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METHODS FOR TREATING PULMONARY 
HYPERTENSION 

0001. This is a continuation of U.S. patent application Ser. 
No. 13/006,592, filed Jan. 14, 2011, which is a continuation of 
U.S. patent application Ser. No. 12/169,815, filed Jul. 9, 2008, 
now U.S. Pat. No. 7,875,622, which claims priority to U.S. 
provisional application No. 60/949,040, filed Jul. 11, 2007, 
all of which are incorporated herein by reference. 

1. FIELD OF THE INVENTION 

0002 This invention relates to methods and compositions 
for the treatment of pulmonary hypertension and related dis 
eases and disorders. 

2. BACKGROUND 

0003 Pulmonary hypertension (PH), or pulmonary arte 
rial hypertension (PAH), is a disease characterized by 
increased pulmonary artery pressure and pulmonary vascular 
resistance. Harrison's Principles of Internal Medicine, 15th 
ed., pp. 1506-1507 (McGraw-Hill, 2001). Left untreated, PH 
“usually has a dismal prognosis culminating in right ventricu 
lar failure and death.” Ulrich, S., et al., Swiss Med. Wkly 
137:73-82, 73 (2007). 
0004. In 2003, the World Health Organization (WHO) 
sponsored the development of guidelines, called the “Venice 
classification,” which are now used to classify types of PH. 
http://www.tracleer.com/default.asp?page=CouldHave 
WHO (accessed Jun. 29, 2007). The first type, WHO Group 
1.1, is idiopathic pulmonary arterial hypertension (IPAH). 
This refers to PAH that occurs at random, without an apparent 
cause. IPAH used to be called “primary pulmonary hyperten 
Sion or PPH. Id. 
0005. The second type, WHO Group 1.2, is familial pull 
monary arterial hypertension (FPAH). With this type of PAH, 
a faulty gene is passed on through the family, which causes 
the PAH to develop over time. It is estimated that at least 6 to 
10 percent of PAH cases occur in families where at least one 
other person has had the disease. Id. 
0006. The third type, WHO Group 1.3, is pulmonary arte 
rial hypertension associated with other diseases or conditions 
(APAH). This used to be called “PAH secondary to other 
conditions” or Secondary PAH. This category includes PAH 
associated with collagen vascular disease or “connective tis 
sue disease” (e.g., scleroderma (SSc)-including CREST syn 
drome-lupus (SLE)), congenital systemic-to-pulmonary 
shunts (congenital heart disease), portal hypertension, HIV 
infection, drugs and toxins, and other diseases and disorders 
(e.g., thyroid disorders, glycogen storage diseases, Gaucher 
disease, hereditary hemorrhagic telangiectasia, hemoglo 
binopathies, myeloproliferative disorders, splenectomy). Id. 
0007. The fourth type, WHO Group 1.4, is pulmonary 
arterial hypertension associated with significant venous or 
capillary involvement, and includes pulmonary veno-occlu 
sive disease (PVOD) and pulmonary capillary hemangioma 
tosis (PCH). 
0008. The fifth and final type, WHO Group 1.5, is persis 
tent pulmonary hypertension of the newborn. Id. 
0009 Drugs currently used to treat PH include pulmonary 
vasodilators, calcium channel blockers, and inhibitors of 
platelet aggregation. The Merck Manual, 17th ed., pp. 1703-4 
(Merck Research Laboratories, 1999). Diuretics, nitric oxide, 
phosphodiesterase 5 inhibitors (e.g., sildenafil) and endothe 
lin receptor antagonists (ERAS) are also used for its treat 
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ment. Ulrich, S., et al., Swiss Med. Wkly 137:73-82, 76-77 
(2007). Endothelin receptor antagonists work by binding to 
the ET and/or ET, receptor sites in the endothelium and 
vasculature Smooth muscle, thereby preventing the neurohor 
mone endothelin-1 (ET-1) from binding to these same recep 
tor sites and triggering vasoconstriction. Id. at 76-77. An 
example of an ERA is bosentan (TRACLEER(R). 
(0010. Other methods of treating PH have been investi 
gated. For example, selective serotonin reuptake inhibitors 
(SSRIs) reportedly reverse PH in rats. Id. at 79. These com 
pounds, which are widely used to treat depression, affect the 
reuptake of the neurotransmitter serotonin (5-HT). 
0011 Serotonin is synthesized in two steps from the 
amino acid tryptophan. Goodman & Gilman's The Pharma 
cological Basis of Therapeutics, 10" ed., p. 270 (McGraw 
Hill, 2001). The first step is rate-limiting, and is catalyzed by 
the enzyme tryptophan hydroxylase (TPH), which has two 
known isoforms: TPH1, which is expressed in the periphery, 
and TPH2, which is expressed primarily in the brain. Walther, 
D.J., et al., Science 299:76 (2003). Mice genetically deficient 
for the tph 1 gene ("knockout mice’) have been reported. In 
one case, the mice reportedly expressed normal amounts of 
serotonin in classical serotonergic brain regions, but largely 
lacked serotonin in the periphery. Id. In another, the knockout 
mice exhibited abnormal cardiac activity, which was attrib 
uted to a lack of peripheral serotonin. Coté. F., et al., PNAS 
100(23): 13525-13530 (2003). Recently, TPH knockout mice 
were studied in a hypoxia-induced pulmonary arterial hyper 
tension model. Morecroft, I., et al., Hypertension 49:232-236 
(2007). The results of those studies suggest that TPH1 and 
peripheral serotonin play an essential role in the develop 
ment of hypoxia-induced elevations in pulmonary pressures 
and hypoxia-induced pulmonary vascular remodeling. Id. at 
232. 

3. SUMMARY OF THE INVENTION 

0012. This invention is directed, in part, to methods of 
treating pulmonary hypertension and related diseases and 
disorders, which comprise administering to a patient thera 
peutically effective amounts of a tryptophan hydroxylase 
(TPH) inhibitor and at least one other active pharmaceutical 
ingredient. 
0013. One embodiment encompasses a method of treat 
ing, managing or preventing pulmonary hypertension, which 
comprises administering to a patient in need thereof thera 
peutically or prophylactically effective amounts of an endot 
helin receptor antagonist and a tryptophan hydroxylase 
inhibitor. 
0014. Another encompasses a method of treating, manag 
ing or preventing pulmonary hypertension, which comprises 
administering to a patient in need thereoftherapeutically or 
prophylactically effective amounts of an anticoagulant and a 
tryptophan hydroxylase inhibitor. 
0015. Another encompasses a method of treating, manag 
ing or preventing pulmonary hypertension, which comprises 
administering to a patient in need thereoftherapeutically or 
prophylactically effective amounts of a calcium channel 
blocker and a tryptophan hydroxylase inhibitor. 
0016. Another encompasses a method of treating, manag 
ing or preventing pulmonary hypertension, which comprises 
administering to a patient in need thereoftherapeutically or 
prophylactically effective amounts of a prostacyclin and a 
tryptophan hydroxylase inhibitor. 
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0017 Another encompasses a method of treating, manag 
ing or preventing pulmonary hypertension, which comprises 
administering to a patient in need thereoftherapeutically or 
prophylactically effective amounts of nitric oxide or a nitric 
oxide precursor or releasing compound, and a tryptophan 
hydroxylase inhibitor. 
0.018. Another encompasses a method of treating, manag 
ing or preventing pulmonary hypertension, which comprises 
administering to a patient in need thereoftherapeutically or 
prophylactically effective amounts of a phosphodiesterase 5 
inhibitor and a tryptophan hydroxylase inhibitor. 
0019. Another encompasses a method of treating, manag 
ing or preventing pulmonary hypertension, which comprises 
administering to a patient in need thereoftherapeutically or 
prophylactically effective amounts of a diuretic and a tryp 
tophan hydroxylase inhibitor. 
0020. Another encompasses a method of treating, manag 
ing or preventing pulmonary hypertension, which comprises 
administering to a patient in need thereoftherapeutically or 
prophylactically effective amounts of a platelet derived 
growth factor and a tryptophan hydroxylase inhibitor. 
0021. The invention also encompasses pharmaceutical 
formulations (e.g., single unit dosage forms) comprising a 
TPH inhibitor and at least one other active pharmaceutical 
ingredient. 

4. BRIEF DESCRIPTION OF THE FIGURE 

0022 Aspects of the invention may be understood with 
reference to the attached figure. 
0023 FIG. 1 shows the effects of a potent TPH1 inhibitor 
of the invention in the mouse gastrointestinal tract and brain 
after oral administration. All data are presented as percentage 
of the mean of the control (vehicle-dosed) group. Error bars 
are S.E.M. N=5 per group. The symbols are *, p<0.05 vs 
control group. For the brain data, p=0.5, one-way ANOVA. 

5. DETAILED DESCRIPTION 

0024. This invention is based, in part, on studies of tph 1 
knockout mice and the discovery of compounds that inhibit 
tryptophan hydroxylase (e.g., TPH1). 

5.1 DEFINITIONS 

0025. Unless otherwise indicated, the term “alkenyl 
means a straight chain, branched and/or cyclic hydrocarbon 
having from 2 to 20 (e.g., 2 to 10 or 2 to 6) carbon atoms, and 
including at least one carbon-carbon double bond. Represen 
tative alkenyl moieties include vinyl, allyl, 1-butenyl, 2-bute 
nyl, isobutylenyl, 1-pentenyl, 2-pentenyl, 3-methyl-1-bute 
nyl, 2-methyl-2-butenyl, 2,3-dimethyl-2-butenyl, 1-hexenyl, 
2-hexenyl, 3-hexenyl, 1-heptenyl, 2-heptenyl, 3-heptenyl, 
1-octenyl, 2-octenyl, 3-octenyl, 1-nonenyl, 2-nonenyl, 
3-nonenyl, 1-decenyl, 2-decenyl and 3-decenyl. 
0026. Unless otherwise indicated, the term “alkyl means 
a straight chain, branched and/or cyclic (“cycloalkyl) hydro 
carbon having from 1 to 20 (e.g., 1 to 10 or 1 to 4) carbon 
atoms. Alkyl moieties having from 1 to 4 carbons are referred 
to as “lower alkyl.” Examples of alkyl groups include methyl, 
ethyl, propyl, isopropyl. n-butyl, t-butyl, isobutyl, pentyl, 
hexyl, isohexyl, heptyl, 4.4-dimethylpentyl, octyl, 2,2,4-tri 
methylpentyl, nonyl, decyl, undecyl and dodecyl. Cycloalkyl 
moieties may be monocyclic or multicyclic, and examples 
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
and adamanty1. Additional examples of alkyl moieties have 
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linear, branched and/or cyclic portions (e.g., 1-ethyl-4-me 
thyl-cyclohexyl). The term “alkyl includes saturated hydro 
carbons as well as alkenyl and alkynyl moieties. 
0027. Unless otherwise indicated, the term “alkoxy” 
means an —O-alkyl group. Examples of alkoxy groups 
include —OCH —OCHCH —O(CH2)CH —O(CH) 
CH, —O(CH2)CH, and —O(CH2)CH. Unless other 
wise indicated, the term “alkylaryl' or “alkyl-aryl' means an 
alkyl moiety bound to an aryl moiety. 
0028. Unless otherwise indicated, the term “alkylhet 
eroaryl' or “alkyl-heteroaryl means an alkyl moiety bound 
to a heteroaryl moiety. 
0029. Unless otherwise indicated, the term “alkylhetero 
cycle' or “alkyl-heterocycle” means an alkyl moiety bound to 
a heterocycle moiety. 
0030 Unless otherwise indicated, the term “alkynyl 
means a straight chain, branched or cyclic hydrocarbon hav 
ing from 2 to 20 (e.g., 2 to 20 or 2 to 6) carbon atoms, and 
including at least one carbon-carbon triple bond. Represen 
tative alkynyl moieties include acetylenyl, propynyl, 1-buty 
nyl, 2-butynyl, 1-pentynyl, 2-pentynyl, 3-methyl-1-butynyl, 
4-pentynyl, 1-hexynyl, 2-hexynyl, 5-hexynyl, 1-heptynyl, 
2-heptynyl, 6-heptynyl, 1-octynyl, 2-octynyl, 7-octynyl, 
1-nonynyl, 2-nonynyl, 8-nonynyl, 1-decynyl, 2-decynyl and 
9-decynyl. 
0031. Unless otherwise indicated, the term “aryl' means 
an aromatic ring or an aromatic or partially aromatic ring 
system composed of carbon and hydrogen atoms. An aryl 
moiety may comprise multiple rings bound or fused together. 
Examples of aryl moieties include anthracenyl, azulenyl, 
biphenyl, fluorenyl, indan, indenyl, naphthyl, phenanthrenyl, 
phenyl, 1.2.3,4-tetrahydro-naphthalene, and tolyl. 
0032 Unless otherwise indicated, the term “arylalkyl or 
“aryl-alkyl means an aryl moiety bound to an alkyl moiety. 
0033. Unless otherwise indicated, the terms “biohydrolyz 
able amide.” “biohydrolyzable ester.” “biohydrolyzable car 
bamate.” “biohydrolyzable carbonate.” “biohydrolyzable 
ureido” and “biohydrolyzable phosphate” mean an amide, 
ester, carbamate, carbonate, ureido, or phosphate, respec 
tively, of a compound that either: 1) does not interfere with the 
biological activity of the compound but can confer upon that 
compound advantageous properties in vivo. Such as uptake, 
duration of action, or onset of action; or 2) is biologically 
inactive but is converted in vivo to the biologically active 
compound. Examples of biohydrolyzable esters include 
lower alkyl esters, alkoxyacyloxy esters, alkyl acylamino 
alkyl esters, and choline esters. Examples of biohydrolyzable 
amides include lower alkyl amides, C.-amino acid amides, 
alkoxyacyl amides, and alkylaminoalkyl-carbonyl amides. 
Examples of biohydrolyzable carbamates include lower alky 
lamines, Substituted ethylenediamines, aminoacids, hydroxy 
alkylamines, heterocyclic and heteroaromatic amines, and 
polyether amines. 
0034. Unless otherwise indicated, the terms “halogen 
and "halo' encompass fluorine, chlorine, bromine, and 
iodine. 
0035. Unless otherwise indicated, the term “heteroalkyl 
refers to an alkyl moiety (e.g., linear, branched or cyclic) in 
which at least one of its carbon atoms has been replaced with 
a heteroatom (e.g., N, O or S). 
0036. Unless otherwise indicated, the term "heteroaryl 
means an aryl moiety wherein at least one of its carbonatoms 
has been replaced with a heteroatom (e.g., N, O or S). 
Examples include acridinyl, benzimidazolyl, benzofuranyl. 
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benzoisothiazolyl, benzoisoxazolyl, benzoquinazolinyl, ben 
Zothiazolylbenzoxazolyl, furyl, imidazolyl, indolyl, isothia 
Zolyl, isoxazolyl, oxadiazolyl, oxazolyl, phthalazinyl, pyrazi 
nyl, pyrazolyl pyridazinyl, pyridyl, pyrimidinyl, pyrimidyl, 
pyrrolyl, quinazolinyl, quinolinyl, tetrazolyl, thiazolyl, and 
triazinyl. 
0037 Unless otherwise indicated, the term "heteroaryla 
lkyl or "heteroaryl-alkyl means a heteroaryl moiety bound 
to an alkyl moiety. 
0038. Unless otherwise indicated, the term “heterocycle” 
refers to an aromatic, partially aromatic or non-aromatic 
monocyclic or polycyclic ring or ring system comprised of 
carbon, hydrogen and at least one heteroatom (e.g., N, O or 
S). A heterocycle may comprise multiple (i.e., two or more) 
rings fused or bound together. Heterocycles include heteroar 
yls. Examples include benzo. 1.3dioxolyl, 2,3-dihydro 
benzo 1.4 dioxinyl, cinnolinyl, furanyl, hydantoinyl, mor 
pholinyl, oxetanyl, oxiranyl, piperazinyl, piperidinyl, 
pyrrolidinonyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydro 
pyranyl, tetrahydropyridinyl, tetrahydropyrimidinyl, tetrahy 
drothiophenyl, tetrahydrothiopyranyl and Valerolactamyl. 
0039. Unless otherwise indicated, the term "heterocy 
clealkyl or "heterocycle-alkyl refers to a heterocycle moi 
ety bound to an alkyl moiety. 
0040. Unless otherwise indicated, the term "heterocy 
cloalkyl refers to a non-aromatic heterocycle. 
0041 Unless otherwise indicated, the term "heterocy 
cloalkylalkyl or "heterocycloalkyl-alkyl refers to a hetero 
cycloalkyl moiety bound to an alkyl moiety. 
0042 Unless otherwise indicated, the term “pharmaceuti 
cally acceptable salts' refers to salts prepared from pharma 
ceutically acceptable non-toxic acids or bases including inor 
ganic acids and bases and organic acids and bases. Suitable 
pharmaceutically acceptable base addition salts include 
metallic salts made from aluminum, calcium, lithium, mag 
nesium, potassium, Sodium and Zinc or organic salts made 
from lysine, N,N'-dibenzylethylenediamine, chloroprocaine, 
choline, diethanolamine, ethylenediamine, meglumine 
(N-methylglucamine) and procaine. Suitable non-toxic acids 
include inorganic and organic acids such as acetic, alginic, 
anthranilic, benzenesulfonic, benzoic, camphorsulfonic, cit 
ric, ethenesulfonic, formic, fumaric, furoic, galacturonic, glu 
conic, glucuronic, glutamic, glycolic, hydrobromic, hydro 
chloric, isethionic, lactic, maleic, malic, mandelic, 
methanesulfonic, mucic, nitric, pamoic, pantothenic, pheny 
lacetic, phosphoric, propionic, Salicylic, Stearic, Succinic, Sul 
fanilic, Sulfuric, tartaric acid, and p-toluenesulfonic acid. 
Specific non-toxic acids include hydrochloric, hydrobromic, 
phosphoric, Sulfuric, and methanesulfonic acids. Examples 
of specific salts thus include hydrochloride and mesylate 
salts. Others are well-known in the art. See, e.g., Remington's 
Pharmaceutical Sciences, 18" ed. (Mack Publishing, Easton 
Pa. 1990) and Remington. The Science and Practice of Phar 
macy, 19" ed. (Mack Publishing, Easton Pa. 1995). 
0043. Unless otherwise indicated, the term “potent TPH1 
inhibitor is a compound that has a TPH1 ICs of less than 
about 10 uM. 
0044) Unless otherwise indicated, the term “prodrug’ 
encompasses pharmaceutically acceptable esters, carbonates, 
thiocarbonates, N-acyl derivatives, N-acyloxyalkyl deriva 
tives, quaternary derivatives of tertiary amines, N-Mannich 
bases, Schiffbases, amino acid conjugates, phosphate esters, 
metal salts and Sulfonate esters of compounds disclosed 
herein. Examples of prodrugs include compounds that com 
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prise a biohydrolyzable moiety (e.g., a biohydrolyzable 
amide, biohydrolyzable carbamate, biohydrolyzable carbon 
ate, biohydrolyzable ester, biohydrolyzable phosphate, or 
biohydrolyzable ureide analog). Prodrugs of compounds dis 
closed herein are readily envisioned and prepared by those of 
ordinary skill in the art. See, e.g., Design of Prodrugs, Bund 
gaard, A. Ed., Elseview, 1985: Bundgaard, H., “Design and 
Application of Prodrugs,' A Textbook 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. 
0045. Unless otherwise indicated, a “prophylactically 
effective amount of a compound is an amount Sufficient to 
prevent a disease or condition, or one or more symptoms 
associated with the disease or condition, or prevent its recur 
rence. A prophylactically effective amount of a compound is 
an amount of therapeutic agent, alone or in combination with 
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 efficacy of another 
prophylactic agent. 
0046. Unless otherwise indicated, the term “protecting 
group' or “protective group, when used to refer to part of a 
molecule Subjected to a chemical reaction, means a chemical 
moiety that is not reactive under the conditions of that chemi 
cal reaction, and which may be removed to provide a moiety 
that 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 
Transformations (2" ed., John Wiley & Sons: 1999). Some 
examples include benzyl, diphenylmethyl, trity1, Cbz, Boc, 
Fmoc, methoxycarbonyl, ethoxycarbonyl, and pthalimido. 
0047 Unless otherwise indicated, the term “pseudohalo 
gen” refers to a polyatomic anion that resembles a halide ion 
in its acid-base, Substitution, and redox chemistry, generally 
has low basicity, and forms a free radical under atom transfer 
radical polymerization conditions. Examples of pseudohalo 
gens include azide ions, cyanide, cyanate, thiocyanate, thio 
Sulfate, Sulfonates, and Sulfonylhalides. 
0048. Unless otherwise indicated, the term “selective 
TPH1 inhibitor' is a compound that has a TPH2 ICs that is 
at least about 10 times greater than its TPH1 ICs. 
0049. Unless otherwise indicated, the term "serotonin 
mediated adverse effect” refers to an adverse effect that is 
attributable to increased levels of peripheral 5-hydrox 
ytryptamine (5-HT). 
0050. Unless otherwise indicated, the term “stereomeri 
cally enriched composition of a compound refers to a mix 
ture of the named compound and its stereoisomer(s) that 
contains more of the named compound than its stereoisomer 
(s). For example, a stereoisomerically enriched composition 
of (5)-butan-2-ol encompasses mixtures of (S)-butan-2-ol 
and (R)-butan-2-ol in ratios of, e.g., about 60/40, 70/30. 
80/20, 90/10, 95/5, and 98/2. 
0051. Unless otherwise indicated, the term “stereoiso 
meric mixture' encompasses racemic mixtures as well as 
stereomerically enriched mixtures (e.g., R/S-30/70, 35/65, 
40/60, 45/55, 55/45, 60/40, 65/35 and 70/30). 
0.052 Unless otherwise indicated, the term “stereomeri 
cally pure” means a composition that comprises one stereoi 
Somer of a compound and is Substantially free of other stere 
oisomers of that compound. For example, a stereomerically 
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pure composition of a compound having one stereocenter will 
be substantially free of the opposite stereoisomer of the com 
pound. A stereomerically pure composition of a compound 
having two stereocenters will be substantially free of other 
diastereomers of the compound. A typical stereomerically 
pure compound comprises greater than about 80% by weight 
of one stereoisomer of the compound and less than about 20% 
by weight of other stereoisomers of the compound, greater 
than about 90% by weight of one stereoisomer of the com 
pound and less than about 10% by weight of the other stere 
oisomers 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 stereoisomers 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. 
0053. Unless otherwise indicated, the term “substituted, 
when used to describe a chemical structure or moiety, refers 
to a 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 
lcarbonyloxy ( OC(O)alkyl), amide (—C(O)NH-alkyl- or 
-alkylNHC(O)alkyl), amidinyl ( C(NH)NH-alkyl or 
—C(NR)NH2), amine (primary, secondary and tertiary Such 
as alkylamino, arylamino, arylalkylamino), aroyl, aryl, ary 
loxy, azo, carbamoyl ( NHC(O)O-alkyl- or —OC(O)NH 
alkyl), carbamyl (e.g., CONH, as well as CONH-alkyl, 
CONH-aryl, and CONH-arylalkyl), carbonyl, carboxyl, car 
boxylic acid, carboxylic acid anhydride, carboxylic acid 
chloride, cyano, ester, epoxide, ether (e.g., methoxy, ethoxy), 
guanidino, halo, haloalkyl (e.g., —CCls, —CF, —C(CF)), 
heteroalkyl, hemiacetal, imine (primary and secondary), iso 
cyanate, isothiocyanate, ketone, nitrile, nitro, oxygen (i.e., to 
provide an oxo group), phosphodiester, Sulfide, Sulfonamido 
(e.g., SONH2). Sulfone, Sulfonyl (including alkylsulfonyl, 
arylsulfonyl and arylalkylsulfonyl), Sulfoxide, thiol (e.g., 
sulfhydryl, thioether) and urea ( NHCONH-alkyl-). 
0054. Unless otherwise indicated, a “therapeutically 
effective amount of a compound is an amount Sufficient to 
provide a therapeutic benefit in the treatment or management 
of a disease or condition, or to delay or minimize one or more 
symptoms associated with the disease or condition. A thera 
peutically 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 
tically effective amount can encompass an amount that 
improves overall therapy, reduces or avoids symptoms or 
causes of a disease or condition, or enhances the therapeutic 
efficacy of another therapeutic agent. 
0055. Unless otherwise indicated, the term “TPH1 ICs.” 

