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Central Examination Unit
Commissioner for Patents

U.S. Patent and Trademark Office

P. O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

REQUEST FOR SUPPLEMENTAL EXAMINATION

Pursuant to 37 U.S.C. § 257, Actelion Pharmaceuticals Ltd (“Patent Owner”) requests
supplemental examination of U.S. Patent No. 8,268,847 B2 (“the 847 patent”; Exhibit A).
Actelion Pharmaceuticals Ltd is the owner of the ’847 patent by virtue of the assignment that is

recorded with the Patent and Trademark Office (“Office”) at reel 028787, frame 0964.
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L 37 C.F.R. § 1.610(a)

The required fee of $16,500 is submitted herewith, and includes the filing fee of $4,400

and the ex parte reexamination fee of $12,100. Patent Owner authorizes any charges or credits

to Deposit Account No. 233050.

II. 37 C.F.R §1.610(b)1)

Supplemental examination under 35 U.S.C. § 257 is requested for U.S. Patent No.

8,268,847 (“the *847 patent”) entitled “THERAPEUTIC COMPOSITIONS COMPRISING A

SPECIFIC ENDOTHELIN RECEPTOR ANTAGONIST AND A PDES INHIBITOR,” which

issued on September 18, 2012.

M. 37 C.F.R.§1.610(b)(2)

The following are the items of information that are requested to be considered:

U.S. Patent No. 7,094,781 (“the *781 patent”)

U.S. Patent No. 8,367,685 (“the *685 patent”)

WO 02/053557 (“the Bolli publication”; Exhibit B)
WO 2006/026395 (“the Keyser publication”; Exhibit C)

Office Action mailed February 28, 2012 during prosecution of the *847 patent
(Exhibit D)

IV. 37C.F.R §1.610(b)3)

There are no other prior or concurrent post-grant proceedings involving the *847 patent.

V. 37 C.F.R. § 1.610(b)(4)

Supplemental examination is requested for claims 1-11 of the 847 patent (i.e. all of the

claims of the patent).
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VI. 37 C.F.R. § 1.610(b)(5)
A. Summary of relevance

The above-noted items of information were cited as relevant to the claims of the *847
patent because they were cited in connection with rejections during the patent’s prosecution.

During prosecution, the Examiner stated that the Bolli publication “constitutes prior art
only under 35 U.S.C. 102(e)” (see Office Action mailed February 28, 2012, attached as Exhibit
D, at page 8). The Examiner also stated that rejections based upon the publication could be
overcome, inter alia, “by showing that the [publication] is disqualified under 35 U.S.C. 103(c) as
prior art in a rejection under 35 U.S.C. 103(a)” (id. at pages 8-9).!

During prosecution, Applicant consistently presented substantive arguments traversing
the Bolli publication and the other cited references on the merits. In response to the Examiner’s
statement, Applicant also confirmed that the subject matter of the Bolli publication and the
claimed inventions were, at the time those inventions were made, owned by the same person or
subject to an obligation of assignment to the same person (Reply filed April 27, 2012 to Office
Action mailed February 28, 2012, at page 5). In the Notice of Allowance, the Examiner stated
that the Bolli publication did not constitute prior art under 35 U.S.C. § 103(c) and withdrew all
of the rejections (Notice of Allowance mailed May 21, 2012, at page 2).

The Bolli publication bears a publication date of July 11, 2002 (see Exhibit B). The

patent application from which the 847 patent issued (i.e., U.S. Patent Application No.

135 U.S.C. § 103(c) provides that “[s]ubject matter developed by another person, which qualifies
as prior art only under one or more of subsections (e), (f), and (g) of section 102, shall not
preclude patentability under this section where the subject matter and the claimed invention
were, at the time the claimed invention was made, owned by the same person or subject to an
obligation of assignment to the same person.”
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12/439,290) was filed on August 28, 2007, and claimed the benefit of two foreign priority
applications, the earliest of which was filed August 29, 2006 (see Exhibit A). It appears,
therefore, that the exchange between the Examiner and Applicant regarding 35 U.S.C. § 103(c)
was not correct as a matter of law because the Bolli publication also constitutes § 102(b) art.?
In view of this error during prosecution, and because Patent Owner also maintains
Applicant’s substantive arguments traversing the Bolli publication and the other cited references
on the merits, Patent Owner files this request for supplemental examination for consideration of

the correction above.

B. The Examiner’s manner of applying each item of information to the claims of
the patent as stated in the Office Action mailed February 28, 2012

The above-noted items of information were cited as relevant for the reasons that the
Examiner stated during prosecution of the 847 patent. The rejections and the manner of
applying each item of information to the claims of the patent were stated in the Office Action

mailed February 28, 2012, at pages 4-9 (see Exhibit D). A brief summary is as follows:

2 There were no inaccuracies with regard to the facts of common ownership stated by Applicant.
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¢ Rejection of claims 1-3 and 5-8 on the ground of nonstatutory obviousness-type

double patenting over claims 8 and 9 of the 781 patent in view of the Bolli
publication and the Keyser publication’

The *781 patent was said to teach the claimed compound, i.e., the compound of Formula
@:

[05)
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\V4
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H
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A e

The Examiner acknowledged that the *781 patent did not teach the use of the compound with a
PDE-S5 inhibitor (id. at 4). The Examiner cited the Bolli publication as teaching use of the
claimed compound as an ET antagonist (id., citing page 28, first row, right compound of Exhibit
B) and that the compound can be combined with an excipient and another active compound to
treat conditions or diseases which are associated with an increase in vasoconstriction such as
hypertension and erectile dysfunction (id., citing the Abstract and pages 16-17 of Exhibit B).
The Keyser publication was cited as teaching that ET antagonists and PDE-5 inhibitors
may be combined together to treat cardiac disorders such as hypertension (id. at 5, citing the
Abstract and claims 19 and 21 of Exhibit C). The Examiner then concluded that it would have
been obvious to combine the claimed compound of Formula (I) and a PDE-5 inhibitor because
the compound of Formula (I) is an ET antagonist and the Keyser publication teaches that ET

antagonists and PDE-5 inhibitors can be combined to treat hypertension (id.).

3 The *781 patent is the U.S. national stage of PCT/EP01/14182, which corresponds to
WO 02/053557, i.e., the Bolli publication (Exhibit B).
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¢ Rejection of claims 1-3 and 5-8 provisionally on the ground of nonstatutory
obviousness-type double patenting over claim 1 of copending Application No.
12/388,142 (“the *142 application”; later issued as the *685 patent) in view of the
Bolli publication and the Keyser publication.*
The reasons underlying this rejection parallel those set forth for the above-noted
obviousness-type double patenting rejection over the 781 patent, except that the Examiner stated

that the * 142 application teaches the compound of Formula (1) (id. at 5-6).

e Rejection of claims 1-3 and 5-8 under 35 U.S.C. §103(a) as being obvious over Bolli
in view of Keyser.

Similar to the obviousness-type double patenting rejections noted above, the Examiner
cited the Bolli publication as teaching the claimed compound of Formula (I) as an ET antagonist
(id. at 9, citing page 28, first row, right compound of Exhibit B) and that it can be combined with
an excipient and another active compound to treat conditions or diseases which are associated
with an increase in vasoconstriction such as hypertension and erectile dysfunction (id., citing the
Abstract and pages 16-17 of Exhibit B). The Examiner acknowledged that the Bolli publication
does not teach the claimed compound in combination with at least one compound having PDE-5
inhibitory properties, such as tadalafil (id. at 9).

The Examiner cited the Keyser publication as teaching that ET antagonists and PDE-5
inhibitors may be combined to treat cardiac disorders such as hypertension (id. at 9, citing the
Abstract and claims 19 and 21 of Exhibit C). The Examiner concluded that it would be obvious

to combine the claimed compound of Formula (I) and a PDES inhibitor because the claimed

4 Claims 1-3 and 5-8 were also provisionally rejected on the ground of nonstatutory
obviousness-type double patenting as being unpatentable over claim 1 of co-pending Application
No. 12/066,448 (“the 448 application”) in view of the Bolli publication and the Keyser
publication (see Exhibit D at pages 6-7). The 448 application, however, has been abandoned
(see Notice of Abandonment mailed January 26, 2012).

-6-
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compound of Formula (I) is an ET antagonist and the Keyser publication teaches that ET
antagonists and PDE-5 inhibitors may be combined to treat hypertension (id. at 9).
¢ Claims 4 and 9-11
During prosecution of the 847 patent, claims 4 and 9 were initially withdrawn from
consideration due to a species election requirement, and claims 10-12 were initially withdrawn
from consideration due to a restriction requirement (see Restriction Requirement mailed June 1,
2011, and Response to Restriction Requirement filed July 1, 2011). The Examiner’s indication
of allowable subject matter stated that claims 1-9 were allowable and, thus, included the
remaining species encompassed by claims 4 and 9 (Notice of Allowance mailed May 21, 2012,
at page 2). Given the allowability of claims 1-9, the Examiner rejoined claims 10 and 11 (claim
12 was canceled and its subject matter incorporated into claim 10) which were directed to
methods for treating hypertension or pulmonary hypertension by administering “an effective
amount of a compound of formula (I) as described in claim 1, in free or pharmaceutically
acceptable salt form, in combination with at least one compound having PDE-5-inhibitory
properties, in free or pharmaceutically acceptable salt form” (see id.). Claims 10-12 were said to
be free of the art (id. at 3). Accordingly, the relevance and manner of applying each item of
information to claims 4 and 9-11 was the same as that for claims 1-3 and 5-8.
The above-noted manner in which the Examiner applied each item of information to the
claims is also set forth in a claim chart attached as Appendix 1.

VIL. 37 C.F.R. § 1.610(c)

Although the Bolli publication was incorrectly found to not qualify as prior art during
prosecution of the *847 patent, Patent Owner submits that the items of information listed above

do not raise a substantial new question of patentability with respect to the *847 patent’s claims.
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Patent Owner submits that patentability of these claims exists for the same reasons that similar
claims in two continuation patent applications, 7.e., Application No. 13/604,148 (“the *148
application”) and Application No. 14/162,280 (“the *280 application”), were allowed on a
prosecution record where the status of the references as prior art was maintained throughout the
prosecution.’
During prosecution of the *148 application, the Patent Trial and Appeal Board (“Board”)
considered the items of information identified herein in relation to claims directed to methods of
treating hypertension, pulmonary hypertension or pulmonary arterial hypertension comprising

administering simultaneously, separately, or over a period of time, to a patient in need thereof, an

effective amount of a compound of Formula (I):

o o 4y
\V4
\/\N/S\NH Br
H

X
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in free or pharmaceutically acceptable salt form, and at least one compound having
PDE-5-inhibitory properties, in free or pharmaceutically acceptable salt form. See Ex parte

Clozel, Appeal 2014-009320 (Oct. 3, 2016) (“Decision”; attached as Exhibit E).°

> A terminal disclaimer over the ’847 patent has been filed in the 148 application (see Terminal
Disclaimer filed December 5, 2016).

® The Decision is addressed in connection with 37 C.F.R. §1.610(c), and a copy is provided for
convenience.
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The Board considered rejections of claims 1-14 for: (1) obviousness under 35 U.S.C.

§ 103(a) over the Bolli publication in view of the Keyser publication; (2) non-statutory
obviousness-type double patenting over claims 8 and 9 of the *781 patent in view of the Bolli
publication and the Keyser publication; and (3) non-statutory obviousness-type double patenting
over claims 1, 9, 10, and 18 of the 142 application (later issued as the *685 patent) in view of the
Bolli publication and the Keyser publication (Exhibit E at page 3).

The Board reversed all of these rejections (id.).” In doing so, the Board found, inter alia,
that the Examiner did not adequately respond to Applicant’s argument that the claimed
inventions produce unexpectedly superior results (id.).

The Board also found that Applicant presented persuasive evidence that an ordinarily
skilled artisan would not have expected the synergistic effects produced by the administration of
the compound of Formula (I) and a PDE-5 inhibitor (id. at 9). For example, the Board noted that
the compound of Formula (I) is a dual ETA-ETs (i.e., nonselective) inhibitor, and the Keyser
publication teaches that “[u]se of a nonselective ET receptor [inhibitor] interferes with multiple
pathways whereas use of a specific ETa antagonist will act in a complementary fashion for the
multiple pathways (PDE and/or prostacyclin and/or ETA) to provide superior efficacy and/or
dosage regimes and/or reduction in side effects” (id. at 9, citing Exhibit C at  67).

Specifically, the Keyser publication was said to teach that ETa causes vasoconstriction
such that the administration of an ETa antagonist results in less vasoconstriction, which in turn

ameliorates the symptoms of hypertension (id. at 9, citing Exhibit C at  68). The Board further

7 Similar rejections presented in the “280 application were withdrawn by the Examiner in view of
the Board Decision in the *148 application (see Office Action mailed December 29, 2016, at

page 2).
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noted that ETs, on the other hand, was said to cause vasodilation wherein ETs-mediated
vasodilation occurs through a series of steps leading to an increase in cGMP (cyclic guanosine
monophosphate) levels (id. at 10, citing Exhibit C at § 68). The Board noted that the Keyser
publication further discloses that cGMP relaxes blood vessels, but PDE-5 breaks down cGMP
(id.). The Keyser publication also discloses that administration of a PDE-5 antagonist prevents
the breakdown of cGMP, thus leading to “increased vasodilation and better efficacy of both” the
ETa antagonist and the PDE-5 antagonist (id.). Conversely, the Keyser publication explains,
“In]onselective antagonists would not function as effectively because they block the ETs
stimulated cGMP production” (id.).

Based on this description, the Board found that an ordinarily skilled artisan would not
have expected the administration of a nonselective ET antagonist, such as the compound of
Formula (I), and a PDE-5 antagonist to produce the synergistic results reported in Applicant’s
specification (id.). In fact, the Board stated that “[i]f anything, the skilled artisan most likely
would have expected inferior results based on the discussion in Keyser” (id., citing Exhibit C at
968-69). For these reasons, the Board reversed the rejections of claims 1-14 for obviousness
over the Bolli publication in view of the Keyser publication due to lack of supporting evidence
(id.).

For the same reasons, the Board also reversed the rejections of claims 1-14 for
non-statutory obviousness-type double patenting based on the *781 patent and the 142
application (later issued as the *685 patent) (id. at 11).

For at least the reasons that the Board identified in reversing the then-pending rejections
in the *148 application, Patent Owner submits that the above-noted items of information do not

raise a substantial new question of patentability as to the claims of the *847 patent.
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VIII. Conclusion

In view of the above, Patent Owner respectfully submits this request for supplemental

examination of claims 1-11 of the *847 patent and that a supplemental examination certificate be

issued.

Respectfully submitted,
Date: September 22, 2017 Joseph Tucci/

Joseph Lucci

Registration No. 33307
Baker & Hostetler LLP

2929 Arch Street

Cira Centre, 12th Floor

Philadelphia, Pennsylvania 19104-2891
Telephone: 215.568.3100

Facsimile: 215.568.3439
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APPENDIX 1
Claims of U.S. Patent No. 8,268,847 Examiner’s manner of applying each item
of information to the claims of the patent
1. A product containing the compound of >781 patent: Examiner states it teaches the
formula (I) below | claimed compound and notes that it does not
o o @ | teach the composition with a PDE-5 inhibitor
\/\N/\\S//\ . - Zl)lch as tadalafil. (See, e.g., Exhibit D at page
H
IS

| ’142 application (later issued as the *685
K patent): Examiner states it teaches a
N

=
¢ N= composition of the claimed compound and

k/0‘<\ }Br notes it does not teach a combination with a

N PDE-5 inhibitor such as tadalafil. (See, e.g.,

in free or pharmaceutically acceptable salt Exhibit D at page 5)

form, in combination with at least one

compound having PDES-inhibitory Bolli publication: Examiner states it teaches
properties, in free or a pharmaceutically the claimed compound as an ET antagonist
acceptable salt form, for therapeutic use, (citing page 28, first row, right compound) in
simultaneously, separately or over a period of | compositions that can be combined with an
time, in the treatment of a disease wherein excipient and another active compound to
vasoconstriction is involved. treat conditions or diseases which are

associated with an increase in
vasoconstriction such as hypertension and
erectile dysfunction (citing Abstract; pages
16-17) and notes that it does not teach a
combination with at least one compound
having PDE-5 inhibitory properties such as
tadalafil. (See, e.g., Exhibit D at pages 4, 6,
9

Keyser publication: Examiner states it
teaches that ET antagonists and PDE-5
inhibitors such as tadalafil may be combined
together to treat cardiac disorders such as
hypertension (citing Abstract and claims 19
and 21). (See, e.g., Exhibit D at pages 5, 6, 9)

2. The product according to claim 1, wherein | See citations associated with claim 1,

the compound having PDES-inhibitory including particularly the Examiner’s citation
properties is selected from sildenafil, of the Abstract and claims 19 and 21 of
vardenafil, tadalafil and udenafil. Keyser publication

-12-
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3. The product according to claim 2, wherein
the compound having PDES5-inhibitory
properties is tadalafil.

See citations associated with claim 1,
including particularly the Examiner’s citation
of the Abstract and claims 19 and 21 of
Keyser publication

4. The product according to claim 2, wherein
the compound having PDES5-inhibitory
properties is sildenafil.

See citations associated with claim 1,
including particularly the Examiner’s citation
of the Abstract and claims 19 and 21 of
Keyser publication

5. The product according to claim 1, wherein
the disease wherein vasoconstriction is
involved is selected from hypertension,
pulmonary hypertension, diabetic
arteriopathy, heart failure, erectile
dysfunction and angina pectoris.

See citations associated with claim 1,
including particularly the Examiner’s citation
of the Abstract and claims 19 and 21 of
Keyser publication

6. A pharmaceutical composition containing,
as active principles, the compound of formula
(D) as described in claim 1, in free or
pharmaceutically acceptable salt form, in
combination with at least one compound
having PDES5-inhibitory properties, in free or
pharmaceutically acceptable salt form, as well
as at least one excipient.

See citations associated with claim 1,
including particularly the Examiner’s citation
of the Abstract and claims 19 and 21 of
Keyser publication

7. The pharmaceutical composition according
to claim 6, wherein the compound having
PDES-inhibitory properties is selected from
sildenafil, vardenafil, tadalafil and udenafil.

See citations associated with claim 1,
including particularly the Examiner’s citation
of the Abstract and claims 19 and 21 of
Keyser publication

8. The pharmaceutical composition according
to claim 7, wherein the compound having
PDES-inhibitory properties is tadalafil.

See citations associated with claim 1,
including particularly the Examiner’s citation
of the Abstract and claims 19 and 21 of
Keyser publication

9. The pharmaceutical composition according
to claim 7, wherein the compound having
PDES-inhibitory properties is sildenafil.

See citations associated with claim 1,
including particularly the Examiner’s citation
of the Abstract and claims 19 and 21 of
Keyser publication

-13 -
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10. A method for the treatment of See citations associated with claim 1,
hypertension or pulmonary hypertension including particularly the Examiner’s citation
comprising administering to a patient in need | of the Abstract and claims 19 and 21 of
thereof an effective amount of a compound of | Keyser publication

formula (I) as described in claim 1, in free or
pharmaceutically acceptable salt form, in
combination with at least one compound
having PDES5-inhibitory properties, in free or
pharmaceutically acceptable salt form.

11. The method according to claim 10, See citations associated with claim 1,
wherein the compound having PDES- including particularly the Examiner’s citation
inhibitory properties is selected from of the Abstract and claims 19 and 21 of
sildenafil, vardenafil, tadalafil and udenafil. Keyser publication

-14-
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THERAPEUTIC COMPOSITIONS in combination with at least one {and prefe ferably one) com-
COMPRISING A SPECIFIC ENDOTHELIN pound having PDES-inhibitory properties, or @ phapacenti-
RECEPTOR ANTAGONIST AKD A PDES cally acceptable sali thereof, for therapeutic use, simulia-
INHIBITOR nc‘;om}v separately or over 3 p;.r-ud of ﬂme, in the treatent

o
&
PN
@
&
1%
n

: sease wWheretn vasoconstuction is mvoived.
RENCE TO RELATED The following paragrapls provide definitions of the vari-
CATIONS ous terms nsed n the. présent patent applisation and are
interded to apply uniformiy throughout the specification and
P e B clatms, undess an otherwise expressly set out definihon pro-
cation wnder 35 UIS.C. 371 of Pi T Av_gp}u,zu.;(?n NQ POT 10 tes o broader or nagower definitior
53448, filed on Aug. 28, 2007, which claims the SPOYEA™ span
EPCT Application Ne. POTY

{ROBS REFE
Al

Thds Mﬂ"'aticm s & United States National Stage Applit-

- ndsin the present application for cyclic gua-
20064052999, fited on B arP YEUE &

osine 3, $'-monophosphate (cGMP ) phosphodiesterase type
Aug. 29, 2006, and PCT Agpplication Ne. PC TAR006/ r_lmm 3, 'monophosphete ((GMP) phosphodiesterase typ

G53857, filed.on Oct: 19, 2006, the contents of each of which >
are incorporated herein by reference in their entirefy. i$

The present invention refates o & product containing the
camponad of foraaia ) below

“Sirultanecusly” or “simuitancons”™, when referring to a
therapentic use, means in the present application that the
therapeutic use concerned consists in the administration of
two or mare active ngredients by the same route and at the
e e,
4y 90 “Separately” or “separate”, wi‘:en referring toa therapeutic

nse, weans 10 the present applicatien that the therapentic nse

B concerned consists n the administration of two or mors active

ingredients at approxiaately the same titme by at least two
i different routes.

By therapeutic adminisiration “over a pedod of time” 1s
meant i the present application the administration of two or
more ingredients at different times, and in pwnicuiar an

dnainistration method according to-which the entire adnin-
U**'\ Br 1sf='atmn uf one ()f?h\ active ingredients is completed before

A Y theadn »f the other of others begins. I this way i
i p wister one of the active ingredients for
several monthis before adimimstertog the other active tngredt-
or ingeedients. In this case, no stoubianeons administa-
M) GEEUTE.
By “disease wherein vasoconstrictionisavolved” is meant

3

or 2 pharmacentically acceptable salt of this sowpound, i
combination with at least one compound haviag PD
hibitory properties, or a phamnacentically accepiable salt 35
thereof, for therapentic use, simuliancou separately or . fioular hvpertensi ] bvpert i 4
: L A : in particular hypertension, pulmonacy hypertession (inciud-
over 2 perind of time: 1 the treatment of a disease wherein {8 particiiar Ayperieision, puinonaty typertelsion Uit
fian is invelved ing pulmonary artertal bypertension), dwabetic arferiopathy,
LOR 18 Invaived. = PRI R A et g ~
blication WO 02/053557 describes endothelin h""ﬁ faibare, erectile dysfunction or angina peciaris. .
By “compound baving PUES-inkibitory propeties” s
neant a compound that, when submitted fo the “Test 101’ the
dc'mr'un man ol PDES 1€, d escrib 10 the present patent
i an IO egual or lowey than 1 uM,
Specitic examples of compounds having PDES-iuhibitory
properties et fude the eompounds Baving the following strue-
fures (mames):

pu
receptor antagouists inchuding the cempound.of formula (I} 4
and the use of said endothelin recepior 2 wtagonists in the
ireatmaent of various diseases wherein vasecopsttiction is
invelved (j a. heart failure, angina pecmr.:s puimonary and
systennc hypertension and erecitle dysfunction).
5 i been sotably descnbed in the fol 43

31 c-,lld hs.an
A, stideuafit for

as th‘ nse (;f the same for 1.a. hyper:

fadore) and EP 1097 711 (deseribiug 1

pblmﬂmrv hypertension);

Y95/24433 fdcscubmg,l vardenafil as well as the use

of t}~¢ same for La. hypertension, anging pectoris and

1),

39,606 ribing i.a. tadalafil ag wellas 33
Ehe use of the same for 1.4. hypertensien, puluonary
hyperiension, angina and congestive'heart failue);

W OY27848 (deseribing a. ud nafil and the v
for impotence).
The A‘pmm‘«n* fias ow
nation of the
having PD} i

synergisti

3]

ereot

-*-y found that the combi- 60
() with & compound
torv pw;hmcb fo‘ﬂ.\i[&v fxtan unexpected
effect 1 the treatroent of diseases whereit vaso-

constriction is invo[ved

“this eventionas a product eordaining 63
o ula (1Y as described before or 2 phar- {vandesafit)
macentically w‘w‘na% de salt of said compound of formula (),
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The term “phammacentically accepiable salts” refers to
non-foxic, inorganic or organic acid and/or base addition
salte. Reference can be made 10 “Salt selection fbr basie
drugs”, Int. J. Pharm. (1986), 33, 201-21

Begsides, any reference t ummsmnd H fosnula {{yorto
a compound havmo PI3ES anbﬂom P is o be
undersiood as refe ring §isa 1o the plh.rlnau, tically :
able salts thersof, as approptiate and expe

Preferably, the product according to this invention will be
such that the compovnd of formula {1) and the componnd
having PD i 1}1 H}torv pro wtie* are i“)‘m 'kd fc-f & ﬂmm-

sorapound of fornuula (1 and 1h cot‘xpugnd hav mg p
mhibumy properties will be ntended to be ad
sunulianeously.

Acco“cimg, o anpther preferred variant of this ivention,
ﬂ*e < rx‘pound of immula (1 ) nd }1\ a,onpm‘nd having

prodpct accordiug to thisinvention will be at jeast one-weoek;
and preferably at least one or more months {for exawple six
1ths}. This period of time may also be the whole lifeof the

@umpm wnd of fornaiia ) y will be alternated with administea-
tioxeof'a componad having B

the interval betwween such administeation will uot exgeed two
or three days (and more preferably note ’w»c one day}.

Brefervably. the compound having hibitory proper-
ties will be selex rou sildenafil, . tadalafil and
udenafil. More preferbly, the compannd taving PDES-1n-
hibitory properties will be sildenafil ortadalafil.

According o one pamu.xla; ty preferred variant of the
invention the compound having PDES-inhibitory properties
will be sildenafil.

Accerding to another partienlanly praferred
Tnvention the compound having FIESnlubitory properties
will be indalafil.

arfant of the

s

i

" preferably 11t 1

195

on
g

tient that receives the product. Preferably, administrationof

HSanbibitory properties, and 3

n

ion route for the componnd of forpwla (13 ap
pound having PIES-intabitory properties will be the intrave-
aons or aral reute (and nc-m'nly the ol roufe).

Thougb 1hs exae 25 ofa pr-:xius:t ;mmrd-

an, it 15 expecied that a dose of 4L0% w2 g ’aL d
mgofeompennd of fogmula (T perkg of
pationt bhody weight cornbined with & dose 0.01 10 1 myg (acd
preferably .03 to 0.5 g of tadalafll per kp of patient body
weight, both componnds belng intended t be administerad
by eral rout @, or combined with a dose 0.1 1o 2 mg (aud
preferably 8.2 1o | mg) of sildenafil per kg of patient body
weight will be appropriate. both compounds being intended
o be administered by oral route 85 well.

Preferably, the disease intended to be treated by a product
acconding to this inventimi wi bc x-:]ected roni m}*etten-
:;1011 p&ﬂmoﬂa"' hyvp

mg to thjs rvention wm bL sele mj from by ’puim 1on and
pulmonszy hypertension. Inparticular, thedisease intended o
be treated by a product according to this invention will be
pulmonary hypertepsion {and notably pulmonary artedal
hypertension). '

Th also relates to & pharmacsutical wmpusﬂn on
contaming cive principles, the compoind of forunia (i)
below

0
o O ‘
N 5
N )r
S 1\[/ R :
5
Lr
NT O oo
£ ‘-\__
O i} Br
Y
N

um.}"mam).l Wil .;h at hzdsd ane (\«nd pre,{':crahly ape) compouad
having PDES-iphibitory propetties, or a phaﬂnaceuticaﬂy
ceeptable salt theveod, as well as at {ew'

1t ongexcipien
Theinvention further relates o the use of the cm-apf-un\ of

[
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from 1o 72 howurs was calentated

or & phat*x‘-aceutica}lv acceptable salt of this compound; in curves {ABC) E -lfe highcr
contbi with at leastone{and preferably one) compound the ABC, thestronger the effectofthe item tested for lowering
having PWES inhibitory properties, or a plmtmac't.t catly ]3100"1 pressuree; X
acoeptable salt thereof, for the marmiactare of a medicament Spontenecusly Hypertensive Rat ] iksdm . .
{atended to treat & disease wherein vasodilation s reguired. 3 The same }M‘m‘(‘”* was used as for the I . -seng;ﬁ:vg
Besides, preferences indlcated for theproduct secor rat mod»l,, except Ut spantatenusly bypertes Ve rats (SER;
o %, PREICer - Ftep o k& replace the Dahi-S rate and that the SHR satedid sot receive
this m'\/f:mmn of cdurse apply mutzm‘s ml{tzmdxs‘io the phar- any salt diet. The SHR rats were purchased from Harlan
macentical compositions and uses of this inventog, (Metherands).
Partieniar embedunents of the invention a deseribed in . Test for the Determination of PDES 1€
the following Hxamples, which serve 1o iHusiraie the oven- ' in order fo estimate the extent of inhibition for PDES
tiox i more detail without limiting it scope inany way. activity of a tesf componnd, the 'f'ull()wim. est is carried cut.
P}"mmnf‘-xeswl" se-S enzyme (PDE SY s separated from
EXAMPLER Human ¢ Es cavemasal tissus Aht)ut 3 ¢ of this tissne is
__ homogenized wath 12 mi of HEVES bulfer ”7() M HER
o lustrate the vsefiduess of this tnvention, the associa ? SeUA ; : 1}5“ 1M m\dgl s pHT7.2patac L
ton of the cornpound of fornla (1), administered orally at a f'lr“: solution is f]itf‘,\rc.f’ R dqub!c f““r"d BELEE N0 & "“‘*“?"
A ) ) 1ged (100.000xg) for 60 min at 4° €. The superpatant is
dose of 0.3 mykyg, with tadalail, administered orally ata dose fliered with € e s 3 or ¢
B tered with 0.2 wm filter paper and separated by HPLC
of 10 mg/kg, has been smd‘ea intwo different hypertension (N-'(mo } anion exchange gogmmc with conceftration gradi-
models, namely the Dahl salt-s > rat model and the 5y ape t of -500 mM NaC'l to eiuie FIIE fso The enzyias
spentazesusly hypertensive rat m\;del. Furthe eastueed oteach coloma fraction by the follow;to
association of the compound of formula (I), & process to separate the PDES fraction and the PIIBS i
araily at a dese of 3.5 mg/kg, with stidenafil, administered tion of the test componnd is measured using the PDE
orally af a dose of 30 mg/kg, s been studied in the sponta- i To 1.5 ral tube are added X‘(}O sl of rex 11(\112 ixture (13
neonsly hypestensive wt model. The protecsis used are s ‘"HU S mbAN gf }%ﬂ'\m"/mla\b’ pH “") ’“‘d the
detailed in the part entitied “Pharmacciogical properties of ~ APproptiaic amount o
the invention compounds” hereafier, pomd and the mixture 1? neixed w 3] 1. Toﬂ L.U 35C ]uﬁnu i af‘:-.ie_d
Pharm.- cological Properties of the Invention Componads H-cAMP or “H-oGME (5 @i’ .‘qMﬂ’ 2 pCill), the mm{um‘zs
N i PR . | rezzute{: in the ipcubator of 30° C. for about 1 howr and the
The experimenial muethods described bereaftor can be wsed e by ptting tho ful boitice water f
to show the phamacological propecties of the inveahon cowm- 30 7 for iy quanchet }? 9 DE“F ‘“f’ o ba =2 walerior
about45 seconds to 2 min. Then thetube is chilled inioe bath
?U’f"ﬂdf' . . u s for about 5 mix. Tothistube 1s added suake venom {1 mg
Ihabd Balt-Sensitive Rif‘, M‘de‘i 100 1) or S-nucleotidase {0.1 unit/tube) and the mixture is
Da})i salt-sensitive {Dald-8) were purchased fmm_Haﬂzm reacted in anincubator at 377 C. for 10 pin ar d hilled insn
ctherlands). The rats were housed by groug d““’*% the 1cé bath. 3 fimes volu i 01 meth.a; 01 fer the 1 ¥s added o
ucchm szation peniod and single-toused after plactation 35 e am 3 9 300 4{;()
of the tdcm@tr,' device. All auimals were maintained under mesh) has bea.n airea y \‘/Zi‘«x(‘Cu with (\ N
identical conditions and had free accessto normal pelleted rat (, SN Nah L HLO SN MCT and HLEY ia Ordq
chow and water, Dalid saltsensitiverats develop hypertension 1o pH 5. [hpp 1 ml (h mc prctrmkd ¢ i
unly apon :,xpmurc to salt intake. They wer administered a uuh -va W
hesalt (B%) chiow dret (Porina series S500). Five weeks 40
after start ‘1110 bdlt (,d']‘m]btf'\no;” a t(,}@[}klt{:) systera. was for ab(mt { 1‘1’11 1t ‘;Cdll’q{?-lf th(‘ resin, The :,in‘lﬁﬂt(.ﬂt L"’ﬂ(} l.il
implanied vnder an testhesia bs mhaiationof 2.5% isoflurane ?f’ i }qulld §¢ na],amm‘ ¢ mized with 10
{10, 78% O+ MNLOY. U «un\:JU()HSa a pressnrs e selution by
radio- fr”quew:vmi nitter was impial‘led into the peritoneal s measured
cavity, o 4 ceusing catheterwas nserted i the descending 45 - o )
aeria and advanced pointing upstream to slightly below the L Strompound -'ms)an Ksg lw“f)‘_i erlaveex har 1y L‘\/ 4
renal artery bifurcation. The transtwitter was sutured to the 8 Ufiimqerffi as h“:"j 1g PLE 5‘ HERDHGTY propesies §°‘ e
abdominal muscolature and the skin was ¢losed. A receiver parpose of th‘,{b p‘ij L4p :’“ff“at‘o‘li ifthetest ?ﬂmim.bﬂd 28850
e e . ) N P ) ‘s higher than § pM, it is considered s rot having PDES-
platforn: transformed the radio signal fnto digitized tnput, that e R S R S
- __ intibitory properties for the purpose of this patent spplica-
wag sent to 3 dedicated persoual computer (Uompsy, i
deskpro). Arterial blood pressure measurements were cali- o
brated by using an npat from an ambiext pressure reference, Exampie |
Telemetry units wereobinined from Data Scienves {St. Paud,
Ming., USA}, Following the test protocol described previeusly to the part
The compounsds were adinnstered at least 2 weeky after 35 eqtitied “'}'}uhi salt-sex odsl”, \,WI admdnistration
telemetry systernimplaniation.” 'u 3¢ or‘mnu% of foremda (I) of thecor mnupd of forpy and tadalafil denreased hload
and the compoand ] ftory properties were pmx o Drabd-8 rats: th mmwu ad of n,hnuia {1y (63
prepared in 5% arabic gom and adntinistered by oral gavage. mgﬂ(g iecu,a~ 2d blood pressure with an ABC of 256 and
The acute effects of the compound of formmla (1), the com- Tada" gﬁ j:" mg/}(ﬁ\- with an AEC u- 310, The ABRC atter
pomzd Having PI3ES-1uhibilory properties and thete corebina- 60 :
iton on blond presiure were meastred by eollecting data sy
S-munnte intervals upio 72 hafleroral adreidsiration, Hourly ing a symeng ot
means of blood pressure were calculated foreanhrat. Eachrat
served as its own control, by nsing the blond pressure data of Examp
the last 24 houes before deng admintstration 65
{blcod pressure of the control period and bloo Following the test protocalds >"e:ni*edp- eviously inthe par
ireatment period) were plotied together and the area t«.m cen enittied " Spomtaneousty bypertensive rat model”, oral admin-
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istration of the compound of foruiz (1) and tadalafil separately or over a period of time, i treatioent of a
decreased blood pressarein SHR rats; the componnd of for- disease wherein vasoeonstriction is involved:

mula (1) (0.3 mp/kg) decreased blood pressure withan ABC 2. The product according to claim i, Wk‘e}a’h} the com-
of 44 and tadalaBl {10 m/be) with ae ABC of 286, The ABC pound haviag PDES-inhibitory properties 1 selectad from
after oral gavage of' the combination (cc-mpo‘u“-d of formnla 5 sildenafll, vardenafil, vadaiafl) and udenafil.

(D) at 8.3 mg/kg and 1adalafil at 1 mg/kg) was 444, confiom- 3. The product according to claim 2, wherein the com-
ing the synergisticetfect: ponnd having PUES-inkibitory properties ts tadaladil

4, The pfnduct according to elaim 2, wherein the com-
},ound Baving PDES-inibitory propertics is siidensafil.
i B The produst aceording 1o claim 1, wherein the disease

Foliowing the test protocol described previonsty inthe part wherein vasoconsiriclion is involved is selected from hyper-
eatitied “Spouanecusty ivpertedsive rat L‘no%l\@&ﬁdi - tension, pulmoenary hypertension, diabetic arteriopathy, heart
isiration of the compound of formula (f) and sildenafil  failure, erectile dysfunction and angina pesioris.
decreased blood pressure in SHR rats: the c | p(vu*" of for- 6. A ph arfsacentical 'ﬂmg\osiﬁoq confaining, #s active

mda (B (0.3 mg/}\ ¥ desreased blood pressure with sn ARC 13 principles, he eoapennd of formula (1) as described ln claim
138 and sildenadil {30 mg/l\s_:wmh anABC o 229.'(11@}\8(; 1. in free or pharmaceutically acceptable salt forny, in com-
ufie' ol gavage of the cambination {eompound of formnia ipation with at least one compornd baving PDES-wehibitery
Ymglky am sitdenalil st 30 mgfkg) was 5317, confirne- pmpﬂmf:s in free or pharmaceutical}y aceeptable salt form
mg 1{ € SYnergt as well as at feast one excipiont.

The dnvention clatmed 15! w7 'Ihs pn'\mm;um»m z,umpmitior- ?ccwd;ng o cladm. 6,
1. A product containing the comnpound of formula (1) below wi : i
se‘ie
8. The pbannaceuh\,a. compmm(m aeeording to (‘k;jm 7,
@ whiereln the corapound baving PDE3-inhibitory properties is

tadalafil.
9. The pharmaceutical composition according to elaim 7,
wherein the componnd having PDES-inhibitory properties is
sifdenaiil.
18, A method for the treatment of ypertension or primo-
30 ary :)ypertz:)smt. comprising admiaisiening 10 4 patient 1
; rmi an flective amnount of & compound of formula
girn 1, 3x free or pharmaceutically accept-
wtion with at least one sowpound
huvmg P DHA-inhibitory properties, in free or pharmacenti-
35 cally accepiable salt for
11, The method according 1o claim 18, wherein the com-

3

1 free or pharmaceutioally acceptable salt form, in com- povnd having PLHIS subibitory wmrusrties is selected from
bination with at Jeast one componad having PDES-fn- sildenall, vardenalll, tadalafil and nde
hiibitory p rnpgmes intree or a pharmaceutically accept-
able salt foum, for therapeutic use, simultanepusly; EREE

UNITED THERAPEUTICS CORP., EX1003, page 21
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



EXHIBIT B

UNITED THERAPEUTICS CORP., EX1003, page 22
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



0O 02/053557 Al

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
11 July 2002 (11.07.2002)

(10) International Publication Number

WO 02/053557 Al

(51) International Patent Classification”:  C07D 401/04,
A61K 31/506, COTD 401/14, 239/47, 403/12, 409/14,
407/14

(21) International Application Number: PCI/EP01/14182

(22) International Filing Date: 4 December 2001 (04.12.2001)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
PCT/EP00/12890

18 December 2000 (18.12.2000) EP

(71) Applicant (for all designated States except US): ACTE-
LION PHARMACEUTICALS LTD [CH/CH]; Gewerbe-
strassc 16, CH-4123 Allschwil (CH).

)
(73)

Inventors; and

Tnventors/Applicants (for U/S only): BOLLI, Mar-
tin [CH/CH]; Baselmattweg 141, CH-4123 Allschwil
(CH). BOSS, Christoph |CH/CH|; Muesmattweg 98,
CH-4123 Allschwil (CH). FISCHLI, Walter [CH/CH];
Obertorweg 64, CH-4123 Allschwil (CH). CLOZEL,
Martine ['R/TFR]; 11, rue Oberlin, T-68300 Saint-I.ouis

(FR). WELLER, Thomas [CH/CH]; Hoelzlistrasse 58,

CH-4102 Binningen (CH).
(74) Agent: HOFMANN, Dieter; StratAll, Therwilerstrasse
87, CH-4153 Reinach (CH).
(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BY, BZ, CA, CH, CN, CO, CR, CU,
CZ,DE, DK, DM, DZ, EC, EE, ES, H, GB, GD, GE, GH,
GM, HR, HU, D, 11, IN, 1S, JP, KTi, KG, KP, KR, K7, 1.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX. MZ, NO, NZ, PH, PL, PT, RO, RU, SD, SE, SG, SI,
SK, SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU,
ZA, ZW.
(84) Designated States (regional): ARIPO patent (GH, GM,
KE. LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
FEuropean patent (AT, BE, CH, CY, DE, DK, ES, FL, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent
(BE, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, SN, TD, TG).

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: NOVEL SULFAMIDES AND THEIR USE AS ENDOTHELIN RECEPTOR ANTAGONISTS

(57) Abstract: The invention relates to novel sulfamides of general formula (I) and their use as active ingredients in the preparation
of pharmaceutical compositions. The invention also concerns related aspects including processes for the preparation of the com-
pounds, pharmaceutical compositions containing one or more of those compounds and especially their use as endothelin receptor

antagonists.

UNITED THERAPEUTICS CORP., EX1003, page 23
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



10

15

20

25

30

WO 02/053557 PCT/EP01/14182

NOVEL SULFAMIDES AND THEIR USE AS ENDOTHELIN RECEPTOR ANTAGONISTS

The present invention relates to novel pyrimidine-sulfamides of the general
formula | and their use as active ingredients in the preparation of pharmaceutical
compositions. The invention also concerns related aspects including processes
for the preparation of the compounds, pharmaceutical compositions containing
one or more compounds of the general formula | and especially their use as

endothelin receptor antagonists.

Endothelins (ET-1, ET-2, and ET-3) are 21-amino acid peptides produced and
active in almost all tissues (Yanagisawa M et al.. Nature (1988) 332:411).
Endothelins are potent vasoconstrictors and important mediators of cardiac, renal,
endocrine and immune functions (McMillen MA et al.: J Am Coll Surg (1995)
180:621). They participate in bronchoconstriction and regulate neurotransmitter
release, activation of inflammatory cells, fibrosis, cell proliferation and cell
differentiation (Rubanyi GM et al.: Pharmacol Rev (1994) 46:328).

Two endothelin receptors have been cloned and characterized in mammals (ETa,
ETg) (Arai H et al.. Nature (1990) 348:730; Sakurai T et al.: Nature (1990)
348:732). The ETa receptor is characterized by higher affinity for ET-1 and ET-2
than for ET-3. It is predominant in vascular smooth muscle cells and mediates
vasoconstricting and proliferative responses (Ohlstein EH et al.: Drug Dev Res
(1993) 29:108). In contrast, the ETg receptor has equivalent affinity for the three
endothelin isopeptides and binds the linear form of endothelin, tetra-ala-
endothelin, and sarafotoxin S6C (Ogawa Y et al.: BBRC (1991) 178:248). This
receptor is located in the vascular endothelium and smooth muscles, and is also
particularly abundant in lung and brain. The ETg receptor from endothelial cells
mediates transient vasodilator responses to ET-1 and ET-3 through the release of
nitric oxide and/or prostacyclin whereas the ETg receptor from smooth muscle

cells exerts vasoconstricting actions (Sumner MJ et al.: Brit J Pharmacol (1992)
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107:858). ETa and ETg receptors are highly similar in structure and belong to the
superfamily of G-protein coupled receptors.

A pathophysiological role has been suggested for ET-1 in view of its increased
plasma and tissue levels in several disease states such as hypertension,
pulmonary hypertension, sepsis, atherosclerosis, acute myocardial infarction,
congestive heart failure, renal failure, migraine and asthma. As a consequence,
endothelin receptor antagonists have been studied extensively as potential
therapeutic agents. Endothelin receptor antagonists have demonstrated
preclinical and/or clinical efficacy in various diseases such as cerebral vasospasm
following subarachnoid hemorrhage, heart failure, pulmonary and systemic

hypertension, neurogenic inflammation, renal failure and myocardial infarction.

Today, only one endothelin receptor antagonist (TracleerTM) is marketed and
several are in clinical trials. However, some of these molecules possess a number
of weaknesses such as complex synthesis, low solubility, high molecular weight,

poor pharmacokinetics, or safety problems (e.g. liver enzyme increases).

_ Furthermore, the contribution of differing ETa / ETg receptor blockade to the

clinical outcome is not known. Thus, tailoring of the physicochemical and
pharmacokinetic properties and the selectivity profile of each antagonist for a
given clinical indication is mandatory. So far, no endothelin receptor antagonists
with a pyrimidine core structure containing a sulfamide unit, have been reported
[2, 3, 5, 6, 8]. We have discovered a new class of substituted pyrimidines of the
structure below and found that they allow the specific tailoring described above
and in addition compounds exhibiting mixed as well as ETa-selective binding

profiles have been identified.

The inhibitory activity of the compounds of general formula | on endothelin
receptors can be demonstrated using the test procedures described hereinafter:
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For the evaluation of the potency and efficacy of the compounds of the general

formula | the following tests were used:

1) Inhibition of endothelin binding to membranes from CHO cells carrying
human ET receptors:

For competition binding studies, membranes of CHO cells expressing human
recombinant ETa or ETg receptors were used. Microsomal membranes from
recombinant CHO cells were prepared and the binding assay made as previously
described (Breu V., et al, FEBS Lett 1993; 334:210).

The assay was performed in 200 uL 50 mM Tris/HCI buffer, pH 7.4, including 25
mM MnCl,, 1 mM EDTA and 0.5% (w/v) BSA in polypropylene microtiter plates.
Membranes containing 0.5 ug protein were incubated for 2 h at 20°C with 8 pM
[']JET-1 (4000 cpm) and increasing concentrations of unlabelled antagonists.
Maximum and minimum binding were estimated in.samples without and with 100
nM ET-1, respectively. After 2 h, the membranes were filtered on filterplates
containing GF/C filters (Unifilterplates from Canberra Packard S.A. Zurich,
Switzerland). To each well, 50 uL of scintillation cocktail was added (MicroScint
20, Canberra Packard S.A. Zirich, Switzerland) and the filter plates counted in a
microplate counter (TopCount, Canberra Packard S.A. Zirich, Switzerland).

Al the test compounds were dissolved, diluted and added in DMSO. The assay

was run in the presence of 2.5% DMSO which was found not to interfere
significantly with the binding. ICsy was calculated as the concentration of
antagonist inhibiting 50 % of the specific binding of ET-1. For reference
compounds, the following ICsq values were found: ET, cells: 0.075 nM (n=8) for
ET-1 and 118 nM (n=8) for ET-3; ET5 cells: 0.067 nM (n=8) for ET-1 and 0.092
nM (n=3) for ET-3.
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The ICg values obtained with compounds of general formula | are given in Table
1.

Table 1:

Compound of Example ICso[nM]

ETa ETs
Example 1 721 8429
Example 2 2190 8743
Example 3 1384 744
Example 4 96 680
Example 5 28 1280
Example 6 286 7240
Example 7 1237 9467
Example 8 1160 >10000
Example 9 3629 >10000
Example 10 2866 193
Example 12 59 >10000
Example 14 56 1033
Example 15 18.5 2161
Example 16 45 8452
Example 18 8.5 3333
Example 19 25 3414
Example 20 49 1723
Example 21 7 1001
Example 22 12 434
Example 23 3.6 1585
Example 24 2.2 2496
Example 26 54 >10000
Example 29 13.5 4230
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Example 32 3.5 864
Example 33 3.7 609
Example 34 23 3267
Example 37 16 822
Example 38 14.5 290
Example 39 32.7 524
Example 41 3.2 416
Example 42 3.5 146
Example 43 6.8 214
Example 48 1.46 46.6
Example 49 0.82 254
Example 50 0.87 7.5
Example 51 13.4 306
Example 55 5.2 80
Example 56 6.9 164
Example 57 49 35.8
Example 59 5.6 , 124
Example 60 34 232
Example 61 1.6 200
Example 66 11 487
Example 71 23.6 635
Example 73 19 567
Example 74 1.8 164
Example 75 14 895
Example 80 10 >1000
Example 81 3.6 274
Example 84 37 574
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Example 88 16 ' 1251

Example 89 19 : 621 .
Example 90 7.4 433

Example 91 25 79

Example 96 6.3 585
Example 97 1.55 92
Example 98 21 159
Example 100 0.76 283
Example 101 1.24 335
Example 102 0.46 65
Example 104 0.88 601
Example 105 0.69 203
Example 107 0.25 96
Example 108 0.28 56
Example 109 1.94 >1000
Example 110 23 >1000
Example 111 12.3 , 3750
Example 112 052 257
Example 113 4.26 581

Example 114 8.3 >1000
Example 115 2.2 >1000
Example 116 1.3 567
Example 117 0.45 518
Example 118 0.34 611
Example 119 4.2 >1000
Example 123 2.9 124
Example 124 7.3 102
Example 127 7.3 | 87
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Example 130 3.7 347
Example 131 3.2 233
Example 133 1.7 212
Example 134 24 187
Example 137 2.7 173
Example 138 0.9 40
Example 142 2.6 108
Example 143 3.1 35
Example 145 1.64 >1000
Example 146 5 514
Example 147 1.2 408
Example 149 15 1315
Example 151 0.77 57
Example 152 1.1 79
Example 155 5.8 173
Example 156 18 409
Example 157 42.2 v 954
Example 158 10 80
Example 160 11 3221
Example 161 6.2 ' >1000
Example 163 0.44 80
Example 164 1 81
Example 166 1 3
Example 167 5.2 6.4
Example 168 27 1.6
Example 170 1.7 42
Example 171 11 61
Example 172 3 16
Example 174 3.7 93
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Example 175 22 62
Example 176 2.5 . 22
Example 181 14.3 224
Example 182 29 1867
Example 184 29.5 3777
Example 187 9.8 532
Example 188 11 290
Example 193 3.6 >1000
Example 194 9.5 >1000
Example 196 44 >1000
Example 197 1.16 418
Example 198 38.4 667
Example 199 12 205
Example 200 23 310
Example 201 133 682
Example 202 9.6 351
Example 204 390 1047
Example 205 135 ‘ 623
Example 206 1.03 209
Example 207 17 >1000
Example 208 17 342
Example 209 733 >1000
Example 210 23 936
Example 211 290 722
Example 212 3.1 >1000
Example 213 1.32 347
Example 214 0.76 241
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2) Inhibition of endothelin-induced contractions on isolated rat aortic rings

(ETa receptors) and rat tracheal rings (ETs receptors):

The functional inhibitory potency of the endothelin antagonists was assessed by
their inhibition of the contraction induced by endothelin-1 on rat aortic rings (ETa
receptors) and of the contraction induced by sarafotoxin S6c¢ on rat tracheal rings
(ETs receptors). Adult Wistar rats were anesthetized and exsanguinated. The
thoracic aorta or trachea were excised, dissected and cut in 3-5 mm rings. The
endothelium/epithelium was removed by gentle rubbing of the intimal surface.
Each ring was suspended in a 10 ml isolated organ bath filled with Krebs-
Henseleit solution (in mM; NaCl 115, KCI 4.7, MgSO4 1.2, KH2PO4 1.5, NaHCO;
25, CaCl; 2.5, glucose 10) kept at 37°C and gassed with 95% O2 and 5% CO..
The rings were connected to force transducers and isometric tension was
recorded (EMKA Technologies SA, Paris, France). The rings were stretched to a
resting tension of 3 g (aorta) or 2 g (trachea). Cumulative doses of ET-1 (aorta) or
sarafotoxin S6c (trachea) were added after a 10 min incubation with the test
compound or its vehicle. The functional inhibitory potency of the test compound
was assessed by calculating the concentration ratio, i.e. the shift to the right of the
ECs, induced by different concentrations of test compound. ECs is the
concentration of endothelin needed to get a half-maximal contraction, pA; is the
negative logarithm of the antagonist concentration which induces a two-fold shift

in the ECso value.

The pA; values obtained with compounds of formula | are given in Table 2.

UNITED THERAPEUTICS CORP., EX1003, page 32
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



WO 02/053557 PCT/EP01/14182

10

Table 2:
Compound of Example pA2 value
ETa ETs
Example 5 6.65
Example 14 8.4 5.63
Example 18 8.16 <5
Example 20 7.21
Example 32 8.76
Example 37 7.83
Example 41 8.37
Example 51 6.55
Example 100 8.44
Example 102 8.40 6.76
Example 119 7.38
Example 133 7.72
Example 161 6.29
Example 203 7.69 5.84

UNITED THERAPEUTICS CORP., EX1003, page 33
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



WO 02/053557 PCT/EP01/14182

10

15

20

25

30

11

Because of their ability to inhibit the endothelin binding, the described compounds

can be used for treatment of diseases, which are associated with an increase in

vasoconstriction, proliferation or inflammation due to endothelin. Examples of
such diseases are hypertension, pulmonary hypertension, coronary diseases,
cardiac insufficiency, renal and myocardial ischemia, renal failure, cerebral
ischemia, dementia, migraine, subarachnoidal hemorrhage, Raynaud’s syndrome
and portal hypertension. They can also be used in the treatment or prevention of
atherosclerosis, restenosis after balloon or stent angioplasty, inflammation,
stomach and duodenal ulcer, cancer, prostatic hypertrophy, erectile dysfunction,
hearing loss, amaurosis, chronic bronchitis, asthma, gram negative septicemia,
shock, sickle cell anemia, glomerulonephritis, renal colic, glaucoma, therapy and
prophylaxis of diabetic complications, complications of vascular or cardiac surgery
or after organ transplantation, complications of cyclosporin treatment, pain,
hyperlipidemia as well as other diseases, presently known to be related to

endothelin.

The compounds can be administered orally, rectally, parenterally, e.g. by
intravenous, intramuscular, subcutaneous, 'intrathecal or transdermal
administration or sublingually or as ophthalmic preparation or administered as
aerosol. Examples of applications are capsules, tablets, orally administered
suspensions or solutions, suppositories, injections, eye-drops, ointments or

aerosols/nebulizers.

