
STYRENE BUTADIENE BLOCK COPOLYMERS FOR FILM
APPLICATIONS BACKGROUND OF THE INVENTION The present
invention relates generally to the field of block
copolymers. More particularly, it concerns
monovinylarene-conjugated diene copolymers useful in
shrink film applications, especially in blends with
polystyrene. Articles formed from
monovinylarene-conjugated diene copolymers, such as
styrene-butadiene copolymers, for example K-Resin(r)
(Chevron Phillips Chemical Company LP, The Woodlands,
TX), generally have improved physical properties
compared to articles formed from general purpose
polystyrenes. However, in the case of articles for
which heat shrink performance is important, new
monovinylareneconjugated diene copolymers are
necessary to provide the shrink performance desired by
this growing market. As an example, typical
monovinylarene-conjugated diene copolymers possess
glass transition temperatures (Tg), which are the
primary controller of shrink performance, that are
typically in the range of about 95C to about 108C.
This relatively high Tg is not favored by the
marketplace as a relatively high temperature is
requires to initiate shrinking. Further, polystyrene
is commonly blended with monovinylarene-conjugated
diene copolymers for a wide number of reasons
including increase film stiffness and decreased costs.
Articles formed from blends of polystyrene and
monovinylareneconjugated diene copolymers can also be
used in applications where heat shrink performance is
important. Therefore, it would be desirable to have
monovinylarene-butadiene copolymers with lower Tg and
improved heat shrink performance, either alone or in
blends with polystyrene. SUMMARY OF THE INVENTION In
one embodiment, the present invention relates to a
monovinylareneconjugated diene block copolymer
containing a plurality of monovinylareneconjugated
diene mixed blocks, wherein each mixed block contains
conjugated diene units and monovinylarene units in a
weight ratio of about 0.05 to about 0.33. In another
embodiment, the present invention relates to a
composition containing (a) from about 50 parts by
weight to about 95 parts by weight of a
monovinylarene-conjugated diene block copolymer
comprising a plurality of monovinylarene-conjugated
diene mixed blocks, wherein each mixed block contains
conjugated diene units and monovinylarene units in a
weight ratio of about 0.05 to about 0.33; and (b) from
about 5 parts by weight to about 50 parts by weight of
polystyrene; wherein the monovinylarene-conjugated
diene block copolymer and the polystyrene total 100
parts by weight. In another embodiment, the present
invention relates to a method of shrinkwrapping an
object or a group of objects by wrapping the object or
the group of objects with a film containing the
composition, to yield a wrapped object or group of
objects, and heating the wrapped object or group of
objects to a temperature and for a duration sufficient
to shrink the film in at least a first direction, to
yield a shrinkwrapped object or group of objects. The
copolymer and the composition can be used in the
production of shrink films. DESCRIPTION OF
ILLUSTRATIVE EMBODIMENTS In one embodiment, the
present invention relates to a
monovinylareneconjugated diene block copolymer
containing a plurality of monovinylareneconjugated
diene mixed blocks, wherein each mixed block contains
conjugated diene units and monovinylarene units in a
weight ratio of about 0.05 to about 0.33. The weight
ratio can be defined as phm (parts per hundred monomer
over all conjugated diene and monovinylarene monomer
charged to the polymer during polymerization)
conjugated diene units divided by phm monovinylarene
units. Quantities of monomers and monomer units
expressed herein are usually in terms of parts per
hundred monomer (phm) based on the total weight of
monovinylarene monomer and conjugated diene monomer
charged during polymerization. The basic starting
materials and polymerization conditions for preparing
conjugated diene/monovinylarene block copolymers are
disclosed in U.S. Pat. Nos.4,091,053; 4,584,346;
4,704,434; 4,704,435; 5,227,419; 5,545,690; and
6,096,828, the full disclosures of which are hereby
incorporated by reference as if explicitly contained
herein. "Conjugated diene," as used herein, refers to
an organic compound containing conjugated
carbon-carbon double bonds and a total of 4 to 12
carbon atoms, such as 4 to 8 carbon atoms. Exemplary
conjugated dienes include, but are not limited to,
1,3- butadiene, 2-methyl- 1,3 -butadiene, 2-ethyl- 1,3
-butadiene, 2,3-dimethyl-l,3- butadiene,
1,3-pentadiene, 3-butyl-l,3-octadiene, and mixtures
thereof. In one embodiment, the conjugated diene can
be 1,3-butadiene or isoprene. In a further embodiment,
the conjugated diene can be 1,3-butadiene. A unit of a
polymer, wherein the unit is derived from
polymerization of a conjugate diene monomer, is a
"conjugated diene unit." "Monovinylarene," as used
herein, refers to an organic compound containing a
single carbon-carbon double bond, at least one
aromatic moiety, and a total of 8 to 18 carbon atoms,
such as 8 to 12 carbon atoms. Exemplary
monovinylarenes include, but are not limited to,
styrene, alpha-methylstyrene, 2-methylstyrene, 3-
methylstyrene, 4-methylstyrene, 2-ethylstyrene,
3-ethylstyrene, 4-ethylstyrene, 4-npropylstyrene,
4-t-butylstyrene, 2,4-dimethylstyrene,
4-cyclohexylstyrene, Adecylstyrene,
2-ethyl-4-benzylstyrene, 4-(4-phenyl-n-butyl)styrene,
1- vinylnaphthalene, 2-vinylnaphthalene, and mixtures
thereof. In one embodiment, the monovinylarene is
styrene. A unit of a polymer, wherein the unit is
derived from polymerization of a monovinylarene
monomer, is a "monovinylarene unit." In the polymer of
the present invention, the monovinylarene-conjugated
diene mixed blocks contain conjugated diene units and
monovinylarene units. The monovinylarene-conjugated
diene mixed blocks may be random or tapered. The mixed
block is "tapered" when both (a) the mole fraction of
conjugated diene units in a first section of the block
is higher than the mole fraction of conjugated diene
units in a second section of the block, wherein the
second section of the block is closer to a given end
of the block and (b) condition (a) is true for
substantially all sections of the block. (Depending on
the size of the sections being considered, condition
(a) may not be true for all sections, but if so, will
be not true at no more than about the level expected
by chance).In one embodiment, each mixed block
contains conjugated diene units and monovinylarene
units in a weight ratio of about 0.06 to about 0.28.
In another embodiment, each mixed block contains
conjugated diene units and monovinylarene units in a
weight ratio of about 0.08 to about 0.26. In another
embodiment, each mixed block contains conjugated diene
units and monovinylarene units in a weight ratio of
about 0.05 to about 0.09. While not wishing to be
limited by theory, it is believed that having each
mixed block contain the specified weight ratios of
conjugated diene units and monovinylarene units
provides monovinylareneconjugated diene copolymers
possessing a glass transition temperature below about
100Cwhich are suitable for applications requiring heat
shrinkability. In one embodiment, the
monovinylarene-conjugated diene block copolymer
contains at least three monovinylarene-conjugated
diene mixed blocks. In a further embodiment, the
monovinylarene-conjugated diene block copolymer
contains four or five monovinylarene-conjugated diene
mixed blocks. In one embodiment, the
monovinylarene-conjugated diene block copolymer
contains four consecutive monovinylarene-conjugated
diene mixed blocks. In a further embodiment, the
monovinylarene-conjugated diene block copolymer
contains five consecutive monovinylarene-conjugated
diene mixed blocks. In addition to the plurality of
mixed blocks described above, the
monovinylarene-conjugated diene block copolymer can
further contain blocks of monovinylarene units,
conjugated diene units, random
monovinylarene-conjugated diene, stepwise
monovinylarene-conjugated diene, mixed
monovinylarene-conjugated diene containing more
conjugated diene units than a conjugated
diene/monovinylarene weight ratio of about 0.33, and
other monomers, either alone, in copolymeric blocks,
or in combination with monovinylarene units,
conjugated diene units, or both. In one embodiment,
the monovinylarene-conjugated diene block copolymer
further contains a proximal conjugated diene block. In
this context, "proximal" refers to a position nearer
the terminal end of the block copolymer than the
initial end. In one embodiment, the proximal
conjugated diene block contains from about 5 phm
conjugated diene units to about 50 phm conjugated
diene units, relative to the total amount of
monovinylarene units and conjugated diene units in the
monovinylareneconjugated diene block copolymer. In
another embodiment, the proximal conjugateddiene block
contains from about 10 phm conjugated diene units to
about 35 phm conjugated diene units. In a further
embodiment, the proximal conjugated diene block
contains from about 11 phm conjugated diene units to
about 25 phm conjugated diene units. While not wishing
to be limited by theory, it is believed that having a
proximal conjugated diene block containing the
specified amount of conjugated diene units provides
impact resistance to the monovinylarene-conjugated
diene copolymer and blends thereof. In another
embodiment, the monovinylarene-conjugated diene block
copolymer further contains a distal monovinylarene
block. In this context, "distal" refers to a position
nearer the initial end of the block copolymer than the
terminal end. In one embodiment, the distal
monovinylarene block contains from about 10 phm
monovinylarene units to about 40 phm monovinylarene
units, relative to the total amount of monovinylarene
units and conjugated diene units in the
monovinylareneconjugated diene block copolymer. In a
further embodiment, the distal monovinylarene block
contains from about 15 phm monovinylarene units to
about 35 phm monovinylarene units. In one embodiment,
the monovinylarene-conjugated diene copolymer is a
block copolymer comprising styrene blocks and
butadiene blocks (a "styrenebutadiene block
copolymer"). Exemplary styrene-butadiene copolymers
are commercially available under the name K-Resin(r)
(Chevron Phillips Chemical Company, LP, The Woodlands,
TX). The monovinylarene-conjugated diene copolymer can
have any proportion of monovinylarene units and
conjugated diene units. In one embodiment, the
monovinylarene-conjugated diene copolymer has from
about 50 wt%:50 wt% monovinylarene units:conjugated
diene units to about 90 wt%: 10 wt% monovinylarene
units:conjugated diene units. In one embodiment, the
monovinylarene-conjugated diene copolymer has from
about 65 wt%:35 wt% monovinylarene units:conjugated
diene units to about 85 wt%:15 wt% monovinylarene
units:conjugated diene units. The
monovinylarene-conjugated diene copolymer can further
comprise other monomers known in the art for inclusion
in monovinylarene-conjugated diene
copolymers.Generally, each block is formed by
polymerizing the monomer or mixture of monomers from
which the desired units of the block are derived. The
polymerization process will generally be amenable to a
relative lack of change in process parameters between
different blocks, but the skilled artisan, having the
benefit of the present disclosure, may make some minor
changes in process parameters between different blocks
as a matter of routine experimentation. The following
descriptions of the polymerization process will
generally apply to the formation of all types of
blocks in the inventive polymer, although certain
descriptions may be of more or less value to forming
one or more of the types of blocks in the inventive
polymer. The polymerization process can be carried out
in a hydrocarbon diluent at any suitable temperature
in the range of from about -100C to about 150C, such
as from about 0C to about 150C, and at a pressure
sufficient to maintain the reaction mixture
substantially in the liquid phase. In one embodiment,
the hydrocarbon diluent can be a linear or cyclic
paraffin, or mixtures thereof. Exemplary linear or
cyclic paraffins include, but are not limited to,
pentane, hexane, octane, cyclopentane, cyclohexane,
and mixtures thereof, among others. In one embodiment,
the paraffin is cyclohexane. The polymerization
process can be carried out in the substantial absence
of oxygen and water, such as under an inert gas
atmosphere. The polymerization process can be
performed in the presence of an initiator. In one
embodiment, the initiator can be any organomonoalkali
metal compound known for use as an initiator. In a
further embodiment, the initiator can have the formula
RM, wherein R is an alkyl, cycloalkyl, or aryl radical
containing 4 to 8 carbon atoms, such as an n-butyl
radical, and M is an alkali metal, such as lithium. In
a particular embodiment, the initiator is n-butyl
lithium. The amount of initiator employed depends upon
the desired polymer or block molecular weight, as is
known in the art and is readily determinable, making
due allowance for traces of poisons in the feed
streams. An initiator can be charged to the
polymerization process once or more than once. When
multiple initiator charges are charged to the
polymerization process, a particular initiator
compound can be used in one, some, or all initiator
charges. The charging of multiple initiator charges to
the polymerization process can modify the modality of
the final polymer, as will be discussed below.The
polymerization process can further involve the use of
a randomizer. In one embodiment, the randomizer can be
a polar organic compound, such as an ether, a
thioether, or a tertiary amine. In another embodiment,
the randomizer can be a potassium salt or a sodium
salt of an alcohol. The randomizer can be included in
the hydrocarbon diluent to improve the effectiveness
of the initiator, to randomize at least part of the
monovinylarene monomer in a mixed monomer charge, to
modify mixing in a mixed monomer charge, or two or
more thereof. The inclusion of a randomizer can be of
value when forming a mixed monovinylarene-conjugated
diene block of the present polymer. Exemplary
randomizers include, but are not limited to, dimethyl
ether, diethyl ether, ethyl methyl ether, ethyl propyl
ether, di-n-propyl ether, di-noctyl ether, anisole,
dioxane, 1,2-dimethoxyethane, 1,2-diethoxypropane,
dibenzyl ether, diphenyl ether, 1,2-dimethoxybenzene,
tetramethylene oxide (tetrahydrofuran or THF),
potassium tert-amylate (KTA), dimethyl sulfide,
diethyl sulfide, di-n-propyl sulfide, di-n-butyl
sulfide, methyl ethyl sulfide, dimethylethylamine,
tri-n-ethylamine, tri-n-propylamine, tri-n-butylamine,
trimethylanine, triethylamine,
tetramethylethylenediamine, tetraethylethylenediamine,
N,N-di-methylaniline, Nmethyl- N-ethylaniline,
N-methylmorpholine, and mixtures thereof, among
others. In one embodiment, the randomizer is
tetrahydrofuran. When employing tetrahydrofuran, the
tetrahydrofuran is generally present in an amount in
the range of from about 0.01 phm to about 1.0 phm,
such as from about 0.02 phm to about 1.0 phm. In
another embodiment, the randomizer is potassium
tert-amylate (KTA). When employing KTA, the KTA is
generally present in an amount in the range of from
about 0.001 phm to about 1.0 phm, such as from about
0.004 phm to about 0.4 phm. When forming a particular
block, each monomer charge or monomer mixture charge
can be polymerized under solution polymerization
conditions such that the polymerization of each
monomer charge or monomer mixture charge, to form the
particular block, is substantially complete before
charging a subsequent charge. "Charging," as used
herein, refers to the introduction of a compound to a
reaction zone, such as the interior of a reactor
vessel. Though not to be bound by theory, if an
initiator is included in a charge, a block will
typically form either de novo or by addition to the
end of an unterminated,previously-formed, block.
Further not to be bound by theory, if an initiator is
not included in a charge, a block will typically only
form by addition to the end of an unterminated,
previously-formed, block. A coupling agent can be
added after polymerization is complete. Suitable
coupling agents include, but are not limited to, di-
or multivinylarene compounds; dior multiepoxides; di-
or multialkoxysilanes; di- or multiisocyanates; di- or
multiimines; di- or multialdehydes; di- or
multiketones; alkoxytin compounds; di- or
multihalides, such as silicon halides and halosilanes;
mono-, di-, or multianhydrides; di- or multiesters,
such as the esters of monoalcohols with polycarboxylic
acids; diesters which are esters of monohydric
alcohols with dicarboxylic acids; diesters which are
esters of monobasic acids with polyalcohols such as
glycerol; and mixtures 



of two or more such compounds, among others. Useful
multifunctional coupling agents include, but are not
limited to, epoxidized vegetable oils such as
epoxidized soybean oil, epoxidized linseed oil, and
mixtures thereof, among others. In one embodiment, the
coupling agent is epoxidized soybean oil. Epoxidized
vegetable oils are commercially available under the
trademark Vikoflex(r) from Arkema Inc. (Philadelphia,
PA). If coupling is to be performed, any effective
amount of the coupling agent can be employed. In one
embodiment, a stoichiometric amount of the coupling
agent relative to active polymer alkali metal tends to
promote maximum coupling. However, more or less than
stoichiometric amounts can be used for varying
coupling efficiency where desired for particular
products. Following completion of the coupling
reaction, if any, the polymerization reaction mixture
can be treated with a terminating agent such as water,
carbon dioxide, alcohol, phenols, linear saturated
aliphatic mono-dicarboxylic acids, or mixtures
thereof, to remove alkali metal from the block
copolymer or for color control. After termination, if
any, the polymer cement (polymer in polymerization
solvent) usually contains about 10 to about 40 weight
percent solids, more usually about 20 to about 35
weight percent solids. The polymer cement can be
flashed to evaporate a portion of the solvent so as to
increase the solids content to a concentration of
about 50 to about 99 weight percent solids, followed
by vacuumoven drying, a devolatilizing extruder, a
wiped film evaporator, or other methods of removing
the remaining solvent. The block copolymer can be
recovered and worked into a desired shape, such as by
sheet extrusion, cast film extrusion, blown film, or
injection molding. The block copolymer can also
contain additives such as antioxidants, antiblocking
agents, release agents, fillers, extenders, and dyes,
and the like. In an embodiment, the
monovinylarene-conjugated diene copolymer further
comprises a rubber modified polystyrene. An exemplary
rubber modified polystyrene is a high-impact
polystyrene (HIPS). A rubber modified polystyrene is a
composition comprising any graft copolymer of styrene
and rubber. By "graft copolymer" is meant polystyrene
produced by polymerizing styrene in the presence of an
unsaturated rubber wherein some amount of free
radicals react with the rubber producing polystyrene
chains that are covalently bonded to the rubber.
During this process the rubber, grafted with
polystyrene, becomes dispersed throughout the
polystyrene in the form of discrete domains. In one
embodiment the unsaturated rubber is polybutadiene. A
suitable high-impact polystyrene is available from
Chevron Phillips Chemical Company LP (The Woodlands,
TX) with the designation EA8100. Generally, a
composition further comprising a rubber modified
polystyrene can contain from about 0.1 phm rubber
modified polystyrene to about 5 phm rubber modified
polystyrene, such as about 2 phm rubber modified
polystyrene The rubber modified polystyrene may be
used in some embodiments as an antiblocking agent. In
the present invention, the monovinylarene-conjugated
diene block copolymer can be monomodal, that is, a
population of copolymer molecules can have one peak in
a histogram of the population's molecular weight
distribution, or it can be polymodal, that is, have
two or more peaks in a histogram of the copolymer
molecules' population's molecular weight distribution.
Though not to be bound by theory, the charging of
multiple initiator charges will tend to yield polymer
chains of different lengths and thus will tend to have
different molecular weights. In addition, and again
not to be bound by theory, use of a coupling agent
will tend to yield coupled chains formed by coupling
different numbers of chains of the same or different
lengths, and thus the coupled chains will tend to have
different molecular weights.In the present invention,
the monovinylarene-conjugated diene copolymer can be
coupled or uncoupled, as described above. In specific
polymerization processes, typical initiator, monomer
and monomer mixture charge sequences include, but are
not limited, charge orders selected from the group
consisting of i-C-C-i-C-B-CA, i-C-C-C-i-C-C-B-CA,
i-A-C-C-C-C-B-CA, i- A-i-C-C-C-C-B-CA,
i-A-i-C-C-C-C-CA, i-A-i-C-C-C-C-C-B-CA, and
i-A-C-C-i-CC- B-CA, wherein i is a polymerization
initiator charge, A is a monovinylarene charge, B is a
conjugated diene charge, C is a monovinylarene and
conjugated diene charge, and CA is a coupling agent.
In a further embodiment, charge order is selected from
the group consisting of i-C-C-i-C-B-CA,
i-C-C-C-i-C-C-B-CA, i-A-C-C-C-CB- CA,
i-A-i-C-C-C-C-B-CA, i-A-i-C-C-C-C-C-B-CA, and
i-A-C-C-i-C-C-B-CA. In one embodiment, the conjugated
diene-monovinylarene block copolymer can be formed
into a film or a sheet. A typical extruded sheet can
have a thickness of about 10 mils. In a further
embodiment, a sheet can be stretched in at least one
direction at a temperature from about 50C to about
100C, such as about 90C to form a film having a
thickness of about 0.5 mil to about 3 mil, such as
about 2 mil. In this embodiment, the film formed from
the conjugated diene-monovinylarene block copolymer
may have a shrinkage in at least one direction of at
least about 40% at about 100C. In one embodiment, the
film formed from the conjugated dienemonovinylarene
block copolymer may have a shrinkage in at least one
direction of at least about 60% at about 100C, such as
at least about 70% at 100C, such as from about 71% to
about 76% at 100C. Also, the film formed from the
conjugated dienemonovinylarene block copolymer may
have a haze of less than about 10%. In one embodiment,
the film formed from the conjugated
diene-monovinylarene block copolymer may have a haze
of less than about 6%. Also, the film formed from the
conjugated diene-monovinylarene block copolymer may
have a natural shrinkage of less than about 10% after
7 days. In one embodiment, the film formed from the
conjugated diene-monovinylarene block copolymer may
have a natural shrinkage of less than about 7% after 7
days. In another embodiment, the present invention
relates to a composition containing (a) from about 50
parts by weight to about 95 parts by weight of a
monovinylarene-conjugated diene block copolymer
comprising a plurality ofmonovinylarene-conjugated
diene mixed blocks, wherein each mixed block contains
conjugated diene and monovinylarene in a weight ratio
of about 0.05 to about 0.33; and (b) from about 5
parts by weight to about 50 parts by weight of
polystyrene; wherein the monovinylarene-conjugated
diene block copolymer and the polystyrene total 100
parts by weight. The block copolymer can be as
described above. As used herein, "polystyrene" or "PS"
refers to any homopolymer containing styrene units and
does not include HIPS as described above. Suitable
polystyrenes are available from Chevron Phillips
Chemical Company LP (The Woodlands, TX) with the
designations D4049, EA3400, EA37 10, MC3200, and
MC3600. In one embodiment, the composition contains
from about 70 parts by weight to about 95 parts by
weight of the monovinylarene-conjugated diene block
copolymer and from about 5 parts by weight to about 30
parts by weight of polystyrene. In one embodiment, the
composition may further comprise a rubber modified
polystyrene as previously described. The rubber
modified polystyrene may be used in some embodiments
as an antiblocking agent. In one embodiment, the
composition can be formed into a film or a sheet. A
typical extruded sheet can have a thickness of about
10 mils. In a further embodiment, a sheet can be
stretched in at least one direction at a temperature
from about 50C to about 100C, such as about 90C to
form a film having a thickness of about 0.5 mil to
about 3 mil, such as about 2 mil. In this embodiment,
the film formed from the composition may have a
shrinkage in at least one direction of at least about
40% at about 100C. Also, the film formed from the
composition may have a haze of less than about 10%.
Also, the film formed from the composition may have a
natural shrinkage of less than about 5% after 7 days.
The film or sheet can be produced by any technique
known in the art of monolayer and coextrusion. Such
techniques include, cast film extrusion, blown film
extrusion, and sheet extrusion; either as a single
extruded layer or a plurality of coextruded layers.
