
PIRAZOLE-ISOQUINOLINE UREA DERIVATIVES AS P38 KINASE
INHIBITORS 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 (EL-I b).
These cytokines are implicated in the pathology of a
number of chronic inflammatory disorders (Lee, et al.,
Ann. N.Y. Acad. ScL. 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 and WO
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: X is selected from the group consisting of (i)
() R1 is C1-C4 alkyl, C3-C4 cycloalkyl optionally
substituted with one or two substiruents selected from
the group Of C -C4 alkoxy, methyl, and
trifluoromethyl; or Q-C 4 alkylhalo; R2 is phenyl
optionally substituted with Ci-C4 alkyl, or pyridinyl
optionally substituted with C1-C4 alkyl; R3 is amino,
C1-C4 alkyl, C1-C4 alkoxy, C1-C4 alkylhalo, C3-C4
cycloalkyl optionally substituted with a substituent
selected from methyl, trifluoromethyl, or halo; phenyl
or thienyl each optionally substituted with a first
substituent selected from the group consisting of:
halo, C1-C4 alkyl, and C1-C4 alkoxy, and optionally
further substituted with a second substituent selected
from halo; or a pharmaceutically acceptable salt
thereof. The present invention also provides a method
of inhibiting r38 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 (TNFa) 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 (ILl
b) 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-l b (IL-
1b). 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-l b (IL-l b) in mammals. Furthermore,
this invention provides a pharmaceutical composition
adapted for the suppression of the production of
interleukin-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 i 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-Apharmaceutically 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-I 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-l 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. 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
ofFormula 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-I 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 



99/321 11, 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 r38 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 TNFoc 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, eLal., Proc.
Natl. Acad. Sci. USA. 95, 7422-7426, (1998)). As used
herein the term "C1-C4 alkyl" refers to a straight or
branched, monovalent, saturated aliphatic chain of one
to four carbon atoms and includes, but is not limited
to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
and tert-butyl. As used herein the term "Ci-C 4
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. The term "C1-C4 alkoxy"
includes within its definition the term "C1-C3
alkoxy". As used herein the term "halo" refers to a
chlorine, bromine, iodine or fluorine atom, unless
otherwise specified herein. As used herein the term
"C1-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,
butylhalo, fert-butylhalo and the like. The term
"C1-C4 alkylhalo" includes within its definition the
term "C1-C3 alkylhalo". As used herein the term "C3-C4
cycloalkyl" means a non-aromatic ring comprising
carbon and hydrogen atoms and includes cyclopropyl and
cyclobutyl. As used herein the term " 1-methyl-
1-cyclopropyl" refers to the following residue:
Certain classes of compounds of Formula I are
preferred p38 kinase inhibitors. The following
paragraphs describe such preferred classes: a) X isb)
R1 is C3-C4 cycloalkyl optionally substituted with a
substituent selected from methyl, trifluoromethyl, or
halo; c) R1 is 1-methyl- 1-cyclopropyl; d) R1 is
2-fluoro-l,l-dimethyl-ethyl; e) R1 is
2-fluoro-l-fluoromethyl-l -methyl-ethyl; f) R2 is
phenyl optionally substituted with methyl or pyridinyl
optionally substituted with methyl; g) R2 is 4-tolyl;
h) R3 is C3-C4 cycloalkyl optionally substituted with
Q-C 4 alkyl; or thienyl optionally substituted with
methyl; or phenyl optionally substituted with a first
substituent selected from the group consisting of:
halo, C1-C4 alkyl, or C1-C4 alkoxy, optionally further
substituted a halo substituent; i) The compound of
Formula I is a free base; j ) The compound of Formula
I is a salt; k) The compound of Formula I is the
mesylate salt. Preferred embodiments of the invention
include all combinations of paragraphs a) -k). Other
preferred compounds of Formula I are those where X is
R1 is as described in paragraph c); and R2 is as
described in paragraph g). It is also preferred that X
is R1 is as described in paragraph c); and R2 is as
described in paragraph g); and R3 is as described in
paragraph h). It is particularly preferred that X is
R2 is phenyl substituted in the 4-position with CpC4
alkyl. It is most preferred that X isThe following
compound is also most especially preferred: 



1-{1-[1-(1-Methyl-cyclopropanecarbony^-piperidin^-ylox
y] -isoquinolin-4-yl}
-S-fS-Cl-methyl-cyclopropy^^-p-tolyl^i
-pyrazol-S-yll-urea 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 a Formula I 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, 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 R3 is as previously defined, and X' is
C(O)R3 or a suitable protecting group PG: SCHEME 3
l-chloro-4-nitro-isoquinoline (e) in a suitable
organic solvent, such as THF is reacted with an
Nprotected (PG) hydroxypiperidine and sodium hydride
to provide the corresponding substituted piperidine
b(i). 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
nitrogen-protecting groups may be removed at any
convenient point in the synthesis of the compounds of
the present invention. Methods of removing an
amino-protecting group are well known in the art (for
example, see: T.W. Greene, "Protective Groups in
Organic Synthesis." John Wiley and Sons, New York,
N.Y., 1999).Altematively,
l-chloro-4-nitro-isoquinoline (e) is reacted with the
N-BOC protected piperazine in potassium carbonate in a
polar solvent, such as acetonitrile, to provide the
corresponding substituted piperazine b(ii). The
required pyrazolyl carbamates may be prepared as
described in the following scheme, where R1 and R2 are
as previously defined: SCHEME 4 m 3-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 and
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, in a suitable
solvent, e.g., THF, 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 : SCHEME 5 deprotect (1)
(g) Formula I (i) The compound of Formula (f) is
deprotected under conditions well known in the art.
For example, when the protecting group is tert-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
hydrochloricacid 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 the 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), a catalytic amount of 4-
dimethylaminopyridine (DMAP) , and
1-hydroxybenzotriazole (HOBt), 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). 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 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 and removing
nitrogen and oxygen protecting groups are well known
in the art; see, for example, Greene and Wuts, 



Protective Groups in Organic Synthesis. John Wiley and
Sons, New York, (1999). Furthermore, the skilled
artisan will appreciate that in many circumstances,
the order in which moieties are introduced is not
critical. 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. The abbreviations, symbols and
terms used in the examples and assays have the
following meanings. AcOH = acetic acid, 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,
MeOH = methanol, NaBH(OAc)3 = sodium
triacetoxyborohydride, TBAF = tetrabutyl ammonium
fluoride, Tf2O = trifluoromethanesuflonic anhydride,
THF = tetrahydrofuran. Preparation 1
1-Trifluoromethyl-cvclopropanecarboxvlic acid methyl
ester To a solution of 1-trifluoromethylcyclopropane-l
-carboxylic acid (3.65 g, 23.7 mmol) in
methanolhexanes (2.5 mL-22.5 mL) add 2 M diazomethane
solution in hexanes (14.2 mL, 28.45 mmol). Remove
solvent under reduced pressure and distill the residue
to give a yellow oil (2.93 g, 73% yield).Preparation 2
S-Cl-Methoxy-cvclopropylVS-oxo-propionitrile Add a
solution of 2 M LDA in THF (29.1 niL, 58.3 mmol) to a
dry ice-acetone cooled solution of
1-methoxy-cyclopropanecarboxylic acid methyl ester
(WO2005/0 14577) (3.45 g, 26.5 mmol) and acetonitrile
(2.17 g mL, 53.0 mmol) in THF (30 mL). Stir the
reaction mixture at -78 0C for 1 hour and then at 22
0C for 0.5 hour. Evaporate the solvent to give a brown
solid. Filter and wash with hexanes. Add 2N
hydrochloric acid and extract three times with diethyl
ether (50 mL each). Dry the combined organic phases
over sodium sulfate. Removal of solvent provides a red
oil (3.55 g, 96% yield, ES+(m/z) 140.1 [M+H]). Prepare
the following compounds in a manner substantially
analogous to the procedure described above.
Preparation 5
3-Hvdroxy-2-hvdroxymethyl-2-methyl-propionic acid
methyl 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 for about 70 hours. 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 fractions over MgSO4. Filter
and concentrate under reduced pressure. Crude mixture
can be used without further purification. 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) Prepare the following compound in a manner
substantially analogous to the procedure described
above:Preparation 7 3-Hvdroxy-2.2-dimethyl-propionic
acid benzyl ester Add 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 for 1 hour at 100 0C. Then
add benzyl bromide (584.04 mmol, 69.46 mL) and stir
overnight. Cool down 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 8
5-Pentafluoroethyl-2-p-tolyl-2i?-pyrazol-3ylamine Heat
a mixture of 4,4,5,5,5-pentafluoro-3-oxo-petanenitrile
(4 g, 21.4 mmol) and/>-tolyl-hydrazine (10 g, 64.1
mmol) in ethanol (20 mL) to 95 0C in a sealed tube
apparatus for 15 hours. After cooling to room
temperature, remove the solvent under reduced pressure
to give a brown residue. Subject residue to silica gel
chromatography eluting with ethyl acetate and hexanes
to give the title compound (3.24 g, 52% yield,
ES+(m/z) 292.1 [M+H]). Prepare the following compound
in a manner substantially analogous to the procedure
described above: Preparation
105-(l-Fluoromethyl-cvclopropyl)-2-p-tolyl-2i/-pwazol-
3-ylamme 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 containing 274 mL of
water. Heat the mixture at 80 0C in a sealed tube for
20 hours with vigorously stirring. Allow the mixture
to cool and filter through Celite. Remove the solvent
under reduced pressure to
1-fluoromethyl-cyclopropanecarboxylic acid ethyl
estercompound as an oil (0.81 g , 61% yield). BS+(m/z)
147.1[M+1]. Stir i-Pr2NH (1.7 mL, 2.2 eq, 12.1 mmol)
and n-BuLi (1.6 M in hexanes, 7.5 mL, 2.2 eq, 12.1
mmol), in 12 mL of THF at -78 0C for 30 min under N2,
then add a solution of
1-fluoromethylcyclopropanecarboxylic acid ethyl ester
(0.81 g, 5.5 mmol) in 7 mL of THF to the LDA solution.
Stir and allow the mixture to warm from -78 0C to room
temperature, then stir at room temperature for 5
hours. Add 10 mL of a saturated aqueous solution of
NH4CI. Add AcOEt separate the organic layer, wash with
a saturated aqueous sodium chloride solution, dry over
Na2SO4 and remove solvent giving a brown oil (0.42 g,
54% yield). Dissolve compound in 10 mL of EtOH and
add/>-tolylhydrazine (0.47 g, 1 eq, 3 mmol). Heat the
mixture in a sealed tube at 90 0C overnight. Then
allow mixture to cool and remove solvent to give a
residue. Purify by chromatography (hexane/AcOEt,
15-80% ) to give title compound as an oil (0.336 g,
45% yield). ES+(m/z): 246.1[M+1]. Preparation 11
5-(l-methoxy-cvclopropyl)-2-p-tolyl-2//-pyrazol-3-ylam
ine Heat a mixture of
3-(l-methoxy-cyclopropyl)-3-oxo-propionitrile
(Preparation 2, 3.55 g, 25.5 