Preferred applications are intravenous, intra-muscular, ‘'or oral administrations as
well as eye drops. The dosage used depends upon the type of the specific active
ingredient, the age and the requirements of the patient and the kind of application.
Generally, dosages of 0.1 — 50 mg / kg body weight per day are considered. The
preparations with compounds can contain inert or as well pharmacodynamically
active excipients. Tablets or granules, for example, could contain a number of

binding agents, filling excipients, carrier substances or diluents.
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The present invention relates to pyrimidine-sulfamides of the general formulall,

o\\ //o

R’ S
\N/ \NH 3
R
FLG x~
NT X
)I\ General Formula |
/
R4 N 0
L,

wherein

5 R' represents aryl; aryl-lower alkyl; heteroaryl; heteroaryl-lower alkyl; cycloalkyl;
cycloalkyl-lower alkyl; heterocyclyl; heterocyclyl-lower alkyl; lower alkyl; hydrogen
or may form a heterocyclyl- or cycloalkyl-ring together with R®;

R? represents -CHs; ~(CHa)y-Y-R?; «(CHa)m-C=C-(CH2),-Z-R?;
10 ~(CHa)-C(R®)=CR°RY; -CHy-tetrahydrofuran-2-yl;

R? represents aryl; heteroaryl;

R* represents hydrogen; trifluoromethyl; lower alkyl; lower alkyl-amino; lower
15 alkyloxy; lower alkyloxy-lower alkyloxy; hydroxy-lower alkoxy; lower alkyl-sulfinyl;
lower alkylthio; lower alkylthio-lower alkyl; hydroxy-lower alkyl; lower alkyl-oxy-
lower alkyl; hydroxy-lower alkyl-oxy-lower alkyl; hydroxy-lower alkyl-amino; lower
alkyl-amino-lower alkyl; amino; di-lower alkyl-amino; [N-{(hydroxy-lower alkyl)-N-
(lower alkyl)]-amino; aryl; aryl-amino; aryl-lower alkyl-amino; aryl-thio; aryl-lower
20  alkyl-thio; aryloxy; aryl-lower alkyl-oxy; aryl-lower alkyl; aryl-sulfinyl; heteroaryl;
heteroaryl-oxy; heteroaryl-lower alkyl-oxy; heteroaryl-amino; heteroaryl-lower
alkyl-amino; heteroaryl-thio; heteroaryl-lower alkyl-thio; heteroaryl-lower alkyl;
heteroaryl-sulfinyl; heterocyclyl; heterocyclyl-lower alkyi-oxy; heterocyclyl-oxy;
heterocyclyl-amino; heterocyclyl-lower alkyl-amino; heterocyclyl-thio; heterocyclyl-
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lower alkyl-thio; heterocyclyl-lower alkyl; heterocyclyl-sulfinyl; cycloalkyl;
cycloalkyl-oxy; cycloalkyl-ower alkyl-oxy; cycloalkyl-amino; cycloalkyl-lower alkyl-
amino; cycloalkyl-thio; cycloalkyl-lower alkyl-thio; cycloalkyl-lower alkyl; cycloalkyl-
sulfinyl;

R® represents hydrogen; lower alkyl; or may form a heterocyclyl- or cycloalkyl-ring
together with R";

X represents oxygen; sulfur; -CHy- or a bond;

Y represents a bond, -O-; -NH-; -NH-SO»-; -NH-SO2-NH-; O-CO-; -CO-O-;
-0-CO-NH-; -NH-CO-0O-; -NH-CO-NH-

Z represents oxygen or a bond;

k represents the whole numbers 1, 2, 3, 4, 5 or 6;
n represents the whole numbers 2, 3, 4, 5 or 6;
m represents the whole numbers 1, 2, 3, 4 or 5;

p represents the whole numbers 0 (zero), 1, 2 or 3 and if p represents the whole

number O (zero), Z cannot represent oxygen;,
R? represents aryl; heteroaryl; lower alkyl; cycloalkyl; hydrogen;
R and R® independently represent hydrogen or lower alkyl;

RYrepresents represents hydrogen; lower alkyl; aryl; heteroaryl;
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and optically pure enantiomers, mixtures of enantiomers such as for example
racemates, optically pure diastereomers, mixtures of diastereomers,
diastereomeric racemates, mixtures of diastereomeric racemates and the meso-

forms and pharmaceutically acceptable salts thereof.

In the definitions of the general formula | — if not otherwise stated — the expression
lower means straight and branched chain groups with one to seven carbon atoms,
preferably 1 to 4 carbon atoms. Examples of lower alkyl and lower alkoxy groups
are methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec.- butyl, tert.-butyl,
pentyl, hexyl, heptyl, methoxy, ethoxy, propoxy, butoxy, iso-butoxy, sec.-butoxy
and tert.-butoxy. Lower alkylendioxy-groups are preferably methylen-dioxy and
ethylen-dioxy groups. Examples of lower alkanoyl-groups are acetyl, propanoyl
and butanoyl. Lower alkenylen means e.g.vinylen, propenylen and butenylen.
Lower alkenyl and lower alkynyl means groups like ethenyl, propenyl, butenyl, 2-
methyl-propenyl, and ethinyl, propinyl, butinyl, pentinyl, 2-methyl-pentinyl. Lower
alkenyloxy means allyloxy, vinyloxy and propenyloxy. The expression cycloalkyl
means a saturated cyclic hydrocarbon ring with 3 to 7 carbon atoms, e.g.
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl, which may be
substituted with lower alkyl, hydroxy-lower alkyl, amino-lower alkyl, and lower
alkoxy-lower alkyl groups. The expression heterocyclyl means saturated or
unsaturated (but not aromatic), four, five-, six- or seven-membered rings
containing one or two nitrogen, oxygen or sulfur atoms which may be the same or
different and which rings may be adequatly substituted with lower alkyl, lower
alkoxy, e.g. piperidinyl, morpholinyl,  thiomorpholinyl, piperazinyl,
tetrahydropyranyl, dihydropyranyl, 1,4-dioxanyl, pyrrolidinyl, tetrahydrofuranyl,
dihydropyrrolyl, dihydroimidazolyl, dihydropyrazolyl, pyrazolidinyl and substituted
derivatives of such rings with substituents as outlined above. The expression
heteroaryl means six-membered aromatic rings containing one to four nitrogen
atoms, benzofused six-membered aromatic rings containing one to three nitrogen
atoms, five-membered aromatic rings containing one oxygen or one nitrogen or
one sulfur atom, benzo- fused five-membered aromatic rings containing one
oxygen or one nitrogen or one sulfur atom, five membered aromatic rings

containig an oxygen and nitrogen atom and benzo fused derivatives thereof, five
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membred aromatic rings containing a sulfur and a nitrogen atom and benzo fused
derivatives thereof, five- membered aromatic rings containing two nitrogen atoms
and benzo fused derivatives thereof, five membered aromatic rings containing
three nitrogen atoms and benzo fused derivatives thereof or the tetrazolyl ring;
e.g. furanyl, thienyl, pyrrolyl, pyridinyl, pyrimidinyl, indolyl, quinolinyl, isoquinolinyl,
imidazolyl, triazinyl, thiazinyl, thiazolyl, isothiazolyl, pyridazinyl, oxazolyl,
isoxazolyl, 5-oxo-1,2,4-oxadiazolyl, ~5-oxo-1,2,4-thiadiazolyl, 5-thioxo-1,2,4-
oxadiazolyl, 2-oxo-1,2,3,5-oxathiadiazolyl, whereby such rings may be substituted
with lower alkyl, lower alkenyl, amino, amino-lower alkyl, halogen, hydroxy, lower
alkoxy, trifluoromethoxy, trifluoromethyl, carboxyl, carboxamidyl, thioamidyl,
amidinyl, lower alkoxy-carbonyl, cyano, hydroxy-lower alkyl, lower alkyl-oxy-lower
alkyl or another heteroaryl- or heterocyclyl-ring. The expression aryl represents
unsubstituted as well as mono-, di- or tri-substituted aromatic rings With 6 to 10

. carbon atoms like phenyl or naphthyl rings which may be substituted with aryl,

halogen, hydroxy, lower alkyl, lower alkenyl, lower alkynyl, lower alkoxy, lower
alkenyloxy, lower alkynyl-lower alkyl-oxy, lower alkenylen, lower alkylenoxy or
lower alkylendioxy forming with the phenyl ring a five- or six-membered ring,
hydroxy-lower alkyl, hydroxy-lower alkenyl, hydroxy-lower alkyl-lower alkynyl,
lower alkyloxy-lower alkyl, lower alkyloxy-lower alkyloxy, trifluoromethyl,

trifluoromethoxy, cycloalkyl, hydroxy-cycloalkyl, heterocyclyl, heteroaryl.

The expression pharmaceutically acceptable salts encompasses either salts with
inorganic acids or organic acids like hydrohalogenic acids, e.g. hydrochloric or
hydrobromic acid; sulfuric acid, phosphoric acid, nitric acid, citric acid, formic acid,
acetic acid, maleic acid, tartaric acid, methylsulfonic acid, p- toluolsulfonic acid
and the like or in case the compound of formula | is acidic in nature with an
inorganic base like an alkali or earth alkali base, e.g. sodium hydroxide,
potassium hydroxide, calcium hydroxide and the like.

The compounds of the general formula | might have one or more asymmetric
carbon atoms and may be prepared in form of optically pure enantiomers or
diastereomers, mixtures of enantiomers or diastereomers, diastereomeric
racemates, mixtures of diastereomeric racemates and also in the meso-form. The

present invention encompasses all these forms. Mixtures may be separated in a

UNITED THERAPEUTICS CORP., EX1003, page 38
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



WO 02/053557 PCT/EP01/14182

10

15

20

25

30

16

manner known per se, i.e. by column chromatography, thin layer chromatography,

HPLC or crystallization.

Because of their ability to inhibit the endothelin binding, the described compounds
of the general formula | and their pharmaceutically acceptable salts may be used
for treatment of diseases which are associated with an increase in
vasaoconstriction, proliferation or inflammation due to endothelin. Examples of
such diseases are hypertension, coronary diseases, cardiac insufficiency, renal
and myocardial ischemia, renal failure, cerebral ischemia, dementia, migraine,
subarachnoidal hemorrhage, Raynaud’'s syndrome, portal hypertension and
pulmonary hypertension. They can also be used for the treatment or prevention of
atherosclerosis, restenosis after balloon or stent angioplasty, inflammation,
stomach and duodenal ulcer, cancer, prostatic hypertrophy, erectile dysfunction,
hearing loss, amaurosis, chronic bronchitis, asthma, gram negative septicemia,
shock, sickle cell anemia, glomerulonephritis, renal colic, glaucoma, therapy and
prophylaxis of diabetic complications, complications of vascular or cardiac surgery
or after organ transplantation, complications of cyclosporin treatment, pain,
hyperlipidemia as well as other diseases presently known to be related to

endothelin.

These compositions may be administered in enteral or oral form e.g. as tablets,
dragees, gelatine capsules, emulsions, solutions or suspensions, in nasal form
like sprays or rectally in form of suppositories. These compounds may also be
administered intramuscularly, parenterally or intraveneously, e.g. in form of

injectable solutions.

These pharmaceutical compositions may contain the compounds of formula | as
well as their pharmaceutically acceptable salts in combination with inorganic
and/or organic excipients which are usual in the pharmaceutical industry like
lactose, maize or derivatives thereof, talcum, stearinic acid or salts of these

materials.

For gelatine capsules vegetable oils, waxes, fats, liquid or halfiquid polyols may
be used. For the preparation of solutions and sirups e.g. water, polyols,
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saccharose, glucose can be used. Injectables can be prepared by using e.g.
water, polyols, alcohols, glycerin, vegetable oils, lecithin or liposomes.
Suppositories may be prepared by using natural or hydrogenated oils, waxes,
fatty acids (fats), liquid or half-liquid polyols.

The compositions may contain in addition preservatives, stability improving
substances, viscosity improving or regulating substances, solubility improving
substances, sweeteners, dyes, taste improving compounds, salts to change the

osmotic pressure, buffer or anti-oxidants.

The compounds of general formula | may also be used in combination with one or
more other therapeutically useful substances e.g. o- and p-blockers like
phentolamine, phenoxybenzamine, atenolol, propranolol, timolol, metoprolol,
carteolol and the like; vasodilators like hydralazine, minoxidil, diazoxide or
flosequinan; calcium-antagonists like diltiazem, nicardipine, nimodipine, verapamil
or nifedipine; ACE-inhibitors like cilazapril, captopril, enalapril, lisinopril and the
like; potassium activators like pinacidil; angiotensin I receptor antagonists like
losartan, valsartan, irbesartan and the like; diuretics like hydrochlorothiazide,
chlorothiazide, acetolamide, bumetanide, furosemide, metolazone or
chlortalidone; sympatholitics like methyldopa, clonidine, guanabenz or reserpine
and other therapeutics which serve to treat high blood pressure or any cardiac

disorders.

The dosage may vary within wide limits but should be adapted to the specific
situation. In general the dosage given daily in oral form should be between about
3 mg and about 3 g, preferably between about 10 mg and about 1 g, especially
preferred between 5 mg and 300 mg, per adult with a body weight of about 70 kg.
The dosage should be administered preferably in 1 to 3 doses per day which are
of equal weight. As usual children should receive lower doses which are adapted

to body weight and age.
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Preferred compounds are compounds of general formula | wherein R® represents
phenyl or mono-substituted phenyl substituted with lower alkyloxy, especially
methoxy and X represents oxygen and optically pure enantiomers or
diastereomers, mixtures of enantiomers or diastereomers, diastereomeric
5 racemates, mixtures of diastereomeric racemates and the meso-forms and

pharmaceutically acceptable salts thereof.

A second group of preferred compounds of general formula | are those wherein
R® represents phenyl or mono-substituted phenyl substituted with lower alkoxy,
10 especially methoxy, X represents oxygen and R? represents —(CHz)n-Y-R® and
optically pure enantiomers or diastereomers, mixtures of enantiomers or
diastereomers, diastereomeric racemates, mixtures of diastereomeric racemates

and the meso-forms and pharmaceutically acceptable salts thereof.

15 A third group of preferred compounds of general formula | are those wherein R?
represents phenyl or mono-substituted phenyl substituted with lower alkoxy,
especially methoxy, X represents oxygen and R? represents —(CH2)-O-R?, with
R? being heteroaryl and dptically pure enantiomers or diastereomers, mixtures of
enantiomers or diastereomers, diastereomeric racemates, mixtures of

20 diastereomeric racemates and the meso-forms and pharmaceutically acceptable

salts thereof.
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Another group of preferred compounds are compounds of formula Ii

Y4

\/\

| Formulall
P

s wherein R', R%, R® and R* are as defined in general formula | above and optically
pure enantiomers or diastereomers, mixtures of enantiomers or diastereomers,
diastereomeric racemates, mixtures of diastereomeric racemates and the meso-

forms and pharmaceutically acceptable salts of compounds of formula Il.

10 Also preferred are compounds of formula Il

Y4

\/\

| Formula lll
4 7

Iz

wherein R', R? and R* are as defined in general formula | above and A represents
15 hydrogen, methyl, ethyl, chlorine, bromine, fluorine, trifluoromethyl or methoxy
and optically pure enantiomers or diastereomers, mixtures of enantiomers or
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diastereomers, diastereomeric racemates, mixtures of diastereomeric racemates
and the meso-forms and pharmaceutically acceptable salts of compounds of
formula [ll. '

Also preferred are compounds of formula IV

O\\ //O

R’ S
\N/ \NH

/”\ P Formula IV
R* .

I

10 wherein R', R* and n are as defined in general formula | above and A is as
defined in formula Ill above and R® represents hydrogen, lower alkyl, aryl,
heteroaryl and cycloalkyl, and optically pure enantiomers or diastereomers,
mixtures of enantiomers or diastereomers, diastereomeric racemates, mixtures of
diastereomeric racemates and the meso-forms and pharmaceutically acceptable

15 salts of compounds of formula IV.
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Another especially preferred group of compounds are compounds of formula V

| o\\//o
R

S
\N/ \NH

H
| Formula V
P
N

o)

A

SN

R5

wherein R' is as defined in general formula | above, A is as defined in formula Il
5 above and R® represents hydrogen, lower alkyl, aryl, heteroaryl and cycloalkyl,
" and optically pure enantiomers or diastereomers, mixtures of enantiomers or
diastereomers, diastereomeric racemates, mixtures of diastereomeric racemates
and the meso-forms and pharmaceutically acceptable salts of compounds of
formula IV.
10
Especially preferred compounds among the group of compounds of formula V are
those wherein R® represents heteroaryl and optically pure enantiomers or
diastereomers, mixtures of enantiomers or diastereomers, diastereomeric
racemates, mixtures of diastereomeric racemates and the meso-forms and
15 pharmaceutically acceptable salts thereof.

Preferred compounds are:
Pyridin-2-yl-carbamic acid  2-[5-(2-methoxy-phenoxy)-6-(benzylsulfamic
acid amido)-[2,2']bipyrimidinyl-4-yloxy]-ethyl ester;
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Pyridin-2-yl-carbamic acid 2-[5-(2-methoxy-phenoxy)-6-(4-methoxy-
benzylsulfamic acid amido)-[2,2']bipyrimidinyl-4-yloxy]-ethyl ester;

Benzylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-(2-
methoxy-phenoxy)-[2,2'bipyrimidinyl-4-yl]-amide;

Cyclopropylmethylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-
5-(2-methoxy-phenoxy)-[2,2']bipyrimidinyl-4-yl]-amide;

Furan-2-yl-methylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-
(2-methoxy-phenoxy)-{2,2']bipyrimidinyl-4-yl]-amide;

Cyclopropylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-(2-
methoxy-phenoxy)-{2,21bipyrimidiny!-4-yl]-amide;

Benzylsulfamic  acid-[6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-(2-meth-
oxy-phenoxy)-pyrimidin-4-yl]-amide;

Benzylsulfamic acid-[5-(2-chloro-5-methoxy-phenoxy)-6-[2-(5-methylsulfan-
yi-pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-y(}-amide;

Furan-2-yl-methylsulfamic acid [6-[2-(5-Bromo-pyrimidin-2-yloxy)-ethoxy]-5-
(4-chloro-phenyl)-pyrimidin-4-yl}-amide;

Cyclopropylmethylsulfamic  acid  [5-(4-chloro-phenyl)-6-[2-(5-methoxy-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yi]-amide;

Cyclopropylmethylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-
5-(4-chloro-phenyl)-pyrimidin-4-yl]-amide;

Cyclopropylmethylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-
5-p-tolyl-pyrimidin-4-yl]-amide;

Benzylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-2-pyridin-4-
yl-5-p-tolyl-pyrimidin-4-yl}-amide;

Benzylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-(4-chloro-
phenyl)-2-pyridin-4-yl-pyrimidin-4-yl}-amide;

Ethylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-methyisulfanyl-pyrimidin-2-
yloxy)-ethoxy]-pyrimidin-4-yl]-amide,

Ethylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-bromo-pyrimidin-2-yloxy)-
ethoxy]-pyrimidin-4-yl}-amide;

Ethylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-methylsulfanyl-pyrimidin-2-
yloxy)-ethoxyl-pyrimidin-4-yi]-amide;
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More preferred compounds are: »

Benzylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-(4-chloro-
phenyl)-pyrimidin-4-yl}-amide;

Benzylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-(4-bromo-
phenyl)-pyrimidin-4-yl}-amide;

2-Pyridylmethylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-
(4-chloro-phenyt)-pyrimidin-4-yl]-amide;

2-Thienylmethylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-
(4-chloro-phenyl)-pyrimidin-4-yl}-amide;

Benzylsulfamic acid [5-(2-chloro-5-methoxy-phenoxy)-6-{2-(5-bromo-pyri-
midin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Most preferred compounds are:

Benzylsulfamic acid [6-[2-(5-methylsulfanyl-pyrimidin-2-yloxy)-ethoxy]-5-(4-
bromo-phenyl)-pyrimidin-4-yl]-amide;

Ethylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-bromo-pyrimidin-2-yloxy)-
ethoxy]-pyrimidin-4-yl}-amide;

and pharmaceutically acceptable salts thereof.
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Another group of preferred compounds is depicted below:
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Compounds of the general formula I of the present invention can be prepared
according to the general sequence of reactions outlined below. For simplicity and
clarity reasons sometimes only parts of the synthetic possibilities which lead to
compounds of general formula | are described. The literature references given in
brackets [] are set forth at the end of this paragraph.

Possibility A:

The desired compounds of general formula | can be prepared by reacting a

compound of the formula 1:

O\\ //O

R S
\N/ \NH
H /Ra
X
)Nl\ \ Formula 1
P
R* N ¢!

wherein G' is a reactive residue, preferentially a chloro atom, and the other
symbols are as defined in general formula | above, with a compound of the

formula 2:

R2—0H Formula 2

wherein the symbols are the same as defined in general formula | above, or a salt

thereof.
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Possibility B:

The compounds of general formula | may also be prepared by reacting a

compound of formula 3:

O\ //O

R S
\m/ \NH 3
X/R
)NI\ \ Formula 3
4 = _

R N (l)
(Cl:HZ)n

(o}
\H

wherein the symbols are the same as defined in general formula | above, or a salt
thereof, with a compound of the formula 4:

G2—R?® Formula 4

wherein G2 is a reactive residue, preferentially a halogen atom, and R® is the
same as defined in formula IV above.
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Possibility C:

The compounds of general formula | may also be prepared by reacting a
compound of the formula 5

Y4

\H/ \NH 3
x/R
Xy
Nl Formula 5
3/k Z
G N (0]
l,

Wherein G® is a lower alkylsulfonyl group or a phenylsulfonylgroup or a halogen
atom, and the other symbols are the same as described in general formula |
10 above, or a salt thereof, with a compound of the formula 6:

RY¥—H Formula 6
wherein R represents:
/ \ N--- / \ O/ \N cyclo alkyl\
AN / 0
/ \ lower alky! aryl aryl
— \ \ \
S N Hac N N O____ O"" N....
./ _/ /
cyclo alkyl\ lower alkyl\ aryl\ cyclo alkyl\ lower alkyl\
HN---- HN---- HN--- /N N----
15 /

For possibilities A to C see also [5]
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Scheme 1: Schematically exemplified synthesis of Example 3 and Example 5:
v

~
CN " xHe i 0 i H 1
Z a 7 NH, MeO
N | N | + b) 4
~ x MeO” SO \
1 2 3 J
MeO” YO
o, 0
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H
8
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Br
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a) NaOMe, MeOH then NH4Cl; b) K.COj3, acetone, rflx; ¢) NaOMe, MeOH; d)
POCI;, N,N-dimethylaniline, 70 — 130°C; e) 8, DMSO; f) Na, ethyleneglycol; 80 —
100°C; g) 11, THF, NaH, rt - 70°C. '

In Scheme 1 the synthetic procedure to prepare compounds of the general
formula | is depicted by the description of the synthesis of Example 3 and
Example 5. The other examples given in this document can be prepared via the
same synthetic pathway, adapting the substituents and reaction conditions. The
literature references given in [ ] are set forth at the end of this paragraph. The
amidines 2 were synthesized applying standard methodology [1] by reaction of the
appropriate nitrile 1 with sodium methylate in methanol followed by addition of
ammonium chloride. The 2-substituted malonic esters 3 were prepared according
to published procedures [2] by reacting dimethylchloromalonate (5) with the
appropriate alcohol 4 in acetone and potassium carbonate as base. The
compounds 3 were dissolved in methanol, sodium methylate was added, and
stirring was continued for about 30 min followed by the addition of an amidine
derivative 2. Stirring at ambient temperature was continued for another 8 h. After
acidic work up the 4,6-dihydroxypyrimidines 6 could be isolated in yields of 70 to
90% [2]. Compounds 6 or the tautomeric form thereof were transformed into the
dichloro derivatives 7 with phosphorus oxychloride in the presence of N,N-
dimethylaniline at elevated temperatures (60-120°C) in yields of 40 to 75% [3].
The dichlorides 7 were reacted with an excess of the appropriate sulfamide
potassium salt 8 (prepared as described in Scheme 3) in DMSO at r.t. or 40 to
60°C to give the monochloro-pyrimidines 9 in yields of 70 to 90% either after
recrystallization from ethyl acetate / diethylether or chromatography through silica
gel with ethyl acetate / heptane. The pyrimidine derivatives 9 are then reacted
with ethylene glycol (or another 1-w-diol, or a mono alcohol) in the presence of a
base like potassium tert.-butylate, sodium hydride or sodium at 80 — 110°C for 4
to 16 h to give compounds 10 as the first claimed compounds in yields of 50 to
70%, which can be further transformed to compounds 12 by reaction with 2-
chloro-5-bromopyrimidine (11) (or another suitable pyrimidine or pyridine
derivative) in THF / DMF ~5/ 1 at either r.t. or at 50 — 70°C in yields of 50 — 80%.
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Scheme 2: Schematically exemplified synthesis of Examples 47, 48, 50, 51, 53:

o}
% b4
D/\N/ ~NH ~ /O/\N/ NH ~o
H H
L0 T
N N |
b) Example 51
c)
Q0

Example 47 OH y
Q9

d) \/

RS
Example 48 IJ\ Example 50
N Br

a) NaOMe, MeOH, rflx; b) Propargylic alcohol, NaH, THF, rflx; c) Ethylene glycol,
KOtBu, 110°C; d) NaH, THF then 5-bromo-2-chloropyrimidine, 70°C;
e) Pyridine-2-carbonyl azide, CHCI3, 70°C, 2h then Example 47, 70°C, 16h.

For further experimental descriptions see [1], [2], [3], [5], [6] and [9].

UNITED THERAPEUTICS CORP., EX1003, page 57
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



WO 02/053557 PCT/EP01/14182
35

Scheme 3: Preparation of the sulfamide-moieties [10], [11], [12], [13], [14], [15]
and [19] and preparation of substituted pyrimidines [16], [17]:

a) o 0
0= _\\S//O H.O benzene }S’i benzene 0“ . o
C| 2 THF HZN Cl
H
KOtBu
. O‘§S /O
MeOH N~
H
8

b) Q0 pcM o 0 9 NEt;, DCM
—o—N-Y, +HO% >, /Lok —

e
o o 9 . 0. O
% /[k HCI / dioxane N

NN N NHK
H H KOtBu / MeOH [j H [19]

c)
= Bry, H,O POCI, N=
o) M ol g R o (7 g
xHcl N 61% HN N,N-dimethylaniline N
rflx, 6h, 84%
1
HN
>—SCH
d) H?\ JOJ\ ? N POC13
oMe ¥ okt /I\
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For further experimental descriptions see [1], [2], [3], [5], [6].

Scheme 4: Preparation of the precursors for the synthesis of compounds of

5 general formula | wherein X represents a bond [5], [18]:

SOCl,
R SCOOH Rs/YO\
methanol 5
13 14
NaH
16 dimethylcarbonate
NH
IT AN R 2 5
4)\ 7 NaOMe, R® ~
R °N" "OH  MeOH I s
17
POCI, Cl N
N,N-dimethylaniline J\ x
RY N ¢l

to the final products according to general
formula | as described in Scheme 1

In Scheme 4 the symbols represent the same as defined in general formula |

10  above.
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Examples

The following examples illustrate the invention. All temperatures are stated in °C.

List of Abbreviations:

EtOAc ethyl acetate

CyHex cyclohexane

Hex hexane

DMSO dimethylsulfoxide

THF tetrahydrofuran

MCPBA m-chloroperbenzoic acid

DMF dimethylformamide

DCM dichloromethane

HV high vacuum conditions

rt room temperature

tr retention time

min minutes ,
DBU 1,8-diazabicyclo[5.4.0Jundec-7-en(1,5-5)
DMAP 4-dimethylaminopyridine

rflx reflux

The following compounds were prepared according to the procedure described
above and shown in Schemes 1 to 4. All compounds were characterized by 1H-
NMR (300MHz) and occasionally by 13C-NMR (75MHz) (Varian Oxford, 300MHz,
chemical shifts are given in ppm relative to the solvent used; multiplicities: s =
singlet, d = doublet, t = triplet; m = mUItipIet), by LC-MS (Waters Micromass;
ZMD-platform with ESI-probe with Alliance 2790 HT; Column: 2x30mm, Gromsil
ODS4, 3um, 120A; Gradient: 0 — 100% acetonitril in water, 6 min, with 0.05%
formic acid, flow: 0.45ml/min; tg is given in min.), by TLC (TLC-plates from Merck,

Silica gel 60 F2s4) and occasionally by melting point.
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Referential Examples (Synthesis of the precursors):

Referential Example 1:

0
O\\S

-~

a) To a solution of sodium (0.23 g) in methanol (40 ml) was added 4-
cyanopyridine (10.62 g) at r.t.. Stirring was continued for 6 h followed by the
addition of ammoniumchloride (5.9 g) and stirring was continued for another 10 h.
Then, diethylether (120 ml) was added and the precipitate was filtered off after 30
10 min and washed with diethylether (20 ml). The product was dried under high
vacuum. 4-Amidino-pyridine hydrochloride (14.95 g) was obtained as a white

powder.

b) 2-Methoxy-phenol (guaiacol) (48 ml) was slowly added to a stirred suspension
15 of potassium carbonate (70.8 g) in acetone (480 ml) followed by heating to 45°C.
Then, dimethylchloromalonate (63.2 ml) in acetone (50 ml) was added within 20
min. The reaction mixture was heated to reflux for 16 h. The solvent was
evaporated under reduced pressure, the residue taken into water and extracted
with DCM. The combined organic layers were dried over sodium sulfate and
20 evaporated. The oily product was crystallized from tert.-butyl-methyl-ether.
Dimethyl-(0-methoxyphenoxy)malonate (86 g) was obtained.

c) To a stirred solution of sodium methylate (9.7 g) in methanol (100 ml) a solution
of dimethyl-(o-methoxyphenoxy)malonate (21.7 g) in methanol (50 ml) was added
25 within 15 min and stirring was continued for 30 min followed by the addition of 4-
amidino-pyridine hydrochloride (15.0 g) and stirring at r.t. for 20 h. The reaction
mixture was concentrated in vacuo. The solid residue was stirred with ether. The
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obtained powder was filtered off and dissolved in water (300 ml). Acetic acid was
added to pH = 4. The precipitated product was filtered off, washed with water and
dried in vacuo at 50°C. 5-(0-Methoxyphenoxy)-4,6-dihydroxy-2-(4-pyridy1)-
pyrimidine (20.1 g) (is possibly also present as the tautomeric 5-(o-
methoxyphenoxy)-2-(4-pyridyl)-tetrahydropyrimidine-4,6-dion) was obtained as a

white powder.

d) 5-(o-Methoxyphenoxy)-4,6-dihydroxy-2-(4-pyridyl)-pyrimidine (10 g), N-
diisopropylethylamine (11.2 g), tetraethylammoniumchloride (11 g) and
phosphorus pentachloride (13.8 g) were dissolved in phosphorus oxychloride (25
ml) and heated to reflux for 3 h. The mixture was evaporated in vacuo, toluene
was added and the mixture was again evaporated. The residue was taken into
DCM and poured onto ice/water. The layers were separated, the organic layer
was washed with water, dried over sodium sulfate and evaporated. After
recrystallization from acetone, 4,6-dichloro-5-(o-methoxyphenoxy)-2-(4-pyridyl)-
pyrimidine (6.52 g) was obtained.

e) To a solution of 4-i-propyl-phenyl sulfamic acid amide (642 mg; Referential
Example 17) in DMF (9 ml) was added sodium hydride (250 mg). The mixture was
warmed to 45°C for 30 min. Then, 4,6-dichloro-5-(o-methoxyphenoxy)-2-(4-
pyridyl)-pyrimidine (1.044 g) was added and the reaction mixture was stirred for
60 h at r.t.. After acidic work up and chromatography over silicagel with Hex /
EtOAc = 2/ 5, 4-i-propyl-phenyl sulfamic acid-[6-chloro-5-(o-methoxy-phenoxy)-2-
(4-pyridyl)-4-pyrimidinyl]-amide (0.42 g) can be isolated.
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Referential Example 2:
~o

Cl
(X
EN/\\KKN/ cl
N
a) 4,6-Dihydroxy-5-(o-methoxyphenoxy)-2-(2-pyrimidinyl)-pyrimidine  [or its
tautomer  5-(o-methoxyphenoxy)-2-(2-pyrimidinyl)-tetrahydropyrimidine-4,6-dion]

was prepared as disclosed in EP 0 526 708 A1 from 2-amidino-pyrimidine and
dimethyl-(o-methoxyphenoxy)malonate.

b) 4,6-Dichloro-5-(o-methoxyphenoxy)-2-(2-pyrimidinyl)-pyrimidine was prepared
as disclosed in EP 0 526 708 A1 from 4,6-dihydroxy-5-(o-methoxyphenoxy)-2-(2-
pyrimidinyl)-pyrimidine (which may also be present in the tautomeric form 5-(o-
methoxyphenoxy)-2-(2-pyrimidinyl)-tetrahydro-pyrimidine-4,6-dione).

Referential Example 3:

Cl O

|\1 N
)\N/ cl
a) A solution of dimethyl-(o-methoxyphenoxy)malonate (10 g) in dry methano! (80
ml) was cooled to 0°C. Sodium methylate (6.71 g) was added portionwise. To the
suspension was added of acetamidine hydrochloride (2.84 g) and the mixture was
stirred overnight at r.t.. The solvent was removed under reduced pressure and the
residue was suspended in diethyl ether (100 ml). The solid was filtered off,
washed with another portion of diethyl ether (100 ml) and dissolved in water (50
ml). The pH was adjusted to 4 by adding glacial acetic acid (256 ml). The white
precipitate that formed was filtered off, washed with water and dried to yield 5-(o-
methoxyphenoxy)-4,6-dihydroxy-2-methyl-pyrimidine (6.17 g) (or a tautomer) as a

white powder.
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b) A solution of 5-(o-methoxyphenoxy)-4,6-dihydroxy-2-methyl-pyrimidine (10.9 g)
(or a tautomer) in POCI; (150 ml) was stirred at 50°C for 72 h. The excess of
POCIl; was evaporated, toluene was added to coevaporate traces of POCIs.
Eventually, an ice/water mixture was carefully added to the residue and the pH
was adjusted to 8 using 3 N sodium hydroxide solution. The mixture was further
diluted with water (300 ml) and extracted with DCM (500 ml). The organic layer
was separated, washed with water (300 ml), dried over Na,SO; and evaporated.
The residue was dissolved again in DCM and filtered through a pad of silica gel
eluting with DCM. The solvent was removed in vacuo. The resulting residue was
dried to furnish 4,6-dichloro-5-(o-methoxyphenoxy)-2-methyl-pyrimidine (8.7 g) as

a beige powder.

Referential Example 4:

ST

a) A solution of dimethyl-(o-methoxyphenoxy)malonate (32.75 g) in methanol (250
ml) was cooled to 0°C. Sodium methylate (20.0 g) was added portionwise and
upon completion of the addition the mixture was stirred at r.t. for 6 h. Then
morpholinoformamidine hydrobromide (25.0 g) was added and stirring was
continued for 72 h. The solvent of the beige suspension was evaporated and the
residue was washed twice with diethyl ether (150 mi). The remaining powder was
dissolved in water (200 ml). Upon adjusting the pH to 4 with acetic acid (50 ml) a
precipitate formed. The precipitate was collected, washed with water and dried
under high vacuum to vyield 5-(o-methoxyphenoxy)-4,6-dihydroxy-2-(N-
morpholino)-pyrimidine (17.01 g) (or a tautomer) as a slightly beige powder.

b) At 0°C POCI; (50 ml) was carefully added to Hunig's base (27.5 ml). To this
mixture 5-(o-methoxyphenoxy)-4,6-dihydroxy-2-(N-morpholino)-pyrimidine (17 g)
was added portionwise. The resulting mixture was stirred over night at 130°C. The

excess of reagents was evaporated and traces of POCI; were removed by
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coevaporation with toluene. The black residue was treated with DCM (50 ml) and
a water/ice mixture (50 ml). After stirring for 15 min, the mixture was diluted with
water (400 ml) and DCM (400 ml). The organic layer was separated and washed
with water (300 ml). The aqueous layer was extracted with DCM (400 mi). The
combined DCM layers were dried over Na;SO4 and the solvent was removed to a
volume of about 100 ml. The remaining solution was filtered over silica gel (50 g)
eluting with DCM. The filtrate was evaporated. The resulting residue was
suspended in diethyl ether (50 ml). The solid was filtered off and dried to give 4,6-
dichloro-5-(0-methoxyphenoxy)-2-(N-morpholino)-pyrimidine (13.85 g) as a white
crystalline powder.

Referential Example 5:

ot

a) At 5°C sodium methylate (12.7 g) was added portionwise to a solution of
dimethyl-(o-methoxyphenoxy)malonate (18.9 g) in methanol (450 mil). Upon
completion of the addition stirring was continued at r.t. for 30 min followed by the
addition of formamidine hydrochloride (6 g). The mixture was stirred at r.t. for 72
h. Eventually, the solvent was removed under reduced pressure and the
remaining residue was suspended in diethyl ether. The so‘lid material was filtered

- off and dissolved in water (100 ml). The solution was acidified with conc.

hydrochloric acid. A white precipitate formed. The precipitate was collected,
washed with water and dried to give 5-(o-methoxyphenoxy)-4,6-dihydroxy-

pyrimidine (15.1 g) (or a tautomer) as a white powder.

b) To a solution of 5-(0-methoxyphenoxy)-4,6-dihydroxy-pyrimidine (7.5 g) in
POCI;3 (90 ml) N,N-dimethylaniline (24 ml) was added. The mixture was heated to
160°C and stirred for 2.5 h. Excess of POCl; was distilled off under reduced
pressure. Traces of POCl; were coevaporated with toluene. The remaining oil was
treated with a water:ice mixture. The mixture was acidified with 1 N hydrochloric
acid and extracted twice with diethyl ether. The combinded organic layers were
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washed twice with dilute aqueous hydrochloric acid, dried over MgSO4 and
evaporated. The remaining solid was washed with methanol and dried. This gave
4 6-dichloro-5-(o-methoxyphenoxy)-pyrimidine (4.75 g) as a pale yellow powder.

Referential Example 6:

a) A solution of sodium methylate (6.8 g) in methanol (200 ml) was cooled to 0°C.
A solution of diethyl 2-(p-tolyl)-malonate (10.3 g) in methanol (50 ml) was slowly
added. Upon completion of the addition the solution was allowed to warm to r.t.
and 4-amidino-pyridine hydrochloride (7.57 g) was added. The mixture was stirred
at r.t. for 16 h. Eventually, the solvent was removed under reduced pressure and
the remaining residue was dissolved in 2 M hydrochloric acid. The solution was
extracted with diethyl ether, then adjusted to pH 5 with 10 M sodium hydroxide
solution. A precipitate formed. The precipitate was collected, washed with cold
water and dried at 60°C under high vacuum. This gave 4,6-dihydroxy-2-(4-
pyridyl)-5-(p-tolyl)-pyrimidine (8.77 g) (or a tautomer) as orange crystals.

b) To a mixture of 4,6-dihydroxy-2-(4-pyridyl)-5-(p-tolyl)-pyrimidine (8.0 g) and
POCI; (100 ml) diethylamine (25 ml) was added at r.t.. The mixture was stirred for
16 h at 60°C. The excess of POCI3 was distilled off under reduced pressure. The
remaining oil was dissolved in DCM (300 ml) and treated with water (300 mi). The
aqueous layer was separated and extracted three times with DCM. The combined
organic layers were washed with water and brine, dried over MgSO, and
evaporated. The resulting residue was suspended in isopropanol. The solid
material was collected, washed with isopropano! and diethyl ether and dried to
give 4,6-dichloro-2-(4-pyridyl)-5-(p-tolyl)-pyrimidine (7.2 g) as a white crystalline

powder.
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- Referential Example 7:

I
x

L.

N~ ~Ci

a) At 0°C a solution of diethyl 2-(p-tolyl}-malonate (14.2 g) in methanol (50 ml)
was slowly added to a solution of sodium methylate (9.4 g) in methanol (300 ml).
Upon completion of the addition the reaction mixture was allowed to warm up and
formamidine hydrochloride (5.4 g) was added. The mixture was stirred at r.t. for
16 h. The solvent was removed under reduced pressure and the remaining
residue was treated with 2 N hydrochloric acid (150 ml). The suspension was
stirred for 0.5 h. At 0-5°C, the pH was carefully adjusted to 4 using 10 N sodium
hydroxide solution. The precipitate was collected, washed with cold water,
isopropanol, and diethyl ether and dried under high vacuum at 65°C to give 4,6-
dihydroxy-5-(p-tolyl)-pyrimidine (11.2 g) (or a tautomer) as a white powder.

b) At r.t. N,N-dimethylaniline (10 ml) was added to a mixture of 4,6-dihydroxy-5-(p-
tolyl)-pyrimidine (5.1 g) and POCI; (75 ml). The reaction mixture was stirred at
70°C for 16 h. The excess of POCl3 was distilled off and the remaining oil was
treated with an ice:water mixture and extracted three times with diethyl ether. The
combined organic layers were washed with 1N aqueous hydrochloric acid

* followed by brine, dried over MgSO, and evaporated. The remaining brown oil

was crystallised from isopropanol. The pale yellow crystals were collected,
washed with cold isopropanol and dried under high vacuum to furnish 4,6-
dichloro-5-(p-tolyl)-pyrimidine (4.1 g).
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Referential Example 8:

a) To a solution of sodium (5.17 g) in methanol (200 ml) dimethyl-(2-
methoxyphenoxy)malonate (21.1 g) was added and the mixture was stirred at r.t.
for 30 min. To the slurry, cyclopropylamidine hydrochloride (12.0 g) was added.
The mixture was stirred at r.t. for 22 h. Eventually, the solvent was removed in
vacuo. The remaining residue was suspended in diethyl ether (250 ml). The
diethyl ether was decanted and the remaining solid was dissolved in water (250
ml). The solution was acidified with 25% aqueous hydrochloric acid. The
precipitate that formed was collected, washed with water and dried at 60°C under
high vacuum to give 5-(2-methoxyphenoxy)-4,6-dihydroxy-2-cyclopropyl-
pyrimidine (19.26 g) as a colourless powder. LC-MS: tg = 2.74 min, [M+1]* =
275.24, [M-1] = 273.29.

b) To a suspension of 5-(2-methoxyphenoxy)-4,6-dihydroxy-2-cyclopropyl-
pyrimidine (8.22 g) in POCI3 (87 ml), N,N-dimethylaniline (12 ml) was added. The
mixture became clear and was stirred at 130°C for 3.5 h. Excess POCl; was
removed in vacuo, remaining traces of POCl; were coevaporated with toluene.
The remaining sirup was poured on an ice-water mixture and the resulting solution
was extracted three times with diethyl ether. The organic layers were combined,
washed once with 1 N aqueous hydrochloric acid and twice with water, treated
with activated charcoal, dried over MgSQO4 and evaporated. The residue was
crystallised from a diethyl ether/hexane to give 4,6-dichloro-2-cyclopropyl-5-(2-
methoxyphenoxy)-pyrimidine (6.64 g) as a beige powder. LC-MS: tr = 5.36 min,
[M+1]" = 311.19.
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Referential Example 9:

According to procedures described in Referential Examples 1 to 8 and in the
literature [2], [3], [5], [6] and [8], the following 4,6-dichloropyrimidine precursors

5 were prepared.

l:ljc, CI l}m Br “’kj:c, K
s P e
00 e

UNITED THERAPEUTICS CORP., EX1003, page 71
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



WO 02/053557 PCT/EP01/14182

49

Referential Example 10:

@ﬁé

To a solution of 4-t-butyl-phenyl sulfamic acid amide (228 mg, Referential
Example 18) in DMF (3 ml) was added sodium hydride (42 mg). Then, 4,6-
dichloro-5-(o-methoxyphenoxy)-2-(4-pyridyl)-pyrimidine (305 mg) and Hunig base
(0.17 ml) was added and the reaction mixture was stirred for 5 h at 60°C. After
acidic work up and crystallization, 4-t-butyl-phenyl sulfamic acid-[6-chloro-5-(o-
methoxyphenoxy)-2-(4-pyridyl)-4-pyrimidinyl}-amide (0.15 g) could be isolated. tr
= 5.54 min (LC); [M+H]" = 540.44 (ES+);

10

Referential Example 11:

a

According to the procedure described in referential Example 1e), 5-methyl-
pyridine-2-sulfamic acid amide (252 mg, Referential Example 20) was reacted
with  4,6-dichloro-5-(o-methoxyphenoxy)-2-(4-pyridyl)-pyrimidine (410  mg,
Referential Example 1d)) to give 5-methyl-pyridine-2-sulfamic acid-{6-chloro-5-(o-
methoxyphenoxy)-2-(4-pyridyl)-4-pyrimidinyl]-amide (100 mg). tr = 4.02 min (LC);
[M+H]" = 499.33 (ES+); '
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Referential Example 12:

e

According to the procedure described in referential Example 1e), pyridine-2-
sulfamic acid amide (60 mg, Referential Example 21) was reacted with 4,6-

5 dichloro-5-(o-methoxyphenoxy)-2-(4-pyridyl)-pyrimidine (100 mg, Referential
Example 1d)) to give pyridine-2-sulfamic acid-[6-chloro-5-(o-methoxyphenoxy)-2-
(4-pyridyl)-4-pyrimidinyl]-amide (100 mg). tz = 3.83 min (LC); [M-H]" = 483.33
(ES-);

10 Referential Example 13:

According to the procedure described in referential Example 1e), ethyl-sulfamic
acid amide (40 mg, Referential Example 22) was reacted with 4,6-dichloro-5-(o-
methoxyphenoxy)-2-(4-pyridyl)-pyrimidine (100 mg, Referential Example 1d)) to
15 give pyridine-2-sulfamic  acid-[6-chloro-5-(o-methoxyphenoxy)-2-(4-pyridyl)-4-
pyrimidinyl]-amide (70 mg). tg = 4.40 min (LC); [M-H]" = 434.28 (ES-);
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Referential Example 14:

To 4,6-dichloro-5-p-tolyl-pyrimidine (Referential Example 7) (2.0 g) dissolved in
DMSO (35 ml) was added di-isopropyl-ethyl-amine (1.46 ml) followed by addition
of 4-methyl-phenyl sulfamic acid amide potassium salt (2.78 g) [prepared from the
product described in Referential Example 19 and potassium tert.-butylate in
methanol followed by evaporation of the solvent]. The mixture was stirred for 48 h
at rt then poured onto water (500 ml) and diethylether (2560 ml) was added and the
solution was stirred for 30 min. The layers were separated and the water layer
was acidified with acetic acid (2.0 ml) and cooled to 0°C for 1 h. The precipitated
product was filtered off and washed with water and diethylether and dried to give
4-methyl-phenyl sulfamic acid-[6-chloro-5-(p-tolyl)-4-pyrimidinyl]-amide (2.02 g). tr
=5.00 min (LC); [M+H]" = 389.11 (ES+);

Referential Example 15:

WA

S Cl
©/\N/ “NH
H
I

L

Cl

To 4,6-dichloro-5-(4-chloro-phenyl)-pyrimidine (Referential Example 9) (2.59 g)
dissolved in DMSQO (14 ml) was added di-isopropyl-ethyl-amine (1.8 ml) followed
by the addition of benzy! sulfamic acid amide potassium salt (2.25 g) [prepared
from the product described in Referential Example 22 and potassium tert.-butylate
in methanol followed by the evaporation of the solvent]. The mixture was stirred
for 24 h at rt then poured onto water (300 ml) and diethylether (120 ml) was added

and the solution was stirred for 30 min. The layers were separated and the water
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layer was acidified with solid citric acid (pH = 3) and cooled to 0°C for 1 h. The
precipitated product was filtered off, washed with water and recrystallized from
methanol to give benzyl sulfamic acid-[6-chloro-5-(b-chIoro-phenyl)-4-pyrimidinyl]-
amide (1.8 g). tr = 4.94 min (LC); [M+H]* = 410.90 (ES+);
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Referential Example 16:

According to the procedure described for the synthesis of Referential Example
15, the following compounds could be prepared:

o P o 0>\s e
\ N7 ONH N7 ONH
| LoH H
P N X N
L = k Z
N Cl N Cl
LC-MS:tg: 4.00; [M+H]": 411.96 LC-MS:tg: 4.98 ; [M+H]": 389.91
0> /O N o\\s /o
N N~ NH V/\N/ \NH
\ $ H H
o | "
k |
- Q
N Cl N el
LC-MS:tg: 4.84; [M+H]": 414.77 LC-MS:tg: 4.76; [M-H]": 351.03
O\\s P SN

S
AN N7 NH cl N NH
\ J H H
NT Y NS
|

L L~

N I NT el
LC-MS:tg: 4.66; [M+H]": 400.88 LC-MS:tg: 5.10; [M+H]": 403.05
°>\S¢° | O\\S//O
H H
N7 N X
| P K L
| = N~ N el
N LC-MSity: 4.84; [M+H]": 466.11 LC-MS:tg: 4.65; [M+H]': 375.05
o\\S/o QP |
N7 NH N NH
H H
' '
N P oz
O)\N Cl | S N~ el
N ‘ N
S AN LC-MS:tg: 4.45; [MHH]': 453.03 Z LC-MSitg: 5.06; [M+H]": 486.01
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Referential Example 16 (continued):

0\ A AP //
N O/\ Br
ﬁ(@( m/
Cl cl
LC-MS:tz: 5.08; [M+H]': 403.03 LC-MS:tz: 5.05; [M+H]": 454.99
NG o\\S P
H
4 (
[\1 AN [e) ’1 AN
L~ N
N~ N i
LC-MS:tg: 4.31; [M+H]": 365.36 LC-MS:tg: 4.84; [M-H]": 433.05
\ // A
H
LC-MS:t: 6.02; [M+H]": 495.30 LC-MS:tg: 6.11; [M+H]*: 529.28
AP
= N~ NH
\ H
S 'T N
P
N~ i
0 LC-MS:tg: 5.86; [M+H]": 501.08
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Referential Example 16 (continued):
/S\ ©/\N/S\NH

H
fI [

LC-MSite: 5.13; [M+HT' '456'91 LC-MS:tR: 4.68; [M+H]+: 498.14

Ol T

LC-MSit: 4.93; [M+H]": 484.95 L MS'tR' 457 [M+H]": 504.06

COpRIS O}pé

LC-MS:tg: 4.89; [M+H]*: 499.17
LC-MS:tg: 4.90; [M+H]*: 512.18

0\\/70
LC-MSitg: 4.72; [MHH": 527.94 LC-MS:tg: 5.28; [M+H]": 461.16
A //
O N7 OSNH O/ \
< H
o] [1 AN 0
7
,J N N~
7
LC-MS:tg: 4.63; [M+H]": 542.08 LC-MS:t: 3.91; [M+H]": 462.17
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Referential Example 16 (continued):

N

W QP
V/\H/ NH e O/\” NH O/
N o)
N Cl N cl
=N @N

9

LC-MS:tg: 4.43; [M+H]": 463.09 LC-MS:tg: 3.20; [M-H]*: 497.93
W QP
@AN/ “NH o ©/\N/ “NH o~
H H
OO 00
P P
EN/\(LN cl ENj)\N cl
N ' p
& N
LC-MS:tg: 4.47; [M+H]': 499.11 LC-MS:tg: 4.90; [M+H]": 499.06

S
H

A /
/@/\ N ~o N Fs(i . =
\O AN 0O ﬂ)/\ AN
00 i
O)\N cl Nj)\N/ ol

AN EN/ '

. 0 . ‘-
LC-MSitg: 4.44; [MHH]": 529.22 LC-MS:tg: 3.94; [M+H]': 500.06

‘KS//O
s N %P
WJX ~°
C\H\N/ o f:[
. |/N N i

+
-MS:tg: 4.68; [M+H]': 421.
LC-MS:itg: 4.33; [M+H]": 489.51 LC-MS:tg: 4.68; [MrH]: 421.09

o)

/O/\r;?s /<NH o~ (Nj/\lr? Sf?uH o~
RONSAchaN s>
@\\H\N/ Cl kN/ cl

AN LC-MS:tg: 3.70; [M+H]": 423.05

LC-MS:tz: 4.74; [M+H]'": 535.06
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Referential Example 16 (continued):

“%

LC-MS:tg: 3.98; [M+H]": 437.07

O\\ //O

PV

LC-MS:tz: 5.51; [M+H]": 465.15

O\\ //O

NS

LC-MS:tg: 4.23; [M+H]": 449.17

0\\ /O

*mj

LC-MS:tg: 5.07; [M+H]*: 513.19

PCT/EP01/14182
O\\S //O
/\N/ “NH O/

LC-MS:tg: 4.53; [M+H]": 465.22

O\ //O

Tl

LC-MS:tg: 5.14; [M+H]": 505.20

O O

WA

LC-MS:tg: 4.08; [M+H]": 479.22

O\\ //O

YL

LC-MS:tg: 4.67; [M+H]": 517.26
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Referential Example 16 (continued):

O\\ //O

Oﬁé

LC-MS:tg: 5.36; [M+H]": 505.63

PCT/EP01/14182

Q

PR

LC-MS:tg: 4.69; [M+H]": 462.23

A\ A f RN
N -
= N” ONH cl
| H
F N
L
N e
O~
LC-MS:tg: 4.38; [M+H]": 448.27 LC-MS:tg: 4.09; [M+H]": 456.21
\\” cl o\\s// ° cl
~SNTTSNH
| H
N X
L
N cl N

LC-MS:tg: 5.48; [M+H]": 424.80

LC-MS:tg: 4.42; [M+H]": 347.03

O\\s// ° a O\\s// P ci
N”T NH NS NNH
H H
N NS
"\ + t pZ
N N

LC-MS:tg: 4.85; [M+H]": 375.03

LC-MS:tg: 4.94; [M+H]": 376.65
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Referential Example 16 (continued):

O\\s// 0 | 0\\3// ° Br
N~ NH SN NH
H H
N7 TS 'T AN
L & k .
N e N~
LC-MS:tg: 4.61; [M+H]": 360.99 LC-MS:tg: 4.41; [M+H]": 392.95
C)\\S//O Br
N~ NH
H
N X
L
N

LC-MS:tg: 4.94; [M+H]": 404.97
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Synthesis of the sulfamic acid amides:

Sulfamoylchloride (NH2-SO,-Cl) was prepared according to the procedure given in
the literature [11] and [12].

Referential Example 17:

To a solution of sulfamoylchloride in benzene (0.09 mol in 70 ml) was added 4-i-
propyl aniline (25.6 ml) via addition funnel at 0°C. The suspension was diluted
with benzene (80 ml) and stirred for 20 min. NaOH,q (36 ml; 5 N) was added and
the suspension was thoroughly shaken. EtOAc (500 ml) was added and under ice
cooling conc. hydrochloric acid was added until pH = 6. The water was separated
and the EtOAc was evaporated. The brown residue was shaken twice with
hexane followed by the addition of a sodium hydroxide solution (5 N). The mixture
was extracted three times with diethylether. The water layer was cooled to 0°C
and the pH adjusted to 2 by the addition of conc. hydrochloric acid. The product
precipitated and was filtered off and washed with cold water. After high vacuum
drying 4-isopropyl-phenyl-sulfamic acid amide was obtained (3.47 g).

Referential Example 18:

O\\S//O
N™"NH,
H

According to the procedure described in Referential Example 17, 4-tert.-butyi-

phenyl-sulfamic acid amide was prepared.
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\O\ O\\S//O
N"" NH,
H
According to the procedure described in Referential Example 17, 4-methyl-phenyl-

Referential Example 19:

sulfamic acid amide was prepared.

\

Referential Example 20:

To a solution of 2-amino-5-methyl-pyridine (3.24 g) in THF (30 ml) was added
sodium hydride (1.2 g; 60% disperison in mineral oil). The mixture was warmed to
45°C for 30 min. After cooling to 10°C a solution of sulfamoylichloride in
diethylether (0.0445 mol in 62.5 ml) was added within 30 min followed by stirring
for 30 min at r.t. and evaporation of the solvent. To the residue was added a
sodium hydroxide solution (5 N, 15 ml). The mixture was extracted several times
with toluene. The water layer was cooled to 0°C and the pH was adjusted to 7 by
the addition of conc. hydrochloric acid. The product crystallized and was filtered
off to give 5-methyl-pyridine-2-sufamic acid amide (1.1 9).

Referential Example 21:

S
QAP

o

N H/ “NH,

According to the procedure described in Referential Example 20, pyridine-2-

sulfamic acid amide was prepared.
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Further cycloalkyl-, aryl- or heteroaryl-sulfamic acid amides (as given by the
formulae in Figure 1) can be prepared according to the procedure described in
Referential Example 17 (for cycloalkyl and aryl derivatives) or according to the

according to the procedure described in

procedure described in Referential Example 21 (for heteroaryl derivatives) or

Referential Example 22 (for cycloalkyl

derivatives).
Figure 1:
AN
Q 3 /O D% 3Y4
NN N~ N7 NH N" " NH
H H z H 2
N
\\/7 | QP Q Y
N NI NH N NH
H 2 H 2
AN
C[ \\// | c{\S//O O\ O\\S/O
N~ N7 NH, N"" NH,
H
N
Q Y4 s (O
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Referential Example 22: [19]
o
o\\sfO )]\ e
. NN o —_— N NH,
H H H
ZP1

Benzylsulfamide
a) Chlorosulfonylisocyanate (14.14 g) was dissolved in DCM (50 ml) and cooled to
0°C. A solution of tert.-butanol (9.6 ml) in DCM (50 ml) was added within 30

s minutes. Stirring was continued for additional 30 minutes at rt.

b) The solution prepared as described under a) was then added at 0°C within 1 h
to a solution of benzylamine (10.7 g) and triethylamine (15.32 ml) in DCM (200
ml). Stirring was continued for 10 h at rt. The mixture was concentrated in vacuo,
10 taken into EtOAc (500 ml) and washed with water (2 times 40 ml) and brine (30
ml), dried with magnesium sulfate and again concentrated in vacuo. The crude
material was crystallized from EtOAc and dried at HV to give ZP1 (13.68 g). ZP1
was dissolved in dioxane (20 ml) and 120 ml 4 M HCl in dioxane was added within
1 h at rt. Stirring was continued for 8 h followed by complete evaporation of the
15 solvents and drying at HV to give benzylsulfamide (9.47 g).