Generally, the film can be produced by cast film or
sheet extrusion techniques. For example, the film can
be produced using conventional extrusion techniques
such as a coextruded cast film. In coextrusion, two or
more polymers are simultaneously extruded through one
die. Two or more extruders are used simultaneously to
feed the die. In this process, various polymer melts
are introducedinto the die under conditions of laminar
flow such that there is no intermixing, but bonding
occurs at the interface between the film layers. In a
cast film extrusion process, molten material from an
extruder flows through a flat die directly onto a
casting roll, which cools the molten material.
Generally, cast film processes produce films with an
average thickness of about 10 mils or less, however
the process can be used to produce films thicker than
20 mils. In one embodiment, orientation can be
introduced into the film prior to winding on the final
drum. In another embodiment, the film may be wound
onto mill roll and orientation can be introduced into
the film by passing the film through a separate
orientation process line. In a sheet extrusion
process, molten material from an extruder flows
through a flat die to form a sheet which is passed
through a chill roll stack. Chill roll stacks
typically consist of at least three cooled rolls.
Typically the sheet process differs from the cast film
process in that the sheet produced has a thickness of
between about 5 mils and about 20 mils. This thickness
allows the resultant sheet to be oriented in the
transverse as well as machine direction. In a blown
film extrusion process, while the extrusion process
upstream of the die is similar to the cast process,
the die and downstream are different. In the blown
film process, the die is annular (circular) and
typically the polymer exits in an upward direction.
This produces a cylindrical tube, which can then be
closed (collapsed) at the top between nip rolls,
resulting in a flattened tube. Subsequently, the tube
of film can be reheated, reinflated, and stretched to
introduce orientation in the transverse and machine
directions. This tube can then be slit and then be
wound into one or more rolls of film. This is often
referred to as a blown film double bubble process.
Generally, the film has a machine direction, which is
parallel to the direction in which the polymer exits
the die, and a transverse direction which is
perpendicular to the machine direction. Preparation of
shrink films requires the introduction of orientation
into the polymer film by any technique known in the
art. While not wanting to be bound by any one theory,
it is widely believed that the orientation process
introduces and fixes stress into the film which is
then recovered as shrinkage when the film is later
heated. Orientation can be introduced in a step or
series of steps immediately after the initial film or
sheet production (i.e. in-line) or as a separate
post-processing step or steps (i.e.off-line) that may
occur at a later date. The orientation can be
introduced in at least one direction. One technique to
introduce orientation is the use of a tentering frame,
generally used to introduce orientation in the
transverse direction, often referred to as a TDO
machine. The tentering frame achieves this by pulling
the film in the transverse direction using a series of
clips mounted on a chain that grab the edges of the
film. The chain clips stretch the film in the
transverse direction, due to the chain riding on
divergent chain guides, as the film is heated within a
long oven. An alternative orientation technique is the
use of a series of temperature controlled rolls,
generally used to introduce orientation in the machine
direction, often referred to as an MDO machine. The
series of rolls introduce orientation by having one or
more middle pairs of these rollers turning at
different speeds. The film stretches in the machine
direction in the gap between the roller pairs. In some
instances it may be desirable to introduce orientation
in both directions. Both techniques can be used in
combination to produce a film oriented in both the
machine and transverse directions. The production of
oriented film via cast film extrusion or sheet
extrusion techniques, along with a TDO machine and,
optionally, an MDO machine, is often referred to as a
cast and tenter process. In another embodiment, a
shrink label of the present invention can be formed
from a film containing (a) from about 50 parts by
weight to about 95 parts by weight of a
monovinylarene-conjugated diene block copolymer
comprising a plurality of monovinylarene-conjugated
diene mixed blocks, wherein each mixed block contains
conjugated diene units and monovinylarene units in a
weight ratio of about 0.05 to about 0.33; and
optionally (b) from about 5 parts by weight to about
50 parts by weight of polystyrene; wherein the
monovinylarene-conjugated diene block copolymer and
the polystyrene total 100 parts by weight, to yield a
shrink label. A shrink label is a shrink film having a
length, a width, and a thickness, wherein the length
and the width are each at least an order of magnitude
greater than the thickness and at least one of the
length or the width will decrease upon exposure to
heat. The term "shrink label" encompasses such a film
portion before, during, or after heat exposure and
decrease in the length or the width. Before heat
exposure, the shrink label can be referred to as an
"unshrunk shrink label" while also being a shrink
label according to the definition given above. The
length and width of the shrinklabel are not critical;
the thickness can be any appropriate thickness, such
as from about 0.1 mil to about 10 mil. The shrink
label can have a cylindrical structure. When the
shrink label has a cylindrical structure, it can be
termed a shrink sleeve. Any geometry of the shrink
label, in terms of size, shape, number of sides,
radius, or the like, is contemplated, and will be
matter of routine experimentation for the skilled
artisan having the benefit of the present disclosure.
Generally, a shrink label oriented in the TD can be
called a "sleeve label". In one embodiment, the sleeve
label can be printed and slit in the MD direction.
Solvent bonding can then be used to form a seam
parallel to the TD and make a sleeve. The sleeve can
be applied from the top of a container, resulting in
the TD direction of the film around the circumference
of the container. The materials making up a sleeve
label can be chosen to have a desirable degree of
shrinkage. Generally, a shrink label oriented in the
MD can be called a "roll fed" label. A roll fed label
can be fed in the machine direction from a roll into a
labeling machine. The labeling machine can wrap the
roll fed label around a container, cut the roll fed
label, and solvent bond the roll fed label, with the
MD direction of the film around the circumference of
the container. In another embodiment, the present
invention relates to a method of shrinkwrapping an
object or a group of objects by wrapping the object or
the group of objects with a film containing (a) from
about 50 parts by weight to about 95 parts by weight
of a monovinylarene-conjugated diene block copolymer
comprising a plurality of monovinylarene-conjugated
diene mixed blocks, wherein each mixed block contains
conjugated diene and monovinylarene in a weight ratio
of about 0.05 to about 0.33; and optionally (b) from
about 5 parts by weight to about 50 parts by weight of
polystyrene; wherein the monovinylarene-conjugated
diene block copolymer and the polystyrene total 100
parts by weight, to yield a wrapped object or group of
objects, and heating the wrapped object or group of
objects to a temperature and for a duration sufficient
to shrink the film in at least a first direction, to
yield a shrink-wrapped object or group of objects. The
film can be as described above. In one embodiment, the
film has a higher shrink in a first direction than in
a second direction. If oriented in one direction,
thefirst direction can be the machine direction or the
transverse direction. The second direction would then
be the other of the machine direction or the
transverse direction. In another embodiment, the film
has a substantially similar shrink in both a first
direction and a second direction. ("Substantially
similar shrink" in this embodiment means the ratio of
the shrink in the first direction to the shrink in the
second direction is from about 0.5 to about 2). Any
object or group of objects for which wrapping is
desired can be used in this method. In one embodiment,
the object or group of objects is a group of bottles,
cans, or other discrete objects, optionally contained
in a tray. In the wrapping step, the film can be
disposed in a suitable manner around the object or
group of objects. For example, if the object or group
of objects define a cuboid, the film can be disposed
around the object or group of objects such that it
contacts at least two pairs of parallel sides, such as
two or three pairs of parallel sides. The direction of
disposing can be chosen as a routine matter for the
skilled artisan having the benefit of the present
disclosure, depending on the objects, the structure of
the film, and the desired structure of the
shrink-wrapped object or group of objects. The result
of the wrapping step is a wrapped object or group of
objects. After wrapping, the wrapped object or group
of objects can be heated to a 



temperature and for a duration sufficient to shrink
the film. The temperature and the duration are a
matter of routine experimentation for the skilled
artisan having the benefit of the present disclosure.
Shrinking will typically proceed until the film has
shrunk in at least the first direction and, if the
film has substantially similar shrink in the second
direction, also the second direction, to contact the
object or group of objects. The following examples are
included to demonstrate preferred embodiments of the
invention. It should be appreciated by those of skill
in the art that the techniques disclosed in the
examples which follow represent techniques discovered
by the inventor to function well in the practice of
the invention, and thus can be considered to
constitute preferred modes for its practice. However,
those of skill in the art should, in light of the
present disclosure, appreciate that many changes can
be made in the specific embodiments which are
disclosed and still obtain a like or similar result
without departing from the spirit and scope of the
invention.EXAMPLES Materials: Cyclohexane was dried
over activated alumina and stored under nitrogen n-
Butyl lithium initiator ("Li") was received at about
15 wt% in cyclohexane and was diluted with cyclohexane
to about 2 wt%. Tetrahydrofuran (THF) was stored over
activated alumina under nitrogen. Styrene and
butadiene were purified over activated alumina.
Epoxidized soybean oil was used as received.
Quantities of reagents are usually expressed in parts
per hundred monomer (phm) based on the total weight of
monovinylarene and conjugated diene employed. Example
1 Polymer recipes A - X The polymerizations were
performed in a 2-gallon stainless steel reactor. The
reactor was equipped with a jacket for temperature
control, a double auger impeller, and baffles.
Generally, each block is formed by polymerizing the
monomer or mixture of monomers from which the desired
units of the block are derived. Cyclohexane is
initially charged to the reactor, followed by THF
(0.10 PHM). The temperature is adjusted to about 60C
and initiator is charged, followed by the first charge
of monomer. After polymerization is complete a sample
of the first polymerization block is coagulated in
nitrogen-sparged isopropanol, filtered, dried, and
analyzed by Gel Permeation Chromatography. The
polymerization is continued by sequential charges of
monomers and/or initiators as desired. The coupling
agent is charged and reacted at about 100C for about
15 minutes. The polymer was recovered by solvent
evaporation and pelletized with a single screw
extruder. Polymer recipes Y - OO Styrene/butadiene
mixed block copolymers Y-OO were prepared employing
sequential solution polymerization under nitrogen.
Polymerization runs were carried out in a stirred, 100
gallon carbon steel reactor with internal cooling
coils and employed essentially anhydrous reactants and
conditions. Cyclohexane was initially charged to the
reactor, followed by THF. The temperature was adjusted
to about 60C and initiator was charged, followed by
the first charge. Lines were flushed with about 0.5 kg
cyclohexane following eachcharge. Polymerization was
allowed to continue to completion after each monomer
or monomer mixture charge. Polymerization temperature
ranged from about 38C to about 120C and pressure
ranged from about 2 psig to about 60 psig. Total
monomer weight was about 90 kg. Following completion
of the sequential polymerizations, a coupling agent
was charged to the reactor. The coupling agent was
reacted at about 100C for about 15 minutes. After
completion of coupling, the reaction was terminated by
adding CO2 and about 0.2 phm water. The sequence of
charges and a partial characterization of each polymer
are shown in Table 1. All quantities of charged
materials are given in phm. Blank cells indicate no
material was charged or a value was not determined.
The abbreviations in the table are as follows: THF,
tetrahydrofuran; i, n-butyl lithium initiator; S,
styrene; B, butadiene; CA, coupling agent (Vikoflex
7170, epoxidized soybean oil, Arkema,
Inc.).4-PHENYL-O-(I
I-TRIFLUORO-I-PHENYLETHOXY)PYRIMIDINE-BASED COMPOUNDS
AND METHODS OF THEIR USE This application claims
priority to U.S. provisional application no.
60/874,596, filed December 12, 2006, the entirety of
which is incorporated herein by reference. 1. FIELD OF
THE INVENTION This invention relates to
4-phenyl-6-(2,2,2-trifluoro-l-phenylethoxy)pyrimidine-
based compounds, compositions comprising them, and
their use in the treatment, prevention and management
of diseases and disorders. 2. 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
serotonergic neurons. 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. Cote, F., et al, PNAS 100(23): 13525-13530
(2003). Because serotonin is involved in so many
biochemical processes, drugs that affect serotonin
receptors are often attended by adverse effects. Thus,
a need exists for new ways of treating diseases and
disorders that are affected by, mediated by, or
associated with serotonin.3. SUMMARY OF THE INVENTION
This invention is directed, in part, to compounds of
formula I : and pharmaceutically acceptable salts and
solvates thereof, wherein: Ai is optionally
substituted heterocycle; each Ri is independently
halogen, hydrogen, C(O)RA, ORA, NRBR C, S(O )RA, or
optionally substituted alkyl, alkyl-aryl or
alkyl-heterocycle; R is independently halogen,
hydrogen, C(O)R A, ORA, NRBRC, S(O 2)RA, or optionally
substituted alkyl, alkylaryl or alkyl-heterocycle; R3
is hydrogen, C(O)R A, C(O)OR A, 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; each RA is independently
hydrogen or optionally substituted alkyl, alkyl-aryl
or alkyl-heterocycle; each RB is independently
hydrogen or optionally substituted alkyl, alkyl-aryl
or alkyl-heterocycle; each Rc is independently
hydrogen or optionally substituted alkyl, alkyl-aryl
or alkyl-heterocycle; and m is 1-4. 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 Figure 1 shows the
dose-dependent effect of a compound of the invention
on the 5-HT levels in mouse jejunum. The compound was
orally dosed in a solution of 15% Captisol(r) at 15,
50, 150 and 300 mpk. 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 reduceserotonin levels, have pharmacokinetic
and pharmacodynamic properties that enable their
practical use for the treatment, prevention and
management of diseases and disorders, and have a broad
safety margin between pharmacological effect and
toxicity or unfavorable side reactions. 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-butenyl,
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,
-O(CH2)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 toIyI. 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, hydroxy
alkylamines, 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, furoic, 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 TPH1 IC50 of 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 moietythat 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 has low 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_IC50 that is
at least about 10 times greater than its TPH1 IC50 .
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
stereoisomer(s). 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 stereomerically pure composition of a
compound that has multiple stereocenters, but which is
drawn or named in such a way that the
stereochemistries of less than all of its
stereocenters are defined, is substantially free of
the isomers of the compound that have different
stereochemistries at the stereocenters for which
stereochemistry is defined. For example,
"stereomerically pure
((lR)-l,2-dichloropropyl)benzene" refers to
((lR)-l,2-dichloropropyl)benzene that is substantially
free of ((lS)-l,2-dichloropropyl)benzene. 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
otherstereoisomers 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, arylamino, 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 "TPHI IC50" 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 IC50" 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 : and pharmaceutically acceptable salts and
solvates thereof, wherein: Ai is optionally
substituted heterocycle; each Ri is independently
halogen, hydrogen, C(O)RA, ORA, NRBR C, S(O 2)RA, or
optionally substituted alkyl, alkyl-aryl or
alkyl-heterocycle; R2 is independently halogen,
hydrogen, C(O)RA, 0 RA, NRBRC, S(O 2)RA, or optionally
substituted alkyl, alkylaryl or alkyl-heterocycle; R3
is hydrogen, C(O)R A, C(O)OR A, 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; each RA is independently
hydrogen or optionally substituted alkyl, alkyl-aryl
or alkyl-heterocycle; each RB is independently
hydrogen or optionally substituted alkyl, alkyl-aryl
or alkyl-heterocycle; each Rc is independently
hydrogen or optionally substituted alkyl, alkyl-aryl
or alkyl-heterocycle; and m is 1-4. In one embodiment,
the compound is of the formula: In another, it is of
the formula:or wherein: each R 5 is independently
halogen, hydrogen, C(O)RA, ORA, NRBR C, S(O )RA, or
optionally substituted alkyl, alkyl-aryl or
alkyl-heterocycle; and n is 1-3. In another, it is of
the formula: wherein: each R 5 is independently
halogen, hydrogen, C(O)RA, ORA, NRBR C, S(O )RA, or
optionally substituted alkyl, alkyl-aryl or
alkyl-heterocycle; and p is 1-4.In another, it is of
the formula: wherein: each R 5 is independently
halogen, hydrogen, C(O)RA, ORA, NRBR C, S(O )RA, or
optionally substituted alkyl, alkyl-aryl or
alkyl-heterocycle; and q is 1-2. In another, it is of
the formula:wherein: each R5 is independently halogen,
hydrogen, C(O)RA, ORA, NRBR C, S(O )RA, or optionally
substituted alkyl, alkyl-aryl or alkyl-heterocycle;
and q is 1-2. With regard to the various formulae
disclosed herein, in particular compounds of the
invention, Ai is aromatic. In others, Ai is not
aromatic. In some, Ai is optionally substituted with
one or more of halogen or lower alkyl. In some, Ri is
hydrogen or halogen. In some, m is 1. In some, R is
hydrogen or amino. In some, R3 is hydrogen or lower
alkyl. In others, R3 is C(O)OR A and RA is alkyl. In
some, R is hydrogen or lower alkyl. In some, R5 is
hydrogen or lower alkyl (e.g., methyl). In some, n is
1. In some, p is 1. In some, q is 1. 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 (EX. 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 IC50 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_IC50 .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, PPAR g, 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 al. , Journal of
Neurochemistry 51:42 1-425 (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, compounds of
formula I can be prepared as shown in Scheme 1:Scheme
1 wherein Pi is Ri or a protecting group; P is a
protecting group; P3 is OR or a protecting group; Yi
and Y3 are halogen (e.g., Br, Cl) or an appropriate
pseudohalide (e.g., triflate); and each the groups A1,
R1, R2, and R3 are defined elsewhere herein. Compounds
of the invention can also be prepared by the approach
represented below in Scheme 2 :Scheme 2 The individual
reactions shown in the schemes 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). Ester derivatives of
compounds of the invention can be readily prepared
using methods such as that shown below in Scheme
3:Scheme 3 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 ah,
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. In another, the inhibition is
in vivo. One embodiment encompasses a method of
inhibiting TPHl in a mammal (e.g., a human), 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 anorectal disorders, functional bloating,
functional dyspepsia, functional gallbladder
disorders, irritable bowel syndrome (IBS; including
IBD-d, IBS-c and IBS-a), lactose intolerance, MEN
types I and II, nausea, Ogilvie's syndrome, Pancreatic
Cholera Syndrome, pancreatic insufficiency,
pheochromacytoma, scleroderma, somatization disorder,
sphincter of Oddi disorders, ulcerative colitis, and
Zollinger-Ellison Syndrome. Additional diseases and
disorders include cardiovascular and pulmonary
diseases and disorders, such as acute and chronic
hypertension, chronic obstructive pulmonary disease
(COPD), pulmonary embolism (e.g., bronchoconstriction
and pulmonary hypertension following pulmonary
embolism), pulmonary hypertension (e.g., pulmonary
hypertension associated with portal hypertension), and
radiation pneumonitis (including that giving rise to
or contributing to pulmonary hypertension). Others
include abdominal migraine, adultrespiratory distress
syndrome (ARDS), carcinoid crisis, CREST syndrome
(calcinosis, Raynaud's phenomenon, esophageal
dysfunction, sclerodactyly, telangiectasia), serotonin
syndrome, and subarachnoid hemorrhage. 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).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 a water-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, 2004-0251332, 2005-0042177 Al,
2005-0031691 Al, and U.S. Patent Nos. 5,145,684,
5,510,1 18, 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 nm, 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 the chronic 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 pharmacywell 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 solutions
ready 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,
Biotechniques 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 immunochemistry, which showed that serotonin
was greatly reduced or absent in the stomach,
duodenum, jejunum, ileum, cecum and colon, while
serotonin levels were unaffected in raphe neurons.
Some mice homozygous (-/-) for the disruption of the
tphl gene exhibited 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.
The various conditions used to obtain those retention
times are described below: Method A: 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 B: 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 C: 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 D: 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 E: 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 F : YMC-Pack ODS-A 3.0x50 mm; Solvent A
= 90% H2O, 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-{2-amino-6-r2,2,2-trifluro-l-(4-pyrid
in-4-ylphenyl)-
ethoxyl-pyrimidin-4-yl}-phenyl)-propionic acid
Tetrabutylammonium fluoride (0.027 ml; 1.0 M solution
in tetrahydrofuran) was added to a solution of
4-pyridin-4-yl-benzaldehyde (500 mg, 2.73 mmol) and
trifluoromethyltrimethylsilane (TMSCF 3) (485 ml, 3.28
mmol) in 5 ml THF at 00C. The resulting mixture was
warmed up to room temperature and stirred at room
temperature for 4 hours. The reaction mixture was then
treated with 5 ml of IN HCl and stirred at room
temperature overnight. The solvent was evaporated to
dryness, 9 ml of IM sodium carbonate aqueous solution
was added, the aqueous phase was extracted with
chloroform (3x1 OmI), and the combined chloroform
layer was washed with water, dried over MgSO . The
organic solvent was removed in vacuo to give 360 mg of
2,2,2-trifluoro-l-(4-pyridin-4-ylphenyl) ethanol,
yield: 51%. The mixture of
2,2,2-trifluoro-l-(4-pyridin-4-yl-phenyl)ethanol (100
mg, 0.40 mmol), 2-amino-4,6-dichloropyrimidine (60 mg,
0.38 mmol), and cesium carbonate (468 mg, 1.44 mmol)
was dissolved in 2 ml of 1,4-dioxane in a 50 ml sealed
tube. The mixture was heated at 1100C overnight, then
was cooled to room temperature; 10 ml of ethyl acetate
was addedand then filtered through Celite. The
filtrate was concentrated to give 120 mg of
4-chloro-6- [2,2,2-trifluoro-
1-(4-pyridin-4-yl-phenyl)-ethoxy]-pyrimidin-2-ylamine,
yield: 80%. In a microwave vial,
4-chloro-6-[2,2,2-trifluoro-l-(4-pyridin-4-yl-phenyl)-
ethoxy]- pyrimidin-2-ylamine (30 mg, 0.080 mmol),
4-borono-L-phenylalanine (21 mg, 0.098 mmol) and 1ml
of actonitrile, and 0.7ml of water were mixed
together. Then, 0.3 ml of IN aqueous sodium carbonate
was added to mixture, followed by 5 mole percent of
dichlorobis- (triphenylphosphine)-palladium(II). 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 6.7 mg of
(S)-2-Amino-3-(4-{2-amino-6-[2,2,2-trifluro-l-(4-pyrim
idin-4-yl-phenyl)-
ethoxy]-pyrimidin-4-yl}-phenyl)-propionic acid. 1H NMR
(400MHz, CD3OD) d (ppm) 8.82 (s, 2H), 8.26 (s, 2H),
8.02 (d, J=8Hz, 2H), 7.97(d, J=8.4Hz, 2H), 7.86 (d,
J=8.4Hz, 2H), 7.45 (d, J=8Hz 2H), 6.89(q, J=6.8Hz,
IH), 6.81(d, J=2Hz,lH), 4.29(t, J=1.6Hz, IH), 3.39(m,
IH), 3.19(m, IH). 6.5. Synthesis of
(S)-2-Amino-3-(4-{6-r2,2,2-trifluro-l-q-pyridin-4-yl-p
henyl)- ethoxyl -pyrimidin-4-yl}-phenyl)-propionic
acid Tetrabutylammonium fluoride (0.027 ml; 1.0 M
solution in tetrahydrofuran) was added to a solution
of 2-pyridin-4-yl-benzaldehyde (500mg, 2.73mmol) and
trifluoromethyltrimethylsilane (TMSCF 3) (485 ml, 3.28
mmol) in 5 ml of THF at 00C. The formed mixture was
warmed up to room temperature and stirred at room
temperature for 4 hours. The reaction mixture was then
treated with 5 ml of IN HCl and stirred at room
temperature overnight. The solvent was evaporated to
dryness, 9 ml of IM sodium carbonate aqueous solution
was added, the aqueous phase was extracted with
chloroform (3x1 OmI), and the combined organic layer
was washed with water, dried over MgSO . The organic
solvent was evaporated to give 300 mg of
2,2,2-trifluoro-l-(2-pyridin-4-yl-phenyl)ethanol,
yield: 43%. The mixture of
2,2,2-trifluoro-l-(2-pyridin-4-yl-phenyl)ethanol (100
mg, 0.40 mmol), 4,6-dichloro-pyrimidine (54 mg, 0.38
mmol), cesium carbonate (468 mg, 1.44 mmol) and
1,4-dioxane (ImI). The mixture was heated at 1100C
overnight. The reaction mixture wascooled to room
temperature. 10 ml of ethyl acetate was added, and
then the mixture was filtered through Celite. The
filtrate was concentrated to give 110 mg of
4-chloro-6-[2,2,2-
trifluoro-l-(2-pyridin-4-yl-phenyl)-ethoxy]-pyrimidine
, yield: 76%. In a microwave vial
4-chloro-6-[2,2,2-trifluoro-l-(4-pyridin-4-yl-phenyl)-
ethoxy]- pyrimidine (30 mg, 0.082 mmol),
4-borono-L-phenylalanine (21 mg, 0.098 mmol), 1ml of
actonitrile and 0.7 ml of water were mixed together.