is the ICs of a compound for TPH1 as determined using the 
in vitro inhibition assay described in the Examples, below. 
0056. Unless otherwise indicated, the term “TPH2 ICs.” 

is the ICs of a compound for TPH2 as determined using the 
in vitro inhibition assay described in the Examples, below. 
0057. Unless otherwise indicated, the terms “treat,” “treat 
ing” and “treatment contemplate an action that occurs while 
a patient is Suffering from the specified disease or disorder, 
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which reduces the severity of the disease or disorder, or one or 
more of its symptoms, or retards or slows the progression of 
the disease or disorder. 
0058. Unless otherwise indicated, the term “include” has 
the same meaning as “include” and the term “includes” has 
the same meaning as “includes, but is not limited to.” Simi 
larly, the term "such as has the same meaning as the term 
“such as, but not limited to.” 
0059. Unless otherwise indicated, one or more adjectives 
immediately 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 
meaning as "optionally Substituted alky, optionally Substi 
tuted aryl, or optionally substituted heteroaryl.” 
0060. It should be noted that a chemical moiety that forms 
part of a larger compound may be described herein using a 
name commonly accorded it when it exists as a single mol 
ecule or a name commonly accorded its radical. For example, 
the terms “pyridine' and “pyridyl are accorded the same 
meaning when used to describe a moiety attached to other 
chemical moieties. Thus, the two phrases “XOH, wherein X 
is pyridyl and “XOH, wherein X is pyridine' are accorded 
the same meaning, and encompass the compounds pyridin 
2-ol, pyridin-3-ol and pyridin-4-ol. 
0061. It should also be noted that if the stereochemistry of 
a structure or a portion of a structure is not indicated with, for 
example, bold or dashed lines, the structure or the portion of 
the structure is to be interpreted as encompassing all stereoi 
Somers of it. Similarly, names of compounds having one or 
more chiral centers that do not specify the stereochemistry of 
those centers encompass pure stereoisomers and mixtures 
thereof. Moreover, any atom shown in a drawing with unsat 
isfied Valences is assumed to be attached to enough hydrogen 
atoms to satisfy the Valences. In addition, chemical bonds 
depicted with one solid line parallel to one dashed line 
encompass both single and double (e.g., aromatic) bonds, if 
Valences permit. 

5.2. TPH INHIBITORS 

0062 Particular embodiments of this invention utilize 
compounds capable of inhibiting tryptophan hydroxylase 
(TPH). Preferred compounds are potent TPH1 inhibitors. 
Examples of potent TPH1 inhibitors are disclosed in U.S. 
patent application Ser. No. 1 1/638,677, filed Dec. 12, 2006. 
0063 Particular embodiments utilize compounds of for 
mula I: 

O 

Q R2 Chiss 
HN 

Ya R 

and pharmaceutically acceptable salts and Solvates thereof, 
wherein: A is optionally substituted cycloalkyl, aryl, or het 
erocycle, X is a bond, —O— —S——C(O)— —C(R)—, 
=C(R)— —C(RR)— —C(R)=C(R)— —C=C-, 
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(RR)—; D is optionally substituted aryl or heterocycle; R. 
is hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle; R is hydrogen or optionally 
substituted alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or het 
erocycle; R is hydrogen, alkoxy, amino, cyano, halogen, 
hydroxyl, or optionally substituted alkyl; R is hydrogen, 
alkoxy, amino, cyano, halogen, hydroxyl, or optionally Sub 
stituted alkyl or aryl; each Rs is independently hydrogen or 
optionally substituted alkyl or aryl; and n is 0-3. 
0064 Particular compounds are of formula I(A): 

O 

C. R 
X Ghs 

HN 
YR 

0065 

Q O R 

X Gohrs 
HN 
YR 

and pharmaceutically acceptable salts and Solvates thereof, 
wherein: A is optionally substituted cycloalkyl, aryl, or het 
erocycle, X is a bond, —O— —S , —C(O)— —C(R)—, 
=C(R)— —C(RR)— —C(R)=C(R)— —C=C , 

I(A) 

Others are of formula II: 

II 

(Rs)— —N(Rs)S(O)— —C(RR)S(O)—, or —S(O)C 
(RR) : D is optionally substituted aryl or heterocycle; E is 
optionally substituted aryl or heterocycle; R is hydrogen or 
optionally substituted alkyl, alkyl-aryl, alkyl-heterocycle, 
aryl, or heterocycle; R is hydrogen or optionally substituted 
alkyl, alkyl-aryl, alkyl-heterocycle, aryl, or heterocycle; R is 
hydrogen, alkoxy, amino, cyano, halogen, hydroxyl, or 
optionally substituted alkyl; R is hydrogen, alkoxy, amino, 
cyano, halogen, hydroxyl, or optionally Substituted alkyl or 
aryl; Rs is hydrogen or optionally substituted alkyl or aryl; 
and n is 0-3. 

0066 Particular compounds are of formula II (A): 

Q O R 

X -Gors 
HN 
YR 

0067. With regard to the formulae disclosed herein (e.g., I, 
I(A), II and II(A)), particular compounds include those 
wherein A is optionally substituted cycloalkyl (e.g., 6-mem 
bered and 5-membered). In some, A is optionally substituted 

II(A) 
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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, triaz 
ole, thiazole, thiophene, and furan. 
0068. In some compounds, A is aromatic. In others, A is 
not aromatic. In some, A is an optionally Substituted bicyclic 
moiety (e.g., indole, iso-indole, pyrrolo-pyridine, or napthyl 
ene). 
0069 Particular compounds are of the formula: 

Q O 
Gy-G Chrir 

HN 
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., 
6-membered and 5-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 5-membered). Examples of 6-membered 
heterocycles include pyridine, pyridazine, pyrimidine, pyra 
zine, and triazine. Examples of 5-membered heterocycles 
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. 
0070. With regard to the formulae disclosed herein, par 
ticular compounds include those wherein D is optionally 
Substituted aryl (e.g., phenyl or naphthyl). In others, D is 
optionally substituted heterocycle (e.g., 6-membered and 
5-membered). Examples of 6-membered heterocycles 
include pyridine, pyridazine, pyrimidine, pyrazine, and triaz 
ine. Examples of 5-membered heterocycles include pyrrole, 
imidazole, triazole, thiazole, thiophene, and furan. In some 
compounds, D is aromatic. In others, D is not aromatic. In 
Some, D is an optionally Substituted bicyclic moiety (e.g., 
indole, iso-indole, pyrrolo-pyridine, or napthylene). 
0071. With regard to the various formulae disclosed 
herein, particular compounds include those wherein E is 
optionally Substituted aryl (e.g., phenyl or naphthyl). In oth 
ers, E is optionally substituted heterocycle (e.g., 6-membered 
and 5-membered). Examples of 6-membered heterocycles 
include pyridine, pyridazine, pyrimidine, pyrazine, and triaz 
ine. Examples of 5-membered heterocycles include pyrrole, 
imidazole, triazole, thiazole, thiophene, and furan. In some 
compounds, E is aromatic. In others, E is not aromatic. In 
Some, E is an optionally Substituted bicyclic moiety (e.g., 
indole, iso-indole, pyrrolo-pyridine, or napthylene). 
0072. With regard to the various formulae disclosed 
herein, particular compounds include those wherein R is 
hydrogen or optionally Substituted alkyl. 
0073. In some, R is hydrogen or optionally substituted 
alkyl. 
0074. In some, n is 1 or 2. 
0075. In some, X is a bond or S. In others, X is —C(R)—, 
=C(R)— —C(RR)— —C(R)=C(R)—, or 
—C=C , and, for example, R is independently hydrogen 
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or optionally substituted alkyl. In others, X is —O— 
—C(RR)O—, or —OC(RR)—, and, for example, R is 
hydrogen or optionally Substituted alkyl, and R is hydrogen 
or optionally substituted alkyl. In some, R is hydrogen and 
R is trifluoromethyl. In some compounds, X is —S(O)—, 
—S(O)N(Rs)— —N(Rs)S(O)— —C(RR)S(O)—, or 
—S(O)C(RR)—, and, for example, R is hydrogen or 
optionally Substituted alkyl, R is hydrogen or optionally 
Substituted alkyl, and Rs is hydrogen or optionally substituted 
alkyl. In others, X is —N(Rs)— —N(Rs)C(O)N(Rs)—, 
—C(RR)N(Rs)—, or —N(Rs)C(RR)—, and, for 
example, R is hydrogen or optionally Substituted alkyl, R is 
hydrogen or optionally substituted alkyl, and each Rs is inde 
pendently hydrogen or optionally substituted alkyl. 
0076. Other compounds are of the formula: 

O 

R3 R2 a cr'? O 
O HN 

YR 
O 

R3 R 

-(D-CD - 'o 
HN 
YR 

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

O 

R 
3 -R2 () (Dry1 or a 
N HN 

O 

R3 
R2 

-O-G) O1 '7N 
Rs HN 

wherein, for example, R is hydrogen. 
0077. Some compounds are encompassed by the formula: 

wherein: each of Z, Z, Z, and Z is independently N or 
CR, each R is independently hydrogen, cyano, halogen, 
OR7, NRR, amino, hydroxyl, or optionally substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; each R, is indepen 
dently hydrogen or optionally Substituted alkyl, alkyl-aryl or 
alkyl-heterocycle; each Rs is independently hydrogen or 
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optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
each Ro is independently hydrogen or optionally Substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; and m is 1-4. Certain 
Such compounds are of the formula: 

O 

Z2 R2 

G.) Orr Z4 HN a. 
X Z R G's (R6) 

0078. Others are of the formula: 

O 

Z2 R 

R3 Z Orr ZZ HN Y n 
O Z. R (R6) 

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

O 

Z2 R2 
R3 Z 2 yrs 1 
'N Z. Z4 HNN R 

Rs (R6) 

wherein, for example, R is hydrogen. 
0079 Referring to the various formulae above, some com 
pounds are such that all of Z, Z, Z, and Z are N. In others. 
only three of Z, Z, Z, and Z are N. In others, only two of 
Z, Z, Z, and Z are N. In others, only one of Z, Z, Z, and 
Z is N. In others, none of Z, Z, Z, and Z are N. 

Some compounds are of the formula: 0080 
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wherein: each of Z, Z, and Z' is independently N. NH. S. 
O or CR, each Re is independently amino, cyano, halogen, 
hydrogen, OR7, SR-7, NRR, or optionally substituted alkyl, 
alkyl-aryl or alkyl-heterocycle; each R, is independently 
hydrogen or optionally Substituted alkyl, alkyl-aryl or alkyl 
heterocycle; each Rs is independently hydrogen or optionally 
substituted alkyl, alkyl-aryl or alkyl-heterocycle; each R is 
independently hydrogen or optionally substituted alkyl, 
alkyl-aryl or alkyl-heterocycle; and p is 1-3. Certain such 
compounds are of the formula: 

0081. Others are of the formula: 

O 

(R6) 

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

(R6) 

wherein, for example, R is hydrogen. 
0082 Referring to the various formulae above, some com 
pounds are such that all of Z, Z, and Z are N or NH. In 
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others, only two of Z, Z, and Z are N or NH. In others, 
only one of Z, Z, and Z' is Nor NH. In others, none of Z. 
Z, and Z's are N or NH. 
I0083. Some compounds are encompassed by the formula: 

wherein: each of Z", Z", Z", and Z", is independently Nor 
CRio; each Ro is independently amino, cyano, halogen, 
hydrogen, OR, SR, NRR, or optionally Substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; each R is indepen 
dently hydrogen or optionally Substituted alkyl, alkyl-aryl or 
alkyl-heterocycle; each R is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
and each R is independently hydrogen or optionally Substi 
tuted alkyl, alkyl-aryl oralkyl-heterocycle. Certain such com 
pounds are of the formula: 

O 

R 
pi - 

2. 
Z HNN 

it R 
2Z"3 

X Z" 

0084. Others are of the formula: 

O 

R or 
Z" O1 

4 

R3 TO HN n it R us 2Z"3 
O Z" 

O 

R2 
Z" O1 

4 

R, Z7 HN 
n 

us Z" R 2- Z. 3 
'O Z" 
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wherein, for example, R is trifluoromethyl. Others are of the 
formula: 

O 

R or 
Z" O1 

14 
R3 Z HNN 

ls it R 2Z 
N Z" 
Rs 

O 

R2 
Z" O1 

4 

R, Z7 HNN 
ls Z" R 2 4 3 

'N Z" 
Rs 

wherein, for example, R is hydrogen. 
0085. Referring to the various formulae above, some com 
pounds are such that all of Z", Z", Z", and Z" are N. In 
others, only three of Z", Z", Z", and Z" are N. In others, 
only two of Z", Z", Z", and Z" are N. In others, only one 
of Z", Z", Z", and Z" is N. In others, none of Z", Z", Z". 
and Z" are N. 
I0086. Some compounds are of the formula: 

O 

R 

G- - X Z"4 
HN O NR Z Z" 

YZ", 

wherein: each of Z", Z", Z", and Z" is independently Nor 
CR, each Ro is independently amino, cyano, halogen, 
hydrogen, OR, SR, NRR, or optionally substituted 
alkyl, alkyl-aryl or alkyl-heterocycle; each R is indepen 
dently hydrogen or optionally Substituted alkyl, alkyl-aryl or 
alkyl-heterocycle; each R2 is independently hydrogen or 
optionally substituted alkyl, alkyl-aryl or alkyl-heterocycle: 
and each R is independently hydrogen or optionally substi 
tuted alkyl, alkyl-arylor alkyl-heterocycle. Certain such com 
pounds are of the formula: 

O 

R2 
O1 

X Z"4 
HN O YR Z Z" 
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Others are of the formula: 

O 

R O 
O1 

O Z"4 
HN 7 n R 

R3 Z s24's 
Z" 

O 

R2 
it O1 

wO Z"4 
HN 

IC) it YR Rs ZY-2Z's Z" 

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

O 

R or 
Rs O1 
N Z"4 

HN O NR R3 Z s2.7"3 
Z" 

O 

R 
Rs it O1 
aN Z"4 

HN 

IC) it YR R3 ZY-2Z's 
Z" 

wherein, for example, R is hydrogen. 
I0087. Referring to the various formulae above, some com 
pounds are such that all of Z", Z", Z", and Z" are N. In 
others, only three of Z", Z", Z", and Z" are N. In others, 
only two of Z", Z", Z", and Z" are N. In others, only one 
of Z", Z", Z", and Z" is N. In others, none of Z", Z", Z". 
and Z" are N. 
0088. Some are of the formula: 

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

O 

76. R2 G-G-Orr ZN 
HN 
YR (R10) 
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the substituents of which are defined herein. Others are of the 
formula: 

(R10), n 

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

the substituents of which are defined herein. 
0089 Referring to the various formulae disclosed herein, 
particular compounds include those wherein both A and E are 
optionally Substituted phenyl and, for example, X is —O—, 
—C(RR)O—, or —OC(RR)—and, for example, R is 
hydrogen and R is trifluoromethyl and, for example, n is 1. 
This invention encompasses stereomerically pure com 
pounds and Stereomerically enriched compositions of them. 
Stereoisomers may be asymmetrically synthesized or 
resolved using standard techniques such as chiral columns, 
chiral resolving agents, or enzymatic resolution. See, e.g., 
Jacques, J., et al., Enantiomers, Racemates and Resolutions 
(Wiley Interscience, New York, 1981); Wilen, S. H., et al., 
Tetrahedron 33:2725 (1977); Eliel, E. L., Stereochemistry of 
Carbon Compounds (McGraw Hill, NY, 1962); and Wilen, S. 
H., Tables of Resolving Agents and Optical Resolutions, p. 
268 (E. L. Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, 
1N, 1972). 
0090 Particular compounds of the invention are potent 
TPH1 inhibitors. Specific compounds have a TPH1 ICs of 
less than about 10, 5, 2.5, 1, 0.75,0.5,0.4,0.3, 0.2,0.1, or 0.05 
uM. 
0091 Particular compounds are selective TPH1 inhibi 

tors. Specific compounds have a TPH1 ICs that is about 10, 
25, 50, 100, 250, 500, or 1000 times less than their TPH2 
ICso 
0092 Particular compounds do not significantly inhibit 
human tyrosine hydroxylase (TH). For example, specific 
compounds have an ICs for TH of greater than about 100, 
250, 500 or 1000 um. 
0093 Particular compounds do not significantly inhibit 
human phenylalanine hydroxylase (PAH). For example, spe 
cific compounds have an ICs for PAH of greater than about 
100, 250, 500 or 1000 uM. 
0094 Particular compounds of the invention do not sig 
nificantly bind (e.g., inhibit with an ICs of greater than about 
10, 25, 50, 100,250, 500, 750, or 1000 uM) to one or more of 
the following: angiotensin converting enzyme, erythropoietin 
(EPO) receptor, factor IX, factor XI, integrin (e.g., C4), isox 
aZoline or isoxazole fibrinogen receptor, metalloprotease, 
neutral endopeptidase (NEP), phosphatase (e.g., tyrosine 
phosphatase), phosphodiesterase (e.g., PDE-4), polymerase, 
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PPARy, TNF-ct, vascular cell adhesion molecule-1 (VCAM 
1), or the vitronectin receptor. The ability of a compound to 
bind to (e.g., inhibit) any of these targets can be readily 
determined using methods known in the art, as described in 
references cited above. Specific compounds of the invention 
do not inhibit cell adhesion. 

0.095 When administered to mammals (e.g., mice, rats, 
dogs, monkeys or humans), certain compounds of the inven 
tion do not readily cross the blood/brain barrier (e.g., less than 
about 5, 2.5, 2, 1.5, 1, 0.5, or 0.01 percent of compound in the 
blood passes into the brain). The ability or inability of a 
compound to cross the blood/brain barrier can be determined 
by methods known in the art. See, e.g., Riant, P. et al., Journal 
of Neurochemistry 51:421-425 (1988); Kastin, A. J., Aker 
strom, V., J. Pharmacol. Exp. Therapeutics 294:633-636 
(2000); W. A. Banks, W.A., et al., J. Pharmacol. Exp. Thera 
peutics 302:1062-1069 (2002). 

53. SYNTHESIS OF TPH INHIBITORS 

0096 Compounds of the invention can be prepared by 
methods known in the art, and by methods described herein. 
0097. For example, with reference to formula I, com 
pounds in which E is phenyl and D is optionally substituted 
pyrazine, pyridiazine, pyridine or phenyl can generally be 
prepared by the method shown in Scheme 1: 

Scheme 1 

Na(OAc)3BH, 
CHO + H2N Br -e- 

HOAc, DCE 
heat 

QUN-(D-B 
QUN-(D-B -- 

microwave 

SOCl, Ethanol 
OH --> 

heat 
NH2 

O u 
O 

D NH2 OU 

QUN-(D) 
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wherein, for example: 0099 Compounds of the invention can also be prepared 
using the approach shown below in Scheme 3: 

Br 
N 

Scheme 3 
HN Br is N 

HN 2 O 
HN N Br Br 

n N N P 
-- 

2 2 2x1 NPP 
N N NH2 (RO)2B R 

Br ( 6)m 
HN Br 6 

N 
Y Z"4 

SZ", HN 4 H. i? 4 y. - 
N a Z"2 HN HN N Br n? 

N n Z" 
7 

2 2 
HN N N Br 

N Br 

s Y 
2 

HN N 

0098 Compounds wherein X is —OCR can generally 
be prepared using the method shown in Scheme 2, wherein R 
is CF and D is pyrimidine: 

Y 

Scheme 2 

OH 
C N C 3 

n base, heat R 
-- CF -> 3 

F 2N 
XH + 

CF3 

O N C C’s n 
-- 

N 
F 2 
O 

-e- 

(HO)2B NH2 AcCN/HO = 1/1, 
microwave 

O 
CF 

C’s OH O N cer N 
F 2 

wherein, for example, A is optionally Substituted phenyl, 1(a) 
biphenyl or napthyl. 
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-continued 

wherein P is R or a protecting group; P is a protecting 
group; P is OR or a protecting group: X" is, for example, O 
or N.Y. and Y are halogen (e.g., Br, Cl) or an appropriate 
pseudohalide (e.g., triflate); and each R' is independently 
hydrogen or optionally Substituted alkyl, alkyl-aryl, alkyl 
heterocycle, aryl, or heterocycle, or are taken together with 
the oxygen atoms to which they are attached to provide a 
cyclic dioxaborolane (e.g., 4.4.5.5-tetramethyl-1,3,2-diox 
aborolane). The groups A. R. R. R. R. and m are defined 
elsewhere herein. The moieties Z", Z", Z", and Z" are also 
defined herein, although it is to be understood that with regard 
to the scheme shown above, one of them is attached to the 
phenyl ring. For example, Z" and Z" may be independently 
CR (which is defined herein), while Z" is N and Z" is a 
carbon atom bound to the adjacent phenyl ring. 
0100. The individual reactions shown above can be per 
formed using conditions known in the art. For example, pal 
ladium catalysts and conditions suitable for the Suzuki cou 
pling of the boron and halogen-containing moieties are well 
known, and examples are provided below. In addition, types 
and appropriate uses of protecting groups are well known, as 
are methods of their removal and replacement with moieties 
Such as, but not limited to, hydrogen (e.g., hydrolysis under 
acidic or basic conditions). 
0101 The A moiety can be bicyclic (e.g., optionally sub 
stituted biphenyl). In Such cases, the starting material con 
taining. A can be prepared as shown below: 

G) () XF 
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 
together with the oxygenatoms to which they are attached to 
provide a cyclic dioxaborolane (e.g., 4.4.5.5-tetramethyl-1,3, 
2-dioxaborolane). 
0102) Another approach to the preparation of compounds 
wherein D is optionally substituted pyrimidine or triazine is 
shown below in Scheme 4: 
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Scheme 4 

C Z1 C 
S THF or 1,4-dioxanes 

XH + He 

N- base, heat 
R10 
X Z C 

N 
R10 

O 

OH. Pd(PPh3)2Cl2, Na2CO3 
-- 

FG NH AcCN/HO = 1/1, 
2 microwave 

O 

OH 
X Z1 

Crs NH2 

wherein, for example, X is N, O or S, and FG is defined below: 
FG=B(OH), when E is optionally substituted Phenyl 

O 

O e 
B 

when E is: 

O 
N 

-C ~. S N OH 

N OH 
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FG=H when E is: -continued 

O % Na 

cr's NH OH 

H H 

-N NH2 aN Ne -- 
O 

NH 

r’s - NH2 

: 

N 
1. 

