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Abstract:

A therapeutic composition is described. The composition may include a diethanolamine

salt of treprostinil in combination with at least one additional cardiovascular agent

selected from the group consisting of a caleium channel blocker, a phosphodiesterase

inhibitor, and an endothelin receptor antagonist. The composition demonstrates a beneitt

in combination with other cardiovascular agents.
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COMPOSITIONS COMPRISING DIETHANOLAMINE SALTS OF

TREPROSTINIL IN THE TREATMENT OF PULMONARY

HYPERTENSION AND OTHER. CARDIOVASCULAR DISEASES

FIELD OF THE INVENTION

This invention pertzins generally to prostacyelin 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 freatment 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 MI, post cardiac surpery), thrombotic microangiopathy, extracorporeal
circulation, central retinal vein occlusion, atherosclerosis, inflammmatory diseases
(e.g., COPD, psoriasis), hypertension (¢.g., preeclampsia), reproduction and
parturition, cancer or other conditions of unregulated cell erowth, cell/tissue
preservation and other emerging therapeutic areas where prostacycln 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 1s
clinical interest in providing treprostinil orally.

Thus, there is a need for a safe and effec’uve method for increasing the

systemic availability of treprostini] via adrmmstratlon of treprostinil or treprostlml

analogs.

SUMMARY OF THE INVENTION

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

(e

HIORS

OCH,CO2R;¢
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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;
an 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 CH,C¢Hs. In other embodiments, OR' is a substituted or unsubstituted
glycolamide ester, R' is -CH,CONR"R’, 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;),CHj, -CH,0H, and -CH,(CH,),OH, with the
proviso thatmis0,1,2,3 0or4,andnis 0, 1, 2, 3 or 4. In ceriain of these
embodiments one or both of R* and R’ are independently selected from tﬁe group
consisting of H, -OH, -CHj, 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*’orR’isa 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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The present invention also provides a method of using the above compounds
therapeutically of/for: pulmonary hypertension, ischemic diseases, heart failure,
conditions requiring anticoagulation, thrombotic microangiopathy, extracorporeal
circulation, central retinal vein occlusion, atherosclerosis, inflammatory diseases,
hypertension, 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. A preferred embodiment is a
method of treating pulmonary hypertension and/or peripheral vascular disease n a
subject comprising orally administering a pharmaceutically effective amount of a

compound of structure II:

[t

OR3
ul“lllORz

OCH,CO4R;

wherein,

R is independently selected from the group consisting of H, substituted and

unsubstituted alkyl groups, arylalkyl groups and groups wherein OR' form a
substituted or unsubstituted glycolamide ester;

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;
an enantiomer of the compound; and

a pharmaceutically acceptable salt or polymorph of the compound.

In some of these methods, when OR! forms a substituted or unsubstituted
glycolamide ester, R' is -CH,CONR'R’®, wherein R* and R’ may be the same or
different and are independently selected from the group consisting of H, OH,
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.substituted and unsubstituted alkyl groups, -(CH2)mCHs, -CH,0H, and -
CH,(CH,),OH, with the proviso thatmis 0, 1,2,3 or4,andnis 0,1,2,3 or4. In
other methods R' is a C;-C, alkyl group, such as methyl, ethyl, propyl or butyl. In the
disclosed methods, R' can also be a substituted or unsubstituted benzyl group. In
other methods, R can be -CHj or -CH,Cg¢Hs. In still other methods R* and R’ are the
same or different and are independently selected from the group consisting of H, OH,
-CH;, and -CH,CH,OH. In yet other methods, one or both of R* and R’ are H.
Alternativel);, one or both of R? and R® are not H and 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 methods, only
one of R? or R’ is a phosphate group. In additional methods, 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 further methods one of R' and R? is H. In
some methods, enantiomers of the compound where R'=R*<R’=H, or R*=R’=H and

R'=valinyl amide are used.

In various methods 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 present methods can also comprise administering
pharmaceutically effective amount of a p~-glycoprotein inhibitor, simultaneously,
sequentially, or prior to administration of the compound of structure II. In some
embodiments the p-glycoprotein inhibitor is administered orally or intravenously.
The disclosed methods can be used to treat pulmonary hypertension.

The present invention also provides a method of increasing the oral
bioavailability of treprostinil or pharmaceutically acceptable salt thereof, comprising
administering a pharmaceutically effective amount of a p-glycoprotein inhibitor and
orally administering a pharmaceutically effective amount of treprostinil to a subject.
In certain of éhese embodiments the p-glycoprotein inhibitc;r is administered prior to
or simultaneously with the treprostinil. The route of the p-glycoprotein inhibitor
administration can vary, such as orally or intravenously. The present invention aiso

provides a composition comprising treprostinil or a pharmaceutically acceptable salt

thereof and a p-glycoprotein inhibitor.
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The present compound can also be administered topically or transdermally.

Pharmaceutical formulations according to the present invention are provided
which include any of the compounds described above in combination with a

pharmaceutically acceptable carrier.
The compounds described above can also be used to treat cancer.

Further objects, features and advantages of the invention will be apparent from
the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A and 1B respectively show plasma concentration versus time curves
for imtravenous and intraportal dosing of treprostinil diethanolamine salt in rats as

described in Example 1;

Figures 2A, 2B and 2C respectively show plasma concentration versus time
curves for intraduodenal, intracolonic and oral dosing of treprostinil diethanol amine

salt in rats as described in Example 1;

Figure 3 shows on a logarithmic scle the average plasma concentration versus

time curves for the routes of administration described in Example 1;

Figure 4 is a graphical representation of the plasma concentration versus time
curve for treprostinil in rat following oral administration in rats of treprostinil methyl

ester as described in Example 2;

Figure 5 1s a graphical representation of the plasma concentration versus time
curve for treprostinil in rat following oral administration in rats of treprostinil benzyl

ester as described in Example 2;

Figure 6 1s a graphical representation of the plasma concentration versus time
curve for treprostinil in rat following oral administration in rats of treprostinil

diglycine as described in Example 2;

Figure 7 1s a graphical representation of the plasma concentration versus time

curve for treprostinil in rat following oral administration in rates of treprostinil benzyl
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ester (05 mg/kg) and treprostinil diglycine (0.5 mg/kg) as described in Example 2
compared to treprostinil (1 mg/per kg).