Further —HN-CHa-aryl/~HN-CHz-heteroaryl/-HN-CHz-alkyl/~HN-CHz-cycloalkyl/—
HN-CH2-heterocyclyl and other sulfamic acid amides (as given by the formulae in

20 Figure 2) can be prepared according to the procedure described in Referential
Example 22.
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Figure 2:
o\\s P O\\s P
N/ \NHZ AN N/ \NHZ o o
H | _ H N\
cl N , SNV NH,
H
o)
0\\3 P O>\s//
\
N" “NH, Ny N7 TONH, o o
|
H H N
N A~ PN
HyCO Kf\ NH;
H
O\\ //O O\\ //O

O\\S//o @\/\O\\S//O
o N \NHZ N~ \NH2 o o
{ : : g
O \\/\N/ \NH2
’ H
" " RS
SO NH, N NH, o P
| H H ‘ N
P /\/\N/ \NHZ
H
RV RV
IO YN
NH
N NH, r|~l 2 O\s P
F 2
o N
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Example 1:

Py Q.0

/S /S\

S0 1

To a mixture of methanol (1 mi) and THF (2 ml) was added sodium hydride (100
mg, 60% dispersion in mineral oil) followed by the addition of 4-i-propyl-phenyl

NH

=z

sulfamic acid-[6-chloro-5-(o-methoxyphenoxy)-2-(4-pyridyl)-pyrimidin-4-yl]-amide
(100 mg, Referential Example 1e)). DMF (0.5 ml) was added and the reaction
mixture was heated to 80°C for 20 h. The solvents were evaporated, water (14 ml)
and a 10% solution of citric acid was added until the pH was 3. The precipitate
was filtered off and washed with water to give 4-i-propyl-phenyl sulfamic acid-[6-
methoxy-5-(0-methoxyphenoxy)-2-(4-pyridyl)-pyrimidin-4-yl]-amide (100 mg). tr =
5.08 min, (LC); [M+H]" = 522.45 (ES+).

Example 2:

O\ //O O\\ //O
H

O‘H@ - JI@

To a mixture of allyl alcohol (1 ml) and THF (2 ml) was added sodium hydride
(100 mg, 60% dispersion in mineral oil) followed by the addition of 4-i-propyl-
phenyl sulfamic acid-[6-chloro-5-(o-methoxyphenoxy)-2-(4-pyridyl)-pyrimidin-4-yl}-
amide (100 mg, Referential Example 1e)). DMF (0.5 ml) was added and the
reaction mixture was heated to 80°C for 20 h. The solvents were evaporated,
water (14 ml) and a 10% solution of citric acid was added until the pH was 3. The
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precipitate was filtered off and washed with water and purified by chromatography
through silicagel with EtOAc / Hex = 3 : 2 to give 4-i-propyl-phenyl sulfamic acid-
[6-allyloxy-5-(0-methoxyphenoxy)-2-(4-pyridyl)-pyrimidin-4-yl}-amide (10 mg). tr =
5.36 min, (LC); [M+H]" = 548.46 (ES+).

Example 3:

O

O L A
-~

/S\

ajw“t“ Oﬁi@

Sodium hydride (17 mg, 60% dispersion in mineral oil) was added to ethylene

I=z

glycol (1.2 mi) followed by addition of dimethoxyethane (0.5 ml). Stirring was
10 continued for 30 min, then 4-i-propyl-phenyl sulfamic acid-[6-chloro-5-(o-
methoxyphenoxy)-2-(4-pyridyl)-pyrimidin-4-yl]-amide (45 mg, Referential Example
1e)) was added and the reaction mixture was heated to 80°C for 48 h. The
solvents were evaporated, water (10 ml) and a 10% solution of citric acid was
added until the pH was 3 foliowed by extraction with EtOAc. The organic layers
15 were dried over sodium sulfate and the solvent was evaporated. The crude
product was purified by chromatography through silicagel with EtOAc to give 4-i-
propyl-phenyl sulfamic acid-[6-(2-hydroxy-ethoxy)-5-(o-methoxyphenoxy)-2-(4-
pyridyl)-pyrimidin-4-yl]-amide (38 mg). tr = 4.56 min, (LC); [M+H]" = 5652.36 (ES+).
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Example 4:
O\S//O O\\S//O
N NH N~
H H

@ﬁ©~ *L@
b WJ

4-i-Propyl-phenyl sulfamic acid-[6-(2-hydroxy-ethoxy)-5-(o-methoxyphenoxy)-2-(4-
pyridyl)-pyrimidin-4-yl]-amide (60 mg, Example 3) was dissolved in THF (8 ml)
and sodium hydride (14 mg, 60% dispersion in mineral oil) was added and stirring
continued for 10 min. 2-Chloro-pyrimidine (22 mg) was added and the mixture
was heated to 60°C for 90 min. DMF (0.5 ml) was added and the solution was
stirred at r.t. for 48 h. The solvents were evaporated, water (12 mi) and a 10%
10 solution of citric acid was added until the pH was 3. The precipitate was filtered off
and washed with water and purified by recrystallization from diethyi ether to give
4-i-propyl-phenyl sulfamic acid-[6-[2-(pyrimidin-2-yloxy)-ethoxy]-5-(o-
methoxyphenoxy)-2-(4-pyridyl)-pyrimidin-4-yl]-amide (50 mg). tz = 4.80 min, (LC);
[M+H]" = 630.91 (ES+).

15
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Example 5:
o, 0 Q. O
> S

—-»ﬁ@

OH O\ru/\N;LBr

4-i-Propyl-phenyl sulfamic acid-[6-(2-hydroxy-ethoxy)-5-(o-methoxyphenoxy)-2-(4-

%

5 pyridyl)-pyrimidin-4-yl}-amide (60 mg, Example 3) was dissoved in THF (8 ml).
Sodium hydride (14 mg, 60% dispersion in mineral oil) was added and stirring
continued for 10 min. 5-Bromo-2-chloro-pyrimidine (37 mg) was added and the
mixture was heated to 60°C for 120 min. DMF (0.5 ml) was added and the
solution was stirred at r.t. for 48 h. The solvents were evaporated, water (12 ml)

10 and a 10% solution of citric acid was added until the pH was 3. The precipitate
was filtered off and washed with water and purified by chromatography through
silica gel with EtOAc / Hex = 1 : 1 to give 4-i-propyl-phenyl sulfamic acid-[6-[2-(5-
bromo-pyrimidin-2-yloxy)-ethoxy]-5-(o-methoxy-phenoxy)-2-(4-pyridyl)-pyrimidin-
4-yi]-amide (55.4 mg). tr = 5.30 min, (LC); [M+H]* = 710.35 (ES+).
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Example 6:

4-i-Propyl-phenyl sulfamic acid-[6-(2-hydroxy-ethoxy)-5-(o-methoxyphenoxy)-2-(4-
pyridyl)-pyrimidin-4-yl]-amide (50 mg, Example 3) was dissolved in THF (8 ml).
Sodium hydride (12 mg, 60% dispersion in mineral oil) was added and stirring
continued for 10 min. 5-Trifluoromethyl-2-chloro-pyridine (28 mg) was added and
the mixture was heated to 60°C for 180 min. The solvents were evaporated, water
(12 ml) and a 10% solution of citric acid was added until the pH was 3. The
precipitate was filtered off, washed with water and purified by recrystallization with
diethylether to give 4-i-propyl-phenyl sulfamic acid-[6-[2-(5-trifluoromethyl-pyridin-
2-yloxy)-ethoxy]-5-(0-methoxy-phenoxy)-2-(4-pyridyl)}-pyrimidin-4-yi]-amide (41
mg). tr = 5.81 min, (LC); [M+H]" = 697.17 (ES+).
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Example 7:
cl ~o NH,
(00— ﬁ“@
—_—
@*M cl
i
b)
QP

a) 4,6—Dichloro-5-(o-methoxyphenoxy)—2-(4-pyridy|)-pyrimidine (2.9 g, Referential
5 Example 1d)) was suspended in dioxane (30 ml) and ammonia (gaseous) was

introduced until the solution was saturated. Stirring was continued for 7 days

while the saturation of the reaction mixture with ammonia (gaseous) was

repeated every 16 to 20 h. The solvent was evaporated water was added to the

residue and the precipitate was filtered off. After drying at HV / 50°C 4-amino-6-
10 chIoro-5-(o-methoxyphenoxy)-2-(4-pyndyl)-pyr|mndme (2.7 g) was obtained.

b) 4-Amino-6-ch|oro-5—(o-methoxyphenoxy)-2-(4-pyridyl)-pyrimidine (100 mg) was
dissolved in THF (5 ml) and DCM (5 ml). DBU (46 mg) and DMAP (37 mg) were
added followed by the addition of ethyl-sulfamoylchloride (prepared from
15 ethylamine hydrochloride and sulfuryl chloride). The mixture was stirred for 12 h at
rt.. The solvent was evaporated . Water and a 10% solution of citric acid were
added followed by extraction with EtOAc and DCM. The combined organic layers
were dried over sodium sulfate and the solvent was evaporated under reduced
pressure. After purification of the residue by chromatography over silicagel with
20 EtOAc / methanol / ammonia = 4 : 1 : 0.5, ethyl sulfamic acid-[6-chloro-5-(o-
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methoxy-phenoxy)-2-(4-pyridyI)-pyrimidin-4-y|]—amide (10 mg) was obtained. tgr =
4.31 min, (LC); [M+H]" = 436.14 (ES+).

c) Ethyl sulfamic acid-[6-chloro-5-(o-methoxy-phenoxy)-2-(4-pyridyl)-pyrimidin-4-
yl]-amide (14 mg) was suspended in methanol (1 ml) followed by addition of a
solution of potassium tert.-butylate (8.5 mg) in methanol (1 ml). The mixture was
heated to 85°C for 18 h. The solvent was evaporated and water and a 10%
solution of citric acid was added. The precipitate was filtered off and washed with
water. After drying at HV ethyl sulfamic acid-[6-methoxy-5-(o-methoxy-phenoxy)-
2-(4-pyridyl)-pyrimidin-4-yl]-amide (10 mg) were obtained. tg = 4.25 min, (LC);
[M+H]" = 432.32 (ES+).

Example 8:
e
| QP | O\\ 4
N ,S\
N N

el — el

Sodium hydride (100 mg, 60% dispersion in mineral oil) was dissloved in
methanol (1.2 ml). 5-methyl-pyridine-2-sulfamic acid-[6-chloro-5-(o-methoxy-
phenoxy)-2-(4-pyridyl)-4-pyrimidinyl]-amide (50 mg, Referential Example 11),
DMF (0.5 ml) and THF (1 ml) was added and the solution was stirred for 30 h at
80°C. The solvents were evaporated and the residue was washed with hexane
(3x) and the hexane was decanted. A solution of 10% citric acid was added and
the precipitate was filtered off and washed with water. After drying at HV 5-methyl-
pyridine-2-sulfamic acid-[6-methoxy-5-(o-methoxy-phenoxy)-2-(4-pyridyi)-4-
pyrimidinyl]-amide (37 mg) was obtained. tr = 3.73 min, (LC); [M+H]* = 495.38
(ESH).
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Example 9:
= “
- l ON P < [ O\S//O
N N/ \ N N/ ~

@ﬁﬁ——»oﬁé

Pyridine-2-sulfamic acid-[6-chloro-5-(o-methoxyphenoxy)-2-(4-pyridyl)-4-pyri-

5 midinyl]-amide (15 mg, Referential Example 12) was suspended in THF (1 ml)
and DMF (0.2 ml) and sodium methylate (40 mg) was added. The mixture was
stirred for 90 h at 80°C followed by evaporation of the solvents. A solution of 10%
citiric acid was added to the residue. The precipitate was filtered off and washed
with water. After drying at HV pyridine-2-sulfamic acid-[6-methoxy-5-(o-

10 methoxyphenoxy)-2-(4-pyridyl)-4-pyrimidinyl]-amide (7 mg) was obtained. tr =
3.55 min, (LC); [M-H]" = 479.41 (ES-).

Example 10:

O\\S 0 O\\S Po
N ~ N/ \
H H

Cﬁt O — Oﬁ“@

15 Sodium hydride (28 mg, 60% dispersion in mineral oil) was dissolved in
ethyleneglycol (1.2 ml) and 1,2-dimethoxyethane (1 ml). 4-t-butyl-phenyl sulfamic
acid-[6-chloro-5-(o-methoxyphenoxy)-2-(4-pyridyl)}-4-pyrimidinyl]-amide (75 mg,
Referential Example 10) was added and stirring continued for 90 h at 80°C. The
mixture was evaporated and a 10% solution of citric acid was added. The

20 precipitate was filtered off and washed with water. After purification by
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chromatography over silica gel with EtOAc 4-t-butyl-phenyl sulfamic acid-[6-(2-
hydroxy-ethoxy)-5-(0-methoxy-phenoxy)-2-(4-pyridyl)-4-pyrimidinyll-amide . (40
mg) could be isolated. tr = 4.81 min, (LC); [M+H]" = 566.35 (ES-).

Example 11:

oy o0
H/ “NH N" "NH

(" — 1

Cl N~ O
OH

To a mixture of 1,2-dimethoxyethan (15 ml) and ethyleneglycol (40 ml) was added
sodium (298 mg) in small portions. The mixture was stirred until the sodium was
completely dissolved. Then DMF (15 mil), followed by 4-methyl-phenyl sulfamic
acid-[6-chloro-5-(p-tolyl)-4-pyrimidinyl]-amide (1.0 g, Referential Example 14) was
added. Stirring was continued for 4 days at 100°C. The mixture was evaporated
and water (150 ml) was added to the residue followed by addition of acetic acid
(1.0 ml). The precipitate was filtered off, washed with water and dried. The crude
material was purified by chromatography over silicagel with EtOAc / methanol /
aquous ammonia (25%) =4/ 1/ 0.5 to give 4-methyl-phenyl sulfamic acid-[6-(2-
hydroxy-ethoxy)-5-(p-tolyl)-4-pyrimidinyl]-amide (500 mg). tr = 4.38 (LC); [M+H]" =
415.19 (ES+).
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Example 12:
\@LO% //O \Q\O\\ //O
/S\ /S\
N NH N NH
H H
i® S
k / k
N O N

To 4-methyl-phenyl sulfamic acid-[6-(2-hydroxy-ethoxy)-5-(p-tolyl)-4-pyrimidinyl}-
amide (47 mg, Example 11) dissolved in THF (8 ml) was added sodium hydride
(14.6 mg, 60% dispersion in mineral oil) and stirring was continued for 15 min
followed by the addition of 5-bromo-2-chloro-pyrimidine (39 mg). Stirring was
continued for 2 h at 50°C and 80 h at r.t.. The mixture was evaoprated and a 10%
citric acid solution was added. The precipitate was filtered off, washed with water
and purified by chromatography over silicagel with EtOAc / Hex = 1 / 1 to give 4-
methyl-phenyl sulfamic acid-[6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-(p-tolyl)-
4-pyrimidinyl]-amide (34 mg). tg = 5.34 (LC); [M+H]* = 573.02 (ES+).
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Example 13:

o\\ //O 0\ //O

N/S\NH Cl ©/\N/ :K/CQ/
| I H H
N> N
Ly —— "

Cl
NH
N
.
Cl N OH
OH

5 Potassium tert.-butoxide (3.5 g) was dissolved in ethyleneglycol (35 ml), benzyl
sulfamic acid-[6-chloro-5-(4-ch|orophenyl)4-pyrimidinyl]-amide (1.8 g, Referential
Example 15) was added and the mixture was heated to 102°C for 11 h. The
mixture was poured onto ice/water and acidified to pH = 4 with solid citric acid.
The precipitated product was filtered off, washed with water and dried at HV to

10 give benzyl sulfamic acid—[6-(2—hydroxy-ethoxy)-5-(4—ch|orophenyl)-4-pyrimidinyl]-
amide (1.77 g). tr = 4.36 (LC); [M+H]" = 435.09 (ES+).

Example 14:
N SNH N” NH
H H
N | NT
"\ P - > "\ 7
N OK‘ N OH
OH N\(O

Benzyl sulfamic acid-[6-(2-hydroxy-ethoxy)—5—(4-chlorophenyl)-4-pyrimidinyl]-
amide (375 mg, Example 13) was dissolved in THF (30 mi) followed by addition of
sodium hydride (60 % dispersion in mineral oil) (140 mg).
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The mixture was stirred for 30 min followed by the addition of 5-bromo-2-chloro-
pyrimidine (320 mg). Stirring was continued at 60°C for 8 h. The reaction mixture
was poured onto ice/water and acidified with solid citric acid. The precipitate was
filtered off and purified by chromatography over silicagel with hexane / EtOAc =
2/1 to give benzyl sulfamic acid-[6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-(4-
chlorophenyl)-4-pyrimidinyl]-amide (198 mg). tr = 5.32 (LC); [M+H]" = 592.68
(ESH).

Examples 15 - 202:

The corresponding starting materials are treated in a manner according to the
procedures given in examples 1 — 14 to give the compounds as listed in Tables 3
- 36.
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Table 3:
AP cl
R'—N"""NH
H
N™ X
"\N/ O/
Ex. No. R R? LC-MS
/@\I(O(CHZ)Z tr = 5.00
15 l l N M+H]": 543.18
HyCO ~ [M+H]
/N\‘/ OCH22 | =495
16 |N +H]": 527.28
H™ N [M+H]": 527.
N tr = 3.28
17 LN HO™ [M+H]": 435.65
Va
O(CH
N /N\”/( 2)2 e = 446
18 | _N g SN [M+H]': 594.25
N /N\I(O(CHZ)Z tg = 4.03
19 @N/ SN [M+H]": 544.10
% H,CO
CK /NYO(CHZ)Z o = 5.21
20 \ s B N N [M+H]*: 599.20
21 \ g Hoo™ N [M+H]*: 548.97
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Table 4:
o. 0
-4 cl
R'—N NH
H
N X
| 2
AR
Ex. No. R! R2 LC-Ms

AL OCHR | 567
\\

[M+H]": 585.75

22 CK

H
23 \_0 HyCO N [M+H]": 532.77
. O(CH
ot A e sor
24 \_0 g AN [M+H]": 582.71
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Table 5:
QP
R'N"""NH
H
NS
| 2
R
N
Ex. No. R’ R? LC-MS
: tg = 4.07
~ AN R
25 O HO [M+H]": 479.11
26 BN\ \ [M+H]": 637.54
: O(CH
N /N\”/ ( 2)2 tR=4,51
27 Hoo” SN [M-H]': 584.93
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Table 6:
O\\Sio
R—N"""NH
H
N7
| 2
_R
kN/ 0
Ex. No. R! R? LC-MS
. tr = 4.52
AN\ R
28 ©/ HO [M+H]": 429.14
CH
AN \lro( 2)2 tg = 5.48
29 B AN | [M+H]': 585.38
O(CH
/(le/ CU .
30 Hco” S [M+H]": 537.22
o\\s//o
R'—N"""NH
H
N™ T
NN N7
|
N~
. tr = 3.99
31 O/ o [M+H]": 492.23
/NTO(CHZ)Z tr = 5.04
32 O/ N N [M+H]": 650.50
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Table 7:
o 0
R—N"""NH
H
[\|| AN
2
S N o R
N~
Ex. No. R! R? LC-MS
O(CH
/NT (CHa)z tg =5.00
33 N [M+H]": 616.18
HsCS - o1
‘ % tg = 4.47
N.___O(CH,) R=4.
N 2)2
34 O/ | g [M+H]": 612.41
N O
o\\séo
R“N"""NH
H
N7 X
I 2
_R
kN/ o

35 <OI>/ Ho [M+H]*: 459.15
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Table 8:
\ 4'
R\N’ ~NH
\> <
\
Ex. No. R R2 LC-MS
tg = 4.13
o
36 ©/ : [M+H]": 525.17
/N\(O(CHZ)Z = 4.67
37 NN Ll [M+H]': 682.50
: O(CH
oh AL s
38 N
N .
HCO™ [M+H]*: 631.05
. O(CH
AN g R
39 SN [M+H]": 603.45
40 .
M+H]*: 670.27
FAC AN [M+H]
_ H
M O/ A | NYO(CHQ tr = 4.36
+-
“ & [M+H]": 645.11
H _
) NN _ocHy), | 1r=429
42 [ j/ [M+H]*: 646.12
\N o)
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Table 9:
oy
1 N
H
N N=
</ Y~ :/E‘O o—
N 0—R?
Ex. No. R! R2 LC-MS
H
N _O(CH,), tr = 4.89
43 ©/ 1])/ [M+H]": 644.24
tR =4.60

[M+H]": 519.18

Ve tr = 4.74

[M+H]": 521.21

é/ | w=47
[M+H]*: 565.66

45

46

RIRIRI
I]I

tg =4.10
Ho/\,.
! H co/©/ [M+H]": 555.59
3
O(CH,);
H,CO B N [M+H]": 713.18
/N\"/O(CHz)Z = 452
49 HiCO oo A [M+H]": 663.54
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Table 10:
o0
1 N\?
R~N-S~NH
H N
/ N\ ¢ ) o—
=N N O—R?
Ex. No. R R2 LC-MS
‘ H
+u
HyCO “ 3 [M+H]*: 675.34
, tr = 4.51
M lco HsC [M+H]*: 524.91
3
52 HyCO [M+H]": 595.20
o tr =465
53 HsC T [M+H]": 549.33
RO tR =435
54 /©/ [M+H]*: 559.30
cl
) O(CH
5 A T () 470
cl H,CO N [M+H]*: 667.34
/NTO(CHz)z o = 511
56 N RN [M+H]*: 717.09
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Table 11:
o_ 0
1 N
H
N H N
< \ _
/ Y ) o
=N N R2
Ex. No. R R? LC-MS
H
57 ..
o " 3 [M-H]": 678.68
~ tg = 3.93
AN
58 @o/ HO [M+H]": 515.38
: CH
o | ] e
59 N +
0 HCO™ S [M+H]": 623.48
H
~ A m/o(c 2)2 tg =4.75
60 \_o oSN [M+H]': 673.39
H
1 = AN _O(CH,), tr =4.15
6 \_d QN]/ 1])/ [M+H]'": 636.34
) tg = 3.72
183 P HO™ [M+H]": 462.98
/NYO(CHz)z tr =4.54
184 .
- ; /Q/L‘ [M+H]": 619.06
.
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Table 12:
o_ 0
1 N?
7N H N=
¢ N:>—‘<\ / o) o—
N—0—R?
Ex. No. R R? LC-MS
N PN tr = 3.38
62 | P [M+H]": 526.04
Ner | tg = 4.29
63 | P = [M+H]*: 521.79
NS o tg = 4.10
64 | / T [M+H]*: 520.10
AN tg = 3.87
65 | | HyC A
~ [M+H]": 496.09
® I S B
66 .
N M+H]*: 683.15
S B N [M+H]
o o tg = 4.30
[M+H]": 525.25
R tr=4.84
68 HaG +,
[M-H]': 493.13

UNITED THERAPEUTICS CORP., EX1003, page 109
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



WO 02/053557

87

Table 13:

PCT/EP01/14182

0
1 N?
JN H N
< S )¢ o
N= N O0—R2
Ex. No. R’ R? LC-MS
tr =4.95
69 - [M-H]": 517.58
P tr =5.13
70 ©/ = [M+H]": 521.30
. O(CH
)'\( (CFl | =522
7 | N
B SN [M+H]": 683.42
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Table 14:
o0
1 N\~
Rn~SH Q
H
N=—
— N—-0-R?
Ex. No. R! R? LC-MS
- tg = 3.79
N R
72 Ej HO [M+H]": 524.28
. O(CH
A g (CHa), tr =4.76
73 g SN [M+H]": 681.59
O(CH
~ | o oo
h Hyos” N [M+H]": 648.25
H
Ao (o] e
(/\Ir [M+H]": 645.65
N 0
N tg =3.73
NG R
76 C)S/ HO [M+H]*: 530.25
\_s - [M+H]": 524.23
A RS Lo tR=459
78 @s/ —/ [M+H]": 526.10
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Table 15:
o0
1 N?
7\ " N=
N \ )90 ©°—
— 0—R?
Ex. No. R’ R? LC-MS
[ \_s 3 [M+H]': 500.14
G( /NTO(CHz)z g = 4.82
80 \_$ SN [M+H]": 688.54
H
o | S5O
S ..
“~ 3 [M+H]*: 650.09
<O]©/ = tr=4.43
82 o) T [M+H]": 562.16
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Table 16:
o0
1 N?
H N
>— 0—
N / 0—R2
Ex. No. R R?2 LC-MS
83 | "~ HO™ " tm = 339
o [M+H]*: 488.30
| NS /N\I(O(CHZ)Z tg = 4.46
84 - N [M+H]*: 646.17
O(CH
| NS /N\( ] IR
85 - Hoo SN [M+H]*: 596.31
H
AN o
86 l NN _O(CH,), tr = 3.96
- « I ) [M+H]": 608.69
tg = 4.77
N R
87 ©/ HO [M+H]": 488.18
. O(CH
" /N\r (CHz), tg = 5.89
B N N [M+H]": 644.83
/NTO(CHZ)Z o= 556
89 N [M+H]': 595.20
3
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Table 17:
o0
1 N
R~N-S—~NH
H
|>—<\ / O o—
N—"~0-R?
Ex. No. R R2 LC-MS
O(CH
/NT (CHz)2 tr = 5.82
90 N [M+H]": 611.19
chS ) :
‘ H
o | T O e
M+H]": 607.32
J [M+H]'": 6
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Table 18:
o0
N?
R™~N-S-NH
oS
\ / O o—
N—"~0—R?
Ex. No. R R2 LC-MS
o~ A tg = 2.54
92 | HO N
N [M+H]": 448.08
| ~ /\ITO(CHZ)Z tg = 4.20
93 N 5 SN [M+H]': 605.54
O(CH
| AN KNJ[ (CH2)2 = 3.82
94 N +,
# HsCO AN [M+H]": 556.15
[M+H]*: 447.26
S S
% \ .
B [M+H]*: 604.67
)\ITO(CHZ)Z = 5.01
7 N [M+H]*: 571.18
H;CS ot
H
©/ ) AN _OCHy), | tr=453
%8 EJ/ [M+H]": 567.23
N o}
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Table 19:
Q0
RN NH Br
H
N7
LN/ o/R2
Ex. No. R! R? LC-MS
. te = 4.46
N R
99 O/ HO [M+H]*: 481.20
/N\(O(CHZ)Z’ tr = 5.55
100 | N
g N [M+H]*: 637.07
. O(CH
_ /N\( ( 2)2 tr = 5.14
101 | .
heo” N [M+H]": 589.15
3
i O(CH
102 +
HyCS N [M+H]": 603.27
. tr = 3.88
103 s HO [M+H]*: 419.01
_N__O(CHy), 403
104 S T R
B N N [M+H]*: 575.13
)'\(O(CHZ)Z tr = 4.84
105 e | N
Hos” N N [M+H]*: 543.20
3
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Table 20:
AP B
R—N"""NH '
H
N
L
Ex. No. R’ R? LC-MS
HO/\""’ tR =412

106 V/

[M+H]": 445.11

107 ﬁ

N__O(CH,),
91
N
Br

tr =5.03
[M+H]": 601.28

108 V/

N._O(CHg),
X
HeCs™

tg =4.98
[M+H]": 568.44

OO
1 A

H
(O o

0—R?
_N__O(CHy), tr = 4.92
109 ©/ T [M+H]': 670.30
2 N
Br
o /NTO(CH?-)Z tg =5.07
N *: 636.34
[ | Hos™ S [M+H]*: 636.3
O(CH,),
o o
111 N .,
HiCO™ [M+H]*: 620.07
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Table 21:
o0
o5 cl
RN NH
H
N~ >
k % /Rz
N
Ex. No. R’ R2 LC-MS
=2 /N\’(O(CHZ)Z tr = 5.28
112 v N [M+H]": 557.18
O(CH
‘\‘- /N\l( ( 2)2 tR = 4.86
113 \/ .
HCO™ S [M+H]": 507.28
O(CH
A /(Nj( (CHa) tr = 4.92
114 g SN [M+H]'": 543.16
O(CH
s A b (R | —ae7
115 " N [M+H]": 531.13
r .
/NTO(CHZ)z t = 4.78
116 - .
N :497.24
Hos™ S [M+H]*: 497.2
H
o Ao | s
" B AN [M+H]*: 559.19
O(CHz), tgr = 5.23

118 SN

H3CS/<\J/\"L/

[M+H]": 525.31

UNITED THERAPEUTICS CORP., EX1003, page 118
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS

U.S. PATENT 8,268,847



WO 02/053557

PCT/EP01/14182
96
Table 22:
o\\s,/o
R'—N"""NH
H
N~
LA R
N~ O

Ex. No. R’ R? Loms

/NTO(CHZ)Z tr =5.20
119 \V/ N [M+H]": 537.14

Br
’ O(CH
. /N\Ir (CH2l2 | _ar7
\/ N E

GO S [M+H]": 487.25

.. )TO(CHZ)Z tR =456
121 \/ SN [M+H]": 456.89

o) . . tR =427
144 <o]©/ HO ™ [M+H]': 459.15

o /NTO(CHz)z tg =5.77
145 < /Q/N [M+H]": 616.66

O Br
tg = 6.01

146 <Z:©/

/EN/TO(CHZ)Z
Hyco” SN

[M+H]": 567.36

w (ST T

UO(CHz)z
Hycs” SN

tR =522
[M+H]": 582.88
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Table 23:
o 0
NS o~
e,
l
R‘)\N/ 0>
R
Ex. No. R R2 LC-MS
122 Y HO™ " te = 359
N~ [M+H]": 488.49
| N /N\,/O(CHZ)z tg = 4.66
123 N~ BN LI [M+H]": 646.30
) H
N /(Nj/ OCH2 | =420
124 N .,
N._~ HiCO™ [M+H]": 596.44
l N\] N tg = 3.96
125 N [M+H]": 489.56
: H
126 | N\{ /C\lro(o 2)2 tr = 4.79
+
_N B SN [M+H]*: 645.07
- O(CH
N +.
N HaCO™ N [M+H]": 597.31
N\[ , tg = 4.47
128 | _N = [M+H]": 483.34
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Table 24:
o0
O/\N/ “~NH o
H
1
1 P
RV N o2
Ex. No. R’ R2 LC-MS
N tg = 4.2
129 I HO™ ™ N
No [M+H]'": 530.49
I \ ‘,»" . /l\lTO(CHZ)Z tR = 535
130 N~ N [M+H]': 688.27

Y
131 No -

tg = 4.93
[M+H]": 638.64

132 E\j;[l

tR =470
[M+H]": 531.54

N AN<_O(CHy),
N B S N

tr = 5.39
[M+H]": 689.26

N%I YO(CHZ)Z
134 E/N « I
& H,CO

tR = 506
[M+H]": 639.36

N~ N
.135 (J\l S |

tr = 5.83
[M+H]": 676.34
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Table 25:
o 0
H
N
A
Z
RN oo
R2
Ex. No. R’ R? LC-MS
,-"‘ /\'__- tR = 41 1
HO
136 C[ [M+H]": 491.29
)\J\H/O(CHQ)2 = 4.88
137 N [M+H]': 649.18
p O(CH
138 /NT | man
H.CS™ S N [M+H]": 615.67
3

UNITED THERAPEUTICS CORP., EX1003, page 122
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS

U.S. PATENT 8,268,847



WO 02/053557

PCT/EP01/14182
100
Table 26:
o0
/O/\N’S\NH o—
F H
Y
P
R1/kN 02
Ex. No. R! R? LC-MS
§ te = 4.27
HO™ R

N .-
4

[M+H]": 543.37

Ne -
140 O HyC
N

tr = 4.55
[M+H]": 513.31

N QOJ/ tr = 4.70
141 | N [M+H]": 583.52
- O(CH
| NS A g CF | <402
142 N B N N [M+H]*: 701.37
O(CH
I K[ JiN/\”/ ( 2)2 tR= 4.60
143 N ..
N HiCo™ [M+H]": 651.40
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Table 27:
(o o0
OD/\ N—S~NH o
H
L 7@
R1)|\N/
\RZ
Ex. No. R R2 LC-MS
l N S tg = 4.43
148 N~ = [M+H]": 562.16
SNy =
149 ! HyC- =82
N~ [M+H]: 638.18
0 o0
ED/\ N"S~NH cl
H
N
|
R1/kN/ ? :
Rz 0\
tg = 4.37
150 H™ HO™ [M-HJ": 522.83
) /N\H/O(CHz)z tr = 5.21
15 H . /&/N [M+H]': 682.98
:
N__OCH): |
- U tg = 4.86
152 HaCo™ N [M-H]": 631.19
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Table 28:
o 0
4
_ H
N NN o)
' I
R1)\N/ 0
R
Ex. No. | R! R2 LC-MS
N tp = 3.15
153 | HO™ R™
N _~ [M-H]*: 523.09
N tg = 3.20

154 @ ” HO "
=N

[M+H]": 526.44

z
/

N~ AN__O(CHy),
155 @ \"/

H4CS

tR = 396
[M+H]": 650.39

YO(CHZ')Z |

H,CS

| N\] A tg = 4.00
156 N B N Ll [M+H]": 684.29
57 N\' Nﬁ/o(CHz)z tr = 3.86
| N \_§ [M+H]": 609.32
CH
158 O /N\lfO( 2| tg=aia
A N [M+H]": 49.30
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Table 29:

PCT/EP01/14182

o 0
OO/\N’ ~NH o~
H
/ N O
|
R1)\N/ O\Rz
Ex. No. R! R2 LC-MS
Y L tg = 4.58
160 N~ = [M+H]": 548.41
\ =
161 | HyC- =42
N~ [M+H]": 524.19
o0
OQAN/ ~NH cl
H
/ N O
|
R1)\N/ cl) |
R2
tR =4 .41
162 H HO™ " [M+H]": 511.11
/NTO(CHz)é tg = 5.26
163 H );/N [M+H]": 668.91
Br
O(CH,)
/N\“/ 21 ta=498
164 H .
HCo™ N [M+H]*: 619.17
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Table 30:

PCT/EP01/14182

O\ e, o
N"°~NH
\O H o
N
o] I
N R1/I\N/ 0>
R
Ex. No. R R? LC-MS
N tr = 3.90

165 @ HO™ >
N

[M+H]": 585.52

N .~ O(CHy)
w | O | 0
N Br \

tg = 4.69
[M+H]": 743.19

167 @ <N/\INr

tR =424
[M+H]": 663.47

e N. O(CH,),
s OO

tr =4.78
[M+H]": 704.54

UNITED THERAPEUTICS CORP., EX1003, page 127
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS

U.S. PATENT 8,268,847



WO 02/053557

105

PCT/EP01/14182

Table 31:
—0, O\ //O
o 1
H
N
|
1* &
OL
RN »
Ex. No. R’ R? LC-MS
N\l N te = 4.16
169 E/N [M+H]": 555.69
N\I.,/’ /I\I\II/O(CHZ)Z tR = 476
170 | N g SN [M+H]": 713.26
. O(CH
| N\[ /N\Ir (CHz), o = 4.45
171 _N SN [M+H]": 633.64
NG H i}
Y N_ O(CHa), tr = 4.98
172 _N @ l(_ [M+H]': 674.55
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Table 32:
\ //
~NH
Ex. No. R! R? LC-MS
N o . =
173 B HO™ te = 420
N [M+H]": 555.37
174 | _N B SN [M+H]": 713.35
- O(CH
| N\[ \]/ ( 2)2 tR=4-45
175 N [M+H]*: 633.70
N .- H _
| \[ WO(CHz)g tr =4.99
176 N O/ 5 [M+H]*: 674.95
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Table 33:
o_.0
N—>~NH o~
H
NS ©
|
R1)\N/ O
Ex. No. R R? LC-MS
~ | A tg = 4.54
177 | HsC ..
N~ [M+H]": 508.22
I N , tg = 4.62
178 g = [M+H]": 532.23
N A~ tr =3.90
179 I HO .
N.__~» [M+H]": 538.33
N ; tr = 4.46
180 I \0/\_.- R N
N~ [M+H]": 552.27
H
¢ N_ _O(CHy), | tr=4.78
181 | Y ‘.
No - ! [M+H]": 657.46
| S\ )“TO(CHZ)2 te = 4.91
182 N~ Br /[;/N [M+H]": 696.51
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Table 34:
1 N //O
R'S~NH
{ \>—C )0 o—
N O—R2
Ex. No. R’ R? LC-MS
N tr = 4.84
HaCe
185 | s [M-H]": 507.15
N ) te = 4.51
AN R
186 | HO [M+H]': 539.47
O(CH
N /N\If (CHa), tr=5.18
187 | N ..
BN [M-HJ*: 695.09
O(CH
N \( (CHa)2 tr = 4.86
188 | N [M+H]": 647.43
H,CO ol
Ny ) te = 3.56
N AN R
o J HO [M+H]": 505.35
190 [N ),YO(CHz)z 'r =4.38
O\// B N\ Ll [M+H]": 663.05
) O(CH
191 //\N___ /I\IT ( 2)2 tR = 4.77
// N [M+H]": 615.32
H,CS
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Table 35:
Q0
W/,
R1’\S/\NH cl
NT
|
kN/ 0—R?
Ex. No. R R2 LC-MS
192 ©/\| HO [M-HJ'": 447.17
t = 5.66

N )‘l\lro(CHz)z
193 | N
Br ~

[M+H]": 607.22

AN_O(CHy),
N e
194 | s N
H,CO

tR =5.31
[M+H]": 557.42

195 >—n"

tg=3.92
[M+H]": 431.09

196 >

tR =499
[M+H]": 587.13

A
197 D—E L/\’N(
HaCs™ S

tR =490
[M+H]": 555.18
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Table 36:
b\ O\ ,/O
N—S~NH o
H
NS ©
I
R1A\N/ 0>
R
Ex. No. R! R2 LC-MS
H
N\I /N\l(O(C 2)2 tr = 4.1
198 E/N ~ N [M+H]": 551.34
Cj g ol S
199 +
N +H]": 633.37
_N BN [M+H]*: 633
) O(CH
EN/\[‘,- /N\lL‘/ ( 2)2 tR =435
200 .
. O(CH '
| N\] N | (CHo), tg = 5.05
201 N e [M+H]*: 617.98
N /NTO(CHZ)Z tr = 4.51
202 | +
N M+H]": 632.16
N~ B N [M+H]
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Example 203 — 206:

\\//0
cl ~o “NH \o
N b
|
A )\
c)
o\\ /o O\\s e
N/ “NH ~o
t e
PN “ )\
//\\ H
Example 204 OH Example 203 .,
e)
0. O

\\// ‘\//

néﬂfqﬁ

o\)
Example 205 OH N 0o
Example 206 /@

Va

N
Br
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a) According to the procedures described in [5], the preparation of 4,6-dichloro-5-
(2-methoxy-phenoxy)-2-methylsulfanyl-pyrimidine  was  achieved by the
condensation of thiourea (6.4 g) with 2-(2-methoxy—phenoxy)-malonic acid
dimethyl ester (20.32 g) followed by reacting the 2-mercapto-5-(2-methoxy-
phenoxy)-pyrimidine-4,6-diol with methyliodide (5.9 ml) and subsequent
chlorination with phosphorus oxychloride / N,N-dimethylaniline. Yield: 18.6 g; LC-
MS: tg = 5.73; [M+H]" = 318.2.

b) 4,6-Dichloro-5-(2-methoxy-phenoxy)-2-methylsulfanyl-pyrimidine (1.5 g) was
dissolved in DMSO (30 mi) and benzylsulfamic acid amide potassium salt (2.12 g,
Referential Example 22) was added. Stirring was continued for 18 h. The reaction
mixture was poured onto water, acidified by solid citric acid (1.9 g), cooled to 0°C
and the precipitate was filtered off and purified by column chromatography over
silica gel with hexane / EtOAc = 2 / 1 to give benzylsulfamic acid [6-chloro-5-(2-
methoxy-phenoxy)-2-methylsulfanyl-pyrimidin-4-yll-amide (1.75 g) as a white
powder. LC-MS: tr = 5.27; [M+H]" = 467.04.

c) Benzylsulfamic acid [6-chloro-5-(2-methoxy-phenoxy)-2-methylisulfanyl-
pyrimidin-4-yl]-amide (1.75 g) was added to a solution of potassium tert.-butylate
(1.87 g) in ethylene glycol (30 mi) and stirred at 100°C for 40 h. The reaction
mixture was poured onto water (120 mi), acidified with solid citric acid (1.9 g) and
cooled to 0°C. The precipitate was filtered off, washed with water and dried at HV
to give benzylsulfamic acid [6-(2-hydroxy-ethoxy)-5-(2-methoxy-phenoxy)-2-
methylsulfanyl-pyrimidin-4-yl}-amide (Example 203). LC-MS: tr = 4.70; [M+H]" =
493.09.

d) Benzylsulfamic acid  [6-(2-hydroxy-ethoxy)-5-(2-methoxy-phenoxy)-2-
methylsulfanyl-pyrimidin-4-yl]-amide (1.49 g) was dissolved in DCM (50 ml) and
cooled to 0°C followed by slow addition of m-chloroperbenzoic acid (1.65 g; 70%)
dissolved in DCM (15 mli). Stirring was continued for 30 min at 0°C and for 1.5 h
at rt. The mixture was concentrated in vacuo until the product started to
precipitate. The product was filtered off and purified by chromatography through
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silicagel with EtOAc / hexane = 2 : 1 to give benzylsulfamic acid [6-(2-hydroxy-
ethoxy)-2-methanesulfonyl-5-(2-methoxy-phenoxy)-pyrimidin-4-yl}-amide
(Example 204) (1.4 g) as a white powder. LC-MS: tg = 4.12; [M+H]* = 525.09.

5 e) Benzylsulfamic acid [6-(2-hydroxy-ethoxy)-2-methanesulfonyl-5-(2-methoxy-
phenoxy)-pyrimidin-4-yl]-amide (85 mg) were dissolved in THF (2 ml) and
morpholine (2 ml) was added. The reaction mixture was stirred at 45°C for 48
hours, poured onto water, acidified with solid citric acid and extracted with EtOAc
(2x). The combined EtOAc layers were washed with 10% citric acid solution and

10 with brine, dried over magnesium sulfate, filtered and the solvent was evaporated.
The crude product was purified by chromatography on plates with toluene / EtOAc
=1 /1 to give benzylsulfamic acid [6-(2-hydroxy-ethoxy)-5-(2-methoxy-phenoxy)-
2-morpholin-4-yl-pyrimidin-4-yl}-amide (Example 205) (60 mg). LC-MS: tgr = 4.69;
[M+H]" = 532.15.

15
f) Benzylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-(2-methoxy-
phenoxy)-2-morpholin-4-yl-pyrimidin-4-yl]-amide (Example 206) (40 mg) {LC-MS:
tr = 5.63; [M+H]" = 690.50} was prepared accoridng to the procedure described in
Examples 5, 12 and 14 from benzylsulfamic acid [6-(2-hydroxy-ethoxy)-5-(2-

20  methoxy-phenoxy)-2-morpholin-4-yl-pyrimidin-4-yl]-amide (Example 205) (50
mg).
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According to the procedures described for the preparation of Examples 203 — 206,

the following compounds can be prepared:

o\\s//o O\\s 0
N NH ~o N NH ~o
H o H 0
[\|| AN N7 X
]
’/\NJ\N/ 0 ’/\N)\N/ 0
o\) \ O\) k‘

OH

N. O
ol
o0
N
S o /N
N NH ~o 0
H o)
N O\\S//O
/L P N~ NH o
N~ N o H o
N7 X
Jl\ =
hN N~ o
o \
o P

N

OH

N

S
N~ NH o
OH : . J\/[a i
o, 0 |
N?
©/\N>S\NH \O O\I)\N/ (o)
H
N7 S ° H
A o
= AN
I/\| N 0 \‘/
OH H

NQ o 9

/

N B/E/N

The preparation of compounds by the above described procedures is not limited

OH

5 to the molecules schematically depicted. Further variations, especially also in the

sulfamide part of the molecule, can be achieved via the same pathway.
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Example 207:
O\\s P
cl o O/\N’ “SNH ~o
H
N 0 N7 °
| |
P b .
| > N~ el _)_. | = N~ el
N~ N _~#

CN CN C)
AV &
“““NH o <P NH o
H ° H

® Y
|
>

| \ N <|) — \ N Nl

N A d) N.__~#

% 7

N M Example 207 N NH

N=N N=N

a) 4-[4,6-Dichloro-5-(2-methoxy-phenoxy)-pyrimidin-2-yl]-pyridine-2-carbonitrile
can be prepared as described in WO 96/19459 and WO 00/42035.

b)  4-[4,6-Dichloro-5-(2-methoxy-phenoxy)-pyrimidin-2-yl]-pyridine-2-carbonitrile
(3.2 g) was dissolved in DMSO (20 ml), N-ethyldiisopropylamine (1.7 ml) and
benzylsulfamic acid amide potassium salt (3.52 g) was added. The mixture was
stirred for 18 h at rt, poured onto ice/water, acidified with solid citric acid and the
precipitate was filtered off and recrystallized form EtOAc to give benzylsulfamic
acid [6-chloro-2-(2-cyano-pyridin-4-yl)-5-(2-methoxy-phenoxy)-pyrimidin-4-yl]-
amide (4.17 g). LC-MS: tr = 5.55; [M+H]" = 523.29.

¢) Benzylsulfamic acid [6-chloro-2-(2-cyano-pyridin-4-yl)-5-(2-methoxy-phenoxy)-
pyrimidin-4-yl)-amide (4.17 g) was dissolved in DMF (55 ml). Sodium azide (5.2 q)
and ammonium chloride (4.28 g) were added and the mixture was stirred for 20 h
at 80°C. Then the mixture was pored onto water and extracted with EtOAc. The
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layers were separated and the water layer was acidified with acetic acid to pH ~5
and extracted with EtOAc. The combined organic layers from the 2" extraction
were washed with brine, dried over magnesium sulfate, filtered and evaporated.
The crude material was purified by chromatography over silicagel with EtOAc /

s MeOH / ammonia =5/ 1 /0.5 to give benzylsulfamic acid [6-chloro-5-(2-methoxy-
phenoxy)-2-[2-(1H-tetrazol-5-yl)-pyridin-4-yl]-pyrimidin-4-yl]-amide (1.67 g). LC-
MS: tr = 5.02; [M+H]" = 566.36.

d) According to the procedures described in Examples 1, 8 and 9, benzylsulfamic

10 acid [6-chloro-5-(2-methoxy-phenoxy)-2-[2-(1H-tetrazol-5-yl)-pyridin-4-yl]-
pyrimidin-4-yl}-amide (150 mg) was transformed to benzylsulfamic acid [6-
methoxy-5-(2-methoxy-phenoxy)-2-[2-(1H-tetrazol-5-yl)-pyridin-4-yl]-pyrimidin-4-
yl]-amide (50 mg) (Example 207). LC-MS: t = 4.84; [M+H]" = 562.29.

15 Example 208:

O\s P o\\s//o
H H
o .
9 VY
|
P
| x N~ ci — AN N
N A N F |\‘
OH
N” “NH N “NH
= \=n  Example 208

Benzylsulfamic  acid [6-(2-hydroxy-ethoxy)-5-(2-methoxy-phenoxy)-2-[2-(1H-
20 tetrazol-5-yl)-pyridin-4-yl]-pyrimidin-4-yl]-amide (1.5 g) was prepared according to
the procedure described in Example 207d. LC-MS: tgr = 4.28; [M+H]" = 592.63.
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Example 209:
NP 2
©/\”/ “NH \O O/\N/ “NH \0
H
od Y
|
| AN N al . | \ N/ 0
N.__~ A l\”
N” “NH N7 “NH
= \=y  Example 209

Benzylsulfamic acid  [6-allyloxy-5-(2-methoxy-phenoxy)-2-[2-(1H-tetrazol-5-yl)-
pyridin-4-yl]-pyrimidin-4-yl}-amide (94 mg) was prepared according to the
procedure described in Example 207d. LC-MS: tr = 4.96; [M+H]" = 588.70.

Example 210:
\\S//o < N /o <
¥ X ¥
| \ N/ cl — AN | N o
N A N A I\
N7 NH N7 NH
N=r \=n  Example 210

Benzylsulfamic acid [5-(2-methoxy-phenoxy)-6-prop-2-ynyloxy-2-[2-(1H-tetrazol-5-
yl)-pyridin-4-yl}-pyrimidin-4-yl}-amide (100 mg) was prepared according to the
procedure described in Example 207d. LC-MS: tr = 4.77; [M+H]" = 486.51.
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Example 211 -212:

cl o cr OH cl

HO 0 o
a) ) b) L

i

H Cl

O—

/ O—
e)
0
e e
OAN/ SNH cl O/\m NH ci
H o)
X >
kN/ o f) N o
o G
Example 211 Example 212 N\)\B
r

5 2-Chloro-5-methoxy-phenol was prepared according to procedures described in
the literature [M. Julia, J. de Rosnay; Chimie Thérapeutique, 1969,4, p 334 — 343.]

a) 2-Chloro-5-methoxy-phenol was reacted with chloro dimethyl malonate in
acetone and potassium carbonate according to the procedure described in

10 Referential Example 1b to give 2-(2-chloro-5-methoxy-phenoxy)-malonic acid
dimethyl ester.
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b) 5-(2-Chloro-5-methoxy-phenoxy)-pyrimidine-4,6-diol was prepared from 2-(2-
chloro-5-methoxy-phenoxy)-malonic acid dimethyl ester and formamidine

| hydrochloride according to the procedure described in Referential Example 1c.

c) 4,6-Dichloro-5-(2-chloro-5-methoxy-phenoxy)-pyrimidine was prepared from 5-
(2-Chloro-5-methoxy-phenoxy)-pyrimidine-4,6-diol according to the procedure
described in Referential Example 3b. LC-MS: tr = 5.18; [M+H]" = 306.40; 'H-NMR
(CDCl3): 8.7ppm (s, 1H); 7.4ppm (d, 1H); 6.6ppm (d, 1H); 6.02ppm (s, 1H);
3.86ppm (s, 3H).

d) Benzylsulfamic acid [6-chloro-5-(2-chloro-5-methoxy-phenoxy)-pyrimidin-4-yl]-
amide (0.7 g) was prepared from 4,6-dichloro-5-(2-chloro-5-methoxy-phenoxy)-
pyrimidine (1 g) and benzylsulfamic acid amide potassium salt (1.21 g) according
to the procedure described in Referential Example 15. LC-MS: tr = 5.13; [M+H]" =
456.91.

e) Benzylsulfamic acid [5-(2-chloro-5-methoxy-phenoxy)-6-(2-hydroxy-ethoxy)-
pyrimidin-4-yl]-amide (0.6 g) (Example 211) was prepared from benzylsulfamic
acid [6-chloro-5-(2-chloro-5-methoxy-phenoxy)-pyrimidin-4-yl]-amide (0.697 g)
according to the procedure described in Example 3,10 or 13. LC-MS: tr = 4.50;
[M+H]" = 481.12.

f) Benzylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-(2-chloro-5-
methoxy-phenoxy)-pyrimidin-4-yl]-amide (77 mg) (Example 212) was prepared
from benzylsulfamic acid [5-(2-chloro-5-methoxy-phenoxy)-6-(2-hydroxy-ethoxy)-
pyrimidin-4-yl]-amide (120 mg) (Example 211) and 5-bromo-2-chloropyrimidine
(100 mg) according to the procedure described in Example 14. LC-MS: tg = 5.29;
[M+H]" = 639.04.
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Example 213:

\\S // O\\ //O

TG

OH o N
\’ij\
N
~ SCH3

Benzylsulfamic acid [6-[2-(5-methylsulfanyl-pyrimidin-2-yloxy)-ethoxy]-5-(2-chloro-
5-methoxy-phenoxy)-pyrimidin-4-yl]-amide (138 mg) (Example 213) was prepared
from benzylsulfamic acid [5-(2-chloro-5-methoxy-phenoxy)-6-(2-hydroxy-ethoxy)-
pyrimidin-4-yl]-amide (240 mg) (Example 211) and 5-methylsulfanyl-2-
chloropyrimidine (180 mg) according to the procedure described in Example 14.
LC-MS: tr = 5.22; [M+H]" = 606.75.

Example 214:

TR O
Us/ U/

//‘\\

Benzylsulfamic acid [5-(2-chloro-5-methoxy-phenoxy)-6-[2-(5-methanesulfonyl-py-
rimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide (47 mg) (Example 214) was
prepared by oxidation of benzylsulfamic acid [6-[2-(5-methylsulfanyl-pyrimidin-2-
yloxy)-ethoxy]-5-(2-chloro-5-methoxy-phenoxy)-pyrimidin-4-yl}-amide (80 mg)
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(Example 213) with peracetic acid according to general procedures described in
the literature. LC-MS: tr = 4.72; [M-H]" = 635.05.

According to the procedures described for the preparation of Examples 211 — 214,

s the following compounds can be prepared:

N o0
i = :/ “NH cl
F N (0]
L
N o
H o
OH
o\\s//o
l\f x r;l'/ “SNH cl
P NN 0.
L
N" o
O—
OH
o\\s//o
| \ H/ “NH cl
N
F NN 0.
L
N~ Do
H o
OH

O\\ //O

NS

(@) N
\](j\
N _~#
O\ //O Br
N N~ NH cl
H

The preparation of compounds by the above described procedures is not limited

to the molecules schematically depicted. Further variations, especially in the

sulfamide-part and at the side chain in position 6 of the core pyrimidine ring of the

10 molecule, can be achieved via the same pathway.
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Example 215:

Using methods described in the above Examples and in Schemes 1 to 4 and the

cited references, the compounds disclosed in Table a) can be prepared:

0_0 0_0

1 1 N
R \N:S\NH ~o R \N)S\NH
H H

0 = 00
)Nlo OR"\N‘O

NS

R4
H K/\O_Ra
Table a: O\R"‘
R': R R*

5 / ) Ao

OO @j’x | :i o| /O 0 '
4 P ~rt - ~

QZ:; Br/@: Br LA Br/O H& <Oj©f{
E"‘j/\ P N |\‘%; \ o

N &
P L |
S N, b e O N:-
AN Y 78
FSC/E/N C

—§— indicates the connection of the substituents
to the respective atom of the core unit
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Example 216:

Using methods described in the above Examples and in Schemes 1 to 4 and in
the cited references, the compounds disclosed in Table b) can be prepared:

, 0.0 0 0 o)
R\N,\S\NH 5 R1\N/\S‘NH X R\N\S NH X
NS i e
| or | or
R‘VKN 0 R4/KN o} R‘JN 0
K(B o
O\Ra \Ra
X = H; CHg; Cl; Br; OCHjy; F; CFg;
Table b CHaCHs
R': R*: R*:
_ ) ) 1o )
O o O
1 PR
IS ol S
CZ L\rg Br <0]©’%’
O D“" ;
- # L c Fich

cl
< N4 | N HyGH-
v = Meo/[/\j"] FsC N
71{ e
AN i s
A O

—§— indicates the connection of the substituents
to the respective atom of the core unit
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Claims
1. Compounds of the general formula |
O\\ //O
R S
\N/ \NH 3
| _R
R X
NT X
I General Formula |
4)\ V
R N (¢}
L,

wherein
R! represents aryl; aryl-lower alkyl; heteroaryl; heteroaryl-lower alkyl; cycloalkyl;
cycloalkyl-lower alkyl; heterocyclyl; heterocyclyl-lower alkyl; lower alkyl; hydrogen;

or may form a heterocyclyl- or cycloalkyl-ring together with R®;

R? represents -CHs; «(CH2)n-Y-R?; -(CHz)m-C=C-(CH2),-Z-R%
~(CH2)-C(RP)=CR°R?; -CH,-tetrahydrofuran-2-y!;

R® represents aryl; heteroaryt;

R* represents hydrogen; trifluoromethyl; lower alkyl, lower alkyl-amino; lower
alkyloxy; lower alkyloxy-lower alkyloxy; hydroxy-lower alkoxy; lower alkyl-sulfinyl;
lower alkylthio; lower alkylthio-lower alkyl; hydroxy-lower alkyl; lower alkyl-oxy-
lower alkyl; hydroxy-lower alkyl-oxy-lower alkyl; hydroxy-lower alkyl-amino; lower
alkyl-amino-lower alkyl; amino; di-lower alkyl-amino; [N-(hydroxy-lower alkyl)-N-
(lower alkyl)]-amino; aryl; aryl-amino; aryl-lower alkyl-amino; aryl-thio; aryl-lower
alkyl-thio; aryloxy; aryl-lower alkyl-oxy; aryl-lower alkyl; aryl-sulfinyl; heteroaryl;
heteroaryl-oxy; heteroaryl-lower alkyl-oxy; heteroaryl-amino; heteroaryl-lower
alkyl-amino; heteroaryl-thio; heteroaryl-lower alkyl-thio; heteroaryl-lower alkyl;
heteroaryl-sulfinyl; heterocyclyl; heterocyclyl-lower alkyl-oxy; heterocyclyl-oxy;
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heterocyclyl-amino; heterocyclyl-lower alkyl-amino; heterocyclyl-thio; heterocyclyl-
lower alkyl-thio; heterocyclyl-lower alkyl héterocyclyl-sulﬁnyl; cycloalkyl;
cycloalkyl-oxy; cycloalkyl-lower alkyl-oxy; cycloalkyl-amino; cycloalkyl-lower alkyl-
amino; cycloalkyl-thio; cycloalkyl-lower alkyl-thio; cycloalkyl-lower alkyl; cycloalkyl-
sulfinyl;

R® represents hydrogen; lower alkyl; or may form a heterocyclyl- or cycloalkyl-ring
together with R”;

X represents oxygen; sulfur; -CH;- or a bond;

Y represents a bond, -O-; -NH-; -NH-SO,-; -NH-SO,-NH-; O-CO-; -CO-O-,
-0-C0O-NH-; -NH-CO-0-; -NH-CO-NH-

Z represents oxygen or a bond;

k represents the whole numbers 1, 2, 3, 4, 5 or 6;
n represents the whole numbers 2, 3, 4, 5 or 6,
m represents the whole numbers 1, 2, 3, 4 or 5;

p represents the whole numbers 0 (zero), 1, 2 or 3 and if p represents the whole

number 0 (zero), Z cannot represent oxygen;
R? represents aryl; heteroaryl; lower alkyl; cycloalkyl; hydrogen;
R® and R® independently represent hydrogen or lower alkyl;

RY represents represents hydrogen; lower alkyl; aryl; heteroaryl;
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and optically pure enantiomers or diastereomers, mixtures of enantiomers or
diastereomers, diastereomeric racemates, mixtures of diastereomeric racemates

and the meso-forms and pharmaceutically acceptable salts thereof.

