
MULTICYCLIC AMINO ACID DERIVATIVES AND METHODS OF
THEIR USE This application claims priority to U.S.
patent application no. 60/754,955, filed December 29,
2005. 1. FIELD OF THE INVENTION This invention relates
to multicyclic compounds, compositions comprising
them, and their use in the treatment, prevention and
management of diseases and disorders. 1. BACKGROUND
The neurotransmitter serotonin [5-hydroxytryptamine
(5-HT)] is involved in multiple central nervous facets
of mood control and in regulating sleep, anxiety,
alcoholism, drug abuse, food intake, and sexual
behavior. In peripheral tissues, serotonin is
reportedly implicated in the regulation of vascular
tone, gut motility, primary hemostasis, and
cellmediated immune responses. Walther, D.J., et al.,
Science 299:76 (2003). The enzyme tryptophan
hydroxylase (TPH) catalyzes the rate limiting step of
the biosynthesis of serotonin. Two isoforms of TPH
have been reported: TPHl, which is expressed in the
periphery, primarily in the gastrointestinal (GI)
tract; and TPH2, which is expressed in the brain. Id.
The isoform TPHl is encoded by the tphl gene; TPH2 is
encoded by the tph.2 gene. Id. Mice genetically
deficient for the tphl 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 attributed to a lack of peripheral
serotonin. Cdt, F., et ah, PNAS 100(23): 13525-13530
(2003). Because serotonin is involved in so many
biochemical processes, drugs that affect serotonin
levels are often attended by adverse effects. Thus, a
need exists for new ways of treating diseases and
disorders that are affected by serotonin.3. SUMMARY OF
THE INVENTION This invention is directed, in part, to
compounds of formula I : I and pharmaceutically
acceptable salts and solvates thereof, wherein: A is
optionally substituted cycloalkyl, aryl, or
heterocycle; X is a bond (i.e., A is directly bound to
D), -O-, -S-, -C(O)-, -C(R4)=, C(R4)-, -C(R3R4)-,
-C(I^)=C(R 4)-, -C C-, -N(R5)-, -N(R5)C(O)N(R5)-,
-C(R3R4)N(R5)-, -N(R5)C(R3R4)-, -ONC(R3)-, -C(R3)NO-,
-C(R3R4)O-, -OC(R3R4)-, -S(O2)-, -S(O2)N(R5)-,
-N(R5)S(O2)-, -C(R3R4)S(O2)-, or -S(O2)C(R3R4)-; D is
optionally substituted aryl or heterocycle; Ri is
hydrogen or optionally substituted alkyl, alkyl-aryl,
alkyl-heterocycle, aryl, or heterocycle; R2 is
hydrogen or optionally substituted alkyl, alkyl-aryl,
alkyl-heterocycle, aryl, or heterocycle; R3 is
hydrogen, alkoxy, amino, cyano, halogen, hydroxyl, or
optionally substituted alkyl; R4 is hydrogen, alkoxy,
amino, cyano, halogen, hydroxyl, or optionally
substituted alkyl or aryl; each R5 is independently
hydrogen or optionally substituted alkyl or aryl; and
n is 0-3. The invention also encompassed compounds of
formula II: II and pharmaceutically acceptable salts
and solvates thereof, wherein: A is optionally
substituted cycloalkyl, aryl, or heterocycle; X is a
bond (i.e., A is directly bound to D), -0-, -S-,
-C(O)-, -C(R4)=, C(R4)-, -C(R3R4)-, -C(R-O=C(R4)-, -C
C-, -N(R5)-, -N(R5)C(O)N(R5)-, -C(R3R4)N(R5)-,
-N(R5)C(R3R4)-, -ONC(R3)-, -C(R3)NO-, -C(R3R4)O-,
-OC(R3R4)-, -S(O2)-, -S(O2)N(R5)-, -N(R5)S(O2)-,
-C(R3R4)S(O2)-, or -S(O2)C(R3R4)-; 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; R2 is
hydrogen or optionally substituted alkyl, alkyl-aryl,
alkyl-heterocycle, aryl, or heterocycle; R3 is
hydrogen, alkoxy, amino, cyano, halogen, hydroxyl, or
optionally substituted alkyl; R4is hydrogen, alkoxy,
amino, cyano, halogen, hydroxyl, or optionally
substituted alkyl or aryl; R5 is hydrogen or
optionally substituted alkyl or aryl; and n is 0-3.
Particular compounds inhibit TPH {e.g., TPHl)
activity. This invention is also directed to
pharmaceutical compositions and to methods of
treating, preventing and managing a variety of
diseases and disorders. 4. BRIEF DESCRIPTION OF THE
FIGURE Aspects of the invention may be understood with
reference to the attached figure. Figure 1 shows the
effects of a potent TPHl 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 This
invention is based, in part, on the discovery that
knocking out the tphl gene in mice significantly
reduces levels of GI serotonin, yet causes little, if
any, measurable effect on the central nervous system
(CNS). This invention is also based on the discovery
of compounds that inhibit TPH (e.g., TPHl). When
administered to mammals, preferred compounds of the
invention reduce serotonin levels, and may be used in
the treatment, prevention and management of a wide
range of diseases and disorders. 5.1. Definitions
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. Representative alkenyl moieties include vinyl,
allyl, 1-butenyl, 2-butenyi, isobutylenyl, 1-pentenyl,
2-pentenyl, 3-methyl-l-butenyl, 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. Unless
otherwise indicated, the term "alkyl" means a straight
chain, branched and/or cyclic ("cycloalkyl")
hydrocarbon 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-trimethylpentyl, nonyl, decyl, undecyl and
dodecyl. Cycloalkyl moieties may be monocyclic or
multicyclic, and examples include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, and adamantyl.
Additional examples of alkyl moieties have linear,
branched and/or cyclic portions (e.g.,
l-ethyl-4-methylcyclohexyl). The term "alkyl" includes
saturated hydrocarbons as well as alkenyl and alkynyl
moieties. Unless otherwise indicated, the term
"alkoxy" means an-O-alkyl group. Examples of alkoxy
groups include -OCH3, -OCH2CH3, -O(CH2)2CH3, -0(CHz)
3CH3, -O(CH2)4CH3, and -O(CH2)5CH3. Unless otherwise
indicated, the term "alkylaryl" or "alkyl-aryl" means
an alkyl moiety bound to an aryl moiety. Unless
otherwise indicated, the term "alkylheteroaryl" or
"alkyl-heteroaryl" means an alkyl moiety bound to a
heteroaryl moiety. Unless otherwise indicated, the
term "alkylheterocycle" or "alkyl-heterocycle" means
an alkyl moiety bound to a heterocycle moiety. Unless
otherwise indicated, the term "alkynyl" means a
straight chain, branched or cyclic hydrocarbon having
from 2 to 20 (e.g., 2 to 20 or 2 to 6) carbon atoms,
and including at least one carbon-carbon triple bond.
Representative alkynyl moieties include acetylenyl,
propynyl, 1-butynyl, 2-butynyl, 1-pentynyl,
2-pentynyl, 3-methyl-l-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. 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.
Unless otherwise indicated, the term "arylalkyl" or
"aryl-alkyl" means an aryl moiety bound to an alkyl
moiety. Unless otherwise indicated, the terms
"biohydrolyzable amide," "biohydrolyzable ester,"
"biohydrolyzable carbamate," "biohydrolyzable
carbonate," "biohydrolyzable ureido" and
"biohydrolyzable phosphate" mean an amide, ester,
carbamate, carbonate, ureido, or phosphate,
respectively, 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,
a-amino acid amides, alkoxyacyl amides, and
alkylaminoalkyl-carbonyl amides. Examples of
biohydrolyzable carbamates include lower alkylamines,
substituted ethylenediamines, aminoacids,
hydroxyalkylamines, heterocyclic and heteroaromatic
amines, and polyether amines. Unless otherwise
indicated, the phrases "disease or disorder mediated
by peripheral serotonin" and "disease and disorder
mediated by peripheral serotonin" mean a disease
and/or disorder having one or more symptoms, the
severity of which are affected by peripheral serotonin
levels. Unless otherwise indicated, the terms
"halogen" and "halo" encompass fluorine, chlorine,
bromine, and iodine. 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). Unless otherwise indicated, the
term "heteroaryl" means an aryl moiety wherein at
least one of its carbon atoms has been replaced with a
heteroatom (e.g., N, O or S). Examples include
acridinyl, benzimidazolyl, benzofuranyl,
benzoisothiazolyl, benzoisoxazolyl, benzoquinazolinyl,
benzothiazolyl, benzoxazolyl, furyl, imidazolyl,
indolyl, isothiazolyl, isoxazolyl, oxadiazolyl,
oxazolyl, phthalazinyl, pyrazinyl, pyrazolyl,
pyridazinyl, pyridyl, pyrimidinyl, pyrimidyl,
pyrrolyl, quinazolinyl, quinolinyl, tetrazolyl,
thiazolyl, and triazinyl. Unless otherwise indicated,
the term "heteroarylalkyl" or "heteroaryl-alkyl" means
a heteroaryl moiety bound to an alkyl moiety. 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 heteroaryls. 



Examples include benzo[l,3]dioxolyl,
2,3-dihydro-benzo[l,4]dioxinyl, cinnolinyl, furanyl,
hydantoinyl, morpholinyl, oxetanyl, oxiranyl,
piperazinyl, piperidinyl, pyrrolidinonyl,pyrrolidinyl,
tetrahydrofuranyl, tetrahydropyranyl,
tetrahydropyridinyl, tetrahydropyrimidinyl,
tetrahydrothiophenyl, tetrahydrothiopyranyl and
valerolactamyl. Unless otherwise indicated, the term
"heterocyclealkyl" or "heterocycle-alkyl" refers to a
heterocycle moiety bound to an alkyl moiety. Unless
otherwise indicated, the term "heterocycloalkyl"
refers to a non-aromatic heterocycle. Unless otherwise
indicated, the term "heterocycloalkylalkyl" or
"heterocycloalkylalkyl" refers to a heterocycloalkyl
moiety bound to an alkyl moiety. Unless otherwise
indicated, the terms "manage," "managing" and
"management" encompass preventing the recurrence of
the specified disease or disorder, or of one or more
of its symptoms, in a patient who has already suffered
from the disease or disorder, and/or lengthening the
time that a patient who has suffered from the disease
or disorder remains in remission. The terms encompass
modulating the threshold, development and/or duration
of the disease or disorder, or changing the way that a
patient responds to the disease or disorder. Unless
otherwise indicated, the term "pharmaceutically
acceptable salts" refers to salts prepared from
pharmaceutically acceptable non-toxic acids or bases
including inorganic acids and bases and organic acids
and bases. Suitable pharmaceutically acceptable base
addition salts include metallic salts made from
aluminum, calcium, lithium, magnesium, 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, citric, ethenesulfonic,
formic, fumaric, fiiroic, galacturonic, gluconic,
glucuronic, glutamic, glycolic, hydrobromic,
hydrochloric, isethionic, lactic, maleic, malic,
mandelic, methanesulfonic, mucic, nitric, pamoic,
pantothenic, phenylacetic, phosphoric, propionic,
salicylic, stearic, succinic, sulfanilic, 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, 18th
ed. (Mack Publishing, Easton PA: 1990) and Remington:
The Science and Practice of Pharmacy, 19th ed. (Mack
Publishing, Easton PA: 1995). Unless otherwise
indicated, the term "potent TPHl inhibitor" is a
compound that has a TPHl_IC 5oof less than about 10
mM.Unless otherwise indicated, the terms "prevent,"
"preventing" and "prevention" contemplate an action
that occurs before a patient begins to suffer from the
specified disease or disorder, which inhibits or
reduces the severity of the disease or disorder, or of
one or more of its symptoms. The terms encompass
prophylaxis. Unless otherwise indicated, the term
"prodrug" encompasses pharmaceutically acceptable
esters, carbonates, thiocarbonates, N-acyl
derivatives, N-acyloxyalkyl derivatives, quaternary
derivatives of tertiary amines, N-Mannich bases,
Schiff bases, amino acid conjugates, phosphate esters,
metal salts and sulfonate esters of compounds
disclosed herein. Examples of prodrugs include
compounds that comprise a biohydrolyzable moiety
(e.g., a biohydrolyzable amide, biohydrolyzable
carbamate, biohydrolyzable carbonate, biohydrolyzable
ester, biohydrolyzable phosphate, or biohydrolyzable
ureide analog). Prodrugs of compounds disclosed herein
are readily envisioned and prepared by those of
ordinary skill in the art. See, e.g., Design of
Prodrugs. Bundgaard, A. Ed., Elseview, 1985;
Bundgaard, H., "Design and Application of Prodrugs," A
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. 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 recurrence. 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 effective amount" can encompass an
amount that improves overall prophylaxis or enhances
the prophylactic efficacy of another prophylactic
agent. 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 chemical 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
(3rd ed., John Wiley & Sons: 1999); Larock, R.C ,
Comprehensive Organic Transformations (2nd ed., John
Wiley & Sons: 1999). Some examples include benzyl,
diphenylmethyl, trityl, Cbz, Boc, Fmoc,
methoxycarbonyl, ethoxycarbonyl, and pthalimido.
Unless otherwise indicated, the term "pseudohalogen"
refers to a polyatomic anion that resembles a halide
ion in its acid-base, substitution, and redox
chemistry, generally haslow basicity, and forms a free
radical under atom transfer radical polymerization
conditions. Examples of pseudohalogens include azide
ions, cyanide, cyanate, thiocyanate, thiosulfate,
sulfonates, and sulfonyl halides. Unless otherwise
indicated, the term "selective TPHl inhibitor" is a
compound that has a TPH2_IC5othat is at least about 10
times greater than its TPHl_IC 5o- Unless otherwise
indicated, the term "stereomerically enriched
composition of a compound refers to a mixture of the
named compound and its stereoisomer(s) that contains
more of the named compound than its stereoisomers).
For example, a stereoisomerically enriched composition
of (S)-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.
Unless otherwise indicated, the term "stereoisomeric
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).
Unless otherwise indicated, the term "stereomerically
pure" means a composition that comprises one
stereoisomer of a compound and is substantially free
of other stereoisomers of that compound. For example,
a stereomerically pure composition of a compound
having one stereocenter will be substantially free of
the opposite stereoisomer of the compound. 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 compound and less
than about 10% by weight of the other stereoisomers of
the compound, greater than about 95% by weight of one
stereoisomer of the compound and less than about 5% by
weight of the other stereoisomers of the compound,
greater than about 97% by weight of one stereoisomer
of the compound and less than about 3% by weight of
the other stereoisomers of the compound, or greater
than about 99% by weight of one stereoisomer of the
compound and less than about 1% by weight of the other
stereoisomers of the compound. Unless otherwise
indicated, the term "substituted," when used to
describe a chemical structure or moiety, refers to a
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, alcohol, aldehylde, alkoxy,
alkanoyloxy, alkoxycarbonyl, alkenyl, alkyl (e.g.,
methyl, ethyl, propyl, t-butyl), alkynyl,
alkylcarbonyloxy (-OC(O)alkyl), amide(-C(O)NH-alkyl~
or -alkylNHC(O)alkyl), amidinyl (-C(NH)NH-alkyl or
-C(NR)NH 2), amine (primary, secondary and tertiary
such as alkylamino, arylam no, arylalkylamino), aroyl,
aryl, aryloxy, azo, carbamoyl (-NHC(O)O-alkyl- or
-OC(O)NH-alkyl), carbamyl (e.g., CONH2, as well as
CONH-alkyl, CONH-aryl, and CONH-arylalkyl), carbonyl,
carboxyl, carboxylic acid, carboxylic acid anhydride,
carboxylic acid chloride, cyano, ester, epoxide, ether
(e.g., methoxy, ethoxy), guanidino, halo, haloalkyl
(e.g., -CCI3, -CF3, -C(CF 3)3), heteroalkyl,
hemiacetal, imine (primary and secondary), isocyanate,
isothiocyanate, ketone, nitrile, nitro, oxygen (i.e.,
to provide an oxo group), phosphodiester, sulfide,
sulfonamido (e.g., SO2NH2), sulfone, sulfonyl
(including alkylsulfonyl, arylsulfonyl and
arylalkylsulfonyl), sulfoxide, thiol (e.g.,
sulfhydryl, thioether) and urea (-NHCONH-alkyl-).
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 therapeutically
effective amount of a compound is an amount of
therapeutic agent, alone or in combination with other
therapies, which provides a therapeutic benefit in the
treatment or management of the disease or condition.
The term "therapeutically 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. Unless otherwise indicated,
the term "TPHl_ICso" is the IC50 of a compound for
TPHl as determined using the in vitro inhibition assay
described in the Examples, below. Unless otherwise
indicated, the term "TPH2_ICso" is the IC50 of a
compound for TPH2 as determined using the in vitro
inhibition assay described in the Examples, below.
Unless otherwise indicated, the terms "treat,"
"treating" and "treatment" contemplate an action that
occurs while a patient is suffering from the specified
disease or disorder, 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. 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." Similarly, the term "such as" has
the same meaning as the term "such as, but not limited
to." 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 substituted aryl, or
optionally substituted heteroaryl." 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 molecule 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.
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 stereoisomers 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 unsatisfied
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. Compounds
This invention encompasses, inter alia, compounds of
formula I : I and pharmaceutically acceptable salts
and solvates thereof, wherein: A is optionally
substituted cycloalkyl, aryl, or heterocycle; X is a
bond, -O-, -S-, -C(O)-, -C(R )=, =C( t)-, -C(R3R )-,
-C(R4)=C(R4)-, -G C-, -N(R5)-, -N(R5)C(O)N(R5)-,
-C(R3R4)N(R5)-, -N(R5)C(R3R4)-, -ONC(R3)-, -C(R3)NO-,
-C(R3R4)O-, -OC(R3R4)-, -S(O2)-, -S(O2)N(R5)-,
-N(R5)S(O2)-, -C(R3R4)S(O2)-, or -S(O2)C(R3R4)-; 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 heterocycle; R3 is
hydrogen, alkoxy, amino, cyano, halogen, hydroxyl, or
optionallysubstituted alkyl; R is hydrogen, alkoxy,
amino, cyano, halogen, hydroxyl, or optionally
substituted alkyl or aryl; each R5 is independently
hydrogen or optionally substituted alkyl or aryl; and
n is 0-3. Particular compounds are of formula 1(A):
KA) Also encompassed by the invention are compounds of
formula II: II and pharmaceutically acceptable salts
and solvates thereof, wherein: A is optionally
substituted cycloalkyl, aryl, or heterocycle; X is a
bond, -O-, -S-, -C(O)-, -C(R )=, (R4)-, -C(R3R4)-,
-C(RO=C(R4)-, -C C-, -N(R5)-, -N(R5)C(O)N(R5)-,
-C(R3R4)N(R5)-, -N(R5)C(R3R4)-, -ONC(R3)-, -C(R3)NO-,
-C(R3R4)O-, -OC(R3R4)-, -S(O2)-, -S(O2)N(R5)-,
-N(R5)S(O2)-, -C(R3R4)S(O2)-, or -S(O2)C(R3R4)-; D is
optionally substituted aryl or heterocycle; E is
optionally substituted aryl or heterocycle; R1 is
hydrogen or optionally substituted alkyl, alkyl-aryl,
alkyl-heterocycle, aryl, or heterocycle; R2 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; R4 is hydrogen, alkoxy,
amino, cyano, halogen, hydroxyl, or optionally
substituted alkyl or aryl; R5 is hydrogen or
optionally substituted alkyl or aryl; and n is 0-3.
Particular compounds are of formula H(A): H(A) With
regard to the formulae disclosed herein (e.g., 1,
1(A), II and H(A)), particular compounds include those
wherein A is optionally substituted cycloalkyl (e.g.,
6-memberedand 5-membered). In some, A is optionally
substituted aryl (e.g., phenyl or naphthyl). In
others, A is optionally substituted heterocycle (e.g.,
6-membered and 5-membered). Examples of 6-membered
heterocycles include pyridine, pyridazine, pyrimidine,
pyrazine, and triazine. Examples of 5-membered
heterocycles include pyrrole, imidazole, triazole,
thiazole, thiophene, and furan. 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 napthylene).
Particular compounds are of the formula: wherein: each
of Ai and A2 is independently a monocyclic optionally
substituted cycloalkyl, aryl, or heterocycle.
Compounds encompassed by this formula include those
wherein A1 and/or A is optionally substituted
cycloalkyl (e.g., 6-membered and 5-membered). In some,
Ai and/or A is optionally substituted aryl (e.g.,
phenyl or naphthyl). In others, Ai and/or A2 is
optionally substituted heterocycle (e.g., 6-membered
and 5-membered). Examples of 6- membered heterocycles
include pyridine, pyridazine, pyrimidine, pyrazine,
and triazine. Examples of 5-membered heterocycles
include pyrrole, imidazole, triazole, thiazole,
thiophene, and furan. In some compounds, A1 and/or A
is aromatic. In others, Ai and/or A is not aromatic.
With regard to the formulae disclosed herein,
particular compounds include those wherein D is
optionally substituted aryl (e.g., phenyl or
naphthyl). In others, D is optionally substituted
heterocycle (e.g., 6-membered and 5-membered).
Examples of 6-membered heterocycles include pyridine,
pyridazine, pyrimidine, pyrazine, and triazine.
Examples of 5- membered heterocycles include pyrrole,
imidazole, triazole, thiazole, 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). With regard to the
various formulae disclosed herein, particular
compounds include those wherein E is optionally
substituted aryl (e.g., phenyl or naphthyl). In
others, E is optionally substituted heterocycle (e.g.,
6-membered and 5-membered). Examples of 6- membered
heterocycles include pyridine, pyridazine, pyrimidine,
pyrazine, and triazine. Examples of 5-membered
heterocycles include pyrrole, imidazole, triazole,
thiazole, thiophene, and furan. In some compounds, E
is aromatic. In others, E is not aromatic. Insome, E
is an optionally substituted bicyclic moiety (e.g.,
indole, iso-indole, pyrrolo-pyridine, or napthylene).
With regard to the various formulae disclosed herein,
particular compounds include those wherein Ri is
hydrogen or optionally substituted alkyl. In some, R2
is hydrogen or optionally substituted alkyl. In some,
n is 1 or 2. In some, X is a bond or S. In others, X
is -C(R4)=, =C(R4)- -C(R3R4)-, -C(R4)=C(R4)-, or
-C=C-, and, for example, R is independently hydrogen
or optionally substituted alkyl. In others, X is -O-,
-C(R R4)O-, or -OC(RsR4)-, and, for example, R3 is
hydrogen or optionally substituted alkyl, and R4 is
hydrogen or optionally substituted alkyl. In some, R
is hydrogen and R is trifluromethyl. In some
compounds, X is -S(Oz)-, -S(O2)N(R5)-, -N(R5)S(O2)-,
-C(R3R4)S(O2)-, or -S(O2)C(R3R4)-, and, for example,
R3 is hydrogen or optionally substituted alkyl, R4 is
hydrogen or optionally substituted alkyl, and R5 is
hydrogen or optionally substituted alkyl. In others, X
is -N(Rs)-, -N(R5)C(O)N(R5)-, -C(R3R4)N(R5)-, or
-N(R5)C(R3R )-, and, for example, R3 is hydrogen or
optionally substituted alkyl, R4 is hydrogen or
optionally substituted alkyl, and each R5 is
independently hydrogen or optionally substituted
alkyl. Some compounds of the invention are encompassed
by the formula: wherein, for example, R3 is
trifluoromethyl. Others are encompassed by the
formula:wherein, for example, R3 is hydrogen. Some
compounds are encompassed by the formula: wherein:
each of Zj, Z , Z3, and Z is independently N or CR ;
each R is independently hydrogen, cyano, halogen, OR R
R , amino, hydroxyl, or optionally substituted alkyl,
alkyl-aryl or alkyl-heterocycle; each R7 is
independently hydrogen or optionally substituted
alkyl, alkyl-aryl or alkyl-heterocycle; each R8 is
independently hydrogen or optionally substituted
alkyl, alkyl-aryl or alkyl-heterocycle; each R9 is
independently hydrogen or optionally substituted
alkyl, alkyl-aryl or alkyl-heterocycle; and m is 1-4.
Certain such compounds are of the formula: Others are
of the formula: wherein, for example, R3 is
trifluoromethyl. Others are of the formula:wherein,
for example, R is hydrogen. Referring to the various
formulae above, some compounds are such that all OfZ1,
Z2, Z3, and Z are N. In others, only three of Zi, Z ,
Z , and Z4 are N. In others, only two of Zi, Z , Z ,
and Z4 are N. In others, only one of Z1, Z , Z , and
Z4 is N. In others, none of Z1, Z2, Z , and Z4 are N.
Some compounds are of the formula: wherein: each of
Z'i, Z'2, and Z'3 is independently N, NH, S, O or CR ;
each R is independently amino, cyano, halogen,
hydrogen, OR7, SR7, NRgRg, or optionally substituted
alkyl, alkyl-aryl or alkyl-heterocycle; each R7 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; each R9 is
independently hydrogen or optionally substituted
alkyl, alkyl-aryl or alkyl-heterocycle; and p is 1-3.
Certain such compounds are of the formula: Others are
of the formula:wherein, for example, R3 is
trifluoromethyl. Others are of the formula: wherein,
for example, R3 is hydrogen. Referring to the various
formulae above, some compounds are such that all of Z
' I , Z'2, and Z'3 are N or NH. In others, only two of
Z'i, Z' , and Z'3 are N or NH. In others, only one of
Z'x, Z 2, and Z'3 is N or NH. In others, none of Z'i,
Z'2, and Z'3 are N or NH. Some compounds are
encompassed by the formula: wherein: each of Z"i, ZM
2, Z"3, and Z"4 is independently N or CR10; each Rio
is independently amino, cyano, halogen, hydrogen, ORn,
SRu, NRi 2R or optionally substituted alkyl,
alkyl-aryl or alkyl-heterocycle; each R 1 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 each
Ri3isindependently hydrogen or optionally substituted
alkyl, alkyl-aryl or alkyl-heterocycle. Certain such
compounds are of the formula: Others are of the
formula: wherein, for example, R is trifluoromethyl.
Others are of the formula: wherein, for example, R is
hydrogen. Referring to the various formulae above,
some compounds are such that all of Z"i, Z"2, Z"3 >
and Z"4 are N. In others, only three of Z'\, Z"2, Z"3,
and Z"4 are N. In others, only two of Z"i, Z"2, Z"3,
and Z"4 are N. In others, only one of Z"i, Z"2 Z"3,
and Z"4 is N. In others, none of Z"1 Z"2, Z"3, and Z"4
are N. Some compounds are of the formula:wherein: each
of Z"i, Z"2, Z"3, and Z"4 is independently N or CRJ O;
each R1O is independently amino, cyano, halogen,
hydrogen, ORn, SR1 1, NR12R13 , or optionally
substituted alkyl. alkyl-aryl or alkyl-heterocycle;
each Ri1 is independently hydrogen or optionally
substituted alkyl, alkyl-aryl or alkyl-heterocycle;
each Ri2 is independently hydrogen or optionally
substituted alkyl, alkyl-aryl or alkyl-heterocycle;
and each R 13 is independently hydrogen or optionally
substituted alkyl, alkyl-aryl or alkyl-heterocycle.
Certain such compounds are of the formula: Others are
of the formula: wherein, for example, R3 is
trifluoromethyl. Others are of the formula:wherein,
for example, R3 is hydrogen. Referring to the various
formulae above, some compounds are such that all of
Z"i, Z"2 Z"3 and Z"4 are N. In others, only three of
Z"u Z"2, Z"3, and Z"4 are N. In others, only two of
Z"i, Z"2 Z"3, and Z"4 are N. In others, only one of
Z"u Z"2, Z"3, and Z"4 is N. In others, none of Z'\,
Z"2, Z"3, and Z"4 are N. 



Some are of the formula: the substituents of which are
defined herein. Others are of the formula: the
substituents of which are defined herein. Others are
of the formula: the substituents of which are defined
herein. Others are of the formula: the substituents of
which are defined herein.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(RsR
)O-, or -OC(RsR )- , for example, R is hydrogen and R
is trifluoromethyl and, for example, n is 1. With
reference to the various generic chemical structures
described herein, certain embodiments of the invention
are such that one or more of the following conditions
apply: 1) E and D are not both optionally substituted
phenyl (i.e., E is not phenyl optionally substituted
with at least one moiety in addition to D and the -[CH
In- moiety, and D is not phenyl optionally substituted
with at least one moiety in addition to E and X). 2) E
and D are not both optionally substituted phenyl when
A is optionally substituted phenyl (i.e., A is phenyl
optionally substituted with at least one moiety in
addition to X). 3) E and D are not both phenyl. 4) E
and D are not both phenyl when A is optionally
substituted phenyl. 5) E, D and A are not all phenyl.
6) When E is para-phenyl (i.e., D is attached at the
position para to the -[CH.]nmoiety), and n is 1, D is
not optionally substituted pyridazin-3(2H)-one. In a
specific embodiment, when E is para-phenyl, n is 1, Ri
is -C(O)(optionally substituted phenyl), and R2 is H,
D is not optionally substituted pyridazin- 3(2H)-one.
A more specific embodiment does not encompass
compounds disclosed in international patent
application WO 05/077915. 7) A is not optionally
substituted pyrrolidine. In a specific embodiment,
when E is para-phenyl, and n is 1, D is not optionally
substituted 2,6- dimethoxyphenyl. In another specific
embodiment, when E is para-phenyl, n is 1, X is -CH 2-
, and A is pyrrolidine, D is not optionally
substituted pyridazin-3(2H)-one. A more specific
embodiment does not encompass compounds disclosed in
international patent application WO 05/068415. 8) When
E is para-phenyl, and n is 1, D is not optionally
substituted quinazoline. In a specific embodiment,
when E is para-phenyl, n is 1, and X is -NH- or -CH2-,
D is not optionally substituted quinazoline. In
another specific embodiment, when E is para-phenyl,
and n is 1, D is not optionally substituted
quinazoline-2,4(lH,3H)-dione. In another specific
embodiment, when E ispara-phenyl, n is 1, and Ri is
-C(O) (optionally substituted phenyl), D is not
optionally substituted quinazoline-2,4(lH,3H)-dione. A
more specific embodiment does not encompass compounds
disclosed in international patent applicationWO
05/061466. 9) When E is optionally substituted phenyl
(i.e., E is phenyl optionally substituted with
moieties in addition to D and the - [CH ]n- moiety), D
is optionally substituted phenyl (i.e., D is phenyl
optionally substituted with moieties in addition to X
and E), n is 1, and X is -OCH 2- , A is not phenyl. In
a specific embodiment, when E is meta-(optionally
substituted phenyl) (i.e., E is phenyl optionally
substituted with moieties in addition to D and the
-[CRy n- moieties, and D is attached at the position
meta to the -[CH 2],,- moiety), D is optionally
substituted phenyl, n is 1, and X is -OCH 2- , A is
not phenyl. In another specific embodiment, when E is
meta-(optionally substituted phenyl), D is optionally
substituted phenyl, n is 1, X is-OCH - , and R2 is
optionally substituted alkyl or alkyl-aryl, A is not
phenyl. In another specific embodiment, when E is
meta-(substituted phenyl) (i.e., E is phenyl
substituted with one or more moieties in addition to D
and the-[CH2]n- moiety, and D is attached at the
position meta to the -[CH2],,- moiety), D is
substituted phenyl (i.e., D is phenyl optionally
substituted with at least one moiety in addition to X
and E), n is 1, and X is -OCH2-, A is not phenyl. A
more specific embodiment does not encompass compounds
disclosed in international patent applicationWO
05/058943, WO 05/033129, WO 04/012816, or WO
03/106480. 10) When E is para-phenyl, D is phenyl, n
is 1, X is not O or -OCH 2-. In a specific embodiment,
when E is para-phenyl, D is phenyl, n is 1, and X is O
or -OCH2-, A is not cycloalkyl or optionally
substituted phenyl (i.e., phenyl optionally
substituted with at least one moiety in addition to
X). In another specific embodiment, when E is
para-phenyl, D is para-phenyl (i.e., X is attached at
the position para to E) or ortho-phenyl (i.e., X is
attached at the position ortho to E), n is 1, and X is
O or -OCH2-, A is not cycloalkyl or optionally
substituted phenyl. In another specific embodiment,
when E is para-phenyl, D is phenyl, n is 1, X is O or
-OCH 2-, and R is not H, A is not cycloalkyl or
optionally substituted phenyl. In another specific
embodiment,when E is para-phenyl, D is phenyl, n is 1,
X is O or -OCH -, Ri is not H, and R2 is methyl or H,
A is not cycloalkyl or optionally substituted phenyl.
A more specific embodiment does not encompass
compounds disclosed in international patent
applicationWO 05/014534, WO 05/014533, WO 05/014532,
or WO 04/014844. 11) When E is para-phenyl, D is
ortho-phenyl, n is 1, and X is -CH 2-, A is not
piperidine. A more specific embodiment does not
encompass compounds disclosed in international patent
applicationWO 04/014844. 12) When E is para-phenyl, D
is optionally substituted purine, n is 1, and X is -CH
-, A is not phenyl. In a specific embodiment, when E
is para-phenyl, D is optionally substituted purine, n
is 1, X is -CH -, and at least one of Ri and R is H, A
is not phenyl. A more specific embodiment does not
encompass compounds disclosed in international patent
application WO 04/094426. 13) When E is para-phenyl, D
is optionally substituted purine, n is 1, and X is a
bond, A is not optionally substituted tetrahydrofuran.
In a specific embodiment, when E is para-phenyl, D is
optionally substituted purine, n is 1, X is -CH 2-,
and neither of Ri and R2 is H, A is not optionally
substituted tetrahydrofuran. A more specific
embodiment does not encompass compounds disclosed in
international patent application WO 04/094426. 14)
When E is phenyl, D is optionally substituted
phthalazine (i.e., phthalazine optionally substituted
with at least one moiety other than E and X), and X is
-CH -, A is not optionally substituted pyridine (i.e.,
pyridine optionally substituted with a moiety other
than X). In a specific embodiment, when E is phenyl, D
is optionally substituted phthalazine, and X is -CH -,
A is not substituted pyridine. A more specific
embodiment does not encompass compounds disclosed in
international patent application WO 04/056798. 15)
When E is para-(optionally substituted phenyl), D is
meta-(optionally substituted phenyl), and n is 1, X is
not a bond, -CH2-, -CH O-, -NR5-, or -CH2NRs-. A more
specific embodiment does not encompass compounds
disclosed in international patent applicationWO
04/046091. 16) E is not isoxazole. In a specific
embodiment, when E is isoxazole, D is paraphenyl, and
n is 1 X is not -OCH2-. In another specific
embodiment, when E is isoxazole. D is para-phenyl, n
is 1, and X is-OCH - , A is not optionallysubstituted
quinoline (Le., quinoline optionally substituted with
one or more moieties in addition to X). A more
specific embodiment does not encompass compounds
disclosed in international patent applicationWO
04/043349. 17) When E is para-(optionally substituted
phenyl), and n is 1 D is not optionally substituted
1,4-piperazine (i.e., piperazine optionally
substituted with at least one moiety in addition to E
and X, which are bound to the nitrogen atoms at the 1
and 4 positions). Ih a specific embodiment, when E is
para-(optionally substituted phenyl), n is 1, D is
optionally substituted 1,4-piperazine, X is not a bond
or -CH - . A more specific embodiment does not
encompass compounds disclosed in international patent
application WO 03/089410. 18) D is not optionally
substituted l,l-dioxo-l,2,5-thiadiazolidine. In a
specific embodiment, when E is para-phenyl, D is not
optionally substituted 1,1-dioxo-
1,2,5-thiadiazolidine. In another specific embodiment,
when E is para-phenyl, n is 1, and D is optionally
substituted l,l-dioxo-l,2,5-thiadiazolidine, X is not
-CH -. In another specific embodiment, when E is
para-phenyl, n is 1, D is
l,l-dioxo-l,2,5-thiadiazolidine-3-one, and X is -CH2-,
A is not optionally substituted phenyl. A more
specific embodiment does not encompass compounds
disclosed in international patent applicationWO
03/082841. 19) When E is para-phenyl, and n is 1, D is
not optionally substituted quinazoline or
1,2,3,4-tetrahydroquinazoline (e.g.,
3,4-dihydroquinazolin-2(lH)-one,
quinazoline-2,4(1H,3H)-dione,
2-thioxo-2,3-dihydroquinazolin-4(1H)-one,
quinazolin-4(3H)-one, or
lH-benzo[c][l,2,6]thiadiazin-4(3H)-one, any of which
may be optionally substituted with moieties in
addition to E and X). In a specific embodiment, when E
is para-phenyl, n is 1, and R is 2,6- dichlorobenzoyl,
D is not optionally substituted optionally substituted
quinazoline or 1,2,3,4-tetrahydroquinazoline. A more
specific embodiment does not encompass compounds
disclosed in international patent application WO
03/070709 or WO 02/016329. 20) D is not optionally
substituted piperidine. In a specific embodiment, when
E is optionally substituted ryrimidin-2(lH)-one (i.e.,
pyrimidin-2(lH)-one optionally substituted with
moieties in addition to D and the-[CH2]n- moiety), and
n is 1,D is not optionally substituted piperidine. In
another specific embodiment, when E is optionally
substituted pyrimidin-2(lH)-one, n is 1,and D is
optionally substituted piperidine, X is not -CH - or
-CH2NH-. A more specific embodiment does not encompass
compounds disclosed in international patent
applicationWO 03/066624. 21) When E is meta-phenyl,
substituted at the position para to the -[CH2]n-
moiety with OH, n is 1, and D is optionally
substituted ortho-phenyl, X is not-O-. In a specific
embodiment, when E is meta-(ortionally substituted
phenyl), n is 1, D is optionally substituted
ortho-phenyl, and X is -O-, A is not substituted
tetrahydro-2H-pyran (i.e., tetrahydro-2H-pyran
substituted with at least one 



