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PATENT

IN THE UNITED STATES PATENT
AND TRADEMARK OFFICE

Applicants: "EXPRESS MAIL" mailing label
No. EK657817671US

WILLIAM E. PULLMAN ET AL.
Date of Deposit:
U.S. National Phase of October 19, 2001
PCT/US00/11129 filed April 26,

2000 I hereby certify that this

paper {(or fee) is being
deposited with the United
States Postal Service "“EXPRESS
MAIL POST OFFICE TO ADDRESSEE"
service under 37 CFR §1.10 on
the date indicated above and is
addressed to:

Assistant Commissioner for
Patents, Washington, D.C.
20231.

Filed: Herewith

For: TUNIT DOSAGE FORM
Group Art Unit: Unassigned
Examiner: Unassigned

Attorney Docket No. 29342/36206A

it Mt S Sl St N Nt N St Nt Ml s Sttt Nt o Mgt S Nl Mot Nl o

Richard Zimmermann

PRELIMINARY AMENDMENT
ACCOMPANYING APPLICATION TRANSMITTAL

Commissioner of Patents
Washington, D.C. 20231

Sir:

Please amend the above-identified application

as follows:

IN THE SPECIFICATION:

Page 1, after the title, please delete the
CROSS-REFERENCE TO RELATED APPLICATION in its entirety

and insert therefor:

INTELGENX 1024, pg. 4
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-~-CROSS-REFERENCE TO RELATED APPLICATIONS

This is the U.S. national phase application of
International Application No. PCT/US00/11129, filed on
April 26, 2000, which claims the benefit of provisional
patent application Serial No. 60/132,036, filed April 30,
1989.--

IN THE CLATMS:

Cancel claims 18 and 19 without prejudice.

Amend claims 7-9 as follows:

7. (Amended) The dosage form of claim 1, 2,
3, 4, 5, or 6 wherein the unit dose is in a form selected
from the group consisting of a liquid, a tablet, a cap-

sule, and a gelcap.

8. (Amended) The dosage form of claim 1, 2,
3, 4, 5, or 6 wherein the unit dose is in the form of a

tablet.

S. (Amended) (Amended) The dosage form of
claim 1, 2, 3, 4, 5, or 6 for use in treating a condition

wherein inhibition of PDE5 is desirable.

INTELGENX 1024, pg. 5
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REMARKS

Claims 1-19 are pending in the application.
Claims 18 and 19 have been cancelled. Therefore, claims
1-17 are at issue in this application.

The amendments are described in more detail
below. Pursuant to 37 C.F.R. §1.121, a marked-up version
of the changes made to the claims by the present amend-
ment is attached hereto following the signature page of
this amendment. The first page of the marked-up version
of the changes is captioned "Version With Markings to
Show Changes Made."

This preliminary amendment adds no new matter.
The specification has been amended to insert a cross-
reference to a related application. Claims 7-9 have been
amended to improve the form of the claims.

It is submitted that the amendment should be
entered, and that the claims are of a proper form and
scope for allowance. An early and favorable action on

"the merits is respectfully requested.

Should the examiner wish to discuss the fore-

going, or any matter of form in an effort to advance this
application toward allowance, the examiner is urged to

telephone the undersigned at the indicated number.

INTELGENX 1024, pg. 6



Respectfully submitted,

MARSHALL, GERSTEIN & BORUN

S
By (:Ej&hxéﬁ?

James J. Napoli |
(Registration No. 32,361)
Attorneys for Applicants
6300 Sears Tower

233 South Wacker Drive
Chicago, Illinois 60606
(312) 474-6300

Chicago, Illinois
October 19, 2001
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Version With Markings to Show Changes Made
(U.8. National Stage of PCT/US00/11129
filed October 19, 2001)

IN THE SPECIFICATION:

The following cross-reference to related

application has been inserted into the specification:

CROSS-REFERENCE TO RELATED APPLICATIONS

This is the U.S. national phase application
of International Application No. PCT/US00/11129, filed
on April 26, 2000, which claims the benefit of
provisional patent application Serial No. 60/132,036,
filed April 30, 1999.

IN THE CLAIMS:

Claims 18 and 19 have been cancelled without

prejudice.

Claims 7-9 have been amended as follows:

7. (Rmended) The dosage form of [claims 1
through 6] c¢laim 1, 2, 3, 4, 5, or 6 wherein the unit

dose is in a form selected from the group consisting of

a liquid, a tablet, a capsule, and a gelcap.

8. {Amended) The dosage form of [claims 1

through 6] claim 1, 2, 3, 4, 5, oxr 6 wherein the unit

dose is in the form of a tablet.

~ INTELGENX 1024, pg. 8



9. (Amended) The dosage form of [claims 1

through 6] ¢claim 1, 2, 3, 4, 5, or 6 for use in treat-

ing a condition wherein inhibition of PDE5 is desir-
able.
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UNIT DOSAGE FORM

CROSS REFERENCE TO RELATED APPLICATIONS

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

FIELD OF THE INVENTION

10
The present invention relates to a highly
selective phosphodiesterase (PDE} enzyme inhibitor
and to its use in a pharmaceutical unit dosage form.
In particular, the present invention relates to a
15 potent inhibitor of cyclic guanosine 3',5'-mono-

phosphate specific phesphodiesterase type 5 (PDES)

that when incorporated into a pharmaceutical product
is useful for the treatment of sexual dysfunction.
The unit dosage form described herein is character-

20 ized by selective PDE5 inhibition, and accordingly,

provides a benefit in therapeutic areas where
inhibition of PDE5 is desired, with minimization or
elimination of adverse side effects resulting from
inhibition of other phosphodiesterase enzymes.
25
BACKGROUND OF THE INVENTION

The biochemical, physiological, and
clinical effects of cyclic guanosine 37,5'-mono-
30 phosphate specific phosphodiesterase (cGMP-specific
PDE) inhibitors suggest their utility in a variety
of disease states in which modulation of smooth

muscle, renal, hemostatic, inflammatory, and/or

INTELGENX 1024, pg. 10
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endocrine function is desired. Type 5 cGMP-specific
phosphodiesterase (PDES) is the major cGMP hydro-
lyzing enzyme in vascular smooth muscle, and its
expression 1in penile corpus cavernosum has been

5 reported (Taher et al., J. Urol., 149, p. 285A
(1593)). Thus, PDE5 is an attractive target in the
treatment of sexual dysfunction (Murray, DN&P 6(3),
pp. 150-56 (1993))}.

A pharmaceutical product, which provides a

10 PDES5 inhibitor, is currently available and marketed
under the trademark VIAGRA®. The active ingredient
in.VIAGRA® is sildenafil. The product is sold as an
article of manufacture including 25, 50, and 100 mg
tablets of sildenafil and a package insert. The

15 package insert provides that sildenafil is a more

potent inhibitor of PDES than other known phospho-

diesterases (greater than 80 fold for PDE1l inhibi-
tion, greater than 1,000 fold for PDE2, PDE3, and
PDE4 inhibition). The IC,, for sildenafil against

20 PDES has been reported as 3 nM {(Drugs of the Future,
22(2), pp. 138-143 (1997)) and as 3.9 nM (Boolel et

al., Int. J. of Impotence, 8, pp- 47-52 {(1996)).
Sildenafil is described as having a 4,000-fold
selectivity for PDE5 versus PDE3, and only a 10-fold
25 selectivity for PDE5 versus PDE6. 1Its 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, 1t has fallen short due to its

30 significant adverse side effects, including facial
fiushing (10% incidence rate). Adverse side effects

limit the use of sildenafil in patients suffering

from vison abnormalities, hypertension, and, most

INTELGENX 1024, pg. 11
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significantly, by individuals who use organic
nitrates (Welds et al., Amer. J. of Cardiology,
83(54A), pp. 21(C)-28(C) (1999)).
The use of sildenafil in patients taking

5 organic nitrates causes a clinically significant
drop in blood pressure which could place the patient
in danger. Accordingly, the package label for
sildenafil provides strict contraindications against
its use in combination with organic nitrates (e.g.,

10 nitroglycerin, isosorbide mononitrate, isosorbide
nitrate, erythrityl tetranitrate} and other nitric
oxide donors in any form, either regularly or
intermittently, because sildenafil potentiates the
hypotensive effects of nitrates. See C.R. Conti et

15 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.

20 Daugan U.S. Patent 5,859,006 discloses

certain tetracyclic derivatives that are potent
inhibitors of cGMP-specific PDE, or PDES. The IC,,
of the compounds disclosed in U.S. Patent No.
5,859,006 is reported in the range of 1 nM to 10 uM.
25 The oral dosage for such compounds is 0.58 mg daily
for an average adult patient (70 kg}. Thus, unit
dosage forms (tablets or capsules) are reported as
0.2 to 400 mg of active compound. Significant
adverse side effects attributed to compounds
30 disclosed in U.S. Patent No. 5,859,006 are not
disclosed.
Applicants have discovered that one such

tetracyclic derivative, (6R,12aR)-2,3,6,7,12,12a-

INTELGENX 1024, pg. 12
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hexahydro-2-methyl-6- (3,4-methylenedioxyphenyl) -
pyrazinof{2',1':6,1]lpyrido[3,4-blindole-1,4-dione,
alternatively named (6R-trans)-6-(1,3-benzodioxol-5-
yl)y-2,3,6,7,12,12a-hexahydro-2-methylpyrazino-

5 [1',2':1,6]pyrido[3,4-blindole-1,4-dione, and re-
ferred to herein as Compound (I}, can be admin-
istered in a unit dose that provides an effective
treatment without the side effects associated with
the presently marketed PDE5 inhibitor, sildenafil.

10 Prior to the present invention such side effects
were considered inherent to the inhibition of PDES.
Significantly, applicants' clinical
studies also reveal that an effective product having
a reduced tendency to cause flushing in susceptible
15 individuals can be provided. Most unexpectedly, the

product also can be administered with clinically

insignificant side effects associated with the com-
bined effects of a PDE5 inhibitor and an organic
nitrate. Thus, the contraindication once believed

20 necessary for a product containing a PDE5 inhibitor

is unnecessary when Compound (I) is administered as

a unit dose of about 1 to about 20 mg, as disclosed
herein. Thus, the present invention provides an
effective therapy for sexual dysfunction in indi-

25 viduals who previously were untreatable or suffered
from unacceptable side effects, including individ-
uals having cardiovascular disease, such as in
individuals requiring nitrate therapy, having
suffered a myocardial infarction more than three

30 months before the cnset of sexual dysfunction
therapy, and suffering from class 1 congestive heart
failure, or individuals suffering from vision ab-

normalities.

INTELGENX 1024, pg. 13
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The present invention provides Compound
(I} in a unit dosage form. That is, the present
invention provides a pharmaceutical unit dosage form
suitable for oral administration comprising about 1

5 to about 20 mg Compound (I).

SUMMARY OF THE INVENTION

The present invention provides a pharma-
10 ceutical dosage form for human pharmaceutical use,
comprising about 1 to about 20 mg of (6R,12aR)-
2,3,6,7,12,12a-hexahydro-2-methyl-6-(3,4-methylene-
dioxyphenyl)pyrazinc[2',1':6,1]lpyrido(3,4-blindole-
l1,4-dione in a unit dosage form suitable for oral
15 administration.
The present invention further provides a
method of treating conditions where inhibition of
PDES is desired, which comprises administering to a
patient in need thereof an oral dosage form con-
20 taining about 1 to about 20 mg of a selective PDES

inhibitor, as needed, up to a total dose cf 20 mg

per day. The invention further provides the use of

an oral dosage form comprising a selective PDE5S

inhibitor at a dosage of about 1 to about 20 mg for
25 the treatment of sexual dysfunction.

Specific conditions that can be treated by
the present invention, include, but are not limited
to, male erectile dysfunction and female sexual
dysfunction, particularly female arousal disorder,

30 also kncown as female sexual arousal disorder.
In particular, the present invention is

directed to a pharmaceutical unit dosage composition

INTELGENX 1024, pg. 14
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comprising about 1 to about 20 mg of a compound

having the structural formula:

- O
> \\\‘lLN/CH3
N
N -
H H =
2 @
i0
O
o—/

15 said unit dosage form suitable for oral administra-
tion, and method of treating sexual dysfunction
using the pharmaceutical unit dose composition.

DETAILED DESCRIPTION
20
For purposes of the present invention as
disclosed and described herein, the following texrms
and abbreviations are defined as follows.
The term "container" means any receptacle

25 and closure therefor suitable for storing, shipping,
dispensing, and/or handling a pharmaceutical prod-
uct.

The term "IC,," is the measure of potency
of a compound to inhibit a particular PDE enzyme

30 (e.g., PDElc, PDE5, 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

INTELGENX 1024, pg. 15
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carried out by a known in vitro methodology
generally described in Y. Cheng et al., Biochem.

Pharmacol., 22, pp. 3099-3108 (1973).

The term "package insert" means informa-

tion accompanying the product that provides

scription of how to administer the product,

a de-

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

for a pharmaceutical product.

“label®

The term "oral dosage form" is used in a

general sense to reference pharmaceutical products

administered orally. Oral dosage fcrms are

recog-

nized by those skilled in the art to include such

forms as liguid formulations, tablets, capsules, and

gelcaps.

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 wvaso-

dilation caused by 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

coprecipitate.

The presently claimed dosage form

preferably is packaged as 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 Compound (I)

INTELGENX 1024, pg. 16
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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

5 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 article of manufacture
indicates that Compound (I) is useful in the

10 treatment of conditions wherein inhibition of PDES
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,

15 the dose administered is about 5 to about 20 mg/day,
more preferably about 5 to about 15 mg/day. Most

preferably, a 10 mg dosage form ig administered once
pexr day.
Preferred conditions to be treated include

20 sexual dysfunction (including male erectile dysfunc-

tion; and female sexual dysfunction, and more
preferably female arousal disorder (FAD)). The
preferred condition to be treated is male erectile
dysfunction.

25 Significantly, the package insert supports
the use of the product to treat sexual dysfunction
in patients suffering from a retinal disease, for
example, diabetic retinopathy or retinitis pig-
mentosa, or in patients who are using organic

30 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

INTELGENX 1024, pg. 17
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preferably, the package insert also is free of any
cautions or warnings both associated with retinal
diseases, particularly retinitis pigmentosa, and
associated with individuals prone to vision ab-

5 normalities. Preferably, the package insert also
reports incidences of flushing below 2%, preferably
below 1%, and most preferably below 0.5%, of the
patients administered the dosage form. The inci-
dence rate of flushing demonstrates marked improve-

10 ment over prior pharmaceutical products containing a
PDE5 inhibitor.

The container used in the article of
manufacture is conventional in the pharmaceutical
arts. Generally, the container is a blister pack,

15 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,
the container is sized to accommodate 1-1000 solid
dosage forms, preferably 1 to 500 solid dosage

20 forms, and most preferably, 5 to 30 solid dosage

forms.

Oral dosage forms are recognized by those
skilled in the art to include, for example, such
forms as liquid formulations, tablets, capsules, and

25 gelcaps. Preferably the dosage forms are solid
dosage forms, particularly, tablets comprising about
1 to about 20 mg of Compound (I). Any pharmaceut-
ically acceptable excipients for oral use are suit-
able for preparation of such dosage forms. Suitable

30 pharmaceutical dosage forms include coprecipitate
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

INTELGENX 1024, pg. 18
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present invention is a solid free of a coprecipitate
form of Compound (I}, but rather contains solid
Compound (I) as a free drug.

Preferably, the tablets comprise pharma-

5 ceutical excipients generally recognized as safe
such as lactose, microcrystalline cellulose, starch,
calcium carbonate, magnesium stearate, stearic acid,
talc, and colloidal silicon dioxide, and are pre-
pared by standard pharmaceutical manufacturing tech-

10 nigques 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;

15 dry granulation followed by milling, compression

into tablets with or withouﬂ film coating; dry

blending followed by compreésion into tablets, with
or without film coating; molded tablets; wet gran-
ulation, dried and filled into gelatin capsules; dry

20 blend filled into gelatin capsules; or suspension

and solution filled into gelatin capsules. Gener-
ally, the sclid dosage forms have identifying marks
which are debossed or imprinted on the surface.
The present invention is based on detailed
25 experiments and clinical trials, and the unexpected
observations that side effects previously believed
to be indicative of PDES inhibition can be reduced
to clinically insignificant levels by the selection
of a compound and unit dose. This unexpected obser-
30 vation enabled the development of a unit dosage form
that incorporates Compound (I) in about 1 to about
20 mg per unit dosage forms that, when orally admin-

istered, minimizes undesirable side effects previ-
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ously believed unavoidable. These side effects
include facial flushing, vision abnormalities, and a
significant decrease in blood pressure, when Com-
pound (I) is administered alone or in combination

5 with an organic nitrate. The minimal effect of
Compound (I}, administered in about 1 to about 20 mg
unit dosage forms, on PDE6 also allows the adminis-
tration of a selective PDES5 inhibitor to patients
suffering from a retinal disease, like diabetic

10 retinopathy or retinitis pigmentosa.

Compound (I) has the following structural

formula:

o]

H u\
\\\\ N/ CH3

15
N

a5
o
T

O

20 o\/

(1)

The compound of structural formula (I) was demon-

25 strated in human clinical studies to exert a minimal
impact on systolic blood pressure when administered
in conjunction with organic nitrates. By contrast,
sildenafil demcnstrates a four-fold greater decrease
in systolic blocd pressure over a placebo, which

30 leads to the contraindications in the VIAGRA? in-
sert, and in warnings to certain patients.

The following illustrates the PDE5 and

PDE6 IC,, values for the compound of structural
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formula (I) determined by the procedures described

herein.

Compound PDE5 IC,, (nM) | PDE6 IC,, (nM) PDE6 /PDES

5 I 2.5 3400 1360

The compound of structural formula (I) additionally
10 demonstrates an IC,, against PDElc of 10,000, and a
ratio of PDElc/PDE5 of 4,000.

PREPARATIONS

Human PDES5 Preparation

15
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

20 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-

ated yeast ADH2 promoter and terminator sequences
rather than ADH1 promoter and terminator seguences

25 and the Saccharomyces cerevisiase host was the
protease-deficient 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-

30 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.
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Cell pellets (29 g) were thawed on ice
with an equal volume of lysis buffer (25 mM Tris-C1,
pPH 8, 5 mM MgCl,, 0.25 mM dithiothreitol, 1 mM
benzamidine, and 10 pM ZnS0O,). Cells were lysed in
5 a microfluidizer with N, at 20,000 psi. The lysate
was centrifuged and filtered through 0.45 um dis-
posable filters. The filtrate was applied to a 150
mL column of Q Sepharose Fast Flow (Pharmacia). The
column was washed with 1.5 volumes of Buffer A (20
10 mM Bis-Tris Propane, pH 6.8, 1 mM MgCl,, 0.25 mM
dithiothreitol, 10 uM ZnSQO,) 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
15 were applied to a 180 mL ceramic hydroxyapatite
column in Buffer B (20 mM Bis-Tris Propane (pH 6.8},
1 mM MgCl,, 0.25 mM dithiothreitol, 10 pM ZnSO,, and
250 mM KC1l). After loading, the column was washed
with 2 volumes of Buffer B and eluted with a linear

20 gradient of 0-125 wmM potassium phosphate in Buffer

B. Active fractions were pooled, precipitated with
60% ammonium sulfate, and resuspended in Buffer C
(20 mM Bis-Tris Propane, pH 6.8, 125 mM NaCl, 0.5 mM
dithiothreitol, and 10 uM ZnSO,} . The pool was

25 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.

30 Assay for PDE Activity

Activity of PDE5 can be measured by

standard assays in the art. For example, specific
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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,

5 271:796-806. In this assay, PDES5 activity converts
[**P]cGMP to [*?P]15'GMP in proportion to the amount of
PDES activity present. The [*?P]5'GMP then is
guantitatively converted to free [*?°P] phosphate and
unlabeled adenosine by the action of snake venom 5°-

10 nucleotidase. Hence, the amount of [*?P] phosphate
liberated is proportional to enzyme activity. The
assay 1is performed at 30 C in a 100 uL reaction
mixture containing (final concentrations) 40 mM
Tris-Cl1 (pH 8.0), 1 uM ZnsO,, 5 mM MgCl,, and 0.1

15 mg/mL bovine serium albumin. PDES5 is present in

guantities that yield <30% total hydrolysis of sub-

strate {(linear assay conditions). The assay is
initiated by addition of substrate (1 mM [3?P]}cGMP),
and the mixture is incubated for 12 minutes.

