
KINASE EVHIBITORS BACKGROUND OF THE INVENTION The p38
kinase is a mitogen-activated protein (MAP) kinase
that belongs to the serine/threonine kinase
superfamily. This kinase is activated by extracellular
stresses such as heat, UV light, and osmotic stress,
as well as by inflammatory stimuli such as
lipopolysaccharide. When activated, p38 kinase
phosphorylates intracellular protein substrates that
regulate the biosynthesis of the pro-inflammatory
cytokines tumor necrosis factor a (TNFa) and
interleukin-l b (IL-I b). These cytokines are
implicated in the pathology of anumber of chronic
inflammatory disorders (Lee, et al., Ann. N.Y. Acad.
Sci., 696, 149-170 (1993); Muller-Ladner, Curr. Opin.
Rheumatol. 8, 210-220 (1996)), cardiovascular and
central nervous system disorders (Salituro, et al.,
Current Medicinal Chemistry, 6, 807-823 (1999)), and
autoimmune disorders (Pargellis, et al., Nature
Structural Biology, 9(4), 268-272 (2002)). In
addition, the phosphorylated form of mitogen-activated
protein kinase-protein kinase 2 (or pMAPKAPK2) is also
a kinase in the p38 MAPK pathway and can be directly
activated by p38 MAPK. Mouse knockout studies of
MAPKAPK2 show a reduction in cytokine production
suggesting MAPKAPK2 can be a key regulator of the
inflammatory response and can also be a potential
target for anti-inflammatory therapy (WO 2005120509).
A number of urea compounds (for example in WO 9923091,
WO 01012188, WO 04004720, WO 04037789, WO 99/321 11,
US 2004/0058961, EP 1609789, WO 03072569 andWO
0043384) have been identified as p38 kinase inhibitors
or cytokine inhibitors. P38 kinase inhibitors or
cytokine inhibitors may be costly to produce and may
have bioavailability and absorption problems that
limit the in vivo effects and therapeutic use.
Therefore a need exists for new small molecule
cytokine suppressive drugs, i.e., compounds that are
capable of inhibiting p38 kinase with improved potency
and greater bioavailability. The present invention
provides new inhibitors of p38 kinase useful for the
treatment of conditions resulting from excessive
cytokine production.BRIEF SUMMARY OF THE INVENTION The
present invention provides compounds of Formula I :
where: Z is selected from the group consisting of X is
selected from the group consisting of R1 is C1-C7
alkyl optionally substituted with one to six
substituents selected from the group consisting of
halo and C]-C4 alkyllialo; C3-C cycloalkyl optionally
substituted with one or two substituents selected from
the group consisting OfC1-C4 alkyl and
trifluoromethyl; or trimethylsilyl; R2 is phenyl
optionally substituted with C1-C4 alkyl, or pyridinyl
optionally substituted with C1-C4 alkyl; Y is
hydrogen, C1-C4 alkyl, halo, or C1-C4 alkylhalo; R3 is
Cj-C7 alkyl optionally substituted with C3-C6
cycloalkyl; C1-C4 alkoxy; C1-C4 alkylhalo; C3-C6
cycloalkyl optionally substituted with one to four
substituents selected from the group OfC1-C4 alkyl and
trifluoromethyl; or pyridyl, phenyl or thienyl each
optionally substituted with a first substituent
selected from the group consisting of: halo, cyano,
C1-C4 alkyl, C1-C4 alkylhalo and C1-C4 alkoxy, and
optionally further substituted with a second
substituent selected from the group of C1-C4 alkyl and
halo; and R4 is hydrogen or C1-C4 alkyl;or a
pharmaceutically acceptable salt thereof. The present
invention also provides a method of inhibiting p38
kinase in a mammal comprising administering to a
mammal in need of such treatment an effective amount
of a compound of Formula I or a pharmaceutically
acceptable salt thereof. The present invention also
provides a method of suppressing the production of
tumor necrosis factor a (TNFoc) in a mammal comprising
administering to a mammal in need of such treatment an
effective amount of a compound of Formula I or a
pharmaceutically acceptable salt thereof.The present
invention also provides a method of suppressing the
production of interleukin-l b (IL- 1b) in a mammal
comprising administering to a mammal in need of such
treatment an effective amount of a compound of Formula
I or a pharmaceutically acceptable salt thereof. The
present invention further provides a method of
treating conditions resulting from excessive cytokine
production in a mammal comprising administering to a
mammal in need of such treatment a
cytokine-suppressing amount of a compound of Formula I
or a pharmaceutically acceptable salt thereof. The
present invention also provides a method of inhibiting
the growth of a susceptible neoplasm in a mammal
comprising administering to a mammal in need of such
treatment a p38 inhibiting amount of a compound of
Formula I or a pharmaceutically acceptable salt
thereof. The present invention also provides a method
of inhibiting metastasis in a mammal comprising
administering to a mammal in need of such treatment a
p38 inhibiting amount of a compound of Formula I or a
pharmaceutically acceptable salt thereof. The present
invention also provides a method of treating
rheumatoid arthritis in a mammal comprising
administering to a mammal in need of such treatment a
p38 inhibiting amount of a compound of Formula I a
pharmaceutically acceptable salt thereof. The present
invention also provides a pharmaceutical formulation
comprising a compound of Formula I or a
pharmaceutically acceptable salt thereof, in
combination with a pharmaceutically acceptable
excipient, carrier, or diluent. This invention also
provides the use of a compound of Formula I or a
pharmaceutically acceptable salt thereof for the
manufacture of a medicament for the inhibition of p38
kinase. Additionally, this invention provides a
compound of Formula I or a pharmaceutically acceptable
salt thereof for use in the inhibition of p38 kinase
in mammals. Furthermore, this invention provides a
pharmaceutical composition adapted for the inhibition
of p38 kinase comprising a compound of Formula I or a
pharmaceutically acceptable salt thereof in
combination with one or more pharmaceutically
acceptable excipients, carriers, or diluents thereof.
This invention also provides the use of a compound of
Formula I or a pharmaceutically acceptable salt
thereof for the manufacture of a medicament for the
suppression of the production of tumor necrosis factor
a (TNFa). Additionally, this invention provides a
compound of Formula I or a pharmaceutically acceptable
salt thereof for use in the suppression of the
production of tumor necrosis factor a (TNFa) in
mammals. Furthermore, this invention provides a
pharmaceutical composition adapted for the suppression
of the production of tumor necrosis factor a (TNFa)
comprising a compound of Formula I or a
pharmaceutically acceptable salt thereof in
combination with one or more pharmaceutically
acceptable excipients, carriers, or diluents. This
invention also provides the use of a compound of
Formula I or a pharmaceutically acceptable salt
thereof for the manufacture of a medicament for the
suppression of the production of interleukin-1b (ILl
b). Additionally, this invention provides a compound
of Formula I or a pharmaceutically acceptable salt
thereof for use in the suppression of the production
of interleukin-1b (IL-1b) in mammals. Furthermore,
this invention provides a pharmaceutical composition
adapted for the suppression of the production
ofinterleukin-l b (IL-I b) comprising a compound of
Formula I, or a pharmaceutically acceptable salt
thereof, in combination with one or more
pharmaceutically acceptable excipients, carriers, or
diluents. This invention also provides the use of a
compound of Formula I or a pharmaceutically acceptable
salt thereof for the manufacture of a medicament for
the treatment of conditions resulting from excessive
cytokine production. Additionally, this invention
provides a compound of Formula I or a pharmaceutically
acceptable salt thereof for use in the treatment of
conditions resulting from excessive cytokine
production in mammals. Furthermore, this invention
provides a pharmaceutical composition adapted for the
treatment of conditions resulting from excessive
cytokine production comprising a compound of Formula I
or a pharmaceutically acceptable salt thereof in
combination with one or more pharmaceutically
acceptable excipients, carriers, or diluents. This
invention also provides the use of a compound of
Formula I or a pharmaceutically acceptable salt
thereof for the manufacture of a medicament for the
inhibition of growth of a susceptible neoplasm.
Additionally, this invention provides a compound of
Formula I or a pharmaceutically acceptable salt
thereof for use in the inhibition of growth of a
susceptible neoplasm in mammals. Furthermore, this
invention provides a pharmaceutical composition
adapted for the inhibition of growth of a susceptible
neoplasm comprising a compound of Formula I or a
pharmaceutically acceptable salt thereof in
combination with one or more pharmaceutically
acceptable excipients, carriers, or diluents. This
invention also provides the use of a compound of
Formula I or a pharmaceutically acceptable salt
thereof for the manufacture of a medicament for the
inhibition of metastasis. Additionally, this invention
provides a compound of Formula I or a pharmaceutically
acceptable salt thereof for use in the inhibition of
metastasis in mammals. Furthermore, this invention
provides a pharmaceutical composition adapted for the
inhibition of metastasis comprising a compound of
Formula I or a pharmaceutically acceptable salt
thereof in combination with one or more
pharmaceutically acceptable excipients, carriers, or
diluents. This invention also provides the use of a
compound of Formula I or a pharmaceutically acceptable
salt thereof for the manufacture of a medicament for
the treatment of rheumatoid arthritis. Additionally,
this invention provides a compound of Formula I or a
pharmaceutically acceptable salt thereof for use in
the treatment of rheumatoid arthritis in mammals.
Furthermore, this invention provides a pharmaceutical
composition adapted for the treatment of rheumatoid
arthritis comprising a compound of Formula I or a
pharmaceutically acceptable salt thereof in
combination with one or more pharmaceutically
acceptable excipients, carriers, or diluents. DETAILED
DESCRIPTION OF THE INVENTION The term "p38 kinase" is
taken to mean the p38a and/or p38b kinase isoforms.
The term "suppressing the production of TNFa (IL-l b,
cytokine)" is taken to mean decreasing of excessive in
vivo levels of TNFa, IL-l b, or another cytokine in a
mammal to normal or sub-normal levels. This may be
accomplished by inhibition of the in vivo release of
TNFa, IL-l b, or another cytokine by all cells,
including macrophages; by down regulation, at the
genomic level, of excessive in vivo levels of
TNFa,IL-I b, or another cytokine in a mammal to normal
or sub-normal levels; by inhibition of the synthesis
of TNFa, IL-l b, or another cytokine as a
posttranslational event; or by a down regulation of
TNFa, IL-l b, or another cytokine at the translational
level. The skilled artisan will appreciate that
certain compounds of Formula I contain at least one
chiral center. The present invention contemplates all
individual enantiomers or diastereomers, as well as
mixtures of entantiomers and diastereomers of said
compounds including racemates. It is preferred that
compounds of Formula I containing at least one chiral
center exist as single enantiomers or diastereomers.
The single enantiomers or diastereomers may be
prepared beginning with chiral reagents or by
steroselective or stereospecific synthetic techniques.
Alternatively, the single enantiomers or diastereomers
may be isolated from mixtres by standard chiral
chromatographic or crystallization techniques. It will
be understood by the skilled reader that the compounds
of the present invention are capable of forming acid
addition salts. In all cases, the pharmaceutically
acceptable salts of all of the compounds are included
in the names of them. Compounds of the present
invention are amines, and accordingly will react with
any of a number of inorganic and organic acids to form
pharmaceutically acceptable acid addition salts. The
term "pharmaceutically acceptable salt" as used
herein, refers to salts of the compounds of Formula I
which are substantially non-toxic to living organisms.
Typical pharmaceutically acceptable salts include
those salts prepared by reaction of the compounds of
the present invention with a pharmaceutically
acceptable organic or inorganic acids. Such salts
include the pharmaceutically acceptable salts listed
in Journal of Pharmaceutical Science. 66, 2-19 (1977),
which are known to the skilled artisan. Mesylate salts



of compounds of Formula I are most preferred.
Compounds of Formula I are inhibitors of p38 kinase.
Thus, the present invention also provides a method of
inhibiting p38 kinase in a mammal that comprises
administering to a mammal in need of said treatment a
p38 kinase-inhibiting amount of a compound of Formula
I. It is preferred that the mammal to be treated by
the administration of the compounds of Formula I is
human. As inhibitors of p38 kinase, compounds of the
present invention are useful for suppressing the
production of the pro-inflammatory cytokines tumor
necrosis factor a (TNFa) and interleukin-l b (IL-l b),
and therefore for the treatment of disorders resulting
from excessive cytokine production. The present
compounds are therefore believed to be useful in
treating inflammatory disorders, including eczema,
atopic dermatitis, rheumatoid arthritis,
osteoarthritis, inflammatory bowel disease, and toxic
shock syndrome. Compounds of the present invention are
also believed to be useful in the treatment of
cardiovascular disorders, such as acute myocardial
infarction, chronic heart failure, atherosclerosis,
viral myocarditis, cardiac allograft rejection, and
sepsis-associated cardiac dysfunction. Furthermore,
compounds of the present invention are also believed
to be useful for the treatment of central nervous
system disorders, such as meningococcal meningitis,
Alzheimer's disease, Parkinson's disease, and multiple
sclerosis. WO 99/32111, WO 9923091, WO 04004720, WO
03072569. Most solid tumors increase in mass through
the proliferation of malignant cells and stromal
cells, including endothelial cells. In order for a
tumor to grow larger than 2-3 millimeters in diameter,
it must form a vasculature, a process known as
angiogenesis. Suppression of tumor-induced
angiogenesis by angiostatin and endostatin has been
reported to result in antitumor activity (O'Reilly, et
al., Cell. 88, 277-285 (1997)). The selective p38
kinase inhibitor SB22025 has been shown to inhibit
angiogenesis (J.R. Jackson, et al., J. Pharmacol. Exp.
Therapeutics, 284, 687 (1998)). Because angiogenesis
is a critical component of the mass expansion of most
solid tumors, the development of new p38 kinase
inhibitors for the inhibition of this process
represents a promising approach for antitumor therapy.
This approach to antitumor therapy may lack the toxic
side effects or drug resistance-inducing properties of
conventional chemotherapy (Judah Folkman, Endogenous
Inhibitors of Angiogenesis. The Harvey Lectures,
Series 92, pages 65-82, Wiley-Liss Inc., (1998)). As
inhibitors of p38 kinase, compounds of the present
invention, therefore, are also useful in inhibiting
growth of susceptible neoplasms. Schultz, R.M.
Potential ofp38 MAP kinase inhibitors in the treatment
of cancer. In: E. Jucker (ed.), Progress in Drug
Research , 60, 59-92, (2003). A susceptible neoplasm
is defined to be a neoplasm that depends upon p38
kinase for its survival, growth, or metastasis.
Susceptible neoplasms include tumors of the brain,
genitourinary tract, lymphatic system, stomach,
larynx, and lung (U.S. Patent #5,717,100). Preferably,
the term "susceptible neoplasms" as used in the
present application includes human cancers including
non-small cell lung carcinoma (A. Greenberg, et al.,
Am. J. Respir. Cell MoI. Biol . 26, 558 (2002)),
breast carcinoma (J. Chen, et al., J. Biol. Chem.,
276, 47901 (2001); B. SaIh, et al., Int. J. Cancer 98,
148 (2002); and S. Xiong, et al., Cancer Res.. 61,
1727 (2001)), gastric carcinoma (Y.D. Jung, et al.,
Proc. Am. Assoc. Cancer Res., 43, 9 (2002)),
colorectal carcinomas (S. Xiong, et al., Cancer Res. ,
61, 1727 (2001)), and malignant melanoma (C. Denkert,
et al., Clin. Exp. Metastasis, 19, 79 (2002)).