: OH dry n-BuOH/ 
pi tBuOK 3.5 eq. 

0103) Ester derivatives of these and other compounds of s NH O s fic 
the invention can be readily prepared using methods such as 2 days s 
that shown below in Scheme 5, wherein E is optionally sub 
stituted phenyl: 

Scheme 5 

O O 

21 OH 21 1N 

X Z NH2 X Z NH2 n-1S-X SOCI n-1N-X 
R6 - - R6 

N Ethanol, heat N 
R10 R10 
(BOC).O. 
THF, 
Base 

O 

21 O1 R2 
TFAf 

X - Z. - " - DCM- *N-7s-1S-X NH2 
G nS coupling G S R 

conditions 6 

N N 
R10 R10 

0104. An alternate approach to the preparation of triazine 
based compounds is shown below in Scheme 6: -continued 

OH 

H 
Scheme 6 N N NH2 O 

Na 5N. HCl (1 eq), 
over night N 2 N 

NH -- N N win 2 Na n-BuOH:Ho (1:1) N. 
Reflux (160° C.), NH2 

N sealed tube 
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0105. The cyclic moiety D can be any of a variety of 
structures, which are readily incorporated into compounds of 
the invention. For example, compounds wherein D is oxazole 
can be prepared as shown below in Scheme 7: 

Scheme 7 

N Br Cyr 
() O 

O 

21 OH Ped(PPh3)2Cl2, Na2CO 
-e- 

NH2 AcCN/H2O = 1/1, 
(HO)2B N X microwave 

6 
O 

21 OH 
N 
N S X NH2 

R6 
O 

( 
0106. Using methods known in the art, the synthetic 
approaches shown above are readily modified to obtain a 
wide range of compounds. For example, chiral chromatogra 
phy and other techniques known in the art may be used to 
separate Stereoisomers of the final product. See, e.g., Jacques, 
J., et al., Enantiomers, Racemates and Resolutions (Wiley 
Interscience, New York, 1981); Wilen, S. H., et al., Tetrahe 
dron 33:2725 (1977); Eliel, E. L., Stereochemistry of Carbon 
Compounds (McGraw Hill, NY, 1962); and Wilen, S. H., 
Tables of Resolving Agents and Optical Resolutions, p. 268 
(E. L. Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, 1N, 
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. 

54. METHODS OF USE 

0107 This invention is directed, in part, to methods of 
treating pulmonary hypertension and related diseases and 
disorders. Pulmonary hypertension includes idiopathic and 
familial PH. It also includes PH associated with other dis 
eases or conditions (e.g., collagen vascular disease, congeni 
tal systemic-to-pulmonary shunts, a drug or toxin, Gaucher 
disease, a glycogen storage disease, hereditary hemorrhagic 
telangiectasia, hemoglobinopathies, HIV infection, a myelo 
proliferative disorder, portal hypertension, splenectomy, a 
thyroid disorder). It also includes PAH and PAH associated 
with significant venous or capillary involvement. It also 
includes PH associated with pulmonary veno-occlusive dis 
ease or pulmonary capillary hemangiomatosis. It also 
includes persistent PH of the newborn. 
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0.108 Particular methods comprise administering to a 
patient therapeutically or prophylactically effective amounts 
of a tryptophan hydroxylase (TPH) inhibitor and at least one 
second active pharmaceutical ingredient. Second active phar 
maceutical ingredients include those that can affect vasodi 
lation or vasoconstriction. 
0109. One embodiment of the invention encompasses a 
method of treating, managing or preventing pulmonary 
hypertension, which comprises administering to a patient in 
need thereof therapeutically or prophylactically effective 
amounts of an endothelin receptor antagonist and a tryp 
tophan hydroxylase inhibitor. Examples of endothelin recep 
tor antagonists include those which antagonize the ET 
receptor, the ET receptor, or both the ET and ET receptors. 
Particular endothelin receptor antagonists include ambrisen 
tan, BMS-193884, bosentan, darusentan, SB-234551, sitax 
sentan, and tezosentan. 
0110. Another embodiment encompasses a method of 
treating, managing or preventing pulmonary hypertension, 
which comprises administering to a patient in need thereof 
therapeutically or prophylactically effective amounts of an 
anticoagulant and a tryptophan hydroxylase inhibitor. 
Examples of anticoagulants include vitamin Kantagonists 
(e.g., warfarin, acenocoumarol, phenprocoumon, phenindi 
one), herparin and derivatives thereof (e.g., fondaparinux), 
and direct thrombin inhibitors (e.g., argatroban, bivalirudin, 
lepirudin, Ximelagatran). 
0111. Another embodiment encompasses a method of 
treating, managing or preventing pulmonary hypertension, 
which comprises administering to a patient in need thereof 
therapeutically or prophylactically effective amounts of a 
calcium channel blocker and a tryptophan hydroxylase 
inhibitor. Examples of calcium channel blockers include 
dihydropyridines (e.g., amlodipine, felodipine, nicardipine, 
nifedipine, nimodipine, nisoldipine, nitrenidipine, lacidipine, 
lercanidipine), phenylalkylamines (e.g., Verapamil, gallo 
pamil), benzothiazepines (e.g., diltiazem), and menthol. 
0112 Another embodiment encompasses a method of 
treating, managing or preventing pulmonary hypertension, 
which comprises administering to a patient in need thereof 
therapeutically or prophylactically effective amounts of a 
prostacyclin and a tryptophan hydroxylase inhibitor. 
Examples of prostacyclind include epoprostenol, iloprostand 
treprostinil. 
0113 Another embodiment encompasses a method of 
treating, managing or preventing pulmonary hypertension, 
which comprises administering to a patient in need thereof 
therapeutically or prophylactically effective amounts of nitric 
oxide or a nitric oxide precursor or releasing compound, and 
a tryptophan hydroxylase inhibitor. 
0114. Another encompasses a method of treating, manag 
ing or preventing pulmonary hypertension, which comprises 
administering to a patient in need thereoftherapeutically or 
prophylactically effective amounts of a phosphodiesterase 5 
inhibitor and a tryptophan hydroxylase inhibitor. Examples 
of phosphodiesterase 5 inhibitors include sildenafil, tadalafil. 
and Vardenafil. 
0.115. Another embodiment encompasses a method of 
treating, managing or preventing pulmonary hypertension, 
which comprises administering to a patient in need thereof 
therapeutically or prophylactically effective amounts of a 
diuretic and a tryptophan hydroxylase inhibitor. Examples of 
diuretics include high ceiling loop diuretics (e.g., furosemide, 
ethacrynic acid, torasemide, bumetanide), thiazides (e.g., 
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hydrochlorothiazide), potassium sparing diuretics (e.g., 
spironolactone), and osmotic diuretics (e.g., mannitol). 
0116. Another embodiment encompasses a method of 

treating, managing or preventing pulmonary hypertension, 
which comprises administering to a patient in need thereof 
therapeutically or prophylactically effective amounts of a 
platelet derived growth factor and a tryptophan hydroxylase 
inhibitor. An example of a platelet derived growth factor is 
imatinib. 
0117 The dose and method of administration of a TPH 
inhibitor can be readily determined by those of ordinary skill 
in the art. For example, an inhibitor can be titrated until the 
severity of a serotonin-mediated adverse effect diminishes. 
Alternatively, blood 5-HT levels can be directly measured 
and correlated to the amount of TPH inhibitor administered. 

5.5. PHARMACEUTICAL COMPOSITIONS 

0118. This invention encompasses pharmaceutical com 
positions comprising a TPH inhibitor (e.g., a potent TPH1 
inhibitor) and at least one other active pharmaceutical ingre 
dient that can affect vasodilation or vasoconstriction. 
Examples of Such other active pharmaceutical ingredients 
include those described herein, as well as other known by 
those skilled in the art. 
0119 Certain pharmaceutical compositions are single unit 
dosage forms suitable for oral, mucosal (e.g., nasal, Sublin 
gual, vaginal, buccal, or rectal), parenteral (e.g., Subcutane 
ous, intravenous, bolus injection, intramuscular, or intraarte 
rial), or transdermal administration to a patient. Examples of 
dosage forms include, but are not limited to: tablets; caplets; 
capsules, such as Soft elastic gelatin capsules; cachets; tro 
ches; lozenges; dispersions; Suppositories; ointments; cata 
plasms (poultices); pastes; powders; dressings; creams; plas 
ters; Solutions; patches; aerosols (e.g., nasal sprays or 
inhalers); gels; liquid dosage forms suitable for oral or 
mucosal administration to a patient, including Suspensions 
(e.g., aqueous or non-aqueous liquid Suspensions, oil-in-wa 
ter emulsions, or a water-in-oil liquid emulsions), Solutions, 
and elixirs, liquid dosage forms suitable for parenteral admin 
istration to a patient; and sterile solids (e.g., crystalline or 
amorphous Solids) that can be reconstituted to provide liquid 
dosage forms suitable for parenteral administration to a 
patient. 
0120. The formulation should suit the mode of adminis 
tration. For example, the oral administration of a compound 
Susceptible to degradation in the stomach may be achieved 
using an enteric coating. Similarly, a formulation may contain 
ingredients that facilitate delivery of the active ingredient(s) 
to the site of action. For example, compounds may be admin 
istered in liposomal formulations in order to protect them 
from degradative enzymes, facilitate transport in circulatory 
system, and effect their delivery across cell membranes. 
0121 Similarly, poorly soluble compounds may be incor 
porated into liquid dosage forms (and dosage forms suitable 
for reconstitution) with the aid of Solubilizing agents, emul 
sifiers and Surfactants such as, but not limited to, cyclodex 
trins (e.g., C.-cyclodextrin, B-cyclodextrin, Captisol(R), and 
EncapsinTM (see, e.g., Davis and Brewster, Nat. Rev. Drug 
Disc. 3:1023-1034 (2004)), Labrasol R, Labrafil.R., 
Labrafac(R), cremafor, and non-aqueous solvents, such as, but 
not limited to, ethyl alcohol, isopropyl alcohol, ethyl carbon 
ate, ethyl acetate, benzyl alcohol, benzylbenzoate, propylene 
glycol. 1,3-butylene glycol, dimethyl formamide, dimethyl 
sulfoxide (DMSO), biocompatible oils (e.g., cottonseed, 
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groundnut, corn, germ, olive, castor, and sesame oils), glyc 
erol, tetrahydrofurfuryl alcohol, polyethylene glycols, fatty 
acid esters of sorbitan, and mixtures thereof (e.g., DMSO: 
cornoil). 
0.122 Poorly soluble compounds may also be incorpo 
rated into Suspensions using other techniques known in the 
art. For example, nanoparticles of a compound may be sus 
pended in a liquid to provide a nanosuspension (see, e.g., 
Rabinow, Nature Rev. Drug Disc. 3:785-796 (2004)). Nano 
particle forms of compounds described herein may be pre 
pared by the methods described in U.S. Patent Publication 
Nos. 2004-0164194, 2004-0195413, 2004-0251332, 2005 
0042177 A1, 2005-003 1691 A1, and U.S. Pat. Nos. 5,145, 
684, 5,510,118, 5,518,187, 5,534,270, 5,543,133, 5,662,883, 
5,665,331, 5,718,388, 5,718,919, 5,834,025, 5,862,999, 
6,431,478, 6,742,734, 6,745,962, the entireties of each of 
which are incorporated herein by reference. In one embodi 
ment, the nanoparticle form comprises particles having an 
average particle size of less than about 2000 nm, less than 
about 1000 nm, or less than about 500 nm. 
0123 The composition, shape, and type of a dosage form 
will typically vary depending with use. For example, a dosage 
form used in the acute treatment of a disease may contain 
larger amounts of one or more of the active ingredients it 
comprises thana dosage form used in the chronic treatment of 
the same disease. Similarly, a parenteral dosage form may 
contain Smaller amounts of one or more of the active ingre 
dients it comprises than an oral dosage form used to treat the 
same disease. How to account for such differences will be 
apparent to those skilled in the art. See, e.g., Remington's 
Pharmaceutical Sciences, 18th ed., Mack Publishing, Easton 
Pa. (1990). 
0.124 5.5.1. Oral Dosage Forms 
0.125 Pharmaceutical compositions of the invention suit 
able for oral administration can be presented as discrete dos 
age forms, such as, but are not limited to, tablets (e.g., chew 
able tablets), caplets, capsules, and liquids (e.g., flavored 
syrups). Such dosage forms contain predetermined amounts 
of active ingredients, and may be prepared by methods of 
pharmacy well known to those skilled in the art. Seegener 
ally, Remington's Pharmaceutical Sciences, 18th ed., Mack 
Publishing, Easton Pa. (1990). 
0.126 Typical oral dosage forms are prepared by combin 
ing the active ingredient(s) in an intimate admixture with at 
least one excipient according to conventional pharmaceutical 
compounding techniques. Excipients can take a wide variety 
of forms depending on the form of preparation desired for 
administration. 

0127. Because of their ease of administration, tablets and 
capsules represent the most advantageous oral dosage unit 
forms. If desired, tablets can be coated by standard aqueous or 
non-aqueous techniques. Such dosage forms can be prepared 
by conventional methods of pharmacy. In general, pharma 
ceutical compositions and dosage forms are prepared by uni 
formly and intimately admixing the active ingredients with 
liquid carriers, finely divided solid carriers, or both, and then 
shaping the product into the desired presentation if necessary. 
Disintegrants may be incorporated in Solid dosage forms to 
facility rapid dissolution. Lubricants may also be incorpo 
rated to facilitate the manufacture of dosage forms (e.g., 
tablets). 
I0128 5.5.2. Parenteral Dosage Forms 
I0129 Parenteral dosage forms can be administered to 
patients by various routes including Subcutaneous, intrave 
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nous (including bolus injection), intramuscular, and intraar 
terial. Because their administration typically bypasses 
patients natural defenses against contaminants, parenteral 
dosage forms are specifically sterile or capable of being ster 
ilized prior to administration to a patient. Examples of 
parenteral dosage forms include Solutions ready for injection, 
dry products ready to be dissolved or Suspended in a pharma 
ceutically acceptable vehicle for injection, Suspensions ready 
for injection, and emulsions. 
0130 Suitable vehicles that can be used to provide 
parenteral dosage forms of the invention are well known to 
those skilled in the art. Examples include: Water for Injection 
USP; aqueous vehicles such as Sodium Chloride Injection, 
Ringer's Injection, Dextrose Injection, Dextrose and Sodium 
Chloride Injection, and Lactated Ringer's Injection; water 
miscible vehicles such as ethyl alcohol, polyethylene glycol, 
and polypropylene glycol, and non-aqueous vehicles such as 
corn oil, cottonseed oil, peanut oil, sesame oil, ethyl oleate, 
isopropyl myristate, and benzyl benzoate. 

6. EXAMPLES 

6.1. Production oftph1 Gene Disrupted Mice 
0131 Exon 3 of the murine TPH1 gene was removed by 
gene targeting essentially as described by Wattler et al., Bio 
techniques 26(6): 1150-6 (1999). The resulting knockout ani 
mals displayed normal TPH activity in the brain but drasti 
cally reduced TPH expression in the gut. 

6.2. Physiological Effects oftph1 Gene Disruption 
0132 Mice homozygous (-/-) for the disruption of tph 1 
were studied in conjunction with mice heterozygous (+/-) for 
the disruption of the gene, along with wild-type (+/-) litter 
mates. During this analysis, the mice were Subject to a medi 
cal work-up using an integrated Suite of medical diagnostic 
procedures designed to assess the function of the major organ 
systems in a mammalian Subject. By studying the homozy 
gous (-/-) knockout mice in the described numbers and in 
conjunction with heterozygous (+/-) and wild-type (+/-) lit 
ter mates, more reliable and repeatable data was obtained. 
0.133 Disruption of tph 1 gene primarily affected the GI 

tract isoform of TPH (TPH1), and had little or no effect on the 
brain isoform of TPH (TPH2). Disruption of the gene caused 
no measurable adverse effects on the central nervous system. 
This was confirmed by serotonin immunochemistry, which 
showed that serotonin was greatly reduced or absent in the 
stomach, duodenum, jejunum, ileum, cecum and colon, while 
serotonin levels were unaffected in raphe neurons. 
0134 Mice homozygous (-/-) for the disruption of the 
tph1 gene had a decrease in thrombosis without a significant 
increase in bleeding or other adverse indications. 

6.3. HPLC Characterization 

0135) In some of the following synthetic examples, high 
performance liquid chromatography (HPLC) retention times 
are provided. Unless otherwise noted, the various conditions 
used to obtain those retention times are described below: 
0136 Method A: YMC-PACK ODS-A 3.0x50 mm; Sol 
vent A=90% water, 10% MeOH, 0.1% TFA: Solvent B=90% 
MeOH, 10% water, 0.1% TFA: B 96 from 0 to 100% over 4 
min.; flow rate=2 ml/min: observation wavelength=220 nm. 
0137 Method B: YMC-PACK ODS-A 3.0x50 mm; Sol 
vent A=90% water, 10% MeOH, 0.1% TFA: Solvent B=90% 

Oct. 17, 2013 

MeOH, 10% water, 0.1% TFA; % B from 10 to 100% over 4 
min.; flow rate=3 ml/min: observation wavelength=220 nm. 
0138 Method C: YMC-PACK ODS-A 3.0x50 mm; Sol 
vent A=90% water, 10% MeOH, 0.1% TFA: Solvent B=90% 
MeOH, 10% water, 0.1% TFA: B 96 from 0 to 100% over 5 
min.; flow rate=2 ml/min.: observation wavelength=220 nm. 
0.139 Method D: Shim. VP ODS 4.6x50 mm; Solvent 
A=90% water, 10% MeOH, 0.1% TFA: Solvent B=90% 
MeOH, 10% water, 0.1% TFA: B 96 from 0 to 100% over 4 
min.; flow rate=3 ml/min.: observation wavelength=220 nm. 
0140 Method E: Shim. VP ODS 4.6x50 mm: Solvent 
A=90% water, 10% MeOH, 0.1% TFA: Solvent B=90% 
MeOH, 10% water, 0.1% TFA: B 96 from 0 to 100% over 4 
min.; flow rate=3 ml/min: observation wavelength=254 nm. 
0141 Method F: YMC-PACK ODS-A 4.6x33 mm: Sol 
vent A=90% water, 10% MeOH, 0.1% TFA: Solvent B=90% 
MeOH, 10% water, 0.1% TFA: B 96 from 0 to 100% over 4 
min.; flow rate=3 ml/min.: observation wavelength=220 nm. 
0.142 Method G: YMC-PACK ODS-A 4.6x50mm: Sol 
vent A=90% water, 10% MeOH, 0.1% TFA: Solvent B=90% 
MeOH, 10% water, 0.1% TFA: B 96 from 0 to 100% over 2 
min.; flow rate=2.5 ml/min.; observation wavelength=220 

0.143 Method H: C18, 4.6x20mm: Solvent A=90% water, 
10% MeOH, 0.1%TFA: Solvent B=90% MeOH, 10% water, 
0.1% TFA: B 96 from 0 to 100% over 2 min. flow rate=2 
ml/min.: observation wavelength=220 nm. 
0144. Method I:YMCPACKODS-A3.0x50mm: Solvent 
A=90% water, 10% MeOH, 0.1% TFA: Solvent B=90% 
MeOH, 10% water, 0.1% TFA: B 96 from 10 to 100% over 4 
min.; flow rate=2 ml/min.: observation wavelength=220 nm. 
(0145 Method J: YMC Pack ODS-A 3.0x50mm: Solvent 
A=HO, 0.1%TFA: Solvent B-MeOH, 0.1%TFA;% B from 
about 10 to about 90% over 4 min.; flow rate=2 ml/min. 
observation wavelength=220 nm. 
0146 Method K: Sunfire C18 50 mmx4.6 mmx3.5 um: 
Solvent A=10 mM NHOAc in water; Solvent B-MeCN: B 
% from 10 to 95% over 2 min.; flow rate=4.5 ml/min... obser 
vation wavelength=220 nm. 
0147 Method L: Sunfire C18 50 mmx4.6 mmx3.5 um: 
Solvent A=10 mM NHOAc: Solvent B-MeCN: B9% from 2 
to 20% over 0.8 min, then to 95% B over 2 min; flow rate=4.5 
ml/min.: observation wavelength=220 nm. 
0148 Method M:YMC-PACK ODS-A 4.6x33 mm; Sol 
vent A=90% water, 10% MeOH, 0.1% TFA: Solvent B=90% 
MeOH, 10% water, 0.1% TFA: B 96 from 0 to 100% over 5 
min.; flow rate=2.5 ml/min.; observation wavelength=254 

0149 Method N: YMC-PACK ODS-A 3.0x50 mm; Sol 
vent A=HO, 0.1%TFA: Solvent B-MeOH, 0.1%TFA; B% 
from 10 to 90% over 4 min.; flow rate=2 ml/min.; observation 
wavelength=220 and 254 nm. 
O150 Method O: YMC-PACK ODS-A 3.0x50 mm; Sol 
vent A=90% water, 10% MeOH with 0.1% TFA: Solvent 
B=90% MeOH, 10% water with 0.1% TFA: B 96 from 0 to 
100% over 4 min.; flow, rate=2 ml/min... observation wave 
length=220 and 254 nm. 
O151 Method P: ShimPackVPODS 4.6x50mm: Solvent 
A=90% HO, 10% MeOH, 1% TFA: Solvent B=10% HO, 
90% MeOH, 1% TFA: B 96 from 0 to 100% over 2 min.: flow 
rate=3.5 ml/min.; observation wavelength=220 and 254 nm. 
0152 Method Q: Shim VP ODS 4.6x50 mm; Solvent 
A=HO with 0.1% TFA: Solvent B-MeOH with 0.1% TFA: 
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B% from 0 to 100% over 4 min.; flow rate=3 ml/min. 
observation wavelength=254 nm. 
0153 Method R: YMC Pack ODS-A 4.6x33 mm: Solvent 
A=HO, 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. 
0154 Method S: YMC-Pack ODS-A 3.0x50mm: Solvent 
A=90% HO, 10% MeOH, 1% TFA: Solvent B=10% HO, 
90% MeOH, 1% TFA: B 96 from 10 to 90% over 4 min.: flow 
rate=2 ml/min. observation wavelength=220 and 254 nm. 