Figure 8 is a graphical representation of the plasma concentration versus time
curve for treprostinil in rat following intraduodenal administration of treprostinil
monophosphate (ring) as described in Example 3;

Figure 9 is a graphical representation of the plasma concentration versus time
curve for treprostinil in rat following intraduodenal administration of treprostinil

monovaline (ring) as described in Example 3;

Figure 10 is a graphical representation of the plasma concentration versus time
curve for treprostinil in rat following intraduodenal administration of treprostinil

monoalanine (ring) as described in Example 3;

Figure 11 is a graphical representation of the plasma concentration versus time

curve for treprostinil in rat following intraduodenal administration of treprostinil

}

monoalanine (chain) as described in Example 3; and

Figure 12 is a graphical representation of the avergage plasma concentration
versus time curve for each prodrug compared to treprostinil alone from Example 1, as
described in Example 3. Treprostini! was dosed at 1 mg/kg whereas the prodrugs were
dosed at 0.5 mg/kg.

Figures 13A — 13D respectively show doses, administered every two hours for
four doses, for either 0.05 mg per dose (total = 0.2 mg), 0.125 mg per dose (total = 0.5
mg), 0.25 mg per dose (total = 1.0 mg), or 0.5 mg per dose (total = 2.0 mg).

Figure 14 shows pharmacokinetic profiles of UT-15C sustained release tablets

and sustained release capsules, fasted and fed state.

Figure 15 shows an X ray powder diffraction spectrum of the polymorph Form

Figure 16 shows an IR spectrum of the polymorph Form A.
Figure 17 shows a Raman spectrum of the polymorph Form A.

Figure 18 shows thermal data of the polymorph Form A.
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Figure 19 shows moisture sorptibp data of the polymorph Form A.

Figure 20 shows an X ray powder diffraction spectrum of the polymorph Form

Figure 21 shows thermal data of the polymorph Form B.

Figure 22 shows moisture sorption data of the polymorph Form B.

DETAILED DESCRIPTION OF THE INVENTION

Unless otherwise specified, “a” or “an” means “one or more”, The present
invention provides compounds and methods for inducing prostacyclin-like effects in a
subject or patient. The compounds provided herein can be formulated into
pharmaceutical formulations and medicarnents that are useful in the methods of the
mvention. The invention also provides for the use of the compounds in preparing
medicaments and pharmaceutical formulations and for use of the compounds in
treating biological conditions related to insufficient prostacyclin activity as outlined in
the Field of Invention. The present invention also provides compounds and methods

for the treatment of cancer and cancer related disorders.

In some embodiments, the present compounds are chemical derivatives of (+)-

treprostinil, which has the following structure:

Ol
u

ll“ll'lOH

OCHCO2H

Treprostinil is a chemically stable analog of prostacychn, and as such is a

potent vasodilator and inhibitor of platelet aggregation. The sodium salt of
treprostinil, (1R,2R,3aS,9aS)-[[2,3,3a,4,9,9a -Hexahydro-2-hydroxy -1-[(35)-3-
hydroxyoctyl]-1H-benz[f]inden-5-y1] oxylacetic acid monosodium salt, 1s sold as a

8



CA 02851309 2014-05-12

WO 2005/007081 PCT/US2004/016401

solution for injection as Remodulin® which has been approved by the Food and Drug
Administration (FDA) for treatment of pulmonary hypertension. In some
embodiments, the present compounds are derivatives of (-)-treprostinil, the
enantiomer of (+)-treprostinil. A preferred embodiment of the present invention is the
diethanolamine salt of treprostinil. The present invention further includes polymorphs
of the above compounds, with two forms, A and B, being described in the examples
below. Of the two forms, B is preferred. A particularly preferred embodiment of the

present invention is form B of treprostinil diethanolamine.

In some embodiments, the present compounds are generally classified as
prodrugs of treprostinil that convert to treprostinil after administration to a patient,
such as through ingestion. In some embodiments, the prodrugs have little or no
activity themselves and only show activity after being converted to treprostinil. In
some embodiments, the present compounds were produced by chemically derivatizing
treprostinil to make stable esters, and in some instances, the compounds were
derivatized from the hydroxyl groups. Compounds of the present invention can also

be provided by modifying the compounds found in U.S. Patent Nos. 4,306,075 and
5,153,222 in like manner.

In one embodiment, the present invention provides compounds of structure I:

ORa
"”“IIORZ

OCH2CO2R

wherein,

R' is independently selected from the group consisting of H, substituted and
unsubstituted benzyl groups and groups wherein OR' are substituted or unsubstituted

glycolamide esters;
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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 profeins, with the proviso that all of R! R?and R’ are not H:
enantiomers of the compound; and
pharmaceutically acceptable salts of the compound.

In some embodiments wherein OR' are substituted or unsubstituted
glycolamide esters, R' is -CH;CONR‘R’® and 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;)mCH3, -CH;0H, and -CH;(CH;),OH, with the

proviso thatmis 0, 1,2,30r4,andnis 0, 1, 2, 3 or 4.

One skilled in the art will also readily recognize that where members are
grouped together in a common manner, such as in a Markush group or the groups
described 1n the R of structures I and II above and below, the present invention
encompasses not only the entire group histed as a whole, but each member of the
group individually and all possible subgroups of the main group. Accordingly, for all
purposes, the present invention encompasses not only the main group, but also the
main group.absent one or more of the group members. The present invention also
envisages the explicit exclusion of one or more of any of the group members in the
claimed invention. For example, R' can specifically exclude H, substituted and
unsubstituted benzyl groups, or groups wherein OR' are substituted. or unsubstituted

glycolamide esters.

