
PIPERIDINYL AND PIPERAZINYL MODULATORS OF g-SECRETASE
CROSS REFERENCE TO RELATED APPLICATIONS This
application claims priority of the benefits of the
filing of U.S. Provisional Application Serial No.
60/981,189, filed October 19, 2007. The complete
disclosures of the aforementioned related U.S. patent
application is hereby incorporated herein by reference
for all purposes. FIELD OF THE INVENTION The present
invention relates the use of compounds having the
general Formula I, wherein the definitions or Het, R0,
R1 R2, R3, R4, R5, R6, R7, R8, and R9 are provided in
the specification. Compounds of Formula I are useful
for the treatment of diseases associated with
g-secretase activity, including Alzheimer's disease.
BACKGROUND OF THE INVENTION Alzheimer's Disease (AD)
is a progressive neurodegenerative disorder marked by
loss of memory, cognition, and behavioral stability.
AD afflicts 6-10% of the population over age 65 and up
to 50% over age 85. It is the leading cause of
dementia and the third leading cause of death after
cardiovascular disease and cancer. There is currently
no effective treatment for AD. The total net cost
related to AD in the U.S. exceeds $100 billion
annually. AD does not have a simple etiology, however,
it has been associated with certain risk factors
including (1) age, (2) family history (3) and head
trauma; other factors include environmental toxins and
low level of education. Specific neuropathological
lesions in the limbic and cerebral cortices include
intracellular neurofibrillary tangles consisting of
hyperphosphorylated tau protein and the extracellular
deposition of fibrillar aggregates ofamyloid beta
peptides (amyloid plaques). The major component of
amyloid plaques are the amyloid beta (A-beta, Abeta or
AB) peptides of various lengths. A variant thereof,
which is the ABl-42-peptide (Abeta-42), is believed to
be the major causative agent for amyloid formation.
Another variant is the ABl-40-peptide (Abeta-40).
Amyloid beta is the proteolytic product of a precursor
protein, beta amyloid precursor protein (beta-APP or
APP). Familial, early onset autosomal dominant forms
of AD have been linked to missense mutations in the
b-amyloid precursor protein (b-APP or APP) and in the
presenilin proteins 1 and 2. In some patients, late
onset forms of AD have been correlated with a specific
allele of the apolipoprotein E (ApoE) gene, and, more
recently, the finding of a mutation in
alpha2-macroglobulin, which may be linked to at least
30% of the AD population. Despite this heterogeneity,
all forms of AD exhibit similar pathological findings.
Genetic analysis has provided the best clues for a
logical therapeutic approach to AD. All mutations,
found to date, affect the quantitative or qualitative
production of the amyloidogenic peptides known as
Abeta-peptides (Ab), specifically Ab42, and have given
strong support to the "amyloid cascade hypothesis" of
AD (Tanzi and Bertram, 2005, Cell 120, 545). The
likely link between Ab peptide generation and AD
pathology emphasizes the need for a better
understanding of the mechanisms of Ab production and
strongly warrants a therapeutic approach at modulating
Ab levels. The release of Ab peptides is modulated by
at least two proteolytic activities referred to as b-
and g- secretase cleaving at the N-terminus (Met-Asp
bond) and the C-terminus (residues 37-42) of the Ab
peptide, respectively. In the secretory pathway, there
is evidence that b-secretase cleaves first, leading to
the secretion of s-APPb (sb) and the retention of a 11
kDa membrane-bound carboxy terminal fragment (CTF).
The latter is believed to give rise to Ab peptides
following cleavage by g-secretase. The amount of the
longer isoform, AB42, is selectively increased in
patients carrying certain mutations in a particular
protein (presenilin), and these mutations have been
correlated with earlyonset familial Alzheimer's
disease. Therefore, AB42 is believed by many
researchers to be the main culprit of the pathogenesis
of Alzheimer's disease. It has now become clear that
the g-secretase activity cannot be ascribed to a
single particular protein, but is in fact associated
with an assembly of different proteins. The
gamma-secretase activity resides within a multiprotein
complex containing at least four components: the
presenilin (PS) heterodimer, nicastrin, aph-1 and
pen-2. The PS heterodimer consists of the amino- and
carboxyterminal PS fragments generated by endoproteo
lysis of the precursor protein. The two aspartates of
the catalytic site are at the interface of this
heterodimer. It has recently been suggested that
nicastrin serves as a gamma-secretase-substrate
receptor. The functions of the other members of
gammasecretase are unknown, but they are all required
for activity (Steiner, 2004. Curr. Alzheimer Research
1(3): 175-181). Thus, although the molecular mechanism
of the second cleavage-step has remained elusive until
present, the g-secretase-complex has become one of the
prime targets in the search for compounds for the
treatment of Alzheimer's disease. Various strategies
have been proposed for targeting gamma-secretase in
Alzheimer's disease, ranging from targeting the
catalytic site directly, developing substrate-specific
inhibitors and modulators of gamma-secretase activity
(Marjaux et al., 2004. Drug Discovery Today:
Therapeutic Strategies, Volume 1, 1-6). Accordingly, a
variety of compounds were described that have
secretases as targets (Lamer, 2004. Secretases as
therapeutics targets in Alzheimer's disease: patents
2000 - 2004. Expert Opin. Ther. Patents 14,
1403-1420.) Indeed, this finding was recently
supported by biochemical studies in which an effect of
certain NSAIDs on g-secretase was shown (Weggen et al
(2001) Nature 414, 6860, 212 and WO 01/78721 and US
2002/0128319; Morihara et al (2002) J . Neurochem. 83,
1009; Eriksen (2003) J . Clin. Invest. 112 , 440).
Potential limitations for the use of NSAIDs to prevent
or treat AD are their inhibition activity of Cox
enzymes, which can lead tounwanted side effects, and
their low CNS penetration (Peretto et al., 2005, J .
Med. Chem. 48, 5705-5720). Thus, there is a strong
need for novel compounds which modulate g-secretase
activity thereby opening new avenues for the treatment
of Alzheimer's disease. The object of the present
invention is to provide such compounds. SUMMARY OF THE
INVENTION The invention comprises compounds having the
general Formula (I) wherein is : R0 is H or F; R1 is
selected from the group consisting of H, F, alkyl
selected from the group CH3, C2H5, i-C3H7, n-C3H7,
i-C4H9, n-C4H9, sec-C4H9, tert-C4H9; alkenyl selected
from C2H3, i-C3H5, n-C3H5, n-C4H7, i-C4H7, sec-C4H7;
wherein said alkyl and alkenyl groups are optionally
substituted with one, two, or three substituents
independently selected from the group consisting of F,
Cl, Br, I and CF3;R. 2 is selected from the group
consisting of H, cyclohexyl, consisting of CH3, C2H5,
i-C3H7, n-C 3H7, i-C4H9, n-C 4H9, sec-C 4H9, tert-C
4H9, CH2CH2CH(CH 3)2, CH2CH2CH2CH(CH 3)2,
CH2CH2C(CH3)3, CH(CH 2CH3)2, and C(O)CH 2CH(CH 3)2;
alkenyl selected from the group consisting OfC 2H3,
i-C3H5, n-C 3H5, n-C 4H7, i-C4H7, sec-C 4H7, and
CH2CH=CHCH(CH 3)2; wherein said alkyl and alkenyl
groups are optionally substituted with F, Cl, Br, I,
CF3, -heteroaryl- (R10)n, is CF3, OCF3, H, F, Cl,
OCH3, C(i _4)alkyl, or CN; and n is 1, 2, or 3;
alternatively, R2 can be two C(i _4) alkyl groups, so
that their attached nitrogen is quaternized; R3 is H,
, , or C(i _4)alkyl-R 1 1; wherein R11 is CF3, OCF3,
H, F, Cl, OCH3, C(M) alkyl, or CN; and m is 1, 2, or
3; R6 is selected from the group consisting of H, F,
Cl, Br, I, CN, OH, C(0)N(C (i _ 4)alkyl) 2,
S(O)2C(i_4)alkyl, SO2N(C(i_4)alkyl) 2,
S(O)N(C(i_4)alkyl) 2, N(Q 1 4)alkyl)S(O) 2C(i 4)alkyl,
N(C(i 4)alkyl)S(O)C(i 4)alkyl, S(O)2C(i _4)alkyl, N(Q
1 4)alkyl)S(O)2N(C (i 4)alkyl) 2, sC(M) alkyl, N(C (i
4)alkyl) 2, N(C(i 4)alkyl)C(O)C(i
4)alkyl,N(C(i_4)alkyl)C(O)N(C(i_4)alkyl)2, N(C(i
4)alkyl)C(O)qC(i 4)alkyl, OC(O) N(C ( 1 4)alkyl) 2,
C(O)C(i _4)alkyl, Ci-C 4-alkyl, and Ci-C 4-alkoxy;
wherein said alkyl and alkoxy are optionally
substituted with one, two, or three substituents
selected from the grou pconsisting of F, Cl, Br, and
I; R4, R5, R7, and R8 are independently selected from
the group consisting of CF3, H, F, Cl, OCH3,
C(i_4)alkyl, and CN; R9 is selected from the group
consisting of H, alkyl selected from the group CH3,
C2H5, i-C3H7, n-C 3H7, i-C4H9, n-C 4H9, sec-C 4H9,
tert-C 4H9; alkenyl selected from C2H3, i-C3H5, n-C
3H5, n-C 4H7, i-C4H7, sec-C 4H7; wherein said alkyl
and alkenyl groups are optionally substituted with
one, two, or three substituents independently selected
from the group consisting of F, Cl, Br, I and CF3; and
solvates, hydrates, esters, and pharmaceutically
acceptable salts thereof. DETAILED DESCRIPTION OF THE
INVENTION The invention comprises compounds having the
general Formula (I) wherein is :R0 is H or F; R1 is
selected from the group consisting of H, F, alkyl
selected from the group CH3, C2H5, i-C3H7, n-C3H7,
i-C4H9, n-C4H9, sec-C4H9, tert-C4H9; alkenyl selected
from C H3, i-C3Hs, n-C3Hs, n-C4H7, i-C4H7, sec-C4H7;
wherein said alkyl and alkenyl groups are optionally
substituted with one, two, or three substituents
independently selected from the group consisting of F,
Cl, Br, I and CF3; R2 is selected from the group
consisting of H, cyclohexyl, of CH3, C2H5, i-C3H7,
n-C3H7, i-C4H9, n-C4H9, sec-C4H9, tert-C4H9,
CH2CH2CH(CH3)2, CH2CH2CH2CH(CH3)2, CH2CH2C(CH3)3,
CH(CH2CH3)2, and C(O)CH2CH(CH3)2; alkenyl selected
from the group consisting OfC2H3, i-C3Hs, n-C3H5,
n-C4H7, i-C4H7, sec-C4H7, and CH2CH=CHCH(CH3)2;
wherein said alkyl and alkenyl groups are optionally
substituted with F, Cl, Br, I, CF3, -heteroaryl-
(R10)n, ; wherein R, 1i 0u is CF3,OCF3, H, F, Cl,
OCH3, C(i _4)alkyl, or CN; and n is 1, 2, or 3;
alternatively, R>2 can be two C(i_4) alkyl groups, so
that their attached nitrogen is quaternized;R3 is H, ,
or C(i _4)alkyl-R 1 1; wherein R11 is CF3, OCF3, H, F,
Cl, OCH3, C(i _4)alkyl, or CN; and m is 1, 2, or 3; R6
is selected from the group consisting of H, F, Cl, Br,
I, CN, OH, C(O)N(C (i _ 4)alkyl) 2, S(O) 2C(i
_4)alkyl, SO2N(C (i _4)alkyl) 2, S(O)N(C(i _4)alkyl)
2, N(Q 1 4)alkyl)S(O) 2C(i 4)alkyl, N(C(i
4)alkyl)S(O)C(i 4)alkyl, S(O)2C(i _4)alkyl, N(Q 1
4)alkyl)S(O)2N(C (i 4)alkyl) 2, sC(M) alkyl, N(C (i
4)alkyl) 2, N(C(i 4)alkyl)C(O)C(i 4)alkyl, N(C(i
4)alkyl)C(O)N(C(i 4)alkyl)2,
N(C(i_4)alkyl)C(O)qC(i_4)alkyl, OC(O) N(C ( 1 4)alkyl)
2, C(O)C(i _4)alkyl, Ci-C 4-alkyl, and Ci-C 4-alkoxy;
wherein said alkyl and alkoxy are optionally
substituted with one, two, or three substituents
selected from the grou pconsisting of F, Cl, Br, and
I; R4, R5, R7, and R8 are independently selected from
the group consisting of CF3, H, F, Cl, OCH3, C(i
_4)alkyl, and CN; R9 is selected from the group
consisting of H, alkyl selected from the group CH3,
C2H5, i-C 3H7, n-C 3H7, i-C 4H9, n-C 4H9, sec-C 4H9,
tert-C 4H9; alkenyl selected from C2H3, i-C 3H5, n-C
3H5, n-C 4H7, i-C 4H7, sec-C 4H7; wherein said alkyl
and alkenyl 



groups are optionally substituted with one, two, or
three substituents independently selected from the
group consisting of F, Cl, Br, I and CF3; and
solvates, hydrates, esters, and pharmaceutically
acceptable salts thereof. In another embodiment of the
invention nr R2 -j- - o r \ /R0 is H or F; R1 is
selected from the group consisting of H, F, alkyl
selected from the group CH3, C2H5, 1-C3H7, n-C3H7,
i-C4H9, n-C4H9, sec-C4H9, and tert-C4H9; and alkenyl
selected from C H , i-C3Hs, n-C3Hs, n-C4H7, i-C4H7,
and sec-C4H7; R2 is selected from the group consisting
of H, cyclohexyl, SO2CH3, alkyl selected from the
group consisting of CH3, C2H5, 1-C3H7, n-C3H7, i-C4H9,
n-C4H9, sec-C4H9, tert-C4H9, CH2CH2CH(CH3)2,
CH2CH2CH2CH(CH3)2, CH2CH2C(CH3)3, CH(CH2CH3)2, and
C(O)CH2CH(CH3)2; alkenyl selected from the group
consisting of C2H3, i-C3Hs, n-C3H5, n-C4H7, i-C4H7,
sec-C4H7, and CH2CH=CHCH(CH3)2; wherein said alkyl n
and alkenyl groups are optionally substituted with F,
Cl, Br, I, CF3, ; wherein R10 is CF3, OCF3, H, F, Cl,
OCH3, C(i _4)alkyl, or CN; and n is 1, 2, or 3;
alternatively, R2 can be two C(1-4) alkyl groups, so
that their attached nitrogen is quaternized;R3 is H, ,
or C(i _4)alkyl-R 1 1; wherein R11 is CF3, OCF3, H, F,
Cl, OCH3, C(i _4)alkyl, or CN; and m is 1, 2, or 3; R6
is selected from the group consisting of H, F, Cl, Br,
I, CN, OH, C(O)N(C (i _ 4)alkyl) 2, S(O) 2C(i
_4)alkyl, SO2N(C (i _4)alkyl) 2, S(O)N(C(i _4)alkyl)
2, N(Q 1 4)alkyl)S(O) 2C(i 4)alkyl, N(C(i
4)alkyl)S(O)C(i 4)alkyl, S(O)2C(i _4)alkyl, N(Q 1
4)alkyl)S(O)2N(C (i 4)alkyl) 2, sC(M) alkyl, N(C (i
4)alkyl) 2, N(C(i 4)alkyl)C(O)C(i 4)alkyl,
N(C(i_4)alkyl)C(O)N(C(i_4)alkyl)2, N(C(i
4)alkyl)C(O)qC(i 4)alkyl, OC(O) N(C ( 1 4)alkyl) 2,
C(O)C(i _4)alkyl, Ci-C 4-alkyl, and Ci-C 4-alkoxy;
wherein said alkyl and alkoxy are optionally
substituted with one, two, or three substituents
selected from the grou pconsisting of F, Cl, Br, and
I; R4, R5, R6, R7, and R8 are independently selected
from the group consisting of CF3, H, F, Cl, OCH3, C(i
_4)alkyl, and CN; R9 is selected from the group
consisting of H, alkyl selected from the group CH3,
C2H5, i-C 3H7, n-C 3H7, i-C 4H9, n-C 4H9, sec-C 4H9,
and tert-C 4H9; and solvates, hydrates, esters, and
pharmaceutically acceptable salts thereof. In another
embodiment of the invention R0 is H or F; R1 is
selected from the group consisting of H, F, alkyl
selected from the group CH3, C2H5, 1-C3H7, n-C 3H7,
i-C 4H9, n-C 4H9, sec-C 4H9, and tert-C 4H9; and
alkenyl selected from C2H3, i-C 3H5, n-C 3H5, n-C 4H7,
i-C 4H7, and sec-C 4H7;R2 is selected from the group
consisting of H, cyclohexyl, SO2CH3, alkyl selected
from the group consisting of CH3, C2H5, i-C3H7,
n-C3H7, i-C4H9, n-C4H9, sec-C4H9, tert-C4H9,
CH2CH2CH(CH3)2, CH2CH2CH2CH(CH3)2, CH2CH2C(CH3)3,
CH(CH2CH3)2, and C(O)CH2CH(CH3)2; alkenyl selected
from the group consisting OfC2H3, i-C3H5, n-C3H5,
n-C4H7, i-C4H7, sec-C4H7, and CH2CH=CHCH(CH3)2;
wherein said alkyl n and alkenyl groups are optionally
substituted with F, Cl, Br, I, CF3, is 1, 2, or
3alternatively, R2 can be two C(1-4) alkyl groups, so
that their attached nitrogen is quaternized; R is H ,
or C(i _4)alkyl-R p ; wherein R1 1 is CF3, OCF3, H, F,
Cl, OCH3, C(i _4)alkyl, or CN; and m is 1, 2, or 3; R)
44, tR-) 6 , tR-) 7' , and R8 are H, CF3, Cl, and F;R9
is selected from the group consisting of H, alkyl
selected from the group CH3, C2H5, i-C3H7, n-C3H7,
i-C4H9, n-C4H9, sec-C4H9, and tert-C4H9; and solvates,
hydrates, esters, and pharmaceutically acceptable
salts thereof. er embodiment of the invention R0 is H
or F; R1 is selected from the group consisting of H,
F, alkyl selected from the group CH3, C2H5, i-C3H7,
n-C3H7, 1-C4H9, n-C4H9, sec-C4H9, and tert-C4H9; and
alkenyl selected from C2H3, i-C3H5, n-C3H5, n-C4H7,
i-C4H7, and sec-C4H7; n R is selected from the group
consisting of H, cyclohexyl, group consisting of CH3,
C2H5, 1-C3H7, n-C3H7, i-C4H9, n-C4H9, sec-C4H9, tert-
C4H9, CH2CH2CH(CH3)2, CH2CH2CH2CH(CH3)2,
CH2CH2C(CH3)3,CH(CH2CHs)2, and C(O)CH2CH(CH3)2;
alkenyl selected from the group consisting OfC2H3,
i-C3H5, n-C3H5, n-C4H7, i-C4H7, sec-C4H7, and
CH2CH=CHCH(CH3)2; wherein said alkyl and alkenyl
groups are optionally substituted with F, Cl, Br, I,
CF3, ; wherein R10 is CF3, OCF3, H, F, Cl, OCH3, C(i
_4)alkyl, or CN; and n is 1, 2, or 3;alternatively, R2
can be two C(i_4) alkyl groups, so that their attached
nitrogen is quaternized; R3 is H, OCF3, H, F, Cl,
OCH3, C(i _4)alkyl, or CN; and m is 1, 2, or 3; R4,
R5, R6, R7, and R8 are H, CF3, Cl, and F; R>9y is H;
and solvates, hydrates, esters, and pharmaceutically
acceptable salts thereof. er embodiment of the
invention R0 is H or F; R1 is H, F, or CH2CH(CH 3)2;R2
is selected from the group consisting of H,
cyclohexyl, consisting of CH3, C2H5, i-C3H7, n-C3H7,
i-C4H9, n-C4H9, sec-C4H9, tert-C4H9, CH2CH2CH(CH3)2,
CH2CH2CH2CH(CH3)2, CH2CH2C(CH3)3, and CH(CH2CH3)2;
wherein said alkyl is optionally substituted with F,
Cl, Br, I, C N or \-=/ ;alternatively, R can be two Q
1-4) alkyl groups, so that their attached nitrogen is
quaternized;, CF3, CH3, CH2CH3, CH2CH2CH3, or
(CH2)3OCH3; R4 and R5 are H; R6 is CF3; R7 and R8 are
H; R9 is H; and solvates, hydrates, esters, and
pharmaceutically acceptable salts thereof. Another
embodiment of the invention comprises a compound
selected from the group consiting of:THIENOPYRIMIDINE
AND PYRAZOLOPYRIMIDINE COMPOUNDS AND THEIR USE AS mTOR
KINASE AND PD KINASE INHIBITORS FIELD OF THE INVENTION
[001] The invention relates to thienopyrimidine and
pyrazolopyrimidine compounds, compositions comprising
a thienopyrimidine or pyrazolopyrimidine compound, and
methods for treating mTOR-related diseases comprising
the administration of an effective amount of a
thienopyrimidine or pyrazolopyrimidine compound. The
invention also relates to methods for treating
PI3K-related diseases comprising the administration of
an effective amount of a thienopyrimidine or
pyrazolopyrimidine compound. BACKGROUND OF THE
INVENTION [002] Mammalian Target of Rapamycin, mTOR,
is a cell-signaling protein that regulates the
response of tumor cells to nutrients and growth
factors, as well as controlling tumor blood supply
through effects on Vascular Endothelial Growth Factor,
VEGF. Inhibitors of mTOR starve cancer cells and
shrink tumors by inhibiting the effect of mTOR. All
mTOR inhibitors bind to the mTOR kinase. This has at
least two important effects. First, mTOR is a
downstream mediator of the PDK/Akt pathway. The
PBK/Akt pathway is thought to be over activated in
numerous cancers and may account for the widespread
response from various cancers to mTOR inhibitors. The
over-activation of the upstream pathway would normally
cause mTOR kinase to be over activated as well.
However, in the presence of mTOR inhibitors, this
process is blocked. The blocking effect prevents mTOR
from signaling to downstream pathways that control
cell growth. Over-activation of the PI3K/Akt kinase
pathway is frequently associated with mutations in the
PTEN gene, which is common in many cancers and may
help predict what tumors will respond to mTOR
inhibitors. The second major effect of mTOR inhibition
is anti-angiogenesis, via the lowering of VEGF
levels.[003] In lab tests, certain chemotherapy agents
were found to be more effective in the presence of
mTOR inhibitors. George, J.N., et al, Cancer Research,
61, 1527-1532, 2001. Additional lab results have shown
that some rhabdomyosarcoma cells die in the presence
of mTOR inhibitors. The complete functions of the mTOR
kinase and the effects of mTOR inhibition are not
completely understood. [004] Phosphatidylinositol
(hereinafter abbreviated as "PI") is one of the
phospholipids in cell membranes. In recent years it
has become clear that PI plays an important role also
in intracellular signal transduction. It is well
recognized in the art that especially PI (4,5)
bisphosphate (PI(4,5)P2) is degraded into
diacylglycerol and inositol (1,4,5) triphosphate by
phospholipase C to induce activation of protein kinase
C and intracellular calcium mobilization, respectively
[M. J . Berridge et al., Nature, 312, 315 (1984); Y.
Nishizuka, Science, 225, 1365 (1984)]. [005] In the
late 1980s, phosphatidylinositol-3 kinase ("PI3K") was
found to be an enzyme that phosphorylates the
3-position of the inositol ring of
phosphatidylinositol [D. Whitman et al., Nature, 332,
664 (1988)]. [006] When PI3K was discovered, it was
originally considered to be a single enzyme. Recently
however, it was clarified that a plurality of subtypes
are present in PI3K. Three major classes of PI3Ks have
now been identified on the basis of their in vitro
substrate specificity [B. Vanhaesebroeck, Trend in
Biol. ScL, 22, 267(1997)]. [007] Substrates for class
I PBKs are PI, PI(4)P and PI(4,5)P2. In these
substrates, PI(4,5)P2 is the most advantageous
substrate in cells. Class I PI3Ks are further divided
into two groups, class Ia and class Ib, in terms of
their activation mechanism. Class Ia PI3Ks, which
include PI3K pllO a, p l l Ob and p l l Od subtypes,
are activated in the tyrosine kinase system. Class Ib
PI3K is a p i l Og subtype activated by a G
protein-coupled receptor.[008] PI and PI(4)P are known
as substrates for class II PBKs but PI(4,5)P2 is not a
substrate for the enzymes of this class. Class II PDKs
include PBK C2a, C2b and C2g subtypes, which are
characterized by containing C2 domains at the C
terminus, implying that their activity will be
regulated by calcium ions. [009] The substrate for
class III PBKs is PI only. A mechanism for activation
of the class III PBKs is not clarified yet. Because
each subtype has its own mechanism for the regulating
activity, it is considered that the respective
subtypes will be activated depending on their
respective stimuli specific to each of them. [0010] In
the PBK subtypes, the class Ia subtype has been most
extensively investigated to date. The three subtypes
of class Ia are hetero dimers of a catalytic 110 kDa
subunit and regulatory subunits of 85 kDa and 55 kDa.
The regulatory subunits contain SH2 domains and bind
to tyrosine residues phosphorylated by growth factor
receptors with a tyrosine kinase activity or oncogene
products, thereby inducing the PBK activity of the p i
10 catalytic subunit. Thus, the class Ia subtypes are
considered to be associated with cell proliferation
and 



carcinogenesis. Furthermore, the class Ia PBK subtypes
bind to activated ras oncogene to express their enzyme
activity. It has been confirmed that the activated ras
oncogene is present in many cancers, suggesting a role
of class Ia PBKs in carcinogenesis. [0011] There are
three mTOR inhibitors, which have progressed into
clinical trials. These compounds are Wyeth's Torisel,
also known as
42-(3-hydroxy-2-(hydroxymethyl)-rapamycin
2-methylpropanoate, CCI-779 or Temsirolimus; Novartis'
Everolimus, also known as 42-0-
(2-hydroxyethyl)-rapamycin, or RAD 001; and Ariad's
AP23573 also known as 42-
(dimethylphopsinoyl)-rapamycin. The FDA has approved
Torisel for the treatment of advanced renal cell
carcinoma. In addition, Torisel is active in a
NOS/SCID xenograft mouse model of acute lymphoblastic
leukemia [Teachey et al, Blood, 107(3), 1149-1 155,
2006]. Everolimus is in a phase II clinical study for
patients with Stage IV Malignant Melanoma.AP23573 has
been given orphan drug and fast-track status by the
FDA for treatment of softtissue and bone sarcomas.
[0012] The three mTOR inhibitors have non-linear,
although reproducible pharmacokinetic profiles. Mean
area under the curve (AUC) values for these drugs
increase at a less than dose related way. The three
compounds are all semi-synthetic derivatives of the
natural macrolide antibiotic rapamycin. It would be
desirable to find fully synthetic compounds, which
inhibit mTOR that are more potent and exhibit improved
pharmacokinetic behaviors. [0013] As explained above,
mTOR inhibitors and PBK inhibitors are expected to be
novel types of medicaments useful against cell
proliferation disorders, especially as carcinostatic
agents. Thus, it would be advantageous to have new
mTOR inhibitors and PDK inhibitors as potential
treatment regimens for mTOR- and PI3K-related
diseases. The instant invention is directed to these
and other important ends.SUMMARY OF THE INVENTION
[0014] In one aspect, the invention provides compounds
of the Formula (Ia): or pharmaceutically acceptable
salts thereof, wherein the constituent variables are
as defined below. [0015] In another aspect, the
invention provides compounds of Formula (Ha): (Ha) or
a pharmaceutically acceptable salt thereof, wherein
the constituent variables are as defined below. [0016]
In one aspect, the invention provides compounds of the
Formula (Ib):1 or pharmaceutically acceptable salts
thereof, wherein the constituent variables are as
defined below. [0017] In another aspect, the invention
provides compounds of Formula (lib): (lib) or a
pharmaceutically acceptable salt thereof, wherein the
constituent variables are as defined below. [0018] In
one aspect, the invention provides compounds of the
Formula (I):(I) or pharmaceutically acceptable salts
thereof, wherein the constituent variables are as
defined below. [0019] In another aspect, the invention
provides compounds of Formula (II): (H) or a
pharmaceutically acceptable salt thereof, wherein the
constituent variables are as defined below.[0020] In
another aspect, the invention provides compounds of
Formula (VIII): \)q (VIII) or a pharmaceutically
acceptable salt thereof, wherein the constituent
variables are as defined below. [0021] In another
aspect, the invention provides compounds of Formula
(IX): )n (IX) or a pharmaceutically acceptable salt
thereof, wherein the constituent variables are as
defined below. [0022] In another aspect, the invention
provides compounds of Formula (X):\)q (X) or a
pharmaceutically acceptable salt thereof, wherein the
constituent variables are as defined below. [0023] In
another aspect, the invention provides compounds of
Formula (XI): (XI) or a pharmaceutically acceptable
salt thereof, wherein the constituent variables are as
defined below. [0024] In other aspects, the invention
provides pharmaceutical compositions comprising
compounds or pharmaceutically acceptable salts of
compounds of Formula (I), Formula (II),Formula (Ia),
Formula (Ha), Formula (Ib), Formula (lib), Formula
(VIII), Formula (IX), Formula (X), or Formula (XI) and
a pharmaceutically acceptable carrier. [0025] In
further aspects, the invention provides compounds or
pharmaceutically acceptable salts of the compounds of
Formula (I), Formula (II), Formula (Ia), Formula (Ha),
Formula (Ib), Formula (lib), Formula (VIII), Formula
(IX), Formula (X), or Formula (XI) that are useful as
mTOR inhibitors, and methods for inhibiting mTOR using
the compounds or pharmaceutically acceptable salts
thereof. [0026] In further aspects, the invention
provides compounds or pharmaceutically acceptable
salts of the compounds of Formula (I), Formula (II),
Formula (Ia), Formula (Ha), Formula (Ib), Formula
(lib), Formula (VIII), Formula (IX), Formula (X), or
Formula (XI) that are useful as PI3K inhibitors, and
methods for inhibiting PBK using the compounds or
pharmaceutically acceptable salts thereof. [0027] In
one embodiment, the invention provides methods for
treating an mTOR-related disorder, comprising
administering to a mammal in need thereof, the
compounds or pharmaceutically acceptable salts of
compounds of Formula (I), Formula (II), Formula (Ia),
Formula (Ha), Formula (Ib), Formula (lib), Formula
(VIII), Formula (IX), Formula (X), or Formula (XI) in
an amount effective to treat a mTOR-related disorder.
[0028] In one embodiment, the invention provides
methods for treating a PBK-related disorder,
comprising administering to a mammal in need thereof
the compounds or pharmaceutically acceptable salts of
compounds of Formula (I), Formula (II), Formula (Ia),
Formula (Ha), Formula (Ib), Formula (lib), Formula
(VIII), Formula (IX), Formula (X), or Formula (XI) in
an amount effective to treat a PBK-related disorder.
[0029] In other aspects, the invention provides
further methods of synthesizing the compounds or
pharmaceutically acceptable salts of compounds of
Formula (I), Formula (II),Formula (Ia), Formula (Ha),
Formula (Ib), Formula (lib), Formula (VIII), Formula
(IX), Formula (X), or Formula (XI).DETAILED
DESCRIPTION [0030] In one aspect, the invention
provides compounds of the Formula (Ia) or of Formula
(Ha): (Ha) or pharmaceutically acceptable salts
thereof, wherein: het is a 5-10-membered bridged
heterobicyclyl- group containing at least one oxygen
atom, at least one nitrogen atom, and optionally
additional heteroatoms selected from oxygen, sulfur
and nitrogen, and is connected to the
thienopyrimidinyl or pyrazolopyrimidinyl group through
one of the nitrogen atoms;R20 is independently
selected from halogen, hydroxyl, C1-C2alkoxy, NH2,
NH(C 1-C2alkyl), N(C1-C2alkyl)(C 1-C2alkyl), NHC(O)(C
1-C2alkyl), N(C1-C2alkyl)C(O)(C 1-C2alkyl), NHC(O)H,
C(O)NH2, C(O)NH(C 1-C2alkyl), C(O)N(C 1-C2alkyl)(C
1-C2alkyl), CN, C(O)OH, and C1-C4alkoxycarbonyl; t is
0-16; each R1 is independently halogen; C1-C6alkyl
optionally substituted with from 1 to 3 substituents
independently selected from halogen, -NH ,
-alkylamino, -dialkylamino, -N(C1- C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1- C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl, -
C(O)OH, -C1-C6alkoxycarbonyl, -C1-C8acyl, C6-C14 aryl,
heteroaryl, and C3-C8carbocycle; C1- C6alkoxy
optionally substituted with from 1 to 3 substituents
independently selected from halogen, -NH2,
-alkylamino, -dialkylamino, -N(C 1-C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1- C6alkyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1-C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), - CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl,
-C(O)OH, -C1-C6alkoxycarbonyl, -C1-C8acyl, C5- C14aryl
heteroaryl, and C -C8carbocycle; C1-C6alkenyl
optionally substituted with from 1 to 3 substituents
independently selected from halogen, -NH ,
-alkylamino, -dialkylamino, -N(C1- C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1- C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl, -
C(O)OH, -C1-C6alkoxycarbonyl, -C1-C8acyl, C6-C14 aryl,
heteroaryl, and C3-C6carbocycle; C2- C6alkynyl
optionally substituted with from 1 to 3 substituents
independently selected from halogen, -NH2,
-alkylamino, -dialkylamino, -N(C 1-C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1- C6alkyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1-C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), - CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl,
-C(O)OH, -C1-C6alkoxycarbonyl, -C1-C8acyl, C5- C14
aryl, heteroaryl, and C3-C8carbocycle; C6-C14aryl
optionally substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, C1- C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C1-C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH , -alkylcarboxamido and -NO ;
heteroaryl optionally substituted with from 1 to 3
substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH ,
-alkylamino, -dialkylamino, -COOH, -
C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, - alkylcarboxamido and -NO
; C1-C8acyl; C1-C6alkoxycarbonyl; C1-C6alkylcarboxy;
-N-(C1- C6)alkylamido; hydroxyl; NR4R5; -NHC(O)NR4R5;
-NHC(O)NHNR4R5; -NHC(O)OR6; - NH(SO2)NH-C 1-C6alkyl;
-NH(SO2)NH-C6-C14aryl; -NHC(S)-NR4R5; -NHC(=N-CN)-NR
4R5; -NHC(=NR4)-NR4R5; -N=C(S-C1-C6alkyl)(NH-C
1-C6alkyl); or -N(H)-C(=N-(CN))-(0-C 5- m is O, 1, 2,
3, or 4; r is Oor 1; each R4 and R5 is independently
-H; a 4- to 7-membered monocyclic heterocycle
optionally substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl,
heterocyclylalkyl, C7-C24arylalkyl, C1-C6acyl,
C1-C6alkoxycarbonyl, C1-C6alkylcarboxy, halo,
-C1-C8haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH, -
C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, - alkylcarboxamido and
-NO2; C6-C14aryl optionally substituted with from 1 to
3 substituents independently selected from C1-C6alkyl
optionally substituted with -NH2, -alkylamino, or -
dialkylamino, halo, -haloalkyl, hydroxyl,
C1-C6hydroxyalkyl, -NH , -alkylamino, - dialkylamino,
-COOH, -C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl,
-N-(C 1-C6)alkylamido optionally substituted with -NH
, -alkylamino, or -dialkylamino, -C(O)NH2, -
alkylcarboxamido, heterocycle optionally substituted
with C1-C6alkyl, -S(O)2- heterocyclylalkyl optionally
substituted with C1-C6alkyl, heterocyclylalkyl
optionally substituted with C1-C6alkyl, C1-C6alkoxy
optionally substituted with -NH2, -alkylamino, -
dialkylamino, heterocycle, or hydroxyl, -C(O)NH-NH2,
-C(O)NH-NH(C 1-C6alkyl), -C(O)NHN( C 1-C6alkyl)(C
1-C6alkyl), -C(O)NH-heterocycle, -SO2(C1-C6alkyl),
-CN, and -NO2;heteroaryl optionally substituted with
from 1 to 3 substituents independently selected from
C1-C6alkyl optionally substituted with -NH2,
-alkylamino, or -dialkylamino, halo, -haloalkyl,
hydroxyl, C1-Cohydroxyalkyl, -NH , -aminoalkyl,
-dialkylamino, -COOH, -C1- C6alkoxycarbonyl, -(C
1-C6alkyl)carboxyl, -N-(C 1-C6)alkylamido optionally
substituted with - NH , -alkylamino, or -dialkylamino,
-C(O)NH , -alkylcarboxamido, heterocycle optionally
substituted with C1-C6alkyl, -S(O)2-heterocyclylalkyl
optionally substituted with C1-C6alkyl, 



heterocyclylalkyl optionally substituted with
C1-C6alkyl, C1-C6alkoxy optionally substituted with
-NH2, -alkylamino, -dialkylamino, heterocycle
optionally substituted with C1-C6alkyl, or hydroxyl,
-C(O)NH-NH2, -C(O)NH-NH(C 1-C6alkyl),
-C(O)NH-N(C1-C6alkyl)(C1-C6alkyl), -
C(O)NH-heterocycle, -SO2(C1-C6alkyl), -CN, and -NO2;
-C3-C8carbocycle optionally substituted with from 1 to
3 substituents independently selected from C1-C6alkyl,
halo, - haloalkyl, hydroxyl, C1-C6alkoxy, -NH2,
-alkylamino, -dialkylamino, -COOH, -C1-
C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, alkylcarboxyamido, and
-NO2, wherein any two hydrogen atoms on the same
carbon atom of the carbocyclic ring can be replaced by
an oxygen atom to form an oxo (=0) substituent, and
wherein any two hydrogen atoms on the same carbon atom
of the carbocyclic ring can be replaced by an
alkylenedioxy group so that the alkylenedioxy group,
when taken together with the carbon atom to which it
is attached, forms a 5- to 7-membered heterocycle
containing two oxygen atoms; heterocyclylalkyl
optionally substituted with C1-C6alkyl; C6-
C1ocarbocycle; bicyclic heterocycle; or C1-C6alkyl
optionally substituted with from 1 to 3 substituents
independently selected from halogen, -NH ,
-alkylamino, -dialkylamino, -N(C1- C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1- C6alkyl), -C(O)N(C1-C6alkyl)(C
1-C6alkyl)> -CN, hydroxyl, -C1-C6alkoxy optionally
substituted with -NH2, C1-C6alkyl, -C(O)OH,
-C1-C6alkoxycarbonyl, -C1-C8acyl, C6-d 4aryl,
heteroaryl, -alkylcarboxamido optionally substituted
with -NH , -alkylamino, or - dialkylamino,
-C(O)-heterocycle optionally substituted with
C1-C6alkyl, and C3-C8carbocycle;or R4 and R5 when
taken together with the nitrogen to which they are
attached can form a 3- to 7- membered heterocycle
wherein up to two of the carbon atoms of the
heterocycle can be independently replaced with
-N(R7)-, -O-, -C(O)-, or -S(=O)S; each s is
independently 1 or 2; R6 is C1-C6alkyl optionally
substituted with from 1 to 3 substituents
independently selected from halogen, -NH2,
-alkylamino, -dialkylamino, -N(C 1-C3alkyl)C(O)(C 1-C
alkyl), - NHC(O)(C 1-C5aikyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1-C6alkyl), -C(O)N(C 1- C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl,
-C(O)OH, -C1- C6alkoxycarbonyl, -C1-C8acyl, C6-C14aryl
optionally substituted with -NH , -alkylamino, or -
dialkylamino, heteroaryl, and C3-C6carbocycle;
heterocyclylalkyl optionally substituted with
C1-C6alkyl; C -C1ocarbocycle; bicyclic heterocycle; or
C6-C14aryl optionally substituted with from 1 to 3
substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH ,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1- C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, -alkylcarboxamido and -NO2;
R7 is hydrogen; C1-C8acyl; C1-C6alkyl optionally
substituted with from 1 to 3 substituents
independently selected from halogen, -NH2,
-alkylamino, -dialkylamino, -N(C1- C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1- C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl, -
C(O)OH, -C1-C6alkoxycarbonyl, -C1-C6acyl, C6-C^aryl,
heteroaryl, and Cs-C6carbocycle; C - C6carbocycle
optionally substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, C1-C6alkoxy, -NH2, -alkylamino,
-dialkylamino, - COOH, -C1-C6alkoxycarbonyl, -(C
1-C6alkyl)carboxyl, -N-(C 1-C6)alkylamido, -C(O)NH2,
alkylcarboxyamido, and -NO2; C6-C14aryl optionally
substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, C1-C6hydroxyalkyl, - NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-
(C1-C6)alkylamido, -C(O)NH2, -alkylcarboxamido and
-NO2; heteroaryl optionally substitutedwith from 1 to
3 substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH, -C1-
C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl 5
-N-(C1-C6)alkylamido, -C(O)NH2, alkylcarboxamido and
-NO ; alkylamino; or arylamino optionally substituted
with from 1 to 3 substituents independently selected
from halogen, -NH , -alkylamino, -dialkylamino, -N(C1-
C3alkyl)C(O)(C 1-C6alkyl), -NHC(O)(C 1-C6alkyl),
-NHC(O)H, -C(O)NH2, -C(O)NH(C 1- C6alkyl), -C(O)N(C
1-C6alkyl)(C 1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy,
C1-C6alkyl, - C(O)OH, -C1-C6alkoxycarbonyl, -C(O)C
1-C6alkyl, C6-C14aryl, heteroaryl, and C3-
C6carbocycle; with the proviso that when m > 1, two R
groups attached to adjacent carbon atoms can be taken
together with the two carbons to which they are
attached to form a fused 5- to 7- membered aromatic
ring wherein up to 2 of the carbon atoms of the fused
ring can be replaced with -N=, -N(R7)-, -0-, or-S(=O)
s-; R2 is hydrogen; halogen; C1-dacyl; heterocycle;
heterocyclylalkyl; C1-C6alkyl optionally substituted
with from 1 to 3 substituents independently selected
from halogen, -NH , - alkylamino, -dialkylamino, -N(C
1-C3alkyl)C(O)(C 1-C6arkyl), -NHC(O)(C 1-C6alkyl), -
NHC(O)H, -C(O)NH2, -C(O)NH(C 1-C6alkyl), -C(O)N(C
1-C6alkyl)(C 1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy,
C1-C6alkyl, -C(O)OH, -C1-C6alkoxycarbonyl, -C1-C8acyl,
C5- C14 aryl, heteroaryl, and C3-C8carbocycle;
C1-C6alkenyl optionally substituted with from 1 to 3
substituents independently selected from halogen, -NH
, -alkylamino, -dialkylamino, -N(C1- darkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1- C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl, -
C(O)OH, -C1-C6alkoxycarbonyl, -C1-C6acyl, C6-C14 aryl,
heteroaryl, and C1-C6carbocycle; C2- C6alkynyl
optionally substituted with from 1 to 3 substituents
independently selected from halogen, -NH2,
-alkylamino, -dialkylamino, -N(C 1-dalkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1- C6alkyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1-C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), -CN, hydroxy!, -C1-C6alkoxy, C1-C6alkyl,
-C(O)OH, -C1-C6alkoxycarbonyl, -C1-C8acyl, C5- C14aryl
heteroaryl, and C3-C8carbocycle; C6-C14aryl optionally
substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
haloalkyl, hydroxyl, C1- Cohydroxyalkyl, -NH ,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1- C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(0)NH 2, -alkylcarboxamido and
-NO2; or heteroaryl optionally substituted with from 1
to 3 substituents independently selected from
C1-C6alkyl, halo, -haloalkyl, hydroxyl,
C1-C6hydroxyalkyl, -NH , -aminoalkyl, -dialkylamino,
-COOH, -C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl,
-N-(C 1-C6)alkylamido, -C(O)NH 2, - alkylcarboxamido
and -NO ; R is hydrogen; C1-C6alkyl optionally
substituted with from 1 to 3 substituents
independently selected from halogen, -NH ,
-alkylamino, -dialkylamino, -N(C 1-C3alkyl)C(O)(C
1-C6alkyl), - NHC(O)(C 1-C5alkyl), -NHC(O)H, -C(O)NH
2, -C(O)NH(C 1-C6alkyl), -C(O)N(C 1- C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl,
-C(O)OH, -C1- C6alkoxycarbonyl, -C1-C8aCyI,
C6-C14aryl, heteroaryl, and C1-C8carbocycle;
C2-C6alkenyl optionally substituted with from 1 to 3
substituents independently selected from halogen, -
NH2, -alkylamino, -dialkylamino, -N(C 1-C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), - NHC(O)H, -C(O)NH
2, -C(O)NH(C 1-C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl,
-C(O)OH, -C1-C6alkoxycarbonyl, -C1-C8acyl, C6-C14aryl
heteroaryl, and C1-C8carbocycle; C2-C6alkynyl
optionally substituted with from 1 to 3 substituents
independently selected from halogen, -NH ,
-alkylamino, -dialkylamino, -N(C 1- C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), -NHC(O)H, -C(O)NH 2,
-C(O)NH(C 1- C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl, -
C(O)OH, -C1-C6alkoxycarbonyl, -C1-C8acyl, C6-C14 aryl
heteroaryl, and C3-C8carbocycle; C1- C6acyl;
C6-C14aryl optionally substituted with from 1 to 3
substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH ,
-alkylamino, - dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH 2, -alkylcarboxamido and
-NO2; heteroaryl optionally substituted with from 1 to
3substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1- C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C1- C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, -alkylcarboxamido and -NO2;
C7- C24arylalkyl optionally substituted with from 1 to
3 substituents independently selected from halogen,
-NH2, -alkylamino, -dialkylamino, -N(C
1-C3alkyl)C(O)(C 1-C6alkyl), -NHC(O)(C 1- C6alkyl),
-NHC(O)H, -C(O)NH2, -C(O)NH(C 1-C6alkyl),
-C(O)N(C1-C6alkyl)(C 1-C6alkyl), - CN, hydroxyl,
-C1-C6alkoxy, C1-C6alkyl, -C(O)OH,
-C1-C6alkoxycarbonyl, -C1-C8acyl, C5- C14 aryl,
heteroaryl, and C3-C8carbocycle; heterocyclylalkyl
optionally substituted with from 1 to 3 substituents
independently selected from halogen, -NH2,
-alkylamino, -dialkylamino, - N(C1-C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), -NHC(O)H, -C(O)NH2,
- C(O)NH(C1-C5alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy, C1- C6alkyl,
-C(O)OH, -C1-C6alkoxycarbonyl, -C1-C8acyl, C6-C14
aiyl, heteroaryl, and C3- C6carbocycle;
C1-C6hydroxyalkyl-; alkylcarboxy; alkoxycarbonyl;
C1-C6perfluoroalkyl; - S(O)s-C1-C6alkyl wherein the
C1-C6alkyl of -S(O)s-C1-C6alkyl is optionally
substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, C1-C6alkoxy, -NH , -alkylamino,
-dialkylamino, -COOH, -C1-C6alkoxycarbonyl, -(C1-
C6alkyl)carboxyl, -N-(C 1-C6)alkylamido, -C(O)NH2,
alkylcarboxyamido, and -NO2; -S(O) - aryl wherein the
aryl of -S(O)s-aryl is optionally substituted with
from 1 to 3 substituents independently selected from
C1-C6alkyl, halo, -haloalkyl, hydroxyl, C1-C alkoxy,
-NH2, - alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-(C1-
C6)alkylamido, -C(O)NH2, alkylcarboxyamido, and -NO2;
Cs-C6carbocycle optionally substituted with from 1 to
3 substituents independently selected from C1-C6alkyl,
halo, - haloalkyl, hydroxyl, C1-C6alkoxy, -NH2,
-alkylamino optionally substituted by hydroxyl, -
dialkylamino, heterocycle optionally substituted with
C1-C6alkyl, -NH-N(C1-C6alkyl)2, - COOH,
-C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, alkylcarboxyamido, and
-NO2, wherein any two hydrogen atoms on the same
carbon atom of the C3-C8carbocycle ring can be
replaced by an oxygen atom to form an oxo (=0)
substituent, wherein any two hydrogen atoms on the
same carbon atom of the C3-C8carbocycle ring can
bereplaced by an alkyleneoxy group so that the
alkyleneoxy group, when taken together with the carbon
atom to which it is attached, forms a spiro-fused 5-
to 7-membered heterocycle containing an oxygen atom,
and wherein any two hydrogen atoms on the same carbon
atom of the C3-C8carbocycle ring can be replaced by an
alkylenedioxy group so that the alkylenedioxy group,
when taken together with the carbon atom to which it
is attached, forms a 5- to 7- membered heterocycle
containing two oxygen atoms wherein the 5- to
7-membered heterocycle containing two oxygen atoms is
optionally substituted with from 1 to 3 C1-C6alkyl
substituents; a 6- to 10-membered bicyclic carbocycle
optionally substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, C1-C6alkoxy, -NH , -aminoalkyl,
-dialkylamino, -COOH, -C1-C6alkoxycarbonyl, -(C
1-C6alkyl)carboxyl, - N-(C 1-C6)alkylamido, -C(O)NH 2,
alkylcarboxyamido, and -NO , wherein any two hydrogen
atoms on the same carbon atom of the bicyclic
carbocycle rings can be replaced by an oxygen atom to
form an oxo (=0) substituent, and wherein any two
hydrogen atoms on the same carbon atom of the bicyclic
carbocycle rings can be replaced by an alkylenedioxy
group so that the alkylenedioxy group, when taken
together with the carbon atom to which it is attached,
forms a 5- to 7-membered heterocycle containing two
oxygen atoms; a 4- to 7- membered monocyclic
heterocycle optionally substituted with from 1 to 3
substituents independently selected from C1-C6alkyl,
heterocyclylalkyl, arylalkyl, C1-C8aCyI, halo,
-haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH 2, S(O)s-C1-C6alkyl, -S(O)
s-aryl, -alkylcarboxamido, and -NO ; or a 6- to
10-membered bicyclic heterocycle optionally
substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl,
heterocyclylalkyl, arylalkyl, (C1-C9heteroaryl)alkyl-,
C1-C8aCyI, halo, -haloalkyl, hydroxyl,
C1-C6hydroxyalkyl, -NH , -alkylamino, -dialkylamino,
-COOH, -C1- C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl 5
-N-(C 1-C6)alkylamido, -C(O)NH 2, alkylcarboxamido and
-NO ; andR8 is hydrogen; halogen; C1-C8acyl;
C1-C6alkyl; C2-C6alkenyl; C2-C6alkynyl; C6-C14aryl; 



heterocyclylalkyl optionally substituted with from 1
to 3 substituents independently selected from halogen,
-NH2, -alkylamino, -dialkylamino, -N(C
1-C3alkyl)C(O)(C 1-C6alkyl), - NHC(O)(C 1-C5alkyl),
-NHC(O)H, -C(O)NH2, -C(O)NH(C 1-C6alkyl), -C(O)N(C1-
C6alkyl)(C 1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy,
C1-C6alkyl, -C(O)OH, -C1- C6alkoxycarbonyl,
-C1-C8acyl, C6-C14aryl heteroaryl, -S(O)2-C1-C6alkyl,
and C - C6carbocycle; or heteroaryl; Ar is phenyl,
naphthyl, or a monocyclic or bicyclic ring system
having from 5 to 14 ring members, and containing at
least one ring nitrogen atom, wherein the phenyl,
naphthyl, and monocyclic or bicyclic ring system is
optionally substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, C1-C6hydroxyalkyl, - NH ,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-
(C1-C6)alkylamido, -C(O)NH2, -alkylcarboxamido and
-NO2.[0031] In one aspect, the invention provides
compounds of the Formula (Ib) or of Formula (lib):
(lib) or pharmaceutically acceptable salts thereof,
wherein: R30, R3 1, R32, and R33 are each
independently selected from hydrogen, halogen,
hydroxyl, C1- C2alkoxy, C(O)NH2, C(O)NH(C1-C2alkyl),
C(O)N(C1-C2alkyl)(C 1-C2alkyl), CN, C(O)OH, and
C1-Qalkoxycarbonyl;provided that one of R30 and R32,
R30 and R33, or R3 1 and R32 together are -CH 2-,
-CH2CH2-, - CH2CH2CH2-, -CH 2-O-, -CH2CH2-O-,
-CH2OCH2-, -CH 2-NH-, -CH2CH2-NH-, - CH2NHCH2-, -CH
2-N(CH3)-, -CH2CH2-N(CH3)-, or -CH2N(CH3)CH2-, and
with the two carbon atoms to which they are attached
formed a bridged ring; wherein the bridged ring formed
by R , R and R , or R and R is optionally substituted
with halogen, hydroxyl, methyl, or ethyl or one CH2
group is optionally replaced with -C(O)-; each R1 is
independently halogen; C1-C5alkyl optionally
substituted with from 1 to 3 substituents
independently selected from halogen, -NH2,
-alkylamino, -dialkylamino, -N(C1- C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1- C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl, -
C(O)OH, -C1-C6alkoxycarbonyl, -C1-C6acyl, C6-C aryl,
heteroaryl, and C3-C8carbocycle; C1- C6alkoxy
optionally substituted with from 1 to 3 substituents
independently selected from halogen, -NH2,
-alkylamino, -dialkylamino, -N(C 1-C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1- C6alkyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1-C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), - CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl,
-C(O)OH, -C1-C6alkoxycarbonyl, -C1-C6acyl, C5- C aryl,
heteroaryl, and C3-C8carbocycle; C1-C6alkenyl
optionally substituted with from 1 to 3 substituents
independently selected from halogen, -NH2,
-alkylamino, -dialkylamino, -N(C1- C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1- C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl, -
C(O)OH, -C1-C6alkoxycarbonyl, -C1-C6acyl, C5-C14 aryl,
heteroaryl, and C3-C6carbocycle; C2- C6alkynyl
optionally substituted with from 1 to 3 substituents
independently selected from halogen, -NH2,
-alkylamino, -dialkylamino, -N(C 1-C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1- C6alkyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1-C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), - CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl,
-C(O)OH, -C1-C6alkoxycarbonyl, -C1-C8acyl, C5- C14
aryl, heteroaryl, and Ca-C6carbocycle; C6-C aryl
optionally substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1- C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH 2, -alkylcarboxamido and -NO
; heteroaryl optionally substituted with from 1 to 3
substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH ,
-alkylamino, -dialkylamino, -COOH, -
C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH 2, - alkylcarboxamido and
-NO2; C1-C8aCyI; C1-C8alkoxycarbonyl;
C1-C8alkylcarboxy; -N-(C 1- C6)alkylamido; hydroxyl;
NR4R5; -NHC(O)NR 4R5; -NHC(O)NHNR 4R5; -NHC(O)OR 6; -
NH(SO 2)NH-C 1-C6alkyl; -NH(SO 2)NH-C 6-C14aryl;
-NHC(S)-NR 4R5; -NHC(=N-CN)-NR 4R5; -NHC(=NR 4)-NR
4R5; -N=C(S-C 1-C6alkyl)(NH-C 1-C6alkyl); or
-N(H)-C(=N-(CN))-(0-C 6- C aryl); m is 0, 1, 2, 3, or
4; r is Oor 1; each R4 and R5 is independently -H; a
4- to 7-membered monocyclic heterocycle optionally
substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl,
heterocyclylalkyl, C7-C24arylalkyl, C1-C8acyl,
C1-C8alkoxycarbonyl, C1-C8alkylcarboxy, halo,
-C1-C8haloalkyl, hydroxyl, C1-C ITydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH, -
C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH 2, - alkylcarboxamido and
-NO2; C6-C14aryl optionally substituted with from 1 to
3 substituents independently selected from C1-C6alkyl
optionally substituted with -NH , -alkylamino, or -
dialkylamino, halo, -haloalkyl, hydroxyl,
C1-C6hydroxyalkyl, -NH2, -alkylamino, - dialkylamino,
-COOH, -C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl,
-N-(C 1-C6)alkylamido optionally substituted with -NH
, -alkylamino, or -dialkylamino, -C(O)NH 2, -
alkylcarboxamido, heterocycle optionally substituted
with C1-C6alkyl, -S(O) 2- heterocyclylalkyl optionally
substituted with C1-C6alkyl, heterocyclylalkyl
optionally substituted with C1-C6alkyl, C1-C6alkoxy
optionally substituted with -NH2, -alkylamino, -
dialkylamino, heterocycle, or hydroxyl, -C(O)NH-NH 2,
-C(O)NH-NH(C 1-C6alkyl), -C(O)NHN(C1-C6alkyl)(C
1-C6alkyl), -C(O)NH-heterocycle, -SO2(C1-C6alkyl),
-CN, and -NO2; heteroaryl optionally substituted with
from 1 to 3 substituents independently selected from
C1-C6alkyl optionally substituted with -NH ,
-alkylamino, or -dialkylamino, halo, -haloalkyl,
hydroxyl, C1-C6hydroxyalkyl, -NH , -aminoalkyl,
-dialkylamino, -COOH, -C1- Coalkoxycarbonyl, -N-(C
1-C6)alkylamido optionally substituted with - NH2,
-alkylamino, or -dialkylamino, -C(O)NH2,
-alkylcarboxamido, heterocycle optionally substituted
with C1-C6alkyl, -S(O)2-heterocyclylalkyl optionally
substituted with C1-C6alkyl, heterocyclylalkyl
optionally substituted with C1-C6alkyl, C1-C6alkoxy
optionally substituted with -NH2, -alkylamino,
-dialkylamino, heterocycle optionally substituted with
C1-C6alkyl, or hydroxyl, -C(O)NH-NH2, -C(O)NH-NH(C
1-C6alkyl), -C(O)NH-N(C1-C6alkyl)(C1-C6alkyl), -
C(O)NH-heterocycle, -SO2(C1-C6alkyl), -CN, and -NO2;
-C3-C8carbocycle optionally substituted with from 1 to
3 substituents independently selected from C1-C6alkyl,
halo, - haloalkyl, hydroxyl, C1-C6alkoxy, -NH2,
-alkylamino, -dialkylamino, -COOH, -C1-
C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl,
-N-(C1-C6)alkylamido, -C(O)NH2, alkylcarboxyamido, and
-NO2, wherein any two hydrogen atoms on the same
carbon atom of the carbocyclic ring can be replaced by
an oxygen atom to form an oxo (=0) substituent, and
wherein any two hydrogen atoms on the same carbon atom
of the carbocyclic ring can be replaced by an
alkylenedioxy group so that the alkylenedioxy group,
when taken together with the carbon atom to which it
is attached, forms a 5- to 7-membered heterocycle
containing two oxygen atoms; heterocyclylalkyl
optionally substituted with C1-C6alkyl; C6-
C1ocarbocycle; bicyclic heterocycle; or C1-C6alkyl
optionally substituted with from 1 to 3 substituents
independently selected from halogen, -NH ,
-alkylamino, -dialkylamino, -N(C1- C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1- C6alkyl), -C(O)N(C1-C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy optionally
substituted with -NH2, C1-C6alkyl, -C(O)OH,
-C1-C6alkoxycarbonyl, -C1-C8acyl, C6-C14aryl,
heteroaryl, -alkylcarboxamido optionally substituted
with -NH , -alkylamino, or - dialkylamino,
-C(O)-heterocycle optionally substituted with
C1-C6alkyl, and C3-C6carbocycle;or R4 and R5 when
taken together with the nitrogen to which they are
attached can form a 3- to 7- membered heterocycle
wherein up to two of the carbon atoms of the
heterocycle can be independently replaced with
-N(R7)-, -O-, -C(O)-, or -S(=O) S; each s is
independently 1 or 2; R6 is C1-C6alkyl optionally
substituted with from 1 to 3 substituents
independently selected from halogen, -NH2,
-alkylamino, -dialkylamino, -N(C 1-C3alkyl)C(O)(C 1-C
alkyl), - NHC(O)(C 1-C5alkyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1-C6alkyl), -C(O)N(C 1- C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl,
-C(O)OH, -C1- C6alkoxycarbonyl, -C1-C8acyl, C6-C14aryl
optionally substituted with -NH , -alkylamino, or -
dialkylamino, heteroaryl, and Cs-C6carbocycle;
heterocyclylalkyl optionally substituted with
C1-C6alkyl; C -C1ocarbocycle; bicyclic heterocycle; or
C6-C14aryl optionally substituted with from 1 to 3
substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH ,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1- C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, -alkylcarboxamido and -NO2;
R7 is hydrogen; C1-C8acyl; C1-C6alkyl optionally
substituted with from 1 to 3 substituents
independently selected from halogen, -NH2,
-alkylamino, -dialkylamino, -N(C1- C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1- C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl, -
C(O)OH, -C1-C6alkoxycarbonyl, -C1-C6acyl, C6-C^aryl,
heteroaryl, and Cs-C6carbocycle; C - C6carbocycle
optionally substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, C1-C6alkoxy, -NH2, -alkylamino,
-dialkylamino, - COOH, -C1-C6alkoxycarbonyl, -(C
1-C6alkyl)carboxyl, -N-(C 1-C6)alkylamido, -C(O)NH2,
alkylcarboxyamido, and -NO2; C6-C14aryl optionally
substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, C1-C6hydroxyalkyl, - NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-
(C1-C6)alkylamido, -C(O)NH2, -alkylcarboxamido and
-NO2; heteroaryl optionally substitutedwith from 1 to
3 substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH, -C1-
C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl 5
-N-(C1-C6)alkylamido, -C(O)NH2, alkylcarboxamido and
-NO ; alkylamino; or arylamino optionally substituted
with from 1 to 3 substituents independently selected
from halogen, -NH , -alkylamino, -dialkylamino, -N(C1-
C3alkyl)C(O)(C 1-C6alkyl), -NHC(O)(C 1-C6alkyl),
-NHC(O)H, -C(O)NH2, -C(O)NH(C 1- C6alkyl), -C(O)N(C
1-C6alkyl)(C 1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy,
C1-C6alkyl, - C(O)OH, -C1-C6alkoxycarbonyl, -C(O)C
1-C6alkyl, C6-C14aryl, heteroaryl, and C3-
C6carbocycle; with the proviso that when m > 1, two R
groups attached to adjacent carbon atoms can be taken
together with the two carbons to which they are
attached to form a fused 5- to 7- membered aromatic
ring wherein up to 2 of the carbon atoms of the fused
ring can be replaced with -N=, -N(R7)-, -0-, or-S(=O)
s-; R2 is hydrogen; halogen; C1-dacyl; heterocycle;
heterocyclylalkyl; C1-C6alkyl optionally substituted
with from 1 to 3 substituents independently selected
from halogen, -NH , - alkylamino, -dialkylamino, -N(C
1-C3alkyl)C(O)(C 1-C6arkyl), -NHC(O)(C 1-C6alkyl), -
NHC(O)H, -C(O)NH2, -C(O)NH(C 1-C6alkyl), -C(O)N(C
1-C6alkyl)(C 1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy,
C1-C6alkyl, -C(O)OH, -C1-C6alkoxycarbonyl, -C1-C8acyl,
C5- C14 aryl, heteroaryl, and C3-C8carbocycle;
C1-C6alkenyl optionally substituted with from 1 to 3
substituents independently selected from halogen, -NH
, -alkylamino, -dialkylamino, -N(C1- darkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1- C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl, -
C(O)OH, -C1-C6alkoxycarbonyl, -C1-C6acyl, C6-C14 aryl,
heteroaryl, and C1-C6carbocycle; C2- C6alkynyl
optionally substituted with from 1 to 3 substituents
independently selected from halogen, -NH2,
-alkylamino, -dialkylamino, -N(C 1-dalkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1- C6alkyl), -NHC(O)H, -C(O)NH2,
-C(O)NH(C 1-C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), -CN, hydroxy!, -C1-C6alkoxy, C1-C6alkyl,
-C(O)OH, -C1-C6alkoxycarbonyl, -C1-C8acyl, C5- C14aryl
heteroaryl, and C3-C8carbocycle; C6-C14aryl optionally
substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
haloalkyl, hydroxyl, C1- Cohydroxyalkyl, -NH ,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1- C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(0)NH 2, -alkylcarboxamido and
-NO2; or 