moiety in addition to X). A more specific embodiment
does not encompass compounds disclosed in U.S. patent
6,95 1,840. 22) E is not optionally substituted
quinazolin-4(3H)-one. In a specific embodiment, when E
is optionally substituted quinazolin-4(3H)-one, n is
1, and D is phenyl, X is not -NH-. In another
embodiment, when E is optionally substituted
quinazolin-4(3H)-one, n is 1, D is phenyl, and X
is-NH-, A is not 4,5-dihydro-lH-imidazole. A more
specific embodiment does not encompass compounds
disclosed in international patent application WO
02/081467. 23) When E is para-phenyl, and n is 1, D is
not optionally substituted isoindoline- 1,3-dione. In
a specific embodiment, when E is para-phenyl, n is 1,
and D is optionally substituted isoindoline-1
,3-dione, X is not -OCH 2- . In another specific
embodiment, when E is para-phenyl, n is 1, D is
isoindoline- 1,3- dione, X is-OCH 2-, and R is H, A is
not phenyl. A more specific embodiment does not
encompass compounds disclosed in international patent
application WO 02/028830. 24) D is not piperidine. In
a specific embodiment, when E is purine, n is 1, and D
is piperidine, X is not a bond. In another specific
embodiment, when E is purine, n is 1, D is piperidine,
and X is a bond, A is not l,2,3,4-tetrahydro-l,8-
naphthyridine. A more specific embodiment does not
encompass compounds disclosed in international patent
application WO 02/018384. 25) When E is
meta-(optionally substituted phenyl), n is 1, D is
optionally substituted phenyl, and X is O, A is not
substituted phenyl. In a specific embodiment, when E
is meta-(optionally substituted phenyl), n is 1, D is
optionally substituted phenyl, Ri is acetyl, R2 is
ethyl, and X is O, A is notsubstituted phenyl. A more
specific embodiment does not encompass compounds
disclosed in international patent application WO
02/000245. 26) When E is para-phenyl, n is 1, and D is
phenyl, X is not -NH-, -CH2NH-, or -NHCH - . In a
specific embodiment, when E is para-phenyl, n is 1,
and D is meta-phenyl, X is not -NH-, -CH2NH-, or -NHCH
- . In another specific embodiment, when E is
para-phenyl, n is 1, D is meta-phenyl, and R2 is H, X
is not -NH-, -CH2NH-, or -NHCH - . A more specific
embodiment does not encompass compounds disclosed in
U.S. patent 6,677,360 or international patent
application WO 00/035864. 27) When E is optionally
substituted phenyl, n is 1,D is optionally substituted
phenyl, and X is -O-, A is not optionally substituted
phenyl. In a specific embodiment, when E is
meta-(substituted phenyl), n is 1, D is meta-
(substituted phenyl), and X is -O-, A is not
optionally substituted phenyl. In another specific
embodiment, when E is meta-(substituted phenyl), n is
1, D is meta-(substituted phenyl), R is H, R is H, and
X is -O-, A is not optionally substituted phenyl. A
more specific embodiment does not encompass compounds
disclosed in international patent application WO
01/054486. 28) When E is para-phenyl, n is 1, and D is
optionally substituted imidazolidin-4- one (i.e.,
imidazolidin-4-one optionally substituted with at
least one moiety in addition to X and A), X is not -CH
-. In a specific embodiment, E is paraphenyl, n is 1,
D is optionally substituted imidazolidin-4-one (i.e.,
imidazolidin-4-one optionally substituted with at
least one moiety in addition to X and A), and X is -CH
-, A is not pyridine. A more specific embodiment does
not encompass compounds disclosed in U.S. patent
6,903,128. 29) When E is para-(optionally substituted
phenyl), n is 1, and D is optionally substituted
pyridin-2(lH)-one, X is not -CH2-. In a specific
embodiment, when E is para-(optionally substituted
phenyl), n is I D is optionally substituted
pyridin-2(lH)-one, and X is -CH -, A is not phenyl. A
more specific embodiment does not encompass compounds
disclosed in U.S. patent 6,916,933. 30) When E is
para-phenyl, and n is 1, D is not
qumazoline-2,4(lH,3H)-dione or
2,4-dimethyleneimidazolidine. In a specific
embodiment, when E is paraphenyl, n is 1, and X is -CH
-, D is not quinazoline-2,4(lH,3H)-dione or
2,4-dimethyleneimidazolidine. A more specific
embodiment does not encompass compounds disclosed in
U.S. patent 6,855,706. 31) A is not optionally
substituted piperidine. In another embodiment, when E
is para-phenyl, and n is 1, D is not ortho-phenyl. In
a specific embodiment, when E is para-phenyl, n is 1,
and D is ortho-phenyl, X is not -CH -. In another
specific embodiment, when E is para-phenyl, n is 1, D
is ortho-phenyl, and X is -CH 2-, A is not optionally
substituted piperidine. A more specific embodiment
does not encompass compounds disclosed in U.S. patent
6,469,047. 32) When E is para-phenyl, and n is 1, D is
not optionally substituted phenyl. In a specific
embodiment, when E is para-phenyl, n is 1, and D is
optionally substituted phenyl, X is not -CH -, -O- or
-OCH -. A more specific embodiment does not encompass
compounds disclosed in U.S. patent 6,420,418. 33) When
E is para-phenyl. and n is 1, D is not optionally
substituted phenyl. In a specific embodiment, when E
is para-phenyl, n is 1, and D is optionally
substituted phenyl, X is not -CH2-, -OCH 2- -NH-, or
-CH 2ISfH-. A more specific embodiment does not
encompass compounds disclosed in Japanese patent
2001089368. 34) E is not optionally substituted
pyrimidin-2(lH)-one (i.e., pyrimidin-2(lH)-one
optionally substituted with at least one moiety in
addition to D and the -[CH 2]n- moiety). In a specific
embodiment, when E is optionally substituted
pyrimidin-2(lH)-one, and n is 1, D is not piperidine
or piperazine. In another specific embodiment, when E
is optionally substituted pyrimidin-2(lH)-one, and n
is 1, X is not -CH 2-, -NH-, or -CH2NH-. A more
specific embodiment does not encompass compounds
disclosed in international patent application WO
00/061551. 35) D is not optionally substituted
imidazolidin-4-one. In a specific embodiment, when E
is para-phenyl, and n is 1, D is not optionally
substituted imidazolidin- 4-one. In another specific
embodiment, when E is para-phenyl, n is 1, and D is
optionally substituted imidazolidin-4-one, X is not
-CH - or a bond. A more specific embodiment does not
encompass compounds disclosed in U.S. patent
6,423,728; 6,806,365 or 6,229,011.36) D is not
optionally substituted phenyl. In a specific
embodiment, D is not phenyl or 2,6-dimethoxyphenyl
(i.e., phenyl substituted at the 2 and 6 positions by
methoxy in addition to its substitutions by E and X).
In another specific embodiment, when E is para-phenyl,
and n is 1, D is not optionally substituted phenyl. In
another specific embodiment, when E is para-phenyl, n
is 1, and D is optionally substituted phenyl, X is not
-CH2-, -OCH2-, or -CH2NH-. A more specific embodiment
does not encompass compounds disclosed in U.S. patent
6,855,843. 37) E is not optionally substituted indole.
In a specific embodiment, when E is optionally
substituted indole, and n is 1 D is not substituted
tetrahydro-2Hpyran. A more specific embodiment does
not encompass compounds disclosed in U.S. patent
6,610,502. 38) E is not optionally substituted
isoxazole (i.e., isoxazole optionally substituted with
at least one moiety in addition to D and -[CHa] n-)- I
a specific embodiment, when E is isoxazole, and n is
1, D is not phenyl. In another specific embodiment,
when E is isoxazole, n is 1, and D is phenyl, X is not
-OCH2- or -CH2-. A more specific embodiment does not
encompass compounds disclosed in U.S. patent 6,1
14,328 or 5,849,736, or international patent
application WO 95/14683. 39) When E is phenyl, n is 1,
and D is phenyl, X is not -OCH2-. In a specific
embodiment, when E is phenyl, n is 1, D is phenyl, and
X is -OCH2-, A is not phenyl. A more specific
embodiment does not encompass compounds disclosed in
Japanese patent 09118662. 40) E is not optionally
substituted imidazolidine-2,4-dione (i.e.,
imidazolidine-2,4- dione optionally substituted with
at least one moiety in addition to D and -[CH2],,-). A
is not optionally substituted benzoimidazole (i.e.,
benzoimidazole optionally substituted with at least
one moiety in addition to X). In a specific
embodiment, when E is optionally substituted
imidazolidine- 2,4-dione, n is not 2. In another
specific embodiment, when E is optionally substituted
imidazolidine-2,4-dione, and n is 2, D is not phenyl.
In another specific embodiment, when E is optionally
substituted imidazolidine-2,4- dione, n is 2, and D is
phenyl, A is not benzoimidazole. A more
specificembodiment does not encompass compounds
disclosed in U.S. patent 6,620,820. 41) E is not
optionally substituted morpholine. In a specific
embodiment, when E is optionally substituted
morpholine, and n is 1, D is not optionally
substituted phenyl. In another specific embodiment,
when E is optionally substituted morpholine, n is 1,
and D is optionally substituted phenyl, X is not
-OCH2-. A more specific embodiment does not encompass
compounds disclosed in U.S. patent 3,658,806. 42) When
E is optionally substituted phenyl, and n is 1, D is
not optionally substituted phenyl. In a specific
embodiment, when E is optionally substituted phenyl, n
is 1, and D is optionally substituted phenyl, A is not
optionally substituted phenyl. In another specific
embodiment, when E is optionally substituted phenyl, n
is 1, D is optionally substituted phenyl, and X is-O-,
A is not optionally substituted phenyl. A specific
embodiment does not encompass diisodityrosine. A more
specific embodiment does not encompass compounds
disclosed in U.S. patent application 2005/233964 or
2005/074838, or in international patent application WO
05/076972, WO 05/069845, or WO 04/094590. 43) When E
is phenyl, and n is 1, D is not optionally substituted
phenyl. In a specific embodiment, when E is phenyl, n
is 1, and D is optionally substituted phenyl, X is not
-O-. In another embodiment, when E is phenyl, A is not
optionally substituted phenyl. A more specific
embodiment does not 



encompass compounds disclosed in U.S. patent
application 2005/059705. 44) When E is optionally
substituted pyrimidin-2(lH)-one, and n is 1, D is not
piperidine or piperazine. In another embodiment, when
D is piperidine, and n is 1, X is not -NH- or-NHCH2-.
In another embodiment, when D is piperazine, X is not
-CH2-. A more specific embodiment does not encompass
compounds disclosed in U.S. patent application
2004/077638 or 2004/063934. 45) When E is optionally
substituted phenyl, and n is 1, D is not optionally
substituted phenyl. In a specific embodiment, when E
is optionally substituted phenyl, n is 1, and D is
optionally substituted phenyl, A is not phenyl. In
another specific embodiment, when E is optionally
substituted phenyl, n is 1, and D is optionally
substituted phenyl, X is not -OCH2-. A more
specificembodiment does not encompass compounds
disclosed in Skaff, O., et ah, JOC 70(1 8):7353-7363
(2005). 46) D is not optionally substituted indoline.
In a specific embodiment, when E is optionally
substituted phenyl, and n is 1, D is not optionally
substituted indoline. In another specific embodiment,
when E is optionally substituted phenyl, n is 1, and D
is optionally substituted indoline, X is not a bond. A
more specific embodiment does not encompass compounds
disclosed in Nicolaou, K.C., et al., JACS 126(40):
12897-12906 (2004) or Nicolaou, K.C., et al Aneew.
Chemie. Int. Ed. 42(151:1753-1758 (2003). 47) E is not
optionally substituted triazole. In another
embodiment, D is not optionally substituted
tetrahydro-2H-pyran. In a specific embodiment, E is
not triazole. Ih another specific embodiment, when E
is optionally substituted triazole, D is not
optionally substituted tetrahydro-2H-ryran. In another
specific embodiment, when E is optionally substituted
triazole, A is not phenyl. In another specific
embodiment, when E is optionally substituted triazole,
X is not -O- or -OCH -. A more specific embodiment
does not encompass compounds disclosed in Kuijpers,
B.H.M., et al., Organic Let. 6(18):3123-3126 (2004).
48) E is not optionally substituted triazole or
isoxazole. In another embodiment, D is not optionally
substituted tetrahydro-2H-pyran. In a specific
embodiment, when E is triazole or isoxazole, and n is
1, D is not optionally substituted
tetrahydro-2H-pyran. In another specific embodiment,
when E is triazole or isoxazole, n is 1, and D is
optionally substituted tetrahydro-2H-pyran, X is not
-OCEb-. A more specific embodiment does not encompass
compounds disclosed in Dondoni, A., et al , Organic
Let. 6(1 7):2929-2932. 49) When E is optionally
substituted phenyl, n is 1, and D is optionally
substituted phenyl, A is not phenyl. In a specific
embodiment, when E is optionally substituted phenyl, n
is 1, D is optionally substituted phenyl, and X is
-OCH2-, A is not phenyl. A more specific embodiment
does not encompass compounds disclosed in Hutton, CA.
and Skaff, O., Tetrahedron Let. 44(26):4895-4898
(2003), and Yoburn, LC. or Van Vranken, D.L., Organic
Let. 5(1 6):28 17-2820 (2003).50) When E is phenyl, n
is 1, D is optionally substituted phenyl, and X is -CH
-, A is not pyrrolidine. A more specific embodiment
does not encompass compounds disclosed in Doherty,
G.A., et al, Bioorg. Med. Chem. Let. 13(1 1):1891-1895
(2003). 51) E is not optionally substituted
pyrimidin-2(lH)-one or 5,6,7,8-
tetrahydroquinazolin-2(3H)-one. In another embodiment,
D is not piperidine. In a specific embodiment, when E
is optionally substituted pyrimidin-2(lH)- one, and n
is 1, D is not piperidine. In another specific
embodiment, when E is optionally substituted
ryrimidin-2(lH)-one, n is 1, and D is piperidine, X is
not -NH-, -CH2-, or CH NH-. A more specific embodiment
does not encompass compounds disclosed in Zechel, C ,
et al, Bioorg. Med. Chem. Let. 13(2):165-169 (2003).
52) A is not optionally substituted piperazine. In a
specific embodiment, when E is phenyl, n is 1, D is
phenyl, and X is -CH -, A is not optionally
substituted piperazine. A more specific embodiment
does not encompass compounds disclosed in Castanedo,
G.M., et al, Bioorg. Med. Chem. Let. 12(20):2913- 2917
(2002). 53) E is not optionally substituted indole. In
a specific embodiment, when E is optionally
substituted indole, n is 1, and D is optionally
substituted tetrahydro- 2H-pyran, X is not -CH O-. In
another specific embodiment, when E is optionally
substituted indole, n is 1, D is optionally
substituted tetrahydro-2Hpyran, and X is -CH2O-, A is
not phenyl. A more specific embodiment does not
encompass compounds disclosed in Nishikawa, T., et al,
Bioscience, Biotech and Biochem. 66(10):2273-2278
(2002) or Nishikawa, T., et al, Org. Biomol. Chem.
3(4):687-700 (2005). 54) E, D and A are not all
phenyl. Ih a specific embodiment, when E, D and A are
all phenyl, X is not -CH2-. A more specific embodiment
does not encompass compounds disclosed in Sircar, I.,
etal, Bioorg. Med. Chem. 10(6):205 1-2066 (2002). 55)
A is not cyclopropyl. In a specific embodiment, when E
is phenyl, n is 1, D is optionally substituted phenyl,
and X is -O-, A is not cyclopropyl. In another
embodiment, D is not 2H-imidazol-2-one. In a specific
embodiment, when E is phenyl, n is 1, D is
2H~imidazol-2-one, and X is -CH -, A is not phenyl.
Amore specific embodiment does not encompass compounds
disclosed in Yang, G.X., etal, Bioore. Med. Chem. Let.
12(ll):1497-1500 (2002). 56) E is not purine. In
another embodiment, D is not piperidine. In a specific
embodiment, when E is purine, n is 1, D is piperidine,
and X is -CH NH-, A is not imidazole. A more specific
embodiment does not encompass compounds disclosed in
Peyman, A., et al, Aneew. Chemie 39(16):2874-2877
(2000). 57) When E is optionally substituted phenyl, n
is 1, and D is optionally substituted phenyl, X is not
-O-. In a specific embodiment, when E is optionally
substituted phenyl, n is 1, D is optionally
substituted phenyl, and X is-O-, A is not optionally
substituted phenyl. A more specific embodiment does
not encompass compounds disclosed in Wu, W., et al, J
. Biol. Chem. 274(36):25933-25944 (1999) or Jacob,
J.S., et al, J. Biol. Chem. 271(33): 19950-19956
(1996). 58) E is not 4,5-dihydroisoxazole (i.e.,
4,5-dihydroisoxazole connected to D and the -[CH n-
moiety) hi a specific embodiment, when E is 4,5-
dihydroisoxazole, n is 1, and A is phenyl, X is not
-OCH 2-. In another specific embodiment, when E is
4,5-dihydroisoxazole, n is 1, A is phenyl, and X is
-OCH 2-, A is not optionally substituted piperidine. A
more specific embodiment does not encompass compounds
disclosed in Wityak, J., et al., J1 Med. Chem.
40(1)50-60 (1997). 59) When E is imidazole, n is 1,
and D is optionally substituted phenyl, X is not
-OCH2-. In a specific embodiment, when E is imidazole,
n is 1, D is optionally substituted phenyl, and X is
-OCH2-, A is not phenyl. A more specific embodiment
does not encompass compounds disclosed in Feldman,
K.S., et al, JOC 61(19):6656-6665 (1996). 60) E is not
optionally substituted
3,4-dihydro-2H-benzo[b][l,4]thiazine. In another
embodiment, D is not optionally substituted
3,4-dihydro-2Hbenzo[ b][l,4]thiazine. In another
embodiment, A is not optionally substituted
3,4-dihydro-2H-benzo[b][l,4]thiazine. In a specific
embodiment, E, D and A are not all optionally
substituted 3,4-dihydro-2H-benzo[b][l,4]thiazine. A
more specific embodiment does not encompass compounds
disclosed in Napolitano, A., et al, JOC 61(2):S98-604
(1996).61) E is not
dihydropyrimidine-2,4(lH,3H)-dione. In a specific
embodiment, when E is
dihydropyrimidme-2,4(lH,3H)-dione, and n is 2, D is
not optionally substituted tetrahydrofuran. A more
specific embodiment does not encompass compounds
disclosed in Nawrot, B., et al, Nucleosides &
Nucleotides 14(1&2):143-165 (1995). 62) E is not
indoline. In a specific embodiment, when E is
indoline, n is 1, and D is optionally substituted
phenyl, A is not optionally substituted phenyl. In
another specific embodiment, when E is indoline, n is
1, D is optionally substituted phenyl, and A is
optionally substituted phenyl, X is not -O-. A more
specific embodiment does not encompass compounds
disclosed in Naruse. N.. et oL. J . Antibiotics 46fl2
):1812-1818 (19931. 63) When E, A and D are all
optionally substituted phenyl, X is not -O-. A more
specific embodiment does not encompass compounds
disclosed in Fetterer, R.H., etal, J. Parasit.
79(2):160-166 (1993). 64) When E, A and D are all
optionally substituted phenyl, X is not -OCH 2- . A
more specific embodiment does not encompass compounds
disclosed in Schmidt, U., et al, Synthesis 12:1248-54
(1992), Schmidt, U., et al, JACS. Chem. Comm,
13:951-953 (1992) or Schmidt, U., et al, JACS. Chem.
Comm. 5:275-277 (1991). 65) When E is quinazoline, and
n is 1, D is not phenyl. In a more specific
embodiment, when E is quinazoline, n is 1, and D is
phenyl, X is not -NH-. A more specific embodiment does
not encompass compounds disclosed in Lawson, E.C., et
al, Letters Drug Design & Disc. 1(1):14-18 (2004). 66)
When E is phenyl, n is 1, and D is optionally
substituted phenyl, X is not -CH2-. In a more specific
embodiment, when E is phenyl, n is 1, D is optionally
substituted phenyl, and X is -CH -, A is not
pyrrolidine. A more specific embodiment does not
encompass compounds disclosed in Doherty, G.A., et al,
Bioorg. Med. Chem. Let. 13(17):2937-2938 (2003). 67) D
does not comprise boron. A more specific embodiment
does not encompass compounds disclosed in Shull, B.K.,
et al, J. Pharm. Sci. 89(2):2 15-222 (2000). 68) When
E is phenyl, and n is 1, D is not
2,5-dioxo-pyrrolidine. In a specific embodiment, when
E is phenyl, n is 1, and D is 2,5-dioxo-pyrrolidine, A
is notphenyl. A more specific embodiment does not
encompass compounds disclosed in Tilley, J.W., et al,
Bioorg. Med. Chem. Let. 11(1): 1-4 (2001). 69) D is
not optionally substituted tetrahydro-2H-pyran. In a
specific embodiment, when A is phenyl, and n is 1, D
is not optionally substituted 



tetrahydro-2H-pyran. A more specific embodiment does
not encompass compounds disclosed in Manabe, S. and
Ito, Y., Tennen Yuki Kagobutsu Toronkai Koen Yoshishu
41:139-143 (1999). 70) E is not isoxazole. In a
specific embodiment, when E is isoxazole, n is 1, and
D is phenyl, X is not -OCH - - A more specific
embodiment does not encompass compounds disclosed in
Wityak, G, et al, JMC 40(8):1292 (1997). 71) E, D and
A are not all optionally substituted indole. A more
specific embodiment does not encompass compounds
disclosed in Humphries, K.A., et al, J. Electro. Chem.
346(l-2):377-403 (1993). 72) When E is substituted
phenyl, n is 1, and D is substituted phenyl, A is not
phenyl. A more specific embodiment does not encompass
compounds disclosed in Schmidt, U., et al, Synthesis
10:1025-1030 (1992); Schmidt, U., etal, JACS Chem.
Comm. 10:744 (1991); or Schmidt, U., et al, Angewandte
Chemie 101(7):946-948 (1989). 73) When E is
oxadiazole, and n is 1, D is not phenyl. In a specific
embodiment, when E is oxadiazole, n is 1, and D is
phenyl, A is not phenyl. A more specific embodiment
does not encompass compounds disclosed in Moussebois,
C , et al, HeIv. Chimica Acta 60(l):237-242 (1977).
74) D is not lH-imidazol-2(3H)-one. In a more specific
embodiment, when E is phenyl, n is 1, and A is phenyl,
D is not lH-imidazol-2(3H)-one. 75) A is not
cyclopropyl. In a specific embodiment, when E is
phenyl, n is 1, and X is-O-, A is not cyclopropyl. 76)
D is not optionally substituted purine. In a specific
embodiment, when E is phenyl, n is 1, and A is phenyl,
D is not purine. 77) When X is -CH -, A is not phenyl.
In a specific embodiment, when E is phenyl, n is 1,
and X is -CH -, D is not optionally substituted
imidazole (e.g., 1H-imidazol-2(3H)-one). 78) D is not
optionally substituted phthalazine. In a specific
embodiment, when E is phenyl, n is 1, and X is -CH -,
D is not optionally substituted phthalazine.79) D is
not optionally substituted 2-oxo-pyridine. In a
specific embodiment, when E is phenyl, n is 1, and X
is-CH2-, D is not optionally substituted 2-
oxo-pyridine. 80) A is not optionally substituted
morpholine. In a specific embodiment, when E is
phenyl, n is 1, and X is -CH -, A is not optionally
substituted morpholine. 81) None of E, A or D is
optionally substituted piperidine or piperazine. 82)
When E is imidazole, n is 1, and D is optionally
substituted triazole, X is not -NH-. In a specific
embodiment, when E is imidazole, n is 1, D is
optionally substituted triazole, and X is -NH-, A is
not optionally substituted phenyl. This invention
encompasses stereomerically pure compounds 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, IN, 1972).
Particular compounds of the invention are potent TPHl
inhibitors. Specific compounds have a TPHl_IC 5o of
less than about 10, 5, 2.5, 1, 0.75, 0.5, 0.4, 0.3,
0.2, 0.1, or 0.05 mM. Particular compounds are
selective TPHl inhibitors. Specific compounds have a
TPHl IC50 that is about 10, 25, 50, 100, 250, 500, or
1000 times less than their TPH2_IC 50. Particular
compounds do not significantly inhibit human tyrosine
hydroxylase (TH). For example, specific compounds have
an IC50 for TH of greater than about 100, 250, 500 or
1000 mM. Particular compounds do not significantly
inhibit human phenylalanine hydroxylase (PAH). For
example, specific compounds have an IC50 for PAH of
greater than about 100, 250, 500 or 1000 mM.
Particular compounds of the invention do not
significantly bind (e.g., inhibit with an IC50 of
greater than about 10, 25, 50, 100, 250, 500, 750, or
1000 mM) to one or more of the following: angiotensin
converting enzyme, erythropoietin (EPO) receptor,
factor IX, factor XI, integrin (e.g., a4), isoxazoline
or isoxazole fibrinogen receptor, metalloprotease,
neutral endopeptidase (NEP), phosphatase (e.g.,
tyrosine phosphatase), phosphodiesterase (e.g.,PDE-4),
polymerase, PPARg, TNF-a, vascular cell adhesion
molecule-1 (VCAM-I), 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. When administered to
mammals {e.g., mice, rats, dogs, monkeys or humans),
certain compounds of the invention do not readily
cross the blood/brain barrier (e.g., less than about
5, 2.5, 2, 1.5, 1, 0.5, 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 ah, Journal of Neurochemistry
51:421-425 (1988); Kastin, A.J., Akerstrom, V., J .
Pharmacol. Exp. Therapeutics 294:633-636 (2000); W. A.
Banks, W.A., et al, J. Pharmacol. Exp. Therapeutics
302:1062-1069 (2002). 5.3. Synthesis of Compounds
Compounds of the invention can be prepared by methods
known in the art, and by methods described herein. For
example, with reference to formula I , compounds 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:
SOCI2, EthanolScheme 1 wherein, for example: Compounds
wherein X is-OCR3- can generally be prepared using the
method shown in Scheme 2, wherein R3 is CF and D is
pyrimidine: Scheme 2 wherein, for example, A is
optionally substituted phenyl, biphenyl or napthyl.
Compounds of the invention can also be prepared using
the approach shown below in Scheme 3:Scheme 3 wherein
P is R1 or a protecting group; P is a protecting
group; P3 is OR or a protecting group; X' is, for
example, O or N; Y1 and Y3 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-tettamethyl-
1,3,2-dioxaborolane). The groups A, Ri, R2, R3, Re and
m are defined elsewhere herein. Themoieties Z"l 5 Z"2,
Z"3, and Z"4 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"i and E \ may be independently CRio(which
is defined herein), while Z' 2is N and Z"3 is a carbon
atom bound to the adjacent phenyl ring. The individual
reactions shown above can be performed using
conditions known in the art. For example, palladium
catalysts and conditions suitable for the Suzuki
coupling of the boron and halogen-containing moieties
are well known, and examples are provided below. In
addition, 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). The A moiety can be bicyclic (e.g.,
optionally substituted biphenyl). In such cases, the
starting material containing A can be prepared as
shown below: wherein Y is halogen or pseudohalogen,
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-dioxaborolane). Another approach to
the preparation of compounds wherein D is optionally
substituted pyrimidine or triazine is shown below in
Scheme 4:Scheme 4 wherein, for example, X is N, O or
S, and FG is defined below: FG = B(OH)2 when E is
optionally substituted Phenyl Ester derivatives of
these and other compounds of the invention can be
readily prepared using methods such as that shown
below in Scheme 5, wherein E is optionally substituted
phenyl:Scheme 5 An alternate approach to the
preparation of triazine-based compounds is shown below
in Scheme 6: dry n-BuOH/ tBuOK 3.5 eq. 1600C, sealed
tube, 2 days Scheme 6The 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 Using
methods known in the art, the synthetic approaches
shown above are readily modified to obtain a wide
range of compounds. For example, chiral chromatography
and other 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., Tetrahedron 33:2125 (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, IN,
1972). In addition, as shown in some of the schemes
above, syntheses may utilize chiral starting materials
to yield stereomerically enriched or pure products.
5.4. Methods of Use This invention encompasses a
method of inhibiting TPH, which comprises contacting
TPH with a compound of the invention (i.e., a compound
disclosed herein). In a particular method, the TPH is
TPHl. In another, the TPH is TPH2. In a particular
method, the inhibition is in vitro. Ih another, the
inhibition is in vivo. One embodiment encompasses a
method of inhibiting TPHl in a mammal, which comprises
administering to the mammal a compound of the
invention. In a particular method, TPH2 is not
significantly inhibited. In one method, the compound
does not readily cross the blood/brain barrier. In
another, the compound is a selective inhibitor of
TPHl.This invention encompasses methods of treating,
preventing and managing various 