In some embodiments, R' is a substituted or unsubstituted benzyl groups, such
as -CH;CgH;s, -CH,CgH4NO,, -CH;C¢H4OCH3, -CH,CgHCl, -CH,CgH4(NO:)», or -
CH,CgH4F. The benzyl group can be ortho, meta, para, ortho/para substituted and
combinations thereof. Suitable substituents on the aromatic ring include halogens
(fluorine, chlorine, bromine, iodine), -NO; groups, —OR!® groups wherein R'® is H or

a C,-C4 alkyl group, and combinations thereof.

Alternatively, when R' is -CH,CONR'R’ then R* and R® may be the same or different
and are independently selected from the group consisting of H, OH, -CHj, and -

10
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CH,CH,;OH. In these compounds where R' is not H, generally one or both of R? and
R’ are H. ‘

In some embodiment one or both of R? and R> are H and R’ is -CH,CONR‘R?,
and one or both of R* and R’ are H, -OH, -CHj3, -CH,CH,0H.

In compounds where one or both of R* and R’ are not H, R* and R’ can be
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
embodiments, only one of R? or R’ is a phosphate group. In compounds where at
least one of R and R” is not H, generally R' is H. In additional embodiments, one of
R? and R® are H and thus the compound of structure I is derivatized at only one of R?
and R’. In particular compounds, R? is H and R? is defined as above. In additional
embodiments, R' and R’ are H and R? is a group wherein OR? is an ester of an amino
acid or a dipeptide. In further embodiments, R' and R* are H and R’ is a group

wherein OR? is an ester of an amino acid or a dipeptide.

When one or both of the OR? and OR” groups form esters of amino acids or
peptides, 1.e., dipeptides, tripeptides or tetrapeptides, these can be depicted generically
as -COCHR®NR'R® wherein R® is selected from the group consisting of amino acid
side chains, R’ and R® may be the same or different and are independently selected
from the group consisting of H, and -COCHR’NR!'’R'!. Generally, reference to
amino acids or peptides refers to the naturally occurring, or L-isomer, of the amino
acids or peptides. However, the present compounds and methods are not limited
thereto and D-isomer amino acid residues can take the place of some or all of L-
amino acids. In like manner, mixtures of D- and L-isomers can also be used. In the
embodiments wherein the amino acid is proline, R together with R® forms a
pyrrolidine ring structure. R® can be any of the naturally occurring amino acid side
chains, for example -CHj (alanine), -(CH2);sNHCNH,NH (arginine), -CH,CONH;
(asparagine), -CH,COOH (aspartic acid,), -CH;SH (cysteine), -(CH;),CONH>
(glutamine), —(CH;),COOH (glutamic acid), -H (glycine), -CHCH;CH;CH3
(isoleucine), -CH,CH(CH3); (leucine), -(CHz2)sNH; (lysine), -(CH,).SCHj
(methionine), -CH2Ph (phenylalanine), -CH,OH (serine), -CHOHCHg (threonine), -

CH(CHj;); (valine),

11
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H
N
NH
a4
C (histidine),
,A ) (ryptophan), and
N —C
Ha
b

—(CH2)3NHCONHz (citrulline) or -(CH:) sNH> (ormthme) Ph desi gnates a phenyl
group.

In the above compounds, R’ and R® may be the same or different and are
selected from the group consisting of H, and -COCHR’NR'°R"', wherein R’ is a side
chain of amino acid, R'® and R'' may be the same or different and are selected from
the group consisting of H, and -COCHR”NR"R!, wherein R'? is an amino acid side
chain, R" and R'* may be the same or different and are independently selected from
the group consisting of H, and —COCHR "NH,. One skilled in the art will realize that
the peptide chains can be extended on the following scheme to the desired length and

include the destred amino acid residues.

In the embodiments where either or both of OR? and OR? groups form an ester
of a peptide, such as dipeptide, tripeptide, tetrapeptide, etc, the peptides can be either
homopeptides, 1.e., repeats of the same amino acid, such as arginyl-arginine, or
heteropeptides, i.e., made up of different combinations of amino acids. Examples of

heterodipeptides include alanyl-glutamine, glycyl-glutamine, lysyl-arginine, etc.

As will be understood by the skilled artisan when only one R’ and R® includes
a peptide bond to further amino acid, such as in the di, tr1 and tetrapeptides, the
resulting peptide chain will be linear. When both R’ and R® include a peptide bond,
then the peptide can be branched.

12
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In still other embodiments of the present compounds R' is H and one of R* or
R’isa phosphate group or H while the other RZorR’isa group such the OR? or OR’

1s an ester of an amino acid, such as an ester of glycine or alanine.

Pharmaceutically acceptable salts of these compounds as well as

pharmaceutical formulation of these compounds are also provided.

Generally, the compounds described herein have enhanced oral bioavailability
compared to the oral bioavailability of treprostinil, either in free acid or salt form.
The described compounds can have oral bioavailability that is at least 25%, 50%
100%, 200%, 400% or more compared to the oral bioavailability of treprostinil. The
absolute oral bioavailability of these compounds can range between 10%, 15%, 20%,
25%, 30% and 40%, 45%, 50%, 55%, 60% or more when administered orally. For
comparison, the absolute oral bioavailability of treprostinil is on the order of 10%,
although treprostinil sodium has an absolute bioavailability approximaﬁng 100%

when administered by subcutaneous infusion.

As will be understood by one skilled in the art, for any and all purposes,
particularly in terms of providing a written description, all ranges disclosed herein,
and in particular the bioavailability ranges described herein also encompass any and
all possible subranges and combinations of subranges thercof. As only one example,
a range of 20% to 40%, can be broken down into ranges of 20% to 32.5% and 32.5%
to 40%, 20% to 27.5% and 27.5% to 40%, etc. Any listed range can be easily
recognized as sufficiently describing and enabling the same range being broken down
into at least equal halves, thirds, quarters, fifths, tenths, etc. As a non-limiting
example, each range discussed herein can be readily broken down into a lower third,
middle third and upper third, etc. As will also be understood by one skilled in the art
all language such as “up to,” “at least,” “greater than,” “less than,” “more than” and
the like include the number recited and refer to ranges which can be subsequently
broken down into subranges as discussed above. In the same manner, all ratios

disclosed herein also include all subratios falling within the broader ratio.