heteroaryl optionally substituted with from 1 to 3
substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH ,
-aminoalkyl, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH 2, - alkylcarboxamido and -NO
; R is hydrogen; C1-C6alkyl optionally substituted
with from 1 to 3 substituents independently selected
from halogen, -NH , -alkylamino, -dialkylamino, -N(C
1-C3alkyl)C(O)(C 1-C6alkyl), - NHC(O)(C 1-C5alkyl),
-NHC(O)H, -C(O)NH 2, -C(O)NH(C 1-C6alkyl), -C(O)N(C 1-
C6alkyl)(C 1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy,
C1-C6alkyl, -C(O)OH, -C1- C6alkoxycarbonyl,
-C1-C8aCyI, C6-C14aryl, heteroaryl, and
C1-C8carbocycle; C2-C6alkenyl optionally substituted
with from 1 to 3 substituents independently selected
from halogen, - NH2, -alkylamino, -dialkylamino, -N(C
1-C3alkyl)C(O)(C 1-C6alkyl), -NHC(O)(C 1-C6alkyl), -
NHC(O)H, -C(O)NH 2, -C(O)NH(C 1-C6alkyl), -C(O)N(C
1-C6alkyl)(C 1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy,
C1-C6alkyl, -C(O)OH, -C1-C6alkoxycarbonyl, -C1-C8acyl,
C6-C14aryl heteroaryl, and C1-C8carbocycle;
C2-C6alkynyl optionally substituted with from 1 to 3
substituents independently selected from halogen, -NH
, -alkylamino, -dialkylamino, -N(C 1- C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), -NHC(O)H, -C(O)NH 2,
-C(O)NH(C 1- C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy, C1-C6alkyl, -
C(O)OH, -C1-C6alkoxycarbonyl, -C1-C8acyl, C6-C14 aryl
heteroaryl, and C3-C8carbocycle; C1- C6acyl;
C6-C14aryl optionally substituted with from 1 to 3
substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH ,
-alkylamino, - dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH 2, -alkylcarboxamido and
-NO2; heteroaryl optionally substituted with from 1 to
3substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1- C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C1- C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, -alkylcarboxamido and -NO2;
C7- C24arylalkyl optionally substituted with from 1 to
3 substituents independently selected from halogen,
-NH2, -alkylamino, -dialkylamino, -N(C
1-C3alkyl)C(O)(C 1-C6alkyl), -NHC(O)(C 1- C6alkyl),
-NHC(O)H, -C(O)NH2, -C(O)NH(C 1-C6alkyl),
-C(O)N(C1-C6alkyl)(C 1-C6alkyl), - CN, hydroxyl,
-C1-C6alkoxy, C1-C6alkyl, -C(O)OH,
-C1-C6alkoxycarbonyl, -C1-C8acyl, C5- C14 aryl,
heteroaryl, and C3-C8carbocycle; heterocyclylalkyl
optionally substituted with from 1 to 3 substituents
independently selected from halogen, -NH2,
-alkylamino, -dialkylamino, - N(C1-C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), -NHC(O)H, -C(O)NH2,
- C(O)NH(C1-C5alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy, C1- C6alkyl,
-C(O)OH, -C1-C6alkoxycarbonyl, -C1-C8acyl, C6-C14
aiyl, heteroaryl, and C3- C6carbocycle;
C1-C6hydroxyalkyl-; alkylcarboxy; alkoxycarbonyl;
C1-C6perfluoroalkyl; - S(O)s-C1-C6alkyl wherein the
C1-C6alkyl of -S(O)s-C1-C6alkyl is optionally
substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, C1-C6alkoxy, -NH , -alkylamino,
-dialkylamino, -COOH, -C1-C6alkoxycarbonyl, -(C1-
C6alkyl)carboxyl, -N-(C 1-C6)alkylamido, -C(O)NH2,
alkylcarboxyamido, and -NO2; -S(O) - aryl wherein the
aryl of -S(O)s-aryl is optionally substituted with
from 1 to 3 substituents independently selected from
C1-C6alkyl, halo, -haloalkyl, hydroxyl, C1-C alkoxy,
-NH2, - alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-(C1-
C6)alkylamido, -C(O)NH2, alkylcarboxyamido, and -NO2;
Cs-C6carbocycle optionally substituted with from 1 to
3 substituents independently selected from C1-C6alkyl,
halo, - haloalkyl, hydroxyl, C1-C6alkoxy, -NH2,
-alkylamino optionally substituted by hydroxyl, -
dialkylamino, heterocycle optionally substituted with
C1-C6alkyl, -NH-N(C1-C6alkyl)2, - COOH,
-C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, alkylcarboxyamido, and
-NO2, wherein any two hydrogen atoms on the same
carbon atom of the C3-C8carbocycle ring can be
replaced by an oxygen atom to form an oxo (=0)
substituent, wherein any two hydrogen atoms on the
same carbon atom of the C3-C8carbocycle ring can
bereplaced by an alkyleneoxy group so that the
alkyleneoxy group, when taken together with the carbon
atom to which it is attached, forms a spiro-fused 5-
to 7-membered heterocycle containing an oxygen atom,
and wherein any two hydrogen atoms on the same carbon
atom of the C3-C8carbocycle ring can be replaced by an
alkylenedioxy group so that the alkylenedioxy group,
when taken together with the carbon atom to which it
is attached, forms a 5- to 7- membered heterocycle
containing two oxygen atoms wherein the 5- to
7-membered heterocycle containing two oxygen atoms is
optionally substituted with from 1 to 3 C1-C6alkyl
substituents; a 6- to 10-membered bicyclic carbocycle
optionally substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, C1-C6alkoxy, -NH , -aminoalkyl,
-dialkylamino, -COOH, -C1-C6alkoxycarbonyl, -(C
1-C6alkyl)carboxyl, - N-(C 1-C6)alkylamido, -C(O)NH 2,
alkylcarboxyamido, and -NO , wherein any two hydrogen
atoms on the same carbon atom of the bicyclic
carbocycle rings can be replaced by an oxygen atom to
form an oxo (=0) substituent, and wherein any two
hydrogen atoms on the same carbon atom of the bicyclic
carbocycle rings can be replaced by an alkylenedioxy
group so that the alkylenedioxy group, when taken
together with the carbon atom to which it is attached,
forms a 5- to 7-membered heterocycle containing two
oxygen atoms; a 4- to 7- membered monocyclic
heterocycle optionally substituted with from 1 to 3
substituents independently selected from C1-C6alkyl,
heterocyclylalkyl, arylalkyl, C1-C8aCyI, halo,
-haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH 2, S(O)s-C1-C6alkyl, -S(O)
s-aryl, -alkylcarboxamido, and -NO ; or a 6- to
10-membered bicyclic heterocycle optionally
substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl,
heterocyclylalkyl, arylalkyl, (C1-C9heteroaryl)alkyl-,
C1-C8aCyI, halo, -haloalkyl, hydroxyl,
C1-C6hydroxyalkyl, -NH , -alkylamino, -dialkylamino,
-COOH, -C1- C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl 5
-N-(C 1-C6)alkylamido, -C(O)NH 2, alkylcarboxamido and
-NO ; andR8 is hydrogen; halogen; C1-C8acyl;
C1-C6alkyl; C2-C6alkenyl; C2-C6alkynyl; C6-C14aryl;
heterocyclylalkyl optionally substituted with from 1
to 3 substituents independently selected from halogen,
-NH2, -alkylamino, -dialkylamino, -N(C
1-C3alkyl)C(O)(C 1-C6alkyl), - NHC(O)(C 1-C5alkyl),
-NHC(O)H, -C(O)NH2, -C(O)NH(C 1-C6alkyl), -C(O)N(C1-
C6alkyl)(C 1-C6alkyl), -CN, hydroxyl, -C1-C6alkoxy,
C1-C6alkyl, -C(O)OH, -C1- C6alkoxycarbonyl,
-C1-C8acyl, C6-C aryl heteroaryl, -S(O)2-C1-C6alkyl,
and C - C6carbocycle; or heteroaryl; Ar is phenyl,
naphthyl, or a monocyclic or bicyclic ring system
having from 5 to 14 ring members, and containing at
least one ring nitrogen atom, wherein the phenyl,
naphthyl, and monocyclic or bicyclic ring system is
optionally substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, C1-C6hydroxyalkyl, - NH ,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-
(C1-C6)alkylamido, -C(O)NH2, -alkylcarboxamido and
-NO2. [0032] In one aspect, the invention provides
compounds of the Formula (I) or of Formula (II):\)n
(I) )q (H) or pharmaceutically acceptable salts
thereof, wherein: each R1 is independently halogen;
C1-C6alkyl optionally substituted with from 1 to 3
substituents independently selected from halogen, -NH
, -NH(C 1-C6alkyl), -N(C1- C6alkyl)(C 1-C6alkyl), -N(C
1-C3alkyl)C(O)(C 1-C6alkyl), -NHC(O)(C 1-C6alkyl),
-NHC(O)H, - C(O)NH2, -C(O)NH(C 1-C6alkyl), -C(O)N(C
1-C6alkyl)(C 1-C6alkyl), -CN, hydroxyl, -C1- C6alkoxy,
C1-C6alkyl, -C(O)OH, -C1-C6alkoxycarbonyl, -C(O)C
1-C6alkyl, C6-C14aryl, heteroaryl, and
C3-C8carbocycle; C1-C alkoxy optionally substituted
with from 1 to 3 substituents independently selected
from halogen, -NH , -NH(C 1-C6alkyl), -N(C1-
C6alkyl)(C 1-C6alkyl), -N(C1-C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), -NHC(O)H, - C(O)NH2,
-C(O)NH(C 1-C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl)> -CN, hydroxyl, -C1- C6alkoxy, C1-C6alkyl,
-C(O)OH, -C1-C6alkoxycarbonyl, -C(O)C 1-C6alkyl,
C6-C14aryl,heteroaryl, and C3-C8carbocycle;
C2-C6alkenyl optionally substituted with from 1 to 3
substituents independently selected from halogen,
-NH2, -NH(C 1-C6alkyl), -N(C1- C6alkyl)(C 1-C6alkyl),
-N(C 1-C3alkyl)C(O)(C 1-C6alkyl), -NHC(O)(C
1-C6alkyl), -NHC(O)H, - C(O)NH2, -C(O)NH(C 1-C6alkyl),
-C(O)N(C 1-C6alkyl)(C 1-C6alkyl), -CN, hydroxyl, C1-
C6alkoxy, C1-C6alkyl, -C(O)OH, -C1-C6alkoxycarbonyl,
-C(O)C 1-C6alkyl, C6-C14aryl, heteroaryl, and
C3-C8carbocycle; C2-C6alkynyl optionally substituted
with from 1 to 3 substituents independently selected
from halogen, -NH2, -NH(C 1-C6alkyl), -N(C1-
C6alkyl)(C 1-C6alkyl), -N(C 1-C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), -NHC(O)H, - C(O)NH2,
-C(O)NH(C 1-C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, C1- C6alkoxy, C1-C6alkyl,
-C(O)OH, -C1-C6alkoxycarbonyl, -C(O)C 1-C6alkyl,
C6-C14aryl, heteroaryl, and C1-C6carbocycle;
C6-C14aryl optionally substituted with from 1 to 3
substituents independently selected from C1-C alkyl,
halo, -haloalkyl, hydroxyl, C1- C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -C1- C6alkylcarboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, -alkylcarboxamido and -NO2;
heteroaryl optionally substituted with from 1 to 3
substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH, -
C1-dalkoxycarbonyl, -C1-C6alkylcarboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, - alkylcarboxamido and
-NO2; C1-C8acyl; C1-dalkoxycarbonyl;
C1-C8alkylcarboxy; -N-(C1- C6)alkylamido; hydroxyl;
NR4R5; -NHC(O)NR4R5; -NHC(O)OR6; -NH(SO2)NH-C
1-C6alkyl; -NH(SO2)NH-C6-Ci4aryl; -NHC(S)-NH-C
1-C6alkyl; -N=C(S-C 1-C6alkyl)(NH-C 1-C6alkyl); or
-N(H)-C(=N-(CN))-(O-C 6-C14aryl); m is O, 1 or 2; n is
1 or 2; o is 1 or 2; p and q are each independently O,
1, or 2;with the two provisos that at least one of n
and o must be 1; and the sum of p and q must be
greater than zero; r is Oor 1; each R20 and R2 1 is
independently selected from halogen, hydroxyl,
C1-C2alkoxy, NH2, NH(C 1-C2alkyl), N(C 1-C2alkyl)(C
1-C2alkyl), NHC(O)(C 1-C2alkyl), N(C 1-C2alkyl)C(O)(C
1- C2alkyl), NHC(O)H, C(O)NH2, C(O)NH(C 1-C2alkyl),
C(O)N(C 1-C2alkyl)(C 1-C2alkyl), CN, C(O)OH, and
C(O)OC 1-C2alkyl; each R4 and R5 is independently -H;
a 4- to 7-membered monocyclic heterocycle optionally
substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl,
heterocyclylalkyl, C7-C24arylalkyl, C1-C8acyl,
C1-C8alkoxycarbonyl, C1-C8alkylcarboxy, halo,
-C1-C8haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH, -
C1-C6alkoxycarbonyl, -C1-C6alkylcarboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, alkylcarboxamido and -NO2;
C6-C14aryl optionally substituted with from 1 to 3
substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1-Cohydroxyalkyl, - NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -C1-C6alkylcarboxyl, -N-
(C1-C6)alkylamido, -C(O)NH2, -alkylcarboxamido and
-NO2; heteroaryl optionally substituted with from 1 to
3 substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH2,
-aminoalkyl, -dialkylamino, -COOH, -C1-
C6alkoxycarbonyl, -C1-C6alkylcarboxyl, -N-(C
1-C6)alkylamido, -C(O)NH 2, alkylcarboxamido and -NO2;
-C3-C8carbocycle optionally substituted with from 1 to
3 substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, -C1- C6alkoxy, -NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -C1- C6alkylcarboxyl, -N-(C
1-C6)alkylamido, -C(O)NH 2, and -NO2, wherein any two
hydrogen 



atoms on the same carbon atom of the carbocyclic ring
can be replaced by an oxygen atom to form an oxo (=0)
substituent, and wherein any two hydrogen atoms on the
same carbon atom of the carbocyclic ring can be
replaced by an alkylenedioxy group so that the
alkylenedioxygroup, when taken together with the
carbon atom to which it is attached, forms a 5- to 7-
membered heterocycle containing two oxygen atoms; or
C1-C6alkyl optionally substituted with from 1 to 3
substituents independently selected from halogen, -NH
, -NH(C1-C6alkyl), - N(C1-C6alkyl)(C1-C6alkyl),
-N(C1-C3alkyl)C(O)(C 1-C6alkyl), -NHC(O)(C 1-C6alkyl),
- NHC(O)H, -C(O)NH2, -C(O)NH(C 1-C6alkyl), -C(O)N(C
1-C6alkyl)(C 1-C6alkyl), -CN, hydroxyl, C1-C6alkoxy,
C1-C6alkyl, -C(O)OH, -C1-C6alkoxycarbonyl, -C(O)C
1-C6alkyl, C5- C14aryl, heteroaryl, and C
-C8carbocycle; or R4 and R5 when taken together with
the nitrogen to which they are attached can form a 3-
to 7- membered heterocycle wherein up to two of the
carbon atoms of the heterocycle can be independently
replaced with -N(R7)-, -0-, or -S(=0) s; each s is
independently 1 or 2; R6 is C1-C6alkyl optionally
substituted with from 1 to 3 substituents
independently selected from halogen, -NH2,
-NH(C1-C6alkyl), -N(C1-C6alkyl)(C 1-C6alkyl),
-N(C1-C3alkyl)C(O)(C 1- C6alkyl), -NHC(O)(C
1-C6alkyl), -NHC(O)H, -C(O)NH2, -C(O)NH(C 1-C6alkyl),
-C(O)N(C 1- C6alkyl)(C 1-C6alkyl), -CN, hydroxyl,
C1-C6alkoxy, C1-C6alkyl, -C(O)OH, -C1-
C6alkoxycarbonyl, -C(O)Cl -C6alkyl, C6-C14aryl,
heteroaryl, and Cs-C6carbocycle; or C6- C14aryl
optionally substituted with from 1 to 3 substituents
independently selected from C1- C6alkyl, halo,
-haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, - COOH,
-C1-C6alkoxycarbonyl, -C1-C6alkylcarboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, - alkylcarboxamido and
-NO2; R7 is hydrogen; C1-C acyl; C1-C alkyl optionally
substituted with from 1 to 3 substituents
independently selected from halogen, -NH2,
-NH(C1-C6alkyl), -N(C1-C6alkyl)(C 1-C6alkyl), - N(C
1-C3alkyl)C(O)(C 1-C6alkyl), -NHC(O)(C r C6alkyl),
-NHC(O)H, -C(O)NH2, - C(O)NH(C1-C5alkyl), -C(O)N(C
1-C6alkyl)(C 1-C6alkyl), -CN, hydroxyl, C1-C6alkoxy,
C1- C6alkyl, -C(O)OH, -C1-C6aikoxycarbonyl,
-C(O)C1-C6alkyl, C6-C14aryl, heteroaryl, and
C3-C6carbocycle; C3-C8carbocycle optionally
substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, -C1-C6alkoxy, -NH2, -
alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -C1-C6alkylcarboxyl, -N-(C1-
C6)alkylamido, -C(O)NH , and -NO2; C6-C14aryl
optionally substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, C1- C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -C1- C6alkylcarboxyl,
-N-(C1-C6)alkylamido, -C(O)NH , -alkylcarboxamido and
-NO2; heteroaryl optionally substituted with from 1 to
3 substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH, -
C1-C6alkoxycarbonyl, -C1-C6alkylcarboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, - alkylcarboxamido and
-NO2; alkylamino; or aminoaryl optionally substituted
with from 1 to 3 substituents independently selected
from halogen, -NH2, -NH(C 1-C6alkyl), -N(C1-
C6alkyl)(C 1-C6alkyl), -N(C 1-C3alkyl)C(O)(C
1-C6alkyl), -NHC(O)(C 1-C6alkyl), -NHC(O)H, - C(O)NH2,
-C(O)NH(C 1-C6alkyl), -C(O)N(C 1-C6alkyl)(C
1-C6alkyl), -CN, hydroxyl, C1- C6alkoxy, C1-C6alkyl,
-C(O)OH, -C1-C6alkoxycarbonyl, -C(O)C 1-C6alkyl,
C6-C14aryl, heteroaryl, and C3-C6carbocycle; with the
proviso that when m = 2, any two adjacent R groups can
be taken together with the two carbons to which they
are attached to form a 5- to 7- membered aromatic ring
wherein up to 2 of the carbon atoms of the fused ring
can be replaced with -N , -N(R7)-, -0-, or -S(=0) s; R
is hydrogen; halogen; C1-C6acyl; C1-C6alkyl optionally
substituted with from 1 to 3 substituents
independently selected from halogen, -NH2, -NH(C
1-C6alkyl), -N(C1- C6alkyl)(C 1-C6alkyl), -N(C
1-C3alkyl)C(O)(C 1-C6alkyl)> -NHC(O)(C 1-C6alkyl),
-NHC(O)H, - C(O)NH2, -C(O)NH(C 1-C6alkyl), -C(O)N(C
1-C6alkyl)(C 1-C6alkyl), -CN, hydroxyl, C1- C6alkoxy,
C1-C6alkyl, -C(O)OH, -C1-C6alkoxycarbonyl, -C(O)C
1-C6alkyl, C6-C14aryl, heteroaryl, and
C3-C6carbocycle; C2-C6alkenyl optionally substituted
with from 1 to 3 substituents independently selected
from halogen, -NH2, -NH(C 1-C6alkyl), -N(C1-C6alkyl)(C
1-C6alkyl), -N(C 1-C3alkyl)C(O)(C 1-C6alkyl)>
-NHC(O)(C 1-C6alkyl), -NHC(O)H, - C(O)NH2, -C(0)NH(C
1-C6alkyl), -C(O)N(C 1-C6alkyl)(C 1-C6alkyl), -CN,
hydroxyl, C1- C6alkoxy, C1-C6alkyl, -C(O)OH,
-C1-C6alkoxycarbonyl, -C(O)C 1-C6alkyl, C6-C14aryl,
heteroaryl, and C1-C6carbocycle; C2-C6alkynyl
optionally substituted with from 1 to 3 substituents
independently selected from halogen, -NH , -NH(C
1-C6alkyl), -N(C1- C6alkyl)(C 1-C6alkyl), -N(C
1-C3alkyl)C(O)(C 1-C6alkyl), -NHC(O)(C 1-C6alkyl),
-NHC(O)H, - C(O)NH2, -C(O)NH(C 1-C6alkyl), -C(O)N(C
1-C6alkyl)(C 1-C6alkyl), -CN, hydroxyl, C1- C6alkoxy,
C1-C6alkyl, -C(O)OH, -C1-C6alkoxycarbonyl, -C(O)C
1-C6alkyl, C6-C14aryl, heteroaryl, and
C1-C6carbocycle; C6-C14aryl optionally substituted
with from 1 to 3 substituents independently selected
from C1-C6alkyl, halo, haloalkyl, hydroxyl, C1-
C6hydroxyalkyl, -NH , -alkylamino, -dialkylamino,
-COOH, -C1-C6alkoxycarbonyl, -C1- C6alkylcarboxyl,
-N-(C 1-C6)alkylamido, -C(O)NH , -alkylcarboxamido and
-NO2; or heteroaryl optionally substituted with from 1
to 3 substituents independently selected from
C1-C6alkyl, halo, -haloalkyl, hydroxyl,
C1-C6hydroxyalkyl, -NH2, -aminoalkyl, -dialkylamino,
-COOH, -C1-C6alkoxycarbonyl, -C1-C6alkylcarboxyl,
-N-(C 1-C6)alkylamido, -C(O)NH2, - alkylcarboxamido
and -NO ; R is hydrogen; C1-C6alkyl optionally
substituted with from 1 to 3 substituents
independently selected from halogen, -NH2, -NH(C
1-C6alkyl), -N(C 1-C6alkyl)(C 1-C6alkyl), -N(C1-
C3alkyl)C(O)(C 1-C6alkyl), -NHC(O)(C 1-C6alkyl),
-NHC(O)H, -C(O)NH2, -C(O)NH(C 1- C6alkyl), -C(O)N(C
1-C6alkyl)(C 1-C6alkyl), -CN, hydroxyl, C1-C6alkoxy,
C1-C6alkyl, - C(O)OH, -C1-C6alkoxycarbonyl, -C(O)C
1-C6alkyl, C6-C14aryl, heteroaryl, and C3-
C8carbocycle; C2-C6alkenyl optionally substituted with
from 1 to 3 substituents independently selected from
halogen, -NH2, -NH(C 1-C6alkyl), -N(C 1-C6alkyl)(C
1-C6alkyl), -N(C 1- C3alkyl)C(O)(C 1-C6alkyl),
-NHC(O)(C 1-C6alkyl), -NHC(O)H, -C(O)NH2, -C(O)NH(C 1-
C6alkyl), -C(O)N(C 1-C6alkyl)(C 1-C6alkyl), -CN,
hydroxyl, C1-C6alkoxyC 1-C6alkoxy, C1- C6alkyl,
-C(O)OH, -C1-C6alkoxycarbonyl, -C(O)C1-C6alkyl,
C6-C14aryl, heteroaryl, and C3- C6carbocycle;
C2-C6alkynyl optionally substituted with from 1 to 3
substituents independentlyselected from halogen, -NH2,
-NH(C1-C6alkyl), -N(C1-C6alkyl)(C 1-C6alkyl), -N(C1-
C3alkyl)C(O)(C 1-C6alkyl), -NHC(O)(C 1-C6alkyl),
-NHC(O)H, -C(O)NH2, -C(O)NH(C 1- C6alkyl),
-C(O)N(C1-C6alkyl)(C 1-C6alkyl), -CN, hydroxyl,
C1-C6alkoxy, C1-C6alkyl, - C(O)OH,
-C1-C6alkoxycarbonyl, -C(O)C1-C6alkyl, C6-C14aryl
heteroaryl, and C - C6carbocycle; C1-C6acyl;
C6-C14aryl optionally substituted with from 1 to 3
substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1-C6hydroxyalkyl, - NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -C1-C6alkylcarboxyl, -N-
(C1-C6)alkylamido, -C(O)NH , -alkylcarboxamido and -NO
; heteroaryl optionally substituted with from 1 to 3
substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH ,
-alkylamino, -dialkylamino, -COOH, -C1-
C6alkoxycarbonyl, -C1-C6alkylcarboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, alkylcarboxamido and -NO2;
C7-C24arylalkyl optionally substituted with from 1 to
3 substituents independently selected from halogen,
-NH2, -NH(C1-C6alkyl), -N(C1- C6alkyl)(C 1-C6alkyl),
-N(C 1-C3alkyl)C(O)(C 1-C6alkyl), -NHC(O)(C
1-C6alkyl), -NHC(O)H, - C(O)NH2, -C(O)NH(C1-C6alkyl),
-C(O)N(C 1-C6alkyl)(C 1-C6alkyl), -CN, hydroxyl, C1-
C6alkoxy, C1-C6alkyl, -C(O)OH, -C1-C6alkoxycarbonyl,
-C(O)C1-C6alkyl, C6-C14aryl, heteroaryl, and
C1-C8carbocycle; heterocyclylalkyl optionally
substituted with from 1 to 3 substituents
independently selected from halogen, -NH2,
-NH(C1-C6alkyl), -N(C1- C6alkyl)(C 1-C6alkyl), -N(C
1-C3alkyl)C(O)(C 1-C6alkyl), -NHC(O)(C 1-C6alkyl),
-NHC(O)H, - C(O)NH2, -C(O)NH(C1-C6alkyl), -C(O)N(C
1-C6alkyl)(C 1-C6alkyl), -CN, hydroxyl, C1- C6alkoxy,
C1-C6alkyl, -C(O)OH, -C1-C6alkoxycarbonyl, -C(O)C
1-C6alkyl, C6-C14aryl heteroaryl, and C1-C6carbocycle;
hydroxyl(C 1-C6alkyl)-; alkylcarboxy; alkoxycarbonyl;
C1- C6perfluoroalkyl; -S(O) -C1-C6alkyl wherein the
C1-C6alkyl of -S(O) -Cr C6alkyl is optionally
substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo, -
haloalkyl, hydroxyl, -C1-C6alkoxy, -NH2, -alkylamino,
-dialkylamino, -COOH, -C1- C6alkoxycarbonyl,
-C1-C6alkylcarboxyl, -N-(C 1-C6)alkylamido, -C(O)NH2,
and -NO2; -S(O)8- aryl wherein the aryl of -S(O)s-aryl
is optionally substituted with from 1 to 3
substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, -C1-C6alkoxy, -NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -C1-C6alkylcarboxyl, -N-(C1-
C6)alkylamido, -C(O)NH2, and -NO ; a Cs-C6carbocycle
optionally substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, -C1- C6alkoxy, -NH ,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -C1- Coalkylcarboxyl, -N-(C
1-C6)alkylamido, -C(O)NH , and -NO2, wherein any two
hydrogen atoms on the same carbon atom of the
carbocycle ring can be replaced by an oxygen atom to
form an oxo (=0) substituent, and wherein any two
hydrogen atoms on the same carbon atom of the
carbocycle ring can be replaced by an alkylenedioxy
group so that the alkylenedioxy group, when taken
together with the carbon atom to which it is attached,
forms a 5- to 7- membered heterocycle containing two
oxygen atoms; a 6- to 10-membered bicyclic carbocycle
optionally substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, -C1-C6alkoxy, -NH , -aminoalkyl,
-dialkylamino, - COOH, -C1-C6alkoxycarbonyl,
-C1-C6alkylcarboxyl, -N-(C 1-C6)alkylamido, -C(O)NH2,
and - NO2, wherein any two hydrogen atoms on the same
carbon atom of the bicyclic carbocycle rings can be
replaced by an oxygen atom to form an oxo (=0)
substituent, and wherein any two hydrogen atoms on the
same carbon atom of the bicyclic carbocycle rings can
be replaced by an alkylenedioxy group so that the
alkylenedioxy group, when taken together with the
carbon atom to which it is attached, forms a 5- to
7-membered heterocycle containing two oxygen atoms; a
4- to 7-membered monocyclic heterocycle optionally
substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl,
heterocyclylalkyl, arylalkyl, C1- C6acyl, halo,
-haloalkyl, hydroxyl, C1-Cohydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, - COOH,
-C1-C6alkoxycarbonyl, -C1-C6alkylcarboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, - alkylcarboxamido and
-NO2; or a 6- to 10-membered bicyclic heterocycle
optionally substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl,
heterocyclylalkyl, arylalkyl, C1-C8acyl, halo,
-haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -C1-C6alkylcarboxyl, -N-(C1-
C6)alkylamido, -C(O)NH2, -alkylcarboxamido and -NO2;
andAr is phenyl, naphthyl, or a monocyclic or bicyclic
ring system having from 5 to 14 ring members, and
containing at least one ring nitrogen atom, wherein
the phenyl, naphthyl, and monocyclic or bicyclic ring
system is optionally substituted with from 1 to 3
substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, C1-C6hydroxyalkyl, - NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -C1-C6alkylcarboxyl, -N-
(C1-C6)alkylamido, -C(O)NH2, -alkylcarboxamido and
-NO2. [0033] In one embodiment, the pyrazolopyrimidine
compounds of the invention have the Formula (I),
below: )q (I) or pharmaceutically acceptable salts
thereof, wherein the constituent variables are as
defined above. [0034] In some embodiments of the
compounds of Formula (Ia) above, Ar is phenyl. [0035]
In some embodiments, m is 1. [0036] In some
embodiments of the compounds of Formula (Ia) and (Ha),
R1 is - >4 5 NHC(O)NR R , -NHC(O)OR0, -NH(SO2)NH-(Cr
C6alkyl) or -NH(SO2)NH-C6-C14aiyl.[0037] In some
embodiments, R1 is -NHC(O)NR44r R > 5 



[0038] In another embodiment, R5 is H. [0039] In
another embodiment, the -NHC(O)NR4R5 group is attached
to the C4 of the phenyl ring. [0040] In some further
embodiments, R3 is hydrogen. [0041] In some further
embodiments, R3 is C1-C6alkyl optionally substituted
with from 1 to 3 substituents independently selected
from halogen, -NH , -alkylamino, -dialkylamino, -N(C1-
C3alkyl)C(O)(C 1-C6alkyl), -NHC(O)(C1-C6alkyl),
-NHC(O)H, -C(O)NH2, -C(O)NH(C1- C6alkyl),
-C(O)N(C1-C6alkyl)(C 1-C6alkyl), -CN, hydroxyl,
-C1-C6alkoxy, C1-C6alkyl, - C(O)OH,
-C1-C6alkoxycarbonyl, -C(O)C1-C6alkyl, C6-C14aryl
heteroaryl, and C3- C6carbocycle. [0042] In some
further embodiments, R3 is C1-C6alkyl optionally
substituted with from 1 to 3 independently selected
halogens. [0043] In some further embodiments, R3 is
2,2,2-trifluoroethyl. [0044] In some further
embodiments, R3 is a 4- to 7-membered monocyclic
heterocycle optionally substituted with from 1 to 3
substituents independently selected from C1-C6alkyl,
heterocyclylalkyl, arylalkyl, C1-C8acyl, halo,
-haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C1- C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, S(O) -C1-C6alkyl,
-S(O)s-aryl, - alkylcarboxamido, and -NO .[0045] In
some further embodiments, the 4- to 7-membered
monocyclic heterocycle is an optionally substituted
piperidinyl. [0046] In some embodiments, R is
optionally substituted piperidin-4-yl. [0047] In some
further embodiments, the 4- to 7-membered monocyclic
heterocycle is an optionally substituted piperidinyl
wherein the piperidinyl nitrogen is substituted with
C1- C6alkyl, heterocyclylalkyl, arylalkyl, C1-C6acyl,
halo, -haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH ,
-alkylamino, -dialkylamino, -COOH, -C1-
C6alkoxycarbonyl, -(C 1-C6alkyl)catboxyl, -N-(C
1-C6)alkylamido, -C(O)NH 2, S(O) -C1- C6alkyl, -S(O)
s-aryl, or -alkylcarboxamido. [0048] In some further
embodiments, the compound has the Formula (Ia), and R3
is C - C14 arylalkyl. [0049] In some further
embodiments, the compound has the Formula (Ia), and R3
is a 4- to 7- membered monocyclic heterocycle
containing at least one ring oxygen atom. [0050] In
some further embodiments, the compound has the Formula
(Ia), and R3 is a C3- C8carbocycle optionally
substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, -C1-C6aIkOXy, -NH , -alkylamino,
-dialkylamino, - COOH, -C1-C6alkoxycarbonyl, -(C
1-C6alkyl)carboxyl, -N-(C 1-C6)alkylamido, -C(O)NH 2,
and -NO2, wherein any two hydrogen atoms on the same
carbon atom of the carbocycle ring can be replaced by
an oxygen atom to form an oxo (=0) substituent, and
wherein any two hydrogen atoms on the same carbon atom
of the carbocycle ring can be replaced by an
alkylenedioxy group so that the alkylenedioxy group,
when taken together with the carbon atom to which it
is attached, forms a 5- to 7-membered heterocycle
containing two oxygen atoms.[0051] In some
embodiments, het is selected from
8-oxa-3-azabicyclo[3.2.1]oct-3-yl, 3-oxa-
8-azabicyclo[3.2. l]oct-8-yl, and
2-oxa-5-azabicyclo[2.2.1]hept-5-yl. [0052] In some
embodiments, t is 0. [0053] In some embodiments, the
compound has the Formula (II): )q (H) or a
pharmaceutically acceptable salt thereof, wherein the
constituent variables are as defined above. [0054] In
some further embodiments, the compound has the Formula
(II), wherein Ar is phenyl, and R1 is independently
selected from C1-C6alkyl, halo, -haloalkyl, hydroxyl,
C1- C6hydroxyalkyl, -NH2, -alkylamino, -dialkylamino,
-COOH, -C1-C6alkoxycarbonyl, -(C1- C6alkyl)carboxyl,
-N-(C1-C )alkylamido, -C(O)NH2, -alkylcarboxamido, and
-NO . [0055] In some further embodiments, R1 is
-NHC(O)NR4R5. [0056] In some further embodiments, R1
is -NHC(O)OR6. [0057] In some further embodiments, R6
is 2-hydroxyethyl.[0058] In some further embodiments,
Ar is indolyl, m is 0, 1, or 2, and R1 is
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, C1-Cohydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -N-(C 1-C6)alkylamido, -C(O)NH2,
-alkylcarboxamido and -NO2. [0059] In some further
embodiments, Ar is pyridinyl, m is 0, 1, or 2, and R
is independently selected from C1-C alkyl, halo,
-haloalkyl, hydroxyl, C1-C6hydroxyalkyl, -NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1-C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH2, -alkylcarboxamido and -NO .
[0060] In some further embodiments, Ar is pyrimidinyl,
m is 0, 1, or 2, and R1 is independently selected from
C1-C6alkyl, halo, -haloalkyl, hydroxyl,
C1-C6hydroxyalkyl, - NH2, -alkylamino, -dialkylamino,
-COOH, -C1-C6alkoxycarbonyl, -N- (C1-C6)alkylamido,
-C(O)NH2, -alkylcarboxamido and -NO2. [0061] In some
further embodiments, Ar is phenyl. [0062] In another
embodiment, R1 is -NHC(O)NR4R5. [0063] In another
embodiment, R is H. [0064] In another embodiment, the
-NHC(O)NR4R5 group is attached to the C4 of the phenyl
ring. [0065] In another embodiment, R1 is -NHC(O)OR6.
[0066] In some such embodiments, the -NHC(O)OR6 group
is attached to the C4 of the phenyl ring.[0067] In
some embodiments of the compounds of Formula (I) and
(II), n, o, p, and q are each 1. [0068] In some
embodiments of the compounds of Formula (I) and (II),
R3 is a C3- C6carbocycle, or a C5-C7 carbocycle, each
of which can be optionally substituted with from 1 to
3 substituents independently selected from C1-C6alkyl,
halo, -haloalkyl, hydroxyl, -C1- C6alkoxy, -NH2,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1- C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH 2, and -NO2, wherein any two
hydrogen atoms on the same carbon atom of the
carbocycle ring can optionally be replaced by an
oxygen atom to form an oxo (=0) substituent, and
wherein any two hydrogen atoms on the same carbon atom
of the carbocycle ring can be replaced by an
alkylenedioxy group so that the alkylenedioxy group,
when taken together with the carbon atom to which it
is attached, forms a 5- to 7-membered heterocycle
containing two oxygen atoms. [0069] In some such
embodiments, R3 is a C6Carbocycle, wherein two
hydrogen atoms on one of the carbon atoms of the
carbocycle ring have been replaced by an alkylenedioxy
group so that the alkylenedioxy group, when taken
together with the carbon atom to which it is attached,
forms a 5- to 7-membered heterocycle containing two
oxygen atoms. [0070] In some embodiments of the
compounds of Formula (I) and (II), n, o, p, and q are
each 1; r is 0; R3 is a C5-C7 carbocycle, which can be
optionally substituted with from 1 to 3 substituents
independently selected from C1-C6alkyl, halo,
-haloalkyl, hydroxyl, -C1- C6alkoxy, -NH ,
-alkylamino, -dialkylamino, -COOH,
-C1-C6alkoxycarbonyl, -(C 1- C6alkyl)carboxyl, -N-(C
1-C6)alkylamido, -C(O)NH , and -NO2, wherein any two
hydrogen atoms on the same carbon atom of the
carbocycle ring can optionally be replaced by an
oxygen atom to form an oxo ( 0 ) substituent, and
wherein any two hydrogen atoms on the same carbon atom
of the carbocycle ring can be replaced by an
alkylenedioxy group so that the alkylenedioxy group,
when taken together with the carbon atom to which it
is attached,forms a 5- to 7-membered heterocycle
containing two oxygen atoms; R1 is -NHC(O)NR4R5, -
NHC(O)OR6, -NH(SO2)NH-C1-C6alkyl or
-NH(SO2)NH-C6-Ci4aryl, and Ar is phenyl. [0071] In
some embodiments of the compounds of Formula (I) and
(II), n, o, p, and q are each 1; r is 0; R3 is a
C6Carbocycle, wherein two hydrogen atoms on one of the
carbon atoms of the carbocycle ring have been replaced
by an alkylenedioxy group so that the alkylenedioxy
group, when taken together with the carbon atom to
which it is attached, forms a 5- to 7-membered
heterocycle containing two oxygen atoms; R1 is
-NHC(O)NR4R5 and Ar is phenyl. [0072] Illustrative
compounds of Formula (I) are exemplified by the
following compounds:
3-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-phenyl-li7-
pyrazolo[3,4-d]pyrimidin-6-yl]phenol;
l-methyl-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
-(2,2,2-trifluoroethyl)-1 Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea; methyl
{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(2,2,2-tri
fluoroethyl)-li7-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}carbamate;
l-ethyl-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-
(2,2,2-trifluoroethyl)-1 H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea; 1-
{4-[4-(8-oxa-3-azabicyclo[3 .2. 1]oct-3-yl)-
l-(2,2,2-trifluoroethyl)-l#-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-3-ylurea;
l-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(2,2,2-t
rifluoroethyl)-1 H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea;
l-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(2,2,2-t
rifluoroethyl)-1 H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea;
1-(2-fluoroethyl)-3- {4-[4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1-(2,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea; methyl 4-[6-
{4-[(methylcarbamoyl)amino]phenyl}
-4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3-y)-\Hpyrazolo [3
,4-d]pyrimidin- 1-yl]piperidine- 1-carboxylate;
tert-buty\
4-[6-{4-[(methylcarbamoyl)amino]phenyl}-4-(8-oxa-3-aza
bicyclo[3.2.1]oct-3-yl)- l//-pyrazo Io
[3,4-d]pyrimidin- 1-yl]piperidine- 1-carboxylate;
methyl 4-[6- {4-[(ethylcarbamoyl)amino]phenyl}
-4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3-yl)-\Hpyrazolo [3
,4-d]pyrimidin- 1-yljpiperidine- 1-carboxylate; methyl
4-[6-(4-{[(2-fluoroethyl)carbamoyl]amino}phenyl)-4-(8-
oxa-3-azabicyclo[3.2.1]oct-
3-yl)-l/i-pyrazolo[3,4-d]pyrimidin-1-yl]piperidme-1-ca
rboxylate; methyl 4-[4-(8-oxa-3-azabicyclo[3.
2.l]oct-3-yl)-6-{4-[(phenylcarbamoyl)amino]phenyl}-l//
- pyrazolo [3 ,4-d]pyrimidin- 1-yljpiperidine-
1-carboxylate; methyl 4-[6-
{4-[(cyclopropylcarbamoyl)amino]phenyl}
-4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3-
yl)-l//-pyrazolo[3,4-d]pyrimidin- 1-yljpiperidine-
1-carboxylate. methyl
4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-6-{4-[(pyridi
n-3- ylcarbamoyl)amino]phenyl}
-1H-pyrazolo[3,4-d]pyrimidin- 1-yljpiperidine-
1-carboxylate; methyl
4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-6-{4-[(pyridi
n-4- ylcarbamoyl)amino]phenyl}
-1H-pyrazolo[3,4-d]pyrimidin- 1-yljpiperidine-
1-carboxylate;
l-ethyl-3-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-
[l-(pyridin-3-ylmethyl)piperidin-4-yl]- 1H-pyrazolo
[3,4-d]pyrimidin-6-yl}phenyl)urea;
1-(2-fluoroethyl)-3-(4- {4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)-l -[1-(pyridin-3- ylmethyl)piperidin-4-yl]
-1H-pyrazolo [3 ,4-d]pyrimidin-6-yl} phenyl)urea;
1-(4- {4-(8-oxa-3 -azabicyclo [3.2.1 ]oct-3-yl)-
1-[1-(pyridin-3 -ylmethyl)piperidin-4-yl]- 1Hpyrazolo
[3 ,4-d]pyrimidin-6-yl} phenyl)-3 -phenylurea; 1-(4-
{4-(8-oxa-3 -azabicyclo [3.2.1 ]oct-3-yl)-
1-[1-(pyridin-3 -ylmethyl)piperidin-4-yl]- 1Hpyrazolo
[3 ,4-d]pyrimidin-6-yl} phenyl)-3 -pyridin-3 -ylurea;
1-(4- {4-(8-oxa-3 -azabicyclo [3.2.1 ]oct-3-yl)-
1-[1-(pyridin-3 -ylmethyl)piperidin-4-yl]- 1Hpyrazolo
[3 ,4-d]pyrimidin-6-yl} phenyl)-3 -pyridin-4-ylurea;
tert-butyl
4-[6-{4-[(ethylcarbamoyl)amino]phenyl}-4-(8-oxa-3-azab
icyclo[3.2.1]oct-3-yl)- 1H-pyrazolo [3,4-d]pyrimidin-l
-yljpiperidine- 1-carboxylate; 



tert-butyl
4-[6-(4-{[(2-fluoroethyl)carbamoyl]amino}phenyl)-4-(8-
oxa-3- azabicyclo [3.2. 1]oct-3 -yl)- 1H-pyrazolo [3
,4-d]pyrimidin- 1-yl]piperidine- 1-carboxylate;
tert-butyl 4-[6-
{4-[(cyclopropylcarbamoyl)amino]phenyl}
-4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3- yl)-l H-pyrazolo
[3,4-d]pyrimidin-l -yljpiperidine- 1-carboxylate;
tert-butyl 4-[4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)-6- {4-[(phenylcarbamoyl)amino]phenyl} -
1H-pyrazolo [3,4-d]pyrimidin-l -yljpiperidine-
1-carboxylate; tert-butyl 4-[4-(8-oxa-3-azabicyclo[3.
2.1 ]oct-3-yl)-6-{4-[(pyridin-3-
ylcarbamoyl)amino]phenyl}
-1H-pyrazolo[3,4-d]pyrimidin- 1-yljpiperidine-
1-carboxylate. tert-butyl 4-[4-(8-oxa-3-azabicyclo[3.
2.1 ]oct-3-yl)-6-{4-[(pyridin-4-
ylcarbamoyl)amino]phenyl} -1H-pyrazolo[3
,4-d]pyrimidin- 1-yljpiperidine- 1-carboxylate;
l-methyl-3-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
-[l-(2,2,2-trifluoroethyl)piperidin-4- yl]
-1H-pyrazolo [3,4-d]pyrimidin-6-yl}phenyl)urea;
l-methyl-3-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
-[l-(pyridin-3-ylmethyl)piperidin-4- yl] -1H-pyrazolo
[3,4-d]pyrimidin-6-yl}phenyl)urea;
l-ethyl-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-
piperidin-4-yl-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea;
l-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-piperidi
n-4-yl-1H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-phenylurea;
4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabicyc
lo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4- d]pyrimidin-6-yl]
aniline;
4-{[1-(1-benzylpiperidin-4-yl)-4-(8-oxa-3-azabicyclo
[3 .2.1 ]oct-3 -yl)- 1H-pyrazolo [3,4-
d]pyrimidin-6-yl] amino}phenol; ethyl 4-[6-
{4-[(ethylcarbamoyl)amino]phenyl}
-4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3-yl)- 1Hpyrazolo
[3 ,4-d]pyrimidin- 1-yljpiperidine- 1-carboxylate;
ethyl 4-[6-(4-
{[(2-fluoroethyl)carbamoyl]amino}phenyl)-4-(8-oxa-3-az
abicyclo[3.2. l]oct-3- yl)-l H-pyrazolo
[3,4-d]pyrimidin-1-yl]piperidine-l -carboxylate; ethyl
4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-6-{4-[(phenyl
carbamoyl)amino]phenyl}-1Hpyrazolo [3 ,4-d]pyrimidin-
1-yl]piperidine- 1-carboxylate; ethyl
4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-6-{4-[(pyridi
n-3-ylcarbamoyl)amino]phenyl}- 1H-pyrazolo
[3,4-d]pyrimidin-1-yl]piperidine-l -carboxylate; ethyl
4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-6-{4-[(pyridi
n-4-ylcarbamoyl)amino]phenyl}- 1H-pyrazolo
[3,4-d]pyrimidin-1-yl]piperidine-l -carboxylate; ethyl
4-[6-(4- {[(1
-methylpiperidin-4-yl)carbamoyl]amino}phenyl)-4-(8-oxa
-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-1-ylJpiperidine-l -carboxylate. ethyl
4-{6-[4-({[l-(tert-butoxycarbonyl)piperidin-4-yl]carba
moyl}amino)phenyl]-4-(8-oxa-3- azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3 ,4-d]pyrimidin-
1-yl}piperidine- 1-carboxylate; ethyl
4-{6-[4-({[3-(methylamino)propyl]carbamoyl}amino)pheny
l]-4-(8-oxa-3- azabicyclo[3 .2. 1]oct-3-yl)-
1H-pyrazolo[3 ,4-d]pyrimidin- 1-yljpiperidine-
1-carboxylate; ethyl
4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-6-{4-[(1H-pyr
azol-5- ylcarbamoyl)amino]phenyl}
-1H-pyrazolo[3,4-d]pyrimidin- 1-yl]piperidine-
1-carboxylate;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl} -3-methylurea;
l-ethyl-3-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-
3-yl)-1H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-(2-fluoroethyl)urea;
l-cyclopropyl-3-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.
1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-(2-hydroxyethyl)urea; 2-hydroxyethyl
{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H-p
yrazolo[3,4- d]pyrimidin-6-yl]phenyl}carbamate;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl} -3-phenylurea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-pyridin-3-ylurea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-pyridin-4-ylurea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-[3-(methylamino)propyl]urea;
l-methyl-3-{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oc
t-3-yl)-1H-pyrazolo[3,4- d]pyrimidin-6-yl]phenyl}urea;
1-ethyl-3- {4-[ 1-methyl-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin-
6-yl]phenyl}urea. 1-(2-fluoroethyl)-3- {4-[
1-methyl-4-(8-oxa-3-azabicyclo[3 .2. 1]oct-3-yl)-
1H-pyrazolo[3,4- d]pyrimidin-6-yl]phenyl}urea;
l-cyclopropyl-3-{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2
.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea;
l-(2-hydroxyethyl)-3-{4-[l-methyl-4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-phenylurea;
l-{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-6- yljphenyl}
-3-pyridin-3-ylurea;
l-{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-6- yljphenyl}
-3-pyridin-4-ylurea; 1-[2-(dimethylamino)ethyl]-3-
{4-[l -methyl-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
1-[3-(dimethylamino)propyl]-3- {4-[l
-methyl-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea; methyl
{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6- yl]phenyl} carbamate;
3-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H-p
yrazolo[3,4-d]pyrimidin-6-yl]phenol;
l-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea;
l-methyl-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
-(4-oxocyclohexyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-(4-hydroxycyclohexyl)-4-(8-oxa-3-azabicyclo[3.
2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea; ethyl
4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-6-{4-[(piperi
din-4- ylcarbamoyl)amino]phenyl}
-1H-pyrazolo[3,4-d]pyrimidin- 1-yl]piperidine-
1-carboxylate; isopropyl
4-[6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct-3
-yl)-1H-pyrazolo[3,4- d]pyrimidin-1-yl]piperidine-
1-carboxylate; isopropyl
4-[6-{4-[(methylcarbamoyl)amino]phenyl}-4-(8-oxa-3-aza
bicyclo[3.2.1]oct-3-yl)- 1H-pyrazoIo
[3,4-d]pyrimidin-1-yl]piperidine-l -carboxylate.
1-[4-(1-{1-[(6-bromopyridin-3-yl)methyl]piperidin-4-yl
} -4-morpholin-4-yl- 1H-pyrazolo[3 ,4-
d]pyrimidin-6-yl)phenyl] -3-methylurea;
l-methyl-3-(4-{4-morpholin-4-yl-1-[l-(pyridin-3-ylmeth
yl)piperidin-4-yl]-1H-pyrazolo[3,4-
d]pyrimidin-6-yl}phenyl)urea;
l-methyl-3-[4-(l-{l-[(2-methylpyridin-3-yl)carbonyl]pi
peridin-4-yl}-4-morpholin-4-yl-1Hpyrazolo [3
,4-d]pyrimidin-6-yl)phenyl]urea;
l-methyl-3-[4-(l-{l-[(4-methylpyridin-3-yl)carbonyl]pi
peridin-4-yl}-4-morpholin-4-yl-1Hpyrazolo [3
,4-d]pyrimidin-6-yl)phenyl]urea;
l-methyl-3-(4-{4-morpholin-4-yl-1-[l-(pyridin-2-ylmeth
yl)piperidin-4-yl]-1H-pyrazolo[3,4-
d]pyrimidin-6-yl}phenyl)urea;
l-(4-{l-[l-(2-methoxybenzoyl)piperidin-4-yl]-4-morphol
in-4-yl-1H-pyrazolo[3,4-
d]pyrimidin-6-yl}phenyl)-3-methylurea;
l-(4-{l-[l-(3-acetylbenzoyl)piperidin-4-yl]-4-morpholi
n-4-yl-1H-pyrazolo[3,4-d]pyrimidin-
6-yl}phenyl)-3-methylurea; 1-(2-fluoro-4-
{4-morpholin-4-yl-1-[1-(pyridin-3-ylmethyl)piperidin-4
-yl] -1H-pyrazolo [3,4-
d]pyrimidin-6-y1}phenyl)-3-pyridin-3-ylurea; 2-[4-(6-
{4-[(methylcarbamoyl)amino]phenyl} -4-morpholin-4-yl-
1H-pyrazolo[3 ,4-
d]pyrimidin-1-yl)piperidin-1-yl]acetamide;Methyl
4-(6-{4-[(methylcarbamoyl)amino]phenyl}-4-morpholin-4-
yl-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate. isopropyl
4-[6-{4-[(ethylcarbamoyl)amino]phenyl}-4-(8-oxa-3-azab
icyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-1-yl]piperidine-1-carboxyl
ate; isopropyl
4-[6-(4-{[(2-fluoroethyl)carbamoyl]amino}phenyl)-4-(8-
oxa-3- azabicyclo[3.2. 1]oct-3 -yl)- 1H-pyrazolo[3
,4-d]pyrimidin- 1-yl]piperidine- 1-carboxylate;
isopropyl
4-[6-(4-{[(2-hydroxyethyl)carbamoyl]amino}phenyl)-4-(8
-oxa-3- azabicyclo[3.2. 1]oct-3 -yl)- 1H-pyrazolo[3
,4-d]pyrimidin- 1-yl]piperidine- 1-carboxylate;
isopropyl
4-[6-{4-[(cyclopropylcarbamoyl)amino]phenyl}-4-(8-oxa-
3-azabicyclo[3 .2. l]oct-3- yl)-l H-pyrazolo
[3,4-d]pyrimidin-1-yl]piperidine-l -carboxylate;
isopropyl 4-[4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)-6- {4-[(phenylcarbamoyl)amino]phenyl}-
1H-pyrazolo [3,4-d]pyrimidin-1-yl]piperidine-l
-carboxylate; isopropyl 4-[4-(8-oxa-3-azabicyclo[3.
2.1 ]oct-3-yl)-6-{4-[(pyridin-3-
ylcarbamoyl)amino]phenyl}
-1H-pyrazolo[3,4-d]pyrimidin- 1-yl]piperidine-
1-carboxylate; isopropyl 4-[4-(8-oxa-3-azabicyclo[3.
2.1 ]oct-3-yl)-6-{4-[(pyridin-4-
ylcarbamoyl)amino]phenyl}
-1H-pyrazolo[3,4-d]pyrimidin- 1-yl]piperidine-
1-carboxylate; isopropyl
4-[6-{4-[(methoxycarbonyl)amino]phenyl}-4-(8-oxa-3-aza
bicyclo[3.2.1]oct-3-yl)- 1H-pyrazolo
[3,4-d]pyrimidin-1-yl]piperidine-l -carboxylate;
3-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H-py
razolo[3,4-d]pyrimidin-6-yl]phenol;
l-ethyl-6-(1H-indol-5-yl)-4-(8-oxa-3-azabicyclo[3.2.1]
oct-3-yl)-1H-pyrazolo[3,4- d]pyrimidine;
l-{4-[l-benzyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-methylurea;
l-{4-[l-benzyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl} -3-ethylurea;
l-{4-[l-benzyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-6- yljphenyl}
-3-pyridin-4-ylurea;
4-[l-(l-isobutyrylpiperidin-4-yl)-4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)-1H-pyrazolo[3,4- d]pyrimidin-6-y1]
aniline. 1- {4-[ 1-(I
-isobutyrylpiperidin-4-yl)-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3 ,Ad]
pyrimidm-6-yl]phenyl}-3-methylurea;
l-ethyl-3-{4-[l-(l-isobutyrylpiperidin-4-yl)-4-(8-oxa-
3-azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
1-(2-hydroxyethyl)-3-{4-[ 1-(1
-isobutyrylpiperidin-4-yl)-4-(8-oxa-3-azabicyclo[3
.2.1 ]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}urea;
1-(2-fluoroethyl)-3- {4-[l -(I
-isobutyrylpiperidin-4-yl)-4-(8-oxa-3-azabicyclo[3
.2.1 ]oct-3-yl)- 1H-pyrazolo [3
,4-d]pyrimidin-6-yl]phenyl}urea; 1-cyclopropyl-3- {4-[
1-(1-isobutyrylpiperidin-4-yl)-4-(8-oxa-3
-azabicyclo[3 .2 .1]oct-3-yl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea; 1- {4-[ 1-(I
-isobutyrylpiperidm-4-yl)-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3 ,4- 



d]pyrimidin-6-yl]phenyl}-3-phenylurea; 1- {4-[ 1-(I
-isobutyrylpiperidin-4-yl)-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3 ,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-3-ylurea; 1- {4-[
1-(I
-isobutyrylpiperidin-4-yl)-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3 ,4-
d]pyrimidm-6-yl]phenyl}-3-pyridin-4-ylurea;
l-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(tetrahy
dro-2H-pyran-2-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-3-ylurea;
l-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H-pyrazol
o[3,4-d]pyrimidin-6-yl]phenyl}-3- pyridin-3-ylurea;
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(1,4-d
ioxaspiro[4.5]decan-8-yl)-1Hpyrazolo [3
,4-d]pyrimidin-6-yl)phenyl)-3 -methylurea;
1-(4-(4-(8-oxa-3-azabicyclo[3 .2. 1]octan-3-yl)-
1-(4-oxocyclohexyl)- 1H-pyrazolo[3 ,4-
d]pyrimidin-6-yl)phenyl)-3-methylurea;
1-(4-(4-(8-oxa-3-azabicyclo[3 .2. 1]octan-3-yl)-
1-(4-hydroxycyclohexyl)- 1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-methylurea;
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-((lr,4
r)-4-hydroxycyclohexyl)-1Hpyrazolo [3
,4-d]pyrimidin-6-yl)phenyl)-3 -methylurea; and
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-((ls,4
s)-4-hydroxycyclohexyl)-1Hpyrazolo [3
,4-d]pyrimidin-6-yl)phenyl)-3 -methylurea; and
2-hydroxyethyl
{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(2,2,2-tri
fluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate. [0073]
Illustrative compounds of Formula (Ia) are exemplified
by the following compounds: methyl
4-[6-{4-[(ethoxycarbonyl)amino]phenyl}-4-(8-oxa-3-azab
icyclo[3 .2. l]oct-3-yl)-1Hpyrazolo [3
,4-d]pyrimidin-1-yl]piperidine- 1-carboxylate; methyl
4-[6-(4-
{[(2-hydroxyethoxy)carbonyl]amino}phenyl)-4-(8-oxa-3 -
azabicyclo[3.2. 1]oct-3 -yl)- 1H-pyrazolo[3
,4-d]pyrimidin- 1-yl]piperidine- 1-carboxylate; methyl
4-[6-(4-
{[(2-methoxyethoxy)carbonyl]amino}phenyl)-4-(8-oxa-3-
azabicyclo[3.2. 1]oct-3 -yl)- 1H-pyrazolo[3
,4-d]pyrimidin- 1-yljpiperidine- 1-carboxylate;methyl
4-[6-(4-
{[(2-aminoethoxy)carbonyl]amino}phenyl)-4-(8-oxa-3-aza
bicyclo[3.2. l]oct- 3-yl)- 1H-pyrazolo[3
,4-d]pyrimidin- 1-yl]piperidine- 1-carboxylate; methyl
4-
{6-[4-({[2-(dimethylamino)ethoxy]carbonyl}amino)phenyl
]-4-(8-oxa-3- azabicyclo[3 .2. 1]oct-3-yl)-
1H-pyrazolo[3 ,4-d]pyrimidin- 1-yljpiperidine-
1-carboxylate; methyl
4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-6-(4-{[(2-pyr
rolidin-1- ylethoxy)carbonyl]amino }phenyl)-
1H-pyrazolo [3,4-d]pyrimidin- 1-yl]piperidine- 1-
carboxylate; methyl 4-[6-(4-
{[(2-morpholin-4-ylethoxy)carbonyl]amino}phenyl)-4-(8-
oxa-3- azabicyclo [3.2. 1]oct-3 -yl)- 1H-pyrazolo [3
,4-d]pyrimidin- 1-yl]piperidine- 1-carboxylate; methyl
4- {6-[4-({[2-(4-methylpiperazin-1-yl)ethoxy]carbonyl}
amino)phenyl]-4-(8-oxa-3- azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3 ,4-d]pyrimidin-
1-yljpiperidine- 1-carboxylate; methyl 4-[6-
{4-[(methoxycarbonyl)amino]phenyl}
-4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3-yl)-1Hpyrazolo [3
,4-d]pyrimidin- 1-yl]piperidine- 1-carboxylate; methyl
4-[6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3. 2.1
]oct-3-yl)-1H-pyrazolo[3 ,4- d]pyrimidin-
1-yl]piperidine- 1-carboxylate; 2-hydroxyethyl
(4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabicy
clo[3.2.1]oct-3-yl)- 1H-pyrazolo
[3,4-d]pyrimidin-6-yl]phenyl} carbamate;
3-hydroxypropyl {4- [1-(1,4-dioxaspiro
[4.5]dec-8-yl)-4-(8-oxa-3 -azabicyclo [3 .2.1 ]oct-3
-yl)- 1H-pyrazolo [3,4-d]pyrimidin-6-yl]phenyl}
carbamate;
l-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-ethylurea;
l-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-(2-fluoroethyl)urea;
l-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-(2-hydroxyethyl)urea;
l-cyclopropyl-3-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-
(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-phenylurea;
l-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea;
2,2,2-trifluoroethyl
{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabicy
clo[3.2.1]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}carbamate;
2-fluoroethyl
{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabicy
clo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate;
3-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-1,3-oxazolidin-2-one;
2-({4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azab
icyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}amino)ethanol;
l-[2-(dimethylamino)ethyl]-3-{4-[l-(1,4-dioxaspiro[4.5
]dec-8-yl)-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidm-
b-ylJphenyl}urea;
l-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[2-(4-methylpiperazin-1-yl)
ethyl]urea;
l-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[4-(4-methylpiperazin-1-yl)
phenyl]urea; methyl {4- [4-(8-oxa-3 -azabicyclo [3 .2
.1]oct-3-yl)- 1-(4-oxocyclohexyl)- 1H-pyrazolo [3,4-
d]pyrimidin-6-yl]phenyl}carbamate; methyl
{4-[l-(4-hydroxycyclohexyl)-4-(8-oxa-3-azabicyclo[3.2.
1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}carbamate; methyl
{4-[l-isopropyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin- 6-yl]phenyl} carbamate;
l-{4-[l-isopropyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl
)-1H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-methylurea; 1-ethyl-3 - {4-[ 1-isopropyl-4-(8-oxa-3
-azabicyclo [3.2.1 ]oct-3 -yl)- 1H-pyrazolo [3 ,4-
d]pyrimidin-6-yl]phenyl}urea;
l-(2-fluoroethyl)-3-{4-[l-isopropyl-4-(8-oxa-3-azabicy
clo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea;
l-cyclopropyl-3-{4-[l-isopropyl-4-(8-oxa-3-azabicyclo[
3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea;
l-(2-hydroxyethyl)-3-{4-[l-isopropyl-4-(8-oxa-3-azabic
yclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea; 2-hydroxyethyl
{4-[l-isopropyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4- d]pyrimidin-6-yl]phenyl}carbamate;
3-hydroxypropyl
{4-[l-isopropyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4- d]pyrimidin-6-yl]phenyl}carbamate;
2,3-dihydroxypropyl
{4-[l-isopropyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4- d]pyrimidin-6-yl]phenyl}carbamate;
l-{4-[l-isopropyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl
)-1H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-phenylurea;1- {4-[
l-isopropyl-4-(8-oxa-3-azabicyclo[3 .2. 1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-pyridin-3-ylurea; 1- {4-[
l-isopropyl-4-(8-oxa-3-azabicyclo[3 .2. 1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-pyridin-4-ylurea;
l-{4-[l-(4,4-dimethoxycyclohexyl)-4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea;
l-{4-[l-(1,5-dioxaspiro[5.5]undec-9-yl)-4-(8-oxa-3-aza
bicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-methylurea;
l-{4-[l-(3,3-dimethyl-1,5-dioxaspiro[5.5]undec-9-yl)-4
-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)- 1H-pyrazolo
[3,4-d]pyrimidin-6-yl]phenyl} -3-methylurea;
l-(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl}phenyl)-3-methylurea; methyl
(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo[3
.2. l]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)carbamate;
l-(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl}phenyl)-3-[4-(2-hydroxyethyl)phenyl]u
rea;
l-(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl}phenyl)-3-phenylurea;
l-(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-y1}phenyl)-3-pyridin-3-ylurea;
2-hydroxyethyl
(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo[3
.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)carbamate;
l-(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl}phenyl)-3-[4-(4-methylpiperazin-1-yl)
phenyl]urea;
l-(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl}phenyl)-3-ethylurea;
l-cyclopropyl-3-(4-{l-[2-(dimethylamino)ethyl]-4-(8-ox
a-3-azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)urea;
l-(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl}phenyl)-3-pyridin-4-ylurea;
l-(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl}phenyl)-3-[4-(hydroxymethyl)phenyl]ur
ea; methyl 4-
{6-[4-({[4-(hydroxymethyl)phenyl]carbamoyl}amino)pheny
l]-4-(8-oxa-3- azabicyclo[3 .2. 1]oct-3-yl)-
1H-pyrazolo[3 ,4-d]pyrimidin- 1-yl}piperidine-
1-carboxylate;methyl 4-
{6-[4-({[4-(2-hydroxyethyl)phenyl]carbamoyl}amino)phen
yl]-4-(8-oxa-3- azabicyclo[3 .2. 1]oct-3-yl)-
1H-pyrazolo[3 ,4-d]pyrimidin- 1-yljpiperidine-
1-carboxylate; methyl 4-
{6-[4-({[4-(4-methylpiperazin-1-yl)phenyl]carbamoyl}am
ino)phenyl]-4-(8-oxa-3- azabicyclo[3 .2. 1]oct-3-yl)-
1H-pyrazolo[3 ,4-d]pyrimidin- 1-yljpiperidine-
1-carboxylate; methyl 4- {6-[4-(
{[6-(4-methylpiperazin- 1-yl)pyridin-3-yl]carbamoyl}
amino)phenyl]-4-(8-
oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyr
imidin-1-yl}piperidine-1-carboxylate; methyl 4-[6-(4-
{[(2-aminoethyl)carbamoyl]amino}phenyl)-4-(8-oxa-3-aza
bicyclo[3.2. l]oct-
3-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl]piperidine-1-ca
rboxylate; methyl 4-
{6-[4-({[2-(dimethylamino)ethyl]carbamoyl}amino)phenyl
]-4-(8-oxa-3- azabicyclo[3 .2. 1]oct-3-yl)-
1H-pyrazolo[3 ,4-d]pyrimidin- 1-yljpiperidine-
1-carboxylate; methyl 4-
{6-[4-({[2-(4-methylpiperazin-1-yl)ethyl]carbamoyl}
amino)phenyl]-4-(8-oxa-3- azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3 ,4-d]pyrimidin-
1-yljpiperidine- 1-carboxylate; methyl 4- {6-[4-(
{[3-(hydroxymethyl)phenyl] carbamoyl}
amino)phenyl]-4-(8-oxa-3- azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3 ,4-d]pyrimidin-
1-yljpiperidine- 1-carboxylate; methyl 4-
{6-[4-({[2-(hydroxymethyl)phenyl]carbamoyl}
amino)phenyl]-4-(8-oxa-3- azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3 ,4-d]pyrimidin-
1-yl}piperidine- 1-carboxylate;
l-(2-aminoethyl)-3-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3
.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-[2-(methylamino)ethyl]urea;
1-[2-(dimethylamino)ethyl]-3- {4-[l
-ethyl-4-(8-oxa-3-azabicyclo[3 .2. 1]oct-3-yl)-
1Hpyrazolo[ 