mmol) and/?-tolylhydrazine hydrochloride (12.15 g,
76.5 mmol) in ethanol (50 mL) at 90 0C 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 the
title compound as a yellow solid (3.29 g, 53 % yield,
ES+(m/z) 244.2 [M+H]). Prepare the following compounds
in a manner substantially analogous to the procedure
described above:Preparation 13
rS-d-Methoxy-cvcloproDylV -p-tolyl-
g-pyrazol-S-yllcarbamic acid 2. 2. 2-trichloro-ethyl
ester To an ice-salt cooled solution of
5-(l-methoxy-cyclopropyl)-2-/>-tolyl-2i
-pyrazol-3-ylamine (Preparation 11. 2.43 g, 10 mmol)
and pyridine (0.9 mL, 11 mmol) in THF (30 niL), add a
solution of 2,2,2- trichloroethylchloroformate (2.12
g, 10 mmol) in THF (10 mL) dropwise. Stir at -15 0C
for 0.5 hour, then at 22 0C for 1 hour. Partition the
reaction mixture between dichloromethane (50 mL) and
saturated aq. sodium bicarbonate (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 (3.73 g, 89%
yield, ES+(m/z) 418.1 [M+H]). Prepare the following
compounds in a manner substantially analogous to the
procedure described above: Preparation 17
l-(5-te^-Butyl-2-p-tolyl-2ff-pyrazol-3-ylVcarbamic
acid 2.2.2-trichloro-ethyl ester To a solution of
5-te^-butyl-2-^-tolyl-2F-pyrazol-3-ylamine (Regan et
al. J. Med. Chem. 2002, 45, 2994-3008, 400 g, 1.74
mol) in THF (8L) add a saturated solution of sodium
carbonate (2.4 L) and cool the mixture to 0 0C. Then
add 2, 2, 2-trichloroethyl chloroformate (406.77 g,
1.92 mol) dropwise and stir mixture at 0 0C for 2
hours. Extract the reaction mixture with ethyl acetate
(3 x 6.5L), dry over anhydrous magnesium sulfate and
evaporate the solvent. Dissolve the solid in a minimum
amount of ethyl acetate andadd an excess of hexanes to
precipitate the solid. Collect the solid by filtration
and dry to obtain the title compound as an off white
solid (586 g, 83% yield). (ES+): m/z 406.1 (M+H).
Preparation 18 r5-(l-Methyl-cvclopropylV2-p-tolyl-2^-
ryrazol-3-yl l-carbamic acid 2.2.2-trichloro-ethyl
ester Add acetonitrile (87 niL, 1.6 mol) to a
suspension of sodium hydride (66 g, 1.6 mol) in THF
(700 mL) at room temperature and stir 10 minutes. Then
add 1-methyl-cyclopropanecarboxylic acid methyl ester
(90.0 g, 0.78 mol) and reflux the white slurry for 3
hours. Cool the mixture, then add methanol (200 mL)
and pour the mixture over water (500 mL). Separate the
phases and reduce the pH of the aqueous phase with
l.ON HCl until pH 3-4. Extract the aqueous phase with
diethyl ether (2 x 350 mL), combine the organic layers
and wash with aqueous sodium chloride. Dry over sodium
sulfate, filter, and concentrate under reduced
pressure to give
3-(l-methyl-cyclopropyl)-3-oxo-propionitrile as yellow
oil. 1H NMR (CDCl3) : 3.59 (s, 2H), 1.37 (s, 3H), 1.30
(q, J =4Hz, 2H), 0.86 (q, J =4Hz, 2H). Alternatively,
to a 5 L three-necked round-bottom flask equipped with
overhead stirrer, thermocouple, reflux condenser, and
an addition funnel, add potassium tert-butoxide in THF
(3.00 L, 3.00 moles). Mix
1-methyl-cyclopropanecarboxylic acid ethyl ester
(264.00 g, 2.06 moles) with acetonitrile (123.00 g,
3.00 moles), then add through an addition funnel over
0.5 hour to the butoxide solution. Heat the resulting
mixture to reflux. Reflux 2 hours, then cool to <40C
by adding methanol (96.00 g, 3.00 mL). Stir the
mixture 10 minutes, then transfer the contents to a 12
L separatory funnel containing a vigorously stirring
mixture of water (3.96 L, 219.81 moles) and MTBE (3.96
L, 33.32 moles). Separate the layers and extract the
aqueous layer with MTBE (3.96 L, 33.32 moles). Adjust
the pH of the aqueous layer from 12.5 to 3.5 using 5 N
HCl (610.00 mL, 3.05 moles). Extract the aqueous layer
with MTBE (2 x 1.32 L, 11.11). Combine the organic
layers, dry over sodium sulfate (62.00 g, 436.49
moles), and filter to afford 3-(lmethyl-
cyclopropyl)-3-oxo- rropionitrile. Heat to reflux a
solution of
3-(l-methyl-cyclopropyl)-3-oxo-propionitrile (60 g,
487.2 mmol) and ^-tolyl-hydrazine hydrochloride (78 g,
478.2 mmol) in ethanol (975 mL) for 4 hours. Evaporate
the solvent and dissolve the remaining solid in water.
Increase pH of the solution to pH 8 using a 1.0 N
solution of sodium hydroxide. Filter the precipitate
to obtain
5-(l-methyl-cyclopropyl)-2-p-tolyl-2//-pyrazol-3-ylami
ne as a white solid. 1H NMR (DMSO): 7.39 (d, J =8Hz,
2H), 7.22 (d, J =8Hz, 2H), 5.12 (s, 2H), 2.3 1 (s,
3H), 1.30 (s, 3H), 0.80 (q, J = 4Hz, 2H), 0.61 (q, J
=4Hz, 2H). Add dropwise 2,2,2-trichloroethyl
chloroformate (3.0 mL, 23 mmol) to a solution of
5-(l-methylcyclopropyl)- 2-;
>tolyl-2#-pyrazol-3-ylamine (4.75 g, 2 1 mmol) in
tetrahydrofuran (105 mL) and saturatedaqueous sodium
carbonate (32 mL) at 0 0C. 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)5
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: Exchange the ethyl acetate solvent for
isopropyl alcohol (91.56 moles). Stir the slurry at <0
0C for 2 hours, filter, wash with cold isopropyl
alcohol (13.08 moles), and dry at 40 0C under reduced
pressure overnight to afford the title compound, as a
white crystalline solid Preparation 19 rS-
-Fluoro-l-fluoromethyl-l-methyl-ethv ^-p-tolyl-
/J-pyrazol-S-yll-carbamic acid . ^-trichloro-ethyl
ester Add Tf2O (80 mL) dropwise to a cool solution
(-78 0C) of
3-hydroxy-2-hydroxymethyl-2-methylpropionic acid
methyl ester ("Preparation 5. 32.5 g) in
dichloromethane (400 mL) and 2,6-lutidine (80 mL).
Allow the reaction to reach room temperature and stir
for about 2 hours. Dilute with dichloromethane (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 IM (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 THF cooled down to 0 0C. Stir overnight.
Concentrate under reduced pressure and add
dichloromethane. Wash the organic layer with saturated
aq. sodium chloride. Combine the 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. 1H NMR (CDCl3, 300 MHz): d ppm: 4.7-4.4 (m,
4H), 3.5 (s, 3H), 0.98 (t, 3H, J=I .7Hz) Add LDA 2.0 M
(62.0 mmol, 31mL) followed by anhydrous acetonitrile
(56.4 mmol, 2.9 mL) to a solution of
3-fluoro-2-fluoromethyl-2-methyl-rropionic acid methyl
ester (28.2 mmol, 4.3 g) in 100 mL of anhydrous THF
cooled down to -78 0C. Stir for 2 hours at -78 0C and
allow the solution to warm to room temperature
overnight. Concentrate under reduced pressure and add
dichloromethane. Wash the organic layer with saturated
aq. sodium chloride and aqueous 10% HCl. Combine the
organic layers and dry over sodium sulfate, filter,
and concentrate under reduced pressure to give a
residue. Stir/>-tolylhydrazine hydrochloride (15.5
mmol, 2.5 g) and residue obtained above (15.5 mmol,
2.5 g) in 31mL of ethanol at 90 0C overnight.
Evaporate the solvent, and dissolve the residue in
water. Add 10% sodium hydroxide solution, and extract
in ethyl acetate. Combine the organic layers and dry
over sodium sulfate, filter, and concentrate under
reduced pressure to give
5-(2-fluoro-l-fluoromethyl-l-methylethyl)-2-j3-tolyl-2
H-pyrazol-3-ylamine. Subject residue to silica gel
chromatography eluting with hexanes / ethyl acetate as
eluent (from 15% to 50%). LCMS ES+ (m/z) 266 [M+H]).
Add 2,2,2-trichloroethyl chloroformate (8.1 mmol, 1.1
mL) and aqueous sodium carbonate solution (4.8 mL)
over a solution of 5-(2-fl uoro-l -fluoromethyl- l
-methyl-ethyl)-2- !-tolyl-2i -pyrazol-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. Dry over sodium sulfate, filter, and
concentrate under reduced pressure to give
[5-(2-fluoro-l-fluoromethyl-l-methyl-ethyl)-2-p-tolyl-
2/7- pyrazol-3-yl]-carbamic acid 2,2,2-trichloro-ethyl
ester. LCMS ES+ (m/z) 440 [M+H]. Prepare the following
compounds in a manner substantially analogous to the
procedure set forth above. Preparation 22
4-("4-amino-isoquinolin-l-yloxy)-piperidine-l-carboxyl
ic acid tert-butyl ester Cool sulfuric acid (900 mL)
to 5 0C using an ice/acetone bath, then add
1-aminoisoquinoline (208.8 g, 1448 mmol) over 45 min
keeping the internal temperature of the mixture <20
0C. Cool the dark mixture to 0 0C under nitrogen with
mechanical stirring then treat with KNO3 (149.4 g,
1477 mmol) in portions over 45 min keeping the
reaction mixture's temperature <10 0C. Stir the
mixture for 2 hours while warming to 15 0C. Pour the
mixture into water/ice (3 kg) then dilute with
additional water (6 L). Stir the slurry for 45 min
then filter. Wash the cake with water (6 x 1.5 L).
Partially dry the golden material by air overnight
then place in a vacuum oven (50-55 0C, ca. 10 torr,
nitrogen bleed, 24 h) to afford l-amino-4-
nitroisoquinoline H2SO4 (256.8 g, 62% yield). (ES+):
m/z 190 (M +H). Stir a slurry of
l-amino-4-nitroisoquinoline H2SO (120 g, 418 mmol) in
aqueous HCl (6 N, 2 L) mechanically under nitrogen at
35 0C. Add a solution OfNaNO2 (72.1 g, 1044 mmol) in
water (300 mL) over 1 hour while warming the slurry to
50 0C. Heat the mixture an additional 30 minutes then
allow to cool to room temperature and stir overnight.
Heat the mixture to 50 0C, then add a solution OfNaNO2
(36 g in150 mL of water) over 30 minutes. Stir the
mixture for 2 hours then heat to 60 0C, allow to cool
slowly to room temperature over 3 hours. Filter the
resulting slurry, and wash the cake with water (3 x
600 mL). Partially air-dry (180 g). Slurry the wet
solid in z-PrOH ( 1 L) and EtOH ( 1 L) at reflux, add
THF (350 mL) to effect complete dissolution. To the
solution add water (400 mL), and cool to 10 0C over 3
hours. Filter and wash with EtOH (2 x 300 mL), then
diethyl ether (3 x 150 mL). Air-dry overnight to
afford 1-hydroxy- 4-nitroisoquinoline (62.62 g, 79%
yield) as a light brown solid. (ES+): m/z 191 (M1H-H).
Stir a slurry of l-hydroxy-4-nitroisoquinoline (62.2
g, 327 rmnol) in POCl3 (180 mL) mechanically under
nitrogen and heat to 100-105 C for 1 hour resulting in
a homogeneous dark brown solution. Exchange the
condenser for a short-path distillation head, and
remove excess POCl3 under reduced pressure (ca. 10-30
torr) resulting in a pot temperature of 55 0C. To this
mixture add 1,2-dichloroethane (150 mL), and warm the
mixture to 70 0C to obtain a homogeneous solution.
Cool the solution to 15 C, then add i- PrOH (450 mL)
over 5 minutes resulting in an exotherm to 33 0C. Stir
the slurry for 3.5 hours at 15 0C then filter and wash
with /-PrOH (3 x 100 mL). Air-dry the resulting solid
overnight to afford l-chloro-4- nitroisoquinoline
(52.08, 76% yield) as a tan solid. (ES+): m/z 209/21 1
(M^+H). Add NaH (60% in mineral oil, unwashed; 6.23 g,
156 mmol) in portions to a solution of 1-chloro-
4-nitroisoquinoline (26.0 g, 125 mmol) and
l-fer/-butoxycarbonyl-4-hydroxypiperidine (27.6 g, 137
mmol) in THF (350 mL) stirred at room temperature
under nitrogen flow. Stir the dark reddish mixture at
40 0C for 1.5 hours then 55 0C for 1.5 hours. Add
additional NaH (1.3 g), and stir the resulting mixture
at 55 0C for 2 hours then cool to room temperature
overnight. Add hexanes (75 mL), then add water (600
mL) slowly. Adjust the reaction mixture to pH 7 with
aqueous HCl ( 1 N), then separate layers. Discard the
aqueous layer and add hexanes (200 mL) to the organic
layer. Partially concentrate the mixture under reduced
pressure to a volume of 50-100 mL. Add diethyl ether
(150 mL) and hexanes (250 mL), then filter the
resultant slurry. Wash the cake with diethyl
ether/hexanes (1:1) and air-dry to provide
4-(4-nitroisoquinolin-
l-yloxy)-piperidine-l-carboxylic acid tert-bntyl ester
(33.84 g, 73% yield) as a tan solid. (ES+): m/z 374 (M
+H). To a slurry of
4-(4-nitro-isoquinolin-l-yloxy)-piperidine-l-carboxyli
c acid -butyl ester (33.5 g, 89.7 mmol) in THF (300
mL) and ethanol (300 mL) add 10% Pd/C (1.80 g, 1.69
mmol) as a slurry in ethanol (25 mL). Place the
mixture in a Parr shaker under hydrogen atmosphere
(25-40 psi) at room temperature for 8 hours. Filter
the mixture through a pad of diatomaceous earth and
wash with ethanol until the filtrate is colorless.
Concentrate the filtrate under reduced pressure to
give dark oil. Subject residue to silica gel
chromatography eluting with with 1% then 2.5%
MeOH/dichloromethane to afford the title compound
(30.3 g, 98% yield) as an orange glass. (ES+): m/z 344
(Ivf+H).Preparation 23 



