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METHODS OF TREATING PULMONARY vasculature smooth muscle, thereby preventing the neurchor-
HYPERTENSION mone endothelin-1 (ET-1) from hinding 1o these same recep-

This appiication is a continuation of 11.S. patent applica-

tor sites and triggering vasoconstriction. Id. at 76-77. An
example of an ERA is bosentan (TRACLEER®).

tion Ser. No. 12/169,815, filed Jul. 9, 2008, now U.S. Pat. No. 5 Other methods of treating PIT have been investigated. For

7.875,622, which claims priority to U.S. provisional applica- example, selective serotonin reuptake inhibitors (SSRIs)

tion no. 60/949,040, filed Jul. 11, 2007, the entireties of which reportedly reverse PH in rats. Id. at 79. These compounds,

are incorporated herein by reference. which are widely used to treat depression, affect the reuptake
of the neurotransmitter serotonin (5-HT).

1. FIELD OF THE INVENTION 10 Serotonin is synthesized in two steps from the amino acid

‘This invention relates (o methods and compositions for the
treatment of pulmonary hypertension and related diseases
and disorders.

tryptophan. Goodman & Gilman's The Pharmacological
Basis of Therapeutics, 10° ed., p. 270 (McGraw-Hill, 2001).
The first step 15 rate-luniting, and is catalyzed by the enzyme
tryptophan hydroxylase (TPH), which has two known iso-

15 forms: TPH1, which is expressed in the periphery, and TPH2,
2. BACKGROUND which is expressed primarily in the brain. Walther, D. 1., etal.,
Secience 299:76 (2003). Mice genetically deficient for the tphl

Pulmonary hypertension (PH)., or pulmonary arterial gene (“knockout mice™) have been reported. In one case, the
hypertension (PAH). is a disease characterized by increased mice reportedly expressed normal amounts of serotonin in
pulmonary artery pressure and pulmonary vascular resis- 20 classical serotonergic brain regions, but largely lacked sero-
tance. Harrison's Principles of Internal Medicine, 15th ed., tonin in the periphery. Id. In another, the knockout mice
pp. 1506-1507 (McGraw-Hill, 2001). Lelt untreated, PH exhibited abnormal cardiac activity, which was attributed to a
“usually has a dismal prognosis culminating in right ventricu- lack of peripheral serotonin. Cété, T., et al., PNAS 100(23):
lar failure and death”™ Ulrich, S., et al., Swiss Med. Wikly 13525-13530 (2003). Recently. TPII knockout mice were
137:73-82, 73 (2007). 25 studied in a hypoxia-induced pulmonary arterial hyperten-

In 2003, the World Health Organization (WHO) sponsored sion model. Morecroft, 1., et al., Hypertension 49:232-236
the development of guidelines, called the “Venice classifica- (2007). The results of those studies suggest that TPHI and
tion,” which are now used to classify types of PH. hup:// peripheral serotonin “play an essential role in the develop-
www.iracleer.com/default.asp?page=CouldHave WHO (ac-  ment of hypoxia-induced elevations in pulmonary pressures
cessed Jun. 29, 2007). The first type, WHO Group 1.1, is 30 and hypoxia-induced pulmonary vascular remodeling.” 1d. at
idiopathic pulmonary arterial hypertension (IPAII). This 232,
refers to PAIT that occurs at random, without an apparent
cause, IPAI used to be called “primary pulmonary hyperten- 3. SUMMARY OF THE INVENTION
sion™ or PPIL. Id.

The second type. WIIO Group 1.2. is familial pulmonary 35  This invention is directed, in part, to methods of treating
arterial hypertension (FPAH). With this type of PAH, a faulty pulmonary hypertension and related diseases and disorders,
gene is passed on through the family, which causes the PAH which comprise administering to a patient therapeutically
to develop over time. It is estimated that at least 6 to 10 effective amounts of a tryptophan hydroxylase (TPH) inhibi-
percent of PAH cases occur in families where at least one tor and at least one other active pharmaceutical ingredient.
other person has had the disease. Id. 40 One embodiment encompasses a method of treating, man-

The third type, WHO Group 1.3, is pulmonary arterial aging or preventing pulmonary hypertension, which com-
hypertension associated with other diseases or conditions prises administering to a patient in need thereof therapeuti-
(APAH). This used to be called “PAH secondary to other cally or prophylactically eflective amounts of an endothelin
conditions™ or Secondary PAH. This category includes PAH receptor antagonist and a tryptophan hydroxylase inhibitor.
associated with collagen vascular disease or “connective tis- 45 Another encompasses a method of treating, managing or
sue disease” (e.g., scleroderma (SSc)-including CREST syn- preventing pulmonary hypertension, which comprises
drome-lupus (SLE)), congenital systemic-to-pulmonary administering to a patient in need thereof therapeutically or
shunts (congenital heart disease), portal hypertension, HIV prophylactically effective amounts of an anticoagulant and a
infection, drugs and toxins. and other diseases and disorders tryptophan hydroxylase inhibitor.

(e.g., thyroid disorders. glycogen storage diseases, Gaucher 50  Another encompasses a method of treating, managing or
disease, hereditary hemorrhagic telangiectasia, hemoglo- preventing pulmonary hypertension, which comprises
binopathies, myeloproliferative disorders, splenectomy). Id. administering to a patient in need thereof therapeutically or

The fourth type, WHO Group 1.4, is pulmonary arterial prophylactically effective amounts of a calcium channel
hypertension associated with significant venous or capillary blocker and a tryptophan hydroxylase inhibitor.
involvement, and includes pulmonary veno-occlusive disease 55 Another encompasses a method of treating, managing or
(PVOD) and pulmonary capillary hemangiomatosis (PCH). preventing pulmonary hypertension, which comprises

The fifth and final type, WHO Group 1.5, is persistent administering to a patient in need thereof therapeutically or
pulmonary hypertension of the newborn. Id. prophylactically effective amounts of a prostacyclin and a

Drugs currently used to treat PH include pulmonary tryptophan hydroxylase inhibitor.
vasodilators, calcium channel blockers, and inhibitors of 60 Another encompasses a method of treating, managing or
platelet aggregation. The Merck Manual, 17th ed., pp. 1703-4 preventing pulmonary hypertension, which comprises
(Merck Research Laboratories, 1999), Diuretics, nitric oxide, administering to a patient in need thereof therapeutically or
phosphodiesterase 5 inhibitors (e.g., sildenafil) and endothe- prophylactically effective amounts of nitric oxide or a nitric
lin receptor antagonists (ERAs) are also used for its treat- oxide precursor or releasing compound, and a tryptophan
ment. Ulrich, S., et al., Swiss Med. Wkiy 137:73-82, 76-77 &5 hydroxylase inhibitor.

(2007). Endothelin receptor antagonists work by binding to
the ET, and/or ETj receptor sites in the endothelium and

Another encompasses a method of treating, managing or
preventing pulmonary hypertension, which comprises

UNITED THERAPEUTICS, EX. 2081
WATSON LABORATORIES v. UNITED THERAPEUTICS, IPR2017-01622
Page 3 of 41



US 8,410,121 B2

3
administering to a patient in need thereof therapeutically or
prophylactically effective amounts of a phosphodiesterase 5
inhibitor and a tryptophan hydroxylase inhibitor.
Another encompasses a method of treating, managing or

4

Unless otherwise indicated, the term “alkylheteroaryl” or
“alkyl-heteroaryl”™ means an alkyl moiety bound to a het-
eroaryl moiety.

Unless otherwise indicated, the term “alkylheterocycle™ or

preventing pulmonary hypertension, which comprises 3 “alkyl-hellemcycle" means an alkyl moiety bound to a hetero-
administering to a patient in need thereof therapeutically or cycle moiety. . .
prophylactically effective amounts of a diuretic and a tryp- I!nlcss n!hcrwmc ll'ldlc:lll:(i,.lh(.‘, term :ilkynyl‘ means a
tophan hydroxylase inhibitor. straight chain, branched or cyclic hydrocarbon Im‘vmg |].‘\’.}I'Jl 2
Another encompasses a method of treating, managing or 020 (eg.2t200r2to 6) carbon atoms. and 11‘1cludmg at
. . . e : 10 least one carbon-carbon triple bond. Representative alkynyl
preventing pulmonary hypertension. which comprises N
S o . ) moieties include acetylenyl, propynyl. 1-butynyl, 2-butvnyl,
administering to a patient in need thereof therapeutically or ;
. C . : 1-pentynyl, 2-pentynyl, 3-methyl-1-butynyl, 4-pentvnyl.
prophylactically effective amounts of a platelet derived 11 1 o 1 5-hexvayl. 1-h s :
s hexynyl. 2-hexynyl, exynyl, eptynyl, 2-heptynyl,
g.n.)wﬂ)‘factorl and a tryptophan hydroxylase mhljbnor. 6-heptynyl, l-octynyl, 2-octynyl, 7-octynyl, 1-nonynyl.
) The invention also encompasses pharmaccut}c?l formula- |, 2-nonynyl, 8-nonynyl, 1-decynyl, 2-decynyl and 9-decyny!.
tions (e.g., single unit dosage forms) comprising a TPH Unlcs;: otherwise indicated. the term '-'arvl” means an aro-
iﬂ_hibiwf and at least one other active pharmaceutical ingre- matic ring or an aromatic or partially aromatic ring system
dient. composed of carbon and hydrogen atoms. An aryl moicty
may comprise multiple rings bound or fused together.
4. BRIEF DESCRIPTION OF THE FIGURE 20 Examples of aryl moieties include anthracenyl, azulenyl,
biphenyl, fluorenyl. indan, indenyl, naphthyl, phenanthrenyl,
Aspects of the invention may be understood with reference phenyl, 1,23 4-tetrahydro-naphthalene, and tolyl.
to the attached figure. FIG. 1 shows the effects of a potent Unless otherwise indicated, the term “arylalkyl” or “aryl-
TPHI inhibitor of the invention in the mouse gastrointestinal alkyl™ means an aryl moiety hound to an alkyl moiety.
tractand brain after oral administration. All data are presented 25 Unless otherwise indicated, the terms “hiohydrolyzable
as percentage of the mean of the control (vehicle-dosed) amide.” “biohydrolyzable ester,” “hiohydrolyzahle carbam-
group. Error bars are S.E.M. N=5 per group. The symbols are ate.” “biohydrolyzable carbonate.” “biohydrolyzable ureido™
# p=<0.05 vs control group. For the brain data, p=0.5, one-way and “bichydrolyzable phosphate™ mean an amide, ester, car-
ANOVA. bamate, carbonate, ureido, or phosphate, respectively, of a
30 compound that either: 1) does not interfere with the biological
5 DETAILED DESCRIPTION activity of the compound but can confer upon that compound
advantageous properties in vivo, such as uptake, duration of
This invention is based, in part. on studies of tph1 knockout action, or onset f)fac‘tmn: or2)is b}OIOBI"aH?’ inactive but is
mice and the discovery of compounds that inhibit tryptophan converted in vivo to the b;o]oglcall)l‘ active compound.
hydroxylase (e.g.. TPI11). 35 Examples of biohydrolyzable esters mcll}dc lower alkyl
" 5.1. Definitions esters, al%mx)‘acyloxy esters. alkyl z,cy]ammo alkyl esters,
Unless otherwise indicated, the term “alkenyl” means a ?nd choline esters. L'.?camplcs qf blohydro_lyzablc amides
- . ) " o Y - include lower alkyl amides. a-amino acid amides, alkoxyacyl
straight chain, branched and/or cyclic hydrocarbon having S . PSP
from 2 to 20 (e.g. 2 to 10 or 2 to 6) carbon atoms, and al:llldCb, and alkylanunoa]kyl_-carbonyl amides. an_unplcs of
. - 40 biohydrolyzable carbamates include lower alkylamines, sub-
"w,]u‘hug at IEZ'SI,U“_E c'f”b““'mr,bm' double bond. Represen- stituted ethylenediamines, aminoacids, hydroxyalkylamines,
mtwtf alkenyl moieties include vinyl, allyl, 1-butenyl, 2-bute- heterocyclic and heteroaromatic amines, and polyether
nyl, isobutylenyl, 1-pentenyl, _Z—pemenyl_. 3-methyl-1-bute- amines.
nyl, 2-methyl-2-butenyl, 2,3-dimethyl-2-butenyl, 1-hexenyl, Unless otherwise indicated, the terms “halogen™ and
2-hexenyl, 3-hexenyl. 1-heptenyl, 2-heptenyl, 3-heptenyl, 45 “halo™ encompass fluorine, chlorine, bromine. and iodine.
1-octenyl, 2-octenyl, 3-octenyl. 1-nonenyl, 2-nonenyl, Unless otherwise indicated. the term “hetercalky!l” refers 10
3-nonenyl, 1-decenyl, 2-decenyl and 3-decenyl. an alkyl moiety (e.g., linear, branched or cyclic) in which at
Unless otherwise indicated, the term “alkyl” means a least one of its carbon atoms has been replaced with a het-
straight chain, branched and/or cyclic (“cycloalkyl™) hydro- eroatom (e.g., N, O or S).
carbon having from 1 to 20 (e.g.. 1 to 10 or 1 to 4) carbon 50  Unless otherwise indicated, the term “heteroaryl” means
atoms. Alkyl moieties having from 1 to 4 carbons are referred an aryl moiety wherein at least one of its carbon atoms has
to as “lower alkyl.” Examples of alkyl groups include methyl, been replaced with a heteroatom (e.g., N, O or S). Examples
ethyl, propyl, isopropyl. n-butyl. t-butyl, isobutyl. pentyl, include acridinyl, benzimidazolyl, benzofuranyl. ben-
hexyl, isohexyl, heptyl, 4.4-dimethylpentyl, octyl, 2.2.4-1ri- zoisothiazolyl, benzoisoxazolyl, benzoquinazolinyl, ben-
methylpentyl, nonyl, decyl, undecyl and dodecyl. Cycloalkyl 55 zothiazolyl, benzoxazolyl, furyl. imidazolyl, indolyl, isothia-
moieties may be monocyclic or multicyclic, and examples zolyl, isoxazolyl, oxadiazolyl, oxazolyl, phthalazinyl,
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, pyrazinyl, pyrazolyl, pyrdazinyl, pyridyl, pyrimidinyl,
and adamantyl. Additional examples of alkyl moieties have pyrimidyl, pyrrolyl, quinazolinyl, quinolinyl, tetrazolyl, thia-
linear, branched and/or cyelic portions (e.g., 1-ethyl-4-me- zolyl, and triazinyl.
thyl-cyclohexyl). The term “alkyl” includes saturated hydro- 60 Unless otherwise indicated, the term “heteroarylalkyl” or
carbons as well as alkenyl and alkyny]l moieties. “heteroaryl-alkyl” means a heteroaryl moiety bound to an
Unless otherwise indicated, the term “alkoxy™ means an alkyl moiety.
O-alkyl group. Examples ol alkoxy groups include Unless otherwise indicated, the term “heterocycle™ refers
OCH,, — OCH,CH,, — O(CH,),CH,. — O(CH,);CH;. to an aromatic. partially aromatic or non-aromatic monocy-
0O{CH,),CH,, and —O(CH,);CH,. 65 clic or polyeyclic ring or ring system comprised of carbon,

Unless otherwise indicated, the term “alkylaryl” or “alkyl-
aryl” means an alkyl moiety bound to an aryl moiety.

hydrogen and at least one heteroatom (e.g., N. O or 8). A
heterocycle may comprise multiple (i.e., two or more) rings
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5
fused or bound together. Heterocycles include heteroaryls.
Examples mclude benzo| 1,3 |dioxolyl, 2,3-dihydro-benzo[ 1,
4]dioxinyl, cinnolinyl, furanyl, hydantoinyl, morpholinyl,
oxetanyl, oxiranyl, piperazinyl, piperidinyl, pyrrolidinonyl,

6
other agents, which provides a prophylactic benefit in the
prevention of the disease. The term “prophylactically effec-
tive amount™ can encompass an amount that improves overall
prophylaxis or enhances the prophylactic elficacy ol another

pyrrolidinyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahy- 5 prophylactic agent.

dropyridinyl, tetrahydropyrimidinyl, tetrahydrothiophenyl, Unless otherwise indicated, the term “protecting group™ or

tetrahydrathiopyranyl and valerolactamyl. “protective group,” when used to refer to part of a molecule
Unless otherwise indicated, the term “heterocyclealkyl™ or subjected to a chemical reaction, means a chemical moiety

“heterocycle-alkyl” refers to a heterocycle moiety bound to that is not reactive under the conditions of that chemical

an alkyl moiety. 10 reaction, and which may be removed to provide a moicty that

Unless otherwise indicated, the term “heterocvcloalkyl™
refers to a non-aromatic heterocycle.

Unless otherwise indicated, the term “heterocycloalkyla-
Ikyl” or “heterocycloalkyl-alkyl” refers to a heterocycloalkyl

is reactive under those conditions. Protecting groups are well
known in the art. See, e.g., Greene, T. W. and Wuts, P. G. M.,
Protective Groups in Organic Synthesis (3™ ed., John Wiley
& Sons: 1999): Larock, R. C., Comprehensive Organic

moiety bound to an alkyl moiety. 15 Transformations (2" ed., John Wiley & Sons: 1999). Some

Unless otherwise indicated, the term “pharmaceutically examples include benzyl, diphenylmethyl, trityl, Cbz, Boc,
acceptable salts™ refers to salts prepared from pharmaceuti- Fmoc. methoxycarbonyl, ethoxycarbonyl, and pthalimido.
cally acceptable non-toxic acids or bases including inorganic Unless otherwise indicated, the term *pseudohalogen”
acids and bases and organic acids and bases. Suitable phar- refers to a polyatomic anion that resembles a halide ion in its
maceutically acceptable base addition salts include metallic 20 acid-base, substitution, and redox chemistry, generally has
salts made from aluminum, calcium, lithivm, magnesium, low basicity, and forms a free radical under atom transfer
potassium. sodium and zince or organic salls made from radical polymerization conditions. Examples of pseudohalo-
lysine, N.N"-dibenrylethylenediamine, chloroprocaine, cho- gens include azide 1ons, cyanide, cyanate, thiocyanate, thio-
ling, diethanolamine, ethylenediamine, meglumine (N-meth- sulfate, sullonates, and sulfony] halides.
ylglucamine) and procaine. Suitable non-toxic acids include 25 Unless otherwise indicated, the term “selective TPH1
inorganic and organic acids such as acetic, algi anthra- inhibitor” is a compound that has a TPH2_IC, that is at least
nilic, benzenesulfonic, benzoic, camphorsulfonic, citric, about 10 times greater than its TPH1_I1C,..
ethenesulfonic, formic, fumaric, furoic, galacturonic, glu- Unless otherwise indicated, the term “serotonin-mediated
conic, glucuronic, glutamic, glycolic, hydrobromic, hydro- adverse effect™ refers to an adverse effect that is attributable
chloric, isethionic, lactic, maleic, malic, mandelic, methane- 30 to increased levels of peripheral 5-hydroxytryptamine
sulfonic, mucic, nitric. pamoic, pantothenic, phenylacetic, (5-HT).
phosphoric, propionic, salicylic, stearie. suceinic, sulfanilic, Unless otherwise indicated. the term “stercomerically
sulfuric, tartaric acid, and p-toluenesulfonic acid. Specific enriched composition of” a compound refers to a mixture of
non-toxic acids include hydrochloric, hydrobromic, phos- the named compound and its stereoisomer(s) that contains
phoric, sulfuric, and methanesulfonic acids. Examples of spe- 35 more of the named compound than its stereoisomer(s). I'or
cific salts thus include hydrochloride and mesylate salts. Oth- example, a stereoisomerically enriched composition of (5)-
ers are well-known in the art. See. e.g., Remington’s butan-2-ol encompasses mixtures of (S)-butan-2-ol and (R)-
Pharmaceutical Sciences, 18" ed. (Mack Publishing, Easton butan-2-ol in ratios of, e.g., about 60/40, 70/30, 80/20, 90/10,
Pa.: 1990)and Remington: The Science and Practice of Phar- 95/5, and 98/2.
macy, 19" ed. (Mack Publishing, Easton Pa.: 1995). 40 Unless otherwise indicated, the term “stereoisomeric mix-

Unless otherwise indicated, the term “potent TPH1 inhibi- ture” encompasses racenmic mixtures as well as stereomeri-
tor”is a compound that has a TPH1_IC, of less than about 10 cally enriched mixtures (e.g.. R/S=30/70, 35/65, 40/60,
uM. 45/55, 55/45, 60/40, 65/35 and 70/30).

Unless otherwise indicated, the term “prodrug”™ encom- Unless otherwise indicated. the term “stereomerically
passes pharmacentically acceptable esters, carbonates, thio- 45 pure™ means a composition that comprises one stereoisomer

carbonates, N-acyl derivatives, N-acyloxyalkyl derivatives,
quaternary derivatives of tertiary amines, N-Mannich bases,
Schiff bases, amino acid conjugates, phosphate esters, metal
salts and sulfonate esters of compounds disclosed herein.
Examples of prodrugs include compounds that comprise a
bichydrolyzable moiety (e.g.. a biohydrolyzable amide, bio-
hydrolyzable carbamate, biohydrolyzable carbonate, biohy-
drolyzable ester. biohydrolyzable phosphate, or biohydrolyz-
able ureide analog). Prodrugs of compounds disclosed herein
are readily envisioned and prepared by those of ordinary skill
in the art. See, e.g., Design of Prodrugs, Bundgaard, A. Ed.,
Elseview, 1985; Bundgaard, H., “Design and Application of
Prodrugs,” A Ilextbook of Drug Design and Development,
Krosgaard-Larsen and H. Bundgaard, Ed., 1991, Chapter 5, p.
113-191; and Bundgaard, H., Advanced Drug Delivery
Review, 1992, 8, 1-38.

Unless otherwise indicated, a “prophylactically elfective
amount” ol a compound is an amount suflicient to prevent a
disease or condition, or one or more symptoms associated
with the disease or condition, or prevent iis recurrence. A
prophylactically effective amount of a compound is an
amount of therapeutic agent, alone or in combination with

wn
(=1

=
wn

of acompound and is substantially free of other stereoisomers
of that compound. For example, a stereomerically pure com-
position of a compound having one stereocenter will be sub-
stantially free of'the opposite stereoisomer of the compound.
A stereomerically pure composition of a compound having
two stereocenters will be substantially free of other diastere-
omers of the compound. A typical stereomerically pure com-
pound comprises greater than about 80% by weight of one
stereoisomer of the compound and less than about 20% by
weight of other sterecisomers of the compound, greater than
about 90% by weight of one stereoisomer of the compound
and less than about 10% by weight of the other stereoisomers
of the compound, greater than about 95% by weight of one
stereoisomer of the compound and less than about 5% by
weight of the other sterecisomers of the compound, greater
than about 97% by weight of one stereoisomer of the com-
pound and less than about 3% by weight of the other stereoi-
somers of the compound, or greater than about 99% by weight
of one stereoisomer of the compound and less than about 1%
by weight of the other stereoisomers of the compound.
Unless otherwise indicated, the term “substituted.” when
used to describe a chemical structure or moiety, refers to a
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7
derivative of that structure or moiety wherein one or more of
its hydrogen atoms is substituted with an atom, chemical
moiety or functional group such as, but not limited to, alco-
hol, aldehylde, alkoxy, alkanoyloxy. alkoxycarbonyl, alk-

enyl, alkyl (e.g.. methyl, ethyl, propyl, t-butyl), alkynyl, alky- 5 din-3-0l and pyridin-4-ol.
learbonyloxy (—OC(O)alkyl), amide (—C(O)NH-alkyl- or It should also be noted that if the stereochemistry of a
—alkyINHC(O)alkyl), amidinyl (—C(NH)NH-alkyl or  gpnicrure or a portion of a structure is not indicated with, for
Lj(NR)N_l 1,), amine ‘(pmuary, sucon(!ary and tertiary such example. bold or dashed lines, the structure or the portion of
as alkylamino, arylamino, arylalkylamino), aroyl, aryl, ary- 1o the structure is to be interpreted as encompassing all stereoi-
loxy, azo, carbamoyl (—NIC(O)O-alkyl- or —OC(O)NII- somers of it. Similarly, names of compounds having one or
alkyl). carbamyl (e.g.. CONH,, as well as CONH-alkyl. more chiral centers that do not specify the stereochemistry of
CDNI__]""'W‘I: and CDNI—}-M}"I‘E}“\}’]). car.bony]_. carbox_y]! ca}‘- those centers encompass pure stereoisomers and mixtures
boxyl}c acid. carboxylic "jmd anhydride. carboxylic acid thereof. Moreover, any atom shown in a drawing with unsat-
cblm'_ld?, cyano, ester, epaxide, ether (e.g., methoxy, ethoxy), 15 isfied valences is assumed to be attached to enough hydrogen
guanidino, h”l"sl_‘“l“"lkﬁf] (eg. ‘(‘.(‘.I_,, CFs,—C(CF3)s), atoms to satisfy the valences. In addition, chemical bonds
h-:tcroalkryl, h?::macctal, imine {prlm}ary ?“d sccondary_ ), iso- depicted with one solid line parallel lo one dashed line
cyanate, isothiocyanate, ketone, nitrile, nitro, oxygen (i.e.. to encompass both single and double (e.g., aromatic) bonds, if
provide an oxo group), phosphodiester, sulfide, sulfonamido valences permit.
(e.g., SO,NH,), sulfone. sulfonyl (including alkylsulfonyl. 20 .
arjbull’uﬁyl and arylalkylsulibﬁy]], sullbxfdc\ I}hil)] (c,;,, 5.2. TPH Inhibitors
sulMydryl, thivether) and urea (— NHCONH-alkyl-). Particular embodiments of this invention utilize com-
Unless otherwise indicated, a “therapeutically effective pounds capable of inhibiting lrypmphm‘l-hy-dr-oxylﬂse (TPIT).
amount”™ of a compound is an amount sufficient to providea Pr.nsferred cumpnle('isl are puteu} TPHI 1Inh]h|lurs, F,Xillllplﬂ‘s
therapeutic benefit in the treatment or management of a dis- 25 of potent TPHI1 inhibitors are disclosed in 1.S. patent appli-
.. .. cation Ser. No. 11/638,677, filed Dec. 12. 2006.
ease or condition. orto delay or minimize one or more symp-
toms associated with the disease or condition. A therapeuti- Particular embodiments utilize compounds of formula I:
cally effective amount of a compound is an amount of
therapeutic agent, alone or in combination with other thera-
pies, which provides a therapeutic benefit in the treatment or !
management of the disease or condition. The term “therapeu- o
tically effective amount” can encompass an amount that R
improves overall therapy, reduces or avoids symptoms or X " o
causes ol a disease or condition, or enhances the therapeutic 33 HN
efficacy of another therapeutic agent. R
Unless otherwise indicated, the term “TPH1_IC,," is the
1C,, of acompound for TPII1 as determined using the in vitro )
inhibition assay described in the Examples, below. and pllla.rma_ccunclally acccptablc salts and solvates thereof,
) R ) . 40 wherein: A is optionally substituted cycloalkyl, aryl, or het-
Unless otherwise indicated, the term “TPH2_IC,,” is the erocycle; Xisabond, O, 8, CO) . CR,)
I(...‘JU 'ui a }If]lll]’]illuld for I‘PHZI:ls determined using the in C(Ry) »  C(RsR,) CRY=C(R,) , C=C
vitro inhibition assay desecribed in the Examples, below. N(Rs) N(RC(OIN(RS) C(R;RIN(RS)
Unless otherwise indicated, the terms “treat.” “treating” NRCR R ONC(R5) C(RyNO
and “treatment”™ contemplate an action that occurs while a 4% C(R;R.)O . OCR3R,) . S(0,) S(O)N
patient is suffering from the specified disease or disorder, (Rs) N(R)S(0) CR;RS(O,)—, or —8(0,)C
which reduces the severity of the disease or disorder, or one or !R3R4) :Dis npl_lona]ly subst'lrmcd aryl or heterocyele; R,
more of its symptoms. or retards or slows the progression of is hydrogen or optionally SUbSIllutC(:l alkyl, alkyl—ary],l alkyl-
the disease or disorder. hclcr(‘)cyclc, aryl, or heterocycle: R, is hydrogen or optionally
50 substituted alkyl, alkyl-arvl, alkyl-heterocycle, aryl, or het-
Unless otherwise indicated, the term “include™ has the erocycle; R, is hydrogen. alkoxy. amino, cyano, halogen,
same meaning as “include” and the term “includes™ has the hydroxyl, or optionally substituted alkyl; R, is hvdrogen,
same meaning as “includes, but is not limited t0.” Similarly, alkoxy, amino, cyano, halogen, hydroxyl, or optionally sub-
the term “such as™ has the same meaning as the term “such as, stituted alkyl or aryl; each RS is independently hydrogen or
but not limited to.” 55 optionally substituted alkyl or aryl; and n is 0-3.
Unless otherwise indicated, one or more adjectives imme- Particular compounds are of formula I{A):
diately preceding a series of nouns is to be construed as
applying to each of the nouns. For example, the phrase
“optionally substituted alky, aryl, or heteroaryl” has the same 1(4)
; bt ; ; . 60 0
meaning as “optionally substituted alky, optionally substi-
tuted aryl, or optionally substituted heteroaryl.” Q R
It should be noted that a chemical moiety that forms part of X " o’
a larger compound may be described herein using a name HN
commonly accorded it when it exists as a single molecule or &5 ~ R,

a name commonly accorded its radical. For example. the
terms “pyridine” and “pyridyl” are accorded the same mean-

8

ing when used to describe a moiety attached to other chemical
maoieties. Thus, the two phrases “XOH, wherein X is pyridyl™
and “XOIH, wherein X is pyridine” are accorded the same
meaning, and encompass the compounds pyridin-2-ol, pyri-
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Others are of formula 11:

: I
R:
HN
SR

and pharmaceutically acceptable salts and solvates thereof,
wherein: A is optionally substituted cycloalkyl, aryl, or het-

10

6-membered and S-membered). In some, A, and/or A, is
optionally substituted aryl (e.g., phenyl or naphthyl). In oth-
ers. A, and/or A, is optionally substituted heterocycle (e.g..
6-membered and S-membered). Examples of 6-membered
heterocycles include pyridine, pyridazine, pyrimidine, pyra-
zine, and triazine. Examples of 5-membered heterocyceles
include pyrrole, imidazole, triazole, thiazole, thiophene, and
furan. In some compounds, A, and/or A, is aromatic. In oth-
ers. A, and/or A, is not aromatic.