20 Seventy-£five (75) ng of Crotalus atrox venom then is

added, and the incubation is continued for 3 more
minutes (15 minutes total). 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

25 centrifugation (750 x g for 3 minutes) to sediment
the charcoal, a sample of the supernatant is taken
for radicactivity determination in a scintillation
counter and the PDE5 activity is calculated. The
preparations had specific activities of about 3

30 pmoles ¢GMP hydrolyzed per minute per milligram

protein.
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Bovine PDE6 Preparation

Bovine PDE6 was supplied by Dr. N.
Virmaux, INSERM U338, Strasbourg. Bovine retinas
5 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
10 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).
15 In a typical experiment, 35 bovine retinas were
ground in a mortar with 35 mL 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). The suspension was

20 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
7.5 mL of phosphate buffer (containing no sucrose).
Centrifugation was conducted in a swing-out rotor at
25 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

30 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
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buffer and finally spun down to a pellet at 25,000 x
g for 20 minutes. All materials wexre then kept
frozen until used.

Hypotonic extracts were prepared by sus-

5 pending isoclated ROS in 10 mM Tris-Cl pH 7.5, 1 mM
EDTA, and 1 mM dithicerythritol, followed by
centrifugation at 100,000 x g for 30 minutes.

The preparation was reported to have a
specific activity of about 35 nmoles <GMP hydrolyzed

i0 per minute per milligram protein.

PDElc Preparation from Spodoptera
fugiperda Cells (Sf9)

i5
Cell pellets (5g) were thawed on ice with

20ml of Lysis Buffer (50mM MOPS pH 7.4, 10uM ZnSO,,

0.1lmM CaCl,, 1mM DTT, 2mM benzamidine HC1l, 5ug/ml

each of pepstatin, leupeptin, and aprotenin). Cells
20 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 minutes in a
Beckman ultracentrifuge using a Type TI45 rotor.

25 The supernatant was discarded and the resultant
pellet was resuspended with 40 ml of Solubilization
Buffer (Lysis Buffer containing 1M NaCl, 0.1M MgCl,,
1lmM CaCl,, 20ug/ml calmodulin, and 1% Sulfobetaine
SB12 (Z3-12) by sonicating using a VibraCell tuner

30 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
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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

5 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 Chromatography.

In order to xun the Mimetic Blue AP

Agarose Column, the resin initially was shielded by

10 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 NaCl,
and 10 mM sodium citrate pH 3.4. Just prior to

15 addition of the solubilized PDElc3 sample, the

column was equilibrated with 5 bed volumes of Column

Buffer A (50 mM MOPS pH 7.4, 10uM 2ZnSO,, 5mM MgCl,,
0.1 mM CaCl,, 1 mM DTT, 2 wM benzamidine HCI1l).
The solubilized sample was applied to the

20 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
column was washed with 10 column volumes of Column
Buffer A, followed by 5 column volumes of Column

25 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 HC1). The
enzyme was eluted into three successive pools. The

30 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
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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

5 and the cyclic nucleotide removed via conventional
gel filtration chromatography or chromatography on
hydroxy-apatite resins. Following removal of cyclic
nucleotides, the enzyme pools were dialyzed against
Dialysis Buffer containing 25 mM MCPS pH 7.4, 10 uM

10 ZnS0,, 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 gquick frozen with the aid of dry ice and stored
at -70°C.

15 The resultant preparations were about >950%
pure by SDS-PAGE. These preparations had specific
activities of about 0.1 to 1.0 umol cAMP hydrolyzed

per minute per milligram protein.

20 IC,, Determinations

The parameter of interest in evaluating
the potency of a competitive enzyme inhibitor of
PDES and/or PDElc and PDE6 isg the inhibition

25 constant, i.e., K This parameter can be approx-

.-
imated by determining the IC;,, which is the inhib-
itor concentration that results in 50% enzyme
inhibition, in a single dose-response experiment
under the following conditions.

30 The concentration of inhibitor is always
much greater than the concentration of enzyme, so

that free inhibitor concentration (which is unknown)
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is approximated by total inhibitor concentration
(which is known) .
A suitable range of inhibitor concentra-
tions is chosen {(i.e., inhibitor concentrations at
5 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
10 are chosen such that less than 20% of the substrate

is consumed in the absence of inhibitor (providing,
e.g., maximum substrate hydrolysis of from 10 to
15%), so that enzyme activity is approximately
constant throughout the assay.

15 The concentration of substrate is less
than one-tenth the Michaelis constant (X,). Under
these conditions, the IC,, will closely approximate
the K;. This is because ¢f the Cheng-Prusoff equa-
tion relating these two parameters: IC,,=K,;{1+S/XK,),

20 with (1+S8/K,) approximately 1 at low values of S/K,.

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
25 inhibitor with the substrate, a two-parameter model

can be used:

Y=A/(1l+x/B)

30 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.

INTELGENX 1024, pg. 28



WO 00/66099 PCT/US00/11129

- 20 -~

Cheng et al., Biochem. Pharmacocl., 22:3099-3108
(1973) .
Effects of inhibitors of the present

invention on enzymatic activity of PDE5 and PDE6

5 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 involved modification of the procedure

10 of Wells et al., Biochim. Biophys. Acta, 384:430
(1975) . The first of the assays was performed in a
total volume of 200 ul containing 50 mM Tris pH 7.5,
3 mM Mg acetate, 1 mM EDTA, 50 ng/mL snake venom
nucleotidase and 50 nM [*H]-cGMP (Amersham). Com-

15 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 ul of 10 mM Tris pH 7.5, 10 mM EDTA,
10 mM theophylline, 0.1 mM adenosine, and 0.1 mM

20 guanosine. The mixtures were loaded on to 0.5 mL

QAE Sephadex columns, and eluted with 2 mL of 0.1 M

formate (pH 7.4). The eluted radicactivity was
measured by scintillation counting in Optiphase
Hisafe 3.

25 A second, microplate, PDE assay was
developed using Multiscreen plates and a vacuum
manifold. The assay (100 pl) contained 50 mM Tris
pH 7.5, 5 mM Mg acetate, 1 mM EDTA and 250 ug/mL
snake venom nucleotidase. The other components of

30 the reaction mixture were as described above. At
the end of the incubation, the total volume of the
assays were loaded on a QAE Sephadex microcolumn

plate by filtration. Free radiocactivity was eluted
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with 200 ul of water from which 50 pl aliguots were
analyzed by scintillation counting as described
above.
The following examples are presented to
5 further 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.

10 Example 1

Compound (I) was prepared as described in

U.S. patent 5,859,006 and formulated in tablets
using wet granulation. Povidone was dissolved in

i5 water to make a 10% solution. The active compound,
microcrystalline 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

20 water as required to complete the granulation. The

resultant mixture was dried in a fluid bed drier

with inlet air at 70°C + 5°C until the loss on
drying was below 2.5%. The granules were passed
through a Comil with a suitable screen {(or a sieve)
25 and added to a suitable mixer. The extragranular
croscarmellose sodium and sodium lauryl sulfate, and
the colloidal anhydrous silica were passed through a
suitable sieve (e.g., 500 micron) and added to the
mixer and blended 5 minutes. Magnesium stearate was
30 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.
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The core tablets were coated with an
agqueous suspension of Opadry 0Y-S-7322 using an
Accelacota (or similar cecating pan) using inlet air
at 50°C to 70°C until the tablet weight was in-

5 creased by approximately 8 mg. Opadry OY-S-7322
contains methylhydroxypropylcellulose Ph.Eur.,
titanium dioxide Ph. Bur., Triacetin USP. Opadry
increases the weight of each tablet to about 258 mg.
The amount of film coat applied per tablet may be

10 less than that stated depending on the process effi-
ciency.

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

safety and efficacy of the compound.

15
Formulations
Component {mg per tablet)
Selective PDES5 Inhibitor® 1 5
Hydroxypropyl Methylcellulose 1 5
20 Phthalate
Microcrystalline Cellulose 221.87 213.87
Croscarmellose Sodium 5.00 5.00
Sodium Lauryl Sulfate 2.50 2.50
Povidone K30 9.38 9.38
25 Purified Watexr, USP {(water for g-s. g.s.
irrigation)
Croscarmellose Sodium 5.060 5.00
Sodium Lauryl Sulfate 2.50 2.50
Colloidal Anhydrous Silica 0.50 0.50
30 Magnesium Stearate 1.25 1.25
Total core subtotal 250.00 250.00
(Film coat Opadry OY-S-7322) about 8 mg about & mg
Y Compound (I).
35
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Example 2

The following formula is used in preparing

the finighed dosage form containing 10 mg of Com-

5 pound (I).
Ingredient Quantity (mg)

Granulation
Selective PDE5 Inhibitor¥ 10.00
10 Lactose Monohydrate 153.80
Lactose Monohydrate (spray dried) 25.0¢0
Hydroxypropylcellulose 4.00
Croscarmellose Sodium 9.00
Hydroxypropylcellulose {EF) 1.75
15 Sodium Lauryl Sulfate 0.70
35.00

Outside Powders

Microcrystalline Cellulose (granular-102) 37.50
Croscarmellose Sodium 7.00
20 Magnesium Stearate (vegetable) 1.25
Total 250 mg

Film coat (approximately)} 11.25

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
30 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
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PDE5S inhibitor is dry blended with lactose mono-
hydrate (spray dried), hydroxypropylcellulose, cros-
carmellulose sodium, and lactose monchydrate. The
resulting powder blend is granulated with an agqueous

5 solution of hydroxypropylcellulose and sodium lauryl
sulfate using a Powrex or othexr suitable high sghear
granulator. Additional water can be added to reach
the desired endpeoint. A mill can be used to delump
the wet granulation and facilitate drying. The wet

10 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

15 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,

20 croscarmellose 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 mixing
phase.
25 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
30 can be lightly dusted with talc to improve tablet
handling characteristics.
The tablets are filled into plastic con-

tainers (30 tablets/container) and accompanied by
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package insert describing the safety and efficacy of

the compound.

Example 3
5
The following formula is used in preparing
a finished dosage form containing 5 mg of Compound
; (1) .
-
10 Ingredient Quantity (mg)
Granulation
Selective PDE5 Inhibitor® 2.5¢
Lactose Monohydrate 79.395
Lactose Monohydrate (spray dried) 12.50
15 Hydroxypropylcellulose 2.00
Croscarmellose Sodium 4.50
Hydroxypropylcellulose (EF) 0.875
Sodium Lauryl Sulfate 0.35
20 Qutside Powders
Microcrystalline Cellulose (granular-102) 18.75
Croscarmellose Sodium 3.50
Magnesium Stearate {vegetable) 0.63
Total 125 mg
25 Film coat {(approximately)} 6.875
The dosage form of Example 3 was prepared
30 in an identical manner to the dosage form of Example

2.
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Solution Capsule
Ingredient mg/capsule Percent (%)
5 Selective PDES Inhibitor? 10 2
PEG400 NF 490 98
Fill Weight 500 100

10
The gelatin capsules are precisely filled

by pumping an accurate f£ill volume of pre-dissolved
drug formulation into the partially sealed cavity of
a capsule. Immediately following injection £ill of

15 the drug sclution formulation, the capsule is
complietely heat sealed.

The capsules are filled into plastic con-

tainers and accompanied by a package insert.

20 Example 5

This study was a randomized, double-blind,
placebo-controlled, two-way crossover design clin-
ical pharmacology drug interaction study that evalu-

25 ated the hemodynamic effects of concomitant adminis-
tration of a selective PDES inhibitor (i.e., Com-
pound (I)) and short-acting nitrates on healthy male
volunteers. In this study, the subjects received
either Compound (I) at a dose of 10 mg or a placebo,

30 daily for seven days. On the sixth or seventh day,
the subjects received sublingual nitroglycerin (0.4
mg) while supine on a tilt table. The nitroglycerin
was administered 3 hours after Compound (I) dosing,

and all subjects kept the nitroglycerine tablet
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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. There were no

5 discontinuations among the twenty-two healthy male
subjects (ages 19 to 60 years old} that entered this
study.

In a preliminary analysis of this study,

Compound (I) was well tolerated and there were no

10 serious adverse events. There were no Compound (I)
changes in laboratory safety assessments or 12-lead
ECGs. The most common adverse events were headache,
dyspepsia, and back pain. Compound (I) demonstrated
minimal, if any, effect on mean systolic blood

15 pressure, and mean maximal nitroglycerin-induced

decrease in systolic blood pressure.

Example 6
20

In two randomized, double-blinded placebo
controlled studies, Compound (I) was administered to
patients in need thereof at a range of doses, in
both daily dosing and for on demand therapy, for

25 sexual encounters and intercocurse in the home
setting. Doses from 5 to 20 mg of Compound (I} were
efficacious and demonstrated less than 1% flushing
and no reports of vision abnormalities. It was
found that a 10 mg dose of Compound (I) was fully

30 efficacious and demonstrated minimal side effects.

Enhanced erectile function was determined
by the Internatiomal Index of Erectile Function

(IIEF) (Rosen et al., Urology, 49, pp. 822-830
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{1997)), diaries of sexual attempts, and a global
satisfaction question. Compound {(I) significantly
improved the percentage of successful intercourse
attempts including the ability to attain and

5 maintain an erection in both "on demand" and daily

dosing regimens.

Example 7

10 A third clinical study was a randomized,
double-blind, placebo-controlled study of Compound
{I) administered "on demand" to patients with male
erectile dysfunction. Compound (I) was administered
over a period of eight weeks in the treatment of

15 male erectile dysfunction (ED). Erectile dysfunc-
tion (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

20 Compound (I) prior to expected sexual activity.

The study population consisted of 212 men,
at least 18 years of age, with mild to severe
erectile dysfunction. Compound (I) was orally
administered as tablets of coprecipitate made in

25 accordance with Butler U.S. Patent No. 5,985,326.
Compound {(I) 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 itraconazole},

30 warfarin, erythromycin, or antiandrogens was not
allowed at any time during the study. No other

approved or experimental medications, treatments, or
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devices used to treat ED were allowed. Forty-one
subjects were administered a placebo.
The two primary efficacy wvariables were
the ability of a subject to penetrate his partner
5 and hig 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
b, measure of erectile function. See R.C. Rosen et
10 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

15 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)

20 diary; and a global assessment question asked at the

end of the treatment period. The SEP is a patient
diary instrument documenting each sexual encounter
during the course of the study.
The safety aspect of the study included
25 all enrolled subjects, and was assessed by
evaluating all reported adverse events, and changes
in c¢linical laboratory values, vital signs, physical
examination results, and electrocardiogram results.
At endpoint, patients who rated their
30 penetration ability (IIEF Question 3) as "almost
always or always" were as follows: 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
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the 25 mg group. Comparisons revealed statistically
significant differences in change in penetration
ability between placebo and all dose levels of
Compound (I).

5 At endpoint, patients who rated their
ability to maintain an erection (IIEF Question 4)
during intercourse as "almost always or always” are
as follows: 10.0% in the placebo group, 192.5% in
the 2 mg group, 32.6% in the 5 mg group, 39.0% in

10 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 levels of Compound
(I).

15 This study also included a safety evalu-
ation. A treatment-emergent adverse event is de-
fined as a condition not present at baseline that

appeared postbaseline, or a condition present at

baseline that increased in severity postbaseline.

20 The most commonly reported treatment-emergent ad-

verse eventgs were headache, dyspepsia, and back
pain. The incidence of treatment-emergent adverse
events appeared related to dose.
Overall, this study demonstrated that all
25 four doses of Compound (I), namely 2 mg, 5 mg, 10
mg, and 25 mg, taken "on demand" produced signifi-
cant improvement, relative to placebo, in the sexual
performance of men with erectile dysfunction as
assessed by the IIEF, by patient diaries assessing
30 frequency of successful intercourse and intercourse

satisfaction, and by a global assessment.
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The combined results from clinical studies
showed that administration of Compound (I) effec-
tively treats male erectile dysfunction, as

illustrated in the following table.

5
IIEF ERECTILE FUNCTION DOMAIN
(Change from Baseline)
Unit Dose n Mean + SD P
of Compound (I)

10 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
15 50 mg 52 9.8 + 5.5 <.001
100 mg 49 8.4 + 6.1 <.001

n is number of subjects, SD is standard deviation.

20 :

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 Compound (I), as illustrated

25 in the following table:
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Treatment-Emergent Adverse Events (%)

Unit Dose of Compound (I) (mg)

Event Placebo 2 5 10 25 50 100

Headache 10 12 10 23 29 34 46

5 Dyspepsia & 3 14 13 19 20 25

Back Pain 5 3 3 15 18 24 22

Myalgia 3 0 9 16 20 29

Rhinitis 3 7

Conjunctivitis 1l 4]

(] W W
[
o |

10 Eyelid Edema o] 0

Flushing o o

o (=]
A
=
(]
W
~J

Vision ¢} 0
Abnormalities

15

The 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

20 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

25 about 2 to about 20 mg, more preferably about 5 to
about 20 mg, and most preferably about 5 to about 15
mg, of Compound (I}, administered up to a maximum of
20 mg per 24-hour period, both effectively treats ED
and minimizes or eliminates the occurrence of ad-

30 verse side effects. Importantly, no vision abnor-
malities were reported and flushing was essentially
eliminated. Surprisingly, in addition to treating
ED, with at about 1 to about 20 mg unit dose Com-
pound (I), with a minimum of adverse side effects,

35 individuals undergoing nitrate therapy also can be
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treated for ED by the method and composition of the
present invention.
The principles, preferred embodiments, and

modes of coperation of the present invention have

5 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

10 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 CLAIMED IS:
1. A pharmaceutical unit dosage composi-

tion comprising about 1 to about 20 mg of a compound

having the structural formula:

= ! \ N
. \,/l NW_’/}
u HY:

said unit dosage form suitable for oral administra-

tion.

2. The dosage form of claim 1 comprising

about 2 to about 20 mg of the compound in unit

dosage form.
3. The dosage form of claim 1 comprising
about 5 to about 20 mg of the compound in unit

dosage form.

4. The dosage form of claim 2 comprising

about 2.5 mg c¢f the compound in unit dosage form.

5. The dosage form of claim 3 comprising

about 5 mg cof the compound in unit dosage form.
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6. The dosage form of claim 3 comprising

about 10 mg of the compound in unit dosage form.

7. The dosage form of claims 1 through 6
wherein the unit dose is in a form selected from the
group consisting of a ligquid, a tablet, a capsule,

and a gelcap.

8. The dosage form of claims 1 through 6

wherein the unit dose is in the form of a tablet.
9. The dosage form of claims 1 through 6
for use in treating a condition where inhibition of

PDE5 is desirable.

10. The dosage form of claim 9 wherein

the condition is a sexual dysfunction.

11. The dosage form of claim 10 wherein

the sexual dysfunction is male erectile dysfunction.

12. The dosage form of claim 10 wherein

the sexual dysfunction is female arousal disorder.
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13. A method cf treating sexual dysfunc-
tion in a patient in need thereof comprising ad-
ministering one or more unit dose containing about 1
to about 20 mg, up to a maximum total dose of 20 mg

per day, of a compound having the structure

G
B u\
\\\\ N s CH 3

14. The method of claim 13 wherein the
unit dose contains about 2 to about 20 mg of the

compound.

15. The method of claim 13 wherein the

unit dose contains about 5 mg of the compound.

16. The method of claim 13 wherein the
unit dose contains about 10 mg of the compound and

is administered once per day.

17. The method of claim 13 wherein the
unit dose is in a form selected from the group con-
sisting of a liquid, a tablet, a capsule, and a

gelcap.
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18. The invention as hereinbefore de-

scribed.

19. Use of a unit dose containing about 1

to about 20 mg of a compound having the structure

O

H ﬂ\
oW 7 CHj3

o
v
1N

2
:<—z

for the manufacture of a medicament for the treat-
ment of sexual dysfunction in a patient in need

thereof.
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BT ¥ - : Atty. Docket No. 29342/36206A
DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY

As a below named inventor, I hereby declare that my residence, post office address and citizenship are as stated below next
to my name; I believe that I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention
entitled "UNIT DOSAGE FORM," the specification of which (check one): O is attached hereto; O was filed on

as Application Serial No. and was amended on (if

applicable); ® was filed as PCT International Application No. PCT/US00/11129 on April 26, 2000, and was amended under Article

19 on (if applicable). I hereby state that I have reviewed and understand the contents of the above-

identified specification, including the claims, as amended by any amendment(s) referred to above. Iacknowledge the duty to disclose

to the Patent and Trademark Office all information known to me to be material to patentability as defined in 37 C.F.R. §1.56.