6.4. Synthesis of (S)-2-Amino-3-(4-(4-amino-6-((R)- 
1-(naphthalen-2-yl)ethylamino)-1,3,5-triazin-2-yl) 

phenyl)propanoic acid 
0155 

OH 
H 
N N NH2 

0156. A mixture of 2-amino-4,6-dichloro-1,3,5triazine 
(200 mg, 1.21 mmol), (R)-(+)-1-(2-naphthyl)ethylamine 
(207 mg, 1.21 mmol) and diisopropyl-ethylamine (3.63 
mmol) was dissolved in 150 ml of 1,4-dioxane. The solution 
was refluxed at 90° C. for 3 hours. After the completion of 
reaction (monitored by LCMS), solvent was removed and the 
reaction mixture was extracted with CHCl (100 ml) and 
H2O (100 ml). The organic layer was separated and washed 
with HO (2x100 ml), dried over NaSO, and concentrated 
in vacuo to give crude intermediate. The crude compound was 
dissolved in 5 ml of MeCN and 5 ml of HO in a 20 ml 
microwave reaction vial. To this solution were added L-p- 
borono-phenylalanine (253 mg, 1.21 mmol), sodium carbon 
ate (256 mg, 2.42 mmol) and catalytic amount of dichlorobis 
(triphenylphosphine)-palladium(II) (42.1 mg, 0.06 mmol). 
The mixture was sealed and stirred in the microwave reactor 
at 150° C. for 5 minutes, followed by the filtration through 
celite. The filtrate was concentrated and dissolved in MeOH 
and HO (1:1) and purified by preparative HPLC using 
MeOH/HO/TFA solvent system. The combined pure frac 
tions were evaporated in vacuo and further dried on a lyo 
philizer to give 238 mg of 2-amino-3-(4-4-amino-6-(1- 
naphthalen-2-yl)-ethylamino)- 1.3.5 triazin-2-yl)-phenyl 
propionic acid (yield: 46%, LC: Column: YMC Pack ODS-A 
3.0x50 mm, 96 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=90:10 MeOH: water w/0.1% 
TFA, RT=2.785 min, MS: M+1=429). NMR: "H-NMR (400 
MHz, CDOD): & 1.65 (d. 3H), 3.22-3.42 (m, 2H), 4.3 (m, 
1H), 5.45 (m, 1H), 7.4 (m, 1H), 7.6 (m 4H), 7.8 (m, 4H), 8.2 
(m. 2H). 

6.5. Alternative Synthesis of (S)-2-Amino-3-(4-(4- 
amino-6-((R)-1-(naphthalen-2-yl)ethylamino)-1,3,5- 

triazin-2-yl)phenyl)propanoic acid 
0157 (R)-1-(1-(Napthalen-2-yl)ethyl)cyanoguanidine 
was prepared by forming a mixture of naphthalene amine (1 
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equivalent), sodium dicyanide (0.95 eq.) and followed by 5N 
HCl (1 eq.) in n-BuOH: H2O (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, sol 
vent (n-BuOH) was removed under reduced pressure and 1N 
HCl was added to adjust pH to 3-5 range. The aqueous solu 
tion was extracted with EtOAc (2x100) and combined 
organic phase was dried over Na2SO4. Solvent was removed 
in vacuo to give crude product. The compound was purified 
by ISCO column chromatography using as the solvent system 
EtOAc:hexane (7:3 and 1:1), to obtain white solid 48-71% 
yield for 1 g to 22.5 gram scale. NMR: 'H-NMR (400 MHz, 
CDOD): & 1.5 (d. 3H), 5.1 (m. 1H), 7.5 (m, 4H), 7.8 (s, 1H), 
7.9 (m, 2H); LCMS: RT 1.69, M+1: 239, Yield: 71%. 
0158. The title compound was prepared from (R)-1-(1- 
(napthalen-2-yl)ethyl)cyanoguanidine according to the 
method shown in Scheme 6. 

6.6. Synthesis of (S)-2-Amino-3-(4-(4-amino-6-((4'- 
methylbiphenyl-4-yl)methylamino)-1,3,5-triazin-2- 

yl)phenyl)propanoic acid 

0159) 

O O 
OH 

H 
N N 

s 

N 
NH2 

(0160 A mixture of 2-amino-4,6-dichloro-1,3,5triazine 
(100 mg. 0.606 mmol), 4'-methyl-biphenyl-4-yl-methy 
lamine (142 mg, 0.606 mmol), and cesium carbonate (394 
mg, 1.21 mmol) was dissolved in 1,4-dioxane (1.5 ml) and 
H2O (1.5 ml) in a 5 ml microwave vial. The mixture was 
stirred in microwave reactor at 100° C. for 15 minutes. Sol 
vent was removed and the residue was dissolved in CHC1. 
(20 ml) and washed with HO (2x20 ml), dried over NaSO 
and then removed in vacuo. The crude intermediate was then 
dissolved in 1.5 ml of MeCN and 1.5 ml of HO in a 5 ml 
microwave vial. To this solution were added L-p-borono 
phenylalanine (126 mg, 0.606 mmol), sodium carbonate (128 
mg, 1.21 mmol) and catalytic amount of dichlorobis(triph 
enylphosphine)-palladium(II) (21.1 mg 0.03 mmol). The 
mixture was sealed and stirred in the microwave reactor at 
150° C. for 5 minutes followed by the filtration through celite. 
The filtrate was concentrated and dissolved in MeOH and 
HO (1:1) and purified by preparative HPLC using MeOH/ 
HO/TFA solvent system. The combined pure fractions were 
evaporated in vacuo and further dried on a lyophilizer to give 
21.6 mg of 2-amino-3-(4-4-amino-6-(4-methyl-biphenyl 
4-ylmethyl)-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=90:10 MeOH: water w/0.1%TFA, RT=3.096 
min, MS: M+1=455). H NMR (400 MHz, CDOD) & 2.33 (s, 
3H), 3.24-3.44 (m, 2H), 4.38 (m, 1H), 7.02 (d. 2H), 7.42 (m, 
2H), 7.50-7.60 (m, 6H), 8.22 (m, 2H). 
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6.7. Synthesis of (S)-2-Amino-3-(4-(4-morpholino 
6-(naphthalen-2-ylmethylamino)-1,3,5-triazin-2-yl) 

phenyl)propanoic acid 

(0161 

CO 
r 
O 

0162. A mixture of 2,4-dichloro-6-morpholin-4-yl-1,3,5 
triazine (121 mg 0.516 mmol), C-naphthalen-2-yl-methy 
lamine hydrochloride (100 mg 0.516 mmol), cesium carbon 
ate (336 mg, 1.03 mmol) was dissolved in 1,4-Dioxane (1.5 
ml) and H2O (1.5 ml) in a 5 ml microwave vial. The mixture 
was stirred in microwave reactor at 180° C. for 600 seconds. 
Solvent was removed, and the residue was dissolved in 
CHCl (10 ml) and washed with HO (2x10 ml), dried over 
NaSO4 and then in vacuo. The residue was purified by 
preparative HPLC to give 20 mg intermediate (yield 11%. 
M+1=356). The intermediate was then dissolved in 0.5 ml of 
MeCN and 0.5 ml of HO in a 2 ml microwave vial. To this 
Solution were added L-p-borono-phenylalanine (11.7 mg, 
0.0562 mmol), sodium carbonate (11.9 mg, 0.112 mmol) and 
a catalytic amount of dichlorobis(triphenylphosphine)-palla 
dium(II) (2.0 mg, 5%). The mixture was sealed and stirred in 
the microwave reactor at 150° C. for 5 minutes followed by 
the filtration through celite. The filtrate was concentrated and 
dissolved in MeOH and H2O (1:1) and purified by preparative 
HPLC using MeOH/HO/TFA solvent system. The combined 
pure fractions were evaporated in vacuo and further dried on 
lyophilizer to give 17 mg of 2-amino-3-(4-(4-morpholin-4- 
yl-6-(naphthalene-2-ylmethyl)-amino-1.3.5 triazin-2-yl)- 
phenyl)-propionic acid (yield: 63%, LC: Method B, RT-3. 
108 min, MS: M+1=486). 

OH 

6.8. Synthesis of (2S)-2-Amino-3-(4-(2-amino-6-(2, 
2.2-trifluoro-1-(2-(trifluoromethyl)phenyl)ethoxy) 

pyrimidin-4-yl)phenyl)propanoic acid 

(0163 

F O 
F 

F OH 

O N NH2 

F || 
N N 

F F N. 
NH2 
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0164. Tetrabutylammonium fluoride (0.1 ml, 1.0 M solu 
tion in tetrahydrofuran) was added to a solution of 2-trifluo 
romethyl-benzaldehyde (1.74g. 10 mmol) and trifluorometh 
yltrimethylsilane (TMSCF) (1.8 ml, 12 mmol) in 10 ml THF 
at 0°C. The formed mixture was warmed up to room tem 
perature and stirred for 4 hours. The reaction mixture was 
then treated with 12 ml of 1N HCl and stirred 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 2.2 g of 1-(2- 
trifluoromethylphenyl)-2.2.2-trifluoro-ethanol, yield 90%. 
0.165 NaH (80 mg, 60%, 3.0 mmol) was added to a solu 
tion of 1-(2-trifluoromethylphenyl)-2.2.2-trifluoro-ethanol 
(244 mg, 1 mmol) in 10 ml 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. After cooling, 5 ml water was 
added and ethyl acetate (20 ml) was used to extract the prod 
uct. The organic layer was dried over sodium sulfate. The 
solvent was removed by rotovap to give 267 mg of 4-chloro 
6-2.2.2-trifluoro-1-(2-trifluoromethylphenyl)-ethoxy-pyri 
midin-2-ylamine, yield 71%. 
0166 In a microwave vial, 4-chloro-2-amino-6-1-(2-tri 
fluoromethylphenyl)-2.2.2-trifluoro-ethoxy-pyrimidine (33 
mg, 0.1 mmol), 4-borono-L-phenylalanine (31 mg, 0.15 
mmol) and 1 ml of acetonitrile, 0.7 ml of water. 0.3 ml of 1N 
aqueous Sodium carbonate was added to above solution fol 
lowed by 5 mole percent ofdichlorobis(triphenylphosphine)- 
palladium(II). The reaction vessel was sealed and heated at 
150° C. for 5 minutes with microwave irradiation. After cool 
ing, the reaction mixture was evaporated to dryness. The 
residue was 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-trifluoromethylphenyl)- 
ethoxy-pyrimidin-4-yl)-phenyl)-propionic acid. "H NMR 
(400 MHz, CDOD) & 7.96 (m,3H), 7.80 (d. J=8.06 Hz, 1H), 
7.74 (t, J=7.91 Hz 1H), 7.63 (t, J=8.06 Hz, 1H), 7.41 (d. J=8.3 
Hz, 2H), 7.21 (m. 1H), 6.69 (s, 1H), 3.87 (n, 1H), 3.34 (m, 
1H), 3.08 (m, 1H). 

6.9. Synthesis of (2S)-2-Amino-3-(4-(2-amino-6-(2, 
2.2-trifluoro-1-p-tolylethoxy)pyrimidin-4-yl)phenyl) 

propanoic acid 

(0167 

O 

OH 

O N NH2 

CF 2N 

0168 Tetrabutylammonium fluoride (0.1 ml, 1.0 M solu 
tion in tetrahydrofuran) was added to a solution of 4-methyl 
benzaldehyde (1.2g, 10 mmol) and TMSCF (1.8 ml, 12 
mmol) in 10 ml THF at 0°C. The formed mixture was warmed 
up to room temperature and stirred for 4 hours. The reaction 
mixture was then treated with 12 ml of 1N HCl and stirred 
overnight. The product was extracted with ethyl acetate (3x20 
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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%. 
(0169. NaH (80 mg, 60%, 3.0 mmol) was added to a solu 
tion of 1-(4-methylphenyl)-2.2.2-trifluoro-ethanol (190 mg. 
1 mmol) in 10 ml 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. 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 
removed by rotovap to give 209 mg of 4-chloro-6-1-(4- 
methylphenyl)-2.2.2-trifluoro-ethoxy-pyrimidin-2- 
ylamine, yield 66%. 
0170 A microwave vial was charged with 4-chloro-2- 
amino-6-1-(4-methylphenyl)-2.2.2-trifluoro-ethoxy-pyri 
midine (33 mg, 0.1 mmol), 4-borono-L-phenylalanine (31 
mg, 0.15 mmol) and 1 ml of acetonitrile, 0.7 ml of water. 
Aqueous sodium carbonate (0.3 ml, 1N) was added to above 
solution followed by 5 mol percent of dichlorobis(triph 
enylphosphine)-palladium(II). The reaction vessel was 
sealed and heated to 150° C. for 5 minutes with microwave. 
After cooling, the reaction mixture was evaporated to dry 
ness. The residue was dissolved in 2.5 ml of methanol, was 
then purified by Prep-LC to give 14.6 mg of 2-amino-3-(4- 
{2-amino-6-2.2.2-trifluoro-1-(4-methylphenyl)-ethoxy 
pyrimidin-4-yl)-phenyl)-propionic acid. "H NMR (300 
MHz, CDOD) & 7.94 (d. J=8.20 Hz, 2H), 7.47 (d. J=7.24 Hz, 
4H), 7.27 (d. J=8.01 Hz, 2H) 6.80 (s, 1H), 6.75 (m, 1H), 4.30 
(t, 1H), 3.21-3.44 (m, 2H), 2.37 (s.3H). 

6.10. Synthesis of (2S)-2-Amino-3-(4-(2-amino-6- 
(1-cyclohexyl-2.2.2-trifluoroethoxy)pyrimidin-4-yl) 

phenyl)propanoic acid 

0171 

O 

OH 

O N NH2 

CF N. 
NH2 

0172 Cyclohexanecarbaldehyde (0.9 g, 5 mmol) was dis 
solved in 10 ml aqueous 1,4-dioxane, to which 200 mg (10 
mmol) sodium borohydride was added. The reaction was run 
overnight at room temperature. After completion of the reac 
tion, 5 ml 10% HCl solution was added and the product was 
extracted with ethyl acetate. The organic layer was separated 
and dried over Sodium sulfate. The organic solvent was 
evaporated to give 0.8g of 1-cyclohexyl-2.2.2-trifluoro-etha 
nol, yield 88%. 
(0173 NaH (80 mg, 60%, 3.0 mmol) was added to the 
solution of 1-cyclohexyl-2.2.2-trifluoro-ethanol (182 mg, 1 
mmol) in 10 ml 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. After cooling, 5 ml water was added and 
ethyl acetate (20 ml) was used to extract the product. The 
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organic layer was dried over sodium sulfate. The solvent was 
removed by rotovap to give 202 mg of 4-chloro-6-1-cyclo 
hexyl-2.2.2-trifluoro-ethoxy-pyrimidin-2-ylamine, yield 
65%. 

0.174. In a microwave vial, 4-chloro-2-amino-6-1-cyclo 
hexane-2.2.2-trifluoro-ethoxy-pyrimidine (33 mg 0.1 
mmol), 4-borono-L-phenylalanine (31 mg, 0.15 mmol) and 1 
ml of acetonitrile, 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 
(II). The reaction vessel was sealed and heated to 150°C. for 
5 minutes with a microwave. After cooling, the reaction mix 
ture was evaporated to dryness, the residue was dissolved in 
2.5 ml of 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 (300 MHz, CD,Cl) & 7.95 (d. J=8.39 Hz, 2H), 7.49 
(d. J=8.39 Hz, 2H), 6.72 (s, 1H), 5.90 (m, 1H), 4.33 (t, 1H), 
3.21-3.44 (m, 2H), 1.73-2.00 (m, 6H), 1.23-1.39 (m, 5H). 

6.11. Synthesis of (S)-2-Amino-3-(4-(6-(2-fluo 
rophenoxy)pyrimidin-4-yl)phenyl)propanoic acid 

0175 

O 

F OH 

O N NH2 

N2N 

0176 NaH (80 mg, 60%, 3.0 mmol) was added to a solu 
tion of 2-fluorophenol (112 mg, 1 mmol) in 10 ml of anhy 
drous THF, the mixture was stirred for 20 minutes, 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, 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 removed by rotovap to give 
146 mg of 4-chloro-6-(2-fluorophenoxy)-pyrimidine, yield 
65%. 

0177. A microwave vial (2 ml) was charged with 4-chloro 
6-2-fluorophenoxy-pyrimidine, (33 mg, 0.1 mmol), 4-bo 
rono-L-phenylalanine (31 mg, 0.15 mmol) and 1 ml of acto 
nitrile, 0.7 ml of water, 0.3 ml of aqueous sodium carbonate 
(1M) was added to above solution followed by 5 mol % of 
dichlorobis(triphenylphosphine)-palladium(II). The reaction 
vessel was sealed and heated to 150° C. for 5 minutes by 
microwave. After cooling, the reaction mixture was evapo 
rated to dryness, the residue was dissolved in 2.5 ml of metha 
nol, 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-trif 
luoro-ethoxy-pyrimidin-4-yl)-phenyl)-propionic acid. "H 
NMR (400 MHz, CDOD) & 8.74 (s, 1H), 8.17 (d. J=8.06 Hz, 
2H), 7.63 (s, 1H), 7.50 (d. J=8.06 Hz, 2H), 7.30 (m, 5H), 4.33 
(m. 1H), 3.34 (m. 1H). 
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6.12. Synthesis of (2S)-2-Amino-3 (4 (4 (3 (4 chlo 
rophenyl)piperidin-1-yl)-1,3,5-triazin-2-yl)phenyl) 

propanoic acid 
0178 

C 

O 

OH 

N N NH2 
n 

N2 N 

0179 3-(4-Chlorophenyl)piperidine (232 mg, 1 mmol) 
was added to a solution of 2,4-dichlorotriazine (149.97 mg, 1 
mmol), and 300 mg. diisopropylethylamine in 10 ml THF at 
0°C. The formed mixture was warmed up to room tempera 
ture and stirred for 1 hour. The product was extracted with 
ethyl acetate (3x20 ml). The organic layer was separated and 
dried over sodium sulfate. The organic solvent was evapo 
rated to give 328 mg of 2-chloro-4-3-(4-chlorophenyl)-pip 
eridin-1-yl-1, 3, 5 triazine. 
0180 A microwave vial was charged with 2-chloro-4-3- 
(4-chlorophenyl)-piperidin-1-yl-1,3,5 triazine (62 mg, 0.2 
mmol), 4-borono-L-phenylalanine (60 mg, 0.3 mmol), 1 ml 
of acetonitrile, and 0.7 ml of water. Aqueous sodium carbon 
ate (0.6 ml; 1M) was added to the solution, followed by 5 mol 
percent dichlorobis(triphenylphosphine)-palladium(II). The 
reaction vessel was sealed and heated to 150° C. for 5 minutes 
with microwave. After cooling, the reaction mixture was 
evaporated to dryness. The residue was dissolved in 2.5 ml of 
methanol, was then purified by Prep-LC to give 5.1 mg of 
2-amino-3-(4-4-3-(4-chlorophenyl)-piperidin-1-yl-1,3, 
5triazin-2-yl)-phenyl)-propionic acid. "H NMR (400 MHz, 
CDCI) & 8.58 (d. 2H), 8.05 (d. 2H), 7.47 (m, 5H), 4.96 (m, 
1H), 4.23 (m, 2H), 3.21-3.44 (m, 4H), 2.37 (m, 5H). 

6.13. Synthesis of (2S)-2-Amino-3-(4-(4-amino-6-(2, 
2.2-trifluoro-1-phenylethoxy)-1,3,5-triazin-2-yl) 

phenyl)propanoic acid 
0181 

F 

F 

O N 

s 
N. 

OH 

0182 NaH (80 mg, 60%, 3.0 mmol) was added to a solu 
tion of 2.2.2-trifluoro-1-phenyl-ethanol (176 mg, 1 mmol) in 
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10 ml of anhydrous 1,4-dioxane. The mixture was stirred for 
20 minutes, then added to a solution of 2-amino-4,6-dichloro 
triazine (164 mg, 1 mmol) in 30 ml of 1,4-dioxane at 0°C. for 
1 hour. The reaction mixture was then warmed to room tem 
perature. After completion of the reaction, 5 ml of water was 
added and ethyl acetate (20 ml) was used to extract the prod 
uct. The organic layer was dried over sodium sulfate. The 
solvent was removed by rotovap to give 198 mg of 4-chloro 
6-2.2.2-trifluoro-1-phenyl-ethoxy-1.3.5 triazine-2- 
ylamine, yield 65%. 
0183. A microwave vial was charged with 4-chloro-6-2, 
2.2-trifluoro-1-phenyl-ethoxy-1,3,5 triazine-2-ylamine (33 
mg, 0.1 mmol), 4-borono-L-phenylalanine (31 mg, 0.15 
mmol), 1 ml of actonitrile, and 0.7 ml of water. Aqueous 
sodium carbonate (0.3 ml, 1M) was added to above solution 
followed by 5 mol percent dichlorobis(triphenylphosphine)- 
palladium(II). The reaction vessel was sealed and heated to 
150° C. for 5 minutes by microwave. After cooling, the reac 
tion mixture was evaporated to dryness. The residue was 
dissolved in 2.5 ml of methanol, was then purified with Prep 
LC to give 3.2 mg 2-amino-3-(4-4-amino-6-(1-phenyl-2.2, 
2-trifluoro-ethoxy)-1,3,5 triazin-2-yl)-phenyl)-propionic 
acid. "HNMR (300 MHz, CDOD) 88.22(d.J=8.20 Hz, 2H), 
7.52 (m, 2H), 7.33 (m, 5H) 6.62 (m, 1H), 4.19 (t, 1H), 3.1-3. 
33 (m, 2H). 

6.14. Synthesis of (S)-2-Amino-3-(5-(4-amino-6- 
((R)-1-(naphthalen-2-yl)ethylamino)-1,3,5-triazin-2- 

yl)pyridin-2-yl)propanoic acid 

0184 

OH 

0185. A microwave vial was charged with 6-chloro-N-1- 
naphthalen-2yl-ethyl-1,3,5 triazine-2,4-diamine (30 mg. 
0.1 mmol), 2-boc protected-amino-3-5-4,4,5,5-tetram 
ethyl-1,3,2dioxaborolan-2-yl)-pyridin2-yl-propionic acid 
(50 mg, 0.15 mmol) 1 ml of acetonitrile, and 0.7 ml of water. 
Aqueous sodium carbonate (0.3 ml; 1N) was added to the 
solution, followed by 5 mol percent dichlorobis(triph 
enylphosphine)-palladium(II). The reaction vessel was 
sealed 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-yl-pyridin-2-ylproionic acid. 
0186 The above product (7.0 mg) was dissolved in 0.1 ml 
of 10%TFA/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 triazin-2-yl-pyridin-2-yl)proionic acid. "H NMR 
(300 MHz, CDC1) 89.35 (d. 1H),8.57 (m, 1H), 7.85 (m, 4H), 
7.45 (m, 4H), 6.94 (s, 1H), 5.58 (m, 1H), 4.72 (m, 2H), 4.44 
(m. 1H), 1.42 (d. 3H). 
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6.15. Synthesis of (S)-2-Amino-3-(3-(4-amino-6- 
((R)-1-(naphthalen-2-yl)ethylamino)-1,3,5-triazin-2- 

yl)-1H-pyrazol-1-yl)propanoic acid 

0187. 