With regard to the formulae disclosed herein, particular

compounds include those wherein D is optionally substituted
aryl (e.g.. phenyl or naphthyl). In others, D is optionally

erocycle: X isa bond, —O—, —8—, —C(0) ClR.)—, substituted heterocycle (e.g.. 6-membered and 5-membered).
=—C(R.) C(R3R,) . — CRO=C(R,) . C=C , 15 Examples of 6-membered heterocycles include pyridine,
N(Rs)— N(RC(OIN(R5)—, C(R;R4)N(R;) pyridazine, pyrimidine, pyrazine, and triazine. Examples of
—N(RS)C(R;R)—, —ONC(R;)—, —C(R;INO—, S-membered heterocycles include pyrrole, imidazole, triaz-
C(R;RO OC{R_gRq‘) . ‘S(Oz) 5(03)1\1 ole, thiazole, thiophene, and furan. In some compounds, D is
(Rs) N(R;)S(0,) C(R3R.4)S(0,)—. or 5(02)_(— aromatic. In others, D is not aromatic. In some, D is an
{R_‘IR_J ,I)n.olpnmmlly substituted aryl or hellemc.y(.]ef Eis 2 optionally substituted bicyclic moiety (e.g., indole, iso-in-
optionally substituted aryl or heterocycle: R, is hydrogen or dole, pyrrolo-pyridine, or napthylene)
optionally substituted alkyl, alkyl-aryl, alkyl-heterocycle, ' FY Py ’ pHay ’
aryl, or heterocycle; R, is hydrogen or optionally substituted With regard to the various formulae disclosed herein, par-
ry 3 2 18 hydrog P Y reg, pa
alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle: R, is ticular compounds include those wherein E is optionally sub-
hydrogen, alkoxy, amino, cyano, halogen, hydroxyl, or ,_ stituted aryl (e.g., phenyl or naphthyl). In others, L is option-
optionally substituted alkyl; R, ‘5 hydrogen, a_]k(}xy, amino, - ally  substituted  heterocycle  (e.g.. 6-membered and
cyano, halogen, hydroxyl. or c:ptlor.mlly substituted alkyl or 5 embered). Fxamples of 6-membered heterocycles
:1?3111%; 6bxh}dmgen or optionally substituted alkyl or aryl; include pyridine, pyridazine, pyrimidine, pyrazine, and triaz-
Pamcu];]: compounds are of formula T1(A): ine. Examples of 5-membered heterocycles include pyrrole,
‘ ) e 30 imidazole, trinzole, thiazole, thiophene, and furan. In some
compounds, E is aromatic. In others, E is not aromatic. In
(A} some, E is an optionally substituted bicyclic moiety (e.g.,
indole, iso-indole, pyrrolo-pyridine, or napthylene).
35 With regard to the various formulae disclosed herein, par-

0
Rs
* o ° ’ n/
HN
Sk

With regard to the formulae disclosed herein (e.g., 1, 1(A),
Il and 1I{A)), particular compounds include those wherein A
is optionally substituted cycloalkyl (e.g., 6-membered and
5-membered). In some, A is optionally substituted aryl (e.g..
phenyl or naphthyl). In others, A is optionally substituted
heterocycle (e.g., 6-membered and 5-membered). Examples
of 6-membered heterocycles include pyridine, pyridazine,
pyrimidine, pyrazine, and triazine. Examples of 5-membered
heterocycles include pyrrole, imidazole, triazole, thiazole,

ticular compounds include those wherein R, is hydrogen or
optionally substituted alkyl.
In some, R, is hydrogen or optionally substituted alkyl.
Insome, nis 1 or 2.

In some, X is a bond or 8. In others, X 1s —C(R,)—.
C(Ry)—  —CRR)—  —CR)=CR)—, or
—C=C—, and, for example, R is independently hydrogen
or optionally substituted alkyl. In others, X is —O—,

5 —C(R3R)0—, or —QC(R,R.)—, and, for example. Ry is

thiophene, and furan. In some compounds, A is aromatic. In _
others, A is not aromatic. In some, A is an optionally substi- ~

tuted bicyclic moiety (e.g., indole, iso-indole, pyrrolo-pyri-
dine, or napthylene).
Particular compounds are of the formula:

G .

wherein: each of' A, and A, is independently a monocyclic
optionally substituted cycloalkyl, aryl, or heterocycle. Com-
pounds encompassed by this formula include those wherein
A, and/or A, is optionally substituted cycloalkyl (e.g.,

(0]
R,
S0
1N
SR

L
th

6

wn

hydrogen or optionally substituted alkyl. and R, is hydrogen
or optionally substituted alkyl. In some, R, is hydrogen and
R, is triffuromethyl. In some compounds, X is —S(0,)
S(ON(R;)—, —N(R)S(0,) CR;RL)S(0,)—, or
S(O)C(R5R,)—, and, for example, Ry 1s hydrogen or
optionally substituted alkyl, Ry 15 hydrogen or optionally
substituted alkyl. and R, is hydrogen or optionally substituted
alkyl. In others, X is — N(R5)}—, — N(R;C(O)N(R;)
C{R;RN(R;) or N(RIC(R;R,) and, for
example, R3 is hydrogen or optionally substituted alkyl, R, is
hydrogen or optionally substituted alkyl, and each R, is inde-
pendently hydrogen or optionally substituted alkyl.

Other compounds are of the formula:

(0]

By Ry or
o ° O/ -
O
HN

"\R]
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-continued

O
R
; P R,
. o
o HN
~ R

wherein, for example. R; is trifluoromethyl. Others are
encompassed by the formula:

8]
R;
. R: or
"
N
Rs HN
\1{1
O
R; 2,
. o~
""f;N
Rs ".\I\R
1

wherein, for example. R, is hydrogen.

Some compounds are encompassed by the formula:

wherein: each of Z, Z,. Z,, and Z, is independently N or
CR,: each Ry is independently hydrogen, cyano, halogen,
OR,, NR4R,, amino, hydroxyl, or optionally substituted
alkyl, alkyl-aryl or alkyl-heterocycle: each R, is indepen-

u

30

40

dently hydrogen or optionally substituted alkyl, alkyl-aryl or

alkyl-heterocycle; each Ry is independently hydrogen or
optionally substituted alkyl, alkyl-aryl or alkyl-heterocyele;
each R, is independently hydrogen or optionally substituted
alkyl, alkyl-aryl or alkyl-heteracycle; and m is 1-4. Certain
such compounds are of the formula:

o]
Zy Ry
7 Q M o
C; 7, HN
- \‘
be Zs R,

(Rghu

L
th

a0

12
Others are of the formula:
}
£a R or
Ly —— 0
| i’Q ’
Ly HN
o Z R,
(Re)um
(8]
Za R
rn HN
X ~
"o Z R

wherein, for example, R, is trifluoromethyl. Others are of'the
formula:

73
o —=
R.: /'Q
7, 1IN
= ~
1 Z R,
@J\ETQJ\ " Relw

Za
oy
R: Z.( 2
, 224 HN
N ZiN ~ Ry
Rs (Rl

wherein, for example, R, is hydrogen.

Referring to the various formulae above, some compounds
are such that all of Z , 7, 7., and Z. are N. In others, only
threeof 7,,7,, 75, and 7, are N. In others, only two of 7. 7.,,
Z..and 7, are N Inothers, only one of 7., 7, 7. and 7, is N.
In others, none of Z,, Z,, Z,. and 7., are N.

Some compounds are of the formula:

(Re)p

wherein: each of 7'\, 7',, and 7'; is independently N, NII, S,
O or CR;; each Ry 1s independently amino, cyano, halogen,
hydrogen, OR.. SR,, NR4R,, or optionally substituted alkyl,
alkyl-aryl or alkyl-heterocycle: each R, is independently
hydrogen or optionally substituted alkyl, alkyl-aryl or alkyl-
heterocycle: each Ry is independently hydrogen or optionally
substituted alkyl, alkyl-aryl or alkyl-heterocycle; each R, is

s independently hydrogen or optionally substituted alkyl,

alkyl-aryl or alkyl-heterocycle; and p is 1-3. Certain such
compounds are of the formula:

UNITED THERAPEUTICS, EX. 2081
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Some compounds are encompassed by the formula:

/I\O,'/-"_e b
10 X 77

Others are of the formula: wherein: each ol 2", 2",. 2", and 7" is independently N or
CR,,: each R, is independently amino. cyano. halogen,
13 hydrogen, OR |, SR,,, NR ,R,., or optionally substituted
alkyl, alkyl-aryl or alkyl- htﬂerw.,yclt:; each R, 1s indepen-
dently hydrogen or optionally substituted alkyl, alkyl-aryl or
alkyl-heterocycle; each R,, is independently hydrogen or

0 -, Optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle;
R "~ and each R, is independently hydrogen or optionally substi-
tuted alkyl, alkyl-aryl oralkyl-heterocycle. Certain such com-
pounds are of the formula:
25
O
i} " ()/R}
R - 'y
"
30 )\C) N
. Ry
g
35 Others are of the formula:
wherein, for example, R, is trifluioromethyl. Others are of the
formula: o
Ry or
40 ) 0
/"' 4
o~
Rs 7" 1
N 2y
R3 45 o
Ry
. o~
/ 4N
- HN
R ¥ /Ip R
...|||_\,Is ”0’(
R;
33 wherein, for example, R, is trifluoromethyl. Others are of the
formula:
¢}
60

wherein, for example, R, is hydrogen. Ry or

Referring to the various formulae above, some compounds
aresuchthatallofZ'|, Z',. and Z', are N or NI1. In others, only O HN R
twoof Z',. 7', and 7', are N or NI. In others, only one of 7', __ )\ l
7'y, and 7'y is N or NH. In others. none of 7'\, 7', and 7, are -
N or NH.

i
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-continued -continued
8]
o
5 ..\\U\l/
HN,
O R
10
wherein, for example, R, is trilluoromethyl. Others are ol the
formula:
wherein, for example. R; is hydrogen. s
b

Referring to the various formulae above, some compounds
aresuch thatallof 2", 2", 2"y, and 2", are N. In others, only
three of 7", 7",. 7", and 7", are N. In others. only two of R, or

F -~
2", 2", and 7", are N. In others, only one of 2", 2", :\{f 7 0
2"y, and 2", 1s N. In others, none of 2", 2",, 7", and 2", are 20 \I/ HN
N Ol 5
R: 2y AN

Some compounds are ol the formula:

8]

30

. w o o . e wherein, lor example, R, is hydrogen.

wherein: eachof 2", Z",. Z"5, and 2", is independently Nor o Referring 1o the varous formulae above, some compounds
CR,;; each R, is independently amino, cyano, halogen. aresuchthatall of 2", Z",. 7", and Z", are N. In others, only
hydrogen, OR,,, SR,;, NR ;R 5, or optionally substituted three of Z", 7", 7", and 7";, are N. In others, only two of
alkyl, alkyl-aryl or alkyl-heterocyele; each R, is indepen- 2. 2", 2" and 7", are N. In others, only one of 2", 2",
dently hydrogen or optionally substituted alkyl. alkyl-aryl or 7", and 7" is N. In others, none of 2" 7", 7", and 7", are
alkyl-heterocycle: each R, is independently hydrogen or 45 N.

optionally substituted alkvl, alkyl-aryl or alkyl-heterocycle; Some are of the formula:

and each R, is independently hydrogen or optionally substi-
tuted alkyl, alkyl-aryl or alkyl-heterocycle. Certain such com-
pounds are of the formula:

the substituents of which are defined herein. Others are of the
formula:

L
th

Others are of the formula:

6 @"‘ !K,

the substituents of which are defined herein. Others are of the
formula:

UNITED THERAPEUTICS, EX. 2081
WATSON LABORATORIES v. UNITED THERAPEUTICS, IPR2017-01622
Page 10 of 41



US 8,410,121 B2
17 18

When administered to mammals (e.g., mice, rats, dogs,
monkeys or humans), certain compounds of the invention do
not readily cross the blood/brain barrier (e.g.. less than about
5,2.5,2,1.5,1,0.5,0r0.01 percent of compound in the blood

i 3 passes into the brain). The ability or inability of'a compound

{Ryo), ~p, to cross the blood/brain barrier can be determined by methods

: known in the art. See, e.g., Riant, P. et al., Journal of Neuro-

chemistry 51:421-425 (1988); Kastin, A. J., Akerstrom, V., /.

the substituents of which are defined herein. Others are of the Pharmacol. Exp. Therapeutics 294:633-636 (2000); W. A.

formula: Banks. W. A., et al.. J. Pharmacol. Exp. Therapeutics 302:
1062-1069 (2002).

5.3. Synthesis of TPH Inhibitors

Compounds of the invention can be prepared by methods
15 known in the art, and by methods described herein.

For example, with reference to formula I, compounds in
which E 1s phenyl and 1) is optionally substituted pyrazine,
pyridiazine, pyridine or phenyl can generally be prepared by
the method shown in Scheme 1:

20

the substituents of which are defined herein.

Referring to the various formulae disclosed herein, particu-
lar compounds include those wherein both A and E are Scherme 1
optionally substituted phenyl and. for example, Xis O

C(R;R,)O—, or —OC(R;R,)— and, for example, R, is . @7(“0 . Ibrc@m Na(OAc)BH,
hydrogen and R4 is trifluoromethyl and, for example, nis 1. - 110A¢, DCE

This 1nvention encompasses stereomerically pure com- heat
pounds and stereomerically enriched compositions of them. HV—@—Br
Sterecisomers may be asymmetrically synthesized or

resolved using standard techniques such as chiral columns, 30
chiral resolving agents, or enzymatic resolution. See, e.g.,
Jacques, 1., et al., Enantiomers, Racemates and Resolutions
(Wiley Interscience, New York, 1981). Wilen, S. .. et al.,
Tetrahedron 33:2725 (1977); Eliel, E. L., Stereochemistry of
Carbon Compounds (McGraw ITill, N.Y., 1962); and Wilen, 33
S. H., Tables of Resolving Agents and Optical Resolutions, p.
268 (E. L. Eliel, Ed., Univ. of Notre Dame Press, Notre Dame,
Ind., 1972). a
Particular compounds of the invention are potent TPH1
inhibitors. Specific compounds have a TPH1_1C., of less 40
than about 10, 5, 2.5, 1, 0.75, 0.5, 0.4, 0.3, 0.2, 0.1, or 0.05
uh.
Particular compounds are selective TPH]1 inhibitors, Spe-
cific compounds have a TPH1_IC,, that is about 10, 25, 50, a J

ort Pd(PPhs)Cla, NayCO3
-
AcCNH20 = 1/1, microwave

O SOCI,, Ethanol

100, 250, 500, or 1000 times less than their TPH2_IC.,,. 45

Particular compounds do not significantly inhibit human 0
tyvrosine hydroxylase (TH). For example, specific compounds
have an IC;, for TH of greater than about 100, 250, 500 or

i O,
Particular compounds do not significantly inhibit human so

phenylalanine hydroxylase (PAII). For example, specific
compounds have an 1C,,, for PAH of greater than about 100, .
250, 500 or 1000 uM. wherein, for example:
Particular compounds of the invention do not significantly
bind (e.g., inhibit withan IC,, of greater than about 10, 25, 50, s

100, 250, 500, 750, or 1000 pM) to one or more of the . )
following: angiotensin converting enzyme, erythropoietin HN Br s
(EPO) receptor, factor 1X, factor X1, integrin (e.g., ad), isox- TN . Br
azoline or isoxazole fibrinogen receptor, metalloprotease, N - T
neutral endopeptidase (NEP), phosphatase (e.g., tyrosine &0 I |
phosphatase), phosphodiesterase (e.g., PDE-4), polymerase, =N S
PPARy, TNF-a, vascular cell adhesion molecule-1 (VCAM- HoN N N

1), or the vitronectin receptor. The ability of a compound to Br = HN \ Br
bind to (e.g.. inhibit) any of these targets can be readily | |
determined using methods known in the art, as described in &5 = =z

N NH» N

references cited above. Specific compounds of the invention
do not inhibit cell adhesion.

NI,

th
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-continued

Br ILN
=
HoN N Br

20

-continued

Y,
5
HaN N Br N Br
[ [
P P
1N N N N 10
Compounds wherein X is —OCR,— can generally be
prepared using the method shown in Scheme 2, wherein R is
CF; and D is pyrimidine: 15
3
Scheme 2 Ry
Cl N cl OH 20
\\\( base, heat XH +
+ —
2N CTy
g
CF;
25
) N Cl
T
N
F 7 30
O
OH Pd{PPh3)yCla. NapyCOs
(1O NH AcUNH,0 = 1/1, microwave 35
0
CF;
0 N OH w0
s NH,
N
£ =
wherein, for example, A is optionally substituted phenyl, e
biphenv] or napthyl.
Compounds of the invention can also be prepared using the .
approach shown below in Scheme 3: {*)
50
Scheme 3
o wherein P, is R, or a protecting group; P, is a protecting
N 55 group; Py is OR, or a protecting group; X' is, for example, O
Py or N; Y, and Y are halogen (e.g.. Br, CI) or an appropriate
| P NP Py pseudohalide (e.g., triflate); and each R' is independently
(RO)B /\}Rf,‘ hydrogen or optionally substituted alkyl, alkyl-aryl, alkyl-
” heterocycle, arvl, or heterocycle, or are taken together with
f’, » 5 the oxygen atoms (o which they are attached to provide a
i z A*ZH cyclic dioxaborolane (e.g.. 4.4.5.5-tetramethyl-1.3,2-diox-
| Y, — ahorolane). The groups A, R,, R,, R;, R, and m are defined
N ?“4 2" elsewhere herein. The moieties 2", 2", 2", and Z", are also
! 55 defined herein, although it is to be understood that with regard
7 to the scheme shown above, one of them is attached to the

phenyl ring. For example, Z", and 7", may be independently

UNITED THERAPEUTICS, EX. 2081
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CR,, (which is defined herein), while 2", 1s N and Z"; 15 a wherein, forexample, X is N, Qor S, and FG 1s defined below:
carbon atom bound to the adjacent phenyl ring. FG=B(OH), when E is optionally substituted Phenyl

‘The individual reactions shown above can be performed
using conditions known in the art. For example, palladium
catalysts and conditions suitable for the Suzuki coupling of
the boron and halogen-containing moieties are well known,
and examples are provided below. In addition, tvpes and FG
appropriate uses of protecting groups are well known, as are
methods of their removal and replacement with moieties such 10 B
as, but not limited to, hydrogen (e.g., hydrolysis under acidic o
or basic conditions).

0

The A moiety can be bicyelic (e.g.. optionally substituted
biphenyl). In such cases, the starting material containing A
can be prepared as shown below:

when E is:
Rs
@BZOR}:
20
Y, X _— -
o]
Ry —N
/C\
N OH
CTC AT
25
NH»
wherein'Y, is halogen or pseudohalogen, and each R is inde- &
pendently hydrogen or optionally substituted alkyl. alkyl- / \
aryl, alkyl-heterocycle, aryl, or heterocycle, or are taken OH
together with the oxygen atoms to which they are attached to * 8 1
provide a cyclic dioxaborolane (e.g., 4.4.5.5-tetramethyl-1.3, ?
2-dioxaborolane).
Another approach to the preparation of compounds 35
wherein D is optionally substituted pyrimidine or triazine is ™
shown below in Scheme 4:
Scheme 4
- 40
Cl “ Cl
\"/ Y THF or 1 4-dioxanes
XH + N N 4“
v { ase, heat .
Z FG=H when E is:
45
Rio
X 7 cl
oYY
Y
50
Rio ol
Q
/@YH\DH Pd(PPhs),Cla. NayCOs o
G : ACCN/TTL0 = 1/1, microwave
FG NH; < OH
O
O
X Z 60
FY o L
NN
\l/ Lister derivatives of these and other compounds of the
Ryp 55 Invention can be readily prepared using methods such as that
shown below in Scheme 5, wherein E 1s optionally substituted
phenyl:

UNITED THERAPEUTICS, EX. 2081
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Scheme 5

8] ]

SOCI,
X 4 Ethanol, heat X 7
A D OB
-“'Y* N\]/_\J
Rio Ry
(Bol):0,
TIIF,
Base
R,OH
coupling
conditions

An alternate approach to the preparation of triazine-based |
compounds is shown below in Scheme 6: Scheme 7

N
[l \>/ Iir
Scheme 6 13 o
N
Na
I 5 N.HCI(] eq), over night
‘\\NEL + N, N

5 2 n-BuOH:H20 (1:1) O
m/ 7 Reflux (160° €.), sealed tube o
N 40
, , O Pd(PPH;):Cls, NayCO;y
N ™ N AcCN/H0 = 1/1, microwave
o ~F
NI 45
50
dry n-BuCOHABuOK 3.5 eq.
-
1607 ., sealed tube, 2 days
55
Using methods known in the art, the synthetic approaches
shown above are readily modified to obtain a wide range of
compounds. For example, chiral chromatography and other
a0 technigues known in the art may be used to separate stereoi-

NH; somers of the final product. See, e.g., Jacques, J., et al.,
Enantiomers, Racemates and Resolutions (Wiley Inter-
science, New York. 1981); Wilen, S. H., et al., Tetrahedron

The cyclic moiety D can be any of a variety of structures, 33:2725(1977); Eliel, E. L., Stereachemistry of Carbon Com-
which are readily incorporated into compounds of the inven- &5 pounds (McGraw Hill, N.Y.. 1962); and Wilen, 8. H., Tables
tion. For example, compounds wherein 1) is oxarole can be of Resolving Agents and Optical Resolutions, p. 268 (E. L.
prepared as shown below in Scheme 7: Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, Ind.,
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1972). In addition, as shown in some of the schemes above,
syntheses may utilize chiral starting materials to yield stereo-
merically enriched or pure products.

5.4. Methods of Use

‘This invention is directed, in part, 1o methods of treating 5 inhibitor and a tryptophan hydroxylase inhibitor. Examples
pulmonary hypertension and related diseases and disorders. of phosphodiesterase 5 inhibitors include sildenafil, tadalafil,
Pulmonary hypertension includes idiopathic and familial PH. and vardenafil.

It also includes PH associated with other diseases or condi- Another embodiment encompasses a method of treating,
tions (e.g., collagen vascular disease, congenital systemic-to- managing or preventing pulmonary hypertension, which
pulmonary shunts, a drug or toxin, Gaucher discase. a glyco- 10 comprises administering to a patient in need thereof thera-
gen storage disease, hereditary hemorrhagic telangiectasia, peutically or prophylactically effective amounts of a diuretic
hemoglobinopathies, HIV infection, a myeloproliferative and a tryptophan hydroxylase inhibitor. Examples of diuret-
disorder, portal hypertension, splenectomy, a thyroid disor- ics include high ceiling loop diuretics (e.g.. furosemide,
der). It also includes PAH and PAI associated with signifi- ethacrynic acid, torasemide, bumetanide), thiazides (e.g..
cant venous or capillary involvement. It also includes PIT 15 hydrochlorothiazide), potassium sparing diuretics (e.g.,
associated with pulmonary veno-occlusive disease or pulmo- spironolactone). and osmotic diuretics (e.g., mannitol).

nary capillary hemangiomatosis. It also includes persistent Another embodiment encompasses a method of treating,
PH of the newborn. managing or preventing pulmonary hypertension, which

Particular methods comprise administering to a patient comprises administering to a patient in need thereof thera-
therapeutically or prophylactically effective amounts of a 20 peutically or prophylactically effective amounts of a platelet
tryptophan hydroxylase (TPH) inhibitor and at least one sec- derived growth factor and a tryptophan hydroxylase inhibitor.
ond active pharmaceutical ingredient. Second active pharma- An example ol a platelet derived growth [actor is imatinib.
ceutical ingredients include those that can affect vasodilation The dose and method of administration of a TPH inhibitor
or vasoconstriction. can be readily determined by those of ordinary skill in the art.

One embodiment of the invention encompasses a method 25 For example, an inhibitor can be titrated until the severity of
of treating, managing or preventing pulmonary hypertension, a serotonin-mediated adverse effect diminishes. Alterna-
which comprises administering to a patient in need thereof tively, blood 5-HT levels can be directly measured and cor-
therapeutically or prophylactically effective amounts of an related to the amount of TPH inhibitor administered.
endothelin receptor antagonist and a tryptophan hydroxylase 5.5. Pharmaccutical Compositions
inhibitor. Examples of endothelin receptor antagonists 30 This invention encompasses pharmaceutical compositions
include those which antagonize the ET, receptor. the ETy comprising a TP inhibitor (e.g., a potent TPH1 inhibitor)
receptor, or both the ET , and ET receptors. Particular endot- and at least one other active pharmaceutical ingredient that
helin receptor antagonists include ambrisentan, BMS- can affect vasodilation or vasoconstriction, Examples of such
193884, bosentan, darusentan, SB-234551, sitaxsentan, and other active pharmaceutical ingredients include those
tezosentan. 35 described herein, as well as other known by those skilled in

Another embodiment encompasses a method of treating, the art.
managing or preventing pulmonary hypertension, which Certain pharmaceutical compositions are single unit dos-
comprises administering to a patient in need thereof thera- age forms suitable for oral, mucosal (e.g., nasal, sublingual,
peutically or prophylactically effective amounts of an antico- vaginal, buccal, or rectal), parenteral (e.g.. subcutaneous,
agulant and a tryptophan hydroxylase inhibitor. Examples of 40 intravenous, bolus injection, intramuscular, or intraarterial),
anticoagulants include vitamin K antagonists (e.g., warfarin, or transdermal administration to a patient. Examples of dos-
acenocoumarol, phenprocoumon, phenindione), herparin age forms include, but are not limited to: tablets: caplets;
and derivatives thereol (e.g., londaparinux), and direct capsules, such as sofi elastic gelatin capsules; cachets; tro-
thrombin inhibitors (e.g., argatroban, bivalirudin, lepirudin, ches; lozenges; dispersions; suppositories; ointments; cata-
ximelagatran). 45 plasms (poultices): pastes; powders; dressings; creams; plas-

Another embodiment encompasses a method of treating, ters; solutions: patches; aerosols (e.g., nasal sprays or
managing or preventing pulmonary hypertension, which inhalers); gels; liquid dosage forms suvitable for oral or
comprises administering to a patient in need thereof thera- mucosal administration to a patient, including suspensions
peutically or prophylactically effective amounts of a calcium (e.g.. aqueous or non-aqueous liquid suspensions, oil-in-wa-
channel blocker and a tryptophan hyvdroxylase inhibitor. 50 ter emulsions, or a water-in-oil liquid emulsions). solutions,
Examples of calcium channel blockers include dihydropy- and elixirs; liquid dosage forms suitable for parenteral admin-
ridines (e.g.. amlodipine, felodipine, nicardipine, nifedipine, istration to a patient; and sterile solids (e.g.. crystalline or
nimodipine, nisoldipine, nitrenidipine, lacidipine, lercanid- amorphous solids) that can be reconstituted to provide liquid
ipine), phenylalkylamines (e.g., verapamil, gallopamil), ben- dosage forms suitable for parenteral administration to a
zothiazepines (e.g., diltiazem), and menthol. 55 patient.

Another embodiment encompasses a method of treating, The formulation should suit the mode of administration.
managing or preventing pulmonary hypertension, which For example, the oral administration of a compound suscep-
comprises administering to a patient in need thereof thera- tible to degradation in the stomach may be achieved using an
peutically or prophylactically etfective amounts of a prosta- enteric coating. Similarly, a formulation may contain ingre-
cyclin and a tryptophan hydroxylase inhibitor. Examples of 60 dients that facilitate delivery of the active ingredient(s) to the
prostacyclind include epoprostenol, iloprost and treprostinil. site of action. For example, compounds may be administered

Another embodiment encompasses a method of treating, in lipesomal formulations in order to protect them from deg-
managing or prevenling pulmonary hypertension, which radative enzymes, [acilitate transport in circulatory system,
comprises administering to a patient in need thereof thera- and effect their delivery across cell membranes.
peutically or prophylactically effective amounts of nitric 65 Similarly, poorly soluble compounds may be incorporated

oxide or a nitric oxide precursor or releasing compound, and
a tryptophan hydroxylase inhibitor.