Inhibition of angiogenesis by suppression of TNFa has
also been taught to be useful in the inhibition or
prevention of metastasis (U.S. Patent #6,414,150; U.S.
Patent #6,335,336). Furthermore, suppression of TNFa
is indicated for the treatment and prevention of
cachexia, a wasting syndrome experienced by about half
of all cancer patients (T. Yoneda, et al., J. Clin.
Invest.. 87, 977 (1991)). Furthermore, inhibition of
p38 kinase may be effective in the treatment of
certain viral conditions such as influenza (K. Kujime,
et al., J. Immunology., 164, 3222-3228 (2000)),
rhinovirus (S. Griego, et al., J. Immunology, 165, 521
1-5220 (2000)), and HIV (L. Shapiro, etal-, Proc.
Natl. Acad. Sci. USA, 95, 7422-7426, (1998)). As used
herein the term "Ci-C7 alkyl" refers to a straight or
branched, monovalent, saturated aliphatic chain of one
to seven carbon atoms and includes, but is not limited
to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
tert-butyl, pentyl, hexyl, and heptyl. The term "Cj-C7
alkyl" includes within its definition the terms "Cr C4
alkyl". As used herein the term "Cr C4 alkoxy" refers
to a straight or branched alkyl chain having from one
to four carbon atoms attached to an oxygen atom.
Typical C1-C4 alkoxy groups include methoxy, ethoxy,
propoxy, isopropoxy, butoxy, tert-butoxy and the like.
As used herein the term "halo" refers to a chlorine,
bromine, iodine or fluorine atom, unless otherwise
specified herein. As used herein the term "Cr C4
alkyhalo" refers to a C1-C4 alkyl substituted with up
to five halo atoms. Typical C1-C4 alkylhalo groups
include methylhalo, trifluoromethyl, ethylhalo,
bisfluoromethyl ethyl, propylhalo, isopropylhalo,
burylhalo, fert-butylhalo and the like.As used herein
the term "C3-C6 cycloalkyl" means a fully saturated
ring comprising carbon and hydrogen atoms and includes
cyclopropyl and cyclobutyl. Certain classes of
compounds of Formula I are preferred p38 kinase
inhibitors. The following paragraphs describe such
preferred classes: a) Z is b) Xis c) R4 is hydrogen;
d) Y is methyl; e) R1 is C1-C7 alkyl; f) R1 is
tert-butyl; g) R2 is phenyl or pyridinyl, each
optionally substituted with methyl; h) R2 is 4-tolyl;
i) R3 is phenyl or thienyl each optionally substituted
with a first substituent selected from the group
consisting of: halo, cyano, C1-C4 alkyl, C1-C4
alkylhalo and C1-C4 alkoxy, and optionally further
substituted with a second substituent selected from
the group OfC1-C4 alkyl and halo; j ) R3 is phenyl
substituted with a first substituent selected from the
group consisting of halo, and further substited with a
second substituent selected from the group of C1-C4
alkyl and halo; k) The compound of Formula I is a free
base; 1) The compound of Formula I is a salt; m) The
compound of Formula I is the mesylate salt. Preferred
embodiments of the invention include all combinations
of paragraphs a) -m). Other preferred compounds of
Formula I are those where X is as described in
paragraph b); R1 is as described in paragraph e); R2
is as described in paragraph g); and R4 is as
described in paragraph c). It is also preferred that X
is as described in paragraph b); R1 is as described in
paragraph f); R2 is as described in paragraph h); R3
is as described in paragraph i); and R4 is as
described in paragraph c). It is particularly
preferred that X is as described in paragraph b); R2
is phenyl substituted in the Aposition with C1-C4
alkyl. It is most preferred that X is as described in
paragraph b). The following compound is also most
especially preferred:The compounds of the present
invention may be prepared by a variety of procedures,
some of which are illustrated in the Schemes below. It
will be recognized by one of skill in the art that the
individual steps in the following schemes may be
varied to provide the compounds of Formula I. The
particular order of steps required to produce the
compounds of Formula I is dependent upon the
particular compound being synthesized, the starting
compound, and the relative lability of the substituted
moieties. Some substituents have been eliminated in
the following schemes for the sake of clarity and are
not intended to limit the teaching of the schemes in
any way. Compounds of Formula I and intermediates
thereof may be prepared as illustrated in the
following scheme wherein R1, R2, and X are as
previously defined:SCHEME l Amine (a) is reacted with
an appropriate isocyanate or carbamate, such as
pyrazolyl-2,2,2- trichloroethyl carbamate, to provide
compounds of Formula I. For example, a solution of the
amine (1 equiv.), trichloroethyl carbamate (1 equiv.)
and a suitable base such as diisopropylethylamine (2
equiv.), or potassium carbonate, in a suitable
solvent, such as acetonitrile or dimethylsulfoxide
(DMSO) is heated. The desired compound may then be
isolated and, if necessary and desired, purified using
techniques well known in the art, such as
chromatography, to provide the compound of Formula I .
The requisite amines are prepared as illustrated below
in Scheme 2 wherein X is as previously defined: SCHEME
2 The nitro moiety (b) is reduced under standard
reducing conditions, for example with hydrogen in the
presence of a palladium catalyst, or sodium
borohydride in the presence of nickel(II) chloride
hexahydrate in a suitable solvent such as lower
alkanols, or ethyl acetate, to provide the
corresponding amine (a). Such reduction steps are well
known and appreciated in the art. See Larock, R.,
"Comprehensive Organic Transformations," 412, VCH
Publishing, Inc., New York, 1989. The requisite nitro
compounds are prepared as illustrated in Scheme 3
below, wherein Hal is Cl or F, and X' is C(O)R3 or a
suitable protecting group PG:SCHEME 3
2-halo-4-nitro-pyridine (e) in a suitable organic
solvent, such as THF is reacted with an appropriate
4-hydroxy piperidine and sodium hydride or
triphenylphosphine to provide the corresponding
substituted piperidine b(i). Alternatively,
2-halo-4-nitro-pyridine (e) is reacted an appropriate
piperazine and a base such as potassium carbonate,
sodium fert-butoxide, or triethylarnine in a polar
solvent, such as acetonitrile, N,N-dimethylformamide
(DMF), or butanol to provide the corresponding
substituted piperazine b(ii). The amine of formual
b(iii) is prepared by reacting a
2-halo-4-nitro-pyridine (e) in a suitable solvent,
such as ethanol, with an appropriate aminopiperidine
in the presence of a suitable base such as sodium
carbonate. The skilled artisan will appreciate that
the procedures described above may be utilized in
formation of pyridyl isomers contemplated in the
present invention. The required pyrazolyl carbamates
may be prepared as described in the following scheme,
where R1 and R2 are as previously defined: SCHEME
43-aminopyrazoles (m) are formed through conditions
well known in the art; Larock, R., "Comprehensive
Organic Transformations," 79, VCH Publishing, Inc.,
New York, 1989. For example, an a-cyanoketone (j) and
a suitable hydrazine or hydrazine salt (k) in a
suitable organic solvent, such as ethanol, are reacted
at an elevated temperature. The resulting pyrazole (m)
may be purified using standard techniques, such as
chromatography on a silica gel column.
2,2,2-Trichloroethyl chloroformate (n) is reacted with
an appropriately substituted 3- aminopyrazole (m) and
a base, for example sodium carbonate, potassium
carbonate or pyridine, in a suitable solvent, e.g.,
THF or water/ethyl acetate, to provide the
corresponding 2,2,2-trichloroethyl carbamate (o). The
skilled artisan will appreciate that the corresponding
carbamate may be prepared by reacting the 3-
aminopyrazole with other active carbonates. Compounds
of Formula I(i) may be prepared as demonstrated in
Scheme 5 below wherein R1, R2, R3, and PG are as
previously defined, Z is O, N, or a bond, and R5 is C
or N: SCHEME 5 The compound of Formula (f) is
deprotected under conditions well known in the art.
For example, when the protecting group is fert-butoxy
carbonyl, a compound of Formula (f) is dissolved in a
suitable 



organic solvent or solvent mixture, such as
dichloromethane, and treated with an acid, such as
hydrochloric acid in dioxane or trifluoroacetic acid.
Deprotection of N-protected-piperidine substituted
urea (f) provides the substituted piperidine (g),
which is reacted with a substituted carboxylic acid
under standard coupling conditions for organic acids
and organic amines in the presence of a coupling
agent, such as N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (EDCI) or dicyclohexylcarbodiimide
(DCC), a catalytic amount of 4-dimethylaminopyridine
(DMAP) and 1-hydroxybenzotriazole (HOBt) or O-(7-
azabenzotriazole-l-yl)- ,
,7V',7V'-tetramethyluroniumhexafluorophosphate (HATU),
or triethylamine in a suitable solvent, such as
methylene chloride or acetonitrile, to provide Formula
I (i). The skilled artisan will appreciate that
examples of Formula I(i) may be prepared by beginning
with other protected piperidines, including different
N-protecting groups, such as formyl, which may require
other deprotection procedures to form intermediate
(g). A suitable amino protecting group "Pg", such as a
tert-butoxycarbonyl (BOC) moiety, may be utilized if
necessary or desired. Techniques for the introduction
of these groups are well known to the skilled artisan.
The skilled artisan will appreciate that the
protecting groups may be removed at any convenient
point in the synthesis of the compounds of the present
invention. Methods for introducing andremoving
nitrogen and oxygen protecting groups are well known
in the art; see, for example, Greene and Wuts,
Protective Groups in Organic Synthesis, 3rd Ed., John
Wiley and Sons, New York, (1999). The skilled artisan
will also appreciate that not all of the substituents
in the compounds of Formula I will tolerate certain
reaction conditions employed to synthesize the
compounds. These moieties may be introduced at a
convenient point in the synthesis, or may be protected
and then deprotected as necessary or desired. The
abbreviations, symbols and terms used in the examples
and assays have the following meanings: n-BuOH = n
-butanol, DCC = dicyclohexylcarbodiimide, DIEA = N,
N-di-isopropylethylamine, DMSO = dimethylsulfoxide,
DMF = N,N-dimethylformamide, h = hour(s), HOBt 1-
hydroxybenzotriazole, LDA lithium diisopropylamide,
EDCI = l-(3-dimethylaminopropyl)-3- ethylcarbodiimide
hydrochloride, EtOAc = ethyl acetate, EtOH = ethanol,
Et2O = diethyl ether, MeOH = methanol, NaBH(OAc) 3 =
sodium triacetoxyborohydride, TBAF = tetrabutyl
ammonium fluoride, Tf2O = trifluoromethanesuflonic
anhydride, and THF = tetrahydrofuran. PREPARATIONS
Preparation 1 2-Chloro-4-methyl-5-nitro-pyridine
Dissolve 4-methyl-5-nitro-pyridin-2-ylamine (3.0 mmol,
0.5 g) in 0.5 mL of sulfuric acid. Add 7.6 niL of
water and cool the solution down to OC. Add sodium
nitrite (4.5 mmol, 0.3 g) and stir the mixture for two
hours, allowing to reach room temperature. Dilute with
water and add aq. sodium hydroxide solution 10% until
basic pH. Extract in ethyl acetate and wash combined
organic layers with saturated aq. sodium chloride
solution. Dry over sodium sulfate, filter, and
concentrate under reduced pressure to give 4-
methyl-5-nitro-pyridin-2-ol. MS(ES): m/= 155 [M+H].
Add phosphorus oxychloride (0.6mmol, 0.05 mL) and
phosphorus pentachloride (0.6 mmol, 0.12 g) over
4-methyl-5-nitro-pyridin-2-ol ( 1.9 mmol, 0.3 g). Stir
at 120 C for 1.5 hours. Cool down, add icewater and
extract in CH2Cl2. Wash combined organic layers with
saturated aq. sodium chloride solution. Dry over
sodium sulfate, filter, and concentrate under reduced
pressure to give 2-chloro-4-methyl-5-nitropyridine.
Preparation 2 2.3-Dichloro-5-nitro- ryridine Place
5-nitro-pyridin-2-ol (20 g, 143 mmol) in concentrated
HCl (100 mL). Heat to 50 C and then dropwise add
potassium chlorate (6.13 g, 50 mmol) dissolved in
water (100 mL). Stir at 50 C for 30 min. Cool the
reaction in an ice bath. Filter off the solid and wash
with water. Dry thoroughly to yield 21.13 g (85%) of
3-chloro-5-nitro-pyridin-2-ol. MS(ES): m/z = 173
[M+H]. Place phosphorus oxychloride (11.28 mL, 121
mmol) in a round-bottom flask and cool to 0 C. Add
quinoline (7.15 mL, 60.5 mmol) followed by
3-chloro-5-nitro-pyridin-2-ol (21.13 g, 121 mmol)
inportions. Heat reaction to 120 C for 2 hours. Pour
reaction onto ice and triturate with water. Filter off
the solid and wash with water. Dry thoroughly to yield
19.95 g (86%) of the title compound: 1H NMR dH (400
MHz, DMSO) 9.20 (s, IH), 8.97 (s, IH). Preparation 3
4-(5-Amino-6-methyl-pyridin-2-yl)-pi
rerazine-l-carboxylic acid fert-butyl ester.
Mechanically stir mixture of
6-chloro-2-methyl-3-nitro-pyridine (Asymchem, 25.00 g,
144.9 mmol), tert-butyl 1-piperazinecarboxylate (29.68
g, 159.4 mmol), and triethylamine (23.2 niL, 167 mmol)
in K-BuOH (250 mL) at 50 C under nitrogen for 4 hours,
at 65 C for 2 hours, then at room temperature
overnight. Add additional -butyl
1-piperazinecarboxylate (1.5 g), and heat the reaction
at 65 C for 4 hours. Cool the resulting slurry to 30 C
then add hexanes (75 mL). Cool the slurry to room
temperature over 1 hour, then add water (150 mL).