2. Compounds of the formula | in claim 1, wherein R, R? and R* are as defined in
general formula | in claim 1, X represents oxygen and R® represents phenyl or
mono-substituted phenyl substituted with halogen, lower alkyl, lower alkoxy and
lower alkanoyl;

and pharmaceutically acceptable salts of compounds of general formula 1.

3. Compounds of the formula | in claim 1, wherein R' and R* are as defined in
general formula | in claim 1, X represents oxygen, R® represents phenyl or mono-
substituted phenyl substituted with lower alkoxy and R? represents —(CHy),-Y-R?,
wherein n, Y and R* are as defined in general formula | in claim 1;

and pharmaceutically acceptable salts of compounds of general formula |.

4. Compounds of the formula | in claim 1, wherein R' and R* are as defined in
general formula | in claim 1, X represents oxygen, R® represents phenyl or mono-
substituted phenyl substituted with lower alkoxy and Ré represents —(CH,),-O-R?,
wherein R? is as defined in general formula | in claim 1;

and pharmaceutically acceptable salts of compounds of general formula .
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5. Compounds of formula Il
Q 0
R \\s//
\N/ “NNH
H
R3
Nl o~ Formula It
P
R N (¢}
.

wherein R', R?, R® and R* are as defined in general formula | in claim 1 above

5 and optically pure enantiomers or diastereomers, mixtures of enantiomers or
diastereomers, diastereomeric racemates, mixtures of diastereomeric racemates
and the meso-forms and pharmaceutically acceptable salts of compounds of
formula Il.

10 6. Compounds of formula Il

o 0
R\ /\\S//\ A
N NH
N
/“\ Formulalll
R* N/ 0]
l,

wherein R, R? and R? are as defined in general formula | in claim 1 above and A

15 represents hydrogen, methyl, ethyl, chlorine, bromine, fluorine, trifluoromethyl or
methoxy and optically pure enantiomers or diastereomers, mixtures of
enantiomers or diastereomers, diastereomeric racemates, mixtures of
diastereomeric racemates and the meso-forms and pharmaceutically acceptable
salts of compounds of formula {Il.
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7. Compounds of the formula [V

PCT/EP01/14182
128
o O
\”/ \NH
N X
/“\ Formula IV
R* N/ o)
|
(CIJHz)n
O\Rs

wherein R', R* and n are as defined in general formula | in claim 1 above and A is
as defined in formula Il in claim 6 above and R°® represents hydrogen, lower alkyl,
aryl, heteroaryl and cycloalkyl, and optically pure enantiomers or diastereomers,
mixtures of enantiomers or diastereomers, diastereomeric racemates, mixtures of
diastereomeric racemates and the meso-forms and pharmaceutically acceptable
salts of compounds of formula IV.
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8. Compounds of formula V
o O
MY \
: \N/ S NH
H
N X
I Formula V
/
N 0]

0

RS
5 wherein R' is as defined in general formula | in claim 1 above, A is as defined in
formula Ill in claim 6 above and R® represents hydrogen, lower alkyl, aryl,
heteroaryl and cycloalkyl, and optically pure enantiomers or diastereomers,
mixtures of enantiomers or diastereomers, diastereomeric racemates, mixtures of
diastereomeric racemates and the meso-forms and pharmaceutically acceptable
10 salts of compounds of formula IV.

9. Compounds according to claim 8, wherein R® in formula V in claim 8 represents
heteroaryl and optically pure enantiomers or diastereomers, mixtures of
enantiomers or diastereomers, diastereomeric racemates, mixtures of
15 diastereomeric racemates and the meso-forms and pharmaceutically acceptable

salts thereof.

10. The compounds selected from claims 1 to 9
Pyridin-2-yl-carbamic  acid  2-[5-(2-methoxy-phenoxy)-6-(benzylsulfamic
20 acid amido)-[2,2'jbipyrimidinyl-4-yloxy]-ethyl ester;
Pyridin-2-yl-carbamic acid 2-[5-(2-methoxy-phenoxy)-6-(4-methoxy-
benzylsulfamic acid amido)-[2,2']bipyrimidinyl-4-yloxy]-ethyl ester;
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Benzylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-(2-
methoxy-phenoxy)-[2,2']bipyrimidinyl-4-yl]-amide;

Cyclopropylmethylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-
5-(2-methoxy-phenoxy)-[2,2]bipyrimidinyl-4-yl]-amide;

Furan-2-yl-methylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-
(2-methoxy-phenoxy)-[2,2']bipyrimidinyl-4-yl}-amide;

Cyclopropylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-(2-
methoxy-phenoxy)-[2,2'bipyrimidinyl-4-yl]-amide;

Benzylsulfamic  acid-[6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-(2-meth-
oxy-phenoxy)-pyrimidin-4-yl]-amide;

Benzylsulfamic acid-[5-(2-chloro-5-methoxy-phenoxy)-6-[2-(5-methylsulfan-
yl-pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Furan-2-yl-methylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy}-5-
(4-chloro-phenyl)-pyrimidin-4-yl]-amide;

Cyclopropylmethylsulfamic  acid  [5-(4-chloro-phenyl)-6-[2-(5-methoxy-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Cyclopropylmethylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy}-
5-(4-chloro-phenyl)-pyrimidin-4-yl]-amide;

Cyclopropylmethylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-
5-p-tolyl-pyrimidin-4-yl]-amide;

Benzylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-2-pyridin-4-
yl-5-p-tolyl-pyrimidin-4-yl]-amide;

Benzylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-(4-chloro-
phenyl)-2-pyridin-4-yl-pyrimidin-4-yl}-amide;

Ethylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-methylsulfanyl-pyrimidin-2-
yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Ethylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-bromo-pyrimidin-2-yloxy)-
ethoxy]-pyrimidin-4-yl}-amide;

Ethylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-methylsulfanyl-pyrimidin-2-
yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Benzylsulfamic acid [6-[2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]-5-(4-chloro-
phenyl)-pyrimidin-4-yll-amide;
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Benzylsulfamic acid [6-[2-(5-brom0—pyrimidin-2-y|oxy)—ethoxy]-5—(4-bromo-
phenyl)-pyrimidin-4-yl]-amide;

Pyridin-2-yl-methylsulfamic acid [6-]2-(5-bromo-pyrimidin-2-yloxy)-ethoxy]}-
5-(4-chloro-phenyl)-pyrimidin-4-yl]-amide;

Thiophen-2-yl-methylsulfamic  acid  [6-[2-(5-bromo-pyrimidin-2-yloxy)-
ethoxy]-5-(4-chloro-phenyl)-pyrimidin-4-yf}-amide;

Benzyisulfamic acid [5-(2-chloro-5-methoxy-phenoxy)-6-[2-(5-bromo-pyri-
midin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Benzylsulfamic acid [6-[2-(5-methylsulfanyl-pyrimidin-2-yloxy)-ethoxy]-5-(4-
bromo-phenyl)-pyrimidin-4-yl}-amide;

Ethylsulfamic acid [5-(4-chloro-phenyl)-6-{2-(5-bromo-pyrimidin-2-yloxy)-
ethoxy]-pyrimidin-4-yl]-amide;

and pharmaceutically acceptable salts thereof.

11. The compounds selected from claims 1 to 9

Pyridin-2-yl-methylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-bromo-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Pyridin-2-yl-methylsulfamic  acid  [5-(4-bromo-phenyl)-6-[2-(5-methoxy-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Pyridin-2-yl-methyisulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-
methylsulfanyl-pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl}-amide;

Pyridin-3-yl-methylsulfamic ~ acid [6-(4-bromo-phenyl)-6-[2-(5-bromo-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Pyridin-3-yl-methylsulfamic  acid  [5-(4-bromo-phenyl)-6-[2-(5-methoxy-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yi]-amide;

Pyridin-3-yl-methylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-
methylsulfanyl-pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl}-amide;

Pyridin-4-yl-methylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-bromo-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl}-amide;

Pyridin-4-yl-methylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-methoxy-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;
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Pyridin-4-yl-methylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-
methylsulfanyl-pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yi]-amide;

Pyridin-2-yl-methylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-bromo-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Pyridin-2-yl-methylsulfamic  acid  [5-(4-chloro-phenyl)-6-[2-(5-methoxy-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Pyridin-2-yl-methylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(6-methylsulfanyl-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Pyridin-3-yl-methylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-bromo-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Pyridin-3-yl-methylsulfamic  acid  [5-(4-chloro-phenyl)-6-[2-(5-methoxy-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Pyridin-3-yl-methylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-methylsulfanyl-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Pyridin-4-yl-methylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-bromo-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Pyridin-4-yl-methylsulfamic  acid  [5-(4-chloro-phenyl)-6-[2-(5-methoxy-
pyrimidin-2-yloxy)-ethoxy}-pyrimidin-4-yl]-amide;

Pyridin-4-yl-methylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-methylsulfanyl-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

4-Fluorobenzylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-bromo-pyrimidin-
2-yloxy)-ethoxy]-pyrimidin-4-yl}-amide;

4-Fluorobenzylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-methoxy-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

4-Fluorobenzylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-methylsulfanyl-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

4-Fluorobenzylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-bromo-pyrimidin-

‘ 2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

4-Fluorobenzylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-methoxy-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

4-Fluorobenzylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-methylisulfanyl-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl}-amide;
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Cyclopropylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-bromo-pyrimidin-2-
yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Cyclopropytsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-methoxy-pyrimidin-2-
yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Cyclopropyisulfamic  acid  [5-(4-bromo-phenyl)-6-[2-(5-methylsulfanyl-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Thiophen-2-yl-methylsulfamic  acid  [5-(4-bromo-phenyl)-6-[2-(5-bromo-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Thiophen-2-yl-methylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-methoxy-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Thiophen-2-yl-methyisulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-
methylsulfanyl-pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl}-amide;

Furan-2-yl-methylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-bromo-
pyrimidin-2-yloxy)-ethoxy}-pyrimidin-4-yl]-amide;

Furan-2-yl-methylsulfamic  acid  [5-(4-bromo-phenyl)-6-[2-(5-methoxy-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Furan-2-yl-methylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-methylsulfanyl-
pyrimidin-2-yloxy)-ethoxyl]-pyrimidin-4-yl]-amide;

Furan-2-yl-methylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-methylsulfanyl-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Thiophen-2-yl-methylsulfamic acid [5-(4-chloro-phenyl)-6-{2-(5-
methylsulfanyl-pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Methylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-bromo-pyrimidin-2-yloxy)-
ethoxy]-pyrimidin-4-yi]-amide;

Methylsulfamic  acid  [5-(4-bromo-phenyl)-6-[2-(5-methoxy-pyrimidin-2-
yloxy)-ethoxy]-pyrimidin-4-yl}-amide;

Methylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-methylsulfanyl-pyrimidin-2-
yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Methylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-bromo-pyrimidin-2-yloxy)-
ethoxy]-pyrimidin-4-yl}-amide;

Methylsulfamic  acid  [5-(4-chloro-phenyl)-6-[2-(5-methoxy-pyrimidin-2-
yloxy)-ethoxy]-pyrimidin-4-yl]-amide;
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Methylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-methylsulfanyl-pyrimidin-2-
yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Ethylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-bromo-pyrimidin-2-yloxy)-
ethoxy]-pyrimidin-4-yl]-amide;

Ethylsulfamic acid [5-(4-bromo-phenyi)-6-[2-(5-methoxy-pyrimidin-2-yloxy)-
ethoxy}-pyrimidin-4-yl}-amide;

Ethylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-methylsulfanyl-pyrimidin-2-
yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Ethylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-methoxy-pyrimidin-2-yloxy)-
ethoxy]-pyrimidin-4-yl}-amide; '

Propylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-bromo-pyrimidin-2-yloxy)-
ethoxy]-pyrimidin-4-yl]-amide;

Propylsulfamic ~ acid  [5-(4-bromo-phenyl)-6-[2-(5-methoxy-pyrimidin-2-
yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Propylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-methylsulfanyl-pyrimidin-2-
yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Propylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-bromo-pyrimidin-2-yloxy)-
ethoxy]-pyrimidin-4-yl]-amide;

Propylsulfamic  acid  [5-(4-chloro-phenyl)-6-[2-(5-methoxy-pyrimidin-2-
yloxy)-ethoxy]-pyrimidin-4-yl]-amide; '

Propylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-methylsulfanyl-pyrimidin-2-
yloxy)-ethoxy}-pyrimidin-4-yl}-amide;

Butylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-bromo-pyrimidin-2-yloxy)-
ethoxy]-pyrimidin-4-yl]-amide;

Butylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-methoxy-pyrimidin-2-yloxy)-
ethoxy]-pyrimidin-4-yl}-amide;

Butylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-methylsulfanyl-pyrimidin-2-
yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Butylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-bromo-pyrimidin-2-yloxy)-
ethoxy]-pyrimidin-4-yl]-amide,

Butylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-methoxy-pyrimidin-2-yloxy)-
ethoxy]-pyrimidin-4-yl}-amide;
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Butylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-methylsulfanyl-pyrimidin-2-
yloxy)-ethoxy]-pyrimidin-4-yl}-amide;

Cyclopropylylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-methoxy-pyrimidin-
2-yloxy)-ethoxy]-pyrimidin-4-yl}-amide;

Cyclopropylsulfamic ~ acid  [5-(4-chloro-phenyl)-6-[2-(5-methylsulfanyl-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yi]-amide;

Cyclopentylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-bromo-pyrimidin-2-
yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Cyclopentylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-methoxy-pyrimidin-2-
yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Cyclopentylsulfamic  acid  [5-(4-bromo-phenyl)-6-[2-(5-methylsulfanyl-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

Cyclopentylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-bromo-pyrimidin-2-
yloxy)-ethoxyl-pyrimidin-4-yl}-amide;

Cyclopentylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-methoxy-pyrimidin-2-
yloxy)-ethoxyl-pyrimidin-4-yl}-amide;

Cyclopentylsulfamic  acid  [5-(4-chloro-phenyl)-6-[2-(5-methylsulfanyl-
pyrimidin-2-yloxy)-ethoxyl-pyrimidin-4-yl]-amide;

Cyclopropylmethylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-methylsulfanyl-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

N-Benzylmethylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-bromo-pyrimidin-
2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

N-Benzylmethylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-methoxy-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

N-Benzylmethylsulfamic acid [5-(4-bromo-phenyl)-6-[2-(5-methylsulfanyl-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

N-Benzylmethylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(5-bromo-pyrimidin-
2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

N-Benzyimethylsulfamic acid - [5-(4-chloro-phenyl)-6-[2-(5-methoxy-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;

N-Benzylmethylsulfamic acid [5-(4-chloro-phenyl)-6-[2-(6-methylsulfanyl-
pyrimidin-2-yloxy)-ethoxy]-pyrimidin-4-yl]-amide;
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and pharmaceutically acceptable salts thereof.

12. Pharmaceutical compositions for the treatment of disorders which are
associated with a role of endothelin, especially circulatory disorders such as
hypertension, ischaemia, vasospasm and angina pectoris and proliferative
disorders such as cancer, containing a compound of any one of claims 1 to 11

and usual carrier materials and adjuvants.

13. Pharmaceutical compositions for the treatment of disorders which are
associated with a role of endothelin, such as migraine, asthma, hyperlipidemia or
inflammatory disorders, containing a compound of any one of claims 1 to 11 and

usual carrier materials and adjuvants.

14. The compounds of any one of the claims 1 to 11 for use as medicaments for
the treatment of disorders which are associated with a role of endothelin,
especially circulatory disorders such as hypertension, ischaemia, vasospasm and
angina pectoris, hyperlipidemia, proliferative disorders such as cancer, migraine

and inflammatory disorders.

15. The compounds of any one of the claims 1 to 11 for use as medicaments for
the treatment of disorders which are associated with a role of endothelin, and

require blocking both ET, and ETg receptors.

16. The compounds of any one of the claims 1 to 11 for use as medicaments for
the treatment of disorders which are associated with a role of endothelin, and

require selective ETa—receptor blocking for treatment.

17. The compounds of any one of the claims 1 to 11 for use as medicaments for
the treatment of disorders which are associated with a role of endothelin, and
require selective ETg—receptor blocking for treatement.

UNITED THERAPEUTICS CORP., EX1003, page 159
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



WO 02/053557 PCT/EP01/14182

10

15

20

137

18. The use of one or more compounds of any one of claims 1 to 11 as active
ingredients for the production of pharmaceutical compositions for the treatment of
disorders associated with a role of endothelin, especially circulatory disorders
such as hypertension, ischaemia, vasospasm and angina pectoris and

proliferative disorders such as cancer.

19. The use of one or more compounds of any one of claims 1 to 11 as active
ingredients for the production of pharmaceutical compositions for the treatement
of disorders associated with endothelin activities, such as migraine, asthma,

hyperlipidemia or inflammatory disorders.

20. A process for the manufacture of pharmaceutical compositions for the
treatment of disorders associated with a role of endothelin containing one or more
compounds as claimed in any one of claims 1 to 11 as active ingredients which
process comprises mixing one or more active ingredient with pharmaceutically

acceptable excipients in a manner known per se.

21. The novel compounds, processes and methods as well as the use of such

compounds substantially as described herein before.
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ENDOTHELIN A RECEPTOR (ET,) ANTAGONISTS IN COMBINATION
WITH PHOSPHODIESTERASE S INHIBITORS (PDES) AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATION

[001] This application claims the benefit of U.S. Provisional Application No.
60/604,462, filed August 26, 2004, which is hereby incorporated by reference in its
entirety.

FIELD OF THE INVENTION

[002] The invention relates generally to combination therapies comprising an
endothelin A receptor (ET4) antagonist and a phosphodiesterase 5 (PDES) inhibitor,
pharmaceutical compositions comprising ET, antagonist and PDES5 inhibitor and
methods of treating various disorders comprising administering an ET, antagonist and
a PDES inhibitor . In particular, the combination therapies and pharmaceutical
compositions are useful for the treatment and/or prevention of cardiac disorders such as
pulmonary arterial hypertension (PAH).

BACKGROUND OF THE INVENTION

[003] Systemic hypertension, also called high blood pressure, is a condition in which
the blood pressure in either arteries or veins is abnormally high. Blood pressure is
defined as the force exerted by the blood against the walls of the blood vessels.
Normally, the pumping of the heart creates a rhythmic pulsing of blood along and
against the walls of the blood vessels, which are flexible enough to dilate or contract
and thus keep the pressure constant. Most physicians consider the normal systemic
blood pressure of a healthy adult to be approximately 120/80--i.e., equivalent to the
pressure exerted by a column of mercury 120 mm high during contraction of the heart
(systole) and 80 mm high during relaxation (diastole). However, for a variety of
reasons, the blood vessels may lose their flexibility, or the muscles surrounding them
may force them to contract. As a result, the heart must pump more forcefully to move
the same amount of blood through the narrowed vessels into the capillaries, thereby
increasing the blood pressure. Regardless of the mechanism, a sustained elevation of
blood pressure for a period of time has been shown to result in significant
cardiovascular damage throughout the body, e.g., congestive heart failure, coronary

artery disease, stroke and progressive renal failure. Congestive heart failure frequently
1
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constitutes an end-stage complication of cardiac overload due to systemic hypertension
or cardiac valve dysfunctions but may also result from acute or chronic ischemic heart
disease and idiopathic cardiomyopathies (Battegay, J. Mol. Med., 73:333 (1995)).
Patients suffering from systemic hypertension or aortic valve dysfunction can benefit
from adequate drug treatment or valve replacements, but hypertrophy and heart failure
may become irreversible (Golia et al., Int. J. Cardiol., 60:81 (1997)).

[004] Systemic hypertension is generally classified by cause, either as essential (of
unknown origin) or as secondary (the result of a specific disease, disorder or other
condition). Secondary hypertension may result from a wide range of causes. For
example, renal hypertension affects the entire systemic circulation and arises from
hypertension within the renal arteries, which branch from the aorta to supply blood to
the kidneys. Hypertension may also result from the excess hormones that are secreted
during abnormal functioning of the outer substance, or cortex, of the adrenal glands
(Cushing's syndrome; aldosteronism); from the excess hormones resulting from
pheochromocytoma, which is a tumor of the inner substance (medulla) of the adrenal
glands; or from the excess hormones secreted by pituitary tumors. Other causes of
secondary hypertension are coarctation--localized narrowing--of the aorta, pregnancy,
and the use of oral contraceptives. In all secondary cases, the hypertension is relieved
by treating the underlying condition or cause. By far the most common form of
hypertension (90 percent of cases) is essential, or idiopathic, hypertension. Although
no specific cause can be determined in such cases, studies have pointed out several
contributing factors. Included among these are a family history of hypertension,
obesity, high salt intake, smoking, and most importantly, emotional and physical stress.
[005) In its milder forms, essential hypertension is usually treated with a self-help
regimen that includes a no-salt diet and perhaps a weight-reducing diet, a decrease in or
cessation of smoking, mild exercise, and the avoidance of or successfully coping with
stressful situations. If a self-help program does not help lower the patient's blood
pressure, the physician will usually prescribe diuretics or sympathetic-nerve blockers.
The nerve blockers generally act by decreasing heart output and peripheral resistance to
blood flow. Beta blockers are the most commonly used of these drugs and include
metoprolol, nadolol, and propranolol. More severe hypertension often requires the use

of drugs called vasodilators, which dilate the arteries, thus lowering blood pressure.
2
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Oral vasodilators, which include hydralazine and minoxidil, are often used in
conjunction with a diuretic and a sympathetic nerve blocker to inhibit the body's natural
tendency to increase fluid retention and increase blood flow in response to the arterial
dilation. Severe and immediately life-threatening hypertension, either secondary or
essential, is called malignant hypertension and usually requires hospitalization and
acute medical care. Treatment includes the intravenous administration of vasodilators
such as diazoxide.

[006] Cyclic nucleotide second messengers (c(AMP and ¢cGMP) play a central role in
signal transductions and regulation of physiologic responses, such as vasodilation.
Their intracellular levels are controlled by the complex superfamily of cyclic nucleotide
phosphodiesterase (PDE) enzymes. Inhibitors of PDE are agents that can either
activate or suppress PDEs via allosteric interaction with the enzymes or binding to the
active site of the enzymes. The PDE family includes at least 19 different genes and at
least 11 PDE isozyme families, with over 50 isozymes having been identified thus far.
The PDEs are distinguished by (a) substrate specificity, i.e., cGMP-specific, cAMP-
specific or nonspecific PDEs, (b) tissue, cellular or even sub-cellular distribution, and
(c) regulation by distinct allosteric activators or inhibitors. PDE inhibitors include both
nonspecific PDE inhibitors and specific PDE inhibitors (those that inhibit a single type
of phosphodiesterase with little, if any, effect on any other type of phosphodiesterase).
[007] Pulmoﬂary arterial hypertension (PAH) is a condition that involves high blood
pressure and structural changes in the walls of the pulmonary arteries, which are the
blood vessels that connect the right side of the heart to the lungs. PAH causes
shortness of breath, limits activity, and is eventually fatal unless treated successfully
with heart and lung transplant. Primary and secondary PAH are estimated to afflict
approximately 80,000 to 100,000 people worldwide, many of whom are children and
young women.

[008] Standard management of patients with PAH includes anticoagulant therapy with
warfarin (COUMADIN, and others) in combination with a diuretic such as furosemide
(LASIX, and others) to manage fluid retention caused by right-sided heart failure, and
for selected patients, a calcium-channel blocker such as amlodipine (NORVASC) (JR
Runo and JE I_byd, Lancet, 361:1533 (2003); JP Maloney, Curr. Opin. Pulm. Med.,

;9:139  (2003)). One phosphodiesterase type 5 (PDES) inhibitor, sildenafil
3
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(REVATIO), has recently been approved for treating PAH in 20 mg doses (TID).
PDES is the main phosphodiesterase in the pulmonary vasculature; inhibiting it
maintains high levels of cGMP, which promotes the vasodilating effects of endogenous
nitric oxide (M Humbert and G Simonneau, Am. J. Respir. Crit. Care Med., 169:6
(2004)).

[009] However, PDESs, such as sildenafil have several adverse effects. For instance,
in intermittent use of sildenafil (VIAGRA) for erectile dysfunction, once-daily doses of
25-100 mg has caused headaches, dyspepsia and visual disturbances. Its most serious
effect has been severe, sometimes fatal, hypotension in patients taking nitrates for
angina pectoris (see, Abramowicz, ed., Sildenafil for Pulmonary Hypertension, The
Medical Letter on Drugs and Therapeutics, Vol. 46, Issue 1177, (March 1, 2004)
Therefore, it would be beneficial to provide a complimentary treatment and reduce
dosage amounts and/or side effects related to treatment with PDES inhibitors.

[010] Endothelin is a peptide which is composed of 21 amino acids and is synthesized
and released by the vascular endothelium. Endothelin exists in three isoforms: ET-1,
ET-2 and ET-3. Endothelin is a potent vasoconstrictor and has a potent effect on vessel
tone. The vasoconstricting effect is caused by the binding of endothelin to its receptor
on the vascular smooth muscle cells (Nature, 332:411-415 (1988); FEBS Letters,
231:440-444 (1988); Biochem. Biophys. Res. Commun. 154:868-875 (1988)).

[011] Increased or abnormal release of endothelin causes persistent vasoconstriction
in the peripheral, renal and cerebral blood vessels, which may lead to illnesses. It has
been reported in the literature that elevated levels of endothelin were found in the
plasma of patients with hypertension, acute myocardial infarction, pulmonary
hypertension, Raynaud's syndrome and atherosclerosis and in the airways of asthmatics
(Japan J. Hypertension, 12:79 (1989); J. Vascular Med. Biology 2:207 (1990); J. Am.
Med. Association 264:2868 (1990)).

[012] Two distinct endothelin receptors, designated ET, and ETs, have been
identified, and DNA clones encoding each receptor have been isolated (Arai et al.,
Nature, 348(6303):730-732 (1990); Sakurai et al., Nature, 348(6303):732-735 (1990)).
Based on the amino acid sequences of the proteins encoded by the cloned DNA, it
appears that each receptor contains seven membrane-spanning domains and exhibits

structural similarity to G-protein-coupled membrane proteins. Messenger RNA
4
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encoding both receptors has been detected in a variety of tissues, including heart, lung,
kidney and brain. The distribution of receptor subtypes is tissue specific (Martin et al.,
Biochem. Biophys. Res. Commun., 162:130-137 (1989)). ET, appears to be selective
for endothelin-1 and is predominant in cardiovascular tissues. ETp is predominant in
noncardiovascular tissues, such as the central nervous system and kidney, and interact
with the three endothelin isopeptides (Sakurai et al., Nature, 348(6303):732-
735(1990)). In addition, ETA occurs on vascular smooth muscle, is linked to
vasoconstriction and has been associated with cardiovascular, renal and central nervous
system diseases whereas ETp is located on the vascular endothelium, is linked to
vasodilation (Takayanagi et al., FEBS Letters.,, 282:103-106 (1991)) and has been
associated with bronchoconstrictive disorders.

[013] By virtue of the distribution of receptor types and the differential affinity of
each isopeptide for each receptor type, the activity of the endothelin isopeptides varies
in different tissues. For example, endothelin-1 inhibits '*I-labeled endothelin-1
binding in cardiovascular tissues forty to seven hundred times more potently than
endothelin-3. '“*I-labeled endothelin-1 binding in non-cardiovascular tissues, such as
kidney, adrenal gland, and cerebellum, is inhibited to the same extent by endothelin-1
and endothelin-3, which indicates that ET, predominates in cardiovascular tissues and
ETp predominates in non-cardiovascular tissues.

[014] Endothelin plasma levels are elevated in certain disease states (see, e.g.,
International Application No. WO 94/27979 and U.S. Pat. No. 5,382,569). Endothelin-
1 plasma levels in healthy individuals, as measured by radioimmunoassay (RIA), are
about 0.26-5 pg/ml. Blood levels of endothelin-1 and its precursor, big endothelin, are
elevated in shock, myocardial infarction, vasospastic angina, kidney failure and a
variety of connective tissue disorders. In patients undergoing hemodialysis or kidney
transplantation or suffering from cardiogenic shock, myocardial infarction or
pulmonary hypertension, blood levels of endothelin-1 as high as 35 pg/ml have been
observed (see, Stewart et al., Annals Internal Med., 114:464-469 (1991)). Because
endothelin is likely to be a local, rather than a systemic, regulating factor, it is probable
that the levels of endothelin at the endothelium/smooth muscle interface are much

higher than circulating levels.
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[015] Elevated levels of endothelin have also been measured in patients suffering
from ischemic heart disease (Yasuda et al., Amer. Heart J., 119:801-806 (1990); Ray et
al, Br. Heart J,. 67:383-386 (1992)). Circulating and tissue endothelin
immunoreactivity is increased more than two-fold in patients with advanced
atherosclerosis (Lerman et al., New Engl. J. Med., 325:997-1001 (1991)). Increased
endothelin immunoreactivity has also been associated with Buerger's disease (Kanno et
al., J. Amer. Med. Assoc., 264:2868 (1990)) and Raynaud's phenomenon (Zamora et
al,, Lancet, 336:1144-1147 (1990)). Increased circulating endothelin levels were
observed in patients who underwent percutaneous transluminal coronary angioplasty
(PTCA) (Tahara et al, Metab. Clint Exp., 40:1235-1237 (1991); Sanjay et al,,
Circulation, 84(Suppl. 4):726 (1991)) and in individuals with pulmonary hypertension
(Miyauchi et al., Jpn. J. Pharmacol., 58:279P (1992); Stewart et al., Ann. Internal
Medicine, 114:464-469(1991)).

[016] A recent study in patients with congestive heart failure demonst;ated a good
correlation between the elevated levels of endothelin in the plasma and the severity of
the disease.

[017] Endothelin is an endogenous substance that directly or indirectly (through the
controlled release of various other endogenous substances) induces sustained
contraction of vascular or non-vascular smooth muscles. Its excess production or
excess secretion is believed to be one of the factors responsible for hypertension,
pulmonary hypertension, Raynaud's disease, bronchial asthma, acute renal failure,
myocardial infarction, angina pectoris, arteriosclerosis, cerebral vasospasm and
cerebral infarction (see A. M. Doherty, Endothelin: A New Challenge., J. Med. Chem.,
35:1493-1508 (1992)).

[018] Substances that specifically inhibit the binding of endothelin to its receptor are
believed to block the physiological effects of endothelin and are useful in treating
patients with endothelin-related disorders.

SUMMARY OF THE DISCLOSURE

[019] One embodiment of the invention is directed to a combination therapy
comprising at least one endothelin A receptor (ET4) antagonist and a phosphodiesterase

5 (PDES) inhibitor.
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[020] Another embodiment of the invention is directed to a combination therapy,
wherein the ET, antagonist and the PDES inhibitor are administered together or
separately

[021] Another embodiment of the invention provides for the combination therapy to
be a pharmaceutical composition, wherein the pharmaceutical composition is in an
immediate release formulation or a controlled release formulation, wherein the ETx
antagonist is in a controlled release formulation, the PDES inhibitor is in a controlled
release formulation or both are in a controlled release formulation. If both are in a
controlled release formulation, the ETA antagonist and the PDES inhibitor may be
released at different rates.

[022] Another embodiment of the invention is directed to a phammaceutical
composition comprising endothelin A receptor (ETA) antagonist, a phosphodiesterase 5
(PDES) inhibitor and a pharmaceutical carrier.

[023] Another embodiment of the invention provides for the pharmaceutical
composition to be in an immediate release formulation or a controlled release
formulation, wherein the ET, antagonist is in a controlled release formulation, the
PDES inhibitor is in a controlled release formulation or both are in a controlled release
formulation. If both are in a controlled release formulation, the ET4 antagonist and the
PDES inhibitor may be released at different rates.

[024] Yet another embodiment provides for a method of reducing the side effects or
toxicity of an ET, antagonist, a PDES inhibitor or both comprising administering an
ET, antagonist and a PDES inhibitor, wherein the amount of the PDES5 required to treat
a condition is reduced or modulated.

[025] Another embodiment of the invention is directed to a method of treating
pulmonary hypertension comprising administering to a subject in need thereof an
effective amount of a) a PDES5 inhibitor and b) an ET, antagonist, wherein
administration of a) and b) is concurrent or sequentially in either order.

[026] Another embodiment of the invention is directed to a method of effecting or
facilitating the treatment of a vascular condition in a mammal comprising administering

a therapeutically effective amount of an ET, antagonist and a PDES inhibitor.
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[027] Another embodiment of the invention is directed to a method of treating
pulmonary arterial hypertension comprising administering to a subject in need thereof a
therapeutically effective amount of an ET4 antagonist and a PDES5 inhibitor.

[028] Another embodiment of the invention is directed to a method for treating a
vascular condition comprising administering to a subject in need thereof a
therapeutically effective amount of a combination of ET, antagonist and a PDES
inhibitor.

[029] For each of the recited embodiments described in the application, the ET,
antagonist may be selected from any one of the compounds described herein selective
for the endothelin A receptor or as can be determined according to references cited
herein, and the PDE; inhibitor may be selected from any one of the compounds
described herein as selective for PDES or as can be determined according to references
cited herein. One example for each of the recited embediments comprises sitaxsentan
as the ET, antagonist and sildenafil, tadalafil (CIALIS), vardenafil (LEVITRA) or
dasantafil as the PDES inhibitor. In another example for each of the recited
embodiments described in the application, the combination comprises sitaxsentan and
sildenafil. In yet another example for each of the recited embodiments described in the
application, the combination comprises sitaxsentan and tadalafil.

[030] Embodiments of the invention are useful in treating vascular conditions such as
erectile dysfunction, atherosclerosis, renal failure, hypertension, congestive heart
failure, diabetic nephropathy, diabetic neuropathy, interstitial lung disease, obstructive
sleep dyspnea, obstructive sleep apnea and resistant hypertension.

[031] Embodiments of the invention are also useful in treating cardiovascular
disorders such as hypertension, pulmonary hypertension, postischemic renal failure,
vasospasm, cerebral and cardiac ischemia, myocardial infarction, endotoxic shock,
benign prostatic hyperplasia, complications of diabetes, migraine, bone resorption and
inflammatory diseases, including Raynaud's disease and asthma. In one embodiment,
the condition treated according to the invention is pulmonary arterial hypertension.
[032] Methods of the invention include dual drug tablets comprising both an ET,
antagonist and a PDES inhibitor. However, the two drugs may be provided in separate
dosage formulations so that each may be administered substantially concurrently or at

sequentially to provide required therapeutic amounts.
8
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[033] Improvement among a subject group may be measured through any number of
ways known by those of ordinary skill in the art.

[034] The present invention will now be described in more detail with reference to
exemplary embodiments thereof as shown in the accompanying drawings. While the
present invention is described below with reference to exemplary embodiments, it
should be understood that the present invention is not limited thereto. Those of
ordinary skill in the art will recognize additional implementations, modifications and
embodiments that are within the scope of the present invention, as well as other fields
of use that may be of significance, in view of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[035] In order to facilitate a fuller understanding of the present invention, reference is
now made to the accompanying drawings. These drawings should not be construed as
limiting the present invention, but are intended to be exemplary only.

[036] Figure 1 is a depiction of ABT-627 (artrasentan), an ET,-selective inhibitor.
[037] Figure 2 is a depiction of ABT-546, an ET,-selective inhibitor.

[038] Figure 3 depicts sitaxsentan.

[039] Figure 4 depicts N-Oxazole thiophene sulfonamides described in Wu, et al,
Recently discovered sulfonamide-, acyl sulfonamide- and carboxylic acid-based
endothelin antagonists, Drugs, 6(3):232-239 (2003).

[040] Figure 5 depicts mean plasma concentrations of sildenafil after oral
administration of a single 100 mg dose of sildenafil to healthy subjects following 100
mg doses of sitaxsentan or placebo daily for seven days.

[041] Figure 6 depicts mean plasma concentrations of N-desmethyl sildenafil after
oral administration of a single 100 mg dose of sildenafil to healthy subjects following
100 mg doses of sitaxsentan or placebo daily for seven days.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[042] All publications, patents and patent applications cited in this specification are
hereby incorporated by reference as if each individual publication, patent or patent
application were specifically and individually indicated to be incorporated by reference.
Although the present invention is described in some detail by way of illustrations and
examples for purposes of clarity of understanding, it will be readily apparent to those of

ordinary skill in the art that certain changes and modifications may be made thereto
9
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without departing from the spirit or scope of the appended claims in view of the
teachings of the present invention.

[043] "Pulmonary hypertension" is a specific condition of hypertension in the lung
and relates to arterial hypertension, capillary hypertension or venous hypertension in
the lung. The term "pulmonary hypertension" relates to pulmonary arterial
hypertension (PAH). Furthermore it will be understood that pulmonary arterial
hypertension relates to, but is not restricted to, both primary arterial hypertension and to
pulmonary arterial hypertension occurring secondary to pulmonary diseases such as
chronic bronchitis, emphysema, kyphoscoliosis and conditions such as chronic
mountain sickness. Pulmonary hypertension is a serious medical condition that may
lead to right ventricular hypertrophy, failure and death. When used herein the term
"right heart failure" relates to disorders such as cor pulmonale and congenital
abnormalities of the heart. It will be appreciated that cor pulmonale often occurs
secondary to certain lung diseases such as chronic bronchitis and emphysema.
Congenital abnormalities of the heart include disorders such as atrial septal defect,
tetralogy of fallot, venticular septal defect and persistent ductus arteriosus.
Phosphodiesterase Inhibitors

[044] One phosphodiesterase type 5 (PDES) inhibitor, sildenafil (REVATIO), has
recently been approved for treating PAH in 20 mg doses (TID). PDES is the main
phosphodiesterase in the pulmonary vasculature; inhibiting it maintains high levels of
cGMP, which promotes the vasodilating effects of endogenous nitric oxide (M
Humbert and G Simonneau, Am. J. Respir. Crit. Care Med., 169:6 (2004)).

[045] However, PDESs, such as sildenafil, have several adverse effects. For instance,
in intermittent use of sildenafil (VIAGRA) for erectile dysfunction, once-daily doses of
25-100 mg has caused headaches, dyspepsia and visual disturbances. Its most serious
effect has been severe, sometimes fatal, hypotension in patients taking nitrates for
angina pectoris (see, Abramowicz, ed., Sildenafil for Pulmonary Hypertension, The
Medical Letter on Drugs and Therapeutics, Vol. 46, Issue 1177, (March 1, 2004). The
side effects are also present when using REVATIO to treat PAH. Therefore, it would
be beneficial to combine a PDES5 inhibitor with an ET, antagonist to provide
complimentary treatment and reduce dosage amounts and/or side effects related to

treatment with PDES5 inhibitors.
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[046] For each of the recited embodiments, useful phosphodiesterase type 5 inhibitors
include, e.g., vardenafil (LEVITRA), tadalafil (CIALIS), zaprinast, MBCQ, MY-5445,
dipyridamole, furoyl and benzofuroyl pyrroloquinolones, 2-(2-Methylpyridin-4-
yl)methyl-4-(3,4,5-trimethoxyphen- y1)-8-(pyrimidin-2-yl)methoxy-1,2-dihydro-1-oxo-
2,7-naphthyridine-3-carbox- ylic acid methyl ester hydrochloride (T-0156) and T-1032
(methyl 2-(4-aminophenyl)-1,2-dihydro-1-0x0-7-(2-pyridylmethoxy)-4-(3,4,5-trimeth-
oxy-phenyl)-3-isoquinoline carboxylate sulfate), and sildenafil. PDES inhibitors which
may be mentioned by way of example are RX-RA-69, SCH-51866, KT-734,
vesnarinone, zaprinast, SKF-96231, ER-21355, BF/GP-385 and NM-702. Additional
PDES inhibitors and their structures are described, for instance, in U.S. Patent No.
5,250,534 and U.S. Patent No. 6,469,012. Other forms of the PDES inhibitor, such as
isomers (e.g. resolved enantiomers or racemic mixtures), metabolites, polymorphs, salts
and complexes thereof, may also be used in an embodiment of the invention.

[047] In one embodiment, mixtures of the aforementioned PDES5 inhibitors is used. In
another embodiment, the PDES inhibitor is tadalafil. In yet another embodiment, the
PDES5 inhibitor is sildenafil. Sildenafil citrate is designated chemically as 1-[[3-(6,7-
dihydro-1-methyl-7-oxo-3-propyl-1H-pyrazolo[4,3-dpyrimidin-5-yl)-4-
ethoxyphenyl]sulfonyl]-4-methylpiperazine citrate and has the following structural
formula:

a CH,

CHCH,O ""’5]/‘(\‘
0
¢ \iu,c«,ch,
O, o.M
O HOOT H
eH, SO

Endothelin Receptor Antagonists

[048] Because endothelin is associated with certain disease states and is implicated in
numerous physiological effects, compounds that can interfere with or hinder
endothelin-associated activities, such as endothelin-receptor interaction and
vasoconstrictor activity, are of interest. Several compounds that are endothelin receptor
antagonists have been identified. For example, a fermentation product of Streptomyces
misakiensis, designated BE-18257B, has been identified as an ET, antagonist. BE-
18257B is a cyclic pentapeptide (cyclo(D-Glu-L-Ala-allo-D-Ile-L-Leu-D-Trp)), which
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inhibits '*I-labeled endothelin-1 binding in cardiovascular tissues in a concentration-
dependent manner (ICs, 1.4 pM in aortic smooth muscle, 0.8 pM in ventricle
membranes and 0.5 pM in cultured aortic smooth muscle cells) but fails to inhibit
binding to receptors in tissues in which ETy predominates at concentrations up to 100
uM. Cyclic pentapeptides related to BE-18257B, such as BQ-123 (cyclo(D-Asp-Pro-
D-Val-Leu-D-Trp)), have been synthesized and have also been shown to be ET,
antagonists (see, U.S. Pat. No. 5,114,918 to Ishikawa et al.; see, also, EP A1 0 436 189
to Banyu Pharmaceutical Co., Ltd (Oct. 7, 1991)). Studies that measure the inhibition
by these cyclic peptides of endothelin-1 binding to endothelin-specific receptors
indicate that these cyclic peptides bind preferentially to ET,.. Other peptide and non-
peptidic ET, antagonists have been identified (see, e.g., U.S. Pat. Nos. 5,352,800;
5,334,598; 5,352,659; 5,248,807, 5,240,910; 5,198,548; 5,187,195 and 5,082,838).
These include other cyclic peptides, acyltripeptides, hexapeptide analogs, certain
anthraquinone derivatives, indanecarboxylic acids, certain N-
pyrimidinylbenzenesulfonamides, certain  benzenesulfonamides, and certain
naphthalenesulfonamides (Nakajima et al., J. Antibiot., 44:1348-1356 (1991); Miyata et
al., J. Antibiot., 45:74-78(1992); Ishikawa et al., J. Med. Chem., 35:2139-2142 (1992);
U.S. Pat. No. 5,114,918 to Ishikawa et al.; EP A1 0 569 193; EP A1 0 558 258; EP Al
0 436 189 to Banyu Pharmaceutical Co., Ltd (Oct. 7, 1991); Canadian Patent
Application No. 2,067,288; Canadian Patent Application No. 2,071,193; U.S. Pat. No.
5,208,243; U.S. Pat. No. 5,270,313; Cody et al., Med. Chem. Res., 3:154-162 (1993);
Miyata et al., J. Antibiot., 45:1041-1046 (1992); Miyata et al., J. Antibiot., 45:1029-
1040 (1992); Fujimoto et al.,, FEBS Letters, 305:41-44 (1992);, Oshashi et al., J.
Antibiot., 45:1684-1685 (2002); EP Al 0 496 452; Clozel et al., Nature, 365:759-761
(1993); International Patent Application No. WO 93/08799; Nishikibe et al., Life Sci.,
52:717-724 (1993); and Benigni et al., Kidney Int., 44:440-444 (1993)). In general, the
identified compounds have ET, antagonist activity in in vitro assays at concentrations
on the order of about 50-100 mM or less. A number of such compounds have also been
shown to possess activity in in vivo animal models.

[049] It has been recognized that compounds that exhibit activity at ICso or ECsg
concentrations on the order of 10* mM or lower in standard in vitro assays that assess

endothelin antagonist or agonist activity have pharmacological utility (see, e.g., U.S.
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Pat. Nos. 5,352,800; 5,334,598; 5,352,659; 5,248,807; 5,240,910, 5,198,548; 5,187,195
and 5,082,838). By virtue of this activity, such compounds are considered to be useful
for the treatment of hypertension such as peripheral circulatory failure, heart disease
such as angina pectoris, cardiomyopathy, arteriosclerosis, myocardial infarction,
pulmonary hypertension, vasospasm, vascular restenosis, Raynaud's disease, cerebral
stroke such as cerebral arterial spasm, cerebral ischemia, late phase cerebral spasm after
subarachnoid hemorrhage, asthma, bronchoconstriction, renal failure, particularly post-
ischemic renal failure, cyclosporine nephrotoxicity such as acute renal failure, colitis,
as well as other inflammatory diseases, endotoxic shock caused by or associated with
endothelin and other diseases in which endothelin has been implicated.

[050] Therefore, compounds showing endothelin receptor antagonistic activity have
prophylactic and therapeutic effects against diseases caused by ischemia, for example,
cerebral infarction, angina pectoris, myocardial infarction and renal insufficiency.

[051] Thus, in view of the association of endothelin with numerous diseases,
endothelin is believed to play a critical role in these pathophysiological conditions (see,
Saito et al., Hypertension 15:734-738 (1990); Tomita et al., N. Engl. J. Med., 321: 1127
(1989) ; Kurihara et al., J. Cardiovasc. Pharmacol. 13(Suppl. 5):S13-S17 (1989);
Doherty, J. Med. Chem. 35:1493-1508 (1992); Morel et al., Eur. J. Pharmacol.,
167:427-428 (1989)).

[052] Accordingly, substances that specifically inhibit the binding of endothelin to its
receptor (i.e. antagonists) should prevent the various above-mentioned physiological
effects of endothelin and therefore, be valuable drugs. For example, endotheli;l
receptor antagonists of the present invention can be used for the treatment of
hypertension, pulmonary hypertension, myocardial infarction, angina pectoris, acute
kidney failure, renal insufficiency, cerebral vasospasms, cerebral ischemia,
subarachnoid hemorrhages, migraine, asthma, atherosclerosis, endotoxic shock,
endotoxin-induced organ failure, intravascular coagulation, restenosis after angioplasty,
benign prostate hyperplasia, hypertension or kidney failure caused by ischemia or
intoxication as described in International Application Nos. W096/11914 and
WO095/26716.

[053] Two types of mammalian endothelin (ET) receptors, ETs and ETg, have been

characterized. ET, is selective for ET-1 and ET-2, while ETg binds ET-1, ET-2 and
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ET-3 with equal affinity. ET, mediates vasoconstriction and cell proliferation, whereas
ETg is important for the clearance of ET-1, endothelial cell survival, the release of
nitric oxide and prostacyclin, and the inhibition of ECE-1 (see, Luscher, T. et al.,
Endothelins and Endothelin Receptor Antagonists, Therapeutic Considerations for a
Novel Class of Cardiovascular Drugs, Circulation, 2434-2444 (November 7, 2000);
Wu-Wong, et al, Pharmacology of endothelin receptor antagoinists ABT-627, ABT-
546, A-182086 and A-192621: in vitro studies, Clinical Science, Suppl. 48, 107-111
(2002)).

[054] A major advance was made in the ET field with the development of endothelin
receptor antagoinists. BQ-123 and FR139317, two peptidic ET a-selective antagonists,
are important advancements in the investigation of ET-mediated pathophysiology.
Following the peptidic compounds, a number of nonpeptide antagonists with improved
pharmacokinetics, such as Ro 47-0203, SB 217242, atrasentan, etc., were developed.
[055] Examples of endothelin receptor antagonists include, but are not limited to, BE
1827, BQ-610, ABT 627 (see Figure 1), ABT 546 (see Figure 2), Ro 61-1790, ZD1611,
BMS-182874, BMS-193884, sitaxsentan (TBC 11251) (see Figure 3), EMD 122946, J-
104132, LU 127043, LU 135252, SB 234551, SB 247083, and their derivatives, etc.
(see, Doherty, Annual Reports in Medicinal Chemistry, 35:73-82 (Academic Press,
2000)). Other ethenesulfonamide derivatives, which are endothelin receptor
antagonists and are useful in the methods of the present invention, are disclosed by
Harada, et al., Chem. Pharm. Bull,, 49(12):1593-1603 (2001). N-Oxazole thiophene
sulfonamides (see Figure 4) are described in Wu, et al, Recently discovered
sulfonamide-, acyl sulfonamide- and carboxylic acid-based endothelin antagonists,
Drugs, 6(3):232-239 (2003)Other ETa antagonists are described, for instance, in U.S.
Patent Application Publication Nos. 20030092757 and 20030040534. Other forms of
the ET4 antagonist, such as isomers (e.g. resolved enantiomers or racemic mixtures),
metabolites, polymorphs, salts and complexes thereof, may also be used in an
embodiment of the invention.

[056] In one embodiment, the ET, antagonist is sitaxsentan, which is commercially
marketed under the trademark THELIN. U.S. Patent Nos. 5,591,761; 5,594,021,
5,962,490; 6,248,767 and 6,458,805 disclose compositions including sitaxsentan,
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methods of using sitaxsentan and pharmaceutical compositions comprising sitaxsentan.
U.S. Patent No. 5,783,705 discloses methods of making sitaxsentan.

[057] THELIN (sitaxsentan sodium; TBC11251Na) is an orally active endothelin A
receptor antagonist that has been developed to treat pulmonary arterial hypertension
(PAH). ET-1, produced primarily by vascular endothelial cells, is the predominant
isoform found within the cardiovascular system and is a potent endogenous
vasoconstrictor with proliferative and profibrotic effects. ET-1 also influences salt and
water homeostasis as well as the renin-angiotensin-aldosterone and sympathetic
nervous systems. There is a substantial body of experimental work suggesting that the
primary physiologic effects of ET-1 in experimental animals and patients with PAH are
sustained vasoconstriction of the pulmonary vasculature with remodeling due to
proliferation or hypertrophy of vascular smooth muscle.

[058] Within the cardiovascular system, the effects of ET-1 on vascular smooth
muscle cells and cardiac myocytes are believed to be principally mediated through the
ETA. Activation of ET, facilitates sustained vasoconstriction of vascular smooth
muscle, stimulation of, proliferation of, and hypertrophy of vascular smooth muscle
cells, positive inotropic activity, and hypertrophy of cardiac cells. In contrast, ETg is
found primarily on endothelial cells, kidney, and central nervous tissue and are
involved in the clearance of ET-1, particularly in the vascular beds of the lung and
kidney. Endothelial ETg facilitates vasodilation due to the release of smooth muscle
relaxants such as nitric oxide and prostacyclin. Important stimuli for the release of ET-
1 include, but are not limited to, hypoxia, ischemia, catecholamines, and angiotensin II.
THELIN has a high specificity for ETa, being approximately 6,500-fold more selective
as an antagonist for ET, compared to ETg.

[059] Selective compounds for ET, antagonists according to this invention, in
general, should display a relative receptor binding ratio of at least 100, such as more
than 1000, such as in increments of 500 greater than 1000, i.e. 1500, 2000, 2500, etc., if
they are going to act at only one of the receptor subtypes, e.g. ETa.

[060] Based upon the in vitro receptor affinity ratios, bosentan, which is the only
endothelin receptor antagonist approved for the treatment of PAH, has an ETA:ETg
selectivity ratio of 20 and is classified as a nonselective antagonist. In contrast,

sitaxsentan has an ET,:ETg selectivity ratio of 6500 and is classified as an ET,-
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selective antagonist. Therefore, for the purposes of this invention, bosentan or any
other non-specific endothelin receptor antagonist would not represent an ETa-specific
antagonist.

{061] THELIN is a small molecule that blocks the action of endothelin, a potent
mediator of blood vessel constriction and growth of smooth muscle in vascular walls.
Endothelin receptor antagonists are effective in the treatment of a variety of diseases
where the regulation of vascular constriction is important. Side effects of THELIN
include liver dysfunction (increased ALT and AST), headache, edema, constipation,
nasal congestion and flushing,.

{062] Since ET, appears to be selective for endothelin-1, examples of compounds that
may be useful include, for instance, compounds described in U.S. Patent No. 5,686,478
and Table 1.

Table 1. Endothelin Antagonists

Compound | Target Company Indication/Comments
12m ETs Rhone-Poulenc Rorer ardiovascular diseases
A-127772 ETA Abbott
ABT-627 ETa Abbott (CHF; prostate cancer
BE-18572A/B ETa Banyu
BMS-20794 ETa Bristol Myers Squibb
(BMS-182874 ET4 Bristol Myers Squibb CHF
FBMS- 193884 ETa Bristol Myers Squibb
IBQ-123 ETs Banyu ntravenous use only

Q-153 ETa Banyu Intravenous use only

Q-162 ET, Banyu ntravenous use only
IBQ-485 ETa Banyu ntravenous use only
BQ-610 ETA Banyu Intravenous use only
EMD-122946 ET, Merck CHF; hypertension
[EMD-94246 ETA Merck CHF; hypertension
IFR-139317 ETA Fujisawa Pharm. Co.
U-104121 ET, Merck/Banyu
J-104132 ET4 Merck/Banyu Hypertension
.-744453 ETaA Merck ICardiovascular diseases
[-749329 ET,A Merck
[-754142 ETa Merck
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Compound | Target Company Indication/Comments
LU127043 ETa Knoll
ILU135252 ET, Knoll CHF; hypertension (darusentan)
LU208075 ETa Knoll CHF;, hypertension
302146 ET, Knoll Occlusive vascular disease
IPD-147953 ET, Parke-Davis Cardiovascular diseases ]
IPD-151242 ETa Parke-Davis Cardiovascular diseases
IPD-155080 ET, Parke-Davis Cardiovascular diseases
D-156707 ET, Parke-Davis ardiovascular diseases
061-1790 ET, Hoffmann-La Roche SAH; intravenous use only
S-0139 ET, Shionogi Cardiovascular diseases
SB-234551 ETa SmithKline Beecham
SB-247083 ET, SmithKline Beecham
LF A-0115 ET Tanabe Seiyaku Co., Ltd Heart
A failure
TA-0201 ET, Tanabe Selyak_u Co., Ltd Heart
failure
. ICHF; primary pulmonary
LTBCl 1251 ETs | Texas Biotechnology Company hypertension
S-7338B ETa Fujisawa
7D 1611 ET, Zeneca O}_Jstructlve lung disease; ]
rimary pulmonary hypertension

Adapted from Luscher et al., Endothelins and Endothelin Receptor Antagonists:
Therapeutic Considerations for a Novel Class of Cardiovascular Drugs, 2434-2340 at
http://www.circulationaha.org.