Then, 0.3 ml of IN aqueous sodium carbonate was added
to the mixture, followed by 5 mole percent of
dichlorobis- (triphenylphosphine)-palladium(II). 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 19 mg of
(S)-2-Amino-3-(4-{6-[2,2,2-trifluro-l-(2-pyridin-4-yl-
phenyl)-ethoxy]- pyrimidin-4-yl}-phenyl)-propionic
acid. 1U NMR (400MHz, CD3OD) d (ppm) 8.94 (d, J=6Hz,
2H), 8.79(d, J=I. 2Hz, IH), 8.15(m, 4H), 7.84(t,
J=5.2Hz, IH), 7.62(m, 3H), 7.46(m, 3H). 6.66(q,
J=6.4Hz, IH), 4.3 l(q, J=6Hz, IH), 3.41(m, IH),
3.26(m, IH). 6.6. Synthesis of
(S)-2-Amino-3-(4-{2-amino-6-r2,2,2-trifluro-l-(2-(4-me
thylthiophen- 3-vD-phenyll
-ethoxyl-pyrimidin-4-vD-phenyll -propionic acid In a
microwave vial, 3-bromo-4-methyl-thiophene (653 mg,
3.69 mmol), 2-formyl phenylboronic acid (500 mg, 3.36
mmol) and 7 ml of actonitrile were mixed together. 6.7
ml of IN aqueous sodium carbonate was added to above
solution, followed by 5 mole percent of
dichlorobis(triphenylphosphine)-palladium(II). The
reaction vessel was sealed and heated at 1500C for 5
minutes with microwave irradiation. After cooling, 50
ml of ethyl acetate was added, the organic layer was
separated, washed with water, dried with sodium
sulfate. The organic solvent was evaporated to give
crude product, which was purified by ISCO CombiFlash
column to give 530 mg of
2-(4-methyl-thiophen-3-yl)benzaldehyde, yield: 78%.
Tetrabutylammonium fluoride (0.013 ml; 1.0 M solution
in tetrahydrofuran) was added to a solution of
2-(4-methylthiophen-3-yl)-benzaldehyde (260mg,
1.29mmol) and trifiuoromethyltrimethylsilane (TMSCF3)
(228 ml, 1.54 mmol) in 5 ml of THF at 00C. Theformed
mixture was warmed up to room temperature and stirred
at room temperature for 4 hours. The reaction mixture
was then treated with 5 ml of IN HCl and stirred at
room temperature overnight. The product was extracted
with ethyl acetate (3x50ml). The organic layer was
separated and dried over sodium sulfate. The organic
solvent was evaporated to give 340 mg of
2,2,2-trifluoro-
1-[2-(4-methyl-thiophen-3-yl)-phenyl]-ethanol, yield
97%. A mixture of 2,2,2-trifluoro-
l-[2-(4-methyl-thiophen-3-yl)-phenyl]-ethanol (100 mg,
0.37 mmol), 2-amino-4,6-dichloro-pyrimidine (54 mg,
0.33 mmol), cesium carbonate (481 mg, 1.48 mmol) and
1,4-dioxane ( 1 ml) was heated at 1100C overnight. The
reaction mixture was cooled to room temperature; 10 ml
of ethyl acetate was added. The mixture was then 



filtered through Celite, the filtrate was concentrated
to give 100 mg of 4-chloro-6- {2,2,2- trifluoro-
l-[2-(4-methyl-thiophen-3-yl)-phenyl]-ethoxy}-pyrimid
in-2-ylamine, yield: 76%. In a microwave vial,
4-chloro-6-{2,2,2-trifluoro-l-[2-(4-methyl-thiophen-3-
yl)- phenyl]-ethoxy}-pyrimidin-2-ylamine (30 mg, 0.075
mmol), 4-borono-L-phenylalanine (19 mg, 0.09 mmol),
1ml of actonitrile and 0.7ml of water were mixed. 0.3
ml of IN aqueous sodium carbonate was added to
mixture, followed by 5 mole percent of dichlorobis-
(triphenylphosphine)-palladium(II). 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 HPLC to give 15.1 mg of
(S)-2-amino-3-(4-{2-amino-6-[2,2,2-trifluro-l-(2-(4-me
thylthiophen-
3-yl)-phenyl]-ethoxy}-pyrimidin-4-yl}-phenyl)-propioni
c acid. 1H NMR (400MHz, CD3OD) d (ppm) 7.94(d, J=8Hz,
2H), 7.80(s, IH), 7.50(m, 5H), 7.25(m, 2H), 7.03(s,
IH), 6.94(s, IH), 4.3 l(t, J=5.6, IH), 3.48(m, IH),
3.26(m, IH), 1.98(s, 3H). 6.7. Synthesis of
(S)-2-Amino-3-(4-{2-amino-6-[2,2,2-trifluro-l-(2-(5-me
thylthiophen- 3-vD-phenyll
-ethoxyl-pyrimidin-4-vD-phenyll -propionic acid In a
microwave vial, 4-bromo-2-methyl-thiophene (653 mg,
3.69 mmol), 2-formyl phenylboronic acid (500 mg, 3.36
mmol) and 7 ml of actonitrile were mixed. 6.7 ml of IN
aqueous sodium carbonate was added to above solution,
followed by 5 mole percent
ofdichlorobis(triphenylphosphine)-palladium(II). The
reaction vessel was sealed and heated at 1500C for 5
minutes with microwave irradiation. After cooling, 50
ml of ethyl acetate was added, the organic layer was
separated, washed with water, dried with sodium
sulfate, the organic solvent was evaporated and the
residue was purified by ISCO to give 550 mg of 2-(5-
methyl-thiophen-3 -yl)benzaldehyde, yield 81%.
Tetrabutylammonium fluoride (0.028 ml; 1.0 M solution
in tetrahydrofuran) was added to a solution of
2-(5-methylthiophen-3-yl)-benzaldehyde (550 mg, 1.29
mmol) and trifiuoromethyltrimethylsilane (TMSCF3) (483
ml, 3.27 mmol) in 10 ml of THF at 00C. The formed
mixture was warmed up to room temperature and stirred
at room temperature for 4 hours. The reaction mixture
was then treated with 10ml of IN HCl and stirred at
room temperature overnight. The product was extracted
with ethyl acetate (3x50ml). The organic layer was
separated and dried over sodium sulfate. The organic
solvent was evaporated to give 650 mg of
2,2,2-trifluoro-l-[2-(5-methyl-thiophen-3-yl)-phenyl]-
ethanol, yield: 87%. A mixture of
2,2,2-trifluoro-l-[2-(5-methyl-thiophen-3-yl)-phenyl]-
ethanol (100 mg, 0.37 mmol),
2-amino-4,6-dichloro-pyrimidine (54 mg, 0.33 mmol),
cesium carbonate (481 mg, 1.48 mmol) and 1,4-dioxane
(2 ml) was heated at 1100C overnight. The reaction
mixture was cooled to room temperature; 10 ml of ethyl
acetate was added. The mixture was then filtered
through Celite, the filtrate was concentrated to give
90 mg of 4-chloro-6- {2,2,2-
trifluoro-l-[2-(5-methyl-thiophen-3-yl)-phenyl]-ethoxy
}-pyrimid in-2-ylamine, yield: 68% In a microwave
vial,
4-chloro-6-{2,2,2-trifluoro-l-[2-(5-methyl-thiophen-3-
yl)- phenyl]-ethoxy}-pyrimidin-2-ylamine (30 mg, 0.075
mmol), 4-borono-L-phenylalanine (19 mg, 0.09 mmol),
1ml of actonitrile and 0.7ml of water were mixed. 0.3
ml of IN aqueous sodium carbonate was added to the
mixture, followed by 5 mole percent of dichlorobis-
(triphenylphosphine)-palladium(II). 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 10.1 mg of
(S)-2-Amino-3-(4-{2-amino-6-[2,2,2-trifluro-l-(2-(5-me
thyl-thiophen-3-
yl)-phenyl]-ethoxy}-pyrimidin-4-yl}-phenyl)-propionic
acid. 1H NMR (400MHz, CD3OD) d (ppm) 7.83(d, J=8.4Hz,
2H), 7.63(d, J=7.2Hz, IH), 7.34(m, 4H), 7,26(m, IH),
7.12(d, J=I. 2Hz, IH), 6.92(q, J=6.8, IH), 6.82(d,
J=I. 2Hz, IH), 6.64(s, IH), 4.2 l(t, J=5.6Hz, IH),
3.29(m, IH), 3.20(m, IH), 2.47(s, 3H).6.8. Synthesis
of
(S)-2-Amino-3-(4-{2-amino-6-[2,2,2-trifluoro-l-(4-fura
n-3-ylphenvD- ethoxyl
-pyrimidin-4-yl}-phenyl)-propionic acid In a microwave
vial, 3-bromo-furan( 590mg, 4.02mmol), 4-formyl
phenylboronic acid (600 mg, 4.02 mmol) and 7 ml of
actonitrile were mixed. 8 ml of IN aqueous sodium
carbonate was then added to the mixture, followed by 5
mole percent of dichlorobis-
(triphenylphosphine)-palladium(II). The reaction
vessel was sealed and heated at 1500C for 7 minutes
with microwave irradiation. After cooling, 50 ml of
ethyl acetate was added, the organic layer was
separated, washed with water, dried over sodium
sulfate. The organic solvent was evaporated to give
crude product, which was purified by ISCO to give 410
mg of 4-furan-3-yl-benzaldehyde, yield: 60%.
Tetrabutylammonium fluoride (0.024 ml; 1.0 M solution
in tetrahydrofuran) was added to a solution of
4-furan-3-yl-benzaldehyde (410 mg, 2.38 mmol) and
trifluoromethyltrimethylsilane (TMSCF3) (423 ml,
2.86mmol) in 5 ml THF at 00C. The formed mixture was
warmed up to room temperature and stirred at room
temperature for 4 hours. The reaction mixture was then
treated with 5 ml of IN HCl and stirred at room
temperature overnight. The product was extracted with
ethyl acetate (3x50ml). The organic layer was
separated and dried over sodium sulfate. The organic
solvent was evaporated to give 480mg of
2,2,2-trifluoro-l-(4-furan-3-yl-phenyl)-ethanol,
yield: 83%. The mixture of
2,2,2-trifluoro-l-(4-furan-3-yl-phenyl)-ethanol (100
mg, 0.4 mmol), 2- amino-4,6-dichloro-pyrimidine (60
mg, 0.36 mmol), cesium carbonate (468 mg, 1.44 mmol)
ans 1,4-dioxane ( 1 ml) was heated at 1100C overnight.
The reaction mixture was cooled to room temperature;
10 ml of ethyl acetate was added. The mixture was then
filtered through Celite, the filtrate was concentrated
to give 110 mg of
4-chloro-6-[2,2,2-trifluoro-l-(4-furan-
3-yl-phenyl)-ethoxy]-pyrimidin-2-ylamine, yield: 72%.
In a microwave vial,
4-chloro-6-[2,2,2-trifluoro-l-(4-furan-3-yl-phenyl)-et
hoxy]- pyrimidin-2-ylamine (30 mg, 0.081 mmol),
4-borono-L-phenylalanine (20 mg, 0.098 mmol), 1ml of
actonitrile and 0.7 ml of water were mixed. Then, 0.3
ml of IN aqueous sodium carbonate was added to the
mixture, followed by 5 mole percent of
dichlorobis(triphenylphosphine)-palladium(II). 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 7.2 mg of
(S)-2-amino-3-(4-{2-amino-6-[2,2,2-trifluoro-l-(4-fura
n-3-yl-phenyl)-
ethoxy]-pyrimidin-4-yl}-phenyl)-propionic acid. 1H NMR
(400MHz, CD3OD) d (ppm) 7.96(m, 3H), 7.61(m, 5H),
6.81(s,lH), 6.77(d, J=6.8Hz, IH), 6.74(d, J=4,8Hz,
IH), 4.27(q, J=5.6Hz, IH), 3.36(m, IH), 3.21(m, IH).
6.9. Synthesis of
fS)-2-Amino-3-[4-{2-amino-6-{l-[2-f5-dimethylaminometh
ylfuran-
2-yl)-phenyll-2,2,2-trifluoro-ethoxy}-pyrimidin-4-yl)-
phenyllpropionic acid Sodium triacetoxyborohydride
(844 mg, 4 mmol) was added to a solution of
5-bromofuran- 2-carbaldehyde (350 mg, 2 mmol) and
dimethyl amine (2 ml, 2M solution in THF) in 10 ml of
1,2-dichloroethane (DCE). 0.2 ml of HOAc was then
added. The mixture was stirred at room temperature
overnight, followed by addition of 15 ml of DCE. The
organic phase was washed with water, dried over sodium
sulfate. The solvent was removed by rotovap to give
400 mg of (5-bromo-furan-2-ylmethyl)-dimethyl-amine,
yield: 97%. In a microwave vial,
(5-bromo-furan-2-ylmethyl)-dimethyl-amine (385 mg,
1.88 mmol), 2-formyl phenylboronic acid (288 mg, 1.93
mmol) and 3.7 ml of actonitrile were mixed. Then, 3.7
ml of IN aqueous sodium carbonate was added to the
mixture, followed by 5 mole percent of
dichlorobis(triphenylphosphine)-palladium(II). The
reaction vessel was sealed and heated at 1500C for 5
minutes with microwave irradiation. After cooling, 20
ml of IN HCl was added. The mixture was extracted by
ethyl acetate (3x1 OmI) and the ethyl acetate layer
was discarded. IN NaOH solution was added to aqueous
phase to adjust pH to 10, then extracted with ethyl
acetate (3x20ml). The combined organic layer was
washed with water and dried over sodium sulfate. The
solvent was evaporated to give 300 mg of 2-(4-
dimethylaminomethyl-cyclopenta-
1,3-dienyl)-benzaldehyde, yield: 69%.
Tetrabutylammonium fluoride (0.013 ml; 1.0 M solution
in tetrahydrofuran) was added to a solution of
2-(4-dimethylaminomethyl-cyclopenta-l,3-dienyl)-benzal
dehyde(287mg, 1.25) and trifluoromethyltrimethylsilane
(TMSCF3) (222 ml, 1.5 mmol) in 5 ml THF at 00C. The
formed mixture was warmed up to room temperature and
stirred at room temperature for 4 hours. The reaction
mixture was then treated with 5 ml of IN HCl and
stirred at room temperature overnight. The product was
extracted with ethyl acetate (3x50ml). The organic
layer was separated and dried over sodium sulfate. The
organic solvent was evaporated to give 250mg of
l-[2-(5-dimethylaminomethyl-furan-2-yl)-phenyl]-
2,2,2-trifluoro-ethanol, yield 66%. The mixture of
l-[2-(5-dimethylaminomethyl-furan-2-yl)-phenyl]-2,2,2-
trifluoroethanol (225 mg, 0.75 mmol),
2-amino-4,6-dichloro-pyrimidine ( 111 mg, 0.67 mmol),
cesium carbonate (978 mg, 3.01 mmol) and 1,4-dioxane
(3 ml) was heated at 1100C overnight. The reaction
mixture was cooled to room temperature; 10 ml of ethyl
acetate was added. The mixture was then filtered
through Celite, the filtrate was concentrated to give
110 mg of 4-chloro-6-
{1-[2-(5-dimethylaminomethyl-furan-2-yl)-phenyl]2,2,2-
trifluoro-ethoxy} - pyrimidin-2-ylamine, yield 87%. In
a microwave vial, 4-chloro-6-
{1-[2-(5-dimethylaminomethyl-furan-2-yl)-
phenyl]2,2,2-trifluoro-ethoxy} -pyrimidin-2-ylamine
(37 mg, 0.087 mmol), 4-borono-Lphenylalanine (22 mg,
0.10 mmol), 1ml of actonitrile and 0.7ml of water were
mixed. Then, 0.3 ml of IN aqueous sodium carbonate was
added, followed by 5 mole percent of
dichlorobis(triphenylphosphine)-palladium(II). 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 16 mg of
(S)-2-amino-3-[4-{2-amino-6-{l-[2-(5-
dimethylaminomethyl-furan-2-yl)-phenyl]-2,2,2-trifluor
o-ethoxy}-pyrimidin-4-yl)-phenyl]- propionic acid. 1H
NMR (400MHz, CD3OD) d (ppm) 7.88(d, J=8.4Hz, 2H),
7.71(d, J=7.6Hz, IH), 7.62(d, J=7.6Hz, IH), 7.42(m,
2H), 7.40(d, J=1.6Hz,2H), 7.34(d, J=8.4Hz, IH),
6.89(q, J=3.6Hz,2H), 6.66(s, IH), 4.54(s, 2H), 4.20(q,
J=6Hz, IH), 3.3(m, IH), 3.14(m, IH), 2.84( s,
6H).6.10. Synthesis of
fS)-2-Amino-3[4-f2-amino-6-{l-[2-f6-cvano-pyridin-3-yl
)- phenyll
-2,2,2-trifluoro-ethoxy}-pyrimidin-4-yl)-phenyll
-propionic acid In a microwave vial,
5-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2-yl)-pyrid
ine-2- carbonitrile (279 mg, 1.51 mmol),
2-bromo-benzaldehyde (230 mg, 1 mmol) and 2 ml of
actonitrile were mixed. Then, 2 ml of IN aqueous
sodium carbonate was added, followed by 5 mole percent
of dichlorobis(triphenylphosphine)-palladium(II). The
reaction vessel was sealed and heated at 1000C for 10
minutes with microwave irradiation. After cooling, 50
ml of ethyl acetate was added, the organic layer was
separated, washed with water and dried over sodium
sulfate. The organic solvent was evaporated to give
crude product which was purified by ISCO to give 150
mg of 5-(2-formyl-phenyl)-pyridine-2-carbonitrile,
yield 72%. Tetrabutylammonium fluoride (5.3 ml, 1.0 M
solution in tetrahydrofuran) was added to a solution
of 5-(2-formyl-phenyl)-pyridine-2-carbonitrile ( 110
mg, 0.53 mmol) and trifluoromethyltrimethylsilane (120
ml, 0.81 mmol) in 5 ml THF at 00C. The formed mixture
was warmed up to room temperature and stirred at room
temperature for 4 hours. The reaction mixture was then
treated with 5 ml of IN HCl and stirred at room
temperature overnight. The product was extracted with
ethyl acetate (3x50ml). The organic layer was
separated and dried over sodium sulfate. The organic
solvent was evaporated to give 140 mg of
5-[2-(2,2,2-trifluoro-
1-hydroxy-ethyl)-phenyl]-pyridine-2-carbonitrile,
yield 95%. A mixture of
5-[2-(2,2,2-trifluoro-l-hydroxy-ethyl)-phenyl]-pyridin
e-2-carbonitrile (46 mg, 0.165 mmol),
(S)-3-[4-(2-amino-6-chloro-pyrimidin-4-yl)-phenyl]-2-t
ertbutoxycarbonylamino- propionic acid (59 mg, 0.15
mmol), cesium carbonate(195 mg, 0.6 mmol) and
1,4-dioxane ( 1 ml) was heated at 1100C overnight. The
reaction mixture was cooled to room temperature, then
was poured into 5 ml of water. IN HCl was added to
adjust pH to 4.5, the aqueous phase was extracted with
ethyl acetate (3xl qml). The combined organic layer
was washed with brine and dried over sodium sulfate.
The solvent was evaporated to give 80 mg of crude
(S)-3-[4-(2-amino-6-{l-[2-(6-cyanopyridin-3-yl)-phenyl
]-
2,2,2-trifluoro-ethoxy}-pyrimidin-4-yl)-phenyl]-2-tert
-butoxycarbonylamino-propionic acid, yield 84%.80 mg
of (S)-3-[4-(2-amino-6-
{1-[2-(6-cyanopyridin-3-yl)-phenyl]-2,2,2-trifluoroeth
oxy}-
pyrimidin-4-yl)-phenyl]-2-tert-butoxycarbonylamino-pro
pionic acid was dissolved in the solution of 30%
trifluoro acetic acid in dichloromethane (5 ml). The
mixture was stirred at room temperature for 1 hour.
The solvent was evaporated and the residue was
purified by preparative HPLC to give 12.6 mg of
(S)-2-amino-3[4-(2-amino-6-{l-[2-(6-
cyano-pyridin-3-yl)-phenyl]-2,2,2-trifluoro-ethoxy}-py
rimidin-4-yl)-phenyl]-propionic acid. 1 NMR (400MHz,
CD3OD) d (ppm) 8.86(s, IH), 8.17(d, J=2Hz, IH),
8.15(d, J=2Hz, IH), 7.96(m,2H), 7.59(m,lH), 7.36(m,
3H), 6.7(s, IH), 6.65(d, J=6.8Hz, IH), 4.25(m, IH),
3.47(m, IH), 3.23(m, IH). 6.11. Synthesis of
(S)-2-Amino-3-(4-{2-amino-6-[2,2,2-trifluoro-l-(2-imid
azol-lyl- phenvD-ethoxyl
-pyrimidin-4-yll-phenvD-propionic acid To
2-imidazol-l-yl-benzaldehyde (0.344 g, 2 mmol) in THF
(8 ml) was added trifluoromethyltrimethyl silane
(0.341 g, 2.4 mmol). The reaction mixture was cooled
to 0- 5C (ice water bath) and tetra-n-butyl ammonium
fluoride (0.035 ml, 0.035 mmol, IM in THF) was added.
The ice bath was removed, and the mixture was stirred
at room temperature for 6 hours. 2N HCl (5 ml) was
added, and the reaction mixture was further stirred
for 3 hours at room temperature. Solvent was removed
on the rotavap under reduced pressure. Crude residue
was dissolved in DCM (30 ml), washed with water (20
ml), brine (20 ml) and dried with sodium sulfate. The
solvent was removed to give crude 2,2,2-
trifluoro-l-(2-imidazol-l-yl-phenyl)-ethanol (0.45g,
93 %), which was directly used in the next step.