r4-f4-Amino-isoquinolin- 1-yloxy)-piperidin-
1-yli-C1-methyl-cvclopropyD-methanone Add isoquinoline
(500.00 g, 3.75 moles) and ethyl acetate (7.60 L,
77.62 moles) to a 22 L threenecked round-bottom flask
in a water bath equipped with overhead stirrer,
thermocoupler, nitrogen inlet/outlet, and addition
funnel. Stir to dissolve. At room temperature add
peracetic acid (1.25 L, 5.94 moles) dropwise over 0.5
ours. Stir at room temperature overnight. Chill the
reaction flask in an ice-water bath, then quench the
reaction by dropwise addition of dimethyl sulfide
(525.00 mL, 7.14 moles) over 45 minutes. Stir
overnight while warming to room temperature. Test the
reaction mixture for peroxide. Combine two lots of the
reaction mixture. Transfer the reaction mixtures to a
50 L separatory funnel and add water (2.00 L, 111.02
moles) and dichloromethane (12.00 L, 187.21 moles).
Add sodium carbonate (2.07 kg, 19.53 moles) in
portions, then separate layers. Extract the aqueous
layer with dichloromethane ( 3 x 4 L), combine the
organic layers and dry over sodium sulfate. Filter and
remove solvent under reduced pressure to afford a
crude dark red oil/liquid. Add ethyl acetate (8.00 L,
81.76 moles) to the crude dark red oil/liquid, then
stir under reduced pressure until 6.8 L of ethyl
acetate are removed. Filter the precipitated solid,
wash with cold ethyl acetate (750.00 mL, 7.66 moles),
then heptane (800.00 mL, 5.46 moles) wash. Dry the
solid to afford isoquinoline- 2-oxide, 714.20 g (64%)
as a fine sand-like solid. As an alternative work-up,
prior to the heptane wash, remove IL of solvent from
the filtrate. Allow the filtrate to stand overnight.
Filter the solid and wash with cold ethyl acetate
(500.00 mL, 5.11 moles), followed by a heptane (500.00
mL, 3.41 moles) wash. The solid was dried to afford
isoquinoline-2-oxide, 110. 10 g (10%) as a fine
sand-like solid - crop#2 (total yield 74%). Add
isoquinoline 2-oxide ( 4.82 mol; 699.1 g), and acetic
acid anhydride (73.95 mol; 6.99 L) to a 22 L flask
with N2 inlet, distillation head, and thermocouple.
Heat the reaction mixture to a gentle reflux and
removed volatile substances by distillation. Continue
heating and collecting the distillate 2 hours
(removing about half of the total reaction volume).
Cool the reaction mixture to 50 0C. Add methanol (2L)
drop wise, and allow reaction to warm to 70 0C. Stir
the reaction mixture overnight at room temperature.
Isoquinolin-1-ol crystallizes from the solution,
isolate by filtration and dry under reduced pressure
at 50 0C. Yield = 246.7 grams (35%). Add
isoquinolin-l-ol(2.35 mol; 341.0 g), and 1705 mL 1:4
mixture of water and acetic acid to a 5 L flask. Heat
the reaction mixture to 60 C. Add a solution of nitric
acid (7.04 mol; 443.0 mL) in 1705 mL of a 1:4 mixture
of water and acetic acid drop wise over 3 hours.
Maintain a reaction temperature between 68-70 0C
during the addition of nitric acid. After 3 hours,
cool the reaction to room temperature. Add water(5564
mL) to the reaction mixture, then filter. Rinse the
cake with water (IL) and dry in vacuum at 50 0C. Yield
= 196.8 grams (44%). Add l-hydroxy-4-nitroisoquinoline
(880.3 mmol; 167.4 grams) and POCl3 (4.95 mol; 460 mL)
to a 2 L flask with N2 inlet, condenser, and
thermocouple. Heat the resulting slurry to 100 0C for
approximately 1 hour. Concentrate the reaction mixture
to dryness using a rotary evaporator. Slurry the
residue in 1,2- dichloroethane (402 mL) and cool to 15
0C. Add /-PrOH (1015 mL) drop wise while maintaining a
pot temperature of less than 30 0C. Stir the reaction
mixture for 2 hours at 20 0C and 1 hour at 10 0C.
Filter the reaction mixture, and rinse the cake with
isopropyl alcohol (100 mL). Dry under reduced pressure
at 50 0C. Yield = 118.5 grams (65%). Add
1-methyl-cyclopropanecarboxylic acid ethyl ester
(405.0 g, 3.16 moles), 5 N sodium hydroxide (1.0 L,
5.00 moles), and methanol (400.0 mL, 9.88 moles) to a
3 L three-necked round-bottom flask. Heat the reaction
mixture between 50 0C to 60 0C for 5 hours, then allow
to cool to ambient temperature overnight. Remove the
organic solvent and extract the basic solution with
MTBE (2 x 500 mL). Adjust the pH of the aqueous
solution to pH 1 using 600 mL cone. HCl and extract
with MTBE (4 x 500 mL). Combine the organic layers,
wash with saturate aq. sodium chloride, dry over
magnesium sulfate, filter, and remove solvent under
reduced pressure. Allow residue to solidify, then add
100 mL heptane and stir the resulting slurry at 0-5 C.
Filter the slurry, then dry the resulting solid dried
under reduced pressure. Concentrate the filtrate and
cooled in an ice bath to afford additional white solid
material. Combine to recover 265 g (84%) of
1-methyl-cyclopropanecarboxylic acid as a white solid.
Add 1-methyl-cycloproranecarboxylic acid (260.0 g,
2.60 moles), 2-butanone (2.5 L, 27.92 moles), and
7V-methylmorpholine (325.0 mL, 2.95 moles) to a 5 L
three-necked round-bottom flask equipped with overhead
stirring. Stir the mixture at 0 0C and add
2-chloro-4,6-dimethoxy-[l,3,5]triazine (510.0 g, 2.86
moles) in portions over 30 minutes. Continue stirring
at 0 C for 15 minutes, then at ambient temperature for
2 hours. Filter the resulting TV-methyl morpholine
hydrochloride salt and rinse 2 x 200 mL 2-butanone.
Concentrate the filtrate and dissolve the residue in
1500 mL THF to provide solution A. Charge potassium
carbonate (550.0 g, 3.94 moles) in 2 L water to a 5 L
three-necked round-bottom flask. Add
4-hydroxypiperdine (275.0 g, 2.66 moles) to afford
solution B. Cool solution B in an ice-water bath and
add solution A drop wise. Remove the cooling bath and
stir the reaction mixture at room temperature for 2
hours. Remove the organic solvent under reduced
pressure. Extract the remaining basic aqueous solution
6 x 2 L with dichloromethane. Combine the organics
layers, wash with a mixture of 1.5 L saturated aq.
sodium chloride and 200 mL cone. HCl. Extract the
acidic aqueous solution with 3 x 1 L dichloromethane.
Combine the organic layers and dry over 500 g
magnesium sulfate and 100 g potassium carbonate
overnight. Filter off the drying reagent and remove
solvent until about 500 mL solvent remains. Add 1 L of
heptane and remove solvent until crystallization
occurs. Filter the solid, washing extensively with
heptane, and dry under reduced pressure to afford (4-
hydroxy-piperidin-l-yl)-(l-methyl-cyclopropyl)-methano
ne, 330 g (69%) as a white crystalline solid. Add
sodium hydride (38.40 g, 960.09 moles) and THF (1.54
L, 18.92 moles) to a 5 L Morton flask equipped with
overhead stirrer, addition funnel, and thermocouple.
Stir for several minutes, then add (4-
hydroxy-piperidin-l-yl)-(l-methyl-cyclopropyl)-methano
ne ( 149.00 g, 813.09 moles). Stir for 0.5 hour.Add
l-chloro-4-nitro-isoquinoline (, 154.00 g, 738.24
moles) in THF (1.54 L, 18.92 moles) over 1 hour. Stir
the reaction mixture for 2 hours at room temperature,
then at 40 0C for 6 hours before cooling to room
temperature overnight. Add water (500 mL, 27.78 moles)
dropwise to the reaction mixture. Quench the reaction
mixture by pouring into a vigorously stirring mixture
of water (2.5 L, 138.89 moles) and MTBE 