[063]

"ET, antagonist" means any naturally occurring or synthetic compound that

binds to the ET, and blocks or inhibits the function of ET-1 or other agonist at that

receptor.

The ET, antagonist may be a peptide or a non-peptide compound.

Preferably, ET, antagonists have a K, for the ET, of <1 pM, more preferably <100 nM,

most preferably <10 nM, or even <1 nM. ET, antagonists include, for example,
sulfisoxazole, TBC-1 1251, BQ-123, BQ-610, BQ-745, PD 156707, PD 151242, TTA-
386, JKC-301, JKC-302, BE-18257A, BE-18257B, A-1277722, LU 135252, TAK-044,
SB 209670, SB 217242, FR139317, and ABT-627 (Table 2; Cheng et al., Ann. Reports
in Medicinal Chemistry, Section II, Ch. 7, Endothelin Inhibitors, 61-70, (A. M.
Dobherty, ed., Academic Press, Inc. 1997).

17

UNITED THERAPEUTICS CORP., EX1003, page 179
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



WO 2006/026395 PCT/US2005/030342

Table 2. Binding K, (aM) to ET, and ET}; for various ET receptor antagonists.

Compound Company Roferense

L ET, Sotoctivity Bofefonos
| ABY.627 Abbott 0034 833 ___ 1862 A
AHT-648 Abbott 048 13000 28261
[BMS- 182874 y - _% 250,000 >1000 }__
FR-138317 1 7500 ¥300
3104132 | Werk/Banyy 5,034 0.1 28
LU-135262 BASFMnoll 14 184 130 127}
PD-186707 Pake-Davis Q.17 139 818
[Gosentan Peche B 3, 3
Fo61-1700 | Bocho 0.13 2190 | 1060 |
$0139 1 10 1000 1000 131)
M%__‘m 18 90 32]
§B:217242 13 i — B )
(70201 _____ | Tanabe [ 35 a"‘sa‘o % 3 |
TAKO044 Takoda I N (35)
(TBO-112861 Texas 043 ~>4500 10,000 135
[ ZD-1611 Zenoca [ >2000 1500 |

*K, estimated from the IC,, value (see, Wu-Wong, Endothelin Antagonists: Past,
Present and Future, Current Opinion in Cardiovascular, Pulmonary & Renal
Investigational Drugs, 1(3):346-351 (1999)).

[064] Some examples of ET receptor antagonists have undergone clinical

development (see Table 3).

Table 3. ET receptor antagonists that have undergone clinical development.

Compound Belectivily Administration Dev | indication
AHT-827 BT, Do []] Progtate canoot
BMS-182874 BN, N DX___| GHF
BMS-193884 ET, po_ 1 CHF, pulmonary hypertenmion
FR-135317 ET, v DX Hypertension, g;. ischomia
FIO413PA 763037 ET/ET, po 1
LU-135262 ET/ET, 20 il CHF, ather cadiovasoutar
Bosentan ETJET, po 1] chomia
ﬁﬁﬂ;& EL eeﬁ | CHF___
| Ro61.0612 PO, CHF, othor canfiovogouiar
[ Roet-1790 s N ARF, EH
| 80139 EV, v Actta CHF, wperiension, (1
ET, v ARF
SB-217242 ETJ/ET, 90 u
TAK-044 ETET, t M1, ARF, AC!, hepaicpratnative
TBC-11281 ET, W, po Ala CHF, COPD, hypertension, SH
2D-1811 ET, [ | CHF, putmonary hypertansion

P 2

AC! acute conebral tachomia; ARF acute renad failure; COPD chronic
myocardial infarctian; 8H subamchnold homomhage; OX discontinuoed

[065] For a discussion of the role of endothelin in hypertension see Krum, H. et al.,
Role of endothelin in hypertension and therapeutic potential of endothelin blockade,
Cardiovascular, Pulmonary & Renal Investigational Drugs, 1(3):316-329 (1999). Table
4 outlines several biochemical and pharmacological properties of sitaxentan in

comparison to bosentan.
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Table 4. Biochemical and pharmacological properties of sitaxsentan in
comparison to bosentan.

Property Sitaxsentan Bosentan

Intrinsic potency to ETy Ki=0.45nM Ki=4.1 nM

tin 10 hours 5 hours

Selectivity for ETa:ETg 6500 20

Effect on bile salt. Does not accumulate bile Inhibits bile salt export

salts. pump, results in

accumulation of bile salts
in hepatocytes.

Effect on bilirubin. No effect. Has been shown to induce

bilirubin accumulation in
PAH patients.

Induction of cytochrome No induction demonstrated | Causes inhibition, followed

P450 enzymes. to date clinically. by induction of several
CYP enzymes, including
3A4, 2C9, 2C19

Metabolism Through 3A4 and 2C9 Through 3A4 and 2C9

Route of elimination Mixed Hepatic and Renal | Hepatic

[066] For each of the recited embodiments, useful ET, antagonists have been
described above.

Combination Therapies

[067] The principle drawback for using sildenafil in treating PAH is that it requires a
high dose three times a day (much higher than the dose for erectile dysfunction, which
is 15 mg to 75 mg periodically). Currently, the only endothelin receptor antagonist
which has been approved for use in PAH is bosentan, which is a nonselective
compound that blocks both the A and the B receptors. Use of a nonselective ET
receptor interferes with multiple pathways whereas use of a specific ET4 antagonist
will act in a complementary fashion for the multiple pathways (PDE and/or
prostacyclin and/or ET,) to provide superior efficacy and/or dosage regimes and/or
reduction in side effects.

[068] For instance, ET, causes vasoconstriction, while ETp causes vasodilatation.
Bosentan works by blocking both ET, and ETjy receptors. Sitaxsentan works by only
blocking the ET, and leaving the ETs unimpaired. The mechanism by which ETg
causes vasodilatation is through stimulating the production of nitrous oxide and

prostacylin. Nitrous oxide (NO) in turn activates the guanyl cyclase which increases
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the level of cGMP. The cGMP is responsible for relaxing the blood vessel. PDES acts
to break down cGMP, so a PDE5 inhibitor also raises the level of cGMP, causing
vasodilatation. Thus, when used together, increasing cGMP through the ETy receptor
and preventing its breakdown leads to increased vasodilatation and better efficacy of
both drugs. Nonselective antagonists would not function as effectively because they
block the ETjp stimulated cGMP production. Additionally in a recent study, Bosentan, a
non-selective antagonist, was tested with sildenafil, but the study was terminated due to
pharmacokinetic drug interaction problems.

[069] Accordingly, the present invention relates to the use of a PDES inhibitor with an
ET4-specific antagonist therapy in inhibiting and preventing a cardiac stress or PAH.
The methods and formulations of the invention provide new therapeutic approaches for
the treatment and prevention of PAH in animals. "Treatment" or "treating" is also
meant to encompass maintenance of cardiac conditions including PAH in a dormant (or
quiescent) state at their primary site as well as secondary sites. Further, by "treating” or
"treatment," it is meant to increase the efficacy as well as prevent or decrease resistance
to therapeutic modalities. "Treating" or "treatment" is also meant to encompass
prevention of recurrence, reduction of pain, discomfort, and disability (morbidity), and
an increase in quality of life associated with the condition. By "increasing the
efficacy”, it is meant to include an increase in potency and/or activity of either the ET,
antagonist and/or the PDES5 inhibitor and/or a decrease in the required dosage. Status
of patients receiving treatment may be evaluated by standards known in the art. For
instance, a patient suffering from PAH may be subject to a 6 minute exercise walking
test before and after the treatment period.

[070] A "therapeutically effective dose" refers to that amount of the active agents that
results in achieving the desired effect. Toxicity and therapeutic efficacy of such active
agents can be determined by standard pharmaceutical procedures in cell cultures or in
experimental animals, e.g., determining the LDs, (the dose lethal to 50% of the
population) and the EDs, (the dose therapeutically effective in 50% of the population).
The dose ratio between toxic and therapeutic effects is the therapeutic index, which is
expressed as the ratio between LDs, and EDs,. A high therapeutic index is preferred.
The data obtained from such data can be used in formulating a range of dosages for use

in humans. The dosage of the active agents preferably lies within a range of circulating
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concentrations that include the EDs, with little or no toxicity. The dosage can vary
within this range depending upon the dosage form employed, and the route of
administration utilized.

[071] The exact formulation, route of administration, and dosage is determined by an
individual physician in view of the patient's condition. Dosage amount and interval can
be adjusted individually to provide levels of the active agents that are sufficient to
maintain therapeutic or prophylactic effects.

[072] The amount of pharmaceutical composition administered is dependent on the
subject being treated, on the subject's weight, the severity of the affliction, the manner
of administration, and the judgment of the prescribing physician. One embodiment of
the invention contemplates the sequential administration of either the ET4 antagonist or
the PDES inhibitor in separate daily dosages such that one may be given bi-daily while
the other is provided once or three times a day. Likewise, sequentially is meant to
include variations such as every other day treatment of agent and daily or multiple daily
administrations of the other agent as required to achieve therapeutic effect. The
combination therapy may be accomplished by providing the PDES inhibitor and the
ET,4 antagonist in separate dosage forms packaged together with instructions for the
dosage administration regimen..

[073] It is greatly preferred that the PDES inhibitor and ET, antagonist or a
pharmaceutically acceptable salt thereof is administered in the form of a unit-dose
composition, such as an oral unit dose for the treatment and/or prevention of the
disorder, such as pulmonary hypertension.

[074] Daily amounts for PDES inhibitors will be in the range of 50 mg to 250 mg,
which may be adjusted by increments of 5 mg, to encompass therapeutically useful
ranges. For instance the range may be 50 mg to 225 mg, 50 mg to 215 mg, 50 mg to
200 mg, etc., or 55 mg to 250 mg, 60 mg to 250 mg, 65 mg to 250 mg, or 65 mg to 215
mg, 70 mg to 210 mg, etc. and variations thereof. Daily amounts for ETa antagonists
will be in the range of 5 mg to 125 mg, which may be adjusted by increments of 5 mg,
to encompass therapeutically useful ranges. For instance the range may be 10 mg to
125 mg, 15 mg to 125 mg, 20 mg to 125 mg, etc., or 5 mg to 120 mg, 5 mg to 115 mg,
5 mg to 110 mg, or 25 mg to 90 mg, 30 mg to 85 mg etc. and variations thereof.

Preferably the range of PDES inhibitor to ET4 antagonist in a ratio of 5:1 to 2:1.
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Formulation of Pharmaceutical Compositions

[075] The administration of any compound of this invention may be by any suitable
means that results in a concentration of the compound that is effective for the treatment.
The compound(s) may be contained in any appropriate amount in any suitable carrier
substance, and is generally present in an amount of 1-95% by weight of the total weight
of the composition. The composition may be provided in a dosage form that is suitable
for the oral route. Thus, the composition(s) may be in the form of, e.g., tablets,
capsules, pills, powders, granulates, suspensions, emulsions, solution or gels. The
pharmaceutical compositions may be formulated according to conventional
pharmaceutical practice (see, e.g., Remington: The Science and Practice of Pharmacy
(20th ed.), ed. A. R. Gennaro, Lippincott Williams & Wilkins, 2000 and Encyclopedia
of Pharmaceutical Technology, eds. J. Swarbrick and J. C. Boylan, 1988-1999, Marcel
Dekker, New York).

[076] Pharmaceutical compositions according to the invention may be formulated to
release the active compound (drug) substantially immediately upon administration or at
any predetermined time or time period after administration. The latter types of
compositions are generally known as controlled release formulations, which include (i)
formulations that create a substantially constant concentration of the drug within the
body over an extended period of time; (ii) formulations that, after a predetermined lag
time, create a substantially constant concentration of the drug within the body over an
extended period of time; (iii) formulations that sustain drug action during a
predetermined time period by maintaining a relatively constant, effective drug level in
the body with concomitant minimization of undesirable side effects associated with
fluctuations in the plasma level of the active drug substance; (iv) formulations that
localize drug action by, e.g., spatial placement of a controlled release composition
adjacent to or in the diseased tissue or organ; and (v) formulations that target drug
action by using carriers or chemical derivatives to deliver the drug to a particular target
cell type. Controlled release formulations may also release at least two active
ingredients at different rates. In addition, controlled release formulations may release
at least one active ingredient over various lengths of time, such as 12 hours or 24 hours.
In one embodiment of the invention, the controlled release formulation releases at least

one active ingredient over 24 hours.
22

UNITED THERAPEUTICS CORP., EX1003, page 184
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



WO 2006/026395 PCT/US2005/030342

[077] Other embodiments of the invention include a pharmaceutical composition
comprising an immediate release formulation and a controlled release formulation,
wherein the immediate release formulation comprises an ET, antagonist, a PDES
inhibitor or both and the controlled release formulation comprises an ET4 antagonist, a
PDES inhibitor or both. In one embodiment of the invention, the immediate release
formulation comprises sitaxsentan and the controlled release formulation comprises
sildenafil.

[078] Administration of compounds in the form of a controlled release formulation is
especially preferred in cases in which the compounds in combination, have (i) a narrow
therapeutic index (i.e., the difference between the plasma concentration leading to
harmful side effects or toxic reactions and the plasma concentration leading to a
therapeutic effect is small); (ii) a narrow absorption window in the gastro-intestinal
tract; or (iii) a very short biological half-life so that frequent dosing during a day is
required in order to sustain the plasma level at a therapeutic level.

[079] Any of a number of strategies can be pursued in order to obtain controlled
release in which the rate of release outweighs the rate of metabolism of the compound
in question. In one example, controlled release is obtained by appropriate selection of
various formulation parameters and ingredients, including, e.g., various types of
controlled release compositions and coatings. Thus, the drug is formulated with
appropriate excipients in a pharmaceutical composition that, upon administration,
releases the drug in a controlled manner. Examples include single or multiple unit
tablet or capsule compositions, oil solutions, suspensions, emulsions, microcapsules,
microspheres, nanoparticles, patches, and liposomes.

Solid Dosage Forms For Oral Use

[080] Formulations for oral use include tablets containing the active ingredient(s) in a
mixture with non-toxic pharmaceutically acceptable excipients. These excipients may
be, for example, inert diluents or fillers (e.g., sucrose, sorbitol, sugar, mannitol,
microcrystalline cellulose, starches including potato starch, calcium carbonate, sodium
chloride, lactose, calcium phosphate, calcium sulfate, or sodium phosphate);
granulating and disintegrating agents (e.g., cellulose derivatives including
microcrystalline cellulose, starches including potato starch, croscarmellose sodium,

alginates, or alginic acid); binding agents (e.g., sucrose, glucose, sorbitol, acacia,
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alginic acid, sodium alginate, gelatin, starch, pregelatinized starch, microcrystalline
cellulose, magnesium aluminum silicate, carboxymethylcellulose  sodium,
methylcellulose, hydroxypropyl methylcellulose, ethylcellulose, polyvinylpyrrolidone,
or polyethylene glycol); and lubricating agents, glidants, and antiadhesives (e.g.,
magnesium stearate, zinc stearate, stearic acid, silicas, hydrogenated vegetable oils, or
talc). Other pharmaceutically acceptable excipients can be colorants, flavoring agents,
plasticizers, humectants, buffering agents, and the like.

[081] The tablets may be uncoated or they may be coated by known techniques,
optionally to delay disintegration and absorption in the gastrointestinal tract and
thereby providing a sustained action over a longer period. The coating may be adapted
to release the active drug substance in a predetermined pattern (e.g., in order to achieve
a controlled release formulation) or it may be adapted not to release the active drug
substance until after passage of the stomach (enteric coating). The coating may be a
sugar coating, a film coating (e.g., based on hydroxypropyl methylcellulose,
methylcellulose, methyl hydroxyethylcellulose, hydroxypropylcellulose,
carboxymethylcellulose, acrylate copolymers, polyethylene glycols and/or
polyvinylpyrrolidone), or an enteric coating (e.g., based on methacrylic acid
copolymer, cellulose acetate phthalate, hydroxypropyl methylcellulose phthalate,
hydroxypropyl methylcellulose acetate succinate, polyvinyl acetate phthalate, shellac,
and/or ethylcellulose). Furthermore, a time delay material such as, e.g., glyceryl
monostearate or glyceryl distearate may be employed.

[082] The solid tablet compositions may include a coating adapted to protect the
composition from unwanted chemical changes, (e.g., chemical degradation prior to the
release of the active drug substance). The coating may be applied on the solid dosage
form in a similar manner as that described in Encyclopedia of Pharmaceutical
Technology, supra.

[083] If more than one drug is administered simultaneously, the drugs may be mixed
together in the tablet, or may be partitioned. In one example, a first drug is contained
on the inside of the tablet, and a second drug is on the outside, such that a substantial
portion of the second drug is released prior to the release of the first drug.

[084] Formulations for oral use may also be presented as chewable tablets, or as hard

gelatin capsules wherein the active ingredient is mixed with an inert solid diluent (e.g.,
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potato starch, lactose, microcrystalline cellulose, calcium carbonate, calcium phosphate
or kaolin), or as soft gelatin capsules wherein the active ingredient is mixed with water
or an oil medium, for example, peanut oil, liquid paraffin, or olive oil. Powders and
granulates may be prepared using the ingredients mentioned above under tablets and
capsules in a conventional manner using, e.g., a mixer, a fluid bed apparatus or a spray
drying equipment.

Controlled Release Oral Dosage Forms

[085] Controlled release compositions for oral use may, e.g., be constructed to release
the active drug by controlling the dissolution and/or the diffusion of the active drug
substance. Controlled release formulations may also release at least two active
ingredients at different rates.

[086] Dissolution or diffusion controlled release can be achieved by appropriate
coating of a tablet, capsule, pellet, or granulate formulation of compounds, or by
incorporating the compound into an appropriate matrix. A controlled release coating
may include one or more of the coating substances mentioned above and/or, e.g.,
shellac, beeswax, glycowax, castor wax, carnauba wax, stearyl alcohol, glyceryl
monostearate, glyceryl distearate, glycerol palmitostearate, ethylcellulose, acrylic
resins, dl-polylactic acid, cellulose acetate butyrate, polyvinyl chloride, polyvinyl
acetate, vinyl pyrrolidone, polyethylene, polymethacrylate, methylmethacrylate, 2-
hydroxymethacrylate, methacrylate hydrogels, 1,3 butylene glycol, ethylene glycol
methacrylate, and/or polyethylene glycols. In a controlled release matrix formulation,
the matrix material may also include, e.g., hydrated methylcellulose, carnauba wax and
stearyl alcohol, carbopol 934, silicone, glyceryl tristearate, methyl acrylate-methyl
methacrylate, polyvinyl chloride, polyethylene, and/or halogenated fluorocarbon.

[087] A controlled release composition containing one or more of the compounds of
the claimed combinations may also be in the form of a buoyant tablet or capsule (i.e., a
tablet or capsule that, upon oral administration, floats on top of the gastric content for a
certain period of time). A buoyant tablet formulation of the compound(s) can be
prepared by granulating a mixture of the drug(s) with excipients and 20-75% w/w of
hydrocolloids, such as hydroxyethylcellulose, hydroxypropylcellulose, or
hydroxypropylmethylcellulose. The obtained granules can then be compressed into

tablets. On contact with the gastric juice, the tablet forms a substantially water-
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impermeable gel barrier around its surface. This gel barrier takes part in maintaining a
density of less than one, thereby allowing the tablet to remain buoyant in the gastric
juice.

Liquids for Oral Administration

[088] Powders, dispersible powders, or granules suitable for preparation of an
aqueous suspension by addition of water are convenient dosage forms for oral
administration. Formulation as a suspension provides the active ingredient in a mixture
with a dispersing or wetting agent, suspending agent, and one or more preservatives.
Suitable dispersing or wetting agents are, for example, naturally-occurring
phosphatides (e.g., lecithin or condensation products of ethylene oxide with a fatty acid,
a long chain aliphatic alcohol, or a partial ester derived from fatty acids) and a hexitol
or a hexitol anhydride (e.g., polyoxyethylene stearate, polyoxyethylene sorbitol
monooleate, polyoxyethylene sorbitan monooleate, and the like). Suitable suspending
agents are, for example, sodium carboxymethylcellulose, methylcellulose, sodium
alginate, and the like.

[089] Oral liquid preparations may be in the form of, for example, aqueous or oily
suspensions, solutions, emulsions, syrups, or elixirs, or may be presented as a dry
product for reconstitution with water or other suitable vehicle before use. Such liquid
preparations may contain conventional additives such as suspending agents, for
example sorbitol, syrup, methyl cellulose, gelatin, hydroxyethylcellulose,
carboxymethyl cellulose, aluminium stearate gel or hydrogenated edible fats,
emulsifying agents, for example lecithin, sorbitan monooleate, or acacia; non-aqueous
vehicles (which may include edible oils), for example, almond oil, fractionated coconut
oil, oily esters such as esters of glycerine, propylene glycol, or ethyl alcohol;
preservatives, for example methyl or propyl p-hydroxybenzoate or sorbic acid, and if
desired conventional flavouring or colouring agents. Oral formulations also include
conventional sustained release formulations, such as tablets or granules having an
enteric coating.

[090] Compositions for use in the treatment and/or prevention of pulmonary
hypertension may be presented for administration to the respiratory tract as a snuff or
an aerosol or solution for a nebulizer, or as a microfine powder for insufflation, alone

or in combination with an inert carrier such as lactose. In such a case, the particles of
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active compound suitably have diameters of less than 50 microns, preferably less than
10 microns, for example between 1 and 5 microns, such as between 2 and S microns. A
favored inhaled dose will be in the range of about 0.05 mg to 2 mg, for example about
0.05 mg to 0.5 mg, about 0.1 mg to 1 mg or about 0.5 mg to 2 mg.

[091] As is common practice, the compositions will usually be accompanied by
written or printed directions for use in the medical treatment concerned.

EXAMPLES

[092] The following examples present illustrative, but non-limiting, embodiments of
the present disclosure.

EXAMPLE 1: Pharmacokinetic Drug Interaction Study

[093] A pharmacokinetic drug interaction study was performed using 24 individuals.
In the study, a group of 24 normal, healthy volunteers participated in two treatment
periods. During one treatment period, the subjects received 100 mg of sitaxsentan
sodium (THELIN) for seven days and a single dose of 100 mg sildenafil (VIAGRA)
on the last day. During the other treatment period, the subjects received placebo for
seven days and 100 mg of VIAGRA on the seventh day. Twelve subjects were
randomly assigned to each treatment period. When the subjects finished one treatment
period, they were switched to the other treatment period. Two subjects (one in each
group) did not complete the study.

[094] Each subject’s blood was drawn, using EDTA as the anticoagulant, to determine
plasma levels of sitaxsentan, sildenafil and N-desmethyl sildenafil. Samples were
drawn (in duplicate) once on days 1, 3, 5 and 6; 15 times on day 7 and once again on
day 8 for each treatment period. The samples were stored at a nominal temperature of -
20°C for a duration not exceeding 38 days. All samples were analyzed with a set of
calibration standards and low, medium and high concentration Quality Control samples.
[095] Results showed the sildenafil administration did not alter sitaxsentan levels.
Table 5 summarizes the pharmacokinetic parameters for sildenafil and N-desmethyl
sildenafil after oral administration of a single 100 mg dose of sildenafil to healthy
subjects after 100 mg of sitaxsentan or placebo daily for seven days in the presence of
sitaxsentan The C,, (maximum concentration) of sildenafil increased by 18% and the
AUC., (area under the plasma concentration/time curve) increased by 28%. No effects

on levels of the active metabolite, N-desmethyl sildenafil, were observed. Table 6
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shows a statistical comparison of pharmacokinetic parameters for sildenafil and N-
desmethyl sildenafil after oral administration of a single 100 mg dose of sildenafil to
healthy subjects after 100 mg of sitaxsentan or placebo daily for seven days.

[096]
single 100 mg doses of sildenafil to healthy subjects after a 100 mg dose of sitaxsentan

The mean plasma concentrations of sildenafil after oral administration of a

or placebo daily for seven days are depicted in Figure 5, and the mean plasma
concentrations of N-desmethyl sildenafil after oral administration of a single 100 mg
dose of sildenafil to healthy subjects after a 100 mg dose of sitaxsentan or placebo daily
for seven days are depicted in Figure 6.

[097] Based on these data, VIAGRA does not appear to impact THELIN
pharmacokinetics. THELIN showed a minor effect on overall VIAGRA
pharmacokenetics, presumably based on the expected, weak, cytochrome P450 3A4

inhibition seen in cultured hepatocytes.

Table 5: Summary of pharmacokinetic parameters for
sildenafil and N-desmethyl sildenafil after oral
administration of a single 100 mg dose of
sildenafil to healthy subjects after 100 mg of
sitaxsentan or placebo daily for seven days.

Parameter’ Sitaxsentan Placebo

Sildenafil
Cmax (ng/mL) 440 £ 232 377 + 208
Tmax (h) 1.25 1.00
AUCo.t (h*ng/mL) 1,575 £ 671 1,222 £ 474
AUC, (h*ng/mL) 1,648 £+ 692 1,295 = 488
Az (h-l) 0.2514 + 0.0364 0.2584 + 0.0444
t% (h) 2.82+0.45 2.76 + 0.45
CL/F (mL/min) 147 £ 56.4 184 + 69.0
Vz/F (L) 348115 43.6+18.9

N-Desmethyl Sildenafil
Cmax (ng/mL) 104 £ 40.8 109 + 53.1
Tmax (h) 1.00 1.00
AUCo.¢ (h-ng/mL) 389+ 105 372+ 107
AUC,, (h*ng/mL) 425+ 115 440 £ 112
Az (h'l) 0.1544 = 0.0552 0.1506 = 0.0569
t% (h) 5.14+2.13 05.1 % 1.63
CL/F (mL/min) 529+ 164 524 + 234
Vz/F (L) 224 £ 76.4 217+ 66.2

"Mean « standard deviation except for Tmax, for which the median is

reported.
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Table 6: Statistical comparison of pharmacokinetic
parameters for sildenafil and N-desmethyl
sildenafil after oral administration of a single
100 mg dose of sildenafil to healthy subjects
after 100 mg of sitaxsentan or placebo daily for
seven days.

Ratio (%)’
Parameter Estimate 90% Confidence Interval
Sildenafil
Cmax 117.61 93.81 - 147.46
AUCo. 124.95 11340 - 137.68
AUC, 127.69 11546 - 141.22
CL/F 80.03 7263 - 88.18
VZ/F 81.50 7098 - 93.59
N-Desmethyl Sildenafil
Cmax 100.70 8272 o 122.60
AUCo. 112.43 9850 128.32
AUC, 105.78 9621 - 116.30
CL/F 88.95 7793 > 10153
Vz/F 94.89 7560 = 119.10

'GeomETic mean ratio. Based on analysis of natural log-transformed data.

Example 2: Efficacy Study
[098] A randomized, double-blind, placebo-controlled study is performed comprising

60 subjects who have moderate to severe pulmonary arterial hypertension resulting

form one f the following conditions: idiopathic pulmonary arterial hypertension (PAH,

also known as primary pulmonary hypertension); connective tissue disease (CTD); or

congenital heart disease (CHD). The subjects are randomly assigned to one of the

following dosage regimes (12 subjects per treatment):

(i) placebo and placebo;

(ii) placebo and 25 mg of THELIN;,
(iii) placebo and 60 mg of sildenafil;

(iv) 25 mg of THELIN and 60 mg of sildenafil; and

(v) 50 mg of THELIN and 120 mg of sildenafil.

[099] Blood samples are collected to determine the level of THELIN in plasma and to

assess sildenafil and N-desmethy] sildenafil pharmacokinetics and pharmacodynamics.

Additionally, 6 minute walking distance tests are conducted to evaluate the change in

the subjects’ exercise capacity. Finally, symptoms of PAH are evaluated using

NYHA/WHP functional class and rate of clinical worsening.
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[0100] Minimal drug interaction and side effects with treatment will occur in the
combination THELIN and Sildenafil of groups (iv) and (v) while maintaining

successful therapeutic effect.
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CLAIMS

1. A method of treating pulmonary hypertension comprising administering to a
subject in need thereof an effective amount of a) a phosphodiesterase 5 (PDES5)
inhibitor and b) an endothelin A receptor (ET4) antagonist.

2. A method of reducing side effects or toxicity of an ETa antagonist, a PDES
inhibitor or both comprising administering a PDES inhibitor and an ET, antagonist,
wherein the amount of the PDES required to treat a condition is reduced or modulated.
3. A method of reducing side effects or toxicity of an ET, antagonist, a PDE5
inhibitor or both comprising administering a PDES inhibitor and an ET, antagonist,
wherein the amount of the ET, antagonist required to treat a condition is reduced or
modulated.

4. A method of effecting or facilitating the treatment of a vascular condition in a
mammal comprising administering a therapeutically effective amount of a) an ET,
antagonist and b) a PDES inhibitor.

5. A method for treating a vascular condition comprising administering to a
subject in need thereof a therapeutically effective amount of a) an ET, antagonist and
b) a PDES inhibitor.

6. The method of any one of claims 1-5, wherein said ET, antagonist is selected
from the group consisting of from 12m, A-127772, A-1277722, ABT-627, BE 1827,
BE-18257A, BE-18257B, BE-18572A/B, BMS-182874, BMS-193884, BMS-20794,
BQ-123, BQ-153, BQ-162, BQ-485, BQ-610, BQ-745, EMD-122946, EMD-94246,
FR-139317, J-104121, J-104132, JKC-301, JKC-302, L-744453, 1L.-749329, L-754142,
LU127043, LU135252, LU208075, LU302146, PD-147953, PD-151242, PD-155080,
PD-156707, RO 61-1790, S-0139, SB 209670, SB 217242, SB-234551, SB-247083,
sitaxsentan, sulfisoxazole, TA-0115, TA-0201, TAK-044, TBC11251, TTA-386, WS-
7338B, ZD1611 and mixtures thereof.

7. The method of any one of claims 1-5 , wherein said phosphodiesterase 5
inhibitor is selected from the group consisting of vardenafil , tadalafil, zaprinast,
dasantafil, MBCQ, MY-5445, dipyridamole, furoyl and benzofuroyl pyrroloquinolones,
2-(2-Methylpyridin-4-yl)methyl-4-(3,4,5-trimethoxyphen- yl)-8-(pyrimidin-2-
yl)methoxy-1,2-dihydro-1-0x0-2,7-naphthyridine-3-carbox- ylic acid methyl ester
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hydrochloride, T-1032 (methyl 2-(4-aminophenyl)-1,2-dihydro-1-0x0-7-(2-
pyridylmethoxy)-4-(3,4,5-trimeth- oxy-phenyl)-3-isoquinoline carboxylate sulfate),
sildenafil, RX-RA-69, SCH-51866, KT-734, vesnarinone, zaprinast, SKF-96231, ER-
21355, BF/GP-385, NM-702 and mixtures thereof.

8. The method of any one of claims 1-5 , wherein the ET, antagonist is selected
from ABT-627, sitaxsentan, sulfisoxazole, TBC11251, ZD1611 and mixtures thereof.
9. The method of any one of claims 1-5 , wherein the PDES inhibitor is selected
from vardenafil , tadalafil, dasantafil, dipyridamole, 2-(2-Methylpyridin-4-yl)methyl-4-
(3,4,5-trimethoxyphen- y1)-8-(pyrimidin-2-yl)methoxy-1,2-dihydro-1-oxo-2,7-
naphthyridine-3-carbox- ylic acid methyl ester hydrochloride, (methyl 2-(4-
aminophenyl)-1,2-dihydro-1-oxo-7-(2-pyridylmethoxy)-4-(3,4,5-trimeth- oxy-phenyl)-
3-isoquinoline carboxylate sulfate), sildenafil, vesnarinone, zaprinast, and mixtures
thereof.

10. The method of any one of claims 1-5 , wherein the ET, antagonist is sitaxsentan
11.  The method of any one of claims 1-5, wherein the PDES5 inhibitor is sildenafil.
12. The method of any one of claims 1-5, wherein the PDES5 inhibitor is tadalafil.
13.  The method of any one of claims 1-5, wherein the ET antagonist is sitaxsentan
and the PDES inhibitor is sildenafil.

14.  The method of any one of claims 1-5, wherein the ET, antagonist is sitaxsentan
and the PDES inhibitor is tadalafil.

15. The method of claims 4 or 5, wherein said vascular condition is selected from
the group consisting of  erectile dysfunction, atherosclerosis, renal failure,
hypertension, congestive heart failure, diabetic nephropathy, diabetic neuropathy,
interstitial lung disease, obstructive sleep dyspnea, obstructive sleep apnea and resistant
hypertension.

16. The method of claims 4 or 5, wherein said vascular condition is a cardiovascular
condition.

17. The method of claim 15, wherein (a) and (b) are administered substantially
concurrently.

18.  The method of claim 15, wherein (a) and (b) are administered sequentially.

19. A combination therapy comprising at least one endothelin A receptor (ETa)

antagonist and a phosphodiesterase 5 (PDES) inhibitor.
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20.  The combination therapy of claim 19, wherein said ET, antagonist is selected
from the group consisting of 12m, A-127772, A-1277722, ABT-627, BE 1827, BE-
18257A, BE-18257B, BE-18572A/B, BMS-182874, BMS-193884, BMS-20794, BQ-
123, BQ-153, BQ-162, BQ-485, BQ-610, BQ-745, EMD-122946, EMD-94246, FR-
139317, J-104121, J-104132, JKC-301, JKC-302, 1-744453, 1-749329, L-754142,
LU127043, LU135252, LU208075, LU302146, PD-147953, PD-151242, PD-155080,
PD-156707, RO 61-1790, S-0139, SB 209670, SB 217242, SB-234551, SB-247083,
sitaxsentan, sulfisoxazole, TA-0115, TA-0201, TAK-044, TBC11251, TTA-386, WS-
7338B, ZD1611 and mixtures thereof.

21.  The combination therapy of claim 19, wherein said PDES5 inhibitor is selected
from the group consisting of vardenafil , tadalafil, dasantafil, MBCQ, MY-5445,
dipyridamole, furoyl and benzofuroyl pyrroloquinolones, 2-(2-Methylpyridin-4-
yDmethyl-4-(3,4,5-trimethoxyphen- yl)-8-(pyrimidin-2-yl)methoxy-1,2-dihydro-1-oxo-
2,7-naphthyridine-3-carbox- ylic acid methyl ester hydrochloride, T-1032 (methyl 2-(4-
aminophenyl)-1,2-dihydro-1-0xo-7-(2-pyridylmethoxy)-4-(3,4,5-trimeth- oxy-phenyl)-
3-isoquinoline carboxylate sulfate), sildenafil, RX-RA-69, SCH-51866, KT-734,
vesnarinone, zaprinast, SKF-96231, ER-21355, BF/GP-385, NM-702 and mixtures
thereof.

22.  The combination therapy of claim 19, wherein the ET, antagonist is selected
from ABT-627, sitaxsentan, sulfisoxazole, TBC11251, ZD1611 and mixtures thereof.
23.  The combination therapy of claim 19, wherein the PDE5 inhibitor is selected
from vardenafil , tadalafil, dasantafil, dipyridamole, 2-(2-Methylpyridin-4-yl)methyl-4-
(3,4,5-trimethoxyphen- y1)-8-(pyrimidin-2-yl)methoxy-1,2-dihydro-1-0x0-2,7-
naphthyridine-3-carbox- ylic acid methyl ester hydrochloride, (methyl 2-(4-
aminophenyl)-1,2-dihydro-1-ox0-7-(2-pyridylmethoxy)-4-(3,4,5-trimeth- oxy-phenyl)-
3-isoquinoline carboxylate sulfate), sildenafil, vesnarinone, zaprinast, and mixtures
thereof.

24.  The combination therapy of claim 19, wherein the ET4 antagonist is sitaxsentan
25.  The combination therapy of claim 19, wherein the PDES inhibitor is sildenafil.
26.  The combination therapy of claim 19, wherein the PDES5 inhibitor is tadalafil.
27.  The combination therapy of claim 19, wherein the ETA antagonist is sitaxsentan

and the PDES inhibitor is sildenafil.
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28.  The combination therapy of claim 19, wherein the ET, antagonist is sitaxsentan
and the PDES inhibitor is tadalafil.

29.  The combination therapy of claim 19, wherein the ET, antagonist and PDES
inhibitor are administered together or separately.

30. The combination therapy of claim 19, wherein the combination therapy is a
pharmaceutical composition.

31.  The combination therapy of claim 19, wherein the pharmaceutical composition
is in an immediate release formulation.

32.  The combination therapy of claim 30, wherein the ETa antagonist is in a
controlled release formulation, the PDES5 inhibitor is in a controlled release
formulation, or both are in a controlled release formulation.

33.  The combination therapy of claim 30, wherein both the ETa antagonist and the
PDES inhibitor are in a controlled release formulation, but the ET, antagonist and the
PDES inhibitor are released at different rates. A

34. A pharmaceutical composition comprising an ET, antagonist, a PDES5 inhibitor
and a pharmaceutical carrier.

35.  The pharmaceutical composition of claim 34, wherein said ET, antagonist is
selected from the group consisting of 12m, A-127772, A-1277722, ABT-627, BE 1827,
BE-18257A, BE-18257B, BE-18572A/B, BMS-182874, BMS-193884, BMS-20794,
BQ-123, BQ-153, BQ-162, BQ-485, BQ-610, BQ-745, EMD-122946, EMD-94246,
FR-139317, J-104121, J-104132, JKC-301, JKC-302, L-744453, L-749329, L-754142,
LU127043, LU135252, LU208075, LU302146, PD-147953, PD-151242, PD-155080,
PD-156707, RO 61-1790, S-0139, SB 209670, SB 217242, SB-234551, SB-247083,
sitaxsentan, sulfisoxazole, TA-0115, TA-0201, TAK-044, TBC11251, TTA-386, WS-
7338B, ZD1611 and mixtures thereof.

36.  The pharmaceutical composition of claim 34, wherein said PDES inhibitor is
selected from the group consisting of vardenafil , tadalafil, dasantafil, MBCQ, MY-
5445, dipyridamole, furoyl and benzofuroyl pyrroloquinolones, 2-(2-Methylpyridin-4-
yl)methyl-4-(3,4,5-trimethoxyphen- y1)-8-(pyrimidin-2-yl)methoxy-1,2-dihydro-1-oxo-
2,7-naphthyridine-3-carbox- ylic acid methyl ester hydrochloride, T-1032 (methyl 2-(4-
aminophenyl)-1,2-dihydro-1-0x0-7-(2-pyridylmethoxy)-4-(3,4,5-trimeth- oxy-phenyl)-

3-isoquinoline carboxylate sulfate), sildenafil, RX-RA-69, SCH-51866, KT-734,
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vesnarinone, zaprinast, SKF-96231, ER-21355, BF/GP-385, NM-702 and mixtures
thereof.

37.  The pharmaceutical composition of claim 34, wherein the ETa antagonist is
selected from ABT-627, sitaxsentan, sulfisoxazole, TBC11251, ZD1611 and mixtures
thereof.

38.  The pharmaceutical composition of claim 34, wherein the PDES inhibitor is
selected from vardenafil , tadalafil, dasantafil, dipyridamole, 2-(2-Methylpyridin-4-
yl)methyl-4-(3,4,5-trimethoxyphen- yl1)-8-(pyrimidin-2-yl)methoxy-1,2-dihydro-1-oxo-
2,7-naphthyridine-3-carbox- ylic acid methyl ester hydrochloride, (methyl 2-(4-
aminophenyl)-1,2-dihydro-1-0x0-7-(2-pyridylmethoxy)-4-(3,4,5-trimeth- oxy-phenyl)-
3-isoquinoline carboxylate sulfate), sildenafil, vesnarinone, zaprinast, and mixtures
thereof.

39.  The pharmaceutical composition of claim 34, wherein the ET4 antagonist is
sitaxsentan

40.  The pharmaceutical composition of claim 34, wherein the PDES inhibitor is
sildenafil.

4]1.  The pharmaceutical composition of claim 34, wherein the PDES inhibitor is
tadalafil.

42.  The pharmaceutical composition of claim 34, wherein the ETA antagonist is
sitaxsentan and the PDES inhibitor is sildenafil.

43.  The pharmaceutical composition of claim 34, wherein the ET, antagonist is
sitaxsentan and the PDES inhibitor is tadalafil.

44.  The pharmaceutical composition of claim 34, wherein the pharmaceutical
composition is in an immediate release formulation.

45.  The pharmaceutical composition of claim 34, wherein the ET, antagonist is in a
controlled release formulation, the PDES5 inhibitor is in a controlled release
formulation, or both are in a controlled release formulation. '

46.  The pharmaceutical composition of claim 34, wherein both the ET, antagonist
and the PDES inhibitor are in a controlled release formulation, but the ET, antagonist
and the PDES inhibitor are released at different rates.
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DETAILED ACTION

The Examiner acknowledges the applicant’'s remarks and arguments of
December 27, 2011 made to the office action filed September 27, 2011. Claims 1-12
are pending. Claims 4 and 9-12 are withdrawn in light of a restriction requirement filed
June 1, 2011. The Applicant elected Group I, claims 1-9, taldalafil as the PDE5-inhibitor
and pulmonary arterial hypertension as the disease in the reply filed on July 1, 2011.
The Examiner would like to note that the claim identifier for claims 4 and 9 are incorrect.
The claim identifier should be “(Withdrawn-Previously presented). For compact

prosecution, the Examiner has withdrawn claims 4 and 9-12.

For the reasons in the previous office action and below, the Applicant’s
arguments of the obviousness-type double patenting rejections and 35 U.S.C. 103(a)

rejection were found not persuasive, thus upheld.

Due to no new amendments to the claims, the previous rejections are repeated

below. The Examiner has addressed the Applicant’s arguments below.

Claims 1-3 and 5-8 are examined on the merits in regard to a composition. The

use of the composition is not given patentable weight.
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Double Patenting

The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory
obviousness-type double patenting rejection is appropriate where the conflicting claims
are not identical, but at least one examined application claim is not patentably distinct
from the reference claim(s) because the examined application claim is either anticipated
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422
F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163

USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the conflicting application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of

activities undertaken within the scope of a joint research agreement.
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Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with

37 CFR 3.73(b).

1) Claims 1-3 and 5-8 are rejected on the ground of nonstatutory
obviousness-type double patenting as being unpatentable over claims 8 and 9 of
U.S. Patent No. 7,094,781 (‘781) in view of Bolli et al. (WO 02/053557 A1) and

Keyser et al. (WO 2006/026395 A1).

The Patent ‘781 teaches the Applicant’s compound.

The Patent 781 does not teach the composition with a PDE-5 inhibitor such as

tadalafil.

Bolli et al. teach the Applicant’s compound as an ET antagonist (see page 28,
first row, right compound) in compositions that can be combined with an excipient and
another active compound to treat conditions or disease which are associated with an
increase in vasoconstriction such as hypertension and erectile dysfunction (see abstract

and pages 16-17).
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Keyser et al. teach that ET antagonist and PDES5 inhibitors such as tadalafil are
combined together to treat cardiac disorders such as hypertension (see abstract and

claims 19 and 21).

To one skilled in the art it would be obvious to combine the compound of Formula
| and a PDES5 inhibitor, because the compound of Formula | is a ET antagonist and
Keyser et al. teach that ET antagonist and PDES inhibitors can be combined to treat

hypertension.

2) Claims 1-3 and 5-8 are provisionally rejected on the ground of nonstatutory
obviousness-type double patenting as being unpatentable over claim 1 of
copending Application No. 12/388,142 (‘142) in view of Bolli et al. (WO 02/053557

A1) and Keyser et al. (WO 2006/026395 A1).

This is a provisional obviousness-type double patenting rejection.

The Application “142 teaches a composition of formula I.

The Application ‘142 does not teach a combination with a PDES5 inhibitor such as

tadalafil.
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Bolli et al. teach the Applicant’'s compound as an ET antagonist (see page 28,
first row, right compound) in compositions that can be combined with an excipient and
another active compound to treat conditions or disease which are associated with an
increase in vasoconstriction such as hypertension and erectile dysfunction (see abstract

and pages 16-17).

Keyser et al. teach that ET antagonist and PDES5 inhibitors such as tadalafil are
combined together to treat cardiac disorders such as hypertension (see abstract and

claims 19 and 21).

To one skilled in the art it would be obvious to combine the compound of Formula
| and a PDES5 inhibitor, because the compound of Formula | is a ET antagonist and
Keyser et al. teach that ET antagonist and PDES5 inhibitors can be combined to treat

hypertension.

3) Claims 1-3 and 5-8 are provisionally rejected on the ground of nonstatutory
obviousness-type double patenting as being unpatentable over claim 1 of
copending Application No. 12/066,448 (‘448) in view of Bolli et al. (WO 02/053557

A1) and Keyser et al. (WO 2006/026395 A1).

This is a provisional obviousness-type double patenting rejection.
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The Application ‘448 teaches a composition of formula I.

The Application ‘448 does not teach a combination with a PDES5 inhibitor such as

tadalafil.

Bolli et al. teach the Applicant's compound as an ET antagonist (see page 28,
first row, right compound) in compositions that can be combined with an excipient and
another active compound to treat conditions or disease which are associated with an
increase in vasoconstriction such as hypertension and erectile dysfunction (see abstract

and pages 16-17).

Keyser et al. teach that ET antagonist and PDES5 inhibitors such as tadalafil are
combined together to treat cardiac disorders such as hypertension (see abstract and

claims 19 and 21).

To one skilled in the art it would be obvious to combine the compound of Formula
| and a PDES inhibitor, because the compound of Formula | is a ET antagonist and
Keyser et al. teach that ET antagonist and PDES5 inhibitors can be combined to treat

hypertension.
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Claim Rejections - 35 USC § 103

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) 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.

Claims 1-3 and 5-8 are rejected under 35 U.S.C. 103(a) as being obvious

over Bolli et al. (WO 02/053557 A1) in view of Keyser et al. (WO 2006/026395 A1).

The applied reference has a common inventor with the instant application.
Based upon the earlier effective U.S. filing date of the reference, it constitutes prior art
only under 35 U.S.C. 102(e). This rejection under 35 U.S.C. 103(a) might be overcome
by: (1) a showing under 37 CFR 1.132 that any invention disclosed but not claimed in
the reference was derived from the inventor of this application and is thus not an
invention “by another”; (2) a showing of a date of invention for the claimed subject
matter of the application which corresponds to subject matter disclosed but not claimed
in the reference, prior to the effective U.S. filing date of the reference under 37 CFR
1.131; or (3) an oath or declaration under 37 CFR 1.130 stating that the application and
reference are currently owned by the same party and that the inventor named in the
application is the prior inventor under 35 U.S.C. 104, together with a terminal disclaimer

in accordance with 37 CFR 1.321(c). This rejection might also be overcome by showing
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that the reference is disqualified under 35 U.S.C. 103(c) as prior art in a rejection under

35 U.S.C. 103(a). See MPEP § 706.02(1)(1) and § 706.02(1)(2).

Bolli et al. teach the Applicant's compound as an ET antagonist (see page 28,
first row, right compound) in compositions that can be combined with an excipient and
another active compound to treat conditions or disease which are associated with an
increase in vasoconstriction such as hypertension and erectile dysfunction (see abstract

and pages 16-17).

Bolli et al. does not teach a combination with at least one compound having

PDES5 inhibitory properties such as tadalafil (Applicant’s elected compound).

Keyser et al. teach that ET antagonist and PDES5 inhibitors such as tadalafil are
combined together to treat cardiac disorders such as hypertension (see abstract and

claims 19 and 21).

To one skilled in the art it would be obvious and motivated to combine the
compound of Formula | and a PDES inhibitor specifically tadalafil in a composition,
because the compound of Formula | is a ET antagonist and Keyser et al. teach that ET
antagonist and PDES inhibitors such as tadalafil can be combined in a composition to

treat hypertension.
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Response to Arguments

Applicant's arguments have been fully considered but they are not persuasive.

The Applicant argues that in both the obviousness-type double patenting
rejections and the 35 U.S.C 103(a) rejections, the Keyser et al. reference
teaches away from the use of non-specific ET receptor antagonist,
particularly those with ETg antagonistic activities, in combination with a
PDES inhibitor. As the compound of Formula | of the current invention is a
dual ETA/ETg receptor antagonist, one skilled in the art would not be
motivated to combine the teaching of any of the applications or WO
02/053557 to arrive at the claimed invention of the current application. For
the reasons above, the restriction requirement is still traversed since the
Examiner introduced the arguments for the first time. Applicants would
like to not that the 781 patent is a national phase entry of WO
2006/026395
The Examiner disagrees because the Applicant’s compound taught in Bolli et al.
(see page 28, first row, right compound; also known as Example 104 seen on page 93,
table 19) has a 682 relative receptor binding ratio for ETa over ETg (see page 6,
example 104 wherein the IC50 for ETa is 0.88 and 601 for ETg) . According to Keyser
et al. the selective compounds for ETa antagonist according to the invention display a
relative receptor binding ratio of at least 100 (see paragraph 59). Compared to
bosentan which has a relative receptor binding ratio of 52, one would be motivated to
use Applicant’s compound. In addition, Applicant's compound falls within the range of
“selective compounds for ETa antagonist”. Thus, the above argument applies to the

obviousness-type double patenting rejections, 35 U.S.C. 103(a) rejection and the

restriction.
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In regards to WO 2006/026395 being used in the obviousness-type double
patenting rejection, the WO document is used demonstrate in a published article that ET
antagonist and PDES inhibitors such as tadalafil are combined together to treat cardiac
disorders such as hypertension. Although patent 781 is the national stage phase entry

of WO ‘395, the WO document can still be used because it is published art.

Conclusion

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.

No claims allowed.
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Any inquiry concerning this communication or earlier communications from the
examiner should be directed to KENDRA D. CARTER whose telephone number is

(571)272-9034. The examiner can normally be reached on 9:00 am - 5:00 pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
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UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

Ex parte MARTINE CLOZEL

Appeal 2014-009320
Application 13/604,148!
Technology Center 1600

Before LORA M. GREEN, FRANCISCO C. PRATS, and
KRISTI L. R. SAWERT, Administrative Patent Judges.

SAWERT, Administrative Patent Judge.

DECISION ON APPEAL
This is an appeal under 35 U.S.C. § 134 from the rejection of claims
1-14 of U.S. Patent Application No. 13/604,148 (“the *148 application™).
We have jurisdiction under 35 U.S.C. § 6(b).

! Appellants identify Actelion Pharmaceuticals Ltd. as the real party in
interest. Appeal Br. 2.
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STATEMENT OF THE CASE

Claims 1-14 are on appeal and stand rejected as unpatentable under
35 U.S.C. § 103(a) over Bolli* in view of Keyser®’. Final Off. Act. 11.
Claims 1-14 also stand rejected on the ground of non-statutory obviousness-
type double patenting over claims 8 and 9 of Bolli *781* in view of Bolli and
Keyser. Id. at 3-5. The Examiner has also provisionally rejected claims 1—
14 on the ground of non-statutory obviousness-type double patenting over
claims 1,9, 10, and 18 of Adesuyi *142° in view of Bolli and Keyser, id. at
6-8, and over claims 1-11 of Clozel *847° in view of Bolli and Keyser, id. at
8-10.

Claim 1 is illustrative of the claims on appeal. Claim 1 provides:

1. A method for the treatment of hypertension,

pulmonary hypertension or pulmonary arterial hypertension,

comprising administering simultaneously, separately or over a

period of time, to a patient in need thereof, an effective amount

of a compound of formula (I):

2 Martin Bolli et al., WO 02/053557 A1l (published July 11, 2002) (“Bolli”).
3 Donald Keyser and Richard Dixon, WO 2006/026395 A1 (published
March 9, 2006) (“Keyser™).

4 Martin Bolli et al., U.S. Patent No. 7,094,781 B2 (issued August 22, 2006)
(“Bolli *7817).

> Charles Tokunbo Adesuyi, U.S. Application No. 12/388,142 (filed Feb. 18,
2009) (issued as U.S. Patent No. 8,367,685 B2 on February 5, 2013)
(“Adesuyi *142”).

6 Martine Clozel, U.S. Patent No. 8,268,847 B2 (issued September 18, 2012)
(“Clozel *8477).
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in free or pharmaceutically acceptable salt form, and at least
one compound having PDES5-inhibitory properties, in free or
pharmaceutically acceptable salt form.

Appeal Br. 12.

DISCUSSION

We have reviewed Appellant’s arguments in the Briefs, the
Examiner’s Final Office Action, and the Examiner’s Answer to the
Appellant’s arguments. Although we find that the Examiner made an
adequate prima facie case of obviousness, we also find that the Examiner did
not adequately respond to Appellant’s argument that the claimed invention
produces unexpectedly superior results. Thus, we reverse the rejection of
claims 1-14 for obviousness over Bolli in view of Keyser, for non-statutory
obviousness-type double patenting over claims 8 and 9 of Bolli *781 in view
of Bolli and Keyser, and for non-statutory obviousness-type double
patenting over claims 1, 9, 10, and 18 of Adesuyi *142 in view of Bolli and

Keyser. However, because the unexpectedly superior results do not apply to
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the Examiner’s rejection of claims 1-11 of Clozel 847 in view of Bolli and

Keyser, we affirm this rejection.

Background
The subject matter disclosed in the *148 application relates to a

pharmaceutical product comprising the compound of formula (I):

0o
W
T, e P o N H “’{:::'G:‘\ ‘x_ o Be
3 A {
o0 L]
N
Ny
L Pt \m“p :
A, G 2l
S \ﬁ\\ ;ﬁ;{

{h
in combination with at least one compound having PDE5-inhibitory
properties. Spec. 1. The Specification teaches that the compound of
formula (I) is a known endothelin-receptor antagonist useful for the
treatment of various diseases involving vasoconstriction (e.g., heart failure,
angina pectoris, pulmonary and systemic hypertension, and erectile
dysfunction). /d. In addition, the Specification teaches that
pyrazolopyrimidinone derivatives (e.g., sildenafil, vardenafil, tadalafil, and
udenafil) are known PDES inhibitors also useful for the treatment of the

same vasoconstriction-related diseases. Id.

" PDES5 stands for cyclic guanosine 3°, 5°-monophosphate (cGMP)
phosphodiesterase type 5. Spec. 2.
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The Specification states that the claimed invention is based on the
“surprising[]” finding “that the combination of the compound of formula (I)
with a compound having PDES-inhibitory properties results in an
unexpected synergistic effect in the treatment of diseases wherein
vasoconstriction is involved.” Id. at 2. In test Example 1, for example, the
administration of a compound of formula (I) decreased blood pressure with
an ABC (“area above the curve”) of 256, and the administration of tadalafil
decreased blood pressure with an ABC of 310. But, the administration of a
combination of a compound of formula (I) and tadalafil decreased blood
pressure with an ABC of 923, which the Specification describes as a
“synergistic effect.” Id. at 9; see also id. at 9-10 (Examples 2 and 3).

The Examiner rejected claims 1-14 for obviousness over Bolli in view
of Keyser. Final Off. Act. 11. Bolli discloses pyrimidine-sulfamides of the
general formula [. Bolli 12—-14. Of those compounds, Bolli specifically
discloses the compound of formula (I) presently claimed in the *148
application. See id. at 28 (top right-hand corner). Bolli teaches that the
compounds act as endothelin-receptor antagonists, id. at 1, useful “for
treatment of diseases, which are associated with an increase in
vasoconstriction, proliferation or inflammation due to endothelin,” such as
hypertension and pulmonary hypertension, id. at 11. Moreover, Bolli
teaches that the compounds of general formula I “may also be used in
combination with one or more other therapeutically useful substances,” such
as o- and B-blockers, vasodilators, calcium-antagonists, ACE-inhibitors,
potassium activators, angiotensin I receptor antagonists, diuretics,
sympatholitics, “and other therapeutics which serve to treat high blood

pressure or any cardiac disorders.” Id. at 17.
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Bolli does not specifically teach that the “other therapeutics” may be
PDES inhibitors. Final Off. Act. 12. The Examiner relied on Keyser to
make up for this deficiency. Keyser discloses “combination therapies”
comprising an endothelin A receptor (ETA)® antagonist and a PDES5 inhibitor
for the treatment and prevention of cardiac disorders such as pulmonary
arterial hypertension. Keyser (Abstract). Keyser specifically identifies
sildenafil, tadalafil, vardenafil, and dasantafil as PDES inhibitors. /d. 9 29.
Keyser also lists several known peptide and nonpeptidic ETa antagonists,
including: “cyclic peptides, acyltripeptides, hexapeptide analogs, certain
anthraquinone derivatives, indanecarboxylic acids, certain N-
pyrimidinylbenzenesulfonamides, certain benzenesulfonamides, and certain
naphthalenesulfonamides.” /d. 9 48. Finally, Keyser teaches that the ETa
antagonist and PDES inhibitor may be administered together in a “dual drug
tablet[],” or in “separate dosage formulations so that each may be
administered substantially concurrently or [] sequentially to provide required
therapeutic amounts.” Id. 9 32.