2-Amino-4,6-dichloro pyrimidine (0.107 g, 0.65 mmol),
2,2,2-trifluoro-l-(2-imidazoll- yl-phenyl)-ethanol
(0.157 g, 0.65 mmol), and NaH (0.03g, 0.78 mmol) were
added to anhydrous THF (10 ml) under nitrogen. The
reaction was stirred at 40-450C for 6 h, and was then
cooled to room temperature, and quenched with water
(0.2 ml). The reaction mixture was concentrated to
give crude
4-chloro-6-[2,2,2-trifluoro-l-(2-imidazol-l-yl-phenyl)
- ethoxy]-pyrimidin-2-ylamine (0.24g, >90 % pure by
LCMS), which was directly used in the following
step.The above crude intermediate (0.24 g),
L-p-borono-phenylalanine (0.140 g, 0.67 mmol), sodium
carbonate (0.14 g, 1.32 mmol), and
dichlorobis(triphenylphosphine)- palladium(II) (15 mg,
0.021 mmol) were dissolved in a mixture of MeCN (2.0
ml) and H O (2.0 ml) in a microwave vial. The reaction
mixture was sealed and stirred in the microwave
reactor at 1500C for 6 min. The mixture was filtered,
and the filtrate was concentrated. The residue was
dissolved in MeOH and H O (1:1), and purified by
preparative HPLC using MeOH/H2O/TFA as solvent system
to give (S)
-2-amino-3-(4-[2-amino-6-[2,2,2-trifluoro-l-
(2-imidazol-l-yl-phenyl)-ethoxy]-pyrimidin-4-yl]
-phenyl-propionic acid as a TFA salt. LCMS: M+l = 499.
1H-NMR (400 MHz, CD3OD): d (ppm) 3.20-3.41 (m, 2H),
4.30 (t, IH), 6.61 (m, IH), 6.88 (s, IH), 7.48 (d,
2H), 7.69 (d, IH), 7.72-7.81 (m, 2H), 7.83 (m, IH),
7.98 (m, 3H), 8.02 (m, IH), 9.40 (m, IH). 6.12.
Synthesis of
(S)-2-Amino-3-(4-{6-r2,2,2-trifluoro-l-q-pyrazol-l-ylp
henvD- ethoxyl -pyrimidin-4-yl}-phenyl)-propionic acid
To 2-pyrazol-l-yl-benzaldehyde (0.344 g, 2 mmol) in
THF (8 ml) was added trifluoromethyl trimethyl silane
(0.341 g, 2.4 mmol). The mixture was cooled to 0-50C
(ice water bath) and tetra-n-butyl ammonium fluoride
(0.035 ml, 0.035 mmol, IM in THF) was added. The ice
bath was removed, and the mixture was stirred at room
temperature for 6h. 2N HCl (5 ml) was added and the
reaction mixture was further stirred at room
temperature for 3h. Solvent was removed on the rotavap
under reduced pressure. The residue was dissolved in
DCM (30 ml), washed with water (20 ml), brine (20 ml)
and dried over sodium sulfate. The solvent was removed
in vacuo to give crude
2,2,2-trifluoro-l-(2-pyrazol-l-ylphenyl)- ethanol
(0.45g, 93 %) which was directly used in the following
experiment. 4,6-Dichloro pyrimidine (0.082 g, 0.55
mmol), 2,2,2-trifluoro-l-(2-pyrazol-l-ylphenyl)-
ethanol (0.121 g, 0.50 mmol), NaH (0.03g, 0.78 mmol)
were added to anhydrous THF (10 ml) under nitrogen
atmosphere. The reaction was stirred at 40-450C for 6
h, and then was cooled to room temperature, and
quenched with water (0.2 ml). The reaction mixture was
concentrated to give crude
4-chloro-6-[2,2,2-trifluoro-l-(2-pyrazol-l-yl-phenyl)-
ethoxy]-pyrimidine (0.20 g, >90 % pure by LCMS), which
was directly used in the following step.The crude
intermediate (0.20 g), L-p-borono-phenylalanine (0.105
g, 0.50 mmol), sodium carbonate (0.105 g, 1 mmol),
dichlorobis(triphenylphosphine)-palladium(II) (15 mg,
0.021 mmol) were dissolved in a mixture of MeCN (2.0
ml) and H O (2.0 ml) in a microwave vial. The vial was
sealed, and the reaction mixture was heated in
microwave reactor at 1500C for 6 min. The mixture was
filtered, and the filtrate was concentrated. The
residue was dissolved in MeOH and H O (1:1), and then
purified by preparative HPLC using MeOH/H2O/TFA as
solvent system to give
(S)-2-amino-3-(4-[6-[2,2,2-trifluoro-l-(2-pyrazoll-
yl-phenyl)-ethoxy]-pyrimidin-4-yl]-phenyl-propionic
acid as a TFA salt. LCMS: M+l=484. 1H-NMR (400 MHz,
CD3OD): d (ppm) 3.20-3.40 (m, 2H), 4.30 (t, IH), 6.63
(s, IH), 7.10 (m, IH), 7.50 (m, 3H), 7.60 (m, 3H),
7.84 (m, 2H), 8.16 (m, 3H), 8.68 (s, IH). 6.13.
Synthesis of
(S)-2-amino-3-r4-q-amino-6-{2,2,2-trifluoro-l-r2-(3-
trifluoromethyl-pyrazol-l-yl)-phenyll-ethoxy}-pyrimidi
n-4-yl)-phenyllpropionic acid
2,2,2-Trifluoro-l-(2-iodo-phenyl)-ethanol (0.331 g,
1.1 mmol), 3-trifluoromethyl pyrazole (0.136 g, 1.0
mmol), CuI (0.019 g, 0.1 mmol), K2CO3 (0.290 g, 2.1
mmol), (1R,2R)- N,N'-dimethyl-cyclohexane-l,2-diamine
(0.028 g, 0.2 mmol) and toluene (10 ml) were combined
in a 20 ml pressure tube. The mixture was heated at
1300C (oil bath temperature) 



for 12 h. The reaction mixture was diluted with ethyl
acetate, and washed with H2O (2 x 20 ml), brine, and
dried by sodium sulfate. Removal of solvent gave crude
product which was purified by ISCO column
chromatography using 5-10 % ethyl acetate in hexane as
solvent to give 140 mg of
2,2,2-trifluoro-l-[2-(3-trifluoro
methyl-pyrazol-l-yl)-phenyl]-ethanol. 2-Amino-4,
6-dichloro pyrimidine (0.074 g, 0.45 mmol),
2,2,2-trifluoro-l-[2-(3- trifluoro
methyl-pyrazol-l-yl)-phenyl]-ethanol (0.140 g, 0.45
mmol), and NaH (0.022 g, 0.59 mmol) were added to
anhydrous THF (10 ml) under nitrogen atmosphere. The
reaction was stirred at 40-450C for 6 h, and then
cooled to room temperature, and quenched with water
(0.2 ml). The reaction mixture was concentrated to
give crude 4-chloro-6-[2, 2,
2-trifluoro-l[2-(3-trifluoromethyl-pyrazol-l-yl)phenyl
]-ethoxy]-pyrimidine-2-ylamine (0.21 g, >90 % pure by
LCMS), which was directly used in the next step. Crude
intermediate (0.21 g), L-p-borono-phenylalanine (0.1
g, 0.48 mmol), sodium carbonate (0.1 g, 0.94 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 reaction mixture was heated in the
microwave reactor at 1500C for 6 min. The reaction
mixture was filtered and the filtrate was concentrated
to give crude product, which was dissolved in MeOH and
H O (1:1) and purified by preparative HPLC using
MeOH/H2O/TFA as solvent system to give
(S)-2-amino-3-[4-(2-amino-6-[2,2,2- trifluoro-1
-(2-(3-trifluoromethyl-pyrazol-
1-yl-phenyl)-ethoxy]-pyrimidin-4-yl]-phenylpropionic
acid as a TFA salt. LCMS: M+l=567. 1H-NMR (400 MHz,
CD3OD): d (ppm) 3.2 (m, IH), 3.35 (m, IH), 4.30 (t,
IH), 6.80 (s, IH), 6.85 (m, IH), 6.98 (d, IH), 7.45
(d, 2H), 7.59 (m, IH), 7.68 (m, 2H), 7.88 (m, IH),
7.95 (d, 2H), 8.20 (IH). 6.14. Synthesis of
(S)-2-Amino-3-r4-(2-amino-6-{l-[2-(3,5-dimethyl-pyrazo
l-lyl)-
phenyll-2,2,2-trifluoro-ethoxy}-pyrimidin-4-yl)-phenyl
l-propionic acid
2,2,2-Trifluoro-l-(2-iodo-phenyl)-ethanol (0.331 g,
1.1 mmol), 3,5-dimethyl pyrazole (0.096 g, 1.0 mmol),
CuI (0.019 g, 0.1 mmol), K2CO3 (0.290 g, 2.1 mmol),
(1R,2R)-N,N'- dimethyl-cyclohexane-l,2-diamine (0.028
g, 0.2 mmol) and toluene (10 ml) were combined in a 20
ml pressure tube and the mixture was heated at 1300C
(oil bath temperature) for 12 h. The mixture was
diluted with ethyl acetate and washed with H2O (2 x 20
ml), brine, and dried over sodium sulfate. Removal of
solvent gave crude product, which was purified by ISCO
column chromatography using 5-10 % ethyl acetate in
hexane as solvent to give l-[2-(3,5-
dimethyl-pyrazol-l-yl)-phenyl]-2,2,2-trifluoro-ethanol
(120 mg). 2-Amino-4,6-dichloro pyrimidine (0.074 g,
0.45 mmol), l-[2-(3,5-dimethyl-pyrazoll-
yl)-phenyl]-2,2,2-trifiuoro-ethanol (0.120 g, 0.45
mmol), NaH (0.022 g, 0.59 mmol) were added to
anhydrous THF (10 ml) under nitrogen atmosphere. The
reaction was stirred at 40- 45C for 6 h, and then
cooled to room temperature, and quenched with water
(0.2 ml). The reaction mixture was concentrated to
give crude
4-chloro-6-{l-[2-(3,5-dimethyl-pyrazol-lyl)-phenyl]-2,
2,2-trifluoro-ethoxy]-pyrimidin-2-ylamine (0.195 g,
>90 % pure by LCMS) which was directly used in the
following step. The crude intermediate (0.195 g),
L-p-borono-phenylalanine (0.10 g, 0.48 mmol), sodium
carbonate (0.10 g, 0.95 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 reaction mixture was heated in the
microwave reactor at 1500C for 6 min. The mixture was
filtered, and the filtrate was concentrated to give
crude product, which was dissolved in MeOH and H O
(1:1) and purified by preparative HPLC using
MeOH/H2O/TFA as solvent system to give (S)
-2-amino-3-[4-(2-amino-6-[l-(2-
(3,5-dimethyl-pyrazol-l-yl)-phenyl]-2,2,2-trifluoro-et
hoxy}-pyrimidin-4-yl)-phenyl]- propionic acid as a TFA
salt. LCMS: M+l=527. 1H-NMR (400 MHz, CD3OD): d (ppm)
4.32 (t, IH), 3.39 (m, IH), 3.25 (m, IH), 2.30 (s,
3H), 2.10 (s, 3H), 7.92 (m, 3H), 7.68 (m, 2H), 7.50
(d, 2H), 7.42 (m, IH), 6.92 (m, IH), 6.89 (s, IH),
6.17 (s, IH). 6.15. Synthesis of
(S)-2-Amino-3-[4-(2-amino-6-{2,2,2-trifluoro-l-r2-(3-p
henyl-
Pyrazol-l-yl)-phenyll-ethoxy}-pyrimidin-4-yl)-phenyll
-propionic acid
2,2,2-Trifluoro-l-(2-iodo-phenyl)-ethanol (0.331 g,
1.1 mmol), 3-phenyl pyrazole (0.144 g, 1.0 mmol), CuI
(0.019 g, 0.1 mmol), K2CO3 (0.290 g, 2.1 mmol),
(1R,2R)-N,N'- dimethyl-cyclohexane-l,2-diamine (0.028
g, 0.2 mmol) and toluene (10 ml) were taken in a 20 ml
pressure tube and the mixture was heated at 1300C (oil
bath temperature) for 12 h. The mixture was diluted
with ethyl acetate and washed with H2O (2 x 20 ml),
brine, and dried over sodium sulfate. Removal of
solvent gave a crude product, which was purified by
ISCO column chromatography using 5-10 % ethyl acetate
in hexane as solvent to afford 2,2,2-
trifluoro-l-[2-(3-phenyl-pyrazol-l-yl)-phenyl]-ethanol
(75 mg). 2-Amino-4,6-dichloro pyrimidine (0.041 g,
0.25 mmol), 2,2,2-trifluoro-l-[2-(3-
phenyl-pyrazol-l-yl)-phenyl]-ethanol (0.070 g, 0.22
mmol), and NaH (0.012 g, 0.31 mmol) were added to
anhydrous THF (7 ml) under nitrogen atmosphere. The
reaction was stirred at40-450C for 6 h, and then
cooled to room temperature, and quenched with water
(0.04 ml). The reaction mixture was concentrated to
give crude 4-chloro-6-{2,2,2-trfluoro-l-[2-(3-
phenyl-pyrazol-l-yl)-phenyl]-ethoxy]-pyrimidin-2-ylami
ne (0.1 10 g, >90 % pure by LCMS), which was directly
used in the following step. The crude intermediate
(0.1 10 g), L-p-borono-phenylalanine (0.050 g, 0.24
mmol), sodium carbonate (0.050 g, 0.48 mmol), and
dichlorobis(triphenylphosphine)-palladium(II) (8 mg,
0.010 mmol) were dissolved in a mixture of MeCN (2.0
ml) and H O (2.0 ml) in a microwave vial. The vial was
sealed, and reaction mixture was heated in the
microwave reactor at 1500C for 6 min. The mixture was
filtered, and the filtrate was concentrated to give a
crude product, which was dissolved in MeOH and H O
(1:1) and purified by preparative HPLC using
MeOH/H2O/TFA as solvent system to give
(S)-2-amino-3-[4-(2- amino-6- {2,2,2-trifluoro-l
-[2-(3-phenyl-pyrazol- 1-yl)-phenyl]-ethoxy}
-pyrimidin-4-yl)- phenyl]-propionic acid as a TFA
salt. LCMS: M+l=575. 1H-NMR (400 MHz, CD3OD): d (ppm)
3.20 (m, IH), 3.38 (m, IH), 4.30 (t, IH), 6.80 (s,
IH), 7.00 (s, IH), 7.30-7.48 (m, 7H), 7.62 (m, 3H),
7.90 (m, 4H), 8.10 (s, IH). 6.16. Synthesis of
fS)-2-Amino-3-[4-f2-amino-6-{2,2,2-trifluoro-l-[5-meth
oxy-2-
f4-methyl-pyrazol-l-yl)-phenyll-ethoxy}-pyrimidin-4-yl
)-phenyllpropionic acid
l-(2-Bromo-5-methoxy-phenyl)-2,2,2-trifluoro-ethanol
(0.570 g, 2.0 mmol), 4-methyl pyrazole (0.164 g, 2.0
mmol), CuI (0.057 g, 0.3 mmol), K2CO3 (0.58Og, 4.2
mmol), (1R,2R)- N,N'-dimethyl-cyclohexane-l,2-diamine
( 0.071 g, 0.5 mmol) and toluene (10 ml) were combined
in a 20 ml pressure tube, and the mixture was heated
at 1300C (oil bath temperature) for 12 h. The mixture
was diluted with ethyl acetate and washed with H2O (2
x 20 ml), brine, and dried over sodium sulfate.
Removal of solvent gave a crude product, which was
purified by ISCO column chromatography using 5-10 %
ethyl acetate in hexane as solvent to afford
2,2,2-trifluoro-l
-[5-methoxy-2-(4-methyl-pyrazol-l-yl)-phenyl]-ethanol
(90 mg).
2,2,2-Trifluoro-l-[5-methoxy-2-(4-methyl-pyrazol-l-yl)
-phenyl]-ethanol (0.090 g, 0.3 1 mmol),
(S)-3-[4-(2-amino-6-chloro-pyrimidine-4-yl)-phenyl]-2-
tertbutoxycarbonylamino-propionic acid (0.122 g, 0.31
mmol), 1,4-dioxane (2 ml), CS2CO3 (0.503 g, 1.55 mmol)
were combined in a microwave vial and heated to 1800C
for 45 min. The mixture was filtered and concentrated.
To the residue, 5% methanol in DCM (50 ml) was added.
The mixture was filtered. The filtrate was
concentrated to give crude product which was taken in
20 % TFA in DCM (30 ml) and stirred for 30 minutes at
room temperature. LCMS indicated the completion of the
reaction with desired product. The reaction mixture
was concentrated to give crude product, which was
dissolved in MeOH and H O (1:1), and purified by
preparative HPLC using MeOHZH CVTFA as solvent system
to give
(S)-2-amino-3-[4-(2-amino-6-{2,2,2-trifluoro-l-[5-meth
oxy-2-(4-methyl-pyrazol-l-yl)-
phenyl]-ethoxy]-pyrimidin-4-yl)-phenyl]-propionic
acid. LCMS: M+l=543. 1H-NMR (400 MHz, CD3OD): d (ppm)
2.20 (s, 3H), 3.22 (m, IH), 3.40 (m, IH), 3.84 (s,
3H), 4.35 (t, IH), 6.84 (s, IH), 6.98 (m, IH), 7.18
(m, IH), 7.26 (m, IH), 7.40 (d, IH), 7.48 (d, 2H),
7.66 (d, 2H), 7.96 (d, 2H). 6.17. Synthesis of
(S)-2-amino-3-r4-q-amino-6-{(R)-2,2,2-trifluoro-l-r2-(
3-
methyl-pyrazol-l-yl)-phenyll-ethoxy}-pyrimidin-4-yl)-p
henyll-propionic acid
R-l-(2-bromo-phenyl)-2,2,2-trifluoro-ethanol (1.53 g,
6 mmol), 3-methyl pyrazole (0.492 g, 6 mmol), CuI
(0.456 g, 2.4 mmol), K2CO3 (2.07 g, 15 mmol),
(1R,2R)-N,N'- dimethyl-cyclohexane-l,2-diamine (0.170
g, 1.2 mmol) and toluene (10 ml) were combined in a 20
ml pressure tube, and the mixture was heated at 1300C
(oil bath temperature) for 12 h. The reaction mixture
was diluted with ethyl acetate and washed with H2O (2
x 20 ml), brine, and dried over sodium sulfate.
Removal of solvent gave a crude product, which was
purified by ISCO column chromatography using 5-10 %
ethyl acetate in hexane as solvent to give R-
2,2,2-trifluoro-l-[2-(3-methyl-pyrazol-l-yl)-phenyl]-e
thanol (1.8 g). 2-Amino-4,6-dichloro pyrimidine (1.2
g, 7.4 mmol), R-2,2,2-trifluoro-l-[2-(3-methylpyrazol-
l-yl)-phenyl]-ethanol (1.8 g, 7.03 mmol), and NaH
(0.380 g, 10 mmol) were added to anhydrous THF (40 ml)
under a nitrogen atmosphere. The reaction was stirred
at 40-450C for 6 h, and then cooled to room
temperature, and quenched with water (0. 1 ml).
Thereaction mixture was concentrated to give afford
4-chloro-6-{R-2,2,2-trifluoro-l-[2-(3-
methyl-pyrazol-l-yl)-phenyl]-ethoxy]-pyrimidin-2-ylami
ne (3.0 g, >90 % pure by LCMS), which was directly
used in the following step. The crude intermediate
(0.750 g), L-p-borono-phenylalanine (0.420 g, 2.0
mmol), sodium carbonate (0.430 g, 4.0 mmol), and
dichlorobis(triphenylphosphine)-palladium(II) (30 mg,
0.043 mmol) were dissolved in a mixture of MeCN (7.0
ml) and H O (7.0 ml) in a microwave vial. The vial was
sealed, and reaction mixture was heated in the
microwave reactor at 1500C for 7 min. The mixture was
filtered, and the filtrate was concentrated to give a
crude product, which was dissolved in MeOH and H2O
(1:1) and purified by preparative HPLC using
MeOH/H2O/TFA as solvent system to give
(S)-2-amino-3-[4-(2- amino-6- {R-2,2,2-trifluoro-
1-[2-(3-methyl-pyrazol- 1-yl)-phenyl]-ethoxy}
-pyrimidin-4-yl)- phenyl]-propionic acid as a TFA
salt. LCMS: M+l=514. 1H-NMR (400 MHz, CD3OD): d (ppm)
2.40 (s, 3H), 3.30 (m, IH), 3.42 (m, IH), 4.38 (t,
IH), 6.21 (s, IH), 7.02 (s, IH), 7.18 (m, IH), 7.54
(d, IH), 7.61 (m, 4H), 7.82 (m, 2H), 7.97 (d, 2H).
6.18. Synthesis of
(S)-2-amino-3-[4-(2-amino-6-{l-r4-chloro-2-(3-methyl-
Pyrazol-l-yl)-phenyll-2,2,2-trifluoro-ethoxy}-pyrimidi
n-4-yl)-phenyllpropionic acid
l-(4-Chloro-2-iodo-phenyl)-2,2,2-trifluoro-ethanol
(0.840 g, 2.5 mmol), 3-methyl pyrazole (0.230 g, 2.8
mmol), CuI (0.190 g, 1.0 mmol), K2CO3 (0.863 g, 6.25
mmol), (lR,2R)-N,N'-dimethyl-cyclohexane-l,2-diamine
(0.071 g, 0.5 mmol) and toluene (10 ml) were combined
in a 20 ml pressure tube, and the mixture was heated
at 1300C (oil bath temperature) for 12 h. The mixture
was diluted with ethyl acetate and washed with H2O (2
x 20 ml), brine, and dried over sodium sulfate.
Removal of solvent gave a crude product, which was
purified by ISCO column chromatography using 5-10%
ethyl acetate in hexane as solvent to afford
l-[4-chloro-2-(3-methyl-pyrazol-l-yl)-phenyl]-2,2,2-tr
ifluoro-ethanol (240 mg).
l-[4-Chloro-2-(3-methyl-pyrazol-l-yl)-phenyl]-2,2,2-tr
ifluoro-ethanol (0.120 g, 0.41 mmol),
(S)-3-[4-(2-amino-6-chloro-pyrimidine-4-yl)-phenyl]-2-
tert-butoxycarbonylaminopropionic acid (0.176 g, 0.45
mmol), 1,4-dioxane (4 ml), and CS2CO3 (0.533 g, 1.64
mmol) were combined in a 20 ml sealed tube, and the
mixture was heated at 1000C for 12 h. The mixture was
concentrated. To the residue, 10 % methanol in DCM (50
ml) was added and the mixture was filtered. The
filtrate was concentrated to give a crude product,
which was taken in THF/3N HCl (30 ml/15 ml) and the
resulting mixture was stirred at 40-450C for 12h. LCMS
indicated the completion of reaction with desired
product. The mixture was concentrated to give a crude
product, which was dissolved in MeOH and H O (1:1) and
purified by preparative HPLC using MeOHZH OZTFA as
solvent system to give (S)-2-amino- 3-[4-(2-amino-6-
{1-[4-chloro-2-(3-methyl-pyrazol-
1-yl)-phenyl]-2,2,2-trifluoro-ethoxy} -
pyrimidine-4-yl)-phenyl] -propionic acid as a TFA
salt. LCMS: M+l=547. 1H-NMR (400 MHz, CD3OD): d (ppm)
2.30 (s, 3H), 3.10-3.30 (m, 2H), 4.20 (t, IH), 6.32
(d, IH), 6.74 (s, IH), 7.0 (q, IH), 7.38 (d, 2H), 7.50
(m, 2H), 7.72 (m, IH), 7.90 (m, 3H). 6.19. Synthesis
of
(S)-2-Amino-3-r4-q-amino-6-{R-l-r4-chloro-2-(3-methyl-
Pyrazol-l-yl)-phenyll-2,2,2-trifluoro-ethoxy}-pyrimidi
n-4-yl)-phenyllpropionic acid ethyl ester The title
compound was prepared stepwise, as described below:
Step 1: Synthesis of
l-(2-bromo-4-chloro-phenyl)-2,2,2-trifluoro-ethanone .