- I hereby claim foreign priority benefits under 35 U.S.C. §119 of any foreign application(s) for patent or inventor's
certificate or of any PCT internationa! application{s} designating st least one country other than the United States of America listed
below and have also identified below any foreign application(s) for patent or inventor's certificate or any PCT international
application(s) designating at least one country other than the United States of America filed by me on the same subject matter having

a ﬁ'ﬁng date before that of the application(s) of which priority is claimed:

Priority Claimed
PGF/US00/11129 PCT 26/04/00 b m]
(Aﬁﬁfication Serial Number) (Country) (Day/Month/Year Filed) Yes No
0 jm)
ication Serial Number) (Country) {Day/Month/Year Filed) Yes No

I hereby claim the benefit under 35 U.S.C. §119(e) of any United States provisional application(s) listed below:

30/04/99
(Day/Month/Year Filed)

¢Application Serial Number) (Day/Month/Year Filed)

I hereby claim the benefit under 35 U.S.C. §120 of any United States application(s) or PCT international application(s)
designating the United States of America listed below and, insofar as the subject matter of each of the claims of this application is
not disclosed in the prior application(s) in the manner provided by the first paragraph of 35 U.S.C. §112, I acknowledge the duty
to disclose to the Office all information known to me to be material to patentability as defined in 37 C.F.R. §1.56 which occurred
between the filing date of the prior application(s) and the national or PCT international filing date of this application:

(Application Serial Number) (Day/Month/Year Filed) (Status-Patented, Pending or Abandoned)

(Application Serial Number) {Day/Month/Year Filed) (Status-Patented, Pending or Abandoned)

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information
and belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. §1001 and that such willful false statements may

jeopardize the validity of the application or any patent issued thereon.
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,-s»  PQWER OF ATTORNEY: Ihereby appoint as my attorneys, with full powers of substitution and revocation, to prosecute
this application and transact all business in the Patent and Trademark Office connected therewith:

John B. Lungmus(18,566)
Allen H. Gerstein (22,218)
Nate F. Scarpelli (22,320)
Michael F. Borun (25.447)
Trevor B. Joike (25,542)
Carl E. Moore, Jr. (26,487)

Send correspondence to: _James J. Napoli

FIRM NAME
Marshall, Gerstein & Borun

Richard H. Anderson (26,526)
Patrick D. Ertel (26.877)
Richard B. Hoffman(26,910)
James P. Zeller (28,491)
Kevin D. Hogg (31,839
Jeffrey S. Sharp (31.879)

Martin J. Hirsch (32,237)

James J. Napoli (32,361)
Richard M. La Barge (32,254)
Douglass C. Hochstetler (33,710}
Robert M. Gerstein (34,824)
Anthony G. Sitko (36,278)

STREET CITY & STATE

6300 Sears Tower
233 South Wacker Drive

Chicago, Tllinois

James A. Flight (37.622)

Roger A. Heppermann (37,641)
David A. Gass (38,153) ~
Gregory C. Mayer (38,238)
Michael R. Weiner (38,359)
Witliam K. Merkel (40.725)

ZIP CODE

60606-6402

Fuli Name of First or Sole Inventor Citizenship L’bﬁ
William Ernest Pullman United States-ofAmerica— A\/_g TEALA
Residence Address - Street Post Office Address - Street

42 Annin Road 42 Annin Road

City (Zip) City (Zip)

“Far Hills (07931) 4.7 Far Hills (07931)

State or Country State or Country

New Jersey New Jersey

Signature
X

S&cond Joint Inventor, if any
Fohn Steven Whitaker

Citizenship
United States of America

Residence Address - Street

16340 162nd Avenue

Post Office Address - Street
19342 162nd Avenue

:'C:ity Zip) City (Zip)
“Woodinville (98072) Woodinville (98072)
State or Country State or Country
Washington ‘Washington
Bate Signature

¢
Third Joint Inventor, if any Citizenship

Residence Address - Street

Post Office Address - Street

City (Zip)

City (Zip)

State or Country

State or Country

Date Signature
X X
Fourth Joint Inventor, if any Citizenship

Residence Address - Street

Post Office Address - Street

City (Zip)

City (Zip)

State or Country

State or Country

Date
B

Signature
]
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APPLICABLE RULES AND STATUTES
37 CFR 1.56. DUTY OF DISCLOSURE - INFORMATION MATERIAL TO PATENTABILITY (Applicable Portion)

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most
effective patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the
teachings of all information material to patentability. Each individual associated with the filing and prosecution of a patent
application has a duty of candor and good faith in dealing with the Office, which includes a duty to disclose to the Office all
information known to that individual to be material to patentability as defined in this section. The duty to disclose information exists
with respect to each pending claim until the claim is canceled or withdrawn from consideration, or the application becomes
abandoned. Information material to the patentability of a claim that is canceled or withdrawn from consideration need not be
submitted if the information is not material to the patentability of any claim remaining under consideration in the application. There
is no duty to submit information which is not material to the patentability of any existing claim. The duty to disclose all information
known to be material to patentability is deemed to be satisfied if all information known to be material to patentability of any claim
issued in a patent was cited by the Office or submitted to the Office in the mammer prescribed by §§ 1.97(b)-(d) and 1.98. However,
no patent will be granted on an application in connection with which fraud on the Office was practiced or attempted or the duty of
disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to carefully examine:

[¢))] prior art cited in search reports of a foreign patent office in a counterpart application, and

{2) the closest information over which individuals associated with the filing or prosecution of a patent
application believe any pending claim patentability defines, to make sure that any material information
contained therein is disclosed to the Office.

Inf@rmation relating to the following factual situations enumerated in 35 USC 102 and 103 may be considered material under 37 CFR
56(a).

.S8.C. 102. CONDITIONS FOR PATENTABILITY: NOVELTY AND LOSS OF RIGHT TO PATENT

A person shall be entitled to a patent unless --
{(a) the invention was known or used by others in this country, or patented or described in a printed publication

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use

oripn sale in this country, more than one year prior to the date of the application for patent in the United States, or
{c) he has abandoned the invention, or
(d) the invention was first patented or caused to be patented, or was the subject of an inventor's certificate, by

reqmrements of paragraph (1), (2), and (4) of section 371(c) of this title before the invention thereof by the applicant for patent, or
(f) he did not himself invent the subject matter sought to be patented, or
(g) before the applicant's invention thereof the invention was made in this country by another who had not
abandoned, suppressed, or concealed it. In determining priority of invention there shall be considered not only the respective dates
of conception and reduction 1o praciice of the invention, but also the reasonable diligence of one who was first to conceive and last
to reduce to practice, from a time prior to conception by the other.

35 U.S.C. 103. CONDITIONS FOR PATENTABILITY; NON-OBVIOUS SUBJECT MATTER (Applicable Portion)

A patent may not be obtained though the invention is not identically disclosed or described as set forth in section
102 of this title, if the differences between the subject matter sought to be patented and the prior art are such that the subject matter
as a whole would have been obvious at the time the invention was made to a person having ordinary skill in the art to which said
subject matter pertains. Patentability shall not be negatived by the manner in which the invention was made.

Subject matter developed by another person, which qualifies as prior art only under subsection (f) or (g) of section
102 of this title, shall not preclude patentability under this section where the subject matter and the claimed invention were, at the
time the invention was made, owned by the same person or subject to an obligation of assignment to the same person.

35 U.S.C. 112. SPECIFICATION (Applicable Portion)
The specification shall contain a written description of the invention, and of the manner and process of making
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it pertains, or with which

it is most nearly connected, to make and use the same, and shall set forth the best mode contemplated by the inventor of carrying
out his invention.
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" . - Atty. Docket No. 29342/36206A
: . 2 4. Pt
DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY

As a below named inventor, I hereby declare that my residence, post office address and citizenship are as stated below next
to my name; I believe that I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention
entitled "UNIT DOSAGE FORM," the specification of which (check one): [ is attached hereto; O was filed on
as Application Serial No. and was amended on (if

applicable); & was filed as PCT International Application No. PCT/US00/11129 on April 26, 2000, and was amended under Article

19 on (if applicable). I hereby state that I have reviewed and understand the contents of the above-

identified specification, including the claims, as amended by any amendment(s) referred to above. Iacknowledge the duty to disclose

to the Patent and Trademark Office all information known to me to be material to patentability as defined in 37 C.F.R. §1.56.

I hereby claim foreign priority benefits under 35 U.S.C. §119 of any foreign application(s) for patent or inventor's
certificate or of any PCT international application(s) designating at least one country other than the United States of America listed
below and have also identified below any foreign application{s) for pztent or inventor's certificate or any PCT international
application(s) designating at least one country other than the United States of America filed by me on the same subject matter having

a filing date before that of the application(s) of which priority is claimed:

: Priority Claimed
(/US00/11129 PCT 26/04/00 x a
(A :{j,ic..gtion Serial Number) (Country) {Day/Month/Year Filed) Yes No

(Application Serial Number) {Country) {Day/Month/Year Filed) Yes No

1 hereby claim the benefit under 35 U.S.C. §119(e) of any United States provisional application(s) listed below:

60/132,036 30/04/99
{Apgplication Serial Number) {Day/Month/Year Filed)

{Application Serial Number) (Day/Month/Year Filed)

1 hereby claim the benefit under 35 U.S.C. §120 of any United States application(s) or PCT international application(s)
deéignating the United States of America listed below and, insofar as the subject matter of each of the claims of this application is
not disclosed in the prior application(s) in the manner provided by the first paragraph of 35 U.S.C. §112, I acknowledge the duty
to disclose to the Office all information known to me to be material to patentability as defined in 37 C.F.R. §1.56 which occurred
between the filing date of the prior application(s) and the national or PCT international filing date of this application:

(Application Serial Number) (Day/Month/Year Filed) (Status-Patented, Pending or Abandoned)

(Application Serial Number) (Day/Month/Year Filed) (Status-Patented, Pending or Abandoned)

1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on information
and belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. §1001 and that such willful false statements may

jeopardize the validity of the application or any patent issued thereon.
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* this application and transact all business in the Patent and Trademark Office connected therewith:

John B. Lungmus(18,566)
Allen H. Gerstein (22,218)
Nate F. Scarpelli (22,320)
Michael F. Borun (25,447)
Trevor B. Joike (25,542)
Carl E. Moore, Ir. (26,487)

Send correspondence to:

FIRM NAME

Marshall, Gerstein & Borun

Richard H. Anderson (26,526)
Patrick D. Ertel (26,877)
Richard B. Hoffman(26,910)
James P. Zeller (28,491)
Kevin D. Hogg (31,839)
Jeffrey S. Sharp (31,879)

James J. Napoli

Martin J. Hirsch (32,237

James J. Napoli (32,361)
Richard M. La Barge (32,254)
Douglass C. Hochstetler (33.710)
Robert M. Gerstein (34,824)
Anthony G. Sitko {36,278)

STREET CITY & STATE

6300 Sears Tower

233 South Wacker Drive Chicago, Illinois

., = POWER OF ATTORNEY:: I hereby appoint as my attorneys, with full powers of substitution and revocation, to prosecute

James A. Flight (37,622)
Roger A. Heppermann (37,641)
David A. Gass (38.153)
Gregory C. Mayer (38,238)
Michael R. Wemer (38,359)
William K. Merkel (40,723)

ZIP CODE

60606-6402

Full Name of First or Sole Inventor
‘William Ernest Pullman

Citizenship
United States of America

Residence Address - Swreet

3004 Towne Drive

Thiams ¢ BT o3 < o,
Tost Uifice Address - Sleat

3004 Towne Drive

dehn Steven Whitaker

City (Zip) City (Zip)
Carme] (46032) Carmel (46032)
vgg’te or Country State or Country
Indiana Indiana

E%ie Signature

&, R

Second Joint Inventor, if any Citizenship

United States of America

Residence Address - Street
19340 162nd Avenue

Post Office Address - Street
19342 162nd Avenue

City (Zip) City (Zip)
Woodinville (98072) wv A, . Woodinville (98072)
State or Country State or Country
Washington Washington

%afc {1/ 0(,74/\_ 20w7

Signatur:

Third Joint Inventor, if any

Citizenship

Residence Address - Street

Post Office Address - Street

City (Zip)

City {Zip)

State or Country

State or Country

Date Signature
b P
Fourth Joint Inventor, if any Citizenship

Residence Address - Street

Post Office Address - Street

City (Zip)

City (Zip)

State or Country

State or Country

Date

X

Signature

K
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APPLICABLE RULES AND STATUTES
37 CFR 1.56. DUTY OF DISCLOSURE - INFORMATION MATERIAL TO PATENTABILITY (Applicable Portion)

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most
effective patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the
teachings of all information material to patentability. Each individual associated with the filing and prosecution of a patent
application has a duty of candor and good faith in dealing with the Office, which includes a duty to disclose to the Office all
information known to that individual to be material to patentability as defined in this section. The duty to disclose information exists
with respect to each pending claim until the claim is canceled or withdrawn from consideration, or the application becomes
abandoned. Information material to the patentability of a claim that is canceled or withdrawn from consideration need not be
submitted if the information is not material to the patentability of any claim remaining under consideration in the application. There
is no duty to submit information which is not material to the patentability of any existing claim. The duty to disclose all information
known to be material to patentability is deemed to be satisfied if all information known to be material to patentability of any claim
issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by §§ 1.97(b)-(d) and 1.98. However,
no patent will be granted on an application in connection with which fraud on the Office was practiced or attempted or the duty of
disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to carefully examine:

O prior art cited in search reports of a foreign patent office in a counterpart application, and

¥4} the closest information over which individuals associated with the filing or prosecution of a patent
application believe any pending claim patentability defines, to make sure that any material information
contained therein is disclosed to the Office.

Information relating to the following factual situations enumerated in 35 USC 102 and 103 may be considered material under 37 CFR
1.56(a).

35-6.8.C. 102. CONDITIONS FOR PATENTABILITY: NOVELTY AND LOSS OF RIGHT TO PATENT

A person shall be entitled to a patent unless --

(a) the invention was known or used by others in this country, or patented or described in a printed publication
is or a foreign country, before the invention thereof by the applicant for patent, or

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use
orion sale in this country, more than one year prior to the date of the application for patent in the United States, or

(c) he has abandoned the invention, or

(d) the invention was first patented or caused to be patented, or was the subject of an inventor's certificate, by
th g-applicant or his legal representatives or assigns in a foreign country prior to the date of the application for patent in this country
01;@:1 application for patent or inventor's certificate filed more than twelve months before the filing of the application in the United

in:

(e) the invention was described in a patent granted on an application for patent by another filed in the United States
before the invention thereof by the applicant for patent, or on an international application by another who has fulfilled the
reqmrements of paragraph (1), (2), and (4) of section 371(c) of this title before the invention thereof by the applicant for patent, or

(f) he did not himself invent the subject matter sought to be patented, or

(g) before the applicant's invention thereof the invention was made in this country by another who had not
abandoned, suppressed, or concealed it. In determining priority of invention there shall be considered not only the respective dates
of conception and reduction to practice of the invention, but also the reasonable diligence of one who was first to conceive and last
o0 reduce to practice, from a (img priot to conception by ihe other.

35 U.S.C. 103. CONDITIONS FOR PATENTABILITY; NON-OBVIOUS SUBJECT MATTER (Applicable Portion)

A patent may not be obtained though the invention is not identically disclosed or described as set forth in section
102 of this title, if the differences between the subject matter sought to be patented and the prior art are such that the subject matter
as a whole would have been obvious at the time the invention was made to a person having ordinary skill in the art to which said
subject matter pertains. Patentability shall not be negatived by the manner in which the invention was made.

Subject matter developed by another person, which qualifies as prior art only under subsection (f) or (g) of section
102 of this title, shall not preclude patentability under this section where the subject matter and the claimed invention were, at the
time the invention was made, owned by the same person or subject to an obligation of assignment to the same person.

35 U.S.C. 112. SPECIFICATION (Applicable Portion)

The specification shall contain a written description of the invention, and of the manner and process of making
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it pertains, or with which

it is most nearly connected, to make and use the same, and shall set forth the best mode contemplated by the inventor of carrying
out his invention.
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|Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information:

This is a FIRST submission of items concerning a filing under 35 U.S.C. 371.
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This is an express request to begin national examination procedures (35 U.S.C. 371(f)). The submission must include itens (5}, {6),
(9) and (24} indicated below.

The US has been elected by the expiration of 19 months from the priority date (Article 31).
A copy of the International Application as filed (35 U.S.C. 371 (¢) (2))
a. [0 isattached hereto (required only if not communicated by the International Bureau).

“b. B has been communicated by the International Bureau.

c. B isnotrequired, as the application was filed in the United States Receiving Office (RO/US).

An English language translation of the International Application as filed (35 U.S.C. 371{(c}2)).

a. [0 is attached hereto.

b. [0 has been previously submitied under 35 U.S.C. 154(d){4).

Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371 (¢)(3))

a. [J are attached hereto (required only if not communicated by the International Bureau).

b. [0 have been communicated by the International Bureau.

{0  have not been made; however, the time limit for making such amendments has NOT expired.

& have not been made and will not be made.

An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371{c)3))-

An oath or declaration of the inventor(s} {35 U.S.C. 371 (c){4)).

An English language translation of the annexes to the International Preliminary Examination Report under PCT
Article 36 (35 U.8.C. 371 (c)(3)).

A copy of the International Preliminary Examination Report (PCT/IPEA/405).
A copy of the International Search Report (PCT/ISA/210).

e o

Iter=s 13 to 20 below cencern document(s) or information included:

An Information Disclosure Statement under 37 CFR 1.97 and 1.98.

An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included.
A FIRST preliminary amendment. '

A SECOND or SUBSEQUENT preliminary amendment.

A substitute specification.

A change of power of attorney and/or address letter.

A computer-readable form of the sequence listing in accordance with PCT Rule 13ter.2 and 35 U.S.C. 1.821 - 1.825.
A second copy of the published international application under 35 U.S.C. 154(d)(4).

A second copy of the English language translation of the international applicaticn under 35 U.S.C. 154(d)(4).
Certificate of Mailing by Express Mail

Other items or information:

Return receipt posteard
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and International Search Report not prepared by the EPOor JPO .. ... ... ... $1040.00
B International preliminary examination fee (27 CFR 1.482) not paid to
USPTQO but International Search Report prepared by the EPOorJPO ........ $890.00
1 International preliminary examination fee (37 CFR 1.4382) not paid to USPTO
but international search fee (37 CFR 1.445(a){2)) paid to USPTO ... IERRR §740.00
3 International preliminary examination fee (37 CFR 1.482) paid to USPTO
but all claims did not satisfy provisions of PCT Article 33(1)-(4) . ... ..... ... $710.00
1 International preliminary examination fee (37 CFR 1.482) paid to USPTO
and all claims satisfied provisions of PCT Article 33(1)~(4) ... .... ... $100.00
ENTER APPROPRIATE BASIC FEE AMOUNT = $890.00
Surcharge of $130.00 for fumishing the oath or declaration Iater than 0 20 0 30
Jmonths from the earliest claimed priority date (37 CFR 1.492 (e)). $0.00
CLAIMS NUMBER FILED NUMBER EXTRA RATE
Total elaims 17 -20= 0 x $18.00 $0.00
Nndépendent claims 2 - 3= 0 x  $84.00 $0.00
lMult’ipie Dependent Claims {check if applicable). [ $0.00
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3. Applicant claims small entity status. See 37 CFR 1.27). The fees indicated above are
— reduced by 1/2. $0.00
= SUBTOTAL = $890.00
tocessing fee of $130.00 for furnishing the English translation later than O 20 O 30
topths from the earliest claimed priority date (37 CFR 1.492 (f)). + %0.00
3 TOTAL NATIONALFEE = $890.00
;E;_éfor recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be .
scompanied by an appropriate cover sheet (37 CFR 3.28, 3.31) (check if applicable), $0.00
: TOTAL FEES ENCLOSED = $890.00
Amount fo be:
refunde
charged s
A check in the amount of $890.00 to cover the above fees is enclosed.
[  Please charge my Deposit Account No. in the amount of to cover the above fees.
A duplicate copy of this sheet is enclosed.
c The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment
to Deposit Account No. 13-2855 A duplicate copy of this sheet is enclosed.
d. "0 Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card

information should not be included on this form. Provide credit card information and authorization on PT0O-2038.

NOTE: *Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR
1.137(a} or (b)) must be filed and granted te restore the application to pending status.

Marshall, Gerstein & Borun
6300 Sears Tower

233 Seuth Wacker Drive NAME
Chicago, Hlinois 60606

SEND ALL CORRESPONDENCE TO: —_
NAPOLI, James J. C &gg:g
Customer No. 04743 SIGNATURE

James J. Napoli

United States of America 32,361
REGISTRATION NUMBER
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UNIT DOSAGE FORM

CROSS REFERENCE TO RELATED APPLICATICNS

This appl tion claims the benefit of

provisional patent application Serial No.

