concomitant adminis-
tration of a selective PDES inhibitor Study Drug
(i.e., the compound of structural formula (I)) and
short-acting nitrates on healthy male volunteers.

In this study, the subjects received either the
Study Drug at a dose of 10 mg or a placebo, daily
for seven days. On the sixth or seventh day, the
subjects received sublingual nitroglycerin (0.4 wmg)
while supine on.a tilp table. The nitroglycerin was

administered 3 hours after Study Drug dosing, and
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all subjects kept the nitroglycerin tablet under
their tongue until it completely dissolved. The
subjects were tilted to 70° head-up every 5 minutes
for a total of 30 minutes with measurement of blood
pressure and heart rate. Thare were no discontin-
uations émong the twenty-two healthy male subjects
(ages 19 to 60 years old) that entered this study.

In a preliminary analysis of this study,
the Study Drug was well tolerated and there were no
sericus adverse events. There were no Study Drug-
aspociated changes in laboratory safety assessments
or 12-lead ECGs. The most common adverse eventsg
were headache, dyspepsia, and back pain.

The study demonstrated minimal
effects on mean systolic blood. pressure and on mean
maximal nitroglycerin-induced decrease in systolic
blood pressure

and the
maximal nitroglycerin-induced decrease in systolic
blood pressure among all patients,

Example 6

In two randomized, double-blinded plagebo
controlled studies, the compound of structural for-
mula (I), at a range of doses in both daily dosing
and for on demand therapy for sexual encounters and
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intercourse in the home setting, was administered to
patients in need thereof. Doses from 5 to 20 mg of
the compound of structural formula (I) were effica-
cious and demonstrated no flushing and no reports of
vision abnormalities. It was found that a 10 mg
dose of the compound of structural formula (I) was
fully efficacious and demanstrated minimal side
effects (no flushing and no reports of blue vigsion),
' Erectile function was
asaessed by the International Index of
Erectile Punction (IIEF) (Rogen et al., Urology, 49,
PpP. 822-830 (1997)), diaries of sexual attempts, and
a global satipfaction question. The compound of
stryctural foxrmula (I) significantly improved -

erectile function as amsessged by all endpoints. 1In
both "on demand" and daily dose regimens. the com-
pound of struatural formula. (I) mignificantly im-
prcved erectile function in doses between 1 and 20
ng.

Example 7

A third clinical study was a randomized,
double-~hlind, Placebo-controlled study using a com-
pound of structural formula (I) (Study Drug) admin-
igtered "on demand" to patients with male erectile
dysfunction. The Study Drug was administered over a
period of eight'weeks in the treatment of male
erectile dysfunction (ED). Erectile dysfunction
(ED) is defined as the persistent inability to
attain and/or maintain an erection adequate to
permit satisfactory sexual performance. "On demand"

dosing is defined as intermittent administration of
Study Drug prior to expected sexual activity.
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The study population consisted of 212 men,
at least 18 years of age, with mild to severe
erectile dysfunction. The Study Drug was orally
administered as tablets of coprecipitate made in
accordance with Butler U.S. Patent No. 5,985,326.
The Study Drug was administered in 2 mg, 5 mg, 10
mg, and 25 mg doses, "on demand" and not more than
once every 24 hours. Treatment with all nitrates,
azole antifungals (e.g., ketoconazole or itracona-
zole), warfarin, erythromycin, or antiandrogens was
not allowed at any time duringjthe study. No other
approved or experimental medications, treatments, or
devices used to treat ED were allowed. Forty-one
subjects were administered a placebo.

The two primary efficacy variébles were
the ability of a subject to penetrate his partner
and his ability to maintain an erection during
intercourse, as measured by the International Index
of Erectile Function (IIEF). The IIEF Questionnaire

contains fifteen questions, and is a brief, reliable
'measure of erectile function. See R.C. Rosen et
al., Urology, 49, pp. 822-830 (1997).

Secondary efficacy variables were IIEF
domain scores for erectile function, orgasmic
function, sexual desire, intercourse satisfaction,
and overall satisfaction; the patient's ability to
achieve an erection, ability to insert his penis
into.his partner's vagina, completion of intercourse
with ejaculation, satisfaction with the hardness of
his erection, and overall satisfaction, all as
measured by the Sexual Encounter Profile (SEP)
diary; and a global assessment question asked at the
end of the treatment period. The SEP is a patient
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diary instrument documenting each sexual encountexr
during the course of the study.