Allow the slurry to stand for 45 min then filter. Wash
the cake with water (4 x 100 mL) then hexanes (100 mL)
and air-dry overnight to yield
4-(6-methyl-5-nitro-pyridin-2-yl)-
riperazine-1-carboxylic acid tert-butyl ester as
bright yellow crystals (46.30 g, 99% yield, MS(ES):
m/z = 267 [MH-H-C4H8]). Mix a slurry of
4-(6-methyl-5-nitro-pyridin-2-yl)-piperazine-l-carboxy
lic acid tert-butyl ester (46.00 g, 142.7 mmol) in THF
(750 mL) at room temperature with Pd/C (5% Aldrich,
3.04 g, 1.43 mmol) then place under a hydrogen
atmosphere (Parr shaker, 40-45 psi) for 6 hours. Add
MeOH (250 mL), and subject the slurry to an atmosphere
of hydrogen for 4 hours at room temperature. Add
additional catalyst (3.04 g), then place the mixture
under hydrogen for 7 hours. Filter the mixture through
a pad of Celite 521(r), washing with THF and MeOH then
concentrate under reduced pressure to provide the
title compound a pale pink solid. (41.58 g, 99% yield,
MS(ES+): m/z 293 [M+H]). Prepare the following
compounds in a manner substantially analogous to the
procedures described above. TablePreparation 6
4-('5-amino-pyridin-2-yl')-piperazine-l-carboxylic
acid fert-butyl ester Place 2-chloro-5-nitro-pyridine
(1.0 g, 6.31 mmol), piperazine-1-carboxylic acid
tert-butyl ester (1.76 g, 9.45 mmol), and
triethylamine (1.76 mL, 12.6 mmol) in ra-butanol (20
mL). Heat to 120 C for 17 hours. Cool to room
temperature and add ethyl acetate and water. Separate
organic layer and wash with water and saturated aq.
sodium chloride. Collect organic layer, dry over
Mg2SO4, filter, and concentrate under reduced
pressure. Subject residue to silica gel chromatography
eluting with 20% EtOAc:hexane to yield 1.14 g (58%) of
4-(5-nitro-pyridin-2-yl)-piperazine-l-carboxylic acid
tert-butyl ester. MS(ES): m/z = 309 [M+H]. Place
4-(5-nitro-pyridin-2-yl)-piperazine-l-carboxylic acid
tert-butyl ester (1.14 g, 3.70 mmol) in 1:1 EtOAc:MeOH
(20 mL). Add 10% Pd on carbon using EtOAc (5 mL).
Purge the reaction and then add hydrogen. Repeat the
purge/fill cycle twice and place the reaction under a
balloon of hydrogen and stir at room temperature for
20 hours. Filter the reaction through a pad of
Celite(r) and wash the filter cake with EtOAc. Collect
the filtrate and concentrate under reduced pressure to
yield 1.01 g (98%) of the title compound. MS(ES): m/z
= 279 [M+H]. Prepare the following compounds in a
manner substantially analogous to the procedures
described above. Table Preparation 8
4-(5-amino-3-chloro-pyridin-2-ylVpiperazine-l-carboxyl
ic acid tert-butyl ester Place
2,3-dichloro-5-nitro-pyridine (2.0 g, 10.36 mmol),
piperazine-1-carboxylic acid tert-butyl ester (2. 12
g, 11.40 mmol), and potassium carbonate (1.72 g, 12.43
mmol) in DMF (20 mL). Heat to 80 C for 2.5 days. Cool
to room temperature and add ethyl acetate and water.
Separate organic layer and wash with water and
saturated aq. sodium chloride. Collect organic layer,
dry over Mg2SO4, filter, and concentrate under reduced
pressure. Subject residue to silica gel chromatography
eluting with 20% EtOAc:hexane to yield 3.29 g (93%) of
4-(3-chloro-5-nitro-pyridin-2-yl)-piperazine-l-carboxy
lic acid tertbutyl ester. MS(ES): m/z = 341 [M+H].
Place
4-(3-chloro-5-nitro-pyridin-2-yl)-piperazine-l-carboxy
lic acid tert-butyl ester (3.09 g, 9.01 mmol) in
methanol (50 mL). Add nickel(II) chloride hexahydrate
(10.7 g, 45.1 mmol) and cool the reaction to 0 C. Add
sodium borohydride (5.11 g, 135.15 mmol) in portions
and stir at 0 C for 2 hours. Add CH2Cl2 and filter
through a pad of Celite(r). Wash filter cake with
CH2Cl2 and collect filtrate. Add saturated aq. sodium
bicarbonate solution to the filtrate and separate
organic layer. Extract aqueous layer with CH2Cl2 (2 x
30 mL). Combine organic extracts, dry over Mg2SO4,
filter, and concentrate underreduced pressure. Subject
residue to silica gel chromatography eluting with
0-70% EtOAc:hexane to yield 1.77 g (63%) of the title
compound. MS(ES): m/z =311.2 [M-H]. Preparation 9 r
c-f^frg^^-rS-Arnino-S-methyl-pyridin^-v -
.S-dimethyl-piperazin-l-yll-cyclopropyl-methanone
Dissolve ?w-2,5-dimethylpiperazine (500 mg, 4.37 mmol,
1.0 equiv) in 15 niL of anhydrous dichloromethane. Add
di-ft-butyl dicarbonate (953 mg, 4.37 mmol, 1.0 equiv)
dissolved in 5 mL of dichloromethane. Stir at room
temperature for 20 hours: Filter white solid to yield
430 mg of ti-BOC-trans- 2,5-dJmethylpiperazine (50%
yield). IH NMR (methanol-^) dppm4.11 (m, IH); 3.55
(dd, J = 13.6, 1.7 Hz, IH), 3.23 (dd, J = 13.6, 4.0
Hz, IH), 3.12 (m, IH), 3.00 (dd, J =12.7, 2.9 Hz, IH),
2.49 (m, IH), 1.46 (s, 9H), 1.24 (d, J = 7.6, 3H),
1.15 (d, J = 6.8 Hz, 3H). Dissolve
2-chloro-3-methyl-5-nitropyridine (310 mg, 1.82 mmol,
1.0 equiv) and N-BOC-Zr ra-2,5- dimethylpiperazine
(397 mg, 2.0 mmol, 1.1 equiv) in 5 mL of anhydrous
DMF, add potassium carbonate (25 1 mg, 1.82 mmol, 1.0
equiv) and stir the mixture for 20 hours at 80 C. Pour
the solution in a 1:1 v/v mixture of EtOAc and iced
water. Extract the aqueous phase with EtOAc (2 x 20
mL) and wash the combined organic layers with water (3
x 20 mL) and saturated aq. sodium chloride (30 mL).
Dry the organic solution over sodium sulfate and
concentrate under reduced pressure to obtained a crude
r c- ( "
r)-2,5-dimethyl-4-(3-methyl-5-nitro-pyridin-2-yl)-pipe
razine-l-carboxylic acid tert-butyl ester. MS(ES+):
m/z = 251.2 (M+H). Add HCl 4 M in dioxane (4.2 mL) to
rac-(
am)-2,5-dimethyl-4-(3-methyl-5-nitro-pyridin-2-yl)-
piperazine-1-carboxylic acid tert-butyl ester (0.15 g,
0.43 mmol) at room temperature and stir. After one
hour concentrate under reduced pressure to give 0.138
g of
rac-(trans)-2,5-dimethyl-l-(3-methyl-5-nitropyridin-
2-yl)-piperazine di-hydrochloric salt as a white solid
(quantitative). MS(ES): m/z = 251.2 [M+H]. Add
cyclopropyl carboxylic acid (56 DL, 0.7 mmol) to a
solution of EDCI (0.147 g, 0.77 mmol), HOBt ( 0.10 g,
0.77 mmol),
rac-(trans)-2,5-dimethyl-l-(3-methyl-5-nitro-pyridin-2
-yl)-piperazine dihydrochloric salt ( 0.16 g, 0.64
mmol) in CH2Cl2 (5 mL) follow by DIEA (0.22 mL, 1.28
mmol) at room temperature under N2 atmosphere. After
one hour, concentrate to give a residue. Subject
residue to silica gel chromatography eluting with
hexane:AcOEt 50-70% to give 0.1 14 g
rac-cyclopropyl-[(trans)-2,5-
dimethyl-4-(3-me%l-5-nitro-pyridin-2-yl)-piperazin-l-y
l]-methanone (56% yield). MS(ES): m/z = 319.1 [M+H].
Add NH4COOH (0.23 g, 3.5 mmol) to
rac-cyclopropyl-[(rrans)-2,5-dimethyl-4-(3-methyl-5-ni
tropyridin- 2-yl)-piperazin-l-yl]-methanone (0.114 g,
0.35 mmol) andPd/C 10 % (0.043 g) in EtOH (5 mL) under
N2 atmosphere and heat at 80 C. After 2 hours let
reaction mixture cool down and filter
throughCelite(r). Concentrate under reduced pressure
to give 0.1 g the title compound (quantitative).
MS(ES): m/z = 289.3[MH-H]. Preparation 10
l-r4-(5-Amino-4-methyl-pyridin-2-yl)-piperazin-l-yll-2
.2-dimethyl-propan-l-one 



Stir a solution of 2-chloro-4-methyl-5-nitro-pyridine
(0.85 mmol, 0.15 g), 2,2-dimethyl-lpiperazin-
1-yl-propan-l-one hydrochloride (0.94 mmol, 0.16 g)
and triethylamine (2.12 mmol, 0.3 mL) in a sealed tube
at 80 C overnight. Cool down the mixture to room
temperature, add CH2Cl2 and wash with saturated aq.
sodium chloride. Dry over sodium sulfate, filter, and
concentrate under reduced pressure to give
2,2-dimethyl-l-[4-(4-methyl-5-nitro-pyridin-2-yl)-pipe
razin-l-yl]-propan-l-one. Subject residue to silica
gel chromatography eluting with hexanes/ethyl acetate
in a gradient (from 30% up to 60%). MS(ES): /w/z = 307
[M+H]. Add ammonium formate (1.55 mmol, 0.1 g) and
palladium (Carbon) 10% (0.031mmol) over a solution of
2,2-dimethyl-l-[4-(4-methyl-5-nitro-pyridin-2-yl)-pipe
razin-l-yl]-propan-l-one (0.31 mmol, 0.09 g) in2 mL of
ethanol. Stir the solution for an hour at 90 C. Cool
down and filter through a pad of Celite(r), and
concentrate under reduced pressure. Residue can be
used without further purification. MS(ES): m/z =277
[M+H]. Prepare the following compound in a manner
substantially analogous to the second procedure
described above. Table Preparation 12 l-|
4-(5-Amino-4-chloro-pyridin-2-yl)-piperazin-l-yll-2.2-
dimethyl-propan-l-one Step A: Stir a solution of
2,4-dichloro-pyridine (6.7 mmol, 1 g), N-Boc
piperazine (8.1 mmol, 1.5 g), sodium tert butoxide
(9.5 mmol, 0.9 g), palladium (II) acetate (0.7 mmol,
0.15 g) and 2-(ditbutylphosphino) biphenyl (0.7 mmol,
0.2 g) dissolved in toluene under nitrogen at 100 C
for 4 hours. Cool down to room temperature and add
water. Extract in ethyl acetate washing the organic
layer with water and saturated aq. sodium chloride.
Dry organic layer over sodium sulfate, filter, and
concentrate under reduced pressure to give
4-(4-chloro-ryridin-2-yl)-piperazine-l-carboxylic acid
tert-butyl ester as a residue. Subject residue to
silica gel chromatography eluting with hexanes / ethyl
acetate in gradient (from 10% to 50%). MS(ES): m/z =
298 [M+H].Step B: Treat a room temperature solution of
4-(4-chloro-pyridin-2-yl)-piperazine-l-carboxylic acid
tert-butyl ester (0.6 g, 1.9 mmol) in CH2CL2 (4 mL)
with HCl (4 N solution in dioxane, 1.5 mL, 5.9 mmol)
resulting in a slight exotherm. Stir the mixture for 3
hours, add additional HCl (4 N solution in dioxane,
1.5 mL, 5.9 mmol), and stir overnight. Concentrate
under reduced pressure to afford l-(4-chloropyridin-
2-yl)-piperazine hydrochloride, then titurate with
Et2O (0.43 g). LCMS ES+ (m/z) 198 [M+H]). Step C: Stir
l-(4-chloro-pyridin-2-yl)-riperazine hydrochloride
(2.2 mmol, 0.4 g), triethylamine (7.6 mmol, 1.1 mL) in
13 mL OfCH2Cl2 and pivaloyl chloride (2.2 mmol, 0.3
mL) overnight at room temperature. Add CH2Cl2 and wash
with saturated aq. sodium chloride and water. Dry over
sodium sulfate, filter, and concentrate under reduced
pressure to give
l-[4-(4-chloro-pyridin-2-yl)-piperazin-l-yl]-2,2-
dimethyl-propan-1-one. MS(ES): m/z =282 [M+H]. Step D:
Dissolve
l-[4-(4-chloro-pyridin-2-yl)-piperazin-l-yl]-2,2-dimet
hyl-propan-l-one (1.6 mmol, 0.4 g) in sulfuric acid
(2.3 mL) and cool the solution down to 0 C. Add
potassium nitrate (1.6 mmol, 0.2 g) and stir the
mixture allowing to reach room temperature overnight.
Dilute the mixture with water and add sodium hydroxide
10% until basic pH. Extract in ethyl acetate. Dry over
sodium sulfate, filter, and concentrate under reduced
pressure to give a residue of
l-[4-(4-chloro-5-nitro-pyridin-2-yl)-piperazin-l-yl]-
2,2-dimethyl-propan-l-one. Subject residue to silica
gel chromatography eluting with a mixture hexanes /
ethyl acetate as (from 30% up to 60%). MS(ES): m/z =
327 [M+H]. Step E: Add (4.5 mmol, 0.8 g) of sodium
dithionite, over l-[4-(4-chloro-5-nitro-pyridin-2-yl)-
piperazin-l-yl]-2,2-dimethyl-propan-l-one (0.9 mmol,
0.3 g) in 22 mL of 1:1 mixture of tetrahydrofuran and
water and 4 mL of ammonia. Stir the solution for 2
hours at room temperature. Concentrate under reduce
pressure and extract the residue in ethyl acetate. Dry
over sodium sulfate, filter, and concentrate under
reduced pressure to give a residue that is used
without further purification. MS(ES): m/z =297 [M+H].
Prepare the following compound using procedures
substantially analogous Steps C-E described above.
TablePreparation 14
[4-f5-Amino-6-methyl-pyridin-2-yl')-piperazin-l-yll-(2
.6-difluoro-phenyl ')-inethanone Charge acetic acid (5
L) to a 22 L flask. Place the reaction in an ice-water
bath. Add piperazine (355.00 g, 2.0 equiv; 4.06 moles)
in portions with stirring, and increase temperature to
-40 C. Add another 5 L of acetic acid. Stir until
mixture becomes a solution. Adjust cooling bath to to
~13 C. Add 2,6- difluorobenzoyl chloride (355.00 g,
1.00 equiv; 2.01 moles; 253.39 mL) drop wise over a 2
hours period, while maintaining reaction temperature
at approximately 13 - 15 C. Stir overnight.
Concentrate under reduced pressure and dissolve
residue in 2 L of ice water. Cool flask in an ice
water bath. Add 5 N NaOH to adjust pH to 7.5 while
maintaining the reaction temperature below 30C. Filter
at ~10 C. Extract product from filtrate with
dichloromethane (4 x 2 L). Remove solvent under
reduced pressure. Dissolve the solid in 1.5 L of
methanol at room temperature and filter. Concentrate
the methanol solution, then solvent exchange with
toluene 2.0 L, afforded pure product. Filter to obtain
(2,6-difluorophenyl)-piperazin-l-ylmethanone.
Concentrate filtrate and filter again to obtain
additional product (total 400 g). Charge
(2,6-difluoro-phenyl)-piperazin-l-yl-methanone (1.07
equiv, 1.55 moles, 350.00 g), methanol (37.06 moles,
1.50 L,1. 19 kg), triethylamine (1.79 moles, 250.00
mL, 181.50 g), 6-chloro-2- methyl-3-nitro-pyridine
(1.00 equiv, 1.45 moles, 250.00 g) to a 5 L flask with
over head stirrer. Stir the reaction mixture at room
temperature for 0.5 hours. Slowly heat to 60 C, and
continue to stir at 60 C overnight. Add water (750 mL)
drop wise while maintaining the temperature at 60 C.