Administration of these compounds can be by any route by which the

compound will be bioavailable in effective amounts including oral and parenteral

13
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routes. The compounds can be administered intravenously, topically, subcutaneously,
intranasally, rectally, intramuscularly, transdermally or by other parenteral routes.
When administered orally, the compounds can be administered in any convenient

dosage form including, for example, capsule, tablet, liquid, suspensian, and the like.

Testing has shown that that treprostinil can be irritating upon skin contact. In
contrast, some of the compounds disclosed herein, generally as prodrugs of
treprostinil, are not irritating to the skin. Accordingly, the present compounds are
well suited for topical or transdermal admmistration.

When administered to a subject, the above compounds, and in particular the
compounds of structure I, are prostacyclin-mimetic and are useful in treating
conditions or disorders where vasodilation and/or inhibition of platelet aggregation or
other disorders where prostacyclin has shown benefit, such as in treating pulmonary
hypertension. Accordingly, the present invention provides methods for mducing
prostacyclin-like effects in a subject comprising administering a pharmaceutically
effective amount of one or more of the compounds described herein, such as those of
structure I above, preferably orally, to a patient in need of such treatment. As an
example, the vasodilating effects of the present compounds can be used to treat
pulmonary hypertension, which result from various forms of connective tissue
disease, such as lupus, scleroderma or mixed connective tissue disease. These

compounds are thus useful for the treatment of pulmonary hypertension.

In another embodiment, the present invention also provides methods of
promoting prostacyclin-like effect in a subject by administering a pharmaceutically

effective amount of a compound of structure II:

nlﬂ”"ORz

OCH,CO2R¢

14
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wherein,

R' is independently selected from the group consisting of H, substituted and
unsubstituted alkyl groups, arylalkyl groups and groups wherein OR' form a
substituted or unsubstituted glycolamide ester;

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:
an enantiomer of the compound; and
a pharmaceutically acceptable salt of the compound.

In groups wherein OR' form a substituted or unsubstituted glycolamide ester,
R' can be -CH;CONRR®, wherein 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;)mCHs, -CH,0H, and -CH,(CH,),OH, with the
proviso thatmis 0, 1,2,30r4,andnis 0, 1, 2, 3 or 4.

In other methods of inducing vasodilation or treating hypertension, R’ can be a
C,-C; alkyl group, such as methyl, ethyl, propy! or butyl. In other methods R’ is a
substituted or unsubstituted benzyl groups, such as ~-CH;CsHs, -CH,CsHsNO,, -
CH;CsH4OCH;, -CHCeH,Cl, -CH2CsHAa(NO;)2, or -CH,CsH4F. The benzyl group
can be ortho, meta, para, ortho/para substituted and combinations thereof, Suitable
' substituents on the aromatic ring include halogens (fluorine, chlorine, bromine,
iodine), -NO; groups, -OR"® groups wherein R'® is H or a C;-C4 alkyl group, and

combinations thereof.

Altematively, when R’ is -CH;CONR’R’ then R* and R’ may be the same or
different and are independently selected from the group consisting of H, OH, -CH,
and -CH,CH,OH. In these methods, where R! is not H, generally one or both of R’

and R are H.

In some methods, one or both of R* and R? are H and R' is ~-CHa, -CH,CeHs.
In other methods where one or both of R? and R? are H, then R is -CH;CONR"RS,
and one or both of R* and R’ are H, -OH, -CH,, -CH,CH,OH.
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In methods where one or both of R? and R? are not H, R* and R’ can be
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
embodiments, only one of R? or R’ is a phosphate group. In methods where at least
one of R? and R? is not H, generally R' is H. In other methods, one of R’orR’isH
and the other R? or R? is as defined elsewhere herein. In some methods, R” is H and
R’ is not H. In additional embodiments, R' and R are H and R? is a group wherein
OR? is an ester of an amino acid or a dipeptide. In further embodiments, R' and R

are H and R? is a group wherein OR” is an ester of an amino acid or a dipeptide.

In the methods, where one or both of the OR? and OR’ groups form esters of
amino acids or peptides, i.e., dipeptides, tripeptides or tetrapeptides, these can be
depicted generically as -COCHR®NRR® wherein R® is selected from the group
consisting of amino acid side chains, R’ and R® may be the same or different and are
independently selected from the group consisting of H, and -COCHR’NR'R". In the
embodiments wherein the amino acid is proline, R’ together with R® forms a
pyrrolidine ring structure., R® can be any of the naturally occurring amino acid side
chains, for example -CH3 (alaﬁine), -(CH,)sNHCNH;NH (arginine), -CH,CONH;
(asparagine), -CH,COOH (aspartic acid,), -CH,SH (cysteine), -(CHz); CONH;
(glutamine), -{(CH,),COOH (glutamic acid), -H (glycine), -CHCH;CH,CHj
(isoleucine), -CH,CH(CHj3), (leucine), -(CH;)sNH; (lysine), -(CH;).SCH;
(methionine), -CH2Ph (phenylalanine), -CH,OH (serine), -CHOHCH; (threonine), -

CH(CH3)2 (Va]ine),
N
w g M
—cC (histidine),
‘Q (tryptophan), and
N —C
| Hy
H .
B OH  (tyrosine),
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(CHa):NEICONH; (citrulline) or -(CHu)3NH (ommithie). Ph designates a phenyl
group. |

In the above methods, R” and R® may be the same or different and are selected
from the group consisting of H, and -COCHR’NR'’R"}, wherein R’ is a side chain of
amino acid, R'? and R!* may be the same or different and are selected from the group
consisting of H, and ~COCHR?NRR", wherein R' is an amino acid side chain, R™
and R may be the same or different and are independently selected from the group
consisting of H, and ~-COCHR*NH;. One skilled in the art will realize that the
peptide chains can be extended on the following scheme to the desired length and
include the desired amino acid residues.