H N 

-N's S/ 2 
N N HN 

n OH 

0188 6-Chloro-N-1-naphthalen-2yl-ethyl-1,3,5 triaz 
ine-2,4-diamine (30 mg, 0.1 mmol), 2-boc-protected amino 
3-3-4.4.5.5,-tetramethyl-1,3,2dioxaborolan-2-yl)-pyra 
Zol-1-yl)-propionic 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 dichlorobis(triphenylphosphine)-palladium 
(II). The reaction vessel was sealed and heated to 150°C. for 
5 minutes with microwave. After cooling, the reaction mix 
ture was evaporated to dryness, the residue was dissolved in 
2.5 ml of methanol, and then was purified with Prep-LC to 
give 6.8 mg of boc protected 2-amino-3-4-amino-6-(1- 
naphthalen-2-yl-ethylamino) 1.3.5 triazin-2-yl-pyrazol-1- 
ylproionic acid. 
0189 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 triazin-2-yl-pyrazol-1-yl)proionic acid. "H NMR 
(300 MHz, CDCI) & 8.52 (s, 1H), 8.21 (s, 1H), 7.74 (m, 4H), 
7.36 (m, 3H), 5.35 (m, 1H), 4.72 (m, 2H), 4.44 (m. 1H), 1.55 
(d. 3H). 

6.16. Synthesis of (S)-2-Amino-3-(4-(3-(cyclopenty 
loxy)-4-methoxybenzylamino)biphenyl-4-yl)pro 

panoic acid 

0190. 

O 

NH2 

NH2 

HN 

No 

"Y) 
0191 Sodium triacetoxyl-borohydride (470 mg, 2.21 
mmol) was added to a solution of 4-bromo-phenylamine (252 
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mg, 1.47 mmol) and 3-cyclopentyloxy-4-methoxy-benzalde 
hyde (324 mg, 1.47 mmol) in 10 ml of 1,2-dichloroethtane 
(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 for next step without 
further purification. 
0.192 An Emrys process vial (2-5 ml) for microwave was 
charged with (4-bromo-phenyl)-(3-cyclopentyloxy-4-meth 
oxy-benzyl)-amine (84 mg., 0.22 mmol), 4-borono-L-pheny 
lalanine (46 mg, 0.22 mmol) and 2 ml of acetonitrile. Aque 
ous sodium carbonate (2 ml, 1M) was added to above 
solution, followed by 5 mol percent of dichlorobis-(triph 
enylphosphine)-palladium(II). The reaction vessel was 
sealed 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 
purified with Prep-LC to give 5 mg of 2-amino-3-4'-(3- 
cyclophentyloxy-4-methoxy-benzylamino)-biphenyl-4-yl)- 
propionic acid, yield 5%. 'H-NMR (400 MHz, DMSO-d): 8 
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). 

6.17. Synthesis of (S)-2-Amino-3-(4-(6-(3-(cyclo 
pentyloxy)-4-methoxybenzylamino)pyrimidin-4-yl) 

phenyl)propanoic acid 

0.193) 

r 
1S 

O 
No- HN 

O r OH 

0194 Sodium triacetoxyl-borohydride (985 mg, 4.65 
mmol) was added to a solution of 6-chloro-pyrimidin-4- 
ylamine (200 mg, 1.55 mmol) and 3-cyclopentyloxy-4-meth 
oxy-benzaldehyde (682 mg, 3.1 mmol) in 25 ml of DCE. 1 ml 
of HOAc was added, and the mixture was stirred overnight at 
50° C., followed by addition of 25 ml of DCE. The organic 
phase was washed with water, and the product was purified 
with column (silica gel, hexane:EtOAc 5: 1) to give 64 mg of 
(6-chloro-pyrimidin-4-yl)-(3-cyclopentyloxy-4-methoxy 
benzyl)-amine, yield 12%. 
0.195 An Emrys process vial (2-5 ml) for microwave was 
charged with (6-chloro-pyrimidin-4-yl)-(3-cyclopentyloxy 
4-methoxy-benzyl)-amine (64 mg., 0.19 mmol), 4-borono-L- 
phenylalanine (40 mg, 0.19 mmol) and 2 ml of acetonitrile. 
Aqueous sodium carbonate (2 ml, 1M) was added to above 
solution followed by 5 mol percent of dichlorobis-(triph 
enylphosphine)-palladium(II). The reaction vessel was 
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sealed and heated to 150° C. for 5 minutes with microwave. 
After cooling, the reaction mixture was evaporated to dry 
ness. The 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- 
cyclopentyloxy-4-methoxy-benzylamino)-pyrimidin-4-yl)- 
phenyl-propionic acid, yield 6%. H-NMR (400 MHz, 
DMSO-d): 81.46 (m, 2H), 1.62 (m, 4H), 3.01 (m, 2H), 3.08 
(m. 2H), 3.65 (s, 3H), 4.20 (m. 1H), 4.46 (d. 2H), 4.68 (m, 
1H), 6.82 (t, 2H), 6.87 (d. 2H), 7.40 (d. 2H), 7.90 (s. 2H), 8.25 
(s. 2H), 8.6 (s, 1H). 

6.18. Synthesis of (S)-2-Amino-3-(4-(6-(3-(cyclo 
pentyloxy)-4-methoxybenzylamino)pyrazin-2-yl) 

phenyl)propanoic acid 

0196) 

N 

1. N 
HN N 

O 
No HN 

O o OH 

(0197) Sodium triacetoxyl-borohydride (1315 mg, 6.2 
mmol) was added to a solution of 6-chloro-pyrazin-2-yl 
amine (400 mg, 3.10 mmol) and 3-cyclopentyloxy-4-meth 
oxy-benzaldehyde (818 mg, 3.7 mmol) in 50 ml of DCE, 1 ml 
of HOAc was added and the mixture was stirred overnight at 
50° C., followed by addition of another 50 ml of DCE. The 
organic phase was washed with water, and the product was 
purified with column (silica gel, hexane:EtOAc 6: 1) to give 
50 mg of (6-chloro-pyrazin-2-yl)-(3-cyclopentyloxy-4- 
methoxy-benzyl)-amine, yield 10%. 

0198 An Emrys process vial (2-5 ml) for microwave was 
charged with (6-chloro-pyrazin-2-yl)-(3-cyclopentyloxy-4- 
methoxy-benzyl)-amine (50 mg, 0.15 mmol), 4-borono-L- 
phenylalanine (31 mg 0.15 mmol) and 2 ml of acetonitrile. 
Aqueous sodium carbonate (2 ml, 1M) was added to the 
solution followed by 5 mol percent of dichlorobis(triph 
enylphosphine)-palladium(II). The reaction vessel was 
sealed 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 the 
product was purified with Prep-LC to give 5.5 mg of 2-amino 
3-(4-6-(3-cyclopentyloxy-4-methoxy-benzylamino)- 
pyrazin-2-yl-phenyl-propionic acid, yield 6%. 'H-NMR 
(400MHz, DMSO-d): 81.46 (m, 2H), 1.62 (m, 4H), 3.01 (m, 
2H), 3.08 (m,2H), 3.65 (s.3H), 4.0 (m. 1H), 4.45 (d. 2H), 4.65 
(m. 1H), 6.90 (s. 2H), 6.95 (s, 1H), 7.32 (d. 2H), 7.60 (t, 1H), 
7.90 (s, 1H), 7.95 (d. 2H), 8.25 (s, 1H). 

Oct. 17, 2013 

6.19. Synthesis of (S)-2-Amino-3-(4-(5-((4'-methyl 
biphenyl-2-yl)methylamino)pyrazin-2-yl)phenyl) 

propanoic acid 

0199. 

O N 
NH2 

0200 Sodium tiracetoxyl borohydride (215 mg, 1.02 
mmol) was added to the solution of 4'-methyl-biphenyl-2- 
carbaldehyde and 5-bromo-pyrazin-2-ylamine in 5 ml of 
DCE, 0.1 ml of HOAc was added and the mixture was stirred 
overnight at room temperature, followed by addition of 5 ml 
of DCE. The organic phase was washed with water, and 
purified with column (silica gel, hexane:EtOAc 6: 1) to give 
100 mg of (5-bromo-pyrazin-2-yl)-(4-methyl-biphenyl-2-yl 
methyl)-amine, yield 55%. 
0201 An Emrys process vial (2-5 ml) for microwave was 
charged with (5-bromo-pyrazin-2-yl)-(4-methyl-biphenyl 
2-ylmethyl)-amine (25 mg, 0.071 mmol), 4-borono-L-pheny 
lalanine (22 mg, 0.11 mmol) and 1 ml of acetonitrile. Aque 
ous sodium carbonate (1 ml, 1M) was added to the solution 
followed by 5 mol percent dichlorobis(triphenylphosphine)- 
palladium(II). The reaction vessel was sealed and heated to 
150° C. for 5 minutes by microwave. After cooling, the reac 
tion mixture was evaporated to dryness. The residue was 
dissolved in 2.5 ml of methanol, 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, CDOD): 8 
2.22 (s.3H), 3.09 (m, 1H), 3.25 (m. 1H), 4.18 (t, 1H), 4.40 (s, 
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. 1H). 

6.20. Synthesis of (2S)-2-Amino-3-(4-(6-(2.2.2-trif 
luoro-1-phenylethoxy)-pyrimidin-4-yl)phenyl)pro 

panoic acid 

(0202 

F O 
F 

F OH 

O NH 

rs 2 
NeN 

(0203 NaH (60%, 120 mg, 3.0 mmol) was added to a 
solution of 2.2.2-trifluoro-1-phenyl-ethanol (350 mg, 2.03 
mmol) in 5 ml of THF. The mixture was stirred for 20 minutes 
at room temperature. 4,6-Dichloro-pyrimidine (300 mg, 2.03 
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mmol) was added and then the reaction mixture was heated at 
70° C. for 1 hour. After cooling, the THF was evaporated to 
provide a residue, which was dissolved in 15 ml of EtOAc, 
and then washed with water, and dried over sodium sulfate. 
The solvent was removed by rotovap to give 550 mg of 
4-chloro-6-(2.2.2-trifluoro-1-phenyl-ethoxy)-pyrimidine, 
yield 95%. 
0204 An Emrys process vial (2-5 ml) for microwave was 
charged with 4-chloro-6-(2.2.2-trifluoro-1-phenyl-ethoxy)- 
pyrimidine (30 mg, 0.11 mmol), 4-borono-L-phenylalanine 
(32 mg, 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-u-chlorodichlorobis(di-tert-butylphosphinito-KP)dipalla 
date. The 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 
ml of methanol, and the product was purified with Prep-LC to 
give 4.8 mg of 2-amino-3-(4-6-(2.2.2-trifluoro-1-phenyl 
ethoxy)-pyrimidin-4-yl-phenyl-propionic acid, yield 11%. 
'H-NMR (400 MHz, CDOD): 83.20 (m. 1H), 3.40 (m. 1H), 
4.25 (t, 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). 

6.21. Synthesis of (2S)-2-Amino-3-(4-(6-(1-(3,4- 
difluorophenyl)-2.2.2-trifluoroethoxy)pyrimidin-4- 

yl)phenyl)propanoic acid 

0205 

F 
F O 

F 

F F OH 

O NH 

rs 2 
N2N 

0206 Tetrabutylammonium fluoride (TBAF: 0.1 ml, 1M) 
in THF was added to a solution of 3,4-difluoro-benzaldehyde 
(1.42 g, 10 mmol) and (trifluoromethyl)trimethylsilane (1.70 
g, 12 mmol) in 10 ml THF at 0°C. The mixture was warmed 
up to room temperature and stirred for 4 hours. The reaction 
mixture was treated with 12 ml of 1M HCl and stirred over 
night. The product was extracted with dichloromethane 
(3x20 ml), the organic layer was combined and passed 
through a pad of silica gel. The organic solvent was evapo 
rated to give 1.9 g of 1-(3,4-difluoro-phenyl)-2.2.2-trifluoro 
ethanol, yield 90%. 
0207 NaH (80 mg, 60%, 3.0 mmol) was added to a solu 
tion of 1-(3,4-Difluoro-phenyl)-2.2.2-trifluoro-ethanol (212 
mg, 1 mmol) in 5 ml of THF, 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 evapo 
rated. The residue was dissolved in 15 ml of EtOAc, and then 
washed 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-pyrimidine, yield 
70%. 
0208. An Emrys process vial (2-5 ml) for microwave was 
charged with 4-chloro-6-1-(3,4-difluoro-phenyl)-2.2.2-trif 
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luoro-ethoxy-pyrimidine (33 mg, 0.1 mmol), 4-borono-L- 
phenylalanine (31 mg, 0.15 mmol), 1 ml of acetonitrile and 
0.7 ml of water. Aqueous sodium carbonate (0.3 ml, 1M) was 
added to above solution followed by 5 mol % of dichlorobis 
(triphenylphosphine)-palladium(II). The reaction vessel was 
sealed 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, then 
purified with Prep-LC to give 10 mg of 2-amino-3-(4-6-1- 
(3,4-difluoro-phenyl)-2.2.2-trifluoro-ethoxy-pyridin-4-yl)- 
phenyl)-propionic acid, yield 21%. 'H-NMR (400 MHz, 
CDOD): 83.11 (m, 1H), 3.27 (m. 1H), 4.19 (dd. 1H), 6.78 (q, 
1H), 7.26 (m, 2H), 7.35 (d. 3H), 7.49 (m, 2H), 8.02 (d. 2H), 
8.66 (s, 1H). 

6.22. Synthesis of (S)-2-Amino-3-(4-(5-(3-(cyclo 
pentyloxy)-4-methoxybenzylamino)-pyrazin-2-yl) 

phenyl)propanoic acid 

0209 

O 

H 
N N 

O N 

2 
N 

O 
HN 

HO 

0210. A mixture of 3-cyclopentyloxy-4-methoxy-benzal 
dehyde (417 mg, 1.895 mmol), 2-amino-5-bromopyrazine 
(300 mg, 1.724 mmol), sodium triacetoxyborohydride (1.5 
eq) and glacial acetic acid (3 eq) in dichloromethane (10 ml) 
was stirred at room temperature overnight. Then the reaction 
mixture was 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 purified by ISCO (SiO flash column chromatography) 
(Hexane/ethyl acetate=100/0 to 3/2) to give about 400 mg of 
6-bromo-pyrazin-2-yl)-(3-cyclopentyloxy-4-methoxy-ben 
Zyl)-amine. Yield: 61%. 
0211 To a 5 ml microwave vial, the above 6-bromo 
pyrazin-2-yl)-(3-cyclopentyloxy-4-methoxy-benzyl)-amine 
(50 mg, 0.132 mmol), 4-borono-L-phenylalanine (30 mg. 
0.144 mmol), NaCO, (31 mg, 0.288 mmol), acetonitrile (2 
ml) and water (2 ml). Dichlorobis(triphenylphosphine)-pal 
ladium (5 mg, 0.007 mmol) was added. The vial was capped 
and stirred at 150° C. for 5 minutes under microwave radia 
tion. The reaction mixture was cooled, filtered through a 
Syringe filter and then separated by a reverse phase prepara 
tive-HPLC using YMC-Pack ODS 100x30 mm ID column 
(MeOH/HO/TFA solvent system). The pure fractions were 
concentrated in vacuum. The product was then Suspended in 
5 ml of water, frozen and lyophilized to give the title com 
pound as a trifluoro salt (12 mg, 20%). "H NMR (CDOD) 8 
8.41 (s, 1H), 7.99 (s, 1H), 7.83 (d. J=9.0 Hz, 2H), 7.37 (d. 
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J=6.0 Hz, 2H), 6.90-6.95 (m, 3H), 4.78 (m, 1H), 4.50 (s. 2H), 
4.22-4.26 (m. 1H), 3.79 (s.3H), 3.12-3.39 (m, 2H), 1.80-1.81 
(m, 6H), 1.60 (m, 2H). M+1=463. 

6.23. Synthesis of (S)-2-Amino-3-(4-(5-((3-(cyclo 
pentyloxy)-4-methoxybenzyl)-(methyl)amino) 

pyrazin-2-yl)phenyl)propanoic acid 
0212 

O 

OH 

N NH 

C 2 2 
N 

No 

ty 
0213 To a solution of (6-bromo-pyrazin-2-yl)-(3-cyclo 
pentyloxy-4-methoxy-benzyl)-amine (70 mg, 0.185 mmol) 
in acetonitrile (10 ml) was added formaldehyde (18.5 mmol) 
and sodium cyanoborohydride (17 mg, 0.278 mmol). Then, 
concentrated aqueous HCl was added dropwise until the 
pHs2. The mixture was stirred for about 6 hours at room 
temperature. It was then diluted with ethyl acetate, washed 
with water (3x5 ml), dried over MgSO. The solvent was 
removed by vacuum to give 70 mg of crude product 
5-(bromo-pyrazin-2-yl)-(3-cyclopentyloxy-4-methoxy-ben 
Zyl)-methyl-amine (95% crude yield), which was used in the 
next step without further purification. 
0214. The 5-(bromo-pyrazin-2-yl)-(3-cyclopentyloxy-4- 
methoxy-benzyl)-methyl-amine (37 mg, 0.094 mmol) was 
Subjected to a Suzuki coupling reaction as described above to 
afford 6 mg of the title compound. Yield: 13%. "H NMR 
(CDOD) & 8.59 (s, 1H), 8.12 (s, 1H), 7.85 (d. 2H), 7.39 (d. 
2H), 6.81-6.91 (m, 3H), 4.72 (m. 1H), 4.30 (m, 1H), 3.79 (s. 
3H), 3.20-3.40 (m, 2H), 3.18 (s.3H), 3.79 (s.3H), 1.80 (m, 
6H), 1.58 (m, 2H). M+1=477. 

6.24. Synthesis of (S)-2-Amino-3-(4-(5-(1,3-dim 
ethyl-1H-pyrazol-4-yl)methylamino)pyrazin-2-yl) 

phenyl)propanoic acid 
0215 

O 

OH 

N NH2 
n 

7 N 4. 
N H 
N 
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0216 A mixture of 1,3-dimethyl-1H-pyrazole-4-carbal 
dehyde (142 mg, 1.145 mmol), 2-amino-5-bromopyrazine 
(200 mg, 1.149 mmol), borane trimethylamine complex (126 
mg, 1.73 mmol) and glacial acetic acid (137 mg, 2.29 mmol) 
in anhydrous methanol (3 ml) was stirred at room temperature 
overnight. The reaction mixture was then diluted with ethyl 
acetate, washed with water, dried over MgSO and filtered. 
The filtrate was concentrated to give 300 mg of (5-bromo 
pyrazin-2-yl)-(1,3-dimethyl-1H-pyrazol-4-ylmethyl)amine 
as crude product, which was used for next step reaction with 
out further purification. Crude yield: 93%. 
0217. The (5-bromo-pyrazin-2-yl)-(1,3-dimethyl-1H 
pyrazol-4-ylmethyl)amine (40 mg, 0.142 mmol) was used in 
the Suzuki coupling reaction described above to afford 19 mg 
of the title compound. Yield: 36.5%. "H NMR (CDOD) & 
8.48 (s, 1H), 8.05 (s, 1H), 7.87 (d. 2H), 7.39 (d. 2H), 6.10 (s, 
1H), 4.81 (s. 2H), 4.30 (m, 1H), 3.83 (s, 3H), 3.11-3.38 (m, 
2H), 2.10 (s.3H). M+1=367. 

6.25. Synthesis of (S)-2-Amino-3-(4-(4-amino-6- 
US)-1-(naphthalen-2-yl)ethylamino)-1,3,5-triazin-2- 

yloxy)phenyl)propanoic acid 
0218 

OH 

H NH 
N N O 

s 
2 N 

NH2 

0219. To a 250 ml flask, R-(+)-1-(2-naphthyl)ethylamine 
(400 mg, 2.424 mmol), 2-amino-4,6-dichloro triazine (373 
mg, 2.181 mmol), anhydrous 1,4-dioxane (40 ml), and N,N- 
diisopropylethylamine (1 ml, 5.732 mmol) were added and 
heated to mild reflux for about 4 hours. The reaction was 
monitored carefully in order to avoid the formation of the 
disubstituted product. (It was observed that the longer the 
reaction, the more disubstituted product is formed). After 4 
hours, the reaction mixture was cooled and the solvent was 
removed under reduced pressure. Water was added to the 
residue, and the solution was sonicated for 2-3 minutes. The 
solvent was then filtered, washed with water and dried to give 
540 mg (83% crude yield) of the mono-chloride, 6-chloro-N- 
(1-naphthalen-2yl-ethyl)-1,3,5 triazine-2,2-diamine, which 
was used for the next step reaction without further purifica 
tion. 
0220. A mixture of 6-chloro-N-(1-naphthalen-2yl-ethyl)- 
1.3.5 triazine-2,2-diamine (90 mg 0.300 mmol), 2-tert-bu 
toxycarbonylamino-3-(4-hydroxy-phenyl)-propionic acid 
tert-butyl ester (102 mg, 0.303 mmol) and potassium carbon 
ate (82 mg 0.594 mmol) in isopropanol (8 ml) was refluxed 
over night. The solvent was removed under reduced pressure 
and the residue was suspended in ethyl acetate. The solid was 
filtered and washed with ethyl acetate. The filtrate was con 
centrated and then redissolved in a mixture of methanol/water 
(90:10) and purified by a preparative-LC using a Sunfire C18 
OBD 100x30mm ID column(MeOH/HO/TFA solvent sys 
tem). The pure fractions were combined and concentrated to 
give 50 mg of pure product, 3-4-4-amino-6-(1-naphthalen 
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2-yl-ethylamino)-1.3.5 triazin-2-yloxy)-phenyl-2-tert-bu 
toxycarbonylamino-propionic acid tert-butyl ester, (28% 
yield). 
0221) The above product (50 mg 0.083 mmol) was dis 
solved in trifluoro acetic acid/dichloromethane (8 ml/2 ml) 
and stirred at room temperature over night. The solvent was 
removed under reduced pressure. The residue was then redis 
solved in a mixture of methanol/water(90:10) and purified by 
a preparative-LC using a Sunfire C18 OBD 100x30 mm ID 
column (MeOH/HO/TFA solvent system). The pure frac 
tions were combined and concentrated under reduced pres 
sure to afford about 4 ml, which was frozen and lyophilized to 
give 4 mg of the title compound as a TFA salt (11% yield). "H 
NMR (CDOD) & 737-7.81 (m, 8H), 7.19 (m, 2H), 6.98 (m, 
1H), 5.37 (m. 1H), 4.19 (m, 1H), 3.17-3.38 (m, 2H), 1.56 (m, 
3H). M+1=445. 