To a 500 ml 2 necked RB flask containing anhydrous
methanol (300 ml) was added thionyl chloride (29.2 ml,
400 mmol) dropwise at 0-50C (ice water bath) over 10
min. The ice water bath was removed, and
2-bromo-4-chloro-benzoic acid (25 g, 106 mmol) was
added. The mixture was heated to mild reflux for 12h.
Progress of the reaction was monitored by TLC and
LCMS. After completion of the reaction, the reaction
mixture was concentrated. Crude product was dissolved
in dichloromethane (DCM, 250 ml), washed with water
(50 ml), sat. aq. NaHCO (50 ml), brine (50 ml), dried
over sodium sulfate, and concentrated to give the 2-
bromo-4-chloro-benzoic acid methyl ester (26 g, 99 %),
which was directly used in the following step.
2-Bromo-4-chloro-benzoic acid methyl ester (12.4 g, 50
mmol) in toluene (200 ml) was cooled to -700C, and
trifluoromethyl trimethyl silane (13 ml, 70 mmol) was
added.Tetrabutylamonium fluoride (IM, 2.5 ml) was
added dropwise, and the mixture was allowed to warm to
room temperature over 4h, after which it was stirred
for 1Oh at room temperature. The reaction mixture was
concentrated to give the crude
[l-(2-bromo-4-chloro-phenyl)-2,2,2-
trifluoro-l-methoxy-ethoxy]-trimethyl-silane. The
crude intermediate was dissolved in methanol (100 ml)
and 6N HCl (100 ml) was added. The mixture was kept at
45-500C for 12h. Methanol was removed, and the crude
was extracted with dichloromethane (200 ml). The
combined DCM layer was washed with water (50 ml),
NaHCO (50 ml), brine (50 ml), and dried over sodium
sulfate. Removal of solvent gave a crude product,
which was purified by ISCO column chromatography,
using 1-2% ethyl acetate in hexane as solvent, to
afford 1-
(2-bromo-4-chloro-phenyl)-2,2,2-trifluoro-ethanone (10
g, 70%). 1H-NMR (300 MHz, CDCl3) : d (ppm) 7.50
(d,lH), 7.65(d,lH), 7.80(s,lH). Step 2 : Synthesis of
R-l-(2-bromo-4-chloro-phenyl)-2,2,2-trifluoro-ethanol
. To catechol borane (IM in THF 280 ml, 280 mmol) in a
2L 3-necked RB flask was added S-2- methyl-CBS
oxazaborolidine (7.76 g, 28 mmol) under nitrogen, and
the resulting mixture was stirred at room temperature
for 20 min. The reaction mixture was cooled to -78C
(dry ice/acetone bath), and
l-(2-bromo-4-chloro-phenyl)-2,2,2-trifluoro-ethanone
(40 g, 139 mmol) in THF (400 ml) was added dropwise
over 2h. The reaction mixture was allowed to warm to
-36C, and was stirred at that temperature for 24 h,
and further stirred at -32C for another 24h. 3N NaOH
(250 ml) was added, and the cooling bath was replaced
by ice-water bath. Then 30 % hydrogen peroxide in
water (250 ml) was added dropwise over 30 minutes. The
ice water bath was removed, and the mixture was
stirred at room temperature for 4h. The organic layer
was separated, concentrated and re-dissolved in ether
(200 ml). The aqueous layer was extracted with ether
(2 x 200 ml). The combined organic layers were washed
with IN aq. NaOH (4 x 100 ml), brine, and dried over
sodium sulfate. Removal of solvent gave crude product
which was purified by column chromatography using 2 to
5% ethyl acetate in hexane as solvent to give desired
alcohol 36.2 g (90 %, e.e. >95%). The alcohol (36.2 g)
was crystallized from hexane (80 ml) to obtain
R-l-(2-bromo-4-chlorophenyl)- 2,2,2-trifiuoro-ethanol
28.2 g (70 %; 99-100 % e.e.). 1H-NMR (400 MHz, CDCl3)
d (ppm) 5.48 (m, IH), 7.40 (d, IH), 7.61 (d, 2H). Step
3 : Synthesis of R-l-r4-chloro-2-(3-methyl-pyrazol-l-v
p-phenyl1-2.2.2-trifluoroethanol .
R-l-(2-bromo-4-chloro-phenyl)-2,2,2-trifluoro-ethanol
(15.65g, 54.06 mmol), 3- methylpyrazole (5.33 g, 65
mmol), CuI (2.06 g, 10.8 mmol), K2CO3 (15.7 g, 113.5
mmol), (lR,2R)-N,N'-dimethyl-cyclohexane-l,2-diamine
(1.54 g, 10.8 mmol) and toluene (80 ml) were combined
in a 250 ml pressure tube and heated to 1300C (oil
bath temperature) for 12 h.The reaction mixture was
diluted with ethyl acetate and washed with H2O (4 x
100 ml), brine, and dried over sodium sulfate. Removal
of solvent gave a crude product, which was purified by
ISCO column chromatography using 5-10 % ethyl acetate
in hexane as solvent to get R-I-
[4-chloro-2-(3-methyl-pyrazol-l-yl)-phenyl]-2,2,2-trif
luoro-ethanol (13.5 g; 86 %). 1H-NMR (400 MHz, CDCl3)
: d (ppm) 2.30(s, 3H), 4.90(m, IH), 6.20(s, IH),
6.84(d, IH), 7.20(s, IH), 7.30(d, IH), 7.50(d, IH).
Step 4 : Synthesis of (S)-2-Amino-3- r4-(2-amino-6-
(R-I- r4-chloro-2-(3-methylpyrazol- 1-ylVphenyl
|-2,2.,2-trifluoro-ethoxy| -pyrimidin-4-yl)-phenyU
-propionic acid ethyl ester .
R-l-[4-chloro-2-(3-methyl-pyrazol-l-yl)-phenyl]-2,2,2-
trifluoro-ethanol (17.78 g, 61.17 mmol),
(S)-3-[4-(2-amino-6-chloro-pyrimidine-4-yl)-phenyl]-2-
tertbutoxycarbonylamino- propionic acid (20.03 g, 5 1
mmol), 1,4-dioxane (250 ml), and Cs CO (79.5 g, 244
mmol) were combined in a 3-necked 500 ml RB flask and
heated to 1000C (oil bath temperature) for 12-24 h.
The progress of reaction was monitored by LCMS. After
the completion of the reaction, the mixture was cooled
to 600C, and water (250 ml) and THF (400 ml) were
added. The organic layer was separated and washed with
brine (150 ml). The solvent was removed to give crude
BOC protected product, which was taken in THF (400
ml), 3N HCl (200 ml). The mixture was heated at
35-400C for 12h. THF was removed in vacuo. The
remaining aqueous layer was extracted with isopropyl
acetate (2x 100 ml) and concentrated separately to
recover the unreacted alcohol (3.5 g). Traces of
remaining organic solvent were removed from the
aqueous fraction under vacuum. To a IL beaker equipped
with a temperature controller and pH meter, was added
H3PO4 (40 ml, 85 % in water) and water (300 ml) then
50 % NaOH in water to adjust pH to 6.15. The
temperature was raised to 58C and the above acidic
aqueous solution was added dropwise into the buffer
with simultaneous addition of 50 % NaOH solution in
water so that 



the pH was maintained between 6.1 to 6.3. Upon
completion of addition, precipitated solid was
filtered and washed with hot water (50-600C) (2 x 200
ml) and dried to give crude (S)-2-
amino-3-[4-(2-amino-6-{R-l-[4-chloro-2-(3-methyl-pyraz
ol-l-yl)-phenyl]-2,2,2-trifluoroethoxy}-
pyrimidin-4-yl)-phenyl} -propionic acid (26.8 g; 95
%). LCMS and HPLC analysis indicated the compound
purity was about 96-97 %. To anhydrous ethanol (400
ml) was added SOCl2 (22 ml, 306 mmol) dropwise at 0-
5C. Crude acid (26.8 g ) from the above reaction was
added. The ice water bath was removed, and the
reaction mixture was heated at 40-450C for 6-12h.
After the reaction was completed, ethanol was removed
in vacuo. To the residue was added ice water (300 ml),
and extracted with isopropyl acetate (2 x 100 ml). The
aqueous solution was neutralized with saturated Na2CO3
to adjust the pH to 6.5. The solution was extracted
with ethyl acetate (2 x300 ml). The combined ethyl
acetate layer was washed with brine and concentrated
to give 24 g of crude ester (HPLC purity of 96-97 %).
The crude ester was then purified by ISCO column
chromatography using 5 % ethanol in DCM as solvent to
give (S)-2-amino-3-[4-(2- amino-6- (R-
1-[4-chloro-2-(3-methyl-pyrazol-
1-yl)-phenyl]-2,2,2-trifluoro-ethoxy} -
pyrimidin-4-yl)-phenyl} -propionic acid ethyl ester
(20.5g; 70 %; HPLC purity of 98 %). LCMS M+l = 575.
1H-NMR (400 MHz, CD3OD): d (ppm) 1.10 (t, 3H), 2.25
(s, 3H), 2.85 (m, 2H), 3.65 (m, IH), 4.00 (q, 2H),
6.35 (s, IH), 6.60 (s, IH), 6.90 (m, IH), 7.18 (d,
2H), 7.45 (m, 2H), 7.70 (d, IH), 7.85 (m, 3H). 6.20.
Synthesis of
(S)-2-amino-3-(4-q-amino-6-"RM-(4-chloro-2-(3-methyllH
-
pyrazol-l-yl)phenyl)-2,2,2-trifluoroethoxy)pyrimidin-4
- vDphenvDpropanoic acid (S)-2-Amino-3-[4-(2-amino-6-
(R- 1-[4-chloro-2-(3-methyl-pyrazol- 1-yl)-phenyl]-
2,2,2-trifluoro-ethoxy}-pyrimidin-4-yl)-phenyl}
-propionic acid ethyl ester (22.2 g, 38.6 mmol) was
dissolved in THF (220 ml) and water (50 ml). Lithium
hydroxide monohydrate (5.56 g, 132 mmol) was added.
The reaction mixture was stirred at room temperature
for 12 h. THF was removed, and water (100 ml) was
added to the residue to get the clear solution. To a 1
L beaker equipped with a temperature controller and pH
meter was added H3PO4 (40 ml, 85 % in water), water
(300 ml) and 50 % NaOH in water to adjust the pH to
6.15. The temperature was raised to 58C, and the
aqueous Li-salt of the compound was added dropwise
into the buffer with simultaneous addition of 3N HCl
so that the pH was maintained at 6.1 to 6.2. Upon
completion of addition, precipitated solid was
filtered and washed with hot water (50-600C) (2 x 200
ml) and dried to give (S)-2-amino-3-[4-(2-amino- 6-
(R- 1-[4-chloro-2-(3-methyl-pyrazol-
1-yl)-phenyl]-2,2,2-trifluoro-ethoxy}
-pyrimidin-4-yl)- phenyl} -propionic acid (19.39 g; 92
%). LCMS and the HPLC analysis indicated the compound
purity was about 98-99%. LCMS M+l = 547. 1H-NMR (400
MHz, CD3OD): d (ppm) 2.40 (s, 3H), 3.22-3.42 (m, 2H),
4.38 (t, IH), 6.42 (s, IH), 7.10 (s, IH), 7.21 (m,
IH), 7.60 (m, 4H), 7.81 (d, IH), 7.92 (m, 3H).6.21.
Synthesis of
(S)-2-Amino-3-(4-{2-amino-6-[2,2,2-trifluoro-l-
-thiazol-2- yl-phenvD-ethoxyl
-pyrimidin-4-yl}-phenyl)-propionic acid To a 40 ml
microwave reactor, was added 1.04 g of 2-formyl
phenylboronic acid (6.9 mmoles), 1.14 g of 2-bromo
thiazole (6.9 mmoles), 240 mg of palladium
bistriphenylphosphine dichloride (Pd(PPh3)2Cl2, 0.34
mmoles). Then, 13.8 ml of IM Na2CO3 (13.8 mmoles) and
10 ml of CH3CN were added to the mixture. The reactor
was sealed, and the reaction was run under microwave
at 1600C for 5 minutes. LCMS shows completion of the
reaction with desired product. The reaction mixture
was then poured into a separation funnel. Then 200 ml
of methylene chloride and 100 ml of water were added
for extraction. The methylene chloride layer was dried
over MgSO . Removal of solvent gave a crude product,
which was purified by silica gel column chromatography
eluting with hexanes/ethyl acetate mixture (5/1 to
2/1) to give pure 2-thiazol-2-yl-benzaldehyde (0.5 g,
yield: 38%). To a 50 ml round bottom flask, 184 mg of
2-thiazol-2-yl-benzaldehyde (0.97 mmole) and 10 ml of
anhydrous tetrahydrofuran (THF) were added. Then,
145.4 mg of trifluoromethyltrimethylsilane (1.02
mmoles) and 20 ml of IM tert-butylammonium fluoride in
THF (0.02 mmole) were added to solution. The mixture
was stirred at room temperature overnight, after which
10 ml of 1N HCl was added and the reaction mixture was
stirred at r.t. for 15 minutes. THF was removed in
vacuo, and the mixture was extracted with methylene
chloride (3 x 50ml). The combined CH2Cl2 layer was
dried over MgSO . Removal of solvent gave 262 mg of
crude product, which was about 95% pure, and was used
in next step without further purification.
2,2,2-Trifluoro-l-(2-thiazol-2-yl-phenyl)-ethanol (260
mg, 1 mmole), (S)-3-[4-(2-
amino-6-chloro-pyrimidin-4-yl)-phenyl]-2-tert-butoxyca
rbonylamino-propionic acid (390 mg, 1 mmole), cesium
carbonate (1.3 g, 4 mmoles) and 10 ml of 1,4-dioxane
were mixed together in a 50 ml sealed tube. The
reaction mixture was heated at 1000C for 3 days. Water
(20 ml) was added, and then IN HCl aq. was added
slowly to adjust the pH to 4, then the 1,4- dioxane
was removed in vacuo and the resulting mixture was
extracted with methylene chloride (3 x 50 ml). The
combine methylene chloride layer was dried over
MgSO4.Removal of solvent gave a crude product, which
was taken to next step reaction without further
purification. The above crude product was dissolved in
5 ml of methylene chloride, and 0.4 ml of
trifluoroacetic acid was added. The mixture was
stirred at room temperature overnight. The
trifluoroacetic acid was then removed in vacuo to give
a crude product, which was purified by prep HPLC to
give 63 mg of pure product. HPLC; YMC Pack ODS-A 3x50
mm, 7um; Solvent A = water with 0.1% TFA; Solvent B =
methanol with 0.1% TFA. Solvent B from 10 to 90% over
4 minutes; Flow rate = 2 ml/min; RT = 3 min. HPLC
purity = 100%. LCMS: M+l = 515.9. 1H NMR (400 MHz,
CD3OD) d 8.06 ppm (2H, m); 7.92 (2H, d, J=8 Hz);
7.84(1H, m); 7.81 (IH, m); 7.77 (IH, d, J = 4 Hz);
7.57 (2H, m); 7.45 (2H, d, J = 8 Hz); 6.84 (IH, s);
4.30 (2H, dd, J = 8 Hz); 3.38 (2H, dd, J = 12, 2 Hz);
3.23 (2H, dd, J = 12, 8 Hz). 6.22. Synthesis of
(S)-2-Amino-3-r4-(2-amino-6-{2,2,2-trifluoro-l-r2-(pyr
idin-3-
yloxy)-phenyll-ethoxy}-pyrimidin-4-yl)-phenyll-propion
ic acid; (S)-2-
Amino-3-[4-f2-amino-6-{2,2,2-trifluoro-l-[4-fpyridin-3
-yloxy)-phenyllethoxy}-
pyrimidin-4-yl)-phenyll-propionic acid;
(S)-2-Amino-3-r4-(6-
{2,2,2-trifluoro-l-r4-(pyridin-3-yloxy)-phenyll-ethoxy
}-pyrimidin-4-yl)- phenyll -propionic acid;
(S)-2-Amino-3-(4-{2-amino-6-r2,2,2-trifluoro-l-(4-
thiophen-2-yl-phenyl)-ethoxyl-pyrimidin-4-yl}-phenyl)-
propionic acid;
(S)-2-Amino-3-(4-{6-r2,2,2-trifluoro-l-(4-imidazol-l-y
l-phenyl)-ethoxylpyrimidin- 4-yl}-phenyl)-propionic
acid; and (S)-2-Amino-3-(4-{2-amino- 6-
[2,2,2-trifluoro- 1-(4- [1,2,41 triazol-
l-yl-phenvD-ethoxyl -pyrimidin-4-yl}- phenvD-propionic
acidThe title compounds were prepared using the
general approach shown below: In this approach,
tetra-n-butyl ammonium fluoride (0.05 eq.) was added
to a mixture of substituted benzaldehyde ( 1 eq.) and
trifluoromethyl trimethylsilane (1.2 eq.) in THF at
00C. The temperature was then allowed to warm to room
temperature. The mixture was stirred at room
temperature for 5h, then diluted with ethyl acetate,
washed with water, brine and dried by MgSO . The
solvent was removed under reduced pressure to give the
trifluoroalcohol as crude product, which was used in
next step without further purification. The above-made
alcohol ( 1 eq.) was dissolved in anhydrous
1,4-dioxane. Sodium hydride ( 60% in mineral oil, 1.2
eq.) was added all at once, and the mixture was
stirred at room temperature for 30 minutes.
2-Amino-4,6-dichloropyrimidine ( 1 eq.) was added,
andthe resulting mixture was stirred at 800C for 2 h.
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 the desired
monochloride product, which was used in next step
without further purification. The above crude product
( 1 eq.) was added to a 5 ml microwave vial containing
4- borono-L-phenylalanine ( 1 eq.), Na CO (2 eq.),
acetonitrile (2 ml), water (2 ml) and
dichlorobis(triphenylphosphine)-palladium (0.05 eq.).
The vial was capped, and the mixture was heated at
1500C for 5 min under microwave radiation. The 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/H 2O/TFA
solvent system). The pure fractions were combined and
concentrated in vacuum. The product was then suspended
in 5 ml of water, frozen and lyophilized to give the
product as a trifluoro acetic acid (TFA) salt.
(S)-2-Amino-3-[4-(2-amino-6-{2,2,2-trifiuoro-l-[2-(pyr
idin-3-yloxy)-phenyl]- ethoxy}-pyrimidin-4-yl)-phenyl}
-propionic acid. 1H-NMR (400 MHz, CD3OD) d: 3.05-3.40
(m, 2H), 3.81 (m, IH), 6.64 (s, IH), 7.01(d, IH),
7.15-7.54 (m, 7H), 7.74 (d, IH), 7.94 (d, 2H), 8.35
(m, 2H).
(S)-2-Amino-3-[4-(2-amino-6-{2,2,2-trifluoro-l-[4-(pyr
idin-3-yloxy)-phenyl]- ethoxy}-pyrimidin-4-yl)-phenyl}
-propionic acid. 1H-NMR (400 MHz, CD3OD) d: 3.20-3.41
(m, 2H), 4.30 (m, IH), 6.81 (m, 2H), 7.17 (m, 2H),
7.46-7.69 (m, 6H), 7.93 (d, 2H), 8.41 (s, 2H).
(S)-2-Amino-3-[4-(6- {2,2,2-trifiuoro-
1-[4-(pyridin-3-yloxy)-phenyl]-ethoxy} -
pyrimidin-4-yl)-phenyl}-propionic acid. 1H-NMR (300
MHz, CD3OD) d: 3.15-3.35 (m, 2H), 4.25 (t, IH), 6.90
(q, IH), 7.25 (d, 2H), 7.45 (d, 2H), 7.71 (m, 3H),
7.99 (m, 3H), 8.14-8.18 (m, IH), 8.55 (d, IH), 8.63
(d, IH), 8.84 (d, IH).
(S)-2-Amino-3-[4-(2-amino-6-{2,2,2-trifluoro-l-(4-thio
phen-2-yl-phenyl)-ethoxy]- pyrimidin-4-yl} -phenyl}
-propionic acid. 1H-NMR (400 MHz, CD3OD) d: 3.03-3.31
(m, 2H), 4.19 (m, IH), 6.68 (m, 2H), 7.00 (m, IH),
7.31-7.36 (m, 4H), 7.52 (m, 2H), 7.62 (d, 2H), 7.85
(d, 2H).
(S)-2-Amino-3-(4-{6-[2,2,2-trifluoro-l-(4-imidazol-l-y
l-phenyl)-ethoxy]-pyrimidin- 4-yl}-phenyl)-propionic
acid. 1H-NMR (400 MHz, CD3OD) d: 3.03-3.3 1 (m, 2H),
4.19 (m, IH), 6.88 (m, IH), 7.32-8.63 (m, HH), 8.64
(s, IH), 9.25 (s, IH).
(S)-2-Amino-3-(4-{2-amino-6-[2,2,2-trifluoro-l-(4-[l,2
,4]triazol-l-yl-phenyl)-
ethoxy]-pyrimidin-4-yl}-phenyl)-propionic acid. 1H-NMR
(400 MHz, CD3OD) d: 3.07-3.36 (m, 2H), 4.16 (m, IH),
6.65 (s, IH), 6.75 (m, IH), 7.31 (d, 2H), 7.69 (d,
2H), 7.85 (m, 4H), 8.08 (s, IH), 9.03 (s, IH).6.23.
Synthesis of
(S)-2-Amino-3-(4-{2-amino-6-[2,2,2-trifluoro-l-(4-fluo
ro-2-
thiophen-3-yl-phenyl)ethoxyl-pyrimidin-4-yl}-phenyl)-p
ropionic acid; (S)- 2-Amino-3-[4-
-amino-6-{2,2,2-trifluoro-l-r4-fluoro-2-(4-methylthiop
hen- 2-yl)-phenyll -ethoxy}-pyrimidin-4-yl)-phenyll
-propionic acid; and
fS)-2-Amino-3-[4-f2-amino-6-{l-[2-f3,5-dimethyl-isoxaz
ol-4-yl)-4-
fluoro-phenyll-2,2,2-trifluoro-ethoxy}-pyrimidin-4-yl)
-phenyll-propionic acid The title compounds were
prepared using the general approach shown below: In
this approach, the bromo substituted benzyl aldehyde (
1 eq) was added to a 20 ml microwave vial, which
contained aromatic heterocyclic boronic acid ( 1 eq),
Na2CO (2 eq), acetonitrile (8 ml) / water (8 ml) and
dichlorobis(triphenylphosphine)-palladium (0.05
eq).The vial was capped and stirred at 1500C for 6 min
under microwave radiation. The reaction mixture was
cooled, filtered through a syringe filter and then
diluted with ethyl acetate. It was washed with water.