3,4-d]pyrimidin-6-yl]phenyl}urea;
l-(3-aminopropyl)-3-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[
3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea;
l-[3-(dimethylamino)propyl]-3-{4-[l-ethyl-4-(8-oxa-3-a
zabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-[2-(4-methylpiperazin- 1-yl)ethyl]urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-(2-morpholin-4-ylethyl)urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-[4-(4-methylpiperazin-l -yl)phenyl]urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-(4-morpholin-4-ylphenyl)urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-[4-(hydroxymethyl)phenyl]urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-[4-(2-hydroxyethyl)phenyl]urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-(6-morpholin-4-ylpyridin-3-yl)urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-[6-(4-methylpiperazin-l -yl)pyridin-3-yl]urea;
1-{4-[2-(dimethylamino)ethoxy]phenyl} -3-{4-[l
-ethyl-4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3-yl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-(4-methoxyphenyl)urea;
l-(4-chlorophenyl)-3-{4-[l-ethyl-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-(4-methylphenyl)urea;
1-(4-cyanophenyl)-3- {4-
[1-ethyl-4-(8-oxa-3-azabicyclo[3 .2 .1]oct-3-yl)-
1H-pyrazolo[3,4- d]pyrimidin-6-yl]phenyl}urea;
2-hydroxypropyl
{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H-p
yrazolo[3,4- d]pyrimidin-6-yl]phenyl}carbamate; methyl
{4- [l-(2-hydroxyethyl)-4-(8-oxa-3 -azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}carbamate; 1. {4-[
l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea;
l-ethyl-3-{4-[l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea; 2-hydroxyethyl
{4-[l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct
-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate;
1-(2-hydroxyethyl)-3- {4-[
l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
l-cyclopropyl-3-{4-[l-(2-hydroxyethyl)-4-(8-oxa-3-azab
icyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea; 1. {4-[
l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-phenylurea;1- {4-[
l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-3-ylurea; 1- {4-[
l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3,4-
d]pyrimidm-6-yl]phenyl}-3-pyridin-4-ylurea; 1- {4-[
l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[4-(hydroxymethyl)phenyl]ur
ea;
l-{4-[l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3.2.1]o
ct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[4-(2-hydroxyethyl)phenyl]u
rea; 1- {4-[
l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[4-(4-methylpiperazin-1-yl)
phenyl]urea; 1- {4-[
l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-(4-morpholin-4-ylphenyl)ure
a; 1. {4-[ l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3
.2. 1]oct-3-yl)- 1H-pyrazolo[3,4-
d]pyrimidm-6-yl]phenyl}-3-[6-(4-methylpiperazin-1-yl)p
yridin-3-yl]urea; 1- {4-[
l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-(6-morpholin-4-ylpyridin-3-
yl)urea;
2-[6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct-3
-yl)-1H-pyrazolo[3,4-d]pyrimidin-1- yl]ethanol; ethyl
{4-[ 1-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}carbamate; 2-hydroxyethyl (4-
{4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3-yl)- 1-[I
-(2,2,2-trifluoroethyl)piperidin- 4-yl]-1H-pyrazolo[3
,4-d]pyrimidin-6-yl}phenyl)carbamate; 2-hydroxyethyl
(4- {4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3-yl)-l -[I
-(pyridin-3-ylmethyl)piperidin- 4-yl]-1H-pyrazolo[3
,4-d]pyrimidin-6-yl}phenyl)carbamate; 2-hydroxyethyl
{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(4-oxocycl
ohexyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate; 2-hydroxyethyl
{4-[l-(4-hydroxycyclohexyl)-4-(8-oxa-3-azabicyclo[3.2.
1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate; 2-hydroxyethyl
{4-[l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct-3
-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}carbamate; 1- {4-[
l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin- 6-yl]phenyl}
-3-methylurea; 1- {4-[
l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin- 6-yl]phenyl}
-3-cyclopropylurea;1- {4-[
l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin-
6-yl]phenyl}-3-pyridin-3-ylurea; 1- {4-[
l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin- 6-yl]phenyl}
-3-pyridin-4-ylurea; 1- {4-[
l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin-
6-yl]phenyl}-3-[4-(hydroxymethyl)phenyl]urea; 1- {4-[
l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin-
6-yl]phenyl}-3-[4-(2-hydroxyethyl)phenyl]urea; 1- {4-[
l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin-
6-yl]phenyl}-3-[4-(4-methylpiperazin-1-yl)phenyl]urea;
1- {4-[ l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin-
6-yl]phenyl}-3-(4-morpholin-4-ylphenyl)urea; 1- {4-[
l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin-
6-yl]phenyl}-3-[6-(4-methylpiperazin-1-yl)pyridin-3-yl
]urea; 1- {4-[
l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin-
6-yl]phenyl}-3-(6-morpholin-4-ylpyridin-3-yl)urea; 1-
{4-[ l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin-
6-yl]phenyl}-3-{4-[2-(dimethylamino)ethoxy]phenyl}urea
;
l-[2-(2-aminoethoxy)ethyl]-3-{4-[l-ethyl-4-(8-oxa-3-az
abicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl} -3-[(
1-methylpiperidin-4-yl)methyl]urea; 1-cyclohexyl-3-
{4- [1-ethyl-4-(8-oxa-3-azabicyclo [3 .2.1 ]oct-3-yl)-
1H-pyrazolo [3,4- d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl} -3-(l
-methylpiperidin-4-yl)urea;
1-(cis-4-aminocyclohexyl)-3 -{4-[ 1-ethyl-4-(8-oxa-3
-azabicyclo[3 .2.1 ]oct-3 -yl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
l-(trans-4-aminocyclohexyl)-3-{4-[l-ethyl-4-(8-oxa-3-a
zabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
l-[4-(hydroxymethyl)phenyl]-3-{4-[l-methyl-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
l-[4-(2-hydroxyethyl)phenyl]-3-{4-[l-methyl-4-(8-oxa-3
-azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
1-[4-(dimethylamino)phenyl]-3- {4-[l
-methyl-4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3-yl)-
1Hpyrazolo[ 3,4-d]pyrimidin-6-yl]phenyl}urea;
l-(4-aminophenyl)-3-{4-[l-methyl-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-[6-(4-methylpiperazin-l -yl)pyridin-3-yl]urea;
l-{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-[4-(4-methylpiperazin-l -yl)phenyl]urea;
l-{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-(6-morpholin-4-ylpyridin-3-yl)urea;
l-{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-(4-morpholin-4-ylphenyl)urea;
l-{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-[4-(methylsulfonyl)phenyl]urea;
l-{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl} -3-
{4-[(2-piperidin- 1-ylethyl)sulfonyl]phenyl}urea; 1-
{4-[ l-(2-fluoroethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin- 6-yl]phenyl}
-3-methylurea;
l-[4-(dimethylamino)phenyl]-3-{4-[l-(2-fluoroethyl)-4-
(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}urea;
1-{4-[2-(dimethylamino)ethoxy]phenyl} -3- {4-[l
-(2-fluoroethyl)-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-ylJphenyllurea; 1- {4-[
l-(2-fluoroethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin-
6-yl]phenyl}-3-(4-morpholin-4-ylphenyl)urea;
2-hydroxyethyl
{4-[l-(2-fluoroethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct-
3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}carbamate; 1- {4-[
l-(2-fluoroethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin-
6-yl]phenyl}-3-[4-(4-methylpiperazin-1-yl)phenyl]urea;
l-ethyl-3-{4-[l-(2-fluoroethyl)-4-(8-oxa-3-azabicyclo[
3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea;
l-cyclopropyl-3-{4-[l-(2-fluoroethyl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea; 1- {4-[
l-(2-fluoroethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin- 6-yl]phenyl}
-3-pyridin-4-ylurea;1- {4-[
l-(2-fluoroethyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin-
6-yl]phenyl}-3-[4-(hydroxymethyl)phenyl]urea;
l-(4-morpholin-4-ylphenyl)-3-{4-[4-(8-oxa-3-azabicyclo
[3. 2.1 ]oct-3-yl)-l -(2,2,2- trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6-yl]phenyl}urea; 



l-(6-morpholin-4-ylpyridm-3-yl)-3-{4-[4-(8-oxa-3-azabi
cyclo[3. 2.1 ]oct-3-yl)-l -(2,2,2- trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6-yl]phenyl}urea;
l-[4-(hydroxymethyl)phenyl]-3-{4-[4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)-1-(2,2,2- trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6-yl]phenyl}urea;
3-aminobenzyl
{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(2,2,2-tri
fluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate;
l-[3-(hydroxymethyl)phenyl]-3-{4-[4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)-1-(2,2,2- trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6-yl]phenyl}urea;
3-(dimethylamino)phenyl
(4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(2,2,2-tri
fluoroethyl)- 1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}
carbamate;
l-[3-(dimethylamino)phenyl]-3-{4-[4-(8-oxa-3-azabicycl
o[3 .2.1 ]oct-3-yl)-l -(2,2,2- trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6-yl]phenyl}urea;
N~2~,N~2~-dimethyl-N-{4-[({4-[l-methyl-4-(8-oxa-3-azab
icyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamoyl)ammo]phenyl}glyc
mamide;
N-{4-[({4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6- yljphenyl}
carbamoyl)amino]phenyl} acetamide;
l-[4-(2-hydroxyethyl)phenyl]-3-{4-[4-(8-oxa-3-azabicyc
lo[3 .2.1 ]oct-3-yl)-l -(2,2,2- trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6-yl]phenyl}urea;
1-[4-(4-methylpiperazin- 1-yl)phenyl]-3-
{4-[4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3-yl)-l -(2,2,2-
trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-6-yl]phenyl}urea;
l-[6-(4-methylpiperazin-1-yl)pyridin-3-yl]-3-{4-[4-(8-
oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-
(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-y
l]phenyl}urea;
l-[4-(2-hydroxyethoxy)phenyl]-3-{4-[4-(8-oxa-3-azabicy
clo[3. 2.1 ]oct-3-yl)-l -(2,2,2- trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6-yl]phenyl}urea;
2-hydroxyethyl
{4-[l-(l-benzylpiperidin-4-yl)-4-(8-oxa-3-azabicyclo[3
.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate;
l-cyclopropyl-3-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-
yl)-1-[l-(2,2,2- trifluoroethyl)piperidin-4-yl]
-1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)urea;
2-hydroxyethyl
{4-[4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1-(2,2,2-tri
fluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate;
l-methyl-3-{4-[4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1
-(2,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
l-{4-[4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1-(2,2,2-t
rifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-3-ylurea;
l-[4-(hydroxymethyl)phenyl]-3-{4-[4-(3-oxa-8-azabicycl
o[3.2.1]oct-8-yl)-1-(2,2,2- trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6-yl]phenyl}urea;
1-[4-(4-methylpiperazin- 1-yl)phenyl]-3-
{4-[4-(3-oxa-8-azabicyclo[3 .2.1 ]oct-8-yl)-l -(2,2,2-
trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-6-yl]phenyl}urea; 1-cyclopropyl-3-
{4-[4-(3-oxa-8-azabicyclo[3 .2. 1]oct-8-yl)-
1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
l-[4-(2-hydroxyethyl)phenyl]-3-{4-[4-(3-oxa-8-azabicyc
lo[3 .2.1 ]oct-8-yl)-l -(2,2,2- trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6-yl]phenyl}urea;
l-(4-morpholin-4-ylphenyl)-3-{4-[4-(3-oxa-8-azabicyclo
[3. 2.1 ]oct-8-yl)-l -(2,2,2- trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6-yl]phenyl}urea;
l-(6-morpholin-4-ylpyridin-3-yl)-3-{4-[4-(3-oxa-8-azab
icyclo[3. 2.1 ]oct-8-yl)-l -(2,2,2- trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6-yl]phenyl}urea;
1-{4-[2-(dimethylamino)ethoxy]phenyl} -3-
{4-[4-(3-oxa-8-azabicyclo[3 .2.1 ]oct-8-yl)- 1-
(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-y
l]phenyl}urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-[2-(4-methylpiperazin-l -yl)-2-oxoethyl]urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-[3-(4-methylpiperazin-l -yl)-3-oxopropyl]urea;
N-[2-(dimethylamino)ethyl]-N-2'--({4-[l-ethyl-4-(8-oxa
-3-azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamoyl)glycinamide;
N-[2-(dimethylamino)ethyl]-N~3~-({4-[l-ethyl-4-(8-oxa-
3-azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamoyl)-beta-alaninamid
e;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-(4-pyrrolidin-1-ylphenyl)urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-[4-(2-hydroxyethoxy)phenyl]urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-[6-(2-hydroxyethoxy)pyridin-3-yl]urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-[6-(2-morpholin-4-ylethoxy)pyridin-3-yl]u
rea;
l-[6-(dimethylamino)pyridin-3-yl]-3-{4-[l-ethyl-4-(8-o
xa-3-azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
4-[({4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}carbamoyl)amino]benzamide;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-[6-(methylamino)pyridin-3-yl]urea;
1-(6-aminopyridin-3-yl)-3- {4-[l
-ethyl-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-(4-piperazin- 1-ylphenyl)urea;
l-{4-[(2,2-dimethylhydrazino)carbonyl]phenyl}-3-{4-[l-
ethyl-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-ylJphenyl}urea;
4-[({4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
carbamoyl)amino]-N-pyrrolidin- 1-ylbenzamide;
2-hydroxyethyl
(4-{4-[(lS,4S)-2-oxa-5-azabicyclo[2.2.1]hept-5-yl]-1-(
2,2,2-trifluoroethyl)- 1H-pyrazolo
[3,4-d]pyrimidin-6-yl} phenyl)carbamate;
l-methyl-3-(4-{4-[(lS,4S)-2-oxa-5-azabicyclo[2.2.1]hep
t-5-yl]-1-(2,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)urea;
l-(4-{4-[(lS,4S)-2-oxa-5-azabicyclo[2.2.1]hept-5-yl]-1
-(2,2,2-trifluoroethyl)-1Hpyrazolo [3
,4-d]pyrimidin-6-yl} phenyl)-3 -pyridin-3 -ylurea;
l-[4-(hydroxymethyl)phenyl]-3-(4-{4-[(lS,4S)-2-oxa-5-a
zabicyclo[2.2.1]hept-5-yl]-1-(2,2,2- trifluoroethyl)-
1H-pyrazolo [3 ,4-d]pyrimidin-6-yl} phenyl)urea;
1-[4-(4-methylpiperazin- 1-yl)phenyl] -3-(4- {4- [(
1S,4S)-2-oxa-5 -azabicyclo [2.2.1 ]hept-5 -yl] -
l-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6
-yl}phenyl)urea;
l-cyclopropyl-3-(4-{4-[(lS,4S)-2-oxa-5-azabicyclo[2.2.
1]hept-5-yl]-1-(2,2,2-trifluoroethyl)- 1H-pyrazolo [3
,4-d]pyrimidin-6-yl} phenyl)urea;
l.[4.(2-hydroxyethyl)phenyl]-3-(4-{4-[(lS,4S)-2-oxa-5-
azabicyclo[2.2.1]hept-5-yl]-1-(2,2,2- trifluoroethyl)-
1H-pyrazolo [3 ,4-d]pyrimidin-6-yl} phenyl)urea;
l-(4-morpholin-4-ylprienyl)-3-(4-{4-[(lS,4S)-2-oxa-5-a
zabicyclo[2.2.1]hept-5-yl]-1-(2,2,2- trifluoroethyl)-
1H-pyrazolo [3 ,4-d]pyrimidin-6-yl} phenyl)urea;
l-(6-morpholin-4-ylpyridin-3-yl)-3-(4-{4-[(lS,4S)-2-ox
a-5-azabicyclo[2.2.1]hept-5-yl]-1-
(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-y
l}phenyl)urea;
l.{4.[2-(dimethylamino)ethoxy]phenyl}-3-(4-{4-[(lS,4S)
-2-oxa-5-azabicyclo[2.2.1]hept-5-
yl]-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimid
in-6-yl}phenyl)urea;1-ethyl-3 -{4-
[1-(4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo [3 .2.1
]oct-3 -yl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
l-cyclopropyl-3-{4-[l-(4-methoxycyclohexyl)-4-(8-oxa-3
-azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-(4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo[3.
2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea;
l-{4-[l-(4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo[3.
2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[4-(4-methylpiperazin-1-yl)
phenyl]urea;
l-{4-[l-(4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo[3.
2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-(4-piperazin-1-ylphenyl)ure
a;
4-[({4-[l-(4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo[
3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}carbamoyl)amino]benzamide;
4-[({4-[l-(4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo[
3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}carbamoyl)ammo]-N-pyrrolidm-1-
ylbenzamide; 1-[4-(hydroxymethyl)phenyl]-3- {4-[l
-(4-methoxycyclohexyl)-4-(8-oxa-3-
azabicyclofS^.^oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-6
-yl)phenyllurea;
l-{4-[l-(4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo[3.
2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[6-(4-methylpiperazin-1-yl)
pyridin-3-yl]urea;
1-{4-[2-(dimethylamino)ethoxy]phenyl} -3- {4-[l
-(4-methoxycyclohexyl)-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-ylJphenyl}urea; 2-hydroxyethyl
{4-[l-(4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo[3.2.
1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate;
l-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-[(5r,8r)
-1-oxaspiro[4.5]dec-8-yl]-1Hpyrazolo [3
,4-d]pyrimidin-6-yl}phenyl)-3-pyridin-4-ylurea;
1-[4-(4-methylpiperazin- 1-yl)phenyl]-3-(4-
{4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3-yl)- 1-[(5r,8r)-
l-oxaspiro[4.5]dec-8-yl]-1H-pyrazolo[3,4-d]pyrimidin-6
-yl}phenyl)urea;
l-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-[(5r,8r)
-1-oxaspiro[4.5]dec-8-yl]-1Hpyrazolo [3
,4-d]pyrimidin-6-yl}phenyl)-3 -(4-piperazin-
1-ylphenyl)urea; 2-hydroxyethyl (4- {4-(8-oxa-3
-azabicyclo[3 .2.1 ]oct-3 -yl)- 1-[(5r,8r)- 1-oxaspiro
[4.5] dec-8-yl] - 1H-pyrazolo [3
,4-d]pyrimidin-6-yl}phenyl)carbamate;
l-cyclopropyl-3-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-
yl)-1-[(5r,8r)-1-oxaspiro[4.5]dec-8- yl] -1H-pyrazolo
[3,4-d]pyrimidin-6-yl}phenyl)urea;
l-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(2,2,2-t
rifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-(4-piperazin-1-ylphenyl)ure
a;
l-{4-[4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1-(2,2,2-t
rifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-(4-piperazin-1-ylphenyl)ure
a;
l-(4-{l-[2-methoxy-1-(methoxymethyl)ethyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo [3
,4-d]pyrimidin-6-yl}phenyl)-3-methylurea;
1-ethyl-3-(4- {1-[2-methoxy-l
-(methoxymethyl)ethyl]-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo
[3,4-d]pyrimidin-6-yl}phenyl)urea; 1-cyclopropyl-3-(4-
{1- [2-methoxy-l
-(methoxymethyl)ethyl]-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-
3-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)urea;
1-(2-hydroxyethyl)-3-(4-
{1-[2-methoxy-1-(methoxymethyl)ethyl] -4-(8-oxa-3 -
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-yllphenyl)urea; 2-hydroxyethyl (4- {1-[2-methoxy-l
-(methoxymethyl)ethyl]-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-
3-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)carbamat
e;
l-(4-{l-[2-methoxy-1-(methoxymethyl)ethyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)-3-phenylurea;
l-(4-{l-[2-methoxy-1-(methoxymethyl)ethyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo [3
,4-d]pyrimidin-6-yl}phenyl)-3-pyridin-4-ylurea;
l-(4-{l-[2-methoxy-1-(methoxymethyl)ethyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo [3
,4-d]pyrimidin-6-yl}phenyl)-3-pyridin-3-ylurea;
l-(4-{l-[2-methoxy-1-(methoxymethyl)ethyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)-3-[4-(4-methylpiperazin-1
-yl)phenyl]urea; 



methyl
(4-{l-[2-methoxy-1-(methoxymethyl)ethyl]-4-(8-oxa-3-az
abicyclo[3.2.1]oct-3-yl)- 1H-pyrazolo
[3,4-d]pyrimidin-6-yl}phenyl)carbamate; 1-methyl-3-(4-
{1-[4-(4-methylpiperazin-
l-yl)cyclohexyl]-4-(8-oxa-3-azabicyclo[3 .2. 1]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)urea;
l-(4-{l-[4-(4-methylpiperazin-1-yl)cyclohexyl]-4-(8-ox
a-3-azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo [3
,4-d]pyrimidin-6-yl}phenyl)-3-pyridin-3-ylurea;
1-methyl-3- {4-[4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)- 1-(4-pyrrolidin- 1-ylcyclohexyl)-
1Hpyrazolo[ 3,4-d]pyrimidin-6-yl]phenyl}urea;
1-{4-[4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3-yl)-
1-(4-pyrrolidin- 1-ylcyclohexyl)- 1Hpyrazolo [3
,4-d]pyrimidin-6-yl]phenyl} -3-pyridin-3-ylurea;
l-(4-{l-[4-(2,2-dimethylhydrazino)cyclohexyl]-4-(8-oxa
-3-azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo [3
,4-d]pyrimidin-6-yl}phenyl)-3-methylurea; 1- {4-[ 1-
{4-[(2-hydroxyethyl)amino]cyclohexyl}-4-(8-oxa-3-azabi
cyclo[3 .2. 1]oct-3-yl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-methylurea;
l-(4-{l-[2-methoxy-1-(methoxymethyl)ethyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo [3
,4-d]pyrimidin-6-yl} phenyl)-3 -(4-piperazin-
1-ylphenyl)urea; 1-
{4-[(2,2-dimethylhydrazino)carbonyl]phenyl} -3-(4-
{1-[2-methoxy- 1-
(methoxymethyl)ethyl]-4-(8-oxa-3-azabicyclo[3.2.1]oct-
3-yl)-1H-pyrazolo[3,4-d]pyrimidin- 6-yl}phenyl)urea;
l-{4-[4-(9-oxa-3,7-diazabicyclo[3.3.1]non-3-yl)-1-(2,2
,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridm-4-ylurea;
l-{4-[4-(7-formyl-9-oxa-3,7-diazabicyclo[3.3.1]non-3-y
l)-1-(2,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea; 1-
{4-[4-(7-acetyl-9-oxa-3,7-diazabicyclo[3 .3
.1]non-3-yl)- 1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea;
tert-butyl 7-[6-
{4-[(pyridin-4-ylcarbamoyl)amino]phenyl}
-1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-4-yl]-9-oxa-3,7-diazabicyclo[3.3.1]non
ane-3-carboxylate;
l-methyl-3-(4-{4-[(lR,4R)-2-oxa-5-azabicyclo[2.2.1]hep
t-5-yl]-1-(2,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)urea; 1-cyclopropyl-3 -(4-
{4- [(1R,4R)-2-oxa-5 -azabicyclo [2 .2 .1]hept-5 -yl]-
1-(2,2,2-trifluoroethyl)- 1H-pyrazolo [3
,4-d]pyrimidin-6-yl} phenyl)urea; 2-hydroxyethyl (4-
{4-[(lR,4R)-2-oxa-5-azabicyclo[2.2. 1]hept-5-yl]-
1-(2,2,2-trifluoroethyl)- 1H-pyrazolo
[3,4-d]pyrimidin-6-yl} phenyl)carbamate;
l.(4-{4-[(lR,4R)-2-oxa-5-azabicyclo[2.2.1]hept-5-yl]-1
-(2,2,2-trifluoroethyl)-1Hpyrazolo [3
,4-d]pyrimidin-6-yl} phenyl)-3 -pyridin-3 -ylurea;
1-[4-(4-methylpiperazin- 1-yl)phenyl] -3-(4- {4- [(
1R,4R)-2-oxa-5 -azabicyclo [2.2.1 ]hept-5 -yl]-
l-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6
-yl}phenyl)urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-3-
pyrrolidin-1-yl-1H-pyrazolo[3,4-
d]pyrimidm-6-yl]phenyl}-3-pyridin-3-ylurea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-3-
pyrrolidin-1-yl-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea; 1- {4-[
l-ethyl-3-(4-methylpiperazm-
1-yl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-methylurea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-3-
pyridin-3-yl-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-3-
vinyl-1H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-methylurea;
l-{4-[3-(1,2-dihydroxyethyl)-1-ethyl-4-(8-oxa-3-azabic
yclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]prienyl}-3-methylurea;1- {4-[
l-ethyl-3-formyl-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin- 6-yl]phenyl}
-3-methylurea;
l-(4-{l-ethyl-3-[(4-methylpiperazin-1-yl)methyl]-4-(8-
oxa-3-azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo [3
,4-d]pyrimidin-6-yl}phenyl)-3-methylurea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-3-
(pyrrolidin-1-ylmethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-methylurea; methyl
4-[6-(4-
{[(2-hydroxyethoxy)carbonyl]amino}phenyl)-4-(3-oxa-8-
azabicyclo[3 .2. 1]oct-8-yl)- 1H-pyrazolo[3
,4-d]pyrimidin- 1-yl]piperidine- 1-carboxylate; methyl
4-[6- {4-[(methylcarbamoyl)amino]phenyl}
-4-(3-oxa-8-azabicyclo[3 .2.1 ]oct-8-yl)- 1Hpyrazolo
[3 ,4-d]pyrimidin-1-yljpiperidine- 1-carboxylate;
methyl 4-[6-
{4-[(ethylcarbamoyl)amino]phenyl}-4-(3-oxa-8-azabicycl
o[3 .2. 1]oct-8-yl)- 1Hpyrazolo [3
,4-d]pyrimidin-1-yl]piperidine- 1-carboxylate; methyl
4-[6-(4-{[(2-fluoroethyl)carbamoyl]amino}phenyl)-4-(3-
oxa-8-azabicyclo[3.2.1]oct-
8-yl)-1H-pyrazolo[3,4-d]pyrimidin- 1-yl]piperidine-
1-carboxylate; methyl 4-[6-
{4-[(cyclopropylcarbamoyl)amino]phenyl}
-4-(3-oxa-8-azabicyclo[3 .2.1 ]oct-8- yl)-1H-pyrazo Io
[3,4-d]pyrimidm-1-yl]piperidine-l -carboxylate; methyl
4-[4-(3-oxa-8-azabicyclo[3.
2.l]oct-8-yl)-6-{4-[(phenylcarbamoyl)amino]phenyl}
-1Hpyrazolo [3 ,4-d]pyrimidin-1-yl]piperidine-
1-carboxylate; methyl
4-[4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-6-{4-[(pyridi
n-3- ylcarbamoyl)amino]phenyl}
-1H-pyrazolo[3,4-d]pyrimidin- 1-yl]piperidine-
1-carboxylate; methyl
4-[4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-6-{4-[(pyridi
n-4- ylcarbamoyl)amino]phenyl}
-1H-pyrazolo[3,4-d]pyrimidin- 1-yl]piperidine-
1-carboxylate; methyl 4-
{6-[4-({[4-(4-methylpiperazin- l-yl)phenyl] carbamoyl}
amino)phenyl]-4-(3-oxa-8- azabicyclo[3 .2.
1]oct-8-yl)- 1H-pyrazolo[3 ,4-d]pyrimidin-
1-yljpiperidine- 1-carboxylate; methyl
4-[4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-6-(4-{[(4-pip
erazin-1- ylphenyl)carbamoyl] amino}phenyl)-
1H-pyrazolo[3,4-d]pyrimidin- 1-yl]piperidine- 1-
carboxylate; methyl 4-
{6-[4-({[6-(4-methylpiperazin-1-yl)pyridin-3-yl]carbam
oyl}amino)phenyl]-4-(3-
oxa-8-azabicyclo[3.2.1]oct-8-yl)-1H-pyrazolo[3,4-d]pyr
imidin-1-yl}piperidine-1-carboxylate; methyl 4-[6-
{4-[( {4-[(dimethylamino)methyl]phenyl}
carbamoyl)amino]phenyl} -4-(3-oxa-8- azabicyclo[3 .2.
1]oct-8-yl)- 1H-pyrazolo[3 ,4-d]pyrimidin-
1-yl]piperidine- 1-carboxylate; methyl 4-[6- {4- [(
{4-[(4-methylpiperazin-
1-yl)methyl]phenyl}carbamoyl)amino]phenyl} -4-
(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1H-pyrazolo[3,4-d]
pyrimidin-1-yl]piperidine-1- carboxylate;methyl
4-[6-{4-[({4-[2-(dimethylamino)ethoxy]phenyl}carbamoyl
)amino]phenyl}-4-(3-oxa- 8-azabicyclo[3 .2.
1]oct-8-yl)- 1H-pyrazolo[3,4-d]pyrimidin-
1-yljpiperidine- 1-carboxylate; 2-hydroxyethyl
(4-{l-[4-(4-methylpiperazin-1-yl)cyclohexyl]-4-(8-oxa-
3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-yl}phenyl)carbamate; 1-ethyl-3-(4-
{1-[4-(4-methylpiperazin-1-yl)cyclohexyl]-4-(8-oxa-3-a
zabicyclo[3 .2. 1]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)urea;
l-(2-fluoroethyl)-3-(4-{l-[4-(4-methylpiperazin-1-yl)c
yclohexyl]-4-(8-oxa-3-
azabicyclofS^.^oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-6
-yllphenyl)urea; 1-cyclopropyl-3-(4-
{1-[4-(4-methylpiperazin- 1-yl)cyclohexyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-yllphenyl)urea;
l-(4-{l-[4-(4-methylpiperazin-1-yl)cyclohexyl]-4-(8-ox
a-3-azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo [3
,4-d]pyrimidin-6-yl}phenyl)-3-phenylurea;
4-[4.(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(2,2,2-trif
luoroethyl)-1H-pyrazolo[3,4- d]pyrimidin-6-yl]aniline;
methyl
{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H-p
yrazolo[3,4-d]pyrimidin-6- yl]phenyl} carbamate;
l-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-3-ylurea; methyl
{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabicy
clo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate;
3-[4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1-phenyl-1H-p
yrazolo[3,4-d]pyrimidin-6-yl]phenol; 2-hydroxyethyl
(4-{4-[(6R)-6-hydroxy-8-oxa-3-azabicyclo[3.2.1]oct-3-y
l]-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl}pheny
l)carbamate;
l-{4-[l-(trans-4-hydroxycyclohexyl)-4-(8-oxa-3-azabicy
clo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea;
l-{4-[l-(cis-4-hydroxycyclohexyl)-4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea; 3- {4-[(
1S,4S)-2-oxa-5-azabicyclo[2 .2 .1]hept-5 -yl]-
1-phenyl-1H-pyrazolo [3,4-d]pyrimidin-6- yl}phenol;
l-{4-[l-(4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo[3.
2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea;
l-{4-[l-(4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo[3.
2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-3-ylurea;
l-{4-[l-(1,3-dioxan-5-yl)-4-(8-oxa-3-azabicyclo[3.2.1]
oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea;
l-{4-[l-(trans-4-methoxycyclohexyl)-4-(8-oxa-3-azabicy
clo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea;
l-{4-[l-(cis-4-methoxycyclohexyl)-4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea;
l-(1,4-dioxaspiro[4.5]dec-8-yl)-6-(1H-indol-5-yl)-4-(8
-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidine;
l-methyl-3-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
-[(5r,8r)-1-oxaspiro[4.5]dec-8-yl]-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)urea; 1-
{4-[4-(6-hydroxy-3-oxa-8-azabicyclo[3 .2.1
]oct-8-yl)-l -(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-methylurea; 1-
{4-[4-(6,8-dioxa-3-azabicyclo[3 .2.1 ]oct-3-yl)-
1-methyl-1H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-pyridin-3-ylurea; 1-
{4-[4-(6,8-dioxa-3-azabicyclo[3 .2.1 ]oct-3-yl)-
1-methyl-1H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-methylurea;
l-(4-{4.[(lS,4S)-2-oxa-5-azabicyclo[2.2.1]hept-5-yl]-1
-(2,2,2-trifluoroethyl)-1Hpyrazolo [3
,4-d]pyrimidin-6-yl} phenyl)-3 -(4-piperazin-
1-ylphenyl)urea;
6-(1H-indol-5-yl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1-[1-(pyridin-3-ylmethyl)piperidin-
4-yl]-1H-pyrazolo[3,4-d]pyrimidine; 1-cyclopropyl-3-
{4-[4-(8-oxa-3-azabicyclo[3 .2. 1]oct-3-yl)-
1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-(trans-4-methoxycyclohexyl)-4-(8-oxa-3-azabicy
clo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[4-(4-methylpiperazin-1-yl)
phenyl]urea; 1- {4-[3-bromo-
1-ethyl-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-methylurea; 1-cyclopropyl-3 - {4-[
1-(cis-4-methoxycyclohexyl)-4-(8-oxa-3 -azabicyclo
[3.2.1 ]oct-3 -yl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
l-cyclopropyl-3-{4-[l-(trans-4-methoxycyclohexyl)-4-(8
-oxa-3-azabicyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}urea;
1-[4-(4-methylpiperazin- 1-yl)phenyl]-3-
{4-[4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3-yl)-1-(4-
oxocyclohexyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl
}urea; 1-cyclopropyl-3 - {4-[4-(8-oxa-3-azabicyclo [3
.2.1 ]oct-3 -yl)- 1-(4-oxocyclohexyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
l-cyclopropyl-3-{4-[l-(cis-4-hydroxycyclohexyl)-4-(8-o
xa-3-azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
l-cyclopropyl-3-{4-[l-(trans-4-hydroxycyclohexyl)-4-(8
-oxa-3-azabicyclo[3.2.1]oct-3-yl)- 



1H-pyrazolo[3 ,4-d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-(trans-4-hydroxycyclohexyl)-4-(8-oxa-3-azabicy
clo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[4-(4-methylpiperazin-1-yl)
phenyl]urea; and
l-{4-[l-(cis-4-hydroxycyclohexyl)-4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[4-(4-methylpiperazin-1-yl)
phenyl]urea. [0074] Illustrative compounds of Formula
(II) are exemplified by the following compounds:
l-methyl-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)th
ieno[3,2-d]pyrimidin-2- yl]phenyl}urea;
l-ethyl-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thi
eno[3,2-d]pyrimidin-2-yl]phenyl}urea;
l-(2-fluoroethyl)-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oc
t-3-yl)thieno[3,2-d]pyrimidin-2- yl]phenyl}urea;
1-(2-hydroxyethyl)-3- {4-[4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)thieno[3,2-d]pyrimidin-2- yl]phenyl}urea;
l-cyclopropyl-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-
yl)thieno[3,2-d]pyrimidin-2- yl]phenyl}urea;
l-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-
d]pyrimidin-2-yl]phenyl}-3- phenylurea;
l-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-
d]pyrimidin-2-yl]phenyl}-3-pyridin-3- ylurea;
l-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-
d]pyrimidin-2-yl]phenyl}-3-pyridin-4- ylurea;
4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-d]p
yrimidin-2-yl]aniline;
N-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-
d]pyrimidin-2-yl]phenyl}acetamide; methyl
{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-d]
pyrimidin-2- yl]phenyl} carbamate;
3-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-d]p
yrimidin-2-yl]phenol;
4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-d]p
yrimidin-2-yl]phenol;
2-(1H-indol-5-yl)-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl
)thieno[3,2-d]pyrimidine;
5-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-d]p
yrimidin-2-yl]pyridin-2-amine;
5-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-d]p
yrimidin-2-yl]pyrimidin-2-amine; and
4-{[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-d]
pyrimidin-2-yl]amino}phenol.[0075] Illustrative
compounds of Formula (Ha) are exemplified by the
following compounds:
l-methyl-3-(4-{6-[(4-methylpiperazin-1-yl)methyl]-4-(8
-oxa-3-azabicyclo[3.2.1]oct-3- yl)thieno [3
,2-d]pyrimidin-2-yl}phenyl)urea; 1-cyclopropyl-3-(4-
{6-[(4-methylpiperazin-l
-yl)methyl]-4-(8-oxa-3-azabicyclo[3 .2. 1]oct-3-
yl)thieno [3 ,2-d]pyrimidin-2-yl}phenyl)urea;
2,2-dimethyl-N-(4-{6-[(4-methylpiperazin-1-yl)methyl]-
4-(8-oxa-3-azabicyclo[3.2.1]oct-3-
yl)thieno[3,2-d]pyrimidin-2-yl}phenyl)hydrazinecarboxa
mide; 1-(4- {6-[(4-methylpiperazin-l
-yl)methyl]-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)thieno[3,2-
d]pyrimidin-2-y1}phenyl)-3-pyridin-3-ylurea; 1-(4-
{6-[(4-methylpiperazin-l
-yl)methyl]-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)thieno[3,2-
d]pyrimidm-2-yl}phenyl)-3-pyridin-4-ylurea;
4-{[(4-{6-[(4-methylpiperazin-1-yl)methyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)thieno[3,2-
d]pyrimidin-2-yl}phenyl)carbamoyl] amino}benzamide;
l-methyl-3-{4-[6-{[4-(methylsulfonyl)piperazin-1-yl]me
thyl}-4-(8-oxa-3- azabicyclo[3.2.1]oct-3-ylXhieno
^-dJpyrimidin-2-ylJphenyl}urea; 1-ethyl-3- {4- [6-
{[4-(methylsulfonyl)piperazin-l
-yl]methyl}-4-(8-oxa-3-azabicyclo[3 .2. 1]oct-
3-yl)thieno[3,2-d]pyrimidin-2-yl]phenyl}urea;
1-cyclopropyl-3- {4-[6- {[4-(methylsulfonyl)piperazin-
1-yl]methyl} -4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)thieno[3,2-d]pyrimidin-2-yl]
phenyl}urea; 1- {4-[6- {[4-(methylsulfonyl)piperazin-
1-yljmethyl} -4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3-
yl)thieno [3 ,2-d]pyrimidin-2-yl]phenyl}
-3-phenylurea; 1- {4-[6-
{[4-(methylsulfonyl)piperazin- 1-yljmethyl}
-4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3- yl)thieno [3
,2-d]pyrimidin-2-yl]phenyl} -3-pyridin-3-ylurea; and
1- {4-[6- {[4-(methylsulfonyl)piperazin- 1-yljmethyl}
-4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3- yl)thieno
[3,2-d]pyrimidin-2-yl]phenyl} -3-pyridin-4-ylurea.
[0076] Illustrative compounds of the invention are
exemplified by the following compounds: 1- {4-[6-
{[4-(methylsulfonyl)piperazin- 1-yljmethyl}
-4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3- yl)thieno [3
,2-d]pyrimidin-2-yl]phenyl} -3-pyridin-3-ylurea; 1-
{4-[6- {[4-(methylsulfonyl)piperazin- 1-yljmethyl}
-4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3- yl)thieno [3
,2-d]pyrimidin-2-yl]phenyl} -3-pyridin-4-ylurea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl} -3-
{4-[(4-methylpiperazin-l -yl)methyl]phenyl}urea;
1-[4-(aminomethyl)phenyl]-3- {4-[l
-ethyl-4-(8-oxa-3-azabicyclo[3 .2. 1]oct-3-yl)-
1Hpyrazolo[ 3,4-d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-[4-(pyrrolidin-1-ylmethyl)phenyl]urea;
1-{4-[(dimethylamino)methyl]phenyl} -3- {4-[l
-ethyl-4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}urea;
l-cyclopropyl-3-{4-[l-(4-ethoxycyclohexyl)-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea; 1-cyclopropyl-3-
{4-[4-(8-oxa-3-azabicyclo[3 .2. 1]oct-3-yl)-
1-(4-propoxycyclohexyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea;
1-[4-(4-methylpiperazin- 1-yl)phenyl]-3-
{4-[4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3-yl)-1-(4-
propoxycyclohexyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]ph
enyl}urea;
l-{4-[l-(4-ethoxycyclohexyl)-4-(8-oxa-3-azabicyclo[3.2
.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[4-(4-methylpiperazin-1-yl)
phenyl]urea;
l-cyclobutyl-3-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1
]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-ethyl-4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl} -3-methylurea;
l-cyclopentyl-3-{4-[l-ethyl-4-(3-oxa-8-azabicyclo[3.2.
1]oct-8-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea;
l-ethyl-3-{4-[l-ethyl-4-(3-oxa-8-azabicyclo[3.2.1]oct-
8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}urea;
l-{4-[l-ethyl-4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yljphenyl} -3-phenylurea;
tert-butyl
9-(6-(4-((2-hydroxyethoxy)carbonylamino)phenyl)-
1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-4-yl)-3-oxa-7,9-diazabicyclo[3.3.1]non
ane-7-carboxylate; 2-hydroxyethyl
4-(4-(3-oxa-7,9-diazabicyclo[3 .3 .1]nonan-9-yl)-
1-(2,2,2-trifluoroethyl)- 1Hpyrazolo [3
,4-d]pyrimidin-6-yl)phenylcarbamate; 1-(4-
{[2-(dimethylamino)ethyl](methyl)amino}phenyl)-3- {4-
[1-ethyl-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-ylJphenyl}urea; 2-hydroxyethyl {4-[
1-ethyl-4-(3-oxa-8-azabicyclo[3 .2.1 ]oct-8-yl)-
1H-pyrazolo[3,4- d]pyrimidin-6-yl]phenyl}carbamate;
l-{4-[l-ethyl-4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl} -3-
{4-[(4-methylpiperazin-l -yl)methyl]phenyl}urea;
1-(4-(4-(3 ,7-dioxa-9-azabicyclo [3 .3.1 ]nonan-9-yl)-
1-(2,2,2-trifluoroethyl)- 1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-methylurea;
l-{4-[l-(cis-4-methoxycyclohexyl)-4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[4-(4-methylpiperazin-1-yl)
phenyl]urea;
l-cyclopentyl-3-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.
1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea;
l-(4-(4-(3-oxa-7,9-diazabicyclo[3.3.1]nonan-9-yl)-1-(2
,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(2-(dimethylamino)ethoxy
)phenyl)urea;
l-(4-(4-(3-oxa-7,9-diazabicyclo[3.3.1]nonan-9-yl)-1-(2
,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-methylurea;
l-{4-[l-ethyl-4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-[4-(pyrrolidin-1-ylmethyl)phenyl]urea;
1-(4-(4-(3-oxa-9-azabicyclo[3 .3 .1]nonan-9-yl)-l
-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-methylurea;
l-{4-[l-ethyl-4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-pyridin-3-ylurea;
1-{4-[2-(dimethylamino)ethoxy]phenyl} -3-{4-[l
-ethyl-4-(3-oxa-8-azabicyclo[3 .2.1 ]oct-8-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}urea;
l-(4-{[2-(dimethylamino)ethyl](methyl)amino}phenyl)-3-
{4-[l-ethyl-4-(3-oxa-8- azabicyclo[3.2.1]oct-
-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-ylJphenyl}urea;
l-{4-[l-ethyl-4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-[6-(4-methylpiperazin-l -yl)pyridin-3-yl]urea;
2-hydroxyethyl
4-(4-(2-oxa-5-azabicyclo[2.2.2]octan-5-yl)-1-(2,2,2-tr
ifluoroethyl)-1Hpyrazolo [3
,4-d]pyrimidin-6-yl)phenylcarbamate; 2-hydroxyethyl
4-(4-(3-oxa-9-azabicyclo[3 .3 .1]nonan-9-yl)-
1-(2,2,2-trifluoroethyl)- 1Hpyrazolo [3
,4-d]pyrimidin-6-yl)phenylcarbamate; 1-(4-
{[2-(dimethylamino)ethyl]amino}phenyl)-3- {4-[
1-ethyl-4-(3-oxa-8- azabicyclo[3.2.1]oct-
-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-ylJphenyl}urea;
1-{4-[(dimethylamino)methyl]phenyl} -3- {4-[l
-ethyl-4-(3-oxa-8-azabicyclo[3 .2.1 ]oct-8-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}urea;
l-cyclopropyl-3-{4-[l-ethyl-4-(3-oxa-8-azabicyclo[3.2.
1]oct-8-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea; 2-hydroxyethyl
4-(4-(3,7-dioxa-9-azabicyclo[3 .3 .1]nonan-9-yl)-
1-(2,2,2-trifluoroethyl)- 1Hpyrazolo [3
,4-d]pyrimidin-6-yl)phenylcarbamate;tert-butyl
9-(6-(4-(3-methylureido)phenyl)-1-(2,2,2-trifluoroethy
l)-1H-pyrazolo[3,4-
dJpyrimidm^-yrj-3-oxa^.^-diazabicyclo
J.llnonane^-carboxylate;
l-(4-(4-(2-oxa-5-azabicyclo[2.2.2]octan-5-yl)-1-(2,2,2
-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-methylurea; 1-(4-
{[2-(dimethylamino)ethyl]amino}phenyl)-3- {4-[
1-ethyl-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
- b-ylJphenyl}urea;
l-{4-[l-ethyl-4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-[4-(2-pyrrolidin-1-ylethoxy)phenyl]urea;
l-{4-[l-ethyl-4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-[4-(4-methylpiperazin-l -yl)phenyl]urea;
l-cyclobutyl-3-{4-[l-ethyl-4-(3-oxa-8-azabicyclo[3.2.1
]oct-8-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea;
1-[4-(aminomethyl)phenyl]-3- {4-[l
-ethyl-4-(3-oxa-8-azabicyclo[3 .2. 1]oct-8-yl)-
1Hpyrazolo[ 3,4-d]pyrimidin-6-yl]phenyl}urea;
l-{4-[l-ethyl-4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-pyridin-4-ylurea; 1-(4-(4-(3-oxa-9-azabicyclo[3 .3
.1]nonan-9-yl)-l
-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(2-(dimethylamino)ethoxy
)phenyl)urea;
l-(4-(4-(2-oxa-5-azabicyclo[2.2.2]octan-5-yl)-1-(2,2,2
-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(2-(dimethylamino)ethoxy
)phenyl)urea; 1-(4-(4-(3 ,7-dioxa-9-azabicyclo [3 .3.1
]nonan-9-yl)- 1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4- 



d]pyrimidin-6-yl)phenyl)-3-(4-(2-(dimethylamino)ethoxy
)phenyl)urea; and
tert-butyl9-(6-(4-(3-(4-(2-(dimethylamino)ethoxy)pheny
l)ureido)phenyl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-3-ox
a-7,9-diazabicyclo[3.3.1]nonane-7- carboxylate. [0077]
The invention also includes pharmaceutical
compositions comprising an effective amount of a
compound (Ia) or (Ha) and a pharmaceutically
acceptable carrier. [0078] In one embodiment, methods
are provided for synthesizing a compound of Formula
(Ia) or Formula (Ha) comprising: a) reacting a
compound of the Formula (R20)t-het-H wherein het, R20,
and t are as defined for Formulas (Ia) and (Ha) with a
compound of the Formula (IV) or Formula (XII):(IV)
(XII) wherein Z1 and Z2 are each independently a
halogen; and R2, R3, and R8 are as defined for
Formulas (Ia) and (Ha); thereby providing a compound
having the Formula (XIII) or Formula (XIV): (XIII) and
either: b) reacting the compound of Formula (XIII) or
the compound of Formula (XIV), with a boronic acid of
the structure (R1)m-Ar(OH)2, with a boronic pinacol
ester of the structure (R1)m-Ar(OC(CH3)2-)2, or with a
boronic ester of the structure (R1)m-Ar(OC1-C6alkyl)2;
wherein each R1,m, and r as defined for Formulas (Ia)
and (Ha);thereby providing a compound of the Formula
(XV) or Formula (XVI): (XVI) or: (c) reacting the
compound of Formula (XIII) or of Formula (XIV) with an
amine of Formula: thereby providing a compound of the
Formula (XVII) or of Formula (XVIII):(XVII) [0079]
(XVIII) or pharmaceutically acceptable salts thereof.
[0080] The invention further provides methods for
preparing the compounds described herein. In one
embodiment, methods are provided for synthesizing a
compound of Formula (VIII), Formula (IX), Formula (X),
or Formula (XI) comprising: a) reacting a compound of
the Formula (III): (III) wherein, n, o, p, q,R, 20 and
r R. 2 1 as defined above for Formula (I) or Formula
(II); with a compound of the Formula (IV) or Formula
(V):R (IV) R (V) wherein Z and Z are each
independently a halogen; and R and R are as defined
above for Formula (I) or Formula (II); thereby
providing a compound having the Formula (VI) or
Formula (VII):)n )q )p (VI) )q (VII) and either: b)
reacting the compound of Formula (VI) or the compound
of Formula (VII), with a boronic acid of the structure
(R1)m-Ar(OH)2, with a boronic pinacol ester of the
structure (R1)m- Ar(OC(CH3)2-)2, or with a boronic
ester of the structure (R1)m-Ar(OC1-C6alkyl)2; wherein
each R1,m, and Ar as defined above for Formula (I) or
Formula (II); thereby providing a compound of the
Formula (VIII) or Formula (IX):)n )q (VIII) (IX) or:
(c) reacting the compound of Formula (VI) or of
Formula (VII) with an amine of Formula: (R1)m-Ar-NH2;
thereby providing a compound of the Formula (X) or of
Formula (XI):[0081] [0082] (XI) or pharmaceutically
acceptable salts thereof. [0083] The invention also
includes pharmaceutical compositions comprising an
effective amount of a pyrazolopyrimidine or
thienopyrimidine compound and a pharmaceutically
acceptable carrier. The invention includes a
pyrazolopyrimidine or thienopyrimidine compound when
provided as a pharmaceutically acceptable prodrug,
hydrated salt, such as a pharmaceutically acceptable
salt, or mixtures thereof. [0084] Representative
"pharmaceutically acceptable salts" include but are
not limited to, e.g., water-soluble and
water-insoluble salts, such as the acetate, amsonate
(4,4-diammostilbene- 2,2-disulfonate),
benzenesulfonate, benzonate, bicarbonate, bisulfate,
bitartrate, borate, bromide, butyrate, calcium
edetate, camsylate, carbonate, chloride, citrate,
clavulariate,dihydrochloride, edetate, edisylate,
estolate, esylate, fumarate, gluceptate, gluconate,
glutamate, glycollylarsanilate, hexafluorophosphate,
hexylresorcinate, hydrabamine, hydrobromide,
hydrochloride, hydroxynaphthoate, iodide, isothionate,
lactate, lactobionate, laurate, malate, maleate,
mandelate, mesylate, methylbromide, methylnitrate,
methylsulfate, mucate, napsylate, nitrate,
N-methylglucamine ammonium salt,
3-hydroxy-2-naphthoate, oleate, oxalate, palmitate,
pamoate (l,l-methene-bis-2-hydroxy-3-naphthoate,
embonate), pantothenate, phosphate/diphosphate,
picrate, polygalacturonate, propionate,
ptoluenesulfonate, salicylate, stearate, subacetate,
succinate, sulfate, sulfosaliculate, suramate,
tannate, tartrate, teoclate, tosylate, triethiodide,
and valerate salts. [0085] An "effective amount" when
used in connection a pyrazolopyrimidine or
thienopyrimidine compound of this invention is an
amount effective for treating or preventing a disease
associated with mTOR. [0086] The following
abbreviations are used herein and have the indicated
definitions: ACN is acetonitrile, AcOH is acetic acid,
and ATP is adenosine triphosphate. Celite(tm) is
fluxcalcined diatomaceous earth. C6lite(tm) is a
registered trademark of World Minerals Inc. CHAPS is
3[(3-cholamidopropyl)dimethylammonio]-propanesulfonic
acid, DEAD is diethyl azodicarboxylate, DIAD is
diisopropylazodicarboxylate, DMAP is dimethyl
aminopyridine, DMF is N,N-dimethylformamide, DMSO is
dimethylsulfoxide, DPBS is Dulbecco's Phosphate
Buffered Saline Formulation, EDTA is
ethylenediaminetetraacetic acid, ESI is Electrospray
Ionization, EtOAc is ethyl acetate, EtOH is ethanol,
HEPES is 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid, GMF is
Glass, Hunig's Base is diisopropylethylamine, HPLC is
high pressure liquid chromatography, LPS is
lipopolysaccharide. Magnesol(tm) is a hydrated,
synthetic, amorphous magnesium silicate. Magnesol(tm)
is a registered trademark of the Dallas Group of
America Inc. MeCN is acetonitrile, MeOH is methanol,
MS is mass spectrometry, NEt is triethylamine, NMR is
nuclear magnetic resonance, PBS is phosphate-buffered
saline (pH 7.4), RPMI 1640 is abuffer (Sigma-Aldrich
Corp., St. Louis, MO, USA), SDS is dodecyl sulfate
(sodium salt), SRB is Sulforhodamine B, TCA is
tricholoroacetic acid, TFA is trifluoroacetic acid,
THF is tetrahydrofuran, TLC is thin-layer
chromatography, and TRIS is
tris(hydroxymethyl)aminomethane. [0087] The following
definitions are used in connection with the
pyrazolopyrimidine and thienopyrimidine compounds of
the present invention. In general, the number of
carbon atoms present in a given group is designated
"Cx-Cy", where x and y are the lower and upper limits,
respectively. For example, a group designated as
"C1-C6" contains from 1 to 6 carbon atoms. [0088] The
term "acyl" refers to groups of formula -C(=O)-X,
where X is straight, branched, or cyclic alkyl,
straight, branched, or cyclic alkenyl, straight,
branched, or cyclic alkynyl, C6- C14aryl, -C(=O)-(C
1-C8alkyl), a 5 to 7 membered aromatic or non-aromatic
heterocyclic ring, or -C(=O)-OH, wherein each of the
foregoing except -C(=O)-OH is optionally substituted
with from one to three substituents independently
selected from halogen, hydroxyl, C1- C3alkoxy, CN, NH
, C1-C6mono-alkylamino and C1-C6di-alkylamino. The
number of carbon atoms in the acyl group can be from 1
to 12 from 1 to 8 ("C 1-C6acyl"), from 1 to 6 ("C
1-C6acyl"), or from 1 to 4 ("C 1-C4acyl"). Examples of
acyl groups include, without limitation, acetyl-,
benzoyl-, propionyl-, isobutyryl-, oxalyl-,
morpholinylcarbonyl, and the like. [0089] The term
"alkoxy" refers to a group of formula -O-(alkyl). The
number of carbon atoms in the alkoxy group can be from
1 to 12 ("C 1-C alkoxy"), from 1 to 8 ("C
1-C8alkoxy"), from 1 to 6 ("C 1-C6alkoxy"), or from 1
to 4 ("C 1-C4alkoxy"). Examples of alkoxy groups
include, without limitation, methoxy, ethoxy,
n-propoxy, 1-propoxy, n-butoxy and t-butoxy. [0090]
The term "alkoxycarbonyl" refers to a group of formula
-C(=O)-(alkoxy). The number of carbon atoms in the
alkoxycarbonyl group can be from 1 to 12
("C1-C12alkoxycarbonyl"), from 1 to 8 ("C
1-C8alkoxycarbonyl"), from 1 to 6 ("C1-
C6alkoxycarbonyl"), or from 1 to 4
("C1-C4alkoxycarbonyl"). Examples of alkoxycarbonyl
groups include, without limitation, t-butoxycarbonyl-
(TBOC) and benzyloxycarbonyl (BOC). [0091] The terms
"alkylene", "alkenylene", and "alkynylene" are
intended to mean the same residues as alkyl, alkenyl,
and alkynyl, but having two points of attachment
within a chemical structure. Examples of alkylene
groups include, without limitation, ethylene
(-CH2CH2-), propylene (-CH2CH2CH2-), and
dimethylpropylene (-CH2C(CH3)2CH2-). Likewise,
examples of alkenylene groups include, without
limitation, ethenylene (-CH=CH-) and propenylene (-
CH=CH-CH -). Examples of alkynylene groups include,
without limitation, ethynylene (- C=C-) andpropynylene
(-CH=CH-CH 2-). [0092] The term "alkyl" refers to a
hydrocarbon chain that may be a straight or branched,
containing the indicated number of carbon atoms. For
example, C1-C10 indicates that the group can have from
1 to 10 (inclusive) carbon atoms. In the absence of
any numerical designation, "alkyl" is a chain
(straight or branched) having 1 to 6 (inclusive)
carbon atoms. In general, alkyl groups can have from
1-3 carbon atoms (C1-Csalkyl), from 1-5 carbon atoms
(C1-C5 alkyl), from 1-6 carbon atoms (C1-C6alkyl),
from 1-8 carbon atoms (C1-C8alkyl), or from 1-12
carbon atoms (C1-C12alkyl). Examples of alkyl groups
include, without limitation, methyl, ethyl, propyl,
butyl, pentyl, hexyl, isopropyl, isobutyl, sec-butyl,
tert-butyl, isopentyl, neopentyl, and isohexyl. [0093]
The term "alkylcarboxy" refers to groups of formula
-O-C(=O)-(alkyl) having the indicated number of carbon
atoms, for example C1-C6alkylcarboxy. Examples of
alkylcarboxy groups include but are not limited to
acetoxy, ethylcarboxy, propylcarboxy, and
isopentylcarboxy. [0094] The term "alkenyl" refers to
an alkyl group as defined above that contains the
specified number of carbon atoms, and at least one
carbon-carbon double bond. For example,"C2-C6alkenyl"
indicates alkyl groups having from 2 to 6 carbon
atoms, and at least one double bond. Examples of
alkenyl groups include, without limitation, ethylene,
propylene, 1- butylene, 2-butylene, isobutylene,
sec-butylene, 1-pentene, 2-pentene, isopentene,
1-hexene, 2-hexene, 3-hexene, isohexene, 1-heptene,
2-heptene, 3-heptene, 1-octene, 2-octene, 3-octene,
4-octene, 1-nonene, 2-nonene, 3-nonene, 4-nonene,
1-decene, 2-decene, 3-decene, 4-decene 



and 5-decene. [0095] The term "alkynyl" refers to an
alkyl group as defined above that contains at least
one carbon-carbon triple bond. For example,
"C2-C1oalkenyl" and "C2-C1oalkenyl" indicate alkyl
groups having from 2 to 10, and from 2 to 6, carbon
atoms, respectively, and at least one triple bond.
Examples of alkynyl groups include, without
limitation, acetylene, propyne, 1- butyne, 2-butyne,
isobutyne, sec-butyne, 1-pentyne, 2-pentyne,
isopentyne, 1-hexyne, 2- hexyne, 3-hexyne, isohexyne,
1-heptyne, 2-heptyne, 3-heptyne, 1-octyne, 2-octyne,
3-octyne, 4-octyne, 1-nonyne, 2-nonyne, 3-nonyne,
4-nonyne, 1-decyne, 2-decyne, 3-decyne, 4-decyne and
5-decyne. [0096] "Haloalkyl" refers to an alkyl group,
as defined above, wherein 1, 2, 3, 4, 5 or 6 of the
alkyl group's hydrogen atoms have been replaced
independently with -F,-C1, -Br or -I. Representative
examples of haloalkyl groups include, but are not
limited to -CH F, -CCI3, - CF3, -CH2CF3, -CH2Cl,
-CH2CH2Br, -CH2CH2I, -CH2CH2CH2F, -CH2CH2CH2Cl, -
CH2CH2CH2CH2Br, -CH2CH2CH2CH2-I, -CH2CH2CH2CH2CH2Br,
-CH2CH2CH2CH2CH2I, - CH2CH(Br)CH 3, -CH2 CH(Cl)CH
2CH3, -CH(F)CH 2CH3 and -C(CH3)2(CH2C1). [0097]
"Alkylamino" refers to a group of formula -NH(alkyl)
where alkyl is as defined above. Representative
examples of an aminoalkyl group include, but are not
limited to - NHCH3, -NHCH2CH3, -NHCH2CH2CH3,
-NHCH2CH2CH2CH3, -NHCH(CH 3)2, - NHCH2CH(CHs)2,
-NHCH(CH 3)CH2CH3 and -NH-C(CH 3)3.[0098] "Arylamino"
refers to a group of formula -NH-aryl, wherein "aryl"
is as defined below. In some embodiments, the
arylamino groups have from 6 to 14 carbon atoms.
Examples of arylamino groups include, but are not
limited to, phenylamino (anilido), naphth-
1-yl-lamino, naphth-2-yl-lamino and the like. [0099]
"Dialkylamino" refers to a group of formula
-N(alkyl)(alkyl), wherein each alkyl group is
independently selected and is as defined above.
Representative examples of dialkylamino groups
include, but are not limited to, -N(CH3)2,
-N(CH2CH3)(CH3), - N(CH 2CHs)2, -N(CH2CH2CH3)2, -N(CH
2CH2CH2CHB)2, -N(CH(CH 3) 2) 2, - N(CH(CH 3)2)(CH3) ,
-N(CH 2CH(CH 3)2) 2, -NH(CH(CH 3)CH2CH3) 2, -N(C(CH 3)
3) 2, - N(C(CH 3) 3)(CH3), and -N(CH 3)(CH2CH3) .
[00100] "Aryl" refers to a hydrocarbon ring system
having the specified number of carbon atoms, which
contains at least one aromatic ring. For example,
"C6-C14aryl" indicates such a system having from 6 to
14 ring carbon atoms. Examples of aryl groups include,
but are not limited to phenyl, naphthyl, biphenyl,
anthryl, tetrahydronaphthyl, fluorenyl, indanyl,
biphenylenyl, and acenaphthenyl groups. As used
herein, "aryl" is intended to include such ring
systems wherein two or more rings are joined by a
single bond, such as biphenyl. [00101] "Arylalkyl"
refers to a group of formula -(alkyl)-aryl, where aryl
and alkyl are as defined above. In some embodiments,
the arylalkyl groups have from 7 to 20 carbon atoms.
Examples of arylalkyl groups include benzyl,
1-phenylethyl, 2-phenylethyl, 3- phenylpropyl,
2-phenylpropyl, 1-naphthylmethyl, 2-naphthylmethyl and
the like. [00102] "N-alkylamido" refers to a group of
formula -NHC(O)-(alkyl), wherein alkyl is as defined
above. The term -N-(C 1-C6)alkylamido indicates such a
group having from 1-6 carbon atoms in the alkyl
portion thereof. Representative examples of a N-(C
1-C6)alkylamido groups include, but are not limited
to, -NHC(O)CH 3, -NHC(O)CH 2CH3, - NHC(O)CH 2CH2CH3,
-NHC(O)CH 2CH2CH2CH3, -NHC(O)CH 2CH2CH2CH2CH3,
-NHC(O)CH(CH3)2, -NHC(O)CH2CH(CH3)2,
-NHC(O)CH(CH3)CH2CH3, -NHC(O)-C(CH3)3 and
-NHC(O)CH2C(CH3)3. [00103] "Alkylcarboxamido" or
"alkylcarboxyamido" refer to a group of formula -
C(O)NH-(alkyl), wherein alkyl is as defined above.
Representative examples of such a group include, but
are not limited to -C(O)NHCH3, -C(O)NHCH2CH3,
-C(O)NHCH2CH2CH3, - C(O)NHCH2CH2CH2CH3, -C(O)NHCH
2CH2CH2CH2CH3, -C(O)NHCH(CH3)2, C(O)NHCH2CH(CH3)2,
-C(O)NHCH(CH3)CH2CH3, -C(O)NH-C(CHs)3 and
C(O)NHCH2C(CH3)3. [00104] The term "halo" or "halogen"
is intended to denote -F, -Cl, -Br or -I. [00105] The
term "heteroaryl" refers to mono and bicyclic aromatic
groups of 5 to 10 atoms containing 1-6 heteroatoms
independently selected from oxygen, sulfur and
nitrogen. Examples of monocyclic heteroaryl radicals
include, but are not limited to, oxazinyl, thiazinyl,
diazinyl, triazinyl, tetrazinyl, imidazolyl,
tetrazolyl, isoxazolyl, furanyl, furazanyl, oxazolyl,
thiazolyl, thiophenyl, pyrazolyl, triazolyl,
pyrimidinyl, N-pyridyl, 2-pyridyl, 3- pyridyl and
4-pyridyl. Examples of bicyclic heteroaryl radicals
include but are not limited to, benzimidazolyl,
indolyl, isoquinolinyl, indazolyl, quinolinyl,
quinazolinyl, purinyl, benzisoxazolyl, benzoxazolyl,
benzthiazolyl, benzodiazolyl, benzotriazolyl,
isoindolyl and indazolyl. [00106] The term
"heteroatom" as used herein designates a sulfur,
nitrogen, or oxygen atom. [00107] As used herein, the
term "hydroxyalkyl" or "hydroxylalkyl" is intended to
mean an alkyl group as defined herein, in which one,
two or three hydrogen atoms thereof have been replaced
with a hydroxyl (OH) group. The term
"C1-C6hydroxyahcyl" or "C1- C6hydroxylalkyl" is
intended to indicate such a group having from 1 to 6
carbon atoms.Examples of hydroxyalkyl groups include,
for example, -CH2OH, -CH2CH2OH, - CH2CH2CH2OH,
-CH2CH(OH)CH2OH, -CH2CH(OH)CH3, -CH(CH3)CH2OH and
higher homologs. [00108] A "subject" is a mammal,
e.g., a human, mouse, rat, guinea pig, dog, cat,
horse, cow, pig, or non-human primate, such as a
monkey, chimpanzee, baboon or rhesus. [00109]
"Alkylcarboxyl-" refers to an alkyl group, defined
above, attached to the parent structure through the
oxygen atom of a carboxyl (C(O)-O-) functionality.
Examples Of(C1- C6alkyl)carboxyl- include acetoxy,
propionoxy, propylcarboxyl, and isopentylcarboxyl.
[00110] The tern "carbocycle" denotes a non-aromatic
hydrocarbon ring. Additionally, any two hydrogen atoms
on the same carbon atom of the carbocyclic ring may be
replaced by an oxygen atom to form an oxo (=0)
substituent, or the two hydrogen atoms may be replaced
by an alkylenedioxy group so that the alkylenedioxy
group, when taken together with the carbon atom to
which it is attached, forms a 5- to 7-membered
heterocycle containing two oxygen atoms.
Representative examples of C3-C8carbocycles include,
but are not limited to, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl.
[00111] A "bicyclic carbocycle" is a non-aromatic
hydrocarbon ring system containing two rings.
Additionally, each of any two hydrogen atoms on the
same carbon atom of the bicyclic carbocycle rings may
be replaced by an oxygen atom to form an oxo (=0)
substituent or the two hydrogen atoms may be replaced
by an alkylenedioxy group so that the alkylenedioxy
group, when taken together with the carbon atom to
which it is attached, form a 5- to 7-membered
heterocycle containing two oxygen atoms.
Representative examples of a C6-C1ocarbocycles
include, but are not limited to, cis-1-decalinyl,
trans 2-decalinyl, cis-4- perhydroindanyl,
2,3-dihydro-1H-inden-1-yl,
1,2,3,4-tetrahydronaphthalen-1-yl, and trans-7-
perhydroindanyl.[00112] "(Heteroaryl)alkyl-" refers to
an alkyl group, as defined above, wherein one or more
of the alkyl group's hydrogen atoms has been replaced
with a heteroaryl- group as defined above. moieties
include 2-pyridylmethyl, 2- thiophenylethyl,
3-pyridylpropyl, 2-quinolinylmethyl, 2-indolylmethyl,
and the like. A (heteroaryl)alkyl group can be
unsubstituted or substituted with one or more of the
following groups: halogen, H2N-, hydroxyl,
(C1-C6alkyl)amino-, di(C 1-C6alkyl)amino-, (C1-
C6alkyl)C(O)N(C 1-C3alkyl)-, HC(O)NH-, H2NC(O)-, (C1-
C6alkyl)NHC(O)-, di(C 1-C6alkyl)NC(O)-, NC-, hydroxyl,
C1-C6alkoxy-, C1-C6alkyl-, HO2C-,
(C1-C6alkoxy)carbonyl-, (C1-C5alkyl)C(O)-,
C6-C14aryl-, C1-C9heteroaryl-, C3-C8cycloalkyl-,
C1-C6haloalkyl-, C1-C6aminoalkyl-,
(C1-C6alkyl)carboxyl-, C1-C6carboxyamidoalkyl-, or
O2N-. [00113] "Heterocycle" or "heterocyclyl-" refers
to 3-10-membered monocyclic, fused bicyclic, and
bridged bicyclic groups containing at least one
heteroatom selected from oxygen, sulfur and nitrogen.
A heterocycle may be saturated or partially saturated.
Exemplary C1-C6heterocyclyl- groups include but are
not limited to aziridine, oxirane, oxirene, thiirane,
pyrroline, pyrrolidine, dihydrofuran, tetrahydrofuran,
dihydrothiophene, tetrahydrothiophene, dithiolane,
piperidine, 1,2,3,6-tetrahydropyridine-1-yl,
tetrahydropyran, pyran, thiane, thiine, piperazine,
oxazine, 5,6-dihydro-4H-1,3-oxazin-2-yl, 2,5-
diazabicyclo[2.2.1]heptane,
2,5-diazabicyclo[2.2.2]octane,
3,6-diazabicyclo[3.1.1]heptane,
3,8-diazabicyclo[3.2.1]octane,
6-oxa-3,8-diazabicyclo[3.2.1]octane, 7-oxa-2,5-
diazabicyclo[2.2.2]octane,
2,7-dioxa-5-azabicyclo[2.2.2]octane, 2-oxa-5-
azabicyclo[2.2.1]heptane,
2-oxa-5-azabicyclo[2.2.2]octane, 3,6-dioxa-8-
azabicyclo[3.2.1]octane,
3-oxa-6-azabicyclo[3.1.1]heptane,
3-oxa-8-azabicyclo[3.2.1]octan-8- yl,
5,7-dioxa-2-azabicyclo[2.2.2]octane,
6,8-dioxa-3-azabicyclo[3.2.1]octane, 6-oxa-3-
azabicyclo[3.1.1]heptane,
8-oxa-3-azabicyclo[3.2.1]octan-3-yl, 8-oxa-3-
azabicyclo[3.2.1]octan-3-yl,
2-methyl-2,5-diazabicyclo[2.2.1]heptane-5-yl,
1,3,3-trimethyl-6- azabicyclo[3.2. l]oct-6-yl,
3-hydroxy-8-azabicyclo[3.2. l]octan-8-yl-,
7-methyl-3-oxa-7,9- diazabicyclo[3.3.1]nonan-9-yl,
9-oxa-3-azabicyclo[3.3.1]nonan-3-yl,
3-oxa-9-azabicyclo[3.3. l]nonan-9-yl,
3,7-dioxa-9-azabicyclo[3.3. l]nonan-9-yl,
4-methyl-3,4-dihydro- 2H-1,4-benzoxazin-7-yl,
thiazine, dithiane, and dioxane. The contemplated
heterocycle rings or ring systems have a minimum of 3
members. Therefore, for example,
C1heterocyclylradicals would include but are not
limited to oxaziranyl, diaziridinyl, and diazirinyl,
C2heterocyclyl- radicals include but are not limited
to aziridinyl, oxiranyl, and diazetidinyl,
C6heterocyclyl- radicals include but are not limited
to azecanyl, tetrahydroquinolinyl, and
perhydroisoquinolinyl. [00114] "Bridged
heterobicyclyl- group containing at least one oxygen
atom, at least one nitrogen atom, and optionally
additional heteroatoms selected from oxygen, sulfur
and nitrogen, and is connected to the
thienopyrimidinyl or pyrazolopyrimidinyl group through
one of the nitrogen atoms;" refers to 5-10-membered
bridged bicyclic groups containing at least one
nitrogen atom, one oxygen atom, and optionally
additional heteroatom selected from oxygen, sulfur and
nitrogen. A bridged heterobicyclyl- group containing
at least one oxygen atom, at least one nitrogen atom,
and optionally additional heteroatoms selected from
oxygen, sulfur and nitrogen, and is connected to the
thienopyrimidinyl or pyrazolopyrimidinyl group through
one of the nitrogen atoms; may be saturated or
partially saturated. Exemplary bridged heterobicyclyl-
containing at least one oxygen atom, at least one
nitrogen atom, and connected through one of the
nitrogen atom include but are not limited to 2-oxa-5-
azabicyclo[2.2.1]heptane,
2-oxa-5-azabicyclo[2.2.2]octane, 7-oxa-2,5-
diazabicyclo[2.2.2]octane,
2,7-dioxa-5-azabicyclo[2.2.2]octane, 5,7-dioxa-2-
azabicyclo[2.2.2]octane,
3-oxa-6-azabicyclo[3.1.1]heptane,
6-oxa-3-azabicyclo[3.1.1]heptane,
6-oxa-3,8-diazabicyclo[3.2.1]octane,
3,6-dioxa-8-azabicyclo[3.2.1]octane, 3-oxa-8-
azabicyclo[3.2.1]octan-8-yl,
6,8-dioxa-3-azabicyclo[3.2.1]octane, 6,8-dioxa-3-
azabicyclo[3.2.1]octane,
8-oxa-3-azabicyclo[3.2.1]octan-3-yl, 3-oxa-7,9-
diazabicyclo[3.3.1]nonane,
7-methyl-3-oxa-7,9-diazabicyclo[3.3.1]nonan-9-yl,
9-oxa-3,7- diazabicyclo[3 .3.1 ]non-3-yl,
9-oxa-3-azabicyclo [3.3.1 ]nonan-3-yl, 3-oxa-9-
azabicyclo[3.3.1]nonan-9-yl, and
3,7-dioxa-9-azabicyclo[3.3.1]nonan-9-yl. The
contemplated heterocycle rings or ring systems have a
minimum of 5 members. Therefore, for
example,Csheterobicyclyl- radicals include but are not
limited to 2-oxa-5-azabicyclo[2.2.1]heptan-5-yl and
6,8-dioxa-3-azabicyclo[3.2. l]octan-3-yl.
C6heterobicyclyl- radicals include but are not limited
to 2-oxa-5-azabicyclo[2.2.2]octan-5-yl,
3-oxa-8-azabicyclo[3.2.1]octan-8-yl, 8-oxa-3-
azabicyclo[3.2.1]octan-3-yl,
9-oxa-3,7-diazabicyclo[3.3.1]non-3-yl,
7-methyl-3-oxa-7,9- diazabicyclo[3.3.1]nonan-9-yl,
3-oxa-7,9-diazabicyclo[3.3.1]nonan-7-yl, 3-oxa-7,9-
diazabicyclo[3.3.1]nonan-9-yl, and
3,7-dioxa-9-azabicyclo[3.3.1]nonan-9-yl. 