diseases and disorders mediated by peripheral
serotonin, which comprise inhibiting TPHl activity in
a patient in need of such treatment, prevention or
management. In a particular embodiment, the inhibition
is accomplished by administering to the patient a
therapeutically or prophylactically effective amount
of a potent TPHl inhibitor. Examples of potent TPHl
inhibitors are disclosed herein. Particular diseases
and disorders include carcinoid syndrome and
gastrointestinal diseases and disorders. Examples of
specific diseases and disorders include abdominal pain
(e.g., associated with medullary carcinoma of the
thyroid), anxiety, carcinoid syndrome, celiac disease,
constipation (e.g., constipation having an iatrogenic
cause, and idiopathic constipation), Crohn's disease,
depression, diabetes, diarrhea (e.g., bile acid
diarrhea, enterotoxin-induced secretory diarrhea,
diarrhea having an iatrogenic cause, idiopathic
diarrhea (e.g., idiopathic secretory diarrhea), and
traveler's diarrhea), emesis, functional abdominal
pain, functional dyspepsia, irritable bowel syndrome
(IBS), lactose intolerance, MEN types I and II,
Ogilvie's syndrome, Pancreatic Cholera Syndrome,
pancreatic insufficiency, pheochromacytoma,
scleroderma, somatization disorder, and
Zollinger-Ellison Syndrome. In particular methods of
the invention, the treatment, management and/or
prevention of a disease or disorder is achieved while
avoiding adverse effects associated with alteration of
central nervous system (CNS) serotonin levels.
Examples of such adverse effects include agitation,
anxiety disorders, depression, and sleep disorders
(e.g., insomnia and sleep disturbance). 5.5.
Pharmaceutical Compositions This invention encompasses
pharmaceutical compositions comprising one or more
compounds of the invention. Certain pharmaceutical
compositions are single unit dosage forms suitable for
oral, mucosal (e.g., nasal, sublingual, vaginal,
buccal, or rectal), parenteral (e.g., subcutaneous,
intravenous, bolus injection, intramuscular, or
intraarterial), 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; troches; lozenges;
dispersions; suppositories; ointments; cataplasms
(poultices); pastes; powders; dressings; creams;
plasters; 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-water
emulsions, or awater-in-oil liquid emulsions),
solutions, and elixirs; liquid dosage forms suitable
for parenteral administration 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. The formulation should suit the mode of
administration. 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
administered in liposomal formulations in order to
protect them from degradative enzymes, facilitate
transport in circulatory system, and effect their
delivery across cell membranes. Similarly, poorly
soluble compounds may be incorporated into liquid
dosage forms (and dosage forms suitable for
reconstitution) with the aid of solubilizing agents,
emulsifiers and surfactants such as, but not limited
to, cyclodextrins (e.g., a-cyclodextrin,
b-cyclodextrin, Captisol(r), and Encapsin(tm) (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 carbonate, ethyl acetate, benzyl
alcohol, benzyl benzoate, propylene glycol,
1,3-butylene glycol, dimethyl formamide, dimethyl
sulfoxide (DMSO), biocompatible oils (e.g.,
cottonseed, groundnut, corn, germ, olive, castor, and
sesame oils), glycerol, tetrahydrofurfuryl alcohol,
polyethylene glycols, fatty acid esters of sorbitan,
and mixtures thereof (e.g., DMSOxornoil). Poorly
soluble compounds may also be incorporated into
suspensions using other techniques known in the art.
For example, nanoparticles of a compound may be
suspended in a liquid to provide a nanosuspension
(see, e.g., Rabinow, Nature Rev. Drug Disc. 3:785-796
(2004)). Nanoparticle forms of compounds described
herein may be prepared by the methods described in
U.S. Patent Publication Nos. 2004-0164194,
2004-0195413, 2004-025 1332, 2005-0042177 Al,
2005-0031691 Al, and U.S. Patent 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 embodiment, the nanoparticle form comprises
particles having an average particle size of less than
about 2000 am, less than about 1000 nm, or less than
about 500 nm. 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 than a dosage
form used in thechronic treatment of the same disease.
Similarly, a parenteral dosage form may contain
smaller amounts of one or more of the active
ingredients 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). 5.5.1.
Oral Dosage Forms Pharmaceutical compositions of the
invention suitable for oral administration can be
presented as discrete dosage forms, such as, but are
not limited to, tablets (e.g., chewable 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. See generally, Remington's Pharmaceutical
Sciences, 18th ed., Mack Publishing, Easton PA (1990).
Typical oral dosage forms are prepared by combining
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. 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, pharmaceutical compositions and dosage
forms are prepared by uniformly 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 incorporated to facilitate the manufacture
of dosage forms (e.g., tablets). 5.5.2. Parenteral
Dosage Forms Parenteral dosage forms can be
administered to patients by various routes including
subcutaneous, intravenous (including bolus injection),
intramuscular, and intraarterial. Because their
administration typically bypasses patients' natural
defenses against contaminants, parenteral dosage forms
are specifically sterile or capable of being
sterilized prior to administration to a patient.
Examples of parenteral dosage forms include
solutionsready for injection, dry products ready to be
dissolved or suspended in a pharmaceutically
acceptable vehicle for injection, suspensions ready
for injection, and emulsions. 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 of tphl Gene Disrupted Mice Exon 3 of the
murine TPHl gene was removed by gene targeting
essentially as described by Wattler et al, Biotechni
aues 26(6): 1150-6 (1999). The resulting knockout
animals displayed normal TPH activity in the brain but
drastically reduced TPH expression in the gut. 6.2.
Physiological Effects of tphl Gene Disruption Mice
homozygous (-/-) for the disruption of tphl 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 medical 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 homozygous (-/-)
knockout mice in the described numbers and in
conjunction with heterozygous(+/-) and wild-type (+/+)
litter mates, more reliable and repeatable data was
obtained. Disruption of tphl gene primarily affected
the GI tract isoform of TPH (TPHl), 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 imrnunschemistry, 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. Mice homozygous (-/-) for the disruption of
the tphl gene had a decrease in thrombosis without a
significant increase in bleeding or other adverse
indications.6.3. HPLC Characterization 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:
Method A: YMC-PACK ODS-A 3.0x50mm; Solvent A 90%
water, 10% MeOH, 0.1% TFA; Solvent B = 90% MeOH, 10%
water, 0.1% TFA; B% from 0 to 100% over 4 min.; flow
rate = 2 ml/min; observation wavelength = 220 nm.
Method B: YMC-PACK ODS-A 3.0x50mm; Solvent A = 90%
water, 10% MeOH, 0.1% TFA; Solvent B = 90% MeOH5 10%
water, 0.1% TFA; %B from 10 to 100% over 4 min.; flow
rate = 3 ml/min; observation wavelength = 220 nm.
Method C: YMC-PACK ODS-A 3.0x50mm; Solvent A = 90%
water, 10% MeOH, 0.1% TFA; Solvent B = 90% MeOH, 10%
water, 0.1% TFA; B% from 0 to 100% over 5 min.; flow
rate = 2 ml/min. ; observation wavelength = 220 nm.
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% from 0 to 100% over 4 min.; flow rate = 3
ml/min.; observation wavelength = 220 nm. 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%
from 0 to 100% over 4 min.; flow rate 3 ml/min;
observation wavelength = 254 nm. Method F: YMC-PACK
ODS-A 4.6x33mm; Solvent A = 90% water, 10% MeOH, 0.1%
TFA; Solvent B = 90% MeOH, 10% water, 0.1% TFA; B%
from 0 to 100% over 4 min.; flow rate = 3 ml/min.;
observation wavelength = 220 nm. Method G: YMC-PACK
ODS-A 4.6x50mm; Solvent A = 90% water, 10% MeOH, 0.1%
TFA; Solvent B = 90% MeOH, 10% water, 0.1% TFA; B%
from 0 to 100% over 2 min.; flow rate = 2.5 ml/min.;
observation wavelength = 220 nm. Method H: C18
4.6x20mm; Solvent A = 90% water, 10% MeOH, 0.1% TFA;
Solvent B = 90% MeOH, 10% water, 0.1% TFA; B% from 0
to 100% over 2 min. flow rate = 2ml/min.; observation
wavelength = 220 nm. Method I : YMC PACK ODS-A 3.0 x
50 mm; Solvent A = 90% water, 10% MeOH, 0.1% TFA;
Solvent B = 90% MeOH, 10% water, 0.1% TFA; B% from 10
to 100% over 4 min.; flow rate = 2ml/min.; observation
wavelength = 220 nm.Method J: YMC Pack ODS-A 3.0x50mm;
Solvent A H2O, 0.1% TFA; Solvent B MeOH, 0.1% TFA; %B
from about 10 to about 90% over 4 min.; flow rate =
2ml/min.; observation wavelength = 220 ran. Method K:
Sunfire Cl 8 50 mm x 4.6 mm x 3.5 mm; Solvent A = IOmM
NH4OAc in water; Solvent B = MeCN; B% from 10 to 95%
over 2 min.; flow rate = 4.5 ml/min.; observation
wavelength = 220 run. Method L: Sunfire C18 50 mm x
4.6 mm x 3.5 mm; Solvent A = IOmM NH4OAc; Solvent B =
MeCN; B% 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. Method M: YMC-PACK ODS-A
4.6x33mm; Solvent A = 90% water, 10% MeOH, 0.1% TFA;
Solvent B = 90% MeOH, 10% water, 0.1% TFA; B% from 0
to 100% over 5 min.; flow rate = 2.5 ml/min.;
observation wavelength = 254 nm. Method N: YMC-PACK
ODS-A 3.0x50mm; Solvent A = H2O, 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. Method 0 : YMC-PACK ODS-A 3.0x50mm; Solvent A =
90% water, 10% MeOH with 0.1% TFA; Solvent B = 90%
MeOH, 10% water with 0.1% TFA; B% from 0 to 100% over
4 min.; flow , rate = 2 ml/min.; observation
wavelength = 220 and 254 nm. Method P: ShimPack VP ODS
4.6x50mm; Solvent A = 90% H2O, 10% MeOH, 1%TFA;
Solvent B 10% H2O 90% MeOH, 1%TFA; B% from 0 to 100%
over 2 min.; flow rate = 3.5 ml/min.; observation
wavelength = 220 and 254 nm. Method Q: Shim VP ODS
4.6x50 mm; Solvent A = H2O with 0.1 %TFA; Solvent B =
MeOH with 0.1 %TFA; B% from 0 to 100% over 4 min.;
flow rate = 3 ml/min.; observation wavelength = 254
nm. Method R: YMC Pack ODS-A 4.6 x 33 mm; Solvent A =
H2O, 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. Method S:
YMC-Pack ODS-A 3.0x50 mm; Solvent A = 90% H20 , 10%
MeOH, 1% TFA; Solvent B = 10% H2O, 90% MeOH, 1%TFA; B%
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-((RM-fnaphthalen-2-
vI)ethvlamino)-l,3,5-triazin-2-v  )phenvr)propanoie
acid A mixture of 2-amino-4,6-dichloro-[l,3,5]triazine
(200mg, 1.21mmol), (R)-(+)-l-(2- naphthyl)ethylamine
(207mg, 1.21mmol) and diisopropyl-ethylamine
(3.63mmol) was dissolved in 150 ml of 1,4-dioxane. The
solution was refluxed at 900C for 3 hours. After the
completion of reaction (monitored by LCMS), solvent
was removed and the reaction mixture was extracted
with CH2Cl (100ml) and H O (100ml). The organic layer
was separated and washed with H O (2x1 00ml), dried
over Na2SO , and concentrated in vacuo to give crude
intermediate. The crude compound was dissolved in 5ml
of MeCN and 5ml OfH O in a 20ml microwave reaction
vial. To this solution were added
L-/>-borono-phenylalanine (253mg, 1.21mmol), sodium
carbonate (256mg, 2.42mmol) and catalytic amount of
dichlorobis(triphenylphosphine)- ralladium(II)
(42.1mg, O.O mmol). The mixture was sealed and stirred
in the microwave reactor at 1500C for 5 minutes,
followed by the filtration through celite. The
filtrate was concentrated and dissolved in MeOH and H
O (1:1) and purified by preparative HPLC using
MeOH/H2O/TFA solvent system. The combined pure
fractions were evaporated in vacuo and further dried
on a lyophilizer to give 238mg of 2-
amino-3-{4-[4-amino-6-(l-naphthalen-2-yl)-ethylamino)-
[l,3,5]triazin-2-yl]-phenyl}- propionic acid (yield:
46%, LC: Column: YMC Pack ODS-A 3.0x50mm, %B=0~100%,
Gradient time = 4min, Flow Rate 2ml/min,
wavelength=220, Solvent A= 90: 10 wate MeOH w/
0.1%TFA, Solvent B=90: 10 MeOH:water w/0.1%TFA , RT =
2.785 min, MS: M+l = 429). NMR: 1H-NMR (400
MHz5CD3OD): d 1.65 (d, 3H), 3.22-3.42 (m, 2H), 4.3 (m,
IH), 5.45 (m, IH), 7.4(m, IH), 7.6(m 4H), 7.8(m, 4H),
8.2(m, 2H). 6.5. Alternative Synthesis of
(SV2-Amino-3-(4-(4-amino-6-((RVl-(naphthaIen-
2-vI)ethylaminoVl,3,5-triazin-2-yl)phenylmropanoic
acid (R)-I -(I -(Napthalen-2-yl) ethyl) cyanoguanidine
was prepared by forming a mixture of naphthalene amine
(1 equivalent), sodium dicyanide (0.95 eq.) and
followed by 5N HCl (1eq.) in n-BuOH: H2O (1:1). The
mixture was refluxed for 1 day in a sealed tube at
160C, and progress of reaction was monitored by LCMS.
After completion of reaction, solvent (n- BuOH) was
removed under reduced pressure and IN HCl was added to
adjust pH to 3-5 range. The aqueous solution was
extracted with EtOAc (2x100) and combined organic
phase was dried over Na SO . 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 Ig to 22.5 gram scale. NMR:
1H-NMR (400 MHz, CD3OD): d 1.5(d, 3H), 5.1(m, IH), 7.5
(m, 4H), 7.8(s, IH), 7.9 (m, 2H); LCMS: RT 1.69, M+l:
239, Yield: 71%. The title compound was prepared from
(R)-I-(I -(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-ff4
t-methylbiphenyI-4- vDmethylaminoVl
,3..5-triaziii-2-vDph enyDpropanoic acid A mixture of
2-amino-4,6-dichloro-[l,3,5] triazine (lOOmg,
0.606mmol), 4'-methylbiphenyl- 4-yl-methylamine
(142mg, 0.606mmol), and cesium carbonate (394mg,
1.21mmol) was dissolved in 1,4-dioxane (1.5ml) and H O
(1.5ml) in a 5ml microwave vial. The mixture was
stirred in microwave reactor at 1000C for 15 minutes.
Solvent was removed and the residue was dissolved in
CH Cl (20ml) and washed with H O (2x20ml), dried over
Na2SO and then removed in vacuo. The crude
intermediate was then dissolved in 1.5ml of MeCN and
1.5ml of H2O in a 5ml microwave vial. To this solution
were added L-/ ?-boronophenylalanine (126mg,
0.606mmol), sodium carbonate (128mg, 1.21mmol) and
catalytic amount of
dichlorobis(triphenylphosphine)-palladium(IT) (21.1mg,
0.03mmol). The mixture was sealed and stirred in the
microwave reactor at 1500C for 5 minutes followed by
the filtration through celite. The filtrate was
concentrated and dissolved in MeOH and H O (1:1) and
purified by preparative HPLC using MeOH/H2O/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-yhnethyl)-amino]-[l
,3,5]triazin-2-yl} -phenyl)-propionic acid (LC:
Column: YMC Pack ODS-A 3.0x50mm, %B=0~100%, Gradient
time = 4min, Flow Rate = 2ml/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+l
= 455). 1H NMR(400 MHz, CD3OD) d 2.33 (s, 3H),
3.24-3.44 (m, 2H), 4.38 (m, IH), 7.02 (d, 2H), 7.42
(m, 2H), 7.50-7.60 (m, 6H), 8.22 (m, 2H). 6.7.
Synthesis of
(SV2-Amino-3-(4-(4-morpholino-6-(naphthalen-2-
ylmethvIaminoVl,3,5-triazin-2-yl)phe nvl)propanoic
acid A mixture of
2,4-dichloro-6-morpholin-4-yl-[l,3,5]triazine (121mg,
0.516mmol), Cnaphthalen- 2-yl-methylamine
hydrochloride ( 1OOmg, 0.51 6mmol), cesium carbonate
(336mg, 1.03mxnol) was dissolved in 1,4-Dioxane
(1.5ml) and H2O (1.5ml) in a 5ml microwave vial. The
mixture was stirred in microwave reactor at 1800C for
600 seconds. Solvent was removed, and the residue was
dissolved in CH2Cl (10ml) and washed with H2O
(2xl0ml), dried over Na2SO4 and then in vacuo. The
residue was purified by preparative HPLC to give 20mg
intermediate (yield 11%, M+l=356). The intermediate
was then dissolved in 0.5ml of MeCN and 0.5ml OfH O in
a 2ml microwave vial. To this solution were added
L-j?-boronophenylalanine (11.7mg, 0.0562mmol), sodium
carbonate (11.9mg, 0.112mmol) and a catalytic amount
of dichlorobis(triphenylphosphine)-palladium(II)
(2.0mg, 5%). The mixture was sealed and stirred in the
microwave reactor at 1500C for 5 minutes followed by
the filtration through celite. The filtrate was
concentrated and dissolved in MeOH and H O (1:1) and
purified by preparative HPLC using MeOH/H 2O/TFA
solvent system. The combined pure fractions were
evaporated in vacuo and further dried on lyophilizer
to give 17mg of 2- amino-3-(4-
{4-morpholin-4-yl-6-[(naphthalene-2-yhnethyl)-amino]-[
l ,3,5]triazin-2-yl} - phenyl)-propionic acid (yield:
63%, LC: Method B RT = 3.108 min, MS: M+l 486).6.8.
Synthesis of
f2S)-2-Amino-3-(4-f2-ainino-6-(2.2.2-trifluoro-l-(2-
(trifluoromethyl)phenyr)ethoxy)pyrimidin-4-vDphenyl^pr
opanoic acid Tetrabutylammonium fluoride (0.1 ml; 1.0
M solution in tetrahydrofuran) was added to a solution
of 2-trifluoromethyl-benzaldehyde ( 1.74g, lOmmol) and
trifluoromethyltrimethylsilane (TMSCF3) (1.8ml, 12
mmol) in 10 ml THF at 00C. The formed mixture was
warmed up to room temperature and stirred for 4 hours.
The reaction mixture was then treated with 12 ml of IN
HCl and stirred overnight. The product was extracted
with ethyl acetate (3x20ml). The organic layer was
separated and dried over sodium sulfate. The organic
solvent was evaporated to give 2.2g of l-(2-
trifluoromethylphenyl)-2,2,2-triluoro-ethanol, yield
90%. NaH (80mg, 60%, 3.0mmol) was added to a solution
of l-(2-trifluoromethylphenyl)-
2,2,2-trifiuoro-ethanol (244mg, lrnmol) in 10 ml of
anhydrous THF. The mixture was stirred for 20 minutes,
2-amino-4, 6-dichloro-pyrimidine (164mg, lmmol) was
added and then the reaction mixture was heated at 7O0C
for 1 hour. After cooling, 5ml water was added and
ethyl acetate (20ml) was used to extract the product.
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- trifiuoro-1
-(2-trifluoromethylphenyl)-ethoxy]-pyrimidin-2-ylamine
, yield 71%. In a microwave vial,
4-chloro-2-amino-6-[l-(2-trifluoromethylphenyl)-2, 2,
2- trifluoro-ethoxy]-pyrimidine (33mg, O.lmmol),
4-borono-L-phenylalanine(31mg, O.lSmmol) and 1ml of
acetonitrile, 0.7ml of water. 0.3 ml of IN aqueous
sodium carbonate was added to above solution followed
by 5 mole percent of dichlorobis(triphenylphosphine)-
palladium(H). The reaction vessel was sealed and
heated at 1500C for 5 minutes with microwave
irradiation. After cooling, 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
of2-amino-3-(4-{2-amino-6-[2,2,2-trifluoro-l-(2-triifl
uoromethylphenyl)- ethoxy]- 



pyrimidin-4-yl}-rhenyl)-rropionic acid. 1H NMR
(400MHz, CD3OD) d 7.96 (m, 3H), 7.80 (d, =8.06 Hz,
IH), 7.74 (t, J=7.91 Hz IH), 7.63(t, =8.06 Hz, IH),
7.41 (d, J=8.3Hz, 2 H) 7.21 (m, IH), 6.69 (s, IH),
3.87 (m, 1 H), 3.34 (m, 1 H), 3.08 (m, IH).6.9.
Synthesis of
f2S>2-Amino-3-(4-(2-amino-6-f2,2,2-trifluoro-l-ptolyle
thoxy) pyrimidin-4-vftphenvDpropan oic acid
Tetrabutylammonium fluoride (0.1 ml; 1.0 M solution in
tetrahydrofuran) was added to a solution of
4-methyl-benzaldehyde ( 1.2g, lOmmol) and TMSCF3
(1.8ml, 12 mmol) in 10 ml THF at 00C. The formed
mixture was warmed up to room temperature and stirred
for 4 hours. The reaction mixture was then treated
with 12 ml of IN HCl and stirred overnight. The
product was extracted with ethyl acetate (3x20ml). The
organic layer was separated and dried over sodium
sulfate. The organic solvent was evaporated to give
1.6g of l-(4- methylphenyl)-2,2,2-trifluoro-ethanol,
yield 86%. NaH (80mg, 60%, 3.0mmol) was added to a
solution of l-(4-methylphenyl)-2,2,2-
trifluoro-ethanol (190mg, lmmol) in 10 ml of anhydrous
THF. The mixture was stirred for 20 minutes,
2-amino-4,6-dichloro-pyrimidine (164mg, lmmol) was
added and then the reaction mixture was heated at 700C
for 1 hour. After cooling, 5ml water was added and
ethyl acetate (20ml) 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-[l-(4- methylphenyl)-2
2,2-trifluoro-ethoxy]-pyrimidin-2-ylamine, yield 66%.
A microwave vial was charged with 4
chloro-2-ammo-6-[l-(4-methylphenyl)-2,2,2-
trifluoro-ethoxy]-pyrimidine (33mg, O.lmmol),
4-borono-L-phenylalanine (31mg, 0.15mmol) and 1ml of
acetonitrile, 0.7ml of water. Aqueous sodium carbonate
(0.3 ml, IN) was added to above solution followed by 5
mol percent of dichlorobisriphenylphosphine)- palladi
Um(II). The reaction vessel was sealed and heated to
1500C 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 14.6mg of 2-amino-3-
(4-{2-amino-6-[2,2,2-trifluoro-l -(4-methylphenyl)-
ethoxy]-pyrimidin-4-yl} -phenylpropionic acid. 1H NMR
(300MHz, CD3OD) d 7.94 (d, J=8.20 Hz, 2H), 7.47 (d,
J=7.24 Hz, 4 H), 7.27 (d, J=8.01 Hz, 2H) 6.80 (s, IH),
6.75 (m, IH), 4.30 (t, 1 H), 3.21-3.44 (m, 2 H), 2.37
(ss 3H).6.10. Synthesis of
(2S)-2-Amino-3-(4-f2-amino-6-(l-cvc.ohexyI-2,2,2-
trifluoroethoxv)pyrimidin-4-v Dhen\i)propanoic acid
Cyclohexanecarbaldehyde (0.9 g, 5mmol) was dissolved
in 10ml aqueous 1,4- dioxane, to which 200mg (10 mmol)
sodium borohydride was added. The reaction was run
overnight at room temperature. After completion of the
reaction, 5ml 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-ethanol, yield 88%. NaH
(80mg, 60%, 3.0mmol) was added to the solution of
l-cyclohexyl-2,2,2- trifluoro-ethanol (182mg, lmmol)
in 10 ml of anhydrous THF, the mixture was stirred for
20 minutes, 2-amino-4,6-dichloro-pyrimidine (164mg,
lmmol) was added and then the reaction mixture was
heated at 700C for 1 hour. After cooling, 5ml water
was added and ethyl acetate (20ml) was used to extract
the product. The organic layer was dried over sodium
sulfate. The solvent was removed by rotovap to give
202 mg of 4-chIoro-6-[l-cyclohexyl-2,2,2-
trifluoro-ethoxy]-pyrimidin-2-ylamine, yield 65%. In a
microwave vial,
4-chloro-2-amino-6-[l-cyclohexane-2,2,2-trifluoro-etho
xy]- pyrimidine (33mg, 0.lmmol),
4-borono-L-phenylalanine (31mg, 0.15mmol) and 1ml of
acetonitrile, 0.7ml of water, 0.3 ml of aqueous sodium
carbonate (IM) was added to above solution followed by
5 mol percent of
dichlorobis(trirhenylphosphine)-palladium(II). The
reaction vessel was sealed and heated to 1500C for 5
minutes with a 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 by Prep-LC to give 4.9 mg 2-amino-3-{4-[2-
amino-6-(l-cyclohexyl-2, 2,
2-trifluoro-ethoxy]-pyrimidin-4-yl}-phenyl)-propionic
acid. 1H NMR (300MHz, CD3Cl) d 7.95 (d, =8.39Hz, 2 H),
7.49 (d, J=8.39Hz, 2 H), 6.72 (s, IH), 5.90(m, IH),
4.33 (t, 1 H), 3.21-3.44 (m, 2 H), 1.73-2.00 (m, 6H),
1.23-1.39 (m, 5H).6.11. Synthesis of
(SV2-Am.no-3-(4-(6-f2-fluorophenoxy^pyrimidin-4-
vDphenvUpropanoic acid NaH (80mg, 60%, 3.0mmol) was
added to a solution of 2-fluorophenol ( 1 12 mg,
lmmol) in 10 ml of anhydrous THF, the mixture was
stirred for 20 minutes, 4,6-dichloropyrimidine (149mg,
lmmol) was added and then the reaction mixture was
heated at 700C for 1 hour. After cooling, 5ml water
was added and ethyl acetate (20ml) 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-chlsro-6-(2-fluorophenoxy)-pyrirnidine,
yield 65%. A microwave vial (2ml) was charged with
4-chloro-6-[2-fluorophenoxy]-pyrimidine, (33mg,
0.lmmol), 4-borono-L-phenylalanine(31mg, 0.15mmol) and
1ml of actonitrile, 0.7ml of water, 0.3 ml of aqueous
sodium carbonate (IM) was added to above solution
followed by 5 mol % of
dichlorobis(triphenylphosphine)-palladium( p). The
reaction vessel was sealed and heated to 1500C for 5
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 4.9 mg
2-amino-3-{4-[2-amino-6-(l-2-fluorophenyl-2,2,2-
trifluoro-ethoxy]-pyrimidin-4-yl}-phenyl)-propionic
acid. 1H NMR (400MHz, CD3OD) d 8.74 (S5 IH), 8.17 (d,
./=8.06 Hz, 2H), 7.63 (s, IH), 7.50(d, J=8.06 Hz, 2H),
7.30 (m, 5H), 4.33 (m, 1 H), 3.34 (m, 1 H). 6.12.
Synthesis of
(2S)-2-Amino-3-(4-(4-r3-(4-chlorophenvnpiperidin-l-vnl
, 3,5-triazin-2-yl)ph envl)propanoic
acid3-(4-Chlorophenyl)piperidine (232mg, lmmol) was
added to a solution of 2,4- dichlorotriazine
(149.97mg, lmmol), and 300mg diisopropylethyl amine in
10ml THF at 0C. The formed mixture was warmed up to
room temperature and stirred for 1 hour. The product
was extracted with ethyl acetate (3x20ml). The organic
layer was separated and dried over sodium sulfate. The
organic solvent was evaporated to give 328mg of
2-chloro-4-[3-(4- chlorophenyl)-piperidin-l-yl]-[l, 3,
5] triazine. A microwave vial was charged with
2-chloro-4-[3-(4-chlorophenyl)-piperidin-l-yl]- [1, 3,
5]triazine (62mg, 0.2mmol),
4-borono-L-phenylalanine(60mg, 0.3mmol), 1ml of
acetonitrile, and 0.7ml of water. Aqueous sodium
carbonate (0.6 ml; IM) was added to the solution,
followed by 5 mol percent
dichlorobis(triphenylphosphine)-palladium(II). The
reaction vessel was sealed and heated to 1500C 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 5.1mg of 2-amino-3-(4-{4-[3-(4-
chlorophenyl)-piperidin-l-yl]-[l,3,5]triazin-2-yl}-phe
nyl)-propionic acid. 1H NMR (400MHz, CD3Cl) d 8.58 (d,
2H), 8.05 (d, 2H), 7.47 (m, 5 H), 4.96 (m, 1 H),
4.23(m, 2H), 3.21-3.44 (m, 4 H), 2.37 (m, 5H). 6.13.
Synthesis of
(2SV2-Amino-3-(4-(4-amino-6-(2,2,2-trifluoro-lphenylet
hoxy)-! ,3-5-triazin-2-yI)phenyl)propanoic acid NaH
(80mg, 60%, 3.0mmol) was added to a solution of
2,2,2-trifluoro-l-phenylethanol (176mg, lmmol) in 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 (164mg, lmmol) in 30ml
of 1,4-dioxane at 00C for 1 hour. The reaction mixture
was then warmed to room temperature. After completion
of the reaction, 5ml of water was added and ethyl
acetate (20ml) was used to extract the product. 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-l-phenylethoxy]-[ l
3,5]triazine-2-ylamine, yield 65%.A microwave vial was
charged with 4-chloro-6-[2,2
2-trifluoro-l-phenyl-ethoxy]-
[l,3,5]triazine-2-ylamine (33mg, O.lmmol),
4-borono-L-phenylalanine(31mg, 0.15mmol), 1ml of
actonitrile, and 0.7ml of water. Aqueous sodium
carbonate (0.3 ml, IM) was added to above solution
followed by 5 mol percent
dichlorobis(trirhenylphosphine)-palladium(II). The
reaction vessel was sealed and heated to 1500C for 5
minutes by microwave. After cooling, the reaction
mixture was evaporated to dryness. The residue was
dissolved in 2.5 ml of methanol, was then purified
with Prep-LC to give 3.2mg
2-amino-3-{4-[4-amino-6-(lphenyl-
2,2,2-trifluoro-ethoxy]-[l,3,5]triazin-2yl]-phenyl)-pr
opionic acid. 1H NMR (300MHz, CD3OD) d 8.22 (d, J=8.20
Hz, 2H), 7.52 (m, 2 H), 7.33 (m, 5H) 6.62 (m, IH),
4.19 (t, 1 H), 3.1-3.33 (m, 2 H). 6.14. Synthesis of
(SV2-Amino-3-(5-f4-amino-6-((RM-fnaphthalen-2-
vDethylaminoM ,3,5-triazin-2-vDpyridin-2-yl)p ropanoic
acid A microwave vial was charged with
6-chloro-N-[l-naphthalen-2yl-ethyl]-
[l,3,5]triazine-2,4-diamine (30mg, O.lmmol), 2-boc
protected-amino-3-{5-[4,4,5,5,-
tetramethyl-[l,3,2]dioxaborolan-2-yl)-pyridin2-yl-3-pr
opionic acid (50mg, 0.15mmol) 1ml of acetonitrile, and
0.7ml of water. Aqueous sodium carbonate (0.3 ml; IN)
was added to the solution, followed by 5 mol percent
dichlorobis(triphenylphosphine)-palladium(II). The
reaction vessel was sealed and heated to 1500C for 5
mintues by microwave. After cooling, the reaction
mixture was evaporated to dryness. 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-yl} proionic acid. The
above product (7.0 mg) was dissolved in 0.1ml of
10%TFA/DCM solution for 2 hours to provide 1.1 mg of
2-amino-3-{3-[4-amino-6-(l-naphthalen-2-yl-ethylamino)
- [l,3,5]triazin-2-yl]-pyridin-2-yl}proionic acid. 1H
NMR (300MHz, CD3Cl) d 9.35 (d, 1 H), 8.57 (m, 1 H),
7.85 (m, 4H), 7.45 (m, 4 H), 6.94 (s, IH). S.58(m,
IH), 4.72 (m, 2H), 4.44 (m, 1 H), 1.42 (d, 3H).6.15.
Synthesis of
(SV2-Amino-3-(3-(4-ainino-6-(TRM-fnaphthalen-2- v
ethylaminoVl 3.5-tr iazin-2-vI')-lH-Pyr azoI-l -yl')pr
panoic acid
6-Chloro-N-[l-naphthalen-2yl-ethyl]-[l,3,5]triazine-2,
4-diatnine (30mg, O.lmmol), 2- boc-protected
amino-3-{3-[4,4,5,5,-tetramethyl-[l,3,2]dioxaborolan-2
-yl)-pyrazol-l-yl]- propionic acid (50mg, 0.15mmol),
1ml of acetonitrile, and 0.7ml of water. Aqueous
sodium carbonate (0.3 ml and IN) was added to a
microwave vial, followed by 5 mol percent of
dichlorobis(triphenylphosphine)-palladium( p). The
reaction vessel was sealed and heated to 1500C for 5
minutes with microwave. After cooling, the reaction
mixture 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-{3-[4-amino-6-(l-naphthalen-2-ylethylamino)[
l,3,5]triazin-2-yl]-pvrazol-l-yl}proionic acid. The
above product (6.8mg) was stirred in 0.1ml 10%TFA/DCM
solution for 2 hours to provide 3mg of
2-amino-3-{3-[4-amino-6-(l-naphthalen-2-yl-ethylamino)
-[l,3,5]triazin-2- yl]-pyrazol-l-yl}proionic acid. 1H
NMR (300MHz, CD3Cl) d 8.52 (s, 1 H), 8.21 (s, 1 H),
7.74 (m, 4 H), 7.36 (m, 3H), 5.35(m, IH), 4.72 (m,
2H), 4.44 (m, 1 H), 1.55 (d, 3H). 6.16. Synthesis of
(SV2-Amino-3-(4'-(3-(cvcIopenty.oxyV4-
methoxybenzylamino ')piphenyl -4-vr)propanoic
acidSodium triacetoxyl-borohydride (470mg, 2.21mmol)
was added to a solution of 4- bromo-phenylamine
(252mg, 1.47mmol) and
3-cyclopentyloxy-4-methoxy-benzaldehyde (324mg,
1.47mmol) in 10 ml of 1,2-dicloroethtane (DCE), 0.5 ml
of HOAc was added. The 