In the embodiments where either or both of OR? and OR? groups form an ester
of a peptide, such as dipeptide, tripeptide, tetrapeptide, etc. the peptides can be either
homopeptides, i.e., ‘repeats of the same amino residue, or heteropeptides, i.e., made up
of different combinations of amino acids.

As will be understood by the skilled artisan when only one of R” and R
includes a peptide bond to further amino acid, such as in the di, tri and tetrapeptides,
the resulting peptide chain will be linear. When both R” and R® include a peptide
bond, then the peptide can be branched.

In still other methods R! is H and one of R? or R? isaphosphzm;grow or H
while the other R or R? is a group such the OR? or OR? is an ester of an amino acid,
such as an ester of glycine or alanine.

In some methods, the administered compound can have an oral bioavailability
that is at least 25%, 50% 100%, 200%, 400% of the oral bioavailability of treprostinil.

It is generally preferred to administer compounds that have higher absolute oral
bioavailabilities, such as 15%, 20%, 25%, 30% and 40%, 45%, 50%, 55%, 60% or
more when administered orally.

Treprostinil has also been discovered to inhibit metastasis of cancer cells as
disclosed in U.S. Patent Application Serial No. 10/006,197 filed December 10, 2001
and Serial No. 10/047,802 filed January 16, 2002, Accordingly, the compounds described above, and
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in particular those of structure I and I, can also be used 1n the treatment of cancer and
cancer related disorders, and as such the present invention provides pharmaceutical
compositions and methods for treating cancer. Suitable formulations and methods of
using the present compounds can be achieved by substituting the compounds of the
present invention, such as those of structure I and II and in particular prodrugs of
treprostinil, for the active compounds disclosed in U.S. Patent Application Serial Nos.
10/006,197 and 10/047,802 filed January 16, 2002.

Synthesis of the following compounds of structure I and structure II can be

achieved as follows:

Synthesis of methyl ester of Treprostinil (2) and biphosphate ester of

Treprostinil
P NP "“ AN 'tlmtc-umr;. 4 TR
[ will UI KOt l -«r.m X%, Ty ) e
Ryt o 4-——-—--—"'*""" 4
Xs\. | tm i ca ) w‘ .
\ (" .
iy y
! 2 IR 3 mmo&m*uﬁiﬂ:m
nwmn.um-u,n
1}1?«"-‘31!

4R < -« PO O

Synthesis of methyl ester of Treprostinil (2)

Methyl ester of treprostinil (2) was prepared by treating 1.087 g (2.8 mmoles)
of treprostinil (1) with 50 ml of a saturated solution of dry hydrochloric acid in
methanol. After 24 hours at room temperature, the methanol was evaporated to

dryness and the residue was taken in 200 ml dichloromethane. The dichloromethane

solution was washed with a 10% aqueous potassium carbonate solution, and then with
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water to a neutral pH, it was dried over sodium sulfate, filtered and the solvent
was removed 1n vacuo affording treprostinil methyl ester (2) in 98% yield as a

yellow oil. The crude methyl ester was used as such in subsequent reactions.

Synthesis of biphosphate ester of Treprostinil (4)

The procedure was adapted after Steroids, 2(6), 567-603(1963). The
methyl ester of treprostinil (2) (60 mg. 0.15 mmoles) was dissolved in 2 ml dry
pyridine and a pyridinium solution of the previously prepared pyridiniurn solution
of 2-cyanoethylphosphate 1M (0.3 ml, 0.3 mmoles) (ct. Methods in Enzymology,
1971, 18(c), 54-57) were concentrated to drynessin vacuo at 40°C. Anhydrous
pyridine was added and the reaction mixture was again concentrated; the operation
was repeated twice in order to remove water completely. Finally the residue was
dissolved in 2 ml anhydrous pyridine and 190 mg (0.9 mmoles)
dicyclohexylcarbodiimide were added as a solution in 2 ml anhydrous pyridine. The
reaction mixture in a closed flask was stirred magnetically for 48 hours at room
temperature. Iml water was added and after one hour, the mixture was
concentrated to a thick paste in vacuo. The reaction mixture was treated overnight
at room temperature with 3 ml of a 1/9 water/methanol solution containing 35 mg
sodium hydroxide. The white solid (dicyclohexylurea) formed was removed by
filtration and it was washed well with water. The aqueous-methanolic solution was
concentrated almost to dryness in vacuo, water was added and the solution was
extracted with n-butanol (3 x 2 ml), then with methylene chloride (1 x 2 ml). The
pH of the solution was adjusted to 9.0 by treatment with a sulfonic acid 1on
exchange resin (H+ cycle— Dowex' ), treatment with Dowex ' "'resin for a longer
time (712 hours) lead to both the cleavage of the TBDMS group and the recovery
of the free carboxyl group. The resin was filtered and the solution was

concentrated to dryness affording the corresponding bisphosphate 4 (43 mg, yield
52%).
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Synthesis of 3’-monophosphate ester of treprostinil (8) and 2- monophosphate
ester of treprostinil (10)

&1 M
~Df tpnusct (NCCH,CROOXOH);
CHCh H DCC. By
‘100013 LOc.'l'l‘l

2 6R=H:R'= TRDMS 7R = POYORXOCH,CH,CN); R’ = THDMS
SR TBDMS:R'=H 9 R = TBDMS: R’ = P{OXOH)(OCH,.CHLN)
1) NaOHMe OHTLO
2y Doz’

R

OCH
SR=KO)}OH):R'=H
10R=H: R’ = B(OXOH);

Synthesis of monoprotected TBDMS methyl ester of treprostinil (5 and 6)