Allow mixture to cool to room temperature. Filter and
wash cake with 2:1 methanol/water 150 mL, then twice
with MTBE. Dry under reduced pressure at 45 C to
obtain
(2,6-difluoro-phenyl)-[4-(6-methyl-5-nitro-pyridin-2-y
l)- piperazin-l-yl]-methanone as a yellow solid (535
g). Charge
(2,6-difluoro-phenyl)-[4-(6-methyl-5-nitro-pyridin-2-y
l)-piperazin-l-yl]-methanone ( 1.00 equiv, 1.44 moles,
520.00 g), methanol (197.66 moles, 8.00 L, 6.33 kg),
and THF wetted 5% palladium on carbon (75.00 g) to a
three gallon autoclave. Hydrogenate the reaction at 50
psi at room temperature-while maintaining a
temperature below 30 C. After 0.5 hours, cool to 26 C,
and maintain for 2 hours. Filter and concentrate under
reduced pressure. Filter to obtain solids, rinse with
methanol then heptanes. An additional filtration
yields a second batch of
[4-(5-amino-6-methyl-pyridin-2-yl)-piperazin-l-yl]-(2,
6- difluoro-phenyl)-methanone. Dry.under reduced
pressure at 45 C (445g).Preparation 15
r4-(5-Amino-3-methyl-pyridin-2-ylVpiperazin-l-yl1-(2.6
-difluoro-phenylVmethanone Treat a slurry of
2-chloro-3-methyl-5-nitro-pyridine (27.00 g, 0.156
mol) andpiperazine-1- carboxylic acid tert-butyl ester
(32.03 g, 0.172 mol) in anhydrous DMF (270 niL) with
K2CO3 (34.55 g, 0.250 mol), then heat the reaction
mixture at 80 C under N2 overnight. Pour the resulting
reaction mixture into 1/1 EtOAc/H2O (3,000 mL),
separate the layers, then extract the aqueous layer
with EtOAc (1,000 mL). Wash the combined organics with
saturated aq. sodium chloride (3 X 1,000 mL each), dry
over MgSO4, filter, then concentrate under reduced
pressure to give a yellow solid. Slurry the yellow
solid in hexanes/EtOAc , then recover the resulting
solid by vacuum filtration. Wash with hexanes and
vacuum filter to give (42.84 g) of
4-(3-methyl-5-nitro-pyridin-2-yl)-piperazine-l-carboxy
lic acid tert-bvAy\ ester as a yellow solid.
Concentrate the filtrate under reduced pressure to
give a yellow solid. Slurry the yellow solid in
hexanes, then recover the resulting solid by vacuum
filtration, washing with hexane and drying under
vacuum filtration to give an additional (5.38 g) of
4-(3-methyl-5-nitro-pyridin-2-yl)-piperazine-l-carboxy
lic acid tert-butyl ester compound as a yellow solid
(48.22 g, 95.9% yield). 1H NMR (400 MHz, CDCl3) d 8.96
(d, IH), 8.14 (d, IH), 3.57 (m, 4H), 3.41 (m, 4H),
2.36 (s, 3H), 1.48 (s, 9H); TOF-MS [ES+, M+H] Obs. m/z
323.1723, CaIc. m/z 323.1719; Anal. Calcd. For
C15H22N4O4: C 55.88; H 6.87; N 17.37. Found C 55.94; H
6.87; N 17.14. Add a solution of HCl 4M in dioxane (4
equiv) to a solution of
4-(3-Methyl-5-nitro-pyridin-2-yl)- piperazine-1
-carboxylic acid tert-butyl ester (7.77 g, 24.13 mmol)
in DCM (73 mL). Stir mixture at room temperature
overnight. Add 2 more equiv of the HCl in dioxane
solution. After no starting material is detected by
LCMS, filter solid and dry under reduced pressure to
obtain 6.91 g of l-(3-methyl-5-nitropyridin-
2-yl)-piperazine hydrochloride as a yellowish solid
(97% yield). ES+(m/z): 259 [M+l]. Add triethylamine
drop wise (3 equiv) to a suspension of
l-(3-methyl-5-nitro-pyridin-2-yl)- piperazine;
hydrochloride (6.91 g, 24.13 mmol) in DCM (120 mL).
Add 2,6-difluorobenzoylchloride ( 1 equiv.) Stir the
mixture at room temperature overnight. Add additional
2,6-difluorobenzoylchloride (1.6 mL) and triethylamine
(1.5 equiv.) to run reaction to completion. Allow the
reaction to stand overnight. Dilute with with DCM and
extract several times with water. Dry the organic
layer over Na2S2O4, filter, and remove solvent under
reduced pressure. Wash solid several times with hexane
to obtain. 8.08 g of (2,6-
difluoro-phenyl)-t4-(3-methyl-5-nitro-pyridin-2-yl)-pi
perazin-l-yl]-methanone (93% yield). ES+(m/z): 363
[M+l] Add Na2S2O4 (10 equiv.) and aqueous ammonia (3
mL/mmol, 32 %) to a solution of (2,6-difluorophenyl)-[
4-(3-methyl-5-nitro-pyridin-2-yl)-pi
rerazin-l-yl]-methanone (3 g, 8.29 mmol) in THF/H2O
(166 mL, 1:1). Stir for 30 min., then separate layers.
Extract the aqueous layer with DCM, EtOAc and
isopropyl alcohol/EtOAc. Combine organic layers and
dry over Na2SO4, filter and remove solvent under
reduced pressure. Subject crude to a Varian(tm) SCX
column and wash the column with MeOH and then flush
off the product with 2 M NH3 in MeOH to obtain 1.2 g
of
[4-(5-amino-3-methyl-pyridin-2-yl)-piperazin-l-yl]-(2,
6- difluoro-phenyl)-methanone (44 %yield). ES+(w/z):
333 [M+l]Preparation 16
4-(5-Amino-6-methyl-pyridin-2-yloxy')-piperidine-l-car
boxylic acid tert-butyl ester Add diisopropyl
azodicarboxylate (3.0 mL, 15.5 mmol) dropwise to a
cold mixture of 6-methyl-5- nitro-pyridin-2-ol (1.54
g, 10.0 mmol), 4-hydroxy-piperidine-l-carboxylic acid
tert-butyl ester (2.05 g, 10.0 mmol), and
triphenylphosphine (4.02 g, 15.3 mmol) in THF (25 mL)
at 0 C. After addition is complete, remove cooling
bath and stir the reaction mixture at 22 C overnight.
Concentrate under reduced pressure. Subject residue to
silica gel chromatography eluting with hexanes and
ethyl acetate to provide 4-(6-Methyl-
5-nitro-pyridin-2-yloxy)-piperidine-l-carboxylic acid
tert-butyl ester as a colorless oil (2.69 g, 80%
yield). MS(ES): m/z = 338.2 [M+H]. Stir a mixture of
4-(6-methyl-5-nitro-pyridin-2-yloxy)-piperidine-l-carb
oxylic acid tert-butyl ester (2.69 g, 8.0 mmol) and
10% palladium on carbon (1.0 g) in ethanol (60 mL) at
22 C under hydrogen for 2 hours. Filter off the
palladium catalyst. Concentrate the filtrate to give a
colorless oil. Subject residue to silica gel
chromatography eluting with hexanes and ethyl acetate
to give the title compound. (2. 19 g, 89% yield).
MS(ES): m/z = 308.2 [M+H]. Prepare the following
compound using a procedure substantially analogous to
that described above. Table Preparation 18
4-(5-Amino-pyridin-2-yloxy)-piperidine-l-carboxylic
acid tert-butyl ester Add a suspension of pre-washed
NaH (0.1 g, 2.48 mmol, 60% dispersion in mineral oil)
in THF (2 mL) to an ice cold solution of
4-hydroxy-piperidine-l-carboxylic acid tert-butyl
ester (0.5 g, 2.48 mmol) in dry THF (3mL). Allow
mixture to stir for 20 minutes, then add
2-chloro-5-nitro-pyridine (0.36 g, 2.26 mmol) in
portions. After addition is completed, remove cooling
bath and stir the reaction mixture at 22 C overnight.
Cool reaction mixture with ice bath and add a
saturated aq. sodium bicarbonate solution (5mL).
Distribute the reaction mixture between ethyl acetate
(25 mL) and distilled water (25 mL). Isolate the
aqueous phase and extract with ethyl acetate (3 x 35
mL). Dry the combined organic phases over sodium 



sulfate and concentrate under reduced pressure.
Subject residue to silica gel chromatography eluting
with hexanes and ethyl acetate to give
4-(5-Nitro-pyridin-2-yloxy)-piperidine-l-carboxylic
acid tert-butyl ester as a white solid (0.55 g, 75%
yield). MS(ES): m/z = 324.2 [M+H]. Stir a mixture of
4-(5-Nitro-pyridin-2-yloxy)-piperidine-l-carboxylic
acid tert-butyl ester(2.7 g, 8.35 mmol) and 10%
palladium on carbon (0.5 g) in ethanol (100 mL) at
room temperature under hydrogenfor 4 hours. Filter to
remove palladium catalyst. Concentrate the filtrate
and subject the resultant colorless oil to silica gel
chromatography eluting with hexanes and ethyl acetate
to give the title compound as a white solid (2.11 g,
86% (ES+( /z) 194.2 [M+H-BOC]). Preparation 19
^-(S-Amino-S-methyl-pyridin^-yloxyVpiperidin-l-yll-^-f
luoro-phenylVmethanone Add a suspension of pre-washed
NaH (1.27 g, 31.87 mmol, 60% dispersion in mineral
oil) in THF (20 mL) to an ice cold solution of
4-hydroxy-piperidine-l-carboxylic acid tert-butyl
ester (6.41 g, 31.87 mmol) in dry THF (80 mL). Allow
the mixture to stir for 20 minutes, then add
2-chloro-3-methyl-5-nitro pyridine (5 g, 28.97 mmol)
in portions. After addition is completed, remove
cooling bath and stir the reaction mixture at 22 C
overnight. Cool the reaction mixture with an ice bath
and add a saturated aq. sodium bicarbonate solution
(50 mL). Distribute the reaction mixture between ethyl
acetate (350 mL) and distilled water (150 mL). Isolate
the aqueous phase and extract with ethyl acetate ( 1 x
100 mL). Combine organic layers and wash with
saturated aq. sodium chloride solution (2 x 15OmL).
Dry the combined organic phases over sodium sulfate
and concentrate. Subject residue to silica gel
chromatography eluting with hexanes and ethyl acetate
to give
4-(3-methyl-5-nitro-pyridin-2-yloxy)-piperidine-l-carb
oxylic acid tert-butyl ester as a white solid (6.5 g,
67% yield). MS(ES): m/z =360.3 [M+Na]. Add
trifluoroacetic acid (150 mL) to a cold solution of
4-(3-methyl-5-nitro-pyridin-2-yloxy)-
piperidine-1-carboxylic acid tert-butyl ester (10.12
g, 30 mmol) in dichloromethane (450 mL). Stir the
reaction mixture at 22 C for 60 min. After removal of
solvent, treat the residue with 1N sodium hydroxide
(150 mL) and extract with dichloromethane and ethyl
acetate. Dry the combined organic phases over sodium
sulfate. Removal of solvent provides
3-methyl-5-nitro-2-(piperidin-4-yloxy)-pyridine as a
yellow solid (6.9 g, 97% yield). MS(ES): m/z = 238.2
[M+H]. Add 2-fluoro-benzoyl chloride ( 1.74 g, 11.0
mmol) dropwise to a solution of 3-methyl-5-nitro-2-
(piperidin-4-yloxy)-pyridine in dichloromethane (50
mL) and triethylamine (1.21 g, 12 mmol) and stir under
N2 at room temperature for 2 hours. Wash the reaction
mixture with distilled water (3 x 20 mL) followed by
saturated aq. sodium chloride solution ( 1 x 20 mL).
Dry the organic phase over sodium sulfate and
concentrate to give
(2-fluoro-phenyl)-[4-(3-methyl-5-nitro-pyridin-2-yloxy
)-piperidin-l-yl]-methanone as a yellow solid. Stir a
mixture of
(2-fluoro-phenyl)-t4-(3-methyl-5-nitro-pyridin-2-yloxy
)-piperidin-l-yl]- methanone (3.58g, 10 mmol) and 10%
palladium on carbon (358 mg) in ethanol (100 mL) at 22
C under hydrogen overnight. Filter to remove catalyst.
Concentrate filtrate to provide a colorless oil.
Subject oil to silica gel chromatography eluting with
hexanes and ethyl acetate (1:1), followed by 70% ethyl
acetate/hexanes to give a yellow solid (2.27 g, 50%
yield). MS(ES): m/z = 330.2 [M+H].Preparation 20
4-f4-Amino-pyridin-2-yloxy')-piperidine-l-carboxylic
acid te/t-butyl ester. Add 100 mL of toluene to a
nitrogen purged mixture of 2-chloro-4-nitro-pyridine
(4.32 g, 27.2 mmol), tert-butyl 4-hydroxypiperidine
carboxylate (11.0 g, 54.5 mmol), cesium carbonate
(13.3 g, 40.8 mmol), palladium acetate (122 mg, 0.544
mmol) and 2-(di-tert-butylphosphino)-l,r-binapthyl
(271 mg, 0.68 mmol). Stir the resulting mixture
overnight at room temperature, then partition between
water and ethyl acetate. Extract the aqueous layer
with additional ethyl acetate, and dry the combined
organic layer over sodium sulfate and concentrate
under reduced pressure. Subject residue to silica gel
chromatography eluting with a gradient of 0 to 20%
ethyl acetate in hexanes to afford
4-(4-nitro-pyridin-2-yloxy)-piperidine- 1-carboxylic
acid tert-butyl ester as a white waxy solid (5.37 g,
61%; LCMS ES+ (m/z) 268 [M-TBu]+) . Subject a slurry
of 4-(4-nitro-pyridin-2-yloxy)-pi
reridine-l-carboxylic acid tert-butyl ester (3.0 g,
9.28 mmol) and 5% Pd/C (151 mg) in EtOAc (150 mL) to
an atmosphere of hydrogen at 60 psi (Parr shaker)
overnight at ambient temperature. Filter the reaction
mixture through a pad of Celite(r) and concentrate
under reduced pressure to provide the title compound
as a white solid (2.6 g, 95% yield). LCMS ES+ (m/z)
294 [M+H]. Preparation 2 1
[4-(4-Amino-pyridin-2-yloxyVpiperidin-l-vn-(2,6-difluo
ro-phenyl)-methanone Add 2-Chloro-4-nitropyridine, 3 g
(18.9 mmol), 4-hydroxy-piperidine-l-carboxylic acid
tert-butyl ester, 7.6g (37.8mmol),
[l,l']binaphthalenyl-2-yl-di-tert-butyl-phosphane,
188mg (0.47 mmol), paladium acetate, 85 mg (0,38 mmol)
and cesium carbonate, 9.2g (28.4 mmol) to a 500 mL
flask and purge with N2 for 10 min. Then add dry
toluene (500 mL) and stir at room temperature under N2
atmosphere overnight. Partition the reaction between
water and EtOAc (500 mL each). Separate the organic
layer. Dry over MgSO4, filtrate and evaporate
solvents. Subject residue to silica gel chromatography
eluting with a mixture of EtOAc:Hexanes in a gradient
from 5 to 20% EtOAc in 10 column volumes to obtain
1.2g (34% yield) of
4-(4-nitro-pyridin-2-yloxy)-piperidine-l-carboxylic
acid tert-butyl ester title compound as a white solid
(ES+(m/z) = 324 [M+H]. Add 8 mL of a 4 M solution of
HCl in Et2O to 1.2g of
4-(4-Nitro-pyridin-2-yloxy)-piperidine-lcarboxylic
acid tert-butyl ester and stir the suspension for 4
hours. Evaporate the solvent and triturate the
remaining solid with Et2O to afford 1.1 g of
4-nitro-2-(piperidin-4-yloxy)-pyridine dihydochloride
as a pale yellow solid (100% yield) (ES+(m/z) = 224
[M+H]. Add triethylamine (2.57 mL, 18.5 mmol) to a
suspension of 1.1 g (3.7 mmol) of 4-nitro-2-
(pireridin-4-yloxy)-pyridine dihydochloride in dry
dichloromethane (50 mL). Then add 2,6- difiuorobenzoyl
chloride, 0.512 mL (4.07 mmol). Stir the mixture at
room temperature overnight. Add water (50 mL) and
separate organic layer. Dry with MgSO4 and filter.