6.26. Synthesis of (S)-2-Amino-3-(4-(4-amino-6- 
((R)-1-(biphenyl-2-yl)-2.2.2-trifluoroethoxy)-1,3,5- 

triazin-2-yl)phenyl)propanoic acid 

0222 

O 

OH 

O N NH2 
n 

E N N p1N N. 
F 

NH2 

0223) A mixture of 1-biphenyl-2-yl-2.2.2-trifluoro-etha 
none (300 mg, 1.2 mmol), borane tetrahydrofuran complexes 
(1.2 ml, 1M in THF, 1.2 mmol) and S-2-methyl-CBS-ox 
azaborolidine (0.24 ml, 1 Mintoluene, 0.24 mmol) in THF (8 
ml) was stirred at room temperature over night. Several drops 
of concentrated HCl were added and the mixture was stirred 
for 30 minutes. The product was purified by SiO, chromatog 
raphy (hexane/ethyl acetate=10070 to 3/1) to give 290 mg of 
1-biphenyl-2-yl-2.2.2-trifluoro-ethanol (96% yield). 
0224. The above alcohol (290 mg, 1.151 mmol) was dis 
solved in anhydrous THF (10 ml). Sodium hydride (55 mg. 
1.375 mmol) was added all at once, and the mixture was 
stirred at room temperature for 30 minutes. The solution was 
then transferred into a flask that contained a suspension of 
2-amino-4,6-dichloro-triazine (190 mg, 1.152 mmol) in THF 
(20 ml). The mixture was stirred at room temperature over 
night. Water was added and the mixture was then diluted with 
ethyl acetate. The organic layer was washed with water, dried 
over mgSO and then concentrated to give 400 mg of crude 
product 2-amino-4-(1-biphenyl-2-yl-2.2.2-trifluoro-ethoxy 
6-chloro-triazine. 

0225. The 2-amino-4-(1-biphenyl-2-yl-2.2.2-trifluoro 
ethoxy-6-chloro-triazine (40 mg, 0.105 mmol) was subjected 
to the same Suzuki coupling reaction as described above to 
afford 5 mg of the title compound. Yield: 9.4%. "H NMR 
(CDOD) & 8.18 (d. 2H), 7.86 (m, 1H), 7.40-7.52 (m, 9H), 
7.32 (m. 1H), 7.07 (m, 1H), 4.32 (m. 1H), 3.22-3.41 (m, 2H). 
M-1=51O. 
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6.27. Synthesis of (2S)-2-Amino-3-(4-(4-amino-6- 
(1-(6,8-difluoronaphthalen-2-yl)ethylamino)-1,3,5- 

triazin-2-yl)phenyl)propanoic acid 

0226 

F 
OH 

H 
N N NH2 

n 

F N 

NH2 

0227. In a three-neck flask, copper iodine (CuI) (299 mg, 
1.515 mmol) and lithium chloride (LiCl) (145 mg, 3.452 
mmol) were added under nitrogen to anhydrous THF (60 ml). 
The mixture was stirred at room temperature until a pale 
yellow solution was obtained. After cooling to 0°C., methyl 
vinyl ketone and chlorotrimethylsilane were added, and the 
mixture was stirred until an orange color was observed (-20 
min). After cooling to about -40°C., a solution of 3,5-difluo 
rophenylmagnesium bromide (27.65 ml, 13.8 mmol) in THF 
(0.5M) was slowly added. The reaction mixture was stirred at 
about -40°C. for 0.5 hours, then the cold bath was removed 
and the temperature was allowed to rise slowly to room tem 
perature. The solvent was evaporated and the residue was 
extracted with hexane (4x20 ml). The collected extractions 
were washed with cold 10% aqueous NaHCO, and dried over 
NaSO. The solvent was evaporated at reduced pressure to 
afford 3,5-difluorophenyl-1-trimethylsilyloxyalkene (2.03 g, 
7.929 mmol. 57% crude yield), which was used in the suc 
cessive reaction without further purification. 
0228 Powered calcium carbonate (3.806 g. 38.06 mmol) 
and ethyl vinyl ether (2.184g, 30.329 mmol) were added to a 
solution of ceric ammonium nitrate (10.430 g. 19.033 mmol) 
in methanol (40 ml) under nitrogen atmosphere. To the result 
ing Suspension was added a solution of above made 3.5- 
difluorophenyl-1-trimethylsilyloxyalkene (2.03 g, 7.929 
mmol) in ethyl vinyl (6 ml. 4.518 g. 62.75 mmol) dropwise 
under vigorous stirring, and the mixture was stirred at room 
temperature overnight. The solid was filtered through a celite 
layer, and the filtrate was concentrated to one-fourth of its 
initial volume. The resulting thick mixture was slowly 
poured, under vigorous stirring, into 1:1 V/v diethyl ether 
10% aqueous NaHCO. The precipitate was filtered off, the 
ethereal Solution was separated, and the solvent was evapo 
rated at reduced pressure to give clear liquid. The solution of 
resulting liquid (a mixture of acyclic and cyclic acetates) in 
methanol (4 ml) was added dropwise to a suspension of 
dichlorodicyanobenzoquinone (1.77 g, 7.797 mmol) in 80% 
aqueous sulfuric acid at 0°C. After the addition was com 
plete, the ice bath was removed and stirring was continued for 
30 minutes. 

0229. The mixture was poured into ice water; and the 
resulting brown precipitate was filtered and dissolved in 
acetone. Silica gel was added to make a plug, and the crude 
product was purified by chromatography (hexane/ethyl 
acetate=10070 to 3/1) to give 760 mg of 1-(5,7-difluoro-naph 
thalen-2-yl)-ethanone (48% in two-step yield) as a light yel 
low solid. The above ketone (760 mg, 3.689 mmol) was 
dissolved in methanol (40 ml). Then, ammonium acetate 
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(2.841 g, 36.896 mmol), sodium cyanoborohydride (232 mg, 
3.389 mmol) and molecular sieves (3 A, 7.6 g) were added. 
The mixture was stirred at room temperature for two days. 
The solid was filtered and the filtrate was concentrated. The 
residue was dissolved in water and concentrated aqueous HCl 
was added dropwise until the pH 2. The mixture was then 
extracted with ethyl acetate to remove the unfinished ketone 
and other by-products. The water layer was basified to pHs 10 
with aqueous sodium hydroxide (1M), and was extracted with 
dichloromethane and the organic layers were combined, dried 
over magnesium Sulfate and concentrated to afford 290 mg of 
1-(5,7-difluoro-naphthalen-2-yl)-ethylamine (38% yield). 
0230. The fresh made amine (290 mg, 1.401 mmol) was 
added directly to a suspension of 2-amino-4,6-dichloro triaz 
ine (277 mg, 1.678 mmol) in anhydrous 1,4-dioxane (60 ml), 
and followed by addition of N,N-diisopropylethylamine (1 
ml. 5.732 mmol). The mixture was heated to mild reflux for 
about 3 hours. The reaction mixture was then cooled, and the 
solvent was removed under reduced pressure. To the residue 
was added water and the mixture was sonicated for 2-3 min 
utes. 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- 
diamine, which was used for the next step reaction directly 
without further purification. 
0231. The above made mono-chloride (48 mg 0.144 
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 (CDOD) & 8.14-8.22 (m, 2H), 8.05 (m, 
1H), 7.92 (m. 1H), 7.63 (m, 1H), 7.32-7.51 (m, 3H), 7.11 (m, 
1H), 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 (2S)-2-Amino-3-(4-(4-amino-6-(2, 
2.2-trifluoro-1-(3'-methylbiphenyl-2-yl)ethoxy)-1,3, 

5-triazin-2-yl)phenyl)propanoic acid 

0232 

OH 

N NH2 

0233. To a mixture of 3'-methyl-1-biphenyl-2-carbalde 
hyde (500 mg, 2.551 mmol) and trifluoromethyl trimethylsi 
lane (435 mg, 3.061 mmol) in THF (3 ml) was added tetrabu 
tyl ammonium fluoride (13 mg, 0.05 mmol) at 0°C. The 
temperature was allowed to warm to room temperature. The 
mixture was stirred for 5 hours at room temperature, then 
diluted with ethyl acetate, washed with water and brine and 
dried by MgSO. The solvent was removed under reduced 
pressure to give 660 mg (97% crude yield) of 2.2.2-trifluoro 
1-(3'-methyl-biphenyl-2-yl)-ethanol as crude product, which 
was used for next step without further purification. 
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0234. The above-made alcohol (660 mg, 2.481 mmol) was 
dissolved 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 
a suspension of 2-amino-4,6-dichloro-triazine (491 mg, 
2.976 mmol) in 1,4-dioxane (70 ml). The mixture was stirred 
at room temperature for 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 
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-ethoxy-6-chloro-triazine and about 43% 
byproduct (the bisubstituted product). The crude product was 
used without further purification. 
0235. The 2-amino-4-(1-(3'-methyl-biphenyl-2-yl-2.2.2- 
trifluoro-ethoxy-6-chloro-triazine (98 mg, 57% purity, 0.142 
mmol) was used to run the same Suzuki coupling reaction as 
described above to afford 9 mg of the title compound. Yield: 
12.0%. HNMR (CDOD) 88.09 (m, 2H), 7.85 (m, 1H), 7.50 
(m. 2H), 7.28-7.43 (m, 5H), 7.17-7.26 (m, 2H), 7.18 (m, 1H), 
3.85 (m. 1H), 3.08-3.44 (m, 2H), 2.33 (s.3H). M+1=524. 

6.29. Synthesis of (S)-2-Amino-3-(4-(5-(3,4- 
dimethoxyphenylcarbamoyl)-pyrazin-2-yl)phenyl) 

propanoic acid 

0236 

O 

OH 

N NH 
n 2 

H 
N 2 

N 

O N C 
On 

0237 To a mixture of 3,4-dimethoxyphenylamine (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 to stir at room temperature for 3 hours. The mixture 
was diluted with methylene chloride (20 ml), washed with 
saturated NaHCO, (20 ml), brine (20 ml), dried (anhyd. 
NaSO) 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. 
0238 5-Chloro-pyrazine-2 carboxylic acid (3,4- 
dimethoxy-phenyl)-amide (0.18 g., 0.61 mmol), L-p-borono 
phenylalanine (0.146g, 0.70 mmol), CHCN (2.5 ml), H2O 
(2.5 ml), NaCO (0.129 g, 1.22 mmol) were combined in a 
microwave vial. The mixture was sealed and kept at 150° C. 
for 5 minutes. The mixture was filtered and concentrated. The 
residue was dissolved in methanol/water (1:1) and purified by 
preparative HPLC, using MeOH/HO/TFA as solvent system 
to afford 2-amino-3-4-5-(3,4-dimethoxy-phenylcar 
bornyl)-pyrazin-2-yl)-phenyl-propionic acid as a TFA salt 
(HPLC: Method A. Retention time=2.846 min, LCMS M+1 
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423). "H NMR (400 MHz, DMSO-d) & 3.10-3.30 (m, 2H), 
3.72 (d. 6H), 4.05 (m, 1H), 7.42-7.62 (m, 4H), 8.22 (m, 3H), 
9.30 (m, 2H). 

6.30. Synthesis of (S)-2-Amino-3-(4-(2-amino-6-(4- 
(2-(trifluoromethyl)phenyl)-piperidin-1-yl)pyrimi 

din-4-yl)phenyl)propanoic acid 
0239) 

F 
F 

F O 

OH 

N NH 

rs 2 

N 
NH2 

0240 2-Amino 4,6-dichloro pyrimidine (0.164 g. 1 
mmol), 4-(2-trifluoromethyl-phenyl)-piperidine hydrochlo 
ride (0.266 g, 1 mmol), and cesium carbonate (0.684g, 2.1 
mmol) were dissolved in a mixture of 1,4-dioxane (5 ml) and 
H2O (5 ml) in a 20 ml microwave vial. The mixture was stirred 
at 210°C. for 20 minutes in a microwave reactor. Solvent was 
removed and the residue was dissolved in 5% methanol in 
CHCl (20 ml), dried over NaSO and concentrated to get 
the crude intermediate, 4-chloro-6-4-(2-trifluoromethyl 
phenyl)-piperidin-1-yl-pyrimidin-2-ylamine (0.42 g) which 
was directly used in the following step. 
0241 The crude intermediate (0.42 g), L-p-borono-phe 
nylalanine (0.209 g, 1 mmol), sodium carbonate (0.210g, 2 
mmol), and dichlorobis(triphenylphosphine)-palladium(II) 
(35 mg, 0.05 mmol) were dissolved in a mixture of MeCN 
(2.5 ml) and HO (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 H2O (1:1) 
and purified by preparative HPLC using MeOH/HO/TFA as 
the solvent system to afford 2-amino-3-(4-4-(2-trifluorom 
ethyl-phenyl)-piperidine-1-yl-pyrimidin-4yl-phenyl)-pro 
pionic acid as a TFA salt. HPLC: Method A. Retention 
time=3.203 min. LCMS M+1 486. "H NMR (400 MHz, 
CDOD) & 1.80-2.20 (m, 5H), 3.0-3.16 (m, 2H), 3.22-3.42 
(m. 2H), 4.22 (t, 1H), 4.42-4.54 (m. 1H), 5.22-5.34 (m. 1H), 
6.80 (s, 1H), 7.40 (t, 1H), 7.50-7.60 (m, 4H), 7.68 (d. 1H), 
7.82 (d. 2H). 

6.31. Synthesis of (S)-2-Amino-3-(4-(2-amino-6- 
((R)-1-(naphthalen-2-yl)ethylamino)pyrimidin-4-yl) 

phenyl)propanoic acid 
0242 

O 

OH 
H 
N N NH2 

N N 
NH2 
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0243 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 dis 
solved in a mixture of 1,4-dioxane (4 ml) and HO (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 CHCl (50 ml), 
washed with water (20 ml), brine (20 ml), dried (Na2SO) and 
concentrated to afford the crude intermediate, 6-chloro-N-4- 
(naphthalene-2yl-ethyl)-pyrimidine-2,4-diamine (0.270 g) 
which was directly used in the following step. 
0244. The crude intermediate (0.27g), L-p-borono-phe 
nylalanine (0.210g, 1 mmol), Sodium carbonate (0.210g, 2 
mmol), and dichlorobis(triphenylphosphine)-palladium(II) 
(25 mg 0.036 mmol) were dissolved in a mixture of MeCN 
(2.5 ml) and HO (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 concen 
trated. The residue was dissolved in MeOH and H2O (1:1) and 
purified by preparative HPLC using MeOH/HO/TFA as the 
solvent system to afford 2 amino-3-4-2-amino-6-(1-naph 
thalen-2yl-ethylamino)-pyrimidin-4-yl)-phenyl-propionic 
acid as a TFA salt. HPLC: Method A, Retention time=3.276 
min. LCMS M+1428. 'H NMR (400 MHz, CDOD) & 1.68 
(d,3H), 3.22-3.40 (m, 2H), 4.30 (t, 1H), 5.60 (q, 1H), 6.42 (s, 
1H), 742-7.54 (m, 5H), 7.72 (m, 2H), 7.82-7.84 (m, 4H). 

6.32. Synthesis of (S)-2-Amino-3-(4-(2-amino-6- 
(methyl((R)-1-(naphthalen-2-yl)ethyl)amino)pyrimi 

din-4-yl)phenyl)propanoic acid 
0245 

OH 

wN N NH2 

0246 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 dis 
solved in a mixture of 1,4-dioxane (7.5 ml) and H2O (7.5 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 CHCl (50 ml), 
washed with water (20 ml), brine (20 ml) dried (NaSO) and 
concentrated to get the crude intermediate, 6-chloro-N-4- 
methyl-N-4-(1-napthalen-2-yl-ethyl)-pyrimidine-2,4-di 
amine (0.600 g), which was directly used in the following 
step. 
0247 The crude intermediate (0.30 g), L-p-borono-phe 
nylalanine (0.210g, 1 mmol), Sodium carbonate (0.210g, 2 
mmol), and dichlorobis(triphenylphosphine)-palladium(II) 
(25 mg 0.036 mmol) were dissolved in a mixture of MeCN 
(2.5 ml) and HO (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 concen 
trated. The residue was dissolved in MeOH and H2O (1:1) and 
purified by preparative HPLC using MeOH/HO/TFA as the 
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solvent system to afford 2-amino-3-(4-2-amino-6-methyl 
(1-naphthalen-2yl-ethyl)aminol-pyrimidin-4-yl)-phenyl)- 
propionic acid as a TFA salt (HPLC: Method C. Retention 
time=2.945 min, LCMS M+1 442) H NMR (400 MHz, 
CDOD) & 1.70 (m,3H), 2.92 (s.3H), 3.22-3.42 (m,2H), 4.28 
(m. 1H), 6.60 (s, 1H), 6.72 (m. 1H), 7.40-7.92 (m. 11H). 

6.33. Synthesis of (S)-2-Amino-3-(4-(2-amino-6- 
((S)-2.2.2-trifluoro-1-(6-methoxynaphthalen-2-yl) 
ethoxy)pyrimidin-4-yl)phenyl)propanoic acid 

0248 

O 
1. OH 

wO N NH2 
F || 
N 

F F N 
NH2 

0249 2-Amino 4,6-dichloro pyrimidine (0.096 g., 0.6 
mmol), 2.2.2-trifluoro-1-(6-methoxy-naphthalen-2-yl)-etha 
nol (0.140g, 0.55 mmol), and NaH (96 mg, 0.60 mmol) were 
added to anhydrous dioxane (20 ml) under a nitrogen atmo 
sphere. The reaction was stirred at 80°C. for 12 hours, cooled 
to room temperature, and quenched with water (0.2 ml). The 
reaction mixture was concentrated, and the residue dissolved 
in CHCl2 (50 ml), washed with water (20 ml), brine (20 ml) 
dried (Na2SO) and concentrated to afford 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. 
0250. The crude intermediate (0.22 g), L-p-borono-phe 
nylalanine (0.126 g., 0.6 mmol), sodium carbonate (0.126 g. 
1.2 mmol), and dichlorobis(triphenylphosphine)-palladium 
(II) (15 mg, 0.021 mmol) were dissolved in a mixture of 
MeCN (2.0 ml) and H2O (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 filtrate was 
concentrated. The residue was dissolved in MeOH and H2O 
(1:1) and purified by preparative HPLC using MeOH/HO/ 
TFA as the solvent system to afford 2-amino-3-(4-2-amino 
6-2.2.2-trifluoro-1-(6-methoxy-naphthalen-2-yl)-ethoxy 
pyrimidin-4-yl)-phenyl)-propionic acid as a TFA salt 
(HPLC: Method C, Retention time=3.190 min. LCMS M+1 
513. "H NMR (400 MHz, CDOD) & 3.22-3.42 (m, 2H), 3.86 
(s, 3H), 4.32 (1H), 6.88 (m, 1H), 6.92 (1H), 7.20 (dd. 1H), 
7.26 (s, 1H), 7.50 (d. 2H), 7.63 (d. 1H), 7.80-7.90 (m, 4H), 
8.05 (s, 1H). 

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

0251 

OH 

N NH2 
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0252) 4-Phenylbenzaldehyde (0.3 g, 1.65 mmol) and 
2-amino-5-bromopyrazine (0.24g, 1.37 mmol) were treated 
with Na(OAc). BH(0.44g, 2.06 mmol) indichloroethane (7.0 
mls) and acetic acid (0.25 mls) for 18 hours at room tempera 
ture. The mixture was diluted with dichloromethane, washed 
with 1.0N NaOH, washed with brine, dried over MgSO4, and 
concentrated. Chromatography (SiO, EtOAc: Hex, 1:1) gave 
0.18 g of N-(biphenyl-4-ylmethyl)-5-bromopyrazin-2- 
amine. 
0253 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), NaCO (37 mg, 0.353 mmol), acetoni 
trile (1.25 mls) and water (1.25 mls) were heated in a micro 
wave reactor at 150° C. for 5 minutes. The mixture was 
concentrated, dissolved in 1.0 N HCl, washed twice with 
ether, concentrated and purified by preprative HPLC to give 
41 mgs of the title compound. M+1-425; H NMR (CDOD) 
& 8.42 (s, 1H), 8.05 (s, 1H), 7.92 (d. 2H), 7.58 (d, 4H), 7.40 
(m, 7H), 4.60 (s. 2H), 4.25 (m. 1H), 3.40 (m. 1H), 3.20 (m, 
1H). 

6.35. Synthesis of (S)-2-Amino-3-(4-(5-(naphthalen 
2-ylmethylamino)pyrazin-2-yl)phenyl)propanoic 

acid 

N 

HN / \ OH 
NF 

HN O 

0255 2-Napthaldehyde (0.6 g. 3.84 mmol) and 2-amino 
5-bromopyrazine (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 1.0N NaOH, washed with brine, dried over MgSO, and 
concentrated. Chromatography (SiO, EtOAc: Hex, 1:1) gave 
0.49 g 5-bromo-N-(naphthalen-2-ylmethyl)pyrazin-2-amine. 
0256 5-Bromo-N-(naphthalen-2-ylmethyl)pyrazin-2- 
amine (0.2g, 0.637 mmol), L-p-boronophenylalanine (0.13 
g, 0.637 mmol), palladiumtriphenylphosphine dichloride (13 
mg, 0.019 mmol), NaCO (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, 
dissolved in 1.0 N HCl, washed twice with ether, concen 
trated, dissolved in methanol, filtered and concentrated to 
yield 0.12g of the captioned compound. M+1=399; H NMR 
(CDOD) 88.51 (s, 1H), 8.37 (s, 1H), 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-butoxycarbony 
lamino)-3-(4-(5-(naphthalen-2-ylmethylamino) 

pyrazin-2-yl)phenyl)propanoic acid 

0254 

0257 

OH 

N 
n C 

N N Crs 
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0258 (S)-2-Amino-3-(4-(5-(naphthalen-2-ylmethy 
lamino)pyrazin-2-yl)phenyl)propanoic acid (0.15 g., 0.345 
mmol) was treated with triethylamine (87 mg, 0.862 mmol), 
andboc-anhydride (84 mg. 0.379) in dioxane (3 ml) and HO 
(3 ml) at 0°C. The mixture was warmed to room temperature 
and stirred overnight. The mixture was concentrated, and 
partitioned between EtOAc and H2O. The aqueous phase was 
acidified to pH=1 with 1.0 NHCl and extracted with EtOAc. 
The organics were combined, washed with brine, dried over 
MgSO4, and concentrated to yield 48 mg of the captioned 
compound. 

6.37. Synthesis of (S)-2-Morpholinoethyl 2-amino-3- 
(4-(5-(naphthalen-2-ylmethylamino)pyrazin-2-yl) 

phenyl)propanoate 

0259 

0260 (S)-2-(Tert-butoxycarbonylamino)-3-(4-(5-(naph 
thalen-2-ylmethylamino)pyrazin-2-yl)phenyl)propanoic 
acid (48 mg, 0.090 mmol), 4-(2-hydroxyethyl)morpholine 
(12 mg, 0.090 mmol), triethylamine (18 mg, 0.180 mmol), 
and benzotriazole-1-yloxytris(dimethylamino)-phospho 
nium hexafluorophosphate (BOP. 18 mg, 0.090 mmol), in 
dichloromethane (3.0 ml) were stirred at room temperature 
for 5 hours. Additional triethylamine (18 mg, 0.180 mmol) 
and BOP (18 mg 0.090 mmol) were added, and the mixture 
was stirred overnight. The mixture was concentrated and 
purified via prep HPLC to give 2 mg of the captioned com 
pound. 