mixture was stirred overnight at room temperature,
followed by addition of 15 ml of DCE. The organic
phase was washed with water and dried over sodium
sulfate. The solvent was removed by rotovap to give
656 mg of crude (4-bromo-phenyl)-(3-cyclopentyloxy-4-
methoxy-benzyl)-arnine. It was used for next step
without further purification. An Emrys process vial
(2-5ml) for microwave was charged with
(4-bromo-phenyl)-
(3-cyclopentyloxy-4-methoxy-benzyl)-amine (84mg,
0.22mmol), 4-borono-Lphenylalanine( 46mg, 0.22mmol)
and 2 ml of acetonitrile. Aqueous sodium carbonate (2
ml, IM) was added to above solution, followed by 5 mol
percent of dichlorobis-
(triphenylphosphine)-palladium(H). The reaction vessel
was sealed and heated to 1500C for 5 minutes by
microwave. After cooling, the reaction mixture was
evaporated to dryness. 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%. 1H-NMR (400
MHz, DMSOd 6) : d 1.46 (m, 2H), 1.62 (m, 4H), 3.01(m,
2H), 3.64 (s, 3H), 4.14 (s, 3H), 4.66(m, IH), 6.61(d,
2H), 6.81(s, 2H), 6.88(s, IH), 7.18(d, 2H), 7.31(d,
2H), 7.44(d, 2H), 7.60(m, IH), 8.19(s, 3H). 6.17.
Synthesis of (SV2-Amino-3-f4-(6-(3-(cvcIopentyloxyV4-
methoxybenzylamino)pyrimidin-4-vI)phenyl)propanoic
acid Sodium tiracetoxyl-borohydride (985mg, 4.65mmol)
was added to a solution of 6-
chloro-pyrimidin-4-ylamine (200mg, 1.55mmol) and
3-cyclopentyloxy-4-methoxybenzaldehyde (682mg,
3.1mmol) in 25 ml of DCE. 1ml of HOAc was added, and
the mixture was stirred overnight at 500C, followed by
addition of 25ml of DCE. The organic phase was washed
with water, and the product was purified with column
(silica gel,hexanerEtOAc 5:1) to give 64 mg of
(6-chloro-pyrimidin-4-yl)-(3-cyclopentyloxy-4-
methoxy-benzyl)-amine, yield 12%. An Emrys process
vial (2-5ml) for microwave was charged with
(6-chloro-pyrirnidin-
4-yl)-(3-cyclopentyloxy-4-methoxy-benzyl)-amine (64mg,
0.19mmol), 4-borono-L- 5. phenylalanine (40mg,
0.19mmol) and 2 ml of acetonitrile. Aqueous sodium
carbonate (2 ml, IM) was added to above solution
followed by 5 mol percent of dichlorobis-
(triphenylphosphine)-palladium( p) . The reaction
vessel was sealed and heated to 1500C for 5 minutes
with microwave. After cooling, the reaction mixture
was evaporated to dryness. The residue was dissolved
in 2.5 ml of methanol and purified with Prep-LC to
give 5.3 mg of 0 2-amino-3-
{4-[6-(3-cyclopentyloxy-4-methoxy-benzylamino)-pyrimid
in-4-yl]-phenyl}- propionic acid, yield 6%. 1H-NMR
(400 MHz, DMSOd 6) : d 1.46 (m, 2H), 1.62 (m, 4H),
3.01(m, 2H), 3.08(m, 2H), 3.65(s, 3H), 4.20(m, IH),
4.46(d, 2H), 4.68(m, IH), 6.82(t, 2H), 6.87(d, 2H),
7.40(d, 2H), 7.90(s, 2H), 8.25(s, 2H), 8.6(s, IH).
6.18. Synthesis of
(SV2-Aimno-3-(4-(6-(3-fcvcIopentvIoxy)-4- 5
methoxybenzylamino)pyrazin-2-yl)phenyl)propanoic aeid
Sodium triacetoxyl-borohydride (1315mg, 6.2mmol) was
added to a solution of 6- chloro-pyrazin-2-yl- amine
(400mg, 3.10mmol) and
3-cyclopentyloxy-4-methoxybenzaldehyde (81 8mg,
3.7mmol) in 50 ml of DCE, 1ml of HOAc was added and
the mixture 0 was stirred overnight at 500C, 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-methoxyben
zyl)- amine, yield 10%. An Emrys process vial (2~5ml)
for microwave was charged with (6-chloro-pyrazin-2- 5
yl)-(3-cyclopentyloxy-4-methoxy-benzyl)-amine (50mg,
0.15mmol), 4-borono-Lphenylalanine (31mg, 0.15mmol)
and 2 ml of acetonitrile. Aqueous sodium carbonate (2
ml, IM) was added to the solution followed by 5 mol
percent 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 dryness. The residue was
dissolved in 2.5 ml of methanol, and the product was
purified with Prep- LC to give 5.5 mg
of2-amino-3-{4-[6-(3-cyclopentyloxy-4-methoxy-benzylam
ino)-pyrazin-2-yl]-phenyl}- propionic acid, yield 6%.
1H-NMR (400 MHz DMSOd 6) : d 1.46 (m, 2H), 1.62 (m,
4H), 3.01(m, 2H), 3.08(m, 2H), 3.65(s, 3H), 4.0(m,
IH), 4.45(d, 2H), 4.65(m, IH), 6.90(s, 2H), 6.95(s,
IH), 7.32(d, 2H), 7.60(t, IH), 7.90(s, IH) 5 7.95(d,
2H), 8.25(s, IH). 6.19. Synthesis of
(SV2-Amino-3-(4-(S-f(4 t-methylbiDhenyl-2-
yI)methylamino)pyrazin-2-y0pheny0p ropano.c acid
Sodium tiracetoxyl borohydride (215mg, 1.02mmol) 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-brorno-pyrazin-2-yl)-(4'-methylbiphenyl-
2-ylmethyl)-arnine 5yield 55%. An Emrys process vial
(2-5ml) for microwave was charged with
(5-bromo-pyrazin-2-
yl)-(4'-methyl-biphenyl-2-ylmethyl)-amine (25mg,
0.071mmol), 4-borono-L-phenylalanine (22mg, O.llmmol)
and 1 ml of acetonitrile. Aqueous sodium carbonate ( 1
ml, IM) was added to the solution followed by 5 mol
percent dichlorobis(triphenylphosphine)-
palladium(II). The reaction vessel was sealed and
heated to 1500C for 5 mintues 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 19 mg of
2-amino-3-{4-[6-(3-cyclopentyloxy-4-methoxy-benzylamin
o)-pyrazin-2-yl]-phenyl}- propionic acid, yield 63%.
1H-NMR (400 MHz, CD3OD): d 2.22(s, 3H)5 3.09(m, IH),
3.25(m, IH), 4.18(t, IH), 4.40(s, 2H), 7.07(d, 2H),
7.14(m, 3H), 7.24(m, 4H), 7.36(m,lH), 7.72(d, 2H),
7.84(s, IH), 8.20(d, IH).6.20. Synthesis of
(2.SV2-Amino-3-(4-(6-f2.2,2-trifluoro-l-phenylethoxy)-
pyrimidin-4-yr)phenv )proranoic acid NaH (60%, 120mg,
3.0mmol) was added to a solution of 2,2,2-trifluoro-l-
rhenylethanol (350mg, 2.03mmol) in 5 ml of THF. The
mixture was stirred for 20 minutes at room
temperature. 4,6-Dichloro-pyrimidine (300mg, 2.03mmol)
was added and then the reaction mixture was heated at
700C 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-l-phenyl-ethoxy)-pyrirnidine, yield 95%. An
Emrys process vial (2-5ml) for microwave was charged
with 4-chloro-6-(2,2,2-
trifluoro-l-phenyl-ethoxy)-pyrimidine (30mg, O.l
lmmol), 4-borono-L-phenylalanine (32mg, O.ldmmol), 1ml
of acetonitrile and 0.6 ml of water. Aqueous sodium
carbonate (0.42 ml, IM) was added to above solution
followed by 10 mol percent of POPd2 (dihydrogen di-m-
chlorodichlorobis(di-tert-butylphosphinito-kP)
dipalladate. The reaction vessel was sealed and heated
to 1200C 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 4.8mg of
2-amino-3-{4-[6-(2,2,2-trifluoro-lphenyl-ethoxy)-
pyrimidin-4-yl]-phenyl>-propionic acid, yield 11%.
1H-NMR (400 MHz, CD3OD): d 3.20(m, IH), 3.40(m, IH)
4.25(t, IH), 6.82(dd, IH), 7.43(m, 5H), 7.57(s IH),
7.60(m, 2H),8.10(d, 2H),8.75(s, IH). 6.21. Synthesis
of (2SV2-Amino-3-(4-(6-fl-(3,4-difluorophenvn-2.2,2-
trifluoroethoxy)pyriinidin-4-vDph envDpropanoic
acidTetrabutylammonium fluoride (TBAF: 0.1 ml, IM) in
THF was added to a solution of
3,4-difluro-benzaldehyde (1.42g, lOmmol) and
(trifluroraethyl)trimethylsilane (1.7Og, 12mmol) in 10
ml THF at 00C. The mixture was warmed up to room
temperature and stirred for 4 hours. The reaction
mixture was treated with 12 ml of IM HCl and stirred
overnight. The product was extracted with
dicloromethane (3x20ml), the organic layer was
combined and passed through a pad of silica gel. The
organic solvent was evaporated to give 1.9g of 1-
(3,4-difluoro-phenyl)-2,2,2-trifluoro-ethanol, yield
90%. NaH (80mg, 60%, 3.0mmol) was added to a solution
of l-(3,4-Difluoro-phenyl)- 2,2,2-trifluoro-ethanol
(212mg, lmmol) in 5 ml of THF, the mixture was stirred
for 20 minutes at room temperature.
4,6-Dichloro-pyrimidine (149mg, lmmol) was added and
then the reaction mixture was heated at 700C for 1
hour. After cooling, THF was evaporated. 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-[l-(3,4-difluorophenyl)-
2,2,2-trifluoro-ethoxy]-pyrimidine, yield 70%. An
Emrys process vial (2-5ml) for microwave was charged
with 4-chloro-6-[l-(3,4-
difluoro-phenyl)-2,2,2-trifluoro-ethoxy]-pyrimidine
(33mg, 0.lmmol), 4-borono-Lphenylalanine (31mg,
0.15mmol), 1ml of acetonitrile and 0.7ml of water.
Aqueous sodium carbonate (0.3 ml, IM) was added to
above solution followed by 5 mol % of
dichlorobis(triphenylphosphine)-palladium( p). The
reaction vessel was sealed and heated to 1500C for 5
minutes by microwave. After cooling, the reaction
mixture was evaporated to dryness. 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]-py
ridin-4-yl} - phenyl)-propionic acid, yield 21%.
1H-NMR (400 MHz, CD3OD): d 3.1 l(m, IH), 3.27(m, IH),
4.19(dd, IH), 6.78(q, IH), 7.26(m, 2H), 7.35(d,
3H),7.49(m, 2H), 8.02(d, 2H),8.66(s, IH).6.22.
Synthesis of (SV2-Amino-3-(4-(5-(3-(cvclopentvIoxy)-4-
methoxvbenzvIaminol-Pvrazin- -vDphenvltDroDanoic acid
A mixture of 3-cyclopentyloxy-4-methoxy-benzaldehyde
(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 oraganic layer was dried
over MgSO4 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-benzyl)-amine. Yield: 61%. 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), Na COa
(31 mg, 0.288 mmol), acetonitrile (2 ml) and water (2
ml). Dichlorobis (triphenylphosphine)-palladium (5 mg,
0.007 mmol) was added. The vial was capped and stirred
at 1500C for 5 minutes under microwave radiation. The
reaction mixture was cooled, filtered through a
syringe filter and then separated by a reverse phase
preparative-HPLC using YMC-Pack ODS 100x30 mm ID
column (MeOH/H2O/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 compound as a trifluoro
salt (12 mg, 20 %). 1H NMR (CD3OD) d 8.41 (s, IH),
7.99 (s, IH), 7.83 (d, J 9.0 Hz, 2H), 7.37 (d, J 6.0
Hz, 2H), 6.90- 6.95 (m, 3H), 4.78 (m, IH), 4.50 (s,
2H), 4.22-4.26 (m, IH). 3.79 (s, 3H), 3.12-3.39 (m,
2H), 1.80-1.81 (m, 6H), 1.60 (m, 2H). M+l =463.6.23.
Synthesis of
(S)-2-Amino-3-(4-(5-((3-(cyclopentyloxyV4-methoxybenzv
IV (methvI)amino)pvrazin-2-vDphenvl)propanoic acid To
a solution of
(6-bromo-pyrazin-2-yl)-(3-cyclopentyloxy-4-methoxy-ben
zyl)-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 pH " 2. The mixture was
stirred for about 6 hours at room temperature. It was
then diluted with ethyl acetate, washed with water (3
X 5 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-benzyl)-methyl-amine (95 %
crude yield), which was used in the next step without
further purification. The
5-(bromo-pyrazin-2-yl)-(3-cyclopentyloxy-4-methoxy-ben
zyl)-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%. 1H NMR
(CD3OD) d 8.59 (s, IH), 8.12 (s, IH), 7.85 (d, 2H),
7.39 (d, 2H), 6.81-6.91 (m, 3H), 4.72 (m, IH), 4.30
(m, IH), 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+l =
477. 6.24. Synthesis of
fSV-2-Amino-3-(4-r5-((1.3-dimethyl-lH-pyrazol-4-
yl)methyIaiiiino)pyrazin-2-yl)ph envl)propanoic acidA
mixture of l,3-dimethyl-lH-pyrazole-4-carbaldehyde
(142 mg, 1.145 mmol), 2- amino-5-bromorytazine (200
mg, 1.149mmol), borane trimethylarnine complex (126
mg, 1.73mmol) and glacial acetic acid (137 mg, 2.29
mmol) in anhydrous methonol (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)-(l,3-dimethyl-lH-pyrazol-4-ylme
thyl)amine as crude product, which was used for next
step reaction without further purification. Crude
yield: 93%. The
(5-bromo-pyrazin-2-yl)-(l,3-dimethyl-lH-pyrazol-4-yhne
thyl)amine (40 mg, 0.142 mmol) was used in the Suzuki
coupling reaction described above to afford 19 mg of
of the title compound. Yield: 36.5%. 1HNMR (CD3OD) d
8.48 (s, IH), 8.05 (s, IH), 7.87 (d, 2H), 7.39 (d,
2H), 6.10 (s, IH), 4.81 (s, 2H), 4.30 (m, IH), 3.83
(s, 3H), 3.11-3.38 (m, 2H), 2.10 (s, 3H). M+l 367.
6.25. Synthesis of
(SV2-Amino-3-f4-f4-amino-6-f(S>l-fnaphthalen-2-
yl)ethylaminoVl,3-5-triaziii-2-yloxy^phenyl)propanoic
acid To a 250 ml flask, R-(+)-l-(2-naphthyl)ethylamine
(400 mg, 2.424 mmol), 2-amino- 4,6-dichloro triazine
(373mg, 2.181 mmol), anhydrous 1,4-dioxane (40 ml),
and N,Ndiisopropylethylamine ( 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-(l-naphthalen-2yl-ethyl)-[l,3,5]triazine-2,
2-diamine, which was used for the next step reaction
without further purification. A mixture of
6-chloro-N-(l-naphthalen-2yl-ethyl)-[l,3,5]triazine-2,
2-diamine (90 mg, 0.300 mmol),
2-tert-butoxycarbonylamino-3-(4-hydroxy-phenyl)-propio
nic acid tert-butyl ester (102 mg, 0.303 mmol) and
potassium carbonate (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
concentrated and then redissolved in a mixture of
methanol/water(90:10) and purified by a preparative-LC
using a Sunfire Cl 8 OBD 100x30mm ID column
(MeOH/H2O/TFA solvent system). The pure fractions were
combined and concentrated to give 50 mg of pure
product,
3-{4-[4-amino-6-(l-naphthalen-2-yl-ethylamino)-[l,3,5]
triazin-
2yloxy]-phenyl}2-ter*-butoxycarbonvlamino-propionic
acid tert-butyl ester, (28% yield). The above product
(50 mg, O.083mmol) was dissolved in trifluoro acetic
acid/dichloromethane (8ml/2ml) and stirred at room
temperature over night. The solvent was removed under
reduced pressure. The residue was then redissolved in
a mixture of methanol/water(90:10) and purified by a
preparative-LC using a Sunfire Cl 8 OBD 100x30mm ID
column (MeOH/H2O/TFA solvent system). The pure
fractions were combined and concentrated under reduced
pressure to afford about 4 ml, which was frozen and
lyophilized to give 4 mg of the title compound as a
TFA salt ( 11% yield). 1H NMR (CD3OD) d 7.37-7.81 (m,
8H), 7.19 (m, 2H), 6.98 (m, IH), 5.37 (m, IH) 4.19 (m,
IH), 3.17-3.38 (m, 2H), 1.56 (m, 3H). M+l 445. 6.26.
Synthesis of
fSV2-Amino-3-f4-(4-amino-6-((RVl-(biphenyl-2-vn-2.2.2-
trifluoroethoxy)-l,3,5-triazin-2-v phenvl)propanoic
acid A mixture of
l-biphenyl-2-yl-2,2,2-trifluoro-ethanone (300 mg, 1.2
mmol), borane tetrahydrofuran complexes (1.2 ml, IM in
THF, 1.2 mmol) and S-2-methyl-CBSoxazaborolidine (0.24
ml, IM in toluene, 0.24 mmol) in THF (8ml) was stirred
at room temperature over night. Several drops of
concentrated HCl were added and the mixture wasstirred
for 30 minutes. The product was purified by SiO
chromatography (hexane/ethyl acetate = 100/0 to 3/1)
to give 290 mg of
l-biphenyl-2-yl-2,2,2-trifluoro-ethanol (96% yield).
The above alcohol (290 mg, 1.151 mmol) was dissolved
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
THP (20 ml). The mixture was stirred at room
temperature overnight. 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-(l-biphenyl-
2-yl-2,2,2-trifluoro-ethoxy-6-chloro-triazine. The
2-amino-4-(l-biphenyl-2-yl-2,2,2-trifluoro-ethoxy-6-ch
loro-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%. 1H NMR
(CD3OD) d 8.18 (d, 2H), 7.86 (m, IH), 7.40-7.52 (m,
9H), 7.32 (m, IH), 7.07 (m, IH), 4.32 (m, IH),
3.22-3.41 (m, 2H). M+l = 510. 6.27. Synthesis of
(2S)-2-Amino-3-(4-(4-amino-6-(l-(6.8-difluoronaphthale
ri-2- vDethvIam.il oVl ,3,5-triazin-2-yr)ph
envDpropanoic acid 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 00C, methyl vinyl ketone
and chlorotrimethylsilane were added, and the mixture
was stirred until an orange color was observed (~20
min). After cooling to about -400C, a solution of
3,5-difluorophenylmagnesium bromide (27.65 ml,
13.8mmol) in THF (0.5M) was slowly added. The reaction
mixture was stirred at about -400C for 0.5 hours, then
the cold bath was removed and the temperature was
allowed to rise slowly to room temperature. 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 Na
SO . The solvent was evaporated at reduced pressure to
afford 3,5-difluorophenyl-ltrimethylsilyloxyalkene
(2.03g, 7.929 mmol, 57% crude yield), which was used
in the successive reaction without further
purification. Powered calcium carbonate (3.806g, 38.06
mmol) and ethyl vinyl ether (2.184g, 30.329 mmol) were
added to a solution of eerie ammonium nitrate
(10.43Og, 19.033 mmol) in methanol (40 ml) under
nitrogen atmosphere. To the resulting suspension was
added a solution of above made 3,5-difluorophenyl-l
-trimethylsilyloxyalkene (2.03g, 7.929 mmol) in ethyl
vinyl (6 ml, 4.5 18g, 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 l:lv/v diethyl ether-10% aqueous NaHCOa- The
precipitate was filtered off, the ethereal solution
was separated, and the solvent was evaporated at
reduced pressure to give clear liquid. The solution of
resulting liquid (a mixture of acyclic and cyclic
acetates) in methanol (4ml) was added dropwise to a
suspension of dichlorodicyanobenzoquinone (1.77g,
7.797mmol) in 80% aqueous sulfuric acid at 00C. After
the addition was complete, the ice bath was removed
and stirring was continued for 30 minutes. 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 = 100/0 to 3/1) to give 760 mg of 1-
(5,7-difluoro-naphthalen-2-yl)-ethanone (48% in
two-step yield) as a light yellow solid. The above
ketone (760mg, 3.689mmol) was dissolved in methanol
(40 ml). Then, ammonium acetate (2.841g, 36.896 mmol),
sodium cyanoborohydride (232 mg, 3.389mmol) and
molecular sieves (3A, 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 pH 10 with aqueous
sodium hydroxide (IM), and was extracted with
dichloromethane and the organic layers were combined,
dried over magnesium sulfate and concentrated to
afford 290 mg of l-(5,7-difluoro-naphthalen-2-yl)-
ethylamine (38% yield). The fresh made amine (290mg,
1.401mmol) was added directly to a suspension of 2-
amino-4,6-dichloro triazine (277mg, 1.678 rnmol) 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
thesolvent was removed under reduced pressure. To the
residue was added water and the mixture was sonicated
for 2-3 minutes. The resulting solid was filtered and
washed with water and dried to give 395 mg (60 % crude
yield) of 6-chloro-JV-[l-(6,8-difluoronaphthalen-
2-yl-ethyl]-[l,3,5]triazine-2,4-diamine, which was
used for the next step reaction directly without
further purification. 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%. 1H NMR (CD3OD) d
8.14-8.22 (m, 2H), 8.05 (m, IH) 3 7.92 (m, IH), 7.63
(m, IH), 7.32-7.51 (m, 3H), 7.11 (m, IH), 5.48 (m,
IH), 4.13 (m, IH), 3.13-3.41 (m, 2H), 1.66 (d, 3H).
M+l = 465. 6.28. Synthesis of
(2SV2-Ammo-3-(4-(4-amino-6-(2,2.2-triflttoro-l-f3
tmethvIbiphenyl^- vDethoxyVl^^-triazin-Z-v
phenvDpropanoic acid To a mixture of
3'-methyl-l-biphenyl-2-carbaldehyde (500mg,
2.551mrnol) and trifluoromethyl trimethylsilane
(435mg, 3.061mmol) in THF (3ml) was added tetrabutyl
ammonium fluoride (13mg, 0.05 mmol) at 00C. 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-l-(3'-
methyl-biphenyl-2-yl)-ethanol as crude product, which
was used for next step without further purification. 



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 6hours. 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-(
l-(3'-methylbi
rhenyl-2-yl-2,2,2-trifluoro-ethoxy-6-chloro-triazine
and about 43% byproduct (the bisubstituted product).
The crude product was used without further
purification. The
2-amino-4-(l-(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%. 1H NMR (CD3OD) d 8.09
(m, 2H), 7.85 (m, IH), 7.50 (m, 2H), 7.28-7.43 (m,
5H)5 7.17-7.26 (m, 2H), 7.18 (m, IH), 3.85 (m, IH),
3.08-3.44 (m, 2H), 2.33 (s, 3H). M+l 524. 6.29.
Synthesis of
(SV2-Amino-3-f4-(5-(3,4-dimethoxyphenyIcarbamoyl>-
Pyrazin-2-vDphenyl> propanoic acid To a mixture of
3,4-dimethoxy phenylamine (0.306 g, 2 mmol) and
triethylamine (0.557 ml, 4 mmol) in dichloromethane
(20 ml) was added 5-chloro-pyrazine-2-carbonyl
chloride (0.354 g, 2 mmol) at 0-50C. The mixture was
allowed to stir at room temperature for 3 hours. The
mixture was diluted with methylene chloride (20 ml),
washed with saturated NaHCO3 (20 ml), brine (20 ml),
dried (anhyd. Na2SO4) and concentrated to get 0.42 g
of crude 5-chloro-ryrazine-2 carboxylic acid
(3,4-dimethoxy-phenyl)-amide, which was directly used
in the next reaction. 5-Chloro-pyrazine-2 carboxylic
acid (3,4-dimethoxy-phenyl)-amide (0.18 g, 0.61 mmol),
L-p-borono phenylalanine (0.146 g, 0.70 mmol), CH3CN
(2.5 ml), H2O (2.5 ml), Na CO (0.129 g, 1.22 mmol)
were combined in a microwave vial. The mixture was
sealed and kept at 1500C 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/H2O/TFA as solvent system
to afford 2-amino-3-
{4-[5-(3,4-dimethoxyphenylcarbomyl)-
pyrazin-2yl]-phenyl} -propionic acid as a TFA salt
(HPLC: Method A,Retention time = 2.846 min, LCMS M+l
423). 1H NMR (400 MHz, DMSOd ) d 3.10-3.30 (m, 2H),
3.72 (d, 6H), 4.05 (m, IH), 7.42-7.62 (m, 4H), 8.22
(m, 3H), 9.30 (m, 2H) . 6.30. Synthesis of
(S)-2-Amino-3-f4-f2-amino-6-f4-(2-(trifluoromethvnDhen
yl)- pipericiin-l-vOpyrimidin-4-vOphenvDpropanoic acid
2-Amino 4,6-dichloro pyrimidine (0.164 g, 1 mmol),
4-(2- trifluoromethyl-phenyl)- piperidine
hydrochloride (0.266 g, 1 mmol), and cesium carbonate
(0.684 g, 2.1mmol) were dissolved in a mixture of
1,4-dioxane (5 ml) and H-O (5 ml) in a 20 ml microwave
vial. The mixture was stirred at 2 10C for 20 minutes
in a microwave reactor. Solvent was removed and the
residue was dissolved in 5 % methanol in CH2CI2 (20
ml), dried over Na SO and concentrated to get the
crude intermediate,
4-chloro-6-[4-(2-trifluoromethyl-phenyl)-
piperidin-l-yl]-pyrimidin-2-ylamine (0.42 g) which was
directly used in the following step. The crude
intermediate (0.42 g), L-p-borono-phenylalanine (0.209
g, 1 mmol), sodium carbonate (0.210 g, 2 mmol), and
dichlorobis (triphenylphosphine)-palladium(II) (35 mg,
0.05 mmol) were dissolved in a mixture of MeCN (2.5
ml) and H O (2.5 ml) in a 10 ml microwave vial. The
vial was sealed and stirred in a microwave reactor at
1500C 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 MeOHZH2OZTFA as the solvent system to afford
2-amino-3-(4-{4-(2-trifluoromethyl-phenyl)-piperidine-
l-yl]- pyrimidin-4yl}-phenyl)-propionic acid as a TFA
salt. HPLC: Method A, Retention time = 3.203 min. LCMS
M+l 486. 1H NMR (400 MHz, CD3OD) d 1.80-2.20 (m, 5H),
3.0-3.16 (m,2H), 3.22-3.42 (m, 2H), 4.22(t, IH),
4.42-4.54 (m, IH), 5.22-5.34 (m. IH), 6.80(s, IH),
7.40(t, IH), 7.50-7.60(m, 4H), 7.68(d, IH), 7.82(d,
2H).6.31. Synthesis of
fSV2-Amino-3-(4-(2-amino-6-ffR)-l-fnaDhthalen-2-
Li>ethvIamino)pyrimidin-4-vI)phenyl)propan oic acid
2-Amino 4,6-dichloro pyrimidine (0.164 g, 1 mmol),
(R)-(+)-l-(2-naphthyl)- ethylamine (0.171 g, 1mmol),
and cesium carbonate (0.358 g, 1.1 mmol) were
dissolved in a mixture of 1,4-dioxane (4 ml) and H O
(4 ml) in a 20 ml microwave vial. The vial was sealed
and stirred at 21O0C for 20 minutes in a microwave
reactor. Solvent was removed and the residue was
dissolved in CH2Cl2 (50 ml), washed with water (20
ml), brine (20 ml), dried (Na2SO ) and concentrated to
afford the crude intermediate,
6-chloro-N-4-(naphthalene-2ylethyl)-
pyrimidine-2,4-diamine (0.270 g) which was directly
used in the following step. The crude intermediate
(0.27 g), L-p-borono-phenylalanine (0.210 g, 1mmol),
sodium carbonate (0.210 g, 2 mmol), and
dichlorobis(trirhenylphosphine)-palladium(II) (25 rag,
0.036 mmol) were dissolved in a mixture of MeCN (2.5
ml) and H O (2.5 ml) in a microwave vial. The vial was
sealed and stirred in the microwave reactor at 1500C
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/H2O/TFA as the solvent system to afford 2
amino-3-{4-[2-amino-6-(l-naphthalen-2yl-ethylamino)-
ryrimidin-4-yl]-phenyl} -propionic acid as a TFA salt.
HPLC: Method A, Retention time = 3.276 min. LCMS M+l
428. 1H NMR (400 MHz, CD3OD) d 1.68 (d, 3H), 3.22-3.40
(m, 2H), 4.30(t, IH), 5.60 (q, IH), 6.42(s, IH),
7.42-7.54(m, 5H), 7.72(m, 2H), 7.82-7.84(m, 4H).6.32.
Synthesis of (SV2-Amino-3-(4-(2-am
no-6-fmethyl(rRVl-fnaphthalen-2-
yl)ethyl)amino)pyrimidin-4-vDphenvDpropan oic acid
2-Amino 4,6-dichloro pyrimidine (0.327 g, 2 mmol),
methyl-(l-naphthalen-2ylethyl)- amine (0.360 g, 2
mmol), and cesium carbonate (0.717 g, 2.2 mmol) were
dissolved 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 2100C for 20 minutes in a
microwave reactor. Solvent was removed and the residue
was dissolved in CH Cl (50 ml), washed with water (20
ml), brine (20 ml) dried (Na2SO ) and concentrated to
get the crude intermediate,
6-chloro-N-4-methyl-N-4-(lnapthalen-
2-yl-ethyl)-pyrimidine-2,4-diamine (0.600 g), which
was directly used in the following step. The crude
intermediate (0.30 g), L-p-borono-phenylalanine (0.210
g, 1 mmol), sodium carbonate (0.210 g, 2 mmol), and
dichlorobis(triphenylphosphine)-palladium(II) (25 mg,
0.036 mmol) were dissolved in a mixture of MeCN (2.5
ml) and H O (2.5 ml) in a microwave vial. The vial was
sealed and stirred in the microwave reactor at 1500C
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/H2O/TFA as the solvent system to afford
2-amino-3-(4-{2-amino-6-[methyl-(l-naphthalen-2ylethyl
) amino]-pyrimidin-4yl}-phenyl)-propionic acid as a
TFA salt (HPLC: Method C, Retention time = 2.945 min,
LCMS M+l 442) 1H NMR (400 MHz, CD3OD) d 1.70 (m, 3H),
2.92(s, 3H), 3.22-3.42(m, 2H), 4.28(m, IH), 6.60(s,
IH), 6.72(m, IH), 7.40-7.92 (m, HH).6.33. Synthesis of
(S)-2-Amino-3-(4-(2-amino-6-((SV2.2.2-tri puoro-l-( 6-
methoxynaphthaIen-2-y0ethoxy)pyrimidin-4-yl)phenyr)pro
pan oic acid 2-Amino 4,6-dichloro pyrimidine (0.096 g,
0.6 mmol), 2,2,2-trifluoro-l-(6-methoxynaphthalen-
2-yl)-ethanol (0.140 g, 0.55 mmol), and NaH (96 mg,
0.60 mmol) were added to anhydrous dioxane (20 ml)
under a nitrogen atmosphere. The reaction was stirred
at 800C for 12 hours, cooled to room temperature, and
quenched with water (0.2 ml). The reaction mixture was
concentrated, and the residue dissolved in CH Cl (50
ml), washed with water (20 ml), brine (20 ml) dried
(Na SO- and concentrated to afford the crude
intermediate, 4-
chloro-6-[2,2,2-trifluoro-l-(6-methoxy-naphthalene-2-y
l)-ethoxy]-pyrimidin-2-ylamine (0.22g) which was
directly used in the following step. The crude
intermediate (0.22 g), L-p-borono-phenylalanine (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 1500C 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/H2O/TFA as the solvent
system to afford
2-amino-3-(4-{2-amino-6-[2,2,2-trifluoro-l-(6-methoxyn
aphthalen-
2-yl)-ethoxy]-pyrimidin-4-yl]-phenyl)-propionic acid
as a TFA salt (HPLC: Method C, Retention time = 3.190
min. LCMS M+l 513. 1H NMR (400 MHz5CD3OD) d
3.22-3.42(m, 2H), 3.86(s, 3H), 4.32(1H), 6.88 (m, IH),
6.92(1H), 7.20(dd, IH), 7.26(s, IH), 7.50(d, 2H),
7.63(d, IH), 7.80-7.90(m, 4H), 8.05(s, IH).6.34.
Synthesis of
(S>2-Amino-3-(4-(5-(biphenvI-4-ylmethylamino)pyrazin-2
- vDphenvQpropan oie acid 4-Phenylbenzaldehyde (0.3 g,
1.65 mmol) and 2-amino-5-bromopyrazine (0.24 g, 1.37
mmol) were treated with Na(OAc)3BH (0.44 g, 2.06 mmol)
in dichloroethane (7.0 mis) and acetic acid (0.25 mis)
for 18 hours at room temperature. The mixture was
diluted with dichloromethane, washed with 1.0 N 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.
N-(biphenyl-4-ylmethyl)-5-bromopyrazm-2-amine (60 mg,
0.176 mmol), L-pboronophenylalanine (37 mg, 0.176
mmol), palladiumtriphenylphosphine dichloride (3.6 mg,
0.0052 mmol), Na2CO3 (37 mg, 0.353 mmol), acetonitrile
(1.25 mis) and water (1.25 mis) were heated in a
microwave reactor at 1500C 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 4 1 mgs of the title compound. M+l = 425;
1H NMR (CD3OD) d 8.42 (s, IH), 8.05 (s, IH), 7.92 (d,
2H), 7.58 (d, 4H), 7.40 (m, 7H), 4.60 (s, 2H) 4.25 (m,
IH), 3.40 (m, IH), 3.20 (m ,1H). 6.35. Synthesis of
fS)-2-Amino-3-(4-(5-(naphthalen-2-ylmethyIamino)pyrazi
n-2- vDphenvDpropanoic acid 2-Napthaldehyde (0.6 g,
3.84 mmol) and 2-amino-5-bromopyrazine (0.56 g, 3.201
mmol) were treated with Na(OAc)3BH ( 1.02 g, 4.802
mmol) in dichloroethane (15.0 mis) and acetic acid
(0.5 mis) for 18 hours at room temperature. The
mixture was diluted with dichloromethane, washed with
1.0 N NaOH, washed with brine, dried over MgSq 4,
andconcentrated. Chromatography (SiO2, EtOAc : Hex,
1:1) gave 0.49 g 5-bromo-N-
(naphthalen-2-ylmethyl)pyrazi p-2-amine.
5-Bromo-N-(naphthalen-2-ylmethyl) ryrazin-2-amine (0.2
g, 0.637 mmol), L-pboronophenylalanine (0.13 g, 0.637
mmol), palladiumtriphenylphosphine dichloride (13 mg,
0.019 mmol), Na2CO (0.13 g, 1.27 mmol), acetonitrile
(5 mis) and water (5 mis) were heated in a microwave
reactor at 1500C for 5 minutes. The mixture was
concentrated, dissolved in 1.0 N HCl, washed twice
with ether, concentrated, dissolved in methanol,
filtered and concentrated to yield 0.12 g of the
captioned compound. M+l = 399; 1H NMR (CD3OD) d 8.51
(s, IH), 8.37 (s, IH), 7.90 (m, 6H), 7.50 (m, 5H),
4.85 (s, 2H), 4.30 (t, IH), 3.38 (m, IH), 3.22 (m IH).
6.36. Synthesis of fS)-2-(Tert-buto g
vcarbonylaminoV3-f4-(5-fnaphthalen-2-
ylmethylamino^pyrazin-2-vHphenyr) propanoic acid 