Evaporate solvents to obtain 1.22 g (91% yield) of
(2,6-difluoro-phenyl)-[4-(4-nitro-pyridin-2-yloxy)-pip
eridin-l-yl]-methanone as a yellow solid (ES+(m/z) =
364 [M+H].Add powered iron (419 mg, 7.5 mmol) to a
solution of 1.1 g (3.0 mmol) of (2,6-difluoro-phenyl)-
[4-(4-nitro-pyridin-2-yloxy)-piperidin-l-yl]-methanone
, in glacial acetic acid (10 rxiL) and stir at 80 C.
After 15 min, allow the mixture to reach room
temperature and filter through Celite(r). Wash the
Celite(r) pad with Et2O and EtOAc. Wash the resulting
organic layer with water, a saturated aqueous NaHCO3
solution and a saturated aqueous sodium chloride
solution. Separate organic layer, dry over MgSO4 and
evaporate solvents to afford 831 mg (83% yield) of
title compound as a white solid. (ES+(m/z) = 334
[M+H]. Preparation 22
4-(5-Amino-pyridin-2-ylaminoVpiperidine-l-carboxylic
acid -butyl ester Dissolve N-Boc-4-aminopiperidine
(0.9 g, 4.8 mmol) in dry ethanol and add solid sodium
carbonate (0.8 g, 7.9 mmol) at 0 C, followed by
2-chloro-5-nitro-pyridine (0.6 g, 3.9 mmol). Stir the
solution at room temperature overnight, then heat the
solution at 9 C for 6 hours. Stir at room temperature
overnight. Evaporate the solvent under reduced
pressure and partition the crude mixture between EtOH
and water. Extract with EtOAc and wash the organic
layer with saturated aq. sodium chloride solution.
Combine organic layers and dry over MgSO4. Filter and
evaporate the solvent in order to obtain
4-(5-Nitropyridin- 2-ylamino)-piperidine-l-carboxylic
acid tert-buty\ ester. Add SnCl2 H2O (11.8 mmol, 2,7
g) over a solution of
4-(5-nitro-pyridin-2-ylamino)-piperidine-lcarboxylic
acid tert-butyl ester (2.4 mmol, 0.8 g) in 20 mL of
ethyl acetate. Stir the solution at room temperature
overnight. Add aqueous NaHCO 3 solution until the
solution pH is basic and extract with ethyl acetate.
Filter the suspension through a pad of Celite(r).
Combine the organic layers and wash with saturated aq.
sodium chloride, dry over sodium sulfate, filter, and
concentrate under reduced pressure to give the title
compound. MS(ES): m/z = 293 [M+H]. Preparation 23
Methyl 1-methylcvclohexane carboxylate Treat a
solution of 1-methylcyclohexane carboxylic acid (7.11
g, 50.0 mmol) in MeOH (1OmL) and Et2O (40 mL) dropwise
with trimethylsilyldiazomethane (2.0 M/hexanes; 26 mL,
52 mmol). Stir the reaction mixture at room
temperature overnight, then concentrate under reduced
pressure to yield the title compound as a clear, pale
yellow oil (7.81 1 g, 50 mmol; 100%). MS(ES): m/z =
156 [M+H]. Preparation 24
3-Hvdroxv-2.2-dimethvl-propionic acid benzyl esterAdd
potassium hydroxide (486.7 mmol, 32.1 g) over a
solution of 2,3-dihydroxy-2-methylpropionic acid
(423.2 mmol, 50 g) in 300 mL of DMF. Stir the solution
for 1 hour at 100 C, then add benzyl bromide. Stir the
solution overnight. Cool the mixture and dilute with
ethyl acetate. Wash organic layer with water. Wash
aqueous layer with ethyl acetate several times.
Combine organic layers and dry over sodium sulfate,
filter and concentrate under reduced pressure. 1H NMR
(CDCl3, 300 MHz): d ppm : 7.36-7.32 (m, 5 H), 5.1 (s,
2H), 3.5 (s, 2H), 1.21 (s, 6H). Preparation 25
1-Fluoromethyl-cyclopropanecarboxylic acid ethyl ester
Add AgF ( 4.5 eq, 4.56 g) to a solution of
1-Fluoro-cyclobutanecarboxylic acid ethyl ester (1.6
g, 8 mmol) in acetonitrile (22 mL) and water (274 mL).
Heat the mixture at 80 C in a sealed tube for 20 hours
while vigorously stirring. Allow the mixture to cool
and filter through Celite(r). Remove the solvent under
reduced pressure to give the title compound as an oil
(0.81 g, 61% yield) that is used without any further
purification. MS(ES): m/z= 147.1[M+H]. Preparation 26
1-Trifluoromethyl-cyclopropanecarboxylic acid methyl
ester Add 2 M diazomethane solution in hexanes (14.2
mL, 28.45 mmol) to a solution of 1-
trifluoromethylcyclopropane-1-carboxylic acid (3.65 g,
23.7 mmol) in methanol-hexanes (2.5 mL-22.5 mL).
Concentrate under reduced pressure and distill the
residue to give the title compound as a yellow oil
(2.93 g, 73% yield). MS(ES): m/z = 169.1 [M+H].
Preparation 27
3-Oxo-3-(l-frifluoromefoyl-cvclopropyiypropionitrile
Add 2 M LDA solution in THF (19.15 mL, 38.3 mmol) to a
dry ice-acetone cooled solution of 1-
trifluoromethyl-cyclopropane-1-carboxylic acid methyl
ester (2.93 g, 17.4 mmol) and acetonitrile (1.43 g mL,
34.8 mmol) in THF (30 mL). Stir reaction mixture at
-70 C for 1.5 hours and then allow to warm to 22 C for
2 hours. Concentrate, add hexanes, and filter to give
a yellow solid. Wash with hexanes and treat with
diethyl ether (250 mL) then 2 N HCl (150 mL). Extract
aq. layer with diethyl ether (4x100 mL). Dry the
combined organic phases over sodium sulfate. Removal
of solvent provides
3-Oxo-3-(l-trifluoromethylcyclopropyl)- propionitrile
(2.99 g, 97% yield). MS(ES-): m/z = 176.1 [M+H].
Prepare the following compound using a procedure
substantially analogous to that described above.Table
Preparation 30 5-d-Methyl-cyclopropyl')-2-(
'6-methyl-pyridin-3-yl)-2J:/-pyrazol-3-ylamine Heat a
mixture of
3-Oxo-3-(l-trifluoromethyl-cyclopropyl)-propionitrile
(2.66 g, 15.0 mmol), Nbenzhydrylidene-
N'-(6-methyl-pyridin-3-yl)-hydrazine (TL, 2002, 43,
2171-2173) (4.31 g, 15.0 mmol), and /?-tolylsulfonic
acid (14.29 g, 75.0 mmol) in ethanol (85 mL) at 90 C
in a sealed tube for 18 hours. After removal of the
solvent, subject residue to silica gel chromatography
eluting with 0-5% methanol in dichloromethane to give
a brown solid (2.29 g, 54 % yield). MS(ES+): m/z = 283
.2 [M+H]. Preparation 31
5-Pentafluoroethyl-2-p-tolyl-2i?-pyrazol-3-ylamine 



Heat a mixture of
4,4,5,5,5-pentafluoro-3-oxo-pentanenitrile (4.0 g,
21.4 mmol) and p-tolylhydrazine (10 g, 64.1 mmol) in
ethanol (20 mL) to 95 C in a sealed tube apparatus for
15 hours. After cooling to room temperature, remove
the solvent under reduced pressure to give a yellow
solid. Distribute the solid between dichloromethane
(250 mL), distilled water (150 mL) and a saturated aq.
sodium bicarbonate solution (50 mL). Isolate the
aqueous phase and extract with dichloromethane (100
mL). Dry the combined organic phases over sodium
sulfate and concentrate to give a dark gold oil.
Subject oil to silica gel chromatography eluting with
ethyl acetate and hexanes to give a light brown solid
(3.24 g, 52% yield). MS(ES+): m/z = 292.1
[M+H].Prepare the following compound using a procedure
substantially analogous to that described above. Table
Preparation 34 rS- -Methyl-cvclopropy -
-methyl-pyridin-S-v ^H-pyrazol-S-yll-carbamic acid .
^-trichloro-ethyl ester Add a solution of
2,2,2-trichloroethylchloroformate (1.80 g, 8.5 mmol)
in THF (10 niL) dropwise to an ice-salt cooled
solution of 5-(l-trifluoromethyl-cyclopropyl)-2-
p-tolyl-2i7-pyrazol-3-ylamine (2.29 g, 8.1 mmol) and
pyridine (0.9 mL, 11mmol) in THF (30 niL) at -15 C.
Stir at -15 C for 0.5 hours and then 22 C for 1 hour,
then distribute the reaction mixture between
dichloromethane (50 mL) and a saturated aq. sodium
bicarbonate solution (50 mL). Isolate the aqueous
phase and extract twice with dichloromethane (25 mL
each). Dry the combined organic phases over sodium
sulfate and concentrate. Subject residue to silica gel
chromatography eluting with hexanes and ethyl acetate
to give a white solid (2.46 g, 66% yield). MS(ES+):
m/z = 457.2 [M+H]. Prepare the following compounds
using a procedure substantially analogous to that
described above. Table Preparation 38 5-fert-butyl-2-
g-tolyl-2i7-pyrazol-3-ylVcarbamic acid.
2.2.2-trichloro-ethyl esterAdd a saturated solution
OfNa2CO3 (2.4 L) to a solution of
5-tert-butyl-2-/>-tolyl-2.ff-pyrazol-3- ylamine (400
g, 1.74 mol) in THF (8L) and cool the mixture to 0 C.
Then dropwise add 2, 2, 2- trichloroethyl
chloroformate (406.77 g, 1.92 mol) and stir the
mixture at 0 C for 2 hours. Extract the reaction
mixture with ethyl acetate (3 x 6.5L), dry over
anhydrous magnesium sulfate and concentrate. Dissolve
the solid in a minimal amount of ethyl acetate and add
an excess of hexanes to precipitate. Collect the solid
by filtration and dry to obtain the title compound as
an off white solid (586 g, 83% yield). 1H NMR (400
MHz, CDCl3) d 7.34 (d, 2H), 7.29 (d, 2H), 6.78 (bs,
IH), 6.41 (bs, IH), 4.81 (s, 2H), 2.41 (s, 3H), 1.34
(s, 9H). MS(ES+): m/=406.1 [M+H]. Preparation 39
r5-(l-methyl-cvclopropyl)-2-p-tolyl-2/j
-pyrazol-3-yll-carbamic acid 2,2,2-trichloroethyl
ester Combine lithium diisopropylamide (LDA, 2.0
M/heptanes; Aldrich; 2.2 eq, 88 mmol, 44 mL) with THF
(1.5 mL/mmol; 60 mL) and cool to -78 C. Combine methyl
1-methylcyclopropane carboxylate (TCI US; 4.56 g, 40
mmol) and CH3CN (4.20 mL, 80 mmol) in THF (10 mL) and
add slowly with stirring. Stir the mixture at -65 to
-78 C for 1 hour, then remove the bath and warm the
mixture to room temperature. Concentrate the reaction
mixture to a slurry under reduced pressure. Add
hexanes (150 mL) to form a precipitate from the
slurry. Collect the solid by vacuum filtration and
wash with hexanes (2 x 50 mL). Replace the catch flask
with a clean one, and dissolve the solid on the frit
in 50 mL 2.5 M HCl and collect in the flask. Rinse
with 20 mL 2.5 MHCl followed by 200 mL Et2O. Separate
the layers in the filtrate and extract the acidic
phase with Et2O (150 mL). Combine the Et2O organic
phases, dry with MgSO4, filter and concentrate under
reduced pressureto yield
3-(l-Methyl-cyclopropyl)-3-oxo-propionitrile as a
clear amber oil (3.58 g, 29.1 mmol, 73%). Use without
purification in reaction with tolylhydrazine
hydrochloride (5.23 g, 33.0 mmol) and ethanol (2
mL/mmol) at reflux for 20 hr. Cool the reaction
mixture to room temperature and concentrate under
reduced pressure. Dilute the residue with ethyl
acetate (250 mL) and wash with water(2 x 60 mL),
saturated aq. NaHCO3 (60 mL) and saturated aq. sodium
chloride (60 mL). Dry the organic phase with MgSO4,
filter and concentrate by rotary evaporation. Subject
residue to silica gel chromatography eluting with a
gradient of ethyl acetate and hexane to provide
5-(l-methyl-cyclo rropyl)-2-
/?-tolyl-2H-pyrazol-3-ylamine (4.2238 g, 18.5 mmol,
46%). LCMS (ES+): m/z =228.2 [M+H]. Treat a cooled (0
C) solution of the 5-(l-memyl-cyclopropyl)-2-/>tolyl-2
H-pyrazol-3-ylamine (5.68 g, 25 mmol) and pyridine
(2.2 mL, 27.5 mmol) in THF (3 mL/mmol) with
2,2,2-trichloroethyl chloroformate (3.7 mL, 27.5
mmol). Maintain the reaction temperature at 0 C, and
after 2 hours, add small portions of chloroformate
(0.3 mL) and pyridine (0.2 mL). One hour later, dilute
the reaction with water (150 mL) and extract with
EtOAc (3 x 100 mL). Wash the combined organic phases
with water (100 mL), saturated aq. NaHCO3 (50 mL), and
saturated aq. sodium chloride (50 mL). Recrystallize
the crude syrup from ethyl acetate/hexanes to provide
the title compound as a white solid (8.18 g, 20.3
mmol; 81%). LCMS (ES+): m/z = 402.2/404.2 [M+H].