The safety - - analysis of the study
included all enrolled subjects, and was assessed by
evaluating all reported adverse events, and changes
in clinical laboratory values, vital'signs. physical
examination results, and electrocardiogram results,

At endpoint, patients who.rated theix
penetration ability (TIEF Question 3) as "almost
always or always" were as followa: 17.5% in the
placebo group, 38.1% in the 2 mg group, 48.8% in the
5 mg group, 51.2% in the 10 mg group, and 83.7% in
the 25 mg group. Comparisons revealed statistically
significant differences in change in penetration
ability between placebo and all dose levels of the
Study Drug.

At endpoint, patients who rated their
ability to maintain an erection (IIEBF Question 4)
during intercourse as "almost always or always" are
as follows: 10.0% in the placebo group, 19.5% in
the 2 mg group, 32.6% in the $§ mg group, 39.0% in
the 10 mg group, and 69.0% in the 25 mg group.
Comparison revealed statistically significant
differences in change in penetration ability between
placebo and the three higher dose levela of Study
Prug.
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Overall, this study demonstrated that all
four doses of Study Drug, namely 2 mg, 5 mg, 10 mg,
and 25 mg, taken "on demand" produced significant
improvement, relative to placebo, in the sexual
performance of men with erectile dysfunction as
assessed by the IIEF, by patient diaries aaséasing
frequency of successful intercourse and intercourse
satisfaction, and by a global assessment. This
improvemeént was demonstrated in a broad study popu-
lation that included patients who exhibited all
severities of erectile dysfynction. Most adverse
events were mild or moderate in severity. Signifi-
cantly, no adverse events related to color vision
disturbances were reported by any patient.

The combined resulta from clinical studies

showed that administration of a compound of struc-
tural formula (I) effectively treats male erectile
dysfunction, as illustrated in the following table.



IIEF ERECTILE FUNCTION DOMAIN
(Change from Baseline)
Unit Dose n Mean + SD P
placebo 131 0.8 £ 5.3 '
2 mg 75 3.9 ¢+ 6.1 <.001
5 mg 79 6.6 + 7.1 <.001
10 mg 135 7.9 + 6.7 <.001
25 mg 132 9.4 + 7.0 <.001
50 mg 52 9.8 + 5.5 <.001
100 mg 49 . 8.4 + 6.1 <.001

n is number of subjects, Sb is standard deviation.

However, it also was observed from the
combined clinical studies that the percent of
treatment-emergent adverse events increased with an
increasing unit dose of the compound of structural

formula (I), as illustrated in the following table.
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Treatment-Emergent Adverse Events (%)
Unit Dose (mg)

Event Placebo 2 5 10 25 50 100
Headache 10 12 10 23 29 34 46
Dyspepsia 6 3 14 13 i9 ] 20 ] 25
Back Pain _ 5 3 3 15 | 18 | 24 | 22
Myalgia 3 0 3 9 16 20 29
Rhinitis 3 7 3 4 4 0 2

Conjunctivitis 1 0 1 1 0 2 5
Eyelid Edema 0 0 1] 1 1 2 3
Flushing 0 o0 -] o0 23 0 3 7
Vision 0 0 0 0 0 0 0
Abnormalities :
Thé above table shows an increase in

adverse events at 25 mg through 100 mg unit doses.
Accordingly, even though efficacy in the treatment
of ED was observed at 25 mg to 100 mg doses, the
adverse events observed from 25 mg to 100 mg doses
must be considered.

In accordance with the present invention,
a unit dose of about 1 to about 20 mg, preferably
about 2 to about 20 mg, more preferably about 5 to
about 20 mg, and most preferably about 5 to about 15
mg, administered up to a maximum of 20 mg per 24-
hour period, both effectively treats ED and mini-
mizes or eliminates the occurrence of adverse side
effects.  Importantly, no vision abnormalities were
reported and flushing was essentially eliminated.
Sﬁrprisingly, in addition to treating ED in
individuals, with about 1 to about 20 mg unit

dose of the compound of structural formula (I), with
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a minimum of adverse side effects, individuals
undergoing nitrate therapy also can be treated for
ED by the method and composition of the present
invention.