(3.08 L, 25.92 moles). Separate the layers, wash the
organic layer with water (3.08 L, 170.97 moles), and
dry over sodium sulfate (142.00 g, 999.70 moles).
Filter off the drying reagent to afford filtrate #1.
Repeat the above procedure to afford filtrate #2.
Combine filtrate # 1 and #2. Remove solvent under
reduced pressue (-150 mm) and collect distillate with
vapor temperature of 20-28 0C until about 1.5 L
remains. Add isopropyl alcohol (4.62 L, 60.43 moles)
to the distillation flask and resume distillation
under reduced pressure (-120 mm), collecting
distillate with vapor temperature of 35-44 0C until
about 1 L remains. Chill the remaining slurry in ice
overnight. Filter the solid and rinse with cold
isopropyl alcohol (300.00 mL, 3.92 moles) followed by
3 x 100 mL heptane (300.00 mL, 2.05 moles). Dry the
solid at 40 0C under reduced pressure overnight to
afford
(l-methyl-cyclopropyl)-[4-(4-nitro-isoquinolin-l-yloxy
)- pireridin-l-yl]-methanone, 368 g (72% - combined)
as an orange solid. Charge a 3 gallon autoclave with
(l-methyl-cyclopro
ryl)-[4-(4-nitro-isoquinolin-l-yloxy)-
pireridin-l-yl]-methanone (368.0 g, 1.04 moles), THF
(4.42 L, 54.32 moles), and 5% Pd on carbon (dry, 40.50
g, 19.03 moles). Seal the autoclave and introduce
hydrogen to 50 psi. Stir the contents at 1000 rpm at
room temperature under 50 psi of hydrogen for 4.5
hours. Filter and rinse with additional THF (2.0 L,
24.58 moles). Treat the filtrate with carbon (20-40
mesh, 42.00 g) and heate to 40 0C for 1 hour. Add
additional carbon (60 mesh, 47.00 g) and continue
heating for 1 hour. Filter carbon through a micro
fiber paper and a bed of Hyflo Super Cel(r) and rinse
with a minimal amount of THF. Remove solvent to obtain
[4-(4-amino-isoquinolin-l-yloxy)-pi
reridin-l-yl]-(l-methyl-cyclopropyl)-methanone, 348 g
(103%) as a dark orange-red oil/foam. 1H NMR (500 MHz,
CDCl3) : d 0.59 (t, J =6.0 Hz, 2H), 0.96 (t, J = 6.0
Hz, 2H), 1.34 (s, 3H), 1.88-1.94 (m, 2H), 2.06-2.10
(m, 2H), 3.61-3.70 (m, 2H), 3.93-4.00 (m, 2H),
5.48-5.50 (m, IH), 7.52 (s, IH), 7.58 (t, J = 7.0 Hz,
IH), 7.73 (t, J =7.0 Hz, IH), 7.81 (d, J = 7.0 Hz,
IH), 8.27 (d, J = 8.5 Hz, IH). Preparation 24
r4-(4-amino-isoquinolin- 1-yloxy)-piperidin-
1-vn-(2-fl uoro-phenyl)methanone To a cold solution of
4-(4-nitro-isoquinoline-l-yloxy)-piperidine-l-carboxyl
ic acid tert-bvtyl ester (9.68 g, 25.9 mmol, 0 0C) in
DCM ( 100 mL) add TFA (80 mL). Stir at 22 0C for 2
hours, then removesolvent under reduced pressure.
Dissolve residue in DCM and treat with 1N sodium
hydroxide to pH ~14. Isolate the aqueous phase and
extract twice with DCM. Combine the organic phases and
dry with anhydrous sodium sulfate. Removal of the
solvent gives
(4-nitro-isoquinoline-l-yloxy)-piperidine (7.06 g, 99
% yield, ES+(m/) 274.3 [M+H]). Stir a reaction mixture
of 4-(4-nitro-isoquinoline-l-yloxy)-piperidine (4.0 g,
14.6 mmol), 2- fluorobenzoic acid (2.45 g, 17.5 mmol),
DCC (3.6 g, 17.5 mmol), and HOBt (2.37 g, 17.5 mmol)
in THF (100 mL) at 22 0C overnight. Filter then
concentrate. Subject residue to silica gel
chromatography eluting withhexanes and ethyl acetate
to provide
(2-fluoro-phenyl)-[4-(4-nitro-isoquinoline-l-yloxy)-pi
peridin-lyl]- methanone as a yellow solid (6.82 g, 92%
yield, ES+(m/z) 396.3 [M+H]). Stir a suspension of
(2-fluoro-phenyl)-[4-(4-nitro-isoquinoline-l-yloxy)-pi
peridin-l-yl]-methanone (5.85 g, 14.8 mmol) and
palladium on carbon (10%, 2.9 g) in methanol (250 mL)
under hydrogen overnight. Remove the catalyst by
filtration. Concentrate the filtrate to yield a pale
yellow solid (4.7 g, 87% yield, ES+(r/z) 366.3 [M+H]).
Prepare the following compound in a manner
substantially analogous to the procedure set forth
above. Preparation 26 4-Nitro- 1-piperazin-
1-yl-isoquinoline Treat a slurry of
l-chloro-4-nitro-isoquinoline ( ; 2.5 g, 12 mmol) in
acetonitrile (100 mL) with solid piperazine (5.2 g, 60
mmol). Heat the resulting yellow mixture overnight at
60 0C. After cooling to ambient temperature, partition
the reaction mixture between ethyl acetate and a
saturated aqueous sodium bicarbonate solution. Add
MeOH, dichloromethane and ethyl acetate, and filter
the entire mixture to give a bright yellow solid.
(2.15 g, 69%; LCMS ES+ (m/z) 259 [M+H]).Preparation 27
Cyclopropyl-r4-('4-nitro-isoquinolin-l-yl
')-piperazin-l-vn-methanone Treat a solution or slurry
of 4-nitro-l-piperazin-l-yl-isoquinoline (Preparation
26, 517 mg, 2 mmol), cyclopropanecarboxylic acid (258
mg, 3 mmol) and catalytic DMAP (24 mg, 0.2 mmol) in
dichloromethane ( 20 mL) with EDCI (575 mg, 3 mmol).
Agitate the resulting mixture at ambient temperature
overnight, then wash with saturated aqueous sodium
bicarbonate solution. Dry the organic layer over
sodium sulfate and concentrate under reduced pressure.
Subject residue to silica gel chromatography using a
gradient of 0 - 2% 2M ammonia-methanol in
dichloromethane and a gradient of 0 - 70% ethyl
acetate in hexanes to give a yellow solid after two
purifications. (513 mg, 79% yield, LCMS ES+ (m/z) 327
[M+H]). Prepare the following compounds in a manner
substantially analogous to the procedure set forth
above. Preparation 3 i
r4-(4-Amino-isoquinolin-l-yl')-piperazin-l-yll-cvclopr
opyl-methanone Subject a slurry of
cyclopropyl-[4-(4-nitro-isoquinolin-l-yl)-piperazin-l-
yl]-methanone (Preparation 27.: 513 mg, 1.57 mmol) and
5% palladium on carbon (91 mg) in ethyl acetate (50
mL) in a Parr shaker at ambient temperature to an
atmosphere of hydrogen at 60 psi. After 8 h, filter
the reactionmixture and concentrate under reduced
pressure to give a brown foam. (Quantitative yield;
LCMS ES+ (m/z) 297 [M+H]). Prepare the following
compounds in a manner substantially analogous to the
procedure described above. Preparation 35
r4-(4-Amino-isoquinolin-l-yl)-piperazin-l-vn-(2-fluoro
-phenyl')-methanone To a solution of
piperazine-1-carboxylic acid ter/-butyl ester (1Og,
53.7 mmol) in dichloromethane (300 mL), add triethyl
amine (15.1 mL, 107.4 mmol) and 2-fluorobenzoyl
chloride ( 6.4 mL, 53.7 mmol). Stir the mixture at
room temperature overnight. Then add water (200 mL)
and separate the organic layer, dry over sodium
sulfate, filter and evaporate solvent under reduced
pressure to give 17.3g of 4-(2-fluorobenzoyl)- 