Alternatively, add dropwise 2,2,2-trichloroethyl
chloroformate (3.0 mL, 23 mmol) to a solution of
5-(l-methyl-cyclopropyl)-2-/
i-tolyl-2/7-pyrazol-3-ylamine (4.75 g, 2 1 mmol) in
tetrahydrofuran (105 mL) and saturated aqueous sodium
carbonate (32 mL) at 0 C. Stir at this temperature for
2 hours. Pour the mixture into water and separate
phases. Extract the aqueous with ethyl acetate.
Work-Up A: Combine the organic layers and wash with
aqueous sodium chloride, dry over sodium sulfate,
filter, and concentrate under reduced pressure to give
a yellow solid. Dissolve the solid in the minimum
amount of ethyl acetate and add hexanes until cloudy
while stirring. Crystallize the title compound and
filter as a white solid. 1H NMR (DMSO): 9.89 (br s,
IH), 7.3 1 (d, J = 8Hz, 2H), 7.23 (d, J = 8Hz, 2H),
6.12 (s, IH), 4.82 (s, 2H), 2.31 (s, 3H), 1.37 (s,
3H), 0.89 (q, J =4Hz, 2H), 0.71 (q, J = 4Hz, 2H).
Work-Up B: Exhange the ethyl acetate solvent for
isopropyl alcohol (91.56 moles) . Stir the slurry at
<0 C for 2 hours, filter, wash with cold isopropyl
alcohol (13.08 moles), and dry at 40 C under reduced
pressure overnight to afford the title compound, as a
white crystalline solid. Prepare the following
compound using procedures substantially analogous to
those described above. Table Preparation 4 1
[S-d-Fluoromethyl-cvclopropyD^-p-tolyl^iy-pyrazol-S-yl
l-carbamic acid 2,2.2-trichloro-ethyl ester Prepare a
solution of LDA from diisopropylamine (1.7 mL, 2.2 eq,
12.1 mmol) andn-BuLi (1.6 M in hexanes, 7.5 mL, 2.2
eq, 12. 1 mmol), in THF 12 mL at -78 C for 30 min
under N2. Add a solution of
1-fluoromethyl-cyclopropanecarboxylic acid ethyl ester
(0.81 g, 5.5 mmol) in 7 mL of THF. Stir mixture and
allow to warm from -78 C to room temperature, and
continue stirring at room temperature for 5 hours.Add
10 mL of a saturated aqueous NH4Cl solution. Add AcOEt
and separate the organic layer, wash with saturated
aq. sodium chloride solution. Dry over Na2SO4 and
remove solvents to give a brown oil (0.42 g, 54%
yield). Dissolve oil in 10 mL of EtOH and add
p-tolylhydrozine (0.47 g, 1 eq, 3 mmol). Heat the
mixture in a sealed tube at 90 C overnight. Allow
mixture to cool down and remove solvent under reduced
pressure to obtain a residue. Subject residue to
silica gel chromatography eluting with hexane/AcOEt
15-80 % to give 0.336 g of
5-(l-fluoromethyl-cyclopropyl)-2-
p-tolyl-2H-pyrazol-3-ylamine as an oil. MS (ES+): m/z
=246.1 [M+H]. Slowly add ClCO2CH2CCl3 (1.00 equiv;
717.49 mmoles; 152.01 mg) to a solution of
5-(lfluoromemyl- cyclopropyl)-2-
p-tolyl-2H-pyrazol-3-ylamine (176 mg, 0.71 mmoles) and
pyridine in 4 mL of THF under nitrogen at 0 C. Stir
the mixture from 0 C to room temperature for 5 hours.
Filter the insoluble and remove solvent from filtrate
under reduced pressure give an oil. Subject oil to
chromatorgraphy (hex/AcOEt 20-80%) to give 110 mg of
title compound as a yellow oil. MS (ES+): m/z = 420.0
[M+H]. Preparation 42
(2-p-tolyl-5-trimethylsilanyl-2H-pyrazol-3-yl)-carbami
c.acid2,2,2-trichloro-ethyl ester Place
trimethylsilyl-diazomethane (2 M in THF) (25 mL, 50
mmol) in THF (50 mL). Cool the reaction to -78 C and
add lithium diisopropylamide (2 M in THF) (25 mL, 50
mmol) over 30 min. Add methyl propiolate (4.45 mL, 50
mmol) and stir at -78 C for 2 hours. Warm to room
temperature and stir for 18 hours. Add ethyl acetate,
water, and 1N HCl. Separate organic layer and extract
aqueous with ethyl acetate (2 x 25 mL). Combine
organic extracts, dry over Mg2SO4, filter, and
concentrate under reduced pressure. Subject residue to
silica gel chromatography eluting with 0-60%
EtOAc:hexane to yield 3.59 g (36%) of
5-trimethylsilanyl-2H-pyrazole-3-carboxylic acid
methyl ester. Place
5-trimethylsilanyl-2H-pyrazole-3-carboxylic acid
methyl ester (1.60 g, 8.07 mmol) and Amethylphenyl-
1-boronic acid ( 1.64 g, 12. 1 mmol) in CH2Cl2 (30
mL). Add 4 A molecular sieves (1.50 g) followed by
copper (II) acetate (1.61 g, 8.88 mmol). Then add
triethylamine (8 mL) and stir at room temperature for
2.5 days. Filter reaction through a pad of Celite(r)
and wash with CH2Cl2. Collect the filtrate and add
saturated aqueous ammonium chloride. Separate organic
layer and extract aqueous layer with CH2Cl2 (2 x 20
mL). Combine organic extracts, dry over Mg2SO4,
filter, and concentrate under reduced pressure.
Subject residue to silica gel chromatography eluting
with 0-30% EtOAc:hexane to yield 655 mg (29%) of
2-p-tolyl-5-trimethylsilanyl-2H-pyrazole-3-carboxylic
acid methyl ester. MS(ES+): m/z = 289.3 [M+H]).
Place2-
p-tolyl-5-trimemylsilanyl-2F-pyrazole-3-carboxylic
acid methyl ester (665 mg, 2.30 mmol) in methanol (25
mL). Add 1N NaOH (10 mL, 10 mmol) and heat to 50 C for
4 hours. Cool to room temperature and concentrate
under reduced pressure. Add saturated aq. sodium
bicarbonate solution and CH2Cl2. Separate organic
layer and extract aqueous layer with CH2Cl2 (2 x 25
mL). Combine organic extracts, dry over Mg2SO4,
filter, and concentrate under reduced pressure to
yield 620 mg (98%) of 2-ptolyl-
5-1ximethylsilanyl-2H-pyrazole-3-carboxylic acid.
MS(ES+): m/z =275.3 [M+H].Place
2-/7-tolyl-5-trimethylsilanyl-2i7-pyrazole-3-carboxyli
c acid (620 mg, 2.26 mmol) in tertbutanol (5 mL) and
toluene (5 mL). Add triethylamine (0.378 mL, 2.71
mmol), followed by diphenyl phosphoryl azide (0.586
mL, 2.71 mmol) and heat to 60 C for 1 hour. Then heat
to 100 C for 19 hours. Concentrate reaction under
reduced pressure. Subject residue to silica gel
chromatography eluting with 0- 30% EtOAc:hexane to
yield 504 mg (65%) of (2-/7-tolyl-5-trimethylsilanyl-2
-pyrazol-3-yl)-carbamic acid -butyl ester. MS(ES+):
m/z = 346.4 [M+H]. Place
(2-p-tolyl-5-trimethylsilanyl-2/7-ryrazol-3-yl)-carbam
ic acid ter/-butyl ester (504 mg, 1.46 mmol) in THF
(10 mL). Add 4 M HCl in dioxane (4 mL, 16 mmol) and
heat to 60 C for 3 hours. Cool the reaction to room
temperature and load onto a Varian(tm) SCX column.
Wash the column with MeOH and then flush off the
product with 2 M NH3 in MeOH. Collect filtrate and
concentrate under reduced pressure to yield 175 mg
(49%) of
2-p-tolyl-5-trimethylsilanyl-2i?-pyrazol-3-ylamine.
Place
2-p-tolyl-5-trimethylsilanyl-2F-pyrazol-3-ylamine (170
mg, 0.693 mmol) in ethyl acetate (10 mL). Add
potassium carbonate (191 mg, 1.38 mmol) and water (2
mL). Stir the reaction and add trichloroethyl
chloroformate (0.114mL, 0.831 mmol). Stir at room
temperature for 18 hours. Add water and ethyl acetate.
Separate organic layer and wash with saturated aq.
sodium chloride. Collect organic layer, dry over
Mg2SO4, filter, and concentrate under reduced
pressure. Subject residue to silica gel chromatography
eluting with 0-30% EtOAc:hexane to yield 280 mg (96%)
of the title compound. MS(ES+): m/z =420.2 [M+H].
Preparation 43
[5-(2-Fluoro-l-fluoromethyl-l-methyl-ethyl)-2-p-tolyl-
2iJ-pyrazol-3-yl1-carbamic acid2,2,2-trichloro-ethyl
ester Add H2SO4 (4.5 g) to a suspension of
3-hydroxy-2-hydroxymethyl-2-methyl-propionic acid (100



g) in MeOH ( 1 L, HPLC grade solvent) and stir at room
temperature through the week-end (ca. 70 h). Remove
the solvent and partition the residue between EtOAc (
1 L) and H2O (100 mL). Re-extract the aqueous layer
with EtOAc, and dry the combined organic layers over
MgSO4. Filter and concentrate under reduced pressure
to yield 3-hydroxy-2-hydroxymethyl-2-methyl-propionic
acid methyl ester. 1H NMR (CDCl3, 300 MHz): d ppm 3.9
(d, 2H, J=ILl Hz), 3.76 (s, 3H), 3.71 (d, 2H, J=ILl
Hz), 2.8 (bs, 2H), 1.1 (s, 3H). Add Tf2O (80 mL)
dropwise to a cold (-78 C) solution of
3-hydroxy-2-hydroxymethyl-2-methylpropionic acid
methyl ester (32.5 g) in CH2Cl2 (400 mL) and
2,6-lutidine (80 mL). The reaction is allowed to reach
room temperature and stir until only product spot
detected by TLC analysis (ca. 2 h). Dilute with CH2Cl2
(400 mL) and wash with HCl (3% aqueous solution). Dry
the organic layer over MgSO4, filter and concentrate.
Subject residue to silica gel chromatography eluting
with hexanes / ethyl acetate 5%, to give 2-
methyl-2,3-bis -trifluoromethanesulfonyloxy-propionic
acid methyl ester as a colorless oil. 1H NMR (CDCl3,
300 MHz): d ppm 4.7 (d, 2H, J=10.3 Hz), 4.5 (d, 2H,
J=10.3 Hz), 3.8 (s, 3H), 1.4 (s, 3H). Add TBAF 1M (132
mmol, 132 mL) over a solution of
2-methyl-2,3-bistrifluoromethanesulfonyloxy- propionic
acid methyl ester (65.9mmol, 26.3 g) in 500 mL of
anhydrous THFcooled down to 0 C. Stir overnight.
Concentrate under reduced pressure and add CH2Cl2.
Wash organic layer with saturated aq. sodium chloride.
Combine organic layers and dry over sodium sulfate,
filter, and concentrate under reduced pressure to give
3-fluoro-2-fluoromethyl-2-methyl-propionic acid methyl
ester 1HNMR (CDCl3, 300 MHz): d ppm: 4.7-4.4 (m, 4H),
3.5 (s, 3H), 0.98 (t, 3H, J=1.7Hz). Add LDA 2.0 M
(62.0 mmol, 31mL) followed by anhydrous acetonitrile
(56.4 mmol, 2.9 mL) over a solution of
3-fluoro-2-fluoromethyl-2-methyl-propionic acid methyl
ester (28.2 mmol, 4.3 g) in 100 mL of anhydrous THF
cooled down to -78 C. Stir for two hours at -78C and
allow the solution to warm to room temperature
overnight. Concentrate under reduced pressure and add
CH2Cl2. Wash organic layer with saturated aq. sodium
chloride and aq. 10% HCl. Combine organic layers and
dry over sodium sulfate, filter, and concentrate under
reduced pressure to give a residue.
Stirp-tolylhydrazine hydrochloride (15.5 mmol, 2.5 g)
and residue obtained (15.5 mmol, 2.5 g) in 31mL of
ethanol at 90 C overnight. Concentrate, and dissolve
the residue in water. Add 10% sodium hydroxide
solution, and extract in ethyl acetate. Combine
organic layers and dry over sodium sulfate, filter,
and concentrate under reduced pressure to give a 5-(2-
fluoro-l-fluoromethyl-l-methyl-ethyl)-2-
p-tolyl-2F-pyrazol-3ylamine. Subject residue to silica
gel chromatography eluting with hexanes / ethyl
acetate (from 15% to 50%). MS(ES+): m/z = 266 [M+H].
Add 2,2,2-trichloroethyl chloroformate (8.1 mmol, 1.1
mL) and aq. sodium carbonate solution (4.8 mL) over a
solution of
5-(2-fluoro-l-fluoromethyl-l-methyl-ethyl)-2-
p-tolyl-2i -ryrazol-3-ylamine (7.3 mmol, 1.9 g) in 37
mL of THF. Stir for 24 hours. Pour the solution over
water and extract in ethyl acetate. Combine organic
layers and wash with saturated aq. sodium chloride
solution. Dry over sodium sulfate, filter, and
concentrate under reduced pressure to give the title
compound. MS(ES+): m/z = 440 [M+H]. Prepare the
following compound using procedures substantially
analogous to those described above. Table Preparation
45 4-(5- 3-r5-( l -Methyl-cyclopropyl)-2-p-tolyl-2i -r
yrazol-3-vn-ureido -pyridin-2-yl)-piperazine-l -
carboxvlic acid fert-butvl esterHeat a solution of
4-(5-amino-pyridin-2-yl)-piperazine-l-arboxylic acid
tert-butyl ester (Preparation 4, 1.05 equiv, 0.5845
g),
[5-(l-methyl-cyclopropyl)-2-/7-tolyl-2//-pyrazol-3-yl]
-carbamic acid 2,2,2-trichloroethyl ester (Preparation
39, 1.0 equiv, 0.8054 g) and diisopropylethylamine (2
equiv, 0.7 mL) in DMSO (0.25 M, 8 mL) to 60 C for 6
hours. Cool the resulting mixture to ambient
temperature, and add water (20 mL). Extract with EtOAc
(2 x 25 mL), then wash the combined organic phases
with water (10 mL) and saturated aq. sodium chloride
solution (10 mL). Dry over MgSO4, then subject residue
to silica gel chromatography eluting with a gradient 2
M ammonia-methanol in dichloromethane. LCMS(ES+): m/z
= 532.3 [M+H]. Prepare the following compounds using a
procedure substantially analogous to that described
above. Table Preparation 49
4-{5-r3-(5-fe?t-BuM-2-p4olyl-2//-pyrazol-3-yl)-ureidol
-6-methyl-pyridin-2-yl>-piperazine-l-carboxylic acid
fert-butyl ester Heat a solution of
4-(5-amino-6-methyl-pyridin-2-yl)-piperazine-l-carboxy
lic acid tert-butyl ester (Preparation 3. 41.20 g,
140.9 mmol), (5-tert-butyl-2-
j9-tolyl-2H-pyrazol-3-yi)-carbamic acid, 2,2,2-
trichloro-ethyl ester (Preparation 38, 57.03 g, 140.9
mmol), and DIEA (36.8 mL, 2 11.4 mmol) in DMSO (500
mL) at 60-65 C for 2.5 hours. Add additional DMSO (100
mL) during the last 30 min to the thick slurry. Cool
the slurry to room temperature and allow to stand
overnight. Add diethyl ether (600 mL) and stir the
slurry for 1 hour at room temperature. Filter and wash
with diethyl ether (5 x 300 mL) then air-dry to afford
a white solid (68.70 g, 89% yield uncorrected for DMSO
- contains ca. 85 mol% of DMSO. LCMS(ES+): m/z = 548
[M+H]. Preparation 50
l-r5-(l-Methyl-cvclopropylV2-p-tolyl-2
H-pyrazol-3-yll-3-(2-methyl-6-piperazin-l-yl-pyridin-3
-yl)-ureaBubble gaseous hydrochloric acid through a
solution of 4-(6-methyl-5-{3-[5-(l-methylcyclopropyl)-
2-/"-tolyl-2//-pyrazol-3-yl]-ureido}-pyridin-2-yl)-pip
erazine-l-carboxylic acid tert-butyl ester (assume
2.74 mmol) in 1:1 ethyl acetate:dichloromethane (200
mL) for 3 minto ensure saturation. Allow the mixture
to stand for 30 min then concentrate under reduced
pressure to a white solid. Dissolve the solid in MeOH
and load onto a 20 g Varian SCX column, rinsing with
additional MeOH. Elute the free base with 1:1 2 M
ammonia in MeOH:dichloromethane. Concentrate the
solution under reduced pressure to give a white solid
(1.21 g, 99% over 2 steps). LCMS(ES+): m/z = 446
[M+H]. Prepare the following compound using procedures
substantially analogous to those described above.