CTheterobicyclyl- radicals include but are not limited
to 9-oxa-3-azabicyclo[3.3.1]nonan-3-yl and
3-oxa-9-azabicyclo [3.3.1 ]nonan-9-yl. [00115]
"Heterocyclyl(alkyl)-" refers to an alkyl group, as
defined above, wherein one or more of the alkyl
group's hydrogen atoms has been replaced with a
heterocycle group as defined above. Heterocyclyl(C
1-C6alkyl)- moieties include 1-piperazinylethyl,
Amorpholinylpropyl, 6-piperazinylhexyl, and the like.
A heterocyclyl(alkyl) group can be unsubstituted or
substituted with one or more of the following groups:
halogen, H2N-, (C1- C6alkyl)amino-, di(C
1-C6alkyl)amino- J (C1-C6alkyl)C(O)N(C 1-C3alkyl)-,
(C1- C6alkyl)carboxyamido-, HC(O)NH-, H2NC(O)-,
(C1-C6alkyl)NHC(O)-, di(C 1- C6alkyl)NC(O)-, NC-,
hydroxyl, C1-C6alkoxy-, C1-C6alkyl-, HO2C-,
(C1-C6alkoxy)carbonyl-, (C1-C6alkyl)C(O)-, 4- to
7-membered monocyclic heterocycle, C6-C14aryl-,
C1-C6heteroaryl-, or Cs-C6cycloalkyl-. [00116] The
term "monocyclic heterocycle" refers to a monocyclic
non-aromatic cyclic hydrocarbon, in which 1-4 of the
ring carbon atoms have been independently replaced
with an N, O or S atom. The monocyclic heterocyclic
ring can be attached via a nitrogen, sulfur, or carbon
atom. In some embodiments, the monocyclic heterocycle
can have 3-7 ring atoms (i.e., a 3- to 7-membered
monocyclic heterocycle), or 4-7 ring atoms (i.e., a 4-
to 7-membered monocyclic heterocycle). Representative
examples of 3- to 7-membered monocyclic heterocycle
groups include, but are not limited to, aziridine,
oxirane, oxirene, thiirane, piperidinyl, piperazinyl,
morpholinyl, oxazinyl, and pyrrolidinyl.
Representative examples of 4- to 7-membered monocyclic
heterocycle groups include, but are not limited to,
pyrroline,dihydrofliran, tetrahydrofuran,
dihydrothiophene, tetrahydrothiophene, dithiolane,
1,2,3,6- tetrahydropyridine-1-yl, tetrahydropyran,
pyran, thiane, thiine, piperazine, oxazine, 5,6-
dihydro-4H-1,3-oxazin-2-yl, piperidinyl, piperazinyl,
morpholinyl, oxazinyl, and pyrrolidinyl. [00117] A
"nitrogen containing 3- to 7-membered monocyclic
heterocycle" refers to a 3- to 7-membered monocyclic
heterocycle as described above, that contains at least
one ring nitrogen atom. Representative examples of
nitrogen-containing-3- to 7-membered monocyclic
heterocyclic rings include, but are not limited to,
pyrroline, piperidinyl, piperazinyl, oxazinyl,
1,2,3,6-tetrahydropyridine-1-yl,
5,6-dihydro-4H-1,3-oxazin-2-yl, pyrrolidinyl, and
morpholinyl. [00118] The term "monocyclic heterocycle"
refers to a monocyclic non-aromatic cyclic
hydrocarbon, in which 1-4 of the ring carbon atoms
have been independently replaced with an N, O or S
atom. The monocyclic heterocyclic ring can be attached
via a nitrogen, sulfur, or carbon atom. In some
embodiments, the monocyclic heterocycle can have 3-7
ring atoms (i.e., a 3- to 7-membered monocyclic
heterocycle), or 4-7 ring atoms (i.e., a 4- to
7-membered monocyclic heterocycle). [00119] The term
"bicyclic heterocycle" refers to a fused or bridged
bicyclic nonaromatic hydrocarbon, in which 1-4 of the
ring carbon atoms have been independently replaced
with an N, O or S atom. In some embodiments, the
bicyclic heterocycle can have 6- 10 ring atoms (i.e.,
a 6- to 10-membered bicyclic heterocycle) or from 7-10
ring atoms (i.e., a 7- to 10-membered bicyclic
heterocycle). Representative examples of a 6- to
10-membered bicyclic heterocycle group include, but
are not limited to, 3-azabicyclo[3.1.0]hexane, 5-
azabicyclo[2.1.1]hexane,
6-oxa-3-azabicyclo[3.1.0]hexane, indoline, and
2,3-dihydro-1Hindazole. Representative examples of a
7- to 10-membered bicyclic heterocycle radicals
include, but are not limited to,
7-azabicyclo[2.2.1]heptane,
7-oxabicyclo[2.2.1]heptane, 6-
azabicyclo[3.1.1]heptane,
3,6-diazabicyclo[3.1.1]heptane,
3-azabicyclo[3.1.1]heptane, 2,5-
diazabicyclo[2.2.1]heptane,
2,5-diazabicyclo[2.2.2]octane,
3,6-diazabicyclo[3.1.1]heptane,3,8-diazabicyclo[3.2.1]
octane, 6-oxa-3,8-diazabicyclo[3.2.1]octane,
7-oxa-2,5- diazabicyclo[2.2.2]octane,
2,7-dioxa-5-azabicyclo[2.2.2]octane, 2-oxa-5-
azabicyclo[2.2.1]heptane-5-yl,
2-oxa-5-azabicyclo[2.2.2]octane, 3,6-dioxa-8-
azabicyclo[3.2.1]octane,
3-oxa-6-azabicyclo[3.1.1]heptane,
3-oxa-8-azabicyclo[3.2.1]octan-8- yl,
5,7-dioxa-2-azabicyclo[2.2.2]octane,
6,8-dioxa-3-azabicyclo[3.2.1]octane, 6-oxa-3-
azabicyclo[3.1.1]heptane,
8-oxa-3-azabicyclo[3.2.1]octan-3-yl, 8-oxa-3-
azabicyclo[3.2.1]octan-3-yl,
2-methyl-2,5-diazabicyclo[2.2.1]heptane-5-yl,
1,3,3-trimethyl-6- azabicyclo[3.2. l]oct-6-yl,
3-hydroxy-8-azabicyclo[3.2. l]octan-8-yl-,
7-methyl-3-oxa-7,9- diazabicyclo[3.3.1]nonan-9-yl,
9-oxa-3-azabicyclo[3.3.1]nonan-3-yl, 3-oxa-9-
azabicyclo[3.3. l]nonan-9-yl,
3,7-dioxa-9-azabicyclo[3.3. l]nonan-9-yl,
4-methyl-3,4-dihydro- 2H-1,4-benzoxazin-7-yl,
tetrahydroquinolinyl, and perhydroisoquinolinyl.
[00120] A "nitrogen-containing 7- to 10-membered
bicyclic heterocycle" refers to a 7- to 10-membered
bicyclic heterocycle, defined above, which contains at
least one ring nitrogen atom. Representative
nitrogen-containing 7- to 10-membered
7-azabicyclo[2.2.1]heptane, 6-
azabicyclo[3.1.1]heptane,
3,6-diazabicyclo[3.1.1]heptane,
3-azabicyclo[3.1.1]heptane, 2,5-
diazabicyclo[2.2.1]heptane,
2,5-diazabicyclo[2.2.2]octane,
3,6-diazabicyclo[3.1.1]heptane,
3,8-diazabicyclo[3.2.1]octane,
6-oxa-3,8-diazabicyclo[3.2.1]octane, 7-oxa-2,5-
diazabicyclo[2.2.2]octane,
2,7-dioxa-5-azabicyclo[2.2.2]octane, 2-oxa-5-
azabicyclo[2.2.1]heptane-5-yl,
2-oxa-5-azabicyclo[2.2.2]octane, 3,6-dioxa-8-
azabicyclo[3.2.1]octane,
3-oxa-6-azabicyclo[3.1.1]heptane,
3-oxa-8-azabicyclo[3.2.1]octan-8- yl,
5,7-dioxa-2-azabicyclo[2.2.2]octane,
6,8-dioxa-3-azabicyclo[3.2.1]octane, 6-oxa-3-
azabicyclo[3.1.1]heptane,
8-oxa-3-azabicyclo[3.2.1]octan-3-yl, 8-oxa-3-
azabicyclo[3.2.1]octan-3-yl,
2-methyl-2,5-diazabicyclo[2.2.1]heptane-5-yl,
1,3,3-trimethyl-6- azabicyclo[3.2. l]oct-6-yl,
3-hydroxy-8-azabicyclo[3.2. l]octan-8-yl-,
7-methyl-3-oxa-7,9- diazabicyclo[3.3.1]nonan-9-yl,
9-oxa-3-azabicyclo[3.3.1]nonan-3-yl, 3-oxa-9-
azabicyclo[3.3. l]nonan-9-yl,
3,7-dioxa-9-azabicyclo[3.3. l]nonan-9-yl,
4-methyl-3,4-dihydro- 2H-1,4-benzoxazin-7-yl,
tetrahydroquinolinyl, perhydroisoquinolinyl, and the
like.[00121] "Perfluoroalkyl-" refers to alkyl group,
defined above, having two or more fluorine atoms.
Examples of a C1-C6perfiuoroalkyl- group include CF3,
CH2CF3, CF2CF3 and CH(CF3)2. [00122] The term
"-S(O)2-heterocyclylalkyl" as used herein means that a
heterocyclyl(alkyl)- group, as defined above , wherein
one or more of the alkyl group's hydrogen atoms has
been replaced with a -S(O2)2- diradical and linked to
the core structure through the sulfur atom. Examples
of -S(O) 2-heterocyclylalkyl moieties include
piperidin-1- ylmethylsulfonyl,
2-(4-methylpiperazin-1-yl)ethylsulfonyl,
3-morpholinopropylsulfonyl, 6-
(piperazin-1-yl)hexylsulfonyl, and the like. [00123]
The term "optionally substituted", unless otherwise
specified, as used herein means that at least one
hydrogen atom of the optionally substituted group has
been substituted with the indicated substituents.
Where no such substituents are named, the substituents
are intended to include halogen, -NH2, -alkylamino,
-dialkylamino, -N(C1-C3alkyl)C(O)(C 1- C6alkyl),
-NHC(O)(C1-C6alkyl), -NHC(O)H, -C(O)NH2, -C(O)NH(C
1-C6alkyl), -C(O)N(C1- C6alkyl)(C 1-C6alkyl), -CN,
hydroxyl, -C1-C6alkoxy, C1-C6alkyl, -C(O)OH, -C1-
C6alkoxycarbonyl, C1-C6acyl, C6-C14aryl heteroaryl,
and C3-C8carbocycle. [00124] The pyrazolopyrimidine
and thienopyrimidine compounds of the present
invention exhibit an mTOR inhibitory activity and
therefore, can be utilized in order to inhibit
abnormal cell growth in which mTOR plays a role. Thus,
the pyrazolopyrimidine and thienopyrimidine compounds
are effective in the treatment of disorders with which
abnormal cell growth actions of mTOR are associated,
such as restenosis, atherosclerosis, bone disorders,
arthritis, diabetic retinopathy, psoriasis, benign
prostatic hypertrophy, atherosclerosis, inflammation,
angiogenesis, immunological disorders, pancreatitis,
kidney disease, cancer, etc. In particular, the
pyrazolopyrimidine and thienopyrimidine compounds of
the present invention possess excellent cancer cell
growth inhibiting effects and are effective in
treating cancers, preferably all types of solid
cancers and malignant lymphomas,and especially,
leukemia, skin cancer, bladder cancer, breast cancer,
uterus cancer, ovary cancer, prostate cancer, lung
cancer, colon cancer, pancreas cancer, renal cancer,
gastric cancer, brain tumor, etc. [00125] As some
compounds of the present invention possess an
asymmetric carbon atom, the present invention includes
the racemate as well as the individual enantiomeric
forms of the compounds as described herein and in the
claims. Mixtures of isomers of the compounds of the
examples or chiral precursors thereof can be separated
into individual isomers according to methods, which
are known per se, e.g. fractional crystallization,
adsorption chromatography or other suitable separation
processes. Resulting racemates can be separated into
antipodes in the usual manner after introduction of
suitable salt-forming groupings, e.g. by forming a
mixture of diastereosiomeric salts with optically
active saltforming agents, separating the mixture into
diastereomeric salts and converting the separated
salts into the free compounds. The enantiomeric forms
may also be separated by fractionation through chiral
high-pressure liquid chromatography columns, according
to procedures described herein. Where multiple chiral
centers or multiple geometric isomers or multiple
tautomers or combinations of two or more such features
exist in compounds of the present invention, the
invention includes each combination as well as
mixtures thereof. All chiral, diastereomeric, racemic
forms and all geometric isomeric forms of a structure
are intended, unless the specific stereochemistry or
isomeric form is specifically indicated. [00126]
Certain of the compounds of the present invention can
exist in unsolvated forms as well as solvated forms
including hydrated forms such as monohydrate,
dihydrate, trihydrate, hemihydrate, tetrahydrate and
the like. The products may be true solvates, while in
other cases, the products may merely retain
adventitious solvent or be a mixture of solvate plus
some adventitious solvent. It should be appreciated by
those skilled in the art that solvated forms are
equivalent to unsolvated forms and are intended to be
encompassed within the scope of the present
invention.THERAPEUTIC ADMINISTRATION [00127] When
administered to an animal, the pyrazolopyrimidine and
thienopyrimidine compounds or pharmaceutically
acceptable salts of the pyrazolopyrimidine and
thienopyrimidine compounds can be administered neat or
as a component of a composition that comprises a
physiologically acceptable carrier or vehicle. A
composition of the invention can be prepared using a
method comprising admixing the pyrazolopyrimidine and
thienopyrimidine compound or a pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound and a physiologically
acceptable carrier, excipient, or diluent. Admixing
can be accomplished using methods well known for
admixing an pyrazolopyrimidine and thienopyrimidine
compound or a pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound and a
physiologically acceptable carrier, excipient, or
diluent. [00128] The present compositions, comprising
pyrazolopyrimidine and thienopyrimidine compounds or
pharmaceutically acceptable salts of the
pyrazolopyrimidine and thienopyrimidine compounds of
the invention can be administered orally. The
pyrazolopyrimidine and thienopyrimidine compounds or
pharmaceutically acceptable salts of
pyrazolopyrimidine and thienopyrimidine compounds of
the invention can also be administered by any other
convenient route, for example, by infusion or bolus
injection, by absorption through epithelial or
mucocutaneous linings (e.g., oral, rectal, vaginal,
and intestinal mucosa, etc.) and can be administered
together with another therapeutic agent.
Administration can be systemic or local. Various known
delivery systems, including encapsulation in
liposomes, microparticles, microcapsules, and
capsules, can be used. [00129] Methods of
administration include, but are not limited to,
intradermal, intramuscular, intraperitoneal,
intravenous, subcutaneous, intranasal, epidural, oral,
sublingual, intracerebral, intravaginal, transdermal,
rectal, by inhalation, or topical, particularly to the
ears, nose, eyes, or skin. In some instances,
administration will result ofrelease of the
pyrazolopyrimidine and thienopyrimidine compound or a
pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound into
the 



bloodstream. The mode of administration is left to the
discretion of the practitioner. [00130] In one
embodiment, the pyrazolopyrimidine and
thienopyrimidine compound or a pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound is administered orally.
[00131] In another embodiment, the pyrazolopyrimidine
and thienopyrimidine compound or a pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound is administered
intravenously. [00132] In another embodiment, it may
be desirable to administer the pyrazolopyrimidine and
thienopyrimidine compound or a pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound locally. This can be
achieved, for example, by local infusion during
surgery, topical application, e.g., in conjunction
with a wound dressing after surgery, by injection, by
means of a catheter, by means of a suppository or
edema, or by means of an implant, said implant being
of a porous, non-porous, or gelatinous material,
including membranes, such as sialastic membranes, or
fibers. [00133] In certain embodiments, it can be
desirable to introduce the pyrazolopyrimidine and
thienopyrimidine compound or a pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound into the central nervous
system, circulatory system or gastrointestinal tract
by any suitable route, including intraventricular,
intrathecal injection, paraspinal injection, epidural
injection, enema, and by injection adjacent to the
peripheral nerve. An intraventricular catheter, for
example, can facilitate intraventricular injection
attached to a reservoir, such as an Ommaya
reservoir.[00134] Pulmonary administration can also be
employed, e.g., by use of an inhaler or nebulizer, and
formulation with an aerosolizing agent, or via
perfusion in a fluorocarbon or synthetic pulmonary
surfactant. In certain embodiments, the
pyrazolopyrimidine and thienopyrimidine compound or a
pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound can
be formulated as a suppository, with traditional
binders and excipients such as triglycerides. [00135]
In another embodiment, the pyrazolopyrimidine and
thienopyrimidine compound or a pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound can be delivered in a
vesicle, in particular a liposome (see Langer, Science
249:1527-1533 (1990) and Treat et al., Liposomes in
the Therapy of Infectious Disease and Cancer pp.
317-327 and pp. 353-365 (1989)). [00136] In yet
another embodiment, the pyrazolopyrimidine and
thienopyrimidine compound or a pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound can be delivered in a
controlled-release system or sustainedrelease system
(see, e.g., Goodson, in Medical Applications of
Controlled Release, vol. 2, pp. 115-138 (1984)). Other
controlled or sustained-release systems discussed in
the review by Langer, Science 249:1527-1533 (1990) can
be used. In one embodiment, a pump can be used
(Langer, Science 249:1527-1533 (1990); Sefton, CRC
Crit. Ref. Biomed. Eng. 14:201 (1987); Buchwald et
al., Surgery 88:507 (1980); and Saudek et al, N. Engl.
J. Med. 321:574 (1989)). In another embodiment,
polymeric materials can be used (see Medical
Applications of Controlled Release (Langer and Wise
eds., 1974); Controlled Drug Bioavailability, Drug
Product Design and Performance (Smolen and Ball eds.,
1984); Ranger and Peppas, J . Macromol. ScI Rev.
Macromol. Chem. 2:61 (1983); Levy et al., Science
228:190 (1935); Oung et al., Ann. Neural. 25:351
(1989); and Howard et al., J. Neurosurg. 71:105
(1989)). [00137] In yet another embodiment, a
controlled- or sustained-release system can be placed
in proximity of a target of the pyrazolopyrimidine and
thienopyrimidine compound ora pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound, e.g., the reproductive
organs, thus requiring only a fraction of the systemic
dose. [00138] The present compositions can optionally
comprise a suitable amount of a physiologically
acceptable excipient. [00139] Such physiologically
acceptable excipients can be liquids, such as water
and oils, including those of petroleum, animal,
vegetable, or synthetic origin, such as peanut oil,
soybean oil, mineral oil, sesame oil and the like. The
physiologically acceptable excipients can be saline,
gum acacia, gelatin, starch paste, talc, keratin,
colloidal silica, urea and the like. In addition,
auxiliary, stabilizing, thickening, lubricating, and
coloring agents can be used. In one embodiment, the
physiologically acceptable excipients are sterile when
administered to an animal. The physiologically
acceptable excipient should be stable under the
conditions of manufacture and storage and should be
preserved against the contaminating action of
microorganisms. Water is a particularly useful
excipient when the pyrazolopyrimidine and
thienopyrimidine compound or a pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound is administered
intravenously. Saline solutions and aqueous dextrose
and glycerol solutions can also be employed as liquid
excipients, particularly for injectable solutions.
Suitable physiologically acceptable excipients also
include starch, glucose, lactose, sucrose, gelatin,
malt, rice, flour, chalk, silica gel, sodium stearate,
glycerol monostearate, talc, sodium chloride, dried
skim milk, glycerol, propylene, glycol, water, ethanol
and the like. The present compositions, if desired,
can also contain minor amounts of wetting or
emulsifying agents, or pH buffering agents. [00140]
Liquid carriers may be used in preparing solutions,
suspensions, emulsions, syrups, and elixirs. The
pyrazolopyrimidine and thienopyrimidine compound or
pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound of
this invention can be dissolved or suspended in a
pharmaceutically acceptable liquid carrier such as
water, an organic solvent, a mixture of both, or
pharmaceutically acceptable oils orfat. The liquid
carrier can contain other suitable pharmaceutical
additives including solubilizers, emulsif ers,
buffers, preservatives, sweeteners, flavoring agents,
suspending agents, thickening agents, colors,
viscosity regulators, stabilizers, or osmo-regulators.
Suitable examples of liquid carriers for oral and
parenteral administration include water (particular
containing additives as above, e.g., cellulose
derivatives, including sodium carboxymethyl cellulose
solution), alcohols (including monohydric alcohols and
polyhydric alcohols, e.g., glycols) and their
derivatives, and oils (e.g., fractionated coconut oil
and arachis oil). For parenteral administration the
carrier can also be an oily ester such as ethyl oleate
and isopropyl myristate. Sterile liquid carriers are
used in sterile liquid form compositions for
parenteral administration. The liquid carrier for
pressurized compositions can be halogenated
hydrocarbon or other pharmaceutically acceptable
propellant. [00141] The present compositions can take
the form of solutions, suspensions, emulsion, tablets,
pills, pellets, capsules, capsules containing liquids,
powders, sustainedrelease formulations, suppositories,
emulsions, aerosols, sprays, suspensions, or any other
form suitable for use. In one embodiment, the
composition is in the form of a capsule. Other
examples of suitable physiologically acceptable
excipients are described in Remington's Pharmaceutical
Sciences pp. 1447-1676 (Alfonso R. Gennaro, ed., 19th
ed. 1995). [00142] In one embodiment, the
pyrazolopyrimidine and thienopyrimidine compound or a
pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound is
formulated in accordance with routine procedures as a
composition adapted for oral administration to humans.
Compositions for oral delivery can be in the form of
tablets, lozenges, buccal forms, troches, aqueous or
oily suspensions or solutions, granules, powders,
emulsions, capsules, syrups, or elixirs for example.
Orally administered compositions can contain one or
more agents, for example, sweetening agents such as
fructose, aspartame or saccharin; flavoring agents
such as peppermint, oil of wintergreen, or cherry;
coloring agents; and preserving agents, to provide a
pharmaceutically palatable preparation. In powders,
thecarrier can be a finely divided solid, which is an
admixture with the finely divided pyrazolopyrimidine
and thienopyrimidine compound or pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound. In tablets, the
pyrazolopyrimidine and thienopyrimidine compound or
pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound is
mixed with a carrier having the necessary compression
properties in suitable proportions and compacted in
the shape and size desired. The powders and tablets
can contain up to about 99% of the pyrazolopyrimidine
and thienopyrimidine compound or pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound. [00143] Capsules may
contain mixtures of the pyrazolopyrimidine and
thienopyrimidine compounds or pharmaceutically
acceptable salts of the pyrazolopyrimidine and
thienopyrimidine compounds with inert fillers and/or
diluents such as pharmaceutically acceptable starches
(e.g., corn, potato, or tapioca starch), sugars,
artificial sweetening agents, powdered celluloses
(such as crystalline and microcrystalline celluloses),
flours, gelatins, gums, etc. [00144] Tablet
formulations can be made by conventional compression,
wet granulation, or dry granulation methods and
utilize pharmaceutically acceptable diluents, binding
agents, lubricants, disintegrants, surface modifying
agents (including surfactants), suspending or
stabilizing agents (including, but not limited to,
magnesium stearate, stearic acid, sodium lauryl
sulfate, talc, sugars, lactose, dextrin, starch,
gelatin, cellulose, methyl cellulose, microcrystalline
cellulose, sodium carboxymethyl cellulose,
carboxymethylcellulose calcium, polyvinylpyrroldine,
alginic acid, acacia gum, xanthan gum, sodium citrate,
complex silicates, calcium carbonate, glycine,
sucrose, sorbitol, dicalcium phosphate, calcium
sulfate, lactose, kaolin, mannitol, sodium chloride,
low melting waxes, and ion exchange resins. Surface
modifying agents include nonionic and anionic surface
modifying agents. Representative examples of surface
modifying agents include, but are notlimited to,
poloxamer 188, benzalkonium chloride, calcium
stearate, cetostearl alcohol, cetomacrogol emulsifying
wax, sorbitan esters, colloidal silicon dioxide,
phosphates, sodium dodecylsulfate, magnesium aluminum
silicate, andtriethanolamine. [00145] Moreover, when
in a tablet or pill form, the compositions can be
coated to delay disintegration and absorption in the
gastrointestinal tract, thereby providing a sustained
action over an extended period of time. Selectively
permeable membranes surrounding an osmotically active
driving compound or a pharmaceutically acceptable salt
of the compound are also suitable for orally
administered compositions. In these latter platforms,
fluid from the environment surrounding the capsule can
be imbibed by the driving compound, which swells to
displace the agent or agent composition through an
aperture. These delivery platforms can provide an
essentially zero order delivery profile as opposed to
the spiked profiles of immediate release formulations.
A time-delay material such as glycerol monostearate or
glycerol stearate can also be used. Oral compositions
can include standard excipients such as mannitol,
lactose, starch, magnesium stearate, sodium saccharin,
cellulose, and magnesium carbonate. In one embodiment,
the excipients are of pharmaceutical grade. [00146] In
another embodiment, the pyrazolopyrimidine and
thienopyrimidine compound or a pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound can be formulated for
intravenous administration. Typically, compositions
for intravenous administration comprise sterile
isotonic aqueous buffer. Where necessary, the
compositions can also include a solubilizing agent.
Compositions for intravenous administration can
optionally include a local anesthetic such as
lignocaine to lessen pain at the site of the
injection. Generally, the ingredients are supplied
either separately or mixed together in unit dosage
form, for example, as a dry lyophilized powder or
water-free concentrate in a hermetically sealed
container such as an ampoule or sachette indicating
the quantity of active agent. Where the
pyrazolopyrimidine and thienopyrimidine compound or a
pharmaceutically acceptable salt of the
pyrazolopyrimidine andthienopyrimidine compound is to
be administered by infusion, it can be dispensed, for
example, with an infusion bottle containing sterile
pharmaceutical grade water or saline. Where the
pyrazolopyrimidine and thienopyrimidine compound or a
pharmaceutically 



acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound is administered by
injection, an ampoule of sterile water for injection
or saline can be provided so that the ingredients can
be mixed prior to administration. [00147] In another
embodiment, the pyrazolopyrimidine and
thienopyrimidine compound or pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound can be administered
transdermally through the use of a transdermal patch.
Transdermal administrations include administrations
across the surface of the body and the inner linings
of the bodily passages including epithelial and
mucosal tissues. Such administrations can be carried
out using the present pyrazolopyrimidine and
thienopyrimidine compounds or pharmaceutically
acceptable salts of the pyrazolopyrimidine and
thienopyrimidine compound s, in lotions, creams,
foams, patches, suspensions, solutions, and
suppositories (e.g., rectal or vaginal). [00148]
Transdermal administration can be accomplished through
the use of a transdermal patch containing the
pyrazolopyrimidine and thienopyrimidine compound or
pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound and a
carrier that is inert to the pyrazolopyrimidine and
thienopyrimidine compound or pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound is non-toxic to the skin,
and allows delivery of the agent for systemic
absorption into the blood stream via the skin. The
carrier may take any number of forms such as creams or
ointments, pastes, gels, or occlusive devices. The
creams or ointments may be viscous liquid or semisolid
emulsions of either the oil-in-water or water-in-oil
type. Pastes comprised of absorptive powders dispersed
in petroleum or hydrophilic petroleum containing the
active ingredient may also be suitable. A variety of
occlusive devices may be used to release
thepyrazolopyrimidine and thienopyrimidine compound or
pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound into
the blood stream, such as a semi-permeable membrane
covering a reservoir containing the pyrazolopyrimidine
and thienopyrimidine compound or pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound with or without a carrier,
or a matrix containing the active ingredient. [00149]
The pyrazolopyrimidine and thienopyrimidine compounds
or pharmaceutically acceptable salts of the
pyrazolopyrimidine and thienopyrimidine compounds of
the invention may be administered rectally or
vaginally in the form of a conventional suppository.
Suppository formulations may be made from traditional
materials, including cocoa butter, with or without the
addition of waxes to alter the suppository's melting
point, and glycerin. Water-soluble suppository bases,
such as polyethylene glycols of various molecular
weights, may also be used. [00150] The
pyrazolopyrimidine and thienopyrimidine compound or a
pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound can
be administered by controlled-release or
sustained-release means or by delivery devices that
are known to those of ordinary skill in the art. Such
dosage forms can be used to provide controlled- or
sustained-release of one or more active ingredients
using, for example, hydropropylmethyl cellulose, other
polymer matrices, gels, permeable membranes, osmotic
systems, multilayer coatings, microparticles,
liposomes, microspheres, or a combination thereof to
provide the desired release profile in varying
proportions. Suitable controlled- or sustained-release
formulations known to those skilled in the art,
including those described herein, can be readily
selected for use with the active ingredients of the
invention. The invention thus encompasses single unit
dosage forms suitable for oral administration such as,
but not limited to, tablets, capsules, gelcaps, and
caplets that are adapted for controlled- or
sustained-release. Advantages of controlled- or
sustained-release compositions includeextended
activity of the drug, reduced dosage frequency, and
increased compliance by the animal being treated. In
addition, controlled- or sustained-release
compositions can favorably affect the time of onset of
action or other characteristics, such as blood levels
of the pyrazolopyrimidine and thienopyrimidine
compound or a pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound , and
can thus reduce the occurrence of adverse side
effects. [00151] Controlled- or sustained-release
compositions can initially release an amount of the
pyrazolopyrimidine and thienopyrimidine compound or a
pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound that
promptly produces the desired therapeutic or
prophylactic effect, and gradually and continually
release other amounts of the pyrazolopyrimidine and
thienopyrimidine compound or a pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound to maintain this level of
therapeutic or prophylactic effect over an extended
period of time. To maintain a constant level of the
pyrazolopyrimidine and thienopyrimidine compound or a
pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound in
the body, the pyrazolopyrimidine and thienopyrimidine
compound or a pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound can
be released from the dosage form at a rate that will
replace the amount of the pyrazolopyrimidine and
thienopyrimidine compound or a pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound being metabolized and
excreted from the body. Controlledor sustained-release
of an active ingredient can be stimulated by various
conditions, including but not limited to, changes in
pH, changes in temperature, concentration or
availability of enzymes, concentration or availability
of water, or other physiological conditions or
pyrazolopyrimidine and thienopyrimidine compounds.
[00152] In certain embodiments, the present invention
is directed to prodrugs of the pyrazolopyrimidine and
thienopyrimidine compounds or pharmaceutically
acceptable salts ofpyrazolopyrimidine and
thienopyrimidine compounds of the present invention.
Various forms of prodrugs are known in the art, for
example as discussed in Bundgaard (ed.), Design of
Prodrugs, Elsevier (1985); Widder et al. (ed.),
Methods in Enzymology, vol. 4, Academic Press (1985);
Kgrogsgaard-Larsen et al. (ed.); "Design and
Application of Prodrugs", Textbook of Drug Design and
Development, Chapter 5, 113-191 (1991); Bundgaard et
al., Journal of Drug Delivery Reviews, 8:1-38 (1992);
Bundgaard et al., J. Pharmaceutical Sciences, 77:285
et seq. (1988); and Higuchi and Stella (eds.),
Prodrugs as Novel Drug Delivery Systems, American
Chemical Society (1975). [00153] The amount of the
pyrazolopyrimidine and thienopyrimidine compound or a
pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound that
is effective for treating or preventing a mTOR-related
disorder. In addition, in vitro or in vivo assays can
optionally be employed to help identify optimal dosage
ranges. The precise dose to be employed can also
depend on the route of administration, the condition,
the seriousness of the condition being treated, as
well as various physical factors related to the
individual being treated, and can be decided according
to the judgment of a health-care practitioner.
Equivalent dosages may be administered over various
time periods including, but not limited to, about
every 2 hours, about every 6 hours, about every 8
hours, about every 12 hours, about every 24 hours,
about every 36 hours, about every 48 hours, about
every 72 hours, about every week, about every two
weeks, about every three weeks, about every month, and
about every two months. The number and frequency of
dosages corresponding to a completed course of therapy
will be determined according to the judgment of a
health-care practitioner. The effective dosage amounts
described herein refer to total amounts administered;
that is, if more than one pyrazolopyrimidine and
thienopyrimidine compound or a pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound is administered, the
effective dosage amounts correspond to the total
amount administered.[00154] The amount of the
pyrazolopyrimidine and thienopyrimidine compound or a
pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound that
is effective for treating or preventing an
mTOR-related disorder will typically range from about
0.001 mg/kg to about 250 mg/kg of body weight per day,
in one embodiment, from about 1 mg/kg to about 250
mg/kg body weight per day, in another embodiment, from
about 1 mg/kg to about 50 mg/kg body weight per day,
and in another embodiment, from about 1 mg/kg to about
20 mg/kg of body weight per day. [00155] In one
embodiment, the pharmaceutical composition is in unit
dosage form, e.g., as a tablet, capsule, powder,
solution, suspension, emulsion, granule, or
suppository. In such form, the composition is
sub-divided in unit dose containing appropriate
quantities of the active ingredient; the unit dosage
form can be packaged compositions, for example,
packeted powders, vials, ampoules, prefilled syringes
or sachets containing liquids. The unit dosage form
can be, for example, a capsule or tablet itself, or it
can be the appropriate number of any such compositions
in package form. Such unit dosage form may contain
from about 1 mg/kg to about 250 mg/kg, and may be
given in a single dose or in two or more divided
doses. [00156] The pyrazolopyrimidine and
thienopyrimidine compound or a pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound can be assayed in vitro or
in vivo for the desired therapeutic or prophylactic
activity prior to use in humans. Animal model systems
can be used to demonstrate safety and efficacy.
[00157] The present methods for treating or preventing
an mTOR-related disorder, can further comprise
administering another therapeutic agent to the animal
being administered the pyrazolopyrimidine and
thienopyrimidine compound or a pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound. In one embodiment, the
other therapeutic agent is administered in an
effective amount.[00158] Effective amounts of the
other therapeutic agents are well known to those
skilled in the art. However, it is well within the
skilled artisan's purview to determine the other
therapeutic agent's optimal effective amount range.
The pyrazolopyrimidine and thienopyrimidine compound
or a pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound and
the other therapeutic agent can act additively or, in
one embodiment, synergistically. In one embodiment, of
the invention, where another therapeutic agent is
administered to an animal, the effective amount of the
pyrazolopyrimidine and thienopyrimidine compound or a
pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound is
less than its effective amount would be where the
other therapeutic agent is not administered. In this
case, without being bound by theory, it is believed
that the pyrazolopyrimidine and thienopyrimidine
compound or a pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound and
the other therapeutic agent act synergistically.
[00159] Suitable other therapeutic agents useful in
the methods and compositions of the present invention
include, but are not limited to temozolomide, a
topoisomerase I inhibitor, procarbazine, dacarbazine,
gemcitabine, capecitabine, methotrexate, taxol,
taxotere, mercaptopurine, thioguanine, hydroxyurea,
cytarabine, cyclophosphamide, ifosfamide,
nitrosoureas, cisplatin, carboplatin, mitomycin,
dacarbazine, procarbizine, etoposide, teniposide,
campathecins, bleomycin, doxorubicin, idarubicin,
daunorubicin, dactinomycin, plicamycin, mitoxantrone,
L-asparaginase, doxorubicin, epirubicin,
5-fluorouracil, taxanes such as docetaxel and
paclitaxel, leucovorin, levamisole, irinotecan,
estramustine, etoposide, nitrogen mustards, BCNU,
nitrosoureas such as carmustine and lomustine, vinca
alkaloids such as vinblastine, vincristine and
vinorelbine, platinum complexes such as cisplatin,
carboplatin and oxaliplatin, imatinib mesylate,
Avastin (bevacizumab), hexamethylmelamine, topotecan,
tyrosine kinase inhibitors, tyrphostins, herbimycin A,
genistein, erbstatin, lavendustin A, hydroxyzine,
glatiramer acetate, interferon beta-la, interferon
beta-lb, and natalizumab. It has been found,
surprisingly, that the compounds of the invention
arecombinable with Avastin (bevacizumab) and that this
combination can result in synergistic reduction in
tumor size. For example, Fig. 1 shows the effect of
Avastin (bevacizumab) individually, the Example 105
compound individually, and a combination of Avastin 



(bevacizumab) and the Example 105 compound, with
specified dosing regimens, on tumor size in the A498
renal cell carcinoma model. Fig. 3 shows the effect of
Avastin (bevacizumab) individually, the Example 110
compound individually, and a combination of Avastin
(bevacizumab) and the Example 110 compound, with
specified dosing regimens, on tumor size in the A498
renal cell carcinoma model.Fig. 1 Tumor -10 10 15 20
25 30 Day 4 Cycle therapy:  Ex. 105, bid x5 Ex. 105
dx5 + AvastinFig. 2 Tumor -10 10 15 20 25 30 Days 4
Cycle therapy:  Ex. 110, bid x5 Ex. 110 dx5 + Avastin
[00160] Other therapeutic agents useful in the methods
and compositions of the present invention include, but
are not limited to hydroxyzine, glatiramer acetate,
interferon beta- Ia, interferon beta- Ib,
mitoxantrone, and natalizumab. - I l l -[00161] In one
embodiment, the pyrazolopyrimidine and
thienopyrimidine compound or a pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compound is administered concurrently
with another therapeutic agent. [00162] In one
embodiment, a composition comprising an effective
amount of the pyrazolopyrimidine and thienopyrimidine
compound or a pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound and
an effective amount of another therapeutic agent
within the same composition can be administered.
[00163] In another embodiment, a composition
comprising an effective amount of the
pyrazolopyrimidine and thienopyrimidine compound or a
pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound and a
separate composition comprising an effective amount of
another therapeutic agent can be concurrently
administered. In another embodiment, an effective
amount of the pyrazolopyrimidine and thienopyrimidine
compound or a pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compounds
administered prior to or subsequent to administration
of an effective amount of another therapeutic agent.
In this embodiment, the pyrazolopyrimidine and
thienopyrimidine compound or a pharmaceutically
acceptable salt of the pyrazolopyrimidine and
thienopyrimidine compounds administered while the
other therapeutic agent exerts its therapeutic effect,
or the other therapeutic agent is administered while
the pyrazolopyrimidine and thienopyrimidine compound
or a pharmaceutically acceptable salt of the
pyrazolopyrimidine and thienopyrimidine compound
exerts its preventative or therapeutic effect for
treating or preventing an mTOR-related disorder.
[00164] In another embodiment, the pharmaceutically
acceptable carrier is suitable for oral administration
and the composition comprises an oral dosage form.
[00165] Methodologies for making the
pyrazolopyrimidine and thienopyrimidine compounds of
the invention are set forth in the Examples below, and
generalized in Schemes1-47 below. It should be noted
that while the Schemes show exemplary substituent
variables for the compounds of the invention (for
example, hydrogen for each R20 and R2 1), the
syntheses described in the Schemes are fully
applicable to the preparation of compounds having any
of the substituent variables as described
herein.Scheme 2: Scheme 3: or NMP or
Toluene/EtOHScheme 4: HetAr / Scheme 5: HetAr /Scheme
6: Scheme 7:Scheme 8: Scheme 9:Scheme 10: Scheme 11:
DMF Scheme 12:Scheme 13: Scheme 14: X N, CH CH Scheme
15:Scheme 16: [00166] According to Scheme 16, the
acetal was treated with HCl in THF to give the
corresponding ketone. The ketone was treated with an
amine and NaCNBH and ZnCl2 to give the desired amine.
The alcohol reduction product could also be
obtained.Scheme 17: [00167] According to Scheme 17,
the pyrazole nitrogen was substituted with a
tetrahydropyran ring by treatment with dihydopyran in
the presence of para-toluenesulfonic acid. Suzuki
coupling with an arylboronic acid (Scheme 29),
followed by removal of the tetrahydropyran by
treatment with HCl in dioxane gave the unsubstituted
pyrazole analog. Suzuki reaction with aniline boronate
followed by triphosgene, alcohol or amine gave the
carbamate or urea, respectively. Removal of the
tetrahydropyran with acid gave the unsubstituted
pyrazole.Scheme 18: Scheme 19:Scheme 20: Scheme
21:Scheme 22: Scheme 23:Scheme 24:Scheme 25:Scheme
26:Scheme 27:Scheme 27 Continued:Scheme 28Scheme
29:Scheme 30: cidScheme 31:Scheme 32:Scheme 33: Scheme
34:Scheme 35:Scheme 36:Scheme 37: Scheme 38:Scheme
39:Scheme 40: R2Scheme 41:Scheme 42: Et3NScheme
43Scheme 44:Scheme 45:Scheme 46:Scheme 47:[00168] One
of skill in the art will recognize that Schemes 1-47
can be adapted to produce the other pyrazolopyrimidine
and thienopyrimidine compounds and pharmaceutically
acceptable salts of pyrazolopyrimidine and
thienopyrimidine compounds according to the present
invention. EXAMPLES General Methods [00169] The
following general methods outline the synthesis the
pyrazolopyrimidine and thienopyrimidine compounds of
the Examples. Preparation of
2,4,6-Trichloro-pyrimidine-5-carbaldehyde (Scheme 1)
[00170] To a solution OfPOCl 3 (200 mL) in DMF (42 mL)
cooled to 0 C was slowly added barbituric acid (30 g)
over 1.5 hrs. The mixture was then heated to reflux
for 16 hrs and then evaporated (the distillate was
carefully decomposed by SLOWLY pouring into stirred
ice methanol slush). The reminder was cooled to 0 C
and it was added very slowly to a solution of ice
water upon which a beige solid formed. The solid was
filtered, dissolved in DCM, washed with water, washed
with a sat NaHCO solution, dried (MgSO4), and
concentrated in vacuo to afford white crystals (24 g).
Preparation of
4,6-Dichloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidine
(Scheme 1) [00171] To a solution of
2,4,6-trichloro-pyrimidine-5-carbaldehyde (3.7 g, 17.5
mmol) in EtOH (50 mL) cooled to -78 C was added methyl
hydrazine (0.93 mL, 17.5 mmol) and TEA (8 mL). The
mixture was stirred for 30 minutes at -78 C then 2 hr
at 0 C. The solution was concentrated in vacuo without
heating. To the reduced volume solution was added
EtOAc and the solution washed with a sat NaHCO
solution and concentrated in vacuo without heating.
Filtration over a small silica gel plug (2:1
EtOAc:Hex) and concentration afforded the desired
product as a yellow solid. It should be noted that the
reaction with aromatic hydrazine compounds can be
conducted at 0 C.Preparation of
4,6-Dichloro-1-(l-benzyl-piperidin-4-yl)-1H-pyrazolo[3
,4-d]pyrimidine (Scheme 1) [00172] To a solution of
2,4,6-trichloro-pyrimidine-5-carbaldehyde (2.5 g, 11.6
mmol) in EtOH (40 mL) cooled to -78 C was added
N-benzyl-4-piperidinzyl-hydrazine dihydrochloride (3.3
g, 11.6 mmol) and TEA (5 mL). The mixture was stirred
for 30 min at - 78 C then 2 hr at 0 C. The solution
was concentrated in vacuo without heating. To the
reduced volume solution EtOAc and a sat NaHCq
3solution was added and the solution filtered over C6
lite(tm) and separated. The organic layer was dried
(MgSO4) and concentrated in vacuo without heating.
Filtration over a small silica gel plug (EtOAc) and
concentration afforded the desired product as a yellow
solid (3 g).
l-(l-Benzyl-piperidin-4-yl)-6-chloro-4-(8-oxa-3-aza-bi
cyclo[3.2.1]oct-3-yl)-1Hpyrazolo[ 3,4-d]pyrimidine
(Scheme 28) [00173] To a solution of 1mmol
l-(l-benzyl-piperidin-4-yl)-4,6-dichloro-1Hpyrazolo[
3,4-d]pyrimidine dissolved in EtOH (10 mL) was added
1mmol 8-oxa-3-azabicyclo[ 3.2.1]octane, (Newth, F.H.
and Wiggins, L.F. Journal of the Chemical Society.
1948, pages 155-158) prepared from 1,5-hexadiene by
the four-step process of RuCl3-catalyzed NaIO
oxidation, conversion to the bis tosylate, cyclization
with benzyl amine, and deprotection with 1-chloroethyl
chloroformate followed by methanol (Scheme 46). The
reaction was stirred for 18 h. The solvents were
evaporated and the reminder was triturated with
diethyl ether/hexane. The solid was filtered off and
washed with hexane. Drying on the fritted funnel
provided a solid. Synthesis of
(l-Benzyl-piperidin-4-yl)-hydrazine dihydrochloride
[00174] Benzoic hydrazide (27 g) was dissolved in
methanol (150 mL). 1-Benzylpiperidin- 4-one (37.8 g)
was added and the solution was heated at 30 C for 1 h
and 60 C for 2 h. The solution was cooled to 0 C and
sodium borohydride (6.8 g) was added in portions.
After 2 h the solution was concentrated in vacuo and
the residue was partitioned betweendichloromethane and
water. The organic phase was dried with anhydrous
magnesium sulfate and concentrated leaving an oil (102
g). The oil was dissolved in water (80 mL) containing
concentrated hydrochloric acid (140 mL) (extra solvent
released at this stage was separated). The aqueous
solution was refluxed for 18h. It was cooled to 0 C.
The precipitate of benzoic acid was filtered off.
Water was evaporated in vacuo. Anhydrous ethanol was
added and the precipitate was filtered off and dried
under high vacuum to give the title compound as a
white solid (32.4 g). Preparation of
4-[4-(8-Oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1-phenyl-1H-
pyrazolo[3,4- d]pyrimidin-6-yl]-phenylamine (Scheme
28) [00175]
6-Chloro-4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1-phen
yl-1H-pyrazolo[3,4- djpyrimidine (2.5 mmol) and
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline
(3.0 mmol) are dissolved in a microwave vial in DME
(18 mL). Na2CU 3 (2.5 mL, 2M in water) is added along
with a catalytic amount of tetrakis triphenylphosphine
palladium. The mixture is heated in a sealed tube
under microwave irradiation at 185 C for 40 min. The
mixture is diluted with 50 mL EtOAc and washed with a
saturated solution OfNaHCO (2x50mL). The aqueous
layers are extracted with EtOAc (50 mL) and the
combined organic layers are dried over MgSO4, filtered
and concentrated in vacuo. Purification gives the
title compound.
6-Chloro-4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1-pipe
ridin-4-yl-1H-pyrazolo[3,4- d]pyrimidine (Scheme 30)
[00176] To
l-(l-benzyl-piperidin-4-yl)-6-chloro-4-(8-oxa-3-aza-bi
cyclo[3.2. l]oct-3- yl)-1H-pyrazolo[3,4-d]pyrimidine
(0.24 mmol) in 1,2-dichloroethane (2 mL) is added 1.9 



mmol alpha-chloroethyl chloroformate (ACE-Cl) along
with a small amount of K2CO3. The mixture is stirred
for 5.5 h at RT. The reaction is quenched by addition
of MeOH and the mixture is filtered and concentrated
to dryness. The mixture is dissolved in MeOH and
briefly heated to reflux. The title compound is
obtained in quantitative yield by evaporation ofMeOH.
This material is used without further purification in
the next step (reductive amination or acylation
following the procedures disclosed previously, Scheme
30).
6-Chloro-1-ethyl-4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl
)-1H-pyrazolo[3,4-d]pyrimidine (Scheme 31) [00177] To
6-chloro-4-(8-oxa-3-aza-bicyclo[3.2.
l]oct-3-yl)-1H-pyrazolo[3,4- djpyrimidme (0.418 mmol),
NaH (60% in oil, 2.1 mmol) and ethyl iodide (2.1 mmol)
is added N-methylpyrrolidinone ( 1 mL). After 5 min
the reaction mixture is heated in the microwave at 175
C for 10 min. Reverse phase HPLC gave the product.
l-{4-[l-(2-fluoroethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oc
t-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea (Schemes 4 and
3) [00178] To 6-chloro-4-(8-oxa-3-aza-bicyclo[3.2.
l]oct-3-yl)-1H-pyrazolo[3,4- d]pyrimidine (0.9 g, 3.42
mmolX 2-fluoroethanol (0.3 mL, 5.13 mmol)
triphenylphosphine (1.35 g, 5.13 mmol) in THF (22.5
mL) at 0 C is added DIAD (1.0 mL, 5.13 mmol) in drops
over 5 min. After 20 min the reaction mixture is
allowed to warm to 25 C. After 18h the mixture is
concentrated in vacuo, absorbed onto silica gel using
ether and chromatographed on silica gel eluting with
hexane/ethyl acetate.
3-(6-Chloro-1-(2-fluoroethyl)-1HpyrazoloP^-
dJpyrimidin^-yrj-S-oxa-3-azabicyclol^^.lJoctane was
obtained as a yellow solid (560 mg). MS m/z = 312
(M+H). This material (550 mg) was treated with
4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (583 mg),
aq. Na2CO (1.3 mL, 2M), and tetrakis
triphenylphosphine palladium (50 - 100 mg) in 1:1
toluene :ethanol ( 11 mL). The reaction mixture was
heated in a microwave at 120C for 20 min. It was then
dissolved in CH2C12 and chromatographed on silica gel
using hexane/ethyl acetate as the eluant to give
4-(4-(8-oxa-3- azabicyclo[3.2.
l]octan-3-yl)-1-(2-fluoroethyl)-1H-pyrazolo[3,4-d]pyri
midin-6-yl)aniline as a white foam (0.51 g). MS m/z =
369 (M+H). A solution of this material (500 mg, 1.36
mmol) and triethylamine (0.95 mL) in dichloromethane
was treated with triphosgene (202 mg, 0.68mmol). After
30 min one tenth of the solution was treated with
excess methylamine (2N in THF). Reverse phase HPLC
gave the title compound (29 mg) MS m/s = 426.2 (M+H).
[00179] Using the above procedure and substituting for
methylamine with other amines or alcohols in the last
step gives the following compounds:
l-ethyl-3-{4-[l-(2-fluoroethyl)-4-(8-oxa-3-azabicyclo[
3.2.1]oct-3-yl)-1H- pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea [00180] Using ethylamine
in the above procedure gives the title compound (29
mg). MS m/s = 440.2 (M+H).
l-cyclopropyl-3-{4-[l-(2-fluoroethyl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea [00181] Using
cyclopropylamine in the above procedure gives the
title compound (25 mg). MS m/s = 452.2 (M+H).
2-hydroxyethyl
{4-[l-(2-fluoroethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct-
3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate [00182] Using
ethylene glycol in the above procedure gives the title
compound (35 mg). MS m/s = 457.2 (M+H).
l-{4-[l-(2-fluoroethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oc
t-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea [00183]
Using 4-aminopyridine in the above procedure gives the
title compound (25 mg). MS m/s = 489.2 (M+H).
l-[4-(dimethylamino)phenyl]-3-{4-[l-(2-fluoroethyl)-4-
(8-oxa-3-azabicyclo[3.2.1]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny]}urea[00184
] Using N,N-dimethylbenzene-1,4-diamine in the above
procedure gives the title compound (48 mg). MS m/s =
531.3 (M+H).
l-{4-[2-(dimethylamino)ethoxy]phenyl}-3-{4-[l-(2-fluor
oethyl)-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-yllphenyl}urea [00185] Using
4-(2-(dimethylamino)ethoxy)-N,N-dimethylaniline in the
above procedure gives the title compound (47 mg). MS
m/s = 575.3 (M+H).
l-{4-[l-(2-fluoroethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oc
t-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-(4-morpholin-4-ylphenyl)ure
a [00186] Using 4-morpholinoaniline in the above
procedure gives the title compound (37 mg). MS m/s =
573.3 (M+H).
l-{4-[l-(2-fluoroethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oc
t-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[4-(hydroxymethyl)phenyl]ur
ea [00187] Using (4-aminophenyl)methanol in the above
procedure gives the title compound (25 mg). MS m/s =
518.2 (M+H).
l-{4-[l-(2-fluoroethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oc
t-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[4-(4-methylpiperazin-1-yl)
phenyl]urea [00188] Using
4-(4-methylpiperazm-1-yl)aniline in the above
procedure gives the title compound (9 mg). MS m/s =
586.3 (M+H). 2-hydroxyethyl
(4-{4-[(6R)-6-hydroxy-8-oxa-3-azabicyclo[3.2.1]oct-3-y
l]-1- (2,2,2- trifluoroethyl)-1H-pyrazolo [3,4-d]
pyrimidin-6-yl}phenyl)carbamate and l-{4- [4-(6-
hydroxy-3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1-(2,2,2-tr
ifluoroethyl)- 1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylureaMaterials:
[00189] Pooled nude mouse liver microsomes were
purchased from XenoTech (Lenexa, KS). NADPH was
purchased from BD Gentest (Franklin Lakes, NJ). HPLC
grade water, acetonitrile, ethyl acetate, sodium
phosphate dibasic, and potassium phosphate monobasic
were obtained from EM Science (Gibbstown, NJ).
Ammonium acetate was purchased from Sigma (St. Louis,
MO, USA). Microsomal incubation: [00190]
2-hydroxyethyl
{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny
l} carbamate and l-methyl-3-{4-[4-(3-
oxa-8-azabicyclo[3.2.1]oct-8-yl)-1-(2,2,2-trifluoroeth
yl)-1H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}urea (50
mM each) were incubated separately with nude mouse
liver microsomes ( 1 mg micromal protein/mL of
incubation) and NADPH ( 1 mM) in potassium phosphate
buffer (100 mM, pH 7.4) at 37 C for 90 min. The total
incubation volume for each compound was 50 mL. The
incubation reaction was initiated by addition of NADPH
after 5 min pr e incubation and was stopped by
liquid-liquid extraction using ethyl acetate
(incubation solution: ethyl acetate = 1:4, v/v). The
ethyl acetate layer was separated and evaporated to
dryness using a rotary evaporator (Buchi, Postfach,
Switzerland). The residue was reconstituted with 1ml
of a water-acetonitrile mixture (10:90, v/v) for HPLC
isolation. Metabolite isolation: [00191] A Waters 2790
HPLC system (Waters, Beverly, MA, USA) was used for
the isolation of these metabolites. The system
consisted of two quaternary pumps, a vacuum degasser,
a temperature controlled autosampler, a thermostated
column compartment, a fraction collector and a PDA
detector. The chromatographic separation was carried
out using a Luna C18 column (150 x 4.6 mm i.d., 5 mM
particle size) (Phenomenex, Torrance, CA) at an oven
temperature of 40 C. The mobile phase consisted of
solvent A: 10 mM ammonium acetate in
water-acetonitrile (H2q :ACN=95:5, v/v) and B: 10 mM
ammonium acetate inacetonitrile-water(ACN:H2 q =95:5,
v/v). The mobile phase gradient started with 20% B,
and then increased linearly from 20% to 80% B in 20
min. The flow rate was 1 ml/min. The HPLC elution
fractions were collected using a Waters fraction
collector. The injection volume was 50 mL and 20
injections were performed in total. The fractions of
the isolated metabolite from 20 injections were
combined, and were dried down using a Savant (Thermo
Quest, Holbrook, NY). The purity and identity of
metabolites were checked using LC/UV/MS and LC/MS/MS.
The structures of these metabolites were determined
using NMR. MS m/z = 509.2 (H+H) and MS m/z = 478
(M+H), respectively.
l-(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H- pyrazolo[3,4-
d]pyrimidin-6-yl}phenyl)-3-methylurea (Schemes 4 and
2) [00192] To 6-chloro-4-(8-oxa-3-aza-bicyclo[3.2.
l]oct-3-yl)-1H-pyrazolo[3,4- djpyrimidme ( 1 g, 3.8
mmol), 2-(dimethylamino)ethanol (0.57 mL, 5.7 mmol)
triphenylphosphine (1.5 g, 5.7 mmol) in THF (25 mL) is
added DIAD (1.1 mL, 5.7 mmol) in drops over 5 min.
After 2h the mixture is concentrated in vacuo, diluted
with ether and extracted with IN aq HCl (2X). The
aqueous layers are neutralized with NaOH and extracted
with CH2C12. The organic layers are treated with 4N
HCl in dioxane and concentrated in vacuo. The
resulting solid was triturated with ether. Material
from a reaction conducted with 0.37 g of
pyrazolopyrimidine was combined with this material to
give 1.29 g of 2-(4-(8-oxa-
3-azabicyclo[3.2.1]octan-3-yl)-6-chloro-1H-pyrazolo[3,
4-d]pyrimidin-1-yl)-N,Ndimethylethanamine as a solid.
This material (0.5 g, 1.34 mmol) was treated with
4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (0.44 g,
2.0 mmol), aq. Na2CO3 (1.84 mL, 2M), and tetrakis
triphenylphosphine palladium (50 mg) in 1:1 toluene
:ethanol (10 mL). The reaction mixture was heated in a
microwave at 120C for 60 min. The reaction was
repeated. The combined reaction mixtures were diluted
with EtOAc and filtered to give a solid (0.51 g). The
aq. Phase was washed with EtOAc and the combined
organic layers concentrated in vacuo. Trituration of
the residue gave a solid (0.28 g). The precipitates
were combined to give
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(2-(dimet
hylamino)ethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)anili
ne as a solid (0.79 g). A solution of this material
(550 mg, 1.4 mmol) and triethylamine (1.05 mL) in
dichloromethane was treated with triphosgene (208 mg,
0.7 mmol). After 30 min one eleventh of the solution
was treated with excess methylamine (2N in THF).
Reverse phase HPLC gave the title compound (39 mg) MS
m/s = 451.2 (M+H). [00193] Using the above procedure
and substituting for methylamine with other amines or
alcohols in the last step gives the following
compounds:
l-(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H- pyrazolo[3,4-
d]pyrimidin-6-yl}phenyl)-3-ethylurea [00194] Using
ethylamine in the above procedure gives the title
compound (67 mg). MS m/s = 465.3 (M+H).
l-(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H- pyrazolo[3,4-
d]pyrimidin-6-yl}phenyl)-3-pyridin-3-ylurea [00195]
Using 3-aminopyridine in the above procedure gives the
title compound (46 mg). MS m/s = 514.3 (M+H).
l-(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H- pyrazolo[3,4-
d]pyrimidin-6-yl}phenyl)-3-phenylurea [00196] Using
aniline in the above procedure gives the title
compound (50 mg). MS m/s = 513.3 (M+H).
l-cyclopropyl-3-(4- {1- [2-(dimethylamino)ethyl]
-4-(8-oxa-3-azabicyclo [3.2.1]oct-3-yl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)urea [00197] Using
cyclohexylamine in the above procedure gives the title
compound (52.7 mg). MS m/s = 477.3 (M+H).methyl
(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo[3
.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)carbamate [00198] Using
methanol in the above procedure gives the title
compound (59 mg). MS m/s = 452.2 (M+H). 2-hydroxyethyl
(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo[3
.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)carbamate [00199] Using
ethylene glycol in the above procedure gives the title
compound (57 



mg). MS m/s = 482.2 (M+H).
l-(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl}phenyl)-3-[4-(4-methylpiperazin-1-yl)
phenyl]urea [00200] Using
4-(4-methylpiperazin-1-yl)aniline in the above
procedure gives the title compound (35 mg). MS m/s = 6
11.3 (M+H).
l-(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl}phenyl)-3- [4-(hydroxymethyl)phenyl]
urea [00201] Using (4-aminophenyl)methanol in the
above procedure gives the title compound (38 mg). MS
m/s = 543.3 (M+H).
l-(4-{l-[2-(dimethylamino)ethyl]-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl}phenyl)-3- [4-(2-hydroxyethyl)phenyl]
urea [00202] Using (4-aminophenyl)ethanol in the above
procedure gives the title compound (27 mg). MS m/s =
557.3 (M+H).
l-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H-pyrazol
o[3,4-d]pyrimidin-6- yl]phenyl}-3- pyridin-3-ylurea
(Scheme 32)[00203]
4,6-Dichloro-1H-pyrazolo[3,4-d]pyrimidine (750 mg, 4.0
mmol), dihydropyran ( 1 mL), tosic acid monohydrate
(25 mg) in EtOAc (10 mL) is heated at 5OC. The
reaction mixture is allowed to cool and washed with
water. Drying over MgSO4 and concentration in vacuo
gave an orange oily solid. Dissolution in CH2C12 and
chromatography on silica gel eluting with hexane/EtOAc
gave
4,6-dichloro-1-(tetrahydro-2H-pyran-2-yl)-1Hpyrazolo[
3,4-d]pyrimidine as a white, oily solid (780 mg). This
material in ethanol (30 mL) is treated with a solution
of 8-oxa-3-azabicyclo[3.2.1]octane hydrochloride (428
mg, 2.86 mmol) and Et3N (0.82 mL, 5.7 mmol) in ethanol
(20 mL). Concentration in vacuo, followed by dilution
with EtOAc and washing with water, gives
6-chloro-4-(8-oxa-3- azabicyclo[3.2.
l]oct-3-yl)-1-(tetrahydro-2H-pyran-2-yl)-1H-
pyrazolo[3,4-d]pyrimidine, after drying with MgSO4, as
a white foam (1.03 g). MS m/z = 350.3 (M+H). This
material (0.5 g, 1.43 mmol) was treated with
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline
(0.34 g, 1.57 mmol), aq. Na CO (1.08 mL, 2M), and
tetrakis triphenylphosphine palladium (25 mg) in DME
(7 mL). The reaction mixture was heated in a microwave
at 175C for 15 min. Aq. workup and silica gel
chromatography (hexane/EtOAc) gives 4-[4-(8-oxa-3-
azabicyclo[3 .2. 1]oct-3-yl)-
1-(tetrahydro-2H-pyran-2-yl)- 1H-pyrazolo[3
,4-d]pyrimidin-6- yl] aniline as a foam (330 mg). MS
m/s = 407.4 (M+H) To this material (300 mg, 0.74 mmol)
in CH2C12 (10 mL) is added Et3N (0.518 mL) and a
solution of triphosgene (329 mg, 1.11 mmol) in CH2C12
(5 mL). After 30 min 3-aminopyridine (696 mg, 7.4
mmol), as a solution in CH2C12 (5 mL) is added. Aq.
workup and silica gel chromatography (hexane/EtOAc)
gives 1-
(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(tetrahy
dro-2H-pyran-2-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(pyridin-3-yl)urea as a
colorless solid (227 mg). This material (200 mg) in
dioxane (5 mL) and water (1.5 mL) was treated with 4
drops of 12N HCl. After heating at 6OC for 4h and
stirring at 25C for 18h the reaction mixture was
filtered. The yellow solid collected was triturated
with Et20 to give the HCl salt of the title compound
as an off white solid (200
mg).l-{4-[4-(6,8-dioxa-3-azabicyclo[3.2.1]oct-3-yl)-1-
methy]-1H-pyrazolo[3,4- d]pyrimidin-6-
yl]phenyl}-3-pyridin-3-ylurea (Schemes 1 and 2)
[00204] 4,6-Dichloro-l -methyl-
1H-pyrazolo[3,4-d]pyrimidine (0.5 g, 2.46 mmol), Et3N
(1.05 mL, 7.5 mmol) and
6,8-dioxa-3-azabicyclo[3.2.1]octane hydrochloride (373
mg) in CH2C12 (5 mL) is stirred for 18 h .
Concentration in vacuo followed by silica gel
chromatography (hexane/ethyl acetate) gives
3-(6-chloro-1-methyl-1H-pyrazolo[3,4-
dJpyrimidin^-yrj- b^-dioxa-3-azabicyclo[3.2.1]octane
as a white powder (320 mg). This material (0.16 g,
0.57 mmol) was treated with
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)aniline (0.186 g, 0.85 mmol), aq. Na CC (0.425 mL,
2M), and tetrakis triphenylphosphine palladium (20 mg)
in 1:1 toluene :ethanol. The reaction mixture was
heated in a microwave at 120C for 20 min to give
4-(4-(6,8-dioxa-3-azabicyclo[3.2.1]octan-3-yl)-1-methy
l-1Hpyrazolo[ 3,4-d]pyrimidin-6-yl)aniline. To this
material (190 mg, 0.56 mmol) in CH2C12 is added Et3N
(0.42 mL) and a solution of triphosgene (83 mg, 0.28
mmol) in CH2C12. After 30 min half of the solution is
added to 3-aminopyridine (105 mg, 1.12 mmol). After 2
h aq. workup and silica gel chromatography
(EtOAc/MeOH) gives the title compound as an offwhite
solid (104 mg). HRMS m/z = 459.1894 (M+H).
l-{4-[4-(6,8-dioxa-3-azabicyclo[3.2.1]oct-3-yl)-1-meth
y]-1H-pyrazolo[3,4- d]pyrimidin-6-
yl]phenyl}-3-methylurea [00205] Using methylamine in
the above procedure gives the title compound as an
offwhite solid (102 mg).
l-(1,4-dioxaspiro[4.5]dec-8-yl)-6-(1H-indol-5-yl)-4-(8
-oxa-3- azabicyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidine (Scheme 28) [00206]
6-Chloro-1-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-az
abicyclo[3.2.1]oct-3- yl)-1H-pyrazolo[3,4-d]pyrimidine
(0.20 g, 0.493 mmol) is treated with
5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-1H-indole (0.119 g, 0.74
mmol), aq. Na2CO3 (0.52 mL, 2M), and tetrakis
triphenylphosphine palladium (20 mg) in 1:1 toluene
:ethanol. The reaction mixture isheated in a microwave
at 120C for 60 min. Aq. workup followed by RP HPLC
(H2O, CH3CN, TFA) gives the title compound as a white
solid (60 mg). MS m/s = 487.2 (M+H) Preparation of
N-{4-[4-(8-Oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1H-pyrazo
lo[3,4- d]pyrimidin-6-yl]-phenyl}-acetami<ie (Scheme
32) [00207]
6-Chloro-4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1H-pyr
azolo[3,4- d]pyrimidine (21 mmol) is taken up as a
suspension in dry ethyl acetate (50 mL). Following the
addition of 4-toluenesulfonic acid monohydrate (25
mg), the mixture is heated to 60 C and
3,4-dihydro-2//-pyran (2.5 mL) is added in drops. The
reaction mixture is maintained at 60 C for 18 hours
and is then concentrated under reduced pressure. The
residue is purified by flash silica gel
chromatography. Following concentration of fractions,
6-chloro-4-(8-oxa-
3-aza-bicyclo[3.2.1]oct-3-yl)-1-(tetrahydro-pyran-2-yl
)-1H-pyrazolo[3,4-d]pyrimidine is obtained.
6-Chloro-4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1-(tet
rahydro-pyran-2-yl)-1Hpyrazolo[ 3,4-d]pyrimidine (3.1
mmol) is coupled to 4-acetamidophenylboronic acid
(0.83 g, 4.6 mmol) with tetrakis(triphenylphosphine)
palladium (0) (2.5 mol %), 2 M aqueous sodium
carbonate solution, and ethylene glycol dimethyl ether
(DME) and under microwave irradiation (175 C, 10 min).
Following an aqueous workup and flash chromatography,
N- {4-
[4-(8-Oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1-(tetrahydro-
pyran-2-yl)-1H-pyrazolo[3,4- d]pyrimidin-6-yl]
-phenyl} -acetamide is obtained.
N-{4-[4-(8-Oxa-3-aza-bicyclo[3.2.1]oct-3-
yl)-1-(tetrahydro-pyran-2-yl)-1H-pyrazolo[3,4-d]pyrimi
din-6-yl]-phenyl}-acetamide (1.2 mmol) is taken up in
dioxane (5 mL), treated with 4 M hydrogen chloride in
dioxane (5 mL), and allowed to stir at room
temperature for 3 days. The slurry is concentrated and
purified by reverse phase preparative high performance
liquid chromatography, employing a Phenomenex Prodigy
250 mm x 21.2 mm 5 mm column and a 5 % acetonitrile/95
% water/0.1 % trifluoroacetic acid to 100 %
acetonitrile gradient over 40 minutes. After
concentration, N-
{4-[4-(8-Oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1H-pyrazolo
[3,4-d]pyrimidin-6-yl]-phenyl}- acetamide is
provided.4-{[l-(l-benzylpiperidin-4-yl)-4-(8-oxa-3-aza
bicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]amino}phenol (Scheme 28) [00208] 50
mg (0. 11 mmol) of
l-(l-benzylpiperidin-4-yl)-6-chloro-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-
pyrazolo[3,4-d]pyrimidine was dissolved in 1mL
ethylene glycol. 0.24 mmol (26.2 mg) 4-aminophenol was
added and the mixture was heated under microwave
irradiation to 220C (15 min). The mixture was diluted
with 1mL DMSO and purified by HPLC (TFA buffers) to
give 16 mg of the title compound.
8-Oxa-3-aza-bicyclo[3.2.1]octane (Scheme 46) [00209]
To a mechanically stirred suspension of
silica-supported NaIO (240 g) in THF (1260 mL) and
CH2Cl2 (138 mL) at 0 0C was added 1,5-hexadiene (8.5
mL) followed by addition in drops of a 0.01 M aqueous
solution of RuCl3 (14.4 mL). After 1.5 h, iPrOH (300
mL) was added. Stir 10 min, then filter, wash silica
with EtOAc and concentrate filtrate. Pass oil through
silica gel eluting with Et2O, EtOAc and 5% MeOH/CHCl .
Yields a clear oil (9.5 g). This material was
dissolved in pyridine (90 mL) at OoC. A solution of
TsCl (31 g) in pyridine (36 mL) was added in drops.
Allow to warm to RT. After 18 h H O (300 mL) was
added. The white solid was collected by filtration and
dried (12 g). This material in toluene (60 mL) was
treated with benzylamine (10 mL). Heat at reflux for
18 h. Filter and concentrate in vacuo. Purify by
vacuum distillation (5.7 g). This compound (7.3 g) in
1, 2- dichloroethane (150 mL) was treated with
1-chloroethyl chloroformate (12 mL) and K2CO (15 g)
and heated at reflux overnight. Filter using CH2Cl2.
Concentrate, take up in EtOH and add 12 N HCl (5 mL).
Concentrate. Add acetone and filter (4.5
g).l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(1,
4-dioxaspiro[4.5]decan-8-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-methylurea Step l
[00210] 1,4-Dioxaspiro[4.5]decan-8-one (34.6 g),
tert-butyl hydrazinecarboxylate (30 g), and hexane
(461 mL) were mixed in a 3L 3-necked round-bottomed
flask equipped with thermometer, mechanical stirrer,
and condenser with a nitrogen inlet. The mixture was
heated with a heating mantle to an internal
temperature of 75 C. After 25 min the temperature was
decreased to 70 deg because of bumping. The product is
an insoluble solid and one of starting materials was
not totally soluble. After 90 min a Dean-Stark trap
was added to collect water. The reaction mixture was
heated until all the lumps turned into a fine white
solid (~6h). At this time, 3 mL (75%) of water was in
the Dean-Stark trap. The reaction mixture was cooled
to an internal temperature of 57 C and filtered.
Rinsing three times with hexane (150 mL) and
air-drying over house vacuum 18h gave a white solid
(58.7 g, 98%). A second run of 1,4-
dioxaspiro[4.5]decan-8-one (38.7 g) gave tert-Butyl
2-(1,4-dioxaspiro[4.5]decan-8-
ylidene)hydrazinecarboxylate (65.6 g, 98%). Step 2
[00211] tert-Butyl
2-(1,4-dioxaspiro[4.5]decan-8-ylidene)hydrazinecarboxy
late (58.7 g) was dissolved in THF (462 mL) and MeOH
(57.6 mL) in a 3L 3-necked round-bottomed flask
equipped with thermometer, mechanical stirrer, and
nitrogen inlet. The flask was cooled and when the
internal temperature reached 2 C, sodium borohydride
(8.2 g) was added in portions over 5 min. After
stirring an additional 15 min at Oo C, the cooling
bath was removed and stirring continued as the
reaction warmed to RT. After 95 min an aliquot was
removed, evaporated, and 1H NMR showed -14% product,
86% SM. Additional sodium borohydride (8.2 g) was then
added in portions over 5 min.[00212] After stirring
another 14h at RT an aliquot was removed, evaporated,
and 1H NMR showed -93% product, 7% SM. Water (100 mL)
was added in drops to form a gum. When addition was
complete (-40 min) more water (100 mL) was added along
with and ethyl acetate (500 mL). The resulting mixture
was stirred at RT for 3h, pour into a separatory
funnel, and shaken well. The layers were separated,
the aqueous layer saturated with solid NaCl, and
extract once more ethyl acetate (200 mL). The combined
ethyl acetate layers were dried (Na2SO4), concentrated
under reduced pressure to give a gum. The gum was
triturated with hexane and filtered. This gave 52.3 g
(89%) of N'-(1,4-Dioxa-spiro[4.5]dec-8-yl)-
hydrazinecarboxylic acid tert-butyl ester. A second
run of tert-butyl 2-(1,4-
dioxaspiro[4.5]decan-8-ylidene)hydrazinecarboxylate
(65.6 g) gave N'-(1,4-Dioxaspiro[
4.5]dec-8-yl)-hydrazinecarboxylic acid tert-butyl
ester (63.3 g, 96%). Step 3 [00213]
N'-(1,4-Dioxa-spiro[4.5]dec-8-yl)-hydrazinecarboxylic
acid tert-butyl ester (52.3 g) was suspended in water
(418 mL) in a 3L 3-necked round bottomed flask
equipped with thermometer, mechanical stirrer, and
condenser with nitrogen inlet. The reaction was heated
using internal temperature control with a heating
mantle set at 11Oo C. The reaction 