Silica gel was then added to make a plug, and it was
purified by chromatography eluted with hexane and
ethyl acetate. Above made aldehydes then underwent the
same reactions described above in Example 22.
(S)-2-Amino-3-(4- {2-amino-6-[2,2,2-trifluoro-
1-(4-fluoro-2-thiophen-3-yl-phenyl)-
ethoxy]-pyrimidin-4-yl}-phenyl)-propionic acid. 1H-NMR
(400 MHz, CD3OD) d: 3.08-3.30 (m, 2H), 4.19 (m, IH),
6.61 (s, IH), 6.84 (m, IH), 7.02-7013 (m, 2H), 7.22
(dd, IH), 7.32(d, 2H), 7.47 (m, IH), 7.77 (m, IH),
7.84 (d, 2H). (S)-2-Amino-3-(4- {2-amino-6-
{2,2,2-trifluoro- 1-(4-fluoro-2-(4-methyl-thiophen-2-
yl)-phenyl]-ethoxy}-pyrimidin-4-yl}-phenyl)-propionic
acid. 1H-NMR (400 MHz, CD3OD) d: 2.26 (s, 3H),
3.09-3.30 (m, 2H), 4.20 (m, IH), 6.64 (s, IH), 6.95
(m, 2H), 7.13 (m, 3H), 7.34 (d, 2H), 7.69(m, IH), 7.83
(d, 2H).
(S)-2-amino-3-[4-(2-amino-6-{l-[2-(3,5-dimethyl-isoxaz
ol-4-yl)-4- fluoro- phenyl]-
2,2,2-trifluoro-ethoxy}-pyrimidin-4-yl)-phenyl]-propio
nic acid. 1H-NMR (400 MHz, CD3OD) d: 1.89-2.19 (m,
6H), 2.97-3.30 (m, 2H), 3.83 (m, IH), 6.55 (d, IH),
6.74-6.87 (m, IH), 7.00 (m, IH), 7.7.24-7.33 (m, 3H),
7.88 (m, 3H). 6.24. Synthesis of
(S)-2-amino-3-[4-(2-amino-6-{2,2,2-trifluoro-l-r5-fluo
ro-2-(3-
methyl-pyrazol-l-yl)-phenyll-ethoxy}-pyrimidin-4-yl)-p
henyll-propionic acid The mixture of
2-bromo-5-fluoro-benzoic acid methyl ester ( 1 g,
4.292 mmol), NaBH4 (0.423 g, 11.159 mmol) and LiCl
(0.474 g, 11.159 mmol) in THF/EtOH (20 ml/10 ml) was
stirred at room temperature overnight. Aqueous HCl (10
ml, 2N) was added and stirred for about 10 min. Then
the organic solvent was removed under low vacuum. The
residue was diluted with water and extracted by ethyl
acetate. The organic layer was washed with aqueous
NaHCO3 (10%), water and brine, and then dried (MgSO )
and concentrated to afford 852 mg (96.8% crude yield)
crude product, (2- bromo-5-fluoro-phenyl)methanol, as
a white solid, which was used without further
purification.To the solution of
(2-bromo-5-fluoro-phenyl)methanol (0.852 g, 4.156
mmol) in DCM (15 ml) was added MnO2 (4.254 g, 85%,
41.56 mmol). The mixture was stirred at room
temperature for two days, and then filtered and washed
with DCM. The filtrate was concentrated to afford 777
mg 2-bromo-5-fluoro-benzaldehyde (92% yield). The
newly made aldehyde (0.777 g, 3.828 mmol) was then
dissolved in anhydrous THF (10 ml) and cooled to 00C.
Trifluoromethyl trimethylsilane (1.13 ml, 7.656 mmol)
was added, and followed by tetrabutyl ammonium
fluoride (0.020 g, 0.076 mmol). The temperature was
then allowed to warm to room temperature. The mixture
was stirred for 5h at room temperature, then diluted
with ethyl acetate, washed with water, brine and dried
by MgSO . The solvent was removed under reduced
pressure to give
2-bromo-5-fluoro-phenyl)2,2,2-trifluoroethanol, 1.1 g
(90% purity) as a crude product, which was used for
the next step without further purification.
2-Bromo-5-fiuoro-phenyl)2,2,2-trifiuoro-ethanol (0.990
g, 3.263 mmol, 90%), 3- methyl pyrazole ( 0.476 g,
4.895 mmol), CuI (0.367 g, 1.632 mmol), K2CO3 (1.334
g, 8.158 mmol),
(lR,2R)-N,N'-dimethyl-cyclohexane-l,2-diamine (0.1 10
g, 0.653 mmol) and toluene (10 ml) were combined in a
20 ml microwave vial, which was then sealed and heated
at 1800C for 40 min. The mixture was filtered and
washed with ethyl acetate. The filtrate was washed
with water for 3 times and then silica gel was added
to make a plug. The compound was purified by ISCO
column chromatography using 5-10 % ethyl acetate in
hexane as solvent to get
l-(5-fluoro-2-(3-methyl-pyrazol-l-yl)-phenyl)-2,2,2-tr
ifluoro-ethanol 75 mg. 1H-NMR (400 MHz, CDCl3) d:
2.29(s, 3H), 4.90(m, IH), 6.21(d, IH), 7.07-7.1 l(m,
IH), 7.19-7.22(m, IH), 7.29-7.32(m, IH), 7.5 l(d, IH).
The above-made alcohol (0.075 g, 0.273 mmol) was
dissolved in anhydrous 1,4- dioxane (3 ml). Sodium
hydride (0.013 g, 0.328 mmol, 60% in mineral oil) was
added all at once, and the mixture was stirred at room
temperature for 30 minutes. 2-Amino-4,6-
dichloro-pyrimidine (0.045 g, 0.273 mmol) was added.
The mixture was stirred at 800C for about 2 hours. The
solvent was removed, and the residue was suspended in
ethyl acetate, which was washed with water, dried over
MgSO and then concentrated to give the desired
monochloride product 100 mg (0.249 mmol), which was
added to a 5 ml microwave vial containing
4-borono-L-phenylalanine (0.052 g, 0.249 mmol), Na2CO3
(0.053 g, 0.498 mmol), acetonitrile (2 ml) / water (2
ml) and dichlorobis(triphenylphosphine)-palladium (5
mg, 0.007 mmol). The vial was capped and stirred at
1500C for 5 min under microwave radiation. The
reaction mixture was cooled, filtered through a
syringe filter, and then separated by 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
thensuspended in 5 ml of water, frozen and lyophilized
to give (S)-2-amino-3-[4-(2-amino-6- ((R)-I
-[5-fluoro-2-(3-methyl-pyrazol-l-yl)-phenyl]-2,2,2-tri
fluoro-ethoxy}-pyrimidin-4-yl)- phenyl} -propionic
acid, 37 mg as a trifluoro salt. 1H-NMR (400 MHz,
CD3OD): d 2.29 (s, 3H), 3.08-3.30 (m, 2H), 4.19 (q,
IH), 6.32 (d, IH), 6.82 (s, IH), 6.85 (m, IH), 7.26
(m, IH), 7.33 (d, 2H), 7.42 (m, 2H), 7.75 (d, IH),
7.87 (d, 2H). 6.25. Synthesis of
(S)-2-amino-3-r4-q-amino-6{2,2,2-trifluoro-l-r5-chloro
-2-(3-
methyl-pyrazol-l-yl)-phenyll-ethoxy}-pyrimidin-4-yl)-p
henyll-propionic acid The title compounds was prepared
from R-l-[5-chloro-2-(3-methyl-pyrazol-l-yl)-
phenyl]-2,2,2-trifluoro-ethanol, which was prepared
using the same approach as described above for
R-l-[4-chloro-2-(3-methyl-pyrazol-l-yl)-phenyl]-2,2,2-
trifluoro-ethanol. In particular,
R-l-[5-chloro-2-(3-methyl-pyrazol-l-yl)-phenyl]-2,2,2-
trifluoro-ethanol (0.959 g, 3.318 mmol) was dissolved
in anhydrous 1,4-dioxane (8 ml). Sodium hydride (0.159
g, 3.982 mmol, 60% in mineral oil) was added all at
once, and the mixture was stirred at room temperature
for 30 minutes. 2-Amino-4,6-dichloro-pyrimidine (0.544
g, 3.318 mmol) was added. The mixture was stirred at
800C for about 2 hours. The solvent was removed, and
the residue was suspended in ethyl acetate, which was
washed with water, dried over MgSO and then
concentrated to give the desired monochloride product
1.38 g, which was used directly without further
purification. The monochloride (0.460 g, 1.104 mmol)
made above was added to a 20 ml microwave vial, which
contained 4-borono-L-phenylalanine (0.277 g, 1.325
mmol), Na CO (0.234 g, 2.208 mmol), acetonitrile (8
ml) / water (8 ml) and
dichlorobis(triphenylphosphine)- palladium (0.039 g,
0.055 mmol). The vial was capped and the mixture
stirred at 1500C for 10 minutes under microwave
radiation. The 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 (MeOHZH OZTFA solvent system). The pure
fractions were concentrated in vacuum. The product was
then suspended in 5 ml of water, frozen and
lyophilized to give 



580 mg of (S)-2-amino-3-[4-(2-amino-6- (R-
1-[5-chloro-2-(3-methyl-pyrazol- 1-yl)-phenyl]-
2,2,2-trifluoro-ethoxy}-pyrimidin-4-yl)-phenyl}
-propionic acid. 1H-NMR (400 MHz,CD3OD): d 2.40 (s,
3H), 3.29-3.46 (m, 2H), 4.38 (q, IH), 6.45 (d, IH),
7.09 (s, IH), 7.24 (m, IH), 7.53-7.70 (m, 4H), 7.82
(s, IH), 7.90 (d, IH), 7.97 (d, 2H). 6.26. Synthesis
of
(S)-2-amino-3-[4-(2-amino-6-{2,2,2-trifluoro-l-r4-(2-o
xo-
Pyrrolidin-l-yl)-phenyll-ethoxy}-pyrimidin-4-yl)-pheny
ll -propionic acid
4-(2-Oxo-pyrrolidine-l-yl)-benzaldehyde (500 mg, 2.64
mmol) in THF (20 ml) was cooled to 00C and
trifluoromethyl trimethyl silane (375mg, 2.64 mmol)
was added. Tetrabutylammonium fluoride (IM, 0.1 ml)
was added dropwise, and the mixture was allowed to
warm to room temperature over Ih and stirred further
for over-night at room termperature. After completion
of the reaction, 3N HCl (5 ml) was added, and the
reaction mixture was stirred for 2 hr. The mixture was
concentrated. Water (20ml) was added and the mixture
was extracted by EtOAc (2x20ml) and washed with NaHCO
(20 ml), brine (20 ml), and dried over sodium sulfate
and concentrated to give 590 mg of desired product,
which was used in next step without further
purification (yield of 86%). A solution of
4,6-dichloro-pyrimidin-2-ylamine (700 mg, 2.69 mmol),
NaH (194 mg, 8.07 mmol, 60%) and
l-(4-(2,2,2-trifluoro-l-hydroxy-ethyl)-phenyl)-pyrroli
dine-2-one (441 mg, 2.69 mmol) in dry THF (10 ml) was
stirred at room temperature for overnight. After
completion of the reaction, THF was removed under
reduced pressure. Water (10 ml) was added while the
mixture was cooled down to 00C. The mixture was then
extracted with dichloromethane (2x40ml). The combined
organic solution was dried over Na SO . Removal of
solvent gave 498 mg of desired product with 92%
purity, which was used in next step without further
purification (yield of 498 mg, 48%). An Emrys process
vial (20 ml) for microwave was charged with
l-(4-(2-amino-6-
chloro-pyrimidin-4-yloxy)-2,2,2-trifluoro-ethyl)-pheny
l)-pyrrolidine-2-one (200 mg, 0.51 mmol),
4-borono-L-phenylalanine (108 mg, 0.51 mmol) and 5 ml
of acetonitrile. 5 ml of aqueous sodium carbonate (IM)
was added to above solution followed by 5 mol % of
dichlorobis(triphenylphosphine)-palladium (II). The
reaction vessel was sealed and heated to16O0C for 7min
with microwave irradiation. 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 153 mg of product (yield 58%).
1H-NMR (400 MHz, CD3OD): d (ppm) 2.1 (m, 2H), 2.5 (t,
2H), 3.05-3.4(m, 2H), 3.85 (t, 2H), 4.2 (m, IH),
6.6(m, IH), 6.75(s, IH), 7.3(d, 2H), 7.5 (d, 2H), 7.6
(d, 2H), 7.9 (d, 2H). 6.27. Synthesis of
(S)-2-Amino-3-[4-(2-amino-6-{(R)-2,2,2-trifluoro-l-r5-
fluoro-
2-(3-methyl-pyrazol-l-yl)-phenyll-ethoxy}-pyrimidin-4-
yl)-phenyllpropionic acid
R-l-(2-Bromo-5-fluoro-phenyl)-2,2,2-trifluoro-ethanol
(4.Og, 14.65 mmol), 3-methyl pyrazole (1.56 g, 19.04
mmol), CuI (0.557g, 2.93 mmol), K2CO3 (4.25 g, 30.76
mmol), (lR,2R)-N,N'-dimethyl-cyclohexane-l,2-diamine
(0.416 g, 2.93 mmol) and toluene (15 ml) were taken in
50 ml of sealed tube and the resulting mixture was
heated at 1300C (oil bath temperature) for 2 days.
Mixture was diluted with ethyl acetate and washed with
H O (4 x 30 ml), brine, and dried over sodium sulfate.
Removal of solvent gave a crude product, which was
purified by ISCO column chromatography using 5-10 %
ethyl acetate in hexane as solvent to give 1.75 g of
R-2,2,2-trifluoro-l-[5-fluoro-2-(3-methyl-pyrazol-l-yl
)-phenyl]- ethanol (Yield: 44 %). 1H-NMR (400 MHz,
CDCl3) : d (ppm) 2.35(s, 3H), 5.0(m, IH), 6.3(s, IH),
7.1(m, IH), 7.20(s, IH), 7.35(d, IH), 7.50(s, IH). A
solution of 4, 6-dichloro-pyrimidin-2-ylamine (938 mg,
5.72 mmol), NaH (188 mg, 1.5 eq. 8.17 mmol, 60%) and
R-2,2,2-trifluoro-l-[5-fluoro-2-(3-methyl-pyrazol-l-yl
)- phenylj-ethanol (1.5 g, 1 eq. 5.45 mmol) in dry THF
(10 ml) was stirred at room temperature at 500C
overnight. After completion of the reaction, THF was
removed under reduced pressure. Water (10 ml) was
added to quench the reaction. The mixture was then
extracted with dichloromethane (2x40ml). The combined
organic solution was dried over Na2SO . Removal of
solvent gave desired product with 92% purity, which
was used in next step without purification (yield:
85%). An Emrys process vial (20 ml) for microwave was
charged with chloro-6-R-2,2,2- trifluoro- 1-(5
-fluoro-2-(3 -methyl-pyrazol-
1-yl)-phenyl)-ethoxy)-pyrimidin-2-ylamine (2.18 g,5.45
mmol), 4-borono-L-phenylalanine (1.13 g, 5.45 mmol),
sodium carbonate ( 1 M 10.90 ml, 2 eq.) was added to
above solution followed by 5 mol % of dichlorobis
(triphenylphosphine)-palladium(II) (191 mg, 0.27 mmol)
and 5 ml of acetonitrile, and 5 ml H O. The reaction
vessel was sealed, and the mixture was heated at 16O0C
for 10 minutes with microwave irradiation. After
cooling, the reaction mixture was evaporated to
dryness. The residue was dissolved in H2O (10 ml) and
extracted with ether. The ethereal layer was
discarded. Then most of the water in the aqueous phase
was removed in vacuo followed by addition of 10 ml of
methanol. The crude product was purified with
Prep-HPLC to give 1.163 g (yield 75%) of product.
1H-NMR (400 MHz, CD3OD): d (ppm) 2.4 (s, 3H), 3.35 (m,
IH), 3.5 (m, IH), 4.36 (m, IH), 6.4 (s, IH), 7.0 (s,
1H),7.1 (m,lH), 7.4 (m, IH), 7.55 (m, 4H), 7.85 (s,
IH), 8.0 (d, 2H). 6.28. Synthesis of
(S)-2-Amino-3-r4-q-amino-6-{2,2,2-trifluoro-l-r4-(6-
methoxy-pyridin-2-yl)-phenyll-ethoxy}-pyrimidin-4-yl)-
phenyll-propionic acid Tetrabutylammonium fluoride
(TBAF) (0.1 ml of IM in THF) was added to a solution
of 4-(6-methoxy-pyridine-2-yl)-benzaldehyde (213 mg, 1
mmol) and trifluoromethyl trimethylsilane (0.2 ml, 1.2
mmol) in 10 ml THF at 00C. The mixture was warmed up
to room temperature and stirred for 4 hours. The
reaction mixture was then treated with 12 ml of IM 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 0.25g of
l-[4-(6-methoxy-pyridine-2-yl)-phenyl]-2,2,2-trifluoro
-ethanol which was directly used in next step without
purification yield: 90%. Cs2CO (375 mg, 1 mmol) was
added to a solution of l-[4-(6-methoxy-pyridine-2-yl)-
phenyl]-2,2,2-trifluoro-ethanol (67mg, 0.2mmol) in 10
ml of anhydrous 1,4-dioxane. The mixture was stirred
for 5 min, then was added
(S)-3-[4-(2-amino-6-chloro-pyrimidin-4-yl)-
phenyl]-2-tert-butoxycarbonylamino-propionic acid (78
mg, 0.2 mmol), and the mixture was heated at 1100C
overnight. After cooling, 5 ml water was added and
ethyl acetate (20 ml)was used to extract the product.
The organic layer was dried over sodium sulfate. The
solvent was removed by rotovap to give 112 mg
(S)-3-[4-(2-Amino-6-{2,2,2-trifluoro-l-[4-
(6-methoxy-pyridin-2-yl)-phenyl]-ethoxy}-pyrimidin-4-y
l)-phenyl]-2-tertbutoxycarbonylamino- propionic acid
(yield: 88%). The above product ( 112 mg) was added
into 5 ml of 30% TFA/DCM solution. Upon completion of
the reaction, the solvent was evaporated to give a
crude product, which was purified by preparative HPLC
to give 5 mg of
(S)-2-amino-3-[4-(2-amino-6-{2,2,2-trifluoro-
1-[4-(6-methoxy-pyridin-2-yl)-phenyl]-ethoxy}
-pyrimidin-4-yl)-phenyl]propionic acid. 1H NMR
(300MHz, CD3OD) d (ppm) 8.18 (d, J=8.4Hz, 2 H), 7.94
(d, J=8.4Hz, 2 H), 7.74 (m, 3 H), 7.60 (d, J=8.4Hz, 2
H), 7.52 (d, J=7.2Hz, 1 H), 7.08 (s, 1 H), 6.86(m,
IH), 6.82 (d, J=8.1Hz IH), 4.37 (t, 1 H), 4.03(s, 3
H), 3.5 (m, 2 H). 6.29. Synthesis of
(S)-2-Amino-3-[4-(2-amino-6-{2,2,2-trifluoro-l-r2-fluo
ro-4-(5-
methoxy-pyridin-3-yl)-phenyll-ethoxy}-pyrimidin-4-yl)-
phenyll-propionic acid TBAF (0.1 ml) was added to a
solution of 4-bromo-2-fluoro-benzaldehyde (2.03 g, 10
mmol) and TMSCF3 (20ml, 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 3M 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
2.4g of
l-(4-bromo-2-fluoro-phenyl)-2,2,2-trifluoroethanol
(yield: 90%). Cs CO3 (8.45g, 26mmol) was added to the
solution of l-(4-bromo-2-fluoro-phenyl)-
2,2,2-trifluoro-ethanol (1.4g, 5.2mmol) in 10 ml of
anhydrous 1,4-dioxane, the mixture was stirred for 5
minutes, then
(S)-3-[4-(2-amino-6-chloro-pyrimidin-4-yl)-phenyl]-2-t
ertbutoxycarbonylamino- propionic acid (2.0 g, 5 mmol)
was added, and the resulting mixture was heated at
1100C overnight. After cooling, 5 ml of water was
added and ethyl acetate (20 ml) was used to extract
the product. The organic layer was dried over sodium
sulfate. Thesolvent was removed by rotovap to give 2.6
g of (S)-3-(4-{2-amino-6-[l-(4-bromo-2-fluorophenyl)-
2,2,2-trifluoro-ethoxy]-pyrimidin-4-yl}phenyl)2tertbut
oxycarbonylamino-propionic acid (yield: 82%). A
microwave vial (2 ml) was charged with
(S)-3-(4-{2-amino-6-[l-(4-bromo-2-
fluoro-phenyl)-2,2,2-trifluoro-ethoxy]-pyrimidin-4-yl}
-phenyl)-2-tert-butoxycarbonylaminopropionic acid (130
mg, 0.2 mmol),
3-methoxy-5-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2
- yl)-pyridine (70 mg, 0.3 mmol) 1ml of acetonitrile,
and 0.7 ml of water. To this mixture was added 0.4 ml
of aqueous sodium carbonate (IM), followed by 14 mg (5
mol %) of dichlorobis(triphenylphosphine)
palladium(II). The reaction vessel was sealed and
heated to 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 purified with Prep HPLC to give
5 1 mg of
(S)-3-[4-(2-amino-6-{2,2,2-trifluoro-l-[2-fluoro-4-(5-
methoxypyridin-
3-yl)-phenyl]-ethoxy}-pyrimidin-4-yl)-phenyl]-2-tert-b
utoxycarbonylaminopropionic acid. The above-product
(51 mg) was dissolved in 5 ml of 30% TFA/DCM solution.
The mixture was stirred at room temperature overnight.
Removal of solvent gave a crude product, which was
purified by Prep HPLC to give 17 mg of
(S)-2-amino-3-[4-(2-amino-6- {2,2,2- trifluoro-
1-[2-fluoro-4-(5-methoxy-pyridin-3-yl)-phenyl]-ethoxy}
-pyrimidin-4-yl)-phenyl]- propionic acid. 1H NMR
(300MHz, CD3OD) d (ppm): 8.73 (s, 1 H), 8.56 (s, 1 H),
8.25 (s, 1 H), 7.94 (d, J=8.2Hz, 2 H), 7.77(m, 3H),
7.55 (d, J=8.4Hz, 2 H), 7.16 (m, IH), 7.00(s, IH),
4.35 (t, 1 H), 4.09(s, 3 H), 3.4 (m, 2 H). 6.30.