piperazine-l-carboxylic acid tert-butyl ester. ES+
(m/z) 309[M+H]. To a solution of
4-(2-fluoro-benzoyl)-piperazine-l-carboxylic acid
tert-butyl ester (16.3 g, 53 mmol) in dichloromethane
(100 mL), add a solution of 4 M HCl in 1,4-dioxane (40
mL, 159 mmol) and stir the reaction mixture at room
temperature overnight. Add Et2O to the resultant white
suspension and evaporate solvents under reduced
pressure to give 12.6 g of
(2-fluoro-phenyl)-piperazin-l-yl-methanone
hydrochloride. ES+ (m/z) 209[M+H]). Add
(2-fluoro-phenyl)-piperazin-l-yl-methanone (3.16 g,
12.9 mmol) and K2CO3 (8.9 g, 64.5 mmol) to
l-chloro-4-nitroisoquinoline (2.85 g, 13.7 mmol) in
acetonitrile (100 mL) and stir for 24 hours. Filter
the insoluble solid and wash the cake with AcOEt.
Evaporate the solvent under reduced pressure to give a
residue. Subject residue to silica gel chromatography
eluting with hexane:AcOEt 20-90% to give 3.72 g of
(2-fluoro-phenyl)-[4-(4-nitro-isoquinolin-l-yl)-pipera
zin-l-yl]-methanone as a solid. LCMS ES+ (m/z) 381.2
[M+H]. Add Na2S2O4 (6.87g, 39.4 mmol) followed by
NH4OH 32% (15 mL) to (2-fluoro-phenyl)-[4-(4-
nitro-isoquinolin-l-yl)-piperazin-l-yl]-methanone (3
g, 7.89 mmol) in 170 mL of 1:1 mixture of THFiH2Oand
stir for 90 min. Dilute with water and extract with
AcOEt several times. Combine organics and wash with
saturated aq. sodium chloride, dry over Na2SO4 and
evaporate under reduced pressure to give 1.8 g of the
title compound as a solid. LCMS ES+ (m/z) 351.2 [M+H].
Preparation 36
l-r5-ri-Methyl-cvclopropyl')-2-p-tolyl-2J7-pyrazol-3-y
l1-3-ri-( 'piperidin-4-yloxy ')-isoquinolin-4-yll-urea
dihydrochloride Dissolve
[5-(l-methyl-cyclopropyl)-2-/;
-tolyl-2//-pyrazol-3-yl]-carbamic acid
2,2,2-trichloro-ethyl ester (Preparation 18. 3.20 g,
7.94 mmol and 2.0 equiv) and
4-(4-amino-isoquinolin-l-yloxy)-piperidine-lcarboxylic
acid tert-butyl ester (Preparation 22, 1.37 g, 3.97
mmol, 1.0 equiv) in 7 mL of anhydrous DMSO, add
diisopropylethyl amine (DIPEA, 1.36 mL, 7.94 mmol, 2.0
equiv) and heat in a sealed tube with stirring for 20
hours at 80 0C. Pour the solution in a 1:1 v/v mixture
of dichloromethane and iced water. Extract the aqueous
phase with dichloromethane (2 x 50 mL), and wash the
combined organic layers with water (2 x 50 mL) and
aqueous sodium chloride (100 mL). Dry the organic
solution over sodium sulfate and evaporate under
reduced pressure. Subject residue to silica gel
chromatography eluting with a gradient from 15% to 80%
EtOAc in hexanes to afford 1.40 g of
4-(4-{3-[5-(l-methyl-cyclopropyl)-2-p-tolyl-2//-pyrazo
l-3-yl]-
ureido}-isoquinolin-l-yloxy)-piperidine-l-carboxylic
acid tert-butyl ester as a pure foamy cream solid. 59%
yield. E$+(m/z) 597.4 [M+H]. Add HCl 4 M in dioxane
(2.4 mL, 9.36 mmol) to
4-(4-{3-[5-(l-memyl-cyclopropyl)-2-p-tolyl-2#-
ryrazol-3-yl]-ureido}-isoquinolin-l-yloxy)-piperidine-
l-carboxylic acid tert-butyl ester (1.4 g, 2.34 mmol)
in dichloromethane (20 mL) at room temperature and
stir overnight. Evaporate the solvent under reduced
pressure to give the title compound (1.3 g) as a white
solid (quantitative). ES+ (m/z): 497.4(M+H).
Preparation 37
l-r5-(2-Fluoro-l-fluoromethyl-l-methyl-ethylV2-p-tolyl
-2g-pyrazol-3-yll-3-ri- f iperidin-4-yloxy)-
isoauinolin-4-yl |-urea 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 (Preparation 27. 2.7 mmol, 1.2 g) and DIPEA (2.9
mmol, 0.5 mL) to a solution of 4-(4-
amino-isoquinolin-l-yloxy)-piperidine-l-carboxylic
acid tert-butyl ester (Preparation 22. 2.9 mmol, 1.0
g) in 4 mL of DMSO and stir at 85 0C overnight. Cool
down, add water and extract with dichloromethane.
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 chromatographyeluting
with hexanes / ethyl acetate in gradient (from 15 to
70%) to yield 4-(4-{3-[5-(2-fluoro-lfluoromethyl-
1-methyl-ethyl)-2-p-tolyl-2/7-pyrazol-3-yl]-ureido}-is
oquinolin-1-yloxy)-piperidine-1- carboxylic acid
tert-butyl ester. LCMS ES+ (m/z) 635 [M+H].
Stir4-(4-{3-[5-(2-fluoro4-fluorome%l-l-me1hyl-ethyl)-2
-p-tolyl-2i7-pyrazol-3-yl]-ureido}- isoquinolin-
l-yloxy)-piperidine-l -carboxylic acid tert-butyl
ester (1.1 mmol, 0.6 g) and dissolve in 5 inL of
dichloromethane and hydrogen chloride 4.0 M in dioxane
(5.3 mmol, 1.3 mL) at room temperature overnight.
Concentrate under reduced pressure. Triturate the
white solid formed with diethyl ether. LCMS ES+ (m/z)
535 [M+H]. Prepare the following compounds in a manner
substantially analogous to the procedures described
above. Preparation 40
l-(5-tert-Butyl-2-p-tolyl-2H-pyrazol-3yl
')-3-ri('piperidin-4-yloxy)-isoquinolin-4-yll-urea
Bubble nitrogen gas through a solution of l - - butyl
- tolyl -pyrazol- -y -carbamic acid
2,2,2-trichloro-ethyl ester ("Preparation 17. 589 mg,
1.456 mmol) and 4-(4-amino-isoquinolin-l-yloxy)-
pireridine-1-carboxylic acid te/t-butyl ester
("Preparation 22. 500 mg, 1.456 mmol) in DMSO (5 mL)
for 5 min. Next add iV-diisopropylethylamine (507
mL,2.912 mmol). Stir at 60 0C for 6 hours then allowed
to cool to room temperature over overnight. Partition
the reaction mixture between 200 mL of CH2Cl2 and 100
mL distilled water. Wash with water (1x100 mL), then
combine the aqueous layers and extract with CH2Cl2
(3x50 mL). Combine organic layers and wash with
saturated aq. sodium chloride (2x100 mL). 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-{A-\3-(5-tertbutyl-2-p-tolyl-2/7-pyrazol-3-yl)-ureid
o]-isoquinolin-1-yloxy}-piperidine- 1-carboxylic acid
tert-butyl ester as a brown solid. LCMS ES+(m/) 599.5
[M+H] To a cold solution of
4-{4-[3-(5-te^-butyl-2-/>-tolyl-2^/-pyrazol-3-yl)-urei
do]-isoquinolin-lyloxy}- piperidine-1-carboxylic acid
tert-butyl ester (820 mg, 1.37 mmol) in
dichloromethane (50 niL), add trifluoroacetic acid (15
mL). Stir the reaction mixture at 22 0C for 1.5 hours.
After removal of solvent, treat the residue with IN
sodium hydroxide saturated with NaCl (50 mL) and
extract five times with dichloromethane (50 mL each).
Dry the combined organic phases over sodium sulfate.
Filter the mixture and subject residue to silica gel
chromatography eluting with with dichloromethane and
methanol to provide a white solid (515 mg, 75% yield,
LCMS ES+(r/z) 499.5 [M+H]). Prepare the following
compounds in a manner substantially analogous to the
procedures set forth 