60/132,036, filed April 30, 199
FIELD OF THE INVENTION

The present invention relates to a highly
selective phosphodiesterase (PDE} enzyme inhibitor
and to its use in a pharmaceutical unit dosage form.
In particular, the present invention relates to a
potent inhibitor of cyclic guanosine 3',5'-mono-
phosphate specific phosphodiesterase type 5 (PDES)
that when incorporated into a pharmaceutical product
is useful for the treatment of sexual dysfunction.
The unit dosage form described herein is character-
ized by selective PDE5 inhibition, and accordingly,
provides a benefit in therapeutic areas where
inhibition of PDE5 is desired, with minimization or
elimination of adverse side effects resulting from

inhibition of other phosphodiesterase enzymes.
BACKGROUND OF THE INVENTION

The biochemical, physiological, and
clinical effects of cyclic guanosine 2',5'-mono-
phosphate specific phosphodiesterase (cGMP-specific
PDE} inhibitors suggest their utility in a variety
of disease states in which modulation of smooth

muscle, renal, hemostatic, inflammatory, and/or
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endocrine function is desired. Type 5 cGMP-specific
rhosphodiesterase (PDE5) is the major cGMP hydro-
lyzing enzyme in vascular smooth muscle, and its
expressicn in penile corpus cavernosum has been
5 reported (Taher et al., J. Urol., 149, p. 285A
(1993)). Thus, PDES5 is an attractive target in the
treatment of sexual dysfunction (Murray, DN&P 6{(3),
pp. 150-56 (1993}}.
A pharmaceutical product, which provides a
i0 PDES inhibitor, is currently available and marketed
under the trademark VEAGRA®. The active ingredient
in VIAGRA® is sildenafil. The product is sold as an

article of manufacture including 25, 50, and 100 mg

tablets of sildenafil and a package insert. The
15 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

20 PDES has been reported as 3 nM (Drugs of the Future,
= 22(2), pp. 138-143 (1997))}) and as 3.9 nM (Boolel et
al., Int. J. of Impotence, 8, pp. 47-52 (1836)).
Sildenafil is described as having a 4,000-fold
selectivity for PDES versus PDE3, and only a 10-fold
25 selectivity for PDES versus PDE6. Its relative lack
of selectivity for PDEé 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
30 significant adverse side effects, including facial
filushing (10% incidence rate). Adverse side effects
limit the use of sildenafil in patients suffering

from vison abnormalities, hypertension, and, most
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significantly, by individuals who use organic
nitrates {(Welds et al., Amer. J. of Cardioclogy,
83(5A), pp. 21(C)-28(C) (1999)).
The use of sildenafil in patients taking

5 organic nitrates causes a clinically significant
drop in blood pressure which could place the patient
in danger. Accordingly, the package label for
sildenafil provides strict contraindications against
its use in combination with organic nitrates {(e.g.,

10 nitreoglycerin, isosorbide monconitrate, isosorbide
nitrate, erythrityl tetranitrate) and other nitric
oxide donors in any form, either regularly or
intermittently, because sildenafil potentiates the
hypotensive effects of nitrates. See C.R. Conti et

15 al., Amer. J. of Cardioclogy, 83(5A)}), pp. 29C-34C
(1599). Thus, even with the availability of
gildenafil, there remains a need to identify
improved pharmaceutical products that are useful in
treating sexual dysfunction.

20 Daugan U.S5. Patent 5,859,006 disclioses

certain tetracyclic derivatives that are potent
inhibitors of cGMP-specific PDE, or PDE5S. The IC,,
of the compounds disclosed in U.S. Patent No.
5,859,006 is reported in the range of 1 nM to 10 uM.
25 The oral dosage for such compounds is 0.58 mg daily
for an average adult patient (70 kg). Thus, unit
dosage forms (tablets or capsules) are reported as
0.2 to 40C mg of active compound. Significant
adverse side effects attributed to compounds
30 disclosed in U.S. Patent No. 5,859,006 are not
disclosed.
Applicants have discovered that one such

tetracyclic derivative, (6R,12aR}-2,3,6,7,12,12a-
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hexahydro-2-methyl-6-{(3,4-methylenedioxyphenyl) -
pyrazino{2',1':6,1]lpyrido[3,4-k]lindcle-1,4-dione,
alternatively named (6R-trans}-6-{1,3-benzodioxol-5-
vl)-2,3,6,7,12,12a-hexahydro-2-methylpyrazino-

5 [1',2':1,6]pyrido[3,4-blindole-1,4-dione, and re-
ferred to herein as Compound (I), can be admin-
istered in a unit dose that provides an effective

treatment without the side effects associated with

&

the presently marketed PDE5 inhibitor, sildenafil.
10 Prior to the present invention such side effects
were considered inherent to the inhibition of PDES.
Significantly, applicants’® clinical
studies alsc reveal that an effective product having
a reduced tendency to cause flushing in susceptible
15 individuals can be provided. Most unexpectedly, the

product also can be administered with clinically

insignificant side effects associated with the com-

bined effects of a PDE5 inhibitor and an organic

T

H

nitrate. Thus, the contraindication once believed

20 necessary for a product containing a PDES inhibitor

is unnecessary when Compound {(I) is administered as
a2 unit dose of about 1 to about 20 mg, as disclosed
herein. Thus, the present invention provides an
effective therapy for sexual dysfunction in indi-

25 viduals who previously were untreatable or suffered
from unacceptable side effects, including individ-
uals having cardiovascular disease, such as in
individuals reguiring nitrate therapy, having
suffered a myocardial infarction more than three

30 months before the onset of sexual dysfunction
therapy, and suffering from class 1 congestive heart
failure, or individuals suffering from vision ab-

normalities.
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The present invention provides Compound
{I) in a unit dosage form. That is, the present
invention provides a pharmaceutical unit dosage form
suitable for oral administration comprising about 1

5 to about 20 mg Compound (I).

SUMMARY OF THE TNVENTION

The present invention provides a pharma-
10 ceutical dosage form for human pharmaceutical use,
compriging about 1 to about 20 mg of (6R,12aR)-
4 2,3,6,7,12,12a-hexahydroc-2-methyl-6-(3,4-methylene-
= dioxyphenyl)pyrazino{2',1':6,1]lpyrido[3,4-bljindole-
1,4-dione in a unit dosage form suitable for oral
15 administration.

The present invention further provides a

method of treating conditions where inhibition of
PDES is desired, which comprises administering to a

patient in need thereof an oral dosage form con-

"
3
i

20 taining about 1 to about 20 mg of a selective PDES

inhibitor, as needed, up to a total dose of 20 mg

L

per day. The invention further provides the use of

an oral dosage form comprising a selective PDES

inhibitor at a dosage of about 1 to about 20 mg for
25 the treatment of sexual dysfunction.

Specific conditions that can be treated by
the present invention, include, but are not limited
to, male erectile dysfunction and female sexual
dysfunction, particularly female arousal disoxrder,

30 alsc known as female sexual arcusal disorder.
In particular, the present invention is

directed to a pharmaceutical unit dosage composition
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comprising about 1 to about 20 mg of a compound

having the structural formula:

O
H
> \\\\U\N - CH 3

N

o
o
"

10

.

15 said unit dosage form suitable for oral administra-
tion, and method of treating sexual dysfunction

using the pharmaceutical unit dose composition.

DETAILED DESCRIPTION

20
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
25 and closure therefor suitable for storing, shipping,
dispensing, and/or handling a pharmaceutical prod-
ucct.
The term "IC " is the measure of potency
of a compound to inhibit a particular PDE enzyme
30 {e.g., PDElc, PDES, or PDE6). The IC.,, is the con-

centration cof a compound that results in 50% enzyme
inhibition in a single dose-response experiment.

DPetermining the IC,, value for a compound isg readily
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carried out by a known in vitro methodology
generally described in Y. Cheng et al., Biochen.
Pharmacol., 22, pp. 3099-3108 (1873).
The term "package insert® means informa-
5 tion accompanying the preoduct that provides a de-
scription ¢f how £o 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
10 package insert generally is regarded as the "label®
for a pharmaceutical product.

The term Yoral dosage form™ is used in a
general sense to reference pharmaceutical products
administered orally. Oral dosage forms are recog-

15 nized by those skilled in the art to include such

forms as liguid formulations, tablets, capsules, and

gelcaps.
The term "vision abnormalities" means ab-
normal vision characterized by blue-green vision

20 believed to be caused by PDE6 inhibition.

o The term "flushing" means an episocdic
redness of the face and neck attributed to wvaso-
dilation caused by ingestion of a drug, usually
accompanied by a feeling of warmth over the face and

25 neck and sometimes accompanied by perspiration.

The term "free drug" means solid particles
of drug not intimately embedded in a polymeric
copreéipitate.

The presently claimed dosage form

30 preferably is packaged as an article of manufacture
for human pharmaceutical use, comprising a package
insert, a cecntainer, and a dosage form comprising

about 1 to about 20 mg of Compound {(I)
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The package insert provides a description
of how to administer a pharmaceutical product, along
with the safety and efficacy data reguired to allow
the physician, pharmacist, and patient to make an

5 informed decision regarding the use of the product.
The package insert generally is regarded as the
label of the pharmaceutical product. The package
ingert incorporated into the article of manufacture
indicates that Compound (I} is useful in the

10 treatment of conditions wherein inhibition of PDES
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

LT

maximum total dose of 20 mg per day. Preferably,
15 the dose administered is about 5 to about 20 mg/day,
more preferably about 5 to about 15 mg/day. Most

preferably, a 10 mg dosage form is administered once

per day.
Preferred conditions to be treated include
20 sexual dysfunction (including male erectile dysfunc-

tion; and female sexual dysfunction, and more

I T

preferably female arcusal disorder (FAD)). The
preferred condition to be treated is male erectile
dysfunction.

25 Significantly, the package insert supports
the use of the product to treat sexual dysfunction
in patients suffering from a retinal disease, for
example, diabetic retinopathy or retinitis pig-
mentosa, or in patients who are using organic

30 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
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preferably, the package insert alsoc is free of any
cautiocns or warnings both associated with retinal
diseases, particularly retinitis pigmentosa, and
associated with individuals prone to vision ab-

5 normalities. Preferably, the package insert also
reports incidences of flushing below 2%, preferably
below 1%, and most preferably below 0.5%, of the
patients administered the dosage form. The inci-
dence rate of flushing demonstrates marked improve-

10 ment over prior pharmaceutical products containing a
PDE5 inhibitor.

The container used in the article of
manufacture is conventional in the pharmaceutical
arts. Generally, the container is a blister pack,

15 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,

the container is sized to accommodate 1-1000 scolid

dosage forms, preferably 1 to 500 sclid dosage
20 forms, and most preferably, 5 to 30 solid dosage

forms.

Oral dosage forms are recognized by those
skilled in the art to include, for example, such
forms as liquid formulations, tablets, capsules, and

25 gelcaps. Preferably the dosage forms are solid
dogage forms, particularly, tablets comprising about
1 to about 20 mg of Compound (I). Any pharmaceut-
ically acceptable excipients for oral use are suit-
able for preparation of such dosage forms. Suitable

30 pharmaceutical dosage forms include coprecipitate
forms described, for example, in Butler U.S. Patent
No. 5,985,326, incorporated herxrein by reference. In

preferred embodiments, the unit dosage form of the
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present invention is a solid free of a coprecipitate
form of Compound (I), but rather contains solid
Compound (I) as a free drug.

Preferably, the tablets comprise pharma-

5 ceutical excipients generally recognized as safe
such as lactose, microcrystalline cellulose, starch,
calcium carbonate, magnesium stearate, stearic acid,
talc, and colloidal silicon dioxide, and are pre-
pared by standard pharmaceutical manufacturing tech-

10 nigues as described in Remington's Pharmaceutical
Sciences, 18th Ed., Mack Publishing Co., Easton, PA
{1990). Such technigues include, for example, wet
granulation followed by drying, milliing, and com-
pression into tablets with or witheout f£ilm coating;

15 dry granulation followed by milling, compression
into tablets with or withou2 film coating; dry
blending followed by compression into tablets, with

or without film coating; molded tablets; wet gran-
ulation, dried and filled into gelatin capsules; dry

20 blend filled into gelatin capsules; or suspension

and sclution filled into gelatin capsules. Gener-
ally, the solid dosage forms have identifying marks
which are debossed or imprinted on the surface.
The present invention is based on detailed
25 experiments and clinical trials, and the unexpected
observaticns that side effects previcusly believed
to be indicative of PDES inhibition can be reduced
to clinically insignificant levels by the selection
of a compound and unit dose. This unexpected obser-
30 vation enabkled the development of a unit dosage form
that incorporates Compound {I} in about 1 to about
20 mg per unit dosage forms that, when orally admin-

istered, minimizes undesirable side effects previ-
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ougly believed unavoidable. These side effects
include facial flushing, vision abnormalities, and a
significant decrease in blood pressure, when Com-
pound (I} is administered alone or in combination

5 with an organic nitrate. The minimal effect of
Compound (I}, administered in about 1 to about 20 mg
unit dosage forms, on PDE6 alsc allows the adminis-
tration of a selective PDES inhibjtor to patients
suffering from a retinal disease, like diabetic

10 retinopathy or retinitis pigmentosa.

Compound (I) has the following structural

formula:
O
H u\
o /CH3
15 I N

N
N
B H

O

20 o-_/

(1)

The compound of structural formula (I) was demon-

25 strated in human clinical studies to exert a minimal
impact on systolic blood pressure when administered
in conjunction with organic nitrates. By contrast,
sildenafil demonstrates a four-fold greater decrease
in systolic blood pressure over a placebo, which

30 leads to the contraindications in the VIAGRA® in-
sert, and in warnings toc certain patients.

The following illustrates the PDES and

PDE& IC;, values for the compound of structural
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formula (I) determined by the procedures described

herein.

Compound PDE5S IC,, {nM) PDE6 IC,, (nM) PDE6 /PDES

5 I 2.5 3400 1360

The compound of structural formula (I) additionally
10 demonstrates an IC,, against PDElc of 10,000, and a
ratio of PDElc/PDES5 of 4,000.

PREPARATIONS

Human PDES5 Preparation
15
Reccombinant production of human PDES was

carried out essentially as described in Example 7 of
U.8. Patent No. 5,702,936, incorporated herein by
reference, except that the yveast transformation

20 vector employed, which is derived from the basic

ADH2 plasmid described in V. Price et al., Methods

in Enzymclogy, 1985, pages 308-318 (1990), incorpor-
ated yeast ADH2 promoter and terminator segquences
rather than ADH1 promoter and terminator sequences

25 and the Saccharomyces cerevisiase host was the
protease-deficient 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-

30 leu medium, pH 6.2, with trace metals, and vitamins.
After 24 hours, YEP medium containing glvcerol 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.
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Cell pellets (29 g) were thawed on ice
with an equal volume of lysis buffer (25 mM Tris-C1l,
pH 8, 5 mM MgCl,, 0.25 mM dithiothreitol, 1 mM
benzamidine, and 10 uM Zns80;). Cells were lysed in
5 a microfluidizer with N, at 20,000 psi. The lysate
was centrifuged and filtered through 0.45 pum dis-
posable filters. The filtrate was applied to a 150
mL column of Q Sepharose Fast Flow {(Pharmacia). The
column was washed with 1.5 volumes of Buffer A (20
10 mM Bis-Tris Propane, pH 6.8, 1 mM MgCl,, 0.25 mM
dithiothreiteol, 10 uM ZnS0,) and eluted with a step
gradient of 125 mM NaCl in Buffer A fcollowed by a
linear gradient of 125-1000 mM NaCl in Buffer A.
Active fractions from the linear gradient

15 were applied to a 180 mL ceramic 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 KC1l). After locading, the column was washed
with 2 volumes of Buffer B and eluted with a linear
20 gradient of 0-125 mM potassium phosphate in Buffer

B. Active fractions were pooled, precipitated with

60% ammonium sulfate, and resuspended in Buffer C
(20 mM Bis-Tris Propane, pH 6.8, 125 mM NaCl, 0.5 mM
dithiothreitol, and 10 uM ZnS0O,}). The pocl was

25 applied to a 140 mL column of Sephacryl $-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.

30 Agsay for PDE Activity

Activity of PDES5 can be measured by

standard assays in the art. For example, specific
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activity of any PDE can be determined as follows.
PDE assays utilizing a charceoal separation technique
were performed essentially as described in Loughney
et al., (1996), The Journal of Biological Chemistry,

5 271:796-806. 1In this assay, PDES activity converts
[?P]cGMP to [?*?*P]5'GMP in proportion to the amount of
PDES5 activity present. The {[*?*P]5'GMP then is
quantitatively converted to free [?*?*P] phosphate and
unlabeled adenosine by the action of snake venom 5'-

10 nucleotidase. Hence, the amount of [*?*P] phosphate
liberated is proportional to enzyme activity. The
assay 1is performed at 30 C in a 100 puL reaction
mixture containing (final concentrations} 40 mM
Tris-Cl (pH 8.0}, 1 uM ZnSO,, 5 mM MgCl,, and 0.1

is5 mg/ml bovine serium albumin. PDES5 is present in
guantities 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.

20 Seventy-five (75) pg of Crotalus atrox venom then is

added, and the incubation is continued for 3 more
minutes (15 minutes total). The reaction is stopped
by addition of 200 mL of activated charcoal (25 mg/-
mL suspension in 0.1 M NaH,PO,, pH 4). Aftcer

25 centrifugation (750 x g for 3 minutes)} to sediment
the charccal, a sample of the supernatant is taken
for radicactivity determination in a scintillation
counter and the PDE5 activity is calculated. The
preparaticns had specific activities of about 3

30 pmoles ¢GMP hydrolyzed per minute per miliigram

protein.
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Bovine PDE6 Preparation

Bovine PDE6 was supplied by Dr. N.
Virmaux, INSERM U338, Strasbourg. Bovine retinas
5 were prepared as described by Virmaux et al., FEBS
Letters, 12(6), pp. 325-328 (1971} and see alsoc, 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
10 light. Eyves were kept in the cold and in the dark
for up to four hours after slaughtering.
B Preparation of bovine retinal outer seg-
= ment (ROS) basically followed procedures described
by Schichi et al., J. Biocl. Chem., 224:529 {(1969).
15 In a typical experiment, 35 bovine retinas were

ground in a mortar with 35 mL 0.066 M phosphate

= buffer, pH 7.0, made up to 40% with sucrose,
= folilowed by homogenization in a Potter homogenizer

{20 up and down strokes). The suspension was

20 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
7.5 mL of phosphate buffer (containing no sucrose).
Centrifugation was conducted in a swing-out rotor at

25 45,000 x g for 20 minutes, and produced a pellet
which i=s 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

30 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
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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-

5 pending isclated ROS in 10 mM Tris-Cl pH 7.5, 1 mM
EDTA, and 1 mM dithiceryrthritol, 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

10 per minute per milligram protein.

S PDElc Preparation £rom Spodoptera
= fugiperda Cellgs (Sf9)

i5
Cell pellets (5g) were thawed on ice with

20ml of Lysis Buffer (50mM MOPS pH 7.4, 1l0uM 2ZnSO,,
0.1lmM CaCl,, 1lmM DTT, 2mM benzamidine HCl, Sug/ml

each of pepstatin, leupeptin, and aproctenin). Cells
20 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 minutes in a
Beckman ultracentrifuge using a Type TI45 rotor.

25 The supernatant was discarded and the resultant
pellet was resuspended with 40 ml of Solubilization
Buffer (Lysis Buffer containing 1M NaCl, 0.1M MgCl,,
imM CaCl,, 20ug/ml calmodulin, and 1% Sulfobetaine
SB12 {Z3-12) by scnicating using a VibraCell tuner

30 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
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in a Beckman ultracentrifuge using a type TI45 rotor
at 36,000 rpm for 45 minutes. The supernatant was
diluted with Lysis Buffer containing 10pg/ml calpain
inhibitor I and II. The precipitated protein was
5 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 Chromatography.
In order to run the Mimetic Blue AP
Agarose Column, the resin initially was shielded by
10 the application of 10 bed volumes of 1% polyvinyl-
pyrrolidine (i.e., MW of 40,000} to block nonspe-
cific binding sites. The locosely 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
15 addition of the solubilized PDElc3 sample, the

column was equilibrated with 5 bed volumes of Coclumn

Buffer A (50 mM MOPS pH 7.4, 10uM ZnSO,, 5mM MgCl,,

= 0.1 mM CaCl,, 1 mM DTT, 2 mM benzamidine HC1l) .

