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(54) Title: COMPOUNDS AND METHODS FOR DELIVERY OF PROSTACYCLIN ANALOGS

(57) Abstract: This invention pertains generally to prosta-
cyclin analogs and methods for their use in promoting vas-
odilation, inhibiting platelet aggregation and thrombus form-
ation, stimulating thrombolysis, inhibiting cell proliferation
(including vascular remodeling), providing cytoprotection,
preventing atherogenesis and inducing angiogenesis. Gener-
ally, the compounds and methods of the present invention
increase the oral bioavailability and circulating concentra-
tions of treprostinil when administered orally. Compounds
of the present invention have formula (I).
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COMPOUNDS AND METHODS FOR DELIVERY OF PROSTACYCLIN
ANALOGS

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

This application claims benefit of U.S. Provisionial Application Serial No.
60/472,407, filed on May 22, 2003, the entire contents of which are incorporated by

reference herein.

FIELD OF THE INVENTION

This invention pertains generally to prostacyclin analogs and methods for their
use in promoting vasodilation, inhibiting platelet aggregation and thrombus
formation, stimulating thrombolysis, inhibiting cell proliferation (including vascular
remodeling), providing cytoprotection, preventing atherogenesis and inducing
angiogenesis. Through these prostacyclin-mimetic mechanisms, the compounds of
the present invention may be used in the treatment of/for: pulmonary hypertension,
ischemic diseases (e.g., peripheral vascular disease, Raynaud’s phenomenon,
Scleroderma, myocardial ischemia, ischemic stroke, renal insufficiency), heart failure
(including congestive heart failure), conditions requiring anticoagulation (e.g., post
ML, post cardiac surgery), thrombotic microangiopathy, extracorporeal circulation,
central retinal vein occlusion, atherosclerosis, inflammatory diseases (e.g., COPD,
psoriasis), hypertension (e.g., preeclampsia), reproduction and parturition, cancer or
other conditions of unregulated cell growth, cell/tissue preservation and other
emerging therapeutic areas where prostacyclin treatment appears to have a beneficial

role. These compounds may also demonstrate additive or synergistic benefit in
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combination with other cardiovascular agents (e.g., calcium channel blockers,

phosphodiesterase inhibitors, endothelial antagonists, antiplatelet agents).

BACKGROUND OF THE INVENTION

Many valuable pharmacologically active compounds cannot be effectively
administered orally for various reasons and are generally administered via intravenous
or intramuscular routes. These routes of administration generally require intervention
by a physician or other health care professional, and can entail considerable

discomfort as well as potential local trauma to the patient.

One example of such a compound is treprostinil, a chemically stable analog of
prostacyclin. Although treprostinil sodium (Remodulin®) is approved by the Food
and Drug Administration (FDA) for subcutaneous administration, treprostinil as the
free acid has an absolute oral bioavailability of less than 10%. Accordingly, there is

clinical interest in providing treprostinil orally.

Thus, there is a need for a safe and effective method for increasing the
‘ /
systemic availability of treprostinil via administration of treprostinil or treprostinil

analogs.

SUMMARY OF THE INVENTION

In one embodiment, the present invention provides a compound having structure

OR;
21HIORy

OCH,CO4R¢
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wherein,
R! is independently selected from the group consisting of H, substituted and

. . 1 . .
unsubstituted benzyl groups, and groups wherein OR  are substituted or unsubstituted

glycolamide esters;

R? and R’ may be the same or different and are independently selected from
the group consisting of H, phosphate and groups wherein OR? and OR? form esters of

amino acids or proteins, with the proviso that all of R', R? and R’ are not H;
aﬁ enantiomer of the compound;
and pharmaceutically acceptable salts of the compound and polymorphs.

In some of these embodiments, R' is a substituted or unsubstituted benzyl
group, such as CHyCgHs. In other embodiments, OR! is a substituted or unsubstituted
glycolamide ester, R' is -CH,CONRR’, R* and R’ may be the same or different and
are independently selected from the group consisting of H, OH, substituted and
unsubstituted alkyl groups, -(CH;)mCHj3, -CH,0H, and -CH,(CH>),OH, with the
proviso thatmis 0,1,2,3 or4,andnis 0, 1,2, 3 or 4. In certain of theseJ
embodiments one or both of R* and R® are independently selected from the group
consisting of H, -OH, -CH3, or -CH,CH,;OH. In any of the previously discussed
embodiments, one or both of R* and R® can be H. In some enantiomers of the

compound R'=R*=R*<H, or R>=R?=H and R'=valinyl amide.

In still further embodiments of the present compounds R? and R? are
independently selected from phosphate and groups wherein OR? and OR? are esters of
amino acids, dipeptides, esters of tripeptides and esters of tetrapeptides. In some

compounds only one of R* or R? is a phosphate group. In other compounds R*and R

are independently selected from groups wherein OR* and OR? are esters of amino
acids, such as esters of glycine or alanine, In any of the above embodiments, one of
R? and R? are H. In certain of the present compounds, the oral bioavailability of the
compound is greater than the oral bioavailability of treprostinil, such as at least 50%
or 100% greater than the oral bioavailability of treprostinil. The above compounds
can further comprise an inhibitor of p-glycoprotein transport. Any of these

compounds can also further comprise a pharmaceutically acceptable excipient.
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