26

Another encompasses a method of treating, managing or
preventing pulmonary hypertension, which comprises
administering to a patient in need thereofl therapeutically or
prophylactically efTective amounts ol a phosphodiesterase 5

into liquid dosage forms (and dosage forms suitable for
reconstitution) with the aid of solubilizing agents. emulsifiers
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and surfactants such as, but not limited to, cyclodextrins (e.g.,
a-cyclodextrin, fi-cyclodextrin, Captisol®, and Fncapsin™
(see, e.g.. Davis and Brewster, Nat. Rev. Drug Disc. 3:1023-
1034 (2004)), Labrasol®, Labrafil®, Labrafac®, cremafor,

28
facility rapid dissolution. Lubricants may also be incorpo-
rated to facilitate the manuofacture of dosage forms (e.g.,
tablets).
5.5.2. Parenteral Dosage Forms

and non-aqueous solvents, such as, but not limited to, ethyl 3 Parenteral dosage forms can be administered to patients by
aleohol, isopropyl alcohel, ethyl carbonate, ethyl acetate, various routes including subcutaneous, intravenous (includ-
benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-buty- ing bolus injt_x:lion). intramuscular, and i|11manf::ri21l, Because
lene glycol, dimethyl formamide. dimethyl sulfoxide  their administration typically bypasses patients’ natural
(DMSO), biocompatible oils (e.g., cottonseed, groundnut, dcfctllscs against contaminants, parcn?cral dogggc fom}s are
corn, germ, olive, castor, and sesame oils), glycerol, tetrahy- 1 spccllﬁlcal]yl sterile or ?apabl!: of bcmg‘stcnhzcd prior 1o
drofurfuryl alcohol, polyethylene glycols, fatty acid esters of a(hmm:lslmllun to a Pan-..‘nl. Examp h_:sloi P arenteral dosage
sorbitan, and mixtures thereof (e.g., DMSO:cornoil). forms mchldc_ solutions ready for iyection, dry pm_d ucts
. . ready to be dissolved or suspended in a pharmaceutically
Poorly soluble compounds may also be incorporated into e e
: . . ! . acceptable vehicle for injection, suspensions ready for injec-
suspensions using other techniques known in the art. For tion, and emulsions.
ex;{nny?le, nmmpu.nmle_\: ofa cnmpm!nd may he :mspen(!ed in Suitable vehicles that can be used to provide parenteral
a liquid to provide a nanosuspension (see, €.g.. Rabinow,  josaoe forms of the invention are well known to those skilled
Nature Rev. Drug Disc. 3:785-796 (2004)). Nanoparticle in the art. Examples include: Water for Injection USP; aque-
forms of compounds described herein may be prepared by the ous vehicles such as Sodium Chloride Injection, Ringer’s
methods deseribed in U.S. Patent Publication Nos. 2004- 20 Injection, Dextrose Injection, Dextrose and Sodium Chloride
0164194, 2004-0195413, 2004-0251332, 2005-0042177 Al, Injection, and Lactated Ringer’s Injection; water-miscible
2005-0031691 Al, and U.8. Pat. Nos. 5,145,684, 5,510,118, vehicles such as ethyl alcohol, polyethylene glycol, and
5,518,187, 5,534,270, 5,543,133, 5.662.883, 5,665,331, polypropylene glycol; and non-aqueous vehicles such as com
5,718,388, 5,718,919, 5,334,025, 5.862.999, 6,431,478, oil, cottonseed oil, peanut oil, sesame oil, ethyl oleate, iso-
6,742,734, 6,745,962, the entireties of each of which are 25 propyl myristate, and benzyl benzoate.
incorporated herein by reference. In one emhodiment, the
nanoparticle form comprises particles having an average par- 6. EXAMPLES
ticle size of less than about 2000 nm. less than about 1000 nm,
or less than about 500 nm. 6.1. Production of tphl Gene Disrupted Mice
The composition, shape, and type of a dosage form will 30 Exon 3 of the murine TPH1 gene was removed by gene
tvpically vary depending with use. For example, a dosage targeting essentially as described by Wattler et al.. Biotech-
form used in the acute treatment of a discase may contain nigues 26(6):1150-6 (1999). The resulting knockout animals
larger amounts of one or more of the active ingredients it displayed normal TPH activity in the brain but drastically
comprises than a dosage form used in the chronic treatment of reduced TPH expression in the gut.
the same disease. Similarly, a parenteral dosage form may 35  6.2. Physiological LEffects of tphl Gene Disruption
contain smaller amounts of one or more of the active ingre- Mice homozygous (=/=) for the disruption of tphl were
dients it comprises than an oral dosage form used to treat the studied in conjunction with mice heterozygous (+/=) for the
same disease. How to account for such differences will be disruption of the gene, along with wild-type (+/+) litter mates.
apparent to those skilled in the art. See, e.g., Remington’s During this analysis, the mice were subject to a medical
Pharmaceuntical Sciences, 18th ed., Mack Publishing, Easton 40 work-up using an integrated suite of medical diagnostic pro-
Pa. (1990). cedures designed to assess the function of the major organ
5.5.1. Oral Dosage Forms systems in a mammalian subject. By studying the homozy-
Pharmaceutical compositions ol the invention suitable lor gous (—/=) knockout mice in the described numbers and in
oral administration can be presented as discrete dosage forms, conjunction with heterozygous(+/=) and wild-type (+/+) litter
such as, but are not limited to, tablets (e.g., chewable tablets), 45 mates, more reliable and repeatable data was obtained.
caplets, capsules, and liquids (e.g., flavored syrups). Such Disruption of tphl gene primarily affected the GI tract
dosage forms contain predetermined amounts of active ingre- isoform of TPH (TPHI1), and had little or no effect on the
dients, and may be prepared by methods of pharmacy well brain isoform of TPH (TPH2). Disruption of the gene caused
known to those skilled in the art. See generally, Remington’s no measurable adverse effects on the central nervous system.
Pharmaceutical Sciences, 18th ed., Mack Publishing. Easton 50 This was confirmed by serotonin immunochemistry. which
Pa. (1990). showed that serotonin was greatly reduced or absent in the
Typical oral dosage forms are prepared by combining the stomach, duodenum, jejunum, ileum. cecum and colon, while
active ingredient(s) in an intimate admixture with at least one serotonin levels were unaffected in raphe neurons.
excipient according to conventional pharmaceutical com- Mice homozygous (—/=) for the disruption of the tph1 gene
pounding techniques. Excipients can take a wide variety of 55 had a decrease in thrombosis without a significant increase in
forms depending on the form of preparation desired for bleeding or other adverse indications.
administration. 6.3. HPLC Characterization
Because of their ease of administration, tablets and cap- In some of the following synthetic examples, high perfor-
sules represent the most advantageous oral dosage unit forms. mance liquid chromatography (HPLC) retention times are
IT desired, tablets can be coated by standard aqueous or non- 50 provided. Unless otherwise noted, the various conditions
agueous techniques. Such dosage forms can be prepared by used to obtain those retention times are described below:
conventional methods of pharmacy. In general, pharmaceuti- Method A: YMC-PACK ODS-A 3.0x50 mm; Solvent
cal compositions and dosage [orms are prepared by uniformly A=90% water, 10% MeOH, 0.1% TFA; Solvent B=%0%
and intimately admixing the active ingredients with liquid MeOH, 10% water, 0.1% TFA; B % from 0 to 100% over 4
carriers, finely divided solid carriers, or both, and then shap- 65 min.: flow rate=2 ml/min; observation wavelength=220 nm.

ing the product into the desired presentation if’ necessary.
Disintegrants may be incorporated in solid dosage forms to

Method B: YMC-PACK ODS-A 3.0x50 mm; Solvent
A=90% water. 10% MeOH, 0.1% TFA; Solvent B=90%
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MeOH. 10% water, 0.1% TFA; % B from 10 to 100% over 4
min.; flow rate=3 ml/min; ohservation wavelength=220 nm.
Method C: YMC-PACK ODS-A 3.0x50 mm: Solvent
A=90% water, 10% MeOH, 0.1% TFA; Solvent B=90%

30
Method R: YMC Pack ODS-A 4.6x33 mm; Solvent
A=H,0. 0.1% TFA: Solvent B=MeOH with 0.1% TFA:; B %
from 10 to 90% over 3 min.; flow rate 2 ml/min.; observation
wavelength 220 and 254 nm.

MeOH, 10% water. 0.1% TFA: B % lrom O to 100% over 5 3 Method 8: YMC-Pack ODS-A 3.0x50 mm: Solvent

min.; flow rate=2 ml/min.: observation wavelength=220 nm. A=90% H.O, 10% MeOH, 1% TFA; Solvent B=10% H.0,
Method D: Shim VP ODS 4.6x50 mm: Solvent A=90% 90% MeOH, 1% TFA; B % from 10 to 90% over 4 min.; flow

water, 10% MeOH, 0.1% TFA; Solvent B=90% MeOH, 10% rate=2 ml/min. observation wavelength—=220 and 254 nm.

water, 0.1% TFA: B % from 0 to 100% over 4 min.; flow 6.4. Synthesis of (8)-2-Amino-3-(4-(4-amino-6-((R)-1-

rate=3 ml/min.; observation wavelength=220 nm. 1 (naphthalen-2-yljethylamino)-1,3,5-triazin-2-y1 )phenyl)
Method E: Shim VP ODS 4.6x30 mm; Solvent A=90% propanoic acid

water, 10% MeOH, 0.1% TFA; Solvent B=90% MeOH, 10%

water, 0.1% TIFA; B % from 0 to 100% over 4 min.; flow

rate=3 ml/min; observation wavelength—254 nm. 15 Q
Method F: YMC-PACK ODS-A 4.6x33 mm; Solvent

A=90% water, 10% MeOIl, 0.1% TFA; Solvent B=00% on

MeOH, 10% water, 0.1% TFA: B % from 0 to 100% over 4 “J\[ N NH,

min.; flow rate=3 ml/min.: observation wavelength=220 nm. " \f
Method G: YMC-PACK ODS-A 4.6x50 mm; Solvent 29 N N

A=90% water, 10% MeOIl, 0.1% TFA: Solvent B=90% \f

MeOH. 10% water. 0.1% TFA: B % [rom O to 100% over 2 NIl

min.: flow rate=2.5 ml/min.; observation wavelength=220 i

nn.
Method H: C18 4.6x20 mm; Solvent A=90% water, 10% 25

MeOH. 0.1% TFA; Solvent B=90% MeQH, 10% water, 0.1%

TFA: B % from 0 to 100% over 2 min. flow rate=2 ml/min.; A mixture of 2-amino-4.6-dichloro-[1,3.5]triazine (200

observation wavelength=220 nm. mg, 1.21 mmol), (R)-(+)-1-(2-naphthyl)ethylamine (207 mg,
Method I: YMC PACK ODS-A 3.0x50 mm: Solvent 5 121 mmol) and diisopropyl-ethylamine (3.63 mmal) was

A=90% water, 10% McOH., 0.1% :1‘1'."\: Solvent B=90% " (jiccolved in 150 ml of 1.4-dioxane. The solution was refluxed

MeOH. 10% water, 0.1% TFA; B % from 10 to 100% over 4 900 ¢ for 3 hours. After the completion of reaction (moni-

min.; flow rate=2 ml/min.; observation wavelength=220 nm. tored by LCMS), solvent was removed and the reaction mix-
Method I: YMC Pack ODS-A 3.0x50 mm; Solvent ’ d with CHLCL (100 m) and FLO (100 ml

A=I1,0,0.1% TFA; Solvent B=MeOIL, 0.1% TFA; % B from ,; r¢ s extracted with CH,C, (100 ml) and F,O (100 ml).

about 10 to about 90% over 4 min.: flow rate—2 ml/min.; The organic layer was separated and washed with H,0

observation wavelength=220 nm. (2% 100 ml), dried over Na,SQ,, and concentrated in vacuo o
Method K: Sunfire C18 50 mmx4.6 mmx3.5 um: Solvent give crude intermediate. The crude compound was dissolved

A=10 mM NH,OAc in water; Solvent B-MeCN: B % from in 5 ml of MeCN and 5 ml of I1,0 in a 20 ml microwave

10 to 95% over 2 min.; low rate=4.5 ml/min.; observation 4o reaction vial. To this solution were added L-p-borono-pheny-

wavelength=220 nm. lalanine (253 mg, 1.21 mmol), sodium carbonate (256 mg,
Method L: Sunfire C18 50 mm>x4.6 mmx3.5 um; Solvent 3 43 mmol) and catalytic amount of dichlorobis(triph-

A~10mM NH_,( JAc; Solvent B=MeCN; B"/o from 2 to 20% enylphosphine)-palladium(Il) (42.1 mg. 0.06 mmol). The

over .0'8 min, Ihfm to 95% B over 2 min; flow rate=4.5 mixture was sealed and stirred in the microwave reactor at

ml/min.; observation wavelength=220 nm. # 150° C. for 5 minutes. followed by the filtration through
Method M: YMC-PACK ODS-A 4.6x33 mm; Solvent — - v e .

A=00% water, 10% MeOH, 0.1% TFA: Solvent B-90% celite. The filtrate was colnccmratcd and dlslsolvcd in Mc(‘JH

MeOH, 10% water, 0.1% TFA: B % from 0 to 100% over 5 and H,O (1:1) and purified by preparative HPLC using

min.: flow rate=2.5 ml/min.; observation wavelength=254 MeOH/H,O/TFA solvent system. The combined pure frac-

nn. 50 Uons were evaporated in vacuo and [urther dried on a lye-
Method N: YMC-PACK ODS-A 3.0x50 mm; Solvent philizer to give 238 mg of 2-amino-3-{4-[4-amino-6-(1-

A=11,0,0.1% TFA: Solvent B=MeOI1. 0.1% TFA; B% from  naphthalen-2-yl)-ethylamino)-[1,3.5]triazin-2-yl]-phenyl}-

10 to 90% over 4 min.; flow rate=2 ml/min.; observation propionic acid (yield: 46%, LC: Column: YMC Pack ODS-A

wavelength=220 and 254 nm. 3.0x50 mm, % B=0-100%, Gradient time—4min, Flow
Method O: YMC—PACK ,ODS'A 3.0x50 mm; Solvent s5 Rate=2 ml/min, wavelength=220, Solvent A=90:10 water:

A=90% water, 10% MeOH with 0.1% TFA; Solvent B=90% T —an. v cas 1Y 10,

MeOH., 10% water with 0.1% TEA: B% from 0to 100%over o1 W/0.1% TFA, Solvent B=90:10 MeOH:water w/0.1%

: ] : 1

4 min.; flow, rate=2 ml/min.; observation wavelength-220 TEA, RT=2.785 aun, MS: M+1=429). NMR: "H-NMR (400

and 254 nm. MIIz, CD;OD):  1.65 (d, 3I1). 3.22-3.42 (m, 2I1). 4.3 (m,
Method P: ShimPack VP ODS 4.6x50 mm: Solvent so 1H), 5.45(n, 1H), 7.4(m, 1H).7.6(m 4H), 7.3(m, 4H). 8.2(m,

A=90% H,0, 10% MeOH, 1% TFA; Solvent B=10% H,0,  2H).

920% MeOH, 1% TFA; B % from 0 to 100% over 2 min.; flow 6.5, Alternative Synthesis of (8)-2-Amino-3-(4-(4-amino-

rate=3.5 ml/min.; observation wavelength=220 and 254 nm. 6-((R)-1-(naphthalen-2-yl)ethylamino)-1,3,5-triazin-2-y1)
Method Q: Shim VP ODS 4.6x50 mm; Solvent A~-H,O phenyl)propanoic acid

with 0.1% TFA; Solvent B=-MeOH with 0.1% TFA; B% from 65 (R)-1-(1«(Napthalen-2-yljethyljcyanoguanidine was pre-

0 to 100% over 4 min.; flow rate=3 ml/min.; observation
wavelength=254 nm.

pared by forming a mixture of naphthalene amine (1 equiva-
lent). sodium dieyanide (0.95 eq.) and followed by SN HCI (1
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eq.) in n-BuOH: H,O (1:1). The mixture was refluxed for 1
day in a sealed tube at 160° C., and progress of reaction was
monitored by LCMS. After completion of reaction, solvent
(n-BuOH)) was removed under reduced pressure and 1N HCI

was added 1o adjust pH to 3-5 range. The agqueous solution 3
was extracted with EtOAc (2x100) and combined organic o
phase was dried over Na,SO,,. Solvent was removed in vacuo
to give crude product. The compound was purified by [SCO OH
column chromatography using as the solvent system EtOAc: ‘I\! N NH,
hexane (7:3 and 1:1), to obtain white solid 48-71% yield for '* \(
1gt022.5 gram scale. NMR: 'H-NMR (400 MHz, CD,0D): N N
8 1.5(d, 3H). 5.1(m, 1H), 7.5 (m, 4H), 7.8(s, 1H), 7.9 (m, 2H): Y
LCMS: RT 1.69, M+1: 239, Yield: 71%. N
The title compound was prepared from (R)-1-(1-(naptha- | ¢ i ]
len-2-yl)ethyl)eyanoguanidine according to the methaod
shown in Scheme 6. (6]
6.6. Synthesis of (S)-2-Amino-3-(4-(4-amino-6-{(4'-meth-
ylbiphe”')'1‘4?'1]”“’“’)'13'm"")‘ 1.3.5-riazin-2-yl)phenyl) A mixture of 2,4-dichloro-6-morpholin-4-yl-[1.3,5]triaz-
propanoic acid 20 jpe (121 meg, 0.516 mmol), C-naphthalen-2-yl-methylamine
hydrochloride (100 mg, 0.516 mmol), cesium carbonate (336
mg. 1.03 mmol) was dissolved in 1,4-Dioxane (1.5 ml) and
Q H,O (1.5 ml) in a 5 ml microwave vial. The mixture was
_ stirred in microwave reactor at 180° C. for 600 seconds.
. OH 25 Solvent was removed, and the residue was dissolved in
AN NH; CH,Cl, (10 m1) and washed with H,O (2x10ml), dried over
\\H/ s Na,S04 and then in vacuo. The residue was purilied by
’ \r’ preparative HPLC to give 20 mg intermediate (yield 11%,
NH. 30 M+1=356). The intermediate was then dissolved in 0.5 ml of
) MeCN and (.5 ml of H,O in a 2 ml microwave vial. To this
solution were added T.-p-horono-phenylalanine (11.7 mg,
0.0562 mmol), sodium carbonate (11.9 mg, 0.112 mmol) and
a catalytic amount of dichlorobis(triphenylphosphine)-palla-
A mixture of 2-amino-4,6-dichloro-[1,3,5]triazine (100 35 dium{ll) (2.0 mg, 5%). The mixture was sealed and stirred in
mg, 0.606 mmol), 4-methyl-biphenyl-4-yl-methylamine the |F1icrt'fwuvu reactor Z'.T 150° (“T: for 5 minutes followed by
(142 mg, 0.606 mmol), and cesium carbonate (394 mg, 1.21 lh_c Illlmlu_m through celite. The filtrate was concentrated at_nd
mmol) was dissolved in 1.4-dioxane (1.5 ml) and H,O (1.5 ;]]I;,T(lrcd in MeOL1 ;fmd H0(1:1) and purified byprcpamjl e
: Cusing MeOH/H,O/TFA solvent system. The combined
ml) in a 5 ml microwave vial. The mixwre was stirred in 40 pure fractions were evaporated in vacuo and further dried on
microwave reactor at 100° C, for 15 minutes. Solvent was lyophilizer to give 17 mg of 2-amino-3-(4-{4-morpholin-4-
removed and the residue was dissolved in CH,C1, (20 ml)and vl-6-[(naphthalene-2-ylmethyl)-amino]-[1,3,5]triazin-2-yl} -
washed with [1,0 (2x20 ml). dried over Na,SO, and then Phtﬂl)’])-l‘mp_il’“ic acid (yield: 63%, LC: Method B.
removed in vacuo. The crude intermediate was then dissolved RT=3.108 min, ‘MS:' M+ 1—436}', i
in 1.5 ml of McCN and 1.5 ml of H,O in a 5 ml microwave *° .ﬁ's‘ Synlhesuf of (2SJ_Z_AmI110_3_[4_(2_211“11-](.]_6._(,2’2’2_
L . 2 . tritluoro-1-(2-(trifluoromethyl)phenyl)ethoxy )pyrimidin-4-
vial. ‘To this solution were added I.-p-borono-phenylalanine yl)phenyl)propanoic acid
(126 mg, 0.606 mmol), sodium carbonate (128 mg, 1.21
mmol) and catalytic amount of dichlorobis(triphenylphos-
phine)-palladium(Il) (21.1 mg, 0.03 mmol). The mixture was 50 E .
sealed and stirred in the microwave reactor at 150° C. for §
minutes [ollowed by the filtration through celite. The filtrate F OH
was concentrated and dissolved in MeOH and H,O (1:1) and 0. NI
purified by preparative [IPLC using MeOIIIL,O/TTA sol- 55 : | =
vent system. The combined pure fractions were evaporated in A
vacuo and further dried on a lyophilizer to give 21.6 mg of I I
2-amino-3-(4-{4-amino-6-[(4'-methyl-biphenyl-4-yIm- NILL

ethyl)-amino]-[1,3,5]triazin-2-yl}-phenyl)-propionic  acid
(LC: Column: YMC Pack ODS-A 3.0x50 mm. % B=0-100%,
Gradient time=4 min, Flow Rate=2 ml/min, wavelength=220,
Solvent A=90:10 water:MeOH w/0.1% TFA, Solvent B=9(:
10 MeOH:water w/0.1% TFA, RT=3.096 min, MS:
M+1=455). '"H NMR(400 MHz, CD,0D) & 2.33 (s, 3H),
3.24-3.44 (m, 2H), 438 (m, 1H), 7.02 (d, 2H), 7.42 (m, 2H),
7.50-7.60 (m, 6H), 8.22 (m, 2H).

a0

65

32
6.7. Synthesis of (S)-2-Amino-3-(4-(4-morpholino-6-
(naphthalen-2-ylmethylamino)-1,3,5-triazin-2-yl)phenyl)
propanoic acid

Tetrabutylammonium fluoride (0.1 ml: 1.0 M solution in
tetrahydrofuran) was added 1o a solution of 2-trifluorom-
ethyl-benzaldehyde (1.74 g, 10 mmol) and trifluoromethylt-
rimethylsilane (TMSCF,) (1.8 ml, 12 mmol) in 10 ml THF at
0° C. The formed mixture was warmed up to room tempera-
ture and stirred for 4 hours. The reaction mixture was then
treated with 12 ml of 1IN HCI and stirred overnight. The

UNITED THERAPEUTICS, EX. 2081
WATSON LABORATORIES v. UNITED THERAPEUTICS, IPR2017-01622
Page 18 of 41



US 8,410,121 B2

33
product was extracted with ethyl acetate (3x20 ml). The
organic layer was separated and dried over sodium sulfate.
The organic solvent was evaporated to give 2.2 g of 1-(2-
trifluoromethylphenyl)-2,2.2-trifluoro-ethanol, yield 90%.

34
removed by rotovap to give 209 mg of 4-chloro-6-[1-(4-
methylphenyl)-2.2 2-trifluoro-ethoxy |-pyrimidin-2-
vlamine, vield 66%.
A microwave vial was charged with 4-chloro-2-amino-6-

NaH (80 mg, 60%, 3.0 mmol) was added to a solution of 5 [1-(4-methylphenyl)-2,2.2-trilluoro-ethoxy |-pyrimidine (33
1-(2-triflvoromethylphenyl)-2,2.2-trifluoro-cthanol (244 mg, mg, 0.1 mmol), 4-borono-L-phenylalanine (31 mg, 0.15
1 mmol) in 10 ml of anhydrous THF. The mixture was stirred mmol) and 1 ml of acetonitrile, 0.7 ml of water. Aqueous
for 20 minutes, 2-amino-4,6-dichloro-pyrimidine (164 mg, 1 sodium carbonate (0.3 ml, 1N) was added to above solution
mmol) was added and then the reaction mixture was heated at followed by 5 mol percent of dichlorobis(triphenylphos-
70° C. for 1 hour. After cooling, 5 ml water was added and 1 phine}-palladium(II). The reaction vessel was sealed and
ethyl acetate (20 ml) was used to extract the product. The heated to 150° C, for 5 minutes with microwave. After cool-
organic layer was dried over sodium sulfate. The solvent was ing, the reaction mixture was evaporated to dryness. The
removed by rotovap to give 267 mg of 4-chloro-6-[2.2,2- residue was dissolved in 2.5 ml of methanol, was then purified
triffuoro-1-(2-trifluoromethylphenyl)-ethoxy]-pyrimidin-2- . by Prep-LC to give 14.6 mg of 2-amino-3-(4-{2-amino-6-[2,
ylamine, yield 71%. 2.2-trifluoro-1-(4-methylphenyl)-ethoxy|-pyrimidin-4-y1} -

In a microwave vial, 4-chloro-2-amino-6-[ 1-(2-trifluorom- phenyl)-propionic acid. ‘I NMR (300 Mz, CD,0D) & 7.94
ethylphenyl)-2, 2, 2-trifluoro-ethoxy]-pyrimidine (33 mg, 0.1 (d, J=8.20 Hz, 2H), 7.47 (d, J=7.24 Hz, 4 H), 7.27 (d, J=R.01
mmol), 4-borono-l.-phenylalanine(31 mg, 0.15 mmol) and 1 Hz.2H)6.80 (s, 1H), 6.75(m, 1H),4.30(t, 1 H), 3.21-3.44 (m,
ml of acetonitrile. 0.7 ml of water. 0.3 ml of IN aqueous 20 2 H), 2.37 (s, 3H).
sodium carbonate was added to above solution followed by 5 6.10. Synthesis of (28)-2-Amino-3-(4-(2-amino-6-(1-cy-
male percent ol dichlorobis(triphenylphosphine)-palladium clnhgxyl—_2,_2,2—1rilluumcthuxy)p)'rimidin—4—yl)p|1l.’ny|)pm—
(11). The reaction vessel was sealed and heated at 150° C. for panoic acid
5 minutes with microwave irradiation. After cooling, the reac-
tion mixture was evaporated to dryness. The residue was 25
dissolved in 2.5 ml of methanol, and then was purified by
Prep-LC to give 5.6 mg of 2-amino-3-(4-{2-amino-6-[2,2,2-
trifluoro-1-(2-triifluoromethylphenyl)-ethoxy]-pyrimidin-4-
y1}-phenyl)-propionic acid. *H NMR (400 MHz, CD,0D) &

7.96 (m, 3H), 7.80 (d, J=8.06 Hz, 1H), 7.74 (1,J=7.91 Hz 1H), **
7.63(1, J=8.06 Hz, 1H),7.41 (d,J=8.3 Hz, 2 H), 7.21 (m, 1H),
6.69 (s, 1H), 3.87 (m, 1H), 3.34 (m, 1H), 3.08 (m, 1H).

6.9. Synthesis of (25)-2-Amino-3-(4-(2-amino-6-(2,2,2-
trifluoro-1-p-tolylethoxy )pyrimidin-4-yl)phenyl)propanoic 15
acid '

Cyclohexanecarbaldehyde (0.9 g, 5 mmol) was dissolved

o in 10 ml aqueous 1.4-dioxane, to which 200 mg (10 mmol)

sodium borohydride was added. The reaction was run over-

40 night at room temperature. After completion of the reaction, 5

oI ml 10% HCI solution was added and the product was

0 NI extracted with ethyl acetate. The organic layer was separated
| = and dried over sodium sulfate. The organic solvent was

CF: N N evaporated to give 0.8 g of 1 -cyclohexyl-2,2,2-trifluoro-etha-
\[/ 45 nol, yvield 88%. NaH (80 mg, 60%, 3.0 mmol) was added to

) the solution of 1-cyclohexyl-2,2. 2-trifluoro-ethanol (182 mg,

NH; 1 mmol) in 10 ml of anhydrous THF, the mixture was stirred

for 20 minutes, 2-amino-4,6-dichloro-pyrimidine (164 mg, 1

Tetrabutylammonium fluoride (0.1 ml; 1.0 M solution in mmol) was added and then lh‘.: reaction mixture was heated at
tetrahydrofuran) was added to a solution of 4-methyl-benzal- 50 70° C. for 1 hour. After cooling. 5 ml water was added and
dehyde (1.2 g, 10 mmol) and TMSCF; (1.8 ml, 12 mmol) in ethyl acetate (20 m!) was ust‘d_to extract tl_u: product. The
10 ml THF at 0° C. The formed mixture was warmed up 10 organic layer was dried over sodium Su!fmc' The solvent was
room temperature and stirred for 4 hours. The reaction mix- removed by rotovap to give 202 mg “_I 4—ch|0m_—6—[1 —cyr_:ln—
ture was then treated with 12 ml of 1IN HCI and stirred 5 I;g);i'l-2.2_.2-tr1ﬂuoro-cthoxy]-pyrunldln-E-ylammc, yield

overnight. The product was extracted with ethyl acetate (3x20
ml). The organic layer was separated and dried over sodium
sulfate. The organic solvent was evaporated to give 1.6 g of
1-(4-methylphenyl)-2.2 2-trifluoro-ethanol, yield 86%.

NaH (80 mg. 60%., 3.0 mmol) was added to a solution of

I-(4-methylphenyl)-2,2,2-triflucro-ethanol (190 mg, 1
mmol) in 10 m] of anhydrous THF. The mixture was stirred
for 20 minutes, 2-amino-4,6-dichloro-pyrimidine (164 mg, 1
mmol) was added and then the reaction mixture was heated at
70° C. for 1 hour. Afier cooling, 5 ml water was added and
ethyl acetate (20ml) was used to extract the product. The
organic layer was dried over sodium sulfate. The solvent was

In a microwave vial, 4-chloro-2-amino-6-[ 1-cyclohexane-
2.2, 2-trifluoro-ethoxy]-pyrimidine (33 mg, 0.1 mmol), 4-bo-
rono-L-phenylalanine (31 mg, 0.15 mmol)and 1 ml of aceto-
nitrile, 0.7 ml of water, 0.3 ml of aqueous sodium carbonate
(1M) was added to above solution followed by 5 mol percent
of dichlorobis(triphenylphosphine)-palladium(l1). The reac-
tion vessel was sealed and heated to 150° C. for 5 minules
with & microwave. Alter cooling, the reaction mixiure was
evaporated to dryness, the residue was dissolved in 2.5 ml of

5 methanol, and the product was purified by Prep-LC to give 4.9

mg 2-amino-3-{4-[2-amino-6-(1-cyclohexyl-2,2,2-trifluoro-
ethoxy]-pyrimidin-4-yl }-phenyl)-propionic acid. 'H NMR
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(300 MHz, CD,CI) 8 7.95 (d, J=8.39 Hz, 2 H), 7.49 (d, J=8.39
Hz, 2 H), 6.72 (s, 1H). 5.90(m, 1 H), 433 (1, 1 H). 3.21-3.44
(m, 2 H), 1.73-2.00 (m, 6H}, 1.23-1.39 (m, SH).
6.11. Synthesis of (S)-2-Amino-3-(4-(6-(2-fluorophe-

36

dried over sodium sulfate. The organic solvent was evapo-
rated to give 328 mg of 2-chloro-4-[3-(4-chlorophenyl)-pip-
eridin-1-v1]-[1.3,5] triazine.