was followed by LCMS (ES-API, Pos scan): 3h 32%
product 68% SM 4.5h 50% product 50% SM 6h 60% product
40% SM 12h 98.7% product 1.3% SM After 12 hr the
reaction mixture was a clear, yellow solution. [00214]
(1,4-Dioxa-spiro[4.5]dec-8-yl)-hydrazine (46 g, 368 mL
of above solution) was cooled in an ice bath, then
triethylamine (47 mL) and ethanol (368 mL) were added.
When the internal temperature reached 7.6C,
2,4,6-trichloro-pyrimidine-5-carbaldehyde (32g,
synthesized by method of WO 02/066482) was added as a
solid over 1.5 min. The internal temperature jumped to
12.6 C, and continued to rise to 17 C during 4 min.
After stirring a total of 28 min, water (367 mL) was
added and the slurry was filtered. The cake was washed
well twice with water (300 mL), then hexane (300 mL)
and air dried over house vacuum overnight. This gave a
damp cake that was washed twice with hexane (400 mL).
Air-drying over house vacuum over weekend gave 35.29 g
(70.8%) of 4,6-dichloro-1-(1,4-dioxaspiro[
4.5]dec-8-yl)-1H-pyrazolo[3,4-d]pyrimidine, containing
-6.5 % of 2,4,6-Trichloropyrimidine- 5-carbaldehyde.
It was important to have a minimal amount of
2,4,6-trichloropyrimidine- 5-carbaldehyde, which
consumes 2 equivalents of 8-oxa-3-azabicyclo[
3.2.1]octane in the next step. Step 4 [00215]
8-Oxa-3-aza-bicyclo[3.2.1]octane hydrochloride salt
(9.5 g), triethylamine (25 mL), and absolute ethanol
(199 mL) were mixed in a 3L 3-necked flask equipped
with three stoppers and a large magnetic stir bar to
produce a clear, colorless solution. The mixture was
stirred vigorously and
4,6-dichloro-1-(1,4-dioxa-spiro[4.5]dec-8-yl)-1H-pyraz
olo[3,4- d]pyrimidine (19.7 g) was added as a solid
over 1.5 min. An immediate aliquot was removed and
HPLC showed two major peaks at 1.960 min (16%,
identified by LCMS as 2-chloro-4,6-
bis-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-pyrimidine-5-
carbaldehyde) and at 2.104 min (72%, product). After a
total of 28 min the yellow slurry was filtered and the
flask rinsed twice with ethanol (40 mL). The cake was
washed well with ethanol (80 mL) and hexane (80 mL),
then dried under the house vacuum for 1.5 h. This gave
21.35 g (86%) of6-chloro-1-(1,4-dioxaspiro[
4.5]dec-8-yl)-4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4-d]pyrimidine containing 16 mol %
ethanol. [00216] Additional runs of
4,6-dichloro-1-(1,4-dioxa-spiro[4.5]dec-8-yl)-1Hpyrazo
lo[ 3,4-d]pyrimidine (5 g and 10 g) gave
6-chloro-1-(1,4-dioxa-spiro[4.5]dec-8-yl)-4-
(S-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d
]pyrimidme (5.43 g and 10.8 g).[00217] A total of
37.58 g of
6-chloro-1-(1,4-dioxa-spiro[4.5]dec-8-yl)-4-(8-oxa-3-a
zabicyclo[ 3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidme
was obtained from 16.7 g of 8-oxa-3-
aza-bicyclo[3.2.1]octane hydrochloride salt consumed.
Step [00218]
6-Chloro-1-(1,4-dioxa-spiro[4.5]dec-8-yl)-4-(8-oxa-3-a
za-bicyclo[3.2.1]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidine (6.5 g, 16.05 mmol)
was dissolved in 1:1 toluene :ethanol (130 mL) and 10
mL of a 2M sodium carbonate solution and stirred at
room temperature and degassed with nitrogen for 5 min.
Then added 4-aminophenylboronic acid pinacol ester
(4.2 g, 19.2 mmol) and tetrakis (triphenylphosphine)
palladium (0.92 g, 0.05 mol %) and refluxed overnight
under nitrogen. Quenched with water and extract with
ethyl acetate, separate organics and dried over
magnesium sulfate. Filter off through Magnesol-XL(tm)
(synthetic magnesium silicate) and cone under reduced
pressure to give and oil. Triturate with ether to
precipitate a white solid, filter and wash with ether
to give 4.1 g of l-(4-(4-(8-oxa-3-
azabicyclo[3.2.1]octan-3-yl)-1-(1,4-dioxaspiro[4.5]dec
an-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-
6-yl)phenyl)-3-methylurea. (56%) (M+H = 463). Step 6
[00219]
l-(4-(4-(8-Oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(1,4-d
ioxaspiro[4.5]decan-8-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-methylu
rea (750 mg, 1.6 mmol) was dissolved/suspended in
dichloromethane (3.0 mL) along with excess
triethylamine (0.2 mL). This mixture is added by drops
to a solution of triphosgene (240 mg, 0.8 mmol) in
dichloromethane (3.0 mL). The mixture was stirred at
room temperature for 10 min. Then added excess
methylamine in THF (2.0M. solution) (3.0 mL) and
stirred at room temperature for 30 min. Quenched with
0.IN. sodium hydroxide and extract with ethyl acetate,
separated organics and dried over magnesium sulfate.
Filter off through Magnesol(tm) and cone under reduced
pressure to give an oil. Triturate with ether to
precipitate a white solid, filter and wash with ether
to give 750 mg of crude product. Recrystallization
from a minimum amountof ethanol to give 480 mg of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(1,4-
dioxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-yl)phenyl)-3-methylurea. (58%) (M+H = 520).
2-Hydroxyethyl
{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(2,2,2-tri
fluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate (Scheme 47).
Step l [00220] To a solution of CF3CH2NHNH2 (1O g, 70%
aqueous solution in water) and ethanol (40 niL) at 0
0C under nitrogen, was added
ethoxymethylenemalononitrile (7.4 g) at once as a
solid. The ice bath was removed, and reaction mixture
was immediately heated with heating mantle set at 95 C
(external temp) for 30 min. Analysis by HPLC after 20
min showed only the product with a retention time of
0.961 min. Evaporation of the reaction mixture while
still warm removed the ethanol and water. A portion of
dichloromethane was added and the mixture evaporated
at 48 0C. The red residue was used without further
purification in next step. Step 2 [00221] The red
residue was diluted with dichloromethane (80 mL) and
CH3CN (40 mL), then placed under nitrogen. A 24 mL
portion OfEt3N was added and the solution cooled to 0
0C. Addition of p-nitrobenzoyl chloride (17.2 g) as
solid in one portion was followed by removal of the
cooling bath and stirring at room temperature. The
reaction became warm. (Note that reaction does not go
at 0 0C). After 1.5 h the reaction mixture was
combined with a previous run OfCF3CH2NHNH2 (5 g),
diluted with EtOAc (400 mL) and washed with saturated
NaHCO solution (3 x 200 mL). Evaporation gave a red
gum, which was triturated with dichloromethane (<100
mL) and filtered. The collected solid was washed
sparingly with dichloromethane to give 9.16 g (29.7%)
of product. The filtrate was passed through a silica
plug 3"H x 4" eluting with 5% methanol in
dichloromethane (fractions 1-2, 500 ml fractions),
then 10% methanol in dichloromethane (fractions 3-4,
500 ml fractions).. The precipitate infraction 2 was
filtered to give additional 5.5 g (18%). The total
product was 14.66 g (47.6% for the two steps). Step 3
[00222] A mixture of
N-[4-cyano-2-(2,2,2-trifiuoro-ethyl)-2H-pyrazol-3-yl]-
4-nitrobenzamide (5 g) and 2.5 N NaOH (80 mL) in
ethanol (40 mL) was cooled to 0 C under a nitrogen
atmosphere. Addition of a few drops of 30% H2O2 in
less than 1 min caused the reaction mixture to
solidify. Removal of the ice bath allowed magnetic
stirring to resume and the remaining 30% H2O2 was
added. The total addition time was 3.5 min and a total
amount of H2O2 was 16.7 mL . The reaction mixture was
a yellow slurry, slightly thickened. A heating mantle
was placed on the flask and warmed to 95 0C (external
temp) for 1 hr. Analysis by HPLC indicated no starting
material. The peak with 1.870 min retention time had
converted to an intermediate peak with 1.507 min
retention time and small product peak with 1.906 min
retention time. The temperature of the heating mantle
was raised to 115 0C (external temp) and the progress
of the reaction followed by HPLC: 2h 45 min 12% amide
81% product 4h 45 min 3.7% amide 89% product 6h 45 min
0.8% amide 89% product. [00223] The heating mantle was
removed and the volatiles evaporated while still hot.
The mushy yellow solid (still wet) was acidified with
2 N HCl (100 mL) to a pH less than 1. The yellow solid
turned white. The mixture was filtered, the collected
solid washed with water, and placed in drying oven at
40 C. The filtrate was extracted with EtOAc (200 mL),
the EtOAc layer, which is a white slurry, was
transferred to a round bottom flask and evaporated at
29 C to give a pale yellow solid. This solid was
diluted with hexane (100 mL), crushed, scraped, and
then filtered. The solid was washed with hexanes (2 x
50 mL) and air dry on Buchner funnel covered with a
crystallizing dish under house vacuum for at least 5 h
to give 4.92 g (98.4%) of product.Step 4 [00224]
6-(4-Nitro-phenyl)-1-(2,2,2-trifluoro-ethyl)-1H-pyrazo
lo[3,4-d]pyrimidin-4-ol (4.73 g) and POCI3 (46 mL) was
heated with heating mantle at 120 0C (external temp).
Five drops of DMF were added. After 1.5 h, the
off-white slurry became an amber, clear solution.
Analysis by HPLC indicates reaction done-product peak
at 2.781 min.. The volatiles were removed at reduced
pressure and the reaction mixture diluted with CHCI3
and evaporated again. Combined with another run of
6-(4-nitro-phenyl)- 1-(2,2,2-trifluoro-ethyl)-
1Hpyrazolo[ 3,4-d]pyrimidin-4-ol (3.9 g).. The
combined tan solid was taken up in water (200 mL), the
solid was crushed, and the mixture filtered. The
collected sold was washed with water (4 x 50 mL), then
washed with hexanes (4 x 100 mL). Air-drying on a
fritted funnel covered with a crystallizing dish under
house vacuum for at least 3h gave 8.55 g (94%) of
crude product. Step 5 [00225] To
4-chloro-6-(4-nitro-phenyl)-
1-(2,2,2-trifluoro-ethyl)- 1H-pyrazolo[3 ,4-
d]pyrimidme (3.79 g) in ethanol (106 mL) was added as
a solid at once 8-oxa-3-azabicyclo[ 3.2. l]octane
hydrochloride ( 1.68 g). The bridgehead amine was
followed with Et N (4.4 mL). The resulting pale yellow
slurry was heated with a heating mantle at 90 0C
(external temp). After 15 min the solution became very
thick. Analysis by HPLC shows mostly product (59%)
with a retention time at 2.716 min and a small amount
of starting material with a 2.769 min. retention time.
The heating was discontinued after total of 30 min.
After standing at room temperature for 14h, the
mixture was combined with another run of 4-
chloro-6-(4-nitro-phenyl)-1-(2,2,2-trifiuoro-ethyl)-1H
-pyrazolo[3,4-d]pyrimidine (3.38 g). The combined
reaction mixtures were filtered, rinsed sparingly with
ethanol, dried, and triturated with hexane. Air-drying
on a fritted filter covered with a crystallizing dish
under house vacuum gave 8.4 g (87%) of product.Step 6
[00226]
6-(4-nitro-phenyl)-4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-
yl)-1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidine (4.18 g) was placed in
THF (96 mL) and ethyl acetate (96 mL). The slurry was
evacuated and flushed with argon five times. A small
amount of crushed Dry Ice was added to make a CO2
blanket. The 10% Pd/C (0.29 g) catalyst was added, and
the reaction was again evacuated and flushed with
argon three times. Using a balloon and a three-way
stopcock, the reaction was evacuated and flushed with
hydrogen three times. The resulting white slurry was
stirred under a hydrogen atmosphere using two balloons
attached via three-way stopcock. After 12 h the slurry
dissolved, however LCMS indicates the presence of
hydroxylamine (M-I at m/e 419). (Note that ES-API
negative shows hydroxylamine (M-I with m/e 419) and
ES-API positive shows amine (M+1 with m/e 405); HPLC
analysis (10-100% acetonitrile in water with 0.1% TFA)
shows no separation between hydroxylamine and amine.
The hydrogen filled balloons were replaced with new
ones, and stirring was continued at room temperature.
After an additional 24 h, LCMS indicated no
hydroxylamine, only the desired product. The reaction
mixture was filtered through a C6lite(tm) pad, and
rinsed well with ethyl acetate (2 x 100 mL). The
filtrated were combined 



with those from another 4 g run of
6-(4-nitro-phenyl)-4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-
yl)-
l-(2,2,2-trifluoro-ethyl)-1H-pyrazolo[3,4-d]pyrimidine
. Concentration under reduced pressure gave 7.64 g
(90.5%) of desired amine. Step 7 [00227]
4-[4-(8-Oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1-(2,2,2-tri
fluoro-ethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]-phenylamine (7.96 g) from the
previous step was reacted in 0.5 g portions. Into a 50
mL round-bottomed flask with stopper and magnetic stir
bar was added amine (0.5 g) and methylene chloride
(7.5 mL). With good stirring Et3N (0.5 mL) was added,
followed by a clear, colorless solution of triphosgene
(0.22g) in methylene chloride (2.5 mL). After 1 min at
room temperature, an aliquot of the reaction mixture
was diluted in MeOH to form the methyl carbamate.
Analysis by HPLC indicated methyl carbamate peakwith a
retention time of 2.3 15 min (91%) and an amine
starting material peak with a retention time of 1.650
( 1.9%). After 8 min total reaction time ethylene
glycol ( 1.38 mL) was added at once. The cloudy
solution turned into a clear, yellow solution.
Stirring at room temperature continued for 75 min, at
which time HPLC analysis indicates a new peak with a
retention time of 2.032 min (88%). The 32 0.5 g runs
were combined and the combined product was divided
into two portions. Each portion was diluted with
methylene chloride (400 mL), and washed with water (4
x 100 mL), dried with brine (100 mL), and then dried
over Na2S 4. Concentration under reduced pressure and
combination of the two portions gave 8.77 g of 83.3%
pure material. This was triturated with methylene
chloride to give 1.2 g of {4-[4-(8-
oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1-(2,2,2-trifluoro-e
thyl)-1H-pyrazolo[3,4-d]pyrimidin-6- yl]-phenyl}
-carbamic acid 2-hydroxy-ethyl ester. Repeated
chromatography of mother liquors with gradient of 0-5%
MeOH in methylene chloride gave an additional 5.6 g of
desired product, for a total of 6.8 g (70%).
2-hydroxyethyl
{4-[l-(l-benzylpiperidin-4-yl)-4-(8-oxa-3-azabicyclo[3
.2.1]oct-3- yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate (Scheme 29)
[00228] A mixture of 4-aminophenylboronic acid pinacol
ester (67 mg, 0.3 1mmol) in tetrahydrofuran (3 mL) and
triethylamine (0.16 mL) was treated with triphosgene
(47 mg, 0.16 mmol). After three minutes, the resultant
slurry with treated with ethylene glycol (0.2 mL). The
mixture was concentrated under reduced pressure and
was then taken up as a solution in toluene/ethanol
(1:1, 7 mL) and added to a 10-20 mL Smith process vial
containing 1-(I
-benzyl-piperidin-4-yl)-6-chloro-4-(8-oxa-3-aza-bicycl
o[3 .2. 1]oct-3-yl)- 1Hpyrazolo[ 3,4-d]pyrimidine (90
mg, 0.21 mmol) and
tetrakis(triphenylphosphine)palladium(0) (35 mg, 10
mol %). To the suspension was added 2 M aqueous sodium
carbonate solution (3 mL). The triphasic mixture was
heated in the microwave for 20 minutes at 120 C. After
cooling, the mixture was diluted with water and
extracted with ethyl acetate. The organic extracts
were washed with saturated aqueous sodium chloride
solution, dried over anhydrous magnesium sulfate,
filtered, and concentrated to dryness under reduced
pressure. The crudesolid residue was purified by
reverse-phase high performance liquid chromatography
using a Phenomenex Prodigy 2 1mm x 250 mm column,
running a gradient elution of 12 % acetonitrile/88% of
0.1 % aqueous trifluoroacetic acid to 100 %
acetonitrile over 35 minutes. After the concentration
of fractions under reduced pressure, 2-hydroxyethyl
{4-[l-(lbenzylpiperidin-
4-yl)-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
carbamate trifluoroacetic acid salt was obtained as a
clear maroon amorphous solid (124 mg, 84 %) MS (ES+) :
584.2, 585.2 (M + H) methyl 4-[4-(8-oxa-3-azabicyclo
[3.2.1] oct-3-yl)-6-{4-[(pyridin-3-
ylcarbamoyl)amino]phenyl}-1H-pyrazolo[3,4-d]pyrimidin-
1-yl]piperidine-1- carboxylate"TFA (Scheme 30) [00229]
A suspension of
l-(l-benzyl-piperidin-4-yl)-6-chloro-4-(8-oxa-3-azabic
yclo[ 3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidine
(1.0 g, 2.3 mmol) and potassium carbonate (0.94 g, 6.8
mmol) in 1,2-dichloroethane (15 mL) was treated with
methyl chloroformate (0.53 mL, 6.8 mmol) and then
heated for two hours in a 55 - 60 C oil bath. The
mixture was filtered through a pad of diatomaceous
earth, eluting with dichloromethane. The filtrate was
concentrated to dryness under reduced pressure to
furnish methyl 4-(4-(8-
oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-chloro-1H-pyrazol
o[3,4-d]pyrimidin-1-yl)piperidine-1- carboxylate. MS
(ES+) : 407.5, 409.6 (M + H)+ [00230] A suspension of
methyl 4-(4-(8-oxa-3-azabicyclo[3.2.
l]octan-3-yl)-6-chloro-
1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-1-carboxyl
ate (2.3 mmol), 4- aminophenylboronic acidpinacol
ester (0.76 g, 3.5 mmol), and
tetrakis(triphenylphosphine)palladium(0) (0.27 g, 10
mol %) in toluene/ethanol (1:1, 12 mL) and 2 M aqueous
sodium carbonate solution (2.5 mL) was heated in a
10-20 mL Smith process vial in the microwave reactor
for one hour at 120 C. The cooled mixture was
partitioned between ethyl acetate and water. The
aqueous phase was extracted three times with ethyl
acetate. The combined extracts were washed with
saturated aqueous sodiumchloride solution, dried over
anhydrous magnesium sulfate, filtered, and
concentrated to dryness under reduced pressure. The
crude residue was purified via reverse-phase high
performance liquid chromatography using a Phenomenex
Gemini column, running a gradient elution of 20 %
acetonitrile/80 % of 0.07 % aqueous ammonium hydroxide
to 95 % acetonitrile over 10 minutes. After the
concentration of fractions under reduced pressure,
methyl 4-(6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3. 2
.l]octan-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate was
obtained. MS (ES+) : 464.6 (M + H)+ [00231] A solution
of methyl
4-(6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]octan
-
3-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-1-ca
rboxylate (30 mg, 0.06 mmol) in dichloromethane (2 mL)
was treated with triphosgene (10 mg, 0.03 mmol) as a
solution in dichloromethane ( 1 mL). After the passage
of five minutes, one mmol of the appropriate
nucleophile - in this case, 3-aminopyridine -was added
to the resulting isocyanate mixture. After 10 minutes
of stirring at room temperature, the mixture was
concentrated to dryness under reduced pressure. The
residue was purified via reverse-phase high
performance liquid chromatography using a Phenomenex
Prodigy 2 1 mm x 250 mm column, running a gradient
elution of 5 % acetonitrile/95 % of 0.1 % aqueous
trifluoroacetic acid to 100 % acetonitrile. After the
concentration of fractions under reduced pressure,
methyl 4-[4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-6-{4-[(pyridin-3-ylcarbamoy
l)amino]phenyl}-1H-pyrazolo[3,4-
d]pyrimidm-1-yl]piperidine-1-carboxylate*TFA was
obtained. MS (ES+) : 584.3 (M + H)+ [00232] The
following ureas and carbamates were made via the
addition of the appropriate nucelophile ( 1 mmol) to
the isocyanate (0.06 mmol) derived from methyl
4-(6-(4-
aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-1-
yl)piperidine-1-carboxylate, in accordance with the
general procedure described for the preparation of
methyl 4-[4-(8-oxa-3-azabicyclo[3.2.
l]oct-3-yl)-6-{4-[(pyridin-3-
ylcarbamoyl)amino]phenyl} -1H-pyrazolo[3
,4-d]pyrimidin- 1-yl]piperidine- 1-
carboxylate*TFA.methyl
4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-6-{4-
[(phenylcarbamoyl)amino]phenyl}-
1H-pyrazolo[3,4-d]pyrimidin-1-yl]piperidine-1-carboxyl
ate [00233] Nucleophile added to isocyanate: aniline.
MS (ES+) : 583.4 (M + H)+ methyl
4-[4-(8-oxa-3-azabicyclo [3.2.1]
oct-3-yl)-6-{4-[(pyridin-4-
ylcarbamoyl)amino]phenyl}-1H-pyrazolo[3,4-d]pyrimidin-
1-yl]piperidine-1- carboxylate"TFA [00234] Nucleophile
added to isocyanate: 4-aminopyridine MS (ES+) : 584.3
(M + H)+ methyl 4-[6-{4- [(ethylcarbamoyl)amino]
phenyl}-4-(8-oxa-3-azabicyclo [3.2. 1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-1-yl]piperidine-1-carboxyl
ate [00235] Nucleophile added to isocyanate: 2.0 M
ethylamine solution in tetrahydrofuran MS (ES+) :
535.4 (M + H)+ methyl 4-[6-{4-
[(cyclopropylcarbamoyljamino]
phenyl}-4-(8-oxa-3-azabicyclo [3.2. 1]oct-
3-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl]piperidine-1-ca
rboxylate [00236] Nucleophile added to isocyanate:
cyclopropylamine MS (ES+) : 547.4 (M + H)+ methyl
4-[6-(4- {[(2-fluoroethyl)carbamoyl]
amino}phenyl)-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-1-yl]piperidine-1-carboxylate [00237]
2-fluoroethylamine hydrochloride ( 1 mmol) was
dissolved in 1M aqueous sodium hydroxide solution ( 1
mL). The solution of isocyanate (0.07 mmol) was added
to the aqueous amine solution. The biphasic mixture
was agitated on a vortex and then the aqueous phase
was decanted. The organic layer was concentrated under
reduced pressure and purified as usual by
reverse-phase high performance liquid chromatography.
MS (ES ) : 553.4 (M + H)+methyl
4-[6-{4-[(methylcarbamoyl)amino]phenyl}-4-(8-oxa-3-aza
bicyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-1-yl]piperidine-1-carboxyl
ate [00238] Nucleophile added to isocyanate (0.37
mmol): 2.0 M methylamine solution in tetrahydrofuran
(2 mL) MS (ES+) : 521.4 (M + H)+ 2-hydroxyethyl
(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-[l-(2,2,2-
trifluoroethyl)piperidin-4-yl]-1H-pyrazolo[3,4-d]pyrim
idin-6-yl}phenyl)carbamate (Schemes 4 and 2) [00239] A
nearly homogeneous suspension of
2,4,6-trichloro-pyrimidine-5- carbaldehyde (example 1,
Scheme 28, 2.1 g, 10 mmol) in dichloromethane/ethanol
(8:2, 100 mL) was cooled to -78 C in a dry-ice/acetone
bath. Anhydrous hydrazine (0.31 mL, 10 mmol) was added
in drops via syringe, followed by triethylamine (4
mL), also via dropwise addition. The cooling bath was
removed and after one hour, the opaque maroon mixture
was treated with 8-oxa-3-aza-bicyclo[3.2.1]octane
hydrochloride (1.4 g, 9.4 mmol), followed by
triethylamine (2 mL). The mixture was allowed to stir
overnight. The maroon solid was collected by Buchner
filtration, washed with ethanol, and then dried under
house vacuum to give
3-(6-chloro-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-8-oxa-3-
azabicyclo[3.2.1]octane (0.82 g, 3 1 %). MS (ES+) :
266.2, 268.2 (M + H)+ [00240] Diisopropyl
azodicarboxylate (0.71 mL, 3.6 mmol) was added in
drops to a suspension of
3-(6-chloro-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-8-oxa-3-
azabicyclo[3.2.1]octane (0.53 g, 2.0 mmol), tert-buty\
4-hydroxy-1-piperidinecarboxylate (0.48 g, 2.4 mmol),
and triphenylphosphine (0.79 g, 3.0 mmol) in
tetrahydrofuran (20 mL). After stirring at room
temperature for 16 hours, the mixture was adsorbed
onto flash silica gel and purified by automated flash
chromatography (hexanes/ethyl acetate) to provide
tert-butyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-chloro-1H
-pyrazolo[3,4-d]pyrimidin-1-
yl)piperidine-1-carboxylate as a white solid
contaminated with a light yellow material (0.81 g, 90
%). MS (ES+) : 448.9, 450.2 (M + H)+[00241] Tert-buty\
4-(4-(8-oxa-3-azabicyclo[3.2.
l]octan-3-yl)-6-chloro-1Hpyrazolo[
3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate (0.60 g,
1.3 mmol) was dissolved in dichloromethane (10 niL)
and treated with trifluoroacetic acid (5 mL). When
LC/MS analysis revealed the deprotection of the Boc
group, the mixture was concentrated to dryness under
reduced pressure. Diethyl ether was evaporated three
times from the crude material in order to afford a
solid residue. The trifluoroacetate salt was dissolved
in approximately 15 mL of warm acetone and added to a
10-20 mL Smith process vial charged with
2,2,2-trifluoroethyl trichloromethanesulfonate (0.56
g, 2.0 mmol). Potassium carbonate (0.90 g, 6.5 mmol)
was added and the suspension was heated in the
microwave for one hour at 100 C. After cooling to room
temperature, the mixture was concentrated to dryness
under reduced pressure. The residue was partitioned
between ethyl acetate and water. The aqueous phase was
extracted three times with ethyl acetate. The combined
extracts were washed with saturated aqueous sodium
chloride solution, dried over anhydrous magnesium
sulfate, filtered, and concentrated to dryness under
reduced pressure.
3-(6-Chloro-1-(l-(2,2,2-trifluoroethyl)piperidin-4-yl)
-1Hpyrazolo[
3,4-d]pyrimidin-4-yl)-8-oxa-3-azabicyclo[3.2.1]octane
was thus obtained as a yellow foam (0.55 g, 100 %). MS
(ES+) : 430.9, 432.9 (M + H)+ 



[00242] A mixture of
3-(6-chloro-1-(l-(2,2,2-trifluoroethyl)piperidin-4-yl)
-1Hpyrazolo[
3,4-d]pyrimidin-4-yl)-8-oxa-3-azabicyclo[3.2.1]octane
(0.55 g, 1.3 mmol), Aaminophenylboronic acidpinacol
ester (0.42 g, 1.9 mmol), and
tetrakis(triphenylphosphine)palladium(0) (0.15 g, 10
mol %) in toluene/ethanol (1:1, 10 mL) and 2 M aqueous
sodium carbonate solution (2 mL) was heated in a 10-20
mL Smith process vial in the microwave reactor for one
hour at 120 C. The cooled mixture was partitioned
between ethyl acetate and water. The aqueous phase was
extracted three times with ethyl acetate. The combined
extracts were washed with saturated aqueous sodium
chloride solution, dried over anhydrous magnesium
sulfate, filtered, and concentrated to dryness under
reduced pressure. The crude residue was purified via
reverse-phase high performance liquid chromatography
using a Phenomenex Prodigy 2 1mm x 250 mm column,
running a gradientelution of 10 % acetonitrile/90 % of
0.1 % aqueous trifluoroacetic acid to 95 %
acetonitrile over 30 minutes. After the concentration
of fractions under reduced pressure, 4-(4-(8-oxa-3-
azabicyclo[3 .2. 1]octan-3-yl)-
1-(1-(2,2,2-trifluoroethyl)piperidin-4-yl)-
1H-pyrazolo[3 ,4- d]pyrimidin-6-yl)aniline was
obtained as a maroon oil that solidified upon
standing. MS (ES+) : 488.4 (M + H)+ [00243] A solution
of
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(l-(2,2,2
-
trifluoroethyl)piperidin-4-yl)-1H-pyrazolo[3,4-d]pyrim
idin-6-yl)aniline (85 mg, 0.17 mmol) in
tetrahydrofuran (6 mL) was treated with triphosgene
(26 mg, 0.09 mmol), followed by triethylamine (0.1 1
mL). After the passage of five minutes, ethylene
glycol (0.14 mL) was added. The mixture was
concentrated to dryness under reduced pressure. The
resultant residue was purified via reverse-phase high
performance liquid chromatography using a Phenomenex
Gemini 2 1 mm x 100 mm column, running a gradient
elution of 10 % acetonitrile/90 % of 0.1 % aqueous
trifluoroacetic acid to 70 % acetonitrile over 20
minutes. After the concentration of fractions under
reduced pressure, 2-hydroxyethyl (4-{4-(8-oxa-3-
azabicyclo[3 .2. 1]oct-3-yl)-
1-[1-(2,2,2-trifluoroethyl)piperidin-4-yl]-
1H-pyrazolo[3 ,4- d]pyrimidm-6-yl}phenyl)carbamate (55
mg, 56 %) was obtained as clear blond semi-solid. MS
(ES+) : 576.1, 577.1 (M + H)+
l-cyclopropyl-3-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-
yl)-1-[l-(2,2,2-
trifluoroethyl)piperidin-4-yl]-1H-pyrazolo[3,4-d]pyrim
idin-6-yl}phenyl)urea [00244] A solution of
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(l-(2,2,2
-
trifluoroethyl)piperidin-4-yl)-1H-pyrazolo[3,4-d]pyrim
idm-6-yl)aniline (47 mg, 0.097 mmol) in
dichloromethane (3 mL) was treated with triethylamine
(0.13 mL), followed by triphosgene (14 mg, 0.048
mmol). After the passage of five minutes,
cyclopropylamine (0.14 mL) was added. The mixture was
concentrated to dryness under reduced pressure. The
resultant residue was purified via reverse-phase high
performance liquid chromatography using a Phenomenex
Gemini 2 1 mm x 100 mm column, running a gradient
elution of 10 %acetonitrile/90 % of 0.1 % aqueous
trifluoroacetic acid to 75 % acetonitrile over 30
minutes. After the concentration of fractions under
reduced pressure, l-cyclopropyl-3-(4-{4-(8-oxa-3-
azabicyclo[3 .2. 1]oct-3-yl)-
1-[1-(2,2,2-trifluoroethyl)piperidin-4-yl]-
1H-pyrazolo[3 ,4- d]pyrimidin-6-yl}phenyl)urea (67 mg)
was obtained. MS (ES+) : 571.5, 572.5 (M + H)+
l-methyl-3-(4- {4-(8-oxa-3-azabicyclo [3 .2.
1]oct-3-yl)- 1- [l-(2,2,2-trifluoroethyl)piperidin-
4-yl]-1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)urea
[00245] A solution of
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(l-(2,2,2
-
trifluoroethyl)piperidin-4-yl)-1H-pyrazolo[3,4-d]pyrim
idin-6-yl)aniline ( 110 mg, 0.22 mmol) in a mixture of
dichloromethane (10 mL) and tetrahydrofiiran (10 mL)
was treated with triethylamine (0.10 mL), followed by
triphosgene (100 mg, 0.34 mmol). After the passage of
five minutes, 2.0 Mmethylamine solution in
tetrahydrofuran (10 mL) was added. The mixture was
concentrated to dryness under reduced pressure. The
resultant residue was purified via reverse-phase high
performance liquid chromatography using a Phenomenex
Prodigy 2 1mm x 250 mm column, running a gradient
elution of 10 % acetonitrile/90 % of 0.1 % aqueous
trifluoroacetic acid to 95 % acetonitrile. After the
concentration of fractions under reduced pressure,
l-methyl-3-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
-[l-(2,2,2-
trifluoroethyl)piperidin-4-yl]-1H-pyrazolo[3,4-d]pyrim
idin-6-yl}phenyl)urea was obtained. MS (ES+) : 545.2
(M + H)+ 2-hydroxyethyl
(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-[l-(pyridi
n-3-
ylmethyl)piperidin-4-yl]-1H-pyrazolo[3,4-d]pyrimidin-6
-yl}phenyl)carbamate (Scheme 30) [00246] Tert-bvXy\
4-(4-(8-oxa-3-azabicyclo[3.2.
l]octan-3-yl)-6-chloro-1Hpyrazolo[
3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate (0.20 g,
0.45 mmol) was dissolved in dichloromethane (10 mL)
and treated with trifluoroacetic acid (2 mL). When
LC/MS analysis revealed the deprotection of the Boc
group, the mixture was concentrated to dryness under
reduced pressure. Diethyl ether was evaporated three
times from the crude material in orderto afford a
solid residue. The trifluoroacetate salt was dissolved
in dichloromethane (10 mL) and then treated with
triethylamine (0.18 mL). The mixture was concentrated
to dryness under reduced pressure. The residue was
taken up in dichloromethane (10 mL) and treated with
3-pyridinecarboxaldehyde (0.064 mL). The mixture was
allowed to stir for 10 minutes before the addition of
sodium triacetoxyborohydride (0.15 g, 0.68 mmol).
After stirring overnight, the mixture was diluted with
dichloromethane and washed with 1M aqueous sodium
hydroxide solution. The aqueous phase was back
extracted once with dichloromethane and then the
combined organics were dried over anhydrous magnesium
sulfate, filtered, and concentrated to dryness under
reduced pressure. 3-(6-Chloro-1-(l-
(pyridin-3-ylmethyl)piperidin-4-yl)-1H-pyrazolo[3,4-d]
pyrimidin-4-yl)-8-oxa-3- azabicyclo[3.2.1]octane (0.20
g, 100 %) was thus obtained as a yellow crystalline
solid. MS (ES+) : 440.0, 441.2 (M + H)+ [00247] A
mixture of 3-(6-chloro-
1-(1-(pyridin-3-ylmethyl)piperidin-4-yl)- 1Hpyrazolo[
3,4-d]pyrimidin-4-yl)-8-oxa-3-azabicyclo[3.2.1]octane
(0.20 g, 0.46 mmol), Aaminophenylboronic acidpinacol
ester (0.15 g, 0.68 mmol), and
tetrakis(triphenylphosphine)palladium(0) (0.053 g, 10
mol %) in toluene/ethanol (1:1, 8 mL) and 2 M aqueous
sodium carbonate solution (2 mL) was heated in a 10-20
mL Smith process vial in the microwave reactor for one
hour at 120 C. The cooled mixture was partitioned
between ethyl acetate and water. The aqueous phase was
extracted three times with ethyl acetate. The combined
extracts were washed with saturated aqueous sodium
chloride solution, dried over anhydrous magnesium
sulfate, filtered, and concentrated to dryness under
reduced pressure. The crude
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(l-(pyrid
in-3-
ylmethyl)piperidin-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-6
-yl)aniline was carried on to the next step without
further purification. MS (ES+) : 497.2, 498.2 (M + H)+
[00248] A solution of crude
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(l-(pyrid
in-
3-ylmethyl)piperidin-4-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-yl)aniline (83 mg, 0.17 mmolmaximum) in
tetrahydrofuran (5 mL) was treated with triphosgene
(25 mg, 0.08 mmol), followed by triethylamine (0.1 1
mL). After the passage of five minutes, ethylene
glycol (0.14 mL) was added. The mixture was
concentrated to dryness under reduced pressure. The
resultant residue was purified via reverse-phase high
performance liquid chromatography using a Phenomenex
Gemini 2 1mm x 100 mm column, running a gradient
elution of 10 % acetonitrile/90 % of 0.1 % aqueous
trifluoroacetic acid to 60 % acetonitrile over 20
minutes. After the concentration of fractions under
reduced pressure, 2-hydroxyethyl (4-{4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1-[l-(pyridin-3-ylmethyl)pi
peridin-4-yl]-1H-pyrazolo[3,4-
d]pyrimidm-6-yl}phenyl)carbamate"2 TFA (47 mg, 34 %)
was obtained as clear brown semi solid. MS (ES+) :
585.1, 586.1 (M + H)+ [00249] The following ureas and
carbamates were made via the addition of the
appropriate nucelophile to the isocyanate (0.06 mmol)
derived from 4-(4-(8-oxa-3- azabicyclo[3 .2.
1]octan-3-yl)-l
-(1-(pyridin-3-ylmethyl)piperidin-4-yl)- 1H-pyrazolo[3
,4- d]pyrimidin-6-yl)aniline, in accordance with the
general procedure described for the preparation of
2-hydroxyethyl (4- {4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)-l -[1-(pyridin-3-
ylmethyl)piperidin-4-yl]-1H-pyrazolo[3,4-d]pyrimidin-6
-yl}phenyl)carbamate"2 TFA.
l-(2-fluoroethyl)-3-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oc
t-3-yl)-1-[l-(pyridin-3-
ylmethyl)piperidin-4-yl]-1H-pyrazolo[3,4-d]pyrimidin-6
-yl}phenyl)urea*2 TFA [00250] 2-fluoroethylamine
hydrochloride (100 mg) was dissolved in 1M aqueous
sodium hydroxide solution ( 1 mL). The solution of
isocyanate (0.06 mmol) was added to the aqueous amine
solution. The biphasic mixture was agitated on a
vortex and then was concentrated under reduced
pressure and purified as usual by reverse-phase high
performance liquid chromatography. Yield: 47 mg, 90 %
MS (ES+) : 586.2 (M +
H)+l-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-[l-(p
yridin-3-ylmethyl)piperidin-4-yl]-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)-3-phenylurea"2 TFA
[00251] Nucleophile added to isocyanate: Aniline (91
mL) Yield: 50 mg, 85 % MS (ES+) : 616.6 (M + H)+
l-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-[l-(pyri
din-3-ylmethyl)piperidin-4-yl]-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)-3-pyridin-3-ylurea"3 TFA
[00252] Nucleophile added to isocyanate:
3-aminopyridine (94 mg) MS (ES+) : 617.6 (M + H)+
l-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-[l-(pyri
din-3-ylmethyl)piperidin-4-yl]-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)-3-pyridin-4-ylurea"3 TFA
[00253] Nucleophile added to isocyanate:
4-aminopyridine (94 mg) MS (ES ) : 617.2 (M + H)+
l-ethyl-3-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-
[l-(pyridin-3-ylmethyl)piperidin-4-
yl]-1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)urea*2 TFA
[00254] Nucleophile added to isocyanate: 2 M
ethylamine in tetrahydrofuran ( 1 inL) MS (ES+) :
568.6 (M + H)+
l-methy]-3-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
-[l-(pyridin-3-ylmethyl)piperidin-
4-yl]-1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)urea*2
TFA [00255] Nucleophile added to isocyanate (0.23
mmol): 2 M methylamine in tetrahydrofuran (10 mL) MS
(ES+) : 545.4 (M + H)+ tert-butyl
4-[6-{4-[(methylcarbamoyl)amino]phenyl}-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl]piperidine-1-carb
oxylate (Scheme 30)[00256] A mixture of tert-butyl
4-(4-(8-oxa-3-azabicyclo[3.2. l]octan-3-yl)-6-chloro-
1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-1-carboxyl
ate (2.9 mmol), 4-nitrophenylboronic acid (0.73 g, 4.4
mmol), and tetrakis(triphenylphosphine)palladium(0)
(0.34 g, 10 mol %) in toluene/ethanol (1:1, 12 mL) and
2 M aqueous sodium carbonate solution (3 mL) was
heated in a 10-20 mL Smith process vial in the
microwave reactor for one hour at 120 C. The cooled
mixture was partitioned between ethyl acetate and
water. The aqueous phase was extracted three times
with ethyl acetate. The combined extracts were washed
twice with 1M aqueous sodium hydroxide solution, once
with saturated aqueous sodium chloride solution, dried
over anhydrous magnesium sulfate, filtered, and
concentrated to dryness under reduced pressure. The
crude residue was further purified by automated flash
chromatography (methanol/dichloromethane) to provide
tert-butyl 4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-
6-(4-nitrophenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)pip
eridine-1-carboxylate. MS (ES+) : 536.3 (M + H)+
[00257] A solution of tert-butyl
4-(4-(8-oxa-3-azabicyclo[3.2. l]octan-3-yl)-6-(4-
nitrophenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidi
ne-1-carboxylate (0.13 g, 0.24 mmol) in
tetrahydrofuran (5 mL) was degassed by the addition of
crushed solid carbon dioxide. Palladium-on-carbon (5
%, 20 mg) was then added. The mixture was stirred
magnetically overnight under a balloon of hydrogen
gas. The mixture was filtered through a pad of
diatomaceous earth, eluting with ethyl acetate. The
filtrate was concentrated under reduced pressure to
provide tert-butyl
4-(6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]octan
-3-yl)- 



1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-1-carboxyl
ate as a pale yellow foam. MS (ES+) : 506.4 (M + H)+
[00258] A solution of tert-butyl
4-(6-(4-aminophenyl)-4-(8-oxa-3- azabicyclo[3 .2.
1]octan-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin-
1-yl)piperidine- 1-carboxylate (130 mg, 0.26 mmol) in
dichloromethane (5 mL) was treated with triphosgene
(37 mg, 0.12 mmol) as a solution in dichloromethane (2
mL). After the passage of five minutes, the
appropriatenucleophile - in this case, 2.0 M
methylamine solution in tetrahydrofuran (2 mL) - was
added to the resulting isocyanate mixture. After 30
minutes of stirring at room temperature, the mixture
was concentrated to dryness under reduced pressure.
The residue was purified via reverse-phase high
performance liquid chromatography using a Phenomenex
Prodigy 2 1 mm x 250 mm column, running a gradient
elution of 5 % acetonitrile/95 % of 0.1 % aqueous
trifluoroacetic acid to 100 % acetonitrile. After the
concentration of fractions under reduced pressure,
tert-butyl 4-[6- {4-[(methylcarbamoyl)amino]phenyl}
-4-(8-oxa-3- azabicyclo[3 .2. 1]oct-3-yl)-
1H-pyrazolo[3 ,4-d]pyrimidin- 1-yl]piperidine-l
-carboxylate was obtained. MS (ES+) : 563.4 (M + H)+
[00259] The following ureas and carbamates were made
via the addition of the appropriate nucelophile to the
isocyanate (0.07 mmol) derived from tert-butyl
4-(6-(4-
aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-1- yl)piperidine-l
-carboxylate, in accordance with the general procedure
described for the preparation of tert-butyl
4-[6-{4-[(methylcarbamoyl)amino]phenyl}-4-(8-oxa-3-
azabicyclo[3 .2. 1]oct-3-yl)- 1H-pyrazolo[3
,4-d]pyrimidin-1-yl]piperidine-l -carboxylate. (Scheme
30) tert-butyl
4-[6-(4-{[(2-fluoroethyl)carbamoyl]amino}phenyl)-4-(8-
oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-1-yl]piperidine-1-carboxylate [00260]
2-fluoroethylamine hydrochloride (0.10 g, 1 mmol) was
dissolved in 1M aqueous sodium hydroxide solution ( 1
mL). The solution of isocyanate was added to the
aqueous amine. The biphasic mixture was agitated on a
vortex and then the aqueous phase was decanted. The
organic layer was concentrated under reduced pressure
and purified as usual by reverse-phase high
performance liquid chromatography. MS (ES+) : 595.2 (M
+ H)+ tert-butyl 4-[6- {4-
[(ethylcarbamoyl)amino]phenyl}-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)- 1H-
pyrazolo[3,4-d]pyrimidin-1-yl]piperidine-1-carboxylate
[00261] Nucleophile added to isocyanate: 2 M
ethylamine in tetrahydrofuran (0.5 mL, 1 mmol) MS
(ES+) : 577.2 (M + H)+ tert-butyl
4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-6-{4-[(pyridi
n-3- ylcarbamoyl)amino]phenyl}-1H-pyrazolo[3,4-
azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-1-yl]piperidine-1- carboxylate [00262]
Nucleophile added to isocyanate: 3-aminopyridine (94
mg) MS (ES+) : 626.2 (M + H)+ tert-butyl
4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-6-{4-[(pyridi
n-4-
ylcarbamoyl)amino]phenyl}-1H-pyrazolo[3,4-d]pyrimidin-
1-yl]piperidine-1- carboxylate"TFA [00263] Nucleophile
added to isocyanate: 4-aminopyridine (94 mg) MS (ES )
: 626.2 (M + H)+ tert-butyl
4-[6-{4-[(cyclopropylcarbamoyl)amino]phenyl}-4-(8-oxa-
3-
azabicyclotSJ.lJoct-3-yl)-1H-pyrazoloP^-dJpyrimidin-1-
ylJpiperidine-1- carboxylate [00264] Nucleophile added
to isocyanate: Cyclopropylamine (69 mL) MS (ES+) :
589.2 (M + H)+ tert-butyl
4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-6-{4-
[(phenylcarbamoyl)amino]phenyl}-1H-pyrazolo[3,4-d]pyri
midin-1-yl]piperidine-1- carboxylate [00265]
Nucleophile added to isocyanate: Aniline (182 mL) MS
(ES+) : 625.2 (M + H)+ Methyl {4-
[l-isopropyl-4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-1H-pyrazolo [3,4-
d]pyrimidin-6-yl]phenyl}carbamate (Scheme 42)[00266] A
mixture of ethoxymethylenemalonitrile (0.55 g, 4.5
mmol) and isopropylhydrazine (0.50 g, 4.5 mmol) in
ethanol (10 mL) in a 10-20 mL Smith process vial was
treated with triethylamine (0.88 mL). The vial was
capped and heated in the microwave reactor for one
hour at 150 C. Following cooling of the vial, the
mixture was concentrated to dryness under reduced
pressure. The residue was partitioned between ethyl
acetate and water. The aqueous phase was extracted
with ethyl acetate. The combined organic extracts were
washed with saturated aqueous sodium chloride
solution, dried over anhydrous magnesium sulfate,
filtered, and concentrated to dryness under reduced
pressure to provide 5-amino- 1-
isopropyl-1H-pyrazole-4-carbonitrile as a slowly
solidifying syrup (0.72 g, >100 %). MS (ES+) : 151.2
(M + H)+ [00267] A mixture of crude
5-amino-1-isopropyl-1H-pyrazole-4-carbonitrile (0.72
g, 4.5 mmol maximum) and 4-nitrobenzoylchloride (1.3
g, 6.8 mmol) in dichloromethane (20 mL) was treated
successively with triethylamine (1.8 mL, 14 mmol) and
A-N,Ndimethylaminoaniline (DMAP, 55 mg, 10 mol %). The
mixture was heated to reflux (oil bath) for one hour
and then allowed to cool to room temperature. The
mixture was then concentrated to dryness under reduced
pressure. The residue was dissolved in pyridine (20
mL). Water was added, followed by concentrated aqueous
ammonium hydroxide (5 mL). The reaction vessel was
swirled manually and then left overnight at room
temperature. The mixture was concentrated to dryness
under reduced pressure. The residue was partitioned
between ethyl acetate and water. The aqueous phase was
extracted three times with ethyl acetate. The combined
extracts were washed twice with saturated aqueous
sodium hydrogen carbonate solution and once each with
0.25 M aqueous hydrochloric acid and saturated aqueous
sodium chloride solution. Drying over anhydrous
magnesium sulfate was followed by filtration and then
concentration under reduced pressure to provide
N-(4-cyano-1-
isopropyl-1H-pyrazol-5-yl)-4-nitrobenzamide as a dark
yellow solid (1.3 g, 100 %). MS (ES+) : 299.6, 299.9
(M + H)+[00268] A suspension of
N-(4-cyano-1-isopropyl-1H-pyrazol-5-yl)-4-nitrobenzami
de (1.3 g, 4.3 mmol) in 1M aqueous sodium hydroxide
solution (9 mL) was made into a homogeneous mixture by
the addition of approximately 40 mL of ethanol.
Aqueous hydrogen peroxide solution (30 %, 5 mL) was
added and the mixture was slowly heated to reflux, at
which state it remained overnight. After the mixture
was allowed to cool to room temperature, it was
treated with concentrated hydrochloric acid (5 mL),
precipitating a light yellow solid. The solid was
collected via Buchner filtration, washed with water,
and dried under house vacuum to provide
l-isopropyl-6-(4-nitrophenyl)-1H-pyrazolo[3,4-d]pyrimi
din- 4-ol as a pale yellow solid (0.76 g, 58 %). MS
(ES+) : 299.8 (M + H)+ [00269] A suspension of
1-isopropyl-6-(4-nitrophenyl)- 1H-pyrazolo[3
,4-d]pyrimidin- 4-ol (0.76 g, 2.5 mmol) in phosphorus
oxychloride (20 mL) was heated a sealed tube with a
heat gun until all of the starting material was
dissolved. After allowing the mixture to cool to room
temperature it was concentrated to dryness under
reduced pressure, leaving a pale yellow solid which
was then triturated with water and collected by
Buchner filtration. The solid was further washed with
water and dried under house vacuum to provide
4-chloro-1-
isopropyl-6-(4-nitrophenyl)-1H-pyrazolo[3,4-d]pyrimidi
ne (0.90 g, >100 %) as a pale yellow solid. MS (ES+) :
317.7, 319.8 (M + H)+ [00270] A suspension of crude
4-chloro- 1-isopropyl-6-(4-nitrophenyl)- 1Hpyrazolo[
3,4-d]pyrimidine (2.5 mmol maximum) and
8-oxa-3-aza-bicyclo[3.2.1]octane hydrochloride (0.47
g, 3.1 mmol) in ethanol (12 mL) was treated with
triethylamine (1.1 mL) and then heated for 20 minutes
in the microwave reactor at 140 C. At the completion
of the reaction, the mixture was refrigerated
overnight before collection of the precipitate via
Buchner filtration. The solid was washed with methanol
and dried under house vacuum to provide
3-(1-isopropyl-6-(4-nitrophenyl)- 1H-pyrazolo[3
,4-d]pyrimidin-4-yl)-8-oxa-3- azabicyclo[3.2.1]octane
as a yellow powder (0.96 g, 97 % over 2 steps). MS
(ES+) : 394.9, 396.0 (M + H)+[00271]
3-(l-Isopropyl-6-(4-nitrophenyl)-1H-pyrazolo[3,4-d]pyr
imidin-4-yl)-8-oxa-3- azabicyclo[3.2.1]octane (0.96 g,
2.4 mmol) was taken up as a suspension in
tetrahydrofuran (20 mL) and ethyl acetate (10 mL) in a
Parr bottle. After degassing the mixture, 10 %
palladium on carbon (approximately 50 mg) was added,
followed by concentrated hydrochloric acid
(approximately 0.1 mL). The mixture was shaken under
50 psi of hydrogen until no more hydrogen was
consumed. The completed reaction mixture was filtered
through a pad of diatomaceous earth, eluting with 20 %
methanol/dichloromethane. The filtrate was
concentrated to dryness under reduced pressure to
provide crude 4-(4-(8-oxa-3- azabicyclo[3 .2.
1]octan-3-yl)- 1-isopropyl- 1H-pyrazolo[3
,4-d]pyrimidin-6-yl)aniline hydrochloride (1.3 g, >100
%), which was purified by reverse-phase high
performance liquid chromatography using a Phenomenex
Prodigy 2 1 mm x 250 mm column, running a gradient
elution of 17 % acetonitrile/90 % of 0.1 % aqueous
trifluoroacetic acid to 100 % acetonitrile over 30
minutes. The desired fractions were concentrated to
almost to dryness when the suspension was treated with
saturated aqueous sodium hydrogen carbonate solution.
The material was collected by Buchner filtration and
dried under house vacuum to provide the free base
4-(4-(8-oxa-3-azabicyclo[3 .2.1 ]octan-3-yl)-
1-isopropyl- 1H-pyrazolo[3,4-d]pyrimidin-6- yl)aniline
as a tan solid (0.32 g, 37 %). MS (ES+) : 364.9, 365.8
(M + H)+ [00272] A solution of
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-isopropyl
-1Hpyrazolo[ 3,4-d]pyrimidin-6-yl)aniline (0.027 g,
0.07 mmol) in dichloromethane (2 mL) was treated with
triethylamine (0.028 mL), followed by a solution of
triphosgene (0.01 1 g, 0.04 mmol) in dichloromethane (
1 mL). After the passage of 10 minutes, the
appropriate nucleophile - in the case, methanol
(excess) - was added to the
3-(6-(4-isocyanatophenyl)-1- isopropyl- 1H-pyrazolo[3
,4-d]pyrimidin-4-yl)-8-oxa-3-azabicyclo[3 .2. 1]octane
("isocyanate") mixture. After 10 minutes, the reaction
mixture was concentrated to dryness under reduced
pressure. The residue was purified by reverse-phase
high performance liquid chromatography using a
Phenomenex Prodigy 2 1 mm x 250 mm column, running a
gradient elution of 5 % acetonitrile/95 % of 0.1 %
aqueous trifluoroacetic acid to 100 % acetonitrile
over 35 minutesto provide methyl
{4-[l-isopropyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4- d]pyrimidin-6-yl]phenyl}carbamate (15
mg, 48 %).MS (ES+) : 423.2 (M + H)+ [00273] The
following ureas and carbamates were made via the
addition of the appropriate nucelophile to the
isocyanate (0.07 mmol) derived from 4-(4-(8-oxa-3-
azabicyclo[3 .2. 1]octan-3-yl)- 1-isopropyl-
1H-pyrazolo[3 ,4-d]pyrimidin-6-yl)aniline, in
accordance with the general procedure described for
methyl {4-[l-isopropyl-4-(8-oxa-3- azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3 ,4-
d]pyrimidin-6-yl]phenyl} carbamate.
2,3-dihydroxypropyl
{4-[l-isopropyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-
1Hpyrazolo[ 3,4-d]pyrimidin-6-yl]phenyl}carbamate
[00274] Nucleophile added to isocyanate:
()-2,2-Dimethyl-1,3-dioxolane-4-methanol (0. 19 mL,
1.5 mmol). After concentration, the residue was
dissolved in aqueous dioxane (1:1, 2 mL) and treated
with 12N HCl (2 drops). The mixture was stirred in a
60 C oil bath for 20 minutes, concentrated under
reduced pressure, and then purified as usual via
reverse-phase HPLC to provide 2,3-dihydroxypropyl
(4-[l-isopropyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-
1H- pyrazolo[3,4-d]pyrimidin-6-yl]phenyl} carbamate
(23 mg, 65 %).MS (ES+) : 483.2 (M + H)+
l-(2-hydroxyethyl)-3-{4-[l-isopropyl-4-(8-oxa-3-azabic
yclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea [00275] Nucleophile
added to isocyanate: Ethanolamine (0.091 mL) Yield: 2
1 mg, 62 %. MS (ES+) : 452.2 (M + H)+
l-{4-[l-isopropyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl
)-1H-pyrazolo[3,4- d]pyrimidi p-6-
yl]phenyl}-3-pyridin-4-ylurea*TFA 



[00276] Nucleophile added to isocyanate:
4-aminopyridine (141 mg) Yield: 24 mg, 55 % MS (ES+) :
485.2 (M +
H)+l-{4-[l-isopropyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3
-yl)-1H-pyrazolo[3,4- d]pyrimidin-6-
yl]phenyl}-3-methylurea [00277] Nucleophile added to
isocyanate: 2 M methylamine in tetrahydrofuran (0.75
mL, 1.5 mmol) Yield: 19 mg, 63 % MS (ES+) : 422.2 (M +
H)+
l-cyclopropyl-3-{4-[l-isopropyl-4-(8-oxa-3-azabicyclo[
3.2.1]oct-3-yl)-1H- pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea [00278] Nucleophile added
to isocyanate: Cyclopropylamine (0.10 mL) Yield: 17
mg, 5 1 % MS (ES+) : 448.2 (M + H)+ 3-hydroxypropyl
{4-[l-isopropyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-
1H- pyrazolo[3,4- d]pyrimidin-6-yl]phenyl}carbamate
[00279] Nucleophile added to isocyanate:
1,3-propanediol (0.1 1 mL) Yield: 16 mg, 47 % MS (ES+)
: 467.2 (M + H)+
l-ethyl-3-{4-[l-isopropyl-4-(8-oxa-3-azabicyclo[3.2.1]
oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea [00280] Nucleophile added
to isocyanate: 2 M ethylamine in tetrahydrofuran (0.75
mL, 1.5 mmol) Yield: 20 mg, 6 1 % MS (ES+) : 436.2 (M
+ H)+
l-(2-fluoroethyl)-3-{4-[l-isopropyl-4-(8-oxa-3-azabicy
clo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea [00281]
2-fluoroethylamine hydrochloride (0.15 g, 1.5 mmol)
was dissolved in 1M aqueous sodium hydroxide solution
(1.5 mL). The solution of isocyanate (0.07 mmol) was
added to the aqueous amine. The biphasic mixture was
agitated on a vortex and then the aqueous phase was
decanted. The organic layer was concentrated under
reduced pressure and purified as usual by
reverse-phase high performance liquid chromatography.
Yield: 20 mg, 44 % MS (ES+) : 454.2 (M +
H)+l-{4-[l-isopropyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3
-yl)-1H-pyrazolo[3,4- d]pyrimidin-6-
yl]phenyl}-3-phenylurea [00282] Nucleophile added to
isocyanate: Aniline (0.14 mL) Yield: 24 mg, 67 % MS
(ES+) : 484.2 (M + H)+ 2-hydroxyethyl
{4-[l-isopropyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-
1H- pyrazolo[3,4- d]pyrimidin-6-yl]phenyl}carbamate
[00283] Nucleophile added to isocyanate: Ethylene
glycol (0.084 mL) Yield: 22 mg, 66 % MS (ES+) : 453.2
(M + H)+
l-{4-[l-isopropyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl
)-1H-pyrazolo[3,4- d]pyrimidin-6-
yl]phenyl}-3-pyridin-3-ylurea*TFA [00284] Nucleophile
added to isocyanate: 3-aminopyridine (0.14 g)Yield: 28
mg, 64 % MS (ES+) : 485.2 (M + H)+
l-(6-morpholin-4-ylpyridin-3-yl)-3-{4-[4-(8-oxa-3-azab
icyclo[3.2.1]oct-3-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny
l}urea*TFA (Scheme 42) [00285] A solution of
4-[4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1-(2,2,2-tri
fluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidm-6-yl]-phenylamme (50 mg,
0.12 mmol) in dichloromethane (4 mL) was treated with
triethylamine (0.16 mL), followed by a solution of
triphosgene (19 mg, 0.064 mmol) in dichloromethane ( 1
mL). After the passage of 5 minutes, the appropriate
nucleophile - in the case, 6-morpholinopyridin-3-amine
(86 mg, 0.48 mmol) - was added to the
3-(6-(4-isocyanatophenyl)-1-(2,2,2-trifluoroethyl)-1H-
pyrazolo[3,4- d]pyrimidm-4-yl)-8-oxa-3-azabicyclo[3.2.
l]octane ("isocyanate") mixture. After being left
overnight at room temperature, the reaction mixture
was concentrated to dryness under reduced pressure.
The residue was purified by reverse-phase high
performance liquid chromatography using a Phenomenex
Prodigy 2 1 mm x 250 mm column, running a gradient
elution of 5 % acetonitrile/95 % of 0.1 % aqueous
trifluoroacetic acid to 100 % acetonitrileover 30
minutes to provide
l-(6-morpholm-4-ylpyridin-3-yl)-3-{4-[4-(8-oxa-3-
azabicyclo[3 .2. 1]oct-3-yl)-
1-(2,2,2-trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-6- yl]phenyl}urea"TFA (18 mg, 2 1 %).
MS (ES : 610.2 (M + H)+ [00286] The following ureas
and carbamates were made via the addition of the
appropriate nucelophile to the isocyanate (0.12 mmol,
unless stated otherwise) derived from
4-[4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1-(2,2,2-tri
fluoro-ethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]-phenylamme, in accordance with the
general procedure described for l-(6-
morpholin-4-ylpyridin-3-yl)-3-{4-[4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny
l}urea"TFA. (Scheme 42) 3-aminobenzyl
{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(2,2,2-
trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate [00287]
Nucleophile added to isocyanate:
(3-aminophenyl)methanol (59 mg, 0.48 mmol) Yield: 13
mg, 20 % MS (ES+) : 554.2 (M + H)+
l-[4-(hydroxymethy])phenyl]-3-{4-[4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny
l}urea [00288] Nucleophile added to isocyanate:
(4-aminophenyl)methanol (59 mg, 0.48 mmol) Yield: 15
mg, 22 % MS (ES+) : 554.2 (M + H)+
l-[3-(hydroxymethy])phenyl]-3-{4-[4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny
l}urea [00289] Nucleophile added to isocyanate:
(3-aminophenyl)methanol (59 mg, 0.48 mmol) Yield: 22
mg, 33 % MS (ES+) : 554.2 (M + H)+
l-(4-morpholin-4-ylphenyl)-3-{4-[4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny
l}urea[00290] Nucleophile added to isocyanate:
4-morpholinoaniline (86 mg, 0.48 mmol) Yield: 5 mg, 7
% MS (ES+) : 609.2 (M + H)+
l-[3-(dimethylamino)phenyl]-3-{4-[4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny
l}urea [00291] Nucleophile added to isocyanate:
N',N'-dimethylbenzene-1,3-diamine dihydrochloride (100
mg, 0.48 mmol) Yield: 4 mg, 6 % MS (ES+) : 567.2 (M +
H)+I- {4-[4-
(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(2,2,2-trifluoro
ethyl)-1H-pyrazolo[3,4-d]pyrimidin-6- yl]phenyl}
-3-(4-piperazin- 1-ylphenyl)urea"HCl [00292]
Nucleophile added to isocyanate (0.45 mmol):
tert-butyl 4-(4- aminophenyl)piperazine-1-carboxylate
(620 mg, 2.2 mmol). [00293] The reverse-phase HPLC
purified product, tert-butyl 4-(4-(3-(4-(4-(8-oxa-3-
azabicyclo[3.2.1]octan-3-yl)-1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-
yl)phenyl)ureido)phenyl)piperazine-1-carboxylate was
taken up in dichloromethane (10 mL) and then treated
with trifluoroacetic acid ( 1 mL). When the Boc group
was deemed to have been removed (LC/MS analysis), the
mixture was concentrated under reduced pressure and
purified as usual by reverse-phase HPLC using HCl
modifier instead of trifluoroacetic acid. Yield: 50
mg, 17 % MS (ES+) : 608.3 (M + H)+
l-cyclopropyl-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-
yl)-1-(2,2,2- trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea [00294] Nucleophile
added to isocyanate (0.49 mmol): Cyclopropylamine (340
mg, 4.9 mmol) Yield: 240 mg, 100 % MS (ES+) : 488.2 (M
+ H)+
l-(2-fluoroethyl)-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oc
t-3-yl)-1-(2,2,2- trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea[00295]
2-fluoroethylamine hydrochloride (60 mg, 0.60 mmol)
was dissolved in 1M aqueous sodium hydroxide solution
(600 mL). The solution of isocyanate (0.1 mmol) was
added to the aqueous amine. The biphasic mixture was
agitated on a vortex and then the aqueous phase was
decanted. The organic layer was concentrated under
reduced pressure and purified as usual by
reverse-phase high performance liquid chromatography.
Yield: 38 mg, 79 % MS (ES+) : 494.1 (M + H)+
l-methy]-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
-(2,2,2-trifluoroethy])- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea [00296] Nucleophile
added to isocyanate (0.1 mmol): 2 M methylamine in
tetrahydrofuran (excess) Yield: 37 mg, 80 % MS (ES+) :
462.6 (M + H)+ methyl
{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(2,2,2-tri
fluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate [00297]
Nucleophile added to isocyanate (0.1 mmol): methanol
(excess) Yield: 37 mg, 80 % MS (ES+) : 463.1 (M + H)+
l-ethyl-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-
(2,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea [00298] Nucleophile
added to isocyanate (0.1 mmol): 2 M ethylamine in
tetrahydrofuran (excess) Yield: 34 mg, 72 % MS (ES+) :
476.7 (M + H)+
l-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(2,2,2-t
rifluoroethyl)-1H- pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-3-ylurea"TFA
[00299] Nucleophile added to isocyanate (0.1 mmol):
3-aminopyridine ( 1 mmol) Yield: 57
mg,l-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(2,2,
2-trifluoroethyl)-1H- pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea"TFA
[00300] Nucleophile added to isocyanate (0.1 mmol):
4-aminopyridine ( 1 mmol) Yield: 37 mg, 58 % MS (ES+)
: 525.7 (M + H)+ 3-(dimethylamino)phenyl
{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny
l}carbamate [00301] Nucleophile added to isocyanate:
3-(dimethylamino)phenol (66 mg, 0.48 mmol) Yield: 2 1
mg, 30 % MS (ES+) : 568.2 (M + H)+
l-cyclopropyl-3-{4-[4-(3-oxa-8-azabicyclo[3.2.1]oct-8-
yl)-1-(2,2,2- trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea (Scheme 43) [00302]
To a 150-mL sealed tube containing a suspension of
4-chloro-6-(4-nitrophenyl)-
1-(2,2,2-trifluoro-ethyl)-1H-pyrazolo[3,4-d]pyrimidine
(0.72 g, 2.0 mmol) and 3-oxa-
8-azabicyclo[3.2.1]octane hydrochloride (0.33 g, 2.2
mmol) in ethanol (20 mL) was added triethylamine ( 1.0
mL, 2.2 mmol). The mixture was heated with a heat gun
until all solid material was dissolved, then mixture
was allowed to cool, at which time a precipitate was
formed. The solid was collected by Buchner filtration,
washed with methanol, and dried under house vacuum to
provide
8-(6-(4-nitrophenyl)-1-(2,2,2-trifluoroethyl)-1H-pyraz
olo[3,4-
d]pyrimidin-4-yl)-3-oxa-8-azabicyclo[3.2.1]octane as a
pale yellow solid (0.59 g, 68 %). MS (ES+) : 435.0 (M
+ H)+ [00303] A suspension of
8-(6-(4-nitrophenyl)-1-(2,2,2-trifluoroethyl)-1H-pyraz
olo[3,4-
d]pyrimidin-4-yl)-3-oxa-8-azabicyclo[3.2.1]octane
(0.59 g, 1.4 mmol) in tetrahydrofuran (40 mL) and
ethyl acetate (10 mL) was degassed by the addition of
crushed dry ice and then treated with 10 % palladium
on carbon (100 mg). The resulting suspension was
evacuated under weak vacuum and then filled with
hydrogen gas (balloon). This evacuation/fill cycle was
performed three more times and on the final iteration,
the mixture was left to stirovernight under a
hydrogen-filled balloon. The mixture was filtered
through a pad of diatomaceous earth, eluting with
methanol. The filtrate was concentrated under reduced
pressure to afford
4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-(2,2,2-tr
ifluoroethyl)-1Hpyrazolo[ 3,4-d]pyrimidin-6-yl)aniline
as a white solid (0.51 g, 89 %). MS (ES+) : 405.0 (M +
H)+ [00304] A solution of 4-(4-(3-oxa-8-azabicyclo[3
.2.1 ]octan-8-yl)-l -(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)anili
ne (30 mg, 0.074 mmol) in dichloromethane ( 1 mL) was
treated with triethylamine (0.05 niL), followed by a
solution of triphosgene ( 11 mg, 0.037 mmol) in
dichloromethane ( 1 mL). After the passage of 5
minutes, the appropriate nucleophile - in the case,
cyclopropylamine (17 mg, 0.30 mmol) - was added to the
8-(6-(4-isocyanatophenyl)- 1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-4-yl)- 