(S)-2-Amino-3-(4-(5-(naphthalen-2-ylmethylamino)pyrazi
n-2-yl)phenyl)propanoic acid (0.15 g, 0.345 mmol) was
treated with triethylamine (87 mg, 0.S62 mmol), and
bocanhydride (84 mg, 0.379) in dioxane (3 ml) and H2O
(3 ml) at 0C. 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 N
HCl and extracted with EtOAc. The organics were
combined, washed with brine, dried over MgSO , and
concentrated to yield 48mg of the captioned compound.
6.37. Synthesis of (S)-2-Morpholinoethyl
2-amino-3-(4-(S-(naphthaIen-2-
vImethvIamino>pyrazin-2-yl)phen
yr)propanoate(S)-2-(Tert-butoxycarbonylamino)-3-(4-(5-
(naphthalen-2-ylmethylamino)pyrazin-2-
yl)phenyl)rropanoic acid (48 mg, 0.090 mmol),
4-(2-hydroxyethyl)mo f holine (12 mg, 0.090 mmol),
triethylamine (18 mg, 0.180 ramol),
andbenzotriazole-l-yloxytris(dimethylamino)-
phosphonium hexaflurophosphate (BOP, 18 mg, 0.090
pimol), 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 compound. 6-38. Synthesis
of (2SV2-Amino-3-(4-(2-amino-6-f2,2.2-trifhioro-l-(3'-
fluorobiphenvI-4-vilethoxy)pyrimidin-4-yl)phenvDpropan
oic acid To 4'-bromo-2,2,2-trifluoroacetophenone (5.0
g, 19.76 mmol) in THF (50 mis) at 00C was added NaBH4
(1.5 g, 39.52 mmol). The mixture was warmed to room
temperature and stirred for 1 hour. The reaction was
complete by TLC (CH2CI2). The mixture was quenched
with H2O, rotary evaporated to remove most of the THF,
and extracted 2 times with CH2CI2. 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 CH2Cl to elute the product, and
the resulting solution was concentrated to give 4.65 g
of l-(4-bromophenyl)-2,2,2- trifluoroethanol. Yield 92
%. To Pd(PPh )4 (2.1 g, 1.823 mmol) was added
3-fluorophenylmagnesium bromide (55 mis, 1.0 M in THF,
55 mmol) at 00C over 15 minutes. The ice bath was
removed and the mixture was stirred for 30 minutes.
l-(4-Bromophenyl)-2,2,2-trifluoroethanol (4.65 g,
18.23 mmol) in THF (50 mis) was added over 10 minutes.
The mixture was heated to reflux for 3 hours and was
shown complete by LC (Sunure column, TFA). The mixture
was cooled, quenched with H O rotary evaporated to
remove most of the THF, and extracted 3 times with CH
Cl2. The organics were combined washed with brine,
dried over MgSO , andconcentrated. Chromatography
(SiO2, CH2Cl2) gave 4.64 g of 2,2,2-trifluoro-l-(3'-
fluorobiphenyl-4-yl)ethanol. Yield 94 %. To
2,2,2-trifluoro-l-(3'-fluorobiphenyl-4-yl)ethanol (1.4
g, 5.18 mmol) in THF (50 mis) at 00C 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 mis) was added at once. The mixture was heated
to 500C for 5 hours. The reaction was complete by LCMS
(Sunfire, TFA). The mixture was cooled, quenched with
brine, and extracted 3 times with CH2Cl . The organics
were combined, washed with brine, dried over MgSO4,
and concentrated. Chromatography (SiO2, CH2CI2)
afforded 1.48 g
of4-chloro-6-(2,2,2-trifluoro-l-(3'-fluorobiphenyl-4-y
l)ethoxy)pyrimidin-2-amine. Yield 73%.
4-Chloro-6-(2,2,2-trifluoro- 1-(3
l-fluorobiphenyl-4-yl)ethoxy)pyrimidin-2-amine (0.75
g, 1.89 mmol), L-p-boronophenylalanine (0.47 g, 2.26
mmol), Pd(PPh 3)2Cl2 (79 mgs, 0.113 mmol), Na2Cq
3(0.44 g, 4.15 mmol), acetonitrile (10 mis), and H2O
(10 mis) were combined in a 20 ml microwave reactor
and heated in the microwave at 1500C for 7 minutes.
The reaction was complete by LCMS (Sunfire, neutral).
The mixture was concentrated, dissolved in NaOH (20
mis 0.5 N), filtered, extracted with ether three
times, and cooled to 00C. At 0 0C, 1.0 N HCl was added
slowly until a pH of 6.5 was attained. The mixture was
stirred at 00C for 30 minutes and the product was
filtered, dried in air, treated with excess 2.0 N HCl
in ether, concentrated, then triturated with CH2Cl2 to
give 1.12 g, 99% (95.5 % purity). 385 mgs were
purified via prep HPLC (Sunfire, TFA), concentrated,
treated with excess 1.0 N HCl (aq.), concentrated to a
small volume and lyophilized to afford 240 mgs of the
captioned compound. M+l 527; 1 NMR d (CD3OD) 7.86 (d,
2H), 7.64 (s, 4H), 7.49 (d, 2H)57.36 (m, 2H), 7.28 (m
,1H), 7.02 (m, IH), 6.95 (s, IH), 6.75 (q, IH), 4.26
(t, IH), 3.32 (m, IH), 3.21 (m, IH). 6.39. Synthesis
of (SV2-Am
-no-3-(4-(2-amino-6-(benzylth.o)pyrimidin-4-
vDphenvDpropanoic acidBenzylmercaptan (0.14g, 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 (0.2 g, 1.22 mmol) was
added and the mixture was stiired overnight. The
mixture was diluted with methylenechloride, washed
with water, then brine, dried over MgSO4, and
concentrated to give 0.11 g of
4-(benzylthio)-6-chloropyrimidin-2 -amine.
4-(Benzylthio)-6-chloropyrimidin-2-amine (0.1 g, 0.397
mmol), L-pboronophenylalanine (0.1 g, 0.477 mmol),
Pd(PPh3)2Cl2 (17 mg, 0.024 mmol), Na2CO3 (93 mg, 0.874
mmol), MeCN (2.5 ml) and water (2.5 ml) were heated at
1500C 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+l = 381; 1H NMR (CD3OD) d 7.8
(d, 2H), 7.37 (t, 4H), 7.23 (m, 2H), 7.16 (m, IH),
6.98 (s, IH), 4.43 (s, 2H), 4.20 (t, IH), 3.29 (m,
IH), 3.13 (M, IH). 6.40. Synthesis of
(S)-2-Amino-3-(4-(2-amino~6-(naphthalen-2-
ylmethylthio^pyrimidin-4-yr)ph envT)propaiioie acid
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 concentratred to give 0.18 g
4-chloro-6-(naphthalen-2-ylmethylthio)pyrimidin-2-amin
e.
4-Chloro-6-(naphthalen-2-yhnethylthio)pyrimidin-2-amin
e (0.1 g, 0.331 mmol), L-pboronophenylalanine (83 mg,
0.397 mmol), Pd(PPh3)2Cl2 (14 mg, 0.020 mmol), Na2CO3
(77 mg, 0.729 mmol), MeCN (2.5 ml) and water (2.5 ml)
were heated at 1500C for 5 minutes in a microwave. The
mixture was concentrated and purified via prep HPLC to
give 57 mg of the title compound. M+l 431; 1H NMR
(CD3OD) d 7.85 (s, IH), 7.79 (d, 2H), 7.72 (d, 3H),
7.46 (dd, IH), 7.35 (m, 4H), 6.95 (s, IH), 4.58 (s,
2H), 4.17 (m, IH), 3.26 (m, IH), 3.1 1 (m, IH).6.41.
Synthesis of
(2SV2-Amino-3-(4-(2-ammo-6-fl-(3,4-difluorophenyl)-2,2
.2- trifluoroethoxv^pvriinidiii-4-vr)pb.envr)propanoic
acid 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, filtered through silica gel and
concentrated to give 0.46g of
l-(3,4-difluorophenyl)-2,2,2-trifluoroethanol.
l-(3,4-Difluoro rhenyl)-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 500C 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-(l-(3,4-difluorophenyl)-2,2,2-trifluoroetho
xy)- pyrimidin-2-amine.
4-Chloro-6-(l-(3,4-difluorophenyl)-2,2,2-trifluoroetho
xy)pyrimidin-2-amine (0.14 g, 0.421 mmol),
L-p-boronophenylalanine (110 mg, 0.505 mmol),
Pd(PPh3)2Cl2 (18 mg, 0.025 mmol), Na2CO3 (98 mg, 0.926
mmol), MeCN (2.5 ml) and water (2.5 ml) were heated at
1500C for 5 minutes in a microwave. The mixture was
concentrated and purified via prep HPLC to give 74 mg
of the title compound. M+l = 469; 1H NMR (CD3OD) d
7.83 (d, 2H), 7.47 (m, IH), 7.38 (m, 4H), 7.28 (m,
IH), 4.21 (t, IH), 3.29 (m, IH), 3.15 (m, IH). 6.42.
Synthesis of
(2SV2-Amino-3-f4-(2-amino-6-f2.2.2-trifluoro-l-(3 <-
methvIbiphenvI-2-vDethoxy)Dyrimidin-4-yr)phenvI)propan
oic acidTo 4'-bromo-2,2,2-txifluoroacetophenone (5.0
g, 19.76 mmol) in THF (50 mis) at 00C was added NaBH (
1.5 g, 39.52 mmol). The mixture was warmed to room
temperature and stirred for 1 hour. The reaction was
complete by TLC (CH Cl ). The mixture was quenched
with H O rotary evaporated to remove most of the THF,
and extracted 2 times with CHaCl2. 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 CH2CI2 to elute the product,
and the resulting solution was concentrated to give
4.65 g of l-(4-bromophenyl)-2,2,2- trifluoroethanoL
Yield: 92 %. l-(4-Bromophenyl)-2,2,2-trifluoroethanol
(0.13 g, 0.525 mmol), r-tolylboronic acid (0.1 g,
0.736 mmol), Fibercat (4.28 % Pd, 47 mgs, 0.0157 mmol
Pd), K2CO3 (0.22 g, 1.576 mmol), EtOH (3 mis), and H2O
(0.5 mis) were combined and heated at 8O0C for 4
hours. The reaction was shown complete by TLC (CH
Cl2). The mixture was cooled, filtered, concentrated,
slurried in CHaCl2,and chromatographed over silica gel
(CH2Cl ) to give 0.1 g
of2,2,2-trifluoro-l-(3'-methylbiphenyl-2-yl)ethanol.
Yield: 72 %. Alternatively,
l-(4-bromophenyl)-2,2,2-trifluoroethanol (0.98 g, 3.86
mmol), mtolylboronic acid (0.63 g, 4.63 mmol), Pd(PPh
3)2Cl2 (0.16 g, 0.232 mmol Pd), Na2CO3 (0.90 g, 8.49
mmol), AcCN (10 mis), and H O (10 mis) were combined
and heated in the microwave at 1500C for 10 minutes.
The reaction was shown complete by TLC (CH2CI2). The
mixture was cooled, concentrated, slurried in CH2CI2,
filtered, and chromatographed over silica gel (CH2Cl2)
to give 0.80 g of
2,2,2-trifluoro-l-(3'-methylbiphenyl-2-yl)ethanol.
Yield: 79 %. 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 (0.25g, 1.27 mmol)
and trifluoromethytrimethyl silane (0.25 g, 1.53
mmol), in THF (1.5 ml) at 00C. The reaction was warmed
to room temperature and stirred for 4 hours. HCl (3.0
N, 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 0.15 g of 2,2,2-
trifluoro-l-(3'-methylbiphenyl-2-yl)ethanol.
2,2,2-Trifluoro-l-(3'-methylbiphenyl-2-yl)ethanol
(0.15 g, 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
500C for 6 hours. The mixture was quenched with water
and extracted wth methylenechloride (2x). The organics
were combined, washed with water, then brine,
driedover MgSO4, and concentrated to give 0.16 g of
4-chloro-6-(2,2,2-txifluoro-l-(3'-
methylbiphenyl-2-yl)ethoxy)pyrimidin-2-amine.
4-Chloro-6-(2,2,2-trifluoro-l-(3
1-methylbiphenyl-2-yl)ethoxy) ryrimidin-2-amine (0.16
g, 0.406 p amol), L-p-boronophenylalanine (10 mg,
0.487 mmol), Pd(PPh 3)2Cl2 (17 mg, 0.024 mmol), Na2CO3
(95 mg, 0.894 mmol), MeCN (2.5 ml) and water (2.5 ml)
were heated at 1500C for 5 minutes in a microwave. The
mixture was concentrated and purified via prep 



HPLC to give 105 mg of the title compound. M+l = 523;
1H NMR (CD3OD) d 7.85 (d, 2H) 7.70 (d, IH), 7.44 (m,
4H), 7.31 (t, IH), 7.21 (m, 2H), 7.10 (m, 2H), 6.87
(q, IH), 6.84 (s, IH), 4.25 (t, IH), 3.30 (m, IH),
3.18 (m, IH). 6.43. Synthesis of
fSV2-Amino-3-(4-(5-(3-(cvc.opentyloxyV4-
methoxybenzyIamino)pyridin-3-v0ph envI)propanoic acid
Sodium triacetoxyl-borohydride (245mg, l.l dmmol) was
added to the solution of 5-
bromo-pyridine-3-amme(100mg, 0.57mmol) and
3-cyclopentyloxy-4-methoxy-benzaldehyde ( 127mg,
0.57mmol) in 10ml of 1,2-dicloroethtane (DCE), of HOAc
(66mL, 2eq. 1.16mmol) 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 under reduced pressure to give 200 mg
of crude 5-bromo-N-(3-
(cyclopentyloxy)-4-methoxybenzyl) pyridin-3-amine,
which was used for the next step without further
purification. An Emrys process vial (2-5ml) for
microwave was charged with 5-bromo-N-(3-
(cyclopentyloxy)-4-methoxybenzyl)pyridin-3 -amine
(40mg, 0.106mmol), 4-borono-Lphenylalanine (22mg, O.lO
mmol) and 2 ml of acetonitrile. Aqueous sodium
carbonate (2 ml, IM) was added to above solution
followed by 10 mol percent of dichlorobis
(triphenylphosphine)-palladium QI). The reaction
vessel was sealed and heated to 1800C for 10 minutes
with a microwave. After cooling, the reaction mixture
was evaporated to dryness. 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-benzy
lamino)pyridine-3-yl) rhenyl)-propanoic acid. NMR:
1H-NMR (400 MHz, CD3OD): d 1.59(m, 2H), 1.7 (m, 6H),
3.17(m, IH), 3.3 (m, IH), 3.75 (s, 3H), 4.2 (dd, IH)
4.39 (s, 2H), 4.7 (m, IH), 6.9(m, 3H)5 7.4(d, 2H),
7.6(d, 2H), 7.7(s, IH), 7.9 (s, IH), 8.15(s, IH);
Analytical HPLC: RT 2.69; M+l: 462(RT: 1.285). 6.44.
Synthesis of
2-Amino-3-(3-(4-amino-6-((RM-(naphthaIen-2-
vI)ethylaminoVl.,3..5-triazin-2-yl ')phenyr)p ropanoic
acid To a solution of tert-butyl
2-(diphenylmethylene-amino) acetate (400 mg, 1.35mmol)
in THF (25ml) was added a solution of LDA (1.8M in
THF, 2eq, 2.7mmol, fresh bottle from Aldrich) over 5
minutes at -78C, and the resulting mixture was stirred
for 20 minutes. A solution of 2-(3-(bromomethyl)
phenyl)-5,5-dimethyl-l, 3, 2-dioxaborinane (460mg,
1.2eq. 1.62mmol) in THF (10ml) was added drop-wise to
the reaction mixture over 5 minutes. The reaction was
continued at same (-780C) temperature for 30 minutes,
and left for 3 hours at room temperature. The reaction
was quenched with saturated NH Cl, followed by the
addition of water (30ml), and was extracted with EtOAc
(2x40ml). The organic fractions were combined and
dried over Na SO4. The solvent was then concentrated
at reduced pressure and crude r -Butyl-3-(3-(5,
5-dimethyl-l, 3, 2-dioxaborinan-2-yl)phenyl)
2(diphenylmethylene amino) propionate was purified by
column chromatography to provide the product as a
semi-solid. An Emrys process vial (20ml) for microwave
was charged with (R)-6-chloro-N 2-(l -
(naphthalene-2-yl)ethyl)-l,3,5-triazine-2,4-diamine
(lOOmg, 0.33mmol), tert-butyl-3-(3-(5,5~ dimethyl-
1,3,2-dioxaborinan-2-yl)phenyl)-2-(diphenyl
methyleneamino) propanoate (248mg, 0.5mmol, 1.5eq.)
and 6ml of acetonitrile plus 6ml of aqueous sodium
carbonate (IM) was added to above solution followed by
10 mol percent of dichlorobis(triphenylphosphine)-
palladium( ). The reaction vessel was sealed and
heated to 1900C for 10 minutes with microwave. After
cooling, the reaction mixture was evaporated to
dryness. The residue was dissolved in 10 ml of THF, to
which was added 5N.HC1 (5ml). 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 (8ml) and
purified with Prep-LC toafford 15mg
of2-amino-3-(4(4-amino-6-((R)-l-(naphthalene-2-yl)ethy
lamino)-l,3,5-trizin-2- yl)phenyl)proranoic acid. NMR:
1H-NMR (400 MHz, CD3OD): d 1.85(d, 3H), 3.2-3.45 (m,
2H), 4.37(m, IH), 5.5 (in, IH), 7.4(m, IH), 7.6(m 4H),
7.9(m, 4H), 8.18(m, 2H), Analytical HPLC: RT 2.79 M+l:
429 (RT: 1.35). 6.45. Synthesis of
2-Amino-3-(4-(4-amino-6-((R)-l-(naphthaIen-2-
yl)ethylamino)-l,3,5-triazin-2-yl)-2-fluorophenv
ppropanoic acid To a solution of tert-butyl
2-(diphenylmethylene-amino) acetate (l.lg, 3.73mmol)
in THF (30ml) was added a solution of LDA (1.8M in
THF, leq, 3.73mmol, fresh bottle from Aldrich) over 5
minutes at -78C, and the resulting mixture was stirred
for 20 minutes. A solution of
4-bromo-l-(bromomethyl)-2-fluorobenezene (Ig,
3.74mmol) in THF (10ml) was added drop-wise to the
reaction mixture over 5 minutes. The reaction was
continued at -78C for 30 minutes, after which it was
left at room temperature for 3 hours. The reaction was
quenched with saturated NH4Cl, after which water
(30ml) was added. Product was extracted with EtOAc
(2x40ml), and the organic fractions were combined and
dried over Na2SO4. The solvent was concentrated at
reduced pressure and crude tert-Butyl 3-(4-bromo-2-
fluorophenyl)-2-(diphenylmethyleneamino)-propanoate
was purified by column chromatography. The product was
obtained as a solid. An Emrys process vial (20ml) for
microwave was charged with tert-buty\ 3-(4-
bromo-2-fiuorophenyl)-2-(diphenyhnethyiene-amino)propa
noate (600mg, 1.24mmol), Pd(dba)2 (71mg, 0.124mmol),
PCy3 (35mg, 0.124mmol),
4,4,4l,4l,5,5,5l,5'-octamethyl-2,21-
bi(l,3,2-dioxaborolane (346mg, l.leq. 1.36mmol) and
KOAc (182mg, 1.5eq., 1.86mmol) 20ml of DMF. The
reaction vessel was sealed and heated to 1600C for 20
minutes by microwave. After cooling, the reaction
mixture was evaporated to dryness under reduced
pressure. The residue was dissolved in H2O (30ml),
extracted with EtOAc (2x40ml), and purified with
Prep-LC to give 220mg of tert-butyl
2-(diphenylmethyleneamino)-3-(2-fluoro-
4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)phenyl)
propanoate.An Emrys process vial (5ml) for microwave
was charged with (R)-6-chloro-N2-(l-
(naphthalene-2-yl)ethyl)-l,3,5-triazine-2,4-diamine
(67mg, 0.22mmol), ter^-butyl-2-
(diphenylmethyleneamino)-3-(2-fluoro-4-(4,4,5,5-tetram
ethyl-l,3,2-dioxaborolan-2- yl)phenyl)rropanoate
(120mg, 0.22mmol) and 2ml of acetonitrile. Aqueous
sodium carbonate (2 ml, IM) was added to above
solution followed by 10 mol percent
dichlorobis(triphenylphosphine)-palladium(II). The
reaction vessel was sealed and heated to 1900C 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 5N.HC1 (2ml) 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 (5ml), and
purified with Prep-LC to afford lOmg of
2-amino-3-(4-(4-amino-6-((R)-
1-(narhthalene-2-yl)ethylamino)-
1,3,5-trizin-2-yl)-2-fluorophenyl)propanoic acid. NMR:
1H-NMR (400 MHz, CD3OD): d 1.6 (d, 3H), 3.07 (m, IH),
3.45(m, IH), 3.8 (m, IH), 5.45 (m, IH), 7.4(m, 4H),
7.6(m IH), 7.8(m, 4H), 8.08(m, IH), Analytical HPLC:
RT 2.88, M+l: 447 (RT: 1.44). 6.46. Synthesis of
(2SV2-Amino-3-(4-(4-amino-6-(l-fadamantvIl)ethylamino)
- 1.3,5-triazin-2-vI)phenyl)propanoic acid A solution
of adamantine amine (1 equivalent),
2-amino-4,6-dichloro-[ 1,3,5] triazine ( 1 equivalent)
and diisopropyl ethyl amine (5 equivalents, Aldrich)
in anhydrous 1,4-dioxane was refluxed at 130C for 3
hours. After completion of the reaction, the dioxane
was removed under reduced pressure. The reaction was
then cooled to room temperature, water was added, and
product was extracted with dichloromethane (2x40ml).
The combined organic solution was dried over Na SO and
concentrated to afford product, which was used in the
next step without purification. An Emrys process vial
(20ml) for microwave was charged with adamantine
trizine chloride (200mg, 0.65mmol),
4-borono-L-phenylalanine(135mg, 0.65mmol) and 5ml
ofacetonitrile. Aqueous sodium carbonate (5 ml, IM)
was added to above solution followed by 5 mol percent
dichlorobis(triphenylphosphine)-palladiurn(II). The
reaction vessel was sealed and heated to 1900C for 20
minutes by microwave. After cooling, the reaction
mixture was evaporated to dryness. The residue was
dissolved in 4 ml of methanol and purified with
Prep-LC to give 60 mg (yield 21%) of coupled product.
NMR: 1H-NMR (400 MHz, CD3OD): d 1.22 (m, 3H), 1.6-1-8
(m, 12H), 2.01(d, 3H), 3.25-3.42 (m, 2H), 4.0 (m, IH),
4.40(m, IH), 7.6(d, 2H), 8.2(d, 2H), Analytical HPLC:
RT 3.11, M+l: 437 (RT: 1.76). 6.47. Alternative
Synthesis of (2SV2-Amino-3-(4-(4-amino-6-(l-
(adamantyl0ethylamino)-l,3,5-triazin-2-yl)phenyl)propa
noic acid Adamantane (2-yl) ethyl cyanoguanidine was
prepared 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 1600C 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 IN NaOH. Then, impurities were
removed while extracting with Ethe EtOAc (9:1, 2x100
ml). The aqueous solution was cooled to 00C, IN HCl
was then added to adjust pH to 7. The pale yellow
product was slowly crashed out in H2O, 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). 1H-NMR (400 MHz, CD3OD): d
1.0(d, 3H), 1.45-L6(m, 6H), 4.62-4.8(m, 4H) 2.0 (m,
2H), 3.3(m, IH), 3.5 (m, IH); Analytical HPLC: RT
2.69; M+l : 462(RT: 1.285). 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)-l-(naphthalen-2-
yr)ethylamino)pyrimidin-2-vQphenyl)propanoic acid A
mixture of (R)-(+)-l-(2-napthyl)ethylamine (102.6mg,
0.599mmol), 2,4-dichloro-5- fluroro pyrimidine (lOOmg,
0.599mmol) and cesium carbonate (390mg, 1.2mmol) was
dissolved in 1,4-dioxane (3ml) and H O (3ml) in a 10
ml microwave vial. The mixture was stirred in the
microwave reactor at 8O0C for 10 minutes. The residue
was dissolved in CH Cl2 (50 ml), washed with water (20
ml), brine (20 ml) dried (Na SO ) and concentrated to
get the crude intermediate
2-chloro-5-fluoro-pyrimidin-4-yl)-(l-naphthalen-2-yl-e
thyl)- amine. The crude intermediate (250mg, 0.83mmol)
was then dissolved in 6.0ml of MeCN and 6ml OfH2O in a
20ml microwave vial. To this solution were added
L-p-boronophenylalanine (173.6mg, 0.83mmol), sodium
carbonate (173.6mg, 1.66mmol) and catalytic amount of
dichlorobis(triphenylphosphine)-palladium(II) (11.6mg,
0.0166mmol). The reaction vial was then sealed and
stirred in the microwave reactor at 1500C for 7
minutes. The contents were then filtered, and the
filtrate was concentrated and dissolved in MeOH and
H2O (1:1) and purified by preparative HPLC using
MeOH/H2O/TFA as the solvent system. The combined pure
fraction were evaporated in vacuo and further dried on
a lyophilizer to give 154mg of 2-amino-3-
{4-[5-fluoro-4-(l
-naphthalen-2-yl-ethylamino)-pryrimidin-2-yl]-
phenyl}-propionic acid. NMR: 1H-NMR (400 MHz, CD3OD) d
1.8(d, 3H) 3.2-3.4(m, 2H), 