Keyser does not identify the compound of formula (I) presently
claimed in the *148 application. However, the Examiner argued that it
would have been obvious to

combine the compound of Formula I and a PDES inhibitor such
as tadalafil and sildenafil to treat pulmonary arterial
hypertension, because the compound of Formula I isa ET
antagonist, and Keyser et al. teach that an ET antagonist and
PDES inhibitors such as sildenafil and tadalafil can be

8 There are two types of endothelin receptors: endothelin A (ETa) and
endothelin B (ETg). ETa is predominant in cardiovascular tissues. Keyser
q12.
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combined to treat pulmonary hypertension, hypertension and
pulmonary arterial hypertension.

Final Off. Act. 13.

Analysis
A.

We agree with the Examiner that it would have been prima facie
obvious to administer the compound of formula (I) as disclosed in Bolli and
a PDES antagonist as taught by Keyser to treat hypertension.” Accordingly,
we adopt the Examiner’s fact findings and rationales provided in pages 11—
13 of the Final Office Action. Where we disagree, however, is with the
Examiner’s treatment of Appellant’s alleged unexpectedly superior results.

It is well established that “the prima facie case is merely a procedural
device that enables an appropriate shift of the burden of production” from
the examiner to the applicant. Hyatt v. Dudas, 492 F.3d 1365, 1369 (Fed.
Cir. 2007). Here, the Appellant responds to the prima facie case with

evidence of unexpectedly superior results. “After evidence or argument is

? For the sake of completeness, we note that Appellant’s extensive “lead
compound” arguments are inapposite to this case because the compound of
formula (I) is not novel. See Takeda Chem. Indus., Ltd. v. Alphapharm Pty.,
Ltd., 492 F.3d 1350, 1356 (Fed. Cir. 2007) (“We have held that structural
similarity between claimed and prior art subject matter, proved by
combining references or otherwise, where the prior art gives reason or
motivation to make the claimed compositions, creates a prima facie case of
obviousness. In addition to structural similarity between the compounds, a
prima facie case of obviousness also requires a showing of adequate support
in the prior art for the change in structure.” (citations and quotations
omitted)).
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submitted by the applicant in response, patentability is determined on the
totality of the record, by a preponderance of evidence with due consideration
to persuasiveness of argument.” [n re Oetiker, 977 F.2d 1443, 1445 (Fed.
Cir. 1992). Indeed, “[i]n reviewing the examiner’s decision on appeal, the
Board must necessarily weigh all of the evidence and argument.” /d.

Upon reviewing the evidence of record, we find that Appellant
submitted persuasive evidence of unexpectedly superior results that the
Examiner did not adequately rebut. Specifically, Appellant found that the
administration of the compound of formula (I) and a PDES antagonist
decreased blood pressure in an amount much greater than either compound
alone, thus producing a synergistic effect. Spec. 9—10 (Examples 1-3). In
the case of synergistic effects, the “key question” as to obviousness is
whether the combination of the compound of formula (I) and a PDES
antagonist “proved more effective than what would have been expected in
view of the prior art.” Novo Nordisk A/S v. Caraco Pharm. Labs., Ltd., 719
F.3d 1346, 1351-52 (Fed. Cir. 2013) (emphasis added). Here, the
Examiner’s response to Appellant’s assertion of unexpected results consists
of the following:

With regard to the unexpected and synergistic results, the
Examiner has considered the results and still does not find it
persuasive to overcome the rejections of record because of the
reasons above. Particularly, a combination of an ET antagonist
and a PDES inhibitor is taught. There is no evidence that the
claimed compound is unexpected to be better than the N-ethyl
analog (closest tested compound of art) taught by Bolli et al. for
instance. Therefore the Applicant’s arguments are non-
persuasive to overcome the 35 U.S.C. 103(a) and obviousness
type double patenting rejections of record.
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Ans. 14.

The Examiner refers to the N-ethyl analog of the compound of
formula (I) disclosed in Bolli, and appears to imply that Appellant had a
burden to test the effectiveness of that compound in combination with a
PDES5 inhibitor. We disagree; the combination of the N-ethyl analog and a
PDES inhibitor does not exist in the prior art. “It is not required that the
claimed invention be compared with subject matter that does not exist in the
prior art. The applicant is not required to create prior art, nor to prove that
his invention would have been obvious if the prior art were different than it
actually was.” In re Geiger, 815 F.2d 686, 690 (Fed. Cir. 1987) (Newman,
J. concurring). Thus, we find that the Examiner has not persuasively showed
by a preponderance of the evidence that Appellant’s synergistic effects
would have been expected from the prior art.

Moreover, we find that Appellant has presented persuasive evidence
that an ordinarily skilled artisan would not have expected the synergistic
effects produced by the administration of the compound of formula (I) and a
PDES inhibitor. The compound of formula (I) is a dual ETA-ETs (i.e.,
nonselective) inhibitor. Appeal Br. 8-9. Keyser teaches that “[u]se of a
nonselective ET receptor [inhibitor] interferes with multiple pathways
whereas use of a specific ET 4 antagonist will act in a complementary
fashion for the multiple pathways (PDE and/or prostacyclin and/or ETx) to
provide superior efficacy and/or dosage regimes and/or reduction in side
effects.” Keyser 9 67.

Specifically, Keyser explains that ETa causes vasoconstriction. /d. at
9 68. Thus, administration of an ETa antagonist results in less

vasoconstriction, which in turn ameliorates the symptoms of hypertension.
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ETs, on the other hand, causes vasodilation. /d. ETs-mediated vasodilation
occurs through a series of steps leading to an increase in cGMP! levels. 1d.
cGMP relaxes blood vessels, but PDES breaks down cGMP. 1d.
Administration of a PDES antagonist prevents the breakdown of cGMP, thus
leading to “increased vasodilation and better efficacy of both” the ETa
antagonist and the PDES antagonist. /d. Conversely, Keyser explains,
“[nJonselective antagonists would not function as effectively because they
block the ETs stimulated cGMP production.” /d.

Based on this description, we find that an ordinarily skilled artisan
would not have expected the administration of a nonselective ET antagonist,
such as the compound of formula (I), and a PDES antagonist to have
produced the synergistic results provided in Appellant’s Specification. If
anything, the skilled artisan most likely would have expected inferior results
based on the discussion in Keyser. See Keyser ] 68—69. For these reasons,
we determine that the Examiner’s rejection of claims 1-14 for obviousness
over Bolli in view of Keyser is unsupported by a preponderance of the

evidence and therefore we reverse this rejection.

10 ¢GMP stands for cyclic guanosine monophosphate.

10
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B.

For the same reasons, we also determine that the Examiner’s
rejections of claims 1-14 for non-statutory obviousness-type double
patenting over claims 8 and 9 of Bolli *781 in view of Bolli and Keyser, and
for non-statutory obviousness-type double patenting over claims 1, 9, 10,
and 18 of Adesuyi *142 in view of Bolli and Keyser, lack support by a
preponderance of the evidence. Like Bolli, both Bolli 781 and Adesuyi
’142 teach the compound of formula (I). But neither reference teaches or
suggests that the synergistic results obtained from the presently claimed
invention would have been expected to an ordinarily skilled artisan. Thus,
we reverse these non-statutory obviousness-type double patenting rejections.

C.

Finally, we affirm the obviousness-type double patenting rejection of
claims 1-14 over claims 1-11 of Clozel *847 in view of Bolli and Keyser.
Clozel *847 teaches a method for treating hypertension or pulmonary
hypertension by administering an effective amount of the compound of
formula (I) in combination with a PDES inhibitory compound. See, e.g.,
Clozel *847 (col. 8, 1. 29-35); see also Final Off. Act. 8-10. But, as
Appellant notes, the *148 application is a continuation of the application
leading to the *847 patent, Appeal Br. 11, and therefore is not prior art to the
present application. We agree with the Examiner that a non-statutory
obviousness-type double patenting rejection is appropriate in this case

because representative claim 1 is not patentably distinct from the claims of

11
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Clozel °847. Specifically, representative claim 1 would be anticipated!! by
the claims of Clozel *847, but for the fact that Clozel *847 is not prior art. In
re Goodman, 11 F.3d 1046, 1052-53 (Fed. Cir. 1993). Appellant makes no

argument against the merits of this rejection. Therefore, we affirm.

SUMMARY
We affirm the obviousness-type double patenting rejection of claims
1-14 over claims 1-11 of Clozel *847 in view of Bolli and Keyser. We
reverse all other standing rejections.
No time period for taking any subsequent action in connection with

this appeal may be extended under 37 C.F.R. § 1.136(a).

AFFIRMED

1 Specifically, Clozel *847 discloses all elements of representative claim 1,
except for the treatment of “pulmonary arterial hypertension.” Final Off.
Act. 8-9. But because representative claim 1 recites pulmonary arterial
hypertension in the alternative (i.e., “the treatment of hypertension,
pulmonary hypertension or pulmonary arterial hypertension”), Clozel *847
anticipates. See Titanium Metals Corp. of Am. v. Banner, 778 F.2d 775, 782
(Fed. Cir. 1985) (“It is also an elementary principle of patent law that when,
as by a recitation of ranges or otherwise, a claim covers several
compositions, the claim is ‘anticipated’ if one of them is in the prior art.”).

12
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A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 028787 , Frame 0964 , or for which a copy
thereof is attached.

B. |:] A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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3. From:

4. From:

5. From:

6. From:

STATEMENT UNDER 37 CFR 3.73(c)

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

|:| As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the

assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Joseph Lucci/ 2017-09-22
Signature Date
Joseph Lucci 33307

Printed or Typed Name

Title or Registration Number

[Page 2 of 2]
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Filing Date:

Title of Invention:

THERAPEUTIC COMPOSITIONS COMPRISING A SPECIFIC ENDOTHELIN
RECEPTOR ANTAGONIST AND A PDE5 INHIBITOR

First Named Inventor/Applicant Name:

Filer:

David N. Farsiou/Janis Calvo

Attorney Docket Number:

Filed as Large Entity

Filing Fees for Supplemental Examination

Description Fee Code Quantity Amount Sul:’-s'l'g(t:)l in
Basic Filing:
REQUEST FOR SUPPLEMENTAL EXAMINATION 1826 1 4400 4400
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Claims:
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Electronic Acknowledgement Receipt

EFS ID: 30442885
Application Number: 96000237
International Application Number:
Confirmation Number: 5019

Title of Invention:

THERAPEUTIC COMPOSITIONS COMPRISING A SPECIFIC ENDOTHELIN
RECEPTOR ANTAGONIST AND A PDE5 INHIBITOR

First Named Inventor/Applicant Name:

Customer Number:

45511

Filer:

David N. Farsiou/Janis Calvo

Filer Authorized By:

David N. Farsiou

Attorney Docket Number:

Receipt Date: 22-SEP-2017
Filing Date:
Time Stamp: 09:58:58

Application Type:

Supplemental Examination

Patent Number: 8268847
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $16500

RAM confirmation Number

092217INTEFSW00007674233050

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

UNITED THERAPEUTICS CORP., EX1003, page 239

UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS

U.S. PATENT 8,268,847



File Listing:
Document e e . File Size(Bytes)/ Multi Pages
Document Description File Name ( y ) . . 9
Number Message Digest | Part/.zip| (if appl.)
168841
1 Transmittal Letter 1Transmittal_of_Request.pdf no 4
c7ae38e8f8c733ff384bbd60479691185a97|
504e
Warnings:
Information:
176507
2 Receipt of Orig. Supp Exam Request 2Request_F9r_Sgpplemental_ no 14
xamination.pdf
5010fc57097ce6752061776dbf46964c7dd
91852
Warnings:
Information:
8139850
3 Copy of patent for which supp exam is 3Exhibit_A.pdf no 7
requested
6640987d4ce0bf19f5afc23e4bc3f6410266
3627
Warnings:
Information:
6049802
4 List of Items of Information - Supp Exam 4Exhibits_B_through_D.pdf no 197
1724a620d21bb4d909a9812d7e96f4529a2
Warnings:
Information:
510439
5 Miscellaneous Incoming Letter 5Exhibit_E.pdf no 14
07b1 ceand 208fd)|
Warnings:
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969247
6Power_of_Attorney_and_Cha
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Information:

75502
Assignee showing of ownership per 37 | 7Assignee_Statement_of_Own
7 . no 2
CFR3.73 ership.pdf
d3cb84e6f06f42a0e8712e7d60078ac87e06]
eds9
Warnings:
Information:
31342
8 Fee Worksheet (SB06) fee-info.pdf no 2
22a638cab3ae3a87b95274811cec82026¢H
02c2
Warnings:
Information:
Total Files Size (in bytes):| 16121530

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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REQUEST FOR SUPPLEMENTAL EXAMINATION TRANSMITTAL FORM

Address to:

Commissioner for Patents Attorney Docket No.:
P.O. Box 1450

Alexandria, VA 22313-1450 Date:

1. This is a request for supplemental examination pursuant to 37 CFR 1.610 of patent number 8.268,847
issued _September 18, 2012 . 37 CFR 1.610(b)(1).

2. Supplemental examination of claim(s) 1-1 is requested.
37 CFR 1.610(b)(4).

3. a. The name(s) of the patent owner(s) (not the patent practitioner(s)) is (are):
Actelion Pharmaceuticals Ltd

b. A submission by the patent owner(s) in compliance with 37 CFR 3.73(c), which establishes that the patent
owner(s) has (have) the entirety of the ownership in the patent for which supplemental examination is
requested, is included. 37 CFR 1.610(b)(9).

N

. |:| a. A check in the amount of $ is enclosed to cover the fee for processing and treating a
request for supplemental examination, the fee for reexamination ordered under 35 USC 257, and the fee for
processing and treating each non-patent document over 20 sheets in length (37 CFR 1.20(k)(1 - 3));

b. The Director is hereby authorized to charge all applicable fees as set forth in 37 CFR 1.20(k)(1 - 3)
to Deposit Account No. 233050 sor

|:| c. Payment by credit card. Form PTO-2038 is attached. 37 CFR 1.610(a).

5. Any refund should be made by [ check or credit to Deposit Account No. 233050
37 CFR 1.26(c). If payment is made by credit card, refund must be to the credit card account.
6. A copy of the patent for which supplemental examination is requested, and a copy of any disclaimer or

certificate issued for the patent are included. 37 CFR 1.610(b)(6).

7. |:| CD-ROM or CD-R in duplicate, Computer Program (Appendix) or large table
[ Landscape Table on CD

@®

Nucleotide and/or Amino Acid Sequence Submission
If applicable, items a. — c. are required.

a. |:| Computer Readable Form (CRF)
b. Specification Sequence Listing on:

i D CD-ROM (2 copies) or CD-R (2 copies); or
i. 1 paper

c. |:| Statements verifying the identity of above copies

9. A list of no more than 12 items of information submitted as part of this request is provided in Part B of this form.
Where appropriate, the list must meet the requirements of 37 CFR 1.98(b). 37 CFR 1.605(a), 1.610(b)(2).

[Page 1 of 2]
This collection of information is required by 37 CFR 1.610. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 0.3 hours to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.
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10.

1.

12.

13.

|:| See accompanying paper for a list of additional prior or concurrent post-patent Office proceedings involving the patent for

A legible copy of each item of information listed in Part B of this form, and an English language translation of all necessary
and pertinent parts of each non-English language item of information are included.

Copies of items of information that form part of the discussion within the body of the request (see 37 CFR 1.605(b)), and
copies of U.S. patents and patent application publications, are not required. 37 CFR 1.610(b)(7).

D A summary of the relevant portions of each non-patent document that is over 50 pages in length (other than the request) is
included. The summary includes the required citations to the particular pages containing the relevant portions. 37 CFR
1.610(b)(8).

A separate, detailed explanation of the relevance and manner of applying each item of information to each claim of the
patent for which supplemental examination is requested, is included. 37 CFR 1.610(b)(5).

I:I The below list includes all prior or concurrent post-patent Office proceedings (ex parte or infer partes reexamination, reissue,
supplemental examination, post grant review, or inter partes review) involving the patent for which supplemental examination
is being requested. 37 CFR 1.610(b)(3). An identifying number may be, e.g., a control no. or reissue application no. Any
prior or concurrent post-patent Office proceedings not listed below are listed on a separate paper accompanying the request.

Type of Proceeding Identifying Number Filing Date

which supplemental examination is requested. The paper should be a separate sheet titled “List of Prior or Concurrent Post-
Patent Office Proceedings” and must provide the type, identifying number, and filing date of the post-patent Office proceeding.

14.

supplemental examination is requested and for the supplemental examination proceeding to be:

Correspondence Address: Please recognize, or change, the correspondence address for the file of the patent for which

The address associated with Customer Number: 4551 1 OR

Firm or
Individual Name

Address

City State Zip
Country

Telephone Email

15. 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 PTO-2038.

/Joseph Lucci/ 2017-09-22
Authorized Signature Date
Joseph Lucci 33307
Typed/Printed Name Registration No.
[Page 2 of 2]
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REQUEST FOR SUPPLEMENTAL EXAMINATION TRANSMITTAL FORM
PART B — LIST OF ITEMS OF INFORMATION — Page 1

(Also referred to as FORM PTO-XXXX)

Patent number for which supplemental examination is requested 8268847

Issue Date 9/18/2012

All items of information (no more than 12) submitted herewith as part of this request for supplemental
examination of the above-identified patent are included in the following list:

U. S. PATENT DOCUMENTS

Cite Document Number Publication Name of Patentee or Pages, Columns, Lines, Where
No." [ Number-Kind Code2 (@ Date Applicant of Cited Document Relevant Passages or Relevant
known) MM-DD- Figures Appear
YYYY
US- 7094781-B2 08/22/2006 Actelion Pharmaceuticals Ltd See accompanying Request
US- 8367685-B2 02/05/2013 Actelion Pharmaceuticals Ltd See accompanying Request
us-
us-
us-
us-
us-
us-
us-
us-
us-
us-
FOREIGN PATENT DOCUMENTS
Cite Foreign Patent Publication Name of Patentee or Pages, Columns, Lines, Where
No." Document Date Applicant of Cited Document Relevant Passages or
Country Codes-Number4- | MM-DD- Relevant Figures Appear T2
Kind Code? (if known) YYYY
Exh. B WO-2002053557-A1 07/11/2002 Actelion Pharmaceuticals Ltd See accompanying Request
Exh. C WO-2006026395-A1 03/09/2006 Encysive Pharmaceuticals See accompanying Request

' Applicant’s unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents at www.uspto.gov or MPEP 901.04. ® Enter Office that issued
the document, by the two-letter code (WIPO Standard ST.3). #For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial
number of the patent document. ®Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to place a
check mark here if English language Translation is attached.
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(Also referred to as FORM PTO-XXXX)
REQUEST FOR SUPPLEMENTAL EXAMINATION TRANSMITTAL FORM
PART B - LIST OF ITEMS OF INFORMATION - Page 2

Patent number for which supplemental examination is requested 8268.847 Issue Date 9/18/2012
All items of information (no more than 12) submitted herewith as part of this request for supplemental
examination of the above- identified patent are included in the following list:

OTHER DOCUMENTS

Cite Document Information (include, where appropriate, name of the author, title of the article, book, magazine, journal, serial, symposium, catalog, etc.,
No.! publication date, page(s), volume-issue number(s), publisher, city and/or country where published. If a court document, identify the specific court, the T2
designation (case citation or numeric designation), the title of the document, and the date submitted in court. If a declaration, include the type (e.g., 37
CFR 1.132 or 1.131), name of declarant, and the date of declaration. If an invoice or sales receipt, include the date issued and the name of the issuer
(e.g., the name of the corporation or other place of business). If a discussion within the body of the request, include the pages of the request on which
the discussion appears, and a description of the discussion (e.g., “discussion in request of why the claims are patentable under 35 U.S.C. 101, pages
7-11.") For all other materials, include, where appropriate, the title, author, date, and any descriptive information that would describe the document.)

Exh | Office Action mailed February 28, 2012 during prosecution of the ‘847 patent

1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.
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UNITED STATES PATENT AND TRADEMARK QFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

BIB DATA SHEET
CONFIRMATION NO. 5019

SERIAL NUMBER FILINgAt%rE 371(c) CLASS GROUP ART UNIT ATTORNE(\)(_DOCKET
96/000,237 09/22/2017 514 3991
RULE
APPLICANTS
INVENTORS

8268847, Residence Not Provided;
ACTELION PHARMACEUTICALS, LTD., ALLSCHWIL, SWITZERLAND;
PATENT OWNER, Residence Not Provided;

** CONTINUING DATA *
This application is a SER of 12/439,290 02/27/2009 PAT 8268847
which is a 371 of PCT/IB07/53448 08/28/2007

** FOREIGN APPLICATIONS
INTERNATIONAL BUREAU OF THE WORLD INTELL PCT/IB2006/052999 08/29/2006
INTERNATIONAL BUREAU OF THE WORLD INTELL PCT/IB2006/053857 10/19/2006

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **

Foreign Prioiy caimed [ ves o STATEOR | SHEETS | TOTAL (INDEPENDENT
35 USC 119(a-d) conditions met (3 ves O No | [ Metafter COUNTRY |DRAWINGS | CLAIMS CLAIMS
Verified and
Acknowledged “Examiner's Signature Tritials.

ADDRESS

Baker & Hostetler LLP

CIRA CENTRE, 12TH FLOOR
2929 ARCH STREET
PHILADELPHIA, PA 19104-2891
UNITED STATES

TITLE

THERAPEUTIC COMPOSITIONS COMPRISING A SPECIFIC ENDOTHELIN RECEPTOR ANTAGONIST
AND A PDES INHIBITOR

O All Fees
{ 1.16 Fees (Filing)

FEES: Authority has been given in Paper
FILING FEE y g P O 1.17 Fees (Processing Ext. of time

RECEIVED |No. to charge/credit DEPOSIT ACCOUNT ) I
0.00 No. for following: O 1.18 Fees (Issue) |

’El Other I

IE] Credit I

8IB (Rev. 05/07).
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Litigation Search Report CRU 3999

| AR

e

TO: TIMOTHY KUGEL
Location: CRU

Art Unit: 3981

Date: 08/25/2017

From: MANUEL SALDANA
Location: CRU 3999

MDE 5D14

Phone: (571) 272-7740

MANUEL.SALDANA@uspto.gov

Litigation was NOT found for US Patent Number: 8,268,847

1) I performed a KeyCite Search in Westlaw, which retrieves all history on the patent including any

litigation.

2) I performed a search on the patent in Lexis CourtLink for any open dockets or closed cases.

3) I performed a search in Lexis in the Federal Courts and Administrative Materials databases for any cases

found.

4) I performed a search in Lexis in the IP Journal and Periodicals database for any articles on the patent.

5) I performed a search in Lexis in the news databases for any articles about the patent or any articles about

litigation on this patent.
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Search
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‘\ Search » Patent Search > Searching

Patent Search 8268847 R/28/2017

Bo cases found.

5. All rights reserved.
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1. 9597331, March 21, 2017, Therapeutic compositions containing mactientan, Clozel, Martine, Binningen, Swiss
Confederation((CH); 873787, October 2, 2015, ASSIGNMENT QF ASSIGNORS INTEREST (SEE DOCUMENT FOR
DETALS)., ACTELION PHARMACEUTICALS LTD., GEWERBESTRASSE 16, ALLSCHWIL, SWITZERLAND{
), CH-4123, reel-frame:036718/0102, ACTELION PHARMACEUTICALS 1.TD., Allschwil, Swiss
Counfederation(CH), Foreign company or corporation

CORE TERMS: compound, receplor, macitenian, salt, prostacychin, agonist, pulmonary, pharmacentically, rat,
hypertension, therapeutic, monocrotaline, adronistered, ingredient, endothelin, arterial, disease, route, cell,
hypertensive, experimental, isopropyl, formmila, variant, butoxy, amino, dose, invention relates, arterial blood, analogoes

.. 2011, Bolli et al., United States of America (US) 8268847, September 18, 2012, Clozel et al, United ...

2. 9597331, March 21, 2017, Therapeutic compositions containing mactientan, Clorel, Martine, Binningen, Swiss
Confederation(CHY); 873787, Oetober 2, 2015, ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR
DETAILS)., ACTELION PHARMACEUTICALS LTD., GEWERBESTRASSE 16, ALLSCHWIL, SWITZERLANID(
¥, CH-4123, reel-frame:036718/0102, ACTELION PHARMACEUTICALS LTD., Allschwil, Swiss
Counfederation((CH), Foreign company or corporation

CORE TERMS: compound, receptor, macitentan, salt, prostacyclin, agonist, pulmonary, phamaceutically, rat,
hypertension, therapeutic, monocrotaline, administered, ingredient, endothelin, arterial, disease, route, cell,
hypertensive, experimental, isopropyl, fornmila, variant, butoxy, amino, dose, invention relates, arterial blood, analogues

.. 2011, Bolli et al., United States of America (US) 5268847, Seplember 15, 2012, Clozel et al, Untted ..

3. 9265762, February 23, 2016, Stable pharmaceutical compositions comprising a pyrimidine-sulfamide, Adesuyi,
Charles Tokunbo, Swindon, United Kingdom of Great Britain and Northern Treland{GRB); Lithgow, Bruce Hamilton,
Bath, United Kingdom of Great Britain and Northern Ireland(GB); Lambert, Qlivier, Spechbach-le-Hant, French
Republic(FR}); Holman, Lovelace, Arlesheim, Swiss Confederation(CH); 736699, January 7, 2016, ASSIGNMENT OF
ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS)., ACTELION PHARMACEUTICALS L'TD.,
GEWERBESTRASSE 16, ALLSCHWIL, SWITZERLAND( ), CH-4123, reel-frame:037431/0969, ACTELION
PHARMACEUTICALS LT, Allschwil, Swiss Confederation(CH), Foreign company or corporation

CORE TERMS: formula, composifion, phammaceutical, compouond, sodivm, starch, tablet, total weight, coating,
glycolate, stearate, magnesium, acid, total amount, disintegrant, nnmute, batch, dissohution, celtulose, pharmacestically,
sulphate, lauryl, mucrocrystalline, sorfactant, percentage, lubricant, jntra-granular, salt, notably, ensp

... 2011, Blouguin et al., United States of America (US) 8268847, September 18, 2012, Clozel, United States of
Anerica (US)

4. 9173881, November 3, 2015, Therapeutic compositions containing macttentan, Clozel, Martine, Binningen, Swiss
Confederation{CH); 335687, October 20, 2014, ASSIGNMENT OF ASSIGNORS INTEREST (8EE DOCUMENT
FOR DETAILS), ACTELION PHARMACEUTICALS LTD., GEWERBESTRASSE 16, ALLSCHWIL,
SWITAZERLANDY ), CH-4123, reel-frame:033980/0325, ACTELION PHARMACEUTICALS LTD., Allschwil, Swiss
Confederation(CH), Foreign company or corporation

CORE TERMSE: compound, receptor, macitentan, salt, prostacyclin, agonist, pulmonary, phamaceutically, rat,
hypertension, therapeutic, monocrotaline, administered, ingredient, endothelin, arterial, disease, route, cell,
hypertensive, expengental, isopropyl, formula, variant, butoxy, armino, dose, nveation relates, arterial blood, analogues

.. 2011, Bollr et al., United States of America (US) 5268847, September 18, 2012, Clozel, United States of America
(US)
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5. 8809334, August 19, 2014, Therapeuntic compositions containing macitentan, Clozel, Martine, Binningen, Swiss
Confederation{CH); 058639, February 21, 2013, ASSIGNMENT OF ASSIGNORS INTEREST (5EE DOCUMENT
FOR DETAILS)., ACTELION PHARMACEUTICALS 1.TD., GEWERBESTRASSE 16, ALLSCHWIL,
SWITZERLAND( 3, CH~ 123, reel-frame:(029850/0438, Actelion Pharmaceuticals Lid., Allschwil, Swiss
Counfederation(CH), Foreign company or corporation

CORE TERMS: compound, receplor, macitenian, salt, prostacychin, agonist, pulmonary, pharmacentically, rat,
hypertension, therapeutic, monocrotaline, adronistered, ingredient, endothelin, arterial, disease, route, cell,
hypertensive, experimental, isopropyl, formmila, variant, butoxy, amino, dose, invention relates, arterial blood, analogoes

.. 2011, Bolli et al., United States of America (US) 8268847, September 18, 2012, Clozel et al, United ...

6. 8541433, September 24, 2013, Combination comprising macitentan and paclitaxel for treating roudti-drug resistant
ovaran cancer, Clozel, Martine, Binningen, Swiss Confederationd{CH): Regenass, Urs, Allschwil, Swiss
Counfederation(CH); 867939, Gctober 3, 2010, ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR
DETAILS)., ACTELION PHARMACEUTICALS LTD., GEWERBESTRASSE 16 CH 4123, ALESCHWIL,
SWITZERLANEY ), CH-4123, reel-frame:025089/0838, Actelion Pharmaceuticals, Lid., Allschwil, Swiss
Confederation(CH), Foreign company or corporation

CORE TERMS: paclitaxel, compound, nice, formula, timor, salt, cancer, pharmaceuntically, ovagan, ascite, plusmn,
formation, ensp, incidence, route, therapeutic, antagonist, ingredient, patient, 1.p, pharmaceutical, experimental,
endothelin, inhibition, suspension, receptor, assay, dose, administered, composition

... Bolli et al., United States of America (US), 51442358 8268847, September 18, 2012, Cloze} et al., United ...

7. 8497370, July 30, 2013, Processes for preparing amine salts of sildenafil-analogues and use thercof, Chen, Ing-Jun,
Kaohsiung, Taiwan, Republic of China (R.O.CH(TW); 044899, March 10, 2011, ASSIGNMENT OF ASSIGNORS
INTEREST (SEE DOCUMENT FOR DETAILS)., KAOHSIUNG MEDICAL UNIVERSITY, SAN MING DISTRICT,
NO. 00, SHIH-CHUAN 18T RD., KAOHSIUNG CETY, TATWAN( ), 807, reel-frame:(025935/0662, Kachsiung
Medical University, Kachsiung, Taiwan, Republic of China (R.O.CH(TW), Foreign company or corporation

CORE TERMS: acid, sodinm, salt, derivative, statin, g-polyghitamic, sildenafil-analogues, ethanol, amine, calcion,
formala, plusran, carboxylie, dissolved, compound, substituting, simvastatin, mixture, ester, room emperatvye, Carrier,
preparation, atkyl, composition, pharmaceutical, alcobol, phanmaceutically, pudmonary, hydroxide, donated

... 2009, Braude ef al,, United States of America (US) 8268847, September 184, 2012, Clozel, United States of
America (US), ...

8. 8268847, September 185, 2012, Therapeutic compositions comprising a specific endothelin receptor antagonist and a
PDES nhibitor, Clozel, Martine, Binumagen, Swiss Confederation{CH), Swiss Confederation(y: 439290, August 15,
2012, ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUM FOR DETAILS)., ACTELION
PHARMACEUTICALS LTD., GEWERBESTRASSE 16, ALLSCHWIL, SWITZERLAND( ), CH-4123,
reel-frame:028787/0064, Actelion Pharmaceuticals, Lid., Allschwil, Swiss Confederation{CH), Foreign company or
corporation

CORE TERMS: compound, formula, rat, hyperiension, salt, blood pressure, pharmacenutically, tadalafil, administered,
therapeutic, sildenafil, disease, pulmonary, route, dose, i.a, ingredient, tube, vasoconstriction, salt-sensitive,
spogtancously, bypertensive, decreased, rmg, heart faiture, protocol, sixiure, resin, asgina pectoris, dysfunction
8268847

9. 20140148460 (Note: This is a Patent Application only.), May 29, 2014, THERAPEUTIC COMPOSITIONS,
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CLOZEL, Martine, Binnigen, Swiss Confederation{CH); 162280, April 15, 2014, ASSIGNMENT OF ASSIGNORS
INTEREST (SEE DOCUMENT FOR DETALIS)., ACTELION PHARMACEUTICALS LTD., GEWERBESTRASSE
16, ALLSCHWIL, SWITZERLAND( ), CH~4123, reel-frame:032677/0102; April 17, 2014, CORRECTIVE
ASSIGNMENT TO CORRECT THE CORRECT ATTORNEY DOCKET NUMBER TO "AC-66-USC2"
PREVIOUSLY RECORDED ON REPL 032677 FRAME (102, ASSIGNOR(S) HEREBY CONFIRMS THE
ASSIGNMENT., ACTELION PHARMACEUTICALS 1.TD., GEWERBESTRASSE 16, ALLSCHWIL,
SWITAZERLAND{ ), CH-4123, reel-frame:032708/0012, ACTELION PHARMACEUTICALS LTD., Allschwil, Swiss
Confederation((CH), Poreign company or corporation

CORE TERMS: compound, fornmila, rat, hypertension, salt, blood pressuore, pharmacentically, tadalafil, admunistered,
therapeutic, sildenafil, discase, pulmonary, 1.a, route, dose, ingredient, tobe, vasocoustriction, salt-sensitive,
spontancously, hypertensive, decreased, rin, heart fatlure, protocol, mixture, resin, angina pectoris, dysfunction

.. Ser. No. 12439290, February 27, 2009, GRANTED 8268847

10. 20130210830 (Note: This is a Patent Application only.), August 15, 2013, THERAPEUTIC COMPOSITIONS,
CLOYEL, Martine, Binmgen, Swiss Confederation{CH); 604148, Septerpber §, 2012, ASSIGNMENT OF
ASSIGNORS INTEREST (SEE DOCUMENT FOR DETATS)., ACTELION PHARMACEUTICALS LTD,,
GEWERBESTRASSE 16, ALLSCHWIL, SWITZERLAND( ), CH-4123, reel-frame:028901/0418, Actelion
Pharmaceuticals Ltd., Allschwil, Swiss Confederation{CH), Foreiga company or corporation

CORE TERMS: compound, formmla, rat, hypertenston, salt, blood pressure, pharmacentically, tadalafil, administered,
therapeutic, sildenafil, disease, pulmonary, 1.a, route, dose, agredient, tube, vasoconstriction, sali-sensitive,
spontanecusly, hypertensive, decreased, nin, heart failure, protocol, mixture, resin, angina pectoris, dysfunction

. Ser. No. 12439200, February 27, 2009, GRANTED 8268847
Prior Publication 20130005734, Janvary 3, 2013

11, 20130005734 (Note: This is a Patent Application ondy.), Fasuary 3, 2013, THERAPEUTIC COMPOSITIONS,
CLOZEL, Martine, Binnigen, Swiss Confederation{CH), Swiss Confederation(); 604148, September 5, 2012,
ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS)., ACTELION
PHARMACEUTICALS LTD., GEWERBESTRASSE 16, ALLSCHWIL, SWITZERLANDY ), CH-4123,
recl-frarpe:028901/44 18, Actelion Pharmacenticals Lid., Allschwil, Swiss Confederation(CH), Foreign company or
COrporation

CORE TERMS: compound, formela, rat, hypertension, salt, blood pressure, pharmacestically, tadalafil, administered,
therapeutic, sildenafil, disease, pulmonary, i.a, route, dose, ingredient, tube, vasoconsiriction, salt-sensitive,
spontaneously, hypertensive, decreased, min, heart failure, protocol, mixture, resin, angina pectoris, dysfunction

... Ner. No. 12439290, Februacy 27, 2009, GRANTED 8268847

12. 20123108604 (Note: This 1s a Patent Appheation only.), May 3, 2012, PROCESSES FOR PREPARING AMINE
SALTS OF SILDENAFIL-ANALOGUES AND USHE THEREOQOF, Chen, Ing-Jun, Kaohsiung City, Taiwan, Province of
China('TW), Tatwan, Provinee of China(); 044899, March 10, 2011, ASSIGNMENT OF ASSIGNORS INTEREST
(SEE DOCUMENT FOR DETAILS)., KAOHSIUNG MEDICAL UNIVERSITY, SAN MING DISTRICT, NO. 100,
SHIH-CHUAN ISTRD., KAOHSIUNG CITY, TAIWAN( ), 837, recl-frame:025935/0062, KAOHSHUNG
MEDICAL UNIVERSITY, Kaohstung City, Taiwan, Province of China(TW), Foreign company or corporation

CORE TERMS: aad, sodimm, salt, derivative, statin, g-polyghitamie, ethagol, aroioe, calcinm, formula, plusron,
carboxylic, dissolved, corapound, substifuting, siovastalin, yaixtore, ester, 1o tmperature, carrier, preparation, alkyl,
composition, pharmacsutical, alcohol, pharmacentically, polmonary, hydroxide, donated, ring
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.. 20090318459, December 24, 2009, United States of America {US) 8268847, September 18, 2012, United States of
Anerica (US)

13. 20113136813 (Note: This 1s a Patent Application only.), Juge 9, 2011, THERAPEUTIC COMPOSITIONS
CONTAINING MACITENTAN, Clozel, Martine, Binpingen, Swiss ConfederationCH), Swiss Confederation();
058639, CLOZEL MARTINE, Febroary 21, 2013, ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT
FOR DETALLS)., ACTELION PHARMACEUTICALS LTH., GEWERBESTRASSE 16, ALLSCHWIL,
SWITZERLANDY ), CH-4123, reel-frame:()29850/0458

CORE TERMS: compound, receptor, macitentan, salt, prostacyclin, agonist, pulmonary, phammaceutically, rat,
hypertension, therapeutic, monocrotaline, administered, ingredient, endothelin, arterial, disease, route, cell,
hypertensive, experimental, isopropyl, fornwla, variant, butoxy, amino, dose, mvention relates, arterial blood, analogues

<,

... GB], et al, United States of America (US) 8268847, Septernber 18, 2012, CLOZEL MARTINE [CH ..

14. 20100311774 (Note: This is a Patent Application only.), December 9, 2010, Combination Comprising Paclitaxel for
Treating Ovarian Cancer, Clozel, Martine, Binningen, Swiss Confederation(CH), Swiss Confederation(); Regenass, Urs,
Allschwil, Swiss Confederation{CH), Swiss Confederation(}; 867939, October 5, 2010, ASSIGNMENT OF
ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS)., ACTELION PHARMACEUTICALS LTD.,
GEWBERBESTRASSE 16 CH 4123, ALLSCHWIL, SWITAZERLAND( ), CH-4123, recl-frame:025089/0838, CLOZEL
MARTINE; REGENASS URS

CORE TERMS: paclitaxel, compound, mice, formula, tomor, salt, cancer, pharmacentically, ovanan, ascite, plosmn,
formation, ensp, incidence, rovte, therapentic, antagonist, ngredient, patient, 1.p, pharmaceutical, experimental,
endothelin, inlibition, suspension, receptor, assay, dose, administered, composition

... GB], et al, United States of America (US) 8268847, September 18, 2012, CLOZEL MARTINE [CH ...
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iExammed by . EXPARTE MARTINE CLOZEL :Sep. 29, 2016 : Administrative
§ 2016 WL 5787594, *1+ , Patent Tr. & App. Bd. :Decision

iThis is an appeal under 35 U.S.C. § 134 from the
‘rejection of claims 1-14 of U.S. Patent Application
:No. 13/604,148 ("the ‘148 application”). We have
:jurisdiction under 35 U.S.C....

Appeal Brief Under 37 C.F.R. 5 41.37

: Discussed by

\Ex Parte Martine Clozel.
{2013 WL 12123481, *1+, Patent Tr. & App. Bd.
:(Administrative Filing)

Cited by 3. Reply Brief Under 37 C.F.R. s 41.37
: :Ex Parte Martine Clozel.

Administrative
:Filing

2014 WL 12576231, "1+, Patent Tr. & App. Bd.
: (Administrative Filing)

: Cited by 4. Fxaminer's Answer ‘June 26, 2014 : Administrative
: {Ex Parte Martine Clozel. Filing

{2014 WL 12576230, *1+, Patent Tr. & App. Bd. !

: (Administrative Filing)

. PRODUCT, USEFUL TO TREAT E.G.
HYPERTENSION AND HEART FAILURE,
{COMPRISES
‘BROMO-PHENYL-BROMO-PYRIMIDINYLOXY-ET |
SHOXY-PYRIMIDIN-YLAMINO-METHYL-PROPYL-A |
MENO SULFONYL AND COMPOUND HAVING
PHOSPHODIESTERASE-5 INHIBITORY
PROPERTIES

:DWPI 2008-J70674+

6. COMBINATION COMPRISING MACITENTAN
(AND PACLITAXEL FOR TREATING MULTI-DRUG |
‘RESISTANT OVARIAN CANCER & : :
{US PAT 8541433, U.S. PTO Utility

:The invention relates to the combination of an
‘endothelin receptor antagonist of formula (1) with
ipaclitaxel, and in particular to this combination for
:therapeutic use, ...
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Treatment Title Date Type : :
— 7. PROCESSES FOR PREPARING AMINE Ju|y30 2013 ;Patents — —

{SALTS OF SILDENAFIL-ANALOGUES AND USE |

‘THEREQF
:US PAT 8497370, U.S. PTO Utility

A series of amine salts including a structure of
:formula (1) and formula (Ill) have provided. In
iformula | or formula (l11), R 1, Ra and RX are as
:defined in the specification. The...

- ‘9. THERAPEUTIC COMPOSITIONS &
§US PAT APP 20130210830, U.S. PTO Application

‘The invention relates to a product containing the
‘compound of formula (I) below (1) or a
%pharmaceutically acceptable salt of this compound,
{in combination with at least one...

— 10 THERAPEUTIC COMPOS!TEO S Mar 21,2017 Patents — —
[CONTAINING MACITENTAN & : : : : ;
:US PAT 9597331, U.S. PTO Utility

: The invention relates to a product containing the
:compound of formula () below or a
ipharmaceutically acceptable salt of this compound,
:in combination with at least one compound...

11, STABLE PHARMACEUTICAL Feb 23,2016 :
[COMPOSITIONS COMPRISING A ;
PYRIMIDINE-SULFAMIDE 5
EUS PAT 9265762, U.S. PTO Utility

The invention relates to stable pharmaceutical :
icompositions comprising the compound of the below
:formula, or pharmaceutically acceptable salts,

isolvates, hydrates or morphological...

112, THERAPEUTIC COMPOSITIONS
[CONTAINING MACITENTAN & :

{US PAT 9173881, U.S. PTO Utility

i The invention relates to a product containing the
:icompound of formula (1) below or a
‘pharmaceutically acceptable salt of this compound,
§in combination of at least one compound...

— 13 THERAPEUTIC COMPGSIT!ONS Aug 19,2014 Patents — —
CGNTA!NING MACITENTAN - : : ; : ;

:US PAT 8809334, U.S. PTO Utlllty

{The invention relates to a product containing the
icompound of formula (1) below or a
ipharmaceutically acceptable salt of this compound,
:in combination with at least one compound...
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14 THERAPEUTIC COMPOSITIONS | :
:US PAT APP 20140148460, U.S. PTO Application

‘The invention relates to a product containing the

icompound of formula (1) below (1) or a :
:pharmaceutically acceptable salt of this compound, :
:in combination with at least one... :

‘May 29,2014 _Patents L —

115, THERAPEUTIC COMPOSITIONS

‘Jan. 03,2013 :
{US PAT APP 20130005734 , U.S. PTO Application :

:The invention relates to a product containing the

:compound of formula (1) below (1) or a :
:pharmaceutically acceptable salt of this compound, :
iin combination with at least one... :
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Patent Assignment Abstract of Title

Total Assignments: 1

Application #: 12439290 Filing Dt: 02/27/2009 Patent #: 8268847 Issue Dt: 09/18/2012
PCT #: NONE Intl Reg #: Publication #: US20090318459 Pub Dt: 12/24/2009

Inventor: Martine Clozel

Title: THERAPEUTIC COMPOSITIONS COMPRISING A SPECIFIC ENDOTHELIN RECEPTOR ANTAGONIST AND A PDES
INHIBITOR

Assignment: 1
Reel/Frame: 028787 / 0964 Received: 08/15/2012 Recorded: 08/15/2012 Mailed: 08/16/2012 Pages: 3
Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).
Assignor: CLOZEL, MARTINE Exec Dt: 01/20/2009
Assignee: ACTELION PHARMACEUTICALS LTD.
GEWERBESTRASSE 16
ALLSCHWIL, SWITZERLAND CH-4123
Correspondent: HOXIE & ASSOCIATES LLC
75 MAIN STREET, SUITE 301
MILLBURN, NJ 07041

Search Results as of: 09/25/2017 09:32 AM

If you have any comments or questions concerning the data displayed, contact PRD / Assignments at 571-272-3350. v.2.5
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPTO.gOv

Patent Owner's Name and Address:

Baker & Hostetler LLP
CIRA CENTRE, 12TH FLOOR R LA OB MO

2929 ARCH STREET 000000943200
PHILADELPHIA, PA 19104-2891

Patent Number: 8268847 Control Number: 96/000,237 Date Mailed: 09/26/2017

NOTICE OF SUPPLEMENTAL EXAMINATION REQUEST FILING DATE

The patent owner is hereby notified that the filing date of the request for supplemental examination is 09/22/2017,
the date that a request meeting all of the applicable requirements of 37 CFR §§ 1.605, 1.610, and 1.615 was
received by the Office.

A supplemental examination certificate will issue within three months from the filing date of the request for
supplemental examination. See 37 CFR 1.625.

This notice is being sent to the official correspondence address of record which, in a supplemental examination
proceeding, is the official correspondence address of record in the patent file. See 37 CFR 1.33.

/RBELL/

Central Reexamination Unit
(571) 272-1549, FAX NO. (571)273-9900
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW USP[O gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
96/000,237 09/22/2017 8268847 5019
45511 7590 10/25/2017
EXAMINER
Baker & Hostetler LLP | |
CIRA CENTRE, 12TH FLOOR KUGEL, TIMOTHY J
2929 ARCH STREET
PHILADELPHIA, PA 19104-2891 | ART UNIT I PAPER NUMBER |
3991
| MAIL DATE | DELIVERY MODE |
10/25/2017 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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a2 SUPPLEMENTAL EXAMINATION CERTIFICATE

United States Patent (10) Number:  US 8,268,847 F1
Clozel @5) Certificate Issued: Oct. 25, 2017
Control No.: 96/000,237 Filing Date: Sep. 22,2017

Primary Examiner: Timothy J. Kugel

A substantial new question of patentability affecting at least one claim of the patent is raised in the request for supplemental
examination. See the Reasons for Substantial New Question of Patentability Determination in the file of this proceeding.
Accordingly, ex parte reexamination will be ordered pursuant to 35 U.S.C. 257.

(56) Items of Information
U.S. PATENT DOCUMENTS
US 7,094,781 F1 08/2006 Bolli et al.

US 8,367,685 F1 02/2013 Adesuyi et al.

FOREIGN PATENT DOCUMENTS

WO 02/053557 Al 07/2002
WO 2006/026395 Al 03/2006
OTHER DOCUMENTS

Office Action mailed February 28, 2012 during prosecution of the '847 patent
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Address: COMMISSIONER FOR PATENTS
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WWW USP[O gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
96/000,237 09/22/2017 8268847 5019
45511 7590 10/25/2017
EXAMINER
Baker & Hostetler LLP | |
CIRA CENTRE, 12TH FLOOR KUGEL, TIMOTHY J
2929 ARCH STREET
PHILADELPHIA, PA 19104-2891 | ART UNIT I PAPER NUMBER |
3991
| MAIL DATE | DELIVERY MODE |
10/25/2017 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
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Control Number: 96/000,237 Page 1
Art Unit: 3991

REASONS FOR SUBSTANTIAL NEW QUESTION OF PATENTABILITY
DETERMINATION

Review of Pertinent File History

A supplemental examination request was filed 22 September 2017 and assigned control
number 96/000237 (the '237 Request).

On 26 September 2017, the Office mailed a “Notice of Supplemental
Examination Request Filing Date” indicating the ‘237 Request was granted a filing date.
See MPEP §2812.01.

The ‘237 Request requests supplemental examination of all the claims (claims 1-
11) of US Patent 8,268,847 (the ‘847 patent) which issued to Clozel, on 18 September

2012.

Items of Information
The ‘237 Request requests supplemental examination in view of the following five (5)
items of information:

1. US Patent 7,094,781 issued to Bolli et al. on 22 August 2006, hereinafter BOLLI
781",

2. US Patent 8,367,685 issued to Adesuyi et al. on 05 February 2013, hereinafter
ADESUYI?.

3. International Application Publication WO 02/053557 by Bolli et al., published on 11
July 2002, hereinafter BOLLI ‘557",

4. International Application Publication WO 2006/026395 by Keyser et al., published on
09 March 2006, hereinafter KEYSER'.

" BOLLI ‘781, BOLLI ‘557, and KEYSER each qualifies as prior art under 35 USC §102(b).
2 ADESUY! does not qualify as prior art under 35 USC §102, but raises the issue of non-statutory double
patenting.
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Control Number: 96/000,237 Page 2
Art Unit: 3991

5. Final rejection in Application 12/439290 mailed on 28 February 2012, hereinafter
OFFICE ACTION.

The ‘847 Patent
The ‘847 patent was filed as US patent application 12/439,290 (the ‘290 application) on
27 February 2009. The ‘290 application is a national stage entry under 35 USC §371 of
PCT/IB07/53448 filed on 28 August 2007, and claims foreign priority to
PCT/IB2006/052999 filed on 29 August 2006, and PCT/IB2006/053857 filed on 19

October 2006.

During prosecution of the ‘290 application, the examiner stated in the reasons for
allowance (Notice of Allowance mailed 21 May 2012, p.4):

The claims 1-12 are drawn to a composition comprising a compound of formula () and a
compound having PDE5-inhibitor activity for the treatment of hypertension or pulmonary
hypertension. The prior art does not teach the compound of formula (1) in combination
with a compound that has PDE5-ihibitor properties. The closest art is applicant's own
work (Bolli et al. of record), which teaches that the compound of formula (1) has ET
antagonist activity and can be used to treat conditions or diseases which are associated
with an increase in vasoconstriction such as hypertension. Since the Applicant’s have
established that Bolli et al. is Applicant’s own work, the reference cannot be used as a
reference under U.S.C. 103(c) for the 103(a) rejection.

Of the 11 issued claims, claim 1 is independent. Claim 1 is reproduced below:

1. A product containing the compound of formula (I) below

[
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in free or pharmaceutically acceptable salt form, in combination with at least one
compound having PDE5-inhibitory properties, in free or a pharmaceutically acceptable
salt form, for therapeutic use, simultaneously, separately or over a period of time, in the
treatment of a disease wherein vasoconstriction is involved.

Analysis

The Following Items of Information Raise a Substantial New Question of Patentability:
BOLLI '781:

Item 1. BOLLI 781, as presented in the 237 Request, raises a substantial new
question of patentability affecting claims 1-11 of the ‘847 patent because BOLLI ‘781
teaches limitations determined to be missing from the prior art of record cited during the
prosecution of the ‘290 application that led to the issuance of the ‘847 patent. See
MPEP §2816.03 II.

In particular, BOLLI ‘781 teaches the compound of formula (l) as claimed
(Chemical Structure at 22:1-14), used for treatment of diseases which are associated
with an increase in vasoconstriction; specifically exemplifying hypertension, pulmonary
hypertension, heart failure and erectile dysfunction (1:44-55 and 5:25-46). BOLLI ‘781
further teaches that preparations with the compound in combination with
pharmacodynamically active excipients (5:55-64).

During the prosecution of the 290 application, the examiner considered BOLLI
781, but only in combination with BOLLI '557, which was erroneously believed to be
disqualified, under 35 USC §103(c), for use in rejections under 35 USC §103(a).

In light of the prosecution history of the ‘290 application, a reasonable examiner
would consider the teachings of BOLLI ‘781 important in deciding whether claims 1-11

of the ‘847 patent are patentable.
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ADESUYI:

Item 2. ADESUYI, as presented in the ‘237 Request, raises a substantial new
question of patentability affecting claims 1-11 of the ‘847 patent because ADESUY!
claims limitations determined to be missing from the prior art of record cited during the
prosecution of the ‘290 application that led to the issuance of the ‘847 patent. See
MPEP §2816.03 II.

In particular, ADESUYI claims the treatment of pulmonary arterial hypertension
comprising the administration to a patient in need thereof a pharmaceutical composition
comprising the compound of formula (I) (Claims 1, 8 and 16).

During the prosecution of the 290 application, the examiner considered the
application that matured into ADESUYI (US Application 12/388142), but only in
combination with BOLLI '557, which was erroneously believed to be disqualified, under
35 USC §103(c), for use in rejections under 35 USC §103(a).

In light of the prosecution history of the ‘290 application, a reasonable examiner
would consider the claims of ADESUYI important in deciding whether claims 1-11 of

the ‘847 patent are patentable.

BOLLI ‘557:
Item 3. BOLLI ‘557, as presented in the 237 Request, raises a substantial new
question of patentability affecting claims 1-11 of the ‘847 patent because BOLLI ‘557

teaches limitations determined to be missing from the prior art of record cited during the
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prosecution of the ‘290 application that led to the issuance of the ‘847 patent. See
MPEP §2816.03 II.

In particular, BOLLI ‘5657 teaches claimed compound formula () (p.28, Row 1
Column 1) as an active ingredient, endothelin receptor antagonist, in the preparation of
pharmaceutical compositions in compositions (Abstract). BOLLI ‘557 further teaches
that the compound formula (l) can be combined with an excipient and another active
compound to treat conditions or disease which are associated with an increase in
vasoconstriction such as hypertension and erectile dysfunction (p.16 {1 and p.17 §3).

During the prosecution of the 290 application, the examiner considered BOLLI
'557, in combination with BOLLI ‘178, the application that matured into ADESUY], and
KEYSER; but BOLLI ‘557 was erroneously believed to be disqualified, under
35 USC §103(c) , for use in rejections under 35 USC §103(a).

In light of the prosecution history of the ‘290 application, a reasonable examiner
would consider the teachings of BOLLI ‘557 important in deciding whether claims 1-11

of the ‘847 patent are patentable.

KEYSER:

Iltem 4. KEYSER, as presented in the ‘237 Request, raises a substantial new
question of patentability affecting claims 1-11 of the ‘847 patent because KEYSER
teaches limitations determined to be missing from the prior art of record cited during the
prosecution of the ‘290 application that led to the issuance of the ‘847 patent. See

MPEP §2816.03 II.
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In particular, KEYSER teaches the combination of an endothelin receptor
antagonist and a PDES5 inhibitor are useful together to treat cardiac disorders such as
pulmonary arterial hypertension (Abstract) and further teaches that the PDES5 inhibitor
may be, inter alia, tadalafil (Claims 19 and 21).

During the prosecution of the 290 application, the examiner considered
KEYSER, but only in combination with BOLLI '557, which was erroneously believed to
be disqualified, under 35 USC §103(c), for use in rejections under 35 USC §103(a).

In light of the prosecution history of the 290 application, a reasonable examiner
would consider the teachings of KEYSER important in deciding whether claims 1-11 of

the ‘847 patent are patentable.

The Following Items of Information Do Not Raise a Substantial New Question of
Patentability:

The OFFICE ACTION:

Item 5. The OFFICE ACTION, as presented in the ‘237 Request, does not raise
a substantial new question of patentability affecting claims 1-11 of the ‘847 patent. See
MPEP §2816.03 II.

The OFFICE ACTION summarizes the teachings of the above Items 1-4.

The OFFICE ACTION does not provide any teaching relative to those limitations

determined to be missing from the prior art during prosecution of the '290 application.
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In light of the prosecution history of the 290 application, a reasonable examiner

would NOT consider the teachings of the OFFICE ACTION important in deciding

whether claims 1-11 of the ‘847 patent are patentable.