A microwave vial was charged with 2-chloro-4-[3-(4-chlo-

noxy )pyrimidin-4-yljphenyl)propanoic acid 3 rophenyl)-piperidin-1-yl]-[1.3.5]triazine (62 mg, 0.2 mmol),
4-horona-1-phenylalanine(60 mg, 0.3 mmol), 1 ml of aceto-
nitrile, and 0.7 ml of water. Aqueous sodium carbonate (0.6
o] ml; 1M) was added to the solution, followed by 5 mol percent
10 dichlorobis(triphenylphosphine)-palladium(ll). The reaction
F O vessel was sealed and heated 1o 150° C. for 5 minuies with
microwave. After cooling, the reaction mixture was evapo-
o N NH; rated to dryness. The residue was dissolved in 2.5 ml of
| methanol, was then purified by Prep-1.C 0 give 5.1 mg of
_\J\% N 15 2-amino-3-(4-{4-[3-(4-chlorophenyl)-piperidin-1-y1]-[1.3,
5]triazin-2-y1}-phenyl)-propionic acid. 'II NMR (400 Mllz,
CD;CI) d 8.58 (d, 2H), 8.05 (d. 2H), 7.47 (mn, 5 H), 4.96 (i,
1H), 4.23(m, 2H), 3.21-3.44 (m, 4 H), 2.37 (m, 5H).
NaH (80 mg. 60%, 3.0 mmol) was added to a suhnifu.n of 6.13. Synthesis of (28)-2-Amino-3-(4-(4-amino-6-(2,2.2-
2-fluorophenol {112 mg, 1 mmol) in 10 ml of anhydrous THF, 2¢ trifluoro-1-phenylethoxy)-1.3,5-triazin-2-yl)phenylpro-
the mixture was stirred for 20 minutes, 4,6-dichloro-pyrimi- panoic acid
dine (149 mg, 1 mmol) was added and then the reaction
mixture was heated at 70° C. for 1 hour. After cooling, 5 ml
water was added and ethyl acetate (20 ml) was used to extract .

the product. The organic layer was dried over sodium sulfate.
The solvent was remaoved by rotovap to give 146 mg of
4-chloro-6-(2-fluorophenoxy)-pyrimidine, yield 65%.

A microwave vial (2 ml) was charged with 4-chloro-6-[2-

fluorophenoxy]-pyrimidine, (33 mg, 0.1 mmol}, 4-borono-L- 30
phenylalanine(31 mg, 0.15 mmol) and 1 ml of actonitrile, 0.7 0. N
ml of water, 0.3 ml of aqueous sodium carbonate (1M} was \"/ =
added to above solution followed by 5 mol % of dichlorobis N N
(triphenylphosphine)-palladium(IT). The reaction vessel was #
sealed and heated to 150° C. for 5 minutes by microwave. 33
After cooling, the reaction mixture was evaporated to dry- NH:
ness, the residue was dissolved in 2.5 ml of methanol, and the
product was purified with Prep-LC to give 4.9 mg 2-amino-
3-{4-|2-amino-6-(1-2-fluorophenyl-2,2,2-trifluoro-ethoxy| - ) _
pyrimidin-4-y1}-phenyl)-propionic acid. 'H NMR (400 40 NaH (80 mg, 60%, 3.0 mmol) was added to a solution of
MHz, CDD;01) d 8.74 (s. 1H), 8.17 (d, J=8.06 Hz, 2H), 7.63 2.2,2-trifluoro-1-phenyl-ethanol (176 mg, 1 mmol) in 10 ml
(s, 1H), 7.50(d, J=8.06 Hz, 2H), 7.30 (m, 5H), 4.33 (m, 1 H),  of anhydrous 1.4-dioxane. The mixture was stirred for 20
3.34 (m,‘l H). P . minutes, then added to a solution of 2-amino-4,6-dichloro-
]6 ) ].2' ‘“’?;?ﬂ‘e‘“““]_“f (isﬁ) -2?Ar_n1|1n-?;-(?-(4-}53-(4{:]1]0‘1'0[1]133- triazine (164 mg, 1 mmol) in 30 ml of 1,4-dioxane at 0° C. for
nylpiperidin-1-yl)-1,3,5-triazin-2-ylphenylpropanoic acid 45 1 hour. The reaction mixture was then warmed to room tem-
perature. After completion of the reaction, 5 ml of water was
cl added and ethyl acetate (20 ml) was used to extract the prod-
uct. The organic layer was dried over sodium sulfate. The
50 solvent was removed by rotovap to give 198 mg of 4-chloro-
6-]2.2,2-trifluoro-1-phenyl-ethoxy]-|1.3,5 |tnazine-2-
o ylamine, yield 65%.
A microwave vial was charged with 4-chloro-6-[2.2,2-1ri-
OH 55 fluoro-1-phenyl-ethoxy]-[1.3,5]triazine-2-ylamine (33 mg,
0.1 mmol), 4-borono-L-phenylalanine(31 mg, 0.15 mmol), 1
N N\ NH; ml of actonitrile, and 0.7 ml of water. Aqueous sodium car-
\f bonate (0.3 ml, 1M) was added to above solution followed by
_\'\#N 5 mol percent dichlorobis(triphenylphosphine)-palladium
a0 (11). The reaction vessel was sealed and heated to 150° . for
5 minutes by microwave, After cooling, the reaction mixture
3-(4-Chlorophenyl)piperidine (232 mg, 1 mmol) was was evaporated to dryness. The residue was dissolved in 2.5
added o a solution of 2.4-dichlorotriazine (149.97 mg, 1 ml of methanol, was then purified with Prep-L.C to give 3.2
mmol), and 300 mg diisopropylethyl amine in 10 ml THF at mg 2-amino-3-{4-[4-amino-6-( 1 -pheny]-2,2,2-trifluoro-
0° C. The formed mixture was warmed up to room tempera- &5 ethoxy]-[1,3,5]triazin-2yl]-phenyl)-propionic acid. "H NMR

ture and stirred for 1 hour. The product was extracted with
ethyl acetate (3x20 ml). The organic layer was separated and

(300 MHz, CD,0D) § 8.22 (d, ]-8.20 Hz, 2H). 7.52 (m, 2 H),
7.33 (m, SH) 6.62 (m, 1H), 4.19 (t, 1 H), 3.1-3.33 (m, 2 H).
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6.14. Synthesis of (S8)-2-Amino-3-(5-(4-amino-6-({R)-1-
(naphthalen-2-yljethylamino)-1.3,5-triazin-2-yljpyridin-2-
yljpropanoic acid

NI,

A microwave vial was charged with 6-chloro-N-|1-naph-
thalen-2yl-ethyl]-[1,3.5]triazine-2.4-diamine (30 mg, 0.1
mmol), 2-boc protected-amino-3-{5-[4,4.5,5.-tetramethyl-
[1,3.2]dioxaborolan-2-y1)-pyridin2-yl-]-propionic acid (50

mg, (.15 mmol) 1 ml of acetonitrile, and 0.7 ml of water. :

Aqueous sodium carbonate (0.3 ml; IN) was added to the
solution, followed by 5 mol percent dichlorobis(triph-
enylphosphine)-palladium(Il). The reaction vessel was
scaled and heated to 150° C. for 5 minutes by microwave.
After cooling, the reaction mixture was evaporated to dry-
ness. The residue was dissolved in 2.5 ml of methanol, and
was then purified by Prep-LC to give 7 mg of boc protected
2-amino-3-{ 5-[4-amino-6-(1-naphthalen-2-yl-ethylamino)-

[1,3,5]triazin-2-y1]-pyridin-2-y1} proionic acid.

The above product (7.0 mg) was dissolved in 0.1 mlof 10%
TEA/DCM solution for 2 hours to provide 1.1 mg of 2-amino-
3-{3-[4-amino-6-(1-naphthalen-2-yl-ethylamino)-[ 1,3,5]tri-
azin-2-yl]-pyridin-2-yl}proionic acid. 'H NMR (300 MHz,
CD,C1) 8 9.35(d, 1 H), 8.57 (m, 1 H), 7.85 (m, 4H), 7.45 (m,
4 H), 6.94 (s, 1H), 5.58(m, 1H), 4.72 (m, 2H), 4.44 (m, 1 H),
1.42 (d, 3H).

6.15. Synthesis of (8)-2-Amino-3-(3-(4-amino-6-({R)-1-
(naphthalen-2-yljethylamino)-1.3,5-triazin-2-y1)-1H-pyra-
7ol-1-yl)propanoic acid

0

OH

6-Chloro-N-[ 1-naphthalen-2vl-ethyl]-[1.3.5]triazine-2.4-
diamine (30 mg, 0.1 mmol), 2-hoc-protected amino-3-{3-[4,
4,5,5, ~tetramethyl-[ 1,3,2]dioxaborolan-2-y1)-pyvrazol-1-yl]-
prapionic acid (50 mg, 0.15 mmol). 1 ml of acetonitrile, and
0.7 ml of water. Aqueous sodium carbonate (0.3 ml and 1N)

was added to a microwave vial, followed by 5 mol percent of

20

40

a0

65

38
dichlorobis(triphenylphosphine)-palladium(1l). The reaction
vessel was sealed and heated to 150° C. for 5 minutes with
microwave. After cooling, the reaction mixture was evapo-
rated to dryness, the residue was dissolved in 2.5 ml of metha-
nol, and then was purified with Prep-1.C to give 6.8 mg ol'hoc
protected 2-amino-3-{3-[4-amino-6-( 1-naphthalen-2-yl-
ethylamino)[1,3,5]triazin-2-yl]-pyrazol-1-yl} proionic acid.

The above product (6.8 mg) was stirred in 0.1 ml 10%
TFA/DCM solution for 2 hours to provide 3 mg of 2-amino-
3-{3-[4-amino-6-( 1-naphthalen-2-yl-ethylamino)-[ 1,3,5]tri-
azin-2-vl]-pyrazol-1-yl}proionic acid. '"H NMR (300 MHz,
CD;Cl1) 8 8.52 (s, 1 H), 8.21 (s, 1 H), 7.74 (m, 4 H), 7.36 (m,
3H), 5.35(m, 1H), 4.72 (m, 2H), 4.44 (m, 1 H), 1.35 (d, 3H).

6.16. Synthesis of (8)-2-Amino-3-(4'-(3-(cyclopenty-
loxy)-4-methoxybenzylamino )biphenyl-4-yl)propanoic acid

Sodium triacetoxyl-borohvdride (470 mg, 2.21 mmol) was
added to a solution of 4-bromo-phenylamine (252 mg, 1.47
mmol) and 3-cyclopentyloxy-4-methoxy-benzaldehyde (324
mg, 1.47 mmol)in 10 ml of 1,2-dicloroethtane (DCE), 0.5 ml
of HOAc was added. The mixture was stirred overnight at
room temperature, followed by addition of 15 ml of DCE. The
organic phase was washed with water and dried over sodium
sulfate. The solvent was removed by rotovap to give 656 mg
of crude (4-bromo-phenyl)-(3-cyclopentyloxy-4-methoxy-
benzyl)amine. It was used [or next step without further puri-
fication.

An Emrys process vial (2-5 ml) formicrowave was charged
with (4-bromo-phenyl)-(3-cyclopentyloxy-4-methoxy-ben-
zyl)-amine (84 mg, 0.22 mmol), 4-borono-I.-phenylalanine
(46 mg, 0.22 mmol) and 2 ml of acetonitrile. Aqueous sodium
carbonate (2 ml, 1M) was added to above solution, followed
by 5 mol percent ol dichlorobis-(triphenylphosphine)-palla-
dium(II). The reaction vessel was sealed and heated to 150°
C. for 5 minutes by microwave. After cooling, the reaction
mixture was evaporated to dryness. The residue was dis-
solved in 2.5 ml of methanol and purified with Prep-1L.C 1o
give 5 mg of 2-amino-3-|4'-(3-cyclophentyloxy-4-methoxy-
benzylamino)-biphenyl-4yl|-propionic  acid, vyield 5%.
IH-NMR (400 MHz, DMSO-d,): & 1.46 (m, 2H), 1.62 (m,
4H), 3.01(m, 2H). 3.64 (s, 3H), 4.14 (s, 3H), 4.66(m. 1H),
6.61(d, 2H), 6.81(s, 2H), 6.88(s, 1H), 7.18(d, 2H). 7.31(d,
2H), 7.44(d, 2H). 7.60(m, 1H), 8.19(s. 3H).

UNITED THERAPEUTICS, EX. 2081
WATSON LABORATORIES v. UNITED THERAPEUTICS, IPR2017-01622
Page 21 of 41



US 8,410,121 B2

39
6.17. Synthesis of (5)-2-Amino-3-(4-(6-(3-(cyclopenty-
loxy)-4-methoxybenzylaminopyrimidin-4-yl)phenyl)pro-
panoic acid

3 with column (silica gel, hexane:EtOAc 6:1) to give 50 mg of
(6-chloro-pyrazin-2-y1)-(3-cyclopentyloxy-4-methoxy-ben-
zyl)-amine, vield 10%.
An Emrys process vial (2-5 ml) formicrowave was charged
10 With (6-chloro-pyrazin-2-yl)-(3-cyclopentyloxy-4-methoxy-
benzyl)-amine (50 mg, (.15 mmol), 4-borono-L.-phenylala-
nine (31 mg, 0.15 mmol) and 2 ml of acetonitrile. Aqueous
~ sodium carbonate (2 ml, 1M) was added to the solution fol-
Y lowed by 5 mol percent ol dichlorobis(triphenylphosphine)-
o on 15 palladium(IT). The reaction vessel was sealed and heated 1o
150° C. for 5 minutes by microwave. After cooling, the reac-
\O tion mixture was evaporated to dryness. The residue was
dissolved in 2.5 ml of methanol. and the product was purified
Lo . . with Prep-LC to give 5.5 mg of 2-amino-3-{4-[6-(3-cyclo-
Sodium hracelfaxy]-h‘nmhydnde (9‘85 mg. 4.65 ml.nul)was 20 pentyloxy-4-methoxy-benzylamino)-pyrazin-2-yl]-phenyl } -
added to a solution of 6-chloro-pyrimidin-4-ylamine (200 propionic acid, yield 6%. *H-NMR (400 MHz, DMSO-d,): &
mg, 1.55 mmol) and .’a—cyc?lopenlylo?cy—é‘i—\mt:thmq_’—beumlde— 1.46 (m, 21T}, 1.62 (m, 411). 3.01 (m, 211), 3.08(m, 211, 3.65(s,
hyde (682lrlg,_'i.llmmul)m ZSImIUI I)(.I-',..I mlof H()!}cwus 3H), 4.0(m, 1H), 4.45(d, 2H), 4.65(m, 1H), 6.90(s, 2H), 6.95
added, and the mixture was ST:ll'de overnight at 50° C., fol- (s. TH), 7.32(d, 2H), 7.60(t, 1H). 7.90(s, 1H), 7.95(d, 2H),
lowed by addition of 25 m] of DCE. The organic phase was 25 8.25(s, 1H).
washed with water, and the product was purified with column . o . | i
(silica gel, hexane:EtOAc 5:1) to give 64 mg of (6-chloro- 6.19. Synthesis ('fl (S)—Z—Alrnum—.'%—(él—(i-((4 —nlu[|1¥|h1p.hc—
pyrimidin-4-yl)-(3-cyclopentyloxy-4-methoxy-benzyl)- nyl-2-yl)methylamino)pyrazin-2-yl)phenyl)propanoic acid
amine, yield 12%.
An Emrys process vial (2-5 ml) for microwave was charged 30
with  (6-chloro-pyrimidin-4-yl)-(3-cyclopentyloxy-4-meth-
oxy-henzyl)-amine (64 mg, 0.19 mmol), 4-borono-1L-pheny- H
lalanine (40 mg, 0.19 mmol) and 2 ml of acetonitrile. Aque- N N.\
ous sodium carbonate (2 ml, 1 M) was added to above solution \{
followed by 5 mol percent of dichlorobis-(triphenylphos- 35 P 0 OH
phine)-palladium(IT). The reaction vessel was sealed and N
heated to 150° C. for 5 minutes with microwave. Afier cool- O
ing, the reaction mixture was evaporated to dryness. The NHL
residue was dissolved in 2.5 ml of methanol and purified with -
Prep-LC to give 5.3 mg of 2-amino-3-{4-[6-(3-cyclopenty- 40
loxy-4-methoxy-benzylamino}-pyrimidin-4-yl]-phenyl} -
propionic acid, yield 6%. '[I-NMR (400 M1z, DMSO-dg): 5 Sodium tiracetoxyl borohydride (215 mg. 1.02 mmol) was
146 (m, 2H), 162 (m, 4 I():f 3,‘,01(“1‘ 2H), 3.08(m, 2H), 3.65(s, added to the solution of 4'-methyl-biphenyl-2-carbaldehyde
élé%[gi?[(?l? i:llﬂjc,l ;S?(?96}&;),2?].;58&];5,(??[[)6526?5 T:B a5 and 5-bromo-pyrazin-2-ylamine in 5 ml of DCE, 0.1 ml of
’ 6.]5;. Syilrl;csis '0 £ (..S)-IZ- 1\1;11110-‘3-.( 4 (6‘_(3_((’:},;101;01“),_' HOAc was added and the m.ixmrcl was stirred overnight at
loxy)-4-methoxybenzylamino)pyrazin-2-yl)phenyl)pro- room temperature, followed by addition of 5 ml of DCE. The
panoic acid orgamc_p_hasc was washed \V{Th water, and p}mﬁcd with col-_
umn (silica gel, hexane:EtOAc 6:1) to give 100 mg of
50 (5-bromo-pyrazin-2-y1)-(4'-methyl-biphenyl-2-ylmethyl )-
amine, yield 55%.

An Emrys process vial (2-5 ml) for microwave was charged
with  (5-bromo-pyrazin-2-yl}-(4'-methyl-biphenyl-2-ylm-
ethyl)-amine (25 mg, 0.071 mmol), 4-borono-L-phenylala-

55 nine (22 mg, 0.11 mmel) and 1 ml of acetonitrile. Aqueous
sodium carbonate (1 ml, 1M) was added to the solution fol-
lowed by 5 mol percent dichlorobis(triphenylphosphine)-pal-

~ ladium(11}. The reaction vessel was sealed and heated to 150°
o C. for 5 minutes by microwave. After cooling, the reaction

60 mixture was evaporated to dryvness. The residue was dis-
solved in 2.5 ml of methanaol, and the product was purified
with Prep-LC to give 19 mg of 2-amino-3-{4-|6-(3-cyclopen-
tyloxy-4-methoxy-benzylamino)-pyrazin-2-yl|-phenyl } -
propionic acid, yield 63%. 'H-NMR (400 MHz, CD,0D):

Sodium triacetoxyl-borohydride (1315 mg, 6.2 mmol)was 65 2.22(s, 3H), 3.09(m. 1H), 3.25(m, 1H), 4.18(1, 1H), 4.40(s,

added to a solution of 6-chloro-pyrazin-2-yl-amine (400 mg,
3.10 mmol) and 3-cyclopentyloxy-4-methoxy-benzaldehyde

40
(818 mg, 3.7mmol) in 50 ml of DCE. 1 ml of HOAc was
added and the mixture was stirred overnight at 50° C., fol-
lowed by addition of another 50 ml of DCE. The organic
phase was washed with water, and the product was purified

2H), 7.07(d, 2H), 7.14(m, 3H), 7.24(m, 4H), 7.36(m,1H),
7.72(d, 2H), 7.84(s, 1H), 8.20(d, 1E).
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6.20. Synthesis of (258)-2-Amino-3-(4-(6-(2.2.2-trifluoro-
1-phenylethoxy)-pyrimidin-4-y)phenyl)propanoic acid

42

mmol}) in 5 ml of THE, the mixture was stirred for 20 minutes
at room temperature. 4,6-Dichloro-pyrimidine (149 mg, 1
mmol) was added and then the reaction mixture was heated at
70° C. for 1 hour. After cooling, THF was evaporated. The
residue was dissolved in 15 ml of EiOAe, and then washed

5
with water, dried over sodium sulfate. The solvent was
removed by rotovap to give 230 mg of 4-chloro-6-[1-(3.4-
difluoro-phenyl}-2,2.2-trifluoro-ethoxy]-pvrimidine,  vield
T0%.

w  An Emrys process vial (2-5 ml) for microwave was charged
with  4-chloro-6-[ 1-(3.4-difluoro-phenyl}-2,2,2-trifluoro-
ethoxy]-pyrimidine (33 mg, 0.1 mmol), 4-borono-L-pheny-
lalanine (31 mg, 0.15 mmol), 1 ml of acetonitrile and 0.7 ml
of water. Aqueous sodium carbonate (0.3 ml, 1M) was added

N;JH.(GG%, 120 mg, 3.0 mmol) was added to a mlu!inn ol 15 g:_l}lr;i’::s;}lh;g;i;;i;;lgl\::;i(;};ST];:} X“rc(;:::li:;llltrgrszf m‘!‘::s
2.2 2-trifluoro-1-phenyl-ethanol (350 mg, 2.03 mmol) in 5 ml sealed and heated to 150° C. for 5 minutes by microwave.
of THF. The mixture was stirred for 20 minutes at room After cooling, the reaction mixture was evaporated to dry-
temperature. 4,6-Dichloro-pyrimidine (300 mg, 2.03 mmol) ness. The residue was dissolved in 2.5 ml of methanol, then
was added and then the reaction mixture was heated at 70° C. purified with Prep-1.C to give 10 mg ol 2-amino-3-(4-{6-[1-
for 1 hour. After cooling, the THF was evaporated to provide 20 (3.4—diﬂuum—phenyl)—2_.2.E—lrii]uum—elhuxy|—pyridin—4—yl}—
a residue, which was dissolved in 15 ml of EtOAc, and then phenyl)-propionic acid, yield 21%. 'H-NMR (400 MIlz,
washed with water, and dried over sodium sulfate. The sol- ~ CD;0D): 8 3.11(m, 111), 3.27(m. 11T}, 4.19(dd. 111), 6.78(q.
vent was removed by rotovap to give 550 mg of 4-chloro-6- 1H), 7.26(m, 2H), 7.35(d, 3H),7.49(m, 2H), 8.02(d, 2H),8.66
(2,2,2-trifluoro-1-phenyl-ethoxy)-pyrimidine, vield 95%. (s, TH). . . . .

An Emrys process vial (2-5 ml) for microwave was charged 25 6.22. Synthesis of \b)-_2-)\\_ln.|110-3‘;-(4-(5-(3 -(cyclopenty-
with  4-chloro-6-(2,2,2-trifluoro-1-phenyl-ethoxy )-pyrimi- loxy)-4-methoxybenzylamino)-pyrazin-2-yl)phenylpro-
dine (30 mg. 0.11 mmol), 4-borono-L-phenylalanine (32 mg, panoic acid
0.16 mmol), 1 ml of acetonitrile and 0.6 ml of water. Aqueous
sodium carbonate (0.42 ml, 1M) was added to above solution
followed by 10 mol percent of POPd, (dihydrogen di-p-chlo- 30 |
rodichlorobis(di-tert-butylphosphinito-kP) dipalladate, The 0
reaction vessel was sealed and heated to 120° C. for 30
minutes by microwave. After cooling, the reaction mixture
was evaporated to dryness. The residue was dissolved in 2.5 o
ml of methanol, and the product was purified with Prep-LC 1o 35
give 4.8 mg of 2-amino-3-{4-[6-(2,2,2-trifluoro-1phenyl-
ethoxy)-pyrimidin-4-yl]-phenyl }-propionic acid, yield 11%.

'H-NMR (400 MHz, CD,0D): & 3.20(m, 1H), 3.40(m, 1H),
4.25(1, 1H), 6.82(dd, 1H). 7.43(m, 5H), 7.57(s, 1H), 7.60(m,
2H),8.10(d, 2H).8.75(s, 1H). 40

6.21. Synthesis of (2S)-2-Amino-3-(4-(6-(1-(3A-difluo-
rophenyl)-2.2, 2-trifluorcethoxy)pyrimidin-4-yl)phenyl)pro-
panoic acid HO

45 A mixture of 3-cyclopentyloxy-4-methoxy-benzaldehyde

E (417 mg. 1.895 mmol), 2-amino-5-bromopyrazine (300 mg,
1.724 mmol), sodium triacetoxyborohydride (1.5 eq) and gla-
cial acetic acid (3 eq) in dichloromethane (10 ml) was stirred

F at room temperature overnight. Then the reaction mixture was

50 diluted with ethyl acetate, and washed with water. The
organic layer was dried over MgSO,, and filtered. The filtrate
was concentrated to give the crude product, which was puri-
fied by ISCO (810, flash column chromatography) (Hexane/
ethyl acetate—100/0 1o 3/2) 1o give aboul 400 mg of 6-bromo-

ss p;fraz:in-2-yl)-(3-c}'c10pcntyloxy--1-mcthoxy-bcnzy])-aminc.

Tetrabutylammonium fluoride (TBAF: 0.1 ml, IM) in THF Y “%ld: 61%. . . .

- . . i i o a 5 ml microwave vial, the above 6-bromo-pyrazin-2-

was added to a solution of 3.4-difluro-benzaldehyde (1.42 g, -(3-cvelonentyloxy-d-met et o] Yoo e s
. . . vI)-(3-cyclopentyloxy-4-methoxy-benzyl)-amine (50 mg,
10 mm_ol) and _{j;rlﬂumnulct‘h_y},ltnmlcthylsuanc (170 g, 12 0.132 mmol). 4-borono-L-phenylalanine (30 mg, 0.144
mmol) in 10 ml THE at U C. The mixture was wamllcd up to mmol), Na,CO; (31 mg, 0.288 mmol), acetonitrile (2 ml) and
room temperature and stirred for 4 hours. The reaction mix- 60 yater (2 ml). Dichlorobis (triphenylphosphine)-palladium (5
ture was treated with 12 ml of 1M HCl and stirred overnight. mg, 0.007 mmol) was added. The vial was capped and stirred
"The product was extracted with dicloromethane (3x20 ml), at 150° C. for 5 minutes under microwave radiation. The
the organic layer was combined and passed through a pad of reaction mixture was cooled, filtered through a syringe filter
silica gel. The organic solvent was evaporated to give 1.9 g of and then separated by a reverse phase preparative-ITPLC
1-(3.4-difluoro-phenyl)-2.2.2-trifluoro-ethanol, vield 90%. &5 using YMC-Pack ODS 100x30 mm ID column (MeOI/T1, O/

NaH (80 mg. 60%, 3.0 mmol) was added to a solution of
1-(3.4-Difluoro-phenyl)-2,2. 2-trifluoro-ethanol (212 mg. 1

TFA solvent system). The pure fractions were concentrated in
vacuum. The product was then suspended in 5 ml of water,
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frozen and lyophilized to give the title compound as a trif-
luoro salt (12 mg. 20%). "H NMR (CD,0D) & 8.41 (s, 1H),
7.99 (s, 1H), 7.83 (d, J=9.0 Hz. 21}, 7.37 (d, J=6.0 Hz. 2I),
6.90-6.95 (m, 3H), 4.78 (m, 1H), 4.50 (s, 2H), 4.22-4.26 (m,

44
mmol) and glacial acetic acid (137 mg, 2.29 mmol) in anhy-
drous methonol (3 ml) was stirred at room temperature over-
night. The reaction mixture was then diluted with ethyl
acetate, washed with water, dried over MgSO, and filtered.