4.35(m, IH), 5.7(q, IH), 7.5(m, 4H), 7.6(d, IH),
7.8-7.9(m, 4H), 8.1(d, 2H), 8.3(d, IH). LCMS: M+l=
431.6.49. Synthesis of
(St-2-Ammo-3-(4-(2-ammo-6-f4-ftrifluoromethylV
benzvIammo^pvrimidin-4-vDphenv propanoic acid A
mixture of trifluoromethyl benzylamine (106.8mg, O.
lOmmol), 2-amino-4,6- dichloropyrimidine (lOOmg,
O.lOmmol) and cesium carbonate (217mg, 1.2mmol) was
dissolved in 1,4-dioxane (6ml) and H2O (6ml) in a 20
ml microwave vial. The mixture was stirred in the
microwave reactor at 2100C for 25 minutes. The solvent
was then removed. The residue was dissolved in CH2CI2
(50 ml), washed with water (20 ml), brine (20 ml),
dried (Na2SO and concentrated to get the crude
intermediate 6-chloro-N-4'-(trifluoromethylbenzyl)-
pryrimidine-2-4-diamine. The crude intermediate
(150mg, 0.497mmol) was then dissolved in 3.0ml of MeCN
and 3ml OfH2O in a 10 ml microwave vial. To this
solution were added L-p-boronophenylalanine (104mg,
0.497mmol), sodium carbonate (150mg, 0.994mmol) and
catalytic amount of
dichlorobis(triphenylphosphine)-palladium( p) (6.9mg,
0.00994mmol). The reaction vial was then sealed and
stirred in the microwave reactor at 1500C for 5
minutes. The contents were filtered, and the filtrate
was concentrated and dissolved in MeOH and H O (1:1)
and purified by preparative HPLC using a MeOH/H2O/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-benzylamino
)-pyrimidin-4-yl]-phenyl}- propionic acid. NMR: 1H-NMR
(300MHz, CD3OD) d 3.l-3.3(m, 2H), 4.2(t, IH), 4.7(s,
2H), 6.3(s, IH), 7.4-7.5(m, 4H), 7.6(d, 2H), 7.7(d,
2H). LCMS: M+l=432. 6.50. Synthesis of
2-Ammo-3-(5-(5-phenylth.ophen-2-yl)-lH-indol-3-
vDpropanoic acid
SS2-Amino-3-(5-bromo-lH-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, 0.078mmol), Na2CO3 (0.015 g, 0.142 prmol).
acetonitrile (1.5 ml) / water (1.5 ml) and
dichlorobis(triphenylphosphine)-palladium (3 mg, 0.003
mmol). Microwave vial was capped and stirred at 150C
for 5 min under microwave radiation. Reaction mixture
was cooled, filtered through a syringe filter and then
separated by a reverse phase preparative-HPLC using
YMC-Pack ODS 100x30 mm ID column (MeOH/H2O/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)-
lH-indol-3-yl]-propionic acid. IH-NMR (300 MHz,
CD3OD): 3.21-3.26 (m, 2H), 4.25 (q, IH), 7.15-7.35 (m,
8H), 7.58 (d, 2H), 7.82 (d, IH). 6.51. Synthesis of
(S)-2-Amino-3-(4-(4-f4-phenoxyphenyl)-lH-l.,2.3-triazo
l-lvDphenvDpropanoic acid A mixture of
l-ethynyl-4-phenoxy-benzene (126mg, O.65mmol) and
(S)-3-(4-azidophenyl)-
2-tert-butoxycarbonylamino-propionic acid (200mg,
0.65mg) in H2q :dioxane (5:1) was heated at 1000C in a
sealed tube for overnight. After completion of
reaction, 3N HCl (5 ml) was added and the mixture was
stirred for 2hr at 500C. Removal of solvent gave crude
product which was dissolved in MeOH and purified by
preparative HPLC to give 45 mg of desired product
(yield: 29%). 1H-NMR (400 MHz, CD3OD): d (ppm) 3.2 (m,
IH), 3.4 (m, IH), 4.3(m, IH), 6.9(d, 2H), 7.0(d, 2H),
7.2(m, IH), 7.3(d, 2H), 7.4-7.55 (m, 6H), 8.0(s, IH).
6.52. Synthesis of
(S)-2-Amino-3-(4-(4-(4-(thiophene-2-carboxamido)phenyl
)- lH-1.2.3-triazoI-l-yl)phenv ppropanoic acid and
(SV2-Amino-3-(4-(5-f4- (thiophene-2-carboxamido
')phenylMH-l,2,3-triazol-lyQphenvDpropanoie acidA
mixture of thiophene-2-carboxylic acid
(4-ethyl-phenyl) amide (117mg, 0.49mmol) and
(S)-3-(4-azido-phenyl)-2-tert-butoxycarbonylamino-prop
ionic acid (150mg, 0.49mg) in 5 ml of E^Oidioxane
(5:1) was heated at 1000C in a sealed tube overnight.
After completion of reaction, 3N HCl (5 ml) was added
and the mixture was stirred for 2hr at 500C. Removal
of solvent gave crude product which was dissolved in
MeOH and purified by preparative HPLC. According to
LCMS (retention time) and NMR, two regio-isomers were
obtained (total yield: 70mg, 66%). The major product
is (S)-2-amino-3-(4-(4-(4-(thiophene-2-
carboxamido)phenyl)-lH-l,2,3-triazol-l-yl)phenyl)propa
noic acid. NMR: 1H-NMR (400 MHz, CD3OD): d 3.2 (m,
IH), 3.4 (m, IH), 4.3(m, IH), 7.15(m, IH), 7.3(d, 2H),
7.6(m, 4H), 7.0(m, 3H), 7.95 (d, IH), 8.0(s, IH). The
minor product is (S)-2-amino-3-(4-(5-(4-
(thiophene-2-carboxamido)phenyl)-lH-l,2,3-triazol-l-yl
)phenyl)propanoic acid. 1H-NMR (400 MHz, CD3OD): d 3.2
(m, IH), 3.4 (m, IH), 4.35(m, IH), 7.2(m, IH) 7.3(d,
2H), 7.5- 7.6(m, 4H), 7.75(m, 3H), 7.95 (d, IH),
8.05(s, IH). 6.53. Synthesis of
(SV2-Amino-3-f4-(2-amino-6-(phenylethvnyr>pyrimidin-4-
vDphenvDpropanoic acid 2-Amino 4,6-dichloro pyrimidine
(0.180 g, 1.1 mmol), trimethyl-phenylethynylstannane
(0.264 g, 1 mmol), were dissolved in THF (20 ml) and
the mixture was stirred at65C for 12h. LCMS indicated
the completion of reaction. Solvent was removed and
the residue was directly used in the following step.
The crude intermediate (0.42 g),
L-p-borono-phenylalanine (0.210 g, 1 mmol), sodium
carbonate (0.210 g, 2 mmol), and dichlorobis
(triphenylphosphine)-palladium(II) (25 mg, 0.036 mmol)
were dissolved in a mixture of MeCN (3 ml) and H2O (3
ml) in a 10 ml microwave vial. The vial was sealed and
stirred in the microwave reactor at 1500C for 6 min.
The mixture was filtered and the filtrate was
concentrated. Residue was purified by preparative HPLC
using MeOH/H2O/TFA as solvent system to obtain
(S)-2-amino-3-[4-(2-
amino-6-phenylethynyl-pyrimidin-4-yl(-phenyl]-propioni
c acid as a TFA salt. 1H-NMR (400 MHz, CD3OD): d (ppm)
3.20-3.42 (m, 2H), 4.31 (m, IH), 7.40-7.51 (m, 6H),
7.62 (d, 2H), 8.18 (d, 2H). 6.54. Additional Compounds
Additional compounds prepared using methods known in
the art and/or described herein are listed
below:COMBINATION OF AN H ANTAGONIST/INVERSE AGONIST
AND AN APPETITE SUPPRESSANT FIELD OF THE INVENTION The
present invention relates to pharmaceutical
compositions comprising therapeutic combinations
comprising: one or more H3 antagonists/inverse
agonists; one or more appetite suppressants selected
from the group consisting of CBi antagonists/inverse
agonists, sibutramine, phentermine and topiramate; and
optionally one or more HMG-CoA reductase inhibitors.
The invention also relates to medicaments and kits
comprising the pharmaceutical compositions of the
present invention, and methods of treating obesity,
obesity related disorders and diabetes using the
pharmaceutical compositions of the present invention.
BACKGROUND OF THE INVENTION The histamine receptors,
H1, H2, H3 and H have been characterized by their
pharmacological behavior. The H1 receptors are those
that mediate the response antagonized by conventional
antihistamines. H1 receptors are present, for example,
in the ileum, the skin, and the bronchial smooth
muscle of humans and other mammals. The most prominent
H2 receptor-mediated responses are the secretion of
gastric acid in mammals and the chronotropic effect in
isolated mammalian atria. H4 receptors are expressed
primarily on eosinophils and mast cells and have been
shown to be involved in the chemotaxis of both cell
types. In the periphery, H3 receptor sites are found
on sympathetic nerves, where they modulate sympathetic
neurotransmission and attenuate a variety of end organ
responses under control of the sympathetic nervous
system. Specifically, H3 receptor activation by
histamine attenuates norepinephrine outflow to
resistance and capacitance vessels, causing
vasodilation. In addition, in rodents, peripheral
H3receptors are expressed in brown adipose tissue,
suggesting that they may be involved in thermogenesis
regulation. H3 receptors are also present in the CNS.
H3 receptor expression is observed in cerebral cortex,
hippocampal formation, hypothalamus and other parts of
the human and animal brain. H3 receptors are expressed
on histaminergic neurons where they function as
autoreceptors and, on neurons involved in other
neurotransmitter systems, where they function as
heteroreceptors. In both cases H3 receptor activation
results in presynaptic inhibition of neurotransmitter
release. In the particular case,of histaminergic
neurons, H3 receptors have been implicated in the
regulation of hypothalamic histamine tone, which in
turn has been associated with the modulation of
sleeping, feeding and cognitive processes in the human
brain (see, for example, Leurs et al., Nature Reviews,
Drug Discovery, 4, (2005), 107). It is also known and
has been described in the literature that histamine is
involved in regulation of cognitive and memory
processes in the human brain (see, for example, Life
Sciences, 72, (2002), 409-414). Consequently, indirect
modulation of histaminergic brain function through the
central H3 receptors may be a means to modulate these
processes. Different classes of H receptor ligands
have been described and their use for neurological and
psychiatric diseases has been suggested (see, e.g., US
Patent Publication No. 20040224953, International
Publication No. WO2004089373, International
Publication No. WO2004101546). H3 receptor antagonists
may be useful in treating various neuropsychiatric
conditions, where cognitive deficits are an integral
part of the disease, specifically ADHD, schizophrenia
and Alzheimer's disease. Imidazole H3 receptor
antagonists are well known in the art. More recently,
non-imidazole H3 receptor antagonists have been
disclosed in US Patents 6,720,328 and 6 849,621 , and
in US Published Applications 2004/0097483,
2004/0048843 and 2004/0019099. US 5,869,479 discloses
compositions for the treatment of the symptoms of
allergic rhinitis using a combination of at least one
histamine H1 receptor antagonist and at least one
histamine H3 receptor antagonist. WO 95/14007
discloses H3 receptor antagonists of the imidazole
type. WO 99/24405 discloses H3 receptor ligands of the
imidazole type.US 5,869,479 discloses compositions for
the treatment of the symptoms of allergic rhinitis
using a combination of at least one histamine Hi
receptor antagonist and at least one histamine H3
receptor antagonist. HMG-CoA reductase inhibitors,
e.g., statins such as lovastatin, simvastatin,
pravastatin, atorvastatin, fluvastatin, and
resuvastatin, slow the progression of atherosclerotic
lesions in the coronary and carotid arteries.
Simvastatin, atorvastatin and pravastatin have also
been shown to reduce the risk of coronary heart
disease events in patients with hypercholesterolemia
and/or atherosclerotic coronary heart disease (CHD).
Simvastatin is marketed worldwide, and sold in the
U.S. under the tradename 



ZOCOR(r). Methods for making it are described in U.S
Patent Nos. 4,444,784; 4,916,239; 4,820,850; among
other patent and literature publications. The CBi
receptor is one of the most abundant neuromodulatory
receptors in the brain, and is expressed at high
levels in the hippocampus, cortex, cerebellum, and
basal ganglia (e.g., Wilson et al., Science, 2002,
vol. 296, 678-682). Selective CBi receptor
antagonists, for example pyrazole derivatives such as
rimonabant, can be used to treat various conditions,
such as obesity and metabolic syndrome (e.g., Bensaid
et al., Molecular Pharmacology, 2003 vol. 63, no. 4,
pp. 908-914; Trillou et al., Am. J. Physiol. Regul.
Inlegr. Comp. Physiol. 2002 vol. 284, R345-R353;
Kirkham, Am. J. Physiol. Regul. Integr. Comp. Physiol.
2002 vol. 284, R343-R344; Sanof- Aventis Publication,
Bear Stearns Conference, New York, September 14, 2004;
Nicole Cranois and Jean-Marc Podvin,
Sanofi-Synthelabo, press release reporting results of
RIO-LIPIDS AND STRATUS-US Study results, American
College of Cardiology Annual Meeting, New Orleans,
March 9, 2004;), neuroinflammatory disorders (e.g.,
Adam, et al., Expert Opin. Ther. Patents, 2002, vol.
12, no. 10, 1475-1489), cognitive disorders,
psychosis, addiction, gastrointestinal disorders
(e.g., Lange et al., J. Med. Chem. 2004, vol. 47,
627-643) and cardiovascular conditions (e.g., Porter
et al., Pharmacology and Therapeutics, 2001 vol. 90,
45-60). Recently, it has been shown that treatment of
subjects with CBi receptor antagonists (e.g.,
rimonabant) can increase serum high density
lipoprotein cholesterol (HDL-C) levels, decrease
triglyceride levels and decrease waist circumference
in patients (Sanofi-Aventis Publication, Bear Stearns
Conference, New York, September 14, 2004, pages
19-24).Sibutramine has been shown to reduce food
intake (e.g., Halford et al., British Journal of
Pharmacology 1994, 114: Proc Suppl (387P);
Stricker-Krongrad et al., International Journal of
Obesity 1995, 19: Suppl 2 (145)) and increase oxygen
consumption and body core temperature (Connoley et
al., British Journal of Pharmacology 1994, 114:Proc
Suppl (388P)). Phentermine is an appetite suppressant
used for treating obesity (e.g., D. Craddock, Drugs
1976; 11:378). WO 2004/1 10368 describes combination
therapies for the treatment of hypertension comprising
the combination of an anti-obesity agent and an
antihypertensive agent. WO 2005/000217 describes
combination therapies for the treatment of
dyslipidemia comprising the administration of a
combination of an anti-obesity agent and an
anti-dyslipidemic agent. WO 2004/1 10375 describes
combination therapies for the treatment of diabetes
comprising the administration of a combination of an
anti-obesity agent and an anti-diabetic agent. US
2004/0122033 describes combination therapies for the
treatment of obesity comprising the administration of
a combination of an appetite suppressant and/or
metabolic rate enhancers and/or nutrient absorption
inhibitors. US 2004/0229844 describes combination
therapies for treating atherosclerosis comprising the
administration of a combination of nicotinic acid or
another nicotinic acid receptor agonist and a DP
receptor antagonist. However, none of the above
patents, published patent applications or articles
expressly describes the combination of an H3
antagonist/inverse agonist with an appetite
suppressant selected from the group consisting of a
CEh antagonist (e.g., rimonabant), sibutramine,
phentermine and topiramate U.S. 6,437,147, 6,756,384,
and 2003/0135056 describe combinations of imidazo
heterocyclic compounds which bind to the H3 receptor
with antiobesity agents or appetite regulating agents,
including sibutramine, phentermine, topiramate,
lovastatin, pravastatin, and simvastatin. However, the
compounds of U.S. 6,437,147, 6,756,384, and
2003/0135056 which bind to the H3 receptor are
different from the H3 antagonists/inverse agonists of
Formulae (I)-(VI) of the present invention.U.S.
6,673,829 and 2003/0130253 describe combinations of
aminoazetidine, pyrrolidine, and piperidine
derivatives which bind to the H3 receptor with
antiobesity agents or appetite regulating agents,
including sibutramine, phentermine, topiramate,
lovastatin, pravastatin, and simvastatin. However, the
compounds of U.S. 6,673,829 and 2003/01 30253 which
bind to the H3 receptor are different from the H3
antagonists/inverse agonists of Formulae (I)-(VI) of
the present invention. U.S. 6,417,218 and 2002/0058659
describe combinations of imidazole compounds which
bind to the H3 receptor with antiobesity agents or
appetite regulating agents, including sibutramine,
phentermine, topiramate, lovastatin, pravastatin, and
simvastatin. However, the compounds of U.S. 6,417,218
and 2002/0058659 which bind to the H3 receptor are
different from the H3 antagonists/inverse agonists of
Formulae (I)-(VI) of the present invention. U.S.
2004/0248938 and 2003/0186963 describe combinations of
substituted piperidines which bind to the H3 receptor
with antiobesity agents or appetite regulating agents,
including sibutramine, phentermine, topiramate,
lovastatin, pravastatin, and simvastatin. However, the
compounds of U.S. 2004/0248938 and 2003/0186963 which
bind to the H receptor are different from the H
antagonists/inverse agonists of Formulae (I)-(VI) of
the present invention. SUMMARY OF THE INVENTION In one
embodiment, the present invention is directed to a
composition comprising one or more appetite
suppressants selected from the group consisting of CBi
antagonists/inverse agonists (e.g., rimonabant),
sibutramine, phentermine, and topiramate, in
combination with one or more metabolic rate enhancers
comprising an H3 antagonist/inverse agonist of Formula
(I)-(VIII) (as defined herein). In another embodiment,
the present invention is directed to a pharmaceutical
composition comprising one or more appetite
suppressants selected from the group consisting of CBi
antagonists/inverse agonists (e.g., rimonabant),
sibutramine, phentermine, and topiramate, in
combination with one or more metabolic rate enhancers
comprising an H antagonist/inverse agonist of Formula
(I)-(VIiI) (as defined herein), and at least one
pharmaceutically acceptable carrier. In another
embodiment, the present invention is directed to a
pharmaceutical u ; ., n ein n n r moro annptitp i
jnnressants l te d from the a rouDconsisting of CBi
antagonists/inverse agonists (e.g., rimonabant),
sibutramine, phentermine, and topiramate, in
combination with one or more metabolic rate enhancers
comprising an H3 antagonist/inverse agonist, and one
or more HMG-CoA reductase inhibitors. In another
embodiment, the present invention is directed to a
method of treating obesity or an obesity-related
disorder. The method comprises administering to the
patient an effective amount of a composition
comprising one or more appetite suppressants selected
from the group consisting of CBi antagonists/inverse
agonjsts (e.g., rimonabant), sibutramine, phentermine,
and topiramate, in combination with one or more
metabolic rate enhancers comprising an H3
antagonist/inverse agonist of Formula (I)-(VIII) (as
defined herein). In another embodiment, the present
invention is directed to a method of treating obesity
or an obesity-related disorder. The method comprises
administering to the patient an effective amount of
one or more appetite suppressants selected from the
group consisting of CBi antagonists/inverse agonists
(e.g., rimonabant), sibutramine, phentermine, and
topiramate, in combination with one or more metabolic
rate enhancers comprising an H3 antagonist/inverse,
and one or more HMG-CoA reductase inhibitors. DETAILED
DESCRIPTION OF THE INVENTION As used above, and
throughout this disclosure, the following terms,
unless otherwise indicated, shall be understood to
have the following meanings: A "patient" is a human or
non-human mammal. In one embodiment, a patient is a
human. In another embodiment, a patient is a non-human
mammal, including, but not limited to, a monkey, dog,
baboon, rhesus, mouse, rat, horse, cat or rabbit. In
another embodiment, a patient is a companion animal,
including but not limited to a dog, cat, rabbit, horse
or ferret. In one embodiment, a patient is a dog. In
another embodiment, a patient is a cat. "Alkyl" means
an aliphatic hydrocarbon group which may be straight
or branched and comprising about 1 to about 20 carbon
atoms in the chain. The alkyl groups can contain about
1 to about 12 carbon atoms in the chain, and in
another embodiment, the alkyl groups can contain about
1 to about 6 carbon atoms in the chain. Branched means
that one or more lower alkyl groups such as methyl,
ethyl orpropyl, are attached to a linear alkyl chain.
"Lower alkyl" means a group having about 1 to about 6
carbon atoms in the chain which may be straight or
branched. The term "substituted alkyl" means that the
alkyl group may be substituted by one or more
substituents which may be the same or different, each
substituent being independently selected from the
group consisting of halo, alkyl, aryl, cycloalkyl,
cyano, hydroxy, alkoxy, alkylthio, amino, -NH(alkyl),
-NH(cycloalkyl), -N(alkyl) 2, carboxy and
-C(O)O-alkyl. Non-limiting examples of suitable alkyl
groups include methyl, ethyl, npropyl, isopropyl and
t-butyl. "Alkylene" means a difunctional group
obtained by removal of a hydrogen atom from an alkyl
group that is defined above. Non-limiting examples of
alkylene include methylene (i.e., -CH2-), ethylene
(i.e., -CH2CH2- or -CH(CH 3)-), propylene (i.e.,
-CH2CH2CH2- , -CH 2CH(CH3)-, -CH(CH 3)CH2- , Or -CH(CH
2CH3)-), butylene (i.e., -CH2CH2CH2CH2-, -CH
2CH2CH(CH3)-, -CH 2CH(CH 3)CH 2-^CH(CH 2CH2CH3)-,
etc.). "Lower alkylene" means a group having about 1
to about 6 carbon atoms in the chain which may be
straight or branched. "Alkenyl" means a hydrocarbon
group containing at least one carbon-carbon double
bond and which may be straight or branched and
comprising about 2 to about 15 carbon atoms in the
chain. Alkenyl groups can have about 2 to about 12
carbon atoms in the chain; and in another embodiment,
about 2 to about 6 carbon atoms in the chain. Branched
means that one or more lower alkyl groups such as
methyl, ethyl or propyl, are attached to a linear
alkenyl chain. "Lower alkenyl" means about 2 to about
6 carbon atoms in the chain which may be straight or
branched. The term "substituted alkenyl" means that
the alkenyl group may be substituted by one or more
substituents which may be the same or different, each
substituent being independently selected from the
group consisting of halo, alkyl, aryl, cycloalkyl,
cyano, 



alkoxy, and -S(alkyt). Non-limiting examples of
suitable alkenyl groups include ethenyl, propenyl
(i.e., allyl), n-butenyl, 3-methylbut-2-enyl,
n-pentenyl, octenyl and decenyl. "Alkenylene" means a
difunctional group obtained by removal of a hydrogen
from an alkenyl group that is defined above.
Non-limiting examples of alkenylene include -CH=CH-,
-C(CH3)=CH-, and -CH=CHCH 2-. "Alkynyl" means a
hydrocarbon group containing at least one
carbon-carbon triple bond and which may be straight or
branched and comprising about 2 to about 15carbon
atoms in the chain. Alkynyl groups can have about 2 to
about 12 carbon atoms in the chain, and in another
embodiment, about 2 to about 4 carbon atoms in the
chain. Branched means that one or more lower alkyl
groups such as methyl, ethyl or propyl, are attached
to a linear alkynyl chain. "Lower alkynyl" means about
2 to about 6 carbon atoms in the chain which may be
straight or branched. Non-limiting examples of
suitable alkynyl groups include ethynyl, propynyl,
2-butynyl and 3-methylbuty pyl. The term "substituted
alkynyl" means that the alkynyl group may be
substituted by one or more substituents which may be
the same or different, each substituent being
independently selected from the group consisting of
alkyl, aryl and cycloalkyl. "Alkynylene" means a
difunctional group obtained by removal of a hydrogen
from an alkynyl group that is defined above.
Non-limiting examples of alkenylene include -C=C- and
-CH 2CC-. "Aryl" means an aromatic monocyclic or
multicyclic ring system comprising about 6 to about 14
carbon atoms, an in another embodiment, about 6 to
about 10 carbon atoms. The aryl group can be
optionally substituted with one or more "ring system
substituents" which may be the same or different, and
are as defined herein. Non-limiting examples of
suitable aryl groups include phenyl and naphthyl.
"Heteroaryl" means an aromatic monocyclic or
multicyclic ring system comprising about 5 to about 14
ring atoms, and in another embodiment, about 5 to
about 10 ring atoms, in which one or more of the ring
atoms is an element other than carbon, for example
nitrogen, oxygen or sulfur, alone or in combination.
Heteroaryls can contain about 5 to about 6 ring atoms.
The "heteroaryl" can be optionally substituted by one
or more "ring system substituents" which may be the
same or different, and are as defined herein. The
prefix aza, oxa or thia before the heteroaryl root
name means that at least a nitrogen, oxygen or sulfur
atom respectively, is present as a ring atom. A
nitrogen atom of a heteroaryl can be optionally
oxidized to the corresponding N-oxide. Non-limiting
examples of suitable heteroaryls include pyridyl,
pyrazinyl, furanyl, thienyl, pyrimidinyl, pyridone
(including N-substituted pyridones), isoxazolyl,
isothiazolyl, oxazolyl, thiazolyl, pyrazolyl,
furazanyl, pyrrolyl, pyrazolyl, triazolyl,
1,2,4-thiadiazolyl, pyrazinyl, pyridazinyl,
quinoxalinyl, phthalazinyl, oxindolyl, imidazo[1
,2-a]pyridinyl, imidazo[2,1-b]thiazolyl,
benzofurazanyl, indolyl, azaindolyl, benzimidazolyl,
benzothienyl, quinolinyl, imidazolyl,
thienopyridyl,quinazolinyl, thienopyrimidinyi,
pyrrolopyridyl, imidazopyridyl, isoquinolinyl,
benzoazaindolyl, 1,2,4-triazinyl, benzothiazolyl and
the like. The term "heteroaryl" also refers to
partially saturated heteroaryl moieties such as, for
example, tetrahydroisoquinolyl, tetrahydroqu nolyl,
indazolyl, and the like, in which there is at least
one aromatic ring. "Alkylene-aryl" (or aryl-alkylene-)
means a group in which the aryl and alkylene are as
previously described. The bond to the parent moiety is
through the alkylene. The alkylene moiety can be
bonded to one or more aryl moieties. Alkylene-aryls
can comprise a lower alkylene group. Non-timiting
examples of suitable alkylene-aryl groups include
benzyl, 2-phenethyl, 2,2-dphenylethylene and
naphthaienylmethyl. "Alkylaryl" means an alkyl-aryl-
group in which the alkyl and aryl are as previously
described. Alkylaryls can comprise a lower alkyl
group. Non-limiting examples of suitable alkylaryl
groups include tolyl and xylyl. The bond to the parent
moiety is through the aryl. "Alkylheteroaryl" means an
alkyl-heteroaryl- group in which the alkyl and
heteroaryl are as previously described.
Alkylheteroaryls can comprise a lower alkyl group. A
non-limiting example of a suitable alkylheteroaryl
group includes 2- methylpyridine. The bond to the
parent moiety is through the heteroaryl. "Cycloalkyl"
means a non-aromatic mono- or multicyclic ring system
comprising about 3 to about 10 carbon atoms, and in
another embodiment, about 5 to about 10 carbon atoms.
Cycloalkyl rings can contain about 5 to about 7 ring
atoms. The cycloalkyl can be optionally substituted
with one or more "ring system substituents" which may
be the same or different, and are as defined above.
Non-limiting examples of suitable monocyclic
cycloalkyls include cydopropyl, cyclopentyl,
cyclohexyl, cycloheptyl and the like. Non-limiting
examples of suitable multicyclic cycloalkyls include
1-decalinyl, norbornyl, adamantyl and the like, as
well as partially saturated species such as, for
example, indanyl, tetrahydronaphthyl and the like.
"Cycloalkenyl" means an unsaturated, non-aromatic
mono- or multicyclic ring system having at least 1
carbon-carbon double bond, and comprising about 3 to
about 10 carbon atoms, an in another embodiment, about
5 to about 10 carbon atoms. Cycloalkenyl rings can
contain about 5 to about 7 ring atoms. The
cycloalkenyl can be optionally substituted with one or
more "ring system substituents" which may be the same
or different, and are as defined above. Non-limiting
examples of suitablemonocyclic cycloalkenyls include
cyclopropenyl, cyclopentenyl, cyclohexenyl,
cycloheptenyl and the like. Non-limiting examples of
suitable multicyclic cycloalkyls include norbornenyl,
adamantenyl and the like. "Cycloalkylene" means a
difunctional group obtained by removal of a hydrogen
atom from a cycloalkyl group that is defined above.
Non-limiting examples of cycloalkylene include , and
"Halogen" or "halo" means fluorine, chlorine, bromine,
or iodine. Preferred are fluorine, chlorine and
bromine. "Ring system substituent" means a substituent
attached to an aromatic or nonaromatic ring system
which, for example, replaces an available hydrogen on
the ring system. Ring system substituents may be the
same or different, each being independently selected
from the group consisting of alkyl, alkenyl, alkynyl,
aryl, heteroaryl, alkylene-aryl, alkylaryl,
alkylene-heteroaryl, heteroaryl-alkenylene-,
heteroaryl-alkynylene-, alkylheteroaryl, hydroxy,
hydroxyalkyl, alkoxy, aryloxy, arylalkoxy-, acyl,
aroyl, halo, nitro, cyano, carboxy, alkoxycarbonyl,
aryloxycarbonyl, arylalkoxycarbonyl, alkylsulfonyl,
arylsulfonyl, heteroarylsulfonyl, alkylthio, arylthio,
heteroarylthio, aryl-alkylthio, heteroaryl-alkylthio,
cycloalkyl, heterocyclyl, -C(=N-CN)- NH2, -C(=NH)-NH
2, -C(=NH)-NH(alkyl), Y1Y2N-, Y1Y2N-alkyh Y1Y2NC(O)-,
Y1Y2NSO2- and -SO NY1Y2, wherein Y1 and Y2 can be the
same or different and are independently selected from
the group consisting of hydrogen, alkyl, aryl,
cycloalkyl, and aryl-alkylene-. "Ring system
substituent" may also mean a single moiety which
simultaneously replaces two available hydrogens on two
adjacent carbon atoms (one H on each carbon) on a ring
system. Examples of such moiety are methylenedioxy,
ethylenedioxy, -C(CH3)2- and the like which form
moieties such as, for example: "Heterocyclyl" or
"heterocyclic" means a monocyclic or multicyclic ring
system comprising about 3 to about 10 ring atoms,
preferably about 5 to about 10 ring atoms,for example
nitrogen, oxygen or sulfur, alone or in combination.
There are no adjacent oxygen and/or sulfur atoms
present in the ring system. Heterocyclyls may be
completely saturated, partially unsaturated, or
aromatic. Aromatic heterocyclyls are termed
"heteroaryl", as defined above. Preferred
heterocyclyls contain about 5 to about 6 ring atoms.
The prefix aza, oxa or thia before the heterocyclyl
root name means that at least a nitrogen, oxygen or
sulfur atom respectively is present as a ring atom.
Any -NH in a heterocyclyl ring may exist protected
such as, for example, as an -N(Boc), -N(CBn), -N(Tos)
group and the like; such protections are also
considered part of this invention. The heterocyclyl
can be optionally substituted by one or more "ring
system substituents" which may be the same or
different, and are as defined herein. The nitrogen or
sulfur atom of the heterocyclyl can be optionally
oxidized to the corresponding N-oxide, S-oxide or
S,S-dioxide. Non-limiting examples of suitable
monocyclic heterocyclyl rings include saturated
heterocyclyls, for example piperidyl, pyrrolidinyl,
piperazinyl, morpholinyl, thiomorpholinyl,
thiazolidinyl, 1,4-dioxanyl, . tetrahydrofuranyl,
tetrahydrothiophenyl, lactams, lactones, and the like.
Non-limiting examples of partially unsaturated
monocyclic heterocyclyl rings include, for example,
thiazolinyl, and the like. . . . . It should be noted
that in hetero-atom containing ring systems of this
invention, there are no hydroxy! groups on carbon
atoms adjacent to a N, O or S, as well as there are no
N or S groups on carbon adjacent to another
heteroatom. Thus, for example, in the ring: there is
no -OH attached directly to carbons marked 2 and 5.
"Alkynylalkyl" means an alkynyl-alkyl- group in which
the alkynyl and alkyl are as previously described.
Alkynylalkyls can contain a lower alkynyl and a lower
alkyl group. The bond to the parent moiety is through
the alkyl. Non-limiting examples of suitable
alkynylalkyl groups include propargylmethyl.
"Heteroarylalkyl" means a heteroaryl-alkyl- group in
which the heteroaryl and alkyl are as previously
described. Heteroaralkyls can contain a lower alkyl
group. Nonlimiting examples of suitable aralkyl groups
include pyridylmethyl, and quinolin-3- ylmethyl. The
bond to the parent moiety is through the
alkyl."Hydroxyalkyl" means a HO-alkyl- group in which
alkyl is as previously defined. Hydroxyalkyls can
contain lower alkyl. Non-limiting examples of suitable
hydroxyalkyl groups include hydroxymethyl and
2-hydroxyethyl. "Acyl" means an H-C(O)-, alkyl-C(O)-
or cycloalkyl-C(O)-, group in which the . various
groups are as previously described. The bond to the
parent moiety is through the carbonyl. Acyls can
contain a lower alkyl. Non-limiting examples of
suitable acyl groups include formyl, acetyl and
propanoyl. "Aroyl" means an aryl-C(O)- group in which
the aryl group is as previously described. The bond to
the parent moiety is through the carbonyl.
Non-limiting examples of suitable groups include
benzoyl and 1- naphthoyl. "Alkoxy" means an alkyl-O-
group in which the alkyl group is as previously
described. Non-limiting examples of suitable alkoxy
groups include methoxy, ethoxy, n-propoxy, isopropoxy
and n-butoxy. The bond to the parent moiety is through
the ether oxygen. "Aryloxy" means an aryl-O- group in
which the aryl group is as previously 