above. Table 3 Example 1
l-ri-(4-Cvclopropanecarbonyl-piperazin-l-yl)-isoquinol
in-4-yl]-3-r5-(l-methyl-cvclopropyl
')-2-p-tolyl-2Hpyrazol- 3-vn-ureaHeat a solution of
[4-(4-amino-isoquinolin-l-yl)-piperazin-l-yl]-cyclopro
pyl-methanone (Preparation 29, 214 mg, 0.722 mmol),
[5-(l-methyl-cyclopropyl)-2-p-tolyl-2H-pyrazol-3-yl]-c
arbamic acid 2,2,2-trichloro-ethyl ester (Preparation
18, 290 mg, 0.722 mmol) and diisopropylethylamine
(0.264 mL) in 4 mL of DMSO at 60 0C for 5 hours. Cool
the resulting mixture to ambient temperature, and add
water. Filter the precipitate, rinse with water, then
pentane, and vacuum oven dry at 60 0C. Subject residue
to silica gel chromatography eluting with a gradient
of 2M ammonia-methanol in dichloromethane (0 to 2%) to
give 206 mg of product (93% purity by LCMS). Dissolve
in a small amount of dichloromethane and MeOH, treat
with 1 equivalent of 2 M methanesulfonic acid in
dichloromethane and concentrate under a stream of
nitrogen. Triturate the resulting solid with a few mLs
of DMSO/MeOH/water and filter to give 145 mg of the
free base (LCMS ES+(m/z) 550 [M+H]). Prepare the
following compound, after further purification 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, in a manner substantially
analogous to the procedure described above. Example 3
l-(l-r4-(2.6-Difluoro-benzoyl)-piperazin-l-vn-isoquino
lin-4-vU-3-r5-(l-methyl-cvclopropyl)-2-g>-tolyl-2gpyra
zol- 3-yll-urea Heat a solution of
[4-(4-amino-isoquinolin-l-yl)-piperazin-l-yl]-(2,6-dif
luoro-phenyl)-methanone (Preparation 32, approx. 0.88
mmol),
[5-(l-methyl-cyclopropyl)-2-/?-tolyl-2#-pyrazol-3-yl]-
carbamic acid 2,2,2-trichloro-ethyl ester (Preparation
18, 362 mg, 0.9 mmol) and diisopropylethylamine (0.314
mL) in 5mL of DMSO at 60 0C overnight. Cool the
resulting mixture to ambient temperature and partition
between water and ethyl acetate using saturated aq.
sodium chloride to aid phase separation. Extract the
aqueous layer with ethyl acetate, and dry the combined
organic layer over sodium sulfate. Concentrate under
reduced pressure. Subject residue to silica gel
chromatography eluting with a gradient of 2 M
ammoniamethanol in dichloromethane (0 to 2 %).
Dissolve in a small amount of dichloromethane and
MeOH, treat with 1 equivalent of 2 Mmethanesulfonic
acid in dichloromethane and concentrate under a stream
of nitrogen. Further purification by reverse phase on
an Xterra 30 x 75 mm 5 micronMS Cl 8 column using a
gradient of aqueous 10 mM ammonium bicarbonate in
acetonitrile gives 73 mg of the free base. LCMS
ES+O/z) 622 [M+H]). Prepare the freebase of the
following compound utilizing a procedure substantially
analogous to that described above Then dissolve 0.13 g
in 1mL of DCM and add a solution of methanesulfonic
acid 1 N in DCM ( 1 eq.). Evaporate solvent under
reduced pressure give 0.15 g of the compound described
below.Example 5
l-('5-fer?-Butyl-2-p-tolyl-2ff-pyrazol-3-yl)-3-n-ri-(
' l-inethyl-cvclopropanecarbonyl)-piperidin-4-yloxy1-
isoquinolin-4-yl) -urea Bubble nitrogen gas through a
solution of
l-(5-fer/-butyl-2-/?-tolyl-2i7-pyrazol-3-yl)-carbamic
acid 2,2,2-trichloro-ethyl ester ("Preparation 17, 203
mg, 0.5 mmol) and [4-(4-amino-isoquinolin-l-yloxy)-
piperidin-l-yl]-(l-methyl-cyclopropyl)methanone (163
mg, 0.5 mmol) in DMSO (2 mL) for 5 min. Next, add
7V,./V-diisopropylethylamine(200 mL, 1.1 mmol). After
stirring at 60 0C overnight, partition the reaction
mixture between dichloromethane (15 mL) and saturated
sodium bicarbonate (50 mL). Isolate the aqueous phase
and extract twice with dichloromethane (15 mL each).
Dry the combined organic phases over sodium sulfate
and concentrate. The residue is purified on a silica
gel chromatography with hexanes and ethyl acetate to
give a white solid (226 mg, 78% yield, ES+(m/z) 581.3
[M+H]). Prepare the free base of the following
compounds in a manner substantially analogous to the
procedure described above. Then dissolve in 1mL of DCM
and add a solution of methanesulfonic acid 1N in DCM (
1 eq.). Evaporate solvent under reduced pressure give
the compound described below. Example 11
l-(5-ter^Bu1yl-2-p4olyl-2g-pwazol-3-yl)-3-(l-r4-(2.2-d
imethyl-propionyl)-piperazin-l-vU-isoquinolin-4-
yl>-urea mesylate Stir 1-[4-(4-Amino-isoquinolin-
1-yl)-piperazin- l-yl]-2,2-dimethyl-propan- 1-one
(Preparation 3 0.9 mmol, 0.3 g) dissolved in 18 mL of
acetonitrile. Add potassium carbonate (0.99 mmol, 0.1
g) and l-(5-
?ert-butyl-2-/7-tolyl-2//-pyrazol-3-yl)-carbamic acid
2,2,2-trichloro-ethyl ester (Preparation 17. 0.9 mmol,
0.4 g) and stir overnight at room temperature. Then
add 1mL of DMF and stir at 60 0C for 24 hours. Cool
down, add water and extract with dichloromethane.
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 hexanes / ethyl acetate in gradient (from 5% to
20%). Add dichloromethane over the oil obtained and
filter the precipitate formed to obtain
l-(5-terf-butyl2-^4olyl-2//-pyrazol-3-yl)-3-{l-[4-(2,2
-dimethyl-propionyl)-piperazin-l-yl]-isoquinolin-4-yl}
-urea. ES+(r/z) 568[M+H]). Stir
l-(5-tert-butyl-2-p-tolyl-2i7-pyrazol-3-yl)-3-{l-[4-(2
,2-dimethyl-propionyl)-piperazin-l-yl]-
isoquinolin-4-yl}-urea at room temperature. Add IN
methanesulfonic acid solution in dichloromethane to
form the title compound. LCMS ES+ (m/z) 568 [M+H].
Example 12 1-(1-1
1-(I-Methyl-cvclopropanecarbonvD-piperidin^-yloxyl-iso
quinolin^-yl} -3-[5-C1-methylcvclopropyl)-
2-p-tolyl-2//-pyrazol-3-yl l-urea mesylate Place EDCI
(0.147 g, 0.77 mmol), HOBt ( 0.10 g, 0.77 mmol),
l-[5-(l-methyl-cyclopropyl)-2-/>- tolyl-2i
-pyrazol-3-yl]-3-[l-(piperidin-4-yloxy)-isoquinolin-4-
yl]-urea dihydrochloride (Preparation 3. 0.16 g, 0.64
mmol) and 1-methyl- 1-cyclopropyl carboxylic acid (1.1
eq) in a flask under N2. Add dichloromethane (5 mL)
follow by DIPEA (0.22 mL, 1.28 mmol) and stir at room
temperature overnight. Evaporate solvent to give a
residue. Subject residue to silica gel chromatography
eluting with 



hexane:AcOEt 50-100% to give
^{l-fl^l-methyl-cyclopropanecarbony^-piperidin^-yloxyj
-isoquinolin-
4-yl}-3-[5-(l-methyl-cyclopropyl)-2-^-tolyl-2
-pyrazol-3-yl]-urea as a free base. ES+(r/z) 579.3
(M+H). Dissolve 0.3 g of
l-{l-[l-(l-Methyl-cyclopropanecarbonyl)-piperidin-4-yl
oxy] isoquinolin-4-yl}-
3-[5-(l-methyl-cyclopropyl)-2-j!7-tolyl-2i?-pyrazol-3-
yl]-urea in dichloromethane 1mL and add 321 mL of a
solution of methanesulfonic acid 1N in
dichloromethane. Evaporation of solvent under reduced
pressure gives 0.357 g of the title compound as a
white solid (quantitative). ES+ (m/z) 579.3 (M+H).
Prepare the following compounds in a manner
substantially analogous to the preparations described
above.Example 23
4-{4-r3-('5-fe^-butyl-2-p-tolyl-2/f-pyrazol-3-yl
')-ureidol-isoquinolin-l-yloxy>-piperazine-l-carboxyli
c acid amide Bubble nitrogen gas through a solution of
l-(5-te7-/-butyl-2-p-tolyl-2//-pyrazol-3-yl)-3-[l(pipe
ridin- 4-yloxy)-isoquinolin-4-yl]-urea (Preparation
39, 100 mg, 0.2 mmol) and carbamic acid phenyl ester
(32.9 mg, 0.24 mmol) in DMSO ( 1 mL) for 5 min. Next,
add zTV-diisopropylethylamine (200 mL, 1.1 mmol).
After stirring at 85 0C overnight, partition the
reaction mixture between ethyl acetate (15 mL) and
saturated sodium bicarbonate (50 mL). Isolate the
aqueous phase and extract twice with ethyl acetate (15
mL each). Dry the combined organic phases over sodium
sulfate and concentrate. Subject residue to silica
gelchromatography eluting with hexanes and ethyl
acetate to give a white solid (40 mg, 37% yield,
ES+(m/z) 542.3 [M+H]). Example 24 l - - Butyl - olyl -
yrazol- -v -S-ll-ri-r -fluoro-benzov
-piperidin^-yloxyl-isoquinolin^-vUurea mesylate Stir a
reaction mixture of l-(5-fer?-butyl-2-p-tolyl-2i
-pyrazol-3yl)-3-[l(piperidin-4-yloxy)-
isoquinolin-4-yl]-urea ( Preparation 39. 110 mg, 0.221
mmol), 2-fluorobenzoic acid (37.1 mg, 0.265 mmol),
HOBt (35.8 mg, 0.265 mmol), and DCC (54.6 mg, 0.265
mmol) in THF (3 mL) at 22 0C for 18 h. Filter the
mixture and pour filtrate into separatory funnel
containing CH2Cl2 (100 mL). Wash with IN NaOH
(2x20mL), combine aqueous layers and extract with
CH2Cl2 (2x50mL), then wash combined organic layer with
saturated aq. sodium chloride (lx50mL). Dry the
combined organic phases over sodium sulfate, filter
the mixture and subject residue to silica gel
chromatography eluting with with dichloromethane and
methanol to provide a white solid (109.8 mg, 80 %
yield, ES+(m/z) 621 .5 [M+H]). Dissolve 0.107 g of
l-(5-tert-Butyl-2-j?-tolyl-2i
-pyrazol-3-yl)-3-{3-chloro-l-(2-fluoro-benzoyl)-
riperidin-4-yloxy]-isoquinolin-4-yl)}-urea in
dichloromethane (2 mL) and methanol (2 mL) and add
methane sulfonic acid (16.56 mg, 0.1723 mmol).
Evaporation of solvent under reduced pressure give the
title compound as a white solid ( 119.7 mg,
97%,ES+(m/z) 621.5 [M+H-MsOH]. Prepare the following
compounds in a manner substantially analogous to the
procedure described above.COUPLING HAVING ANGULARLY
ORIENTED CAVITY Cross-Ref erence to Related
Application This application claims priority to U.S.
Provisional Application No. 60/730,305, filed October
26, 2005. Field of the Invention This invention
relates to mechanical couplings for joining pipe
elements together in end-to-end relation. Background
of the Invention Mechanical pipe couplings are used
throughout a broad spectrum of industry, for example,
in mining, petroleum extraction and refining, chemical
production as well as in fire protection systems used
in office buildings, warehouses, schools and the like.
Mechanical couplings provide significant advantages
over other methods of joining pipe elements together,
for example, welding or brazing, in that they allow
for the assembly of a fluid carrying piping network by
relatively unskilled labor using simple tools. The
term "pipe elements" is used herein to denote any
pipe-like item or component having a pipe-like form.
Pipe elements include pipe stock, pipe fittings such
as elbows, caps and tees as well as fluid control
components such as valves, reducers, strainers,
restrictors, pressure regulators and the like. Figure
1 shows an example of a mechanical pipe coupling 10
according to the prior art. Coupling 10 comprises two
(or more) segments 12 and 14 that are positionable
straddling a sealing member 16 and pipe elements 18
and 20. Each coupling segment 12 and 14 has arcuate
surfaces 22 and 24 that respectively engage the pipe
elements 18 and 20 to secure themin end to end
relation. In the example shown in Figure 1 , the
arcuate surfaces 22 project radially inwardly and
engage grooves 26 in the ends of the pipe elements.
Other examples include pipe elements having smooth
ends, flared ends or raised shoulders that are engaged
by the couplings. The sealing member 16 engages both
pipe elements 18 and 20 and ensures a fluid-tight
joint. Sealing member 16 is preferably a flexible
elastomeric ring that is positioned within a cavity 28
within the coupling defined by a pair of sidewalls 30
and 32 attached to a back wall 34. Sealing member 16
is compressed into engagement with the pipe elements
by contact with the sidewalls and back wall of the
coupling 