1H), 3.79 (5,3H), 3.12-3.39 (m, 2H), 1.80-1.81 (m, 6H), 1.60 5 The filirate was concentrated to give 300 mg ol (5-bromo-
(m, 2H). M+1=463. pyrazin-2-y1)-(1.3-dimethyl-1H-pyrazol-4-ylmethyl)amine
6.23. Synthesis of (S)-2-Amino-3-(4-(5-((3-(cyclopenty- as crude product, which was used for next step reaction with-
loxy)-4-methoxybenzyl)-(methyl )amino )pyrazin-2-yl)phe- out further purification. Crude vield: 93%.
nyl)propanoic acid The (5-bromo-pyrazin-2-y1)-(1,3-dimethyl-1H-pyrazol-4-
1 vimethyl)amine (40 mg. 0.142 mmol) was used in the Suzuki
coupling reaction described above to afford 19 mg of the title
o compound. Yield: 36.5%. '"H NMR (CD,0D) & 8.48 (s, 1H),
8.05 (s. 111), 7.87 (d, 211), 7.39 (d, 211), 6.10 (s. 111}, 4.81 (s,
OH  211), 430 (m, 111), 3.83 (s, 311), 3.11-3.38 (m, 211), 2.10 (s,
N NH T 3H). M+1=367.
6.25. Synthesis of (S)-2-Amino-3-(4-(4-amino-6-((S)-1-
| P (naphthalen-2-yljethylamino)-1,3,5-triazin-2-yloxy jphenyl)
J|\' N propanoic acid
~ 20
0 (8]
[8)
\D o1
” Qﬁj\/E MY e
To a solution of (6-bromo-pyrazin-2-yl)-(3-cyclopenty- i T T
loxy-4-methoxy-benzyl)-amine (70 mg. 0.185 mmol) in \f
acetonitrile (10 ml) was added formaldehyde (18.5 mmol) NH»
and sodium eyanoborohydride (17 mg, 0.278 mmol). Then, " )
concentrated aqueous HC1 was added dropwise until the .
pH=2. The mixture was stirred for about 6 hours at room To a 250 ml flask, R-(+)-1-(2-naphthyl)ethylamine (400
temperature. It was then diluted with ethyl acetate, washed mg, 2.424 mmol), 2-am1no-4'.6-d1chlor0 triazine (373 mg,
with water (3x5 ml), dried over MgSO,. The solvent was __ 2.181 mmol), alnh)'dmus 1. 4-dioxane (40 ml), and N, N-diiso-
removed by vacuum to give 70 mg of crude product > pmp}flcthylam{nc (1 ml, 5.732 mmol) were added and h_catcd
5-{bromo-pyrazin-2-y)-(3-cyclopentyloxy-4-methoxy-ben- to mild re.l'hlx for abuuldf hours. The r.eaclmn was mon{lored
zy1)-methyl-amine (95% crude yield), which was used in the carefully in order to avoid the formation of the disubstituted
next step without further purification. pmducll. (It was observed T.hl'dl the longer l‘lle reaction, the
The = 5-(bromo-pyrazin-2-yl)-(3-cyclopentyloxy-d-meth- more disubstituted product is formed). After 4 hours, the
oxy-benzyl)-methyl-amine (37 mg, 0.094 mmol) was sub- 40 reaction mixture was cooled and the solvent was Ire;noved
jected to a Suzuki coupling reaction as described above 1o under rc(liuccd pressure. Water was a(_idcd ln_t_hc residue, and
afford 6 mg of the title compound. Yield: 13%. 'H NMR the solution was sonicated for 2-3 minutes. The solvent was
(CD,0D) 8 8.59 (s, TH), 8.12 (s, 1H), 7.85 (d, 2H), 7.39 (d, then [iltered, \.»"il.s'hed \_vuh walter and dr_:ed o give 540 mg
2H), 6.81-6.91 (m, 3H), 4.72 (m, 1H), 4.30 (m, 1H),3.79 (s,  (83% crude yield) of the mono-chloride, 6-chloro-N-(1-
3H), 3.20-3.40 (m, 2H), 3.18 (s, 3H), 3.79 (s, 3H), 1.80 (m, 45 naphrllalal‘-Eyl-erhyl)-| l._?s_.S|tr1qzme-_2_.2-dm{mne, \yl}lch
6H), 1.58 (m, 2H). M+ 1-477. was used for the next step reaction without further purifica-
6.24. Synthesis of (S)-2-Amino-3-(4-(3-((1,3-dimethyl-  "O0 .
I vl I A ~ A mixture of 6-chloro-N-(1-naphthalen-2yl-ethyl)-[1.3.5]
;;gfg::ﬁ 4-yhmethylamino)pyrazin-2-yDphenylpro triazine-2,2-diamine (90 mg, 0.300 mmol), 2-tert-butoxycar-
50 bonylamino-3-(4-hydroxy-phenyl)-propionic acid tert-butyl
ester (102 mg. 0.303 mmol) and potassium carbonate (82 mg,
o 0.594 mmol) in isopropanol (8 ml) was refluxed over night.
The solvent was removed under reduced pressure and the
o residue was suspended in ethyl acetate. The solid was filtered
55 and washed with ethy] acetate. The filtrate was concentrated
N NI and then redissolved in a mixture of methanol/water(90:10)
= ) and purified by a preparative-L.C using a Sunfire C18 OBD
| 100x30 mm ID column (MeOH/H,O/TFA solvent system).
/ N x/ The pure fractions were combined and concentrated to give
N | 60 50 mg of pure product, 3-{4-[4-amino-6-(1-naphthalen-2-yl-
\4 ethylamino)-[ 1.3,5]triazin-2yloxy|-phenyl} 2-tert-butoxy-
/’ carbonylamino-propionic acid teri-butyl ester, (28% yield).
The above product (50 mg, 0.083 mmal) was dissolved in
trifiuoro acetic acid/dichloromethane (8 m1/2 ml) and stirred
A mixture of 1,3-dimethyl-1H-pyrazole-4-carbaldehyde 5 at room temperature over night. The solvent was removed

(142 mg, 1.145 mmol), 2-amino-5-bromopyrazine (200 mg,
1.149 mmol), borane trimethylamine complex (126 mg, 1.73

under reduced pressure. The residue was then redissolved in
a mixture of methanol/water(90:10) and purified by a pre-
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parative-LC using a Sunfire C18 OBD 100x30 mm 1D col-
umn (MeOH/H,O/TFA solvent system). The pure fractions
were combined and concentrated under reduced pressure to
afford about 4 ml, which was frozen and lyophilized to give 4

46
In a three-neck flask, copper 1odine (Cul) (299 mg, 1.515
mmol) and lithivm chloride (LiCl) (145 mg, 3.452 mmol)
were added under nitrogen o anhydrous THF (60 ml). The
mixture was stirred at room temperature until a pale yellow

mg of the title compound as a TFA salt (11% vield). 'HNMR 5 solution was obtained. After cooling to 07 C.. methy] vinyl
(CD,0D) 8 7.37-7.81 (m, 8H). 7.19 (m, 2H), 6.98 (m. 1H), ketone and chlorotrimethylsilane were added, and the mix-
537 (m, 1H), 4.19 (m, 1H), 3.17-3.38 (m, 2H), 1.56 (m, 3H). ture was stirred until an orange color was observed (-20 min).
Ma1-445. ) After cooling to about —40° C_, a solution of 3, 5-difluorophe-
6.26. Synthesis of (S)-2-Amino-3-(4-(4-amino-6-((R)-1- nylmagnesium bromide (27.65 ml, 13.8 mmol) in THF
(biphenyl-2-y1)-2,2, 2-trifluoroethoxy)-1,3,5-triazin-2-yl) 10 (0.5M) waos s‘lowly added. The reaction mixture was stirred at
henyl)propancic acid about =40 C. for 0.5 hours, then the cold bath was removed
pheny and the temperature was allowed to rise slowly to room tem-
perature. The solvent was evaporaled and the residue was
extracted with hexane (4x20 ml). The collected extractions
] 15 were washed with cold 10% aqueous NalICO; and dried over
Na,SO.. The solvent was evaporated at reduced pressure to
O afford 3.5-difluorophenyl-1-trimethylsilyloxyalkene (2.03 g,
7.929 mmol, 57% crude yield), which was used in the suc-
0. N NH; cessive reaction without further purification.

H \“/ o~ 20 Powered calcium carbonate (3.806 g, 38.06 mmol) and
N N ethyl vinyl ether (2.184 g, 30.329 mmol) were added to a
1-'/]\1-' 4 solution ol ceric ammonium nitrate (10.430 g, 19.033 mmol)
F in methanol (40 ml) under nitrogen atmosphere. To the resull-
NH; ing suspension was added a solution of above made 3.5-
25 difluorophenyl-1-trimethylsilyloxyalkene (2.03 g, 7.929
A mixture of 1-hiphenyl-2-y1-2,2.2-trifluoro-ethanone mmol) in ethyl vinyl (6 ml, 4.518 g, 62.75 mmol) dropwise
(300 mg, 1.2 mmol), borane tetrahydrofuran complexes (1.2 under vigorous stirring, and the mixture was stirred at room
ml, 1M in THF, 1.2 mmol) and 8-2-methyl-CBS-oxazaboro- temperature overnight. The solid was filtered through a celite
lidine (0.24 ml, 1M in toluene, 0.24 mmol) in THF (8 ml)was ~ layer, and the filtrate was concentrated to one-fourth of its
stirred at room temperature over night. Several drops of con- 3V initial volume. The resulting thick mixture was slowly
centrated HCI were added and the mixture was stirred for 30 poured, under vigorous stirring, into 1:1v/v diethyl ether-
minutes. The pmduc[ was puriﬁed by b|()2 chmma[ogmphy 10% aqueouslNaI ICO-; The precipilzllc was filtered off, the
(hexane/ethyl acetate=100/0 to 3/1) to give 290 mg of 1-bi- ethereal solution was separated, and the solvent was evapo-
phenyl-2-yl1-2,2,2-trifluoro-ethanol (96% yield). rated at reduced pressure to give clear liquid. The solution of
The above alcohol (290 mg, 1.151 mmol) was dissolved in 33 resulting liquid (a mixture of acyclic and cyclic acetates) in
anhydrous THF (10 ml). Sodium hydride (55 mg, 1.375 methanol (4 ml) was added dropwise to a suspension of
mmol) was added all at once, and the mixture was stirred at dichlorodicyanobenzoquinone (1.77 g, 7.797 mmol) in 80%
room temperature for 30 minutes. The solution was then aqueous sulfuric acid at 0° C. After the addition was com-
transferred into a flask that contained a suspension of plctc,lthc icc_tfafh was removed and Sﬁfl'ing_“"as continued for
2-amino-4,6-dichloro-triazine (190 mg, 1.152 mmol) in THF 40 30 minutes. The mixture was poured into ice water; and tl}c
(20 ml). The mixture was stirred at room temperature over- resulting l_"'l““"“ precipitate was filtered and dissolved in
night. Water was added and the mixture was then diluted with acetone. Silica gel was added to make a plug, and the crude
ethyl acetate. The organic layer was washed with water, dried product was purified by Uh“‘“‘-i'l“!_éril}"h)" (_hexane.‘ethyl
over MgSO, and then concentrated 1o give 400 mg of crude acetate=100/0 10 3/1) to give 760 mg of l-(ﬁ,'?-dlﬂum"o-naph-
product 2-amino-4-(1-biphenyl-2-y1-2.2,2-trifluoro-ethoxy- 43 thalen-2-yl)-ethanone (48% in two-step yield) as a light yel-

6-chloro-triazine. low solid. . )
The 2-amino-4-(1-biphenyl-2-y1-2,2,2-trifluoro-cthoxy- The above ketone (760 mg, 3.689 mmol) was dissolved in
6-chloro-triazine (40 mg, 0.105 mmol) was subjected to the methanol (40 ml). Then, ammonium acetate (2.841 g, 36.896
same Suzuki coupling reaction as described above to afford 5 mmol), 50‘-“]—““ cyanoborohydride (232 mg, 3.389 r.umol} and
mg of the title compound. Yield: 9.4%. 'H NMR (CD,0D) 50 molecular sieves (3 A, 7.6 g) were added. The mixture was
8.18 (d, 211), 7.86 (m. 111), 7.40-7.52 (m, 9I1). 7.32 (m, 111), stirred at room temperature for two days. The solid was fil-
7.07 (m, 11D). 4.32 (m. 111), 3.22-3.41 (m. 2I1). M+1=510. tered and the filtrate was concentrated. The residue was dis-
6.27. Synthesis of (2S)-2-Amino-3-(4-(4-amino-6-(1-(6, solved in water and concentrated aqueous HCIl was added
8-difluoronaphthalen-2-yljethylamino)-1,3.5-triazin-2-y1) dropwise until the pII=2. The mixture was then extracted with
phenyl)propanoic acid 55 ethyl acetate to remove the unfinished ketone and other by-
products. The water layer was basified to pH=10 with aque-
ous sodium hydroxide (1M), and was extracted with dichlo-
0 romethane and the organic layers were combined, dried over
¥ magnesium sulfate and concentrated to afford 290 mg of

H 60 1-(5,7-difluoro-naphthalen-2-yl)-ethylamine (38% yield).

H N Nt The fresh made amine (290 mg, 1.401 mmol) was added
\"/ directly to a suspension of 2-amino-4,6-dichloro triazine (277
F N N mg. 1.678 mmol) in anhydrous 1,4-dioxane (60 ml), and
followed by addition of N,N-diisopropylethylamine (1 ml,
NH, 65 5.732 mmol). The mixture was heated to mild reflux for about

3 hours. The reaction mixture was then cooled, and the sol-
vent was removed under reduced pressure. To the residue was
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added water and the mixture was sonicated for 2-3 minutes.
The resulting solid was filtered and washed with water and
dried to give 395 mg (60% crude yield) of 6-chloro-N-[1-(6,
8-difluoro-naphthalen-2-yl-ethyl]-[ 1,3, 5]triazine-2,4-di-
amine, which was used [or the next step reaction directly
without further purification.

The above made mono-chloride (48 mg, (.144 mmol) was
subjected to the same Suzuki coupling reaction as described
above to afford 12 mg of the title product. Yield: 17.9%. 'H
NMR (CD,0D) 6 8.14-8.22 (m, 2H), 8.05 (m, 1H), 7.92 (m,
111), 7.63 (m, 1I1), 7.32-7.51 (m, 311), 7.11 (m. 111), 5.48 (m.
1H), 4.13 (m, 1H), 3.13-3.41 (m, 2H), 1.66 (d, 3H).
M+1=465.

6.28. Synthesis of (28)-2-Amino-3-(4-(4-amino-6-(2,2,2-
trifluoro-1-(3"-methylbiphenyl-2-yl)ethoxy)-1.3,5-triazin-2-
yl)phenyl)propancic acid

48
6.29. Synthesis of (8)-2-Amino-3-(4-(5-(3,4-dimethox-
yphenylcarbamoyl)-pyrazin-2-yl)phenyl)propanoic acid

8]

OH

N, NI

To a mixture of 3. 4-dimethoxy phenylamine (0.306 g, 2
mmol) and triethylamine (0.557 ml. 4 mmol) in dichlo-
romethane (20 ml) was added 5-chloro-pyrazine-2-carbonyl
chloride (0.354 g, 2 mmol) at 0-5° C. The mixture was
allowed 10 stir at room temperature for 3 hours. The mixture
was diluted with methylene chloride (20 ml), washed with

. saturated NallICO; (20 ml), brine (20 ml), dried (anhyd.
Na,S0,) and concentrated to get 0.42 g of crude 5-chloro-

pyrazine-2 carboxylic acid(3,4-dimethoxy-phenyl)-amide,

which was directly used in the next reaction.
5-Chloro-pyrazine-2 carboxylic acid(3.4-dimethoxy-phe-

nyl)-amide (0.18 g, 0.61 mmol), L-p-borono phenylalanine

** (0.146 g. 0.70 mmol), CH.CN (2.5 ml), H.O (2.5 ml),
Na,CO, (0.129 g, 1.22 mmol) were combined in a microwave
vial. The mixture was sealed and kept at 150° C. for 5 min-
To a mixture of 3-methyl-1-biphenyl-2-carbaldehyde (500 utes. 'J"hc mixru'rc was ﬁ]tcmq and co_nccntratcd.' '%‘hc residue
mg, 2.551 mmol) and trifluvoromethyl trimethylsilane (435 35 was “.h_ss"’lvw,m |J_1er.han01fwatcr (,l .'l,) and purified by pre-
PR parative [IPLC, using MeOI/I1,O/TTA as solvent system to
mg, 3.061 mmol) in THF (3 ml) was added tetrabutyl ammo- . . 2 _
. . afford 2-amino-3-{4-[5-(3,4-dimethoxy-phenylcarbomyl)-
nium fluoride (13 mg, 0.05 mmol) at 0° C. The temperature e i A » i
- . pyrazin-2yl]-phenyl}-propionic acid as a TFA salt (HPLC:
was allowed to warm to room temperature. The mixture was N0 o' Retention time—2.846 min, LCMS M+1 423). ‘H
stirred for 5 hours at room temperature, then diluted with NMR (400 MHz, DMSO-d,) 8 3.10-3.30 (m, 2H), 3.72 (d,
ethyl acetate, washed with water and brine and dried by 40 6H), 4.05 (m, 1H), 7.42-7.62 (m, 4H), 8.22 (m, 3H); 9.30 (lll;
MgS0.. The solvent was removed under reduced pressure to 2] |)'_ ) )
give 660 mg (97% crude yield) ol 2.2,2-trifluoro-1-(3"-me- 6.30. Synthesis of (8)-2-Amino-3-(4-(2-amino-6-(4-(2-
thyl-biphenyl-2-yl}-ethanol as crude product, which was used (trifluoromethyl)pheny!)-piperidin-1-yl)pyrimidin-4-y1)
for next step without further purification. s phenyl)propanoic acid
The above-made alcohol (660 mg, 2.481 mmol) was dis-
solved in anhydrous 1.4-dioxane (10 ml). Sodium hydride
(119 mg. 60% in mineral oil, 2.975 mmol) was added all at
once and the mixture was stirred at room temperature for 30
minutes. The solution was transferred into a flask containing 5,
a suspension of 2-amino-4,6-dichloro-triazine (491 mg,
2.976 mmol) in 1,4-dioxane (70 ml). The mixture was stirred
al room temperature [or 6 hours. The solvent was removed,
and the residue was suspended in ethyl acetate, which was
washed with water, dried over MgSO, and then concentrated 5
to give 790 mg of crude product, which contained about 57%
of the desired product 2-amino-4-(1-(3"-methyl-biphenyl-2-
y1-2,2, 2-trifluoro-cthoxy-6-chloro-triazine and about 43%
bypraduct (the bisubstituted product). The crude product was NH;
used without further purification. 60
The  2-amino-4-(1-(3"-methyl-hiphenyl-2-yI-2,2,2-tril- 2-Amino 4,6-dichloro pyrimidine (0.164 g, 1 mmol), 4-(2-
lucro-ethoxy-6-chloro-triazine (98 mg. 37% purity, (1,142 trifluoromethyl-phenyl)-piperidine hydrochloride (0.266 g, 1
mmol) was used to run the same Suzuki coupling reaction as mmol), and cesium carbonate (0.684 g, 2.1 mmol) were dis-
described above to afford 9 mg of the title compound. Yield: solved in a mixture of 1.4-dioxane (5 ml) and H,O (5 ml) in
12.0%. '"HNMR (CD,0D) 5 8.09 (m, 2H), 7.85 (m, 1H), 7.50 &5 a 20 ml microwave vial. The mixture was stirred at 210° C. for

(m, 2H), 7.28-7.43 (m, 5H). 7.17-7.26 (m, 2H), 7.18 (m. 1H),
3.85 (m, 1ET). 3.08-3.44 (m, 2H), 2.33 (s, 3H). M+1=524.

20 minutes in a microwave reactor. Solvent was removed and
the residue was dissolved in 5% methanol in CH,Cl, (20 ml),
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dried over Na, SO, and concentrated to get the crude interme-
diate, 4-chloro-6-[4-(2-trifluoromethyl-phenyl)-piperidin-1-
yl]-pyrimidin-2-ylamine (0.42 g) which was directly used in
the following step.

The crude intermediate (0.42 g), [-p-borono-phenylala-

nine (0.209 g, 1 mmol), sodium carbonate (0.210 g. 2 mmol),
and dichlorobis(triphenylphosphine)-palladium(II) (35 mg,
0.05 mmol) were dissolved in a mixture of MeCN (2.5 ml)
and H,O (2.5 ml) in a 10 ml microwave vial. The vial was
sealed and stirred in a microwave reactor at 150° C. for 6
minutes. The mixture was filtered, and the filtrate was con-
centrated. The residue was dissolved in MeOH and H,O (1:1)
and purified by preparative [1PLC using MeOIVIL,O/TFA as
the solvent system to afford 2-amino-3-(4-[{4-(2-trifluorom-
ethyl-phenyl)-piperidine-1y1]-pyrimidin-4y1} -phenyl)-pro-

pionic acid as a TFA salt. HPLC: Method A, Retention
time=3.203 min. LCMS M+1 486. 'H NMR (400 Mz,
CD;0D) 5 1.80-2.20 (m, 5H), 3.0-3.16 (m,2H), 3.22-3.42 (m,

2H), 4.22(1, 1H), 4.42-4.54 (m, 1H), 5.22-5.34 (m. 1H), 6.80 >

(s, 1I1), 7.40(1, 111). 7.50-7.60(m. 4I1), 7.68(d, 1), 7.82(d,
2H).

6.31. Synthesis of (S)-2-Amino-3-(4-(2-amino-6-({R)-1-
(naphthalen-2-yljethylamino )pyrimidin-4-y1)phenyl)pro-
pancic acid

L -
H
“.\\3 = NH;

NH,

2-Amino 4,6-dichloro pyrimidine (0.164 g. 1 mmol), (R)-
(+)-1-(2-naphthyl)-ethylamine (0.171 g, 1 mmol), and
cesium carbonate (0.358 g, 1.1 mmol) were dissolved in a
mixture of 1.4-dioxane (4 ml) and H,O (4 ml) in a 20 ml
microwave vial. The vial was sealed and stirred at 210° C. for
20 minutes in a microwave reactor. Solvent was removed and
the residue was dissolved in CH,Cl, (50 ml), washed with
water (20 ml), brine (20 ml). dried (Na,80,) and concen-

trated to aflord the crude intermediate, 6-chloro-N-4-(naph-

thalene-2yl-ethyl)-pyrimidine-2,4-diamine (0.270 g) which °

was directly used in the following step.

The crude intermediate (0.27 g). L-p-borono-phenylala-
nine {0.210 g, 1 mmol), sodium carbonate (0.210 g. 2 mmol),
and dichlorobis(triphenylphosphine)-palladium(ll) (25 mg,
0.036 mmol) were dissolved in a mixture of MeCN (2.5 ml)
and I1,0(2.5 ml) in a microwave vial. The vial was sealed and
stirred in the microwave reactor at 150° C. for 6 minutes. The
mixture was filtered and the filtrate was concentrated. The

residue was dissolved in MeOIH and 11,0 (1:1) and purified &

by preparative HPLC using MeOH/H,O/TFA as the solvent
system to afford 2 amino-3-{4-| 2-amino-6-(1-naphthalen-
2yl-ethylamino)-pyrimidin-4-y1]-phenyl }-propionic acid as
a TFA salt. HPLC: Method A, Retention time=3.276 min.
LCMS M+1 428, "H NMR (400 MHz, CD,0D) & 1.68 (d.
3H), 3.22-3.40 (m, 2H), 4.30(t, 1H), 5.60 (g, 1H), 6.42(s, 1H),
7.42-7.54(m, SH), 7.72(m, 2H), 7.82-7.84(m. 4H).

n

n

L
th

=

50
6.32. Synthesis of (8)-2-Amino-3-(4-(2-amino-6-(methyl
((R)-1-(naphthalen-2-yl)ethyl)amino)pyrimidin-4-y1)phe-
nyl)propanoic acid

| OH
N NH,

2-Amino 4.6-dichloro pyrimidine (0.327 g. 2 mmol),
methyl-(1-naphthalen-2yl-ethyl)-amine (0.360 g, 2 mmol),
and cesium carbonate (0.717 g, 2.2 mmol) were dissolved in

_ amixture of 1,.4-dioxane (7.5 ml) and 1,0 (7.5 ml) ina 20 ml

microwave vial. The vial was sealed and stirred at 210° C. for
20 minutes in a microwave reactor. Solvent was removed and
the residue was dissolved in CH,CI, (50 ml), washed with
water (20 ml), brine (20 ml) dried (Na,S0O,) and concentrated
to get the crude intermediate, 6-chloro-N-4-methyl-N-4-(1-
napthalen-2-yl-ethyl)-pyrimidine-2,4-diamine  (0.600 g),
which was directly used in the following step.

The crude intermediate (0.30 g), .-p-borono-phenylala-
nine (0.210 g, 1 mmol), sodium carbonate (0.210 g, 2 mmol),
and dichlorobis(triphenylphosphine)-palladium(1l) (25 mg,
0.036 mmol) were dissolved in a mixture of MeCN (2.5 ml)
and H,0O (2.5 ml) ina microwave vial. The vial was sealed and
stirred in the microwave reactor at 150° C. for 6 minutes. The
mixture was filtered and the filtrate was concentrated. The
residue was dissolved in MeOH and H,0 (1:1) and purified
by preparative [IPLC using MeOLI/I1,O/TTA as the solvent
system to afford 2-amino-3-(4-[2-amino-6-[methyl-(1-naph-
thalen-2yl-ethylJamino]-pyrimidin-4y1}-phenyl)-propionic
acid as a TFA salt (HPLC: Method C, Retention time=2.945
min, LCMS M+1 442) '"H NMR (400 MHz, CD,0D) & 1.70
(m, 3H), 2.92(s, 3H), 3.22-3.42(m, 2H), 4.28(m, 1H), 6.6(X(s,
1H), 6.72(m, 1H), 7.40-7.92 (m, 11H).

6.33. Synthesis of ($)-2-Amino-3-(4-(2-amino-6-((S)-2,2,
2-trifluoro-1-(6-methoxynaphthalen-2-yljethoxy)pyrimidin-
4-yl)phenyl)propanocic acid

OH

NH,

NHs

2-Amino 4.6-dichloro pyrimidine (0.096 g, 0.6 mmol),

5 2.2,2-rifluoro-1-(6-methoxy-naphthalen-2-yl)-ethanol

(0.140 g, 0.55 mmol), and NaH (96 mg. 0.60 mmol) were
added to anhydrous dioxane (20 ml) under a nitrogen atmo-
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sphere. The reaction was stirred at 80° C. for 12 hours, cooled
o room temperature, and quenched with water (0.2 ml). The
reaction mixture was concentrated, and the residue dissolved
in CH,Cl, (50 ml), washed with water (20 ml), brine (20 ml)

dried (Na,S0,) and concentrated to alford the crude interme-

diate,  4-chloro-6-[2,2.2-trifluoro-1-(6-methoxy-naphtha-
lene-2-yl)-ethoxy]-pyrimidin-2-ylamine (0.22 g) which was
directly used in the following step.

The crude intermediate (0.22 g). L-p-borono-phenylala-
nine (0.126 g, 0.6 mmol), sodium carbonate (0.126 g. 1.2
mmol), and dichlorobis(triphenylphosphine)-palladium(Il)
(15 mg, 0.021 mmol) were dissolved in a mixture of MeCN
(2.0 ml) and 11,0 (2.0 ml) in a microwave vial. The vial was
sealed and stirred in the microwave reactor at 150° C. for 6
minutes. The mixture was filtered and the filtrale was concen-
trated. The residue was dissolved in MeOIH and H,O (1:1) and
purified by preparative HPLC using MeOH/H,O/TFA as the
solvent system to afford 2-amino-3-(4-| 2-amino-6-]2,2.2-ri-
fluoro-1-(6-methoxy-naphthalen-2-y1)-ethoxy]-pyrimidin-
4-y1]-phenyl)-propionic acid as a TFA salt (IHIPLC: Method C,
Retention time=3.190 min. LCMS M+1 513. "H NMR (400
MHz, CD,0D) & 3.22-3.42(m, 2H), 3.86(s, 3H), 4.32(1H),
6.88 (m. 111), 6.92(111), 7.20(dd, 111}, 7.26(s, 1I1). 7.50(d.
2H), 7.63(d, 1H), 7.80-7.90(m, 4H), 8.05(s, 1LH).

6.34. Synthesis of (S)-2-Amino-3-(4-(5-(biphenyl-4-ylm-
ethylamino)pyrazin-2-yl)phenyl)propanoic acid

8]

Of

4-Phenylbenzaldehyde (0.3 g, 1.65 mmol) and 2-amino-5-
bromopyrazine (0.24 g, 1.37 mmol) were treated with
Na(OAc);BH (0.44 g, 2.06 mmel) in dichloroethane (7.0 mls)

and acetic acid (0.25 mls) for 18 hours at room temperature. -

The mixture was diluted with dichloromethane, washed with
1.0 N NaOIl, washed with brine, dried over MgSO,, and
concentrated. Chromatography (Si0),, FtOAc:Hex. 1:1) gave
0.18 g of N-(biphenyl-4-ylmethyl)-53-bromopyrazin-2-
amine.

N-(biphenyl-4-ylmethyl)-5-bromopyrazin-2-amine (60
mg, 0.176 mmol), L-p-boronophenylalanine (37 mg, 0.176
mmol), palladiumtriphenylphosphine dichloride (3.6 mg,
0.0052 mmol), Na,CO;y (37 mg, 0.353 mmol), acetonitrile
(1.25 mls) and water (1.25 mls) were heated in a microwave
reactor at 150° C, for 5 minutes, The mixiure was concen-
trated, dissolved in 1.0 N HCIL. washed twice with ether,
concentrated and purified by preprative HPL.C to give 41 mgs
of the title compound, M+1-425; '"H NMR (CD,0D) & 8.42
(s. 1H), 8.05 (s. 1H), 7.92 (d, 2H), 7.58 (d, 4H), 7.40 (m, TH),
4.60 (s, 2H), 4.25 (m, 1), 3.40 (m, 1H), 3.20 (m, 1H).

20

52
6.35. Synthesis of (S)-2-Amino-3-(4-(5-(naphthalen-2-yl-
methylamino)pyrazin-2-y1)phenyl)propanoic acid

OH

HaN (¢}

2-Napthaldehyde (0.6 g, 3.84 mmol) and 2-amino-5-bro-
mopyrazine (0.56 g, 3.201 mmol) were treated with
Na(OAc),BH (1.02 g, 4,802 mmol) in dichloroethane (15.0
mls) and acetic acid (0.5 mls) for 18 hours at room tempera-
ture. The mixture was diluted with dichloromethane, washed
with 1.0 N NaOH. washed with brine, dried over MgSO,,, and
concentrated. Chromatography (810, EtOAc:Hex, 1:1) gave

~ 0.49g 5-bromo-N-(naphthalen-2-ylmethyl}pyrazin-2-amine.