described. Non-limiting examples of suitable aryloxy
groups include phenoxy and naphthoxy. The bond to the
parent moiety is through the ether oxygen.
"Aryl-alkyloxy" (or arylalkoxy) means an aryl-alkyl-O-
group in which the arylalkyl group is as previously
described. Non-limiting examples of suitable
aryl-alkyloxy groups include benzyloxy and 1- or
2-naphthalenemethoxy. The bond to the parent moiety is
through the ether oxygen. "Alkylthio" means an
alkyl-S- group in which the alkyl group is as
previously described. Non-limiting examples of
suitable alkylthio groups include methylthio and
ethylthio. The bond to the parent moiety is through
the sulfur. "Arylthio" means an aryl-S- group in which
the aryl group is as previously described.
Non-limiting examples of suitable arytthio groups
include phenylthio and naphthylthio. The bond to the
parent moiety is through the sulfur. "Aryl-alkylthio"
(or arylalkylthio) means an aryl-alkyl-S- group in
which the arylalkyl group is as previously described.
Non-limiting example of a suitable aryl-alkylthio
group is benzylthio. The bond to the parent moiety is
through the sulfur. "Alkoxycarbonyl" means an
alkyl-O-C(O)- group. Non-limiting examples of suitable
alkoxycarbonyl groups include methoxycarbonyl and
ethoxycarbonyl. The bond to the parent moiety is
through the carbonyl."Aryloxycarbonyl" means an
aryl-O-C(O)- group. Non-limiting examples of suitable
aryloxycarbonyl groups-include phenoxycarbonyl and
naphthoxycarbonyl. The bond to the parent moiety is
through the carbonyl. "Arylalkoxycarbonyl" means an
aryl-alkyl-O-C(O)- group. Non-limiting example of a
suitable aralkoxycarbonyl group is benzyloxycarbonyl.
The bond to the parent moiety is through the carbonyl.
"Alkylsulfonyl" means an alkyl-S(O 2)- group.
Preferred groups are those in which the alkyl group is
lower alkyl. The bond to the parent moiety is through
the sulfonyl. "Arylsulfonyl" means an aryl-S(O 2)-
group. The bond to the parent moiety is through the
sulfonyl. The term "substituted" means that one or
more hydrogens on the designated atom is replaced with
a selection from the indicated group, provided that
the designated atom's normal valency under the
existing circumstances is not exceeded, and that the
substitution results in a stable compound.
Combinations of substituents and/or variables are
permissible only if such combinations result in stable
compounds. By "stable compound' or "stable structure"
is meant a compound that is sufficiently robust to
survive isolation to a useful degree of purity from a
reaction mixture, and formulation into an efficacious
therapeutic agent. The term "optionally substituted"
means optional substitution with the specified groups,
radicals or moieties. An optionally substituted moiety
may be unsubstituted or substituted with one or more
substituents. The term "purified", "in purified form"
or "in isolated and purified form" for a compound
refers to the physical state of said compound after
being isolated from a synthetic process or natural
source or combination thereof. Thus, the term
"purified", "in purified form" or "in isolated and
purified form" for a compound refers to the physical
state of said compound after being obtained from a
purification process or processes described herein or
well known to the skilled artisan, in sufficient
purity to be characterizable by standard analytical
techniques described herein or well known to the
skilled artisan. The term "metabolic rate enhancer"
refers to compounds which improve energy
expenditure.It should also be noted that any carbon as
well as heteroatom with unsatisfied valencesirrthre
textrschemes^iexamples pand Tables herein is assumed
to have the sufficient number of hydrogen atom(s) to
satisfy the valences. When a functional group in a
compound is termed "protected", this means that the
group is in modified form to preclude undesired side
reactions at the protected site when the compound is
subjected to a reaction. Suitable protecting groups
will be recognized by those with ordinary skill in the
art as well as by reference to standard textbooks such
as, for example, T.W. Greene et al, Protective Groups
in Organic Synthesis (1991), Wiley, New York. When any
variable (e.g., aryl, heterocycle, R1, etc.) occurs
more than one time in any constituent or in Formula I,
its definition on each occurrence is independent of
its definition at every other occurrence. As used
herein, the term "composition" is intended to
encompass a product comprising the specified
ingredients in the specified amounts, as well as any
product which results, directly or indirectly, from
combination of the specified ingredients in the
specified amounts. Prodrugs and solvates of the
compounds of the invention are also contemplated
herein. A discussion of prodrugs is provided in T.
Higuchi and V. Stella, Pro-drugs as Novel Delivery
Systems (1987) 14 of the A.C.S. Symposium Series, and
in Bioreversible Carriers in Drug Design, (1987)
Edward B. Roche, ed., American Pharmaceutical
Association and Pergamon Press. The term "prodrug"
means a compound (e.g, a drug precursor) that is
transformed in vivo to yield a compound of Formula (I)
or a pharmaceutically acceptable salt, hydrate or
solvate of the compound. The transformation may occur
by various mechanisms (e.g., by metabolic or chemical
processes), such as, for example, through hydrolysis
in blood. A discussion of the use of prodrugs is
provided by T. Higuchi and W. Stella, "Pro-drugs as
Novel Delivery Systems," Vol. 14 of the A.C.S.
Symposium Series, and in Bioreversible Carriers in
Drug Design, ed. Edward B. Roche, American
Pharmaceutical Association and Pergamon Press, 1987.
For example, if the appetite suppressant, metabolic
rate enhancer, or HMGCoA reductase inhibitor contains
a carboxylic acid functional group, a prodrug can
comprise an ester formed by the replacement of the
hydrogen atom of the acid group with a group such as,
for example, (Ci-C 8)alkyl,
(C2-C-i2)alkanoyloxymethyl, 1-(alkanoyloxy)ethyl
having from 4 to 9 carbon atoms,
1-methyl-1-(alkanoyloxy)-ethyl Raving from 5 to 10
carbon atoms, alKoxycarbbnylxymethyl having from 3 to
6 carbon atoms, 1-(alkoxycarbonyloxy)ethyl having from
4 to 7 carbon atoms,
1-methyl-1-(alkoxycarbonyloxy)ethyl having from 5 to 8
carbon atoms, N-(alkoxycarbonyl)aminomethyl having
from 3 to 9 carbon atoms,
1-(N-(alkoxycarbonyl)amino)ethyl having from 4 to 10
carbon atoms, 3-phthaiidyl, 4- crotonolactonyl,
gamma-butyrolacton-4-yl, di-N,N-(Ci-C 2)alkylamino(C
2-C3)alkyl (such as b-dimethylaminoethyl),
carbamoyl-(Ci-C 2)alkyl, N.N-di (Ci-C
2)alkylcarbamoyl-(Ci- C2)alkyl and piperidino-,
pyrrolidino- or morpholino(C2-C 3)alkyl, and the like.
Similarly, if the appetite suppressant, metabolic rate
enhancer, or HMG-CoA reductase inhibitor contains an
alcohol functional group, a prodrug can be formed by
the replacement of the hydrogen atom of the alcohol
group with a group such as, for example, (Ci-C
6)alkanoyloxymethyl, 1-((d-C 6)alkanoyloxy)ethyl,
1-methyl-1 -((C C JalkanoyloxyJethyl,
(C-i-CeJalkoxycarbonyloxymethyl,
N-(Cn-C6)alkoxycarbonylaminomethyl, succinoyl, (Ci-C
6)alkanoyl, a-amino(C 1-C4)alkanyl, arylacyl and
a-aminoacyl, or a-aminoacyl- a-aminoacyl, where each
a-aminoacyl group is independently selected from the
naturally occurring L-amino acids, P(O)(OH) 2,
-P(O)(O(Ci-Ce)alkyl)2 or glycosyl (the radical
resulting from the removal of a hydroxy! group of the
hemiacetal form of a carbohydrate), and the like. If
the appetite suppressant, metabolic rate enhancer, or
HMG-CoA reductase inhibitor incorporates an amine
functional group, a prodrug can be formed by the
replacement of a hydrogen atom in the amine group with
a group such as, for example, R-carbonyl, RO-carbonyl,
NRR'-carbonyl where R and R' are each independently
(C-i-Cio)alkyl, (C3-C7) cycloalkyl, benzyl, or
R-carbonyl is a natural a- aminoacyl or natural
a-aminoacyl, -C(OH)C(O)OY 1 wherein Y1 is H,
(C-rC6)alkyt or benzyl, -C(OY2)Y3 wherein Y2 is
(C1-C4) alkyl and Y3 is (d-CeJalkyl, carboxy
(C-rC6)alkyl, amino(C-rC 4)alkyl or mono-N- or
di-N,N-(Ci-C 6)alkylaminoalkyl, -C(Y )Y5 wherein Y4 is
H or methyl and Y5 is mono-N- or
di-N,N-(C-i-C6)alkylamino morpholino, piperidin-1-yl
or pyrrolidin-1-yl, and the like. One or more
compounds of the invention may exist in unsolvated as
well as solvated forms with pharmaceutically
acceptable solvents such as water, ethanol, andthe
like, and it is intended that the invention embrace
both solvated and unsolvated TofmsT t Sorvate"lnea1n~a
pfiysical^ ssbl:ialioT^ of a compound of this
invention with one or more solvent molecules. This
physical association involves varying degrees of ionic
and covalent bonding, including hydrogen bonding. In
certain instances the solvate will be capable of
isolation, for example when one or more solvent
molecules are incorporated in the crystal lattice of
the crystalline solid. "Solvate" encompasses both
solution-phase and isolatable solvates. Non-limiting
examples of suitable solvates include ethanolates,
methanolates, and the like. "Hydrate" is a solvate
wherein the solvent molecule is H2O. One or more
compounds of the invention may optionally be converted
to a solvate. Preparation of solvates is generally
known. Thus, for example, M. Caira et a/, J.
Pharmaceutical ScL, 93(3 . 601-61 1 (2004) describes
the preparation of the solvates of the antifungal
fluconazole in ethyl acetate as well as from water.
Similar preparations of solvates, hemisolvate,
hydrates and the like are described by E. C. van
Tonder et a/, AAPS PharmSciTech., 5H), article 12
(2004); and A. L. Bingham et al, Chem. Commun.,
603-604 (2001 ). A typical, non-limiting, process
involves dissolving the inventive compound in desired
amounts of the desired solvent (organic or water or
mixtures thereof) at a higher than ambient
temperature, and cooling the solution at a rate
sufficient to form crystals which are then isolated by
standard methods. Analytical techniques such as, for
example I. R. spectroscopy, show the presence of the
solvent (or water) in the crystals as a solvate (or
hydrate). The term "obesity" as used herein, refers to
a patient being overweight and having a body mass
index (BMI) of 25 or greater. In one embodiment, an
obese patient has a BMI of 25 or greater. In another
embodiment, an obese patient has a BMI from 25 to 30.
In another embodiment, an obese patient has a BMI
greater than 30. In still another embodiment, an obese
patient has a BMI greater than 40. The term
"obesity-related disorder" as used herein refers to
any disorder which results from a patient having a BMI
of 25 or greater. Non-limiting examples of an
obesity-related disorder include edema, shortness of
breath, sleep apnea, skin 



disorders and high blood pressure. "Effective amount"
or "therapeutically effective amount" is meant to
describe an amount of compound or a composition of the
present invention effective in inhibitingthe diseases
or conditions noted below, and thus producing the
desired therapeutic, amellbrativerinhibitory or
preventative effect. The appetite suppressant,
metabolic rate enhancer, or HMG-CoA reductase
inhibitor of the present invention can form salts
which are also within the scope of this invention.
Reference to the appetite suppressant or metabolic
rate enhancer of the present invention herein is
understood to include reference to salts thereof,
unless otherwise indicated. The term "salt(s)", as
employed herein, denotes acidic salts formed with
inorganic and/or organic acids, as well as basic salts
formed with inorganic and/or organic bases. In
addition, when the appetite suppressant, metabolic
rate enhancer, or HMG-CoA reductase inhibitor of the
present invention contains both a basic moiety, such
as, but not limited to a pyridine or imidazole, and an
acidic moiety, such as, but not limited to a
carboxylic acid, zwitterions ("inner salts") may be
formed and are included within the term "salt(s)" as
used herein. Pharmaceutically acceptable (i.e.,
non-toxic, physiologically acceptable) salts are
preferred, although other salts are also useful. Salts
of the appetite suppressant, metabolic rate enhancer,
or HMG-CoA reductase inhibitor of the present
invention may be formed, for example, by reacting the
appetite suppressant, metabolic rate enhancer, HMG-CoA
reductase inhibitor of the present invention with an
amount of acid or base, such as an equivalent amount,
in a medium such as one in which the salt precipitates
or in an aqueous medium followed by lyophilization.
Exemplary acid addition salts include acetates,
ascorbates, benzoates, benzenesulfonates, bisulfates,
borates, butyrates, citrates, camphorates,
camphorsulfonates, fumarates, hydrochlorides,
hydrobromides, hydroiodides, lactates, maleates,
methanesulfonates, naphthalenesulfonates, nitrates,
oxalates, phosphates, propionates, salicylates,
succinates, sulfates, tartarates, thiocyanates,
toluenesulfonates (also known as tosylates,) and the
like. Additionally, acids which are generally
considered suitable for the formation of
pharmaceutically useful salts from basic
pharmaceutical compounds are discussed, for example,
by P. Stahl et al, Camille G. (eds.) Handbook of
Pharmaceutical Salts. Properties, Selection and Use.
(2002) Zurich: Wiley-VCH; S. Berge et al, Journal of
Pharmaceutical Sciences (1977) 66(1 1-19; P. Gould,
International J. of Pharmaceutics (1986) 33 201-217;
Anderson et al, The Practice of Medicinal Chemistry
(1996), Academic Press, New York; and inThe Orange
Book (Food & Drug Administration, Washington, D.C. on
their website). These disclosures are incorporated
herein by reference thereto. Exemplary basic salts
include ammonium salts, alkali metal salts such as
sodium, lithium, and potassium salts, alkaline earth
metal salts such as calcium and magnesium salts, salts
with organic bases (for example, organic amines) such
as dicyclohexylamines, t-butyl amines, and salts with
amino acids such as arginine, lysine and the like.
Basic nitrogen-containing groups may be quartemized
with agents such as lower alkyl halides (e.g. methyl,
ethyl, and butyl chlorides, bromides and iodides),
dialkyl sulfates (e.g. dimethyl, diethyl, and dibutyl
sulfates), long chain halides (e.g. decyl, lauryl, and
stearyl chlorides, bromides and iodides), aralkyl
halides (e.g. benzyl and phenethyl bromides), and
others. All such acid salts and base salts are
intended to be pharmaceutically acceptable salts
within the scope of the invention and all acid and
base salts are considered equivalent to the free forms
of the corresponding compounds for purposes of the
invention. Pharmaceutically acceptable esters of the
appetite suppressant, metabolic rate enhancer, or
HMG-CoA reductase inhibitor of the present invention
include the following groups: ( 1) carboxylic acid
esters obtained by esterification of the hydroxy
groups, in which the non-carbonyl moiety of the
carboxylic acid portion of the ester grouping is
selected from straight or branched chain alkyl (for
example, acetyl, npropyl, t-butyl, or n-butyl),
alkoxyalkyl (for example, methoxymethyl), aralkyl (for
example, benzyl), aryloxyalkyl (for example,
phenoxymethyl), aryl (for example, phenyl optionally
substituted with, for example, halogen, (Ci-C.
i)alkyl, or (Ci-C 4)alkoxy or amino); (2) sulfonate
esters, such as alkyl- or aralkylsulfonyl (for
example, methanesulfonyl); (3) amino acid esters (for
example, L-valyl or L-isoleucyl); (4) phosphonate
esters and (5) mono-, di- or triphosphate esters. The
phosphate esters may be further esterified by, for
example, a (C1-C20) alcohol or reactive derivative
thereof, or by a 2,3-di-(C 6-C24)acyl glycerol. The
appetite suppressant, metabolic rate enhancer, or
HMG-CoA reductase inhibitor of the present invention
may contain asymmetric or chiral centers, and,
therefore, exist in different stereoisomeric forms. It
is intended that all stereoisomeric forms of the
appetite suppressant, metabolic rate enhancer, or
HMG-CoA reductase inhibitor of the present invention
as well as mixtures thereof, including
racemicmixtures, (and including those of the salts,
solvates, esters and prodrugs of the compounds as well
as the salts, solvates and esters of the prodrugs)
form part of the present invention. In addition, the
present invention embraces all geometric and
positional isomers, as well as enantiomeric forms
(which may exist even in the absence of asymmetric
carbons), rotameric forms, atropisomers (e.g.,
substituted biaryls), and diastereomeric forms. For
example, if the appetite suppressant, metabolic rate
enhancer, or HMG-CoA reductase inhibitor of the
present invention incorporates a double bond or a
fused ring, both the cis- and trans-forms, as well as
mixtures, are embraced within the scope of the
invention. Individual stereoisomers of the compounds
of the invention may, for example, be substantially
free of other isomers, or may be admixed, for example,
as racemates or with all other, or other selected,
stereoisomers. The chiral centers of the present
invention can have the S or R configuration as defined
by the IUPAC 1974 Recommendations. The use of the
terms "salt", "solvate", "ester", "prodrug" and the
like, is intended to equally apply to the salt,
solvate, ester and prodrug of enantiomers,
stereoisomers, rotamers, tautomers, positional
isomers, racemates or prodrugs of the inventive
compounds. Diastereomeric mixtures can be separated
into their individual diastereomers on the basis of
their physical chemical differences by methods well
known to those skilled in the art, such as, for
example, by chromatography and/or fractional
crystallization. Enantiomers can be separated by
converting the enantiomeric mixture into a
diastereomeric mixture by reaction with an appropriate
optically active compound (e.g., chiral auxiliary such
as a chiral alcohol or Mosher's acid chloride),
separating the diastereomers and converting (e.g.,
hydrolyzing) the individual diastereomers to the
corresponding pure enantiomers. Enantiomers can also
be separated by use of a chiral HPLC column. The
present invention also embraces isotopically-labeled
compounds of the present invention which are identical
to those recited herein, but for the fact that one or
more atoms are replaced by an atom having an atomic
mass or mass number different from the atomic mass or
mass number usually found in nature. Examples of
isotopes that can be incorporated into compounds of
the invention include isotopes of hydrogen, carbon,
nitrogen, oxygen, phosphorus, fluorine and chlorine,
such as 2H, 3H, 13C, 14C, 15N, 180 , 17O, 3 1P, 32P,
35S, 18F, and 36CI, respectively.Certain isotopically
labeled compounds of the present invention (e.g.,
those labeled with 3H and 14C) are useful in compound
and/or substrate tissue distribution assays. Tritiated
(i.e., 3H) and carbon-14 (i.e., 14C) isotopes are
particularly preferred for their ease of preparation
and detectability. Further, substitution with heavier
isotopes such as deuterium (i.e., 2H) may afford
certain therapeutic advantages resulting from greater
metabolic stability (e.g., increased in vivo half-life
or reduced dosage requirements) and hence may be
preferred in some circumstances. Isotopically labeled
compounds of the present invention can generally be
prepared by following procedures analogous to those
disclosed in the Schemes and/or in the Examples herein
below, by substituting an appropriate isotopically
labeled reagent for a non-isotopically labeled
reagent. Polymorphic forms of the appetite
suppressant, metabolic rate enhancer, or HMG-CoA
reductase inhibitor of the present invention, and of
the salts, solvates, esters and prodrugs of the
appetite suppressant or metabolic rate enhancer of the
present invention, are intended to be included in the
present invention. The term "pharmaceutical
composition" is also intended to encompass both the
bulk composition and individual dosage units comprised
of more than one (e.g., two) pharmaceutically active
agents such as, for example, a compound of the present
invention and an additional agent selected from the
lists of the additional agents described herein, along
with any pharmaceutically inactive excipients. The
bulk composition and each individual dosage unit can
contain fixed amounts of the afore said "more than one
pharmaceutically active agents". The bulk composition
is material that has not yet been formed into
individual dosage units. An illustrative dosage unit
is an oral dosage unit such as tablets, pills and the
like. Similarly, the herein-described method of
treating a patient by administering a pharmaceutical
composition of the present invention is also intended
to encompass the administration of the afore-said bulk
composition and individual dosage units. The compounds
of the present invention, or pharmaceutically
acceptable salts, solvates, or esters thereof are
useful in treating obesity or obesity related
disorders. The appetite suppressant, metabolic rate
enhancer, or HMG-CoA reductase inhibitor of the
present invention, or pharmaceutically acceptable
salts, solvates, or esters thereof, can be
administered in any suitable form, e.g., alone, or in
combination with a pharmaceutically acceptable
carrier, excipient or diluent in a
pharmaceuticalcomposition, according to standard
pharmaceutical practice. The compounds of the present
invention, or pharmaceutically acceptable salts,
solvates, or esters thereof, can be administered
orally or parenterally, including intravenous,
intramuscular, interperitoneal, subcutaneous, rectal,
or topical routes of administration. Pharmaceutical
compositions comprising the appetite suppressant or
metabolic rate enhancer of the present invention, or a
pharmaceutically acceptable salt, solvate, ester, or
tautomer thereof can be in a form suitable for oral
administration, e.g., as tablets, troches, capsules,
lozenges, aqueous or oily suspensions, dispersible
powders or granules, emulsions, syrups, or elixirs.
Oral compositions may be prepared by any conventional
pharmaceutical method, and may also contain sweetening
agents, flavoring agents, coloring agents, and
preserving agents. 



The amount of the appetite suppressant or metabolic
rate enhancer of the present invention, or a
pharmaceutically acceptable salt, solvate, ester, or
tautomer thereof, administered to a patient can be
determined by a physician based on the age, weight,
and response of the patient, as well as by the
severity of the condition treated. For example, the
amount of the appetite suppressant or metabolic rate
enhancer of the present invention, or a
pharmaceutically acceptable salt, solvate, ester, or
tautomer thereof, administered to the patient can
range from about 0.1 mg/kg body weight per day to
about 60 mg/kg/d, preferably about 0.5 mg/kg/d to
about 40 mg/kg/d. Non-limiting examples of HMG CoA
reductase inhibitor compounds useful in combination
with the nicotinic acid receptor agonists of the
present invention are lovastatin (for example
MEVACOR(r) which is available from Merck & Co.),
simvastatin (for example ZOCOR(r) which is available
from Merck & Co.), pravastatin (for example
PRAVACHOL(r) which is available from Bristol Meyers
Squibb), atorvastatin (for example LIPITOR(r) which is
available from Pfizer), atorvastatin, fluvastatin (for
examples LESCOL(r) which is available from Novartis),
cerivastatin, CI-981 , rivastatin (sodium
7-(4-fluorophenyl)-2,6-diisopropyl-5-methoxymethylpyri
din-3-yl)-3,5- dihydroxy-6-heptanoate), rosuvastatin
calcium (CRESTOR(r) from AstraZeneca Pharmaceuticals),
pravastatin (such as NK-104 of Negma Kowa of Japan).
H3 receptors have been implicated in thermogenesis
regulation in rodents and in feeding behavior in
humans. Various H3 receptor antagonists/inverse
agonistshave been disclosed as useful for modulating
histaminergic function, and thereby can be useful
inlreating obesity and obesity-related conditions. H3
receptor antagonists/inverse agonists have been
disclosed in U.S. 2002/183309, 2002/177589, 2002/1
11340, 2004/0122033, 2003/0186963, 2003/0130253,
2004/0248938, 2002/0058659, 2003/0135056, 2003/134835,
2003/1 53548, 2004/0019099, 2004/0097483,
2004/0048843, 2004/087573, 2004/092521, 2004/214856,
2004/248899, 2004/224953, 2004/224952, 2005/222151,
2005/222129, 2005/182045, 2005/1 7 1181 , 6,620,839,
6,515,013, 6,559,140, 6,316,475, 6,166,060, 6,448,282,
6,008,240, 5,652,258, 6,417,218, 6,673,829, 6,756,384,
6,437,147, 6,720,328, 5,869,479, 6,849,621 ,
6,908,929, 6,908,926, 6,906,060, 6,884,809, 6,884,803,
6,878,736, 6,638,967, 6,610,721, 6,528,522, 6,518,287,
6,506,756, 6,489,337, 6,436,939, 6,448,282, 6,407,132,
6,355,665, 6,248,765, 6,1 33,291 , 6,103,735,
6,080,871 , 5,932,596, 5,929,089, 5,837,718, 5,821
,259, 5,807,872, 5,639,775, 5,708,171 , 5,578,616,
5,990,147, 6,906,081 ,WO 95/14007, WO 99/24405 (each
of which is herein incorporated by reference). In one
embodiment, the present invention is directed to
compositions comprising one or more metabolic rate
enhancer which is an H3 receptor antagonist/inverse
agonist described generically (i.e., a compound
according to Formula (I)-(VIII) as described herein)
or specifically exemplified in U.S. 6,720,328,
6,849,621, 2004/0019099, 2004/0097483, 2004/0048843,
or 2005/0113383 (each of which is herein incorporated
by reference); and one or more appetite suppressant
selected from the group consisting of a CBi antagonist
(e.g., rimonabant), phentermine, sibutramine, and
topiramate. In another embodiment, the present
invention is directed to compositions comprising one
or more H3 receptor antagonist/inverse agonist; one or
more appetite suppressant selected from the group
consisting of a CB-i antagonist (e.g., rimonabant),
phentermine, sibutramine, and topiramate; and one or
more HMG-CoA reductase inhibitor. In another
embodiment, the present invention is directed to
compositions comprising one or more H3 receptor
antagonist/inverse agonists and one or more anti
diabetic agents. The compositions are useful for
treating or preventing diabetes. There are two major
forms of diabetes: Type I diabetes (also referred to
as insulin-dependent diabetes or IDDM) and Type Il
diabetes (also referred to asnoninsulin dependent
diabetes or NIDDM). In one embodiment, the
compositions are useful for treating Type I diabetes.
In another embodiment, the compositions are useful for
treating Type Il diabetes. Examples of anti-diabetic
agents useful in the present methods for treating
diabetes include sulfonylureas, insulin sensitizers
(such as PPAR agonists, DPPIV inhibitors, PTP-1B
inhibitors and glucokinase activators), -glucosidase
inhibitors, insulin secretagogues, hepatic glucose
output lowering compounds, anti-obesity agents,
antihypertensive agents, meglitinides, insulin and
insulin-containing compositions. In one embodiment,
the anti-diabetic agent is an insulin sensitizer or a
sulfonylurea. Non-limiting examples of sulfonylureas
include glipizide, tolbutamide, glyburide,
glimepiride, chlorpropamide, acetohexamide,
gliamilide, gliclazide, glibenclamide and tolazamide.
Insulin sensitizers include PPAR-g agonists described
in detail above, preferably troglitazone,
rosiglitazone, pioglitazone and englitazone;
biguanidines such as metformin and phenformin; DPPIV
inhibitors such as sitagliptin, saxagliptin,
denagliptin and vildagliptin; PTP-1 B inhibitors; and
glucokinase activators a- Glucosidase inhibitors that
can be useful in treating type Il diabetes include
miglitol, acarbose, and voglibose. Hepatic glucose
output lowering drugs include Glucophage and
Glucophage XR. Insulin secretagogues include
sulfonylurea and nonsulfonylurea drugs such as GLP-1 ,
exendin, GIP, secretin, glipizide, chlorpropamide,
nateglinide, megtitinide, glibenclamide, repaglinide
and glimepiride. Insulin includes all formualtions of
insulin, including long acting and short acting forms
of insulin. Non-limiting examples of anti-obesity
agents useful in the present methods for treating
diabetes include CB1 antagonists or inverse agonists
such as rimonabant, neuropeptide Y antagonists, MCR4
agonists, MCH receptor antagonists, histamnine H3
receptor antagonists or inverse agonists, leptin,
appetite suppressants such as sibutramine, and lipase
inhibitors such as xenical. Non-limiting examples of
antihypertensive agents useful in the present methods
for treating diabetes include b-blockers and calcium
channel blockers (for example diltiazem, verapamil,
nifedipine, amlopidine, and mybefradil), ACE
inhibitors (for example captopril, Hsinopril,
enalapril, spirapril, ceranopril, zefenopril,
fosinopril,cilazopril, and quinapril), AT-1 receptor
antagonists (for example losartan, irbesartan, and
valsartan), renin inhibitors and endothelin receptor
antagonists (for example sitaxsentan). Non-limiting
examples of meglitinides useful in the present methods
for treating diabetes include repaglinide and
nateglinide. Non-limiting examples of insulin
sensitizers include biguanides, such as metformin and
thiazolidinediones. In one embodiment, the insulin
sensitizer is a thiazolidinedione.- - Non-limiting
examples of antidiabetic agents that slow or block the
breakdown of starches and certain sugars and are
suitable for use in the compositions and methods of
the present invention include alpha-glucosidase
inhibitors and certain peptides for increasing insulin
production. Alpha-glucosidase inhibitors help the body
to lower blood sugar by delaying the digestion of
ingested carbohydrates, thereby resulting in a smaller
rise in blood glucose concentration following meals.
Non-limiting examples of suitable alpha-glucosidase
inhibitors include acarbose; miglitol; camiglibose;
certain polyamines as disclosed in WO 01/47528
(incorporated herein by reference); voglibose.
Non-limiting examples of suitable peptides for
increasing insulin production including amlintide (CAS
Reg. No. 122384-88-7 from Amylin; pramlintide,
exendin, certain compounds having Glucagon-like
peptide-1 (GLP-1) agonistic activity as disclosed in
WO 00/07617 (incorporated herein by reference).
Non-limiting examples of orally administrable insulin
and insulin containing compositions include AL-401
from Autoimmune, and the compositions disclosed in
U.S. Patent Nos. 4,579,730; 4,849,405; 4,963,526;
5,642,868; 5,763,396; 5,824,638; 5,843,866; 6,153,632;
6,191 ,105; and International Publication No. WO
85/05029, each of which is incorporated herein by
reference. In another embodiment, the compositions
comprising one or more H3 receptor antagonist/inverse
agonists and one or more anti-diabetic agents are
useful for treating or preventing obesity or an
obesity-related disorder. Anti-diabetic agents useful
in the present methods for treating obesity or an
obesity-related disorder include, but are not limited
to the anti-diabetic agents listed above herein. In
the combination therapies of the present invention,
the one or more H3 receptor antagonist/inverse
agonists and the one or more additional
therapeuticagents can be administered simultaneously
(at the same time, in a single dosage form or in
separate dosage forms) or sequentially (first one and
then another, etc... over a period of time) in any
order. In one embodiment, the H3 antagonists/inverse
agonists of the present invention can have a structure
according to Formula (I): as described in U.S. Patent
No. 6,720,328, which is herein incorporated by
reference in its entirety. Non-limiting examples of
compounds of Formula (I) include:SEMICONDUCTOR
CONSTRUCTIONS, METHODS OF FORMING SEMICONDUCTOR
CONSTRUCTIONS, LIGHT-CONDUCTING CONDUITS, AND OPTICAL
SIGNAL PROPAGATION ASSEMBLIES TECHNICAL FIELD [0001]
The invention pertains to semiconductor constructions,
methods of forming semiconductor constructions,
light-conducting conduits, and optical signal
propagation assemblies. BACKGROUND OF THE INVENTION
[0002] There are many applications for optical
signals. For instance, optical signals are frequently
utilized for transferring data across large distances.
Light conducting conduits (such as, for example, fiber
optic cables) can be utilized as pathways for the
optical signals. The optical signals can, however,
become degraded during their travel from one point to
another, and accordingly it can be desired to refresh
the optical signals at various intervals along the
pathways of the signals. [0003] Another use of optical
signals is in ultra-fast computers. At very high
frequencies, numerous physical effects degrade
performance of electrons as dependable carriers of
information, rendering the electrons incapable of
being utilized for transferring information at
ultra-fast processor speeds. However, photons can be
viable carriers of information at such ultra-fast
processor speeds. 