segments 12 and 14 as the segments are drawn together
to form the pipe joint. A s shown in Figures 2 and 3 ,
coupling segments 12 and 14 may have angularly
oriented surfaces 36 and 38 positioned at opposite
ends. The slopes of the surfaces are oriented opposite
to one another on each segment. When the surfaces on
two segments are positioned in facing relation, as
when the segments are straddling pipe elements 18 and
20, and the segments are drawn together, sliding
engagement of the surfaces causes the segments to
rotate in opposite directions relatively to one
another about an axis 40 that is oriented
substantially perpendicular to the longitudinal axis
42 of pipe elements 16 and 18. The relative rotation
of the segments 12 and 14 is desirable because it
forces the arcuate surfaces 22 and 24 into engagement
with the side surfaces of grooves 26 in the pipe
elements and adds rigidity to the joint about all
axes, i.e., bending and torsion, as well as preventing
axial expansion or contraction.In addition to the
angularly oriented surfaces described herein, there
are other means for effecting relative rotation of the
coupling segments, such as the crescent shaped
protrusion interfitting within the crescent shaped
groove as disclosed in U.S. Patent No. 5,246,257,
hereby incorporated by reference, or the use of offset
apertures in attachment flanges as disclosed in U.S.
Patent No. 4,861,075, also hereby incorporated by
reference. To connect segments 12 and 14 , each
segment has connection members positioned at opposite
ends of the segments. In the example illustrated in
Figures 2 and 3 , the connection members comprise
projections 44 in the form of lugs that extend
outwardly from the segments. The projections have
apertures 46 that receive fasteners such as bolts 48
and nuts 50 which, when tightened, cause the segments
12 and 14 to be drawn toward one another . While it is
advantageous in certain circumstances to increase the
rigidity of the joint by rotating the coupling
segments about axis 40, this rotation of the segments
deforms the sealing member 16 through its engagement
with the sidewalls 30 and 32. It is preferable not to
distort the shape of the sealing member through
rotation of the segments. Summary of the Invention The
invention concerns interconnectable pipe coupling
segments, each positionable straddling a sealing
member and end portions of a pair of pipe elements
engaged with the sealing member for securing the pipe
elements together in endto- end relationship. Each
segment comprises a pair of arcuate surfaces adapted
to interface with the outer surfaces of the pipe
elements. First and second connection members
arepositioned at opposite ends of the arcuate surfaces
for adjustably connecting one coupling segment to
another. The connection members are adjustably
tightenable for drawing the segments together. First
and second angularly oriented surfaces are positioned
adjacent to the first and second connection members
respectively. The angularly oriented surfaces have
opposite slopes. The angularly oriented surfaces on
one segment are positionable in facing relation with
angularly oriented surfaces on another segment and
engage one another when the segments are drawn
together. Engagement of the surfaces causes the
segments to rotate relatively to one another about an
'axis oriented substantially perpendicularly to the
pipe elements . A concavity is positioned between the
arcuate surfaces and extends circumferentially around
the segment. The concavity is oriented angularly with
respect to the axis to receive the sealing member. In
another embodiment, the cavity is divided into a
plurality of sectors, at least one of the sectors
being oriented angularly with respect to the axis . In
a particular embodiment, the segment has three
sectors, two of which are located at opposite ends of
the segment. These two sectors are angularly oriented
with respect to the aforementioned axis . The
invention also includes a pipe coupling positionable
straddling a sealing member and end portions of a pair
of pipe elements for securing the pipe elements
together in end-to-end 



relationship. The pipe coupling comprises a pair of
the coupling segments as described above. The
invention further includes a method of securing facing
end portions of pipe elements together in end-to-end
relationship. The method comprises:(a) providing a
pipe coupling having a pair of coupling segments
attached to one another end-to-end, the coupling
segments each having arcuate surfaces adapted to
interface with the outer surfaces of the pipes, the
coupling segments each having a concavity positioned
between the arcuate surfaces and extending
circumferentially around the segments, the concavity
being adapted to receive a sealing member, the
concavity being oriented angularly with respect to an
axis oriented substantially perpendicular to the pipe
elements; (b) positioning the end portions of the pipe
elements between the segments; (c) drawing the
coupling segments into engagement with the outer
surfaces of the pipe elements; (d) rotating the
coupling segments in opposite directions about the
axis relatively to one another thereby orienting the
cavities substantially perpendicular to the pipe
elements .Brief Description of the Drawings Figure 1
is a longitudinal sectional view of a pipe joint using
a pipe coupling according to the prior art; Figure 2
is an exploded perspective view of a pipe coupling
according to the prior art; Figure 3 is an exploded
side view of the pipe coupling shown in Figure 2 ;
Figure 4 is a front view of a pipe coupling segment
according to the invention; Figure 5 is a bottom view
of the pipe coupling segment shown in Figure 4 ;
Figure 6 is a front view of another embodiment of a
pipe coupling segment according to the invention; and
Figure 7 is a bottom view of the pipe coupling segment
shown in Figure 6 . Detailed Description of the
Embodiments Figures 4 and 5 show a pipe coupling
segment 52 according to the invention. Segment 52 has
arcuate surfaces 54 and 56 adapted to interface with
the outer surfaces of pipe elements. A cavity 58 is
positioned between the arcuate surfaces. The cavity is
defined by sidewalls 60 and 62 and a back wall 64
attached to the sidewalls. Angularly oriented surfaces
66 and 68 are positioned at each end of the coupling
segment. The surfaces 66 and 68 have opposite slopes,
and when they engage similar surfaces on another
segment in facing relation they cause the coupling
segments to rotate in opposite directionsrelatively to
one another about an axis 70 that is substantially
perpendicular to the longitudinal axis of the pipe
elements being joined by the coupling. Connection
members 72 and 74 are positioned at opposite ends of
the coupling segment 52. In this example the
connection members comprise lugs having apertures 76
adapted to receive fasteners such as bolts and nuts
for connection of two coupling segments together
straddling pipe elements. In the embodiment shown in
Figures 4 and 5 , cavity 58 has an angular orientation
with an orientation angle 78 measured about the
rotation axis 70 relative to a datum line 80 that
extends between the connection members 70 and 72. The
orientation angle 78 of cavity 58 is defined by the
angle 82 of the sidewalls 60 and 62 relative to a line
81 parallel to the datum line 80. Orientation angle 78
is preferably less than 4  for practical designs, and
may range between 1/4 and 4  depending upon the
coupling size and degree of rotation of the coupling
segments. The orientation angle 78 is oriented in a
direction opposite to that of the direction of
relative rotation of the coupling segment 52 when
engaged with another coupling segment. This
arrangement of the orientation angle compensates for
the rotation of the coupling segment so that the
sealing member, which is substantially perpendicular
to the longitudinal axis of the pipe elements (i.e.,
aligned with datum line 80) , is not distorted by
interaction with the sidewalls 60 and 62 and back wall
64 when the coupling segment 



rotates about axis 70. Cavity 58 is, thus, angled so
that, despite the fact that the coupling segments
rotate relative to the pipe elements and the sealing
member, the sealing member is received substantially
squarely within the cavity and is not distorted by
forced contact with one of the sidewalls as a result
of the rotation.When coupling segments 52 are attached
to one another surrounding a sealing member and pipe
elements in a manner similar to that shown in Figures
1 and 2 , they will be initially skewed in opposite
directions due to the sidewalls of the cavities
engaging the sealing member, the cavities being
angularly oriented as described above. As the segments
are brought towards the pipe elements, the arcuate
surfaces 54 and 56 may not initially align with the
grooves in the pipe elements due to the initial skew
of the segments. As a result, the arcuate surfaces may
not properly engage the grooves. To lessen the chance
of such misalignment, ' it is advantageous to chamfer
the outer regions 83 of the arcuate surfaces 54 and 56
where they are expected to make first contact with the
grooves in the pipe elements . In another coupling
segment embodiment 84, shown in Figures 6 and 7 , the
cavity 86 is divided into a plurality of sectors. In
this example, there are three sectors, two end sectors
88 and 90 positioned at opposite ends of segment 84,
and a middle sector 92 positioned between the end
sectors. When three sectors are present, it is
advantageous that each end sector subtend an angle 94
of about 45 and the middle sector subtend an angle 96
of about 90. Other angular distributions are also
feasible. The end sectors 88 and 90 of cavity 86 are
differentiated from the middle sector 92 by their
angular orientation. Preferably, the end sectors 88
and 90 have respective orientation angles 98 and 100
less than about 6  and more preferably between about
1/4 and about 6  while the middle sector 92 is not
angularly oriented as defined herein.Preferably, the
orientation angles 98 and 100 of the end sectors have
the same magnitude and slope. The coupling segments
are preferably cast from ductile iron but could also
be molded in plastic or machined from a metal billet.
It is advantageous to impart the angular orientation
of the cavity during casting of the segments rather
than by machining after casting. The configuration
having a plurality of sectors provides advantages in
the preparation of the pattern for casting of the
coupling segment. This is especially advantageous for
couplings which deform to conform with the shape of
the pipe elements . Because the linear motion of the
segments during rotation about axis 70 is greatest at
each end, it is feasible to angularly orient only the
end sectors and leave the middle sector unaffected.
The relatively limited traversal of the middle sector
tends to have less distorting effect on the sealing
member than the end sectors, which traverse the
greater distance upon rotation by virtue of their
greater distance from the axis of rotation. Although
the example couplings shown herein have two segments
and angularly oriented surfaces to effect relative
rotation of the segments, the angularly oriented
cavity is applicable to prevent sealing member
distortion in any style coupling wherein the segments
are rotated relatively to one another out of the plane
of the coupling. Further examples include couplings
having 4 or more segments as well as couplings having
different means for effecting relative rotation.CLAIMS
What is claimed is : 1 . Interconnectable pipe
coupling segments, each positionable straddling a
sealing member and end portions of a pair of pipe
elements engaged with said sealing member for securing
said pipe elements together in end-to-end
relationship, wherein each said segment comprises: a
pair of arcuate surfaces adapted to interface with the
outer surfaces of said pipe elements; first and second
connection members positioned at opposite ends of said
arcuate surfaces for adjustably connecting one
coupling segment to another, said connection 