25

40

a0

65

5-Bromo-N-(naphthalen-2-ylmethyl)pyrazin-2-amine
(0.2 g.0.637 mmol), L-p-boronophenylalanine (0.13 g. 0.637
mmol), palladiumtriphenylphosphine dichloride (13 mg,
0.019 mmol), Na,CO, (0.13 g, 1.27 mmol), acetonitrile (5
mls) and water (5 mls) were heated in a microwave reactor at
150° C. for 5 minutes. The mixture was concentrated, dis-
solved in 1.0 N HCI, washed twice with ether, concentrated,
dissolved in methanol. filtered and concentrated to yield 0.12
g of the captioned compound. M+1=399: ‘[ NMR (CD,0D)

5 §8.51 (s, 1H), 837 (s, LH), 7.90 (m, 6H), 7.50 (m, 5H), 4.85

(s. 2H), 4.30 (t, 1H), 3.38 (m, 1H), 3.22 (m. 1H).

6.36. Synthesis of (S)-2-(Tert-butoxycarbonylamino)-3-
(4-(5-(naphthalen-2-ylmethylamino)pyrazin-2-yl)phenyl)
propanoic acid

(S)-2-Amino-3-(4-(5-(naphthalen-2-ylmethylamino)
pyrazin-2-yl)phenyl)propancic acid (0.15 g, 0.345 mmol)
was treated with triethylamine (87 mg, 0.862 mmol), and
boc-anhydride (84 mg. 0.379) in dioxane (3 ml) and I1,0 (3
ml) at 0° €. The mixiure was warmed to room temperature
and stirred overnight. The mixture was concentrated, and
partitioned between E1OAc and H,O. The aqueous phase was
acidified to pH=1 with 1.0 N HCl and extracted with EtOAc.
The organics were combined, washed with brine, dried over
Mg50,, and concentrated to yield 48 mg of the captioned
compound.
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6.37. Synthesis of (S)-2-Morpholinoethyl 2-amino-3-(4-
(3-(naphthalen-2-ylmethylamina)pyrazin-2-yl)phenyl)pro-
panoate

54
(810,, CH,CL,) gave 4.64 g of 2,2,2-trifluoro-1-(3'-fluorobi-
phenyl-4-ylethanol. Yield 94%.
To 2.2,2-trifluoro-1-(3"-fluorobiphenvl-4-yljethanol (1.4
2. 5.18 mmol) in THF (50 mls) at 0° C. was added NaH (60%
in mineral ¢il, 0.31 g. 7.77 mmol). The ice bath was removed
and the mixture was stirred for 30 minutes. 2-Amino-4.6-
dichloropyrimidine (1.0 g, 6.22 mmol) in THF (25 mls) was
added at once. The mixture was heated to 50° C. for 5 hours.
The reaction was complete by LCMS (Sunfire, TFA). The
mixture was cooled, quenched with brine, and extracted 3
times with CH,Cl,. The organics were combined, washed
with brine, dried over MgSO,, and concentrated. Chromatog-
raphy {SiO,, CI1,Cl,) afforded 1.48 g of 4-chloro-6-(2,2.2-
triffuoro-1-(3'-fluorobiphenyl-4-yl)ethoxy)pyrimidin-2-

(S)-2-(Tert-butoxycarbonylamino)-3-(4-(5-(naphthalen- 3 amine. Yield 73%.
2-ylmethylamino)pyrazin-2-yl)phenyl)propanoic acid (48 4-Chloro-6-(2,2.2-triflucro-1-(3'-fluorobiphenyl-4-y1)
mg, 0.090 mmol), 4-(2-hydroxyethyl)morpholine (12 mg, ethoxy)pyrimidin-2-amine (0.75 g, 1.89 mmel), L-p-bo-
0.090 mmol), triethylamine (18 mg, 0.180 mmol), and ben-  ronophenylalanine (0.47 g, 2.26 mmol), Pd(PPh,),Cl, (79
zotriazole-1-yloxytris(dimethylamino)-phosphonium 20 mgs, 0.113 mmol), Na,CO; (0.44 g, 4.15 mmol), acetonitrile
hexaflurophosphate (BOP, 18 mg, 0.090 mmol), in dichlo- (10 mls), and I1,0 (10 mls) were combined in a 20 ml micro-
romethane (3.0 ml) were stirred at room temperature for 5 wave reaclor and heated in the microwave at 150° C. lor 7
hours. Additional triethylamine (18 mg, 0.180 mmol) and minutes. The reaction was complete by LCMS (Sunfire, neu-
BOP (18 mg, 0.090 mmol) were added, and the mixture was  tral). The mixture was concentrated, dissolved in NaOIT (20
stirred overnight. The mixture was concentrated and purified 25 mls 0.5 N), filtered, extracted with ether three times, and
via prep HPLC 1o give 2 mg of the captioned compound. cooled to 0° C. AL0° C.. 1.0 N HCI was added slowly until a

6.38. Synthesis of (25)-2-Amino-3-(4-(2-amino-6-(2,2,.2-  plof 6.5 was attained. The mixture was stirred at 0° C. for 30
trifluoro-1-(3'-Mluorobiphenyl-4-yljethoxy )pyrimidin-4-y1) minutes and the product was filtered, dried in air, treated with
phenyljpropanoic acid excess 2.0 N HCI in ether, concentrated, then triturated with

30 CH,CL, to give 1.12 g, 99% (95.5% purity). 385 mgs were
purified via prep HPL.C (Sunfire, TFA). concentrated, treated
with excess 1.0 N HCI (aq.). concentrated to a small volume
and Iyophilized o afford 240 mgs ol the captioned com-

F pound. M+1=527; 'HNMR b (CD,0D) 7.86 (d, 2H), 7.64 (s,

35 4H),7.49 (d, 2H). 7.36 (m, 2H), 7.28 (m, 1H), 7.02 (m, 1H),
6.95 (s, 1H),6.75 (q, 1TH), 4.26 (1, 1H),3.32 (m, 1H),3.21 (m,
1H).

6.39. Synthesis of ($)-2-Amino-3-(4-(2-amino-6-(ben-

0 zylthio )pyrimidin-4-y1)phenyl)propanoic acid

To 4'-bromo-2,2.2-trifluoroacetophenone (5.0 g, 19.76 44
mmol) in THF (50 mls) at 0° C. was added NaBH, (1.5 g,

39.52 mmol). The mixture was warmed to room temperature

and stirred for 1 hour. The reaction was complete by TLC

(CH,CL,). The mixture was quenched with H,O, rotary

evaporated to remove most of the THF, and extracted 2 times 50

with CII,Cl,. The organics were combined, washed with -

brine, concentrated to a small volume and filtered through a o

plug of silica gel. The silica was washed with CH,Cl, to elute

the product, and the resulting solution was concentrated to Benzylmercaptan (0.14 g, 1.11 mmol) was treated with
give 4.65 g of 1-(4-bromophenyl)-2.2,2-trifluoroethanol. 55 NaH (60% in mineral oil, 67 mg, 1.66 mmol) in dry THF (15
Yield 92%. ml) for 30 minutes. 2-Aminc-4,6-dichloropyrimidine (0.2 g,

To PA(PPh;). (2.1 g, 1.823 mmol) was added 3-fluorophe- 1.22 mmol) was added and the mixture was stirred overnight.
nylmagnesium bromide (55 mls, 1.0 M in THF, 55 mmol) at The mixture was diluted with methylenechloride, washed
0° C. over 15 minutes. The ice bath was removed and the with water, then brine, dried over MgSO,, and concentrated
mixture was stirred for 30 minutes. 1-(4-Bromophenyl)-2.2, s0 to give (.11 g of 4-(benzylthio)-6-chloropyrimidin-2-amine.
2-trifluorcethanol (4.65 g, 18.23 mmol) in THF (530 mls) was 4-(Benzylthio)-6-chloropyrimidin-2-amine (0.1 g, 0.397
added over 10 minutes. The mixture was heated to reflux for mmol), L-p-boronophenylalanine (0.1 g, 0.477 mmol),
3 hours and was shown complete by LC (Sunfire column, Pd(PPh,),Cl, (17 mg, (.024 mmol), Na,CO, (93 mg, 0.874
TFA). The mixture was cooled, quenched with H,O, rotary mmol), MeCN (2.5 ml) and water (2.5 ml) were heated at
evaporated 1o remove most of the THF, and exiracted 3 times 65 150° C. for 5 minutes in a microwave. The mixture was

with CH,Cl,. The organics were combined washed with
brine, dried over MgSO,,, and concentrated. Chromatography

concentrated and purified via prep HPLC to give 0.42 g ofthe
title compound. M+1=381; 'H NMR (CD,0D) & 7.8 (d, 2H),
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7.37(1,4H). 7.23 (m, 2H), 7.16 (m, 1H), 6.98 (s, 1H), 4.43 (s,
2H), 4.20 (t, 1H). 3.29 (m, 1H), 3.13 (M, 1H).
6.40. Synthesis ol (8)-2-Amino-3-(4-(2-amino-6-(naph-
thalen-2-yImethylthio)pyrimidin-4-y1)phenyl)propanoic

56

quenched with water and extracted with methylenechloride
(2%). The organics were combined, washed with water, then
brine, dried over MgSO4, and concentrated to give 0.14 g of
4-chloro-6-(1-(3,4-difluorophenyl)-2.2, 2-trifluoroethoxy )-

acid 3 pyrimidin-2-amine.
4-Chloro-6-(1-(3.4-difluorophenyl)-2.2 2-trifluoroct-
hoxypyrimidin-2-amine (0.14 g, 0.421 mmol), L-p-bo-
ronophenylalanine (110 mg, 0.505 mmol), Pd(PPh,).Cl, (18
mg, 0.025 mmol), Na,CO; (98 mg, 0.926 mmol), MeCN (2.5
10 mlyand water (2.5 ml) were heated at 150° C. for 5 minutes in
0 : e . e
a microwave. The mixture was concentrated and purified via
prep HPLC to give 74 mg of the title compound. M+1=469;
OH 'H NMR (CD;0D) 8 7.83 (d, 2H), 7.47 (m, 1H), 7.38 (m,
3 - _ 4H), 7.28 (m, 1H), 4.21 (t, 1H), 3.29 (m, 1H), 3.15 (m, 1H).
’ = : 13 6.42. Synthesis of (28)-2-Amino-3-(4-(2-amino-6-(2,2.2-
| trifluoro-1-(3'-methylbiphenyl-2-y1ethoxy )pyrimidin-4-y1)
N _zN phenyl)propanoic acid
NH; 20
2-Mercaptonapthalene (0.2 g, 1.148) was treated with Nall
(60% in Mineral oil, 92 mg, 2.30 mmol) in dry THF (10 ml)
for 30 minutes. 2-Amino-4,6-dichloropyrimidine (0.21 g,
25

1.26 mmol) was added and the mixture was stirred overnight. -

The mixture was diluted with methylenechloride, washed
with water, then brine, dried over MgS04, and concentrated
to give 0.18 g 4-chloro-6-{naphthalen-2-ylmethylthio)pyri-
midin-2-amine.

4-Chloro-6-(naphthalen-2-ylmethylthio)pyrimidin-2- 30
amine (0.1 g, 0.331 mmol), L-p-boronophenylalanine (83
mg, 0.397 mmol), Pd(PPh,),Cl, (14 mg. 0.020 mmol), To 4'-bromo-2,2,2-triflucroacetophenone (5.0 g, 19.76
Na,CO, (77 mg, 0.729 mmol), MeCN (2.5 ml) and water (2.5 mmol) in THE {50 mls) at 0° C. was added NaBIl, (1.5 g,
ml) were heated at 150° C. for 5 minutes in a microwave. The 39.52 mmol). The mixture was warmed to room temperature
mixture was concentrated and purified via prep HPLC to give 35 and stirred for 1 hour. The reaction was complete by TLC
57 mg of the title compound. M+1-431; "H NMR (CD,0D) (CH,Cl;). The mixture was quenched with H,O, rotary
B8 7.85 (s, 1H), 7.79 (d. 2H), 7.72 (d. 3H), 7.46 (dd, 1H), 7.35 evaporated to remove most of the THF, and extracted 2 times
(m.4H), 6.95 (s, 1H). 4.58 (s, 2H), 4.17 (m, 1H), 3.26 (m. 1H), with CH,Cl,. The organics were combined. washed with
3.11 (m, 1H). brine, concentrated to a small volume and filtered through a
6.41. Synthesis of (28)-2-Amino-3-(4-(2-amino-6-(1-(3, 40 plug of silica gel. The silica was washed with CH,Cl, to elute
4-difluorophenyl)-2,2,2-trifluoroethoxy )pyrimidin-4-y1) the product, and the resulting solution was concentrated to
phenyl)propanoic acid give 4.65 g of 1-(4-bromophenyl)-2.2,2-trifluoroethanol.
Yield: 92%. 1-(4-Bromophenyl)-2,2,2-trifluoroethanol (0,13
2. 0.525 mmol), m-tolylhoronic acid (0.1 g, 0.736 mmol),
E s Fibercat (4.28% Pd, 47 mgs, 0.0157 mmol Pd), K,CO, (0.22
g. 1.576 mmol), EtOH (3 mls), and H,O (0.5 mls) were
combined and heated at 80° C. for 4 hours. The reaction was
F shown complete by TLC (CH,CL,). The mixture was cooled,
filtered, concentrated. slurried in CH,Cl,, and chromato-
50 graphed over silica gel (CI,CL,) to give 0.1 g of 2,2, 2-trif-
luoro-1+(3"-methylbiphenyl-2-ylethanol. Yield: 72%.
Altemnatively, 1-(4-bromophenyl)-2,2.2-trifluoroethanol
(0.98 g. 3.86 mmol), m-tolylboronic acid (0.63 g, 4.63
NE mmol), Pd(PPh;),CL, (0.16 g, 0.232 mmol Pd), Na,CO, (0.90
e 55 g, 8.49 mmol), AcCN (10 mls), and H,O (10 mls) were
combined and heated in the microwave at 150° C. for 10
3,5-Difluorophenyl-trifluioromethyl  ketone was treated minutes. The reaction was shown complete by TLC
with NaBH,, (0.18 g, 4.76 mmol) in THF (5 ml) for 2 hours. (CH.CL,). The mixture was cooled, concentrated, slurried in
The mixture was quenched with water, extracted with meth- CH,Cl,, filtered, and chromatographed over silica gel
ylene chloride (2x). The organics were combined, filtered 0 (CH,Cl,) to give 0.80 g 0f 2,2, 2-trifluora-1-(3'-methylbiphe-
through silica gel and concentrated to give 0,46 g of 1-(3.4- nyl-2-ylethanol. Yield: 79%.
difluorophenyl)-2,2,2-trifluoroethanol. Alternatively, tetrabutylammoniumiluoride (TBAF 1.0 N
1-(3.4-Difluorophenyl)-2,2, 2-trifluoroethanol (0.1 g, in THF 13 ul., 3.3 mg, 0.013 mmol) was added to a mixture of
0.471 mmol) was treated with NaH (60% in mineral oil, 38 3-methyl-biphenyl-2-carboxaldehyde (0.252. 1.27 mmol)
mg, 0.943 mmol) in dry THF (3 ml) for 30 minutes. 2-Amino- 65 and triflvoromethytrimethyl silane (0.25 g, 1.53 mmol), in

4.,6-dichloropyrimidine (77 mg, 0.471 mmol) was added and
the mixture was stirred at 50° C. for 6 hours. The mixture was

THF (1.5 ml) at 0° C. The reaction was warmed to room
temperature and stirred for 4 hours. HCI (3.0 N, 2.0 ml) was
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added, and the mixture was stirred for 3 hours. The mixture
was concentrated, dissolved in methylene chloride, filtered
through silica gel, and concentrated to give 0.15 g of 2,2,2-
trifluoro-1-(3"-methylbiphenyl-2-yl)ethanol.

58
Prep-LC to give 20 mg of (S)-2-amino-3-(4-(5-3-(cyclophen-
tyloxy-4-methoxy-benzylamino )pyridine-3-yl)phenyl)-pro-
panoic acid. NMR: '[I-NMR (400 MI1z, CD,0D): 4 1.59(m,
2H), 1.7 (m, 6H), 3.17(m. 1H), 3.3 (m. 1H), 3.75 (s, 3H). 4.2

2,2,2-Trifluoro-1-(3"-methylbiphenyl-2-y1}ethanol (015 5 (dd, TH) 439 (s, 2H), 4.7 (m, 1H), 6.9(m, 3H), 7.4(d, 2H),
2. 0.563 mmol) was treated with NaH (60% in mineral oil. 45 7 ﬁ,d S, 77(s. 1H). 7.9 (s. 1H). 8.15(s. 1H): Analviical
mg, 1.12 mmol) in dry THF (5 ml) for 30 minutes. 2-Amino- 0> 2H) 7:76s, 1H), 7.9 (s, 1H), 8.15(s, 1H); Analytica
4,6-dichloropyrimidine (92 mg. 0.5633 mmol ) was added and HPLC: RT 2.69; MH: QGZ(RI: ,1 285). .
the mixture was stirred at 50° C. for 6 hours. The mixture was 644. Synthesis of 2-Amino-3-(3-(4-amino-6-(R)-1-
quenched with water and extracted with methylenechloride ' (naphthalen-2-yl)ethylamino)-1,3,5-triazin-2-yl)phenyl)
(2x). The organics were combined, washed with water, then propanoic acid
brine, dried over MgSO4, and concentrated to give 0.16 g of
4-chloro-6-(2.2,2-trifluoro-1-(3"-methylbiphenyl-2-yl)
ethoxy Jpyrimidin-2-amine. L5
4-Chloro-6-(2,2,2-trifluoro-1-(3'-methylbhiphenyl-2-y1) ’
ethoxy )pyrimidin-2-amine (0.16 g, 0.406 mmol), [.-p-ho- NH,
ronophenylalanine (10 mg, 0.487 mmol). Pd(PPh,),Cl; (17 @VQ x oi
mg, 0.024 mmol), Na,CO, (95 mg. 0.894 mmol). MeCN (2.5 : Y
ml)and water (2.5 ml) were heated at 150° C. for § minutes in - E h! s y
a microwave. The mixture was concentrated and purified via ~ =
prep HPLC to give 105 mg of the title compound. M+1=523; \r
'IINMR (CD,0D) 8 7.85 (d, 21), 7.70 (d, 111), 7.44 (m, 411), NI
7.31 (1 111). 7.21 (m, 211). 7.10 (m, 2I1). 6.87 (q, 111). 6.84 (s.
110), 4.25 (1, 111), 3.30 (m, 111), 3.18 (m, 111). .
6.43. Synthesis of (S)-2-Amino-3-(4-(5-(3-(cyclopenty-
loxy)-4-methoxybenzylamino)pyridin-3-yl)phenyl)pro- . . . . .
panoic acid To a solution of tert-butyl 2-(diphenylmethylene-amineo)
acetate (400 mg, 1.35 mmol) in THF (25 ml) was added a
“ solution of LDA (1.8M in THF, 2eq, 2.7 mmol, fresh bottle
“ from Aldrich) over 5 minutes at =78° C., and the resulting
mixture was stirred for 20 minutes. A solution of 2-(3-(bro-
momethyl)phenyl)-5,5-dimethyl-1,3,2-dioxaborinane (460
/U mg, 1.2eq. 1.62 mmol) in TIIF (10 ml) was added drop-wise
35 (o the reaction mixiure over 5 minules. The reaction was
N continued at same (-78° C.) temperature for 30 minutes, and
0 left for 3 hours at room temperature. The reaction was
quenched with saturated NH,Cl, followed by the addition of
water (30 ml). and was extracted with EtOAc (2x40 ml). The
40 organic [ractions were combined and dried over Na,SO,. The
solvent was then concentrated at reduced pressure and crude
tert-Butyl-3-(3-(5.5-dimethyl-1,3.2-dioxaborinan-2-yl)phe-
nyl) 2(diphenylmethylene amino)propionate was purified by
Sodium triacetoxyl-borohydride (245 mg, 1.16 mmol)was 45 column chromatography to provide the product as a semi-

added to the solution of 5-bromo-pyridine-3-amine(100 mg,
0.57 mmol) and 3-cyclopentyloxy-4-methoxy-benzaldchyde
(127 mg, 0.57 mmol) in 10 ml of 1,2-dicloroethtane (DCE), of
HOAe (66 pl, 2¢eq. 1.16 mmol) was added, the mixture was

solid.

An Emrys process vial (20 ml) for microwave was charged
with (R)-6-chloro-N-(1-(naphthalene-2-yl)ethyl)-1,3,5-ri-
azine-2.4-diamine (100 mg, 0.33 mmol), tert-butyl-3-(3-(5,

stirred overnight at room lemperature, followed by addition 50 5-dimethy l-1._3.2-d]ox_aborman&-yl)phcnyl)-2-(d1phcn} 1‘

. . . . methyleneamino)propanoate (248 mg, 0.5 mmol, 1.5eq.) and
of 15 n_ﬂ of DCE. T,he orgame p,hase was washed with water, 6 ml of acetonitrile plus 6 ml of aqueous sodium carbonate
and dried over sodium sulfate. The solvent was removed by (1M) was added to above solution followed by 10 mol percent
under reduced pressure to give 200 mg of crude 5-bromo-N- of dichlorobis(triphenylphosphine}-palladium(II). The reac-
(3-(cyclopentyloxy)-4-methoxybenzyl)pyridin-3-amine, 55 tion vessel was sealed and heated to 190° C. for 10 minutes
which was used for the next step without further purification. with microwave. After cooling. the reaction mixture was

An Emrys process vial (2-3 ml) for microwave was charged evaporated to dryness. The residue was dissolved in 10 ml of
with S-bromo-N-(3-(cyclopentyloxy )-4-methoxybenzyl)py- THE, to which was _addc’d SN.HCI (5 ml). The mixture was
ridin-3-amine (40 mg, 0.106 mmol), 4-borono-L-phenylala- refluxed for 2 hours in ordcrlto dcpro_toct ﬂllc benzophone and
nine (22 mg, 0.106 mmol) and 2 ml of acetonitrile. Aqueous a0 tert-butyl groups. The resulting reaction mixture was concen-
L = ] . trated and dissolved in methanol (8 ml) and purified with
sodium carbonate (2 ml, 1M) was added to above solution Pren-1.C to afford 15 J2-Amino-3-(4(4-amino-6-( (R)-1 -
followed by 10 mol percent of dichlorobis(iriphenylphos- peL A fo atiord 1= Me o dmlim 2 ( (4-amino ( \ )

; Yy I . ) phenyip (naphthalene-2-ylethylamino)-1,3,5-trizin-2-y1)phenyl)
phine)-palladium (II). The reaction vessel was sealed and propanoic acid. NMR: 'H-NMR (400 MHz, CD,0D):  1.85
heated to 180° C. for 10 minutes with a microwave. After g5 (d, 3H). 3.2-3.45 (m, 2H). 4.37(m, 1H), 5.5 (m. 1H), 7.4(m,

cooling, the reaction mixture was evaporated to dryness. The
residue was dissolved in 2.5 ml of methanol and purified with

1H), 7.6(m 4H), 7.9(m, 4H), 8 18(m. 2H). Analytical HPLC:
RT 2.79 M+1: 429 (RT: 1.35).
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6.45. Swnthesis of 2-Amino-3-(4-(4-amino-6-({R)-1-
(naphthalen-2-yl)ethylamino)-1,3,5-triazin-2-y1)-2-fluo-
rophenyl)propanoic acid

3 (adamantyllethylamino)-1,3,5-triazin-2-y1)phenyl )pro-
F a panoic acid
99 i
H 0
S I\'Y N NH: 0
i \! N . Ol
N N N,
NH \"/ =
13 N P N
‘To a solution of tert-butyl 2-(diphenyvlmethylene-amino) i \]/
acetate (1.1 g, 3.73 mmol) in THF (30 ml) was added a K y NH,
solution of LDA (1.8M in THT, leq. 3.73 mmol, fresh bottle “H
from Aldrich) over 5 minutes at =78° C., and the resulting -,
mixture was stirred for 20 minutes. A solution of 4-hromo-1- H
(bromomethyl)-2-fluorobenezene (1 g, 3.74 mmol) in THI
(10 ml) was added drop-wise to the reaction mixture over 5 A solution ol adamantine amine (1 equivalent), 2-amino-
minutes. The reaction was continued at =78° C. for 30 min- 4.6-dichloro-| 1,3,5]triazine (1 equivalent) and diisopropyl
utes, after which it was left at room temperature for 3 hours. 25 ethyl amine (5 equivalents, Aldrich) in anhydrous 1,4-diox-
The reaction was quenched with saturated NIL,Cl, after ane was refluxed at 1307 C. for 3 hours. After completion of
which water (30 ml) was added. Product was extracted with the reaction, the dioxane was removed under reduced pres-
EtOAc (2x40 ml), and the organic fractions were combined sure. The reaction was then cooled to room temperature,
and dried over Na,SO,. The solvent was concentrated at water was added, and product was extracted with dichlo-
reduced pressure and crude tert-Butyl 3-(4-bromo-2-fluo- 30 m!nclhanc (2 xflf) ml). The combined organic solution was
rophenyl)-2-(diphenylmethylencamino)-propanoate was dried over Na SO, and conc'cmratcd t[.) ‘aﬂ?rd product, which
purified by column chromatography. The product was was ust‘:d in the next step without pun[]canon.
P An Emrys process vial (20 ml) for microwave was charged
obtained as a solid. . : . .
An Emrys pracess vial (20 ml) for microwave was charged __ withadamantine trizine <hloride (200 mg, 0.65 mmol), 4-bo-
. rysp X 35 rono-L-phenylalanine(135 mg, 0.65 mmol) and 5 ml of aceto-
with tert-butyl 3-(4-bromo-2-fluorophenyl)-2-(diphenylm- . I ] ] o
. nitrile. Aqueous sodium carbonate (5 ml, IM) was added to
elh}']ene—ammo)pmpﬂnmt‘te (600 mg. 1.24 mmol), Pd(dhil)}! above solution followed by 5 mol percent dichlorobis(triph-
(71 mg, 0.124 mmol), P( ?‘3 @35 mg, 0.124 mmol), 4,4.4'4, enylphosphine)-palladium(Il). The reaction vessel was
5,5,5',5"-octamethyl-2,2"-bi(1,3,2-dioxaborolane (346 mg, g eiled and heated to 190° C. for 20 minutes by microwave.
1.1leq. 1.36 mmol) and KOAc (182 mg, 1.5¢eq., .80 mmol} 20 4, Afier cooling, the reaction mixture was evaporated to dry-
ml of DMF. The reaction vessel was sealed and heated to 160” ness. The residue was dissolved in 4 ml of methanal and
C. for 20 minutes by microwave. Affer cooling, the reaction purified with Prep-1.C to give 60 mg (yield 21%) of coupled
mixture was evaporated to dryness under reduced pressure. product. NMR: "H-NMR (400 MHz, CD,0D): & 1.22 (m,
The residue was dissolved in H,O (30 ml), extracted with 3H), 1.6-1.8 (m, 12H), 2.01(d, 3H), 3.25-3.42 (m. 2H), 4.0
EtOAc (2x40 ml), and purified with Prep-1.C to give 220 mg 45 (m, 1H). 4.40(m, 1H), 7.6(d, 2H), 8.2(d, 2H). Analytical
of tert-butyl 2-(diphenylmethyleneaming)-3-(2-fluoro-4-(4, HPLC: RT 3.11, M+1: 437 (RT: 1.76).
4.5 5-tetramethyl-1,3,2-dioxaborolan-2-y1)phenyl)pro- 6.47. Alternative Synthesis of (2%)-2-Amino-3-(4-(4-
panoate. amino-6-(1-(adamantyllethylamino)-1,3.5-triazin-2-y1)
An Emrys process vial (5 ml) for microwave was charged phenyl)propanoic acid
with (R)-6-chloro-N*-(1-(naphthalene-2-yl)ethyl)-1.3.5-tri- 50  Adamantane(2-yl)ethyl cyanoguanidine was prepared by
azine-2.4-diamine (67 mg. 0.22 mmol). tert-butyl-2-(diphe- forming a solution of cyanoguanidine (1 equivalent), (S)-2-
nylmethyleneamino)-3-(2-fluoro-4-(4.4.5, 5-tetramethyl-1.3, amino-3-(4-cvanophenylpropanoic acid (1 equivalent) and
2-dioxaborolan-2-yl)phenyl)propanocate (120 mg. 0.22 potassium tertiary butaoxide (3.5 equivalent, Aldrich) in dry
mmol) and 2 ml of acetonitrile. Aqueous sodium carbonate (2 n-BuOll, which was vigorously refluxed at 160° C. ina sealed
ml, 1M) was added to above solution followed by 10 mol 55 tube for 2 days. After completion of the reaction, the mixture
percent dichlorobis(triphenylphosphine)-palladium(Il). The was allowed to cool to rcom temperature, and the reaction
reaction vessel was sealed and heated to 190° C. for 10 was quenched with water. Solvent was removed under
minutes by microwave. After cooling, the reaction mixture reduced pressure. Again, atter allowing to cool to room tem-
was evaporated to dryness. The residue was dissolved in 10 perature, the reaction mixture was brought to pH 12-14 by
ml of THE, to which SN.HCI (2 ml) was then added. The so adding 1N NaOH. Then, impurities were removed while
mixture was refluxed for 2 hours (deprotection of benzophone extracting with Ether:EtOAc (9:1, 2x100 ml). The aqueous
and tert-butyl groups). After deprotection of two groups, the solution was cooled to 0° C., IN HCI was then added to adjust
mixture was concentrated, dissolved in methanol (5 ml), and pH to 7. The pale yellow product was slowly crashed out in
purified with Prep-1.C to afford 10 mg of 2-amino-3-(4-(4- H,0. the mixture was kept in a refrigerator for 30 minutes,
amino-6-((R)-1-(naphthalene-2-yl)ethylamine)-1,3.5-trizin- 65 and the solid was obtained by filiration with 92% purity.