The solubilized sample was applied to the

20 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
column was washed with 10 column volumes of Column
Buffer A, followed by 5 column volumes of Column

25 Buffer B (Column Buffer A containing 20 mM 5'-AMPj,
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 HCl1l). The
enzyme was eluted into three successive pools. The

30 first pocl 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
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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
5 and the c¢yclic nucleotide removed via ceonventional
gel filtration chromatcgraphy or chromatography on
hydroxy-apatite resins. Following removal of cyclic
nucleotides, the enzyme pools were dialyzed against
Dialysis Buffer containing 25 mM MOPS pH 7.4, 10 uM
10 ZnSO,, 500 mM NaCl, 1 mM CaCl,, 1 mM dithiothreitol,
1 mM benzamidine HCl, followed by dialysis against
ek Pialysis buffer containing 50% glycercl. The enzyme
was quick frozen with the aid of dry ice and stored
at -70°C.

15 The resultant preparations were about >90%

pure by SDS-PAGE. These preparations had gpecific
activities of about 0.1 to 1.0 umol cAMP hydrolyzed

per minute per milligram protein.

20 IC,; Determinations

B
i

The parameter of interest in evaluating

the potency of a competitive enzyme inhibitor of
PDES5 and/or PDElc and PDE6 is the inhibition

25 constant, i.e., K;. This parameter can be approx-
imated by determining the IC,,, which is the inhib-
itor concentration that results in 50% enzyme
inhibition, in a single dose-regponse experiment
under the following conditions.

30 The concentration of inhibitor is always
much greater than the concentration of enzyme, so

that free inhibitor concentration (which is unknown)
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is approximated by total inhibitor concentration
{which is known) .

A suitable range of inhibitor concentra-
tiong i=s 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
is consumed in the absence of inhibitor (providing,
e.qg., maximum substrate hydrolysis of from 10 to
15%), so that enzyme activity is approximately
constant throughout the assay.

The concentration of substrate is less
than one-tenth the Michaelis constant (K,). Under
these conditions, the IC,, will closely approximate
the K,. This is because of the Cheng-Prusoff equa-
tion relating these two parameters: IC,,=K,(1+5/K)),
with (1+S/K,) approximately 1 at low values of S/K,.

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 inhibiteor and B is the IC,,. See Y.
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Cheng et al., Biochem. Pharmaccl., 22:3099-3108
{(1973) .
Effects of inhibitors of the present

invention on enzymatic activity of PDES and PDE6

5 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 involved modification of the procedure

1¢ of Wells et al., Biochim.'BiQphys. Acta, 384:430
{(1975) . The first of the assays was performed in a
total volume of 200 ul containing 50 mM Tris pH 7.5,
3 mM Mg acetate, 1 wM EDTA, 50 ung/mL snake venom
nuclectidase and 50 nM [’H] -cGMP {(Amersham). Com-

15 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 ul of 10 mM Tris pH 7.5, 10 mM EDTA,

ts 10 mM theophylline, 0.1 mM adenosine, and 0.1 mM

E% 20 guanosine. The mixtures were loaded on to 0.5 mL

?i QAE Sephadex cclumns, and eluted with 2 mL of ¢.1 M
formate (pH 7.4). The eluted radiocactivity was
measured by scintillation counting in Optiphase
Higafe 3.

25 A second, microplate, PDE assay was
developed using Multiscreen plates and a vacuum
manifold. The assay (100 ul) contained 50 mM Tris
pH 7.5, 5 mM Mg acetate, 1 mM EDTA and 250 ug/mL
snake vencm nucleotidase. The other components cof

30 the reaction mixture were as described above. At
the end of the incubatiocon, the total volume cf the
assays were loaded on a QAE Sephadex microcolumn

plate by filtration. Free radiocactivity was eluted
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with 200 ul of water from which 50 ul aliguots were
analyzed by scintillation counting as described
above.
The following examples are presented to
5 further illustrate the preparation of the claimed
invention. The scope cof the present invention is
not to be construed as merely consisting of the

following examples.

10 Example 1

-
o

Compound (I) was prepared as described in
U.S. patent 5,859,006 and formulated in tablets
using wet granulation. Povidone was dissclved in
15 water to make a 10% solution. The active compound,

microcrystalline cellulose, croscarmellose sodium,

and sodium lauryl sulfate were added to a high shear

g mixer and mixed for 2 minutes. The powders were wet

granulated with the povidone solution and extra

& 20 water as reguired to complete the granulation. The
resultant mixture was dried in a fluid bed drier
with inlet air at 70°C + 5°C until the loss on
drying was below 2.5%. The granules were passed
through a Comil with a suitable screen (or a sieve)

25 and added to a suitable mixer. The extragranular
croscarmellose sodium and sodium lauryl sulfate, and

the colloidal anhydrous silica were passed through a

suitable sieve (e.g., 500 micron) and added to the
mixer and blended 5 minutes. Magnesium stearate was
30 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.
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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-

5 creased by approximately 8 mg. Opadry 0Y-S-7322
contains methylhydroxypropylcellulose Ph.Eur.,
titanium dioxide Ph. Eur., Triacetin USP. Opadry
increases the weight of each tablet to about 258 mg.
The amount of f£ilm coat applied per tablet may be

10 less than that stated depending on the process effi-
ciency.

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

safety and efficacy of the compound.

15
Formulations
EEH Component {mg per tablet)
- Selective PDE5 Inhibitor! 1 5
23 Hydroxypropyl Methylcellulose 1 5
= 20 Phthalate
= Microcrystalline Cellulose 221.87 213 _87
;Z Croscarmellose Sodium 5.0¢0 5.00
Scdium Lauryl Sulfate 2.50 2.50
Povidone K30 9.38 5.38
25 Purified Water, USP {water for g.s. g.s.
irrigation}
Croscarmellose Sodium 5.00 5.00
Sodium Lauryl Sulfate 2.5¢0 2.50
Cclloidal Anhydrous Silica 0.50 0.50
30 Magnesium Stearate 1.25 1.25
Tctal core subtotal 250.00 250.00
(Film coat Opadry OY-S-7322) about 8 mg about 8 mg
D Compound {(I}.
35
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Example 2

The following formula is used in preparing

the finished dosage form containing 10 mg of Com-

5 pound {(I).
Ingredient Quantity {mg}

Granulation
Selective PDES Inhibitor! 10.00
10 Lactose Monohydrate 153.80
Lactose Monohydrate (spray dried) 25.00
Hydroxypropylcellulose 4.00
Croscarmellose Sodium 9.00
Hydroxypropylcellulose (EF) 1.75
15 Sodium Lauryl Sulfate 0.70
35.00

Outside Powders

Microcrystalline Cellulose (granular-102) 37.50
Croscarmellose Sodium 7.00
20 Magnesium Stearate (vegetable) 1.25
Total 250 mg

Pilm coat (approximately) 11.25

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
30 product.

Tablets are manufactured using a wet gran-
ulation process. A step-by-step description of the
process 1is as follows. The drug and excipients to

be granulated are security sieved. The selective
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PDES inhibitor is dry blended with lactose mono-
hydrate (spray dried), hydroxypropylcellulose, cros-
carmellulose sodium, and lactose monchydrate. The
resulting powder blend is granulated with an agueous
5 sclution of hydroxypropylcellulose and sodium lauryl
sulfate using a Powrex or other suitable high shear
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

.

i0 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

15 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,
20 croscarmellose scdium, and the dried granulation are

added to the mixer and blended during the first

phase, followed by the addition o¢f the magnesium
stearate teo this granulation and a second mixing
phase.
25 The mixed granulation then is compressed
inte 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 cocated tablets
30 can be lightly dusted with talc to improve tablet
handling characteristics.
The tablets are filled into plastic con-

tainers (30 tablets/container} and accompanied by
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package insert describing the safety and efficacy of

the compound.

Example 3
5
The following formula is used in preparing
a finished dosage form containing 5 mg of Compound
3 (1) .
-y
10 Ingredient Quantity {(mg)
Granulation
Selective PDE5 Inhibitor 2.50
Lactose Monohydrate 79.395
Lactose Monohydrate (spray dried) 12.50
15 Hydroxypropylcellulose 2.00
Croscarmellose Scdium 4.50
ii Hydroxypropylcellulose (EF) 0.875
é? Sodium Lauryl Sulfate 0.35
20 Outside Powders
= Microcrystalline Cellulose {(granular-102} 18.75
Croscarmellose Sodium 3.50
Magnesium Stearate {vegetable} 0.83
Total 125 mg
25 Film coat (approximately)} 6.87S
The dosage form of Example 3 was prepared
30 in an identical manner to the dosage form of Example

2.
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Example 4
Sclution Capsule
Ingredient mg/capsule Percent (%)}
5 Selective PDE5 Inhibitor?®’ 10 2
PEG400 NF 490 98
Fill Weight 500 100

10
The gelatin capsules are precisely filled

by pumping an accurate f£ill volume of pre-dissolved
drug formulation into the partially sealed cavity of
a capsule. Immediately following injection £ill of

15 the drug solution formulation, the capsule is
completely heat sealed.

The capsules are filled into plastic con-

tainers and accompanied by a package insert.

20 Example 5

This study was a randomized, double-blind,
placebo-controlled, two-way croessover design clin-
ical pharmacology drug interaction study that evalu-

25 ated the hemocdynamic effects of concomitant adminis-
tration of a selective PDE5 inhibitor (i.e., Com-
pound (I})} and short-acting nitrates on healthy male
volunteers. In this study, the subjects received
either Compound (I} at a dose of 10 mg or a placebo,

30 daily for seven days. On the sixth or seventh day,
the subjects received sublingual nitroglycerin (0.4
mg) while supine on a tilt table. The nitroglycerin
was administered 3 hours after Compound (I} dosing,

and all subjects kept the nitroglycerine tablet
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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. There were no

5 disceontinuations among the twenty-two healthy male
subjects (ages 19 to 60 years old} that entered this
study.

In a preliminary analysis of this study,

Compound (I) was well tolerated and there were no

10 serious adverse events. There were no Compound (I)
changes in laboratory safety assessments or 12-lead
ECGs. The most common adverse events were headache,
dyspepsia, and back pain. Compound (I} demonstrated
minimal, if any, effect on mean systolic blood

i5 pressure, and mean maximal nitroglycerin-induced

decrease in systclic blood pressure.

Example 6

20
o In two randomized, double-blinded placebo

controlled studies, Compound (I) was administered to
patients in need therecf at a range of doses, in
both daily dosing and for on demand therapy, for

25 sexual encounters and intercourse in the home
setting. Doses from 5 to 20 mg of Compound (I) were
efficacious and demonstrated less than 1% flushing
and no reports of vision abnormalities. It was
found that a 10 mg dose of Compound (I} was fully

30 efficacious and demonstrated minimal side effects.

Enhanced erectile function was determined

by the International Index ¢f Erectile Function

({ITEF) (Rosen et al., Urology, 49, pp. 822-830
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(1997) ), diaries of sexual attempts, and a glocbal
satisfaction question. Compound (I} significantly

improved the percentage of successful intercourse
attempts including the ability to attain and
5 maintain an erection in both "on demand® and daily

dosing regimens.

Example 7

1¢ A third clinical study was a randomized,
double-blind, placebc-controlled study of Compound
(I} administered "on demand' to patients with male
erectile dysfunction. Compound (I) was administered
over a period of eight weeks in the treatment of

15 male erectile dysfunction (ED). Erectile dysfunc-

tion (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

20 Compound (I) prior to expected sexual activity.

The study pcpulation consisted of 212 men,
at least 18 vears of age, with mild to severe
erectile dysfunction. Compound (I) was orally
administered as tablets of coprecipitate made in

25 accordance with Butler U.S. Patent No. 5,985,326,
Compound (I) 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 itraconazole)},

30 warfarin, erythromycin, or antiandrogens was not
allowed at any time during the study. No other

approved or experimental medications, treatments, or
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devices used to treat ED were allowed. Forty-one
subjects were administered a placebo.
The two primary efficacy variables were
the ability of a subject to penetrate his partner
5 and his ability to maintain an erection during

intercourse, as measured by the International Index
of Erectile Function (IIEF). The I1IIEF Questionnaire
contains fifteen questions, and is a brief, reliable

. measure of erectile function. See R.C. Rosen et

7 10 al., Urology, 49, pp. 822-830 (1897).

Secondary efficacy variables were IIEF
domain scores for erectile function, orgasmic
function, sexual desire, intercourse satisfaction,
and overall satisfaction; the patient's ability to

15 achieve an erection, ability toc 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

ft

measured by the Sexual Encounter Profile (SEP)

B
1

20 diary; and a global aséessment question asked at the

FIR N

end of the treatment period. The SEP is a patient
diary instrument documenting each sexual encounter
during the course of the study.
The safety aspect of the study included
25 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 their
30 penetration ability {(IIEF Question 3) as "almost
always or always" were as follows: 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
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the 25 mg group. Comparisons revealed statistically
significant differences in change in penetration
ability between placebo and all dose levels of
Compound (I}.

5 At endpoint, patients who rated their
ability to maintain an erection (IIEF 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 5 mg group, 39.0% in

3 10 the 10 mg group, and £2.0% in the 25 mg group.
Comparison revealed statistically significant
differences in change in penetration ability between
pPlacebc and the three higher dose levels of Compound

{(I).
i5 This study also included a safety evalu-

ation. A treatment-emergent adverse event is de-

fined as a condition not present at baseline that

Lt i

appeared postbaseline, or a conditicn present at

oy o

baseline that increased in severity postbaseline.

20 The most commonly reported treatment-emergent ad-

Fa T

T

3
1
o

verse events were headache, dyspepsia, and back
pain. The incidence of treatment-emergent adverse
events appeared related to dose.
Overall, this study demonstrated that all
25 four doses of Compound (I), namely 2 mg, 5 mg, 10
mg, and 25 mg, taken "on demand" produced signifi-
cant improvement, relative tc placebo, in the sexual
performance of men with erectile dysfunction as
assessed by the IIEF, by patient diaries assessing
30 frequency of successful intercourse and intercourse

satisfaction, and by a global assessment.
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The combined results from clinical studies
showed that administration of Compound (I) effec-
tively treats male erectile dysfunction, as

illustrated in the following table.

5
IIEF ERECTILE FUNCTION DOMAIN
{(Change from Baseline)
Unit Dose n Mean t SD P
of Compound {I)
10 placebo 131 0.8 + 5.3
2 mg 75 3.9 =+ 6.1 <.D00%
5 mg 79 6.6 £ 7.1 <.001
10 mg 135 7.9 + 6.7 <.001
25 mg 132 8.4 + 7.0 <.001
15 50 mg 52 9.8 + 5.5 <.001
100 mg 49 8.4 + 6.1 <.001
L n is number of subjects, SD is standard deviation.
= 20
= However, it also was observed from the
%f combined clinical studies that the percent of
;; treatment-emergent adverse events increased with an
== increasing unit dose of Compound (I), as illustrated
25 in the following table:
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Treatment-Emergent Adverse Events (%)

Unit Dose of Compound (I} (mg)

Bvent Placebo 2 5 i0 25 50 ic0

iz 10 23 29 34 46

-
L)

Headache

5 Dyspepsia 3 14 13 19 20 25

Back Pain 3 3 15 18 24 22

Myalgia

78]
[

Rhinitis

Conjunctivitis

10 Evelid Edema

Flushing

Qo O MW lw ]l |on
OfwWwlININ]|O
w

Slolajo |-

© [=} (=1
A
'.J

Vision
Abnormalities

15

The 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

Vvi}m w o

i

20 obgserved at 25 mg to 100 mg doses, the adverse

e
I

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

25 about 2 to about 20 mg, more preferably about 5 to
about 20 mg, and most preferably about 5 to about 15
mg, of Compound (I), administered up to a maximum of
20 mg per 24-hour period, both effectively treats ED
and minimizes or eliminates the occurrence cf ad-

30 verse side effects. Importantly, no vision abnor-
malities were reported and flushing was essentially
eliminated. Surprisingly, in addition to treating
ED, with at about 1 to about 20 mg unit dose Com-
pound (I), with a minimum cof adverse side effects,

35 individuals undergeing nitrate therapy also can be
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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

5 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
iliustrative rather than restrictive. Variations

io0 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 CLAIMED IS:

1. A pharmaceutical unit dosage composi-
tion comprising about 1 to about 20 mg ¢gf a compound

having the structural formula:

O

i

5

y A
L\= N

TIEy

* Huw

3.
uiF

said unit dosage form/suitab for oral administra-

tion.

2. The/ dosagel form-of claim 1 comprising

M T

about 2 to about 20 mg of the compound in unit

7

dosage form.

The dosage form of claim 1 comprising
about 5 to about 20 mg of the compound in unit

dosage form.

4 . The dosage form of claim 2 comprising

about 2.5 mg of the compound in unit dosage form.

5. The dosage form cof c¢laim 3 comprising

about mg of the compound in unit dosage form.
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6. The dosage form o laim 3 comprising

about 10 mg of the compound in #nit dosage form.

7. The dosage form of claims 1 through 6
wherein t unit dose is in a form selected from the
group consisting of a liquid, a tablet, a capsule,

and a gelcap.

8.

wherein the unit dose

sage form of c¢laims 1 through 6

in the form of a tablet.

9. The dosage fogshof claims 1 through 6
for use in treating a conditionh where inhibition of
PDE5 is desirable.

—

10. The dosé/é rm of clai 5 wherein

1

the condition is a sex sfunction.

o

I

L

' 11. The dosage fo of claim 10 wherein

the sexual dysfunction is le erectile dysfunction.

T

12. The dosage form of claim 10 wherein

sexual dysfunction/ is female arousal disoxrder.
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132. A method off treating sexual dysfunc-
tion in a patient in need Jthereof comprising ad-
ministering one or more uhit dose containing about 1
to about 20 mg, up to a gaximum total dose of 20 mg

per day, of a compound having the structure

O
h24 u\
o N/CH3

14. The method cf claim 13 wherein the

unit dose contains about 2 to abo 20 mg cf the

compound.

<

15. The method claim 13 wherein the

unit dose contains mg of the compound.
16. The thod of claim 13 wherein the
unit dose containg about 1¢ mg of the compound and
is administered/once per day.

The method cof claim 13 wherein the
is in a form selected from the group con-

sisting of a ligquid, a tablet, a capsule, and a
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18. The invention as hereinbefore de-
scribe
19. Use of a unit dose containing about 1

to about 20 mgof a compound having the structure

for the manufacture of a medicament for\the treat-
ment of sexual dysfunction in a patient i

thereof.
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,,‘; 5 Atty. Docket No. 29342/36206A

DECLARATIONQFR PATENT APPLICATION AND POWERGEFATTORNEY
As a below named inventor, I hereby declare that my residence, post office address and citizenship are as stated befow next
to my name; [ believe that I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint
inventor (if plilr_al names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention
entitled "UNIT DOSAGE FORM, " the specification of which (check one): O is aitached hereto; 0 was filed on

as Application Serial No. and was amended on @if

applicable); B was filed as PCT International Application No. PCT/US00/11129 on April 26, 2000, and was amended under Article

19 on (if applicable). I hereby state that I have reviewed and understand the contents of the above-

identified specification, inciuding the claims, as amended by any amendment(s) referred to above. I acknowledge the duty to disciose

to the Patent and Trademark Office all information known to me to be material to patentability as defined in 37 C.F.R. §1.56.

- 1 hereby claim foreign priority benefits under 35 U.S.C. §119 of any foreign application{s) for patemt or inventor's
certificate or of any PC.TAimernatio‘na! ‘application{s) designating ut least ore country other than the United States of America listed
below and have also identified below any foreign application(s) for patent or inventor’'s certificate or any PCT international
application(s) designating at least one country other than the United States of America filed by me on the same subject matter having
a %ﬁng date before that of the application(s) of which priority is claimed:

Fuf

= Priority Claimed
PCE/US00/11129 PCT 26/04/00 = O
(Aéé%icaﬁon Serial Number) {Country) (Day/Month/Year Filed) Yes No

i O o
(A}_): Eication Serial Number) {Counuy) {Day/Month/Year Filed) Yes No
: 1 hereby claim the benefit under 35 U.S.C. §119{e) of any United States provisional application(s) listed below:
607132,036 30/04/99
(A@icatjon Serial Number) {Day/Month/Year Filed)

{Application Serial Number) {Day/Month/Year Filed)

| hereby claim the benefit under 35 U.S.C. §120 of any United States application{s) or PCT international application(s)
designating the United States of America listed below and, insofar as the subject matter of each of the claims of this application is
not disclosed in the prior application(s) in the manner provided by the first paragraph of 35 U.8.C. §112, 1 acknowledge the duty

. to disclose to the Office all information known to me to be material to patentability as defined in 37 C.F.R. §1.56 which occurred

between the filing date of the prior application(s) and the national or PCT international filing date of this application:

{Application Serial Number) {Day/Month/Year Filed) {Status-Patented, Pending or Abandoned)

{Application Seriat Number} (Day/Month/Year Filed) {Status-Patented, Pending or Abandoned)

1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on information
and belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. §1001 and that such willful faise statements may

jeopardize the validity of the application or any patent issued thereon.
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Kevin D. Hogg (31L.839)
Jeffrey S. Sharp (31,879
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312-474-6300
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Chicago, Iilinois

James A. Flight (37,622)

POWER OF ATTORNEY: Ihereby appoint as my attorneys, with full powers of substitution and revocation, to prosecute

Roger A, Heppermann {37,641)

—

David A. Gass (38,153)

Gregory C. Mayer (38,238)
Michael R. Weiner (38,359)
William K. Merkel (40,725)

ZIP CODE

60606-6402.