The procedure was adapted from Org. Synth., 1998, 75, 139-145. The
treprostinil methyl ester (2) (305.8 mg, 0.75 mmoles) was dissolved in 15 ml
anhydrous dichloromethane and the solution was cooled on an ice bath to 0°C.
Imidazole (102 mg, 1.5 mmoles) and tert-butyldimethyl silyl chloride (226.2 mg, 1.5
mmoles) were added and the mixture was maintained under stirring at 0°C for 30
minutes, then stirred overnight at room temperature. Water (25 ml) was added and
the organic layer was separated. The aqueous layer was then extracted with
dichloromethane (3 x 50 ml). The organic layers were dried over Na;SOq, the solution
was filtered and the solvent was removed in vacuo affording 447 mg crude reaction
product. The crude reaction product was separated by column chromatography (silica
gel, 35% ethyl acetate/hexanes) affording 140 mg bis-TBDMS protected Treprostinil
methyl ester, 160 mg 2-TBDMS protected treprostinil methyl ester (6) and 60 mg 3°-
TBDMS protected Treprostinil methyl ester (5).
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Synthesis of monophosphate ester of Treprostinil 8/10

The procedure was adapted after Steroids, 1963, 2(6), 567-603 and is the same
for (8) and (10) starting from (6) and (5), respectively. The TBDMS protected methyl
ester of treprostinil (6) (46 mg, 0.09 mmoles) was dissolved in 2 ml dry pyridine and a
pyridinium solution of the previously prepared pyridinium solution of 2- |
cyanoethyiphosphate 1M (0.2 ml, 0.2 mmoles) (cf. Methods in Enzymology, 1971,
18(c), 54-57) were concentrated to dryness in vacuo at 40°C. Anhydrous pyridine
was added and the reaction mixture was again concentrated; the operation was
repeated twice in order to remove water completely. Finally the residue was
dissolved in 2 ml anhydrous pyridine and 116 mg (0.56 mmoles)
dicyclohexylcarbodiimide were added as a solution in 2 ml anhydrous pyridine. The
reaction mixture in a closed flask was stirred magnetically for 48 hours at room
temperature in the dark. 5 ml water were added and after one hour, the mixture was
concentrated to a thick paste in vacuo. The reaction mixture was treated overnight at
room temperature with 10 ml of a 1/9 water/methano! solution containing 100 mg
sodium hydroxide. The white solid {dicyclohexylurea) formed was removed by
filtration and it was washed well with water. The aqueous-methanolic solution was
concentrated almost to dryness in vacuo, water was added and the solution was
extracted with n-butanol (3 x 10 ml), then with methylene chloride (1 x 10 ml). The
pH of the solution was adjusted to 9.0 by treatment with a sulfonic acid ion exchange
resin (H+ cycle - Dowex); treatment with Dowex resin for a longer time (-~ 12 hours)
lead to both the cleavage of the TBDMS group and the recovery of the free carboxyl

group. The resin was filtered and the solution was concentrated to dryness affording

the corresponding monophosphate 8 (33 mg, yield 68%).
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Synthesis of methyl estér of treprostinil (2)

HO
OH

OCH,COQCHj5

2

(2) (1 g; 2.56 mmol) was added to methanol (50 ml) prior saturated with
gaseous hydrochloric acid and the mixture swirled to give a clear solution that was
lcft to stand overnight at room temperature, Solvent was removed in vacuo and the
residue was neutralized with a 20% potassium carbonate solution and extracted in
dichloromethane. The organic layer was washed with water, dried over anhydrous
magnesium sulfate and evaporated to yield the crude product (0.96 g). Purification by
preparative tlc (silica gel plate; eluent: 7:3 (v/v) hexane-ethyl acetate) afforded 2

(0.803; 77.5%), colorless oil.

Synthesis of Tritreprostinil diethanolamine (UT-15C)

Treprostinil acid acid is dissolved in a 1:1 molar ratio mixture of ethanol:water and

diethanolamine is added and dissolved. The solution is heated and acetone is added

as an antisolvent during cooling.

22



CA 02851309 2014-05-12

WO 2005/007081 PCT/US2004/016401

Synthesis of diglycil ester of treprostinil methyl ester (12)

ol c.a,moco.ummo—o—uq ,
DMAP
yCOOCHYy THL0C
2 11
N,
L i 00C.CH, NH,
1LOOCH;
12

To a magnetically stirred solution of (2) methyl ester 2 (0.268 g; 0.66 mmol)

in dichloromethane (30 ml) N-carbobenzyloxyglycine p-nitxophényl ester (0.766 g;

| 2.32 mmol) and 4-(dimethyamino)pyridine (250 mg; 2.05 mmol) were successively
added. The resulted yellow solution was stirred at 20 °C for 24 hrs., then treated with
5% sodium hydroxide solution (20 ml) and stirring continued for 15 mm.
Dichloromethane (50 ml) was added, layers separated and the organic phase washed
with a 5% sodium hydroxide solution (6 x 20 ml), water (30 ml), 10% hydrochloric
acid (2 x 40 ml), 5% sodium bicarbonate solution (40 ml) and dried over anhydrous
sodium sulfate. Removal of the solvent afforded crude (11) (0.61 g), pale-yellow
viscous oil. Purification by flash column chromatography on silica gel eluting with
gradient 9/1 to 1/2 (v/v) hexane-ethy! ether afforded 0.445 g (85.3%) of 11, white
crystals, m.p. 70-72°C. ‘FI-NMR [CDCl;;8(ppm)]: 3.786 (s)(3H, COOCHs), 3.875
(d)(2H) and 3.940 (d)(2H)(NH-CH,-C0OO0), 4.631 (s) (2 H, OCH,COOCH3), 4.789
(m)(1H, adjacent to OOC-CH;NHcbz) and 4.903 (m) (1H, adjacent to
OOCCH,;NHcbz), 5.09 (s)(4H, CsHsCH>0), 5.378 (m)(1H) and 5.392 (m)(1H)(NH),
7.295-7.329 (m)(10H, C¢Hs). LR ESI-MS (m/z): 787.1 [M+H]", 804.1 [M+NH4]",
809.3 [M+Na]*, 825.2 [M+K]", 1590.5 [2M+NE,]", 1595.6 [2M+Na,.
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Methyl ester, diglycyl ester (12)

A solution of ester (11) (0.4 g; 0.51 mmol) in methanol (30 ml) was
introduced in the pressure bottle of a Parr hydrogenation apparatus, 10% palladium on
charcoal (0.2 g; 0.197 mmol Pd) was added, apparatus closed, purged thrice with
hydrogen and loaded with hydrogen at 50 p.s.i. Stirring was started and

hydrogenation carried out for 5 hrs. at room temperature. Hydrogen was removed
from the installation by vacuum suction and replaced with argon. The catalyst was

filtered off through celite' " deposited on a fit and the filtrate concentrated in vacuo

to give 0.240 g (91%) of 4, white solid m.p. 98-100°C.