/Timothy J. Kugel/
Patent Reexamination Specialist
Central Reexamination Unit 3991

Conferees:

/Dwayne Jones/
Patent Reexamination Specialist
Central Reexamination Unit 3991

/Jean Witz/
Supervisory Patent Reexamination Specialist
Central Reexamination Unit 3991

UNITED THERAPEUTICS CORP., EX1003, page 269

UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS

U.S. PATENT 8,268,847



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW USP[O gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
96/000,237 09/22/2017 8268847 5019
45511 7590 11/13/2017
EXAMINER
Baker & Hostetler LLP | |
CIRA CENTRE, 12TH FLOOR KUGEL, TIMOTHY J
2929 ARCH STREET
PHILADELPHIA, PA 19104-2891 | ART UNIT I PAPER NUMBER |
3991
| MAIL DATE | DELIVERY MODE |
11/13/2017 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)

UNITED THERAPEUTICS CORP., EX1003, page 270
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

a.[] Responsive to the communication(s) filed on
O A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

b.[] This action is made FINAL.
c.[] A statement under 37 CFR 1.530 has not been received from the patent owner.

A shortened statutory period for response to this action is set to expire 2 month(s) from the mailing date of this letter.

Failure to respond within the period for response will result in termination of the proceeding and issuance of an ex parte reexamination
certificate in accordance with this action. 37 CFR 1.550(d). EXTENSIONS OF TIME ARE GOVERNED BY 37 CFR 1.550(c).

If the period for response specified above is less than thirty (30) days, a response within the statutory minimum of thirty (30) days

will be considered timely.

Partl THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. [X] Notice of References Cited by Examiner, PTO-892. 3. [ Interview Summary, PTO-474.
2. |:| Information Disclosure Statement, PTO/SB/08. 4, |:| .
Partll SUMMARY OF ACTION
1a.
1b.
2.

Claims 1-11 are subject to reexamination.

Claims ______ are not subject to reexamination.

Claims ______ have been canceled in the present reexamination proceeding.
Claims ______ are patentable and/or confirmed.

Claims 1-11 are rejected.

Claims ___ are objected to.

The drawings, filed on are acceptable.

has been (7a) [] approved (7b)[] disapproved.
Acknowledgment is made of the priority claim under 35 U.S.C. § 119(a)-(d) or (f).
a) XAl b) [JSome* ¢)[] None of the certified copies have

1 [:| been received.

The proposed drawing correction, filed on

© N o 0o M w

XOOOXOOOKX

2 |:| not been received.

3 [X] been filed in Application No. 12/439.290 .

4 |:| been filed in reexamination Control No.
5 |:| been received by the International Bureau in PCT application No.
* See the attached detailed Office action for a list of the certified copies not received.

9. [ Since the proceeding appears to be in condition for issuance of an ex parte reexamination certificate except for formal
matters, prosecution as to the merits is closed in accordance with the practice under Ex parte Quayle, 1935 C.D.
11,4563 O.G. 213.

10. |:| Other:

cc: Requester (if third party requester)

U.S. Patent and Trademark Office
PTOL-466 (Rev. 08-13) Office Action in Ex Parte Reexamination Part of Paper No. 20171025-2
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Reexamination Ordered Pursuant to 35 USC §257
The supplemental examination proceeding, filed on 22 September 2017, concluded with
the issuance of the supplemental examination certificate on 25 October 2017. The
certificate indicated that one or more of the items of information submitted as part of the
request for supplemental examination raises a substantial new question of patentability.
See the Reasons for Substantial New Question of Patentability Determination in the file

of this proceeding.

Accordingly, ex parte reexamination of claims 1-11 of US Patent 8,268,847 is ordered.

See 35 USC §257(b) and 37 CFR §1.625(b).

This ex parte reexamination proceeding is hereby initiated by the mailing of this order.
Ex parte reexamination under 35 USC §257 will be conducted in accordance with

37 CFR §§1.530 through 1.570, which govern ex parte reexamination, subject to the
exceptions enumerated in 37 CFR §1.625(d), and, in addition, to the exception that a
patent owner’s statement, including any amendment, under 37 CFR §1.530(a)-(c) may
not be filed. See 35 USC §257(b). For this reason, no amendment in an ex parte
reexamination proceeding ordered under 35 USC §257 may be filed until after the

mailing of a first Office action on the merits (which appears below).

This reexamination proceeding has been assigned to the art unit listed at the top of the

cover page of this action. All future correspondence should be directed to the assigned
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art unit and should be identified by the control number, which is also listed at the top of
the cover page of this action, and which is identical to the control number assigned to
the now-concluded supplemental examination proceeding. A first Office action on the

merits appears below.

Since the patent under reexamination has an effective filing date prior to 16 March
2013, this reexamination proceeding is taking place under the pre-AlA first to invent

provisions.

In accordance with MPEP §2256, the examiner has reviewed and considered the prior
art cited in the Parent Application; therefore, all documents cited or considered ‘of
record’ in the Parent Application are now considered cited or ‘of record’ in this

reexamination.

Patent owner is notified that any subsequent amendment to the specification and/or

claims must comply with 37 CFR §§1.121(j) and 1.530(d)-(j). See MPEP §2234.

First Office Action on the Merits
Status of the Proceeding

On 22 September 2017 A Request for Supplemental Examination of claims 1-11 of
US Patent 8,268,847 (the ‘847 patent) was filed by Patent

Owner.

On 26 September 2017 A Notice of Supplemental Examination Request Filing Date
was mailed.

On 25 October 2017: A Supplemental Examination Certificate, noting that a

substantial new question of patentability affecting at least
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one claim of the ‘847 patent was raised in the request for

supplemental examination, was mailed.

Priority
The ‘847 patent was filed as US Patent application 12/439290 (the ‘290 application) on

27 February 2009. The ‘290 application was a national stage entry under 35 USC §371
of PCT/IB07/53448 filed on 28 August 2007, and claimed foreign priority to
PCT/IB2006/052999 filed on 29 August 2006, and PCT/IB2006/053857 filed on 19

October 2006.

Claim Scope and Interpretation

In reexamination, patent claims are construed broadly. /n re Yamamoto, 740 F2nd
1569, 1571 222 USPQ 934,936 (Fed Cir 1984) claims are given “their broadest

reasonable interpretation consistent with the specification”.

The ‘847 patent contains claims 1-11 directed to a product of FORMULA (I) and at least
one compound having PDES5 inhibitory properties. Independent claim 1 is

representative:

1. A product containing the compound of Formula (1) below

in free or pharmaceutically acceptable salt form, in combination with at least one
compound having PDE5-inhibitory properties, in free or a pharmaceutically acceptable
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salt form, for therapeutic use, simultaneously, separately or over a period of time, in the
treatment of a disease wherein vasoconstriction is involved.

References Cited
The following references are cited in this Office action:

o US Patent 7,094,781 issued to Bolli et al. on 22 August 2006, hereinafter BOLLI
781",

e US Patent 8,367,685 issued to Adesuyi et al. on 05 February 2013, hereinafter
ADESUYI.

¢ International Application Publication WO 02/053557 by Bolli et al., published on 11
July 2002, hereinafter BOLLI ‘557",

¢ International Application Publication WO 2006/026395 by Keyser et al., published on
09 March 2006, hereinafter KEYSER'.

Double Patenting
The nonstatutory double patenting rejection is based on a judicially created doctrine grounded in public
policy (a policy reflected in the statute) so as to prevent the unjustified or improper timewise extension of
the “right to exclude” granted by a patent and to prevent possible harassment by multiple assignees. A
nonstatutory obviousness-type double patenting rejection is appropriate where the conflicting claims are
not identical, but at least one examined application claim is not patentably distinct from the reference
claim(s) because the examined application claim is either anticipated by, or would have been obvious
over, the reference claim(s). See, e.g., In re Berg, 140 F3d 1428, 46 USPQ2d 1226 (Fed Cir 1998); Inre
Goodman, 11 F3d 1046, 29 USPQ2d 2010 (Fed Cir 1993); In re Longi, 759 F2d 887, 225 USPQ 645 (Fed
Cir 1985); In re Van Ornum, 686 F2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F2d 438, 164
USPQ 619 (CCPA 1970); and /n re Thorington, 418 F2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR §§1.321(c) or 1.321(d) may be used
to overcome an actual or provisional rejection based on a nonstatutory double patenting ground provided
the conflicting application or patent either is shown to be commonly owned with this application, or claims
an invention made as a result of activities undertaken within the scope of a joint research agreement.

" BOLLI ‘781, BOLLI ‘557, and KEYSER each qualifies as prior art under pre-AlA 35 USC §102(b).
2 ADESUY! does not qualify as prior art under pre-AlA 35 USC §102, but raises the issue of non-statutory
double patenting.
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Effective January 1, 1994, a registered attorney or agent of record may sign a terminal disclaimer.
A terminal disclaimer signed by the assignee must fully comply with 37 CFR §3.73(b).

1. Claims 1-11 are rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 8 and 9 of BOLLI ‘781 in view

of KEYSER.

BOLLI ‘781 and the patent under reissue are both assigned to Actelion
Pharmaceuticals, Ltd. and have overlapping inventive entities.

Although the conflicting claims are not identical in that BOLLI ‘781 does not claim
the compound of FORMULA (1) in combination with a compound having PFE5-inhibitory
properties, they are not patentably distinct from each other because of the following:

Regarding claim 1, BOLLI 781 claims a compound, designated FORMULA V, or
a pharmaceutically acceptable salt thereof (Claims 8 and 9). FORMULA V of BOLLI

‘781 meets claimed FORMULA (1) when R is a lower alkyl, specifically CHs(CH.)2, and
N——

4<\ / Br
N

compound of FORMULA (1) is exemplified by BOLLI '781 (Column 22, first compound)

R’ is a heteroaryl, specifically a bromopyrimidine . The claimed
and is described as an endothelin receptor (ET) antagonist (Abstract). See In re Vogel,
422 F.2d 438, 164 USPQ 619 (CCPA 1970).

BOLLI ‘781 does not claim the compound of FORMULA (1) being in combination

with a PDE-5 inhibitor as claimed.
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KEYSER claims methods of treating pulmonary hypertension comprising
administering a PDES inhibitor and an endothelin receptor (ET) antagonist (Claim 1).

At the time of the invention, it would have been obvious to a person of ordinary
skill in the art to include the PDES inhibitor of KEYSER in a composition containing the
compound of FORMULA (1) as claimed by BOLLI ‘781. The rationale for doing so would
have been the teaching of KEYSER that such combination is effective in treating
pulmonary hypertension (Abstract and Claim 1).

Regarding claims 2-4, 7-9 and 11, KEYSER claims the PDE5-inhibitor as being,
inter alia, vardenafil, tadalafil or sildenafil (Claim 9).

Regarding claims 5 and 10, KEYSER claims such compositions for use in
treating vascular conditions such as hypertension (Claim 15).

Regarding claim 6, BOLLI ‘781 discloses that the compound can be made into
preparations comprising excipients (5:55-65). See In re Vogel, 422 F.2d 438, 164 USPQ

619 (CCPA 1970).

2. Claims 1-11 are rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 1-16 of ADESUYI, as

evidenced by BOLLI ‘557, in view of KEYSER.

ADESUYI and the patent under reissue are both assigned to Actelion

Pharmaceuticals, Ltd.
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Although the conflicting claims are not identical in that ADESUYI does not claim
the compound of FORMULA (I) in combination with a compound having PFE5-inhibitory
properties, they are not patentably distinct from each other because of the following:

Regarding claim 1, ADESUY!I claims a compound of FORMULA (I) or a
pharmaceutically acceptable salt, solvate, hydrate or morphological form thereof
(Claims 1 and 8). ADESUY!| further claims such composition for use in treating
pulmonary arterial hypertension (Claims 15 and 16), a disease involving
vasoconstriction.

BOLLI ‘557 shows that the claimed compound of ADESUYI, FORMULA (1),
(BOLLI 557 p.28, Row 1 Column 1) is an endothelin receptor (ET) antagonist, and can
be used as an active ingredient in the preparation of pharmaceutical compositions
(Abstract). BOLLI ‘657 further shows that the claimed compound of ADESUYI,
FORMULA (I), can be combined with an excipient and other active compound(s) to treat
conditions or disease which are associated with an increase in vasoconstriction such as
hypertension and erectile dysfunction (p.16 §1 and p.17 {3).

ADESUYI does not claim the compound of FORMULA (1) in combination with a
PDE-5 inhibitor as claimed.

KEYSER claims methods of treating pulmonary hypertension comprising
administering a PDES inhibitor and an ET antagonist (Claim 1).

At the time of the invention, it would have been obvious to a person of ordinary
skill in the art to include the PDES inhibitor of KEYSER in the composition containing

the compound of FORMULA (1) of ADESUY], given that BOLLI '557 provides evidence
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that the compound of FORMULA (l) of ADESUYI and the instant claims is an ET
antagonist. The rationale for doing so would have been the teaching of KEYSER that
such combination is effective in treating pulmonary hypertension (Abstract and Claim 1).

Regarding claims 2-4, 7-9 and 11, KEYSER claims the PDE5-inhibitor as being,
inter alia, vardenafil, tadalafil or sildenafil (Claim 9).

Regarding claims 5 and 10, ADESUY], as above, claims such compositions for
use in treating pulmonary arterial hypertension (Claims 15 and 16).

Regarding claim 6, ADESUYI claims the composition further comprises a filler,
disintegrate, surfactant and lubricant (Claims 1 and 8), which ADESUYI describes as

excipients (2:62-3:07).

Claim Rejections - 35 USC §103
The following is a quotation of pre-AlA 35 USC §103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) 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.

3. Claims 1-11 are rejected as being unpatentable under pre-AlA

35 USC §103(a) as being obvious over KEYSER in view of BOLLI ‘781.

KEYSER claims methods of treating pulmonary hypertension comprising

administering a PDES inhibitor and an ET antagonist (Claim 1).
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KEYSER does not expressly disclose the compound of FORMULA (1) as being
the specific ET antagonist.

Regarding claim 1, BOLLI ‘781 teaches the compound of FORMULA (1) as
claimed (Chemical Structure at 22:1-14), used for treatment of diseases which are
associated with an increase in vasoconstriction; specifically exemplifying hypertension,
pulmonary hypertension, heart failure and erectile dysfunction (1:44-55 and 5:25-46).
BOLLI ‘781 further identifies such compound as an endothelin receptor antagonist
(Abstract and 8:25-31 inter alia).

At the time of the invention it would have been obvious to a person of ordinary
skill in the art to replace the ET antagonist of KEYSER with the compound of
FORMULA (1) of BOLLI ‘781 since BOLLI 781 teaches that they are functionally
equivalent and are used for the same intended purpose. See MPEP §2144.06(1l) and In
re Ruff, 256 F.2d 590, 118 USPQ 340 (CCPA 1958); and MPEP §2144.07 and Sinclair
& Carroll Co v Interchemical Corp, 325 US 327, 65 USPQ 297 (1945).

Regarding claims 2-4, 7-9 and 11, KEYSER claims the PDE5-inhibitor as being,
inter alia, vardenafil, tadalafil or sildenafil (Claim 9).

Regarding claims 5 and 10, as above, BOLLI ‘781 teaches the compound of
FORMULA (l) as claimed (Chemical Structure at 22:1-14), used for treatment of
diseases which are associated with an increase in vasoconstriction; specifically
exemplifying hypertension, pulmonary hypertension, heart failure and erectile
dysfunction (1:44-55 and 5:25-46). Further, KEYSER claims such combined

compositions for use in treating vascular conditions such as hypertension (Claim 15).
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Regarding claim 6, BOLLI ‘781 discloses that the compound can be made into

preparations comprising excipients (5:55-65).

4. Claims 1-11 are rejected as being unpatentable under 35 USC §103(a) as

being obvious over KEYSER in view of BOLLI ‘557.

KEYSER claims methods of treating pulmonary hypertension comprising
administering a PDES inhibitor and an ET antagonist (Claim 1).

KEYSER does expressly disclose the compound of FORMULA (1) being the
specific ET antagonist as claimed.

Regarding claim 1, BOLLI ‘557 discloses claimed compound FORMULA (1)
(p.28, Row 1 Column 1) and teaches that it is an endothelin receptor (ET) antagonist,
and can be used as an active ingredient in the preparation of pharmaceutical
compositions (Abstract). BOLLI ‘557 further discloses that the compound FORMULA (1)
can be combined with an excipient and other active compound(s) to treat conditions or
disease which are associated with an increase in vasoconstriction such as hypertension
and erectile dysfunction (p.16 §1 and p.17 {3).

At the time of the invention it would have been obvious to a person of ordinary
skill in the art to replace the ET antagonist of KEYSER with the compound of
FORMULA (1) of BOLLI ‘5657 since BOLLI ‘557 teaches that they are functionally
equivalent and are used for the same intended purpose. See MPEP §2144.06(11) and In
re Ruff, 256 F.2d 590, 118 USPQ 340 (CCPA 1958); and MPEP §2144.07 and Sinclair

& Carroll Co v Interchemical Corp, 325 US 327, 65 USPQ 297 (1945).
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Regarding claims 2-4, 7-9 and 11, KEYSER claims the PDE5-inhibitor as being,
inter alia, vardenafil, tadalafil or sildenafil (Claim 9).

Regarding claims 5 and 10, as detailed above, BOLLI ‘557 teaches that the
compound FORMULA (1) can be used to treat conditions or disease which are
associated with an increase in vasoconstriction such as hypertension and erectile
dysfunction (p.16 §1 and p.17 §3). Further, KEYSER claims such combined
compositions for use in treating vascular conditions such as hypertension (Claim 15).

Regarding claim 6, as above, BOLLI ‘557 further discloses that the compound
FORMULA (I) can be combined with an excipient and other active compound(s) (p.16
1 and p.17 §3). Further, ADESUYI claims the composition further comprises a filler,
disintegrate, surfactant and lubricant (Claims 1 and 8), which ADESUY| describes as

excipients (2:62-3:07).

Conclusion
Status of the claims:

Claims 1-11 are subject to reexamination.

Claims 1-11 are rejected

Duty of Disclosure
The patent owner is reminded of the continuing responsibility under 37 CFR §1.565(a)

to apprise the Office of any litigation activity, or other prior or concurrent proceeding,
involving US Patent 8,268,847 throughout the course of this reexamination proceeding.

See MPEP §§2207, 2282 and 2286.

UNITED THERAPEUTICS CORP., EX1003, page 282
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



Application/Control Number: 96/000,237 Page 13
Art Unit: 3991

Response
A shortened statutory period of response to this action is set to expire two (2) months

from the mailing of this Office action. Failure to respond within this period for response
will result in termination of the proceeding and issuance of an ex parte reexamination

certificate in accordance with this action. See 37 CFR §1.550.

EXTENSIONS OF TIME ARE GOVERNED BY 37 CFR §1.550(c).

In order to ensure full consideration of any amendments, affidavits or declarations, or
other documents as evidence of patentability, such documents must be submitted in
response to this Office action. Submissions after the next Office action, which is
intended to be a final action, will be governed by the requirements of 37 CFR §1.116,

after final rejection and 37 CFR §41.33 after appeal, which will be strictly enforced.

Correspondence

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Timothy J. Kugel whose telephone number is (571) 272-
1460. The examiner works a flexible schedule, but can normally be reached on Monday
- Thursday 0700 to 1730 Eastern Time.

Examiner interviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-based collaboration tool. To schedule an

UNITED THERAPEUTICS CORP., EX1003, page 283
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



Application/Control Number: 96/000,237 Page 14
Art Unit: 3991

interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Jean Witz, can be reached on (571) 272-0927.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for published
applications may be obtained from either Private PAIR or Public PAIR. Status
information for unpublished applications is available through Private PAIR only. For
more information about the PAIR system, see http:/pair-direct.uspto.gov. Should you
have questions on access to the Private PAIR system, contact the Electronic Business
Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO
Customer Service Representative or access to the automated information system, call
800-786-9199 (IN USA OR CANADA) or 571-272-1000.

Telephone Numbers for reexamination inquiries:

Central Reexamination Unit (CRU) (571) 272-7705

Reexamination Facsimile Transmission (571) 273-9900

Please mail any communications to:

Mail Stop Ex Parte Reexam
ATTN: Central Reexamination Unit
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450
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By EFS:

Registered users may submit via the electronic filing system EFS-Web at:

https://efs.uspto.gov/efile/myportal/efs-reqgistered

For EFS-Web transmission, 37 CFR §1.8(a)(1)(i)(C) and (ii) states that
correspondence (except for a request for reexamination and a corrected or replacement
request for reexamination) will be considered timely filed if (a) it is transmitted via the
Office’s electronic filing system in accordance with 37 CFR §1.6(a)(4), and (b) includes
a certificate of transmission for each piece of correspondence stating the date of
transmission, which is prior to the expiration of the set period of time in the Office
Action.

Please FAX to:

(571) 273-9900

Central Reexamination Unit
Please Hand Deliver to:

Customer Service Window

Randolph Building

401 Dulany Street
Alexandria, VA 22314

/Timothy J. Kugel/
Patent Reexamination Specialist, CRU 3991

Conferees:

/Dwayne Jones/
Patent Reexamination Specialist, CRU 3991

/Jean C. Witz/
Supervisory Patent Reexamination Specialist, CRU 3991
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Application No. Applicant(s)
; . . 96/000,237 8268847
Applicant-Initiated Interview Summary _ i i
Examiner Art Unit AlA (First Inventor | Page
to File) Status
Timothy J. Kugel 3991 No 10of2
All participants (applicant, applicant’s representative, PTO personnel):
1. Timothy J. Kugel (Primary Examiner); 2. Kendra Carter (Primary Examiner); WebEx/Video
WebEx/Video Conference Conference
3. Dwayne Jones (Primary Examiner); WebEx/Video 4. Jean Witz (SPE); In-Person
Conference
5. David Farsiou (Attorney of Record); In-Person 6. Joseph Lucci (Attorney of Record); In-Person

Date of Interview: 20 December 2017

Claim(s) discussed: Claims in general.

Identification of prior art discussed: WO2006/026395 (KEYSER), US 7,094,781 (BOLLI '781), WO02/053557 (BOLLI '557)
Brief Description of main topic of discussion: Applicant is considering making the same argument that the Patents Trial
and Appeal Board (PTAB) found convincing in Application 13/604148, which had rejections under 35 USC 103(a) over the
same combination of references as the instant reexamination.

It was agreed that the panel would review the PTAB decision, made of record in this reexamination as Exhibit E of the Request

for Supplemental Examination filed on 22 September 2017. After this review, applicant and Examiner Kugel will conduct
another interview to discuss any issues making such an argument in this case might raise.

Issues Discussed:

/Timothy J. Kugel/ /Jean Witz/
Patent Reexamination Specialist, CRU 3991 Supervisory Patent Reexamination Specialist, CRU 3991

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable time limit of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in the
application file. It is the applicant’s responsibility to provide the written statement, unless the interview was initiated by the
Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:
MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)
37 CFR § 1.2 Business to be transacted in writing
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Examiner Art Unit AlA (First Inventor | Page
to File) Status
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All participants (applicant, applicant’s representative, PTO personnel):
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3. Dwayne Jones (Primary Examiner); WebEx/Video 4. Jean Witz (SPE); In-Person
Conference
5. David Farsiou (Attorney of Record); In-Person 6. Joseph Lucci (Attorney of Record); In-Person

Date of Interview: 20 December 2017

Claim(s) discussed: Claims in general.

Identification of prior art discussed: WO2006/026395 (KEYSER), US 7,094,781 (BOLLI '781), WO02/053557 (BOLLI '557)
Brief Description of main topic of discussion: Applicant is considering making the same argument that the Patents Trial
and Appeal Board (PTAB) found convincing in Application 13/604148, which had rejections under 35 USC 103(a) over the
same combination of references as the instant reexamination.

It was agreed that the panel would review the PTAB decision, made of record in this reexamination as Exhibit E of the Request

for Supplemental Examination filed on 22 September 2017. After this review, applicant and Examiner Kugel will conduct
another interview to discuss any issues making such an argument in this case might raise.

Issues Discussed:

/Timothy J. Kugel/ /Jean Witz/
Patent Reexamination Specialist, CRU 3991 Supervisory Patent Reexamination Specialist, CRU 3991

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable time limit of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in the
application file. It is the applicant’s responsibility to provide the written statement, unless the interview was initiated by the
Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:
MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)
37 CFR § 1.2 Business to be transacted in writing
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Therapeutic Compositions Comprising A Specific Endothelin Receptor Antagonist And A

PDES Inhibitor
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DOCKET NO.: 103693.000585 PATENT
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Office Action Dated: November 13, 2017

Listing of Claims:

1. A product containing the compound of formula (I) below:

@
o\\ //o

\/\E/S\NH Br

N X
LA

s

in free or pharmaceutically acceptable salt form, in combination with at least one
compound having PDES-inhibitory propertics, in free or a pharmaceutically acceptable salt form,
for therapeutic use, simultancously, separately or over a period of time, in the treatment of a

diseasc wherein vasoconstriction is involved.

2. The product according to claim 1, wherein the compound having PDES-inhibitory
properties is selected from sildenafil, vardenafil, tadalafi) and udenafil.

3. The product according to claim 2, wherein the compound having PDE5-inhibitory
properties is tadalafil.

4. The product according to claim 2, wherein the compound having PDES5-inhibitory
propertigs is sildenafil.
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5. The product according to claim 1, wherein the disease wherein vasoconstriction is
involved is selected from hypertension, pulmonary hypertension, diabetic arteriopathy, heart
failure, erectile dysfunction and angina pectoris.

6. A pbarmaceutical composition containing, as active principles, the compound of
formula (I) as described in claim 1, in free or pharmaceutically acceptable salt form, in
combination with at least one compound having PDES-inhibitory properties, in free or

pharmaceutically acceptable salt form, as well as at least one excipient.

7. The pharmaceutical composition according to claim 6, wherein the compound having
PDES-inhibitory properties is selected from sildenafil, vardenafil, tadalafil and udenafil.

8. The pharmaceutical composition according to claim 7, wherein the compound baving

PDES5-inhibitory properties is tadalafil.

9. The pharmaceutical composition according to claim 7, wherein the compound having

PDES5-inhibitory properties is sildenafi].

10. A method for the treatment of hypertension or pulmonary hypertension comprising
administering to a patient in nced thereof an effective amount of a compound of formula (I) as
described in claim 1, in free or pharmaceutically acceptable salt form, in combination with at
least one compound having PDE5-inhibitory properties, in free or pharmaceutically acceptable
salt form.

11. The method according to claim 10, wherein the compound having PDES-inhibitory
properties is selected from sildenafil, vardenafil, tadalafil and udenafil.

12. (New) The method of claim 11, wherein the compound having PDE3-inhibitory
properties is tadalafil.

13. (New)_ The method of claim 11, wherein the compound having PDES5 inhibitory

properties 15 sildenafil.
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14. (New) The method of claim 12. wherein the method is for the treatment of
pulmonary hypertension.

arterial hypertension.

16. (New) The method of claim 13, wherein the method is for the treatrnent of

pulmonary hypertension.

arterial hvpertension.
18. (New) The method of claim }5, wherein the compound of formula (I) and tadslafil
are administered simultaneously.

19. (New) The method of claim 15, wherein the compound of formula (D) and tadalafil

are administered separately.

20. (New) The method of claim 15, wherein the compound of formula (1) and tadalafil

are administered over a period of time.

23. (New) The method of claim 15, wherein the compound of formula () is
administered in a dose of 0.05 mg to 2 mg per kilo gram of patient body weight.

24. (New) The method of claim 23, wherein tadalafil is adwministered in a dose of 0.01
mg to 1 mg per kilogram of patient body weight.

25.

in a dose of 0.1 mg to 1 mg per kilogram of patient body weight.

ew) The method of claim 15, wherein the compound of formula (I) is administered
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26. (New) The method of claim 18, wherein the compound of formula (1) is

administered in a dose of 0.05 mg to 2 mg per kiJogram of patient body weight.

27. (New) The method of claim 26, wherein tadalafil is administered in a dose of 0.01
g to 1 mg per kilogram of patient body weight.

28. (New) The method of claim 18, wherein the compound of formula (1) is administered
in a dose of 0.1 mg to 1 mg per kilogram of patient body weight.

29. (New) The method of claim 20, wherein the compound of formula (1) is

administered in a dose of 0.05 mg to 2 mg per kilopram of patient body weight,
ew) The method of clatm 28. wherein tadalafi

mg to 1 mg per kilogram of patient body weight.

1 is adminijstered in a dose of 0.01

in a dose of 0.1 mg to | mg per kilogram of patient body weight,

32. (Ne e method of claim 21, wherein the compound of formula (I) is
administered in a dose of 0.05 mg to 2 mg per kilogram of patient body weight,
33. (New) The method of claim 32, wherein tadalafil is administered in a dose of 0.01
mg to 1 me per kilogram of patient body weight.

34. (New) The method of claim 21, wherein the compound of formula (I) is administered

in a dose of 0.1 mgto 1 mg per kilogram of patient body weight.

35. (New) The method of claim 22, wherein the compound of formula (I) is

36. (New) The method of claim 35. wherein tadalafil is administered in a dose of 0.01

mg to 1 me per kilogram of patient body Weigh t,
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37. (New) The method of claim 22, wherein the compound of formula 1s administered

in a dose of 0.1 mg to 1 mg per kilogram of patient body weight.

38. (New) The method of claim 17, wherein the compound of formula ) and sildenafil
are administered simultaneously.

39. (New) The method of claim 17, wherein the compound of formula (D) and sildenafil
are administered separately.

40. (New) The method of claim 17, wherein the compound of formula (1) and sildenafil

are administered over a petiod of time.

New) The method of claim 40, wherein the interval between the administration of

the compound of formula (T) and the administration of sildenafil does not exceed two days.

42. (New) The method of claim 41, wherein the interval does not exceed one day.

43. (New)_The method of claim ]7. wherein the compound of formula (D) is

administered in a dose of 0.05 mg to 2 mg per kilogram of patient body weight.

44,
mg to 2 mg per kilogram of patient body weight.

ew) The method of claim 43, wherein sildenaﬁl 1s administered in a dose of 0.1

45. (New) The method of claim 17, wherein the compound of formula (D) is administered

in a dose of 0.1 mg to 1 mg per kilogram of patient body weight.

46. (New) The method of claim 38, wherein the compound of formula (1) is

administered in a dose of 0.05 mg to 2 me per kilogram of patient body weight.

4/. (New) The method of claim 46, wherein sildenafil is administered in a dose of 0.1
mp to 2 mg per kilogram of patient body weight.

48. (New) The method of claim 38, wherein the compound of formula (D) is administered

in a dose of 0.1 mg to 1 mg per kilogram of patient body weight.
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49. (New) The method of claim 40, wherein the compound of formula (T) is

administered in a dose of 0.05 mg to 2 mg per kilogram of patient body weight.

30. (New) The method of claim 49, wherein sildenafil is administered in a dose of 0.1
mg to 2 mg per kilogram of patient body weight.

51. (New) The method of claim 40, wherein the compound of formula (1) is administered

in a dose 0f 0.1 mg to 1 mg per kilogram of patient body weight.

52. (New) The method of claim 41, wherein the compound of formula (1) is
administered in a dose of 0.05 mg to 2 mg per kilogram of patient body weight.

33. (New) The method of cluim 52. wherein sildenafil is administered in a dose of 0.1
mg to 2 mg per kilogram of patient body weight.
54. (New) The wethod of claim 41, wherein the compound of formula (1) is administered

in a dosc of 0.1 mp to 1 mg per kilopram of patient body weight.
5S. (New) The method of claim 42, wherein the compound of formula (1) is

administered in a dose of 0.05 mg to 2 mg per kilogram of patient body weight.

56._(New) The method of claim 55. wherein sildenafil is administered in a dose of 0.1
mg to 2 mg per kilogram of patient body weight.

37. (New) The method of claim 42, wherein the compound of formula

in a dose of 0.1 me to 1 mg per kilogram of patient body weight.

) is administered
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REMARKS

Following entry of the present amendments, claims 1-57 will be pending in this ex parte
reexamination of U.S. Patent No. 8,268,847 (“the 847 Patent™). Claims 1-1] are original claims.
New claims 12-57 are being added herein.

Support for the new claims may be found at, for example, the originally filed claims and
col. 2, lines 36-39, col. 4, lines 25-28 (pulmonary arterial bypertension); col. 2, lines 15-35, col.
3, lines 36-57 (administration); and col. 4, lines 7-18 (dosage amounts) of the 847 Patent.

The new claims are patentable for at least the same reasons as the claims from which they
depend.

Examiner Interview Summary

Patentee’s undersigned counsel would like to thank the Central Reexamination Unit panel
for the interview on December 20, 2017. The panel included examiners Timothy Kugel,
Dwayne Jones, and Kendra Carter, and supervisory examiner Jean Witz. David Farsiou and the
undersigned attended on behalf of Patentee. Patentce agrees with the summary reflected in the
Applicant Initiated Interview Summary, dated December 27, 2017, namely that the panel agreed
to review the Patent Trial and Appeal Board (“Board™) decision rendered in Application No.
13/604,148 (“the *148 application™) to determine whether making an argument consistent with
the Board decision would address the outstanding substantive issues. On December 29, 2017,
Examiner Kugel contacted Patentee’s representative, Mr. Farsiou, telephonically to indicate that

the Board’s rationale does address such issues.
Claim Rejections — 35 U.S.C. §103

Claims 1-11 have been rejected under pre-AlIA 35 U.S.C. §103(a) as allegedly being
obvious over WO 2006/026395 (*“the Keyser publication”) in view of WO 02/053557 (“the Bolli
publication™).

In particulas, the Examiner notes that the Keyser publication discloses methods of

treating pulmonary hypertension comprising administering a PDE-5 inhibitor and an endothelin
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(ET) receptor antagonist, but concedes that the Keyser publication does not disclose a compound
of formula (1) as claimed (Office Action at 11). To address this deficiency, the Examiner cites
the Bolli publication for its disclosure of the compound of formula (I) as an ET antagonist, and
alleges that it would have been obvious to replace the Keyser publication’s ET antagonist with
the compound of forraula (I) because the Bolli publication “teaches that they are functionally
equivalent and are used for the same purpose” (id.).

Patentee respectfully requests that this rejection be reconsidered and withdrawn at least
because — as the Board already found during prosecution of related patent applications — the
claimed administration of a compound of Formula (I) and a PDE-5 inhibitor produces synergistic
effects exceeding what those of ordinary skill in the art would have expected.

For example, during prosecution of the *148 application, the Board considered both the
Keyser publication and the Bolli publication in relation to claims directed to methods of treating
hypertension, pulmonary hypertension or pulmonary arterial hypertension comprising
administering simultaneously, separately, or over a period of time, to a patient in need thereof, an

effective amount of a compound of Formula (I):

NN N B
H
L

N

in free or pharmaceutically acceptable salt form, and at least one compound having
PDE-5-inhibitory properties, in free or pharmaceutically acceptable salt form. See Ex parte
Clozel, Appeal 2014-009320 (Oct. 3, 2016) (“Decision”; attached as Exhibit A).

The Board reversed the rejection of claims 1-14 of the *148 application for obviousness
over the Bolli publication in view of the Keyser publication (Exhibit A at 3). In doing so, the
Board found, inter glia. that the Examiner did not adequately respond to Applicant’s argument

that the claimed inventions produce unexpectedly superior results (id).
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The Board also found that Applicant presented persuasive evidence that a person of
ordinary skill would not have expected the synergistic effects produced by the administration of
the compound of Formula () and a PDE-5 inhibitor (id. at 9; see the 847 Patent at col. 6 to col.
7, Examples 1-3). For example, the Board noted that the compound of Formula () is a dual
ETA-ETb (i.e., nonselective) inhibitor, and the Keyser publication teaches that “[u]se of a
nonselective ET receptor (inhibitor] interferes with multiple pathways whereas use of a specific
ETa antagonist will act in a complementary fashion for the multiple pathways (PDE and/ot
prostacyclin and/or ETa) to provide superior efficacy and/or dosage regimes and/or reduction in
side effects” (id. at 9, citing the Keyser publication at § 67).

Specifically, the Keyser publication was said to teach that ETa causes vasoconstriction
such that the administration of an ETa antagonist results in less vasoconstriction, which in turn
amcliorates the symptoms of hypertension (id at 9, citing the Keyser publication at 9 68). The
Board further noted that ETs, on the other hand, was said to cause vasodilation wherein ETg-
mediated vasodilation occurs through a series of steps leading to an increase in cGMP (cyclic
guanosine monophosphate) levels (id. at 10, citing tbe Keyser publication at § 68). The Board
noted that the Keyser publication further discloses that cGMP relaxes blood vessels, but PDE-5
breaks down ¢cGMP (id). The Keyser publication also discloses that administration of 2 PDE-5
antagonist prevents the breakdown of cGMP, thus leading to “increased vasodilation and better
cfficacy of both” the ET4 antagonist and the PDE-5 antagonist (i ). Conversely, the Keyser
publication explains, “[nJonselective antagonists would not function as effectively because they
block the ETa stimulated cGMP production” (id.).

Based on this description, the Board found that those of ordinary skill would not have
expected the administration of a nonselective ET antagonist, such as the compound of Formula
(1), and a PDE-5 antagonist to produce the synergistic results repotted in Applicant’s
specification (id.). In fact, the Board stated that “[i]f anything, the skilled artisan most likely
would have expected inferior results based on the discussion in Keyser” (id, citing the Keyser

publication at §968-69). For these reasons, the Board reversed the rejections of claims 1-14 for
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obviousness over the Bolli publication in view of the Keyser publication due to lack of
supporting evidence (id ).!

For at Jeast the reasons that the Board identified in reversing the then-pending
obviousness rejection in the *148 application, Patentee requests reconsideration and withdrawal

of the present §103 rejection.

Claims 1-11 have also been rejected under pre-AIA 35 USC §103(a) as being obvious
over WO 2006/026395 (“the Keyser publication”) in view of U.S, Patent No. 7,094,781 (“the
"78) patent”). Patentee notes, however, that the *781 patent is the U.S. national stage of the
International patent application corresponding to the Bolli publication (i.e., PCT/EP01/14] 82).
Given tbe substantive identity of the ‘781 patent and the Bolli publication, Patentee requests

reconsideration and withdrawal of the rejection for at least the same reasons as noted above.

Claim Rejections — Double Patenting

Claims 1-11 have been rejected on the ground of nonstatutory obviousness-type double
patenting over claims 8 and 9 of the ‘781 patent in view of the Keyser publication.

This rejection, however, is improper for at least the same reasons that the above-noted
rejections under §103 are inoproper. Indeed, during prosecution of the ‘148 application, the
Board addressed a rejection of similar claims for alleged non-statutory obviousness-type double
patenting over the ‘781 patent in view of the Keyser publication (see Exhibit A at 3, 11). In
reversing that rejection, the Board noted that “neither reference teaches or suggests that the
synergistic results obtained from the presently claimed invention would have been expected to an
ordinarily skilled artisan” (id. at 11). For at least these reasons, Patentee requests reconsideration

and withdrawal of the rejection,

' The Exarniner presented similar rejections during prosecution of Application No. 14/162,280
but withdrew them in view of the Board Decision in the *148 application (see Office Action
mailed December 29, 2016, at page 2).
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Claims 1-11 are also rejected on the ground of nou-statutory obviousness-type double
patenting over claims 1-16 of U.S. Patent No. 8,367,685 (“the ‘685 patent”) as evidenced by the
Bolli publication in view of the Keyser publication. But this rejection also is inconsjstent with
the Board’s prior findings. The Board, for example, rcversed a non-statutory obviousness-type
double patenting rejection against the * 148 application claims over claims of the ‘685 patent in
view of the Bolli publication and the Keyser publication, noting that “neither reference teaches
or suggests that the synergistic results obtained from the presently claimed invention would have
been expected to an ordinarily skilled artisan™ (Exhibit A at 11). For at least these reasons,

Patentee requests reconsideration and withdrawal of the rejection.

Conclusion

Patentee requests reconsideration and withdrawal of the rejections, and confirmation of
the patentability, of claims 1-11 and allowance of new dependent claims 12-57. If the Examiner
is of a contrary view or if issues remain, the Examiner is requested to contact the undersigned
attorney at (215) 568-3100.

Date: January 16, 2018 ﬂgseph Laocci/
Joseph Lucci
Registration No. 33307
Baker & Hostetler LLP
2929 Arch Street

Cira Centre, 12th Floor

Philadelphia, Pennsylvania 19104-2891
Telephone: 215.568.3100

Facsimile: 215.568.3439

Page 12 of 12

PAGE 13/28 * RCVD AT 1/16/2018 6:35:01 PM [Eastern Stangard Time) * SYRIW-PTOFAX-002/3 * DNIS:2738300 = CSID: * DURATION (mm-£5):07-15

UNITED THERAPEUTICS CORP., EX1003, page 306

UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



EXHIBIT A

PAGE 14/28 * RCVD AT 1/16/2018 6:35:01 PM [Eastern Standard Time]* SVR:W-PTOFAX-002/3 * DNIS:2738300 * CSID: * DURATION (mm-§5):07-15

UNITED THERAPEUTICS CORP., EX1003, page 307
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



RECEIVED
CENTRAL FAX CENTER

JAN 16 2018

UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT MM
Unlted States Potent and 'l“mdana?g gglw FRCE
Advrez; COMMISSIONER FOR PATENTS

?.0, Box 1450
Aloanndda, Virginta 22313-1450
Grtew UEPHO. GOV
| ABPLICATIONNO. | FILNG DATE [ FIRST NAMED INVENTOR | ATTORNEY DOCKETND, ] CONFIRMATION NO, ]
13604,148 09/05/2012 Martine CLOZEL ACE6-USC 5499
50446 7550 100272018
HOXIB & ASSOCIATES LLC L T ]
75 MAIN STREET, SUITE 203 CARTER, KENDRA D
MILT.BURN, NJ 07041
[ ARTUNIT | papmNuMBER ]
1627
| ~omFIcATION DATE | peLvERYMODE _|
100312016 ELECTRONIC

Please find helow and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication,
Notice of the Officc communication was sent electronically on above-indicated "Notification Date” to the

following e-mail address(es);

HoxiePatentMail @hoxpat.com
HoxicPatentMail @ gmail.com

PTOL-90A (Rev. 04/07)

PAGE 15/28 * RCVD AT 1/16/2018 6:35:01 PM [Eastern Standard TIme}* SYRIW-PTOFAX-002/3 * DNIS:2738300 * CSID: * DURATION (mm-ss).07-15

UNITED THERAPEUTICS CORP., EX1003, page 308

UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

Ex parte MARTINE CLOZEL

Appeal 2014-009320
Application 13/604,148'
Technology Center 1600

Before LORA M. GREEN, FRANCISCO C. PRATS, and
KRISTI L. R. SAWERT, Admninistrative Patent Judges.

SAWERT, Administrative Patent Judge.

DECISION ON APPEAL
This is an appeal under 35 U.S.C. § 134 from the rejection of claims
1-14 of U.S. Patent Application No. 13/604,148 (“the *148 application”).
We have jurisdiction under 35 U.S.C. § 6(b).

! Appellants identify Actelion Pharmaceuticals Ltd. as the real party in
jnterest. Appeal Br. 2,
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STATEMENT OF THE CASE

Claims 1-14 are on appeal and stand rejected as unpatentable under
35 U.S.C. § 103(a) over Bolli? in view of Keyser®. Final Off. Act. 11.
Claims 1-14 also stand rejected on the ground of non-statutory obviousness-
type double patenting over claims 8 and 9 of Bolli *781¢ in view of Bolli and
Keyser. Id. at 3-5. The Examiner has also provisionally rejected claims 1—
14 on the ground of non-statutory obviousness-type double patenting over
claims 1, 9, 10, and 18 of Adesuyi ’142° in view of Bolli and Keyser, id. at
6-8, and over claims 1-11 of Clozel 8476 in view of Bolli and Keyser, id. at
g-10.

Claim 1 js illustrative of the claims on appeal. Claim 1 provides:

1. Amethod for the treatment of hypertension,

pulmonary hypertension or pulmonary arterial hypertension,

comprising administering simultaneously, separately or over a

period of time, to a patient in need thereof, an effective amount

of a compound of formula (I):

2 Martin Bolli et al., WO 02/053557 A1 (published July 11, 2002) (“Bolli”).
3 Donald Keyser and Richard Dixon, WO 2006/026395 Al (published
March 9, 2006) (“Keyser”).

* Martin Bolli et al., U.S. Patent No. 7,094,781 B2 (issued August 22, 2006)
(“Bolli *781™).

* Charles Tokunbo Adesuyi, U.S. Application No. 12/388,142 (filed Feb. 18,
2009) (issued as U.S. Patent No. 8,367,685 B2 on February 5, 2013)
(“Adesuyi 1427),

¢ Martine Clozel, U.S. Patent No. 8,268,847 B2 (issued September 18, 2012)
(*Clozel *847™).
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Application 13/604,148

in free or pharmaceutically acceptable salt form, and at least
one compound having PDES5-inbibitory properties, in free or
pharmaceutically acceptable salt form,

Appeal Br. 12,

DISCUSSION

We have reviewed Appellant’s arguments in the Briefs, the
Examiner’s Final Office Action, and the Examiner’s Answer to the
Appellant’s arguments. Although we find that the Examiner made an
adequate prima facie case of obviousness, we also find that the Examiner did
not adequately respond to Appellant’s argument that the claimed invention
produces unexpectedly superior results. Thus, we reverse the rejection of
clairos 1-14 for obviousness over Bolli in view of Keyser, for non-statutory
obviousness-type double patenting over claims 8 and 9 of Bolli *781 in view
of Bolli and Keyser, and for non-statutory obviousness-type double
patenting ovcr claims 1, 9, 10, aud 18 of Adesuyi *142 in view of Bolli and

Keyser. However, because the unexpectedly superior results do not apply to
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the Examiner’s rejection of claims 1-11 of Clozel *847 in view of Bolli and

Keyser, we affirm this rejection.

Background
The subject matter disclosed in the *148 application relates to a

pharmaceutical product comprising the compound of formula (I):

\/\;\ggw f

o
v

in combination with at least one compound having PDE5 -inhibitory
properties. Spec. 1. The Specification teaches that the compound of
formula (I) is a known endothelin-receptor antagonist useful for the
treatment of various diseases involving vasoconstriction (e.g., heart failure,
angina pectoris, pulmonary and systemic hypertension, and erectile
dysfunction). /d. In addition, the Specification teachcs that
pyrazolopyrimidinone derivatives (e.g., sildenafil, vardenafil, tadalafil, and
udenpafil) are known PDES5 inhibitors also useful for the treatment of the

same vasoconstriction-related diseases. .

7 PDES stands for cyclic guanosine 3°, 5’-monophosphate (cGMP)
phosphodiesterase type 5. Spec. 2.
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The Specification states that the claimed invention is based on the
“surprising[]” finding “that the combination of the compound of formula (I)
with a compound baving PDES-inhibitory properties tesults in an
unexpected synergistic effect in the treatment of diseases wherein
vasoconstriction is involved.” Id. at 2. In test Example 1, for example, the
administration of a compound of formula (T) decreased blood pressure with
an ABC (“area above the curve™) of 256, and the administration of tadalafi]
decreased blood pressure with an ABC of 310. But, the administration of a
combination of a compound of formula (T) and tadalafil decreased blood
pressure with an ABC of 923, which the Specification describes as a
“synergistic effect.” Jd. at 9; see also id. at 9-10 (Examples 2 and 3).

The Examiner rejected claims 1-14 for obviousness over Bolli in view
of Keyser. Final Off. Act. 11. Bolli discloses pyrimidine-sulfamides of the
general formulaI. Bolli 12-14. Of those compounds, Bolli specifically
discloses the compound of formula (I) presently claimed in the *148
application. See id. at 28 (top right-hand corner). Bolli teaches that the
compounds act as endothelin-receptor antagonists, id. at 1, usefuil “for
treatment of diseases, which are associated with an increase in
vasoconstriction, proliferation or inflammation due to endothelin,” such as
bypertension and pulmonary hypertension, id. at 11. Moreover, Bolli
teaches that the compounds of general formula I “may also be used in
combination with one or more other therapeutically useful substances,” such
as a- and P-blockers, vasodilators, calcium-antagonists, ACE-inhibitors,
potassium activators, angiotensin II receptor antagonists, diuretics,
sympatholitics, “and other therapeutics which serve to treat high blood

pressure or any'/ cardiac disorders.” Id. at 17.
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Bolli does not specifically teach that the “other therapeutics™ may be
PDES inhibitors. Final Off. Act. 12. The Examiner relied on Keyser to
make up for this deficiency. Keyser discloses “combination therapies”
comprising an endotbelin A receptor (ETA)® antagonist and a PDES inhibitor
for the treatment and prevention. of cardiac disorders such as pulmonary
arterial hypertension. Keyser (Abstract). Keyser specifically identifies
sildenafil, tadalafil, vardenafil, and dasantafil as PDES inhibitors. /d. ¥ 29.
Keyser also lists several known peptide and nonpeptidic ET antagonists,
including: “cyclic peptides, acyltripeptides, hexapeptide analogs, certain
anthraquinone derivatives, indanecarboxylic acids, certain N-
pyrimidinylbenzenesulfonamides, certain benzenesulfonamides, and certain
naphthalencsulfonamides.” Jd.  48. Finally, Keyser teaches that the ETa
antagonist and PDES inhibitor may be administered together in a “dual drug
tablet[],” or in “separate dosage formulations so that each may be
administered substantially concurrently or [] sequentially to provide required
therapeutic amounts.” Id, ¥ 32,

Keyser does not identify the compound of formula (I) presently
claimed in the *148 application. However, the Examiner argued that it
would have been obvious to

combine the compound of Formula I and a PDES inbibitor such
as tadalafil and sildenafil to treat pulmonary arterial
hypertension, because the compound of FormulaIisa ET
antagonist, and Keyser et al. teach that an ET antagonist and
PDES inhibitors such as sildenafil and tadalafil can be

8 There are two types of endothelin receptors: endothelin A (ETA) and
endothelin B (ETs). ETa is predominant in cardiovascular tissues. Keyser
712

PAGE 21/28 * RCVD AT 1/16/2018 6:35:01 PN [Eastern Standard Time]* SVR:W-PTOFAX-002/3 * DNIS:2738300 * CSID: * DURATION (mm-$s):07-15

UNITED THERAPEUTICS CORP., EX1003, page 314
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



Appeal 2014-009320
Application 13/604,148

combined to treat pulmonary hypertension, hypertension and
pulmonary arterial hypertension.

Final Off. Act. 13.

Analysis
A

We agree with the Examiner that it would have been prima facie
obvious to administer the compound of formula (I) as disclosed in Bolli and
a PDES antagonist as taught by Keyser to treat hypertension,’ Accordingly,
we adopt the Examiner’s fact findings and rationales provided in pages 11—
13 of the Final Office Action. Where we disagree, however, is with the
Examiner’s treatment of Appellant’s alleged unexpectedly superior results.

It is well established that “the prima facie case is merely a procedural
device that enables an appropriate shift of the burden of production” from
the examiner to the applicant. Hyat v. Dudas, 492 F.3d 1365, 1369 (Fed.
Cir. 2007). Here, the Appellant responds to the prima facie case with

evidence of unexpectedly superior results. “After evidence or argument is

? For the sake of completeness, we note that Appellant’s extensive “lead
corapound” arguments are inapposite to this case because the compound of
formula (I) is not novel. See Takeda Chem. Indus., Ltd. v. Alphapharm Py.,
Ltd., 492 F.3d 1350, 1356 (Fed. Cir. 2007) (“We bave held that structural
similarity between claimed and prior art subject matter, proved by
combining references or otherwise, where the prior art gives reason or
motivation to make the ¢laimed compositions, creates a prima facie case of
obviousness. In addition to structural similarity between the compounds, a
prima facie case of obviousness also requires a showing of adequate support
in the prior art for the change in structure.” (citations and quotations
omitted)).
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submitted by the applicant in response, patentability is determined on the
totality of the record, by a preponderance of evidence with due covsideration
to persuasiveness of argument.” In re Oetiker, 977 F.2d 1443, 1445 (Fed.
Cir. 1992). Indeed, “[i]n reviewing the examiner’s decision on appeal, the
Board must necessarily weigh all of the evidence and argument.” 1d.

Upon reviewing the evidence of record, we find that Appellant
subnuitted persuasive evidence of unexpectedly superior results that the
Examiner did not adequately rebut. Specifically, Appellant found that the
administration of the compound of formula (T) and a PDES antagonist
decreased blood pressure in an amount much greater than. either compound
alone, thus producing a synergistic effect. Spec. 9-10 (Examples 1-3). In
the case of synergistic effects, the “key question™ as to obviousness is
whether the combination of the compound of formula (I) and a PDE5
antagonist “proved more effective than what would have been expected in
view of the prior art.” Novo Nordisk A/Sv. Caraco Pharm. Labs., Ltd., 719
F.3d 1346, 1351-52 (Fed. Cir. 2013) (emphasis added). Here, the
Examiner’s response to Appellant’s assertion of unexpected results consists
of the following:

With regard to the unexpected and synergistic results, the
Examiner bas considered the results and still does not find it
persuasive to overcome the rejections of record because of the
reasons above. Particularly, a combination of an ET antagonist
and a PDES inhibitor is taught. There is no evidence that the
claimed compound is unexpected to be better than the N-ethyl
analog (closest tested compound of art) taught by Bolli et al. for
instance. Therefore the Applicant’s arguments are non-
persuasive to overcome the 35 U,S.C. 103(2) and obviousness
type double patenting rejections of record.
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Ans. 14,

The Examiner refers to the N-ethyl analog of the compound of
formula () disclosed in Bolli, and appears to imply that Appellant had a
burden. to test the effectiveness of that compound in combination with a
PDES inhibitor. We disagree; the combination of the N-ethyl analog and a
PDES inhibitor does not exist in the prior art. “It is not required that the
claimed invention be compared with subject matter that does not exist in the
prior art. The applicant is not required to create prior art, nor to prove that
his invention would have been obvious if the prior art were different than it
actually was.” In re Geiger, 815 F.2d 686, 690 (Fed. Cir. 1987) (Newman,
J. concurring). Thus, we find that the Examiner has not persuasively showed
by a preponderance of the evidence that Appellant’s synergistic effects
would bave been expected from the prior art.

Moreover, we find that Appellant has presented persuasive evidence
that an ordinarily skilled artisan would not have expected the synergistic
effects produced by the administration of the compound of formula (I) and a
PDES inhibitor, The compound of formula (I) is a dual ETA-ETg (i.e.,
nonselective) inhibitor. Appeal Br. 8-9. Keyser teaches that “[u]se of a
nonselective ET receptor [inhibitor] interferes with multiple pathways
whereas use of a specific ETa antagonist will act in a complementary
fashion for the multiple pathways (PDE and/or prostacyclin and/or ET») to
provide superior efficacy and/or dosage regimes and/or reduction in side
effects.” KeyserY 67.

Specifically, Keyser explains that ETa causes vasoconstriction. 7d. at
9 68. Thus, administration of an ET A antagonist results in less

vasoconstriction, which in turn ameliorates the symptoms of hypertension.

9
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ETp, on the other hand, causes vasodilation. Jd. ETp-mediated vasodilation
occurs through a series of steps leading to an increase in cGMP levels. /d.
cGMP relaxes blood vessels, but PDE5 breaks down cGMP. Id.
Administration of a PDES antagonist prevents the breakdown of cGMP, thus
Jeading to “increased vasodilation and better efficacy of both” the ETa
antagonist and the PDES antagonist. Jd. Conversely, Keyser explains,
“[n]onselective antagonists would not finction as effectively because they
block the ETy stimulated ¢cGMP production.” d.

Based on this description, we find that an ordinarily skilled artisan
would not have expected the administration of a nonselective ET antagonist,
such as the compound of formula (I), and a PDES antagonist to have
produced the synergistic results provided in Appellant’s Specification. If
anything, the skilled artisan most likely would have expected inferior results
based on the discussion in Keyser. See Keyser 9 68-69. For these reasons,
we determine that the Examiner’s rejection of claims 1-14 for obviousness
over Bolli in view of Keyser is unsupported by a preponderance of the

evidence and therefore we reverse this rejection.

19 cGMP stands for cyclic guanosine movophosphate.

10
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B.

For the same reasons, we also determine that the Examiner’s
rejections of claims 1-14 for non-statutory obviousness-type double
patenting over claims 8 and 9 of Bolli *781 in view of Bolli and Keyser, and
for non-statutory obviousness-type double patenting over claims 1, 9, 10,
and 18 of Adesuyi *142 in view of Bolli and Keyser, lack support by a
preponderance of the evidence. Like Bolli, both Bolli *781 and Adesuyi
’142 teach the compound of formula (I). But neither reference teaches or
suggésts that the synergistic results obtained from the presently claimed
invention would have been expected to an ordinarily skilled artisan. Thus,
we reverse these non-statutory obviousness-type double patenting rejections.