The principles, preferred embodiments, and
modes of operation of the present invention have
been described in the foregoing specification. The
invention intended to be protected herein, however,
is not construed to be limited to the particular
forms disclosed, because they are to be regarded as
illustrative rather than restrictive. Variations
and changes may be made by those skilled in the art

without departing from the spirit of the invention.
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WHAT IS CLAIMEBD IS:

1. An article of manufacture for human
pharmaceutical use comprising:

(a) an oral dosage form comprising about
1 to abont 20 mg of a selective PDE5S inhibitor
having

(i) at least a 100 fold differential
in IC;, values for the inhibition of PDE5S versus
PDES6, _

(ii) at least a 1000 fold
differential in IQ,, valuee for the inhibition of
PDES vergus PDElc,

(iii) an IC, for the inhibition of
EDES lesg than 10 nM, and

' (iv) sufficient biocavailability to
be effective in about 1 to about 20 mg unit oral
dosages;

(b) a package ingert providing that the
PDES inhibitor is useful to treat sexual dysfunction
in a patient in need thereof, and that ig free of
contradigtions associated with administration of
organic nitrates; and

(¢) a container.

s______________~____ﬁ
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2, An article of manufacture for human
pharmaceutical use comprising:

(a) an oral doéage . form comprising
about 1 to about 20 mg of selective PDES inhibitor
having

(1) at least a 100 fold differential
in ICq, values for the inhibition of PDES versus
PDES, | |

(ii) at least a 1000 fold differ-
ential in ICg values for the inhibition of
PDES versus PDElec,

(iii) an IC; less than 10 nM, and

(iv) a sufficient bioavailability to
be effective in about 1 to about 20 mg unit oral
dosages;

(b) . a package insert providing that the
PDES inhibitor is useful to treat sexual dysfunction
in a patient in need thereof and that is using an
organic nitrate; and

{c) a container.

. This Sheet Has Been Replaced
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3, An article of manufacture for human
pharmaceutical use comprising: _

(a) an oral dosage form comprising about
1 to about 20 mg of a selective PDES inhibitor
having _

(1) at least a 100 fold differential
in IC; values for the inhibition of PDES versus
PDES,

(ii1) at least 1000 fold differential
in ICs values for the inhibition of PDE5 versus
PDR1q,

(iii) an IC; less than 10 oM, and

(iv) a sufficient biocavailability to
be effective in about 1 to about 20 mg unit oral
dosages;

(b) a package insert providing that the
PDES inhjbitor is useful to treat sexual dysfunction
in a patient in need thereof and that is suffering
from a condition selected from the group consisting
of a retinal disease, proneness to flushing, prone-
ness to visjon abnormalities, class 1 congestive
heart fajlure, a myocardial infarction 90 days or
more before onset of the sexual dysfunction treat-
ment, and combinations thereof; and

(c) a container.

4, The article of claim 3 wherein the
retinal disease is diabetic retinopathy or retinitise
pigmentoga.

5. The artiele of claim 3 wherein said
package insert reports that incidences of flushing
are less than 2% of treated patients.

~ This Sheet Has Been Repl

LT



0

IO O A

- 47 -

6. The article of claims llthrough 5
wherein the oral dosage form comprises about 5 mg,
about 10 mg, or about 20 mg, of a selective PDE5

inhibitor.

7. The article of claims 1 through 6
wherein the package insert provides a maximum dosage
of the selective PDE5 inhibitor of about 20 mg per

24-hour period.

8. The article of claims 1 through 7,
wherein the selective PDES inhibitor has the

structure
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9. An article of manufacture_as substan-

tially hereinbefore described in the specification.

10. Use of a selective PDES5 inhibitor for
the manufacture of a medicament for the treatment of
sexual dysfunction in a patient being treated with

an organic nitrate.

11. Use of a selective PDES inhibitor for
the manuﬁacture of a medicament for the treatment of
sexual dysfunction in a patient prone to vision ab-
normalities, prone to flushing, suffering from a
retinal disease, suffering from class 1 congestive
heart failure, or that suffered a myocardial infarc-
tion 90 days or more prior to onset of the sexual

dysfunction treatment.

12. A pharmaceutical formulation adapted
for the treatment of sexual dysfunction in a patient
being treated with an organic nitrate comprising as
an active ingredient a selective PDES inhibitor as

hereinbefore described.

13. A pharmaceutical formulation adapted
for the treatment of sexual dysfunction in a patient
prone to flushing comprising as an active ingredient
a selective PDES inhibitor as hereinbefore de-

scribed.
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14. A pharmaceutical formulation adapted
for the treatment of sexual dysfunction in a patient
suffering from a retinal disease comprising as an
active ingredieﬁt a selective PDES5 inhibitor as

hereinbefore described.

15. A pharmaceutical formulation adapted
for the treatment of sexual dysfunction in a patient
suffering from class 1 congestive heart failure or a
myocardial infarction 90 days or more prior to onset
of the sexual dysfunction treatment comprising as an
active ingredient a selective PDES inhibitor as

hereinbefore described.

16. A method of treating sexual dysfunc-
tion comprising using an article of manufacture of

claims 1-8.
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