Synthesis of benzyl ester of treprostinil (13)

H

Ol
- N

utlll“OH

H
OCH,COOCH,CsHs

13

To a stirred solution of (2) (2 g; 5.12 mmol) in anhydrous tetrahydrofuran (20
ml) benzyl bromide (0.95 ml; 7.98 mmol) and freshly distilled triethylamine (1.6 ml;

11.48 mmol) were consecutively added at room temperature and the obtained solution
was refluxed with stirring for 12 hrs. A white precipitate was gradually formed.
Solvent was distilled off in vacuo and the residue treated with water(30 mi). Upon

extraction with methylene chloride emulsion formation occurs. The organic and

aqueous layers could be separated only after treatment with 5% hydrochloric acid
solution (20 m1). The organic layer was washed with water, dried on anhydrous

sodium sulfate, and evaporated, the residue was further dried under reduced pressure

over phosphorus pentoxide to give a yellow viscous oil (2.32 g) that was puritied by
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preparative thin layer chromatography (silica gel plate; eluent: 1:2, v/v, hexane/ethyl
ether). Yield: 81.2%.

Synthesis of bis-glycyl ester of treprostinil (15)

|/"
m £00 N0 CHy NH.COOCH,CH
(;( OH HEHLONEG, b CILNUCOOCHCH,
A m .

OCH.CO0CH,C H; COCH,C M,
i3 14
HyPd 00C.CH, NH,
CH,COOH
15

Benzy ester, di-cbzGly ester (14)

To a magnetically stirred solution of benzyl ester 13 (1 g; 2.08 mmol) in
dichloromethane (50 ml) N-carbobenzyloxyglycine p-nitrophenyl ester (2.41 g; 7.28
mmol) and 4-(dimethyamino) pyridine (788 mg; 6.45 mmol) were added. The
resulted yellow solution was stirred at 20°C for 21 hrs., then successively washed
with a 5% sodium hydroxide solution (6 x 45 ml), 10% hydrochloric acid (2 x 40 ml),

5% sodium bicarbonate solution (40 ml) and dried over anhydrous sodium sulfate.
Removal of the solvent, followed by drying over phosphorus pentoxide under reduced

pressure, atforded crude 14 (2.61 g), pale-yellow oil. Purification by flash column
chromatography on silica gel eluting with gradient 9:1 to 1:2 (v/v) hexane-ethyl ether

gave (14 (1.51 g; 84.1%) as a colorless, very viscous oil.
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Diglycyl ester (15)

A solution of ester (14) (0.4 g; 0.46 mmol) in methanol (30 ml) was
hydrogenated over 10% Pd/C as described for ester (12). Work-up and drying over

phosphorus pentoxide in vacuo yielded 0.170 g (72.7%) of ester 15, white solid m.p.
155-158 °C.

Synthesis of 3’-glycyl ester of treprostinil 19

OH TBOMS
N
13 16
C“H’c HzmuNHCHpr—O-NQ;
S S USRS e S S—
DMAP
QCE,COOCH,CHy
17
SN
- m{oc.cﬂ,.uH.com':ngc,iust & CH,NH,
el e
HOH PeIC
CR,CO0CHL 00CO0M
13 19

Benzyl ester, t-butyldimethysilyl monoester (16)

A solution of tert-butyldimethylsilyl chloride (0.45 g; 2.98 mmol) in
dichloromethane (8 ml) was added dropwise over 10 min., at room temperature, mto a
stirred solution of benzyl ester 13 (0.83 g; 1.73mmol) and imidazole (0.33 g; 4.85
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mmol) in dichloromethane (20 ml). Stirring was continued overnight then water (20
ml) was added, the mixture stirred for one hour, layers separated, organic layer dried
over anhydrous sodium sulfate and concentrated in vacuo to give a slightly yellow oil
(1.15 g). The crude product is a mixture of the mono-TBDMS (16) and di-TBDMS
esters ((H-NMR). Column chromatography on silica gel, eluting with a 9:1 (v/v)
hexane-ethyl acetate mixture, readily afforded the di-ester (0.618 g) in a first fraction,
and ester 16 (0.353 g; yield relative to 13: 34.4%) in subsequent fractions. Analytical
tlc on silica gel of the ester 16 showed only one spot (eluent: 3:2 (v/v) hexane-ethyl
ether). Consequently, under the above reaction conditions, the other possible isomer
(mono-TBDMS ester at the side-chain hydroxyl) was not observed.

Another experiment in which the molar ratio tert{-butyldimethylsilyl chloride:
ester 13 was lowered to 1.49 (followed by flash column chromatography of the
product on silica gel, eluting with gradient 9.5/0.5 to 3/1 (v/v) hexane-ethyl ether)
lead to a decreased content (36.5%, as pure isolated material) of the undesired di-
OTBDMS by-product. The mono-OTBDMS ester fractions (45.1%,; isolated
material) consisted of ester 16 (98%) and its side-chain isomer (2%) that could be
distinctly separated; the latter was evidenced (tic, NMR) only in the last of the

monoester fractions.

Benzyl ester, cbz-glycyl monoester (18)

To a magnetically stirred solution of ester 16 (0.340 g; 0.57 mmol) in
dichloromethane (15 ml) N-carbobenzyloxyglycine p-nitrophenyl ester (0.445 g; 1.35
mmol) and 4-(dimethyamino) pyridine (150 mg; 1.23 mmol) were successively added.
The solution was stirred at 20 °C for 40 hrs, Work-up as described for esters 11 and
14 yielded a crude product (0.63 g) containing 90% 17 and 10% 18 (‘H-NMR). To
completely remove the protective TBDMS group, this mixture was dissolved in
ethanol (30 ml) and subjected to acid hydrolysis (5% HC1, 7 ml) by stirring overnight

at room temperature. Solvent was then removed under reduced pressure and the

residue extracted in dichloromethane (3 x 50 ml); the organic layer was separated,

washed once with water (50 ml), dried over sodium sulfate and concentrated in vacuo
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to give crude ester 18 (0.51 g). Purification by flash column chromatography as for
esters 11 and 14 afforded ester 18 (0.150 g; overall yield: 39.1%) as a colorless,

viscous oil.