C.

Finally, we affirm the obviousness-type double patenting rejection of
claims 1-14 over claims 1-11 of Clozel *847 in view of Bolli and Keyser.
Clozel ’847 teaches a method for treating hypertension or pulmonary
hypertension by administering an effective amount of the compound of
formula (I) in combination with a PDES inhibitory compound. See, eg.,
Clozel *847 (col. 8, 11, 29-35); see also Final Off. Act. 8-10. But, as
Appellant notes, the *148 application is a continuation of the application.
leading to the *847 patent, Appeal Br. 11, and therefore is not prior art to the
present application. We agree with the Examiner that a non-statutory
obviousness-type double patenting rejection is appropriate in this case

becayse representative claim 1 is not patentably distivct from the claims of

11
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Clozel "847. Specifically, representative claim 1 would be anticipated” by
the claims of Clozel *847, but for the fact that Clozel 847 is not prior art. In
re Goodman, 11 F.3d 1046, 1052-53 (Fed. Cir. 1993). Appellant makes no

argument against the merits of this rejection. Therefore, we affirm.

SUMMARY
We affirm the obviousness-type double patenting rejection of claims
1-14 over claims 1-11 of Clozel °847 in view of Bolli and Keyser. We
reverse all other standing rejections.
No time period for taking any subsequent action in connection with
this appeal may be extended under 37 C.F.R. § 1.136(a).

AFFIRMED

' Specifically, Clozel "847 discloses 2] elements of representative claim 1,
except for the treatment of “pulmonary arterial hypertension.” Final Off.
Act. 8-9. But because representative claim 1 recites pulmonary arterial
hypertension in the alternative (i.e., “the treatment of hypertension,
pulmonary hypertension or pulmonary arterial hypertension™), Clozel *847
anticipates. See Zitanium Metals Corp. of Am v. Banner, 778 F.2d 775, 782
(Fed. Cir. 1985) (“It is also an clementary principle of patent law that when,
as by a recitation of ranges or otherwise, a claim covers several
compositions, the claim is ‘anticipated’ if one of them is in the prior art.”).

12
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Listing of Claims:

1. A product containing the compound of formula (I) below:

Q, 0
\V4
\//\ '/S\NH Br

H
X
L

(o QN'_'\_/

in free or pharmaceutically acceptable salt form, in combination with at least one
compound having PDES-inhibitory properties, in free or a pharmaceutically acceptable salt form,
for therapeutic use, simultaneously, separately or over a period of time, in the treatment of a

disease wherein vasoconstriction is involved.

2. The product according to claim. 1, wherein the compound having PDES5-inhibitory
properties is selected from sildenafil, vardenafil, tadalafil and udenafi).

3. The product according to claim 2, wherein the compound having PDES-inhibitory
properties is tadalafil.

4. The product according to claim 2, wherein the compound having PDES5-ivhibitory
properties is sildenafil.
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5. The product according to claim 1, wherein the disease wherein vasoconstriction is
involved is selected from hypertension, pulmonary hypertension, diabetic arteriopathy, heart

failure, erectile dysfunction and angina pectoris.

6. A pharmaceutical composition containing, as active principles, the compound of
formula (T) as described in claim 1, in free or pharmaceutically acceptable salt form, in
combination with at least one compound having PDES-inhibitory properties, in free or

pharmaceutically acceptable salt form, as well as at least one excipient.

7. The pharmaceutical composition according to claim 6, wherein the compound having
PDES5-inhibitory properties is selected from sildenafll, vardenafil, tadalafil and udenafil.

8. The pharmaceutical composition according to claim 7, wherein the compound having

PDES5-inhibitory properties is tadalafil.

9, The pharmaceutical composition according to claim 7, wherein the compound having

PDES5-inhibitory properties is sildenafil.

10. A method for the treatment of hypertension or pulmonary hypertension comprising
administering to a patient in need thereof an effective amount of a compound of formula (I) as
described in claim 1, in free or pharmaceutically acceptable salt form, in combination with at
Jeast one compound having PDES-inhibitory propetties, in free or pharmaceutically acceptable

salt form.

11. The method according to claim 10, wherein the compound having PDES-inhibitory
properties is selected from sildenafil, vardenafil, tadalafil and udenafil.

12. (New) The method of claim 11, wherein the compound having PDE3-inhibitory
properties js tadalafil.

13. (New) The method of claim 11, wherein the compound having PDES inhibitory
properties is sildenafil.

Page 3 of 12
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14. (New) The method of claim 12, wherein the method is for the treatment of

pulmonary hypertension,

15. (New) The method of claim 14, wherein the pulmonary hypertension is pulinonary

arterial hypertension.

16. (New) The method of claim 13, wherein the method is for the treatment of

pulmonary hypertension.

17. (New) The method of claim 16, wherein the pulmonary hypertension is pulmonary

arterial hypertension.

18. (New) The method of claim 15, wherein the compound of formula (I) and tadalafil
are administered simultaneously.

19. (New) The method of claim 15. wherein the compound of formula (1) and tadalafil

are admivistered sepatrately.

20. (New) The method of claim 15, wherein the compound of formula (1) and tadalafil
are administered over a period of time.

21. (New) The method of ¢claim 20, wherein the interval between the administration of
the compound of formula (1) and the administration of tadalafil does not exceed two days.

22. (New) The method of claim 21, wherein the interval does not exceed one day.

23. (New) The method of claim 15, wherein the compound of formula (1) is
administered in a dose of 0.05 mp to 2 mg per kilogram of patient body weight.

24. (New) The method of claim 23, wherein tadalafil is administered in a dose of 0.01
mg to 1 mg per kilogram of patient body weight.

25,
in a dose of 0.1 mg to 1 mg per kilogram of patient body weight.

¢w) The method of claim 15, wherein the compound of formula (1) is administered
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26. (New) The method of claim 18, wherein the compound of formula (1) is

administered in a dose of 0.05 mg to 2 mg per kilogram of patient body weight.

27. (New) The method of claim 26, wherein tadalafil is administered in a dose of 0.01

mg to_| mg per kilogram of patient body weight.

28. (New) The method of claim 18, wherein the compound of formula (1) is administered
in a dose of 0.1 mg to 1 mg per kilogram of patient body weight.

29. (New) The method of claim 20, wherein the compound of formula (I) is
administered in a dose of 0.05 mg to 2 mg per kilogram of patient body weight.

30. (New) The method of claim 29. wherein tadalafil is administered in a dose of 0.01
mg to 1 mg per kilogram of patient body weight.

31. (New) The method of claim 20, wherein the compound of formula (I) is administered

in a dose of 0.1 mg to 1 mg per kilogram of patient body weight.

32. (New) The method of claim 21, wherein the compound of formula (]) is

adroipistered in a dose of 0.05 mg to 2 mg per kilogram of patient body weight.

33. (New) The method of claim 32, wherein tadalafil is administered in a dose of 0.01
mg to 1 mg per kilogram of patient body weight.

34. (New) The method of claim 21, wherein the compound of formula (I) is administered

in a dose of 0.1 mg to 1 mg per kilogram of patient body weight.

35. (New) The method of claim 22. wherein the compound of formula (I) is
administered in a dose of 0.05 mg to 2 mg per kilogram of patient body weight.

36.
mg to 1 mg per kilogram of patient body weight.

ew) The method of claim 35. wherein tadalafil is administered in a dose of 0.01
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37. (New) The method of claim 22, wherein the compound of formula (T) is administered
in a dose of 0.1 mg to 1 mg per kilogram of patient body weight.

38. (New) The method of claim 17. wherein the compound of formula (1) and sildenafil

are administered simultaneously.

39. (New) The method of claim 17, wherein the compound of formula (T) and sildenafil

are administered separately.

40. (New) The method of claim 17, wherein the compound of formula (I) and sildenafil

are administered over a period of time.

41. (New) The method of claim 40, wherein the interval between the administration of

the compound of formula (I) and the administration of sildenafil does not exceed two days.

42. (New) The method of claim 41, wherein the interval does not exceed one day.
43. (New) The method of claim 17, wherein the compound of formula (1) is

administered in a dose of 0.05 mg to 2 mg per kilogram of patient body weight,

44, (New) The method of claim 43, wherein sildenafil js administered in a dose of 0.1

mg to 2 mg per kilogram of patient body weight.

45. (New) The method of claim 17, wherein the compound of formula (T) is administered
in a dose of 0.1 mg to 1 mg per kilogram of patient bodv weight.

46. New) The method of claim 38, wherein the compound of formula (1) is

administered in a dose of 0.05 mg to 2 mg per kilopram of patient body weight.

47. (New) The method of claim 46, wherein sildenafil is administered in a dose 0of 0.1
mg to 2 mg per kilogram of patient body weight.

48. (New) The method of claim 38, wherein the compound of formula (T) is administered

in a dose of 0.1 mg to 1 mg per kilogram of patient body weight.
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49. (New) The method of claim 40, whetein the compound of formula (D) is

administered in a dose of 0.05 mg to 2 mg per kilogram of patient body wei

ew) The method of claim 49, wherein sildenaﬁ_l is administered in a dose of 0.1

mg to 2 mo per kilogram of patient body weight.

New) The method of claim 40, wherein the compound of formula (1) is administered

in a dose of 0.1 mg to 1 mg per kilogram of patient body weight.

52. (New) The method of ¢laim 41. wherein the compound of formula (1) is

administered in a dose of 0.05 mg to 2 mg per kilogram of patient body weight.

53, (New) The method of claim 52, wherein sildenafil is administered in a dose of 0.1
me to 2 mg per kilogram of patient body weight.

54. (New) The method of claim 41, wherein the compound of formula () is administered
in a dose of 0.1 mg to 1 mg per kilogram of patient body weight.

55. (New) The method of claim 42, wherein the compound of formula (I) is

administered in a dose of 0.05 mg to 2 mg per kilogram of patient body weight.

56.
mpg to 2 mg per kilogram of patient body weight.

ew) The method of ¢laim 55, wherein sildepafil is administered in g dose of 0.1

is administered

57. (New) The method of ¢laim 42. wherein the compound of formula
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REMARKS

Following entry of the present amendments, claims 1-57 will be pending in this ex parte
reexamination of U.S. Patent No. 8,268,847 (“the 847 Patent”). Claims 1-11 are original claims.
New claims 12-57 are being added herein.

Support for the new claims may be found at, for example, the originally filed claims and
col. 2, lines 36-39, col. 4, lines 25-28 (pulmonary arterial hypertension); col. 2, lines 15-35, col.
3, lines 36-57 (administration); and col. 4, lines 7-18 (dosage amounts) of the 847 Patent.

The new clajms are patentable for at least the same reasons as the claims from which they

depend.

Examiner Interview Summary

Patentee’s undersigned counsel would like to thank the Central Reexamination Unit panel
for the interview on December 20, 2017. The panel included examiners Timothy Kugel,
Dwayne Jones, and Kendra Carter, and supervisory examiner Jean Witz. David Farsiou and the
undersigned attended on behalf of Patentee. Patentee agrees with the summary reflected in the
Applicant Initiated Interview Surmomary, dated December 27, 2017, namely that the panel agreed
to review the Patent Trial and Appeal Board (“Board”) decision rendered in Application No.
13/604,148 (“the *148 application™) to determine whether making an argument consistent with
the Board decision would address the outstanding substantive issues. On December 29, 2017,
Examiner Kugel contacted Patentee’s representative, Mr. Farsiou, telephonically to indicate that

the Board’s rationale does address such issues.
Clajm Rejections — 35 U.S.C. §103

Claims 1-11 have been rejected under pre-AIA 35 U.S.C. §103(a) as allegedly being
obvious over WO 2006/026395 (“the Keyser publication™) in view of WO 02/053557 (“the Bolli
publication™).

In particular, the Examiner notes that the Keyser publication discloses methods of

treating pulmonary hypertension comprising administering a PDE-5 inhibitor and an endothelin
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(ET) receptor antagonist, but concedes that the Keyser publication does not disclose a compound
of formula (I) as claimed (Office Action at 11). To address this deficiency, the Examiner cites
the Bolli publication for its disclosure of the compound of formula (I) as an ET antagonist, and
alleges that it would have been obvious to replace the Keyser publication’s ET antagonist with
the compound of formula (I) because the Bolli publication “teaches that they are functionally
equivalent and are used for the same purpose” (id ).

Patentee respectfully requests that this rejection be reconsidered and withdrawn at least
because — as the Board already found during prosecution of related patent applications — the
claimed administration of a compound of Formula (I) and a PDE-5 inhibitor produces synergistic
effects exceeding what those of ordinary skill in the art would have expected.

For example, during prosecution of the *148 application, the Board considered both the
Keyser publication and the Bolli publication in relation to claims directed to methods of treating
hypertension, pulmonary hypertension or pulmonary arterial hypertension comprising
administering simultaneously, separately, or over a period of time, to a patient in need thereof, an

effective amount of a compound of Formula (I):

M

SN N *

in free or pharmaceutically acceptable salt form, and at least one compound having
PDE-5-inhibitory properties, in free or pharmaceutically acceptable salt form. See Ex parte
Clozel, Appeal 2014-009320 (Oct. 3, 2016) (“Decision”; attached as Exhibit A).

The Board reversed the rejection of claims 1-14 of the *148 application for obviousness
over the Bolli publication in view of the Keyser publication (Exhibit A at 3). In doing so, the
Board found, inter alia, that the Exawminer did not adequately respond to Applicant’s argument

that the claimed inventions produce unexpectedly superior results (id.).
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The Board also found that Applicant presented persuasive evidence that a person of
ordinary skill would not have expected the synergistic effects produced by the administration of
the compound of Formula () and a PDE-5 inhibitor (id. at 9; see the 847 Patent at col. 6 to col.
7, Examples 1-3). For example, the Board noted that the compound of Formula (I) is a dual
ETa-ETs (i.c., nonselective) inhibitor, and the Keyser publication teaches that “[u]se of a
nonselective ET receptor [inhibitor] interferes with multiple pathways whereas use of a specific
ETa antagonist will act in a complementary fashion for the multiple pathways (PDE and/or
prostacyclin and/or ET4) to provide superior efficacy and/or dosage regimes and/or reduction in
side effects” (id. at 9, citing the Keyser publication at § 67).

Specifically, the Keyser publication was sajd to teach that ETa causes vasoconstriction
such that the administration of an ET antagonist results in less vasoconstriction, which in turn
ameliorates the symptoms of hypertension (id. at 9, citing the Keyser publication at { 68). The
Board further noted that ETp, on the other hand, was said to cause vasodilation wherein ETs-
mediated vasodilation occurs through a series of steps leading to an increase in cGMP (cyclic
guanosine monophosphate) levels (id. at 10, citing the Keyser publication at § 68). The Board
noted that the Keyser publication further discloses that cGMP relaxes blood vessels, but PDE-5
breaks down ¢GMP (id.). The Keyser publication also discloses that administration of a PDE-5
antagonist prevents the breakdown of ¢cGMP, thus leading to “increased vasodilation and better
efficacy of both” the ETa antagonist and the PDE-5 antagouist (id.). Conversely, the Keyser
publication explains, “[n]onsclective antagonists would not function as effectively because they
hlock the ETg stimulated cGMP production” (id.).

Based on this description, the Board found that those of ordinary skill would not have
expected the administration of a nonselective ET antagonist, such as the compound of Formula
(), and a PDE-5 antagonist to produce the synergistic results reported in Applicant’s
specification (id.). In fact, the Board stated that “[i]f anything, tbe skilled artisan most likely
would have expected inferior results based on the discussion in Keyser” (id., citing the Keyser

publication at 68-69). For these reasons, the Board reversed the rejections of claims 1-14 for

Page 10 of 12

DARE 14/70 % DAUN AT A/ARINAD R ANN DRI fSaotarn Ctandard Timal 2 CUDULDTAEAVANYM 7 2 QNS 2730000 X FACIN: 2 NLIDATIAM imm.0oi N7.44

UNITED THERAPEUTICS CORP., EX1003, page 332
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



Best Available Copy

DOCKET NO.: 103693.000585 PATENT
Control No.: 96/000,237
Office Action Dated: November 13,2017

obviousness over the Bolli publication in view of the Keyser publication due to lack of
supporting evidence (id ).!

For at ]east the reasons that the Board identified in reversing the then-pending
obviousness rejection in the ‘148 application, Patentee requests reconsideration and withdrawal

of the present §103 rejection.

Claims 1-11 have also been rejected under pre-AlA 35 USC §103(a) as being obvious
over WO 2006/026395 (“the Keyser publication”) in view of U.S. Patent No. 7,094,781 (“the
'781 patent”). Patentee notes, however, that the *781 patent is the U.S. national stage of the
International patent application corresponding to the Bolli publication (i.e.,, PCT/EP01/14182).
Given the substantive identity of the ‘781 patent and the Bolli publication, Patentee requests

recopsideration and withdrawal of the rejection for at least the same reasons as noted above.

Claim Rejections — Double Patenting

Claims 1-11 have been rejected on the ground of nonstatutory obviousness-type double
patenting over claims 8 and 9 of the ‘781 patent in view of the Keyser publication.

This rejection, however, is improper for at least the same reasons that the above-noted
rejections under §103 are improper. Indeed, during prosecution of the 148 application, the
Board addressed a rejection of similar claims for alleged non-statutory obviousness-type double
patenting over the “781 patent in view of the Keyser publication (see Exhibit A at 3, 11). In
reversing that rejection, the Board noted that “neither reference teaches or suggests that the
synergistic results obtained from the presently claimed invention would have been expected to an
ordinarily skilled artisan” (id. at 11). For at least these reasons, Patentee requests reconsideration

and withdrawal of the rejection.

t The Examiner presented similar rejections during prosecution of Application No. 14/162,280
but withdrew them in view of the Board Decision in the *148 application (see Office Action
mailed December 29, 2016, at page 2).
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Claims 1-11 are also rejected on the ground of non-statutory obviousness-type double
patenting over claims 1-16 of U.S. Patent No. 8,367,685 (“the 685 patent™) as evidenced by the
Bolli publication in view of the Keyser publication. But this rejection also is inconsistent with
the Board’s prior findings. The Board, for example, reversed a non-statutory obviousness-type
double patenting rejection against the *148 application claims over claims of the ‘685 patent in
view of the Bolli publication and the Keyser publication, noting that “neither reference teaches
or suggests that the synergistic results obtained from the presently claimed invention would have
been expected to an ordivarily skilled artisan” (Exhibit A at 11). For at least these reasons,

Patentee requests reconsideration and withdrawal of the rejection.

Conclusion

Patentec requests reconsideration and withdrawal of the rejections, and confirmation of
the patentability, of claims 1-11 and allowance of new dependent claims 12-57. If the Examinet
is of a contrary view or if issues remain, the Examiner is requested to contact the undersigned

attorney at (215) 568-3100.

Date: January 16, 2018 {Toseph Lucci/
Joseph Lucci
Registration No. 33307

Baker & Hostetler 1.T.P

2929 Arch Street

Cira Centre, 12th Floor

Philadelphia, Pennsylvania 19104-2891
Telephone: 215.568.3100

Facsimile: 215.568.3439
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UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

Ex parte MARTINE CLOZEL

Appeal 2014-009320
Application 13/604,148!
Technology Center 1600

Before LORA M. GREEN, FRANCISCO C. PRATS, and
KRISTI L. R. SAWERT, Administrative Patent Judges.

SAWERT, Administrative Patent Judge.

DECISION ON APPEAL
This is an appeal under 35 U.S.C. § 134 from the rejection of claims
1-14 of U.S. Patent Application No. 13/604,148 (“the *148 application™).
We have jurisdiction under 35 U.S.C. § 6(b).

! Appellants identify Actelion Pharmaceuticals Ltd. as the real party in
interest. Appeal Br. 2.
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STATEMENT OF THE CASE

Claims 1-14 are on appeal and stand rejected as unpatentable under
35U.S.C. § 103(a) over Bolli? in view of Keyser®. Final Off. Act. 11.
Claims 1-14 also stand rejected on the ground of non-statutory obviousness-
type double patenting over claims 8 and 9 of Bolli *781* in view of Bolli and
Keyser. /d. at 3-5. The Examiner has also provisionally rejected clairms 1-
14 on the ground of non-statutory obviousness-type double patenting over
claims 1, 9, 10, and 18 of Adesuyi *142° in view of Bolli and Keyser, id. at
6-8, and over claims 1-11 of Clozel *847¢ in view of Bolli and Keyser, id. at
8-10.

Claim 1 is illustrative of the claims on appeal. Claim | provides:

1. A method for the treatment of hypertension,

pulmonary hypertension or pulmonary arterial hypertension,

comprising administering simultaneously, separately or over a

period of time, to a patient in need thereof, an effective amount

of a compound of formula (I):

2 Martin Bolli et al., WO 02/053557 A (published July 11, 2002) (“Bolli”).
? Donald Keyser and Richard Dixon, WO 2006/026395 A1 (published
March 9, 2006) (“Keyser™).

4 Martin Bolli et al., U.S. Patent No. 7,094,781 B2 (issued August 22, 2006)
(“Bolli *781”).

3 Charles Tokunbo Adesuyi, U.S. Application No. 12/388,142 (filed Feb. 18,
2009) (issued as U.S. Patent No. 8,367,685 B2 on February 5, 2013)
("Adesuyi *142”).

§ Martine Clozel, U.S. Patent No. 8,268,847 B2 (issued September 18, 2012)
(“Clozel *847).
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\AN}S\NH Br

{n
in free or pharmaceutically acceptable salt form, and at least
one compound having PDES5-inhibitory properties, in free or
pharmaceutically acceptable salt form., |
Appeal Br, 12.

DISCUSSION

We have reviewed Appellant’s arguments in the Briefs, the
Examiner’s Final Office Action, and the Examiner’s Answer to the
Appellant’s arguments, Although we find that the Examiner made an
adequate prima facie case of obviousness, we also find that the Examiner did
not adequately respond to Appellant’s argument that the claimed invention
produces unexpectedly superior results. Thus, we reverse the rejection of
claims 1-14 for obviousness over Bolli in view of Keyser, for non-statutory
obviousness-type double patenting over claims 8 and 9 of Bolli *781 in view
of Bolli and Keyser, and for non-statutory obviousness-type double
patenting over claims 1, 9, 10, and 18 of Adesuyi *142 jn view of Bolli and

Keyser. However, because the unexpectedly superior results do not apply to
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the Examiner’s rejection of claims 1~11 of Clozel *847 in view of Bolli and

Keyser, we affirm this rejection.

Background
The subject matter disclosed in the "148 application relates to a

pharmaceutical product comprising the compound of formula (I):

in combination with at least one compound having PDE5-inhibitory
properties. Spec. 1. The Specification teaches that the compound of
formula (I) is a known endothelin-receptor antagonist useful for the
treatment of various diseases involving vasoconstriction (e.g., heart failure,
angina pectoris, pulmonary and systemic hypertension, and erectile
dysfunction). Jd. In addition, the Specification teaches that
pyrazolopyrimidinone derivatives (e.g., sildenafil, vardenafil, tadalafil, and
udenafil) are known PDES inhibitors also useful for the treatment of the

samne vasoconstriction-related diseases. Id.

7 PDES5 stands for cyclic guanosine 3°, 5’-monophosphate (cGMP)
phosphodiesterase type 5. Spec. 2.
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The Specification states that the claimed invention is baged on the
“surprising[]” finding “that the combination of the compound of formula (I)
with a compound having PDE5-inhibitory properties results in an
unexpected synergistic effect in the treatment of diseases wherein
vasoconstriction is involved.” Id. at 2. In test Example 1, for example, the
administration of a compound of formula (I) decreased blood pressure with
an ABC (“area above the curve”) of 256, and the administration of tadalafil
decreased blood pressure with an ABC of 310. But, the administration of a
combination of a compound of formula (I) and tadalafil decreased blood
pressure with an ABC of 923, which the Specification describes as a
“synergistic effect.” Id. at 9; see also id. at 9-10 (Examples 2 and 3).

The Examiner rejected claims 1-14 for obviousness over Bolli in view
of Keyser. Final Off. Act. 11. Bolli discloses pyrimidine-sulfamides of the
general formula 1. Bolli 12-14. Of those compounds, Bolli specifically
discloses the compound of formula (1) presently claimed in the *148
application. See id. at 28 (top right-hand corner). Bolli teaches that the
compounds act as endothelin-receptor antagonists, id. at 1, useful “for
treatment of diseases, which are associated with an increase in
vasoconstriction, proliferation or inflammation due to endothelin,” such as
hypertension and pulmonary hypertension, id. at 11. Moreover, Bolli
teaches that the compounds of general formula I “may also be used in
combination with one or more other therapeutically useful substances,” such
as a- and B-blockers, vasodilators, calcium-antagonists, ACE-inhibitors,
potassium activators, angiotensin IT receptor antagonists, diuretics,
sympatholitics, “and other therapeutics which serve to treat high blood

pressure or any cardiac disorders.” /d. at 17.
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Bolli does not specifically teach that the “other therapeutics” may be
PDES inhibitors. Final Off. Act. 12. The Examiner relied on Keyser to
make up for this deficiency. Keyser discloses “combination therapies”
comprising an endothelin A receptor (ET4)® antagonist and a PDES5 inhibitor
for the treatment and prevention of cardiac disorders such as pulmonary
arterial hypertension. Keyser (Abstract). Keyser specifically identifies
sildenafil, tadalafil, vardenafil, and dasantafil as PDES inhibitors. 7d. 9 29.
Keyser also lists several known peptide and nonpeptidic ET A antagonists,
including: “cyclic peptides, acyltripeptides, hexapeptide analogs, certain
anthraquinone derivatives, indanecarboxylic acids, certain N-
pyrimidinylbenzepesulfonamides, certain benzenesulfonamides, and certain
naphthalenesulfonamides.” /d. § 48. Finally, Keyser teaches that the ETa
antagonist and PDES inhibitor may be administered together in a “dual drug
tablet[],” or in “separate dosage formulations so that each may be
administered substantially concurrently or [] sequentially to provide required
therapeutic amounts.” Id. 9 32.

Keyser does not identify the compound of formula (I) presently
claimed in the *148 application. However, the Examiner argued that it
would have been obvious to

combine the compound of Formula I and a PDES inhibitor such
as tadalafil and sildenafil to treat pulmonary arterial
hypertension, because the compound of FormulaIis a ET
antagonist, and Keyser et al. teach that an ET antagonist and
PDES5 inhibitors such as sildenafil and tadalafil can be

8 There are two types of endothelin receptors: endothelin A (ETa) and
endothelin B (ETs). ETa is predominant in cardiovascular tissues. Keyser
912
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combined to treat pulmonary hypertension, hypertension and
pulmonary arterial hypertension.

Final Off. Act. 13.

Analysis
A

We agree with the Examiner that it would have been prima facie '
obvious to administer the compound of formula (I) as disclosed in Bolli and
a PDES antagonist as taught by Keyser to treat hypertension.’ Accordingly,
we adopt the Examiner’s fact findings and rationales provided in pages 11—
13 of the Final Office Action. Where we disagree, however, is with the
Examiner’s treatment of Appellant’s alleged unexpectedly superior results.

It is well established that “the prima facie case is merely a procedural
device that enables an appropriate shift of the burden of production” from
the examiner to the applicant. Hyart v. Dudas, 492 F.3d 1365, 1369 (Fed.
Cir. 2007). Here, the Appellant responds to the prima facie case with

evidence of unexpectedly superior results. “After evidence or argument is

? For the sake of completeness, we note that Appellant’s extensive “lead
compound” arguments are inapposite to this case because the compound of
forroula (I) is not novel. See Takeda Chem. Indus., Ltd. v. Alphapharm Pty.,
Ltd., 492 F.3d 1350, 1356 (Fed. Cir. 2007) (“We have held that structural
similarity between claimed and prior art subject matter, proved by
combining references or otherwise, where the prior art gives reason or
motivation to make the claimed compositions, creates a prima facie case of
obviousness. In addition to structural similarity between the compounds, a
prima facie case of obviousness also requires a showing of adequate support
in the prior art for the change in structure.” (citations and quotations
omitted)).
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submitted by the applicant in response, patentability is determined on the
totality of the record, by a preponderance of evidence with due consideration
to persuasiveness of argument.” In re Oetiker, 977 F.2d 1443, 1445 (Fed.
Cir. 1992). Indeed, “[i]n reviewing the examiner’s decision on appeal, the
Board must necessarily weigh all of the evidence and arguraent.” 1d.

Upon reviewing the evidence of record, we find that Appellant
submitted persuasive evidence of unexpectedly superior results that the
Examiner did not adequately rebut. Specifically, Appellant found that the
administration of the compound of formula (I) and a PDES antagonist
decreased blood pressure in an amount much greater than either compound
alone, thus producing a synergistic effect. Spec. 9-10 (Examples 1-3). In
the case of synergistic effects, the “key question” as to obviousness is
whether the combination of the compound of formula (I) and a PDES
antagonist “proved more effective than what would have been expected in
view of the prior art.” Novo Nordisk A/S v, Caraco Pharm. Labs., Ltd., 719
F.3d 1346, 1351-52 (Fed. Cir. 2013) (emphasis added). Here, the
Examiner’s response to Appellant’s assertion of unexpected results consists
of the following:

With regard to the unexpected and synergistic results, the
Examiner has considered the results and still does not find it
persuasive to overcome the rejections of record because of the
reasons above. Particularly, a combination of an ET antagonist
and a PDES inhibitor is taught. There is no evidence that the
claimed compound is unexpected to be better than the N-othyl
analog (closest tested compound of art) taught by Bollj et al. for
instance. Therefore the Applicant’s arguments are non-
persuasive to overcome the 35 U.S.C. 103(2) and obviousness
type double patenting rejections of record.
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Ans. 14.

The Examiner refers to the N-ethyl analog of the compound of
formula (I) disclosed in Bolli, and appears to imply that Appellant had a
burden to test the effectiveness of that compound in combination with a
PDES inhibitor. We disagree; the combination of the N-ethyl analog and a
PDES5 inhibitor does not exist in the prior art. “It is not required that the
claimed invention be compared with subject matter that does not exist in the
prior art. The applicant is not required to create prior art, nor to prove that
his invention would have been obvious if the prior art were different than it
actually was.” In re Geiger, 815 F.2d 686, 690 (Fed. Cir, 1987) (Newman,
J. concurring). Thus, we find that the Examiner has not persuasively showed
by a preponderance of the evidence that Appellant’s synergistic effects
would have been expected from the prior art.

Moreover, we find that Appellant has presented persuasive evidence
that an ordinarily skilled artisan would not have expected the synergistic
effects produced by the administration of the compound of formula (T) and a
PDES inhibitor. The compound of formula (I) is a dual ETA-ETr (i.e.,
nonselective) inhibitor. Appeal Br. 8-9. Keyser teaches that “[u]se of a
nonselective ET receptor [inhibitor] interferes with multiple pathways
whereas use of a specific ETA antagonist will act in a complementaty
fashion for the multiple pathways (PDE and/or prostacyclin and/or ETa) to
provide superior efficacy and/or dosage regimes and/or reduction in side
effects.” Keyser Y 67.

Specifically, Keyser explains that ETa causes vasoconstriction. /d. at
9 68. Thus, administration of an ET 4 antagonist results in less

vasoconstriction, which in turn ameliorates the symptorms of hypertension.
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ETs, on the other hand, causes vasodilation, Jd. ETs-mediated vasodilation
occurs through a series of steps leading to an increase in cGMP'? levels. 1d.
cGMP relaxes blood vessels, but PDES breaks down ¢cGMP. Id.
Administration of a PDES antagonist prevents the breakdown of cGMP, thus
leading to *“increased vasodilation and better efficacy of both™ the ETa
antagonist and the PDES antagonist. /d. Conversely, Keyser explains,
“[n]onselective antagonists would not function as effectively because they
block the ETs stimulated cGMP production.” 1.

Based on this description, we find that an ordinarily skilled artisan
would not have expected the administration of a nonselective ET antagonist,
such as the compound of formula (I), and a PDE5 antagonist to have
produced the synergistic results provided in Appellant’s Specification. If
anything, the skilled artisan most likely would have expected inferior results
based on the discussion in Keyser. See Keyser f 68-69. For these reasons,
we determine that the Examiner’s rejection of claims 1-14 for obviousness
over Bolli in view of Keyser is unsupported by a preponderance of the

evidence and therefore we reverse this rejection.

10 cGMP stands for cyclic granosine monophosphate,

10
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B.

For the same reasons, we also determine that the Examiner’s
rejections of claims 1-14 for non-statutory obviousness-type double
patenting over claims 8 and 9 of Bolli *781 in view of Bolli and Keyser, and
for non-statutory obviousness-type double patenting over claims 1, 9, 10,
and 18 of Adesuyi ’142 in view of Bolli and Keyser, lack support by a
preponderance of the evidence. Like Bolli, both Bolli *781 and Adesuys
*142 teach the compound of formula (I). But neither reference teaches or
suggésts that the synergistic results obtained from the presently claimed
invention would have been expected to an ordinarily skilled artisan. Thus,
we teverse these non-statutory obviousness-type double patenting rejections.

C

Finally, we affirm the obviousness-type double patenting rejection of
claims 1-14 over claims 1-11 of Clozel *847 in view of Bolli and Keyser.
Clozel "847 teaches a method for treating hypertension or pulmonary
hypertension by administering an effective amount of the compound of
formula (1) in combination with a PDES inhibitory compound. See, e.g.,
Clozel *847 (col. 8, 1. 29-35); see also Final Off. Act. 8-10. But, as
Appellant notes, the *148 application is a continuation of the application
leading to the *847 patent, Appeal Br. 11, and therefore is not prior art to the
present application. We agree with the Examiner that a non-statutory
obviousness-type double pateting rejection is appropriate in this case

because representative claim 1 is not patentably distinct from the claims of

11
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Clozel °847. Specifically, representative claim 1 would be anticipated!! by
the claims of Clozel 847, but for the fact that Clozel *847 is not prior art. [n
re Goodman, 11 F.3d 1046, 1052-53 (Fed. Cir. 1993). Appellant makes no

argument against the merits of this rejection. Therefore, we affirm.

SUMMARY
We affirm the obviousness-type double patenting rejection of claims
1-14 over claims 1-11 of Clozel 847 in view of Bolli and Keyser. We
reverse all other standing rejections.
No time period for taking any subsequent action in connection with
this appeal may be extended under 37 C.F.R. § 1.136(a).

AFFIRMED

" Specifically, Clozel *847 discloses all elements of representative claim 1,
except for the treatment of “pulmonary arterial hypertension.” Final Off.
Act. 8-9. But because representative claim 1 recites pulmonary arterial
hypertension in the alternative (i.e., “the treatment of hypertension,
pulmonary hypertension or pulmonary arterial hypertension”), Clozel *847
anticipates. See Titanium Metals Corp. of Am. v. Banner, 778 F.24 775, 782
(Fed. Cir. 1985) (“It is alsc an elementary principle of patent law that when,
as by a recitation of ranges or otherwise, a claim covers several
compositions, the ¢claim is “anticipated’ if one of them is in the prior art.”).

12
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:Administrative
:Filing

: Discussed by

: Martine Clozel.
12013 WL 12123481, *1+ , Patent Tr. & App. Bd.
‘(Administrative Filing)

:Cited by ‘3. Reply Brief Under 37 C.F.R. s 41.37 :Administrative

{Ex Parte Martine Clozel. Filing
2014 WL 12576231, *1+ , Patent Tr. & App. Bd.

{(Administrative Filing)

Cited by

4. Examiners Answer 3 :June 26, 2014 fAdministrative
‘Ex Parte Martine Clozel. iFiling

2014 WL 12576230, *1+ , Patent Tr. & App. Bd. : '
:(Administrative Filing)

. PRODUCT, USEFUL TC TREAT E.G.
'HYPERTENSION AND HEART FAILURE,
COMPRISES
BROMO-PHENYL-BROMO-PYRIMIDINYLOXY-ET |
HOXY-PY RIMIDIN-YLAMINO-METHYL-PROPYL-A |
‘MINO SULFONYL AND COMPOUND HAVING |
PHOSPHODIESTERASE-S INHIBITORY

‘PROPERTIES
‘DWPI 2008-J70674+

6. COMBINATION COMPRISING MACITENTAN :Sep. 24, 2013 Patents Po—=
{AND PACLITAXEL FOR TREATING MULTI-DRUG | : :
'RESISTANT OVARIAN CANCER ; :

{US PAT 8541433, U.S. PTO Utility

‘The invention relates to the combination of an
ﬁendothelin receptor antagonist of formula (1) with
:paclitaxel, and in particular to this combination for
:therapeutic use,...
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Treatment Title Date : Type
— 7 PROCESSES FOR PREPARING AMINE JuIy 30, 2013 :Patents — —

SALTS OF $ELDENAF1L-ANALOGUES AND USE |
"THEREOF & :
{US PAT 8497370, U.S. PTO Utility

A series of amine salts including a structure of
iformula (1) and formula (l1l) have provided. In
iformula | or formula (lll), R 1, Ra and RX are as
:defined in the specification. The...

‘9. THERAPEUTIC COMPOSITIONS &
§US PAT APP 20130210830, U.S. PTO Application

‘The invention relates to a product containing the
‘compound of formula (1) below (1) or a
§pharmaceutically acceptable salt of this compound,
:in combination with at least one...

— 10. THERAPEUTIC COMPOSITIONS Mar 21,2017 Patents L= —
CONTAINING MACITENTAN & : ‘ : f
{US PAT 9597331, U.S. PTO Utility

i The invention relates to a product containing the
icompound of formula () below or a
ipharmaceutically acceptable salt of this compound,
{in combination with at least one compound...

11. STABLE PHARMACEUTICAL Feb 23,2016 Patents
[COMPOSITIONS COMPRISING A

PYRIMIDINE-SULFAMIDE 8
5US PAT 9265762 , U.S. PTO Utility

The invention relates to stable pharmaceutical
composmons comprising the compound of the below
iformula, or pharmaceutically acceptable salts,
‘solvates hydrates or morphological...

12, THERAPEUTIC COMPOSITIONS
?CONTAEN!NG MACITENTAN & g

Patents

‘Nov. 03, 2015 '

{US PAT 9173881, U.S. PTO Utility

iThe invention relates to a product containing the
icompound of formula (1) below or a
ipharmaceutically acceptable salt of this compound,
§in combination of at least one compound...

— 13 THERAPEUTIC CGMPOSIT!ONS Aug 19, 2014 Patents — —

CGNTA!NING MACITENTAN &
:US PAT 8809334 , U.S. PTO Utility

{The invention relates to a product containing the
icompound of formula (1) below or a
ipharmaceutically acceptable salt of this compound,
{in combination with at least one compound...
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Treatment Title Date : Type

_ 14, THERAPEUTIC COMPOSITIONS May 29,2014 Patents . _
{US PAT APP 20140148460 , U.S. PTO Application ' : :

‘The invention relates to a product containing the
ﬁcompound of formula (1) below (l) or a
:pharmaceutically acceptable salt of this compound,
:in combination with at least one...

15, THERAPEUTIC COMPOSITIONS &

: iJan. 03,2013 Patents
{US PAT APP 20130005734 , U.S. PTO Application ;

i The invention relates to a product containing the
:compound of formula (1) below (1) or a
ipharmaceutically acceptable salt of this compound,
{in combination with at least one...
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Control No. Patent Under Reexamination
Notice of Intent to Issue 96/000,237 8268847
Ex Parte Reexamination Certificate | Examiner Art Unit AlA (First Inventor to File)
Status
Timothy J. Kugel 3991 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

1. [X] Prosecution on the merits is (or remains) closed in this ex parte reexamination proceeding. This proceeding is
subject to reopening at the initiative of the Office or upon petition. Cf. 37 CFR 1.313(a). A Certificate will be issued
in view of
(a) Patent owner’'s communication(s) filed: 16 January 2018.

) [ Patent owner's failure to file an appropriate timely response to the Office action mailed:

) [ Patent owner's failure to timely file an Appeal Brief (37 CFR 41.31).

) 0 The decision on appeal by the [] Board of Patent Appeals and Interferences [] Court dated

(e) [ Other: )
2. The Reexamination Certificate will indicate the following:
(a) Change in the Specification: [ Yes [X] No
(b) Change in the Drawing(s): [ Yes X No
(c) Status of the Claim(s):

(b
(c
(d

(1) Patent claim(s) confirmed: 1-117.

(2) Patent claim(s) amended (including dependent on amended claim(s)):
(3) Patent claim(s) canceled: .

(4) Newly presented claim(s) patentable: 12-57.

(5) Newly presented canceled claims:

(6) Patent claim(s) [] previously [] currently disclaimed:

(7) Patent claim(s) not subject to reexamination:

3. [ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

4. Note the attached statement of reasons for patentability and/or confirmation. Any comments considered necessary
by patent owner regarding reasons for patentability and/or confirmation must be submitted promptly to avoid
processing delays. Such submission(s) should be labeled: “Comments On Statement of Reasons for Patentability
and/or Confirmation.”

5. [] Note attached NOTICE OF REFERENCES CITED (PTO-892).
6. ] Note attached LIST OF REFERENCES CITED (PTO/SB/08 or PTO/SB/08 substitute).
7. [J The drawing correction request filed on is: [Japproved []disapproved.

8. X Acknowledgment is made of the priority claim under 35 U.S.C. § 119(a)-(d) or (f).
a)X Al b)[]Some*  ¢)[] None of the certified copies have
[] been received.
[] not been received.
X been filed in Application No. 12/439,290.
[J been filed in reexamination Control No. .
] been received by the International Bureau in PCT Application No.

* Certified copies not received: ___
9. [ Note attached Examiner's Amendment.
10. ] Note attached Interview Summary (PTO-474).
11.[] Other:___ .

All correspondence relating to this reexamination proceeding should be directed to the Central Reexamination Unit at
the mail, FAX, or hand-carry addresses given at the end of this Office action.

Timothy J. Kugel/ and /Kendra Carter/ Jean Witz/
Patent Reexamination Specialists, CRU 3991 Supervisory Patent Reexamination Specialist, CRU 3991

cc: Requester (if third party requester)

U.S. Patent and Trademark Office
PTOL-469 (Rev. 08-13) Notice of Intent to Issue Ex Parte Reexamination Certificate Part of Paper No 20180123
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Application/Control Number: 96/000,237 Page 2
Art Unit: 3991

Reexamination Action
This is an Ex Parte Notice of Intent to Issue a Reexam Certificate in Reexamination

Proceeding 96/000237.

Since the patent under reexamination has an effective filing date prior to 16 March
2013, this reexamination proceeding is taking place under the pre-AlA first to invent
provisions. The text of those sections of Title 35, US Code not included in this action

can be found in a prior Office action.

Status of the Proceeding

On 22 September 2017 A Request for Supplemental Examination of claims 1-11 of
US Patent 8,268,847 (the ‘847 patent) was filed by Patent

Owner.

On 26 September 2017 A Notice of Supplemental Examination Request Filing Date
was mailed.

On 25 October 2017: A Supplemental Examination Certificate, noting that a

substantial new question of patentability affecting at least
one claim of the ‘847 patent was raised in the request for
supplemental examination, was mailed.

On 13 November 2017:  An Order, ordering ex parte reexamination of claims 1-11 of
US Patent 8,268,847, and a first action on the merits non-
final rejection were mailed.

On 27 December 2017:  An Examiner Interview Summary, detailing the interview
conducted on 20 December 2017 was mailed.

On 16 January 2018: Patent owner filed an amendment, which is herein entered
and fully considered.

Status of the claims:
Claims 1-11 were issued in US Patent 8,268,847

No claims have been amended.

Claims 12-57 have been added.

UNITED THERAPEUTICS CORP., EX1003, page 373
UNITED THERAPEUTICS CORP. v. ACTELION PHARMACEUTICALS
U.S. PATENT 8,268,847



Application/Control Number: 96/000,237 Page 3
Art Unit: 3991

Claims 1-57 are subject to this reexamination.
Claims 1-11 are confirmed.

Newly presented claims 12-57 are patentable.

Claim Scope and Interpretation

In reexamination, patent claims are construed broadly. In re Yamamoto, 740 F2nd
1569, 1571 222 USPQ 934,936 (Fed Cir 1984) claims are given “their broadest

reasonable interpretation consistent with the specification”.

The ‘847 patent contains claims 1-57 directed to a product of FORMULA (I) and at least
one compound having PDES5 inhibitory properties. Sole independent claim 1 is
representative:

1. A product containing the compound of Formula (1) below

YoE

in free or pharmaceutically acceptable salt form, in combination with at least one
compound having PDE5-inhibitory properties, in free or a pharmaceutically acceptable
salt form, for therapeutic use, simultaneously, separately or over a period of time, in the
treatment of a disease wherein vasoconstriction is involved.
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Application/Control Number: 96/000,237 Page 4
Art Unit: 3991

References Cited

The following references are cited in this Office action:

US Patent 7,094,781 issued to Bolli et al. on 22 August 2006, hereinafter BOLLI

7817,

o US Patent 8,367,685 issued to Adesuyi et al. on 05 February 2013, hereinafter
ADESUYI.

¢ International Application Publication WO 02/053557 by Bolli et al., published on 11
July 2002, hereinafter BOLLI ‘557",

¢ International Application Publication WO 2006/026395 by Keyser et al., published on

09 March 2006, hereinafter KEYSER'.

Response to Arguments

Patent owner persuasively argues (Response filed 16 January 2018, pp. 8-12) that the
Patent Trial and Appeal Board (PTAB) found in Application 13/604148 (Patent Board
Decision mailed 03 October 2016, pp. 3 and 8-10) that “...the administration of the
compound of formula (l) and a PDES antagonist decreased blood pressure in an
amount much greater than either compound alone, thus producing a synergistic effect”;
that “...an ordinarily skilled artisan would not have expected the synergistic effects...”;
and that “...the skilled artisan most likely would have expected inferior results based on
the discussion in Keyser.”

Adopting the reasoning of the PTAB, since one of ordinary skill in the art at the

time the invention was made would not have considered modifying the disclosures of

" BOLLI ‘781, BOLLI ‘557, and KEYSER each qualifies as prior art under pre-AlA 35 USC §102(b).
2 ADESUY! does not qualify as prior art under pre-AlA 35 USC §102, but raises the issue of non-statutory
double patenting.
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either BOLLI reference or ADESUYI with the teachings of KEYSER, the following have
been withdrawn:

The rejection of claims 1-11 on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 8 and 9 of BOLLI ‘781 in view of
KEYSER has been withdrawn.

The rejection of claims 1-11 on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 1-16 of ADESUYI, as evidenced by
BOLLI ‘557, in view of KEYSER has been withdrawn.

The rejection of claims 1-11 as being unpatentable under pre-AlA
35 USC §103(a) as being obvious over KEYSER in view of BOLLI ‘781 has been
withdrawn.

The rejection of claims 1-11 as being unpatentable under 35 USC §103(a) as

being obvious over KEYSER in view of BOLLI ‘557 has been withdrawn.

Allowable Subject Matter
1. Claims 1-11 are confirmed and newly presented claims 12-57 are patentable.
The following is an examiner’s statement of reasons for confirmation and
patentability:
KEYSER, BOLLI ‘781 and BOLLI ‘557 are the closest prior art made of record.
The BOLLI references disclose the compound of formula (1), but fail to teach or
fairly suggest its use in combination with a PDE5 inhibitor. KEYSER discloses the use

of PDES inhibitors, but the PTAB has found that one of ordinary skill in the art would not
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have expected that, given the disclosure of KEYSER, the synergistic effect described in
the disclosure of the patent under reexamination, and “...most likely would have
expected inferior results...” in the use of the claimed combination.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

/Timothy J. Kugel/
Patent Reexamination Specialist, CRU 3991

Conferees:

/Kendra D. Carter/
Patent Reexamination Specialist (Detailee), CRU 3991

/Jean C. Witz/
Supervisory Patent Reexamination Specialist, CRU 3991
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification | 45000037 8266847
H““H“““HH“““m ““‘H“H““ m “‘ o o

TIMOTHY J KUGEL 3991
CPC
Symbol Type Version
AB1K 513 F 2013-01-01
A61K 4985 I 2013-01-01
A61K 506 I 2013-01-01
A61K 519 I 2013-01-01
A61K 53 I 2013-01-01
A61K 06 I 2013-01-01

CPC Combination Sets

Symbol Type Set Ranking Version
AB1K : 4985 | 1 1 2013-01-01
AB1K 00 A 1 2 2013-01-01
AB1K 506 | 2 1 2013-01-01
AB1K 00 A 2 2 2013-01-01
AB1K 519 | 3 1 2013-01-01
AB1K 00 A 3 2 2013-01-01
AB1K 53 | 4 1 2013-01-01
AB1K 00 A 4 2 2013-01-01
NONE

Total Claims Allowed:

57
(Assistant Examiner) (Date)
/TIMOTHY J KUGEL/
Primary Examiner, Art Unit 3991 01/24/2018 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 None
U.S. Patent and Trademark Office Part of Paper No. 20180123
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 45000037 8266847
TIMOTHY J KUGEL 3991
US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
514 269 Aflof|[ 1[N 43 / 54 (2006.0)
Als | 1]|K 31 /505 (2006.0)
CROSS REFERENCE(S)
clof|7|D 401/ 00 (2006.0)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
546 274.4
NONE
Total Claims Allowed:
57
(Assistant Examiner) (Date)
/TIMOTHY J KUGEL/
Primary Examiner, Art Unit 3991 01/24/2018 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 None
U.S. Patent and Trademark Office Part of Paper No. 20180123
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 45000037 8268847
TIMOTHY J KUGEL 3991
X Claims renumbered in the same order as presented by applicant O CPA O TD O R147
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

1 1 17 17 33 33 49 49

2 2 18 18 34 34 50 50

3 3 19 19 35 35 51 51

4 4 20 20 36 36 52 52

5 5 21 21 37 37 53 53

6 6 22 22 38 38 54 54

7 7 23 23 39 39 55 55

8 8 24 24 40 40 56 56

9 9 25 25 41 41 57 57

10 10 26 26 42 42

1 1 27 27 43 43

12 12 28 28 44 44

13 13 29 29 45 45

14 14 30 30 46 46

15 15 31 31 47 47

16 16 32 32 48 48
NONE

Total Claims Allowed:
57
(Assistant Examiner) (Date)
/TIMOTHY J KUGEL/
Primary Examiner, Art Unit 3991 01/24/2018 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 None
U.S. Patent and Trademark Office Part of Paper No. 20180123
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EX PARTE
REEXAMINATION CERTIFICATE

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
to the patent.

AS A RESULT OF REEXAMINATION, IT HAS BEEN
DETERMINED THAT:

The patentability of claims 1-11 is confirmed.

New claims 12-57 are added and determined to be
patentable.

12. The method of claim 11, wherein the compound having
PDES5-inhibitory properties is tadalafil.

13. The method of claim 11, wherein the compound having
PDES inhibitory properties is sildenafil.

14. The method of claim 12, wherein the method is for the
treatment of pulmonary hypertension.

15. The method of claim 14, wherein the pulmonary
hypertension is pulmonary arterial hypertension.

16. The method of claim 13, wherein the method is for the
treatment of pulmonary hypertension.

17. The method of claim 16, wherein the pulmonary
hypertension is pulmonary arterial hypertension.

18. The method of claim 15, wherein the compound of
Sormula (I) and tadalafil are administered simultaneously.

19. The method of claim 15, wherein the compound of
Sormula (I) and tadalafil ave administered separately.

20. The method of claim 15, wherein the compound of
formula (I) and tadalafil are administered over a period of
time.

21. The method of claim 20, wherein the interval between
the administration of the compound of formula (I) and the
administration of tadalafil does not exceed two days.

22. The method of claim 21, wherein the interval does not
exceed one day.

23. The method of claim 15, wherein the compound of
formula (I) is administered in a dose of 0.05 mg to 2 mg per
kilogram of patient body weight.

24. The method of claim 23, wherein tadalafil is admin-
istered in a dose of 0.01 mg to 1 mg per kilogram of patient
body weight.

25. The method of claim 15, wherein the compound of
formula (I) is administered in a dose of 0.1 mg to 1 mg per
kilogram of patient body weight.

26. The method of claim 18, wherein the compound of
formula (1) is administered in a dose of 0.05 mg to 2 mg per
kilogram of patient body weight.

27. The method of claim 26, wherein tadalafil is admin-
istered in a dose of 0.01 mg to 1 mg per kilogram of patient
body weight.

28. The method of claim 18, wherein the compound of
Jormula (1) is administered in a dose of 0.1 mg to 1 mg per
kilogram of patient body weight.

29. The method of claim 20, wherein the compound of
formula (I) is administered in a dose of 0.05 mg to 2 mg per
kilogram of patient body weight.

30. The method of claim 29, wherein tadalafil is admin-
istered in a dose of 0.01 mg to 1 mg per kilogram of patient
body weight.
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31. The method of claim 20, wherein the compound of
Sformula (1) is administered in a dose of 0.1 mg to 1 mg per
kilogram of patient body weight.

32. The method of claim 21, wherein the compound of
Sformula (I) is administered in a dose of 0.05 mg to 2 mg per
kilogram of patient body weight.

33. The method of claim 32, wherein tadalafil is admin-
istered in a dose of 0.01 mg to 1 mg per kilogram of patient
body weight.

34. The method of claim 21, wherein the compound of
Sformula () is administered in a dose of 0.1 mg to 1 mg per
kilogram of patient body weight.

35. The method of claim 22, wherein the compound of
Sformula (1) is administered in a dose of 0.05 mg to 2 mg per
kilogram of patient body weight.

36. The method of claim 35, wherein tadalafil is admin-
istered in a dose of 0.01 mg to 1 mg per kilogram of patient
body weight.

37. The method of claim 22, wherein the compound of
formula () is administered in a dose of 0.1 mg to 1 mg per
kilogram of patient body weight.

38. The method of claim 17, wherein the compound of
Jormula (I) and sildenafil ave administered simultaneously.

39. The method of claim 17, wherein the compound of
Sformula (I) and sildenafil are administered separately.

40. The method of claim 17, wherein the compound of
Sformula (1) and sildenafil are administered over a period of
time.

41. The method of claim 40, wherein the interval between
the administration of the compound of formula (I) and the
administration of sildenafil does not exceed two days.

42. The method of claim 41, wherein the interval does not
exceed one day.

43. The method of claim 17, wherein the compound of
Jformula (I) is administered in a dose of 0.05 mg to 2 mg per
kilogram of patient body weight.

44. The method of claim 43, wherein sildenafil is admin-
istered in a dose of 0.1 mg to 2 mg per kilogram of patient
body weight.

45. The method of claim 17, wherein the compound of
Sormula (1) is administered in a dose of 0.1 mg to 1 mg per
kilogram of patient body weight.

46. The method of claim 38, wherein the compound of
formula (I) is administered in a dose of 0.05 mg to 2 mg per
kilogram of patient body weight.

47. The method of claim 46, wherein sildenafil is admin-
istered in a dose of 0.1 mg to 2 mg per kilogram of patient
body weight.

48. The method of claim 38, wherein the compound of
formula () is administered in a dose of 0.1 mg to 1 mg per
kilogram of patient body weight.

49. The method of claim 40, wherein the compound of
Sformula (I) is administered in a dose of 0.05 mg to 2 mg per
kilogram of patient body weight.

50. The method of claim 49, wherein sildenafil is admin-
istered in a dose of 0.1 mg to 2 mg per kilogram of patient
body weight.

51. The method of claim 40, wherein the compound of
Sformula (1) is administered in a dose of 0.1 mg to 1 mg per
kilogram of patient body weight.

52. The method of claim 41, wherein the compound of
Sformula (I) is administered in a dose of 0.05 mg to 2 mg per
kilogram of patient body weight.

53. The method of claim 52 wherein sildenafil is admin-
istered in a dose of 0.1 mg to 2 mg per kilogram of patient
body weight.
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54. The method of claim 41, wherein the compound of
Sormula (I) is administered in a dose of 0.1 mg to 1 mg per
kilogram of patient body weight.

55. The method of claim 42, wherein the compound of
formula (1) is administered in a dose of 0.05 mg to 2 mg per 5
kilogram of patient body weight.

56. The method of claim 55, wherein sildenafil is admin-
istered in a dose of 0.1 mg to 2 mg per kilogram of patient
body weight.

57. The method of claim 42, wherein the compound of 10
formula (I) is administered in a dose of 0.1 mg to 1 mg per
kilogram of patient body weight.

* * & £ *
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