3-oxa-8-azabicyclo[3.2.1]octane ("isocyanate")
mixture. After being left overnight at room
temperature, the reaction mixture was concentrated to
dryness under reduced pressure. The residue was
purified by reverse-phase high performance liquid
chromatography using a Phenomenex Gemini 2 1 mm x 100
mm column, running a gradient elution of 5 %
acetonitrile/95 % of 0.1 % aqueous trifluoroacetic
acid to 60 % or 75 % acetonitrile over 30 minutes to
provide
l-cyclopropyl-3-{4-[4-(3-oxa-8-azabicyclo[3.2.1]oct-8-
yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny
l}urea (15 mg, 4 1 %). MS (ES+) : 488.2 (M + H)+
[00305] The following ureas and carbamates were made
via the addition of the appropriate nucleophile to the
isocyanate (0.074 mmol, unless stated otherwise)
derived from 4-(4.(3-o
ca-8-azabicyclo[3.2.1]octan-8-yl)-1-(2,2,2-trifluoroet
hyl)-1H-pyrazolo[3,4- d]pyrimidm-6-yl)aniline, in
accordance with the general procedure described for 1-
cyclopropyl-3- {4-[4-(3-oxa-8-azabicyclo[3 .2.1
]oct-8-yl)- 1-(2,2,2- trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea. (Scheme
43)l-(4-morpholin-4-ylphenyl)-3-{4-[4-(3-oxa-8-azabicy
clo[3.2.1]oct-8-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny
l}urea [00306] Nucleophile added to isocyanate:
4-morpholinoaniline (53 mg, 0.30 mmol) Yield: 22 mg,
48 % MS (ES+) : 609.2 (M + H)+
l-[4-(2-hydroxyethyl)phenyl]-3-{4-[4-(3-oxa-8-azabicyc
lo[3.2.1]oct-8-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny
l}urea [00307] Nucleophile added to isocyanate:
2-(4-aminophenyl)ethanol (41 mg, 0.30 mmol) Yield: 13
mg, 3 1 % MS (ES+) : 568.2 (M + H)+ 2-hydroxyethyl
{4-[4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1-(2,2,2-
trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate [00308]
Nucleophile added to isocyanate: ethylene glycol
(excess) Yield: 36 mg, 99 % MS (ES+) : 493.2 (M + H)+
l-{4-[4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1-(2,2,2-t
rifluoroethyl)-1H- pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-3-ylurea*TFA
[00309] Nucleophile added to isocyanate:
3-aminopyridine (28 mg, 0.30 mmol) Yield: 35 mg, 74 %
MS (ES+) : 525.2 (M + H)+
l-[4-(hydroxymethy])phenyl]-3-{4-[4-(3-oxa-8-azabicycl
o[3.2.1]oct-8-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny
l}urea [00310] Nucleophile added to isocyanate:
(4-aminophenyl)methanol (37 mg, 0.30 mmol) Yield: 11
mg, 27 % MS (ES+) : 554.2 (M + H)+
l-methy]-3-{4-[4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1
-(2,2,2-trifluoroethy])- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea[00311] Nucleophile
added to isocyanate: 2 M methylamine solution in
tetrahydrofuran (excess) Yield: 29 mg, 85 % MS (ES+) :
462.2 (M + H)+
l-[4-(4-methylpiperazin-1-yl)phenyl]-3-{4-[4-(3-oxa-8-
azabicyclo[3.2.1]oct-8-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny
l}urea*TFA [00312] Nucleophile added to isocyanate:
4-(4-methylpiperazin-1-yl)aniline (57 mg, 0.30 mmol)
Yield: 34 mg, 62 % MS (ES+) : 622.3 (M + H)+
l-{4-[2-(dimethylamino)ethoxy]phenyl}-3-{4-[4-(3-oxa-8
-azabicyclo[3.2.1]oct-8-yl)-1-
(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-y
l]phenyl}urea*TFA [00313] Nucleophile added to
isocyanate: 4-(2-(dimethylamino)ethoxy)aniline (54 mg,
0.30 mmol) Yield: 40 mg, 75 % MS (ES+) : 6 11.3 (M +
H)+
l-(6-morpholin-4-ylpyridin-3-yl)-3-{4-[4-(3-oxa-8-azab
icyclo[3.2.1]oct-8-yl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny
l}urea"TFA [00314] Nucleophile added to isocyanate:
6-morpholinopyridin-3 -amine (54 mg, 0.30 mmol) Yield:
26 mg, 49 % MS (ES+) : 610.2 (M + H)+
l-{4-[4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1-(2,2,2-t
rifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-(4-piperazin-1-y]phenyl)ure
a*HCl [00315] Nucleophile added to isocyanate (0.49
mmol): tert-butyl 4-(4-
aminophenyl)piperazine-1-carboxylate (430 mg, 1.55
mmol). [00316] The reverse-phase HPLC purified
product, tert-butyl 4-(4-(3-(4-(4-(3-oxa-8-
azabicyclo[3.2.1]octan-8-yl)-1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-
yl)phenyl)ureido)phenyl)piperazine-1-carboxylate was
taken up in dichloromethane (5 mL) and then treated
with trifluoroacetic acid (2 mL). When the Boc group
was deemed to have been removed (LC/MS analysis), the
mixture was concentrated under reduced pressure
andpurified as usual by reverse-phase HPLC using HCl
modifier instead of trifluoroacetic acid. Yield: 141
mg, 45 % MS (ES+) : 608.3 (M + H)+
3-[4-(3-oxa-8-azabicyclo[3.2.1]oct-8-y])-1-phenyl-1H-p
yrazolo[3,4-d]pyrimidin-6- yl] phenol (Scheme 34)
[00317] A Smith process vial was charged with a
suspension of 3-(4-bromo-1-phenyl-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenol (0.18 g, 0.49
mmol) and 3-oxa-8- azabicyclo [3.2.1]octane
hydrochloride (approximately 100 mg, 0.67 mmol) in
ethanol (4 mL). The suspension was treated with
triethylamine (750 mL, 5.7 mmol) and was then heated
in the microwave reactor for 10 minutes at 130 C. The
reaction mixture was concentrated to dryness under
reduced pressure, and the residue was purified by
reverse-phase high performance liquid chromatography
using a Phenomenex Prodigy 2 1 mm x 250 mm column,
running a gradient elution of 20 % acetonitrile/80 %
of 0.1 % aqueous trifluoroacetic acid to 100 %
acetonitrile to provide
3-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-phenyl-1H
pyrazolo[ 3,4-d]pyrimidin-6-yl)phenol. MS (ES+) :
400.3 (M + H)+
3-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-y])-1-phenyl-1H-p
yrazolo[3,4-d]pyrimidin-6- yl] phenol (Scheme 34)
[00318] A Smith process vial was charged with a
suspension of 3-(4-bromo-1-phenyl-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenol (0.15 g, 0.41
mmol) and 8-oxa-3- azabicyclo [3.2.1]octane
hydrochloride (approximately 1 mmol) in ethanol (5
mL). The suspension was treated with triethylamine
(500 mL, 3.8 mmol) and was then heated in the
microwave reactor for 10 minutes at 180 C. The
reaction mixture was concentrated to dryness under
reduced pressure, and the residue was purified by
reverse-phase high performance liquid chromatography
using a Phenomenex Prodigy 2 1 mm x 250 mm column,
running a gradient elution of 15 % acetonitrile/88 %
of 0.1 % aqueous trifluoroacetic acid to 100 %
acetonitrile to provide
3-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-phenyl-1Hpy
razolo[ 3,4-d]pyrimidin-6- yl]phenol. MS (ES+) : 400.1
(M + H)+2-hydroxyethyl
(4-{l-[2-methoxy-1-(methoxymethyl)ethyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-yl}phenyl)carbamate (Schemes 4 and 2) [00319]
Diisopropyl azodicarboxylate (1.1 mL, 5.4 mmol) was
added in drops to a suspension of
3-(6-chloro-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-8-oxa-3-
azabicyclo[3.2.1]octane (1.1 g, 4.1 mmol),
1,3-dimethoxypropan-2-ol (0.65 g, 5.4 mmol), and
triphenylphosphine (1.4 g, 5.4 mmol) in
tetrahydrofuran (33 mL). When this Mitsunobu reaction
was deemed to be complete by LC/MS analysis, the
mixture was adsorbed onto flash silica gel and
purified by automated flash chromatography
(methanol/chloroform) to provide
3-(6-chloro-1-(1,3-dimethoxypropan-2-yl)-1H-pyrazolo[3
,4-d]pyrimidin-4-yl)-8-oxa-3- azabicyclo[3.2.1]octane
as an amber glass (1.9 g, > 100 %) contaminated with
triphenylphosphine oxide. MS (ES+) : 368.2, 370.2 (M +
H)+ [00320] The following reaction was conducted twice
on the same scale and under the same conditions. The
two reaction mixtures were combined for the aqueous
work-up and flash chromatography. [00321] A mixture of
triphenylphosphine-contaminated 3-(6-chloro-1-(1,3-
dimethoxypropan-2-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-yl
)-8-oxa-3-azabicyclo[3.2.1]octane (0.95 g),
4-aminophenylboronic acid pinacol ester (0.60 g, 2.7
mmol), and tetrakis(triphenylphosphine)palladium(0)
(0.24 g) in toluene/ethanol (1:1, 10 mL) and 2 M
aqueous sodium carbonate solution (2 mL) was heated in
a 10-20 mL Smith process vial in the microwave reactor
for one hour at 120 C. The pooled mixtures were
partitioned between ethyl acetate and water. The
aqueous phase was extracted three times with ethyl
acetate. The combined extracts were washed with
saturated aqueous sodium chloride solution, dried over
anhydrous magnesium sulfate, filtered, and
concentrated to dryness under reduced pressure. The
crude residue was purified via automated flash
chromatography (methanol/chloroform) to provide
4-(4-(8-oxa-3-azabicyclo[3. 2.l]octan-3-yl)-1-(l,
3-dimethoxypropan-2-yl)-1Hpyrazolo[3,4-d]pyrimidin-6-y
l)aniline as tan foam (1.3 g, 76 % over 2 steps). MS
(ES+) : 425.2 (M + H)+ [00322] A solution of
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(1,3-
dimethoxypropan-2-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl
)aniline (65 mg, 0.15 mmol) in dichloromethane ( 1.5
mL) was treated with triethylamine (0.2 mL), followed
by a solution of triphosgene (23 mg, 0.08 mmol) in
dichloromethane ( 1 mL). After the passage of 10
minutes, the appropriate nucleophile - in the case,
ethylene glycol (84 mL, 1.5 mmol) - was added to the
3-(
1-(1,3-dimethoxypropan-2-yl)-6-(4-isocyanatophenyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-4-
yl)-8-oxa-3-azabicyclo[3.2.1]octane ("isocyanate")
mixture. After 3 hours, the reaction mixture was
concentrated to dryness under reduced pressure. The
residue was purified by reverse-phase high performance
liquid chromatography using a Phenomenex Prodigy 2 1
mm x 250 mm column, running a gradient elution of 5 %
acetonitrile/95 % of 0.1 % aqueous trifluoroacetic
acid to 100 % acetonitrile to provide 2-hydroxyethyl
(4-{l-[2-methoxy-1-
(methoxymethyl)ethyl]-4-(8-oxa-3-azabicyclo[3.2.1]oct-
3-yl)-1H-pyrazolo[3,4-d]pyrimidin-
6-yl}phenyl)carbamate (41 mg, 53 %). MS (ES+) : 513.2
(M + H)+ [00323] The following ureas and carbamates
were made via the addition of the appropriate
nucelophile to the isocyanate (0.15 mmol, unless
stated otherwise) derived from
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(1,3-dime
thoxypropan-2-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)aniline, in accordance with the
general procedure described for 2- hydroxyethyl (4-
{1-[2-methoxy-l
-(methoxymethyl)ethyl]-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3- yl)-l H-pyrazolo[3
,4-d]pyrimidin-6-yl}phenyl)carbamate .
l-(4-{l-[2-methoxy-1-(methoxymethyl)ethyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)-3-phenylurea [00324]
Nucleophile added to isocyanate: aniline (137 mL, 1.5
mmol) Yield: 44 mg, 54 % MS (ES+) : 544.3 (M +
H)+l-(4-{l-[2-methoxy-1-(methoxymethy])ethyl]-4-(8-oxa
-3-azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo [3
,4-d]pyrimidin-6-yl}phenyl)-3- [4-(4-methylpiper azin-
1- yl)phenyl] urea*TFA [00325] Nucleophile added to
isocyanate: 4-(4-methylpiperazin-1-yl)aniline ( 1 15
mg, 0.60 mmol) Yield: 62 mg, 55 % MS (ES+) : 642.3 (M
+ H)+
l-(4-{l-[2-methoxy-1-(methoxymethyl)ethyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)-3-methylurea [00326]
Nucleophile added to isocyanate: 2 M methylamine
solution in tetrahydrofuran (excess) Yield: 43 mg, 58
% MS (ES+) : 482.3 (M + H)+
l-(2-hydroxyethyl)-3-(4-{l-[2-methoxy-1-(methoxymethyl
)ethyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-y1HH-pyrazolo[3,4-d]pyrimidin-6
-yl}phenyl)urea [00327] Nucleophile added to
isocyanate: ethanolamine (91 mL, 1.5 mmol) Yield: 37
mg, 48 % MS (ES+) : 512.3 (M + H)+ methyl
(4-{l-[2-methoxy-1-(methoxymethyl)ethyl]-4-(8-oxa-3-az
abicyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)carbamate
[00328] Nucleophile added to isocyanate: methanol
(excess) Yield: 25 mg, 35 % MS (ES+) : 483.2 (M + H)+
l-cyclopropyl-3-(4-{l-[2-methoxy-1-(methoxymethyl)ethy
l]-4-(8-oxa-3-
azabicyclopj^oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-y
l}phenyl)urea 



[00329] Nucleophile added to isocyanate:
cyclopropylamine (104 mL, 1.5 mmol) Yield: 43 mg, 56 %
MS (ES+) : 508.3 (M + H)+
l-(4-{l-[2-methoxy-1-(methoxymethy])ethyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)-3-pyridin-4-ylurea"TFA[00
330] Nucleophile added to isocyanate: 4-aminopyridine
(141 mg, 1.5 mmol) Yield: 48 mg, 48 % MS (ES+) : 545.3
(M + H)+
l-(4-{l-[2-methoxy-1-(methoxymethy])ethyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)-3-pyridin-3-ylurea*TFA
[00331] Nucleophile added to isocyanate:
3-aminopyridine (141 mg, 1.5 mmol) Yield: 49 mg, 50 %
MS (ES+) : 545.3 (M + H)+
l-ethyl-3-(4-{l-[2-methoxy-1-(methoxymethyl)ethyl]-4-(
8-oxa-3-azabicyclo[3.2.1]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)urea
[00332] Nucleophile added to isocyanate: 2 M
ethylamine solution in tetrahydrofuran (excess) Yield:
40 mg, 54 % MS (ES+) : 496.3 (M + H)+
l-(4-{l-[2-methoxy-1-(methoxymethy])ethyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)-3-(4-piperazin-1-ylphenyl
)urea"TFA [00333] Nucleophile added to isocyanate:
tert-butyl 4-(4-aminophenyl)piperazine-1- carboxylate
(100 mg, 0.38 mmol). [00334] The reverse-phase HPLC
purified product, tert-butyl 4-(4-(3-(4-(4-(8-oxa-3-
azabicyclo[3.2.1]octan-3-yl)-1-(1,3-dimethoxypropan-2-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-
yl)phenyl)ureido)phenyl)piperazine-1-carboxylate was
taken up in dichloromethane (5 mL) and then treated
with trifluoroacetic acid ( 1 mL). When the Boc group
was deemed to have been removed (LC/MS analysis), the
mixture was concentrated under reduced pressure and
purified as usual by reverse-phase HPLC to provide
l-(4-{l-[2-methoxy-1-
(methoxymethyl)ethyl]-4-(8-oxa-3-azabicyclo[3.2.1]oct-
3-yl)-1H-pyrazolo[3,4-d]pyrimidin-
6-yl}phenyl)-3-(4-piperazin-1-ylphenyl)urea"TFA .
Yield: 39 mg, 35 % MS (ES+) : 628.3 (M +
H)+l-{4-[(2,2-dimethylhydrazino)carbonyl]phenyl}-3-(4-
{l-[2-methoxy-1-
(methoxymethyl)ethylj^^S-oxa-3-azabicycloIS.l.lloct-3-
yl)-1H-pyrazolo^^- d]pyrimidin-6-yl}phenyl)urea
[00335] A solution of
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(1,3-
dimethoxypropan-2-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl
)aniline (580 mg, 1.4 mmol) in dichloromethane (10 mL)
was treated with triethylamine (0.91 niL), followed by
a solution of isocyanatomethyl benzoate (0.29 g, 1.6
mmol). The mixture was quenched with methanol,
concentrated under reduced pressure, and the residue
was purified by reverse phase high performance liquid
chromatography to provide methyl 4-(3-(4-(4-(8-oxa-3-
azabicyclo[3 .2.1 ]octan-3 -yl)-
1-(1,3-dimethoxypropan-2-y I)- 1H-pyrazolo[3
,4-d]pyrimidin-6- yl)phenyl)ureido)benzoate. MS (ES+)
: 602.3 (M + H)+ [00336] A suspension of methyl
4-(3-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-
(1,3-dimethoxypropan-2-yl)- 1H-pyrazolo[3
,4-d]pyrimidin-6-yl)phenyl)ureido)benzoate (25 mg) in
tetrahydrofuran/methanol/water (2:2:1, 20 mL) was
treated with two pellets of sodium hydroxide. The
mixture was heated overnight at 60 C and then
acidified with concentrated hydrochloric acid to
precipitate a fine solid, which, after collection via
Buchner filtration, washing with water, and drying
under house vacuum, provided 4-(3-(4-(4-(8-oxa-3-
azabicyclo[3.2.1]octan-3-yl)-1-(1,3-dimethoxypropan-2-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-
yl)phenyl)ureido)benzoic acid. MS (ES+) : 588.3 (M +
H)+ [00337] A mixture of
4-(3-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(1,
3-
dimethoxypropan-2-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl
)phenyl)ureido)benzoic acid (0.1 1 g, 0.19 mmol),
1-hydroxybenzotriazole hydrate (HOBT, 5 1 mg, 0.37
mmol), Nmethylmorpholine (63 mL, 0.57 mmol), and
,./V-dimethylhydrazine (63 mL, 0.57 mmol) in
dimethylformamide (3 mL) was treated with
V-(3-dimethylaminopropyl)-Vethylcarbodiimide
hydrochloride (EDC, 72 mg, 0.37 mmol). After
approximately 20 minutes, additional quantities of
N,iV-dimethylhydrazine (100 mL) and EDC (100 mg) were
added.The mixture was stirred overnight at room
temperature and then purified by reverse-phase high
performance liquid chromatography using a Phenomenex
Prodigy 2 1 mm x 250 mm column, running a gradient
elution of 5 % acetonitrile/95 % of 0.1 % aqueous
trifluoroacetic acid to 75 % acetonitrile to provide
l-{4-[(2,2-dimethylhydrazino)carbonyl]phenyl}-3-(4-{l-
[2-methoxy-
1-(methoxymethyl)ethyl]-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)- 1H-pyrazolo[3 ,Ad]
pyrimidin-6-yl}phenyl)urea ( 114 mg, 95 %). MS (ES+) :
630.3 (M + H)+ tert-butyl
7-[6-{4-[(pyridin-4-y]carbamoyl)amino]phenyl}-1-(2,2,2
- trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-4-yl]-9-oxa-3,7-diazabicyclo[3.3.1]non
ane-3-carboxylate*HCl (Scheme 43) [00338] To a Smith
process vial containing a suspension of
4-chloro-6-(4-nitrophenyl)-
1-(2,2,2-trifluoro-ethyl)-1H-pyrazolo[3,4-d]pyrimidine
(0.50 g, 1.4 mmol) and tertbutyl
9-oxa-3,7-diazabicyclo[3.3.1]nonane-3-carboxylate
(0.34 g, 1.5 mmol) in ethanol (10 mL) was added
triethylamine (0.55 mL, 4.2 mmol). The mixture was
heated in the microwave reactor for 12 minutes at 150
C. The precipitate was collected by Buchner
filtration, washed with methanol, and dried under
house vacuum to provide tert-butyl 7-(6-(4-
nitrophenyl)- 1-(2,2,2-trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-4-yl)-9-oxa-3 ,7-
diazabicyclo[3.3.1]nonane-3-carboxylate as a pale
yellow solid (0.54 g, 70 %). MS (ES+) : 550.2 (M + H)+
[00339] A suspension of tert-butyl
7-(6-(4-nitrophenyl)-1-(2,2,2-trifluoroethyl)-1Hpyrazo
lo[
3,4-d]pyrimidin-4-yl)-9-oxa-3,7-diazabicyclo[3.3.1]non
ane-3-carboxylate (0.54 g, 0.98 mmol) in
tetrahydrofuran (10 mL) and ethanol (10 mL) was
degassed by the addition of crushed dry ice and then
treated with 10 % palladium on carbon (30 mg). The
resulting suspension was evacuated under weak vacuum
and then filled with hydrogen gas (balloon). This
evacuation/fill cycle was performed three more times
and on the final iteration, the mixture was left to
stir overnight under a hydrogen-filled balloon. The
mixture was filtered through a pad of diatomaceous
earth, eluting with ethanol. The filtrate was
concentratedunder reduced pressure to afford
tert-butyl
7-(6-(4-aminophenyl)-1-(2,2,2-trifluoroethyl)-1Hpyrazo
lo[
3,4-d]pyrimidin-4-yl)-9-oxa-3,7-diazabicyclo[3.3.1]non
ane-3-carboxylate as a white solid (0.48 g, 94 %). MS
(ES+) : 520.2 (M + H)+ [00340] A solution of
tert-butyl 7-(6-(4-aminophenyl)-
1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-4-yl)-9-oxa-3,7-diazabicyclo[3.3.
l]nonane-3-carboxylate (0.48 g, 0.92 mmol) in
dichloromethane (15 mL) was treated with triethylamine
( 1.2 mL), followed by a solution of triphosgene (0.
14 g, 0.46 mmol). After the passage of 5 minutes, a
solution of 4- aminopyridine (0.26 g, 2.8 mmol) in
warm tetrahydrofuran was added to the tert-butyl 7-(6-
(4-isocyanatophenyl)- 1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-4-yl)-9-oxa-3,7-
diazabicyclo[3.3.1]nonane-3-carboxylate ("isocyanate")
mixture. The reaction mixture was concentrated to
dryness under reduced pressure. The residue was
purified by reverse-phase high performance liquid
chromatography using a Phenomenex Prodigy 2 1 mm x 250
mm column, running a gradient elution of 5 %
acetonitrile/95 % of 0.1 % aqueous trifluoroacetic
acid to 65 % acetonitrile to provide tert-butyl
7-(6-(4-(3-pyridin-4-ylureido)phenyl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-9-ox
a-3,7-diazabicyclo[3.3.1]nonane-3-
carboxylate-hydrochloride as pale golden flakes. (282
mg, 45 %). MS (ES+) : 640.3 (M + H)+ l-{4-
[4-(9-oxa-3,7-diazabicyclo [3.3.
1]non-3-yl)-1-(2,2,2-trifluoroethyl)-1H- pyrazolo
[3,4- d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea"2
TFA [00341] Tert-butyl
7-(6-(4-(3-pyridin-4-ylureido)phenyl)-1-(2,2,2-trifluo
roethyl)-1Hpyrazolo[
3,4-d]pyrimidin-4-yl)-9-oxa-3,7-diazabicyclo[3.3.1]non
ane-3- carboxylate*hydrochloride (256 mg, 0.38 mmol)
was dissolved in dichloromethane (20 mL) with the aid
of a minimum volume of methanol. The solution was
treated with 4 N hydrogen chloride in dioxane (2 mL),
which caused the precipitation of a white solid within
10 minutes. The solid was collected by Buchner
filtration, washed with methanol, and dried under
house vacuum. A portion of the crude solid (assumed
dihydrochloride) was purified by reversephase high
performance liquid chromatography using a Phenomenex
Prodigy 2 1 mm x 250mm column, running a gradient
elution of 5 % acetonitrile/95 % of 0.1 % aqueous
trifluoroacetic acid to 65 % acetonitrile to provide
l-{4-[4-(9-oxa-3,7-diazabicyclo[3.3.1]non-
3-yl)-1-(2,2,2-trifluoroethyl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}-3-pyridin-4-
ylurea"2 TFA (22 mg). MS (ES+) : 540.2 (M + H)+
l-{4-[4-(7-formyl-9-oxa-3,7-diazabicyclo[3.3.1]non-3-y
l)-1-(2,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea"TFA
[00342]
l-{4-[4-(9-oxa-3,7-diazabicyclo[3.3.1]non-3-yl)-1-(2,2
,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea"2 HCl
(51 mg, 0.08 mmol) was taken up in dichloromethane (2
mL) and treated with formic acid (98 - 100 %, 10 mL).
The mixture was cooled in an ice-water bath.
V,V-dicyclohexylcarbodiimide (DCC, 50 mg) was added,
followed by 4-(dimethylamino)pyridine (DMAP, 10 mg).
Triethylamine was added in drops (approximately 10
drops), followed by additional formic acid
(approximately 50 mL). The mixture was warmed gently
with a heat gun and then concentrated under reduced
pressure. The residue was purified by reverse-phase
high performance liquid chromatography using a
Phenomenex Prodigy 2 1 mm x 250 mm column, running a
gradient elution of 5 % acetonitrile/95 % of 0.1 %
aqueous trifluoroacetic acid to 75 % acetonitrile to
provide l-{4- [4-(7-formyl-9-oxa-3 ,7-diazabicyclo[3
.3 .1]non-3-yl)- 1-(2,2,2-trifIuoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea"TFA
(28 mg, 5 1 %). MS (ES+) : 568.2 (M + H)+
l-{4-[4-(7-acetyl-9-oxa-3,7-diazabicyclo[3.3.1]non-3-y
l)-1-(2,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea*TFA
[00343]
l-{4-[4-(9-oxa-3,7-diazabicyclo[3.3.1]non-3-yl)-1-(2,2
,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea*2 HCl
(61 mg, 0.1 mmol) was taken up in dichloromethane (2
mL) and treated with triethylamine (100 mL). The
suspension was cooled in an ice-water bath and treated
with acetyl chloride in drops. The suspension was
allowed to warm to room temperature and then
concentrated under reduced pressure. Theresidue was
dissolved in methanol (3 niL) and treated with 5 M
sodium hydroxide aqueous solution (10 drops). The
mixture was stirred overnight, acidified with
concentrated hydrochloric acid, and concentrated to
dryness under reduced pressure. The residue was
purified by reverse-phase high performance liquid
chromatography using a Phenomenex Prodigy 2 1mm x 250
mm column, running a gradient elution of 5 %
acetonitrile/95 % of 0.1 % aqueous trifluoroacetic
acid to 75 % acetonitrile to provide
l-{4-[4-(7-acetyl-9-oxa-3,7- diazabicyclo[3 .3
.1]non-3-yl)- 1-(2,2,2-trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-6- yl]phenyl}-3-pyridin-4-ylurea"TFA
(20 mg, 29 %). MS (ES+) : 582.2 (M + H)+
2-hydroxyethyl
(4-{4-[(lS,4S)-2-oxa-5-azabicyclo[2.2.1]hept-5-yl]-1-(
2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl}pheny
l)carbamate (Scheme 43) [00344] To a Smith process
vial containing a suspension of
4-chloro-6-(4-nitrophenyl)-
1-(2,2,2-trifluoro-ethyl)-1H-pyrazolo[3,4-d]pyrimidine
(0.30 g, 0.84 mmol) and
(lS,4S)-2-oxa-5-azabicyclo[2.2.1]heptane hydrochloride
(0.12 g, 0.88 mmol) in ethanol (4 mL) was added
triethylamine (0.33 mL, 2.5 mmol). The mixture was
heated in the microwave reactor for 15 minutes at 120
C. The precipitate was collected by Buchner
filtration, washed with methanol, and dried under
house vacuum to provide (lS,4S)-5-(6-(4- nitrophenyl)-
1-(2,2,2-trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-4-yl)-2-oxa-5- azabicyclo[2.2.1]heptane
as a bright yellow powder (0.42 g, >100 %). MS (ES+) :
421.1 (M + H)+ [00345] A suspension of
(lS,4S)-5-(6-(4-nitrophenyl)-1-(2,2,2-trifluoroethyl)-
1Hpyrazolo[
3,4-d]pyrimidin-4-yl)-2-oxa-5-azabicyclo[2.2.1]heptane
(0.84 mmol maximum) in tetrahydrofuran (15 mL) and
ethyl acetate (15 mL) was degassed by the addition of
crushed dry ice and then treated with 10 % palladium
on carbon (50 mg). The resulting suspension 



was evacuated under weak vacuum and then filled with
hydrogen gas (balloon). This evacuation/fill cycle was
performed three more times and on the final iteration,
the mixture was left to stir overnight under a
hydrogen filled balloon. The mixture was filtered
through apad of diatomaceous earth, eluting with
methanol. The filtrate was concentrated under reduced
pressure to afford
4-(4-((lS,4S)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl)-1-
(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)anili
ne as a white foam (0.26 g, 78 % over 2 steps). MS
(ES+) : 391.1 (M + H)+ [00346] A solution of
4-(4-((lS,4S)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl)-1-
(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)anili
ne (26 mg, 0.07 mmol) in dichloromethane (2 mL) was
treated with triethylamine (86 mL), followed by a
solution of triphosgene (10 mg, 0.03 mmol) in
dichloromethane ( 1 mL). After the passage of 20
minutes, the appropriate nucleophile - in the case,
ethylene glycol (excess) - was added to the (1S,4S)-
5-(6-(4-isocyanatophenyl)- 1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-4-yl)-2-oxa-
5-azabicyclo[2.2. ljheptane ("isocyanate") mixture.
After standing overnight at room temperature, the
reaction mixture was concentrated to dryness under
reduced pressure. The residue was purified by
reverse-phase high performance liquid chromatography
using a Phenomenex Prodigy 2 1mm x 250 mm column,
running a gradient elution of 15 % acetonitrile/85 %
of 0.1 % aqueous trifluoroacetic acid to 88 %
acetonitrile to provide 2- hydroxyethyl (4- {4-[(l
S,4S)-2-oxa-5-azabicyclo[2.2. 1]hept-5-yl]-
1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)carbamate. MS (ES+) :
479.2 (M + H)+ [00347] The following ureas and
carbamates were made via the addition of the
appropriate nucelophile to the isocyanate (0.07 mmol,
unless stated otherwise) derived from
4-(4-((lS,4S)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl)-1-
(2,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)aniline, in accordance with the
general procedure described for 2-hydroxyethyl
(4-{4-[(lS,4S)-2-oxa-5-azabicyclo[2.2.1]hept-5-yl]-1-(
2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)carbamate.
(Scheme 43)
l-[4-(2-hydroxyethyl)phenyl]-3-(4-{4-[(lS,4S)-2-oxa-5-
azabicyclo[2.2.1]hept-5-yl]-1-
(2,2,2-trifluoroethyl)-1H-pyrazo]o[3,4-d]pyrimidin-6-y
l}phenyl)urea[00348] Nucleophile added to isocyanate:
2-(4-aminophenyl)ethanol (36 mg, 0.26 mmol) MS (ES+) :
554.2 (M + H)+
l-[4-(hydroxymethy])phenyl]-3-(4-{4-[(lS,4S)-2-oxa-5-a
zabicyclo[2.2.1]hept-5-yl]-1-
(2,2,2-trifluoroethyl)-1H-pyrazo]o[3,4-d]pyrimidin-6-y
l}phenyl)urea [00349] Nucleophile added to isocyanate:
(4-aminophenyl)methanol (32 mg, 0.26 mmol) MS (ES+) :
540.2 (M + H)+
l-(6-morpholin-4-ylpyridin-3-yl)-3-(4-{4-[(lS,4S)-2-ox
a-5-azabicyclo[2.2.1]hept-5-yl]-1-
(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-y
l}phenyl)urea [00350] Nucleophile added to isocyanate:
6-morpholinopyridin-3-amine (47 mg, 0.26 mmol) MS
(ES+) : 596.2 (M + H)+
l-(4-{4-[(lS,4S)-2-oxa-5-azabicyclo[2.2.1]hept-5-yl]-1
-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)-3-pyridin-3-ylurea"TFA
[00351] Nucleophile added to isocyanate:
3-aminopyridine (25 mg, 0.26 mmol) MS (ES+) : 511.2 (M
+ H)+
l-(4-morpholin-4-ylphenyl)-3-(4-{4-[(lS,4S)-2-oxa-5-az
abicyclo[2.2.1]hept-5-yl]-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl}pheny
l)urea [00352] Nucleophile added to isocyanate:
4-morpholinoaniline (46 mg, 0.26 mmol) MS (ES+) :
595.2 (M + H)+
l-{4-[2-(dimethylamino)ethoxy]phenyl}-3-(4-{4-[(lS,4S)
-2-oxa-5- azabicyclo [2.2.1 ]hept-
5-yl]-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrim
idin-6-yl}phenyl)urea*TFA [00353] Nucleophile added to
isocyanate: 4-(2-(dimethylamino)ethoxy)aniline
dihydrochloride (47 mg, 0.19 mmol) MS (ES : 597.2 (M +
H)+l-[4-(4-methylpiperazin-1-yl)phenyl]-3-(4-{4-[(lS,4
S)-2-oxa-5- azabicyclo[2.2.1]hept-5-
yl]-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimid
in-6-yl}phenyl)urea"TFA [00354] Nucleophile added to
isocyanate: 4-(4-methylpiperazin-1-yl)aniline (50 mg,
0.60 mmol) MS (ES+) : 608.3 (M + H)+
l-cyclopropyl-3-(4-{4-[(lS,4S)-2-oxa-5-azabicyclo[2.2.
1]hept-5-yl]-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl}pheny
l)urea [00355] Nucleophile added to isocyanate (0.49
mmol): Cyclopropylamine (15 mg, 0.26 mmol) MS (ES+) :
474.2 (M + H)+
l-methyl-3-(4-{4-[(lS,4S)-2-oxa-5-azabicyclo[2.2.1]hep
t-5-yl]-1-(2,2,2- trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)urea [00356]
Nucleophile added to isocyanate: 2 M methylamine
solution in tetrahydrofuran (excess) MS (ES+) : 448.2
(M + H)
l-(4-{4-[(lS,4S)-2-oxa-5-azabicyclo[2.2.1]hept-5-yl]-1
-(2,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)-3-(4-piperazin-1-ylphenyl
)urea*HCl [00357] Nucleophile added to isocyanate (0.4
mmol): tert-butyl 4-(4-
aminophenyl)piperazine-1-carboxylate (166 mg, 0.6
mmol). [00358] The reverse-phase HPLC purified
product, tert-butyl 4-(4-(3-(4-(4-((l S,4S)-2-
oxa-5-azabicyclo[2.2. 1]heptan-5-yl)-l
-(2,2,2-trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-6-
yl)phenyl)ureido)phenyl)piperazine-1-carboxylate was
taken up in dichloromethane (5 mL) and then treated
with trifluoroacetic acid ( 1 mL). When the Boc group
was deemed to have been removed (LC/MS analysis), the
mixture was concentrated under reduced pressure and
purified as usual by reverse-phase HPLC (using
hydrochloric acid modifier instead of trifluoroacetic
acid) to provide
l-(4-{4-[(lS,4S)-2-oxa-5-azabicyclo[2.2.1]hept-5-yl]-1
-(2,2,2-trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-6-yl} phenyl)-3 -(4-piperazin- 1-
ylphenyl)urea"HCl. MS (ES+) : 594.4 (M + H)+
3-{4-[(lS,4S)-2-oxa-5-azabicyclo[2.2.1]hept-5-yl]-1-ph
enyl-1H-pyrazolo[3,4- d]pyrimidin-6-yl}phenol (Scheme
34 [00359] A Smith process vial was charged with a
suspension of 3-(4-bromo- 1-phenyl-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenol (56 mg, 0.15
mmol) and (lS,4S)-2-oxa-5- azabicyclo[2.2.1]heptane
hydrochloride (22 mg, 0.16 mmol) in ethanol (4 mL).
The suspension was treated with triethylamine (59 mL,
0.45 mmol) and was then heated in the microwave
reactor for 15 minutes at 150 C. The reaction mixture
was concentrated to dryness under reduced pressure,
and the residue was purified by reverse-phase high
performance liquid chromatography using a Phenomenex
Prodigy 2 1 mm x 250 mm column, running a gradient
elution of 10 % acetonitrile/90 % of 0.1 % aqueous
trifluoroacetic acid to 75 % acetonitrile to provide
3-{4-[(lS,4S)-2-oxa-5-azabicyclo[2.2.1]hept-5-yl]-1-ph
enyl-1Hpyrazolo[ 3,4- d]pyrimidin-6-yl}phenol. MS
(ES+) : 386.3 (M + H)+ 2-hydroxyethyl
(4-{4-[(lR,4R)-2-oxa-5-azabicyclo [2.2.1]
hept-5-yl]-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl}pheny
l)carbamate (Scheme 43) [00360] To a Smith process
vial containing a suspension of
4-chloro-6-(4-nitrophenyl)-
1-(2,2,2-trifluoro-ethyl)-1H-pyrazolo[3,4-d]pyrimidine
(0.68 g, 1.9 mmol) and
(lR,4R)-2-oxa-5-azabicyclo[2.2.1]heptane
trifluoroacetate (prepared starting from cis-1-Boc-
4-hydroxy-D-prolinate, 3.1 mmol) in ethanol (14 mL)
was added triethylamine (4 mL, 3 1 mmol). The mixture
was heated in the microwave reactor for 10 minutes at
140 C. The precipitate was collected by Buchner
filtration and washed successively with methanol,
water, methanol, and diethyl ether. Solid was dried
under house vacuum to provide (lR,4R)-5-(6-(4-
nitrophenyl)- 1-(2,2,2-trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-4-yl)-2-oxa-5- azabicyclo[2.2.1]heptane
as a pale yellow solid (0.56 g, 70 %). MS (ES+) :
421.1 (M + H)+[00361] A suspension of
(lR,4R)-5-(6-(4-nitrophenyl)-1-(2,2,2-trifluoroethyl)-
1Hpyrazolo[
3,4-d]pyrimidin-4-yl)-2-oxa-5-azabicyclo[2.2.1]heptane
(0.50 g, 1.2 mmol) in tetrahydrofuran (20 mL) and
water (5 mL) was degassed by the addition of crushed
dry ice and then treated with 10 % palladium on carbon
(50 mg). The resulting suspension was evacuated under
weak vacuum and then filled with hydrogen gas
(balloon). This evacuation/fill cycle was performed
three more times and on the final iteration, the
mixture was left to stir overnight under a hydrogen
filled balloon. The mixture was filtered through a pad
of diatomaceous earth, eluting with methanol. The
filtrate was concentrated under reduced pressure to
afford
4-(4-((lR,4R)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl)-1-
(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)anili
ne as a gray foam (0.44 g, 93 %). MS (ES+) : 391.2 (M
+ H)+ [00362] A solution of
4-(4-((lR,4R)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl)-1-
(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)anili
ne (62 mg, 0.16 mmol) in dichloromethane (2 mL) was
treated with triethylamine (130 mL), followed by a
solution of triphosgene (24 mg, 0.08 mmol) in
dichloromethane ( 1 mL). After the passage of 5
minutes, the appropriate nucleophile - in the case,
ethylene glycol (56 mL) - was added to the (1R,4R)-
5-(6-(4-isocyanatophenyl)- 1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-4-yl)-2-oxa-
5-azabicyclo[2.2. l]heptane ("isocyanate") mixture.
After standing overnight at room temperature, the
reaction mixture was concentrated to dryness under
reduced pressure. The residue was purified by
reverse-phase high performance liquid chromatography
using a Phenomenex Prodigy 2 1mm x 250 mm column,
running a gradient elution of 5 % acetonitrile/95 % of
0.1 % aqueous trifluoroacetic acid to 95 %
acetonitrile to provide 2- hydroxyethyl
(4-{4-[(lR,4R)-2-oxa-5-azabicyclo[2.2.1]hept-5-yl]-1-(
2,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)carbamate. MS (ES+) :
479.2 (M + H)+ [00363] The following ureas and
carbamates were made via the addition of the
appropriate nucelophile to the isocyanate (0.16 mmol,
unless stated otherwise) derived
from4-(4-((lR,4R)-2-oxa-5-azabicyclo[2.2.1]heptan-5-yl
)-1-(2,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)aniline, in accordance with the
general procedure described for 2-hydroxyethyl
(4-{4-[(lR,4R)-2-oxa-5-azabicyclo[2.2.1]hept-5-yl]-1-(
2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)carbamate.
(Scheme 43)
l-cyclopropyl-3-(4-{4-[(lR,4R)-2-oxa-5-azabicyclo[2.2.
1]hept-5-yl]-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl}pheny
l)urea [00364] Nucleophile added to isocyanate:
Cyclopropylamine (69 mL) MS (ES+) : 474.2 (M + H)+
l-[4-(4-methylpiperazin-1-yl)phenyl]-3-(4-{4-[(lR,4R)-
2-oxa-5- azabicyclo[2.2.1]hept-5-
yl]-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimid
in-6-yl}phenyl)urea"TFA [00365] Nucleophile added to
isocyanate: 4-(4-methylpiperazin-1-yl)aniline (38 mg)
MS (ES+) : 608.3 (M + H)+
l-(4-{4-[(lR,4R)-2-oxa-5-azabicyclo[2.2.1]hept-5-yl]-1
-(2,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)-3-pyridin-3-ylurea"TFA
[00366] Nucleophile added to isocyanate:
3-aminopyridine (47 mg) MS (ES ) : 5 11.2 (M + H)+
l-methy]-3-(4-{4-[(lR,4R)-2-oxa-5-azabicyclo[2.2.1]hep
t-5-yl]-1-(2,2,2- trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)urea [00367]
Nucleophile added to isocyanate: 2 M methylamine
solution in tetrahydrofuran (excess) MS (ES+) : 448.2
(M + H)
l-methyl-3-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
-[(5r,8r)-1-oxaspiro[4.5]dec-8-yl]-
1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)urea
(Stereochemistry assigned arbitrarily) (Schemes 4 and
2)[00368] Diisopropyl azodicarboxylate (2.6 mL, 13
mmol) was added in drops to a mixture of
3-(6-chloro-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-8-oxa-3-
azabicyclo[3 .2. l]octane (2.6 g, 10 mmol),
l-oxaspiro[4.5]decan-8-ol (US Patent 4,438,130,
3/20/1984, 1.6 g, 11 mmol), and triphenylphosphine
(2.9 g, 11mmol) in tetrahydrofuran (80 mL). After
stirring at room temperature, the mixture was purified
by reverse phase high performance liquid
chromatography on a Phenomenex Prodigy 2 1 mm x 250 mm
column, running a gradient elution of 15 %
acetonitrile/85 % of 0.1 % aqueous trifluoroacetic
acid to 100 % acetonitrile to provide two separable
diastereomers of
3-(6-chloro-1-(l-oxaspiro[4.5]decan-8-yl)-1HpyrazolotS
^- 



dlpyrimidin^-yl)- -oxa-3-azabicyclo[3.2.1]octane. MS
(ES+) : 404.2 (M + H)+ [00369] A mixture of
3-(6-chloro-1-(l-oxaspiro[4.5]decan-8-yl)-1H-pyrazolo[
3,4- d]pyrimidin-4-yl)-8-oxa-3-azabicyclo[3.2.1]octane
(assigned as trans diastereomer, 0.61 g, 1.5 mmol),
4-aminophenylboronic acid pinacol ester (0.50 g, 2.3
mmol), and tetrakis(triphenylphosphine)palladium(0)
(0.17 g, 10 mol %) in toluene/ethanol (1:1, 10 mL) and
2 M aqueous sodium carbonate solution (2 mL) was
heated in a 10-20 mL Smith process vial in the
microwave reactor for one hour at 120 C. The cooled
mixture was partitioned between ethyl acetate and
water. The aqueous phase was extracted three times
with ethyl acetate. The combined extracts were washed
with saturated aqueous sodium chloride solution, dried
over anhydrous magnesium sulfate, filtered, and
concentrated to dryness under reduced pressure. The
crude residue was purified via reverse-phase high
performance liquid chromatography using a Phenomenex
Prodigy 2 1mm x 250 mm column, running a gradient
elution of 5 % acetonitrile/95 % of 0.1 % aqueous
hydrochloric acid to 100 % acetonitrile. After the
concentration of fractions under reduced pressure,
4-(4-(8-oxa-3-
azabicyclo[3.2.1]octan-3-yl)-1-((5r,8r)-1-oxaspiro[4.5
]decan-8-yl)-1H-pyrazolo[3,4- d]pyrimidin-6-yl)aniline
was obtained. MS (ES+) : 461.2 (M + H)+ [00370] A
solution of
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-((5r,8r)-
1-
oxaspiro[4.5]decan-8-yl)-1H-pyrazolo[3,4-d]pyrimidin-6
-yl)aniline (33 mg, 0.07 mmol) indichloromethane (5
mL) was treated with triethylamine (60 mL), followed
by triphosgene ( 11 mg, 0.04 mmol). After the passage
of 5 minutes, the appropriate nucleophile - in the
case, 2 M methylamine solution in tetrahydrofuran
(excess) - was added to the 3-(6-(4-
isocyanatophenyl)-1-((5r,8r)-1-oxaspiro[4.5]decan-8-yl
)-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-
8-oxa-3-azabicyclo[3 .2.1 joctane ("isocyanate")
mixture. The reaction mixture was concentrated to
dryness under reduced pressure. The residue was
purified by reverse-phase high performance liquid
chromatography using a Phenomenex Prodigy 2 1 mm x 250
mm column, running a gradient elution of 5 %
acetonitrile/95 % of 0.1 % aqueous trifluoroacetic
acid to 90 % acetonitrile to provide crude
l-methyl-3-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-
yl)-1-[(5r,8r)-1-oxaspiro[4.5]dec-8-yl]-1H-pyrazolo[3,
4-d]pyrimidin-6-yl}phenyl)urea. The impure material
was purified using a Phenomenex Gemini 2 1 mm x 100 mm
column, running a gradient elution of 5 %
acetonitrile/95 % of 0.1 % aqueous trifluoroacetic
acid to 65 % acetonitrile to provide pure
l-methyl-3-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
-[(5r,8r)- l -
oxaspiro[4.5]dec-8-yl]-1H-pyrazolo[3,4-d]pyrimidin-6-y
l}phenyl)urea. MS (ES+) : 518.3 (M + H)+ [00371] The
following ureas and carbamates were made via the
addition of the appropriate nucelophile to the
isocyanate derived from
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-
3-yl)-1-((5r,8r)-1-oxaspiro[4.5]decan-8-yl)-1H-pyrazol
o[3,4-d]pyrimidin-6-yl)aniline, in accordance with the
general procedure described for
l-methyl-3-(4-{4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1-[(5r,8r)-1-
oxaspiro[4.5]dec-8-yl]-1H-pyrazolo[3,4-d]pyrimidin-
6-yl}phenyl)urea. (Stereochemistry assigned
arbitrarily) (Schemes 4 and 2)
l-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-[(5r,8r)
-1-oxaspiro[4.5]dec-8-y]]-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)-3-pyridin-4-ylurea"TFA
[00372] Nucleophile added to isocyanate (0.10 mmol):
4-aminopyridine (50 mg) as a solution in warm
tetrahydrofuran. MS (ES+) : 581.3 (M +
H)+l-cyclopropyl-3-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct
-3-yl)-1-[(5r,8r)-1-oxaspiro[4.5]dec-8-
yl]-1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)urea
[00373] Nucleophile added to isocyanate (0.08 mmol):
cyclopropylamine (55 mL) MS (ES+) : 544.3 (M + H)+
2-hydroxyethyl
(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-[(5r,8r)-1
-oxaspiro[4.5]dec-8-
yl]-1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)carbamate
[00374] Nucleophile added to isocyanate (0.10 mmol) in
tetrahydrofuran solvent, instead of dichloromethane:
ethylene glycol (excess) MS (ES+) : 549.3 (M + H)+
l-[4-(4-methylpiperazin-1-yl)phenyl]-3-(4-{4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1-
[(5r,8r)-1-oxaspiro[4.5]dec-8-yl]-1H-pyrazolo[3,4-d]py
rimidin-6- yl}phenyl)urea"TFA [00375] Nucleophile
added to isocyanate (0.09 mmol):
4-(4-methylpiperazin-1- yl)aniline (86 mg, 0.45 mmol)
MS (ES+) : 678.4 (M + H)+
l-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-[(5r,8r)
-1-oxaspiro[4.5]dec-8-y]]-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)-3-(4-piperazin-1-ylphenyl
)urea"TFA [00376] Nucleophile added to isocyanate
(0.10 mmol): tert-butyl 4-(4-
aminophenyl)piperazine-1-carboxylate ( 110 mg, 0.4
mmol). [00377] The concentrated reaction mixture was
taken up in dichloromethane (5 mL) and then treated
with trifluoroacetic acid ( 1 mL). When the Boc group
was deemed to have been removed (LC/MS analysis), the
mixture was concentrated under reduced pressure and
purified as usual by reverse-phase HPLC to provide
l-(4-{4-(8-oxa-3-azabicyclo[3.2.1]oct-3-
yl)-1-[(5r,8r)-1-oxaspiro[4.5]dec-8-yl]-1H-pyrazolo[3,
4-d]pyrimidin-6-yl}phenyl)-3-(4-
piperazin-1-ylphenyl)urea"TFA. MS (ES+) : 664.4 (M +
H)+methyl
{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H-p
yrazolo[3,4- d]pyrimidin-6- yl] phenyl} carbamate
(Schemes 1 and 2) [00378] To a cloudy solution of
2,4,6-trichloro-pyrimidine-5-carbaldehyde (1.1 g, 5.2
mmol) in chloroform (50 mL) cooled to -78 C was added
ethylhydrazine oxalate (0.78 g, 5.2 mmol) in two
portions, followed by triethylamine (2.7 mL). The
cooling bath was then removed and ethanol (10 mL) was
added to the reaction mixture, which was allowed to
warm to room temperature.
8-Oxa-3-azabicyclo[3.2.1]octane hydrochloride (0.69 g,
4.6 mmol) was added to the mixture. The mixture was
concentrated under reduced pressure and the residue
was partitioned between ethyl acetate and water. The
aqueous phase was extracted three times with ethyl
acetate. The combined organics were washed
successively with 5 % aqueous potassium hydrogen
sulfate solution, water, saturated aqueous sodium
hydrogen carbonate solution, and saturated aqueous
sodium chloride solution. Organics were dried over
anhydrous magnesium sulfate, filtered, and
concentrated under reduced pressure to provide 3-
(6-chloro-1-ethyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-8-
oxa-3-azabicyclo[3.2.1]octane. MS (ES+) : 293.9, 295.9
(M + H)+ [00379] A mixture of
3-(6-chloro-1-ethyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-
8-oxa-3- azabicyclo[3.2.1]octane (0.55 g, 1.9 mmol),
4-aminophenylboronic acid pinacol ester (0.62 g, 2.8
mmol), and tetrakis(triphenylphosphine)palladium(0)
(0.22 g, 10 mol %) in toluene/ethanol (1:1, 12 mL) and
2 M aqueous sodium carbonate solution (2 mL) was
heated in a 10-20 mL Smith process vial in the
microwave reactor for one hour at 120 C. The cooled
mixture was partitioned between ethyl acetate and
water. The aqueous phase was extracted three times
with ethyl acetate. The combined extracts were washed
with saturated aqueous sodium chloride solution, dried
over anhydrous magnesium sulfate, filtered, and
concentrated to dryness under reduced pressure. The
crude residue was purified via automated flash
chromatography (methanol/chloroform) to provide
4-(4-(8-oxa-3- azabicyclo[3 .2. 1]octan-3-yl)-
1-ethyl- 1H-pyrazolo[3 ,4-d]pyrimidin-6-yl)aniline. MS
(ES+): 35 1.0 (M + H)+[00380] A solution of
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-1Hp
yrazolo[ 3,4-d]pyrimidin-6-yl)aniline (150 mg, 0.43
mmol) in dichloromethane (5 mL) was treated with
triphosgene (64 mg, 0.21 mmol). After the passage of 5
minutes, an excess of methanol was added to the
mixture. The reaction mixture was concentrated to
dryness under reduced pressure. The residue was
purified by reverse-phase high performance liquid
chromatography using a Phenomenex Prodigy 2 1 mm x 250
mm column, running a gradient elution of 10 %
acetonitrile/90 % of 0.1 % aqueous trifluoroacetic
acid to 100 % acetonitrile to provide methyl
{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H-p
yrazolo[3,4- d]pyrimidin-6-yl]phenyl}carbamate. MS
(ES+) : 409.0 (M + H)+ [00381] The following ureas and
carbamates were made via the addition of the
appropriate nucelophile to the isocyanate (0. 11 mmol)
derived from 4-(4-(8-oxa-3-
azabicyclo[3.2.1]octan-3-yl)-1-ethyl-1H-pyrazolo[3,4-d
]pyrimidin-6-yl)aniline, in accordance with the
general procedure described for the preparation of
methyl {4-[l-ethyl-4-(8-oxa-3- azabicyclo[3 .2.
1]oct-3-yl)- 1H-pyrazolo[3 ,4-
d]pyrimidin-6-yl]phenyl} carbamate.
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H
-pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}-3-pyridin-4-ylurea*TFA [00382] Nucleophile
added to isocyanate: 4-aminopyridine (104 mg) MS (ES+)
: 471 .1 (M + H)+ 2-hydroxyethyl
{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H-
pyrazolo[3,4- d]pyrimidin-6-yl]phenyl}carbamate
[00383] Nucleophile added to isocyanate: ethylene
glycol (61 mL) MS (ES+) : 439.2 (M + H)+ l-{4-
[l-ethyl-4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-1H-pyrazolo [3,4-d] pyrimidin- 6-
yl]phenyl}-3-phenylurea[00384] Nucleophile added to
isocyanate: aniline (100 mL) MS (ES+) : 470. 1 (M +
H)+ l-{4- [l-ethyl-4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-1H-pyrazolo [3,4-d] pyrimidin- 6-
yl]phenyl}-3-(2-fluoroethyl)urea [00385]
2-fluoroethylamine hydrochloride (0. 11 g, 1.1mmol)
was dissolved in 1M aqueous sodium hydroxide solution
(1.1 mL). The solution of isocyanate was added to the
aqueous amine. The biphasic mixture was agitated on a
vortex and then the aqueous phase was decanted. The
organic layer was concentrated under reduced pressure
and purified as usual by reverse-phase high
performance liquid chromatography. MS (ES+) : 440.2 (M
+ H)+ l-{4- [l-ethyl-4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-1H-pyrazolo [3,4-d] pyrimidin- 6-
yl]phenyl}-3-[3-(methylamino)propyl]urea"TFA [00386]
Nucleophile added to isocyanate: tert-butyl
3-aminopropyl(methyl)carbamate (0.21 g). The
HPLC-purified, BOC-protected intermediate, tert-butyl
3-(3-(4-(4-(8-oxa-3-
azabicyclo[3.2.1]octan-3-yl)-1-ethyl-1H-pyrazolo[3,4-d
]pyrimidin-6-
yl)phenyl)ureido)propyl(methyl)carbamate, was
dissolved in dichloromethane (5 mL) and treated with
trifluoroacetic acid ( 1 mL). The mixture was
concentrated under reduced pressure and then purified
by HPLC to give the title compound. MS (ES+) : 465.2
(M + H)+ l-{4- [l-ethyl-4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-1H-pyrazolo [3,4-d] pyrimidin- 6-
yl]phenyl}-3-methylurea [00387] Nucleophile added to
isocyanate: 2 M methylamine solution in
tetrahydrofuran (550 mL) MS (ES+) : 408.2 (M + H)+
l-ethyl-3-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-
3-yl)-1H-pyrazolo[3,4- d]pyrimidin- 6-yl]phenyl}urea
[00388] Nucleophile added to isocyanate: 2 M
ethylamine solution in tetrahydrofuran (550 mL) MS
(ES+) : 422.2 (M + H)+l-{4-
[l-ethyl-4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-1H-pyrazolo [3,4-d] pyrimidin- 6-
yl]phenyl}-3-pyridin-3-ylurea*TFA [00389] Nucleophile
added to isocyanate: 3-aminopyridine (104 mg) MS (ES+)
: 471 .1 (M + H)+
l-cyclopropyl-3-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.
1]oct-3-yl)-1H- pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea [00390] Nucleophile added
to isocyanate: cyclopropylamine (76 mL) MS (ES+) :
434.2 (M + H)+ l-{4- [l-ethyl-4-(8-oxa-3-azabicyclo
[3.2. 1]oct-3-yl)-1H-pyrazolo [3,4-d] pyrimidin- 6-
yl]phenyl}-3-(2-hydroxyethyl)urea [00391] Nucleophile
added to isocyanate: ethanolamine (66 mL) MS (ES+) :
438.2 (M + H)+
3-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H-py
razolo[3,4-d]pyrimidin-6- yl] phenol (Scheme 28) 