Fult Name of First or Sole Inventor Citizenship \Aﬁq
{| William Ernest Pullman Haited States-efAmerica— /(-\/-SML/?

Residence Address - Street Post Office Address - Sireet

42 Annin Road 42 Annin Road

City (Zip) City (Zip)

Ear Hills (07931 »a4 .1 Far Hills (07931)

BState or Country State or Couniry

New Jersey New Jersey

Bate : Signature

= e M*L

i§gcond Joint Inventor, if any Citizenship

:John Steven Whitaker

United States of America

AResidence Address - Street

Post Office Address - Street
19342 162nd Avenue

City (Zip)

H 519340 162nd Avenue
ﬁ "Woodinville (98072)

City (Zip)
Woodinville {98072)

Sate or Country
AW ashington

State or Country
Washington

B
"

Signatere

=

Third Joint Inventor, if any

Citizenship

m——

Residence Address - Street

Post Office Address - Street

City (Zip)

City (Zip)

State or Coantry

State or Country

Date Signature
X g

a}
Fourth Joint Inventor, if any Citizenship

——]

Residence Address - Street

Post Office Address - Street

w———

City (Zip) City {Zip)

State or Country State or Country
Date Signature

= b
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@ FLICABLE RULES AND STATUTES A'
37 CFR 1.56. DUTY OF DISCLOSURE - INFORMATION MATERIAL TO PATENTABILITY (Applicable Portion)

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most
effective patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the
teachings of all information material to patentability. Each individual associated with the filing and prosecution of a patent
application has a duty of candor and good faith in dealing with the Office, which includes a duty to disclose to the Office all
information known to that individual to be material to patentability as defined in this section. The duty to disclose information exists
with respect to each pending claim until the claim is canceled or withdrawn from consideration, or the application becomes
abandoned. Imformation material to the patentahility of a claim that is canceled or withdrawn from consideration need not be
submitted if the information is not material to the patentability of any claim remaining under consideration in the application. There
is no duty to submit information which is not material to the patentability of any existing claim. The duty to disclose all information
known to be material to patentability is deemed to be satisfied if all information known to be material to patentability of any claim
issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by §§ 1.97(b)-(d) and 1.98. However,
no patent will be granted on an application in connection with which fraud on the Office was practiced or attempted or the duty of
disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to carefully examine:

{1 prior art cited in search reports of a foreign patent office in a counterpart application, and

{2 the closest information over which -individuals associated with the f{iling or prosecution of a patent*

application believe any pending claim patentability defines, to make sure that any material information
contained therein is disclosed to the Office.

Inf&mation relating to the following factual situations enumerated in 35 USC 102 and 103 may be considered material under 37 CFR
1~556(a).

35'—U S.C. 102. CONDITIONS FOR PATENTABILITY: NOVELTY AND LOSS OF RIGHT TO PATENT

: A person shall be entitled to a patent unless --
= {a) the invention was known or used by others in this country, or patented or described in a printed publication
in :ﬁns or a foreign country, before the invention thereof by the applicant for patent, or )
i (b) the invention was patented or described in a printed publication in this or a foreign country or in public use
orih sale in this country, more than one year prior to the date of the application for patent in the United States, or
B {¢) he has abandoned the invention, or
2 (d) the invention was first patented or caused to be patented, or was the subject of an inventor's certificate, by
the'apphcam or his legal representatives or assipns in a foreign country prior to the date of the application for patent in this country
orzan application for patent or inventor’s certificate filed more than twelve months before the filing of the application in the United
States, or
= () the invention was described in a patent granted on an application for patent by another filed in the United States
betbre the invention thereof by the applicant for patent, or on an international application by another who has fuifilled the
requirements of paragraph (1), (2), and (4) of section 371(c) of this title before the invention thereof by the applicant for patent, or
(fy he did not himself invent the subject matter sought to be patented, or
{g) before the applicant's invention thereof the invention was made in this country by another who had not
abandoned, suppressed, or concealed it. In determining priority of invention there shall be considered not only the respective dates
of conception and reduction to practice of the invention, but also the reasonable diligence of one who was first to conceive and last
to reduce to practice, from a time prior to conception by the other.

35 U.S.C. 103. CONDITIONS FOR PATENTABILITY; NON-OBVIOUS SUBJECT MATTER (Applicable Porrion}

A patent may not be obtained though the invention is not identically disclosed or described as set forth in section
102 of this title, if the differences between the subject matter sought to be patented and the prior art are such that the subject matter
as a whole would have been obvious at the time the invention was made to a person having ordinary skill in the art to which said
subject matter pertains. Patentability shall not be negatived by the manner in which the inveniion was made.

Subject matter developed by another person, which qualifies as prior art only under subsection (f) or (g) of section
102 of this title, shall not preclude patentability under this section where the subject matter and the claimed invention were, at the
time the invention was made, owned by the same person or subject to an obligation of assignment to the same person.

35 U.8.C. 112. SPECIFICATION (Applicable Portion)
The specification shall contain a written description of the invention, and of the manner and process of making
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it pertains, or with which

it is most nearly connected, to make and use the same, and shall set forth the best mode contemplated by the inventor of carrying
out his invention.
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AR A A '8 4, e
DECLARATIONMER PATENT APPLICATION AND POWEIFATTORNEY

As a below named inventor, I hereby declare that my residence, post office address and citizenship are as stated below next
to my name; [ believe that I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint
invéntor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention
entitled "UNIT DOSAGE FORM," the specification of which (check one): O is attached hereto; 0O was filed on

as Application Serial No. and was amended on (f

applicable); 8 was filed as PCT International Application No. PCT/US00/11129 on April 26, 2000, and was amended under Article

19 on (if applicable). 1 hereby state that I have reviewed and understand the contents of the above-

identified specification, including the claims, as amended by any amendment(s) referred to above. Iacknowledge the duty to disclose

to the Patent and Trademark Office all information known to me to be material to patentability as defined in 37 C.F.R. §1.56.

I hereby claim foreign priority benefits under 35 U.S.C. §119 of any foreign application{s) for patent or inventor's
certificate or of any PCT international application(s) designating at least ene countrjz other than the United States of America listed
below and have also identified below any foreign zpplication(s} for patent or inventor’s certificate or any PCT ipternational
application(s) designating at least one country other than the United States of America filed by me on the same Subjecx matter having

a filing date before that of the application(s) of which priority is claimed:

e Priority Claimed
PGI/US00/11129 PCT 26/04/00 = 0

(Afflication Serial Number) . (Country} (Day/Month/Year Filed) Yes No

i ] O
(Aisjiication Serial Number) (Country) {Day/Month/Year Filed) Yes No
£ I hereby claim the benefit under 35 U.S.C. §119(e) of any United States provisional application(s) listed below:
60/4132,036 ' 30/04/99
{Application Serial Number) (Day/Month/Year Filed)
{Application Serial Number) (Day/Month/Year Filed)

) 1 hereby claim the benefit under 35 U.S.C. §120 of any United States application(s) or PCT international application{s)
deéi.gnating the United States of America listed below and, insofar as the subject matter of each of the claims of this application is
not disclosed in the prior application{s) in the manner provided by the first paragraph of 35 U.S.C. §112, I acknowledge the duty
to disclose to the Office all information known t¢ me to be material to patentability as defined in 37 C.F.R. §1.56 which occurred

between the filing date of the prior application(s} and the national or PCT international filing date of this application:

(Application Serial Number) (Day/Month/Year Filed) {Status-Patented, Pending or Abandoned)

{Application Serial Number) {Day/Month/Year Filed) {Status-Patented, Pending or Abandoned)

1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on information
and belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. §1001 and that such willful false statements may

jeopardize the validity of the application or any patent issued thereon.
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o .. POWER OF ATTORNEY: I hereby appoint as my attorneys, with full powers of substitution and revocation, to prosecute

: ihis application and transact all busin

John B. Lungmus(18,566)
Allen H. Gerstein (22,218)
Nate F. Scarpelli (22,320)
Michaet F. Borun (25.447)
Trevor B. Joike (25,542}
Carl E. Moore, Ir. (26,487

Send correspondence to:

FIRM NAME

Marshall, Gerstein & Borun

Richard H. Anderson (26,526)
Patrick D. Ertel (26,877)
Richard B. Hoffman(26.910)
James P. Zeller (28,401)
Kevin D. Hogg (31,83%)
Jeffrey S. Sharp (31,879

James J. Napoli

e Patent and Trademark Office connected t}

ith:

Martin J. Hirsch (32,237

James 3. Napoti (32.361)
Richard M. La Barge (32.254)
Douglass C. Hochstetler (33,710)
Robert M. Gerstein (34,824} '
Anthony G. Sitko (36,278)

CITY & STATE

PHONE NO. STREET
6300 Sears Tower
312-474-6300 233 South Wacker Drive Chicago, Hlinois

James A. Flight {(37,622)
Roger A. Heppermann {37.641)
David A. Gass {38,153
Gregory C. Mayer (38,238)
Michael R. Weiner (38.35%)
William K. Merkel {40,725}

ZIP CODE

60606-6402

Full Name of First or Sole Inventor
William Ernest Pullman

Citizenship
United States of America

Residence Address - Sweet

3004 Towne Drive

Pest Gffics Address - Steet

3004 Towne Drive

Ishn Steven Whitaker

United States of America

City {Zip) City (Zip)
Carmel (46032) Carmel (46032)
,ééte or Country State or Country Il
Indiana Indiana
Digte Signature
: |
E%Ond Joint Inventor, if any Cittzenship

Residence Address - Street

)

¥5340 162nd Avenue

0

Post Office Address - Street
19342 162nd Avenue

City (Zip)
| Woodinville (98072) w A .

Cay (Zip)
Woodinville (98072}

Biate or Country

State or Country

Miashington Washington

Pate . Signatur >

5 1/ Ot 2007 = % % |
Citizenship

H Third Joint Inventor, if any

“ Residence Address - Street

Post Office Address - Street

II City (Zip) City (Zip)
i
State or Country State or Country
Date Signature
X x
Citizenship

[ Fourth Joint Inventor, if any

Residence Address - Street

Post Office Address - Sireet

City (Zip)

City (Zip)

State or Country

State or Country

Date
=

Signamre
X

|
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‘P?LICABL E RULES AND STATUTES R
37 CFR 1.56, DUTY OF DISCLOSURE3 INFORMATION MATERIAL TO PATENTABILITY (Applicable Portion)

{a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most
effective patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the
teachings of all information material to patentability. Each individual associated with the filing and prosecution of a patent
application has a duty of candor and good faith in dealing with the Office, which includes a duty to disclose to the Office all
information known to that individual to be material to patentability as defined in this section. The duty to disclose information exists
with respect to each pending claim until the claim is canceled or withdrawn from consideration, or the application becomes
abandoned. Information material to the patentability of a claim that is canceled or withdrawn from consideration need not be
submitted if the information is not material to the patentability of any claim remaining under consideration in the application. There
is no duty to submit information which is not material to the patentability of any existing claim. The duty to disclose all information
known to be material o patentability is deemed to be satisfied if all information known to be material to patentability of any claim
issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by §§ 1.97(b)-(d) and 1.98. However,
no patent will be granted on an application in connection with which fraud on the Office was practiced or attempted or the duty of
disclosure was viclated through bad faith or intentional misconduct. The Office encourages applicants fo carefully examine:

¢} prior art cited in search reports of a foreign patent office in a counterpart application, and

(2 the closest information over which individuals associated with the filing or prosecution of a patent
-application believe any pending claim patentability defines, to make sure that any material information
contained therein is disclosed to the Office.

Information relating to the following factual situations enumerated in 35 USC 102 and 103 may be considered material under 37 CFR
1.36(a).

3555_] S.C. 102. CONDITIONS FOR PATENTABILITY: NOVELTY AND LOSS OF RIGHT TO PATENT

A person shall be entitled to a patent unless -

= (a) the invention was known or used by others in this couniry, or patented or described in a printed publication
inithis or a foreign country, before the invention thereof by the applicant for patent, or
=} {b) the invention was patented or described in a printed publication in this or a foreign country or in public use
orfpn sale in this country, more than one year prior to the date of the application for patent in the United States, or

{c) he has abandoned the invention, or
: (d) the invention was first patented or caused to be patented, or was the subject of an inventor's certificate, by
th€applicant or his legal representatives or assigns in a foreign country prior to the date of the application for patent in this country
on.an application for patent or inventor's certificate filed more than twelve months before the filing of the application in the United
States, or
= (e) the invention was described in a patent granted on an application for patent by another filed in the United States
befére the invention thereof by the applicant for patent, or on an international application by another who has fulfilled the
requlrements of paragraph (1), (2), and (4) of section 371(c) of this title before the invention thereof by the applicant for patent, or
() he did not himself invent the subject matter sought to be patented, or
(g} before the applicant’s invention thereof the invention was made in this country by another who had not
abandoned, suppressed, or concealed it. In determining priority of invention there shall be considered not only the respective dates
of conception and reduction to practice of the invention, but also the reasonable diligence of one who was first to conceive and last
to reduce to Drawce fx ‘om a iime prior to concepiion by the other.

35 U.8.C. 103. CONDITIONS FOR PATENTABILITY; NON-OBVIOUS SUBJECT MATTER (Applicable Portion)

A patent may not be obtained though the invention is not identically disclosed or described as set forth in section
102 of this title, if the differences between the subject matter sought to be patented and the prior art are such that the subject matter
as a whole would have been obvious at the time the invention was made to a person having ordinary skill in the art to which said
subject matter pertains. Patentability shall not be negatived by the manner in which the invention was made.

Subject matter developed by another person, which qualifies as prior art only under subsection (f) or (g) of section
102 of this title, shall not preclude patentability under this section where the subject matter and the claimed invention were, at the
time the invention was made, owned by the same person or subject to an obligation of assignment to the same person.

35 U.S.C. 112. SPECIFICATION ({Applicable Portion}
The specification shall contain a written description of the invention, and of the manner and process of making
and using if, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it pertains, or with which

it is most nearly connected, to make and use the same, and shall set forth the best mode contemplated by the inventor of carrying
out his invention.
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IN THE UNITED STATES PATENT
AND TRADEMARK OFFICE

"EXPRESS MAIL" mailing label
No. EK657817671US

Applicants:

WILLIAM E. PULLMAN ET AL.
Date of Deposit:
U.S. National Phase of October 19, 2001
PCT/US00/11129 filed April 26,
2000 I hereby certify that this
paper (or fee) is being
deposited with the United
States Postal Service "EXPRESS
MAIL. POST OFFICE TO ADDRESSEE"
service under 37 CFR §1.10 on
the date indicated above and is
addressed to: -
Assistant Commissioner for
Patents, Washington, bB.C.
20231. .

Filed: Herewith

For: UNIT DOSAGE FORM
Group Art Unit: Unassigned
Examiner: Unassigned

Attorney Docket No. 29342/362086A

Nt W Tt Nl o Nt W T Ml e Nl S Nt W Nk it Nt Ml Ml i Wa?

Richard Zimmermann

PRELIMINARY AMENDMENT
ACCOMPANYING APPLICATION TRANSMITTAL

Commissioner of Patents
Washington, D.C. 20231

Sir:

Please amend the above-identified application

as follows:

IN THE SPECIFICATION:

Page 1, after the title, please delete the
CROSS-REFERENCE TO RELATED APPLICATION in its entirety

and insért therefor:

INTELGENX 1024, pg. 106
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.

- ~-CROSS-REFERENCE TO RELATED APPLICATIONS

This is the U.S8. national phase application of
\ International Application No. PCT/US00/11129, filed on
April 26, 2000, which claims the benefit of provisional
patent application Serial No. 60/132,036, filed April 30,
1899, ~-

IN THE CLAIMS:

/

Cancel claims 18 and 19 without prejudice.

Amend claims 7-9 as follows:

7. {Amended) The dosage//form of claim 1, 2,
3, 4, 5, or 6 wherein the unit dpgte is in a form selected
from the group consisting of lignuid, a tablet, a cap-

sule, and a gelcap.
8. {Amende The dosage form of claim 1, 2,

3, 4, 5, or 6 wheresdn the unit dose is in the form of a

tablet.

9. {Amende ded) The dosage form of
claim 1, 2, 3, 4, . O or use in treating a condition
wherein inhikiticn of ES 3 degirable. '

— 2 -

INTELGENX 1024, pg. 107
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.‘

REMARKS

Claims 1-19 are pendiné in the application.
Claims 18 and 19 have been cancelled. Therefore, claims
1-17 are at issue in this application.

The amendments are described in more detail
below. Pursuant to 37 C.F.R. §1.121, a markéd—up version
of the changes made to the claims by the present amend-
ment is attached hereto following the signature page of
this amendment. The first page of the marked-up version
of the changes is captiocned "Version With Markings to
Show Changes Made."

This preliminary amendment adds no new matter.
The specification has been amended to insert a cross-
reference toc a related application. Claims 7-9 have been
amended to improve the form of the claims.

It is submitted that the amendment should be
entered, and that the claims are of a proper form and
scope for allowance. An early and favorable action on
"the merits is respectfully requested.

Should the examiner wish to discuss the fore-
going, or any matter of form in an effort to advance this
application toward allowance, the examiner is urged to

telephone the undersigned at the indicated number.

INTELGENX 1024, pg. 108



Respectfully submitted,

MARSHALL, GERSTEIN & BORUN

S
By 5&#@3

James J. Napeli |\
(Registration No. 32,361)
Attorneys for Applicants
6300 Sears Tower

233 South Wacker Drive
Chicago, Illinois 60606
(312} 474-6300

Chicago, Illinois
Octcber 19, 2001
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Version With Markings to Show Changes Made

{({U.S. Natiocnal Stage of PCT/US00/11129
filed October 19, 2001)

IN THE SPECIFICATION:

The following cross-reference to related

application has been inserted into the specification:
CROSS-REFERENCE TO RELATED APPLICATIONS

This is the U.S. national phase application
of International Application No. PCT/US00/11129, filed
on April 26, 2000, which claims the benefit of
provisional patent application Serial No. 60/132,036,
filed April 30, 1859.

IN THE CLATIMS:

Claims 18 and 19 have been cancelled without
prejudice.

Claims 7-9 ha#e been amended as follows:

7. (Amended) The dosage form of [claims 1
through 6] ¢claim 1, 2, 3, 4, 5, or & wherein the unit

dose is in a form selected from the group consisting of

a liquid, a tablet, a capsule, and a gelcap.

8. {Amended) The dosage form of [claims 1
through 6] claim 1, 2,-3, 4, 5, or 6 wherein the unit

dose ig in the form of a tablet.