Glycyl monoester (19)

A solution of ester 18 (0.15 g; 0.22 mmol) in methanol (30 ml) was
hydrogenated over 10% Pd/C as described for ester 12 and 15, Work-up and drying

over phosphorus pentoxide in vacuo yielded ester 10 (0.98 g; 98.0%), white, shiny
crystals m.p. 74-76 °C. LR ESI-MS (m/z): 448.2 [M+H]", 446.4 [M-H].

Synthesis of 3’-L-leucyl ester of treprostinil 22

0
N
g
. OH CHNIR) CHCHCH,),
T weooonss o
DMAP
COOCTRCH QURLNNCTREH,
16 20
i
BOn, CHCh
o
21 22

Benzyl ester, t-butyldimethysilyl monoester, cbz-L-leucyl monoester (20)

To a stirred solution of ester 16 (0.38 g: 0.64 mmol) and N-carbobenzyloxy-L-
leucine N-hydroxysuccinimide ester (0.37 g; 1.02 mmol) in 10 m] dichloromethane 4-
(dimethyamino)pyridine (0.17 g; 1.39 mmol) was added, then stirring continued at
room temperature for 2 days. The solvent was removed in vacuo and the crude

product (0.9 g) subjected to flash column chromatography on silica gel eluting with
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9:1 hexane-ethyl acetate; the firstly collected fraction yielded an oil (0.51 g) which,
based on the its NMR spectrum and tlc, was proved to be a 2:1 mixture of ester 20
and the starting ester 16, Preparative tlc on silica gel (eluent: ethyl acetate-hexane

1:4) gave pure 20, colorless oil (overall yield based on 7: 62.6%).

Benzyl ester, chbz-L-leucyl monoester (21)

De-protection of the cyclopentenyl hydroxyl in the t-butyldimethysilyl
monoester 20 succeeded by treatment with diluted hydrochloric acid solution as
described for 1 8, with the exception that a 1:5 (v/v) chloroform-ethanol mixture,
instead of ethano! alone, was used to ensure homogeneity. Work-up afforded 20,
colorless oil, in 87.6% wield.

L-leucyl monoesler (22)

Hydrogenolysis of the benzyl and N-carbobenzyloxy groups in 21 was carried
out as for 18. Work-up afforded 22 (95.3%), white solid, m.p. 118-120°C.

Synthesis of 2-L-leucyl ester of treprostinil 25

H =
QOCCHINH) CHLCH(CEL ),

13 23

\_,/
CO:@:@;W —
QOC.CIINDCh).CHyCH{CHy),
-+
OCH,C00CH,C H; OCH,COOCHC
21 24
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Benzyl ester, cbz-L-Ieucyl monoesters (21, 23) and ~diester (24)

To a stirred solution of ester 13 (0.53 g: 1.10 mmol) and N-carbobenzyloxy-L-
leucine N-hydroxysuccinimide ester (0.76 g; 2.05 mmol) in dichloromethane (30 mi)
4-(dimethyamino) pyridine (0.29 g; 2.37 mmol) was added, then stirring continued at
room temperature for | day. The solution was diluted with dichioromethane (40 mnl),
successively washed with a 5% sodium hydroxide solution (4 x 25 ml), 10%
hydrochloric acid (2 x 30 ml), 5% sodium bicarbonate solution (50 ml), dned over
anhydrous sodium sulfate and concentrated under reduced pressure to give the crude
product (0.85 g), as a viscous, yellow oil. Thin layer chromatography revealed a
complex mixture in which esters 13 and 21 as well as cbz-L-leucine could be
identified through the corresponding rr values, only as minor products. The crude
product was flash~-chromatographed through a silica gel column eluting with gradient
hexane-cthyl ether. At 7:3 (v/v) hexane-ethyl ether, the first fraction gave the cbz-L-
leucyl diester 24 (6% of the product subjected to chromatography) while the two
subsequent fractions afforded the cbz-L-leucyl monoester 23 (54% of the crude
product, as pure isolated 23; 57.6% yield, relative to 2). Purity of both compounds
was verified by analytical tlc and NMR. The other isomer, cbz-L-leucyl monoester
21 constituted only about 5% of the crude product and was isolated by preparative tlc
of the latter only a 3:1 23/21 mixture.

Avf

7NN ol

OH OH

OCCHNHEch CHCHCH);  MyPd | CHNH, ) CH,CHICH,),

OCHAOOCH,CH,

23 28

L-leucyl monoester (25)

Hydrogenolysis of 23 to the ester 25 was performed as described for
compound 12 but reaction was carried out at 35 p.s.i., overnight. Work-up and drying
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over phosphorus pentoxide in vacuo afforded 25, white solid m. p. 153-155 °C, in
quantitative yield.

Synthesis of 3’-L-alanyl ester of treprostinil 30

N

' Jm

NHCOOCH.CHs ~—  poec NKCOOCHzCsHo
26 27

N-Cbz-L-alanyl p-nitro phenyl ester (27)

To a stirred solution containing N-carbobenzyloxy-L-alanine (1 g; 4.48 mmol)
and p-nitrophenol (1 2 7.19 mmol) in anhydrous tetrahydrofuran (7 ml) a fine
suspension of 1,3-dicyclohexylcarbodiimide (1.11 g; 5.38 mmol) in tetrahydrofuran (5
ml) was added over 30 min. Sturing was continued at room temperature for 18 hrs.,
glacial acetic acid (0.3 ml) added, 1,3-dicyclohexylurea filtered off and solvent
removed in vacuo, a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>