TablePreparation 52
l-r5-fe^-butyl-2-p-tolyl-2jj-pyrazol-3-ylV3-(6-pi
rerazm-l-yl-pyridin-3-yl *)-urea Place
4-(5-amino-pyridin-2-yl)-piperazine-l-carboxylic acid
tert-butyl ester (200 mg, 0.718 mmol),
diisopropylethylamine (0.125 mL, 0.718 mmol), and
(5-?ert-butyl-2-j -tolyl-2i/-pyrazol-3-yl)-carbamic
acid, 2,2,2-trichloro-ethyl ester (Preparation 38. 291
mg, 0.718 mmol) in DMSO (5 mL) and heat to 75 C for 17
hours. Cool to room temperature and add EtOAc and
water. Separate organic layer and wash with saturated
aq. sodium chloride (2 x 20 mL). Collect organic
layer, dry over Mg2SO4, filter, and concentrate under
reduced pressure. Subject residue to silica gel
chromatography eluting with 0-70% EtOAc:hexane to
yield 328 mg (85%) of
4-{5-[3-(5-tert-butyl-2-p-tolyl-2//-pyrazol-3-yl)-urei
do]-pyridin-2-yl}-piperazine-lcarboxylic acid
tert-butyl ester. MS(ES+): m/=534.4 [M+H]). Place
4-{5-[3-(5-tert-butyl-2-p-tolyl-2//-
ryrazol-3-yl)-ureido]-pyridin-2-yl}-piperazine-lcarbox
ylic acid tert-butyl ester (565 mg, 1.06 mmol) in THF
(10 mL). Add 4 M HCl in dioxane (2.65 mL, 10.6 mmol)
and heat to 60 C for 3 hours. Cool the reaction to
room temperature and load onto a Varian(tm) SCX
column. Wash the column with MeOH and then flush off
the product with 2 M NH3 in MeOH. Collect filtrate and
concentrate under reduced pressure to yield 411 mg
(89%) of the title compound. MS(ES+): m/z =434.2
[M+H]) Prepare the following compounds using
procedures substantially analogous to those described
above. Table Preparation 56
l-(5-te/-^-Butyl-2-p-tolyl-2iJ-pyrazol-3-yl)-3-(2-meth
yl-6-piperazin-l-yl-Pyridin-3-yl)-urea Treat a 22 C
solution of
4-{5-[3-(5-to-?-butyl-2-p-tolyl-2//-pyrazol-3-yl)-urei
do]-6-methylpyridin- 2-yl}-piperazine-l -carboxylic
acid tert-butyl ester (Preparation 49: 63.20 g, 115.4
mmol) in MeOH (600 mL) with HCl (4 N solution in
dioxane, 300 mL, 1200 mmol). Stir the mixture for 4
hours then concentrate under reduced pressure (room
temperature, ca. 10 torr, 3 days) to afford
\-(5-tert-bx
y\-2-ptolyl-2i7-pyrazol-3-yl)-3-(2-methyl-6-piperazin-
l-yl- ryridin-3-yl)-urea dihydrochloride as an off-
white powder (62.2 g - contains ca. 45 mol% of
dioxane. LCMS(ES+): m/z = 448 [M+H]. Load a solution
of
l-(5-tert-butyl-2-/>-tolyl-2^-pyrazol-3-yl)-3-(2-methy
l-6-piperazin-l-yl-pyridin- 3-yl)-urea dihydrochloride
(10 g, 19.2 mmol) in MeOH onto a 70 g Varian SCX
column, rinsing with MeOH (ca. 300 mL). Elute the free
base with 1:1 2 M ammonia in MeOH:dichloromethane (150
mL). Concentrate under reduced pressure to give a
white solid (6.24 g). LCMS(ES+): m/z = 448 [M+H].
Prepare the following compounds using procedures
substantially analogous to those described above.
Table Preparation 59 l-(5-fe/t-Butyl-2-p-tolyl-2
H-pyrazol-3-yl)-3-[2-methyl-6-(piperidin-4-
yloxyVpyridin-3-vn-urea Bubble nitrogen gas through a
solution of
l-5-tert-butyl-2-/7-tolyl-2H-pyrazol-3-yl)-carbamic
acid, 2,2,2-trichloro-ethyl ester ( Preparation 38.
608 mg, 1.5 mmol) and
4-(5-amino-6-methyl-pyridin-2-yloxy)-piperidine-l-carb
oxylic acid tert-butyl ester (453 mg, 1.5 mmol) in
DMSO (3 mL) for 5 min. Next add
7V,N-diisopropylethylamine (500 DL, 3.0 mmol). Stir at
60 C overnight, then distribute the reaction mixture
between ethyl acetate (25 mL) and saturated aq. sodium
bicarbonate solution (50 mL). Isolate the aqueous
phase and extract twice with ethyl acetate (25 mL
each). Dry the combined organic phases over sodium
sulfate and concentrate. Subject residue to silica gel
chromatography eluting with hexanes and ethyl acetate
to give 4-{5-[3-(5-tert-butyl-2- ptolyl-
2i/-pyrazol-3-yl)-ureido]-6-methyl-pyridin-2-yloxy}-pi
peridine-l-carboxylic acid te?t-butyl ester as a brown
solid (746 mg, 88% yield). MS(ES+): m/z = 563.3 [M+H].
Add trifluoroacetic acid (10 mL) to a cold solution of
4-{5-[3-(5-tert-butyl-2- p-tolyl-2/7-pyrazol-3-
yl)-ureido]-6-methyl
-pyridin-2-yloxy}-piperidine-l-carboxylic acid
tert-bxxtyl ester (746 mg, 1.33 mmol) in
dichloromethane (20 mL). Stir the reaction mixture at
22 C for 25 min. After removal of solvent, treat the
residue with 1N sodium hydroxide (20 mL) and extract
three times with dichloromethane (20 mL each).Dry the
combined organic phases over sodium sulfate. Removal
of solvent provides a white solid (605 mg, 98% yield).
MS(ES+): m/z = 463.2 [M+H]. Prepare the following
compounds using procedures substantially analogous to
those described above. TablePreparation 68
l-f5-(2-Fluoro-l-fluoromethyl-l-methyl-ethylV2-/>4olyl
-2Jy-pwazol-3-yl1-3-(2-methyl-6-riperazin-l-ylpyridin-
3-ylVurea hydrochloride Add
[5-(2-fluoro-l-fluoromethyl-l-methyl-ethyl)-2
p-tolyl-2i7-pyrazol-3-yl]-carbamic acid 2,2,2-
trichloro-ethyl ester (2.7 mmol, 1.2 g) and DIEA (2.9
mmol, 0.5 mL) over a solution of 4-(5-amino-6-
methyl-pyridin-2-yl)-piperazine-l-carboxylic acid
tert-butyl ester (2.9 mmol, 0.9 g) in 4 mL of DMSO and
stir at 85 C overnight. Cool down, add water and
extract with CH2Cl2. Combine the organic layers and
wash with saturated aq. sodium chloride solution. Dry
over sodium sulfate, filter, and concentrate under
reduced pressure to give
4-(5-{3-[5-(2-fluoro-l-fluoromethyl-l-methyl-ethyl)-2-
p-tolyl-2//-pyrazol-3-yl]-
ureido}-6-methyl-pyridin-2-yl)-piperazine-l-carboxylic
acid tert-butyl ester. Subject residue to silica gel
chromatography eluting with hexanes / ethyl acetate in
gradient (from 10 to 50%). MS(ES+): m/= 584 [M+H]). 



Stu-4<5-{3-[5-(2-fluoro-l-fluorome%l-l-methyl-ethyl)-2
- p-tolyl-2i7-pyrazol-3-yl]-ureido}-6-
methyl-pyridin-2-yl)-piperazine-l-carboxylic acid
tert-butyl ester (1.5 mmol, 0.9 g) dissolve in 5 mL of
CH2Cl2 and hydrogen chloride 4.0 M in dioxane (7.35
mmol, 1.8 mL) at room temperature overnight.
Concentrate, then triturate the white solid formed
with diethyl ether. MS(ES+): m/z = 484 [M+H]) Prepare
the following compound using procedures substantially
analogous to those described above.Table Preparation
70 l-(5-ter/-Butyl-2-p-tolyl-2i :/-pyrazol-3-yl
')-3-r6-('piperidin-4-ylamino)-pyridin-3-yll-xirea Add
(5-fer/-butyl-2- p-tolyl-2//-pyrazol-3-yi)-carbamic
acid, 2,2,2-trichloro-ethyl ester ( Preparation 38.
2.0 mmol, 0.8 g) over a solution of
4-(5-amino-pyridin-2-ylamino)-piperidine-lcarboxylic
acid tert-butyl ester (2.0 mmol, 0.6 g) and potassium
carbonate (2.20 mmol, 0.3 g) in acetonitrile (25 mL).
Stir the solution for 12 hours at room temperature.
Add water and extract with CH2Cl2. Combine the organic
layers and wash with saturated aq. sodium chloride,
dry over sodium sulfate, filter, and concentrate under
reduced pressure to give a residue. Subject residue to
silica gel chromatography eluting with CH2Cl2: MeOH in
gradient (from 0.5 to 20%) to yield
4-{5-[3-(5-tert-butyl-2- p-tolyl-2i/-pyrazol-3-yl)-
ureido]-pyridin-2-ylamino}-piperidine-l-carboxylic
acid tert-butyl ester. MS(ES+): m/z = 548 [M+H]) Treat
a 22 C solution of 4-{5-[3-(5-tert-butyl-2
p-tolyl-2//-pyrazol-3-yl)-ureido]-pyridin-2-
ylamino}-piperidine-l-carboxylic acid tert-butyl ester
(1.1 mmol, 0.6 g) in Et2O (5 mL) with HCl (2.0 M
solution in diethyl ether, 5 mL, 10 mmol). Stir the
solution overnight at room temperature. Concentrate
under reduced pressure to give a residue, then subject
residue to SCX cartridge eluting with ammonia 2.0 N in
methanol. Obtain the title compound as the free base.
MS(ES): m/z = 488 [M+H]. Preparation 7 1
l-(5-fert-Butyl-2-p-tolyl-2H-pyrazol-3-yl)-3-r2-(piper
idin-4-yloxy)-pyridin-4-vn-urea Heat a solution of
4-(4-amino-pyridin-2-yloxy)-piperidine-l-carboxylic
acid tert-butyl ester (Preparation 20. 1 g, 3.41
mmol), (5-tert-butyl-2- p-tolyl-2i
-pyrazol-3-yl)-carbamic acid 2,2,2-trichloroethyl
ester (Preparation 38. 1.38 g, 3.41 mmol), and
diisopropylethylamine (1.2 mL, 6.82 mmol) in DMSO (15
mL) at 60 C for 5 d. Cool the resulting mixture to
room temperature and partition between water and ethyl
acetate using saturated aq. sodium chloride solution
to aid phase separation. Extract the aqueous layer
with ethyl acetate, wash the combined organic layers
twice with water, dry over sodium sulfate
andconcentrate under reduced pressure. Subject residue
to silica gel chromatography eluting with a gradient
of ethyl acetate in dichloromethane to give 877 mg (43
% yield) of
4-{4-[3-(5-?ert-butyl-2-p-tolyl-2//-pyrazol-
3-yl)-ureido]-pyridin-2-yloxy}-piperidine-l-carboxylic
acid tert-butyl ester. LCMS ES+ (m/z) 549 [M+H]. Treat
a solution of
4-{4-[3-(5-te7-?-butyl-2-p-tolyl-2i7-pyrazol-3-yl)-ure
ido]-pyridin-2-yloxy}- piperidine-1-carboxylic acid
tert-butyl ester (877 mg, 1.6 mmol) in 1:1 EtOAc:DCM
(100 mL) with a bubbling stream of HCl (g) for 3 min.
Allow the resulting mixture to stand for 30 min, then
concentrate under reduced pressure. Dissolve the
residue in MeOH and load onto a 20 g Varian SCX
column, rinsing well with MeOH. Elute the free base
with 1:1 DCM:2 M ammonia in MeOH. Concentrate the
solution under reduced pressure to give the title
compound in quantitative yield. LCMS ES+ (m/z) 449
[M+H]. Prepare the following compound using a
procedure substantially analogous to that described
above. Table EXAMPLE 1 l-{6-r4-( 2.2-Dimethyl-pentanov
-r iperazin- l -yll-pyridin-3-yl>-3-r5-(l
-methyl-cvclopropyl')-2-p-tolyl-2Hpyrazol- 3-vH-urea
Treat a solution or slurry of the
l-[5-(l-methyl-cyclopropyl)-2-/"-tolyl-2i
-pyrazol-3-yl]-3-(6- piperazin-l-vl-pvridin-3-vlVurea
("Preparation S. 1 equiv., 0.151O g), 2,2-dimethyl
pentanoic acid (1.15 equiv., 0.0521 g) and catalytic
DMAP (ca. 0.1 equiv., 0.049 g) in dichloromethane (ca.
0.1 M, 5 mL) with
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (EDCl. 15 equiv., 0.0767 g). Agitate the
resulting mixture at ambient temperature for 48 hours
then wash with saturated aq. sodium bicarbonate
solution. Dry the organic layer over sodium sulfate
and concentrate under reduced pressure. Purification
A: Purify on silica gel using a gradient 2 M
ammonia-methanol in dichloromethane, a gradient of
ethyl acetate in dichloromethane or hexanes.