6.38. Synthesis of (2S)-2-Amino-3-(4-(2-amino-6-(2, 
2.2-trifluoro-1-(3'-fluorobiphenyl-4-yl)ethoxy)pyri 

midin-4-yl)phenyl)propanoic acid 
0261 

O NH2 

0262 To 4'-bromo-2,2,2-trifluoroacetophenone (5.0 g, 
19.76 mmol) in THF (50 mls) at 0°C. was added NaBH (1.5 
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g, 39.52 mmol). The mixture was warmed to room tempera 
ture and stirred for 1 hour. The reaction was complete by 
TLC(CHCl). The mixture was quenched with H.O. rotary 
evaporated to remove most of the THF, and extracted 2 times 
with CHC1. The organics were combined, washed with 
brine, concentrated to a small Volume and filtered through a 
plug of silica gel. The silica was washed with CHCl to elute 
the product, and the resulting solution was concentrated to 
give 4.65 g of 1-(4-bromophenyl)-2.2.2-trifluoroethanol. 
Yield 92%. 

0263. To Pd(PPh) (2.1 g, 1.823 mmol) was added 3-fluo 
rophenylmagnesium bromide (55 mls, 1.0 M in THF, 55 
mmol) at 0°C. over 15 minutes. The ice bath was removed 
and the mixture was stirred for 30 minutes. 1-(4-Bromophe 
nyl)-2.2.2-trifluoroethanol (4.65 g, 18.23 mmol) in THF (50 
mis) was added over 10 minutes. The mixture was heated to 

O O 

on N NH2 
n 

-- 

reflux for 3 hours and was shown complete by LC (Sunfire 
column, TFA). The mixture was cooled, quenched with H2O, 
rotary evaporated to remove most of the THF, and extracted 3 
times with CHC1. The organics were combined washed 
with brine, dried over MgSO4, and concentrated. Chromatog 
raphy (SiO, CH,Cl) gave 4.64 g of 2.2.2-trifluoro-1-(3'- 
fluorobiphenyl-4-yl)ethanol. Yield 94%. 
0264. To 2.2.2-trifluoro-1-(3'-fluorobiphenyl-4-yl)etha 
nol (1.4g, 5.18 mmol) in THF (50 mls) at 0°C. was added 
NaH (60% in mineral oil, 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 CHCl2. The organics were combined, 
washed with brine, dried over MgSO4, and concentrated. 
Chromatography (SiO, CHCl) afforded 1.48g of 4-chloro 
6-(2.2.2-trifluoro-1-(3'-fluorobiphenyl-4-yl)ethoxy)pyrimi 
din-2-amine. Yield 73%. 

0265 4-Chloro-6-(2.2.2-trifluoro-1-(3'-fluorobiphenyl 
4-yl)ethoxy)pyrimidin-2-amine (0.75 g, 1.89 mmol), L-p- 
boronophenylalanine (0.47g, 2.26 mmol), Pd(PPh)C1 (79 
mgs, 0.113 mmol), Na2COs (0.44g, 4.15 mmol), acetonitrile 
(10 mls), and H2O (10 mls) were combined in a 20 ml micro 
wave reactor and heated in the microwave at 150° C. for 7 
minutes. The reaction was complete by LCMS (Sunfire, neu 
tral). The mixture was concentrated, dissolved in NaOH (20 
mls 0.5 N), filtered, extracted with ether three times, and 
cooled to 0°C. At 0°C., 1.0 NHCl was added slowly until a 
pH of 6.5 was attained. The mixture was stirred at 0°C. for 30 
minutes and the product was filtered, dried in air, treated with 
excess 2.0 NHCl in ether, concentrated, then triturated with 
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CHCl to give 1.12 g, 99% (95.5% purity). 385 mgs were 
purified via prep HPLC (Sunfire, TFA), concentrated, treated 
with excess 1.0 NHCl (aq), concentrated to a small volume 
and lyophilized to afford 240 mgs of the captioned com 
pound. M+1=527; H NMR 6 (CDOD) 7.86 (d. 2H), 7.64 (s, 
4H), 7.49 (d. 2H), 7.36 (m, 2H), 7.28 (m. 1H), 7.02 (m, 1H), 
6.95 (s, 1H), 6.75 (q, 1H), 4.26 (t, 1H), 3.32 (m, 1H), 3.21 (m, 
1H). 

6.39. Synthesis of (S)-2-Amino-3-(4-(2-amino-6- 
(benzylthio)pyrimidin-4-yl)phenyl)propanoic acid 

0266 

O 

OH 

S N NH2 

l 
NH2 

0267 Benzylmercaptan (0.14 g, 1.11 mmol) was treated 
with NaH (60% in mineral oil, 67 mg, 1.66 mmol) in dry THF 
(15 ml) for 30 minutes. 2-Amino-4,6-dichloropyrimidine 
(0.2g, 1.22 mmol) was added and the mixture was stirred 
overnight. The mixture was diluted with methylenechloride, 
washed with water, then brine, dried over MgSO, and con 
centrated to give 0.11g of 4-(benzylthio)-6-chloropyrimidin 
2-amine. 
0268 4-(Benzylthio)-6-chloropyrimidin-2-amine (0.1 g, 
0.397 mmol), L-p-boronophenylalanine (0.1 g, 0.477 mmol), 
Pd(PPh)Cl. (17 mg, 0.024 mmol), NaCO (93 mg, 0.874 
mmol), MeCN (2.5 ml) and water (2.5 ml) were heated at 
150° C. for 5 minutes in a microwave. The mixture was 
concentrated and purified via prep HPLC to give 0.42 g of the 
title compound. M+1=381; H NMR (CDOD) & 7.8 (d. 2H), 
7.37 (t, 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 of (S)-2-Amino-3-(4-(2-amino-6- 
(naphthalen-2-ylmethylthio)pyrimidin-4-yl)phenyl) 

propanoic acid 
0269 
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0270 2-Mercaptonapthalene (0.2 g, 1.148) was treated 
with NaH (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, 1.26 mmol) was added and the mixture was stirred 
overnight. The mixture was diluted with methylenechloride, 
washed with water, then brine, dried over MgSO4, and con 
centrated to give 0.18 g 4-chloro-6-(naphthalen-2-ylmeth 
ylthio)pyrimidin-2-amine. 
0271 4-Chloro-6-(naphthalen-2-ylmethylthio)pyrimi 
din-2-amine (0.1 g, 0.331 mmol), L-p-boronophenylalanine 
(83 mg 0.397 mmol), Pd(PPh3)Cl. (14 mg., 0.020 mmol), 
NaCO, (77 mg, 0.729 mmol), MeCN (2.5 ml) and water (2.5 
ml) were heated at 150° C. for 5 minutes in a microwave. The 
mixture was concentrated and purified via prep HPLC to give 
57 mg of the title compound. M+1=431; H NMR (CDOD) 
& 7.85 (s, 1H), 7.79 (d. 2H), 7.72 (d. 3H), 7.46 (dd. 1H), 7.35 
(m, 4H), 6.95 (s, 1H), 4.58 (s.2H), 4.17 (m. 1H), 3.26 (m, 1H), 
3.11 (m. 1H). 

6.41. Synthesis of (2S)-2-Amino-3-(4-(2-amino-6- 
(1-(3,4-difluorophenyl)-2.2.2-trifluoroethoxy)pyri 

midin-4-yl)phenyl)propanoic acid 

0272 

F 
F O 

F 

F F OH 

O NH 

rs 2 

N 
NH2 

0273 3,5-Difluorophenyl-trifluoromethyl ketone was 
treated with NaBH (0.18 g, 4.76 mmol) in THF (5 ml) for 2 
hours. The mixture was quenched with water, extracted with 
methylene chloride (2x). The organics were combined, fil 
tered through silica gel and concentrated to give 0.46 g of 
1-(3,4-difluorophenyl)-2.2.2-trifluoroethanol. 
0274 1-(3,4-Difluorophenyl)-2.2.2-trifluoroethanol (0.1 
g, 0.471 mmol) was treated with NaH (60% in mineral oil, 38 
mg, 0.943 mmol) in dry THF (3 ml) for 30 minutes. 2-Amino 
4,6-dichloropyrimidine (77 mg, 0.471 mmol) was added and 
the mixture was stirred at 50° C. for 6 hours. The mixture was 
quenched with water and extracted with methylenechloride 
(2x). 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)- 
pyrimidin-2-amine. 
0275 4-Chloro-6-(1-(3,4-difluorophenyl)-2.2.2-trifluo 
roethoxy)pyrimidin-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), NaCO (98 mg, 0.926 mmol), MeCN (2.5 
ml) and water (2.5 ml) were heated at 150° C. for 5 minutes in 
a microwave. The mixture was concentrated and purified via 
prep HPLC to give 74 mg of the title compound. M+1=469; 
H NMR (CDOD) & 7.83 (d. 2H), 7.47 (m, 1H), 7.38 (m, 
4H), 7.28 (m. 1H), 4.21 (t, 1H), 3.29 (m, 1H), 3.15 (m, 1H). 
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6.42. Synthesis of (2S)-2-Amino-3-(4-(2-amino-6-(2, 
2.2-trifluoro-1-(3'-methylbiphenyl-2-yl)ethoxy)pyri 

midin-4-yl)phenyl)propanoic acid 

0276 

OH 

0277 To 4'-bromo-2,2,2-trifluoroacetophenone (5.0 g, 
19.76 mmol) in THF (50 mls) at 0°C. was added NaBH (1.5 
g, 39.52 mmol). The mixture was warmed to room tempera 
ture and stirred for 1 hour. The reaction was complete by 
TLC(CHCl). The mixture was quenched with H.O. rotary 
evaporated to remove most of the THF, and extracted 2 times 
with CHC1. The organics were combined, washed with 
brine, concentrated to a small Volume and filtered through a 
plug of silica gel. The silica was washed with CHCl to elute 
the product, and the resulting solution was concentrated to 
give 4.65 g of 1-(4-bromophenyl)-2.2.2-trifluoroethanol. 
Yield: 92%. 1-(4-Bromophenyl)-2.2.2-trifluoroethanol (0.13 
g, 0.525 mmol), m-tolylboronic acid (0.1 g, 0.736 mmol), 
Fibercat (4.28% Pd, 47 mgs, 0.0157 mmol Pd), KCO (0.22 
g, 1.576 mmol), EtOH (3 mls), and HO (0.5 mls) were 
combined and heated at 80° C. for 4 hours. The reaction was 
shown complete by TLC(CH2Cl2). The mixture was cooled, 
filtered, concentrated, slurried in CHCl2, and chromato 
graphed over silica gel (CH2Cl2) to give 0.1 g of 2.2.2-trif 
luoro-1-(3'-methylbiphenyl-2-yl)ethanol. Yield: 72%. 
0278 Alternatively, 1-(4-bromophenyl)-2.2.2-trifluoroet 
hanol (0.98g, 3.86 mmol), m-tolylboronic acid (0.63 g, 4.63 
mmol), Pd(PPh)C1 (0.16g, 0.232 mmol Pd), NaCO, (0.90 
g, 8.49 mmol), AcCN (10 mls), and H2O (10 mls) were 
combined and heated in the microwave at 150° C. for 10 
minutes. The reaction was shown complete by TLC(CHCl). 
The mixture was cooled, concentrated, slurried in CHCl, 
filtered, and chromatographed over silica gel (CH2Cl2) to 
give 0.80 g of 2.2.2-trifluoro-1-(3'-methylbiphenyl-2-yl) 
ethanol. Yield: 79%. 
(0279 Alternatively, tetrabutylammoniumfluoride (TBAF 
1.0 N in THF 13 uL, 3.3 mg, 0.013 mmol) was added to a 
mixture of 3-methyl-biphenyl-2-carboxaldehyde (0.25 g, 
1.27 mmol) and trifluoromethylrimethylsilane (0.25 g, 1.53 
mmol), in THF (1.5 ml) at 0°C. The reaction was warmed to 
room temperature and stirred for 4 hours. HCl (3.0N, 2.0 ml) 
was 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 0.15g of 
2.2.2-trifluoro-1-(3'-methylbiphenyl-2-yl)ethanol. 
0280 2.2.2-Trifluoro-1-(3'-methylbiphenyl-2-yl)ethanol 
(0.15g, 0.563 mmol) was treated with NaH (60% in mineral 
oil, 45 mg, 1.12 mmol) in dry THF (5 ml) for 30 minutes. 
2-Amino-4,6-dichloropyrimidine (92 mg, 0.5633 mmol) was 
added and the mixture was stirred at 50° C. for 6 hours. The 
mixture was quenched with water and extracted with meth 
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ylenechloride (2x). The organics were combined, washed 
with water, then brine, dried over MgSO, and concentrated 
to give 0.16 g of 4-chloro-6-(2.2.2-trifluoro-1-(3'-methylbi 
phenyl-2-yl)ethoxy)pyrimidin-2-amine. 
0281 4-Chloro-6-(2.2.2-trifluoro-1-(3'-methylbiphenyl 
2-yl)ethoxy)pyrimidin-2-amine (0.16 g., 0.406 mmol), L-p- 
boronophenylalanine (10 mg. 0.487 mmol), Pd(PPh)Cl. 
(17 mg, 0.024 mmol), NaCO (95 mg, 0.894 mmol), MeCN 
(2.5 ml) and water (2.5 ml) were heated at 150° C. for 5 
minutes in a microwave. The mixture was concentrated and 
purified via prep HPLC to give 105 mg of the title compound. 
M+1=523; H NMR (CDOD) & 7.85 (d. 2H), 7.70 (d. 1H), 
7.44 (m, 4H), 7.31 (t, 1H), 7.21 (m, 2H), 7.10 (m, 2H), 6.87 (q, 
1H), 6.84 (s, 1H), 4.25 (t, 1H), 3.30 (m, 1H), 3.18 (m. 1H). 

6.43. Synthesis of (S)-2-Amino-3-(4-(5-(3-(cyclo 
pentyloxy)-4-methoxybenzylamino)pyridin-3-yl) 

phenyl)propanoic acid 

0282 

OH 

2 

0283 Sodium triacetoxyl-borohydride (245 mg, 1.16 
mmol) was added to the solution of 5-bromo-pyridine-3- 
amine (100 mg, 0.57 mmol) and 3-cyclopentyloxy-4-meth 
oxy-benzaldehyde (127 mg, 0.57 mmol) in 10 ml of 1.2- 
dichloroethtane (DCE), of HOAc (66 uL., 2 eq. 1.16 mmol) 
was added, the mixture was stirred overnight at room tem 
perature, 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 under reduced pressure to give 
200 mg of crude 5-bromo-N-(3-(cyclopentyloxy)-4-meth 
oxybenzyl)pyridin-3-amine, which was used for the next step 
without further purification. 
0284 An Emrys process vial (2-5 ml) for microwave was 
charged with 5-bromo-N-(3-(cyclopentyloxy)-4-methoxy 
benzyl)pyridin-3-amine (40 mg, 0.106 mmol), 4-borono-L- 
phenylalanine (22 mg, 0.106 mmol) and 2 ml of acetonitrile. 
Aqueous sodium carbonate (2 ml, 1M) was added to above 
solution followed by 10 mol percent of dichlorobis(triph 
enylphosphine)-palladium (11). The reaction vessel was 
sealed and heated to 180°C. for 10 minutes with a microwave. 
After cooling, the reaction mixture was evaporated to dry 
ness. The residue was dissolved in 2.5 ml of methanol and 
purified with Prep-LC to give 20 mg of (S)-2-amino-3-(4-(5- 
3-(cyclophentyloxy-4-methoxy-benzylamino)pyridine-3-yl) 
phenyl)-propanoic acid. NMR: 'H-NMR (400 MHz, 
CDOD): & 1.59 (m, 2H), 1.7 (m, 6H), 3.17 (m. 1H), 3.3 (m, 
1H), 3.75 (s.3H), 4.2 (dd. 1H)4.39 (s. 2H), 4.7 (m, 1H), 6.9 
(m,3H), 7.4 (d. 2H), 7.6 (d. 2H), 7.7 (s, 1H), 7.9 (s, 1H), 8.15 
(s, 1H); Analytical HPLC: RT 2.69; M+1: 462 (RT: 1.285). 
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6.44. Synthesis of 2-Amino-3-(3-(4-amino-6-((R)-1- 
(naphthalen-2-yl)ethylamino)-1,3,5-triazin-2-yl)phe 

nyl)propanoic acid 
0285 

NH2 
H 
N N OH 

n 

R N. O 
NH2 

0286 To a solution of tert-butyl 2-(diphenylmethylene 
amino) acetate (400 mg, 1.35 mmol) in THF (25 ml) was 
added a solution of LDA (1.8M in THF, 2 eq, 2.7 mmol, fresh 
bottle from Aldrich) over 5 minutes at -78°C., and the result 
ing mixture was stirred for 20 minutes. A solution of 2-(3- 
(bromomethyl) phenyl)-5,5-dimethyl-1,3,2-dioxaborinane 
(460 mg, 1.2 eq. 1.62 mmol) in THF (10 ml) was added 
drop-wise to the reaction mixture over 5 minutes. The reac 
tion was continued at same (-78° C.) temperature for 30 
minutes, and left for 3 hours at room temperature. The reac 
tion was quenched with saturated NHCl, followed by the 
addition of water (30 ml), and was extracted with EtOAc 
(2x40 ml). The organic fractions were combined and dried 
over NaSO. The solvent was then concentrated at reduced 
pressure and crude tert-Butyl-3-(3-(5,5-dimethyl-1, 3, 2-di 
oxaborinan-2-yl)phenyl) 2-(diphenylmethylene amino) pro 
pionate was purified by column chromatography to provide 
the product as a semi-solid. 
0287. An Emrys process vial (20 ml) for microwave was 
charged with (R)-6-chloro-N'-(1-(naphthalene-2-yl)ethyl)- 
1,3,5-triazine-2,4-diamine (100 mg, 0.33 mmol), tert-butyl 
3-(3-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)phenyl)-2- 
(diphenyl methyleneamino) propanoate (248 mg, 0.5 mmol. 
1.5 eq.) and 6 ml of acetonitrile plus 6 ml of aqueous sodium 
carbonate (1M) was added to above solution followed by 10 
mol percent of dichlorobis(triphenylphosphine)-palladium 
(II). The reaction vessel was sealed and heated to 190°C. for 
10 minutes with microwave. After cooling, the reaction mix 
ture was evaporated to dryness. The residue was dissolved in 
10 ml of THF, to which was added 5N.HCl (5 ml). The 
mixture was refluxed for 2 hours in order to deprotect the 
benzophone and tert-butyl groups. The resulting reaction 
mixture was concentrated and dissolved in methanol (8 ml) 
and purified with Prep-LC to afford 15 mg of 2-amino-3-(4 
(4-amino-6-((R)-1-(naphthalene-2-yl)ethylamino)-1,3,5- 
trizin-2-yl)phenyl)propanoic acid. NMR: 'H-NMR (400 
MHz, CDOD): & 1.85 (d. 3H), 3.2-3.45 (m, 2H), 4.37 (m, 
1H), 5.5 (m. 1H), 7.4 (m. 1H), 7.6 (m 4H), 7.9 (m, 4H), 8.18 
(m. 2H), Analytical HPLC: RT 2.79 M-1: 429 (RT: 1.35). 

6.45. Synthesis of 2-Amino-3-(4-(4-amino-6-((R)-1- 
(naphthalen-2-yl)ethylamino)-1,3,5-triazin-2-yl)-2- 

fluorophenyl)propanoic acid 
0288 

F O 

OH 
H 
N N NH2 

n 

R N N 
NH2 
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0289. To a solution of tert-butyl 2-(diphenylmethylene 
amino) acetate (1.1 g, 3.73 mmol) in THF (30 ml) was added 
a solution of LDA (1.8M in THF, 1 eq, 3.73 mmol, fresh bottle 
from Aldrich) over 5 minutes at -78° C., and the resulting 
mixture was stirred for 20 minutes. A solution of 4-bromo-1- 
(bromomethyl)-2-fluorobenezene (1 g, 3.74 mmol) in THF 
(10 ml) was added drop-wise to the reaction mixture over 5 
minutes. The reaction was continued at -78°C. for 30 min 
utes, after which it was left at room temperature for 3 hours. 
The reaction was quenched with saturated NHCl, after 
which water (30 ml) was added. Product was extracted with 
EtOAc (2x40 ml), and the organic fractions were combined 
and dried over NaSO. The solvent was concentrated at 
reduced pressure and crude tert-Butyl 3-(4-bromo-2-fluo 
rophenyl)-2-(diphenylmethyleneamino)-propanoate WaS 
purified by column chromatography. The product was 
obtained as a Solid. 
0290 An Emrys process vial (20 ml) for microwave was 
charged with tert-butyl 3-(4-bromo-2-fluorophenyl)-2- 
(diphenylmethylene-amino)propanoate (600 mg, 1.24 
mmol), Pd(dba) (71 mg, 0.124 mmol), PCy3 (35 mg, 0.124 
mmol), 4.4.4.4.5.5.5',5'-octamethyl-2,2'-bi(1,3,2-diox 
aborolane (346 mg, 1.1 eq. 1.36 mmol) and KOAc (182 mg, 
1.5 eq., 1.86 mmol) 20 ml of DMF. The reaction vessel was 
sealed and heated to 160° C. for 20 minutes by microwave. 
After cooling, the reaction mixture was evaporated to dryness 
under reduced pressure. The residue was dissolved in HO 
(30 ml), extracted with EtOAc (2x40 ml), and purified with 
Prep-LC to give 220 mg of tert-butyl 2-(diphenylmethylene 
amino)-3-(2-fluoro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro 
lan-2-yl)phenyl)propanoate. 
0291. An Emrys process vial (5 ml) for microwave was charged with (R)-6-chloro-N'-(1-(naphthalene-2-yl)ethyl)- 
1,3,5-triazine-2,4-diamine (67 mg, 0.22 mmol), tert-butyl-2- 
(diphenylmethyleneamino)-3-(2-fluoro-4-(4.4.5.5-tetram 
ethyl-1,3,2-dioxaborolan-2-yl)phenyl)propanoate (120 mg. 
0.22 mmol) and 2 ml of acetonitrile. Aqueous sodium carbon 
ate (2 ml, 1M) was added to above solution followed by 10 
mol percent dichlorobis(triphenylphosphine)-palladium(II). 
The reaction vessel was sealed and heated to 190° C. for 10 
minutes by microwave. After cooling, the reaction mixture 
was evaporated to dryness. The residue was dissolved in 10 
ml of THF, to which 5.N.HCl (2 ml) was then added. The 
mixture was refluxed for 2 hours (deprotection of benzophone 
and tert-butyl groups). After deprotection of two groups, the 
mixture was concentrated, dissolved in methanol (5 ml), and 
purified with Prep-LC to afford 10 mg of 2-amino-3-(4-(4- 
amino-6-((R)-1-(naphthalene-2-yl)ethylamino)-1,3,5-trizin 
2-yl)-2-fluorophenyl)propanoic acid. NMR: "H-NMR (400 
MHz, CDOD): 81.6 (d. 3H), 3.07 (m, 1H), 3.45 (m, 1H), 3.8 
(m. 1H), 5.45 (m, 1H), 7.4 (m, 4H), 7.6 (m. 1H), 7.8 (m, 4H), 
8.08 (m. 1H), Analytical HPLC: RT 2.88, M+1: 447 (RT: 
1.44). 