Synthesis of (S)-2-Amino-3-
r4-(2-amino-6-{(S)-2,2,2-trifluoro-l- f4-(2-
fluoro-pyridin-4-yl)-phenyll-ethoxy}-pyrimidin-4-yl)-p
henyll-propionic acid Cs CO (16.25g, 50 mmol) was
added to the solution of (S)-I -(4-bromo-phenyl)-
2,2,2-trifluoro-ethanol (2.55 g, 11.0 mmol) in 10 ml
of anhydrous 1,4-dioxane, and the mixture was stirred
for 5 minutes, after which
(S)-3-[4-(2-amino-6-chloro-pyrimidin-4-yl)-phenyl]
-2-tert-butoxycarbonylamino-propionic acid (3.92 g, 10
mmol) was added. The resulting mixture was heated at
1100C overnight. After cooling, 5 ml of water was
added and ethyl acetate (20 ml) was used to extract
the product. The organic layer was dried over sodium
sulfate. The solvent was removed by rotovap to give
5.2 g of (S)-3-(4-{2-amino-6- [(S)-I
-(4-bromo-phenyl)-2,2,2-trifluoro-ethoxy]-pyrimidin-4-
yl}phenyl)-2-tert-butoxycarbonylamino- propionic acid
(yield: 82%). A microwave vial (2 ml) was charged with
(S)-3-(4-{2-amino-6-[(S)-l-(4-bromophenyl)-
2,2,2-trifluoro-ethoxy]-pyrimidin-4-yl}-phenyl)-2-tert
-butoxycarbonylaminopropionic acid (139 mg, 0.23
mmol), 2-fluoropyridine-4-boronic acid (40 mg, 0.27
mmol) 1 ml of acetonitrile, and 0.7ml of water. To
this mixture, 0.4 ml of aqueous sodium carbonate (IM)
was added, followed by 14 mg (5 mol %) of
dichlorobis(triphenylphosphine)- palladium(II). The
reaction vessel was sealed and heated to 1500C for 5
minutes with microwave irradiation. After cooling, the
reaction mixture was evaporated to dryness, and the
residue was dissolved in 2.5 ml of methanol. The
product was purified with Preparative HPLC to give 70
mg of
(S)-3-[4-(2-amino-6-{(S)-2,2,2-trifluoro-l-[4-(2-fiuor
o-pyridin-4-yl)- phenyl]
-ethoxy}-pyrimidin-4-yl)-phenyl]
-2-tert-butoxycarbonylamino-propionic acid. The above
product (70 mg) was dissolved in 5 ml 30% TFA in DCM.
The reaction mixture was stirred at r.t. overnight.
Removal of solvent gave crude product which was
purified by preparative HPLC to give 52 mg of
(S)-2-amino-3-[4-(2-amino-6-{(S)-2,2,2-
trifluoro-l-[4-(2-fluoro-pyridin-4-yl)-phenyl]-ethoxy}
-pyrimidin-4-yl)-phenyl]-propionic acid. 1H NMR
(300MHz, CD3OD) d (ppm) 8.17 (d, J=5.7Hz, 1 H), 7.85
(d, J=8.4Hz, 2 H), 7.77(d, J=6.9Hz ,2H), 7.67(d,
J=8.2Hz ,2H), 7.53 (m, 1 H), 7.38 (d, J=8.4Hz,, 2H),
7.30(s, IH), 6.76 (m, 2H), 4.21 (t, 1 H), 3.2 (m, 2
H). 6.31. Synthesis of (S)-2-Amino-3-
r4-(2-amino-6-{(S)-2,2,2-trifluoro-l- f4-(5-
methoxy-pyridin-S-vD-phenyll-ethoxyI-pyrimidin^-vD-phe
nyll-propionic acidA microwave vial (2 ml) was charged
with (S)-3-(4-{2-amino-6-[(S)-l-(4-bromophenyl)-
2,2,2-trifluoro-ethoxy]-pyrimidin-4-yl}-phenyl)-2-tert
-butoxycarbonylaminopropionic acid (139 mg, 0.23
mmol),
3-methoxy-5-(4,4,5,5-tetramethyl-[l,3,2]-dioxaborolan-
2-yl)-pyridine (69 mg, 0.27 mmol), 1ml of
acetonitrile, and 0.7ml of water. To this mixture was
added 0.4 ml of aqueous sodium carbonate (IM),
followed by 14 mg of dichlorobis-
(triphenylphosphine)-palladium(II). The reaction
vessel was sealed and heated to 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
purified by preparative HPLC to give 60 mg of
(S)-3-[4-(2-amino-6-{(S)-2,2,2-trifluoro-l-[4-(5-metho
xy-pyridin-3-yl)- phenyl] -ethoxy
}-pyrimidin-4-yl)-phenyl] -2-tert
butoxycarbonylamino-propionic acid. The above product
(60 mg) was dissolved in 5 ml of 30% TFA in DCM. The
reaction mixture was stirred at room temperature
overnight. Removal of solvent gave a crude product
which was purified by preparative HPLC to give 48 mg
of (S)-2-amino-3-[4-(2-amino-6- {(S)-2,2,2-trifluoro-
1-[4-(5-methoxy-pyridin-3-yl)-phenyl] -ethoxy}
-pyrimidin-4-yl)-phenyl]- propionic acid. 1H NMR
(300MHz, CD3OD) d (ppm): 8.54 (d, J=I. 5Hz, 1 H), 8.37
(d, J=2.7Hz, 1 H), 8.03 (dd, J=2.7Hz, 1.5Hz, IH), 7.84
(d, J=8.2Hz, 2 H), 7.78(d, J=8.4Hz ,2H), 7.70(d,
J=8.4Hz ,2H), 7.41 (d, J=8.4Hz,, 2H), 6.81(s, IH),
6.75 (m, IH), 4.22 (t, 1 H), 3.95 (t, 3 H), 3.25 (m, 2
H). 6.32. Synthesis of (S)-2-Amino-3-
r4-(2-amino-6-{(S)-2,2,2-trifluoro-l- f4-(4-
trifluoromethyl-pyridin-3-yl)-phenyll-ethoxy}-pyrimidi
n-4-yl)-phenyllpropionic acid A microwave vial (2 ml)
was charged with
(S)-3-(4-{2-amino-6-[(S)-l-(4-bromophenyl)-
2,2,2-trifluoro-ethoxy]-pyrimidin-4-yl}-phenyl)-2-tert
-butoxycarbonylaminopropionic acid (139 mg, 0.23
mmol), 4-trifluoromethylpyridine-3-boronic acid (61
mg, 0.3 mmol), 1ml of acetonitrile, and 0.7 ml of
water. To this mixture was added 0.4 ml of aqueous
sodium carbonate (IM), followed by 14 mg of
dichlorobis(triphenylphosphine)- palladium(II). The
reaction vessel was sealed and heated to 1500C for 5
minutes withmicrowave irradiation. After cooling, the
reaction mixture was evaporated to dryness, the
residue was dissolved in 2.5 ml of methanol and was
purified by preparative HPLC to give 20 mg
of(S)-3-[4-(2-amino-6-{(S)-2,2,2-trifluoro-l-[4-(4-tri
fluoromethyl-pyridin-3-yl)-phenyl]-
ethoxy}-pyrimidin-4-yl)-phenyl]-2-tert
butoxycarbonylamino-propionic acid The above product
(20 mg) was dissolved in 5 ml of 30% TFA in DCM. The
reaction mixture was stirred at r.t. overnight.
Removal of solvent gave crude product which purified
by preparative HPLC to give 10 mg of
(S)-2-amino-3-[4-(2-amino-6-{(S)-2,2,2-trifluoro-l-
[4-(4-trifluoromethyl-pyridin-3-yl)-phenyl]-ethoxy}-py
rimidin-4-yl)-phenyl]-propionic acid. 1H NMR (300MHz,
CD3OD) d (ppm): 8.72 (d, J=5.1Hz, 1 H), 8.55 (s, 1 H),
7.87 (d, J=8.2, 2H), 7.72 (d, J=5.0Hz, 1 H), 7.63(d,
J=8.2Hz ,2H), 7.36(m, 4H), 6.81(m, IH), 6.70 (s, IH),
4.20 (t, 1 H), 3.22 (m, 2 H). 6.33. Synthesis of
(S)-2-Amino-3-(4-{2-amino-6-r(S)-2,2,2-trifluoro-l-(4-
isoxazol-4-yl-phenyl)-ethoxyl-pyrimidin-4-yl}-phenyl)
-propionic acid A microwave vial (2 ml) was charged
with (S)-3-(4-{2-amino-6-[(S)-l-(4-bromophenyl)-
2,2,2-trifluoro-ethoxy]-pyrimidin-4-yl}-phenyl)-2-tert
-butoxycarbonylaminopropionic acid (139 mg, 0.23
mmol),
4-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2-yl)-
isoxazole (57.5 mg, 0.3 mmol), 1ml of acetonitrile,
and 0.7ml of water. To this mixture was added 0.4 ml
of aqueous sodium carbonate (IM), followed by 14mg of
dichlorobis- (triphenylphosphine)-palladium(II). The
reaction vessel was sealed and heated to 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 was
purified by preparative HPLC to give 20 mg of
(S)-3-(4-{2-amino-6-[(S)-2,2,2-trifluoro-l-(4-isoxazol
-4-yl-phenyl)- ethoxy]-pyrimidin-4-yl}
-phenyl)-2-tert-butoxycarbonylamino propionic acid.
The above product (20 mg) was dissolved in 5 ml of 30%
TFA in DCM. The mixture was stirred at r.t. overnight.
Removal of solvent gave a crude product, which was
purified by preparative HPLC to give 10 mg of
(S)-2-amino-3-(4-{2-amino-6-[(S)-2,2,2-trifluoro-l-(4-
isoxazol-4-yl-phenyl)-ethoxy]-pyrimidin-4-yl}-phenyl)-
propionic acid. 1H NMR (300MHz,CD3OD) d (ppm) 9.03 (s,
IH), 8.77(s, IH), 7.84 (m, 2H), 7.63 (d, J=8.2, IH),
7.56 (d, J=8.4Hz, 1 H), 7.50(m, IH), 7.37(m, 3H),
6.70(m, 2H), 4.20 (t, 1 H), 3.22 (m, 2 H). 6.34.
Synthesis of
(S)-2-Amino-3-(4-{2-amino-6-[2,2,2-trifluoro-l-f2-pyri
midin- 5-yl-phenyl)-ethoxyl -pyrimidin-4-yl}-phenyl)
-propionic acid A microwave vial (20 ml) was charged
with 2-formylphenylboronic acid (290 mg, 2.0 mmol),
5-bromo-pyrimidine (316 mg, 2.0 mmol) and 8 ml of
acetonitrile. To this mixture was added 4 ml of
aqueous sodium carbonate (IM), followed by 100 mg of
dichlorobis- (triphenylphosphine)-palladium(II). The
reaction vessel was sealed and heated at 1500C for 5
minutes with microwave irradiation. After cooling, the
reaction mixture was extracted with ethylacetate. The
organic layer was evaporated to provide a crude
material, which was purified by ISCO to give 220 mg of
2-pyrimidin-5-yl-benzaldehyde. Tetrabutylammonium
fluoride (TBAF, 0.1 ml of IM in THF) was added to a
solution of 2-pyrimidin-5-yl-benzaldehyde (184 mg, 1
mmol) and trifluoromethyl trimethylsilane (TMSCF3, 0.2
ml, 1.2 mmol) in 10 ml THF at 00C. The mixture was
warmed up to room temperature and stirred for 4 hours.
The mixture was then treated with 3 ml of IM 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 0.21 g of
2,2,2-trifluoro-l-(2-pyrimidin-5-yl-phenyl)-ethanol
(yield: 84%), which was 



directly used in next step without purification. Cs CO
(325 mg, 1.0 mmol) was added to a solution of
2,2,2-trifluoro-l-(2-pyrimidin- 5-yl-phenyl)-ethanol
(72 mg, 0.28 mmol) in 10 ml of anhydrous THF. The
mixture was stirred for 20 min,
2-amino-4,6-dichloro-pyrimidine (36.7 mg, 0.22 mmol)
was added and then the reaction mixture was heated at
1100C until the reaction was completed. After cooling
to room temperature, 5 ml of water was added and ethyl
acetate (20 ml) was used to extract the product. The
organic layer was dried over sodium sulfate. The
solvent was removed by rotovap to give 76 mg of crude
4-chloro-6-[2,2,2-trifluoro-l-(2-pyrimidin-5-ylphenyl)
- ethoxy]-pyrimidin-2-ylamine (yield: 92%).A microwave
vial (2 ml) was charged with above crude intermediate
(38 mg, 0.1 mmol), 4-borono-L-phenylalanine (31 mg,
0.15 mmol), 1ml of acetonitrile, and 0.7ml of water.
To this mixture was added 0.3 ml of aqueous sodium
carbonate (IM), followed by 4 mg, 5 mol % of
dichlorobis(triphenylphosphine)-palladium(II). The
reaction vessel was sealed and heated to 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
purified with preparative HPLC to give 10 mg of
(S)-2-amino-3-(4-{2-amino-6- [2,2,2-trifluoro-
1-(2-pyrimidin-5-yl-phenyl)-ethoxy]-pyrimidin-4-yl}
-phenyl)-propionic acid. 1H NMR (300MHz, CD3OD) d
(ppm) 9.21 (s, 1 H), 8.87 (s, 2 H), 7.86 (d, J=8.4,
2H), 7.75 (m, 1 H), 7.53(m, 2H), 7.37(d, J=8.2, IH),
7.33 (m, IH), 6.72(s, IH), 6.58 (m, IH), 4.20 (t, 1
H), 3.22 (m, 2 H). 6.35. Synthesis of
(S)-2-amino-3-(4-{2-amino-6-r2,2,2-trifluoro-l-(2-thio
phen-3- yl-phenvD-ethoxyl
-pyrimidin-4-yl}-phenvl)-propionic acid A microwave
vial (20 ml) was charged with 2-formylphenylboronic
acid (290 mg, 2.0 mmol), 3-bromo-thiophene (326 mg,
2.0 mmol), and 8 ml of acetonitrile. To this mixture
was added 4 ml of aqueous sodium carbonate (IM),
followed by 50 mg of dichlorobis-
(triphenylphosphine)-palladium(II). The reaction
vessel was sealed and heated at 1500C for 5 minutes
with microwave irradiation. After cooling, the
reaction mixture was extracted with ethylacetate. The
organic layer was evaporated to provide a crude
material, which was purified by ISCO to give 2 11mg of
2-thiophen-3-yl-benzaldehyde. Tetrabutylammonium
fluoride (TBAF, 0.1 ml of IM in THF) was added to a
solution of 2-thiophen-3-yl-benzaldehyde (100 mg, 0.53
mmol) and trifluoromethyl trimethylsilane (0.1 ml,
0.64 mmol) in 10 ml THF at 00C. The mixture was warmed
up to room temperature and stirred for 4 hours. The
mixture was then treated with 3 ml of IM 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 0.12 g of
2,2,2-trifluoro-l-(2-pyrimidin-5-yl-phenyl)-ethanol,
which was directly used in next step without
purification (yield: 89%).CS2CO3 (325 mg, 1.0 mmol)
was added to a solution of
2,2,2-trifluoro-l-(2-thiophen- 3-yl-phenyl)-ethanol
(72 mg, 0.28 mmol) in 10 ml of anhydrous THF, and the
mixture was stirred for 20 minutes.
2-Amino-4,6-dichloro-pyrimidine (36.7 mg, 0.22 mmol)
was then added, and the mixture was heated 1100C until
the reaction was complete. After cooling, 5 ml of
water was added, and ethyl acetate (20 ml) was used to
extract the product. The organic layer was dried over
sodium sulfate. The solvent was removed by rotovap to
give 67 mg of 4-chloro-6-[2,2,2-trifluoro-
1-(2-pyrimidin-5-yl-phenyl)-ethoxy]-pyrimidin-2-ylamin
e (yield: 78%). A microwave vial (2 ml) was charged
with above crude material (40 mg, 0.1 mmol),
4-borono-L-phenylalanine(3 1 mg, 0.15 mmol), 1ml of
acetonitrile, and 0.7 ml of water. To this mixture was
added 0.3 ml of aqueous sodium carbonate (IM),
followed by 5 mol %
dichlorobis(triphenylphosphine)-palladium(II). The
reaction vessel was sealed and heated to 1500C for 5
minutes with microwave iiradiation. After cooling, the
reaction mixture was evaporated to dryness. The
residue was dissolved in 2.5 ml of methanol and then
purified with preparative HPLC to afford 11.8 mg of
(S)-2-amino-3-(4-{2-amino-6-[2,2,2-trifluoro-l-
(2-thiophen-3-yl-phenyl)-ethoxy]-pyrimidin-4-yl}-pheny
l)-propionic acid. 1H NMR (300MHz, CD3OD) d (ppm):
7.84 (d, J=8.0 Hz, 2H), 7.66 (d, J=7.6 Hz, 1 H),
7.53(m, IH), 7.40(m, 5H), 7.30 (m, IH), 7.17 (m, IH),
6.91 (m, IH), 6.82(s, IH), 4.23 (t, 1 H), 3.25 (m, 2
H). 6.36. Synthesis of
(S)-2-Amino-3-[4-(2-amino-6-{2,2,2-trifluoro-l-r2- a
-methyllH-
pyrazol-4-yl)-phenyll-ethoxy}-pyrimidin-4-yl)-phenyll
-propionic acid A microwave vial (20 ml) was charged
with 2-bromo-benzaldehyde (208 mg, 1.0 mmol),
l-methyl-4-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2-
yl)-lH-pyrazole (222 mg, 1.2 mmol) and 8 ml of
acetonitrile. To this mixture was added 2.4 ml of
aqueous sodium carbonate (IM), followed by 50 mg of
dichlorobis(triphenylphosphine)-palladium(II). The
reaction vessel was sealed and heated at 1500C for 5
minutes with microwave irradiation. After cooling, the
reaction mixture was extracted with ethylacetate. The
organic layer wasevaporated to provide crude material
which was purified by ISCO to give 181 mg of
2-(lmethyl- lH-pyrazol-4-yl)-benzaldehyde (96% yield).
Tetrabutylammonium fluoride (0.1 ml of IM in THF) was
added to a solution of 2- ( 1-methyl-
lH-pyrazol-4-yl)-benzaldehyde (100 mg, 0.53 mmol) and
trifluoromethyl trimethylsilane (0.12 ml, 0.6 mmol) in
10 ml THF at 00C. The mixture was warmed up to room
temperature and stirred for 4 hours. The mixture was
then treated with 3 ml of IM 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 0.12 g of
2,2,2-trifluoro-l-[2-(l-methyl-lH-pyrazol-4-yl-
phenyl)-ethanol, which was directly used in next step
without purification (yield: 89%). Cs2CO3 (325 mg, 1.0
mmol) was added to a solution of
2,2,2-trifluoro-l-[2-(l-methyllH-
pyrazol-4-yl)-phenyl]-ethanol (60 mg, 0.2 mmol) in 10
ml of anhydrous THF, and the mixture was stirred for
20 minutes. 2-Amino-4,6-dichloro-pyrimidine (32 mg,
0.2 mmol) was added, and then the reaction mixture was
heated at 1100C until the reaction was complete. After
cooling, 5 ml of water was added, and ethyl acetate
(20 ml) was used to extract the product. The organic
layer was dried over sodium sulfate. The solvent was
removed by rotovap to afford 70 mg of
4-chloro-6-{2,2,2-trifluoro-l-[2-(l-methyl-lHpyrazol-
4-yl)-phenyl]-ethoxy}-pyrimidin-2-ylamine (yield: 92
%). A microwave vial (2 ml) was charged with above
crude material (38 mg, 0.1 mmol),
4-borono-L-phenylalanine(3 1 mg, 0.15 mmol), 1ml of
acetonitrile, and 0.7 ml of water. To this mixture was
added 0.3 ml of aqueous sodium carbonate (IM),
followed by 5 mol % of
dichlorobis(triphenylphosphine)-palladium(II). The
reaction vessel was sealed and heated to 1500C for 5
minutes with microwave irradiation. After cooling, the
mixture was evaporated to dryness, the residue was
dissolved in 2.5 ml of methanol and then purified by
preparative HPLC to give 5.6 mg of
(S)-2-amino-3-[4-(2-amino-6-{2,2,2-trifiuoro-l-[2-(l-m
ethyl-lHpyrazol-
4-yl)-phenyl]-ethoxy}-pyrimidin-4-yl)-phenyl]-propioni
c acid. 6.37. Synthesis of
(S)-2-amino-3-(4-{6-[2,2,2-trifluoro-l-(2-furan-3-yl-p
henyl)- ethoxyl -pyrimidin-4-yl}-ph enyl)-propionic
acidA microwave vial (20 ml) was charged with
2-formylphenylboronic acid (298 mg, 2.0 mmol),
3-bromo-furan (350 mg, 2.4 mmol) and 8 ml of
acetonitrile. To this mixture was added 4 ml of
aqueous sodium carbonate (IM), followed by 100 mg of
dichlorobis- (triphenylphosphine)-palladium(II). The
reaction vessel was sealed and heated at 1500C for 5
minutes with microwave irradiation. After cooling, the
reaction mixture was extracted with ethylacetate. The
organic layer was evaporated to provide crude material
which was purified by ISCO to give 110 mg of
2-furan-3-yl-benzaldehyde (30% yield).
Tetrabutylammonium fluoride (0.1 ml of IM in THF) was
added to a solution of 2- furan-3-yl-benzaldehyde (
110 mg, 0.64 mmol) and trifluoromethyl trimethylsilane
(109 mg, 0.78 mmol) in 10 ml THF at 00C. The mixture
was warmed up to room temperature and stirred for 4
hours. The mixture was then treated with 3 ml of IM
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 0.130 g of 2,2,2-
trifluoro-l-(2-furan-3-yl-phenyl)-ethanol, which was
directly used in next step without purification
(yield: 90%). Sixty percent NaH (12 mg, 0.3 mmol) was
added to a solution of 2,2,2-trifluoro-l-(2-
furan-3-yl-phenyl)-ethanol (54 mg, 0.2 mmol) in 10 ml
of anhydrous THF. The mixture was stirred for 20
minutes, after which 4,6-dichloro-pyrimidine (30 mg,
0.2 mmol) was added. The mixture was then heated at
700C until the reaction was complete. After cooling, 5
ml of water was added to quench the reaction, and
ethyl acetate (20 ml) was used to extract the product.
The organic layer was dried over sodium sulfate. The
solvent was removed by rotovap to give of 67 mg
4-chloro-6-[2,2,2-trifluoro-l-(2-furan-3-yl-phenyl)-et
hoxy]- pyrimidine (yield: 94%). A microwave vial (2
ml) was charged with above crude material (38 mg, 0.1
mmol), 4-borono-L-phenylalanine (31 mg, 0.15 mmol),
1ml of acetonitrile, and 0.7 ml of water. To this
mixture was added 0.3 ml of aqueous sodium carbonate
(IM), followed by 5 mol % of
dichlorobis(triphenylphosphine)-palladium(II). The
reaction vessel was sealed and heated to 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
purified by preparative HPLC to afford 6 mg of
(S)-2-amino-3-(4-{6-[2,2,2-trifluoro-l-(2-furan-3-ylph
enyl)- ethoxy]-pyrimidin-4-yl}-phenyl)-propionic acid.