[00392] A mixture of
3-(6-chloro-1-ethyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-
8-oxa-3- azabicyclo[3.2.1]octane (80 mg, 0.27 mmol),
3-hydroxyphenylboronic acid (56 mg, 0.41 mmol), and
tetrakis(triphenylphosphine)palladium(0) (35 mg, 10
mol %) in toluene/ethanol (1:1, 3 mL) and 2 M aqueous
sodium carbonate solution ( 1 mL) was heated in a
Smith process vial in the microwave reactor for one
hour at 120 C. The cooled mixture was acidified with
concentrated hydrochloric acid and then concentrated
to dryness under reduced pressure. The crude residue
was purified via reverse-phase high performance liquid
chromatography using a Phenomenex Prodigy 2 1mm x 250
mm column to provide 3-[lethyl-
4-(8-oxa-3-azabicyclo[3.2.
l]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-6- yl]phenol
MS (ES+) : 352.2 (M +
H)+l-ethyl-6-(1H-indol-5-yl)-4-(8-oxa-3-azabicyclo[3.2
.1]oct-3-yl)-1H-pyrazolo[3,4- d]pyrimidine (Scheme 28)
[00393] A mixture of
3-(6-chloro-1-ethyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-
8-oxa-3- azabicyclo[3.2.1]octane (80 mg, 0.27 mmol),
5-indoylboronic acid (66 mg, 0.41 mmol), and
tetrakis(triphenylphosphine)palladium(0) (35 mg, 10
mol %) in toluene/ethanol (1:1, 3 mL) and 2 M aqueous
sodium carbonate solution ( 1 mL) was heated in a
Smith process vial in the microwave reactor for one
hour at 120 C. The cooled mixture was acidified with
concentrated hydrochloric acid and then concentrated
to dryness under reduced pressure. The crude residue
was purified via reverse-phase high performance liquid
chromatography using a Phenomenex Prodigy 2 1mm x 250
mm column to provide l-ethyl-6-(1H-indol-5-yl)-4-(8-
oxa-3-azabicycloll^.lloct-3-yl)-1H-pyrazololl^-
yrimidine. MS (ES+) : 375.2 (M + H)+
l-cyclopropyl-3-{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2
.1]oct-3-yl)-1H- pyrazolo[3,4-
d]pyrimidin-6-yl]pheny]}urea (Schemes 1 and 2) [00394]
To a cloudy solution of
2,4,6-trichloro-pyrimidine-5-carbaldehyde (1.1 g, 5.2
mmol) in chloroform (50 mL) cooled to -78 C was added
in drops methylhydrazine (0.24 g, 5.2 mmol), followed
by triethylamine (1.4 mL). The cooling bath was then
removed, allowing the mixture to warm to room
temperature. The mixture was concentrated to dryness
under reduced pressure, and the residue was dissolved
in ethanol (50 mL). Triethylamine ( 1 mL) was added to
the mixture, followed by 8-oxa-3-azabicyclo[3.2.
l]octane hydrochloride (0.51 g, 3.4 mmol). The mixture
was concentrated under reduced pressure and the
residue was purified by automated flash chromatography
(methanol/chloroform) to provide 3-(6-
chloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-8-ox
a-3-azabicyclo[3.2.1]octane. MS (ES+) : 280.0, 281.9
(M + H)+ [00395] A mixture of
3-(6-chloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)
-8-oxa- 3-azabicyclo[3.2.1]octane (0.40 g, 1.4 mmol),
4-ammophenylboronic acid pinacol ester (0.47 g, 2.1
mmol), and tetrakis(triphenylphosphine)palladium(0)
(0.16 g, 10 mol %) intoluene/ethanol (1:1, 7 mL) and 2
M aqueous sodium carbonate solution (2 mL) was heated
in a 10-20 mL Smith process vial in the microwave
reactor for one hour at 120 C. The cooled mixture was
partitioned between ethyl acetate and water. The
aqueous phase was extracted three times with ethyl
acetate. The combined extracts were washed with
saturated aqueous sodium chloride solution, dried over
anhydrous magnesium sulfate, filtered, and
concentrated to dryness under reduced pressure. The
crude residue was triturated with dichloromethane and
the light brown solid was collected by Buchner
filtration to furnish 4-(4-(8-oxa-3- azabicyclo[3 .2.
1]octan-3-yl)- 1-methyl- 1H-pyrazolo[3
,4-d]pyrimidin-6-yl)aniline. MS (ES+) : 337.0 (M + H)+
[00396] A solution of
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-methyl-1H
pyrazolo[ 3,4-d]pyrimidin-6-yl)aniline (51 mg, 0.15
mmol) in dichloromethane (4 mL) was treated with
triphosgene (23 mg, 0.08 mmol) as a solution in
dichloromethane ( 1 mL). After the passage of 5
minutes, the appropriate nucleophile - in the case,
cyclopropylamine (104 mL, 10 equivalents, 1.5 mmol) -
was added to the 3-(6-(4-isocyanatophenyl)-l -methyl-
1Hpyrazolo[
3,4-d]pyrimidin-4-yl)-8-oxa-3-azabicyclo[3.2.1]octane
("isocyanate") mixture. The reaction mixture was
concentrated to dryness under reduced pressure. The
residue was purified by reverse-phase high performance
liquid chromatography using a Phenomenex Prodigy 2 1mm
x 250 mm column, running a gradient elution of 10 %
acetonitrile/90 % of 0.1 % aqueous trifluoroacetic
acid to 90 % acetonitrile to provide
l-cyclopropyl-3-{4-[l-methyl-
4-(8-oxa-3-azabicyclo[3.2. l]oct-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}urea. MS (ES+) :
420.2 (M + H)+ [00397] The following ureas and
carbamates were made via the addition of the
appropriate nucelophile to the isocyanate (0.15 mmol)
derived from 4-(4-(8-oxa-3-
azabicyclofS^.^octan-3-yl)-1-methyl-1H-pyrazolofS^-djp
yrimidin-6-yl)aniline, in accordance with the general
procedure described for the preparation of
l-cyclopropyl-3-{4-[lmethyl-4-(8-oxa-3-azabicyclo[3
.2.1 ]oct-3-yl)- 1H- pyrazolo[3,4-d]pyrimidin-6-
yl]phenyl}urea. (Schemes 1 and 2) 1-
[3-(dimethylamino)propyl] -3- {4-
[l-methyl-4-(8-oxa-3-azabicyclo [3.2. 1]oct-3- yl)-
1Hpyrazolo [3,4-d] pyrimidin-6-yl] phenyl} urea*TFA
[00398] Nucleophile added to isocyanate: L
-dimethylpropane-1,3-diamine (190 mL) MS (ES+) : 465.2
(M + H)+
l-{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4- d]pyrimidin-6- yl]phenyl}-3-phenylurea
[00399] Nucleophile added to isocyanate: aniline (137
mL) MS (ES+) : 456. 1 (M + H)+
l-{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4- d]pyrimidin-6-
yl]phenyl}-3-pyridin-4-ylurea*TFA [00400] Nucleophile
added to isocyanate: 4-aminopyridine (141 mg) MS (ES+)
: 457.0 (M + H)+ l-(2-fluor oethyl)-3- {4-
[l-methyl-4-(8-oxa-3-azabicyclo [3.2.1]oct-3-yl)- 1H-
pyrazolo [3,4- d]pyrimidin-6-yl]phenyl}urea [00401]
2-fluoroethylamine hydrochloride (0.15 g, 1.5 mmol)
was dissolved in 1M aqueous sodium hydroxide solution
( 1.5 mL). The solution of isocyanate was added to the
aqueous amine. The biphasic mixture was agitated on a
vortex and then the aqueous phase was decanted. The
organic layer was concentrated under reduced pressure
and purified as usual by reverse-phase high
performance liquid chromatography. MS (ES+) : 426.1 (M
+ H)+
l-(2-hydroxyethyl)-3-{4-[l-methyl-4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea[00402] Nucleophile
added to isocyanate: ethanolamine (91 mL) MS (ES+) :
424.2 (M + H)+
l-[2-(dimethylamino)ethyl]-3-{4-[l-methyl-4-(8-oxa-3-a
zabicyclo[3.2.1]oct-3-yl)- 1Hpyrazolo
[3,4-d]pyrimidin-6-yl] phenyl} urea*TFA [00403]
Nucleophile added to isocyanate: V,
-dimethylethane-1,2-diamine (165 mL) MS (ES+) : 451.2
(M + H)+
l-{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4- d]pyrimidin-6-
yl]phenyl}-3-pyridin-3-ylurea*TFA [00404] Nucleophile
added to isocyanate: 3-aminopyridine (141 mg) MS (ES+)
: 457.1 (M + H)+
l-methy]-3-{4-[l-methy]-4-(8-oxa-3-azabicyclo[3.2.1]oc
t-3-y])-1H-pyrazolo[3,4- d]pyrimidin-6-yl]phenyl}urea
[00405] Nucleophile added to isocyanate: 2 M
methylamine solution in tetrahydrofuran (750 mL) MS
(ES+) : 394.2 (M + H)+
l-ethyl-3-{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct
-3-yl)-1H-pyrazolo[3,4- d]pyrimidin-6-yl]phenyl}urea
[00406] Nucleophile added to isocyanate: 2 M
ethylamine solution in tetrahydrofuran (750 mL) MS
(ES+) : 408.2 (M + H)+ methyl
{4-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H-
pyrazolo[3,4- d]pyrimidin- 6-yl]phenyl}carbamate
[00407] Nucleophile added to isocyanate: methanol
(excess) MS (ES+) : 395.2 (M +
H)+3-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-6- yl] phenol (Scheme 28)
[00408] A mixture of
3-(6-chloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)
-8-oxa- 3-azabicyclo[3.2.1]octane (95 mg, 0.34 mmol),
3-hydroxyphenylboronic acid (70 mg, 0.51 mmol), and
tetrakis(triphenylphosphine)palladium(0) (39 mg, 10
mol %) in toluene/ethanol (1:1, 3 mL) and 2 M aqueous
sodium carbonate solution (2 mL) was heated in a Smith
process vial in the microwave reactor for one hour at
120 C. The cooled mixture was partitioned between
ethyl acetate and water. The aqueous phase was
acidified with 1M aqueous hydrochloric acid and then
extracted three times with ethyl acetate. The combined
extracts were washed successively with water,
saturated aqueous sodium hydrogen carbonate solution
and saturated aqueous sodium chloride solution. The
extracts were then dried over anhydrous magnesium
sulfate, filtered, and concentrated to dryness under
reduced pressure. The crude residue was purified via
reverse-phase high performance liquid chromatography
using a Phenomenex Prodigy 2 1 mm x 250 mm column,
running a gradient elution of 5 % acetonitrile/95 % of
0.1 % aqueous trifluoroacetic acid to 90 %
acetonitrile to provide, after concentration,
3-[l-methyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H-p
yrazolo[3,4- d]pyrimidin-6- yl]phenol. MS (ES : 338.0
(M + H)+
l-ethyl-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-
piperidin-4-yl-1H- pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea*TFA (Scheme 30) [00409] A
solution of tert-butyl
4-[6-{4-[(ethylcarbamoyl)amino]phenyl}-4-(8-oxa-3-
azabicyclo[3 .2. 1]oct-3-yl)- 1H-pyrazolo[3
,4-d]pyrimidin- 1-yl]piperidine-l -carboxylate (3 1
mg, 0.05 mmol) in dichloromethane (3 mL) was treated
with trifluoroacetic acid (0.3 mL). Evaporation of the
volatiles under reduced pressure gave the title
compound. MS (ES ) : 477.2 (M + H)+
l-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-piperidi
n-4-yl-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-phenylurea*TFA (Scheme
30)[00410] A solution of tert-butyl
4-[4-(8-oxa-3-azabicyclo[3.2. l]oct-3-yl)-6-{4-
[(phenylcarbamoyl)amino]phenyl} -1H-pyrazolo[3
,4-d]pyrimidin- 1-yl]piperidine- 1- carboxylate (33
mg, 0.05 mmol) in dichloromethane (3 mL) was treated
with trifluoroacetic acid (0.3 mL). Evaporation of the
volatiles under reduced pressure gave the title
compound. MS (ES+) : 525.2 (M + H)+ l-{4-
[l-benzyl-4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-1H-pyrazolo [3,4-d] pyrimidin-6-
yl]phenyl}-3-methylurea (Scheme 42) [00411]
4-(l-benzyl-4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1H
-pyrazolo[3,4- d]pyrimidin-6-yl)aniline was prepared
from 3-(l-benzyl-6-(4-nitrophenyl)-1H-pyrazolo[3,4-
d]pyrimidin-4-yl)-8-oxa-3-azabicyclo[3.2.1]octane,
which was prepared utilizing the same sequence of
steps that provided
4-[4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1-(2,2,2-tri
fluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]-phenylamine. In the
first step, however, 2,2,2- trifluoroethylhydrazine
was replaced by benzylhydrazine dihydrochloride. This
substitution necessitated the addition of two
equivalents of triethylamine to the reaction mixture.
[00412] A solution of
4-(l-benzyl-4-(8-oxa-3-azabicyclo[3.2.
l]octan-3-yl)-1Hpyrazolo[ 3,4-d]pyrimidin-6-yl)aniline
(22 mg, 0.05 mmol) in a mixture of dichloromethane (3
mL) and tetrahydrofuran (2 mL) was treated with
triphosgene (8 mg, 0.03 mmol) as a solution in
dichloromethane ( 1 mL). After the passage of 5
minutes, the appropriate nucleophile - in the case,
2.0 M methylamine solution in tetrahydrofuran ( 1 mL)
- was added to the 3-(lbenzyl-
6-(4-isocyanatophenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-y
l)-8-oxa-3- azabicyclo[3.2. l]octane ("isocyanate")
mixture. The reaction mixture was concentrated to
dryness under reduced pressure. The residue was
purified by reverse-phase high performance liquid
chromatography using a Phenomenex Prodigy 2 1 mm x 250
mm column, running a 



gradient elution of 5 % acetonitrile/95 % of 0.1 %
aqueous trifluoroacetic acid to 100 % acetonitrile to
provide
l-{4-[l-benzyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4- d]pyrimidin-6-yl]phenyl}-3-methylurea.
MS (ES+) : 470.0 (M + H)+[00413] The following ureas
and carbamates were made via the addition of the
appropriate nucelophile to the isocyanate (0.05 mmol)
derived from 4-(l-benzyl-4-(8-oxa-3-
azabicyclofS^.lloctan-3-yl)-1H-pyrazolo[3,4-d]pyrimidi
n-6-yl)anilme, in accordance with the general
procedure described for the preparation of
l-{4-[l-benzyl-4-(8-oxa-3-
azabicyclofS.l.lJoct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-ylJphenyl}-3-methylurea.
l-{4-[l-benzyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4- d]pyrimidin-6- yl]phenyl}-3-ethylurea
[00414] Nucleophile added to isocyanate: 2 M
ethylamine solution in tetrahydrofuran ( 1 mL) MS
(ES+) : 484.5 (M + H)+
l-{4-[l-benzyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4- d]pyrimidi p-6-
yl]phenyl}-3-pyridin-4-ylurea*TFA [00415] Nucleophile
added to isocyanate: 4-aminopyridine (100 mg) as a
solution in warm tetrahydrofuran (4 mL) MS (ES+) :
533.1 (M + H)+ methyl
{4-[l-tert-butyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)
-1H-pyrazolo[3,4- d]pyrimidin-6-yl]phenyl}carbamate
[00416]
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-tert-buty
l-1H-pyrazolo[3,4- d]pyrimidin-6-yl)aniline was
prepared from
3-(l-tert-butyl-6-(4-nitrophenyl)-1Hpyrazolo[
3,4-d]pyrimidin-4-yl)-8-oxa-3-azabicyclo[3.2.1]octane,
which was prepared utilizing the same sequence of
steps that provided
4-[4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-
l-(2,2,2-trifluoro-ethyl)-1H-pyrazolo[3,4-d]pyrimidin-
6-yl]-phenylamine. In the first step, however,
2,2,2-trifluoroethylhydrazine was replaced by
tert-butylhydrazine hydrochloride. This substitution
necessitated the addition of one equivalent of
triethylamine to the reaction mixture.[00417] A
solution of
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-tert-buty
l-1Hpyrazolo[ 3,4-d]pyrimidin-6-yl)aniline (65 mg,
0.17 mmol) in a mixture of dichloromethane (2 mL) and
tetrahydrofuran (2 mL) was treated with triphosgene
(26 mg, 0.09 mmol) as a solution in dichloromethane (
1 mL). After the passage of 10 minutes, the
appropriate nucleophile - in the case, methanol
(excess) - was added to the 3-(l-tert-butyl-6-(4-
isocyanatophenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-8-
oxa-3-azabicyclo[3.2.1]octane ("isocyanate") mixture.
The reaction mixture was concentrated to dryness under
reduced pressure. The residue was purified by
reverse-phase high performance liquid chromatography
using a Phenomenex Prodigy 2 1 mm x 250 mm column,
running a gradient elution of 5 % acetonitrile/95 % of
0.1 % aqueous trifluoroacetic acid to 100 %
acetonitrile to provide methyl
{4-[l-tert-butyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)
-1H-pyrazolo[3,4- djpyrimidin- 6-yl]phenyl} carbamate.
MS (ES+) : 437.2 (M + H)+ [00418] The following ureas
and carbamates were made via the addition of the
appropriate nucelophile to the isocyanate (0.17 mmol)
derived from 4-(4-(8-oxa-3- azabicyclo[3 .2.
1]octan-3-yl)- 1-tert-butyl- 1H-pyrazolo[3
,4-d]pyrimidin-6-yl)aniline, in accordance with the
general procedure described for the preparation of
methyl {4-[l-tertbutyM-^-
oxa-3-azabicyclo^^.lJoct-3-yl)-1H-pyrazoloP^-dJpyrimid
in-6- yl]phenyl} carbamate.
l-{4-[l-tert-butyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-y
l)-1H-pyrazolo[3,4- d]pyrimidin-6-
yl]phenyl}-3-methylurea [00419] Nucleophile added to
isocyanate: 2 M methylamine solution in
tetrahydrofuran (1.7 mL) MS (ES+) : 436.2 (M + H)+
2-hydroxyethyl
{4-[l-tert-butyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)
-1H- pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}carbamate[00420] Nucleophile
added to isocyanate: ethylene glycol (190 mL) MS (ES+)
: 467.2 (M + H)+
l-{4-[l-tert-butyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-y
l)-1H-pyrazolo[3,4- d]pyrimidi p-6-
yl]phenyl}-3-phenylurea [00421] Nucleophile added to
isocyanate: aniline (310 mL) MS (ES+) : 498.3 (M + H)+
l-{4-[l-tert-butyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-y
l)-1H-pyrazolo[3,4- d]pyrimidin-6-
yl]phenyl}-3-pyridin-3-ylurea*TFA [00422] Nucleophile
added to isocyanate: 3-aminopyridine (320 mg) MS (ES+)
: 499.2 (M + H)+
l-{4-[l-tert-butyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-y
l)-1H-pyrazolo[3,4- d]pyrimidin-6-
yl]phenyl}-3-pyridin-4-ylurea*TFA [00423] Nucleophile
added to isocyanate: 4-aminopyridine (320 mg) MS (ES+)
: 499.2 (M + H)+
l-{4-[l-tert-butyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-y
l)-1H-pyrazolo[3,4- d]pyrimidin-6-
yl]phenyl}-3-(2-fluoroethyl)urea [00424]
2-fluoroethylamine hydrochloride (340 mg) was
dissolved in 1M aqueous sodium hydroxide solution (3.4
mL). The solution of isocyanate was added to the
aqueous amine solution. The biphasic mixture was
agitated on a vortex and then was concentrated under
reduced pressure and purified as usual by
reverse-phase high performance liquid chromatography.
MS (ES+) : 468.2 (M + H)+
l-{4-[l-tert-butyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-y
l)-1H-pyrazolo[3,4- d]pyrimidin-6-
yl]phenyl}-3-cyclopropylurea[00425] Nucleophile added
to isocyanate: cyclopropylamine (236 mL) MS (ES+) :
462.3 (M + H)+
l-{4-[l-tert-butyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-y
l)-1H-pyrazolo[3,4- d]pyrimidi p-6-
yl]phenyl}-3-ethylurea [00426] Nucleophile added to
isocyanate: 2 M ethylamine solution in tetrahydrofuran
(1.7 mL) MS (ES+) : 450.3 (M + H)+
l-{4-[l-tert-butyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-y
l)-1H-pyrazolo[3,4- d]pyrimidin-6-
yl]phenyl}-3-(2-hydroxyethyl)urea [00427] Nucleophile
added to isocyanate: ethanolamine (205 mL) MS (ES+) :
466.2 (M + H)+
l_(4-(4-(3,7-(lioxa-9-azabicyc]o[3.3.1]nonan-9-yl)-1-(
2,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-methylurea (Scheme 43)
[00428]
4-(4-(3,7-Dioxa-9-azabicyclo[3.3.1]nonan-9-yl)-1-(2,2,
2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)aniline was prepared from
9-(6-(4-nitrophenyl)-l -(2,2,2- trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-4-yl)-3
,7-dioxa-9-azabicyclo[3 .3 .1jnonane according to the
method used for
4-[4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1-(2,2,2-tri
fluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]-phenylamine, except
in step 5, 3,7-dioxa-9- azabicyclo[3.3.1]nonane
formate replaced 8-oxa-3-aza-bicyclo[3.2.1]octane
hydrochloride. [00429] A solution of
4-(4-(3,7-dioxa-9-azabicyclo[3.3. l]nonan-9-yl)-l
-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)anili
ne (47 mg, 0.1 1 mmol) in dichloromethane (2 mL) was
treated triethylamine (140 mL), followed by
triphosgene (25 mg, 0.08 mmol) as a solution in
dichloromethane ( 1 mL). After the passage of 5
minutes, the appropriate nucleophile - in the case,
2.0 M methylamine solution in tetrahydrofuran (1.1 mL)
- was added to the
9-(6-(4-isocyanatophenyl)-1-(2,2,2-trifluoroethyl)-1H-
pyrazolo[3,4-d]pyrimidin-4-yl)-3,7-dioxa-9-azabicyclo[
3.3.1]nonane ("isocyanate") mixture. The reaction
mixture was concentrated to dryness under reduced
pressure. The residue was purified by reverse-phase
high performance liquid chromatography using a
Phenomenex Prodigy 2 1 mm x 250 mm column, running a
gradient elution of 10 % acetonitrile/90 % of 0.1 %
aqueous trifluoroacetic acid to 100 % acetonitrile to
provide l-(4-(4-(3,7-dioxa-9- azabicyclo[3 .3
.1]nonan-9-yl)- 1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6-
yl)phenyl)-3-methylurea. MS (ES+) : 478.3 (M + H)+
[00430] The following urea and carbamate were made via
the addition of the appropriate nucelophile to the
isocyanate (0.1 1mmol) derived from 4-(4-(3,7-dioxa-9-
azabicyclo[3 .3 .1]nonan-9-yl)-
1-(2,2,2-trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-6- yl)aniline, in accordance with the
general procedure described for the preparation of
l-(4-(4- (3,7-dioxa-9-azabicyclo[3 .3 .1]nonan-9-yl)-1
-(2,2,2-trifluoroethyl)- 1H-pyrazolo[3 ,4-
d]pyrimidin-6-yl)phenyl)-3-methylurea. 2-hydroxyethyl
4-(4-(3,7-dioxa-9-azabicyclo[3.3.1]nonan-9-yl)-1-(2,2,
2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)pheny]carbamate
[00431] Nucleophile added to isocyanate: ethylene
glycol (120 mL) MS (ES+) : 509.3 (M + H)+
l-(4-(4-(3,7-dioxa-9-azabicyclo[3.3.1]nonan-9-yl)-1-(2
,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(2-(dimethylamino)et
hoxy)phenyl)urea*TFA [00432] Nucleophile added to
isocyanate: 4-(2-(dimethylamino)ethoxy)aniline (40 mg)
as a solution in dichloromethane ( 1 mL) MS (ES+) :
627.5 (M + H)+ l-(4-(4-(3-o
ca-9-azabicyclo[3.3.1]nonan-9-yl)-1-(2,2,2-trifluoroet
hyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-methylurea[00433]
4-(4-(3-oxa-9-azabicyclo[3.3.1]nonan-9-yl)-1-(2,2,2-tr
ifluoroethyl)-1Hpyrazolo[ 3,4-d]pyrimidin-6-yl)aniline
was prepared from 9-(6-(4-nitrophenyl)-l -(2,2,2-
trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-4-yl)-3-oxa-9-azabicyclo[3 .3 .1Jnonane
according to the method used for
4-[4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1-(2,2,2-tri
fluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]-phenylamine, except
in step 5, 3-oxa-9- azabicyclo[3.3.1]nonane
hydrochloride replaced
8-oxa-3-aza-bicyclo[3.2.1]octane hydrochloride.
[00434] A solution of 4-(4-(3-oxa-9-azabicyclo[3. 3.1
]nonan-9-yl)-l -(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)anili
ne (50 mg, 0.12 mmol) in dichloromethane (3 mL) was
treated triethylamine (160 mL), followed by
triphosgene (27 mg, 0.09 mmol) as a solution in
dichloromethane ( 1 mL). After the passage of 5
minutes, the appropriate nucleophile - in the case,
2.0 M methylamine solution in tetrahydrofuran (1.2 mL)
- was added to the 9-(6-(4-isocyanatophenyl)-l
-(2,2,2-trifluoroethyl)- 1H-pyrazolo[3,4-
d]pyrimidin-4-yl)-3-oxa-9-azabicyclo[3 .3 .1]nonane
("isocyanate") mixture. The reaction mixture was
concentrated to dryness under reduced pressure. The
residue was purified by reverse-phase high performance
liquid chromatography using a Phenomenex Prodigy 2 1
mm x 250 mm column, running a gradient elution of 10 %
acetonitrile/90 % of 0.1 % aqueous trifluoroacetic
acid to 100 % acetonitrile to provide
l-(4-(4-(3-oxa-9-azabicyclo[3.3.1]nonan- 9-yl)-
1-(2,2,2-trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-6-yl)phenyl)-3-methylurea. MS (ES+) :
476.3 (M + H)+ [00435] The following urea and
carbamate were made via the addition of the
appropriate nucelophile to the isocyanate (0.12 mmol)
derived from 4-(4-(3-oxa-9- azabicyclo[3 .3
.1]nonan-9-yl)- 1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6- yl)aniline, in
accordance with the general procedure described for
the preparation of l-(4-(4- (3-oxa-9-azabicyclo[3 .3
.1]nonan-9-yl)- 1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-
6-yl)phenyl)-3-methylurea.2-hydroxyethyl
4-(4-(3-oxa-9-azabicyclo[3.3.1]nonan-9-yl)-1-(2,2,2-tr
ifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenylcarbamate [00436]
Nucleophile added to isocyanate: ethylene glycol (140
mL) MS (ES+) : 507.3 (M + H)+
l_(4_(4-(3_oca-9-azabicyclo[3.3.1]nonan-9-yl)-1-(2,2,2
-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(2-(dimethylamino)ethoxy
)phenyl)urea"TFA [00437] Nucleophile added to
isocyanate: 4-(2-(dimethylamino)ethoxy)aniline (43 mg)
as a solution in dichloromethane ( 1 niL) MS (ES+) :
625.4 (M + H)+
l-(4-(4-(2-oxa-5-azabicyclo[2.2.2]octan-5-yl)-1-(2,2,2
-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-methylurea 



[00438]
4-(4-(2-oxa-5-azabicyclo[2.2.2]octan-5-yl)-1-(2,2,2-tr
ifluoroethyl)-1Hpyrazolo[ 3,4-d]pyrimidin-6-yl)aniline
was prepared from 5-(6-(4-nitrophenyl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-2-ox
a-5-azabicyclo[2.2.2]octane according to the method
used for
4-[4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1-(2,2,2-tri
fluoro-ethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]-phenylamine, except in step 5,
2-oxa-5- azabicyclo[2.2.2]octane hydrochloride
replaced 8-oxa-3-aza-bicyclo[3.2.1]octane
hydrochloride. [00439] A solution of
4-(4-(2-oxa-5-azabicyclo[2.2.2]octan-5-yl)-l -(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)anili
ne (50 mg, 0.12 mmol) in dichloromethane (2.5 rnL) was
treated triethylamine (160 mL), followed by
triphosgene (27 mg, 0.09 mmol) as a solution in
dichloromethane ( 1 mL). After the passage of 5
minutes, the appropriate nucleophile - in the case,
2.0 M methylamine solution in tetrahydrofuran (1.2 mL)
- was added to the
5-(6-(4-isocyanatophenyl)-1-(2,2,2-trifluoroethyl)-1H-
pyrazolo[3,4-
d]pyrimidin-4-yl)-2-oxa-5-azabicyclo[2.2.2]octane
("isocyanate") mixture. The reaction mixture was
concentrated to dryness under reduced pressure. The
residue was purified byreverse-phase high performance
liquid chromatography using a Phenomenex Prodigy 2 1
mm x 250 mm column, running a gradient elution of 10 %
acetonitrile/90 % of 0.1 % aqueous trifluoroacetic
acid to 100 % acetonitrile to provide
l-(4-(4-(2-oxa-5-azabicyclo[2.2.2]octan-
5-yl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrim
idin-6-yl)phenyl)-3-methylurea. MS (ES+) : 462.3 (M +
H)+ [00440] The following urea and carbamate were made
via the addition of the appropriate nucelophile to the
isocyanate (0.12 mmol) derived from 4-(4-(2-oxa-5-
azabicyclo[2.2.2]octan-5-yl)-1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6- yl)aniline, in
accordance with the general procedure described for
the preparation of l-(4-(4-
(2-oxa-5-azabicyclo[2.2.2]octan-5-yl)-1-(2,2,2-trifluo
roethyl)-1H-pyrazolo[3,4-d]pyrimidin-
6-yl)phenyl)-3-methylurea. 2-hydroxyethyl
4-(4-(2-oxa-5-azabicyclo[2.2.2]octan-5-yl)-1-(2,2,2-tr
ifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenylcarbamate [00441]
Nucleophile added to isocyanate: ethylene glycol (140
mL) MS (ES+) : 493.3 (M + H)+
l-(4-(4-(2-oxa-5-azabicyclo[2.2.2]octan-5-yl)-1-(2,2,2
-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(2-(dimethylamino)ethoxy
)phenyl) iirea*TFA [00442] Nucleophile added to
isocyanate: 4-(2-(dimethylamino)ethoxy)aniline (43 mg)
as a solution in dichloromethane ( 1 mL) MS (ES+) : 6
11.3 (M + H)+ tert-butyl
9-(6-(4-(3-methylureido)phenyl)-1-(2,2,2-trifluoroethy
l)-1H-pyrazolo[3,4-
d]pyrimidin-4-yl)-3-oxa-7,9-diazabicyclo[3.3.1]nonane-
7-carboxylate [00443] tert-butyl
9-(6-(4-aminophenyl)-1-(2,2,2-trifiuoroethyl)-1H-pyraz
olo[3,4- dJpyrimidin^-yrj-3-oxa-T^-diazabicyclo
J.lJnonane-y-carboxylate was prepared from tertbutyl
9-(6-(4-nitrophenyl)- 1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3
,4-d]pyrimidin-4-yl)-3-oxa7,9-diazabicyclo[3.3.1]nonan
e-7-carboxylate according to the method used for
4-[4-(8-oxa-3- aza-bicyclo[3 .2. 1]oct-3-yl)-
1-(2,2,2-trifluoro-ethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-6-yl]- phenylamine, except in step 5,
tert-butyl
S-oxa^^-diazabicyclopj.ljnonane^-carboxylate replaced
8-oxa-3-aza-bicyclo[3.2.1]octane hydrochloride.
[00444] A solution of tert-butyl 9-(6-(4-aminophenyl)-
1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-4-yl)-3-oxa-7,9-diazabicyclo[3.3.
l]nonane-7-carboxylate (230 mg, 0.45 mmol) in
dichloromethane (6 mL) was treated triethylamine (520
mL), followed by triphosgene (90 mg, 0.30 mmol) as a
solution in dichloromethane (2 mL). After the passage
of 5 minutes, the appropriate nucleophile - in the
case, 2.0 M methylamine solution in tetrahydrofuran (4
mL) - was added to tert-butyl
9-(6-(4-isocyanatophenyl)-l -(2,2,2- trifluoroethyl)-
1H-pyrazolo[3
,4-d]pyrimidin-4-yl)-3-oxa-7,9-diazabicyclo[3 .3
.1]nonane-7- carboxylate ("isocyanate") mixture. The
reaction mixture was concentrated to dryness under
reduced pressure. The residue was purified by
reverse-phase high performance liquid chromatography
using a Phenomenex Prodigy 2 1 mm x 250 mm column,
running a gradient elution of 10 % acetonitrile/90 %
of 0.1 % aqueous trifluoroacetic acid to 100 %
acetonitrile to provide tert-butyl
9-(6-(4-(3-methylureido)phenyl)-l
-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-4-yl)-3-oxa-7,9-diazabicyclo[3.3.1]non
ane-7-carboxylate. MS (ES+) : 577.2 (M + H)+ [00445]
The following urea and carbamate were made via the
addition of the appropriate nucelophile to the
isocyanate (0.45 mmol) derived from tert-butyl
9-(6-(4-
aminophenyl)-1-(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-
d]pyrimidin-4-yl)-3-oxa-7,9-
diazabicyclo[3.3.1]nonane-7-carboxylate, in accordance
with the general procedure described for the
preparation of tert-butyl
9-(6-(4-(3-methylureido)phenyl)-l
-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-4-yl)-3-oxa-7,9-diazabicyclo[3.3.1]non
ane-7-carboxylate.tert-butyl
9-(6-(4-((2-hydroxyethoxy)carbonylamino)phenyl)-1-(2,2
,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-4-yl)-3-oxa-7,9-diazabicyclo[3.3.1]non
ane-7-carboxylate [00446] Nucleophile added to
isocyanate: ethylene glycol (450 mL) MS (ES+) : 608.2
(M + H)+ tert-butyl
9-(6-(4-(3-(4-(2-(dimethylamino)ethoxy)phenyl)ureido)p
henyl)-1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-3-ox
a-7,9-diazabicyclo[3.3.1]nonane- 7-carboxylate"TFA
[00447] Nucleophile added to isocyanate:
4-(2-(dimethylamino)ethoxy)aniline (140 mg) as a
solution in dichloromethane (1.5 mL) MS (ES+) : 726.3
(M + H)+
l-(4-(4-(3-oxa-7,9-diazabicyclo[3.3.1]nonan-9-yl)-1-(2
,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(2-(dimethylamino)et
hoxy)phenyl)urea*2 TFA (Scheme 43) [00448] A solution
of tert-butyl 9-(6-(4-(3-(4-(2-
(dimethylamino)ethoxy)phenyl)ureido)phenyl)-
1-(2,2,2-trifluoroethyl)- 1H-pyrazolo[3 ,4-
d]pyrimidin-4-yl)-3-oxa-7,9-diazabicyclo[3.3.1]nonane-
7-carboxylate"TFA (174 mg) in dichloromethane (5 mL)
was treated with trifluoroacetic acid ( 1 mL). After
concentration, the residue was purified by
reverse-phase high performance liquid chromatography
to provide, after concentration, the title compound.
MS (ES+) : 626.3 (M + H)+
l-(4-(4-(3-oxa-7,9-diazabicyclo[3.3.1]nonan-9-yl)-1-(2
,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-methylurea"TFA [00449]
A solution of tert-butyl
9-(6-(4-(3-methylureido)phenyl)-1-(2,2,2-
trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-4-yl)-3-oxa-7,9-diazabicyclo[3 .3
.1]nonane-7- carboxylate (65 mg) in dichloromethane (5
mL) was treated with trifluoroacetic acid ( 1 mL).
After concentration, the residue was purified by
reverse-phase high performance liquidchromatography to
provide, after concentration, the title compound. MS
(ES+) : 477.4 (M + H)+ 2-hydroxyethyl
4-(4-(3-oxa-7,9-diazabicyclo[3.3.1]nonan-9-yl)-1-(2,2,
2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenylcarbamate*TFA
[00450] A solution of tert-butyl 9-(6-(4-((2
-hydroxyethoxy)carbonylamino)phenyl)- 1-
(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidm-4-yl
)-3-oxa-7,9- diazabicyclo[3.3.1]nonane-7-carboxylate
(68 mg) in dichloromethane (5 mL) was treated with
trifluoroacetic acid ( 1 mL). After concentration, the
residue was purified by reverse-phase high performance
liquid chromatography to provide, after concentration,
the title compound. MS (ES+) : 508.1 (M + H)+
Preparation of methyl
{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(4-oxocycl
ohexyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate (Scheme 36)
[00451] Methyl
{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabicy
clo[3 .2. l]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}carbamate
(0.2 g, 0.38 mmol) was dissolved in cone. HCl (2.0 mL)
and stirred at room temperature for 1 hr. The reaction
was cooled in an ice bath and basified with ION.
sodium hydroxide to precipitate a white solid. The
solid was filtered and washed with water and purified
by Gilson HPLC to give the desired product (93 mg) MS
m/z = 477 (M+H). Preparation of methyl
{4-[l-(4-hydroxycyclohexyl)-4-(8-oxa-3-azabicyclo[3.2.
1]oct-3-yl)- 1H-
pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}carbamate (Scheme
36) [00452] To a solution of methyl
{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(4-
oxocyclohexyl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl]phenyl} carbamate (63
mg) (0.13 mmol) in THF (2.0 mL) was added an excess of
sodium borohydride. The mixture was stirred for 1 hr.
at 50 C. The reaction was then cooled and quenched
with water and extracted three times with EtOAc.
Organics were dried (MgSO4) and concentrated in vacuo.
The resulting oil wastriturated with diethyl ether to
give a white solid. The solid was filtered and washed
the diethyl ether to give (44 mg) MS m/z = 479.2
(M+H). [00453] The following compounds were
synthesized using the above procedures (Scheme 36)
2-hydroxyethyl
{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1-(4-oxocycl
ohexyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate MS m/z = 507.2
(M+H) 2-hydroxyethyl
{4-[l-(4-hydroxycyclohexyl)-4-(8-oxa-3-azabicyclo[3.2.
1]oct-3- yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate MS m/z = 509.2
(M+H)
l-[4-(4-methylpiperazin-1-yl)phenyl]-3-{4-[4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1-(4-
oxocyclohexyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl
}urea MS m/z = 636 (M+H)
l-{4-[l-(trans-4-hydroxycyclohexyl)-4-(8-oxa-3-azabicy
clo[3.2.1]oct-3-yl)-1Hpyrazolo [3,4-d]pyrimidin-6-yl]
phenyl}-3- [4-(4-methylpiperazin- l-yl)phenyl] urea
[00454] Used lithium aluminum hydride in place of
sodium borohydride. MS m/z = 638 (M+H)
l-{4-[l-(cis-4-hydroxycyclohexyl)-4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)-1Hpyrazolo [3,4-d]pyrimidin-6-yl]
phenyl}-3- [4-(4-methylpiperazin- l-yl)phenyl] urea
[00455] Used L-selectride hydride in place of sodium
borohydride. MS m/z = 638 (M+H)
l-cyclopropyl-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-
yl)-1-(4-oxocyclohexyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea MS m/z = 502 (M+H)
l-cyclopropyl-3-{4-[l-(trans-4-hydroxycyclohexyl)-4-(8
-oxa-3- azabicyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny]}urea[00456]
Used lithium aluminum hydride in place of sodium
borohydride MS m/z = 504 (M+H)
l-cyclopropyl-3-{4-[l-(cis-4-hydroxycyclohexyl)-4-(8-o
xa-3-azabicyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny]}urea [00457]
Used L-selectride hydride in place of sodium
borohydride. MS m/z = 504 (M+H) [00458]
l-{4-[l-(cis-4-hydroxycyclohexyl)-4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-methylurea Used
L-selectride hydride in place of sodium borohydride.
MS m/z = 478 (M+H) [00459] 1- {4-[
1-(trans-4-hydroxycyclohexyl)-4-(8-oxa-3-azabicyclo[3
.2.1 ]oct-3-yl)- 1H-
pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}-3-methylurea
Used lithium aluminum hydride in place of sodium
borohydride (MS m/z = 478 (M+H) Preparation of
l-{4-[l-(4,4-dimethoxycyclohexyl)-4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)- 1H-
pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}-3-methylurea
(Scheme 36) [00460] To a solution of
l-methyl-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
-(4- oxocyclohexyl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}urea (80 mg)
(0.17 mmol) in DCM (2.0 mL) was added
trimethylorthoformate and methanol in excess and a
catalytic amount of p-toluene sulfonic acid along with
molecular sieves and stirred at room temperature
overnight. The added water and extracted 3 times with
EtOAc. The organics were dried (MgSO4) and filtered
off through a pad of Magnesol and concentrated in
vacuo to afford a 



solid. The solid was triturated with diethyl ether to
give a white solid that was filtered and washed with
diethyl ether to give (54 mg) MS m/z = 476.2 (M+H).
[00461] The following compounds were synthesized using
the above procedures (Scheme
36)l-{4-[l-(1,5-dioxaspiro[5.5]undec-9-yl)-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-methylurea [00462] The
following reagents were used: tripropyl orthoformate
and 1,3- propanediol. MS m/z = 534 (M+H)
l-{4-[l-(3,3-dimethyl-1,5-dioxaspiro[5.5]undec-9-yl)-4
-(8-oxa-3- azabicyclo[3.2.1]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny]}-3-methylu
rea [00463] The following reagents were used:
2,2-dimethyl, 1,3-propanediol in refluxing toluene MS
m/z = 531.3 (M+H) Preparation of
l-methyl-3-(4-{l-[4-(4-methylpiperazin-1-yl)cyclohexyl
]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-yl}phenyl)urea (Scheme 36) [00464] To a solution of
l-methyl-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1
-(4- oxocyclohexyl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}urea (65 mg) in
DCE (2.0 mL) was added excess N-methylpiperizine,
acetic acid (0.012 mL) and excess sodium
triacetoxyborohydride. The mixture was stirred at room
temperature overnight. The reaction was quenched with
water and the organics were separated and concentrated
under nitrogen and purified by Gilson HPLC to give the
desired product (56 mg) MS m/z = 560.3 (M+H). [00465]
The following compounds were synthesized using the
above procedures (Scheme 36)
l-(4-{l-[4-(4-methylpiperazin-1-yl)cyclohexyl]-4-(8-ox
a-3-azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)-3-pyridin-3-ylurea MS m/z
= 623.3 (M+H)
[00466]l-methy]-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-
3-yl)-l-(4-pyrrolidin-l- ylcyclohexyl)-lHpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea Used excess
pyrrolidine MS m/z = 531.3 (M+H)
l-(4-{l-[4-(2,2-dimethylhydrazino)cyclohexyl]-4-(8-oxa
-3-azabicyclo[3.2.1]oct-3-
yl)-lH-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)-3-methylu
rea [00467] Used excess N,N-dimethylhydrazine MS m/z =
520.3 (M+H)
l-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-l-(4-pyrro
lidin-l-ylcyclohexyl)-lHpyrazolo [3,4-d]
pyrimidin-6-yl] phenyl}-3-pyridin-3-ylurea [00468]
Used excess pyrrolidine MS m/z = 594.3 (M+H)
l-{4-[l-{4-[(2-hydroxyethyl)amino]cyclohexyl}-4-(8-oxa
-3-azabicyclo[3.2.1]oct-3-
yl)-lH-pyrazolo[3,4-d]pyrimidin-6-yl]pheny]}-3-methylu
rea [00469] Used excess ethanolamine MS m/z = 521 .3
(M+H) [00470] The following compounds were synthesized
using the above procedures (Scheme 38)
l-cyclopropyl-3-(4-{l-[4-(4-methy]piperazin-l-yl)cyclo
hexyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-lH-pyrazolo[3,4-d]pyrimidin
-6-yl}phenyl)urea MS m/z = 586.4 (M+H)
1-(2-fluoroethyl)-3-(4-{l-[4-(4-methylpiperazin-l-yl)c
yclohexyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-lH-pyrazolo[3,4-d]pyrimidin
-6-yl}phenyl)ureaMS m/z = 592.3 (M+H) 2-hydroxyethyl
(4- {1- [4-(4-methylpiperazin- l-yl)cyclohexyl]
-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-yl}phenyl)carbamate MS m/z = 591.3 (M+H)
l-(4-{l-[4-(4-methylpiperazin-1-yl)cydohexyl]-4-(8-oxa
-3-azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl}phenyl)-3-phenylurea MS m/z =
622.4 (M+H)
l-ethyl-3-(4-{l-[4-(4-methylpiperazin-1-yl)cyclohexyl]
-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl}phenyl)urea MS
m/z = 574.4 (M+H) Preparation of
6-chloro-1-(4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)- 1H- pyrazolo[3,4-d]pyrimidine
(Scheme 39) [00471] To a solution of
4-[6-chloro-4-(8-oxa-3-azabicyclo[3.2.
l]oct-3-yl)-1Hpyrazolo[ 3,4-d]pyrimidin-1-
yl]cyclohexanol (2.5 g) in THF (21 niL) was added
excess of sodium hydride and excess of iodomethane and
heated the mixture at 40 C for 4 hr. The reaction was
cooled and quenched with water and then extracted
three times with EtOAc. Organics were dried (MgSO4)
and filtered off through a pad of Magnesol and
concentrated in vacuo to afford a solid that was
triturated with diethyl ether. The solid was filtered
and washed the diethyl ether to give (1.8 g) MS m/z =
378 (M+H). The following compounds were synthesized
using the above procedures (Scheme 39) [00472]
l-{4-[l-(4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo[3.
2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-[4-(4-methylpiperazin-1
-yl)phenyl]urea [00473] MS m/z = 652.4 (M+H)[00474]
2-hydroxyethyl
{4-[l-(4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo[3.2.
1]oct- 3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}carbamate
[00475] MS m/z = 523.3 (M+H) [00476] 1- {4-[
1-(cis-4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo[3
.2. 1]oct-3-yl)-1Hpyrazolo[ 3
,4-d]pyrimidin-6-yl]phenyl} -3-methylurea [00477] MS
m/z = 492.2 (M+H) [00478]
l-{4-[l-(4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo[3.
2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-[6-(4-methylpiperazin-1
-yl)pyridin-3- yl]urea [00479] MS m/z = 653.4 (M+H)
[00480]
4-[({4-[l-(4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo[
3.2.1]oct-3-yl)-1H- [00481] pyrazolo[3
,4-d]pyrimidin-6-yl]phenyl}
carbamoyl)amino]-N-pyrrolidin- 1- ylbenzamide [00482]
MS m/z = 666.3 (M+H) [00483]
l-[4-(hydroxymethyl)phenyl]-3-{4-[l-(4-methoxycyclohex
yl)-4-(8-oxa-3- [00484]
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-yllphenyl}urea [00485] MS m/z = 584.3 (M+H) [00486]
l-cyclopropyl-3-{4-[l-(4-methoxycyclohexyl)-4-(8-oxa-3
- azabicyclo[3.2.1]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-ylJphenyllurea[00487
] MS m/z = 518.3 (M+H) [00488] 1- {4-[
1-(4-methoxycyclohexyl)-4-(8-oxa-3 -azabicyclo[3 .2.1
]oct-3-yl)- 1Hpyrazolo[ 3 ,4-d]pyrimidin-6-yl]phenyl}
-3-methylurea [00489] MS m/z = 492 (M+H) [00490] 1-
{4-[ 1-(4-methoxycyclohexyl)-4-(8-oxa-3 -azabicyclo[3
.2.1 ]oct-3-yl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea
[00491] MS m/z = 555.3 (M+H) [00492]
l-cyclopropyl-3-{4-[l-(trans-4-methoxycyclohexyl)-4-(8
-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-lH-pyrazolo[3,4-d]pyrimidin
-6-yllphenyl}urea [00493] MS m/z = 518 (M+H) [00494]
1- {4-[ 1-(4-methoxycyclohexyl)-4-(8-oxa-3
-azabicyclo[3 .2.1 ]oct-3-yl)- 1H- [00495]
pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}-3-(4-piperazin-l
-ylphenyl)urea [00496] MS m/z = 638.3 (M+H) [00497] 1-
{4-[ 1-(4-methoxycyclohexyl)-4-(8-oxa-3 -azabicyclo[3
.2.1 ]oct-3-yl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-pyridin-3-ylurea
[00498] MS m/z = 555 (M+H) [00499]
1-{4-[2-(dimethylamino)ethoxy]phenyl} -3- {4-[
1-(4-methoxycyclohexyl)-4-(8-
oxa-3-azabicyclo[3.2.1]oct-3-yl)-lH-pyrazolo[3,4-d]pyr
imidin-6-yl]phenyl}urea[00500] MS m/z = 64 1 (M+H)
[00501] [00502] 1- {4-[
1-(trans-4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo[3
.2.1 ]oct-3-yl)- 1H- pyrazolo[3
,4-d]pyrimidin-6-yl]phenyl} -3-methylurea [00503] MS
m/z = 492 (M+H) [00504]
l-ethyl-3-{4-[l-(4-methoxycyclohexyl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)- 1H-
pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}urea [00505] MS
m/z = 506.3 (M+H) [00506]
4-[({4-[l-(4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo[
3.2.1]oct-3-yl)-1H- [00507]
pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}carbamoyl)amino]b
enzamide [00508] MS m/z = 597.3 (M+H) [00509] 1- {4-[
1-(trans-4-methoxycyclohexyl)-4-(8-oxa-3-azabicyclo[3
.2.1 ]oct-3-yl)- 1H- [00510]
pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}
-3-[4-(4-methylpiperazin- 1- yl)phenyl]urea [00511] MS
m/z = 652.3 (M+H) [00512]
l-cyclopropyl-3-{4-[l-(cis-4-methoxycyclohexyl)-4-(8-o
xa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidm-
6-ylJphenyl}urea[00513] MS m/z = 5 18.3 (M+H) [00514]
l-{4-[l-(cis-4-methoxycyclohexyl)-4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)-1H- [00515]
pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}
-3-[4-(4-methylpiperazin- 1- yl)phenyl]urea [00516] MS
M/Z = 652 (M+H) [00517] 1-cyclopropyl-3- {4-[
1-(4-ethoxycyclohexyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]oct- 3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}urea MS
m/z = 532 (M+H) [00518]
l-cyclopropyl-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-
yl)-1-(4-
propoxycyclohexyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]ph
enyl}urea MS m/z = 546 (M+H) [00519]
l-{4-[l-(4-ethoxycyclohexyl)-4-(8-oxa-3-azabicyclo[3.2
.1]oct-3-yl)-1H- [00520]
pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}
-3-[4-(4-methylpiperazin- 1- yl)phenyl]urea MS m/z =
666 (M+H) [00521]
l-[4-(4-methylpiperazin-1-yl)phenyl]-3-{4-[4-(8-oxa-3-
azabicyclo[3.2.1]oct-3- [00522]
yl)-1-(4-propoxycyclohexyl)-1H-pyrazolo[3,4-d]pyrimidi
n-6-yl]phenyl}urea MS m/z = 680 (M+H) Preparation of
3-bromo-1-ethyl-6-(4-nitrophenyl)-4-(8-oxa-3-azabicycl
o[3.2.1]oct-3-yl)- 1H- pyrazolo[3,4-d]pyrimidine
(Scheme 40) [00523] To a solution of
l-ethyl-6-(4-nitrophenyl)-4-(8-oxa-3-azabicyclo[3.2.
l]oct-3- yl)-1H-pyrazolo[3,4- d]pyrimidine (7.9
g)(20.8 mmol) in DMF (140 mL) was added
Nbromosuccinimide (18.5 g) and heated to 85 C for 24
hr. The reaction was cooled and poured into water (1.0
L) to precipitate tan solids. The solids were filtered
off and washed with water. The crude solid was
purified by silica gel chromatography (EtOAc/Hexanes)
to give 2.8 g of a yellow solid. MS m/z = 459.2 (M+H)
Preparation of
l-ethyl-6-(4-nitrophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]
oct-3-yl)-3- pyrrolidin-1-
yl-1H-pyrazolo[3,4-d]pyrimidine (Scheme 40) [00524] To
a solution of
3-bromo-1-ethyl-6-(4-nitrophenyl)-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-
pyrazolo[3,4-d]pyrimidine (100 mg)(0.21 mmol) in
toluene (2.0 mL) was added Pd(dba)3 (20 mg)(10 mol%),
Binap (80 mg) (30 mol%), sodium tert butoxide (82 mg)
and excess pyrrolidine. The mixture was purged under
nitrogen for 5 minutes and then heated to 65 C
overnight. Concentrated in vacuo to give an oil that
was purified by silica gel chromatography
(EtOAc/Hexanes) to afford 35 mg of the desired product
as a yellow oil. MS m/z = 450 (M+H) Preparation of
l-ethyl-6-(4-nitrophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]
oct-3-yl)-3-pyridin- 3-yl-
1H-pyrazolo[3,4-d]pyrimidine (Scheme 40) [00525] To a
solution of
3-bromo-1-ethyl-6-(4-nitrophenyl)-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-
pyrazolo[3,4-d]pyrimidine (100 mg)(0.21 mmol) in 



toluene/EtOH (1:1) (2.0 mL) was added Pd(PPh3)4 (12
mg) (10 mol %), aqueous sodium bicarbonate solution
(2.0 M) (0.135 mL) and 3-pyridine boronic acid (32 mg)
(0.26 mmol). The reaction was heated in the microwave
for 20 minutes at 140 C. The reaction was cooled and
added water and then extracted three times with EtOAc.
Organics were dried (MgSO4) and filtered off through a
pad of Magnesol and concentrated in vacuo to give a
yellow oil 100 mg. MS m/z = 458 (M+H) Preparation of
4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-y])-3-pyr
idin-3-yl-1Hpyrazolo[ 3,4- d]pyrimidin-6-yl] aniline
(Scheme 40)[00526] To a solution of
l-ethyl-6-(4-nitrophenyl)-4-(8-oxa-3-azabicyclo[3.2.
l]oct-3- yl)-3-pyridin-3-yl-
1H-pyrazolo[3,4-d]pyrimidine (100 mg) (0.22 mmol) in
EtOH (1.2 mL), water (0.6 mL) was added iron powder
(36 mg) and ammonium chloride (100 mg). The mixture
was heated to reflux for 2 h. Then the reaction was
filtered through C6 lite while still warm, then
extracted three times with EtOAc. The organics were
dried (MgSO4) and filtered off through a pad of
Magnesol and concentrated in vacuo to give a yellow
solid that was collected with diethyl ether to give 88
mg. MS m/z = 428 (M+H) The following compounds were
synthesized using the above procedures (Scheme40)
[00527] 1- {4-[ 1-ethyl-3-(4-methylpiperazin-
1-yl)-4-(8-oxa-3-azabicyclo[3 .2.1 ]oct-3- yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}-3-methylurea
MS m/z = 506.3 (M+H) [00528]
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-3-
pyridin-3-yl-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-methylurea MS m/z =
485.2 (M+H) [00529] 1- {4-[
1-ethyl-4-(8-oxa-3-azabicyclo[3 .2.1
]oct-3-yl)-3-pyrrolidin- 1-yl- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-pyridin-3-ylurea MS m/z
= 540 (M+H) [00530]
l-{4-[3-bromo-1-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-
3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea MS m/z = 487
(M+H) [00531] 1- {4-[ 1-ethyl-4-(8-oxa-3-azabicyclo[3
.2.1 ]oct-3-yl)-3-pyrrolidin- 1-yl- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-methylurea MS m/z =
477.3 (M+H) [00532]
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-3-
vinyl-1H-pyrazolo[3,4-
d]pyrimidm-6-yl]phenyl}-3-methylurea MS m/z = 477.3
(M+H) Preparation of
l-{4-[3-(1,2-dihydroxyethyl)-1-ethyl-4-(8-oxa-3-azabic
yclo[3.2.1]oct-3-yl)- 1H-
pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}-3-methylurea
(Scheme 40)[00533] To a solution of
l-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.
l]oct-3-yl)-3-vinyl- 1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea (200 mg) (0.46
mmol) in tertbutanol : water (1:1) (8.0 mL) was added
AD mix b (2.0 g) and methanesulfonamide (400 mg). The
mixture was stirred overnight. To the reaction was
added 10% Na SCh solution and extracted three times
with EtOAc. Organics were dried (MgSO4) and filtered
off and then concentrated in vacuo to give a white
solid 178 mg. MS m/z = 468.2 (M+H) Preparation of
l-{4-[l-ethyl-3-formyl-4-(8-oxa-3-azabicyclo[3.2.1]oct
-3-yl)-1Hpyrazolo[ 3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea (Scheme 40)
[00534] To a solution of
l-{4-[3-(1,2-dihydroxyethyl)-1-ethyl-4-(8-oxa-3-
azabicyclo[3 .2. 1]oct-3-yl)- 1H- pyrazolo[3
,4-d]pyrimidin-6-yl]phenyl} -3-methylurea (158 mg)
(0.34mmol) in DCM:THF (2:1) (6.0 mL) was added excess
sodium NaIO on silica gel and the mixture was stirred
for 1 hr. at room temperature. The insoluble material
was filtered off and the organics were dried (Na SO )
and filtered off through Magnesol and then
concentrated in vacuo to give a white solid that was
collected with diethyl ether to give 110 mg. MS m/z =
436.2.2 (M+H). Preparation of
l-(4-{l-ethyl-3-[(4-methylpiperazin-1-yl)methyl]-4-(8-
oxa-3-
azabicyclo[3.2.1]oct-3-yty-1H-pyrazolo[3,4-d]pyrimidin
-6-yl}phenyl)^- Methylurea (Scheme 40) [00535] To a
solution of
l-{4-[l-ethyl-3-formyl-4-(8-oxa-3-azabicyclo[3.2.1]oct
-3-yl> 1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea (50 mg) (0.115
mmol) in DCE (2.0 mL) and excess N-methyl piperidine
was added sodium triacetoxyborohydride (36 mg) (0.17
mmol) and stirred for 2 hr. at room temperature. The
reaction was treated with aqueous sodium bicarbonate,
the organics were separated and concentrated under
nitrogen and then purified by Gilson HPLC to give 47
mg of desired product. MS m/z = 520.3 (M+H) The
following compounds were synthesized using the above
procedures (Scheme 40)[00536] 1- {4-[
1-ethyl-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)-3-(pyrtolidin- 1-ylmethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}-3-methylurea
MS m/z = 491.3 (M+H) The following compounds were
synthesized using the above procedures (Scheme 40)
[00537]
l-ethyl-3-{4-[l-(l-isobutyrylpiperidin-4-yl)-4-(8-oxa-
3-azabicyclo[3.2.1]oct- 3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}urea MS
m/z = 547.3 (M+H) [00538] 1-(2-hydroxyethyl)-3- {4-[
1-(I -isobutyrylpiperidin-4-yl)-4-(8-oxa-3- [00539]
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-yl]phenyl}urea MS m/z = 563.3 (M+H) [00540] 1- {4-[
1-(I
-isobutyrylpiperidin-4-yl)-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-methylurea MS m/z =
533.3 (M+H) [00541]
l-{4-[l-(l-isobutyrylpiperidin-4-yl)-4-(8-oxa-3-azabic
yclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-pyridin-3-ylurea MS m/z
= 596.3 (M+H) [00542] 1- {4-[ 1-(I
-isobutyrylpiperidin-4-yl)-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-phenylurea MS m/z =
595.3 (M+H) [00543] 1- {4-[ 1-(I
-isobutyrylpiperidin-4-yl)-4-(8-oxa-3-azabicyclo[3 .2.
1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea MS m/z
= 596.3 (M+H) [00544]
l-cyclopropyl-3-{4-[l-(l-isobutyrylpiperidin-4-yl)-4-(
8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-ylJphenyl}urea MS m/z = 559.3 (M+H)[00545]
4-[1-(1-isobutyrylpiperidin-4-yl)-4-(8-oxa-3
-azabicyclo[3 .2.1 ]oct-3 -yl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]aniline MS m/z = 476.3 (M+H)
[00546]
l-(2-fluoroethyl)-3-{4-[l-(l-isobutyrylpiperidin-4-yl)
-4-(8-oxa-3- azabicyclo
^.^oct-3-yl)-1H-pyrazoloP^-dJpyrimidin-6-yl)phenyljure
a MS m/z = 565.3 (M+H) The following compounds were
synthesized using the above procedures (Scheme 41)
[00547] methyl
{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabicy
clo[3.2.1]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}carbamate
methanol was used in place of methylamine. MS m/z =
521 (M+H). [00548]
l-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)- 1H-
pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}-3-pyridm-3-ylure
a 3-aminopyridine was used in place of methylamine. MS
m/z = 583 (M+H). The following compound was prepared
using the above procedures (Schemes 1) [00549]
6-(1H-indol-5-yl)-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl
)-1-[l-(pyridin-3-
ylmethyl)piperidin-4-yl]-1H-pyrazolo[3,4-d]pyrimidine
MS m/z = 521 (M+H). The following compound was
prepared using the above procedures (Scheme 31)
[00550]
l-{4-[l-(1,3-dioxan-5-yl)-4-(8-oxa-3-azabicyclo[3.2.1]
oct-3-yl)-1Hpyrazolo[ 3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea MS m/z = 466
(M+H). Preparation of
3-(l-(l-benzylpiperidin-4-yl)-6-chloro-1H-pyrazolo[3,4
-d]pyrimidin-4- yl)-8-oxa-3-azabicyclo[3.2.1]octane
(Scheme 28) [00551] A solution of
2,4,6-trichloropyrimidine-5-carbaldehyde (26.82 mmol)
in CH2CI2 (225 mL) is cooled to -78 0C. To this is
added a suspension of l-benzyl-4-hydrazinylpiperidine
hydrochloride (26.82 mmol) in Et N (160.9 mmol), CH Cl
(25 mL), and ethanol (15 mL). The solution is allowed
to stir at this temperature for 5 minutes, then warmed
to room temperature and stirred for an additional 30
minutes, then concentrated in vacuo at 30 C. This
dichloride intermediate is dissolved in ethanol (225
mL) and a solution of 8-oxa-3-azabicyclo[3.2.1]octane
hydrochloride (24.14 mmol) in Et N (160.9 mmol) and
ethanol (20 mL) is added. The mixture is stirred at
room temperature for 1 hour, concentrated, and
purified by column chromatography (0-4% methanol in
CH2CI2) provides 3-(l-(lbenzylpiperidin-
4-yl)-6-chloro-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-8-oxa
-3- azabicyclo[3.2.1]octane. (66%, MS=439.3 (M+H))
Preparation of ethyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-chloro-1H
pyrazolo[
3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate (Scheme
30) [00552] A solution of
3-(l-(l-benzylpiperidin-4-yl)-6-chloro-1H-pyrazolo[3,4
- d]pyrimidin-4-yl)-8-oxa-3-azabicyclo[3.2.1]octane
(5.70 mmol) in dichloroethane (50 mL) is prepared and
a-chloroethylchloroformate (17.09 mmol) and K2CO3
(17.09 mmol) is added. The mixture is heated to 95 C
for 14 hours, filtered, and the filtrate is
concentrated. Methanol (50 mL) is added and the
solution is heated to 75 0C for 1.5 hours, then
concentrated. The crude amine hydrochloride (1.43
mmol) is dissolved in CH2CI2 (15 mL) and Et N (5.72
mmol). Ethyl chloroformate ( 1.86 mmol) is added and
the reaction is stirred at room temperature for 2
hours, diluted with CH2CI2, washed with saturated
aqueous sodium bicarbonate, brine, dried over sodium
sulfate, and concentrated in vacuo. Purification by
column chromatography (20-100% ethyl acetate in
hexanes) provides ethyl 4-(4-(8-oxa-3- azabicyclo[3
.2. 1]octan-3-yl)-6-chloro- 1H-pyrazolo[3
,4-d]pyrimidin- 1-yl)piperidine- 1- carboxylate (61%
for second step). (HRMS = 421.1749 (M+H, obs.),
421.1749 (M+H, calc.)) Preparation of ethyl
4-(6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]octan
-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate (Scheme
30)[00553] A solution of ethyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-chloro-1H
pyrazolo[
3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate (0.785
mmol) in toluene (4 niL) and ethanol (4 niL) is
prepared in a microwave vial and purged with nitrogen
for 5 minutes. 4- aminophenyl boronic acid pinacol
ester (1.02 mmol) and tetrakistriphenylphosphine
palladium (0) (0.079 mmol) is added. The vial is
sealed and heated to 120 0C via microwave irradiation
for 1 hour. The mixture is cooled, diluted with CH2Cl
, washed with brine, dried, and concentrated in vacuo.
Purification by column chromatography (0-3.5% methanol
in CH2Cl2) provides ethyl
4-(6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]octan
-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate (70%).
(HRMS = 478.2561 (M+H, obs.), 478.2561 (M+H, calc.))
Preparation of ethyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-
ethylureido)pheny])-1H-pyrazolo[3,4-d]pyrimidin-1-yl)p
iperidine-1-carboxylate (Scheme 30) [00554] A solution
of triphosgene (0.534 mmol) in CH2Cl2 (13 mL) is
prepared. To this is added a solution of ethyl
4-(6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]octan
-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-1-carboxyl
ate (1.07 mmol) in CH2Cl2 (13 mL) and Et3N (3.21 mmol)
and the reaction is stirred at room temperature for 30
minutes. A portion of the resulting solution (1.5 mL)
is then transferred to a vial containing ethylamine
(2N in THF, 10.7 mmol) and CH2Cl2 (0.5 mL). The
mixture is allowed to stir at room temperature for 14
hours, then concentrated. Purification by HPLC (5-100%
acetonitrile in water) provides ethyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-eth
ylureido)phenyl)-
1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-1-carboxyl
ate (57%). (MS = 549.3 (M+H) Preparation of ethyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-(2-
fluoroethyl)ureido)phenyl)-1H-pyrazolo[3,4-d]pyrimidin
-1-yl)piperidine-1-carboxylate (Scheme 30)[00555] A
procedure similar to that used for the synthesis of
ethyl 4-(4-(8-oxa-3- azabicyclo[3 .2.
1]octan-3-yl)-6-(4-(3-ethylureido)phenyl)-
1H-pyrazolo[3 ,4-d]pyrimidin- 1-
yl)piperidine-1-carboxylate is used, substituting
fluoroethylamine hydrochloride(10.7 mmol in 0.820 mL
IN NaOH) for ethylamine. (41%, MS=567.3 (M+H))
Preparation of ethyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-
phenylureido)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)
piperidine-1-carboxylate (Scheme 30) [00556] A
procedure similar to that used for the synthesis of
ethyl 4-(4-(8-oxa-3- azabicyclo[3 .2.
1]octan-3-yl)-6-(4-(3-ethylureido)phenyl)-
1H-pyrazolo[3 ,4-d]pyrimidin- 1- 



yl)piperidine-1-carboxylate is used, substituting
aniline (10.7 mmol) for ethylamine. (64%, MS=597.3
(M+H)) Preparation of ethyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-pyr
idin-3-
ylureido)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)pipe
ridine-1-carboxylate (Scheme 30) [00557] A procedure
similar to that used for the synthesis of ethyl
4-(4-(8-oxa-3- azabicyclo[3 .2.
1]octan-3-yl)-6-(4-(3-ethylureido)phenyl)-
1H-pyrazolo[3 ,4-d]pyrimidin- 1-
yl)piperidine-1-carboxylate is used, substituting
3-aminopyridine (10.7 mmol) for ethylamine. (57%,
MS=598.3 (M+H)) Preparation of ethyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-pyr
idin-4-
ylureido)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)pipe
ridine-1-carboxylate (Scheme 30) [00558] A procedure
similar to that used for the synthesis of ethyl
4-(4-(8-oxa-3- azabicyclo[3 .2.
1]octan-3-yl)-6-(4-(3-ethylureido)phenyl)-
1H-pyrazolo[3 ,4-d]pyrimidin- 1-
yl)piperidine-1-carboxylate is used, substituting
4-aminopyridine (10.7 mmol) for ethylamine. (60%,
MS=598.3 (M+H))Preparation of ethyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-(lm
ethylpiperidin-
4-y])ureido)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)p
iperidine-1- carboxylate (Scheme 30) [00559] A
procedure similar to that used for the synthesis of
ethyl 4-(4-(8-oxa-3- azabicyclo[3 .2.
1]octan-3-yl)-6-(4-(3-ethylureido)phenyl)-
1H-pyrazolo[3 ,4-d]pyrimidin- 1-
yl)piperidine-1-carboxylate is used, substituting
4-amino-1-methylpiperidine (10.7 mmol) for ethylamine.
(63%, MS=618.3 (M+H)) Preparation of tert-butyl
4-(3-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(l-
(ethoxycarbonyl)piperidin-4-yl)-1H-pyrazolo[3,4-d]pyri
midin-6- yl)phenyl)ureido)piperidine-1-carboxylate
(Scheme 30) [00560] A procedure similar to that used
for the synthesis of ethyl 4-(4-(8-oxa-3- azabicyclo[3
.2. 1]octan-3-yl)-6-(4-(3-ethylureido)phenyl)-
1H-pyrazolo[3 ,4-d]pyrimidin- 1-
yl)piperidine-1-carboxylate is used, substituting
4-amino-1-Boc-piperidine (10.7 mmol) for ethylamine.
(Quantitative yield, MS=704.4 (M+H)) Preparation of
ethyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-pip
eridin-4-
ylureido)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)pipe
ridine-1-carboxylate (Scheme 30) [00561] A solution of
tert-butyl 4-(3-(4-(4-(8-oxa-3-azabicyclo[3.2.
l]octan-3-yl)-1-(l-
(ethoxycarbonyl)piperidin-4-yl)-1H-pyrazolo[3,4-d]pyri
midin-6-yl)phenyl)ureido)piperidine- 1-carboxylate
(0.054 mmol) in CH2CI2 ( 1 mL) and trifluoroacetic
acid (0.2 mL) is stirred at room temperature for 2
hours, diluted with saturated sodium bicarbonate,
extracted with CH2CI2, washed with brine, dried and
concentrated. Purification by HPLC provides ethyl 4-
(4-(8-oxa-3-azabicyclo[3 .2.1
]octan-3-yl)-6-(4-(3-piperidin-4-ylureido)phenyl)-
1Hpyrazolo[
3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate (88%).
(HRMS = 604.3356 (M+H, obs.), 604.3354 (M+H,
calc.))Preparation of ethyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-(3-
(methylamino)propyl)ureido)phenyl)-1H-pyrazolo[3,4-d]p
yrimidin-1-yl)piperidine-1- carboxylate (Scheme 30)
[00562] A procedure similar to that used for the
synthesis of ethyl 4-(4-(8-oxa-3- azabicyclo[3 .2.
1]octan-3-yl)-6-(4-(3-ethylureido)phenyl)-
1H-pyrazolo[3 ,4-d]pyrimidin- 1-
yl)piperidine-1-carboxylate is used, substituting
N-methyl-1,3-propanediamine (10.7 mmol) for
ethylamine. (37%, MS=592.3 (M+H)) Preparation of ethyl
4-(6-(4-(3-1H-pyrazol-5-ylureido)phenyl)-4-(8-oxa-3-
azabicyclo[3.2.1]octan-3-yl)-1H-pyrazolo[3,4-d]pyrimid
in-1-yl)piperidine-1-carboxylate (Scheme 30) [00563] A
procedure similar to that used for the synthesis of
ethyl 4-(4-(8-oxa-3- azabicyclo[3 .2.
1]octan-3-yl)-6-(4-(3-ethylureido)phenyl)-
1H-pyrazolo[3 ,4-d]pyrimidin- 1-
yl)piperidine-1-carboxylate is used, substituting
3-aminopyrazole (10.7 mmol) for ethylamine. (32%,
MS=587.3 (M+H)) Preparation of methyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-chloro-1H
pyrazolo[
3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate (Scheme
30) [00564] A procedure similar to that used for the
synthesis of ethyl 4-(4-(8-oxa-3- azabicyclo[3 .2.
1]octan-3-yl)-6-chloro- 1H-pyrazolo[3 ,4-d]pyrimidin-
1-yl)piperidine- 1- carboxylate is used, substituting
methyl chloroformate for ethyl chloroformate
(Quantitative yield for carbamate formation). (HRMS =
407.1595 (M+H, obs.), 407.1593 (M+H, calc.)
Preparation of methyl
4-(6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]octan
-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate (Scheme
30) [00565] A Suzuki coupling procedure similar to
that used for the synthesis of ethyl 4-
(6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]octan-3-yl)- 1H-pyrazolo[3 ,4-d]pyrimidin- 1-
yl)piperidine-1-carboxylate is used, using methyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-chloro-1H
-pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-1-carboxylat
e as the chloride component (68%, MS=464.2 (M+H))
Preparation of methyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-(4-
(hydroxymethyl)phenyl)ureido)phenyl)-1H-pyrazolo[3,4-d
]pyrimidin-1-yl)piperidine-1- carboxylate (Scheme 30)
[00566] A urea formation procedure similar to that
used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidine-l -carboxylate is used,
utilizing 4-aminobenzyl alcohol as the aniline
component. (15%, MS=613.3 (M+H)) Preparation of methyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-(4-
(2-
hydroxyethyl)phenyl)ureido)phenyl)-1H-pyrazolo[3,4-d]p
yrimidin-1-yl)piperidine-1- carboxylate (Scheme 30)
[00567] A urea formation procedure similar to that
used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidine-l -carboxylate is used,
utilizing 4-aminophenethyl alcohol as the aniline
component. (43%, MS=627.3 (M+H)) Preparation of methyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-(4-
(4-
methylpiperazin-1-yl)phenyl)ureido)phenyl)-1H-pyrazolo
[3,4-d]pyrimidin-1- yl)piperidine-1-carboxylate
(Scheme30) [00568] A urea formation procedure similar
to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidme-l -carboxylate is used,
utilizing 4-(4-methylpiperazmo)aniline as the aniline
component. (7%, MS=681.4 (M+H))Preparation of methyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-(6-
(4-
methylpiperazin-1-yl)pyridin-3-yl)ureido)phenyl)-1H-py
razolo[3,4-d]pyrimidin-1- yl)piperidine-1-carboxylate
(Scheme 30) [00569] A urea formation procedure similar
to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate is used,
utilizing 6-(4-methylpiperazino)-3- pyridinamine as
the aniline component. (15%, MS=682.4 (M+H))
Preparation of methyl
4-(6-(4-(3-(2-aminoethyl)ureido)phenyl)-4-(8-oxa-3-
azabicyclo[3.2.1]octan-3-yl)-1H-pyrazolo[3,4-d]pyrimid
in-1-yl)piperidine-1-carboxylate (Scheme 30) [00570] A
urea formation procedure similar to that used for the
synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidme-1-carboxylate is used,
utilizing ethylenediamine as the aniline component.
(31%, MS=550.3 (M+H)) Preparation of methyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-(2-
(dimethylamino)ethyl)ureido)phenyl)-1H-pyrazolo[3,4-d]
pyrimidin-1-yl)piperidine-1- carboxylate (Scheme 30)
[00571] A urea formation procedure similar to that
used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidme-1-carboxylate is used,
utilizing N,N-dimethylethylenediamine as the aniline
component. (23%, MS=578.3 (M+H)) Preparation of methyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-(2-
(4-
methylpiperazin-1-yl)ethyl)ureido)phenyl)-1H-pyrazolo[
3,4-d]pyrimidin-1- yl)piperidine-1-carboxylate (Scheme
30)[00572] A urea formation procedure similar to that
used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate is used,
utilizing 2-(4-methylpiperazin-1-yl)- ethanamine as
the aniline component. (17%, MS=633.4 (M+H))
Preparation of methyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-(3-
(hydroxymethyl)phenyl)ureido)phenyl)-1H-pyrazolo[3,4-d
]pyrimidin-1-yl)piperidine-1- carboxylate (Scheme 30)
[00573] A urea formation procedure similar to that
used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidme-l -carboxylate is used,
utilizing 3-aminobenzylalcohol as the aniline
component. (12%, MS=613.3 (M+H)) Preparation of methyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-(2-
(hydroxymethyl)phenyl)ureido)phenyl)-1H-pyrazolo[3,4-d
]pyrimidin-1-yl)piperidine-1- carboxylate (Scheme 30)
[00574] A urea formation procedure similar to that
used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidme-l -carboxylate is used,
utilizing 2-aminobenzylalcohol as the aniline
component. (12%, MS=613.3 (M+H)) Preparation of
3-(6-chloro-1-ethyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-
8-oxa-3- azabicyclo[3.2.1]octane (Scheme 2)
Preparation of
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-1H-
pyrazolo[3,4- d]pyrimidin-6-yl)aniline (Scheme 2)
Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)pheny])-3-(4-(hydroxymethyl)phenyl)ur
ea (Scheme 2)[00575] A urea formation procedure
similar to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate is used,
utilizing 4-aminobenzylalcohol as the aniline
component. (84%, MS=500.2 (M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)pheny])-3-(4-(hydroxymethyl)phenyl)ur
ea (Scheme 2) [00576] A urea formation procedure
similar to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidine-1-carboxylate is used,
utilizing 4-aminophenethylalcohol as the aniline
component. (89%, MS=514.2 (M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(6-morpholinopyridin-3-yl)u
rea (Scheme 2) [00577] A urea formation procedure
similar to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidme-1-carboxylate is used,
utilizing 3-amino-6-morpholinopyridine as the aniline
component. (29%, MS=556.3 (M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4- 



d]pyrimidin-6-yl)phenyl)-3-(6-(4-methylpiper azin-
l-yl)pyridin-3-yl)urea Scheme 2) [00578] A urea
formation procedure similar to that used for the
synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate is used,
utilizing 6-(4-methylpiperazino)-3- pyridinamine as
the aniline component. (37%, MS=569.3 (M+H))
Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)pheny])-3-(4-(2-(dimethylamino)ethoxy
)phenyl)urea (Scheme 2)[00579] A urea formation
procedure similar to that used for the synthesis of
ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate is used,
utilizing 4-(2- (dimethylamino)ethoxy)aniline as the
aniline component. (23%, MS=557.3 (M+H)) Preparation
of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-methoxyphenyl)urea
(Scheme 2) [00580] A urea formation procedure similar
to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidine-1-carboxylate is used,
utilizing p-anisidine as the aniline component. (20%,
MS=500.2 (M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-chlorophenyl)urea
(Scheme 2) [00581] A urea formation procedure similar
to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidme-1-carboxylate is used,
utilizing 4-chloroaniline as the aniline component.
(22%, MS=504.2 (M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-p-tolylurea (Scheme 2)
[00582] A urea formation procedure similar to that
used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate is used,
utilizing />toluidine as the aniline component. (18%,
MS=484.2 (M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-cyanophenyl)urea (Scheme
2)[00583] A urea formation procedure similar to that
used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate is used,
utilizing 4-cyanoaniline as the aniline component.
(9%, MS=495.2 (M+H)) Preparation of 2-hydroxypropyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-1Hp
yrazolo[ 3,4-d]pyrimidin-6-yl)phenylcarbamate (Scheme
2) [00584] A carbamate formation procedure similar to
that used for the synthesis of ethyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-eth
ylureido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidme-1-carboxylate is used,
utilizing 1,2-propanediol as the alcohol component.
(24%, MS=453.2 (M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(pyrrolidin-1-yl)phenyl)
urea (Scheme 2) [00585] A urea formation procedure
similar to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidine-1-carboxylate is used,
utilizing 4-(l-pyrrolidinyl)-aniline as the aniline
component. (41%, MS=539.3 (M+H))A urea formation
procedure similar to that used for the synthesis of
ethyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-
ethylureido)phenyl)- 1H-pyrazolo[3
,4-d]pyrimidin-1-yl)piperidine- 1-carboxylate is used,
utilizing 2-(4-aminophenoxy)ethanol (prepared by the
reduction of 2-(4-nitrophenoxy)ethanol in ethyl
acetate and methanol with palladium on carbon and
hydrogen gas) as the aniline component. (2%, MS=530.4
(M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(6-(2-hydroxyethoxy)pyridin
-3-yl)urea (Scheme 2) [00586] A urea formation
procedure similar to that used for the synthesis of
ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin
e-1-carboxylate is used, utilizing
2-(5-aminopyridin-2- yloxy)ethanol (prepared by the
reduction of 2-(5-nitropyridin-2-yloxy)ethanol in
ethyl acetate and methanol with palladium on carbon
and hydrogen gas) as the aniline component. (5%,
MS=531.2 (M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(6-(2-morpholinoethoxy)pyri
din-3-yl)urea (Scheme 2) [00587] A urea formation
procedure similar to that used for the synthesis of
ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidme-1-carboxylate is used,
utilizing 6-(2-morpholinoethoxy)pyridin-3- amine as
the aniline component. (37%, MS=600.3 (M+H))
Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(6-(dimethylamino)pyridin-3
-yl)urea (Scheme 2) [00588] A urea formation procedure
similar to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate is used,
utilizing 6-(2-morpholinoethoxy)pyridin-3- amine
N2,N2-dimethylpyridine-2,5-diamine as the aniline
component. (5%, MS=514.3 (M+H)) Preparation of
4-(3-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-eth
yl-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)ureido)benzamide (Scheme 2)
[00589] A urea formation procedure similar to that
used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate is used,
utilizing /?-amino benzamide as the aniline component.
(9%, MS=513.2 (M+H))Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(6-(methylamino)py
ridin-3-yl)urea (Scheme 2) [00590] A urea formation
procedure similar to that used for the synthesis of
ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidme-1-carboxylate is used,
utilizing f-butyl 5-aminopyridin-2-
yl(methyl)carbamate as the aniline component.
Treatment with trifluoroacetic acid and CH2Cl2
provides the desired compound. (34%, MS=500.2 (M+H))
Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(6-aminopyridin-3-yl)urea
(Scheme 2) [00591] A urea formation procedure similar
to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidine-1-carboxylate is used,
utilizing ?-butyl 5-aminopyridin-2- ylcarbamate as the
aniline component. Treatment with trifluoroacetic acid
and CH Cl provides the desired compound. (19%,
MS=486.2 (M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(piperazin-1-yl)phenyl)u
rea (Scheme 2) [00592] A urea formation procedure
similar to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidine-1-carboxylate is used,
utilizing f-butyl 4-(4-
aminophenyl)piperazine-1-carboxylate as the aniline
component. Treatment with trifluoroacetic acid and
CH2Cl2 provides the desired compound. (34%, MS=554.3
(M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(2,2-dimethylhydrazineca
rbonyl)phenyl)urea (Scheme 2) [00593] A urea formation
procedure similar to that used for the synthesis of
ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin
e-1-carboxylate is used, utilizing 4-amino-N',N'-
dimethylbenzohydrazide as the aniline component. (37%,
MS=556.3 (M+H)) Preparation of
4-(3-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-eth
yl-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)ureido)-N-(pyrrolidin-1-yl)ben
zamide (Scheme 2) [00594] A urea formation procedure
similar to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidine-1-carboxylate is used,
utilizing 4-amino-N-(pyrrolidin-1- yl)benzamide as the
aniline component. (8%, MS=582.3 (M+H)) Preparation of
3-(6-chloro-1-ethyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-
8-oxa-3- azabicyclo[3.2.1]octane (Scheme 2)
Preparation of
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-methyl-1H
-pyrazolo[3,4- d]pyrimidin-6-yl)aniline (Scheme 2)
Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-methyl
-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(hydroxymethyl)phenyl)ur
ea (Scheme 2) [00595] A urea formation procedure
similar to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidine-1-carboxylate is used,
utilizing 4-aminobenzyl alcohol as the aniline
component. (32%, MS=486.2 (M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-methyl
-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(2-hydroxyethyl)phenyl)u
r ea (Scheme 2) [00596] A urea formation procedure
similar to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidine-1-carboxylate is used,
utilizing 4-aminophenethyl alcohol as the aniline
component. (41%, MS=500.2 (M+H))Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-methyl
-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(dimethylamino)phenyl)ur
ea [00597] A urea formation procedure similar to that
used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate is used,
utilizing N,N-dimethyl-1,4- phenylenediamine as the
aniline component. (24%, MS=499.2 (M+H)) Preparation
of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-methyl
-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-aminophenyl)urea (Scheme
2) [00598] A urea formation procedure similar to that
used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidme-1-carboxylate is used,
utilizing 1,4-phenylenediamine as the aniline
component. (25%, MS=471.2 (M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-methyl
-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(6-(4-methylpiperazin-1-yl)
pyridin-3-yl)urea (Scheme 2) [00599] A urea formation
procedure similar to that used for the synthesis of
ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidme-1-carboxylate is used,
utilizing 6-(4-methylpiperazino)-3- pyridinamine as
the aniline component. (16%, MS=555.3 (M+H))
Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-methyl
-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(4-methylpiperazin-1-yl)
pheny])urea (Scheme 2) [00600] A urea formation
procedure similar to that used for the synthesis of
ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate is used,
utilizing 4-(4-methylpiperazino)aniline as the aniline
component. (13%, MS=554.3 (M+H))Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-methyl
-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(6-morpholinopyridin-3-yl)u
rea (Scheme 2) [00601] A urea formation procedure
similar to that used for the synthesis of ethyl 4-(4- 