2-yl)-2-fluorophenyljpropancic acid. NMR: "H-NMR (400
MHz, CD,0D): & 1.6 (d, 3H), 3.07 (m, 1H), 3.45(m, 1H),3.8

60
(m, 1H), 5.45 (m. 1H), 7.4(m, 4H), 7.6(m 1H), 7.8(m, 4H),
8.08(m, 1H), Analytical HPL.C: RT 2.88, M+1: 447 (RT:
1.44).
6.46. Synthesis of (25)-2-Amino-3-(4-(4-amino-6-(1-

Compound was crystallized from MeOH to afford a white
solid (=98% pure, 48-78% yield). '"H-NMR (400 MHz,
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CD,0D): 8 1.0(d, 3H), 1.45-1.6(m, 6H), 4.62-4.8(m, 4H) 2.0
(m, 2H), 3.3(m, 1H}, 3.5 (m, 1H); Analytical HPLC: RT 2.69;
M+1: 462(RT: 1.285).

The title compound was prepared [rom adamantane(2-yl)

62

A mixture of trifluvoromethyl benzylamine (106.8 mg,
0.610 mmal), 2-amino-4.6-dichloropyrimidine (100 mg,
0.610 mmol) and cesium carbonate (217 mg, 1.2 mmol) was
dissolved in 1.4-dioxane (6 ml) and H,O (6 ml) in a 20 ml

ethy] cyanoguanidine using the method shown in Scheme 6. 5 picrowave vial. The mixlure was stirred in the microwave
6.48. Synthesis of (8)-2-Amino-3-(4-(5-fluoro-4-((R)-1- reqacror at 210° C. for 25 minutes. The solvent was then

{n:]pl}lh:ilf:n—Z—yl)mh_v]:lmnm)pynml{lm—2—yl)phcn}'l}pm— removed. The residue was dissolved in CH,CL, (50 ml),

panoic acid washed with water (20 ml), brine (20 ml), dried (Na,SO,) and

concentrated to get the crude intermediate 6-chloro-N-4'-
N 1 (trifluvoromethyl-benzyl)-pryrimidine-2-4-diamine.
F / N o The crude intermediate (150 mg, 0.497 mmol) was then
L dissolved in 3.0 ml of MeCN and 3 ml of H,O in a 10 ml
: microwave vial. To this solution were added L-p-borono-
HE, HN OH 15 phenylalanine (104 mg, 0.497 mmol), sodium carbonate (150
% mg, 0.994 mmol) and catalytic amount of dichlorobis(triph-
enylphosphine)-palladium(II) (6.9 mg. 0.00994 mmol). The
reaction vial was then sealed and stirred in the microwave
5 reactor at 150° C. for 5 minutes. The contents were lillered,
and the filtrate was concentrated and dissolved in MeOH and
H,O (1:1) and purified by preparative HPLC using a MeOH/
. ) I1,O/TTA solvent system. The combined pure fractions were

0 ;;énlxmrr]: sz(i);l(f])j-ll-(E;Iifiptll)'l)clh}f!au‘):;m (][1%06 mg. . evaporated in vacuo and further dried on a lyophilizer 1o

0539 mimel, 3 dior & Tr prinidine (100 me " i (12 i (4 iremetibnry

dissolved in 1, 4-dioxane (3 ml) and H,O (3 ml) in a 10 ml lamino)-pyrimidin-4-yl|-phenyl}-propionic  acid. NMR:

microwave vial. The mixture was stirred in the microwave 'H-NMR (300 MHz, CD,0D}) & 3.1-3.3(m. 2H), 4.2(t, 1H).

reactor at 80° C. for 10 minutes. The residue was dissolved in 4.7(s, 211). 6.3(s, 111), 7.4-7.5(m, 411), 7.6(d, 211), 7.7(d, 211).

CH,Cl, (50 ml), washed with water (20 ml), brine (20 ml) 3 LCMS: M+1=432.

dried (Na,SO,) and concentrated to get the crude intermedi- ! . . .

ate (2-01-]:][\111‘;:)5-|1uilﬂl-p}’ﬁllli(li!l-4-}’])-(l-lluplllllilll.‘ll-z—)’]- 6'50'. Synthesis of 2-;.\111111'0-3-(5-(5-;3 henylthiophen-2-

ethyl)-amine. vl)-1H-indol-3-y1)propanoic acid
The crude intermediate (250 mg, (.83 mmol) was then

dissolved in 6.0 ml of MeCN and 6 ml of H,O in a 20 ml 35

microwave vial. To this solution were added I.-p-horono-

phenylalanine (173.6 mg, 0.83 mmol). sodium carbonate

(173.6 mg, 1.66 mmol) and catalytic amount of dichlorobis

(triphenylphosphine)-palladium(IT) (11.6 mg. 0.0166 mmol).

The reaction vial was then sealed and stirred in the microwave 40

reactor at 150° C. for 7 minutes. The contents were then

filtered, and the filtrate was concentrated and dissolved in

MeOIl and [1,0 (1:1) and purified by preparative [IPLC

using MeOI/IT,O/TTA as the solvent system. The combined

pure fraction were evaporated in vacuo and further dried ona 45

Iyophilizer to give 154 mg of 2-amino-3-{4-[5-fluoro-4-(1-

naphthalen-2-yl-ethylamino)-pryrimidin-2-yl]-phenyl } -pro-

pionic acid. NMR: 'H-NMR (400 MHz, CD,0D) & 1.8(d,

3H) 3.2-3.4(m, 2H), 4.35(m. 1H), 5.7(q. 1H). 7.5(m, 4H),

;{ﬂ?ii ;).- 7.8-7.9(m, 4H), 8.1(d, 2H), 8.3(d, 1H). LCMS: 50 2-Amino-3-(5-bromo-1H-indol-3-yl)-propionic acid
+1-431. e added fo - e
6.49. Synthesis of (S)-2-Amino-3-(4-(2-amino-6-(4-(trif- ((}'(.]2(} & (l,[??] mmol) was d.d(w toa 5 ml [nlcrsm ave vial,

Iueromethyl)-benzylamino )pyrimidin-4-y1)phenyl)pro- which contained 5-pheny!-thiophen-2-boronic acid (U'O‘I G_g-‘

panoic acid 0.078 mmol), Na,CO, (0.015 g, 0.142 mmol), acetonitrile

55 (1.5 ml)/water (1.5 ml) and dichlorobis(triphenylphosphine)-
palladium (3 mg, 0.003 mmol). Microwave vial was capped
. and stirred at 150° C. for 5 min under microwave radiation.
Reaction mixture was cooled. filtered through a syringe filter
¥ and then separated by a reverse phase preparative-IIPLC
" using YMC-Pack ODS 100x30 mm 1D column (MeOH/H,O/
TFA solvent system). The pure fractions were concentrated in
vacuum. The product was then suspended in 5 ml of water,
frozen and Ivophilized to give 5 mg of pure product, 2-amino-
NH» 55 3-[5-(5-phenyl-thiophen-2-yl)-1H-indol-3-yl]-propionic

acid. 1H-NMR (300 MHz, CD,0D): 3.21-3.26 (m, 2H), 4.25
(q. 1H), 7.15-7.35 (m, 8H), 7.58 (d, 2H), 7.82 (d, 1H).
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6.51. Synthesis of (8)-2-Amino-3-(4-(4-(4-phenoxyphe-
nyl)-1H-1,2.3-triazol-1-y)phenyl)propanoic acid

64

-continued

Ol
5
NH,
8]
Zii N
OH 10 N F
: NH:z
Ne :
N
:\_//
—
15
A mixture of thiophene-2-carboxylic acid(4-ethyl-phenyl)
-, amide (117 mg, 0.49 mmol) and (S)-3-(4-azido-phenyl)-2-
o “ tert-butoxycarbonylamino-propionic acid (150 mg, 0.49 mg)
in 5 mlof H,O:dioxane (5:1) was heated at 100° C. ina sealed
tube overnight. After completion of reaction, 3N HCI (5 ml)
was added and the mixture was stirred for 2 hr at 50° C.
. Removal of solvent gave crude product which was dissolved

A mixture of 1-ethynyl-4-phenoxy-henzene (126 mg, 0.65
mmol) and (8)-3-(4-arido-phenyl)-2-tert-butoxycarhony-
lamino-propienic acid (200 mg, 0.65 mg) in H,O:dioxane
(5:1) was heated at 100” C. in a sealed tube for overnight.
After completion of reaction, 3N [IC] (5 ml) was added and
the mixture was stirred for 2 hr at 50° C. Removal of solvent
gave crude product which was dissolved in MeOH and puri-
fied by preparative HPLC to give 45 mg of desired product
(vield: 29%). "H-NMR (400 MHz, CD,0D): 8 (ppm) 3.2 (m,
1H), 3.4 (m, 11). 4.3(m. 1H), 6.9(d. 2H), 7.0(d. 2H)., 7.2(m.
1H), 7.3(d, 2H), 7.4-7.55 (m, 6H), 8.0(s, 1H).

6.52. Synthesis of (S)-2-Amino-3-(4-(4-(4-(thiophene-2-
carboxamido)phenyl)-1H-1,2,3-triazol-1-y1)phenyl)pro-
panoic acid and (S)-2-Amino-3-(4-(5-(4-(thiophene-2-car-
boxamido)phenyl)-111-1,2,3-triazol-1-y1)phenyl)propanoic
acid

Ell

W
n

40

L
th

a0

in MeOIl and purified by preparative [IPLC. According to
LCMS (retention time) and NMR, two regio-isomers were
obtained (total vield: 70 mg. 66%). The major product is
(8)-2-amino-3-(4-(4-(4-(thiophene-2-carboxamido )phenyl)-
1H-1,2,3-triazol-1-yljphenyl)propanocic acid. NMR:
'H-NMR (400 MHz. CD,0D): & 3.2 (m. 1H), 3.4 (m. 1H).
4.3(m, 1H), 7.15(m, 1H), 7.3(d. 2I1). 7.6(m, 411), 7.0(m. 311),
7.95 (d, 1H), 8.0(s, 1H). The minor product is (S)-2-amino-
3-(4-(5-(4-(thiophene-2-carboxamido)phenyl)-1H-1,2,3-
triazol-1-yl)phenylpropancic acid. 'H-NMR (400 MHz,
CD,0D): & 3.2 (m, 11D}, 3.4 (m, 1I1), 4.35(m, 111), 7.2(m,
1), 7.3(d, 2I), 7.5-7.6(m, 411), 7.75(m, 311), 7.95 (d, 1H),
8.05(s, 1H).

6.53. Synthesis of (8)-2- Amino-3-(4-(2-amino-6-(phenyl-
ethynyl)pyrimidin-4-yl)phenyl )propanoic acid

NH,

2-Amino 4.6-dichloro pyrimidine (0.180 g, 1.1 mmol),
trimethyl-phenylethynyl-stannane (0.264 g, 1 mmol). were
dissolved in THF (20 ml) and the mixture was stirred at 65° C.
for 12 h. LCMS indicated the completion of reaction. Solvent
was removed and the residue was directly used in the follow-
ing step.

The crude intermediate (0.42 g), 1.-p-horono-phenylala-
mine (0.210 g, 1 nunol), sodium carbonate (0.210 g, 2 mimnol),
and dichlorobis (triphenylphosphine)-palladium(Il) (25 mg,
0.036 mmol ) were dissolved in a mixture of MeCN (3 ml) and
H,O(3ml)ina 10 ml microwave vial. The vial was sealed and
stirred in the microwave reactor at 150° C. for 6 min. The
mixture was filtered and the filtrate was concentrated. Resi-

5 due was purified by preparative HPLC using MeOH/H.O/

TFA as solvent system to obtain (S)-2-amino-3-[4-(2-amino-
6-phenylethynyl-pyrimidin-4-yl(-phenyl]-propionic acid as a
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TFA salt. "H-NMR (400 MHz, CD,0D): 8 (ppm) 3.20-3.42 6.54. Additional Compounds
(m, 2H), 4.31 (m, 1H}, 7.40-7.51 (m, 6H), 7.62 (d, 2H), 8.18 Additional compounds prepared using methods known in
(d, 2H). the art and/or described herein are listed below:
LCMS HPLC Method
Compound (M + 1) (Tiume {min})
(S }-2-amino-3-(4-(5-(2-Auore-4.5-dimethoxybenzy lamino jpyrazin-2- 426 C(3.04)
yliphenyjpropanoic acid
(S)-2-amino-3-(4-(Z-amino-6-[4- 2-methoxyphenylpiperidin-1- 448 1(3.03)
vhpyrimuidin-d-yl)pheny | jpropancic acid
(8)-2-amino-3-{4-(6-(3-(cyclopentyloxy)-4-methoxybenzylamino)-2- 507 J{3.21)
{dimethylamino )pyrimidin-4-y|jphenylpropanoic acid
(8- 2-amino-3-(4-(5-[ 3 d-dimethylbenzylamino jpyrazin-2- 37T CIALE)
yl)propanoic acid
no-3-(4-(5-[biphenyl- 2-ylmethylamino ypyrazin-2- 425 D (4.00)
yl)pheny [ )propancic acid
(Sethyl 2-amino-3-(4-{ 2-amino-6-(4- 400 F(2.52)
(trifluoromethy ! )benzylamine jpyrimidin-4-vlphenylpropancate
(8)-2-amino-3-(4-{3-(cyclopentylmethylamine)pyrazin-2- 31 Ci2Th
vl)pheny!)propanoic acid
(28)-2-amino-3-(4-( 2-amine-6-(3-(2- 472 A (2BT)

(trifluoromethyphenyjpymrolidin-1-yljpyrimidin-4-

yl)phenyl)propancic acid

(28)-2-amino-3-(4-(2-amino-6-(1.2.3 4-tetrahydronaphthalen- 1 404 A (2.65)
ylamino)pyrimidin-4-ylphenylipropaneic acid
(S)2-amino-3-{4-(2-amino-6-((R)-1-(naphthalen-2- 429 A (2.73)

yljethoxyjpyri n-4-ylphenyl jpropancic acid

(28)-2-amino-3-(4-(2-amino-6-( 1. 2-diphenylethylamino)pyrimidin-4- 454 K (1.34)
yl)pheny|jpropanoic acid

(S )-2-amino-3-(4-( 2-amino-6-((R)-1-(4-(benzo [ b]thiophen-3- 510 D (2.02)
yl)phenyethy laminopyrimidin-4-yl)phenyl)propanoic acid

(S }-2-amino-3-(4-(4-amino-6-((R)-1-(4-methoxybiphenyl-4- 48s 1 (2.99)

yliethylamimo)-1,3 3-triazin-2-y | jphenyl jpropanoic acid

2-amino-3-(1-(4-amino-6-({ R )-1-(naphthalen-2-yljethylamino)-1,3.5- 436 B(2.25)
triazin-2-yljpipendin-d-ypropanoic acid

(28)-2-amino-3-{4-(4-aminc-6-(1- (4-fluoronaphthalen-1- 447 H (1.08)
vhjethylamingj-1.3 S-trazin-2-y]jphenylpropanoic acid

{8 - 2-amino-3-(4-{d-amino-6-[(3"-{lucrobiphenyl-d-ymethylamine)- 459 J{2.89)

1.3.5-trmein-2-y jphenyl)propanoic acid

2-zining-3-(4-(d-anino-6-{ (R)-1-(naphthalen-2-yDethylunine)- 1,3 5- 447 A (2.88)
triazin-2-y1)-2-fluoropheny ljpropancic acid

(8)-2-amino-3-(4-(2-amino-6- [[R) -2,2.2-trifluoro-1-(3" 339 M(3.83)
methoxybip I-d-yljethoxy jpyrimidin-4-y ||p|letl Jpropanoic acid

(25)-2- :\muuo 3-(4-{4-amine-6-(2.2,2-trifluoro-1-(3-Muorobiphenyl-2- 328 F(341)

vhjethoxy)-1,3,3-triazin- 2yl jphenyl)propanoic acid

{28)-2-amino-3-(4-(4-aminc-6-( 1- (4-tert-butylphenyljethylamino)- 435 T{1.82)

1,3, 5-triazin-2-y1 -phxnvl}pmpmou. :md
{28)-2-amino-3-{d-(2-
vhjethoxy jpyrimidin-4-v] lphcnyl)p ropanoic :u::ld

527 D(2.09)

(28)-2-amino-3-(4-(4-amino-6-( 6, T-dihydroxy-1-methyl-3.4- 437 B(2.47)
dibiydroisoguinolin-2(1Hj-y1j-1.3,5-triazin-2-y1)phenyl )propanoic acid
(28)-2-amino-3-(4-(4-amino-6 2-triflucro-1-(3~methylbiphenyl 324 D222
4-yl)ethoxy)-1.3,5-triazin-2- VI)phun}I}pmp*mmt. acid

(8 - 2-amino-3-(4-(4-amino-6-[(R)-1-[(naphthalen-2- 428 A (2.90)
vljethylamino)pyrimidin-2-yl)phenyl jpropanoic acid

(8- 2-amino-3-(4-{ 2-amino-6- (benzyIthio)pyrimidin-4- 379 E(l.66)
yl)phenyl)propanoic acid

(28)-2-amino-3-(d-( 2-amine-6-( 2,2, 2-trifluoro-1- (4~ Mucrobiphenyl-4- 327 E(207)
vljethoxy)pyrimidin-4-y1jphenyl jpropanoic acid

{25)-2-amino-3-{4-(6-( 3-{4-chlorophenoxy Jpiperidin-1-yl pyrimidin-4- 4535 A (2.67)

vl propancic acid
-(4-amino-6-[(R)-1-(naphthalen-2-yljethylamino)-1,3.5- 486 J(2.83)
-yl )phenyl)-2-(2-aminoacetamidopropanoic acid

(8)-2-amino-3-{4-(6-((R}-1-(naphthalen-2-yljethylamine }-2- 481 A (3.70)
(trifluoromethypyrimidin-4-yl)phenylipropanoic acid
(8)-2-amino-3-(4-(2-amino-6-(4-(3-chlorophenyl piperazin-1 433 L(0.72)
ylhipyrimidin-4-yl)pheny! jpropanoic acid

(8- 2-amino-3-(4-{ 2-amino-6-((R)-2,2,2-1 lnl'lu\m.l 1- 433 E(L.TT)
phenylethoxy pyrimidin-4-yljphenyl)prog acid

(25)-2-amino-3-(4-(2-amine-6-( L4-diphenylbutylamino)pyrimidin-4 482 A (3.15)
vl)pheny|jpropanoic acid

(28)-2-amino-3-(4-(6-(1-{3-chlorobiphenyl-2-yl)-2,2,2- 328 E(2.35)
triffuoroethoxy )pyrimidin-4-yliphenyl)propanoic acid

(25)-2-amino-3-(4-(4-amino-6-( 1 (biphenyl-4-yl)-2,2,2- 510 D(2.14)

trifluoroethoxy)-1.3.5-triazin-2-yl )pheny|jpropancic acid
(28)-2-amino-3-(4-(2-amino-6-(2,2,3,3 3-penafluoro- 1-(3-fluoro-4 515 N(G34)
methylphenylipropoxy ipyrimidin-d-y 1 jphenylpropanoic acid
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-continued
LCMS HPLC Method
Compound (M + 1} (Time (min}))
(S)-ethyl 2-amino-3-(4-(2-amino-6-((R)-2,2, 2-triflluoro-1- (3 567 N(21T)

methoxybiphenyl-4-yljethoxy jpyrimidin-d-yl)phenyl jpropanoate
(8)-2-amine-3-{4-{ 2-amino-6-({3)-2,2.2-trifluoro-1-(3'- 539 N(3.36)
methoxybiphenyl-d-yljethoxyjpyrimidin-d-yl)phenyl )propanoic acid

(28)-2-amino-3-(4-(2-amino-6-(2,2, 2-rrifluoro-1-(3-fluore-3'- 557 0(35
methoxybiphenyl-4-yliethoxy)pyrimicin-4-yl)phenyl)propanoic acid
(28)-2-amino-3-(4-(2-amino-6-(1-(3'-(dimethylaminojbiphenyl-2-y1}- 352 Q300
".’ 2-trifluoroethoxy pyvrimidin-4-ylphenylipropancic acid

2-amino-3-(4-(2-amino-6-(2,2, 2-rrifluaro-1-( 3'-methoxy-3- 353 Ni3.63)

methy|biphenyl-2-yljethoxy jpyrimidin-4-yl jphenyljpropanoic acid
(28)-2-amino-3-(4-(2-amino-6-(2,.2, 2-rifluoroe-1-(4-methoxy-5 553 N (36l
methy [biphenyl-2-ylethoxy jpyrimidin-4-y1 jphenyjpropanocic acid
(28)-2-amino-3-(4-(2-amino-6-(2,2, 2-trifluore- 1-(3'-methoxy-3 617 O(3.28)

(methylsulfonyl}biphenyl-4-yljethoxyjpyrimidin-4-
yliphenyl)propanoic acid

(28 )-2-amino-3-(4-(2-amino-6-( 1-(2-(cyclopropylmethoxy )4 521 N(L5T)
fluorophenyl)-2,2.2-trifluorocthoxy)pyrimidin-4-y | jphenyl jpropanoic

acid

(28 )-2-amino-3-(4-(6-{1-(2-(cyclopropylmethoxy}-4-Auorophenyl)- A07 0 N(L62)

2.2, 2-trifluoroethoxy Jpyrimidin-4-yl)phenyl jpropanoic acid

(258)-2-amino-3-(4-(2-amino-6-(2,.2 2-trifluore-1-(2- 5200 N(L69)
(isopentyloxy)phenvlethoxy jpyrimidin-4-yljphenyljpropanocic acid
125)-2-amino-3-{4-{5-{2,2, 2-trifluoro-1-(3'-fucrobiphenyl-4- 512 —
yljethoxy jpyrazin-2-v1)phenyl )propanocic acid
(28)-2-amino-3-(d-(2-amino-6-( 2,2, 2-trifluore- 1-(4'-methoxybiphenyl- 530 N(350)
2-yljethoxy )pvrimidin-d-y1iphenyl)propanoic acid
(28)-2-amino-3-(4-(2-amino-6-( 1-(3'carbamoylbiphenyl-2-y1)-2.2,2- 552 N (314
riflucrcethoxy )pyrimidin-d-vlphenyljpropanoic acid
3 amino-6-( 1-(4"-carbamoylbiphenyl-2-y1)-2,2,2- 352 N(3.05)
din-4-vl jphenyljpropancic acid
(28)-2-amino-3-(4-(2-amino-6-(2,2,2-trifluore- 1-(4-(2- 355 NiL35S)
methoxyphenoxy | phenyljethoxy Jpyrimidin-4-yl)phenyljpropanoic
acid
(28)-2-amino-3-(4-(6-(2,2,2-trifluoro-1-(4-(2- 341 NiL39)
methoxyphenoxyiphenylethoxy ipyrimidin-4-vlphenyipropanaic
acid
(28)-2-amino-3-(4-(6-(2,2, 2-trifluoro-1-(2- 305 Ni(LT4)
(isopentyloxyiphenylethoxy jpyrimidin-4-ylphenylpropanoic acid
-29] 3-(4-(6-(1-( 3-acctamidobiphenyl-2-yl)- 2,2, 2-triflucrocthoxy )- 2- S66 0 N(3LIE)
imi vliphenyl)-2-aminopropanoic acid
F-{4-(6-( 1-(4-acetamidobiphenyl-2-yl)- 2.2 2-trifluoroethoxy)-2- b6 N (3.23)
aminopyrimidin-4-yljphenyl)- 2-aminopropanoic acid
(25 )-2-amino-3-{4-{ 2-amino-6-( | «(d-cyanophenyl}-2 2 2- 458 —
triflucroethoxy Jpyrimidin-4-yl jphenyl)jpropanoic acid
(S)-ethyl 2-amino-3-(4-(2-amino-6-((R)-2,2,2-trifluoro-1-p- 475 —
tolylethoxy jpyrimidin-d-yljpheny| jpropancate
(25 )-2-amino-3-{4-(2-amino-6-( 2.2 2-trifluoroe-1-(1- 493 0297

nethoxybicyelo[ 2.2.2|oct-5-en-2
nyl)propanoic acid

vljethoxy)pyvrimidin-4-

2-amine-6-(1-(4-(cyclopentyloxy jphenyl)}-2,2,2- 517 N(Le61)
wifluoroet hoxy )pyrinidin-d-vlpheny Dpropanoic acid
(28)-2-amino-3-(4-(6-(1-(4-icyclopentyloxyiphenyl - 2,2.2- 503 N(L6T)
rrifluarcethoxy )pyrimidin-4-ylphenylipropanoic acid
(28)-2-amino-3-(d-(2-amino-6-( 2.2, 2-rrifluoro-1-(4-(3- 556 N(L59)
methoxyphenoxy)phenyljethoxy jpyrimidin-4-vljpheny!jpropanoic
acid
(28)-2-amino-3-(4-(2-amino-6-(1-(4,5-dimethoxybiphenyl- 2-1}-2,2,2- 569 S5(3.34)
rrifluarcethoxy pyrimidin-4-ylphenylipropanoic acid
(28)-2-amino-3-(4-(2-amino-6-(1-(4,5-dimethoxy-3"-methylbiphenyl 383 S(3.50)
2-y1)-2.2. 2-rrifluoroethoxy | pyrimidin-4-y1iphenyl jpropanoic acid
(28)-2-amino-3-(4-(5-(2,2, 2trifluoro-1-(2"-methylbiphenyl- 2- 508 —
yljethoxy ipyrazin-2-¥phenyl jpropancic acid
(28)-2-amino-3-(4-(6-(2,2, 2-trifluoro-1-(4-(3- 341 Nil64)
methoxyphenoxy |phenyljethoxy Jpyrimidin-d-yl)pheny | )propanoic
acid
.?H] 2eaming-3-{4-( 2-amino-6-( 1-( 2-(3,5-difluorophenoxy ipheny| - 61 Nil.e4)

. mfhmr'!cﬂmxy]pvmmdm -4-yl)phenyl)propanoic acid

-amino-3-{4-(2-amino-6-(2,2, 2-trifluoro-1-(4-(4- 556 N(L.58)
methoxyphenoxy |phenyljethoxy Jpyrimidin-4-yl)phenyljpropanoic
acid
(28)-2-amino-3-(4-(2-amino-6-( 1-(4'-({ 5}-2-amino-2- 96

carboxyethyljbiphenyl-2-y[)-2,2, 2-trifluorcethoxy jpyrimidin-4-
yl]p]lu yl)pmpauou. acid

~aming-3-(4-{ 2-anine-6- 1-(2-bromophenyl)-2.2,.2- 513 —
mﬂun.mdhum}p\ rimidin-d-vl jphenyljpropancic acid
(28)-2-amino-3-(4-(5-(2,2,2-rrifluoro-1-(3'-methylbiphenyl-2 508

yljethoxy jpyrazin-2-yjphenyl jpropancic acid
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-continued
LCMS HPLC Method

Compound (M + 1} (Time (min}))
(28)-2-amino-3-(4-(2-anino-6-(2,2, 2-rilluore-1-(4-methoxybiphenyl- 530 8351
2-yljethoxy )pvrimidin-4-y1phenyl)propanoic acid
(28)-2-amino-3-(4-(5-(2,2, 2-trilluoro-1-(2-{d-methylthiophen-3- 514
ylphenylethoxy)pyrazin-2-ylphenylipropanoic acid
(28)-2-amino-3-(4-(2-amino-6-(2,2, 2-rrifluore-1-(4-methoxy-3'- 553 S5(3.60)
methy|biphenyl-2-yljethoxy jpyrimidin-4-y] jphenyljpropanoic acid
(28)-2-amino-3-(4-(2-amino-6-( 2,2, 2-rifluore-1-(3"- 339
(hydroxymethylibiphenyl-2-yljethoxy ypyrimidin-4-y | )phenyljpropancic
acid
(28)-2-amino-3-(4-(2-amino-6-(1-(3"cyanobiphenyl-2-y1)-2,2,2 334
triflucrcethoxy pyrimidin-4-ylphenyljpropanoic acid
(28)-2-amino-3-(4-(6-(1-(2-(3,5-diflucrephenoxy phenyl}-2,2,2- 347 N(L69)
rrifluarcethoxy Jpyrimidin-4-ylphenylipropanoic acid
[28)-2-amino-3-(4-(6-(2,2.2-trifluoro-1-(4-(4- 541 N (L.63)
methoxyphenoxy |phenyljethoxy Jpyrimidin-d-yl)pheny|)propanoic
acid
(28)-2-amino-3-(4-(2-amino-6-(2,2, 2-trifluore- 1-(2-(4-methylthiazol- 536
2-yl)thiophen-3-yljethoxy jpyrimidin-4-yljphenyl jpropanoic acid
125 )-2-amino-3-{4-{ 2-amino-6-( 2,2, 2-trifluore- 1 - 5-(4- 5300 0314
methoxyphenyljisoxazol-3-yl)ethoxy jpyrimidin-d-yljphenyl jpropancic
acid
(258)-2-amino-3-(d-(2-amino-6-( 2,2, 2-trifluore-1-(1-phenyl-5- 567 O(324)

(trifluoromethyl)-1 H-pyrazol-4-yljethoxy jpyrimidin-4-

yl)phenyl)propanoic acid

(28)-2-amino-3-(d-(2-amino-6-( 1-(2-(cyclohexyloxy)-4-methylphenyl }- 545 N(L76)
2.2 2-trifluoroethoxy Jpyrimidin-d-yljphenyvlpropanocic acid