INTELGENX 1024, pg. 110



9. {Amended) The dosage form of [claims 1

through 6] claim 1, 2, 3, 4, 5, or 6 for use in treat-

ing a condition wherein inhibition of PDES is desir-

able.

b CHES 1

oy
4

3y
|

1l

oy
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O
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PCT/US00/11129

PATENT COOPERATION TREATY

PCT

NOTIFICATION OF ELECTION

(PCT Rule §1.2)

From the INTERNATIONAL BUREAU
To:

Commissioner

US Department of Commerce
United States Patent and Trademark
Office, PCT

2011 South Clark Place Room
CP2/5C24

Arlington, VA 22202

Date of mailing (day/month/year)
27 November 2000 (27.11.00}

ETATS-UNIS D'AMERIQUE
in its capacity as elected Office

international application No.
PCT/US00/11129

Applicant’s or agem”s file reference

29342/36206

International filing date (day/month/yaar)
26 April 2000 {26.04.00)

Priority date {day/month/yeat)
30 April 1999 {30.04.99)

Applicant
PULLMAN, William, Ernest et al

1. The designated Office is hereby notified of its election made:

in the demand filed with the International Preliminary Examining Authority on:
02 November 2000 (02.11.00)

D in a notice effecting later election filed with the International Bureau on:

2.  The election was
D was not

Rule 32.2(b).

made before the expiration of 19 monthg from the priority date or, where Rule 32 applies, within the time limit under

The International Bureau of WIPQ
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Facsimile No.: (41-22) 740.14.35

Authorized officer
R. E. Stoffel

Telephone No.: {41-22) 338.83.38

Farm PCT/IB/331 (Juty 1892}

Us0011128
INTELGENX 1024, pg. 112



PATENT COOPERATION @JEATY

PCT

INTERNATIONAL PRELIMINARY EXAMINATION REPORT
(PCT Article 36 and Rule 70)

Appiicant's or agent's file reference See Nofification of Transmittal of intemational
50342/36206 FOR FURTHER ACTION  pretiminary Examination Report (Form PCT/IPEA/416)
international application No. internationat filing date (day/month/year} Priority date (day/monthiyear)
PCT/US00/11129 26/04/2000 30/04/1898

international Patent CiassHication {IPC) or nationai classification and IPC

AB1K31/00

Applicant

LILLY ICOS LLC et al.

1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority
and is transmitted to the applicant according fo Article 36.

2. This REPCRT consists of a total of 7 sheets, including this cover sheet.

3 Tnis report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority
(see Rule 70.16 and Section 807 of the Administrative Instructions under the PCT).

These annexes consist of a total of sheets.

3. This report contains indicaticons relating to the following items:

Basis of the report

Priority

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
Lack of unity of invention - -

Reastned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations suporting such statement

Certain documents cited
Certain defects in the international application
Certain observations on the international application

Vi
Vil
Vill

<
RORXR ROROR

Date of submission of the demand Date of completion of this report
02/11/2000 25.99.2001
Name and mat#ing address of the international Authorized officer
preliminary examining authority:
- European Pateni Office
Q)) D-80298 Munich Veronese, A
Tel. +49 89 2399 - 0 Tx: 523656 epmu d
Fax: +49 89 2399 - 4465 Telephone No. +49 B9 2395 7824

Form PCT/IPEA/409 (cover sheet) (January 1894) INTELGENA 11UZ4, pg. TTS




INTERNATIONAL PRELIMINARY
EXAMINATION REPORT international application No. PCT/US00/11129

i. Basis of the report

1. With regard to the elements of the international application (Replacement sheets which have been furnished to
the receiving Office in response to an invitation under Article 14 are referred to in this report as “originally fited”
and are not annexed to this report since they do not contain amendments {Rules 70.16 and 70.17)).
Description, pages:

1-32 as originally filed
Claims, No.:
1-19 ) as originally filed

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the
language in which the international application was filed, unless otherwise indicated under this item.

These elements were available or furnished to this Authority in the following language: , which is:

O the language of a translation furnished for the purposes of the international search (under Rule 23.1(b)).
[3 the language of publication of the internationat application (under Rule 48.3(b)).
a

the language of a translation furnished for the purposes of internationat preliminary examination (under Rule
55.2 and/or 55.3).

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the
international preliminary examination was carried out on the basis of the sequence listing:

O comtained in the internationai application in written form.

fited together with the international application in computer readable form.
furnished subsequently to this Authority in written form.

furnished subsequently to this Authority in computer readable form.

The statement that the subsequently furnished writien sequence listing does not go beyond the disclosure in
the international application as filed has been furnished.

The statement that the information recorded in computer readable form is identical to the written sequence
listing has been furnished.

0O OoDoaoOo

4. The amendmenis have resulted in the cancellation of:

[J the description, pages:
1 the claims, Nos.:
[0 the drawings, sheets:

5. O This report has been established as if {some of) the amendments had not been made, since they have been
cansidered 1o go beyond the disclosure as filed {(Rule 70.2(c)):

INTELGENX 1024, pg. 114
Form PCTAPEA/409 (Boxes |-VII, Sheet 1} {July 1998)



INTERNATIONAL PRELIMINARY
EXAMINATION REPORT International application No. PCT/US00/11129

{Any replacement sheet containing such amendments must be referred to under item 1 and annexed 1o this
report.}

6. Additional observations, if necessary:

{il. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

1. The questions whether the claimed invention appears to be novel, o involve an inventive step (to be non-
obvicus), or to be industrially applicable have not been examined in respect of:

[ the entire international application.

&’ claims Nos. 13-17 {IA).

because:

BB the said international application, or the said claims Nos. 13-17 relate to the following subject matter which
does not require an international preliminary examination {specify):
see separate sheet

[0 the description, ciaims or drawings (indicate particular elements below) or said claims Nos. are so unclear
that no meaningful opinion could be formed (specify):

O the claims, or said claims Nos. are so inadequately supported by the description that no meaningful cpinion
could be formed.

[0 no international search report has been established for the said claims Nos. .

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative

Instructions:

[0 the written form has not been furnished or does not comply with the standard.
3  the computer readable form has not been furnished or does not comply with the standard.

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanatiocns supporting such statement

1. Statement

Novelty (N} Yes: Claims 1-19
No: Claims
Inventive step {IS) Yes: Claims

No: Claims 1-19

Industrial applicability {{A) Yes: Claims 1-12,18,19

INTELGENX 1024, pg. 115
Form PCTAPEA/409 (Boxes i-VH], Sheet 2) (July 1998)



) INTERNATIONAL PRELIMINARY
EXAMINATION REPORT International application No. PCT/US00/11129

No: Claims

2. Citations and explanations
see separate sheet

vi. Certain documents cited

1. Certain published documents {Rule 70.10)
and/or
2. Non-written disclosures (Rule 70.9)

see separate sheet

VHI. Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are {fully supported by the description, are made:
see separate sheet

P
Vit

Form PCTAPEA/409 (Boxes I-Viii, Sheet 3) (Jt;uy 1998) INTELGENX 1024, pg. 116



INTERNATIONAL PRELIMINARY International application No. PCT/US00/11129
EXAMINATION REPORT - SEPARATE SHEET

Re Item lil
Non-establishment of opinion with regard to novelty, inventive step and industrial

applicability.

Claims 13-17 relate to subject-matter considered by this Authority to be covered by the
provisions of Rule 67.1(iv) PCT. Consequently, no opinion will be formulated with respect
to the industrial applicability of the subject-matter of these claims (Article 34(4){a)(i) PCT).
However, although not required under the provisions of the PCT, an opinion will be given
with respect to novelty and inventive step.

Re ltem V
Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or

industrial applicability; citations and explanations supporting such statement

INVENTIVE STEP

Reference is made to the following documents:

D1: WO 97 03675 A (GLAXO WELLCOME LAB SA ;DAUGAN ALAIN CLAUDE MARIE
(FR)) 6 February 1997 (1997-02-06)

-

D2: ISRAEL M: 'VIAGRA: THE FIRST ORAL TREATMENT FOR IMPOTENCE'
PHARMACEUTICAL JOURNAL,PHARMACEUTICAL SOCIETY, LONDON,GB, vol. 261,
1 August 1998 (1998-08-01), pages 164-165, XP0O00919343 ISSN: 0031-6873

D1, see page 5 lines 4-14, example 1 (compound A) at page 10, the pharmaceutical
formulations at pages 12-16 and claim 2 disclose the use of pharmaceutical unit dosages
comprising the PDES inhibitor {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 (Compound I}
for the treatment of erectile dysfunctions. Compositions comprising 50 mg of compound
| are shown and concentration ranges from 0.2 to 400 mg are indicated as suitable for oral
administration. Compositions in the claimed range of 1 to 20 mg are therefore also
considered to be implicitly disclosed.

) INTELGENX 1024, pg. 117
Form PCT/Separate Sheel/409 (Sheet 1) (EPO-April 1897)
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INTERNATIONAL PRELIMINARY international application No. PCT/US00/11129
EXAMINATION REPORT - SEPARATE SHEET

If a novelty objection could be overcome, the selection of pharmaceutical unit dosages
comprising 1 to 20 mg of Compound | as in the present invention can not however
considered to involve an inventive step.

The routine experimentation to optimise the required amounts of ingredients of known
compositions for a known use falls within the normal capacity of the average skilied
person. Even if the claimed compositions provide some benefits when compared to the
compositions of the prior art, the experimental data reported in the present application are
not characterized by any new or surprising effect. ]

Furthermore, for the patient treatment it is not the "unit dose" which is important to provide
a certain medical effect, but the dose which is practically administered. For example two
tablets or half tablet could be administered to the patient to adjust the dosage and obtain
a certain effect.

The IPEA is therefore of the opinion that the subject-matter underlying claims 1-11, 13- 19
does not involve an inventive step in the sense of Art. 33(3) PCT.

Alsc claim 12, claiming the use of the PDES diesterase inhibitor |, for the treatment of
sexual disfunctions in woman is not considered to involve an inventive step in view of
document D2, which disclose the use of PDES inhibitor VIAGRA for the treatment of sexual
disfunctions in females, see page 165, column 2.

INDUSTRIAL APPLICATION

For the assessment of the present claims 13-17 on the question whether they are
industrially applicable, no unified criteria exist in the PCT Contracting States. The
patentability can also be dependent upon the formulation of the claims. The EPO, for
example, does not recognize as industrially applicable the subject-matter of claims to the
use of a compaund in medical treatment, but may allow, however, claims to a known
compound for first use in medical treatment and the use of such a compound for the
manufacture of a medicament for a new medical treatment.

Re ltem VI

Centain documents cited (Rule 70.10)

WQ089598584, which has been disregarded in writing the present Report, could become
relevant for the assessment of novelty under some patent law systems. Priorities have not

been checked.

INTELGENX 1024, pg. 118
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INTERNATIONAL PRELIMINARY international application No, PCT/US00/11 129
EXAMINATION REPORT - SEPARATE SHEET .

Application No Publication date Fiting date Priosity date (valid claim)
Patent No {day/month/year} {day/monthiyear) {day/month/year)
wQ08959584 25 November 1999 17 May 1999 20 May 1998
Re item Vil

Certain observations on the international application

Claim 9 defines the subject-matter to be protected by way of the biological mechanism
underlying the action of the disclosed compounds. This expression does not specify
specific diseases recognized in the art to which the invention pertains and is not
considered to fulfill the requirements of At 6§ PCT. The claim has been therefore examined -
under the assumption that the conditions indicated in claims 10-12 are intended.

The relative term "about" used in claims 1-6, 13-19 is vague and unclear and leaves the
reader in doubt as to the meaning of the technical features to which it refers, thereby
rendering the definition of the subject-matter of said claims unclear (Article 6 PCT).

Claim 18 does not seem to define any additional subject matter and therefore does not
comply with the requirements of conciseness of Art. 6 PCT.

. INTELGENX 1024, pg. 119
Form PCT/Separate Sheet/409 (Sheet 3} (EPO-April 1897)
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INTERNATIONAL SEARCH REPORT

(PCT Aniicle 18 and Rules 43 and 44)

Applicant's or agent's file reference see Notification of Transmitiai of international Search Report

o FOR FURTHER {Form PCT/ISA/220) as well as, where applicable, item 5 below.
29342/36206 ACTION
International application No. international filing date (day/month/year) {Earliest) Priority Date (day/month/year}
PCT/US 00/11129 26/04/2000 30/04/1999
Applicant

LILLY ICOS LLC et al.

This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmifted to the international Bureau.

This Internationat Search Report consists of a total of 3 sheets.
m It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report

a. With regard to the language, the international search was carried out on the basis of the internationat application in the
fanguage in which it was filed, uniess otherwise indicated under this item.

the international search was carried out on the basis of a transiation of the internaticnal applicazion furnished ¢ this
Authority (Rule 23.1{b}).

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search
was carried out on the basis of the sequence listing :

contained in the internationat application in written form.

[

filed together with the international application in computer readable form.
furnished subsequently to this Authority in written form.
furnished subseqguently to this Authority in computer readble form.

the statement that the subsequently furnished written sequence listing does not go beyond the disciosure in the
internationat application as filed has been furnished.

the statement that the information recorded in computer readable form is identical to the written seguence listing has been

1 I [

furnished :
2. Certain claims were found unsearchable (See Box {).
3. Unity of inventicon is lacking (see Box ).

4. With regard to the title,
D the text is approved as submitted by the applicant.
the text has been established by this Authority to read as foliows:

COMPOSITIONS COMPRISING PHOSPHODIESTERASE INHABITORS FOR THE TREATMENT OF
SEXUAL DISFUNCTION

5. With regard to the abstract,

[El the text is approved as submitted by the applicant.

D the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box ill. The applicant may,
within one month from the date of mailing of this international search report, submit comments to this Authority.

o

The figure of the drawings to be published with the abstract is Figure No. '
[[] assuggested by the applicant. [X]  None of the figures.
D because the applicant failed to suggest a figure.
D because this figure better characterizes the invention.

Form PCT/ISA/210 {first sheet) {July 1998)
INTELGENX 1024, pg. 120



INTERNATIONAL SEARCH REPORT

’

tnternational Application No

CT/uUS 00/11129

A. CLASSIFICATION OF SUBJEC TER

IPC 7 A61K31/4985 A61P15/10

According to international Patent Classification {IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7 A61K

Minimum documentation searched (classificalion sysiem lollowed by classification symbols)

Documentation searched other than minimum decumentation 1o the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search {name of dala base and, where practical. search terms used}

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * | Cilation of document, with indication, where appropriate, of the relevant passages
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A compound of formula (I} and salts and solvates thereof, in which: R represents hydrogen, halogen or Ci.¢ alkyl; R! represents
hydrogen, Cj.calkyl, C2« alkenyl, Ca alkynyl, haloC;.salkyl, Csacycloalkyl, Ca.scycloalkylC).3alkyl, arylC,.zaliyl or heteroarylCi.aalkyl;
R? represents an optionally substiuned monocyclic aromatic ring selected from benzene, thiophene. furan and pyridine or an optionally
substituted bicyclic ring (&) attached to ‘the rest of the molecule via one of the benzene ring carbon atoms and wherein the fused ring (A)
is a 5- or 6-membered ring which may be saturated or partially or fully unsarurated and comprises carbon atoms and optionally one or
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a 3- or 4membered alkyl or alkenyl chain. A compound of formula (I} is 2 potent and selective inhibitor of cyclic geanosine 3°,5°-
monophosphate specific phosphodiesterase (¢GMP specific PDE) having a utility in a variety of therapeutic areas where such inhibition is
beneficial, including the treatment of cardiovascular disorders.
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WO 95/19978 ’ PCT/EP95/00183

TETRACYCLIC DERIVATIVES, PROCESS OF PREPARATION AND USE

- __ . [P - [,

This invention reiates to a series of tetracyclic derivatives, to processes for
. their preparation, pharmaceutical compositions containing them, and their use
5 as therapeutic agents. In particular, the invention relates to tetracyclic
derivatives which are potent and selective inhibitors of cyclic guanosine 3',5'-
monophosphate specific phosphodiesterase (cGMP specific PDE) having utility
in a variety of therapeutic areas where such inhibition is thought to be

beneficial, including the treatment of cardiovascular disorders.
10 Thus, according to a first aspect, the present invention provides compounds

of formuia (I}

and salts and solvates (e.g. hydrates) thereof, in which:
RO represents hydrogen, halogen or C1_g alkyi;
15 R1 represents hydrogen, C1-salkyl, Ca¢ alkenyl, C.5 alkynyl, haloCq.galkyl,
Ca_gcycioalkyl, Cz_gecycioalkylC 4. aatkyl, arylC4_3alkyl or heteroarylCq.zalkyl;
R2 represents an optionally substituted monocyclic aromatic ring selected
from benzene, thiophene, furan and pyridine or an optionally substituted bicyclic

A
ring @ attached to the rest of the molecule via one of the benzene
20 ring carbon atoms and wherein the fused ring A is a 5- or 6-membered ring
which may be saturated or partially or fully unsaturated and comprises carbon
atoms and optionally one or two heteroatoms selected from oxygen, sulphur and
nitrogen; and ’
R® represents hydrogen or Ci.3 alkyl, or R' and R® together represent a 3- or
25 4- membered alkyl or alkenyl chain.
There is further provided by the present invention a subgroup of compounds
of formula (1), the subgroup comprising compounds of formula (la)
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and salts and solvates (e.g. hydrates) thereof, in which:

RO represents hydrogen, halogen or C4_g alkyl;

R? represents hydrogen, Cq_gatkyl, haloC4_galkyl, Ca3.gcycloalkyl,
Ca.gcycloalkylC4_3alkyl, arylC4_3alkyl or heteroarylC4.3alkyl, and

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

gD
ring attached to the rest of the molecule via one of the benzene

ring carbon atoms and wherein the fused ring A is a 5- or 6-membered ring
which may be saturated or partially or fully unsaturated and comprises carbon

-atoms and optionally one or two heteroatoms seiected from oxygen, sutphur and

nitrogen.

within R1 above, the term "aryi” as part of an aryiC4{_3alkyl group means
phenyl or phenyl substituted by one or more {(e.g. 1, 2 or 3) substituents
seiected from halogen, C4.galkyl, Cq_galkoxy and methylenedioxy. The term
"heteroaryl" as part of a heteroarylCq.3alkyl group means thienyl, furyl or pyridyl
each optionally substituted by one or more (e.g. 1, 2 or 3) substituents selected
from halogen, C4_g alkyl and C{_galkoxy. The term "C3.gcycloalky!" as a group
or part of a C3.gcycloalkylC4_3alky! group means a monocyclic ring comprising
three to eight carbon atoms. Exampies of suitable cycloalkyl rings include the
Ca-gcycloalkyl rings cyciopropyl, cyciobuty!l, cyclopentyl and cyclohexyi.

Within R2 above, optional benzene ring substituents are selected from one or
more (e.g. 1, 2 or 3) atoms or groups comprising halogen, hydroxy, Cq_galkyl,
C1.galkoxy, -CO,R", haloCq_galkyl, haloC1_galkoxy, cyano, nitro and NR3RD,
where R3 and RP are each hydrogen or C1.galkyl, or R® may also represent
Co_7alkanoy! or Cqi_galkylsulphonyl. Optional substituents for the remaining
ring systems are selected from one or more (e.g. 1, 2 or 3) atoms or groups
comprising halogen, Cq1._galkyl, C4_galkoxy and arylC,.salkyl as defined above.

INTELGENX 1024, pg. 135

BNSDOCID: <WQ___9519678A1_1_>

Pay T Tt



WO 95/19978 PCT/EP95/00183

3

I
I ”The"tiiéycli:—: ringm may, for example, represent naphthaien , a

heterocycie  such as benzoxazole, benzothiazole, benzisoxazole,
benzimidazole, quinoline, indole, benzothiophene or benzofuran or

i f (CH,)_
v~

5  CHjp O, SorNH)
in the above definitions, the term “alkyl" as a group or part of a group means
a straight chain or, where available, a branched chain aikyl moiety. For
example, it may represent a C4q_g4alkyl function as represented by methyl, ethyi,
n-propyl, i-propyl, n-butyl, s-butyl and t-butyl. The term ‘alkenyl’ as used herein
10 includes straight-chained and branched alkenyl groups, such as vinyl and atiyl
groups. The term ‘alkynyl’ as used herein includes straight-chained and
branched alkyny! groups, suitably acetyiene. The term "halogen" herein means
a fluorine, chlorine, bromine or iodine atom. The term "haloC {_galkyl” means an
alkyl group as defined above comprising one to six carbon atoms substituted at
15 one or more carbon atoms by one or more (e.g. 1, 2 or 3) halogen atoms.
Similarly, a haloC4_galkoxy group is a haloCq._galkyl group as defined abov
linked to the R2 benzene ring via an oxygen atom. Examples of haloC4_galkyl
groups include triflucromethyl and 2,22-trifluoroethyl. An example of a
haloCq_galkoxy group is trifluoromethoxy. The term "Co_yalkanoyl* means a
20 C4.galkyicarbonyl group where the C4_galkyl portion is as defined above. An
example of a suitable Co_7alkanoyl group is the Cpalkanoyi group acetyl.
it will be appreciated that when RC is a halogen atom or a Cq_galkyl group
this substituent may be sited at any available position on the phenyl portion of
the tetracyclic ring. However, a particular site of attachment is the ring 10-
25 position.
The compounds of formuia (I) may contain two or more asymmetric centres
and thus can exist as enantiomers or diasterecisomers. in particular, in formula
(I) above two ring chiral centres are denoted with asterisks. It is to be
understood that the invention includes both mixtures and separate individual
30 isomers of the compounds of formula (). A
The compounds of formula (I} may also exist in tautomeric forms and the
invention includes both mixtures and separate individual tautomers thereof.