1H NMR (300MHz, CD3OD) d (ppm): 8.82 (s, 1 H), 8.13
(d, J=8.4Hz, 2H), 7.73 (m, 2H), 7.46 (m, 6H), 6.82 (m,
1 H), 6.54(s, IH), 4.20 (t, 1 H), 3.22 (m, 2 H).6.38.
Synthesis of
(S)-2-amino-3-(4-{6-r2,2,2-trifluoro-l-q-furan-2-yl-ph
enyl)- ethoxyl -pyrimidin-4-yl}-phenyl)-propionic acid
A microwave vial (20 ml) was charged with
2-formylphenylboronic acid (298 mg, 2.0 mmol),
2-bromo-furan (350 mg, 2.4 mmol) and 8 ml of
acetonitrile. To this mixture was added 4 ml of
aqueous sodium carbonate (IM), followed by 100 mg of
dichlorobis- (triphenylphosphine)-palladium(II). The
reaction vessel was sealed and heated at 1500C for 5
minutes with microwave irradiation. After cooling, the
reaction mixture was extracted with ethylacetate. The
organic layer was evaporated to provide a crude
material, which was purified by ISCO to give 123 mg of
2-furan-2-yl-benzaldehyde (34% yield).
Tetrabutylammonium fluoride (0.1 ml of IM in THF) was
added to a solution of 2- furan-2-yl-benzaldehyde (123
mg, 0.71 mmol) and trifluoromethyl trimethylsilane
(120 mg, 0.86 mmol) in 10 ml THF at 00C. The mixture
was warmed up to room temperature and stirred for 4
hours. The reaction mixture was then treated with 3 ml
of IM HCl and stirred overnight. The product was
extracted with ethyl acetate (3x20 ml). The organic
layer was separated and dried over sodium sulfate. The
organic solvent was evaporated to give 0.15O g of
2,2,2-trifluoro-l-(2-furan-3-yl-phenyl)-ethanol, which
was directly used in next step without purification
(yield: 90%). Sixty percent NaH (12 mg , 0.3 mmol) was
added to a solution of 2,2,2-trifluoro-l-(2-
furan-2-yl-phenyl)-ethanol (55 mg, 0.2 mmol) in 10 ml
of anhydrous THF. The mixture was stirred for 20
minutes, after which 4,6-dichloro-pyrimidine (29 mg,
0.2 mmol) was added. The mixture was then heated at
1100C until the reaction was complete. After cooling,
5 ml of water was added, and ethyl acetate (20 ml) was
used to extract the product. The organic layer was
dried over sodium sulfate. The solvent was removed by
rotovap to give 60 mg of 4- chloro-6-[2,2,2-trifluoro-
1-(2-furan-2-yl-phenyl)-ethoxy]-pyrimidine (yield
80%). A microwave vial (2 ml) was charged with the
above crude material (60 mg, 0.2 mmol),
4-borono-L-phenylalanine (62 mg, 0.3 mmol), 1ml of
acetonitrile, and 0.6 ml of water. To this mixture was
added 0.4 ml of aqueous sodium carbonate (IM),
followed by 5 mol % of
dichlorobis(triphenylphosphine)-palladium(II). The
reaction vessel was sealed and heated to 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
andpurified by preparative HPLC to give 6 mg of
(S)-2-amino-3-(4-{6-[2,2,2-trifluoro-l-(2-
furan-2-yl-phenyl)-ethoxy]-pyrimidin-4-yl}-phenyl)-pro
pionic acid. 1H NMR (300MHz, CD3OD) d (ppm): 8.66 (s,
1 H), 8.1 1 (d, J=8.4Hz, 2H), 7.77 (m, 2 H), 7.54 (m,
6H), 6.86 (d, J=3.3Hz, 1 H), 6.66(m, IH), 4.20 (t, 1
H), 3.22 (m, 2 H). 6.39. Additional Compounds
Additional compounds prepared using methods known in
the art and/or described herein are listed
below:Patent Application DIVERTER VALVE Inventor: LOC
GIA HOANG CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims priority to U.S.
Provisional Patent Application No. 60/874,429,
entitled "Diverter Valve", filed on December 12, 2006,
which is herein incorporated by reference. STATEMENT
REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[0002] Not Applicable. BACKGROUND [0003] This section
is intended to introduce the reader to various aspects
of art that may be related to various aspects of the
present invention, which are described and/or claimed
below. This discussion is believed to be helpful in
providing the reader with background information to
facilitate a better understanding of the various
aspects of the present invention. Accordingly, it
should be understood that these statements are to be
read in this light, and not as admissions of prior art
[0004] In accordance with certain embodiments, the
present invention relates to devices and methods for
directing the flow of fluid between different fluid
pathways of a fluidic circuit. For example, the
present invention provides a diverter valve that
manages the activity and use of various fluid pathways
within a given fluidic circuit for use in the
production of hydrocarbons, such as petroleum and
natural gas. [0005] During hydrocarbon production, a
series of discrete wells can be connected to a single
floating vessel through a series of interconnecting
fluidic pathways of a larger fluidic circuit. From
time to time, it may be desirable to manage the fluid
pathways between the individual wells and the single
platform by isolating certain fluid pathways while
allowing access to other fluid pathways. This
management can be effectuated via one or more diverter
valves that act as gatekeepers within the circuit,
thus directing the fluid flow between the wells and
the floating vessel.Patent Application [0006] To
insure the integrity of the fluidic circuit,
inspection of the structural components of the fluidic
circuit is often conducted by what is known in the
industry as a "pig." These pigs travel through the
various fluid pathways, using known testing
methodology (e.g., ultrasound, electromagnetic
feedback, visual inspection, etc.) to transmit
information regarding the structural integrity of the
piping defining the fluid pathways to an operator.
[0007] Generally, these pigs are flexible devices and
can accommodate bends or turns within the various
fluid pathways. However, this flexibility is not
without limit. Traditional pigs have a flexibility
that is limited to five times the diameter of the pipe
they traverse. That is, pigs can accommodate a radius
of curvature (bend in the flow pathway's piping) that
is equal to or greater than five times the diameter of
the pipe the pig is traversing. This dimensioning
requirement is often referenced in the petroleum
industry as the "5D" requirement. [0008] To
accommodate this 5D requirement, present diverter
valves are designed larger than is necessary for
managing the fluid flowing therethrough. This
increased design leads to increased costs, weight, and
manufacturing times, all of which may be undesirable.
[0009] The present invention, therefore, provides
advantages and potential solutions to certain of these
traditional concerns. DETAILED DESCRIPTION OF THE
DRAWINGS [0010] These and other features, aspects, and
advantages of the present invention will become better
understood when the following detailed description is
read with reference to the accompanying drawings in
which like characters represent like parts throughout
the drawings, wherein: [0011] FIG. 1 is a schematic
representation of a subsea hydrocarbon-production
system; [0012] FIG. 2 is an isometric representation
of a diverter valve assembly, in accordance with an
embodiment of the present invention; [0013] FIG. 3 is
a cross-section of the diverter valve assembly of FIG.
2 along line 3-3 in FIG 2; [0014] FIG. 4 is a
cross-section of the diverter valve assembly of FIG. 2
along line 4-4 inPatent Application [0015] FIG. 5 is a
schematic, top view of a drum of a diverter valve
assembly, in accordance with an embodiment of the
present invention; [0016] FIG. 6 is a schematic
representation of a drum for a diverter valve
assembly, in accordance with an embodiment of the
present invention. [0017] FIG. 7 is a schematic top
view representation of a drum for diverter valve
assembly, in accordance with an embodiment of the
present invention; [0018] FIG. 8 is a schematic
cross-section of a diverter valve assembly, in
accordance with an embodiment of the present
invention. [0019] FIG. 9 is a schematic representation
of the diverter valve of FIG. 8, with the drum in
position to facilitate flow through a first fluid
pathway; [0020] FIG. 10 is a schematic representation
of the diverter valve of FIG. 8, with the drum in
position to facilitate flow through a second,
alternate fluid pathway; and [0021] FIG. 11 is a
schematic representation of a drum of the diverter
valve of FIG. 8. DETAILED DESCRIPTION 



[0022] One or more specific embodiments of the present
invention will be described below. In an effort to
provide a concise description of these embodiments,
all features of an actual implementation may not be
described in the specification. It should be
appreciated that in the development of any such actual
implementation, as in any engineering or design
project, numerous implementation- specific decisions
must be made to achieve the developers' specific
goals, such as compliance with system-related and
business-related constraints, which may vary from one
implementation to another. Moreover, it should be
appreciated that such a development effort might be
complex and time consuming, but would nevertheless be
a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the
benefit of this disclosure. [0023] When introducing
elements of various embodiments of the present
invention, the articles "a," "an," "the," and "said"
are intended to mean that there are one or more of the
elements. The terms "comprising," "including," and
"having" are intended to be inclusive and mean that
there may be additional elements other than the listed
elements. Moreover, the use of "top," "bottom,"
"above," "below, "left," "right," and variations of
these terms is made for convenience, but does not
require any particular orientation of the
components.Patent Application [0024] As discussed in
detail below, certain embodiments of the present
invention provide novel diverter valves and diverter
valve drum designs that are believed to be beneficial
to the production of petroleum and natural gas from
subsea environments, for instance. For example, one
embodiment of the present invention provides a
diverter-valve drum in which the fluid pathways are
defined by curved pipes disposed at positions offset
with respect to a central axis of the drum.
Advantageously, this offset design facilitates a
so-called 5D radius of curvature while concurrently
limiting the overall dimensioning of the assembly. As
another example, the present invention provides a
diverter-valve drum that includes a bifurcated
passageway that expands one inlet into two outlets or
merges two inlets into one outlet, depending on the
direction of fluid flow. A further example of a drum
provided by the present invention comprises an arcuate
recessed portion that defines a peripheral surface of
the drum. Advantageously, employing a peripheral
surface of the drum to direct fluid flow provides
manufacturing efficiencies that may translate into
cost savings and may provide greater structural
rigidity. Of course, the foregoing embodiments are
merely examples of the scope of the present invention,
which is delineated further below. Indeed, although
the following discussion focuses on subsea
applications, the present invention is applicable to
any number of environments where the management of
fluid flow is a concern, including surface and
industrial applications, for instance. [0025] Turning
to the figures, FIG. 1 illustrates an exemplary subsea
hydrocarbon production system 10. As illustrated, this
system 10 comprises a number of wells 12 disposed on
the seafloor. Each well 12 has a "Christmas tree" 14
that controls the production of hydrocarbons from a
subterranean formation. These trees 14 also direct the
produced hydrocarbons up to a surface vessel 16
floating on the sea surface. Although only one vessel
16 is illustrated, the present invention is applicable
to systems in which a plurality of vessels are
connected to a plurality of wells or where a plurality
of vessels are connected to a single well or any
combination thereof. Various riser and casing
structures 18 (i.e., piping) define the fluid pathways
between the surface vessel 16 and the production trees
14. Indeed, the illustrated elements of FIG. 1
cooperate to provide a fluidic circuit through which
hydrocarbons may be produced, testing equipment may
travel, and well stimulation and terminating fluids
may be provided, for instance. [0026] To manage
operation of the various segments of this fluidic
circuit, the illustrated system 10 includes diverter
valves 20 that couple segments of riser and casing
structures 18Patent Application to one another. These
valves 20 control and manage access to the various
segments of the fluidic circuit, by selectively
opening and closing various fluid pathways. Although
the diverter valves 20 are illustrated as being
disposed between the sea vessel 16 and the trees 14,
these valves 20 may be located at any point on the
fluidic circuit, and may further be located directly
on or integrated within the trees 14 or surface vessel
16, for example. [0027] FIG. 2 illustrates an
exemplary embodiment of a diverter valve 20
isometrically. The exemplary valve 20 includes a body
portion 22 disposed between end caps 24 and 26. The
valve 20 also includes a pair of male ports 28a and
28b that extend from the body 22 (for this discussion,
the leftmost port of FIG. 2 is port 28a and the
rightmost port of FIG.2 is 28b). Opposite these ports
28a and 28b, the body 22 also includes a female port
30 (see figure 3). Of course, it can be seen that the
direction of fluid flow defines which of ports 28a,
28b, and 30 is the inlet and which is the outlet.
Furthermore, it is worth noting that the gender of the
ports 28 and 30 is interchangeable, with either or
both being male or female or any combination thereof.
[0028] To manage transition of the diverter valve 20
between operational states that control the direction
of flow therethrough (as discussed in further detail
below), the valve 20 includes an operation stem 32
extending from the upper end cap 24. This operation
stem 32 can be configured to mate with the stab of a
remote operated vehicle (ROV), or can be configured to
operate in response to electrical or hydraulic
commands, for example. [0029] FIG. 3 illustrates the
flow control mechanism within the exemplary diverter
valve 20. As illustrated, the body 22 and end caps 24
and 26 define a cavity 40 that supports a drum 42. The
drum 42 is connected to an actuation mechanism 44
located within the operational stem 32. The actuation
mechanism 44 may include an electrical motor, a
hydraulic assembly, and/or a gearing assembly to
translate rotational motion into linear motion.
Activation of the actuation mechanism 44 defines the
position of the drum 42, which, in turn, defines the
fluid pathway through which fluid flows. Moreover,
this or other embodiments of the present invention may
include one or more position sensors configured to
determine the position of the drum 42 within the
cavity 40, for instance. [0030] For example, if port
30 were an inlet or upstream portion of the diverter
valve 20, then, in the illustrated position of the
drum 42, fluid flow would be directed from the inlet
port 30, through a first bend-pipe 46, and,
ultimately, into the leftmost (with respect to
FIG.Patent Application 2) outlet port 28a. Upon
actuation of the actuation mechanism 44, the drum 42
could be raised axially (arrow A) to a second
position, such that inlet port 30 aligns with second
bendpipe 48. In this position, fluid flow would be
from the inlet port 30, into second bend-pipe 48, and,
ultimately, out the rightmost (with respect to figure
2) outlet port 28b. The drum 42 and bend-pips 46 and
48 may be manufactured individually and assembled or
cast as a single assembly, for example. [0031] To
facilitate the change between outlets while
maintaining a sufficient radius of curvature for the
bend, FIGS. 4 and 5 illustrate that the bends 46 and
48 are offset with respect to a centerline 49 of the
drum 42 by a given distance (represented by "X").
Thus, by way of example, an appropriately sized pig
requiring a 5D bend may pass through either bend 46 or
48 of the diverter 20 without difficulty. Moreover,
offsetting the bend-pipes allows a smaller dimensional
assembled in comparison to a "5D" compliant design in
which the bend-pipes are centered. The bend-pipes 46
and 48 may be offset at different distances or not.
Moreover, in certain instances, only one of the
bend-pipes may be offset. [0032] In certain
situations, an operator may desire to have selective
functionality between a first flow pathway of the
circuit or a second fluid pathway of the circuit, and
functionality with both fluid pathways of the circuit.
To facilitate this multi-functionality, the drum 42
may include a bifurcated bend-pipe 50 that couples
inlet port 30 to both the left outlet port 28a and the
right outlet port 28b. This bifurcated bend-pipe 50
may be offset with respect to the drum 42, as
illustrated in FIG. 6, or may be aligned with the
central axis of the drum 42, as illustrated in FIG. 7.
Again, the bend-pipe 50 and/or drum 42 can be
manufactured by any number of methodologies, including
machining or casting. [0033] FIGS. 8, 9, 10, and 11
illustrate a second exemplary embodiment of the
present invention. In this embodiment, the body 22 of
the diverter valve 20 provides a first fluid flow path
60 that that egresses at port 28a and at an angle with
respect to the inlet port 30. (Again, it is worth
noting that the terms inlet and outlet are simply used
for purposes of discussion, and that the direction of
fluid flow determines which passage or port is the
inlet or outlet.) The diverter valve 20 also provides
a second and selectable pathway 62 in which the inlet
port 30 is co-linear with the secondary outlet 28b.
[0034] Similar to the above-described embodiments,
transitioning between the first and second flow paths
is accomplished through axial displacement of the drum
42. Again, thisPatent Application drum 42 may be
actuated through an actuation mechanism 44 disposed in
the upper end cap 24, for instance. In the schematic
illustration of FIG. 9, the drum 42 is shown in the
lower position, thus directing the flow of fluid from
inlet 30 to leftmost outlet 28a (with respect to FIG.
8). However, when the drum 42 is axially displaced to
the position illustrated in FIG. 10, the flow of fluid
is directed from the inlet 30 to the rightmost passage
28b, (again, with respect to FIG. 8). [0035] To
accomplish this transition, the drum 42 (see also FIG.
11) comprises a central pipe 66 that facilitates flow
through to the linear outlet 28b, and also comprises
an arcuate peripheral surface 68 that effectuates
redirection of the flow at an angle to the inlet 30
and out the leftmost outlet 28a. Advantageously, the
employment of a peripheral surface for changing the
direct of flow reduces certain manufacturing costs and
provides for a more robust design. This drum 42 may be
assembled by fabrication of the individual parts or
may be cast as a single unit. [0036] Again, the above
description is illustrative of exemplary embodiments,
and many modifications may be made by those skilled in
the art without departing from the invention whose
scope is to be determined from the literal and
equivalent scope of the claims below.Patent
Application CLAIMS: 1. A diverter valve comprising: a
housing assembly comprising a plurality of ports; and
a drum assembly disposed in the housing and
comprising, a plurality of passages for selectively
coupling the ports, wherein an axial position of the
drum assembly with respect to the ports determines
which ports are active and which parts are dormant. 2.
The diverter of claim 1, wherein each of the plurality
of passages extend laterally through the drum assembly
from an inlet to an outlet, wherein the passages are
axially offset from one another and the outlets are
circumferentially offset from one another. 3. The
diverter valve of claim 1, wherein the drum is
configured to route fluid through a first of the
plurality of passages in a first axial position and to
route fluid through a second of the plurality of
passages in a second axial position, wherein the
plurality of passages each comprise a radius of
curvature that is at least five times the respective
diameter. 4. The diverter valve of claim 1, wherein
the plurality of passages comprises a first passage
configured to couple an inlet of the diverter valve to
a first outlet of the diverter valve, a second passage
configured to couple the inlet of the diverter valve
to a second outlet of the diverter valve, and a third
passage configured to couple the inlet of the diverter
valve to the first outlet and the second outlet of the
of the diverter valve simultaneously, wherein the
plurality of passages each comprise a radius of
curvature that is at least five times the respective
diameter. 5. The diverter valve of claim 1, wherein
inlets of the plurality of passages are aligned at a
common circumferential position at different axial
positions along a length of the drum assembly. 6. The
diverter valve of claim 1, wherein inlets of the
plurality of passages are offset from one another
relative to a central axis of the drum assembly.Patent
Application 7. The diverter valve of claim 1, wherein
the drum is configured to route fluid through a first
of the plurality of passages in a first axial
position, and wherein the first of the plurality of
passages comprises a first outlet that is coaxial with
the inlet in the first position. 8. The diverter valve
of claim 7, wherein the first outlet comprises a first
outlet diameter that is different from a diameter of
the inlet. 9. The diverter valve of claim 7, wherein
the drum is configured to route fluid through a second
of the plurality of passages in a second axial
position, and wherein the second of the plurality of
passages comprises a second outlet that comprises an
axis that is angled with respect to an axis of the
inlet. 10. A diverter drum, comprising: a drum body
comprising a drum centerline; a first bend-pipe that
extends crosswise through the drum body from a first
inlet to a first outlet, wherein the first bend-pipe
comprises a first centerline in a first plane
crosswise to the drum centerline; and a second
bend-pipe that extends crosswise through the drum body
from a second inlet to a second outlet, wherein the
second bend-pipe comprises a second centerline in a
second plane crosswise to the drum centerline, and
wherein the first plane and the second plane are
offset from one another. 11. The diverter drum of
claim 10, wherein the first inlet and the second inlet
are aligned with one another along an axis parallel to
the drum centerline. 12. The diverter drum of claim
10, wherein the first inlet and the second inlet are
offset from one another in a direction crosswise to
the drum centerline. 13. The diverter of claim 10,
wherein the first bend-pipe comprises a first radius
of curvature in a first direction, and wherein the
second bend-pipe comprises a second radius of
curvature in a second direction that is opposite from
the first direction.Patent Application 14. The
diverter of claim 13, wherein the first radius of
curvature is at least five times a diameter of the
first bend-pipe, and the second radius of curvature is
at least five times a diameter of the second bend
pipe. 15. The diverter of claim 14, wherein the
diameter of the first bend-pipe and the diameter of
the second bend-pipe are configured to accept a pig.
16. The diverter of claim 10, comprising a third
bend-pipe that extends crosswise through the drum body
from a third inlet to a third outlet and a fourth
outlet. 17. A diverter valve system, comprising: a
drum, comprising: a first fluid path comprising a
first inlet and a first outlet; and a second fluid
path comprising a second inlet and a second outlet,
wherein the drum comprises a range of movement coaxial
with a centerline of the drum and between at least a
first position and a second position, wherein the
first inlet is aligned with an inlet axis and the
first outlet is coaxial with a first outlet axis in
the first position, and wherein the second inlet is
aligned with the inlet axis and the second outlet is
coaxial with a second outlet axis in the second
position. 18. The diverter valve system of claim 17,
wherein the first inlet and second inlet are aligned
at a common circumferential position at different
axial positions along a length of the drum. 19. The
diverter valve system of claim 17, wherein the first
inlet is coaxial with the inlet axis, and wherein the
second inlet is coaxial with the inlet axis. 20. The
diverter valve system of claim 17, wherein the first
inlet is offset a distance from the inlet axis in a
first direction crosswise to the centerline of the
drum, and wherein the second inlet is offset the
distance from the inlet axis in a second direction
crosswise to the centerline of the drum and opposite
from the first direction.Patent Application 21. The
diverter valve system of claim 17, wherein the first
fluid path comprises a first curvature having a first
radius and the second fluid path comprises a second
curvature having a second radius, wherein the first
curvature and the second curvature are in opposite
directions. 22. The diverter valve system of claim 20,
wherein the first radius is at least five times a
diameter of the first fluid path, and the second
radius is at least five times a diameter of the second
fluid path. 23. The diverter valve system of claim 17,
comprising a housing having an inlet coaxial with the
inlet axis, a first outlet coaxial with the first
outlet axis, and a second outlet coaxial with the
second outlet axis. 24. The diverter valve of the
system of claim 17, wherein the drum is configured to
couple to a fluid circuit of a subsea hydrocarbon
production system. 25. A method of operating a
diverter valve, comprising: disposing a drum of the
diverter valve in a first position, wherein the first
position is configured to provide a first passage from
an inlet of the diverter valve to a first outlet of
the diverter valve, the first passage comprising a
first bend-pipe extending crosswise to an axis of the
drum and comprising a first radius of curvature that
is at least five times an internal diameter of the
first bend-pipe; and moving the drum along the
longitudinal axis through the diverter valve to a
second position, wherein the second position is
configured to provide a second passage from the inlet
of the diverter valve to a second outlet of the
diverter valve, the second passage comprising a second
bend-pipe extending crosswise to the axis of the drum
and comprising a second radius of curvature that is at
least five times an internal diameter of the second
bend-pipe. 