Purification B: Purify by reverse phase on an Xterra
30 x 75 mm 5 micron MS Cl 8 column using a gradient of
aqueous 10 mM ammonium bicarbonate in acetonitrile
affords the title compound. LCMS (ES+): m/z = 544.
[M+H].Prepare the following compounds using procedures
substantially analogous to those described above.
Table EXAMPLE 4 l-r5-te^Buiyl-2-p4olyl-2
H-pwazol-3-ylV346-[4-r2.2-dimethyl-propionyl)-piperazi
n-l-yll-2-methylpyridin- 3-vU-urea methanesulfonate
Treat a mixture of l -(5- -butyl-2- -tolyl-2
-pyrazol-3-yl)-3-(2-methyl-6-piperazin-l -yl-pyridin-
3-yl)-urea (Preparation 56. 157 mg, 0.35 mmol),
trimethylacetic acid (54 mg, 0.53 mmol) and catalytic
DMAP (4 mg) in dichloromethane (3.5 ml) with
N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (EDCI; 101 mg, 0.53 mmol). Stir the
resulting mixture at room temperature overnight then
wash with saturated aq. sodium bicarbonate solution.
Dry the organic layer over sodium sulfate and
concentrate under reduced pressure. Subject residue to
silica gel chromatography eluting with a gradient 2 M
ammonia-methanol in dichloromethane to afford the
title compound as the free base. LCMS(ES+): m/z = 532
[M+H]. Treat a solution or slurry of the free amine in
dichloromethane (5 mL) with 2 M methane sulfonic acid
in dichloromethane ( 1 equiv.; 0.155 mL). Stir the
resulting mixture, concentrate under a stream of
nitrogen and dry under reduced pressure to afford the
salt. Prepare the following compounds using procedures
substantially analogous to those described
above.TableBIOCIDAL PRINT SYSTEM COMPONENTS BACKGROUND
[0001] Biocides are routinely added to ink and other
marking fluid formulations in order to mitigate growth
of bacteria, fungi, mold and other such microbial
organisms. However, regulatory or compatibility issues
may limit the amount of biocide added to the marking
fluid formulation. This may limit the useful shelf
life of the marking fluid. BRIEF DESCRIPTION OF THE
DRAWINGS [0002] Figure 1 is depiction of a carrier for
a slow-release biocide for use with the various
embodiments of the disclosure. [0003] Figure 2 is a
cut-away perspective view of a marking fluid reservoir
in accordance with one embodiment of the disclosure.
[0004] Figure 3 is a block diagram of an imaging
device in accordance with a further embodiment of the
disclosure. DETAILED DESCRIPTION [0005] In the
following detailed description of the present
embodiments, reference is made to the accompanying
drawings that form a part hereof, and in which is
shown by way of illustration specific embodiments of
the disclosure which may be practiced. These
embodiments are described in sufficient detail to
enable those skilled in the art to practice the
subject matter of the disclosure, and it is to be
understood that other embodiments may be utilized and
that process, chemical, electrical or mechanical
changes may be made without departing from the scope
of the present disclosure. The following
detaileddescription is, therefore, not to be taken in
a limiting sense, and the scope of the present
disclosure is defined by the appended claims and
equivalents thereof. [0006] The various embodiments
involve incorporation of a biocide, such as a metal
ion biocide, into one or more components of the
printing system where ink contact may be found. For
one embodiment, the metal ion biocide is a silver
ion-containing compound including silver ions bonded
to a zeolite carrier. As one example, the AgION(tm)
antimicrobial compound available from AgION
Technologies, Inc., Wakefield, Massachusetts, USA, is
a compound of silver ions bonded to a ceramic support
structure. The structure allows the ions to be
released at a slow and steady rate. Ambient moisture
in the air can cause low-level release sufficient to
provide biocidal effects. The ion exchange is
increased in high humidity environments, where
bacterial growth is often more prevalent. However, the
interstices of the carrier limit the release of the
silver ions such that long-term efficacy, perhaps
years, can be achieved. [0007] Figure 1 is a depiction
of a carrier for a slow-release biocide for use with
the various embodiments of the disclosure. The carrier
105 is depicted as a zeolite structure having silver
(Ag) ions 110. As ions 115, such as sodium (Na) ions,
potassium (K) ions and/or lithium (Li) ions, present
in ambient moisture or a marking fluid approach and
contact the carrier 105, a non-reactive ion exchange
occurs, releasing one or more of the silver ions 105.
The silver ions 105 are an active biocide. Marking
fluids generally contain some marking material, such
as one or more dyes or pigments, for marking the
medium, and some aqueous or solvent-based carrier
vehicle to facilitate controlled ej ection of the
marking material. [0008] An ink formulation was
prepared for testing efficacy of the silver-ion
biocide. The ink formulation is an amphoteric system
which is positively charged at a pH of about 4-5. As
tested, the ink formulation had a pH of approximately
4, making it cationic. The ink formulation contained,
approximately, 3.5wt% carbon black dispersion, 8wt%
1,1,1- tris(hydroxymethyl) propane, 4wt% glycerol
ethoxylate, and 0.4wt% propylene glycol butyl ether in
an aqueous carrier. The biocide was used in the form
of pellets containing approximately 20wt% of the
AgION(tm) antimicrobial compound in high-impact
polystyrene (HIPS). Differing levels of the biocidal
pellets were added to the ink formulations before
inoculating the ink formulation with a microbe
cocktail containing Bacillus subtilis, Pseudomonas
cepacia, Candidas albicans and Aspergillus niger,
andallowed to incubate for up to two weeks. Aliquots
were removed from the test solutions at intervals and
plated out on to an Agar dish, which was then placed
in an oven to help further organism growth. The
colonies on the Agar dish were then counted and
compared against a control without a biocidal
component added. Table 1 represents data obtained from
such a testing procedure. Table 1 [0009] As can be
seen from Table 1, significant and rapid reductions in
plate counts can be achieved with 16g of the HIPS
pellets with 20wt% AgION(tm) compound per lOOg of the
tested ink formulation. Although the example of Table
1 corresponds to an acidic marking fluid, i.e., pH <
7, marking fluids with pH >= 7 may also be used.
[0010] Print system components are commonly
constructed of resins, plastics, elastomers and the
like. Some examples include bonded nylon fiber; bonded
polyester fiber; Delrin(r) synthetic resin;
terpolymers of ethylene, propylene, and a
non-conjugated diene; PET (polyethylene
terephthalate); polyimides; polyurethanes;
polypropylenes; polyethylenes; polysulfones;
polyesters; Santoprene ! thermoplastic elastomer;
isoprene; Teflon(r) fluorine-containing resins; and
the like. Slow-release biocides of the type described
may be incorporated within such resins, plastics and
elastomers at levels 



sufficient to provide efficacy against microbial
growth without materially degrading their structural
integrity. Alternatively, such slow-release biocides
may be coated onto these materials as well as other
materials of construction, such as metals, e.g.,
stainless steel, ceramics, e.g., aluminum oxide, and
the like. By incorporating inorganic biocides into
thematerials used to form print system components that
are likely to contact marking fluid during storage and
delivery, or adhering the biocides to such surfaces of
the print system components, the inclusion of biocides
within the marking fluid formulation may be reduced or
eliminated, thus facilitating the development of a
wider variety of marking fluid formulations. [0011]
One common form of print system component is a
replaceable pen for inkjet printers. These pens
commonly provide both storage and delivery of the ink
to a substrate. Returning to the testing detailed in
Table 1, as the surface area of 16g of the tested HIPS
pellets corresponds roughly to an internal surface
area of an inkjet pen of dimension 2.5cm x 2.5cm x
4.5cm, it can be seen that a pen body formed of
plastics containing the AgION(tm) compound can be
efficacious at controlling microbial growth in the
contained ink. Empirically, for one embodiment, an
amount of silver ion in resin for formation of a print
system component might be expressed as: C(Ag) >= 0.01
* [Mink / Mresin] where C(Ag) is the wt% of silver in
resin used to form the print system component; Mink
mass of the ink in contact with the print system
component; and Mresin = mass of the resin used to make
the print system component. Note, however, that such
an empirical equation is to be used as guidance only.
Efficacy may need to be tested in conditions
simulating actual use. [0012] Figure 2 is a cut-away
perspective view of one such pen, or marking fluid
reservoir, 220 in accordance with one embodiment of
the disclosure. The marking fluid reservoir 220
includes a body 222. A fluid ejection device or
printhead 224 is integral to the body 222. The
printhead 224 includes marking fluid ejectors 226 for
dispensing marking fluid onto a print media or other
substrate. The marking fluid ejectors 226 are
controlled by various electrical signals received at
one or more contacts 228. [0013] The volume within the
body 222 is adapted to contain marking fluid 230,
e.g., ink. The cut-away portion of the body 222
represented by dashed lines may represent the
cross-section of a one-color marking fluid reservoir
or an individual chamber of a multi color marking
fluid reservoir, with each chamber haying a different
marking fluid formulation. Thus, the various
embodiments include one-color and multi-color
markingfluid reservoirs 220. The body 222 includes a
biocide adhered to, or incorporated within, an inner
surface 232 configured to be in contact with the
marking fluid 230. For one embodiment, the biocide is
a metal ion-containing material. For a further
embodiment, the biocide is a ceramic zeolite structure
having silver ions bonded thereto. For an alternate
embodiment, a metal ion-containing support structure
is added directly to the marking fluid 230. [0014] In
addition to a wall of the body 222 itself, the inner
surface 232 may also include structures enclosed
within the body 222. For example, back-pressure within
a marking fluid reservoir 220 may be controlled using
reticulated foam or other filler material of
controlled capillary force, or bladders or spring bags
may also be used to control flow. [0015] While such
integrated pens for storage and delivery of marking
fluid are common in the consumer market, storage and
delivery need not be combined. Figure 5 illustrates an
imaging device 300, such as a printer, according to
another embodiment of the disclosure. Imaging device
300 has a fluid handling system that includes a
fluidejection device 324, such as an inkjet print
head, in flow communication with a stationary marking
fluid reservoir 340, e.g., an ink reservoir, by one or
more conduits 342. Fluidejection device 324 is movably
attached to a rail or other support 344.
Fluid-ejection device 324 can eject marking fluid
droplets 346, such as ink droplets, onto a substrate
348, e.g., paper, as fluid-ejection device 324 moves
across substrate 348. [0016] For one embodiment, fluid
reservoir 340 is fixedly attached to printer 300. For
another embodiment, each of conduits 342 conveys a
different fluid, e.g., a different colored ink, from
fluid reservoir 340 to fluid-ejection device 324. For
another embodiment, a portion of conduits 342 are
fluid delivery lines that respectively convey
different fluids to fluid-ejection device 324 and
another portion of conduits 342 are fluid return lines
for conveying fluids that are not ejected by
fluid-ejection device 324 back to fluid reservoir 340.
[0017] For various embodiments, one or more of the
fluid-ejection device 324, conduits 342 and fluid
reservoir 342 include a biocide adhered to, or
incorporated within, an inner surface configured to be
in contact with the marking fluid.[0018] Oftentimes,
components for transporting marking fluid in systems
such as printer 300 are normally empty and contain
marking fluid only intermittently during transport
from the reservoir 340 to the fluid-ejection device
324. For example, fluidejection device 324 may contain
an integral reservoir (not shown) and the conduits 342
may only be in contact with marking fluid when
re-filling the integral reservoir of the
fluid-ejection device 324 and may be flushed or
otherwise emptied of marking fluid upon completion of
the re-filling operation. It is noted that the
conduits 342 may represent components in addition to
mere tubing, such as fittings, filters, check valves
and the like. Any or all components of such conduits
342 may include a biocide adhered to, or incorporated
within, an inner surface configured to be in
intermittent contact with the marking fluid. Including
a biocide in such components subject to only
intermittent contact with marking fluid may lead to
extended efficacy of the biocidal system.CLAIMS What
is claimed is: 1. A print system component,
comprising: . a body (222) for enclosing or
transporting a marking fluid (230), the body (222)
having an inner surface (232) for contact with the
marking fluid (230); wherein the inner surface (232)
contains a biocide incorporated within or adhered
thereto. 2. The print system component of claim 1,
wherein the body (222) is selected from the group
consisting of a marking fluid reservoir (220) having
an integrated fluid ejection device (224), a marking
fluid reservoir (220) without an integrated fluid
ejection device (224), a fluid ejection device (324)
and a conduit (342) of the print system. 3. The print
system component of claim 1 or 2, wherein the biocide
is a metal ioncontaining compound. 4. The print system
component of claim 3, wherein the metal ion-containing
compound comprises a zeolite structure (105)
containing silver ions (110) bonded thereto. 5. The
print system component of claim 4, wherein the body
(222) is formed of a material having an amount of the
zeolite structure (105) efficacious to provide
biocidal activity to the inner surface (232) of the
body (222). 6. The print system component of claim 5,
wherein the material is selected from a group
consisting of resins, plastics, elastomers, metals and
ceramics.7. A method of controlling microbial growth
in marking fluids (230), comprising: contacting the
marking fluid (230) with a surface of a print system
component; wherein the surface of the print system
component comprises a material having a metal ion
biocide incorporated within or adhered thereto. 8. The
method of claim 7, wherein contacting the marking
fluid (230) with a surface of a print system component
further comprises contacting the surface of the print
system component with marking fluid (230) only
intermittently. 9. The method of claim 7 or 8, wherein
the print system component is selected from the group
consisting of a marking fluid reservoir (220) having
an integrated fluid ejection device (224), a marking
fluid reservoir (220) without an integrated fluid
ejection device (224), a fluid ejection device (324)
and a conduit (342) of the print system. 10. The
method of any of claims 7, 8 or 9, wherein the metal
ion biocide is a silver ion-containing compound. 11.
The method of claim 10, wherein the silver
ion-containing compound comprises a zeolite structure
(105) containing silver ions (110) bonded thereto. 12.
An imaging device (300), comprising: a fluid ejection
device (324) having an inner surface (232) for contact
with a marking fluid (230); a marking fluid reservoir
(220) and having an inner surface (232) for contact
with the marking fluid (230); and one or more conduits
(342) for transporting marking fluid (230) from the
marking fluid reservoir (220) to the fluid ejection
device (324) and having at least one inner surface
(232) for contact with the marking fluid (230);
wherein at least one of the inner surface (232) of the
fluid ejection device (324), the inner surface (232)
of the marking fluid reservoir (220) and the at least
one inner surface (232) of the one or more conduits
(342) comprises a metal ion biocide incorporated
within or adhered thereto.13. The imaging device (300)
of claim 12, wherein the inner surface (232) of a
first conduit (342) is adapted to be normally empty
during operation of the imaging device (300). 14. The
imaging device (300) of claim 13, wherein the inner
surface (232) of the first conduit (342) comprises the
metal ion biocide incorporated within or adhered
thereto. 15. The imaging device (300) of any of claims
12-14, wherein the metal ion biocide comprises a
zeolite structure containing silver ions bonded
thereto. 