(28)-2-amino-3-(4-{2-amino-6-( 1-(2-(cyclopentyloxy )-4- 532 ON(LTD)
methylphenyl}-2.2,2-triflucrcethoxy)pyrimidin-4-yl jpheny jpropancic

acid

(28)-2-amine-3-(4-(2-amino-6-( 1-(benzo[dthiazol-6-y1)-2,2,2- 490 O (2.66)
rrifluorcethoxy)pyrimidin-4-vjphenylpropancic acid

(28)-2-amino-3-(4-(2-amino-6-(2,2, 2-rrifluore- 1-(1-methyl- 1H- 437
imidazol-5-yljethoxypyrimidin-4-yl)pheny | jpropancic acid
(28)-2-amino-3-(4-(6-{1-(2-{cvclopentyloxy)-4-methylphenyl)-2.2,2- 517 N(L7®)
rifluaroethoxy pyrimidin-4-vlphenylpropanoic acid

(28)-2-amino-3-(4-(6-(1-(2-(cyclohexyloxy)-4-methylphenyl)-2.2,2 531 N(L8T)
rriffuoroethoxy Jpyrimidin-4-y1phenyl jpropancic acid

(28 ) 2-amino-3-(4-(2-amino-6-( 2.2, 2-trifluoro- 1 -(pyridin-3- 434 —
ylhethoxy jpyrimidin-4-yljphenylpropanoic acid

(28)-2-amino-3-(4-(2-amino-6-(1-(1 3-dimethyl-1 H-pyrazol-5-yl)- 451

triflucroethoxy Jpyrimidin-4-yl)phenyljpropanoic acid
aming-3-(4-(2-amino-6-( 3-hydroxyphenyl )pyrimidin-4- 351
¥l lir( yljpmpunmc acid

(2 2-amino-6-(2,2, 2-trifluoroe- 1-(3*-hydroxybiphemyl- 526
2yl rcrhn).)rJ]Wmnu‘h11-4-yJ phenvl)propanoic acid
(8)-2-amino-3-(4-( 2-amino-6-( 3.5-diflucrophenyl Jpyrimidin-4- n
yliphen yl]pmpunuit acid
(28)-2-amino-3-(d-(2-amino-6-( 1-(3',5 -difluorobiphenyl-2-y1}-2,2,2- 546
trillucroethoxy pyrinudin-d-vlpheny Dpropanoie acid
(28)-2-amino-3-(d-(6-(2,2,2-trifluore-1-(3"-fuorobiphenyl-3- 512
Dethoxy ipyrazin-2-yDphenyl)propanoic acid
(28)-2-amino-3-(4-(2-amino-6-( 1-(5-cthoxy-2-methyl-2,3- 533 0O(3.14)

thydrobenzofuran-6
yl]p]iu ylpropanoic acid

finoroethoxy jpyrimidin-4-

(28)-2-amino-3-(4-(2-amino-6- 1-(benzofuran-5-yl)-2.2.2- 473 —
rrifluarcethoxy pyrimidin-4-ylphenylipropanoic acid

(28 2-amino-3-(4-(2-amine-6-( 2,2, 2-trifluore- 1-(2-m-tolylfuran-3- 313

yliethoxy )pyrimidin-4-yljphenyljpropanoic acid

(8)-ethyl 3-(4-(2-amino-6-((R)-2,2,2-trifluoro- 1-(3-methoxybiphenyl 596 N(3.55)

4-yljethoxy jpyrimidin-4-ylphenyl )-2-
(28)-2-amino-3-(4-(6-(2,2,2-trifluoro-1-

aminocacetamido )propanoate
-(2-{4-methylthiophen-3- 514 —

)’l Iphenyljethoxy)pyrazin-2-ylipheny | iprepanoie acid
-aming-3-(4-(2-aminoe-6-(2.2, 2-trifluore- 1 -(5-methyl-3- Sl Ni3LD)
henylisoxazol-4-yljethoxy)pyrimidin-4-yl)pheny| jpropanoic acid
(8)-2-amino-3-{4-( 2-amino-6-( 3-(methylthio)pheny pyrimidin-4- 3Bl —
ylphenylpropanoic acid
(25)-2-amino-3-{4-{ 2-amino-6-(2,2, 2-trifluore-1-(3'- 555
(methylthio |biphenyl-2-yljethoxy}pyrimidin-4-yljphenyl jpropanoic
acid
(25 )-2-amino-3-{4-(2-amino-6-{ 1 -(3'- 66 —

({dimethylamino )methy|jbiphenyl-2-y1)-2,2,2-

triflucroethoxy )pyrimidin-d-vl jphenyl)propancic acid
(8)-2-amine-3-(4-(2-amino-6-(3-(triflucromethoxy jphenyl pyrimidin- 419
4-yl nyl)propanoic acid

(28)-2-amine-3-(4-(2-amine-6-(2,2, 2-trifluore-1-(3"- 593
(trifluoromethoxy biphenyl- 2-ylethoxy )pyrimidin-4

ylphenylpropanoic acid
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-continued
LCMS HPLC Method

Compound (M + 1} (Time (min}))
(8)-3-(4-{ 2-amine-6-((R)-2,2 2-trilluore-1-(3-methoxy biphenyl-4- 6 N(LSL)
yljethoxy jpyrimidin-d-yl)phenyl)-2-(2-amincacetamido Jpropanoic
acid
(28)-2-amino-3-(d-{2-amino-6-(2,2, 2-rifluoro- 1-( L-methyl-5-phenyl- 513 Ni288)
1 H-pyrazol-4-yljethoxy jpyrimidin-4-y | jpheny!jpropanocic acid
(28)-2-amino-3-(4-({2-amino-6-( 2,2, 2-rrifluare-1-(4- 511
(methylsulfonyl}phenyljethoxy pyrimidin-4-yDphenyjpropanocic acid
(8)-2-amino-3-(4-{ 2-amino-6-((R - 1-(3"-(dimethylamino}biphenyl-2- 552 S(3.09)

2.2-triflucroethoxy jpyrimidin-4-y1)phenylpropanoic acid

2-amino-3-{4-(2-amino-6-(1-(2-chloro-4 545

-nle'[h)l‘.ulfuuy],p‘rwnv]} 2.2, 2-rifluorcethoxy )pyrimidin-4
ylphenyl)propanoic acid

(28)-2-amino-3-(4-(2-amino-6-(2,2, 2-trifluore- 1-(3-(furan-2 505
ylithiophen-2-yl)ethoxy Jpyrimidin-4-yl jphenylprepanocie acid
(28)-2-amino-3-(4-(2-amino-6-( 1-(2-(cyclopentyloxy )-4-fluoropheny | )- 543 Nil.6a)
2,2, 2-trifluorocthoxy jpyrimidin-4-y)phenylpropanoic acid
(28)-2-amino-3-(4-(2-amino-6-(2,2, 2-trifluore-1-(2-(3- 343 0359

methoxyphenyljcyclohex-1-enyljethoxy )pyrimidin-4-
ylphenyl)propanoic acid

(28)-2-amino-3-(4-(2-amino-6-(2,2, 2-trifluore-1-(pyrimidin-3- 435

yljethoxy Jpyrimidin-d-yljphenyljpropanoic acid

(25)-2-amino-3-{4-{5-{2,2, 2-trifluoro-1-(3-methoxybiphenyl-3- 524

yljethoxy jpyrazin-2-¥|)phenyl jpropanoic acid
(8)-2-amino-3-(4-(2-amino-6-({8)-1-(3'-(dimethylamino ) biphenyl-2- 552 N (3.08)
yl)-2,2,2-trifluoroethoxy Jpyrimidin-d-yl}phenvl)propancic acid
(28)-2-amino-3-(4-(2-amino-6-(2,2,2-trifluoro-1-(2-(furan-2- 542 Ni2.61)
carboxamide)phenyljethoxy)pyrimidin-4-yl)phenyliprepanoic acid
(28)-2-amino-3-(4-(2-amino-6-( 1 -(4-chloro-2- 545 —

(methylsul fonyljphenyl)-
yljphenyljpropanoic acid

2. 2-rrifluoroethoxy )pyrimidin-4-

(S)-isopropyl 2-amino-3-(4-(2-amine-6-((R}-2,2.2-trifluoro-1-(3'- 581
methoxybiphenyl-4-yljethoxy )pyrimidin-4-ylphenyl jpropanoate
(28)-2-amino-3-(4-(6-(1-(2-(cyclopentyloxy)-4-fluorophenyl)-2,2.2 5200 N(L73)

mﬂuc.roclhuxv)p; rimidin-4-vlphenyljpropancic acid
(28 2-amino-3-(4-(6-(1-(2-(cvelohexyloxy)-4-fluorophenyl)-2,2,2- 334 WL
rriflucrcethoxy )pyrimidin-4-ylphenylipropanoic acid

(28)-2-amino-3-(4-(2-amino-6-(2,2, 2-trifluore- 1-(1-(thiophen-2- 321 Qi336)
yheyclohexyljethoxypyrimidin-4-yl)phenyljpropancic acid
(28)-2-amino-3-(4-(2-{2,2, 2trifluoro- 1 -(3"-methoxybiphenyl-4- 529 Q230

hoxy thiazol-5-yl)phenyljpropancic acid

2-amino-3-(4-(2-amino-6-(1-(2-(cyclohexyloxy -4-finorophenyl)- 549 NLT0)
trifiuoroethoxy Jpyrimidin-4-yl)phenyljpropanoic acid

(25 ) 2-amino-3-{d-{ 2-amino-6-(2 2, 2-trifluore-1-( 1-(4- 545 O (341)
methoxyphenyljcyclohexyljethoxy )pyrimidin-d-yljphenyl jpropanoic

acid

J-2-amino-3-{4-(6-(2,2,2-trifluore-1-(4-fluoro-2- 450 Nil.50)

by [phenyljethoxypy rinudin-d-yljpheny propancic acid
5)-2-amino-3-(4-(2-amine-6-{ 2,2, 2-trifluoro-1-(4-fluoro-2- 465 Ni145)

methy |phenylethoxy )py rinudin-d-ypheny propancic acid
-aming-3-(4-(2-amino-6-(oxazol-2 432 0(L.76)

{phenylmetboxy jpyrimidin-d-yljpheny|jpropancic acid
-"-}} 2-aming-3-(4-( 2-amino-6-( 1-cyclohexyl-2,2 2- 452 0(347)

rriflucrcethylideneaminooxy pyrimidin-4-ylphenyl )propanoic acid
(28)-2-amino-3-(d-(2-amine-6-( 1-( 2-(3-(dimethylamino phenyl ) furan- 543 N (3.02)
E 2,2 2-trifluoroethoxy | pyrimidin-4-y| jphenyljpropanoic acid
(28)-2-amino-3-(4-(2-amino-6-(2,2,2-trifluaro- 1 -(5-phenylthicphen 515 N (3.39)
2-yljethoxy Jpvrimidin-4-ylphenyl)propanoic acid

(8)-phenyl 2-amino-3-(4-(2-amino-6-((R)-2.2,2-trifluoro-1-(3" 615 Q(3.00)
methoxyhiphenyl-4-yllethoxy )pyrimidin-4-yljphenyl jpropanoate
(8)-2-amine-3-(4-(2-amino-6-({R)-1-(3"- 566 N (2.60)

((dimethylaminc ymethy|)biphenyl-4-y1)-2,2,2-
rriffluoroethoxy Jpyrimidin-4-y1phenyl jpropancic acid

(8)-2-amino-3-{4-(1-( 3-methoxybenzoyl)- | H-pyrazol-4- o6 0(2.55)

yliphenyl)propanoic acid

(28)-2-amino-3-(4-(6-(2,2, 2-trifluoro-1-(3-phenylfuran-2 484 N (3.63)

}l]cﬂ:loxvjpvrmlﬂ n-4-yljphenyl)propanocic acid

(28 )-2-amino-3-(4-{ 2-anino-6-( 1-(4-chloro-2-Muoropleny1)-2,2 486 N (314)

triflucreethoxy pyrimidin-4-yljphenyljpropanoic acid

(8,E)-2-amino-3-(4-( 2-amino-6-(4-(trifluoromethystyryjpyrimidin-4- 429 N(294)
yliphen yl]pmpunmt acid

(28 amine-6-(1-(3 4-dichlorephenyl}-2,2.2- 502 N (331

rriffluoroethoxy Jpyrimidin-4-y1phenyl jpropancic acid

125)-2-amino-3-{4-{ 2-amino-6-( | «(4-chloro-3-fluorophenyl)-2 2 2- 486 N(313)

triflucroethoxy )pyrimidin-d-vl phenyljpropancic acid

(8)-2-amino-3-(4-(2-amino-6-((R)- 1-(3'-(dimethylamino)biphenyl-4 552 N(2.66)

yl)-2,2, 2-trifluoroethoxy jpyri Ayliphenyljpropanoic acid
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~continued

74

LCMS HPLC Method

Compound

(M + 1) (Time (min))

(28)-2-amino-3-{4-{2-amino-6-( 1 -chloro-2 2 2-rifluoro-1-(4- 573 N(3TT)

thoxybiphenyl-2-yljethoxy ) nidin-d-yl)phenyl)propanocic acid
(28)-2-amine-3-(4-(6-(2,2,2-rilluore-1-(5-phenylthiophen-2- 5000 N(375)
ylethoxy jpyrimidin-d-yljphenyljpropanoic acid
(8)-2-amino-3-(4-(3-(4-phenoxyphenyl)-1 H-1,2,3-triazol- 1- 401 O(3.20)
yl)phenyl)propanoic acid
(8.E)-2-amino-3-(4-(2-amino-6-( 2-{biphenyl-4-y winyljpyrimidin-4- 437 W37
ylphenylipropanoic acid
($)-2-amino-3-(4-(4-amino-6-({R)-2,2,2-riflucro-1-(3"- 539
methoxybiphenyl-4-ylethoxypyrimicin-2-yl)phenyl)propanoic acid
(8)-2-amino-3-(4-(4"-methoxybiphenyl-4 428 N (2.78)
ylsulfonamido)phenylpropanoic acid
(28)-2-amino-3-(4-(2-amino-6-(2,2, 2-trifluore- 1-(6-(3 5400 N (3.00)
methoxypheny | ipyridin-3-yethoxy jpyrimidin-4-yl jphenyl)propanoic
acid
(28 )-2-amino-3-{4-(2-amino-6-( 2,2, 2-trifluore- 1 -(6-(2-fluore-3- 58 N (3.00)
methoxypheny pyridin-3-ylethoxy )pyrimidin-4-yl jphenyljpropanoic
acid
Zeamino-3-[ 5-(4-methylbiphenyl-2-y[}-11-indol-3-y | jpropanoic acid 371 N (L48)
2-amino-3-(5-m-tolyl-1H-indol-3-y1propanoic acid 295 NiL1®)
(28)-2-amino-3-{4-(2-(2-methoxyphenyl)furan-3- 358 O (2.68)
carboxamido)phenyl jpropancic acid
Zeamino-3-[5- 1-benzyl- 1 Hepyrazol-d-yl -1 H-indol- 3-yljpropancic acid 361 ML)
(28)-2-amino-3-(4-(2-amino-6-(2,2, 2-trifluore- 1-( 6-(thiophen-2- 516 N(L42)
yl)pyridin-3-yljethoxy Jeyrimidin-4-yljphenyl)propanoic acid
2-aming-3-(6-(1-benzyl- 1H-pyrazol-4-y1)-1H-indol- 3-yl)propancic acid 361 N (L.09)
(8)-2-amino-3-(4-(( 2-(£-(trillucromethyl jphenylnhiazol-4- 422 O(3.00)
yhimethylamino)phenyljpropancic acid
(8)-2-amino-3-(4-((4-methoxybiphenyl-4- 441 O (2.94)
ylsulfonamidoimethyljphenyljpropanocic acid
(8)-2-amino-3-(4-(3-(2-methoxvdibenzo[b.d] furan-3- 420 O (3.36)
yljureido )phenyljpropanoic acid
(8)-2-amino-3-(4-(3-(2,2-diphenylethyljureido)pheny|)propancic acid 404 Q297
{8)-2-amino-3-(4-{phenvlethynyliphenyljpropanoic acid 266 N (2.91)
(8)-2-amino-3-(4-(2-amino-6-{(5-{1-methy|-5-{triflucromethy!}- 1 H- 410 NiL3%
pyrazol-3-ylithiophen-2-yl)methoxy)pyrimidin-4-y1jphenyl jpropanoic
acid
(28 )-2-amino-3-(4-(2-amino-6-( 1,1, 1-trifluore-3-((R)-2,2,3- 479 O (342)
rrimethylevelopent-3-eny | jpropan-2-yloxy Jpyrimidin- 4—
/| jphenyl jpropanoic acid
25 ) 2-amino-3-{d-{ 2-aming-6-(3-(2- 429 N (1.53)
h}drms) ethylcarbamoyl jpiperidin- 1-y|jpyrimidin-4-
)- liphenylpropanoic acid
(28)-2-amino-3-(4-(2-amino-6-(3-(pyridin-2-yloxy )piperidin-1- 435 N(211)
yhipyrimidin-4-yl jphenyl}propancic acid
(8)-2-amino-3-(4-( 2-amino-6-(4-chloro-3-(piperidine-1- 480 N(2.75)
carbonyl)phenylpyrimidin-d-ylpheny| jpropancic acid

45

6.55. In Vitro Inhibition Assays

[Human TPH1, TPH2. tyrosine hydroxylase (T11) and phe-
nylalanine hydroxylase (PH) were all generated using genes
having the following accession numbers, respectively:
X52836, AY098914, X05290, and U49897.

NaCl, 0.1% Tween-20, 2 mM EDTA, 5 mM DTT, protease
inhibitor mixture (Roche Applied Science, Indianapolis, Ind..
USA) and 1 mM phenylmethanesulfonyl fluoride (PMSF),
and the cells were lyzed with a microfluidizer. The lysate was
centrifuged and the supernatant was loaded onto a pterin-

The full-length coding sequence of human TPHI was 30 coupled sepharose 4B column that was equilibrated with a
cloned into the bacterial expression vector pE'124 (Novagen, buffer containing 50 mM Tris. pH 8.0, 2 M NaCl, 0.1%
Madison, Wis., USA). A single colony of BL21(DE3) cells Tween-20,0.5 mM EDTA, and 2 mM DTT. The column was
harboring the expression vector was inoculated into 50 ml of washed with 50 ml of this buffer and TPH1 was eluded with
L broth (LB)-kanamycin media and grown up at 37° C. over- . a buffer containing 30 mM NaHCO,, pH 10.5, 0.5 M NaCl,
night with shaking. Half of the culture (25 ml) was then 0.1% Tween-20, 0.5 mM EDTA, 2 mM DTT, and 10% glyc-
transferred into 3 L of media containing 1.5% veast extract, erol. Cluted enzyme was immediately neutralized with 200
2% Bacto Peptone, 0.1 mM tryptophan, 0.1 mM ferrous mM KH,PO,, pH 7.0, 0.5 M NaCl, 20 mM DTT, 0.5 mM
ammonium sulfate, and 50 mM phosphate bufter (pH 7.0}, EDTA, and 10% glycerol, and stored at —=80° C.
and grown to ODy,=6 at 37° C. with oxygen supplementedat 50 Human tryptophan hydroxylase type II (TPH2), tyrosine
40%, pH maintained at 7.0, and glucose added. Expression of hydroxvlase (TH) and phenylalanine hydroxylase (PAH)
TPHI was induced with 153% D-lactose over a period of 10 were expressed and purified essentially in the same way,
hours at 25° C. The cells were spun down and washed once excepl the cells were supplemented with tyrosine for TH and
with phosphate buttered saline (PBS). phenylalanine for PAH during growth.

TPH1 was purified by affinity chromatography based onits 5 TPHI1 and TPH2 activities were measured in a reaction

binding to pterin. The cell pellet was resuspended in a lysis
buffer (100 ml/20 g) containing S0 mM Tris-Cl, pH 7.6,0.5 M

mixture containing 50 mM 4-morpholinepropanesulfonic
acid (MOPS), pH 7.0, 60 pM wyptophan, 100 mM ammo-
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nium sulfate, 100 pM ferrous ammonium sulfate, 0.5 mM
tris(2-carboxyethyl)phosphine (TCEP). 0.3 mM 6-methyl
tetrahydropterin, 0.05 mg/ml catalase, and 0.9 mM DTT. The
reactions were initiated by adding TPHI to a final concentra-

76

The average of SHT level in cells without compound
treated was used as the maximum value in the 1C, derivation
according to the equation provided above. The minimum
value of SHT is either set at 0 or from cells that treated with
the highest concentration ol compound i’ a compound is not

tion of 7.5 nM. Initial velocity ol the reactions was deter- 3 . .
mined by following the change of fluorescence at 360 nm cytotoxic at that concentration.

o ey es BON CBA: Cells were grown in equal volume of DMEM
(excitation wavelength=300 nm). TPHI and TPH2 inhibition ;4 F12K with 5% bovine serum for 3-4 hours (20K cell/
was determined by measuring their activities at various com- well) and compound was added at a concentration range of
pound concentrations, and the potency of a given compound 0.07 pM 1o 50 pM. The cells were incubated at 37° C. over-
was calculated using the equation: o night. Fifty pM of the culture supernatant was then taken for

SHTP measurement. The supernatant was mixed with equal
volume of 1M TCA, then filtered through glass fiber. The
vo=b filtrate was loaded on reverse phase HPLC for SHTP concen-
v=bt ————— . - P )
0] P tration measurement. The cell viability was measured by
! [[:m ] 13 treating the remaining cells with Promega Celltiter-Glo
Luminescent Cell Viability Assay. The compound potency
was then calculated in the same way as in the RBL CBA.
where v is the initial velocity at a given compound concen- 6.57. In Vivo Effects
tration C, v, is the v when C=0, b is the background signal, D The in vivo effects of'a potent TPH1 inhibitor of the inven-
is the Hill slope which is approximately equal to 1, and I, is 20 tion were evaluated in several studies by determining the
the concentration of the compound that inhibits half of the ~ change of 5-IIT levels in the intestines and brains of mice
maximum enzyme activity. following oral admmlslraillon of the :::omlpn‘und. ]
Human TH and PAH activitics were determined by mea- Thc cn_mpmmd was _f(mnulmcd_m different vehicles o
_— 3 . H provide either a suspension or solution. Generally, 14-week-
suring the amollnt of 11,0 generated using L-[3.4-"H]-ty- 5 old male C57 albino mice were dosed once daily by oral
rosineand L"H:' lth-phcnylala.n‘mc? respectively. The enzy me ™ gavage at 5 ml/kg for four consecutive days. Five hours after
(100 nM) was first incubated with its substrate at 0.1 mM for the last dose, the animals were quickly sacrificed. Various
about 10 minutes, and added to a reaction mixture containing regions of the intestinal tract and whole brain were taken and
50 mM MOPS, pH 7.2, 100 mM ammonium sulfate, 0.05% frozen immediately. 5-HT was extracted from the tissues and
Tween-20, 1.5 mM TCEP, 100 uM ferrous ammonium sul- 4 measured by HPLC. Blood samples were taken for exposure
fate, 0.1 mM tyrosine or phenylalanine, 0.2 mM 6-methyl ~  analysis.
tetrahydropterin, 0.05 mg/ml of catalase, and 2 mM DTT. The The potent TPI1 inhibitor was found to reduce 5-IT levels
reactions were allowed to proceed for 10-15 minutes and ~ in both the small and large intestine, but not in the brain. In
stopped by the addition of 2 M HCL. The mixtures were then one study. the compound was formulated in I1,0 and admin-
filtered through activated charcoal and the radioactivity in the 55 istered to mice at four different dose levels: 15, 50, 150, and

filtrate was determined by scintillation counting. Activities of

compounds on TH and PAH were determined using this assay

and calculated in the same way as on TPH1 and TPH2.
6.56. Cell-Based Inhibition Assays

500 mg/kg, once daily by oral gavage. As shown in F1G. 1, the
compound caused significant reduction of 5-HT in the
jejunum and ileum in a dose-dependent fashion. In the colon,
statistically significant reduction of 5-HT was seen at the 50,
150, and 500 mg/kg/day dose levels. No signilicant change of

‘Two types of cell lines were used for screening: RBL2H3 is 40 ' - -
arat matt{tl;cymma cell line, which conlaills'l'l-’lg{l and makes is':lll levels was observed in the brain at any of the dose
5-hydroxytrypotamine (5H1) spontaneously; BON is a eve's. _— _—
hun::an c:rv.:i);f:\id cell ]in(e. wh)ichpcunluins 'I'IErHl and makes . All puhlwaumlls (e.g., patents z_md "‘*“"!‘ app]ufatmn@
5-hydroxytryptophan (SH.'I']’). The CBAs were performed in CIlLTd §I|h¢wc are incorporated herein by relerence in their
96-well plate format. The mobile phase used in HPLC con- as Cnureties. .
tained 97% of 100 mM sodium acetate, pH 3.5 and 3% aceto- What is claimed is: . . .
nitrile. A Waters C18 column (4.6x50 mm) was used with L ’\ mcthod_o_f treating, pu]mo_nar}f hypertension, which
Waters HPLC (model 2795). A multi-channel fluorometer COMPIISEs ad{nu:_nslcnng, toa p{ﬂlcnt mn DCCd, thereof thera-
(model 2475) was used to monitor the flow through by setting pcuucall}‘;' cffective amounts of a prostacyclin and a com-
at 280 nm as the excitation wavelength and 360 nm as the 50 pound of the formula:
emission wavelength.

RBL CBA: Cells were grown in complete media (contain-
ing 5% bovine serum) for 3-4 hours to allow cells to attach to
plate wells (7K cell/well). Compounds were then added to O
each well in the concentration range of 0.016 uM to 11.36 55 ?.,
uM. The controls were cells in complete media without any X " o
compound present. Cells were harvested after 3 days of incu- _
bation at 37° C. Cells were =95% confluent without com- H'\\.R
pound present. Media were removed from plate and cells !
were lysed with equal volume of 0.1 N NaOH. A large portion 60
of the cell lysate was treated by mixing with equal volume of or a pharmaceutically acceptable salt thereof, wherein:
IM TCA and then liltered through glass fiber, The filtrates A is optionally substituted cycloalkyl, aryl, or heterocycle;
were loaded on reverse phase HPLC for analyzing 5SHT con- X 15 a bond, —O—, —8 C(O)y—, —C(Ry)
centrations. A small portion of the cell lysate was also taken to —C(R,) C(R;R,) C(Ry)=C(R,)
measure protein concentration of the cells that reflects the &5 C=C—, N(R)}—, N(R)IC(O)N(R;)
cytotoxicity of the compounds at the concentration used. The C(R;RN(R;) N(RSIC(RSR,) ONC
protein concentration was measured by using BCA method. (Ri)—, —C(R3;)NO—, —C(R;R;)0— —OC
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RR)— —S(0)— —SOINRs)— —NRS
(O,) CR;R)S(0,)—, or —S3(0,)C(RR )
12 1s optionally substituted aryl or heterocycle;
E is optionally substituted aryl or heterocycle:

78

4. The method of claim 3, wherein A is optionally substi-
tuted biphenyl.

5. The method of claim 3. wherein R, is trifluoromethyl.

6. The method of claim 3, wherein E is optionally substi-

R, is hydrogen or optionally substituted alkyl, alkyl-aryl, 5 .o phenyl
alkyl-heterocycle, aryl, or heterocycle; 7. The n-wtlmd of claim 3. wherein R, is amino
R, is hydrogen or optionally substituted alkyl, alkyl-aryl, : e 10 :
alkyl-heterocycle. arvl, or heterocycle; 8. The mcthnd of claim 1, \‘_fh_crcin the prostacyclin is
R, is hydrogen, alkoxy, amino. cyano, halogen, hydroxyl, epoprostenol. iloprost or treprostinil.
or optionally substituted alkyl; 10 9. A method of treating pulmonary hvpertension. which
P ) Y 2P Y hyp

R, is hydrogen, alkoxy, amino. cyano. halogen, hydroxyl,
or optionallv substituted alkyl or aryl:
R; is hydrogen or optionally substituted alkyl or aryl; and
nis 0-3.
2. The method of claim 1, wherein the compound is of the
formula:

g X

wherein:
eachof 7", Z",, 7", and 7", is independently N or CR
cach R, is independently amino. cyano, halogen, hydro-

gen, OR,,. SR,,, NR,R,;, or optionally substituted -

alkyl, alkyl-aryl or alkyl-heterocycle:

each R, is independently hydrogen or optionally substi-
tuted alkyl, alkyl-aryl or alkyl-heterocycle:

each R, is independently hydrogen or optionally substi-
tuted alkyl, alkyl-aryl or alkyl-heterocycle: and

each R, is independently hydrogen or optionally substi-
tuted alkyl, alkyl-aryl or alkyl-heterocycle.

3. The method of claim 2, wherein the compound is of the

formula:

13

20

40

comprises administering to a patient in need thereof thera-
peutically effective amounts of a prostacyclin and a com-
pound of the formula:

or a pharmaceutically acceplable salt thereol, wherein A is
optionally substituted cycloalkyl, arvl, or heterocycle; and R,
is hydrogen or lower alkyl.

10. The method of claim 9, wherein A is optionally substi-
tuted biphenyl.

11. The method ol claim 9, wherein the prostacyclin is
epoprostenol, iloprost or treprostinil.

12. A method of treating pulmonary hypertension, which
comprises administering to a patient in need thereof thera-
peutically effective amounts of a prostacyclin and (S)-2-
amino-3-(4-(2-amino-6-((R)-2.2,2-trifluoro-1-(3'-methoxy-
biphenyl-4-yljethoxy)pyrimidin-4-yl)phenyl)propanoic
acid, or a pharmaceutically acceptable salt thereof.

13. The method of claim 12, wherein the prostacyclin is
epoprostenol, iloprost or treprostinil.
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