members being adjustably tightenable for drawing said
segments together; means for rotating said segment
about an axis oriented substantially perpendicular to
said pipe elements; and a concavity positioned between
said arcuate surfaces and extending circumferential Iy
around said segment, said concavity being oriented
angularly with respect to said axis to receive said
sealing member. 2 . Interconnectable pipe coupling
segments according to Claim 1 , wherein said concavity
has an orientation angle less than 4 . 3 .
Interconnectable pipe coupling segments according to
Claim 1 , wherein said concavity has an orientation
angle between 1/4 and 4.4 . Interconnectable pipe
coupling segments according to Claim 1 , wherein said
orientation angle is oriented opposite to the rotation
of said segments. 5 . Interconnectable pipe coupling
segments according to Claim 1 , wherein said arcuate
surfaces project radially inwardly from said segments
. 6 . Interconnectable pipe coupling segments
according to Claim 5 , wherein said arcuate surfaces
are substantially continuous along said segments. 7 .
Interconnectable pipe coupling segments according to
Claim 1 , wherein said concavity comprises first and
second sidewalls positioned in spaced relation to one
another and a back wall attached to said sidewalls. 8
. Interconnectable pipe coupling segments according to
Claim 1 , wherein said connection members comprise a
pair of projections extending outwardly from the ends
of each of said segments, said projections being
adapted to receive fasteners for adjustably connecting
said segments to one another, said fasteners being
adjustably tightenable for drawing said arcuate
surfaces of said segments together into engagement
with said outer surfaces of said pipe elements. 9 .
Interconnectable pipe coupling segments according to
Claim 1 , wherein at least one of said projections
comprises a lug having an aperture therethrough
adapted to receive said fastener. 10. Interconnectable
pipe coupling segments according to Claim 1 , wherein
said rotating means comprises first andsecond
angularly oriented surfaces positioned adjacent to
said first and second connection members respectively,
said angularly oriented surfaces having opposite
slopes, said angularly oriented surfaces on one said
segment being positionable in facing relation with
angularly oriented surfaces on another said segment
and engaging one another when said segments are drawn
together and causing said segments to rotate
relatively to one another about said axis oriented
substantially perpendicular to said pipe elements .
11. A pipe coupling positionable straddling a sealing
member and end portions of a pair of pipe elements for
securing said pipe elements together in end-to-end
relationship, said pipe coupling comprising: first and
second coupling segments, each coupling segment having
a pair of arcuate surfaces adapted to interface with
the outer surfaces of said pipe elements; first and
second connection members positioned at opposite ends
of said arcuate surfaces for adjustablyconnecting one
coupling segment to another, said connection members
being adjustably tightenable for drawing said segments
together; means for rotating said segments relatively
to one another about an axis oriented substantially
perpendicular to said pipe elements; and a concavity
positioned between said arcuate surfaces and extending
circumf erentially around said segment, said concavity
being oriented angularly with respect to said axis to
receive said sealing member. 12. A pipe coupling
according to Claim 11, wherein said concavity has an
orientation angle less than 4.13. A pipe coupling
according to Claim 11, wherein said concavity has an
orientation angle between 1/4 and 4. 14. A pipe
coupling according to Claim 11, wherein said 



orientation angle is oriented opposite to the rotation
of said segments . 15. A pipe coupling according to
Claim 11, wherein said arcuate surfaces project
radially inwardly from said segments. 16. A pipe
coupling according to Claim 15, wherein said arcuate
surfaces are substantially continuous along said
segments . 17. A pipe coupling according to Claim 11,
wherein said concavity comprises first and second
sidewalls positioned in spaced relation to one another
and a back wall attached to said sidewalls. 18. A pipe
coupling according to Claim 11, wherein said
connection members comprise a pair of projections
extending outwardly from the ends of each of said
segments, said projections being adapted to receive
fasteners for adjustably connecting said segments to
one another, said fasteners being adjustably
tightenable for drawing said segments together. 19. A
pipe coupling according to Claim 18, wherein at least
one of said projections comprises a lug having an
aperture therethrough adapted to receive said
fastener. 20. A pipe coupling according to Claim 11,
in combination with said sealing member, said sealing
member comprising a flexible, resilient seal, said
seal being asubstantially circular ring having an
inner diameter sized to receive said pipe elements,
said seal being positioned within said concavities of
said first and second coupling segments. 21. A pipe
coupling according to Claim 11, wherein said rotating
means comprises first and second angularly oriented
surfaces respectively positioned adjacent to said
first and second connection members on each said
segment, said angularlyoriented surfaces on each
segment having opposite slopes, said angularly
oriented surfaces on one said segment being positioned
in facing relation with angularly oriented surfaces on
another said segment and engaging one another when
said segments are drawn together and causing said
segments to rotate relatively to one another about
said axis oriented substantially perpendicular to said
pipe elements. 22 . A method of securing facing end
portions of pipe elements together in end-to-end
relationship, wherein said end portions of said pipe
elements have an outer surface of substantially
cylindrical profile, said method comprising the steps
of : providing a pipe coupling having a pair of
coupling segments attached to one another end-to-end,
said coupling segments each having arcuate surfaces
adapted to interface with the outer surfaces of said
pipes, said coupling segments each having a concavity
positioned between said arcuate surfaces and extending
circumferentially around said segments, said concavity
being adapted to receive a sealing member, said
concavity being oriented angularly with respect to an
axis oriented substantially perpendicular to said pipe
elements; positioning said end portions of said pipe
elements between said segments;drawing said coupling
segments into engagement with the outer surfaces of
said pipe elements; and rotating said coupling
segments in opposite directions about said axis
relatively to one another therebyorienting said
cavities substantially perpendicular to said pipe
elements. 23. Interconnectable pipe coupling segments,
each positionable straddling a sealing member and end
portions of a pair of pipe elements engaged with said
sealing member for securing said pipe elements
together in end-to-end relationship, wherein each said
segment comprises: a pair of arcuate surfaces adapted
to interface with the outer surfaces of said pipe
elements; first and second connection members
positioned at opposite ends of said arcuate surfaces
for adjustably connecting one coupling segment to
another, said connection members being adjustably
tightenable for drawing said segments together; first
and second angularly oriented surfaces positioned
adjacent to said first and second connection members
respectively, said angularly oriented surfaces having 



opposite slopes, said angularly oriented surfaces on
one said segment being positionable in facing relation
with angularly oriented surfaces on another said
segment and engaging one another when said segments
are drawn together and causing said segments to rotate
relatively to one another about an axis oriented
substantially perpendicular to said pipe elements; and
a concavity positioned between said arcuate surfaces
and extending circumferentially around said segment,
said concavity being divided into a plurality of
sectors, at leastone of said sectors being oriented
angularly with respect to said axis to receive said
sealing member. 24 . Interconnectable pipe coupling
segments according to Claim 23, wherein said concavity
is divided into first and second end sectors
respectively positioned adjacent to opposite ends of
said segment, and a middle sector positioned between
said end sectors, said end sectors being oriented
angularly with respect to said axis to receive said
sealing member . 25. Interconnectable pipe coupling
segments according to Claim 24, wherein said end
sectors each subtend an angle of 45 and said middle
sector subtends an angle of 90. 26. Interconnectable
pipe coupling segments according to Claim 24, wherein
said end sectors have an orientation angle less than 6
. 27. Interconnectable pipe coupling segments
according to Claim 24, wherein said end sectors have
an orientation angle between 1/4 and 6. 28. A pipe
coupling positionable straddling a sealing - member
and end portions of a pair of pipe elements for
securing said pipe elements together in end- to- end
relationship, said pipe coupling comprising: first and
second coupling segments, each coupling segment having
a pair of arcuate surfaces adapted to interface with
the outer surfaces of said pipe elements; first and
second connection members positioned at opposite ends
of said arcuate surfaces for adjustablyconnecting one
coupling segment to another, said connectionmembers
being adjustably tightenable for drawing said segments
together; first and second angularly oriented surfaces
respectively positioned adjacent to said first and
second connection members on each said segment, said
angularly oriented surfaces on each segment having
opposite slopes, said angularly oriented surfaces on
one said segment being positioned in facing relation
with angularly oriented surfaces on another said
segment and engaging one another when said segments
are drawn together and causing said segments to rotate
relatively to one another about an axis oriented
substantially perpendicular to said pipe elements; and
a concavity positioned between said arcuate surfaces
and extending circumferentially around said segment,
said concavity being divided into a plurality of
sectors, at least one of said sectors being oriented
angularly with respect to said axis to receive said
sealing member. 29. A pipe coupling according to Claim
28, wherein said concavity is divided into first and
second end sectors respectively positioned adjacent to
opposite ends of said segment, and a middle sector
positioned between said end sectors, said end sectors
being oriented angularly with respect to said axis to
receive said sealing member. 30. A pipe coupling
according to Claim 28, wherein said end sectors each
subtend an angle of 45 and said middle sector subtends
an angle of 90. 31. A pipe coupling according to Claim
28, wherein said end sectors have an orientation angle
less than 6.32. A pipe coupling according to Claim 28,
wherein said end sectors have an orientation angle
between 1/4 and 6. 