(where n is an integer 1 or 2 and X and Y may each represent
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The pharmaceutically acceptable salts of the compounds of formula (1) which
écceptébie acids. Examples include the hydrochioride, hydrobromide, sulphate
or bisulphate, phosphate or hydrogen phosphate, acetate, benzoate, succinate,

5 fumarate, maleate, lactate, citrate, tarirate, gluconate, methanesuiphonate, -
benzenesulphonate and p-toluenesuiphonate salts. Compounds of the formula
(1) can also provide pharmaceutically acceptable metal salts, in particular alkali
metal salts, with bases. Examples include the sodium and potassium salts.

A particular group of compounds of the invention are those compounds of

10 formuia (l) in which RC is hydrogen or halogen (e.g. fluorine), especialiy
hydrogen.

Another particular group of compounds of the invention are those compounds
of formuia (I) in which R1 represents hydrogen, Cq_galkyl, haloCq_4alkyl,,
Cagcycloalkyl, Cga_gcycloalkylmetnyl, pyridylCq_3alkyl, furyiCq.zalkyl or

15 optionally substituted benzyl. Within this particular group of compounds,
-examples of Cq_4alkyl groups are methyl, ethyl, n-propyl, i-propyl and n-butyl.
Exampies of Cgagcycloalikylmethyl groups are cyclopropylmethyl and
cyclohexylmethyl. Examples of optionally substituted, benzyl groups include
benzyl and halobenzyi (e.g. fluorobenzyl).

20 A further particular group of compounds of the invention are thos
compounds of formula (1) in which R2 represents an optionally substituted
benzene, thiophene, furan, pyridine or naphthalene ring or an optionally

X
/SCHJ.,
substituted bicyclic ring Y (wherenistor2and Xand Y ar
each CHo or O). Within this particular group of compounds, examples of

25 substituted benzene groups are benzene substituted by one of halogen (e.g.
chiorine}, hydroxy, Cq_zalkyl (e.g. methyi, ethyl or i-propyl), Ci_3alkoxy (e.g.
methoxy or ethoxy}, -CO;R", halomethyl (e.g. triflucromethyl), halomethoxy (e.g.
trifluoromethoxy), cyano, nitro or NR2RP where R2 and RP are each hydrogen
or methy! or R3 is acetyl, or benzene substituted by dihalo (e.g. dichloro) or by

30 C4_3alkoxy (e.g. methoxy) and one of halogen (e.g. chlorine) and hydroxy. An-
example of a substituted thiophene ring is a halo (e.g. bromo) substituent
thiophene ring.
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A still further particular group of compounds of formuia | are those wherein R®

_represents hydrogen or R' and R” together represent a 3-membered alkyl chain. _

A preferred group of compounds of the invention are the cis isomers of
formuia (1) represented by formuia (Ib)

\\\{L

and mixtures thereof with their cis optnca! enantiomers, including racemic
mixtures, and salts and soivates (e.g. hydrates) of these compounds in which
RO is hydrogen or halogen (e.g. flucrine), especially hydrogen and R', R2 and R®

are as defined previously.

The single isomers represented by formula (Ib), i.e. the 8R, 12aR isomers,
are particularly preferred.

Within the above definitions R1 may preferably represent Cqy4alkyl (e.g.
methyl, ethyl, i-propyl and n-butyl), C3z.gcycloalkyl (e.g. cyclopentyl) or
Ca_gcycloalkylmethy! (e.g. cyclopropyimethyl).

R2 may preferably represent a substituted benzene ring such as benzene
substituted by Cq.3alkoxy (e.g. methoxy) or by C4_3alkoxy (e.g. methoxy) and
halogen (e.g. chiorine), particularly 4-methoxyphenyl or 3-chloro-4-
methoxypheny!, or RZ2 may preferably represent 3,4-methylenedioxyphenyi.

It is to be understood that the present invention covers ail appropriat
combinations of particular and preferred groupings hereinabove.

Particular individual compounds of the invention include:
Cis-2,3,6,7,12,12a-hexahydro-2-(4-pyridyimethyl)-6-(3,4-
methyienedioxyphenyl)-pyrazino[2', 1' : 6,1])pyridoc[3,4-b}lindole-1,4-dione;
Cis-2,3,6,7,12,12a-hexahydro-6-(2,3-dihydrobenzo{bjfuran-5-yi)-2-methyl-
pyrazino[2',1":6,1)pyrido[3,4-bjindole -1,4-dione;
Cis-2,3,6,7,12,12a-hexahydro-6-(5-bromo-2-thienyi)-2-methyl-
pyrazino[2',1":6,1])pyrido(3,4-blindole -1,4-dione;
Cis-2,3,6,7,12,12a-hexahydro-2-butyl-6-{4-methyipheny!)-
pyrazine[2',1':6,1)pyrido[3,4-blindole -1,4-dione;
(6R,12aR})-2,3,6,7,12,12a-Hexahydro-2-isopropy-6-(3,4-
methylenedioxyphenyl)-pyrazino[2’,1":6,1]pyrido[3,4-blindole -1,4-dione;
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(6R,12aR}-2,3,6,7,12, 12a-Hexahydro-2-cyclopenty!-6-(3,4-

methylenedioxyphenyl)-pyrazino{2',16, 1]pyrido[3,4-blindole -1.4-dione; .

" (BR,12aR)-2,3,8,7,12,12a-Hexahydro-2-cyclopropyimethyl-6-(4-methoxyphenyl)-

pyrazino[2',1':6,1)pyrido[3,4-bjindoie -1,4-dione;

5 (6R,12aR}-2,3,6,7,12, 12a-Hexahydro-6-(3-chloro4-methoxyphenyl}-2-methyi-
pyrazino[2',1":6, 1]pyrido[3,4-bjindole -1,4-dione;
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-methyl-6-(3,4-methylenedioxyphenyi)-
pyrazino{2',1"6,1)pyrido[3,4-blindcle-1,4-dione;

{6R, 12aR)-2,3,6,7,12,12a-Hexahydro-6-(3,4-methylenedioxyphenyl)-

10 pyrazino[2', 1': 6,1] pyridc [3,4-b] indole-1,4-dione;

(5aR, 12R, 14a8)-1,2,3,5,6,11,12,14a-Octahydro-12-(3,4-
methylenedioxyphenyl}-pyrrolo[1”,2" : 4',5'|pyrazino[2',1' : 6,1])pyrido[3,4-
blindole-5-1,4-dione;

and physiologically acceptable saits and solvates (e.g. hydrates) thereof.

15 A specific compound of the invention is:
(BR,12aR}-2,3,6,7,12,12a-hexahydro-2-methyl-6-(3,4-methylenedioxyphenyi)-
pyrazino[2',1':6, 1]pyrido[3,4-blindole -1,4-dione;
and physiologicaily acceptable salts and solvates {e.g. hydrates) thereof.

It has been shown that compounds of the present invention are potent and

20 selective inhibitors of cGMP specific PDE. Thus, compounds of formula (I) are
of interest for use in therapy, specifically for the treatment of a variety of
conditions where inhibition of cGMP specific PDE is thought to be beneficial.

As a consequence of the selective PDE V inhibition exhibited by compounds
of the present invention, cGMP levels are elevated, which in turn can give rise

25 to beneficial anti-platelet, anti-neutrophil, anti-vasospastic, vasodilatory,
natriuretic and diuretic activities as well as potentiation of the effects of
endothelium-derived relaxing factor (EDRF), nitrovasodilators, atrial natriuretic
factor (ANF), brain natriuretic peptide (BNP), C-type natriuretic peptide (CNP)
and endothelium-dependent relaxing agents such as bradykinin, acetylcholine

30 and 5-HT4. The compounds of formula (1) therefore have utility in the treatment
of a number of disorders, including stable, unstable and variant (Prinzmetal)
angina, hypertension, pulmonary hypertension, congestive heart failure, renal
failure, atherosclerosis, conditions of reduced biood vessel patency (e.g. post-
percutaneous transluminal coronary angioplasty), peripheral vascular diseas ,

35 vascular disorders such as Raynaud's disease, inflammatory diseases, stroke,
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bronchitis, chronic asthma, allergic asthma, allergic rhinitis, glaucoma and

diseases characterised by disorders of gut motility (e.g. _ iritable bowel

syndrome).

it will be appreciated that references herein to treatment extend to
prophyiaxis as well as treatment of established conditions.

It will also be appreciated that 'a compound of formula {1),’ or a physiclogically
acceptable salt or solvate thereof can be administered as the raw compound, or
as a pharmaceutical composition containing either entity.

There is thus provided as a further aspect of the invention a compound of
formula (1) for use in the treatment of stable, unstable and variant (Prinzmetal)
angina, hypertension, pulmonary hypertension, chronic obstructive pulmonary
disease, congestive hear failure, renal failure, atherosclerosis, conditions of
reduced blood vessel patency, (e.g. post-PTCA), peripheral vascular disease,
vascular disorders such as Raynaud's disease, inflammatory diseases, stroke,
bronchitis, chronic asthma, allergic asthma, allergic rhinitis, glaucoma or
diseases characterised by disorders of gut motility (e.g. IBS).

According to another aspect of the invention, there is provided the use of a
compound of formula (I) for the manufacture of a medicament for the treatment

‘of stable, unstable and variant (Prinzmetal) angina, hypertension, pulmonary

hypertension, chronic obstructive puimonary disease, congestive heart failure,
renal failure, atheroscierosis, conditions of reduced blood vessel patency, (e.g.
post-PTCA), peripheral vascular disease, vascular disorders such as Raynaud's
disease, inflammatory diseases, stroke, bronchitis, chronic asthma, allergic
asthma, allergic rhinitis, glaucoma or diseases characterised by disorders of gut
motility (e.g. IBS). _

In a further aspect, the invention provides a method of treating stable,
unstable and varant (Prinzmetal) angina, hypertension, pulmonary
hypertension, chronic obstructive pulmonary disease, congestive heart failure,
renal failure, atherosclerosis, conditions of reduced blood vessel patency, (e.g.
post-PTCA), peripheral vascular disease, vascular disorders such as Raynaud's
disease, inflammatory diseases, stroke, bronchitis, chronic asthma, aliergic
asthma, allergic rhinitis, glaucoma or diseases characterised by disorders of gut
motility (e.g. IBS) in a human or non-human animal body which comprises
administering to said body a therapeutically effective amount of a compound
with formula (1).
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Compounds of the invention may be administered by any suitable route, for

... example by oral, buccal, sub-lingual, rectal, vaginal, nasal, topical or parenteral

(including intravenous, intramuscular, subcutaneous and intracoronary)
administration. Oral administration is generally preferred.

For administration to man in the curative or prophylactic treatment of the
disorders identified above, oral dosages of a compound of formula (1) will
generally be in the range of from 0.5-800mg daily for an average adult patient
(70kg). Thus for a typical adult patient, individual tablets or capsules contain
from 0.2-400mg of active compound, in a suitable pharmaceutically acceptable
vehicle or carrier, for administration in single or multipie doses, once or several
times per day. Dosages for intravenous, buccal or sublingual administration will
typically be within the range of from 0.1-400 mg per single dose as required. In
practice the physician will determine the actual dosing regimen which will be
most suitable for an individual patient and it will vary with the age, weight and
response of the particular patient. The above dosages are exemplary of the
average case but there can be individual instances in which higher or iower
dosage ranges may be merited, and such are within the scope of this invention.

For human use, a compound of the formuia (I} can be administered alone, but
will generally be administered in admixture with a pharmaceutical carri r
seiected with regard to the intended route of administration and standard
pharmaceutical practice. For exampie, the compound may be administered
orally, buccally or sublingually, in the form of tablets containing excipients such
as starch or lactase, or in capsules or ovules either alone or in admixture with
excipients, or in-the form of elixirs or suspensions containing flavouring or
colouring agents. Such liquid preparations may be prepared with
pharmaceutically acceptable additives such as suspending agents (e.g.
methylcellulose, a semi-synthetic giyceride such as witepso!l or mixtures of
glycerides such as a mixture of apricot kernel oil and PEG-6 esters or mixtures
of PEG-8 and caprylic/capric glycerides). A compound may also be injected
parenterally, for example intravenously, intramuscularly, subcutaneously or
intracoronarily. For parenteral administration, the compound is best used in the
form of a sterile aqueous solution which may contain other substances, for
example salts, or monosaccharides such as mannitol or giucose, to make the
solution tsotonic with blood.
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Thus, the invention provides in a further aspect a pharmaceutical composition

. comprising a compound .of the formula . (l) together with a pharmaceutically

acceptable diluent or carrier therefor.

There is further provided by the present invention a process of preparing a
pharmaceutical composition comprising a compound of formula (1}, which
process comprises mixing a compound of formula (I) together with a
pharmaceutically acceptabie diluent or carrier therefor.

A compound of formula (l) may also be used in combination with other
therapeutic agents which may be useful in the treatment of the above-mentioned
disease states. The invention thus provides, in ancther aspect, a combination
of a compound of formula (1) together with another therapeutically active agent.

The combination referred to above may conveniently be presented for use in
the form of a pharmaceutical formulation and thus pharmaceutical compositions
comprising a combination as defined above together with a pharmaceutically
acceptable diluent or carrier comprise a further aspect of the invention.

The individual components of such a combination may also be administer d
either sequentially or simultaneousiy in separate pharmaceutical formulations.

Appropriate doses of known therapeutic agénts for use in combination with a
compound of formuia (1) will be readily appreciated by those skiiled in the art.

Compounds of formula (I) may be prepared by any suitabie method known in
the art or by the following processes which form part of the present invention. In
the methods below R°, R1 and RZ are as defined in formula (1) above unless
otherwise indicated. ;

Thus, a process (A) for preparing a compound of formuia (1) wherein R®
represents hydrogen comprises treating a compound of formula (i)

o

an

(in which Alk represents Cq_galkyl, e.g. methyl or ethyl and Hal is a halogen
atom, e.g. chlorine) with a primary amine R’NHZ in a suitable solvent such as
an alcohol (e.g. methanol or ethanol) or a mixture of solvents, convenientiy at a
temperature of from 20°C to reflux (e.g. at about 50°C).

A compound of formula (i} may conveniently be prepared by treating a
compound of iormula (111}
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with a haloacetyl halide {e.g. chloroacety! chioride} in a suitable solvent such as

a halogenated hydrocarbon {e.g. trichloromethane or dichioromethane), or an

ether (e.g. tetrahydrofuran), preferably in the presence of a base such as an

5 organic amine (e.g. a trialkylamine such as triethylamine) or an alkali metal

carbonate or bicarbonate (e.g. NaHCO3). The reaction may conveniently be
effected at a temperature of from -20°C to +20°C (e.g. at about O°C).

A compound of formuia (I) may also be prepared from a compound of formula

{iil) in a two-step procedure via a compound of formula (H) isolated without

10 purification.

Compounds of formula (1) may be prepared as individual enantiomers in two
steps from the appropriate enantiomer of formula (lll) or as mixtures (e.g.
racemates) of either pairs of cis or trans isomers from the correspondong
mixtures of either pairs of cis or trans isomers of formula (ll1). '

15 Individual enantiomers of the compounds of the invention may be prepar d
from racemates by resclution using methods known in the art for the separation
of racemic mixtures into their constituent enantiomers, for example using HPLC
(high performance liquid chromatography) on a chiral column such as Hypersil
naphthylurea.

20 A compound of formula (ill) may conveniently be prepared from a tryptophan
alkyl ester of formula (1V) o

R ' OAlk

" v
{(where Alk is as previously defined) or a salit thereof (e.g. the hydrochloride salt)
according to either of the following procedures (a) and (b). Procedure (b) is only

25 suitable for preparing cis isomers of formula (I} and may be particularly
suitable for preparing individual cis enantiomers of formula (llf) from D- or L-
tryptophan alkyl est rs as appropriate.
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Procedure (a)

This comprises a Pictet-Spengler cyclisation between a compound of formula

- (IV) and an aiaét_{{r:ie R2CHO. The reactlon‘r'né}wgoﬁensently be effected in a
suitable solvent such as a halogenated hydrocarbon (e.g. dichloromethane) or

5 an aromatic hydrocarbon (e.g. toluene) in the presence of an acid such as
trifluoroacetic acid. The reaction may conveniently be camried out at a

temperature of from -20°C to refiux to provide a compound of formula (111} in one

step. The reaction may also be carried out in a solvent such as an aromatic

hydrocarbon (e.g. benzene or toluene) under reflux, optionally using a Dean-

10 Stark apparatus to trap the water produced.

The reaction provides a mixture of cis and trans isomers which may be either
individual enantiomers or racemates of pairs of cis or trans isomers depending
upon whether racemic or enantiomerically pure tryptophan alkyl ester was used
as the starting material. Individual cis or trans enantiomers may conveniently be

15 separated from mixtures thereof by fractional crystallisation or by
chromatography (e.g. flash column chromatography) using appropriate solvents
and eluents. Similarly, pairs of cis and trans isomers may be separated by
chromatography (e.g. flash column chromatography) using appropriate eluents.
An optically pure trans isomer may also be converied to an optically pure cis

20 isomer using suitable epimerisation procedures. One such procedure
comprises treating the trans isomer or a mixture (e.g. 1 : 1 mixiure) of cis and
trans isomers with methanolic or aqueous hydrogen chloride at a temperature of
from 0CC to the refluxing temperature of the solution. The mixture may then be
subjected to chromatography (e.g. flash column chromatography) to separat

25 the resulting diasterecisomers, or in the procedure utilising agueous hydrogen
chloride the desired cis isomer precipitates out as the hydrochtoride salt which
may then be isolated by filtration.

Procedure (b)

30 This comprises a four-step procedure from a compound of formula (IV) or a
salt thereof (e.g. the hydrochioride sait). The procedure is particularly suitable
for preparing a 1R, 3R isomer of formula (lli) from a D-tryptophan alkyl ester of
formula (IV) or a sailt thereof {e.g. the hydrochloride salt). Thus, a first step (i)
compris s treating a compound of formula (iV) with an acid halide R2COHal

.35 (where Hal is as previously defined) in the presence of a base, e.g. an organic
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base such as a trialkylamine (for example triethylamine), to provide a compound
_of formuia (V)

O

CAlk
R J NHCOR® ™)
H

The reaction may be conveniently carried out in a suitable solvent such as a
halogenated hydrocarbon (e.g. dichloromethane} or an ether (e.g.
tetrahydrofuran) and at a temperature of from -20°C to +40°C.

Step (i) comprises treating a compound of formula (V) with an agent to
convert the amide group to a thioamide group. Suitable sulfurating agents are
well-known in the art. Thus, for example, the reaction may conveniently be
effected by treating (V) with Lawesson's reagent. This reaction may

~ conveniently be carried out in a suitable sclvent such as an ether (e.c.
dimethoxyethane) or an aromatic hydrocarbon {e.g. toluene) at an elevated
temperature such as from 40°C to BOOC to provide a compound of formula (V1)

O
OAlLk
NHCSR? D
H
Step (iti) comprises treating a compound of formula (Vi) with a suitable agent
to provide a compound of formula (Vi)
O
DAlk
R { _NH+ v
H Rz Hai-

{where Hal is a halogen atom, e.g. icdine). The reaction may conveniently be

effected by treating (V1) with an alkylating agent such as a methyl halide (e.g.

methyl iocdide) or an acylating agent such as an acetyl halide (e.g. acetyl

chioride) in a suitable solvent such as a halogenated hydrocarbon (e.g.

dichloromethane) at an elevated temperature (e.g. under reflux).

In step (iv) the resulting iminium halide of formula (V1) may be treated with a
reducing agent such as boron hydride, e.g. sodium borohydride, to provide the
desired compound of formula (Il). The reduction may convenientiy b effected
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at a low temperature, e.g. within the range of -100°C to O°C, in a suitable

—ewem ——--.— .. sSolvent such as an alcohol (e.g.methanol).. ... ... . e

There is further provided by the present invention a process (B} fcr preparing

a compound of formula (1), wherein R' and R* together represent a 3- or 4-

5 membered alkyl or alkeny! chain, which process (B) comprises cyclisation of a
compound of formuta (V1) ‘

vl

wherein Alk represents Cisalkyl and R' and R® together represent a 3- or 4-
10 membered chain both as hereinbefore described. The cyclisation is .suitably
carried out in an organic solvent or solvents, such as an alcoholic solvent {(e.g.
methanol) and optionally an ether solvent such as tetrahydrofuran, and in the
presence of a reducing agent, aptly a pailadium catalyst, such as palladium on

carbon.
15 Conveniently a compound of formula (Vill) is prepared by reaction of a

compound of formula (ill) as hereinbefore described 