[0004] Yet another use of optical signals is for
transferring information in processors utilized in
environments that can potentially have very high
radiation. Although such environments can cause
numerous problems for signal transfer utilizing
electrons, signal transfer utilizing photons can
remain relatively robust under such conditions. Among
the applications for utilization of information
transfer in high radiation environments are military
applications, and outer space technology applications.
[0005] The above-listed examples are but a few of the
numerous applications that have been developed, or are
in the process of being developed, for optical
signaltechnologies. In light of the numerous
applications for optical signal technologies, it would
be desirable to develop devices and methods for
improving optical signal propagation and transfer.
SUMMARY OFTHE INVENTION [0006] In one aspect, the
invention includes a light-directing conduit. The
conduit includes an inner material through which light
migrates, and a sheath (or barrier) around the inner
material. The sheath is configured to substantially
keep the light migrating along a path defined by the
inner material. The inner material comprises a matrix
having one or more rare earth elements dispersed
therein, with a total concentration of the one or more
rare earth elements within at least a portion of the
matrix being at least about 1 x 1016 atoms/cm3. As is
known to persons of ordinary skill in the art, rare
earth elements are any of the elements having atomic
numbers 58-71 . [0007] In one aspect, the invention
includes a semiconductor construction comprising a
semiconductor substrate, and a waveguide supported by
the substrate. The waveguide comprises one or more
rare earth elements, with such elements being present
to a total concentration of at least about 1 x 1016
atoms/cm 3 within at least one segment of the
waveguide. [0008] In one aspect, the invention
includes an optical signal propagation assembly. The
assembly comprises an optical signal input, an optical
signal amplifier, an optical signal receiver, and an
optical signal conduit. The optical signal amplifier
is configured to receive an optical signal from the
input and amplify the optical signal, and the optical
signal conduit is configured to direct the amplified
signal from the amplifier to the receiver. The optical
signal amplifier comprises one or more rare earth
elements within a matrix material. In particular
aspects, the rare earth elements can include one or
more of cerium, erbium, neodymium and ytterbium.
[0009] In one aspect, the invention includes a method
of forming a semiconductor construction. A
semiconductor substrate provided, and one or more
trenches are etched into the substrate. At least one
of the trenches is lined with a first barrier
material, and then filled with a waveguide material.
At least some of the waveguide material is doped with
one or more rare earth elements. A second barrier
material is then formed over the waveguidematerial,
with the second barrier material contacting the first
barrier material along sidewalls of the at least one
trench. BRIEF DESCRIPTION OF THE DRAWINGS [0010]
Preferred embodiments of the invention are described
below with reference to the following accompanying
drawings. [001 1] Figure 1 is a diagrammatic,
cross-sectional top view of an optical device assembly
in accordance with an exemplary aspect of the present
invention. [0012] Figure 2 is a diagrammatic,
cross-sectional view along the line 2-2 of figure 1.
[0013] Figure 3 is a diagrammatic, cross-sectional top
view of an optical device assembly in accordance with
another exemplary aspect of the present invention.
[0014] Figure 4 is a diagrammatic, cross-sectional
view of a fragment of a semiconductor construction at
a preliminary processing stage in accordance with an
exemplary aspect of the present invention. [001 5]
Figure 5 is a view of the fragment of figure 4 shown
at a processing stage subsequent to that of figure 4.
[0016] Figure 6 is a view of the fragment of figure 4
shown at a processing stage subsequent to that of
figure 5. [0017] Figure 7 is a view of the fragment of
figure 4 shown at a processing stage subsequent to
that of figure 6. [0018] Figure 8 is a view of the
fragment of figure 4 shown at a processing stage
subsequent to that of figure 7. [0019] Figure 9 is a
top view of an exemplary construction comprising the
fragment of figure 8 along the line 8-8. [0020] Figure
10 is a view of the fragment of figure 4 shown at a
processing stage subsequent to that of figure
8.DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0021] This disclosure of the invention is submitted
in furtherance of the constitutional purposes of the
U.S. Patent Laws "to promote the progress of science
and useful arts" (Article 1, Section 8). [0022] The
invention includes optical waveguides and optical
amplifiers, and methods of forming optical waveguides
and optical amplifiers. In some aspects of the
invention, it is recognized that rare earth elements
can be utilized to amplify optical signals. The rare
earth elements can be incorporated into optical
interconnects, and in particular aspects into
integrated circuit optical interconnects, to maintain
signal strength of optical signals migrating along the
optical interconnects. In some aspects, the rare earth
elements can be utilized to amplify optical signal
strength within at least a segment of an optical
interconnect. [0023] In some aspects, the rare earth
elements can be considered to be incorporated within
light-conducting conduits, with the term
"light-conducting conduit" being utilized to
generically refer to any device having a path for
light, including optical waveguides and optical
amplifiers. [0024] A mechanism by which rare earth
elements can amplify optical signals, or at least
assist in maintaining optical signals, is that the
elements can produce additional photons having the
same phase and trajectory as photons which impact the
elements. One aspect of the present invention is a
recognition that incorporation of rare earth elements
in on-chip integrated circuit optical interconnect
waveguides can be advantageous, particularly if the
rare earth elements are within silicon nanocrystals.
The rare earth elements in silicon nanocrystals
dispersed in a dielectric (such as silicon dioxide)
can lead to light amplification when the rare earth
elements are excited by photons of appropriate energy.
For erbium, such can, for example, produce emission at
about 1540 nm wavelength at room temperature with an
estimated excitation cross-section of 1 x 10 14 per
square centimeter. This effect can be utilized to
enhance the quantum efficiency by which light is
transferred through a material. [0025] Erbium,
ytterbium, neodymium and cerium can be particularly
suitable for incorporation into dielectric waveguide
materials. Erbium ions, for example, have
quantumlevels that allow excitation at 800 nm
wavelength, 980 nm wavelength, and 1480 nm wavelength.
[0026] Rare earth elements tend to have low solubility
in the commonly-utilized dielectrics of integrated
circuitry (such as, for example, silicon dioxide).
Such can be beneficial, as interstitial rare earth
elements (such as, for example, erbium) will not
substantially alter physical properties of the
dielectric (for instance, refractive index and
dielectric constant). [0027] Incorporation of various
amounts and types of rare earth elements within
light-conducting conduits can enable properties of the
conduits to be tailored for particular applications.
Exemplary aspects of the invention are described with
reference to figures 1- 10. [0028] Referring to
figures 1 and 2, such illustrate a construction 10
comprising a light-conducting conduit 12 extending
from an optical signal input 14 to an optical signal
receiver 16. [0029] The optical signal input can be
anything that directs an optical signal into conduit
12, and the optical signal receiver 16 can be anything
into which an optical signal from conduit 12 is fed.
For instance, in some aspects the input 14 can
correspond to a fiber-optic cable, and appropriate
lenses and/or other devices can be provided between
the input and conduit 12 so that an optical signal
from the fiber-optic cable is transferred to conduit
12. Similarly, in some aspects the receiver 16 can
correspond to a fiber-optic cable, and appropriate
lenses and/or other devices can be provided between
the receiver and conduit 12 so that an optical signal
from the conduit is transferred to the fiber-optic
cable. As another example, input 14 can correspond to
a high-frequency processor directing an optical data
signal to conduit 12, and receiver 16 can correspond
to a system configured to store or utilize the data
contained in the optical data signal. [0030] The
light-directing conduit 12 is shown to be supported by
a substrate 18. Such substrate can be anything
suitable for supporting the light-directing conduit,
and in some aspects can comprise monocrystalline
silicon. In such aspects, the substrate can be
referred to as a semiconductor substrate. To aid in
interpretation of the claims that follow, the terms
"semiconductive substrate" and "semiconductor
substrate" are defined to mean any construction
comprising semiconductive material, including, but not
limited to, bulksemiconductive materials such as a
semiconductive wafer (either alone or in assemblies
comprising other materials thereon), and
semiconductive material layers (either alone or in
assemblies comprising other materials). The term
"substrate" refers to any supporting structure,
including, but not limited to, semiconductive
substrates. It can be advantageous for the substrate
to be a semiconductor substrate, in that such can
allow semiconductor processing technologies to be
utilized for fabrication of the light-directing
conduit. [0031] If the substrate 18 is a semiconductor
substrate, the substrate can homogeneously be a
semiconductor composition (as shown), or can comprise
multiple layers of different compositions. If the
substrate is homogeneously a semiconductor
composition, the substrate can, for example, comprise,
consist essentially of or consist of monocrystalline
silicon. If the substrate comprises multiple layers,
orie or more of the layers can comprise, consist
essentially of, or consist of monocrystalline silicon,
and others of the layers may or may not comprise
semiconductor materials. For instance, other layers
may comprise dielectric materials, metallic materials,
or electrically-conductive metalcontaining
compositions. In aspects in which the substrate
comprises multiple layers, the conduit 12 can be
formed in any suitable layer, or can extend through
more than one layer. [0032] The light-directing
conduit 12 is shown to comprise an inner material 20
and a sheath 22 surrounding such inner material. In
the shown aspect, the light-conducting conduit extends
into substrate 18. The sheath comprises a first
portion 24 between inner material 20 and substrate 18,
and a second portion 26 over the inner material 20 and



substrate 18. The first and second portions 24 and 26
can comprise the same composition as one another, or
can differ from one another in composition. Further,
although the first and second portions 24 and 26 are
shown to be homogeneous, it is be understood that at
least one of the portions can comprise multiple
differing compositions arranged as various segments or
layers within such portion. [0033] The inner material
20 can be considered to be the optical waveguide of
the light-conducting conduit 12. Light migrates
through the inner material. The particular wavelengths
of light which migrate through the inner material can
be determined by the composition of the inner
material, as will be recognized by persons of ordinary
skill in the art. One aspect of the present invention
is a recognition that inclusion of one or more rare
earth elements (in other words, one or more of the
elements selected from the groupconsisting of cerium,
praseodymium, neodymium, promethium, samarium,
europium, gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium and lutetium) within the
inner material can enhance stability of an optical
signal migrating through the inner material. In some
aspects, the inner material can comprise a matrix
having one or more rare earth elements dispersed
therein, with a total concentration of the one or more
rare earth elements within at least a portion of the
matrix being at least about 1 x 1016 atoms/cm 3.
[0034] The matrix can comprise any suitable
composition or combination of compositions, and in
some aspects will comprise one or more of silicon
dioxide, siliconoxide- containing glass (for instance,
borophosphosilicate glass (BPSG), phosphosilicate
glass (PSG) and fluorosilicate glass (FSG)), silicon
nitride, indium tin oxide and zinc tin oxide. The
silicon-oxide-containing glasses can be considered to
be doped silicon dioxide, and in some aspects can be
considered to consist of silicon dioxide and one or
more of phosphorus, fluorine and boron. [0035] The
rare earth elements can be provided to any suitable
concentration within the inner material matrix to
assist in maintaining stability of an optical signal
migrating through the inner material matrix (or, if
desired, to amplify an optical signal migrating
through the inner material matrix). The rare earth
elements will typically be provided to a concentration
less than or equal to the solid solubility limit of
the rare earth elements within the inner material
matrix, which will typically mean that a total
concentration of the rare earth elements will be less
than or equal to about 1 x 1018 atoms/cm 3. In
exemplary aspects, a total concentration of the rare
earth elements within the inner material matrix will
be from about 1 x 101d atoms/cm3 to about 1 x 1018
atoms/cm 3. In some aspects, a particular rare earth
element will be the only rare earth element provided
within the inner material matrix, or at least will be
the only rare earth element present within limits of
fabrication techniques. If a particular rare earth
element is the only rare earth element present within
limits of fabrication techniques, such rare earth
element can be considered to be substantially solely
the only rare earth element present within the inner
material. In some aspects, it can be advantageous for
the inner material matrix to substantially solely
comprise erbium or cerium.[0036] In some aspects, the
earth elements can be provided within silicon
nanocrystals present within the inner material matrix.
For instance, erbium can be present in the inner
material matrix within erbium-rich (or erbium-doped)
silicon- nanocrystals. [0037] Sheath 22 is configured
to substantially keep light migrating along a path
defined by the inner material 20. The sheath will
typically comprise one or more compositions having a
refractive index different from the refractive index
of the inner material 20 adjacent such compositions.
The difference between the refractive index of the
sheath and that of the inner material adjacent the
sheath can help retain light along a path defined by
the inner material, as will be recognized by persons
of ordinary skill in the art. [0038] The composition,
or compositions, of sheath 22 can be anything suitable
for helping to retain light along a path defined by
inner material 20. For instance, if inner material 20
comprises silicon dioxide, the portion of sheath 22
adjacent the silicon oxide can comprise
silicon-nitride and/or metallic materials and/or
metal-containing compositions. In the shown aspect the
invention, sheath 22 comprises segments of
non-metallic material 34, and segments of metallic
material 32. The metallic material 32 can be any
suitable composition or combination of compositions,
and in particular aspects can comprise one or more of
aluminum, tungsten, copper, and metallic suicides (for
example, titanium suicide and tungsten suicide).
[0039] The waveguide 20 can be considered to have a
longitudinal dimension extending along a longitudinal
axis .21 (figure 1), and to have lateral dimensions
(for instance, the lateral dimensions 23 and 25 of
figures 1 and 2) which are orthogonal to the
longitudinal dimension. In the shown aspect of the
invention, sheath 22 extends entirely around the
lateral dimensions of waveguide 20, and accordingly
entirely surrounds such lateral dimensions. [0040] In
some aspects of the- invention, the inner material 20
will have a region (or segment) doped with a
sufficient concentration of one or more rare earth
elements to amplify an optical signal (which will
typically be a total concentration of at least about 1
x 1016 atoms/cm 3 of the rare earth elements), and
will have another region (or segment) which is not
doped to any significant amount with rare earth
elements (or in other words, which has a total
concentration of rare earth elements of less than 1 x
1015 atoms/cm 3) . Such aspect of the invention is
illustrated in figure 3. In referring to figure 3,
similarnumbering will be used as is utilized above in
describing figures 1 and 2, where appropriate. [0041]
Figure 3 shows a construction 40 comprising a
light-conducting conduit 42 supported by a substrate
18. The substrate 18 can be identical to that
described previously with reference to figures 1 and
2. The optical signal input 14 and optical signal
receiver 16 discussed above are shown proximate
light-conducting conduit 42. An optical signal
provided from input 14 passes through conduit 42 to
the receiver 16, and accordingly a path of light
through the conduit can be considered to proceed
downstream from input 14 to receiver 16. [0042] The
light-conducting conduit 42 comprises two adjacent
segments 44 and 46 of a waveguide, with the segment 44
being upstream of the segment 46 relative to the flow
of light through the conduit to the receiver 16. In
particular aspects of the invention, the upstream
segment 44 can be doped with a sufficient
concentration of one or more rare earth elements to
amplify an optical signal (which typically will be a
total concentration of at least about 1 x 1016
atoms/cm3 of the rare earth elements; and can be a
total concentration of the rare earth elements of from
about 1 x 1016 atoms/cm3 to about 1 x 1018 atoms/cm3)
, while the downstream segment 46 is not doped to any
significant amount with rare earth elements (which
typically will be a total concentration of rare earth
elements of less than 1 x 1015 atoms/cm3) . In such
aspects, the construction 40 can be considered to
comprise an optical signal propagation assembly. The
upstream segment 44 of such assembly can be considered
an optical signal amplifier which receives an optical
signal from input 14 and utilizes the rare earth
elements therein to amplify the signal prior to
passing the signal through the remaining segment 46 of
the conduit to the receiver 16. [0043] The segments 44
and 46 of the waveguide can comprise compositions
similar to those discussed above regarding waveguide
20, and specifically can comprise dielectric matrix
material having one or more rare earth elements
dispersed therein. In specific aspects, at least some
of such earth elements can be provided in
rare-earthelement- rich silicon nanocrystals. Any
suitable rare earth elements or combinations of rare
earth elements can be utilized. In some aspects, one
or more of erbium, cerium, neodymium and ytterbium
will be utilized.[0044] In some aspects, the
dielectric matrix material of segment 44 will differ
from that of segment 46. For instance, it can be
advantageous to utilize one or both of indium tin
oxide and zinc tin oxide as the dielectric matrix
material of the optical amplification segment 44, and
to utilize other materials as the dielectric matrix
material of segment 46. Accordingly, in some aspects
of the invention the segment 44 will comprise one or
both of indium tin oxide and zinc tin oxide, and the
segment 46 will not comprise indium tin oxide or zinc
tin oxide. In such aspects, the dielectric matrix
material of segment 46 can, for example, comprise one
or more of silicon dioxide, doped silicon dioxide, and
silicon nitride. [0045] A sheath 48, similar to the
sheath 22 discussed above with reference to figures 1
and 2, is shown along lateral edges of segments 44 and
46. The exemplary sheath 48 has metallic regions 32
and non-metallic regions 34. Such exemplary sheath is
shown to indicate that the sheath utilized in the
construction of figure 3 can, like the sheath utilized
in the construction of figures 1 and 2, comprise
non-metallic segments, metallic segments, or
combinations of non-metallic segment and metallic
segments. Although the metallic material of sheath 48
is shown adjacent the segment 44 enriched in rare
earth elements, it is to be understood that portions
of the sheath adjacent the segment 46 can also be
metallic. However, in some aspects of the invention it
can be advantages to provide metallic regions of the
sheath along regions of the conduit 42 that comprise
one or both of indium tin oxide and zinc tin oxide.
[0046] The sheath 48 of figure 3 can entirely
laterally surround the waveguide containing segments
44 and 46 analogously to the way that the sheath 22
entirely laterally surrounds the waveguide 20 of
figures 1 and 2. [0047] An exemplary method for
forming an exemplary optical signal conduit of the
present invention is described with reference to
figures 4-10. In referring to figures 4-10, similar
numbering will be used as is utilized above in
describing figures 1-3, where appropriate. [0048]
Referring to figure 4, a construction 40 is shown to
comprise a substrate 18. Such substrate can be a
semiconductor substrate, and in some aspects can
comprise, consist essentially of, or consist of bulk
monocrystalline silicon. [0049] Referring next to
figure 5, a trench 50 is etched into substrate 18.
Although only one trench is shown, it is to be
understood that multiple trenches could
besimultaneously formed within the substrate. Trench
50 can be formed with any suitable processing,
including, for example, provision of a
photolithographically patterned mask (not shown)
defining the location of the trench; an etch into the
substrate to form the trench in the location defined
by the mask; and subsequent removal of the mask to
leave the structure shown in figure 5. [0050]
Referring next to figure 6, trench 50 is lined with a
barrier material 54, and the lined trench is then
filled with waveguide material 56. In applications in
which multiple trenches are formed at the processing
stage of figure 5, all of the trenches can be lined
with material 54 and filled with material 56, or
alternatively fewer than all of the trenches can be
lined with material 54 and/or filled with material 56.
Barrier material 54 is a barrier relative to light
traveling down a waveguide comprising material 56. The
barrier may absolutely impede light from escaping for
the waveguide, but more typically only partially
impedes light 



from escaping from the waveguide. [0051] Barrier
material 54 ultimately forms the sheath discussed
above, and accordingly can comprise the same
compositions as described previously for the sheathing
materials of figures 1-3. Thus, the barrier material
can, for example, comprise silicon nitride or other
non-metallic materials and/or can comprise various
metallic materials. [0052] Waveguide material 56
ultimately forms a light-conducting conduit analogous
to the light-conducting conduits discussed above, and
accordingly can comprise the same compositions as
described previously for the light-conducting conduits
of figures 1-3. Thus, the waveguide material can, for
example, comprise, consist essentially of, or consist
of one or more of silicon dioxide, doped silicon
dioxide, silicon nitride, indium tin oxide, and zinc
tin oxide. [0053] Referring to figure 7, materials 54
and 56 are subjected to planarization (such as, for
example, chemical-mechanical polishing) to form a
planarized upper surface 57 extending across substrate
18 and materials 54 and 56. The planarization can, in
some aspects, remove some of substrate 18 so that the
planarized surface 57 is elevationally below an
initial uppermost surface of substrate 18, and in
other aspects can substantially stop upon reaching an
uppermost surface of substrate 18. [0054] Referring to
figure 8, waveguide material 56 (figure 7) is exposed
to one or more rare earth elements to convert the
material to rare-earth-element-doped material
60.Although the doping with rare earth elements is
shown occurring after the planarization of figure 7,
it is to be understood that the invention also
includes aspects (not shown) in which such doping
occurs before the planarization. [0055] Any suitable
method can be utilized for incorporating desired rare
earth elements into the waveguide material. For
instance, dopant can be implanted into the material.
In an exemplary aspect, chlorides of one or more rare
earth elements are implanted into the material
utilizing an implantation energy of from about 100 KeV
to about 300 KeV, and an implant dose of from about 1
x 1013 atoms/cm2 to about 1 x 1015 atoms/cm2. Such
implantation can achieve the desired dose of rare
earth element within the waveguide material of from
about 1 x 1016 atoms/cm3 to about 1 x 1018 atoms/cm3.
The implantation can be followed with an anneal at,
for example, a temperature of from about 5000C to
about 7000C for a time of from about 10 minutes to
about 30 minutes to diffuse the implanted rare earth
elements within the waveguide material. In a
particular aspect, the implanted rare earth element
can be erbium, and the chloride can therefore be
erbium chloride. If the implanted rare earth element
is entirely erbium, the dopant within the waveguide
material can be solely erbium; and if the implanted
rare earth element is at least nearly entirely erbium,
the dopant within the waveguide material can be at
least substantially solely erbium. [0056] In another
aspect, the waveguide material can be doped by
exposing the waveguide material to an acidic solution
having rare-earth-element-containing material
dissolved therein. Such acidic solution can, for
example, correspond to a solution formed of a 1:1
volume dilution of 36% (by weight) HCI in water,
having one or more of erbium oxide (Er2O3) , cerium
oxide (CeO2) , or various organic/rare earth element
compounds dissolved therein. The doping can be
followed with the above-described anneal to diffuse
the rare earth elements within the waveguide material.
[0057] Regardless of the procedure utilized to provide
rare earth elements within the waveguide material,
some aspects of the invention comprise incorporation
of the rare earth elements within silicon nanocrystals
of the waveguide material. Such incorporation can
occur during the anneal if the waveguide material
comprises some silicon. Accordingly, some aspects of
the invention will comprise incorporation of some
silicon with the dielectric material utilized as
waveguide material. In such aspects, the waveguide
material canprimarily comprise one or more of silicon
dioxide, doped silicon dioxide, silicon nitride,
indium tin oxide, and zinc tin oxide; and can further
comprise sufficient silicon so that silicon
nanocrystals are dispersed within the waveguide
material in sufficient quantity to incorporate most or
all of the rare earth element that is ultimately
provided within the waveguide material. [0058] The
doping described with reference to figure 8 can dope
an entirety of the waveguide material, or only a
portion of the waveguide material. For instance, some
of the waveguide material can be protected with a mask
during the doping so that the protected portion is not
doped while another portion is doped. Figure 9 shows a
top view of an exemplary construction at the
processing stage of figure 8 in which one portion of
the waveguide material is doped to form the doped
material 60, and another portion (or segment) of the
waveguide material is not doped (and accordingly
remains as the material 56 discussed above with
reference to figures 6 and 7). [0059] The construction
of figure 9 comprises an optical signal propagation
assembly analogous to the assembly discussed above
with reference to figure 3. Specifically, the segment
60 of figure 9 can have an identical composition as
discussed above for the segment 44 of figure 3, and
the segment 56 of figure 9 can have an identical
composition as discussed above for the segment 46 of
figure 3. Accordingly, in some aspects segment 60 can
correspond to one or both of rare-earth-element-doped
indium tin oxide and rare-earth-element-doped zinc tin
oxide, and segment 56 can correspond to one or more of
silicon dioxide, doped silicon dioxide and silicon
nitride. [0060] Although barrier material 54 is shown
comprising a common composition along the segment 60
as along segment 56, the invention includes some
aspects in which the barrier material is different
along the doped waveguide material than along the
undoped waveguide material. For instance, it may be
advantageous to utilize metallic barrier materials
along the doped waveguide material comprising indium
tin oxide or zinc tin oxide, and to utilize
non-metallic barrier materials along the undoped
waveguide material comprising silicon dioxide, doped
silicon dioxide and/or silicon nitride. [0061]
Referring to figure 10, the cross-section of figure 8
is shown at a processing stage subsequent that of
figures 8 and 9, and specifically is shown after a
second barrier material 62 is formed across the
planarized surface 57. The second barrier
materialcontacts the first barrier material along
sidewalls of the trench 50 (such trench is described
above with reference to figure 5). The second barrier
material can, like the first barrier material,
comprise a single composition, or can comprise
segments of differing composition. The second barrier
material can, in some aspects, be compositionally the
same as the first barrier material where the second
barrier material contacts the first barrier material.
[0062] In compliance with the statute, the invention
has been described in language more or less specific
as to structural and methodical features. It is to be
understood, however, that the invention is not limited
to the specific features shown and described, since
the means herein disclosed comprise preferred forms of
putting the invention into effect. The invention is,
therefore, claimed in any of its forms or
modifications within the proper scope of the appended
claims appropriately interpreted in accordance with
the doctrine of equivalents.CLAIMS The invention
claimed is: 1. A light-directing conduit, comprising:
an inner material through which light migrates; a
sheath around the inner material and configured to
substantially keep light migrating along a path
defined by the inner material; and wherein the inner
material comprises a matrix having one or more rare
earth elements dispersed therein; a total
concentration of the one or more rare earth elements
within at least a portion of the matrix being at least
about 1 x 1016 atoms/cm3. 2. The light-directing
conduit of claim 1 wherein the one or more rare earth
elements include one or more of cerium, erbium,
neodymium and ytterbium. 3. The light-directing
conduit of claim 1 wherein the one or more rare earth
elements include erbium, with at least some of such
erbium being present as erbium-doped silicon
nanocrystals. 4. The light-directing conduit of claim
1 wherein the one or more rare earth elements include
erbium, and wherein at least some of the inner
material matrix containing the erbium comprises glass,
with the glass consisting of silicon dioxide and one
or more of fluorine, phosphorus and boron. 5. The
construction of claim 4 wherein the concentration of
erbium within said at least some of the inner material
matrix is from about 1 x 1016 atoms/cm3 to about 1 x
1018 atoms/cm3.6. The light-directing conduit of claim
1 wherein the one or more rare earth elements include
erbium, and wherein at least some of the inner
material matrix containing the erbium is silicon
dioxide. 7. The construction of claim 6 wherein the
concentration of erbium within said at least some of
the inner material matrix is from about 1 x 1018
atoms/cm3 to about 1 x 10 18 atoms/cm3. 8. The
light-directing conduit of claim 1 wherein the one or
more rare earth elements include erbium, and wherein
at least some of the inner material matrix comprises
one or both of indium tin oxide and zinc tin oxide. 9.
The construction of claim 8 wherein the concentration
of erbium within said at least some of the inner
material matrix is from about 1 x 1016 atoms/cm3 to
about 1 x 10 18 atoms/cm3. 10. The light-directing
conduit of claim 1 wherein the inner material
comprises: a first segment containing a total
concentration at least about 1 x 1016 atoms/cm3 of the
one or more rare earth elements; and a second segment
downstream of the first segment along the path of the
light along the inner material, with said second
segment containing a total concentration of less than
1 x 1O1S atoms/cm3 of the one or more rare earth
elements.11. The light-directing conduit of claim 10
further comprising a region upstream of the first
segment along the path of the light; the conduct being
configured so that an optical signal passes from the
upstream region to the first segment; the first
segment amplifies the optical signal, and the
amplified optical signal then passes into the second
segment. 12. The light-directing conduit of claim 10
wherein the dielectric composition of the first
segment comprises one or both of indium tin oxide and
zinc tin oxide; and wherein the dielectric composition
of the second segment does not comprise either indium
tin oxide or zinc tin oxide. 13. The light-directing
conduit of claim 12 wherein the dielectric composition
of the second segment comprises one or more of silicon
dioxide, doped silicon dioxide, and silicon nitride.
14. The light-directing conduit of claim 1 wherein the
one or more rare earth 



elements comprise erbium. 15. The light-directing
conduit of claim 1 wherein the one or more rare earth
elements are substantially solely erbium. 16. The
light-directing conduit of claim 1 wherein the sheath
comprises metallic segments and non-metallic
segments.17. A semiconductor construction, comprising:
a semiconductor substrate; and a waveguide supported
by the substrate and comprising one or more rare earth
elements, with the one or more rare earth elements
being present to a total concentration of at least 1 x
1016 atoms/cm3 within at least one segment of the
waveguide. 18. The construction of claim 17 wherein
the one or more rare earth elements include one or
more of cerium, erbium, neodymium and ytterbium. 19.
The construction of claim 17 wherein at least some of
the one or more rare earth elements are present as
rare-earth-element-doped silicon nanocrystals. 20. The
construction of claim 17 wherein the total
concentration of the one or more rare earth elements
is from about 1 x 1016 atoms/cm3 to about 1 x 1018
atoms/cm 3. 2 1. The construction of claim 17 wherein
the waveguide further comprises a dielectric material
matrix containing the one or more rare earth elements,
and wherein at least some of the dielectric material
matrix comprises one or more of silicon dioxide, doped
silicon dioxide, silicon nitride, indium tin oxide and
zinc tin oxide. 22. The construction of claim 2 1
wherein the waveguide has a longitudinal dimension,
and lateral dimensions orthogonal to the longitudinal
dimension; and further comprising a sheath entirely
surrounding the lateral dimensions.23. The
construction of claim 22 wherein the sheath is at
least partially metallic. 24. The construction of
claim 22 wherein at least some of the dielectric
material matrix comprises silicon dioxide or doped
silicon dioxide; and wherein the sheath surrounding
the lateral dimensions of said at least some of the
dielectric material matrix consists of silicon
nitride. 25. The construction of claim 17 wherein the
waveguide comprises: a first segment containing the
one or more rare earth elements; and a second segment
substantially not containing the one or more rare
earth elements. 26. The construction of claim 25
wherein the second segment is downstream of the first
segment along a path of light along the waveguide. 27.
The construction of claim 26 wherein the first segment
comprises one or both of indium tin oxide and zinc tin
oxide; and wherein the second segment does not
comprise indium tin oxide or zinc tin oxide. 28. The
construction of claim 26 further comprising an optical
signal conduit configured to provide an optical signal
input to the first segment; and wherein the first
segment is an optical amplifier configured to amplify
the optical signal input and feed the amplified
optical signal into the second segment.29. An optical
signal propagation assembly, comprising: an optical
signal input; an optical signal amplifier configured
to receive an optical signal from the input and
amplify the optical signal, the optical signal
amplifier comprising one or more rare earth elements
within a matrix material; an optical signal receiver;
and an optical signal conduit configured to direct the
amplified optical signal to the receiver. 30. The
assembly of claim 29 wherein the one or more rare
earth elements include one or more of cerium, erbium,
neodymium and ytterbium. 3 1. The assembly of claim 29
wherein the one or more rare earth elements include
erbium, with at least some of such erbium being
present as erbium-doped silicon nanocrystals. 32. The
assembly of claim 3 1 wherein the concentration of
erbium within the matrix material is from about 1 x
1016 atoms/cm 3 to about 1 x 1018 atoms/cm3. 33. The
assembly of claim 32 wherein the matrix material
comprises one or both of indium tin oxide and inc tin
oxide. 34. The assembly of claim 33 wherein any rare
earth elements present in the optical signal conduit
are present to a total concentration of less than 1 x
1015 atoms/cm3.35. The assembly of claim 34 wherein
the optical signal conduit consists essentially of one
or more of silicon nitride, silicon dioxide or doped
silicon dioxide. 36. The assembly of claim 29 further
comprising a semiconductor substrate, and wherein at
least a portion of the optical signal conduit and at
least a portion of the optical signal amplifier are
supported by the semiconductor substrate. 37. The
assembly of claim 36 wherein the semiconductor
substrate comprises bulk monocrystalline silicon. 38.
A method of forming a semiconductor construction,
comprising: providing a semiconductor substrate;
etching one or more trenches into the substrate;
lining at least one of the trenches with a first
barrier material; filling the at least one lined
trench with waveguide material; doping at least some
of the waveguide material with one or more rare earth
elements; and forming a second barrier material over
the waveguide material, the second barrier material
contacting the first barrier material along sidewalls
of the at least one trench.39. The method of claim 38
wherein the doping comprises implanting the one or
more rare earth elements from chlorides of the one or
more rare earth elements, utilizing an implantation
energy of from about 100 KeV to about 300 KeV, and an
implant dose of from about 1 x 1013 atoms/cm2 to about
1 x 1015 atoms/cm2. 40. The method of claim 39 further
comprising an anneal after the doping to diffuse the
implanted one or more rare earth elements within the
waveguide material. 4 1. The method of claim 39
wherein the one or more rare earth elements are
substantially solely erbium. 42. The method of claim
38 wherein the one or more rare earth elements include
cerium, and wherein the doping comprises exposing at
least a portion of the waveguide material to an acidic
solution having cerium-containing material dissolved
therein. 43. The method of claim 42 wherein the acidic
solution comprises HCI. 44. The method of claim 42
wherein the cerium-containing material comprises
cerium oxide. 45. The method of claim 38 wherein the
one or more rare earth elements include erbium, and
wherein the doping comprises exposing at least a
portion of the waveguide material to an acidic
solution having erbium-containing material dissolved
therein.46. The method of claim 38 wherein the acidic
solution comprises HCI. 47. The method of claim 38
wherein the erbium-containing material comprises
Er2O3. 48. The method of claim 38 wherein the doping
further comprises an anneal following the exposure to
the acidic solution, with said anneal diffusing the
erbium within the waveguide material. 49. The method
of claim 38 wherein the filling of the trench with
waveguide material overfills the trench, and further
comprising planarization of the waveguide material
prior to formation of the second barrier material. 50.
The method of claim 38 wherein at least one region of
the first barrier material contacts a region of the
second barrier material that is substantially the same
in composition to said at least one region. 5 1. The
method of claim 38 wherein the total concentration of
rare earth elements within doped regions of the
waveguide material is from greater than 0 atoms/cm3 to
about 1 x 1018 atoms/cm 3.52. The method of claim 38
wherein the total concentration of rare earth elements
within doped regions of the waveguide material is from
about 1 x 1016 atoms/cm3 to about 1 x 1018 atoms/cm3.
53. The method of claim 38 wherein at least some of
the waveguide material is selected from the group
consisting of silicon dioxide and doped silicon
dioxide. 54. The method of claim 38 wherein at least
some of the waveguide material is silicon nitride. 55.
The method of claim 38 wherein at least some of the
waveguide material is indium tin oxide. 56. The method
of claim 38 wherein at least some of the waveguide
material is zinc tin oxide. 57. The method of claim 38
wherein the waveguide comprises: a first segment
containing rare-earth-element-doped dielectric
material; and a second segment substantially not
containing rare earth elements. 58. The method of
claim 38 wherein the waveguide comprises: a first
segment containing erbium-doped dielectric material;
and a second segment substantially not containing
erbium dopant.59. The method of claim 58 wherein the
second segment is downstream of the first segment
along a path of light along the waveguide. 60. The
method of claim 58 wherein the second segment consists
of silicon dioxide or doped silicon dioxide, and
wherein the erbium-doped dielectric material of the
first segment comprises one or both of indium tin
oxide and zinc tin oxide. 