6.46. Synthesis of (2S)-2-Amino-3-(4-(4-amino-6- 
(1-(adamantyl)ethylamino)-1,3,5-triazin-2-yl)phe 

nyl)propanoic acid 

O 

OH 

H 
N N NH2 

n 

N 
NH2 

0292 

H. 
''', 
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0293. A solution of adamantine amine (1 equivalent), 
2-amino-4,6-dichloro-1.3.5 triazine (1 equivalent) and 
diisopropyl ethylamine (5 equivalents, Aldrich) in anhydrous 
1,4-dioxane was refluxed at 130° C. for 3 hours. After 
completion of the reaction, the dioxane was removed under 
reduced pressure. The reaction was then cooled to room tem 
perature, water was added, and product was extracted with 
dichloromethane (2x40 ml). The combined organic solution 
was dried over NaSO and concentrated to afford product, 
which was used in the next step without purification. 
0294. An Emrys process vial (20 ml) for microwave was 
charged with adamantine trizine chloride (200 mg, 0.65 
mmol), 4-borono-L-phenylalanine (135 mg, 0.65 mmol) and 
5 ml of acetonitrile. Aqueous sodium carbonate (5 ml, 1M) 
was added to above solution followed by 5 mol percent 
dichlorobis(triphenylphosphine)-palladium(II). The reaction 
vessel was sealed and heated to 190° C. for 20 minutes by 
microwave. After cooling, the reaction mixture was evapo 
rated to dryness. The residue was dissolved in 4 ml of metha 
nol and purified with Prep-LC to give 60 mg (yield 21%) of 
coupled product. NMR: "H-NMR (400 MHz. CDOD): 8 
1.22 (m, 3H), 1.6-1-8 (m, 12H), 2.01 (d. 3H), 3.25-3.42 (m, 
2H), 4.0 (m, 1H), 4.40 (m, 1H), 7.6 (d. 2H), 8.2 (d. 2H), 
Analytical HPLC: RT 3.11, M+1:437 (RT: 1.76). 

6.47. Alternative Synthesis of (2S)-2-Amino-3-(4-(4- 
amino-6-(1-(adamantyl)ethylamino)-1,3,5-triazin-2- 

yl)phenyl)propanoic acid 
0295 Adamantane (2-yl)ethyl cyanoguanidine was pre 
pared by forming a solution of cyanoguanidine (1 equivalent), 
(S)-2-amino-3-(4-cyanophenylpropanoic acid (1 equivalent) 
and potassium tertiary butaoxide (3.5 equivalent, Aldrich) in 
dry n-BuOH, which was vigorously refluxed at 160° C. in a 
sealed tube for 2 days. After completion of the reaction, the 
mixture was allowed to cool to room temperature, and the 
reaction was quenched with water. Solvent was removed 
under reduced pressure. Again, after allowing to cool to room 
temperature, the reaction mixture was brought to pH 12-14 by 
adding 1N NaOH. Then, impurities were removed while 
extracting with Ether:EtOAc (9:1, 2x100 ml). The aqueous 
solution was cooled to 0°C., 1 NHCl was then added to adjust 
pH to 7. The pale yellow product was slowly crashed out in 
HO, the mixture was kept in a refrigerator for 30 minutes, 
and the solid was obtained by filtration with 92% purity. 
Compound was crystallized from MeOH to afford a white 
solid (>98% pure, 48-78% yield). H-NMR (400 MHz, 
CDOD): 81.0 (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). 
0296. The title compound was prepared from adamantane 
(2-yl)ethyl cyanoguanidine using the method shown in 
Scheme 6. 

6.48. Synthesis of (S)-2-Amino-3-(4-(5-fluoro-4- 
((R)-1-(naphthalen-2-yl)ethylamino)pyrimidin-2-yl) 

phenyl)propanoic acid 
0297 

N 

F / \ O 
RN 

HN HN OH 
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0298. A mixture of (R)-(+)-1-(2-napthyl)ethylamine 
(102.6 mg 0.599 mmol), 2,4-dichloro-5-fluoro pyrimidine 
(100 mg, 0.599 mmol) and cesium carbonate (390 mg, 1.2 
mmol) was dissolved in 1,4-dioxane (3 ml) and H2O (3 ml) in 
a 10 ml microwave vial. The mixture was stirred in the micro 
wave reactor at 80° C. for 10 minutes. The residue was dis 
solved in CHCl (50 ml), washed with water (20 ml), brine 
(20 ml) dried (NaSO) and concentrated to get the crude 
intermediate 2-chloro-5-fluoro-pyrimidin-4-yl)-(1-naphtha 
len-2-yl-ethyl)-amine. 
0299. The crude intermediate (250 mg, 0.83 mmol) was 
then dissolved in 6.0 ml of MeCN and 6 ml of HO in a 20 ml 
microwave vial. To this solution were added L-p-borono 
phenylalanine (173.6 mg, 0.83 mmol), sodium carbonate 
(173.6 mg, 1.66 mmol) and catalytic amount of dichlorobis 
(triphenylphosphine)-palladium(II) (11.6 mg, 0.0166 mmol). 
The reaction vial was then sealed and stirred in the microwave 
reactor at 150° C. for 7 minutes. The contents were then 
filtered, and the filtrate was concentrated and dissolved in 
MeOH and HO (1:1) and purified by preparative HPLC 
using MeOH/HO/TFA as the solvent system. The combined 
pure fraction were evaporated in vacuo and further dried on a 
lyophilizer to give 154 mg of 2-amino-3-4-5-fluoro-4-(1- 
naphthalen-2-yl-ethylamino)-pyrimidin-2-yl)-phenyl-pro 
pionic acid. NMR: "H-NMR (400 MHz, CDOD) & 1.8 (d. 
3H)3.2-3.4 (m, 2H), 4.35 (m, 1H), 5.7 (q, 1H), 7.5 (m, 4H), 
7.6 (d. 1H), 7.8-7.9 (m, 4H), 8.1 (d. 2H), 8.3 (d. 1H). LCMS: 
M+1=431. 

6.49. Synthesis of (S)-2-Amino-3-(4-(2-amino-6-(4- 
(trifluoromethyl)-benzylamino)pyrimidin-4-yl)phe 

nyl)propanoic acid 
0300 

F O 
F 

F OH 

NH 

rn 2 

N 
NH2 

(0301 A mixture of trifluoromethyl benzylamine (106.8 
mg, 0.610 mmol), 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 H2O (6 ml) in a 20 ml 
microwave vial. The mixture was stirred in the microwave 
reactor at 210° C. for 25 minutes. The solvent was then 
removed. The residue was dissolved in CHCl (50 ml), 
washed with water (20 ml), brine (20 ml), dried (Na2SO) and 
concentrated to get the crude intermediate 6-chloro-N-4'- 
(trifluoromethyl-benzyl)-pyrimidine-2-4-diamine. 
0302) The crude intermediate (150 mg, 0.497 mmol) was 
then dissolved in 3.0 ml of MeCN and 3 ml of HO in a 10 ml 
microwave vial. To this solution were added L-p-borono 
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 
reactor at 150° C. for 5 minutes. The contents were filtered, 
and the filtrate was concentrated and dissolved in MeOH and 
H2O (1:1) and purified by preparative HPLC using a MeOH/ 
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HO/TFA solvent system. The combined pure fractions were 
evaporated in vacuo and further dried on a lyophilizer to 
afford 2-amino-3-4-2-amino-6-(4-trifluoromethyl-benzy 
lamino)-pyrimidin-4-yl-phenyl-propionic acid. NMR: 
'H-NMR (300 MHz, CDOD) & 3.1-3.3 (m, 2H), 4.2 (t, 1H), 
4.7 (s. 2H), 6.3 (s, 1H), 7.4-7.5 (m, 4H), 7.6 (d. 2H), 7.7 (d. 
2H). LCMS: M+1=432. 

6.50. Synthesis of 2-Amino-3-(5-(5-phenylthiophen 
2-yl)-1H-indol-3-yl)propanoic acid 

0303 

0304 2-Amino-3-(5-bromo-1H-indol-3-yl)-propionic 
acid (0.020 g, 0.071 mmol) was added to a 5 ml microwave 
vial, which contained 5-phenyl-thiophen-2-boronic acid 
(0.016 g., 0.078 mmol), NaCO (0.015 g, 0.142 mmol), 
acetonitrile (1.5 ml)/water (1.5 ml) and dichlorobis(triph 
enylphosphine)-palladium (3 mg, 0.003 mmol). Microwave 
vial was capped and stirred at 150° C. for 5 min under micro 
wave radiation. Reaction mixture was cooled, filtered through 
a syringe filter and then separated by a reverse phase prepara 
tive-HPLC using YMC-Pack ODS 100x30 mm ID column 
(MeOH/HO/TFA solvent system). The pure fractions were 
concentrated in vacuum. The product was then Suspended in 
5 ml of water, frozen and lyophilized to give 5 mg of pure 
product, 2-amino-3-5-(5-phenyl-thiophen-2-yl)-1H-indol 
3-yl)-propionic acid. 'H-NMR (300 MHz. CDOD): 3.21-3. 
26 (m, 2H), 4.25 (q, 1H), 7.15-7.35 (m,8H), 7.58 (d. 2H), 7.82 
(d. 1H). 

6.51. Synthesis of (S)-2-Amino-3-(4-(4-(4-phenox 
yphenyl)-1H-1,2,3-triazol-1-yl)phenyl)propanoic 

acid 

0305 

O 

OH 

NN NH2 
N ^ 

le 

O 

0306 A mixture of 1-ethynyl-4-phenoxy-benzene (126 
mg, 0.65 mmol) and (S)-3-(4-azido-phenyl)-2-tert-butoxy 
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carbonylamino-propionic acid (200 mg, 0.65 mg) in H2O: 
dioxane (5:1) was heated at 100° C. in a sealed tube for 
overnight. After completion of reaction, 3N HCl (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 MeCH 
and purified by preparative HPLC to give 45 mg of desired 
product (yield: 29%). "H-NMR (400 MHz, CDOD): 8 (ppm) 
3.2 (m, 1H), 3.4 (m, 1H), 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-yl)phenyl)propanoic acid and (S)-2-Amino-3-(4- 
(5-(4-(thiophene-2-carboxamido)phenyl)-1H-1,2,3- 

triazol-1-yl)phenyl)propanoic acid 

0307 

O 

OH 

NH 
NN 2 N ^ 
le 

)-() O S 
O 

OH 

NH2 

N-N 

| 
N 2 

\ N 
S 

HN 

O 

0308. A mixture of thiophene-2-carboxylic acid (4-ethyl 
phenyl)amide (117 mg, 0.49 mmol) and (S)-3-(4-azido-phe 
nyl)-2-tert-butoxycarbonylamino-propionic acid (150 mg. 
0.49 mg) in 5 ml of H2O:dioxane (5:1) was heated at 100° C. 
in a sealed tube overnight. After completion of reaction, 3N 
HCl (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 MeCH and purified by preparative HPLC. 
According to LCMS (retention time) and NMR, two regio 
isomers were obtained (total yield: 70 mg. 66%). The major 
product is (S)-2-amino-3-(4-(4-(4-(thiophene-2-carboxa 
mido)phenyl)-1H-1,2,3-triazol-1-yl)phenyl)propanoic acid. 
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LCMS HPLC Method 
Compound 

(S)-2-amino-3-(4-(2-amino-6-((5-(1-methyl-5-(trifluoromethyl)-1H 
pyrazol-3-yl)thiophen-2-yl)methoxy)pyrimidin-4-yl)phenyl)propanoic 
acid 
(2S)-2-amino-3-(4-(2-amino-6-(1,1,1-trifluoro-3-((R)-2,2,3- 
trimethylcyclopent-3-enyl)propan-2-yloxy)pyrimidin-4- 
yl)phenyl)propanoic acid 
(2S)-2-amino-3-(4-(2-amino-6-(3-(2- 
hydroxyethylcarbamoyl)piperidin-1-yl)pyrimidin-4- 
yl)phenyl)propanoic acid 
(2S)-2-amino-3-(4-(2-amino-6-(3-(pyridin-2-yloxy)piperidin-1- 
yl)pyrimidin-4-yl)phenyl)propanoic acid 
(S)-2-amino-3-(4-(2-amino-6-(4-chloro-3-(piperidine-1- 
carbonyl)phenyl)pyrimidin-4-yl)phenyl)propanoic acid 

6.55. In Vitro Inhibition Assays 
0313 Human TPH1, TPH2, tyrosine hydroxylase (TH) 
and phenylalanine hydroxylase (PH) were all generated using 
genes having the following accession numbers, respectively: 
X52836, AY098.914, X05290, and U49897. 
0314. The full-length coding sequence of human TPH1 
was cloned into the bacterial expression vector pET24 
(Novagen, Madison, Wis., USA). A single colony of BL21 
(DE3) cells harboring the expression vector was inoculated 
into 50 ml ofL broth (LB)-kanamycin media and grown up at 
37°C. overnight with shaking. Half of the culture (25 ml) was 
then transferred into 3 L of media containing 1.5% yeast 
extract, 2% Bacto Peptone, 0.1 mM tryptophan, 0.1 mM 
ferrous ammonium sulfate, and 50 mM phosphate buffer (pH 
7.0), and grown to OD-6 at 37°C. with oxygen supple 
mented at 40%, pH maintained at 7.0, and glucose added. 
Expression of TPH1 was induced with 15% D-lactose over a 
period of 10 hours at 25°C. The cells were spun down and 
washed once with phosphate buffered saline (PBS). 
0315 TPH1 was purified by affinity chromatography 
based on its binding to pterin. The cell pellet was resuspended 
in a lysis buffer (100 ml/20 g) containing 50 mM Tris-Cl, pH 
7.6, 0.5 M NaCl, 0.1% Tween-20, 2 mM EDTA, 5 mM DTT, 
protease inhibitor mixture (Roche Applied Science, India 
napolis, Ind., USA) and 1 mM phenylmethanesulfonyl fluo 
ride (PMSF), and the cells were lyzed with a microfluidizer. 
The lysate was centrifuged and the Supernatant was loaded 
onto a pterin-coupled Sepharose 4B column that was equili 
brated with a buffer containing 50 mM Tris, pH 8.0, 2 M 
NaCl, 0.1% Tween-20, 0.5 mM EDTA, and 2 mM DTT. The 
column was washed with 50 ml of this buffer and TPH1 was 
eluded with a buffer containing 30 mM NaHCOs, pH 10.5, 
0.5 MNaCl, 0.1% Tween-20, 0.5 mM EDTA, 2 mMDTT, and 
10% glycerol. Eluted enzyme was immediately neutralized 
with 200 mMKHPO pH 7.0, 0.5 MNaCl, 20 mM DTT, 0.5 
mM EDTA, and 10% glycerol, and stored at -80° C. 
0316 Human tryptophan hydroxylase type II (TPH2), 
tyrosine hydroxylase (TH) and phenylalanine hydroxylase 
(PAH) were expressed and purified essentially in the same 
way, except the cells were supplemented with tyrosine for TH 
and phenylalanine for PAH during growth. 
0317 TPH1 and TPH2 activities were measured in a reac 
tion mixture containing 50 mM 4-morpholinepropane 
sulfonic acid (MOPS), pH 7.0, 60 uM tryptophan, 100 mM 
ammonium sulfate, 100 uM ferrous ammonium sulfate, 0.5 
mM tris(2-carboxyethyl)phosphine (TCEP), 0.3 mM 6-me 
thyl tetrahydropterin, 0.05 mg/ml catalase, and 0.9 mMDTT. 

410 

479 

429 

435 

480 

(M + 1) (Time (min)) 

N (1.39) 

O (3.42) 

N (1.53) 

N (2.11) 

N (2.75) 

The reactions were initiated by adding TPH1 to a final con 
centration of 7.5 nM. Initial velocity of the reactions was 
determined by following the change of fluorescence at 360 
nm (excitation wavelength=300 nm). TPH1 and TPH2 inhi 
bition was determined by measuring their activities at various 
compound concentrations, and the potency of a given com 
pound was calculated using the equation: 

wo -b 

C -(E) losol 

where V is the initial Velocity at a given compound concen 
tration C, Vo is the V when C=0, b is the background signal, D 
is the Hill slope which is approximately equal to 1, and Iso is 
the concentration of the compound that inhibits half of the 
maximum enzyme activity. 
0318 Human TH and PAH activities were determined by 
measuring the amount of H2O generated using L-3,4-H- 
tyrosine and L-4-H -phenylalanine, respectively. The 
enzyme (100 nM) was first incubated with its substrate at 0.1 
mM for about 10 minutes, and added to a reaction mixture 
containing 50 mMMOPS, pH 7.2, 100 mMammonium sul 
fate, 0.05% Tween-20, 1.5 mMTCEP, 100 uMferrous ammo 
nium sulfate, 0.1 mM tyrosine or phenylalanine, 0.2 mM 
6-methyl tetrahydropterin, 0.05 mg/ml of catalase, and 2 mM 
DTT. The reactions were allowed to proceed for 10-15 min 
utes and stopped by the addition of 2 MHC1. The mixtures 
were then filtered through activated charcoal and the radio 
activity in the filtrate was determined by scintillation count 
ing. Activities of compounds on TH and PAH were deter 
mined using this assay and calculated in the same way as on 
TPH1 and TPH2. 

6.56. Cell-Based Inhibition Assays 

0319. Two types of cell lines were used for screening: 
RBL2H is a rat mastocytoma cell line, which contains TPH1 
and makes 5-hydroxytrypotamine (5HT) spontaneously; 
BON is a human carcinoid cell line, which contains TPH1 and 
makes 5-hydroxytryptophan (5HTP). The CBAs were per 
formed in 96-well plate format. The mobile phase used in 
HPLC contained 97% of 100 mM sodium acetate, pH3.5 and 
3% acetonitrile. A Waters C18 column (4.6x50mm) was used 
with Waters HPLC (model 2795). A multi-channel fluorom 
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eter (model 2475) was used to monitor the flow through by 
setting at 280 nm as the excitation wavelength and 360 nm as 
the emission wavelength. 
0320 RBL CBA: 
0321 Cells were grown in complete media (containing 
5% bovine serum) for 3-4 hours to allow cells to attach to 
plate wells (7K cell/well). Compounds were then added to 
each well in the concentration range of 0.016 uM to 11.36 
uM. The controls were cells in complete media without any 
compound present. Cells were harvested after 3 days of incu 
bation at 37° C. Cells were >95% confluent without com 
pound present. Media were removed from plate and cells 
were lysed with equal volume of 0.1N NaOH. A large portion 
of the cell lysate was treated by mixing with equal volume of 
1M TCA and then filtered through glass fiber. The filtrates 
were loaded on reverse phase HPLC for analyzing 5HT con 
centrations. A Small portion of the cell lysate was also taken to 
measure protein concentration of the cells that reflects the 
cytotoxicity of the compounds at the concentration used. The 
protein concentration was measured by using BCA method. 
0322 The average of 5HT level in cells without compound 
treated was used as the maximum value in the ICso derivation 
according to the equation provided above. The minimum 
value of 5HT is either set at 0 or from cells that treated with 
the highest concentration of compound If a compound is not 
cytotoxic at that concentration. 
0323 BON CBA: 
0324 Cells were grown in equal volume of DMEM and 
F12K with 5% bovine serum for 3-4 hours (20K cell?well) 
and compound was added at a concentration range of 0.07 LM 
to 50 uM. The cells were incubated at 37° C. overnight. Fifty 
uM of the culture supernatant was then taken for 5HTP mea 
Surement. The Supernatant was mixed with equal Volume of 
1M TCA, then filtered through glass fiber. The filtrate was 
loaded on reverse phase HPLC for 5HTP concentration mea 
surement. The cell viability was measured by treating the 
remaining cells with Promega Celtiter-Glo Luminescent 
Cell Viability Assay. The compound potency was then calcu 
lated in the same way as in the RBL CBA. 

6.57. In Vivo Effects 

0325 The in vivo effects of a potent TPH1 inhibitor of the 
invention were evaluated in several studies by determining 
the change of 5-HT levels in the intestines and brains of mice 
following oral administration of the compound. 
0326. The compound was formulated in different vehicles 
to provide either a suspension or solution. Generally, 
14-week-old male C57 albino mice were dosed once daily by 
oral gavage at 5 ml/kg for four consecutive days. Five hours 
after the last dose, the animals were quickly sacrificed. Vari 
ous regions of the intestinal tract and whole brain were taken 
and frozen immediately. 5-HT was extracted from the tissues 
and measured by HPLC. Blood samples were taken for expo 
Sure analysis. 
0327. The potent TPH1 inhibitor was found to reduce 
5-HT levels in both the small and large intestine, but not in the 
brain. In one study, the compound was formulated in H2O and 
administered to mice at four different dose levels: 15, 50, 150, 
and 500 mg/kg, once daily by oral gavage. As shown in FIG. 
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, 
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150, and 500 mg/kg/day dose levels. No significant change of 
5-HT levels was observed in the brain at any of the dose 
levels. 
0328. All publications (e.g., patents and patent applica 
tions) cited above are incorporated herein by reference in 
their entireties. 
What is claimed is: 
1. A method of treating pulmonary hypertension, which 

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

O 

Q R a Gerr 
HN 
YR 

or a pharmaceutically acceptable salt thereof, wherein: 
A is optionally substituted cycloalkyl, aryl, or heterocycle; 

(O)— —C(RR)S(O)—, or —S(O)C(RR)—: 
D is optionally substituted aryl or heterocycle; 
E is optionally substituted aryl or heterocycle; 
R is hydrogen or optionally substituted alkyl, alkyl-aryl, 

alkyl-heterocycle, aryl, or heterocycle; 
R is hydrogen or optionally substituted alkyl, alkyl-aryl, 

alkyl-heterocycle, aryl, or heterocycle; 
R is hydrogen, alkoxy, amino, cyano, halogen, hydroxyl, 

or optionally substituted alkyl; 
R is hydrogen, alkoxy, amino, cyano, halogen, hydroxyl, 

or optionally substituted alkyl or aryl; 
Rs is hydrogen or optionally substituted alkyl or aryl; and 
n is 0-3. 
2. The method of claim 1, wherein the compound is of the 

formula: 

Y a Z" 

wherein: 
each of Z", Z", Z", and Z", is independently N or CR: 
each Ro is independently amino, cyano, halogen, hydro 

gen, OR, SR, NRR, 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 R2 is independently hydrogen or optionally Substi 
tuted alkyl, alkyl-aryl or alkyl-heterocycle; and 
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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: 

R10 

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 

tuted phenyl. 
7. The method of claim3, wherein Rio is amino. 
8. The method of claim 1, wherein the prostacyclin is 

epoprostenol, iloprost or treprostinil. 
9. A method of treating pulmonary hypertension, which 

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

F OR 

O NH2 

rs 
N N 

NH10 

or a pharmaceutically acceptable salt thereof, wherein A is 
optionally substituted cycloalkyl, aryl, 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 of 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-yl)ethoxy)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. 

k k k k k 