(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidme-1-carboxylate is used,
utilizing 3-amino-6-morpholinopyridine as the aniline
component. (26%, MS=542.3 (M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-methyl
-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-morpholinophenyl)urea
(Scheme 2) [00602] A urea formation procedure similar
to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidme-1-carboxylate is used,
utilizing 4-morpholinoaniline as the aniline
component. (13%, MS=541.3 (M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-methyl
-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(methylsulfonyl)phenyl)u
rea (Scheme 2) [00603] A urea formation procedure
similar to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidme-1-carboxylate is used,
utilizing 4-(methylsulfonyl)aniline as the aniline
component. (15%, MS=534.2 (M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-methyl
-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(2-(piperidin-1-yl)ethyl
sulfonyl)phenyl)urea (Scheme 2) [00604] A urea
formation procedure similar to that used for the
synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidme-1-carboxylate is used,
utilizing 4-(2-(piperidin-1- yl)ethylsulfonyl)aniline
(which may be prepared via: Tetrahedron Letters, 48
(51), 9040-9043, 2007) as the aniline component. (6%,
MS=631.3 (M+H))Preparation of
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(2,2,2-tr
ifluoroethyl)-1Hpyrazolo[ 3,4-d]pyrimidin-6-yl)aniline
(Scheme 42) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(2,2,2
-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(2-hydroxyethyl)phen
yl)urea (Scheme 42) [00605] A urea formation procedure
similar to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate is used,
utilizing 4-aminophenethyl alcohol as the aniline
component. (29%, MS=568.2 (M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(2,2,2
-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(4-methylpiperazin-1
-yl)phenyl)urea (Scheme 42) [00606] A urea formation
procedure similar to that used for the synthesis of
ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidine-1-carboxylate is used,
utilizing 4-(4-methylpiperazino)aniline as the aniline
component. (33%, MS=622.3 (M+H)) Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(2,2,2
-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(6-(4-methylpiperazin-1
-yl)pyridin-3-yl)urea (Scheme 42) [00607] A urea
formation procedure similar to that used for the
synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidine-1-carboxylate is used,
utilizing 6-(4-methylpiperazino)-3- pyridinamine as
the aniline component. (39%, MS=623.3 (M+H))
Preparation of
l-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(2,2,2
-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(2-hydroxyethoxy)phe
nyl)urea (Scheme 42)[00608] A urea formation procedure
similar to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate is used,
utilizing 2-(4-aminophenoxy)ethanol (prepared by the
reduction of 2-(4-nitrophenoxy)ethanol in ethyl
acetate and methanol with palladium on carbon and
hydrogen gas) as the aniline component. (7%, MS=584.2
(M+H)) Preparation of
8-(6-chloro-1-ethyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-
3-oxa-8- azabicyclo[3.2.1]octane (Scheme 2) [00609] A
procedure similar to that used for the synthesis of
3-(1-(1-benzylpiperidin-4-
yl)-6-chloro-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-8-oxa-3
-azabicyclo[3.2. l]octane is used, using ethyl
hydrazine as the hydrazine component and substituting
3-oxa-8- azabicyclo[3.2.1]octane for
8-oxa-3-azabicyclo[3.2.1]octane. (65%, MS=294.3 (M+H))
Preparation of
4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-1H-
pyrazolo[3,4- d]pyrimidin-6-yl)aniline (Scheme 2)
[00610] A Suzuki coupling procedure similar to that
used for the synthesis of ethyl 4-
(6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3 .2.1
]octan-3-yl)- 1H-pyrazolo[3 ,4-d]pyrimidin- 1-
yl)piperidine-1-carboxylate is used. (63%, MS=351.3
(M+H)) Preparation of
l-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-((4-methylpiperazin-1-y]
)methyl)phenyl)urea (Scheme 2) [00611] A urea
formation procedure similar to that used for the
synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate is used,
utilizing 4-((4-methylpiperazin-1- yl)methyl)aniline
as the aniline component. (30%, MS=582.3 (M+H))
Preparation of
l-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(aminomethyl)phenyl)urea
(Scheme 2)[00612] A urea formation procedure similar
to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate is used,
utilizing tert-butyl Aaminobenzylcarbamate as the
aniline component. Treatment with trifluoroacetic acid
and CH2Cl2 provides the desired compound. (60%,
MS=499.2 (M+H)) Preparation of
l-(4-(4-(3-oxa-8-azabicydo[3.2.1]octan-8-yl)-1-ethyl-1
H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(2-(pyrrolidin-1-yl)etho
xy)phenyl)urea (Scheme 2) [00613] A urea formation
procedure similar to that used for the synthesis of
ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidme-1-carboxylate is used,
utilizing 4-(2-(pyrrolidin-1- yl)ethoxy)aniline as the
aniline component. (50%, MS=583.5 (M+H)) Preparation
of
l-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-((dimethylamino)methyl)p
henyl)urea (Scheme 2) [00614] A urea formation
procedure similar to that used for the synthesis of
ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidine-1-carboxylate is used,
utilizing 4-((dimethylamino)methyl)aniline as the
aniline component. (23%, MS=527.2 (M+H)) [00615]
Preparation of
l-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(pyrrolidin-1-ylmeth
yl)phenyl)urea (Scheme 2) [00616] A urea formation
procedure similar to that used for the synthesis of
ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidme-1-carboxylate is used,
utilizing 4-(pyrrolidin-1-ylmethyl)aniline as the
aniline component. (52%, MS=553.5 (M+H))Preparation of
l-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(2-(dimethylamino)ethyla
mino)phenyl)urea (Scheme 2) [00617] A urea formation
procedure similar to that used for the synthesis of
ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidine-1-carboxylate is used,
utilizing tert-butyl 4-aminophenyl(2-
(dimethylamino)ethyl)carbamate as the aniline
component. Treatment with trifluoroacetic acid and
CH2Cl2 provides the desired compound. (39%, MS=556.3
(M+H)) Preparation of
l-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-((2-(dimethylamino)ethyl
)(methyl)amino)phenyl)urea (Scheme 2) [00618] A urea
formation procedure similar to that used for the
synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidine-1-carboxylate is used,
utilizing Nl-(2-(dimethylamino)ethyl)-Nlmethylbenzene-
1,4-diamine as the aniline component. (40%, MS=570.5
(M+H)) Preparation of 2-hydroxyethyl
4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-1Hp
yrazolo[ 3,4-d]pyrimidin-6-yl)phenylcarbamate (Scheme
2) [00619] A carbamate formation procedure similar to
that used for the synthesis of ethyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-eth
ylureido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidme-1-carboxylate is used,
utilizing ethylene glycol as the alcohol component.
(53%, MS=439.3 (M+H)) Preparation of
l-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1H-pyrazolo[3,4- d]pyrimidin-6-yl)phenyl)-3-methylurea
(Scheme 2) [00620] A urea formation procedure similar
to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin
e-1-carboxylate is used, utilizing methylamine (2M in
THF) as the aniline component. (51%, MS=408.4 (M+H))
Preparation of
l-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1H-pyrazolo[3,4- d]pyrimidin-6-yl)phenyl)-3-ethy]urea
(Scheme 2) [00621] A urea formation procedure similar
to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidine-1-carboxylate is used,
utilizing ethylamine (2M in THF) as the aniline
component. (46%, MS=422.4 (M+H)) Preparation of
l-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-cyclopropylurea (Scheme 2)
[00622] A urea formation procedure similar to that
used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidme-1-carboxylate is used,
utilizing cyclopropylamine as the aniline component.
(47%, MS=434.4 (M+H)) Preparation of
l-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-cyclobutylurea (Scheme 2)
[00623] A urea formation procedure similar to that
used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidme-1-carboxylate is used,
utilizing cyclobutylamine as the aniline component.
(44%, MS=448.4 (M+H)) Preparation of
l-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-cyclopentylurea (Scheme 2)
[00624] A urea formation procedure similar to that
used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin
e-1-carboxylate is used, utilizing cyclopentylamine as
the aniline component. (46%, MS=462.4 (M+H))
Preparation of
l-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1H-pyrazolo[3,4- d]pyrimidin-6-yl)phenyl)-3-phenylurea
(Scheme 2) [00625] A urea formation procedure similar
to that used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidme-1-carboxylate is used,
utilizing aniline as the aniline component. (51%,
MS=470.4 (M+H)) Preparation of
l-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(pyridin-3-yl)urea (Scheme
2) [00626] A urea formation procedure similar to that
used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4- 



d]pyrimidm-1-yl)piperidme-1-carboxylate is used,
utilizing 3-aminopyridine as the aniline component.
(49%, MS=471.4 (M+H)) Preparation of
l-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(pyridin-4-yl)urea (Scheme
2) [00627] A urea formation procedure similar to that
used for the synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidme-1-carboxylate is used,
utilizing 4-aminopyridine as the aniline component.
(15%, MS=471.4 (M+H)) Preparation of
l-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(4-methylpiperazin-1-yl)
pheny])urea (Scheme 2) [00628] A urea formation
procedure similar to that used for the synthesis of
ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin
e-1-carboxylate is used, utilizing
4-(4-methylpiperazin-1-yl)aniline as the aniline
component. (53%, MS=568.5 (M+H)) Preparation of
l-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(6-(4-methylpiper azin-
l-yl)pyridin-3-yl)urea (Scheme 2) [00629] A urea
formation procedure similar to that used for the
synthesis of ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidme-1-carboxylate is used,
utilizing 6-(4-methylpiperazin-1- yl)pyridin-3 -amine
as the aniline component. (56%, MS=569.5 (M+H))
Preparation of
l-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-3-(4-(2-(dimethylamino)ethoxy
)phenyl)urea (Scheme 2) [00630] A urea formation
procedure similar to that used for the synthesis of
ethyl 4-(4-
(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-(4-(3-ethylure
ido)phenyl)-1H-pyrazolo[3,4-
d]pyrimidm-1-yl)piperidme-1-carboxylate is used,
utilizing 4-(2- (dimethylamino)ethoxy)aniline as the
aniline component. (34%, MS=557.5 (M+H))
Thieno[3,2-d]pyrimidine-2,4-diol (Scheme 44) [00631]
50 mg (0.35 mmol) 3-amino-thiophene-2-carboxamide is
dissolved in 3 mL dioxane. 52 mg (0.175 mmol, 0.5 eq)
triphosgene is added and the mixture is heated at 80C.
After 30 min, TLC and LCMS indicate that the reaction
is complete. The mixture is cooled down to RT and the
resulting white precipitate is collected and washed
with diethyl ether. Yield: 46 mg (0.27 mmol, 78%).
Thieno[3,2-d]pyrimidine-2,4-diol (Scheme 44):
(alternative synthesis) [00632] 50 mg (0.35 mmol)
3-amino-2-aminocarbonyl-thiophene is covered with
urea. The urea is heated until molten. After 5 minutes
of heating, the molten mixture is poured into1 N NaOH
(2 mL). Acetic acid is added to neutralize the mixture
(pH 7) and the resulting white precipitate is
collected. Yield: 39 mg (0.23 mmol, 66%).
Thieno[3,2-d]pyrimidine-2,4-diol (Scheme 44): (large
scale synthesis) [00633] 500 mg (3.5 mmol)
3-amino-thiophene-2-carboxamide is dissolved in 30 mL
dioxane. 520 mg (1.75 mmol, 0.5 eq) triphosgene is
added and the mixture is heated at 8OC for Ih. The
mixture is concentrated and triturated from hot
methanol. The resulting solids are collected. The
filtrate is concentrated and triturated again from hot
methanol. The 2 crops of solids are combined to give
432 mg of the title compound (2.57 mmol, 73%).
2,4-Dichlorothieno[3,2-d]pyrimidine (Scheme 44)
[00634] 85 mg thieno[3,2-d]pyrimidine-2,4-diol (0.5
mmol) is suspended in 1.25 mL POC13. The mixture is
heated at IOOC overnight. POC13 is removed under
reduced pressure. The mixture is dissolved in
dichloromethane and quenched with ice. The product is
collected by extraction with dichloromethane (2X). The
combined organic layers are dried over MGSO4 and
concentrated to give
2,4-dichloro-thieno[3,2-d]pyrimidine in quantitative
yield, which was used in the next step without further
purification. [00635] 432 mg
thieno[3,2-d]pyrimidine-2,4-diol (2.57 mmol) is
suspended in 6.25 mL POC13. The mixture is heated at
IOOC overnight. POCI3 is removed under reduced
pressure, toluene added, and the distillation
repeated.. The mixture is dissolved in dichloromethane
and quenched with ice. The product is collected by
extraction with dichloromethane (2X). The combined
organic layers are dried over MGSO4 and concentrated
to give 2,4-dichlorothieno[ 3,2-d]pyrimidine in
quantitative yield, which was used in the next step
without further purification.
2-Chloro-4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-thieno
[3,2-d]pyrimidine (Scheme 44) [00636] 432 mg (2.57
mmol) of thieno[3,2-d]pyrimidine-2,4-diol was
chlorinated as above (heat 100 C overnight in 6.25 mL
POCI3) to give
2,4-dichloro-thieno[3,2-d]pyrimidineafter the usual
workup (removal of toluene, quenching with ice and
extraction with dichloromethane followed by drying
over MgSO4 and concentration). Thus obtained 2,4-
dichloro-thieno[3,2-d]pyrimidine was reacted without
any further purification. 2,4-Dichlorothieno[
3,2-d]pyrimidine was dissolved in 25 niL ethanol and 5
mL dichloromethane and 8-
oxa-3-aza-bicyclo[3.2.1]octane hydrochloride (384 mg,
2.57 mmol) and 2.1 mL triethylamine (15 mmol, 6
equivalents) were added. After stirring at room
temperature for 45 minutes, the mixture was
concentrated, dissolved in dichloromethane and washed
with sat. NH4C1, water and sat. NaHCO . The organic
phase was dried over MgSO4 and concentrated to give
626 mg (2.22 mmol, 86% over 2 steps) of the title
compound. General procedure for Suzuki reaction of
2-chloro-4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yi)-
thieno[3,2-d]pyrimidine (Scheme 44) [00637] 30 mg
(0.11 mmol) of
2-chloro-4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-
thieno[3,2-d]pyrimidine and 0.2 mmol of the aryl
boronic acid / boronic acid pinacol ester was
dissolved in 1mL toluene and 0.6 mL ethanol. 0.24 mL
of a 2M solution of Na2CO was added and nitrogen was
bubbled through the mixture for 5 min to degas. 14 mg
(10 mol %) Pd(PPh3)4 was added and the mixture was
heated under microwave irradiation for 60 min at 120C.
The solvents were removed under a stream of nitrogen,
the residue was dissolved in 2 mL DMSO, filtered and
purified by HPLC (TFA buffers). The following
compounds were all prepared according to the general
procedure for the Suzuki reaction: [00638]
4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-d]p
yrimidin-2-yl]aniline: MS: 339.1 [M+H], RT 1.67
[00639]
N-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-
d]pyrimidin-2- yl]phenyl}acetamide: MS: 381.1 [M+H],
RT 1.72[00640] methyl {4-[4-(8-oxa-3-azabicyclo[3.2.
l]oct-3-yl)thieno[3,2-d]pyrimidin-2- yl]phenyl}
carbamate: MS: 397.1 [M+H], RT 1.80 [00641]
3-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-d]p
yrimidin-2-yl]phenol: MS: 340.1 [M+H], RT 1.69 [00642]
4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-d]p
yrimidin-2-yl]phenol: MS: 340.1 [M+H], RT 1.65 [00643]
2-(1H-indol-5-yl)-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl
)thieno[3,2- d]pyrimidine: MS: 363.1 [M+H], RT 1.81
[00644]
5-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-d]p
yrimidin-2-yl]pyridin-2- amine: MS: 340.1 [M+H], RT
1.63 [00645]
5-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-d]p
yrimidin-2- yl]pyrimidin-2- amine: MS: 341.1 [M+H], RT
1.72 General procedure for formation of urea compounds
from 2-chloro-4-(8-oxa-3-azabicyclo[
3.2.1]oct-3-yl)-thieno[3,2-d]pyrimidine (Scheme 44)
[00646] 30 mg (0.11 mmol) of chloride
2-Chloro-4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-
yl)-thieno[3,2-d]pyrimidine was reacted with
4-aminophenylboronic acid, pinacol ester as above.
Upon completion of the Suzuki reaction, the mixture
was diluted with EtOAc and filtered over C6 lite(tm).
The mixture was washed 2x with brine and the organic
phase was dried over MgSO4 and concentrated. The
resulting product was dissolved in 1mL dichloromethane
and 0.065 mL NEt3 was added. The resulting solution
was added in drops to a solution of triphosgene (18
mg, 0.06 mmol, 0.5 eq) in 1mL dichloromethane. After
stirring at room temperature for 20 minutes, the
mixture was added to a solution of 1 mmol of amine in
dichloromethane (for cyclopropylamine, 2-aminoethanol,
aniline, 2-aminopyridine and 3-aminopyridine) or to a
solution of 2 mmol of amine in THF (for methyl amine
or ethyl amine) or to a solution of 1 mmol of the
amine (HCl salt) in 1mL 1N NaOH (for 2-
fluoroethylamine.HCl). The mixture was stirred
overnight at room temperature and concentrated. The
residue was dissolved in 2 mL DMSO, filtered and
purified by HPLC (TFA buffers). The following
compounds were all prepared according to the general
procedure for the formation of urea compounds: [00647]
l-methyl-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)th
ieno[3,2-d]pyrimidin- 2- yl]phenyl}urea: MS: 396.1
[M+H], RT 1.69 [00648]
l-ethyl-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thi
eno[3,2-d]pyrimidin-2- yl]phenyl}urea: MS: 410.2
[M+H], RT 1.75 [00649]
l-(2-fluoroethyl)-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oc
t-3-yl)thieno[3,2- d]pyrimidm-2-yl]phenyl}urea: MS:
428.1 [M+H], RT 1.73 [00650]
l-(2-hydroxyethyl)-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]o
ct-3-yl)thieno[3,2- d]pyrimidm-2-yl]phenyl}urea: MS:
426.2 [M+H], RT 1.64 [00651]
l-cyclopropyl-3-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-
yl)thieno[3,2- d]pyrimidin- 2-yl]phenyl}urea: MS:
422.2 [M+H], RT 1.76 [00652]
l-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-
d]pyrimidin-2- yl]phenyl}- 3-phenylurea: MS: 458.2
[M+H], RT 1.99 [00653]
l-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-
d]pyrimidin-2- yl]phenyl}- 3-pyridin-3-ylurea: MS:
459.2 [M+H], RT 1.64[00654]
l-{4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)thieno[3,2-
d]pyrimidin-2- yl]phenyl}- 3-pyridin-4-ylurea: MS:
459.2 [M+H], RT 1.61 [00655]
4-[4-(8-Oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-thieno[3,2-d
]pyrimidin-2-ylamino]- phenol (Scheme44) [00656] 30 mg
(0.11 mmol) of
2-Chloro-4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-
thieno[3,2-d]pyrimidine was dissolved in 1mL ethylene
glycol. 0.5 mmol (54 mg) Aaminophenol was added and
the mixture was heated under microwave irradiation to
220C (2x30 min). The mixture was diluted with 1mL DMSO
and purified by HPLC (TFA buffers) to give 25 mg (0.07
mmol, 66%) of the title compound. [00657] isopropyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-chloro-1H
pyrazolo[
3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate: (Scheme
30) [00658] 650 mg (1.7 mmol) of
3-(6-chloro-1-(piperidin-4-yl)-1H-pyrazolo[3,4-
d]pyrimidm-4-yl)-8-oxa-3-azabicyclo[3.2.1]octane was
suspended in 15 mL dichloromethane and triethylamine
(0.5 mL) was added followed by addition of a IN
solution of isopropyl chloroformate in toluene. The
mixture was stirred at room temperature overnight,
diluted with dichloromethane and washed with sat.
aqueous NaHCO3. The organic phase was dried over
MgSO4, filtered and concentrated to give 696 mg (1.6
mmol) of the title compound. MS: 435.3/437.3 [M+H].
isopropyl
4-(6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]octa
p-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate: (Scheme 30)
[00659] isopropyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-chloro-1H
pyrazolo[
3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate (680 mg,
1.56 mmol) was dissolved in ethanol (8 mL) and toluene
(8 mL) and divided over two microwave vials. To each
vial was added 1.3 eq of aminophenylboronic acid,
pinacol ester (220 mg, 1 mmol to each vial) and a2M
aqueous solution of Na2CO3 (1.57 mL, 3.14 mmol, 4 eq.
to each vial). The vials were purged with nitrogen gas
and 10 mol% tetrakis(triphenylphosphine)palladium was
added (91 mg to each vial). Each vial was heated under
microwave irradiation for 60 minutes. The 



contents of both vials were combined, diluted with
dichloromethane and water and filtered over C6 lite.
The organic phase was washed with brine (2x), dried
over MgSO4 and concentrated to give the product as an
orange foam, which was used without further
purification. MS: 492.3 [M+H], RT 2.31 General
procedure for formation of urea and carbamate
compounds from isopropyl 4-
(6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]octan-3
-yl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate: (Scheme 30)
[00660] 1.1mmol of isopropyl
4-(6-(4-aminophenyl)-4-(8-oxa-3- azabicyclo[3 .2.
1]octan-3-yl)- 1H-pyrazolo[3,4-d]pyrimidin-
1-yl)piperidine- 1-carboxylate was suspended in 18 mL
dichloromethane containing 0.585 mL triethylamine. The
mixture was added in drops to a solution of 320 mg
triphosgene (1.1 mmol) in 9 mL dichloromethane and
stirred for 30 minutes at room temperature. The
mixture was divided over 9 vials, each vial containing
excess amine or alcohol as specified below. The
mixtures were stirred overnight at room temperature,
concentrated and purified by HPLC (Gilson, TFA
buffers). The following compounds were all prepared
according to general procedure for formation of urea
and carbamate compounds: isopropyl
4-[6-{4-[(methylcarbamoyl)amino]phenyl}-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl]piperidine-1-carb
oxylate: [00661] Using 1mL of a 2 N solution of
methylamine in THF, the title compound was obtained.
MS: 549.3 [M+H], RT 2.33 isopropyl
4-[6-{4-[(ethylcarbamoyl)amino]phenyl}-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)- 1H-pyrazolo
[3,4-d]pyrimidin- 1-yl]piperidine- 1-carboxylate
:[00662] Using 1 mL of a 2 N solution of ethylamine in
THF, the title compound was obtained. MS: 563.3 [M+H],
RT 2.37 isopropyl
4-[6-(4-{[(2-fluoroethyl)carbamoyl]amino}phenyl)-4-(8-
oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-1-yl]piperidine-1-carboxylate: [00663] Using 99 mg
2-fluoroethylamine.HCl in 1 mL IN NaOH, the title
compound was obtained. MS: 581.3 [M+H], RT 2.35
isopropyl
4-[6-(4-{[(2-hydroxyethyl)carbamoyl]amino}phenyl)-4-(8
-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-1-yl]piperidine-1- carboxylate: [00664] Using 6 1 uL
of 2-hydroxyethylamine in 1 mL dichloromethane, the
title compound was obtained. MS: 579.3 [M+H], RT 2.21
isopropyl
4-[6-{4-[(cyclopropylcarbamoyl)amino]phenyl}-4-(8-oxa-
3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-1-yl]piperidine-1- carboxylate: [00665] Using 70 uL
of cyclopropylamine in 1mL dichloromethane, the title
compound was obtained. MS: 575.3 [M+H], RT 2.39
isopropyl 4-[4-(8-oxa-3-azabicyclo [3.2.1]
oct-3-yl)-6- {4-
[(phenylcarbamoyl)amino]phenyl}-1H-pyrazolo[3,4-d]pyri
midin-1-yl]piperidine-1- carboxylate: [00666] Using 93
uL of aniline in 1 mL dichloromethane, the title
compound was obtained. MS: 6 11.3 [M+H], RT 2.59
isopropyl 4-[4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-6- {4- [(pyridin-3-
ylcarbamoyl)amino]phenyl}-1H-pyrazolo[3,4-d]pyrimidin-
1-yl]piperidine-1- carboxylate:[00667] Using 93 mg of
3-aminopyridine in 1mL dichloromethane, the title
compound was obtained. MS: 612.3 [M+H], RT 2.18
isopropyl 4-[4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-6- {4- [(pyridin-4-
ylcarbamoyl)amino]phenyl}-1H-pyrazolo[3,4-d]pyrimidin-
1-yl]piperidine-1- carboxylate: [00668] Using 93 mg of
4-aminopyridine in 1mL dichloromethane, the title
compound was obtained. MS: 612.3 [M+H], RT 2.10
isopropyl 4-[6-{4- [(methoxycarbonyl)amino]
phenyl}-4-(8-oxa-3- azabicyclo [3.2.1] oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl]piperidine-1-carb
oxylate: [00669] Using 1 mL methanol, the title
compound was obtained. MS: 550.3 [M+H], RT 2.51 methyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-chloro-1H
-pyrazolo[3,4-d]pyrimidinl-
yl)piperidine-1-carboxylate: (Scheme30) [00670] In a
100 mL round-bottomed flask was placed
3-(l-(l-benzylpiperidin-4-yl)-6-
chloro-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-8-oxa-3-azabi
cyclo[3.2.1]octane (1.5 g, 3.42 mmol) in
dichloromethane (5 ml) to give an orange suspension
methyl chloroformate (1.323 ml, 17.09 mmol) was added
and the mixture was stirred at room temperature,
resulting in an orange solution. [00671] LCMS after 15
min showed that the reaction was nearly complete (RT
3.3, M+H = 407.3/409.3, M+Na = 429.2/431.2) with only
a trace of starting material. The mixture was
concentrated under reduced pressure and thoroughly
dried under vacuum. [00672] The crude product was
added to a silica gel column and was eluted with ethyl
acetate in hexanes (50-80%). Collected fractions were
concentrated to give 1.262 g (3. 1mmol, 91%) of a
light yellow solid. HRMS: 407.1595 [M+H]+. For [M+H]+
mass error = 0.2 mDa or 0.59 ppm methyl
4-(6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]octan
-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate: (Scheme 30)
[00673] methyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-chloro-1H
-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate (1.25 mmol)
and 4-aminophenylboronic acid, pinacol ester (1.5
mmol, 1.2 eq, 329 mg) were dissolved in toluene (10.5
mL) and ethanol (6.25 mL). A 2M aq. Solution of Na2CO3
was added (2.5 mL). The mixture was degassed by
bubbling a stream of nitrogen gas through the
solution. Tetrakis(triphenylphosphine)palladium (10
mol%, 0.125 mmol, 144 mg) was added and the mixture
was heated under microwave irradiation for Ih at 120C.
The mixture was diluted with ethyl acteate, filtered
over C6lite and washed with brine. The organic phase
was dried over MgSO4, concentrated and used in the
next step without further purification. MS: 464.2
[M+H], RT 2.18 General procedure for formation of
carbamate compounds from methyl 4-(6-(4-
aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-1-
yl)piperidine-1-carboxylate: (Scheme 30) [00674]
methyl 4-(6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.
l]octan-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-1-yl)piperidine-1-carboxylate (1.125
mmol) was dissolved in 9 mL dichloromethane and 0.585
mL triethylamine was added. This mixture was added
dropwise to a solution of triphosgene (186 mg) in
dichloromethane (9 mL). The mixture was stirred for 20
minutes at room temperature and was then divided over
9 vials containing alcohols as specified below. The
mixtures were stirred for 2 hours at room temperature.
Where appropriate, the Boc protective group was
removed by addition of 1mL trifluororacetic acid and
an additional 30 minutes of stirring at room
temperature. The samples were concentrated and
purified by HPLC (Gilson, TFA buffers).The following
compounds were all made according to the general
procedure for formation of carbamate compounds: methyl
4-[6-{4-[(ethoxycarbonyl)amino]phenyl}-4-(8-oxa-3-azab
icyclo[3.2.1]oct-3-yl)- 1H-pyr azolo [3,4-d]pyrimidin-
1-yl] piperidine- 1-carboxylate : [00675] Using 1mL
ethanol, the title compound was obtained. MS: 536.3
[M+H], RT 2.52 methyl
4-[6-(4-{[(2-hydroxyethoxy)carbonyl]amino}phenyl)-4-(8
-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-1-yl]piperidine-1- carboxylate: [00676] Using 60 uL
ethylene glycol in 1mL dichloromethane, the title
compound was obtained. MS: 552.2 [M+H], RT 2.22 methyl
4-[6-(4-{ [(2-methoxyethoxy)carbonyl]
amino}phenyl)-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-1-yl]piperidine-1- carboxylate: [00677] Using 79 uL
2-methoxy-ethanol in 1mL dichloromethane, the title
compound was obtained. MS: 566.3 [M+H], RT 2.42 methyl
4-[6-(4-{ [(2-aminoethoxy)carbonyl]
amino}phenyl)-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-1-yl]piperidine-1- carboxylate: [00678] Using 155 uL
(2-hydroxyethyl)-carbamic acid tert-butyl ester in 1
mL dichloromethane, the title compound was obtained.
MS: 551.3 [M+H], RT 1.88 methyl
4-{6-[4-({[2-(dimethylamino)ethoxy]carbonyl}amino)phen
yl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-1-yl}piperidine-1- carboxylate: [00679] Using 100 uL
2-dimethlaminoethanol in 1 mL dichloromethane, the
title compound was obtained. MS: 579.3 [M+H], RT
1.94methyl
4-[4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-6-(4-{[(2-pyr
rolidin-1-
ylethoxy)carbonyl]amino}phenyl)-1H-pyrazolo[3,4-d]pyri
midin-1-yl]piperidine-1- carboxylate: [00680] Using
118 uL 2-pyrrolidin-1-yl-ethanol in 1 niL
dichloromethane, the title compound was obtained. MS:
605.3 [M+H], RT 1.99 methyl
4-[6-(4-{[(2-morpholin-4-ylethoxy)carbonyl]amino}pheny
l)-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-1-yl]piperidine-1- carboxylate: [00681] Using 123 uL
2-morpholin-4-yl-ethanol in 1 niL dichloromethane, the
title compound was obtained. MS: 621.3 [M+H], RT 1.95
methyl
4-{6-[4-({[2-(4-methylpiperazin-1-yl)ethoxy]carbonyl}
amino)phenyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-1-yl}piperidine-1- carboxylate: [00682] Using 144 mg
2-(4-methyl-piperazin-1-yl)-ethanol in 1mL
dichloromethane, the title compound was obtained. MS:
634.3 [M+H], RT 1.96 methyl
4-[6-{4-[(methoxycarbonyl)amino]phenyl}-4-(8-oxa-3-aza
bicyclo[3.2.1]oct- 3-yl)- 1H-pyr azolo [3,4-d]
pyrimidin- 1-yl]piperidine- 1-carboxylate : [00683]
Using 1mL methanol, the title compound was obtained.
MS: 522.2 [M+H], RT 2.42 General procedure for the
preparation of urea or carbamate compounds from
4-(4-(8-
oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(1,4-dioxaspiro[4
.5]decan-8-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl)aniline: (Scheme 41) [00684]
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(1,4-diox
aspiro[4.5]decan-8-yl>
1H-pyrazolo[3,4-d]pyrimidin-6-yl)anilme (1.25 mmol,
578 mg) was suspended in dichloromethane (8 mL) and
triethylamine (0.52 mL) was added. The mixture was
added dropwise to a solution of triphosgene (186 mg)
in dichloromethane (8 mL). After stirring atroom
temperature for 10 minutes, the mixture was divided
over 8 vials containing alcohol or amine as specified
below. The mixtures were stirred for 16h, concentrated
and purified by HPLC. [00685] The following compounds
were prepared according to the general procedure for
formation of urea or carbamate compounds:
2-hydroxyethyl {4- [1-(1,4-dioxaspiro [4.5]
dec-8-yl)-4-(8-oxa-3-azabicyclo [3.2. 1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny]} carbamate:
[00686] using 60 uL ethylene glycol in 1mL
dichloromethane, the title compound was obtained. MS:
551.3 [M+H], RT 2.21 3-hydroxypropyl {4-
[1-(1,4-dioxaspiro [4.5]
dec-8-yl)-4-(8-oxa-3-azabicyclo [3.2. 1]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny]}carbamate:
[00687] using 72 uL 1,3-propanediol in 1mL
dichloromethane, the title compound was obtained. MS:
565.3 [M+H], RT 2.28
l-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-ethyl iirea: 



[00688] using 1 mL of a 2N solution of ethylamine in
tetrahydrofuran, the title compound was obtained. MS:
534.3 [M+H], RT 2.26.
l-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-(2-fluoroethy])urea:
[00689] Using 99 mg 2-fluoroethylamine.HCl in 1 mL IN
NaOH, the title compound was obtained. MS: 552.3
[M+H], RT 2.24
l-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1Hpyrazolo[3,4-d]pyrimidin-6-yl]
phenyl}-3-(2-hydroxyethyl)urea: [00690] using 6 1 uL
2-aminoethanol in 1 niL dichloromethane, the title
compound was obtained. MS: 550.3 [M+H], RT 2.09
l-cyclopropyl-3-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-
(8-oxa-3- azabicyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny]}urea: [00691]
using 70 uL cyclopropylamine in 1 niL dichloromethane,
the title compound was obtained. MS: 546.3 [M+H], RT
2.29
l-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-phenylurea: [00692]
using 93 uL aniline in 1 mL dichloromethane, the title
compound was obtained. MS: 582.3 [M+H], RT 2.49
l-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea:
[00693] using 94 mg 4-aminopyridine in 1 mL
dichloromethane, the title compound was obtained. MS:
583.3 [M+H], RT 1.99 2,2,2-trifluoroethy] {4-
[l-(1,4-dioxaspiro [4.5]
dec-8-yl)-4-(8-oxa-3-azabicyclo [3.2. 1]oct-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny]}carbamate:
[00694] using 73 uL 2,2,2-trifluoroethanol and 1 mmol
NaH in 1 mL dichloromethane, the title compound was
obtained. MS: 589.2 [M+H], RT 2.56 2-fluoroethyl
{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabicy
clo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]pheny]}carbamate:
[00695] using 500 uL 2-fluoroethanol in 1 mL
dichloromethane, the title compound was obtained. MS:
553.2 [M+H], RT
2.423-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-a
zabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-1,3-oxazolidin-2-one:
[00696] using 59 uL 2-fluoroethanol and 1 mmol NaH in
1 niL dichloromethane, the title compound was obtained
as the major product. MS: 533.2 [M+H], RT 2.33
2-({4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azab
icyclo[3.2.1]oct-3-yl)-1Hpyrazolo
[3,4-d]pyrimidin-6-yl] phenyl} amino)ethanol: [00697]
using 59 uL 2-fluoroethanol and 1 mmol NaH in 1 mL
dichloromethane, the title compound was obtained as a
minor product. MS: 507.3 [M+H], RT 2.13
1-[2-(dimethylamino)ethyl]-3-{4-[l-(1,4-dioxaspiro[4.5
]dec-8-yl)-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-yllphenyl}urea: [00698] using 22 uL
N,N-dimethylethylenediamine in 0.5 mL dichloromethane,
the title compound was obtained. MS: 577.3 [M+H], RT
1.90
1-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1Hpyrazolo
[3,4-d]pyrimidin-6-yl] phenyl}-3-
[2-(4-methylpiperazin- l-yl)ethyl] urea: [00699] using
29 mg 2-(4-methylpiperazin-1-yl)ethanamine in 0.5 mL
dichloromethane, the title compound was obtained. MS:
632.4 [M+H], RT 1.86
1-{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabi
cyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}-3-[4-(4-methylpiperazin-1
-yl)phenyl]urea: [00700] using 36 mg
4-(4-methylpiperazino)aniline in 0.5 mL
dichloromethane, the title compound was obtained. MS:
680.4 [M+H], RT 2.06 2-fluoroethyl
{4-[l-(1,4-dioxaspiro[4.5]dec-8-yl)-4-(8-oxa-3-azabicy
clo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]phenyl}carbamate[0070
1] was also prepared by an alternative route: 36 mg
4-(4-(8-oxa-3-
azabicyclo[3.2.1]octan-3-yl)-1-(1,4-dioxaspiro[4.5]dec
an-8-yl)-1H-pyrazolo[3,4-d]pyrimidin- 6-yl)aniline was
dissolved in dichloromethane (0.5 mL) containing
triethylamine (100 uL). 93 uL 2-fluoroethyl
chloroformate was added and the mixture was stirred
for 30 minutes. The mixture was concentrated and the
title compound was obtained after HPLC purification.
MS: 553.2 [M+H], RT 2.42.
3-(6-chloro-1-ethyl-1H-pyrazolo[3,4-d]pyrimidin-4-y])-
8-oxa-3-azabicyclo[3.2.1]octane: (Scheme 28) [00702]
2,4,6-trichloropyrimidine-5-carbaldehyde (5g, 23.6
mmol) in ethanol (75 mL) was cooled to OC.
Ethylhydrazine oxalate (3.54 g, 23.6 mmol) was added
followed by addition of triethylamine (10 mL). The
mixture was stirred at OC for 45 minutes and 8-oxa-3-
azabicyclo[3.2.1]octane, HCl (3.53 g, 23.6 mmol) was
added. The mixture was allowed to warm to room
temperature. The mixture was stirred for 16h and
additional triethylamine (10 mL) was added. The
mixture was stirred for an additional 2h,
concentrated, dissolved in ethyl acetate and washed
with sat. NaHCO3. The aqueous phase was extracted with
ethyl acetate and the combined organic layers were
washed with 0.1N HCl, dried over MgSO4 and filtered
over magnesol. The mixture was concentrated, dissolved
in dichloromethane and filtered over magnesol to give
4.564g (15.5 mmol, 66%) of the crude product. The
crude product was purified by trituration from diethyl
ether to give 1.86 g (6.3 mmol, 27%) of the title
compound as a light yellow solid. The mother liquor
was concentrated, applied to a silica gel column and
eluted with ethyl actetate in hexanes (20-55%) to give
an additional 1.22 g (4.15 mmol) of product. MS:
294.2/296.2 [M+H].
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-1H-
pyrazolo[3,4-d]pyrimidin-6- yl)aniline: (Scheme 2)
[00703]
3-(6-chloro-1-ethyl-1H-pyrazolo[3,4-d]pyrimidm-4-yl)-8
-oxa-3- azabicyclo [3.2.1]octane (3.08 g, 10.5 mmol)
was dissolved in toluene (95 mL) and ethanol(55 mL).
4-Aminophenylboronic acid, pinacol ester (2.53 g,
11.55 mmol) was added followed by the addition of a 2M
aqueous solution of Na2CO3 (21 mL). The mixture was
degassed by bubbling a stream of nitrogen through the
solution and tetrakis(triphenylphosphine)palladium
(606 mg) was added. The mixture was heated under
reflux for 16h, cooled to room temperature and
concentrated. The mixture was dissolved in ethyl
acetate and washed with brine. The organic phase was
dried over MgSO4 and filtered over magnesol. The
aqueous phase was extracted with ethyl acetate, which
was dried over MgSO4. The combined organic phases were
concentrated. The crude product was applied to a
silica gel column and eluted with ethyl acetate in
hexanes (30-100%) to give 3.6g of the title compound.
HRMS: 351.1925 [M+H]. For [M+H]+ mass error = -0.3 mDa
or -0.92 ppm. General procedure for the preparation of
urea or carbamate compounds from 4-(4-(8-
oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-1H-pyrazolo
[3,4-d]pyrimidin-6-yl)aniline: (Scheme 2) [00704]
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-1H-
pyrazolo[3,4- d]pyrimidm-6-yl)aniline (473 mg, 1.35
mmol) was dissolved in dichloromethane (13.5 mL) and
triethylamine was added (585 uL). The mixture was
added dropwise to a solution of triphosgene (200 mg,
0.675 mmol) in dichloromethane (9 mL). The mixture was
stirred at room temperature for 20 minutes and was
then divided over 9 vials containing amine or alcohol
as specified below. The mixtures were stirred for 16h.
Where appropriate, Boc protective groups were removed
by addition of trifluoroacetic acid (2 mL) and
stirring for 40 min. The mixtures were concentrated
and purified by HPLC. The following compounds were
prepared following the general procedure for formation
of urea or carbamate compounds:
l-(2-aminoethyl)-3-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3
.2.1]oct-3-yl)-1H- pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea:[00705] using 67 uL
ethylene diamine in 1 niL dichloromethane, the title
compound was obtained. MS: 437.2 [M+H], RT 1.71 l-{4-
[l-ethyl-4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-1H-pyrazolo [3,4-d] pyrimidin- 6-
yl]phenyl}-3-[2-(methylamino)ethyl]urea: [00706] using
179 uL N-Boc-N-methylethylene diamine in 1 mL
dichloromethane, the title compound was obtained after
Boc deprotection. MS: 451.2 [M+H], RT 1.74
l-[2-(dimethylamino)ethyl]-3-{4-[l-ethyl-4-(8-oxa-3-az
abicyclo[3.2.1]oct-3-yl)- 1Hpyrazolo [3,4-d]
pyrimidin-6-yl] phenyl} urea: [00707] using 109 uL
N,N-dimethylethylene diamine in 1 mL dichloromethane,
the title compound was obtained. MS: 465.3 [M+H], RT
1.77
l-(3-aminopropyl)-3-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[
3.2.1]oct-3-yl)-1H- pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea: [00708] using 83 uL
1,3-diaminopropane in 1mL dichloromethane, the title
compound was obtained. MS: 451.2 [M+H], RT 1.73.
l-[3-(dimethylamino)propyl]-3-{4-[l-ethyl-4-(8-oxa-3-a
zabicyclo[3.2.1]oct-3-yl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea: [00709] using 126 uL
3-(dimethylamino)-l -propylamine in 1 mL
dichloromethane, the title compound was obtained. MS:
479.3 [M+H], RT 1.79. l-{4-
[l-ethyl-4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-1H-pyrazolo [3,4-d] pyrimidin- 6-
yl]phenyl}-3-[2-(4-methylpiperazin-1-yl)ethyl]urea:
[00710] using 86 mg of
2-(4-methylpiperazin-1-yl)ethanamine in 1 mL
dichloromethane, the title compound was obtained. MS:
520.3 [M+H], RT 1.73.l-{4-
[l-ethyl-4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-1H-pyrazolo [3,4-d] pyrimidin- 6-
yl]phenyl}-3-(2-morpholin-4-ylethyl)urea: [00711]
using 78 uL 4-(2-aminoethyl)morpholine in 1 mL
dichloromethane, the title compound was obtained. MS:
507.3 [M+H], RT 1.78. l-{4-
[l-ethyl-4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-1H-pyrazolo [3,4-d] pyrimidin- 6-
yl]phenyl}-3-[4-(4-methylpiperazin-1-yl)phenyl]urea:
[00712] using 115 mg 4-(4-methylpiperazino)aniline in
1mL dichloromethane, the title compound was obtained.
MS: 568.3 [M+H], RT 1.96. l-{4-
[l-ethyl-4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-1H-pyrazolo [3,4-d] pyrimidin- 6-
yl]phenyl}-3-(4-morpholin-4-ylphenyl)urea: [00713]
using 107 mg 4-morpholinoaniline in 1 mL
dichloromethane, the title compound was obtained. MS:
555.3 [M+H], RT 2.27.
l-[2-(2-aminoethoxy)ethyl]-3-{4-[l-ethyl-4-(8-oxa-3-az
abicyclo[3.2.1]oct-3-yl)- 1Hpyrazolo [3,4-d]
pyrimidin-6-yl] phenyl} urea: [00714] using 52 mg
2,2'-oxybis(ethylamine) in 1 mL dichloromethane, the
title compound was obtained. MS: 481.3 [M+H], RT 1.74.
l-{4- [l-ethyl-4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-1H-pyrazolo [3,4-d] pyrimidin- 6-
yl]phenyl}-3-[(l-methylpiperidin-4-yl)methyl]urea:
[00715] using 64 mg
(l-methyl-4-piperidinyl)methanamine in 1 mL
dichloromethane, the title compound was obtained. MS:
505.3 [M+H], RT 1.80.
l-cyclohexyl-3-{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1
]oct-3-yl)-1H- pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea:[00716] using 58 uL
cyclohexylamine in 1 mL dichloromethane, the title
compound was obtained. MS: 476.3 [M+H], RT 2.36. l-{4-
[l-ethyl-4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-1H-pyrazolo [3,4-d] pyrimidin- 6-
yl]phenyl}-3-(l-methylpiperidin-4-yl)urea: [00717]
using 57 mg 4-amino-1-methyl-piperidine in 1 mL
dichloromethane, the title compound was obtained. MS:
491.3 [M+H], RT 1.78.
l-(cis-4-aminocyclohexyl)-3-{4-[l-ethyl-4-(8-oxa-3-aza
bicyclo[3.2.1]oct-3-yl)- 1Hpyrazolo [3,4-d]
pyrimidin-6-yl] phenyl} urea: 



[00718] using 57 mg ds-1,4-cyclohexanediamine in 1 mL
dichloromethane, the title compound was obtained. MS:
491.3 [M+H], RT 1.78. methyl
{4-[l-ethyl-4-(8-oxa-3-azabicyclo[3.2.1]oct-3-yl)-1H-p
yrazolo[3,4- d]pyrimidin-6- yl]phenyl}carbamate:
[00719] using methanol, the title compound was
obtained. HRMS: 409.19774 [M+H], Exptl - Calc'd =
-0.53 mmu. l-{4- [l-ethyl-4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-1H-pyrazolo [3,4-d] pyrimidin-6- yl]
phenyl}-3- [2-(4-methylpiperazin-1-yl)-2-oxoethyl]
urea: [00720] using ~ 1 mmol
2-amino-1-(4-methylpiperazin-1-yl)ethanone.2HCl in 2
mL dichloromethane and 2 mL IN NaOH, the title
compound was obtained. MS: 534.3 [M+H], RT 1.84. l-{4-
[l-ethyl-4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)-1H-pyrazolo [3,4-d] pyrimidin-6-
yl]phenyl}-3-[3-(4-methylpiperazin-1-yl)-3-oxopropyl]u
rea:[00721] using ~ 1 mmol
3-amino-1-(4-methylpiperazin-1-yl)propan-1-one.2HCl in
2 mL dichloromethane and 2 rnL IN NaOH, the title
compound was obtained. MS: 548.3 [M+H], RT 1.83.
N-[2-(dimethylamino)ethyl]-N2-({4-[l-ethyl-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo
[3,4-d]pyrimidin-6-yl] phenyl} carbamoyl)glydnamide:
[00722] using ~ 1 mmol
2-amino-N-(2-(dimethylamino)ethyl)acetamide.2HCl in 2
mL dichloromethane and 2 mL IN NaOH, the title
compound was obtained. MS: 522.3 [M+H], RT 1.80.
N-[2-(dimethylamino)ethyl]-N3-({4-[l-ethyl-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamoyl)-beta-alaninamid
e: [00723] using ~ 1 mmol
3-amino-N-(2-(dimethylamino)ethyl)propanamide.2HCl in
2 mL dichloromethane and 2 mL IN NaOH, the title
compound was obtained. MS: 536.3 [M+H], RT 1.88. The
following compound was isolated in the last 4
examples:
N-[3-(dimethylammo)propyl]-N-(ethylcarbamoyl)-N3-({4-[
l-ethyl-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin
-6-yl]phenyl}carbamoyl)- betaalaninamide: MS: 621.4
[M+H], RT 1.91.
l-{4-[l-Ethyl-4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-6-yl]-
phenyl}-3-[4-(4-methyl-piperazin-1-ylmethyl)-phenyl]-u
rea: [00724] using 74 mg of
4-(4-methylpiperazin-1-ylmethyl)phenylamine in 1 mL
dichloromethane, the title compound was obtained. MS:
582.5 [M+H], RT 2.77.
l-(4-Aminomethyl-phenyl)-3-{4-[l-ethyl-4-(8-oxa-3-aza-
bicyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]-phenyl}-urea:[00725] using 80 mg
of 4-[(N-Boc)aminomethyl]aniline in 1 mL
dichloromethane, the title compound was obtained. MS:
499.2 [M+H], RT 2.62.
l-(4-Dimethylaminomethyl-phenyl)-3-{4-[l-ethyl-4-(8-ox
a-3-aza-bicyclo[3.2.1]oct-3-yl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl]-phenyl}-urea:
[00726] using 67 mg of
4-dimethylaminomethyl-aniline.HCl in 0.36 mL IN NaOH,
the title compound was obtained. MS: 527.2 [M+H], RT
2.81.
l-{4-[l-Ethyl-4-(8-oxa-3-aza-bicyclo[3.2.1]oct-3-y])-1
H-pyrazolo[3,4-d]pyrimidin-6-yl]-
phenyl}-3-(4-pyrrolidin-1-ylmethyl-phenyl)-urea:
[00727] using 63 mg of 4-pyrrolidin-1-ylmethyl-aniline
in 1 mL dichloromethane, the title compound was
obtained. MS: 553.2 [M+H], RT 2.87.
l-[4-(2-Dimethylamino-ethylamino)-phenyl]-3-{4-[l-ethy
l-4-(8-oxa-3-azabicyclopj^
oct-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-6-yll-phenyl}-ur
ea: [00728] using 101 mg of
(4-amino-phenyl)-(2-dimethylamino-ethyl)-carbamic acid
tert-butyl ester in 1 mL dichloromethane, the title
compound was obtained. MS: 556.2 [M+H], RT 2.74.
l-{4-[(2-Dimethylamino-ethyl)-methyl-amino]-phenyl}-3-
{4-[l-ethyl-4-(8-oxa-3-azabicyclo
loct-3-y1HH-pyrazolo[3,4-d]pyrimidin-6-yll-phenyl}-ure
a: [00729] using 70 mg of
N-(2-dimethylamino-ethyl)-N-methyl-benzene-1,4-diamine
in 1mL dichloromethane, the title compound was
obtained. MS: 570.2 [M+H], RT 2.87.
l-Cyclobutyl-3-{4-[l-ethyl-4-(8-oxa-3-aza-bicyclo[3.2.
1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]-phenyl}-urea: [00730] using 31 uL of
cyclobutylamine in 1 mL dichloromethane, the title
compound was obtained. MS: 448.4 [M+H], RT
3.58l-Cyclopentyl-3-{4-[l-ethyl-4-(8-oxa-3-aza-bicyclo
[3.2.1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]-phenyl}-urea: [00731] using 336 uL
of cyclopentylamine in 1 niL dichloromethane, the
title compound was obtained. MS: 462.4 [M+H], RT 3.71
2-(4-(8-oxa-3-azabicyclo [3.2.1] octan-3-yl)-6-chloro-
1H-pyrazolo [3,4-d] pyrimidin- 1- yl)ethanol: (Scheme
28) [00732] 2,4,6-trichloropyrimidine-5-carbaldehyde
(2.12g, 10 mmol) in ethanol (30 niL) was cooled to OC.
2-Hydroxyethylhydrazine (753 uL) was added followed by
addition of triethylamine (5.6 mL). The mixture was
stirred at OC for 30 minutes and 8-oxa-3-
azabicyclo[3.2.1]octane, HCl (1.5 g, 10 mmol) was
added. The mixture was allowed to warm to room
temperature and the crude product was collected by
filtration. The crude product was dissolved in
dichloromethane and washed with sat. NaHCO3 and 0.2N
HCl. The organic phase dried over MgSO4 and
concentrated to give the title compound as yellow
crystals (1.023 g, 3.3 mmol, 33%). HRMS: 310.1070
[M+H]. For [M+H]+ mass error = 0.5 mDa or 1.51 ppm.
General procedure for formation of ureidophenyl or
carbamoylphenyl compounds from
2-(4-(8-oxa-3-azabicyclo [3.2.1] octan-3-yl)-6-chloro-
1H-pyrazolo [3,4-d] pyrimidin- 1- yl)ethanol: (Scheme
2) [00733] 4-Isocyanatophenylboronic acid, pinacol
ester (0.2 mmol, 49 mg) was reacted with amine or
alcohol as specified below. To the resulting
carbamoylphenylboronic acid, pinacol ester or
ureidophenylboronic acid, pinacol ester in toluene ( 1
mL) was added 2-(4-(8-
oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-chloro-1H-pyrazol
o[3,4-d]pyrimidin-1-yl)ethanol (50 mg), ethanol (0.6
mL) and a 2M aqueous solution of Na2CO3 (0.25 mL). The
mixture was degassed by bubbling a stream of nitrogen
and a catalytic amount of
tetrakis(triphenykphosphine)palladium was added. The
mixture was heated under microwave irradiation for 30
min at 120C. The mixture was concentrated and purified
by HPLC.The following compounds were prepared
according to the general procedure for preparation of
ureidophenyl or carbamoylphenyl compounds: methyl {4-
[l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)- 1H- pyrazolo [3,4-
d]pyrimidin-6-yl]phenyl}carbamate: [00734] using 1mL
methanol, the carbamoylphenylboronate was prepared.
The solvents were removed, toluene ( 1 mL) was added
and the title compound was obtained after Suzuki
coupling according to the general procedure. MS: 425.2
[M+H], RT 2.00.
l-{4-[l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3.2.1]o
ct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea: [00735] using
1mL of a 2N solution of methylamine in THF, the
ureidophenylboronate was prepared. The solvents were
removed, toluene ( 1 mL) was added and the title
compound was obtained after Suzuki coupling according
to the general procedure. MS: 424.2 [M+H], RT 1.83.
l-ethyl-3-{4-[l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo
[3.2.1]oct-3-yl)-1H- pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}urea: [00736] using 1 mL of a
2N solution of ethylamine in THF, the
ureidophenylboronate was prepared. The solvents were
removed, toluene ( 1 mL) was added and the title
compound was obtained after Suzuki coupling according
to the general procedure. MS: 438.2 [M+H], RT 1.90.
2-hydroxyethyl {4-
[l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo [3.2.
1]oct-3-yl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate: [00737] using
112 uL ethylene glycol in 1 mL toluene, the
carbamoylphenylboronate was prepared. The title
compound was obtained after Suzuki coupling according
to the general procedure. MS: 455.2 [M+H], RT
1.85.l-(2-hydroxyethyl)-3-{4-[l-(2-hydroxyethyl)-4-(8-
oxa-3-azabicyclo[3.2.1]oct-3- yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea: [00738] using 0.2
mmol ethanolamine in 1 mL toluene, the
ureidophenylboronate was prepared. The title compound
was obtained after Suzuki coupling according to the
general procedure. MS: 454.2 [M+H], RT 1.75.
l-cyclopropyl-3-{4-[l-(2-hydroxyethyl)-4-(8-oxa-3-azab
icyclo[3.2.1]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}urea: [00739] using 0.2
mmol cyclopropylamine in 1 mL toluene, the
ureidophenylboronate was prepared. The title compound
was obtained after Suzuki coupling according to the
general procedure. MS: 450.2 [M+H], RT 1.92.
l-{4-[l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3.2.1]o
ct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-phenylurea [00740] using
0.2 mmol aniline in 1 mL toluene, the
ureidophenylboronate was prepared. The title compound
was obtained after Suzuki coupling according to the
general procedure. MS: 486.2 [M+H], RT 2.16.
l-{4-[l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3.2.1]o
ct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-3-ylurea: [00741]
using 0.2 mmol 3-aminopyridine in 1 mL toluene, the
ureidophenylboronate was prepared. The title compound
was obtained after Suzuki coupling according to the
general procedure. MS: 487.2 [M+H], RT 1.73. [00742]
1- {4-[ 1-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3
.2.1 ]oct-3-yl)- 1Hpyrazolo[ 3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea:[00743]
using 0.2 mmol 4-aminopyridine in 1 niL toluene, the
ureidophenylboronate was prepared. The title compound
was obtained after Suzuki coupling according to the
general procedure. MS: 487.2 [M+H], RT 1.71.
l-{4-[l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3.2.1]o
ct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[4-(hydroxymethyl)phenyl]ur
ea: [00744] using 0.2 mmol 4-aminobenzyl alcohol in 1
mL toluene, the ureidophenylboronate was prepared. The
title compound was obtained after Suzuki coupling
according to the general procedure. MS: 516.2 [M+H],
RT 1.97.
l-{4-[l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3.2.1]o
ct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]pheny]}-3-[4-(2-hydroxyethyl)phenyl]u
rea: [00745] using 0.2 mmol 4-aminophenethyl alcohol
in 1 mL toluene, the ureidophenylboronate was
prepared. The title compound was obtained after Suzuki
coupling according to the general procedure. MS: 530.2
[M+H], RT 2.01.
l-{4-[l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3.2.1]o
ct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[4-(4-methylpiperazin-1-yl)
phenyl]urea: [00746] using 0.2 mmol
4-(4-methylpiperazino)anilme in 1 mL toluene, the
ureidophenylboronate was prepared. The title compound
was obtained after Suzuki coupling according to the
general procedure. MS: 584.3 [M+H], RT 1.78.
l-{4-[l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3.2.1]o
ct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-(4-morpholin-4-ylphenyl)ure
a: [00747] using 0.2 mmol 4-morpholmoaniline in 1 mL
toluene, the ureidophenylboronate was prepared. The
title compound was obtained after Suzuki coupling
according to the general procedure. MS: 571.3 [M+H],
RT
2.03.l-{4-[l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3.
2.1]oct-3-yl)-1H-pyrazolo[3,4- 



d]pyrimidin-6-yl]phenyl}-3-[6-(4-methylpiperazin-1-yl)
pyridin-3-yl]urea: [00748] using 0.2 mmol
6-(4-methylpiperazino)-3-pyridinamine in 1 mL toluene,
the ureidophenylboronate was prepared. The title
compound was obtained after Suzuki coupling according
to the general procedure. MS: 585.3 [M+H], RT 1.72.
l-{4-[l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3.2.1]o
ct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-(6-morpholin-4-ylpyridin-3-
yl)urea: [00749] using 0.2 mmol
3-amino-6-morpholmopyridme in 1 mL toluene, the
ureidophenylboronate was prepared. The title compound
was obtained after Suzuki coupling according to the
general procedure. MS: 572.3 [M+H], RT 1.80. The
following compounds were isolated as minor by-products
during preparation of compounds according to the
general procedure for preparation of ureidophenyl or
carbamoylphenyl compounds: [00750]
2-[6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct-3
-yl)-1H-pyrazolo[3,4- d]pyrimidin-1-yl]ethanol: MS:
367.2 [M+H], RT 1.70. [00751] ethyl
{4-[l-(2-hydroxyethyl)-4-(8-oxa-3-azabicyclo[3.2.
l]oct-3-yl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl]phenyl}carbamate: [00752] MS:
439.2 [M+H], RT 2.10. [00753]
3-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-chloro-1H
-pyrazolo[3,4- d]pyrimidin-1-yl)propanenitrile:
(Scheme 28) [00754]
2,4,6-trichloropyrimidine-5-carbaldehyde (1.06 g, 5
mmol) in ethanol (15 mL) was cooled to OC.
2-cyanoethylhydrazine (404 uL, 5 mmol)) was added
followed by addition of triethylamine (2.8 mL). The
mixture was stirred at OC for 20 minutes and
8-oxa-3-azabicyclo[3.2.1]octane, HCl (0.75 g, 5 mmol)
was added. The mixture was allowed to warm to room
temperature, stirred for 16 and the crude product was
collected by filtration to give the title compound as
a tan solid (1.86 mmol, 37%).
3-(6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]octan
-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)propanenitrile: (Scheme 2) [00755]
3-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-chloro-1H
-pyrazolo[3,4- d]pyrimidin-1-yl)propanenitrile (1.75
mmol) was dissolved in toluene (32 mL) and ethanol (19
mL). 4-Aminophenylboronic acid, pinacol ester (858 mg,
3.9 mmol) was added followed by the addition of a 2M
aqueous solution of Na2CO3 (7.1 mL). The mixture was
degassed by bubbling a stream of nitrogen through the
solution and tetrakis(triphenylphosphine)palladium (53
mg) was added. The mixture was heated under reflux for
4h, cooled to room temperature and concentrated. The
mixture was dissolved in ethyl acetate and washed with
brine. The organic phase was dried over MgSO4,
filtered and concentrated. The crude product was
applied to a silica gel column and eluted with ethyl
acetate in hexanes (30-100%) to give 547 mg of the
title compound. General procedure for the formation of
urea or carbamate compounds from 3-(6-(4-
aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1
H-pyrazolo[3,4-d]pyrimidin-1- yl)propanenitrile:
(Scheme 2) [00756]
3-(6-(4-aminophenyl)-4-(8-oxa-3-azabicyclo[3.2.1]octan
-3-yl)-1Hpyrazolo[ 3,4-d]pyrimidin-1-yl)propanenitrile
(425 mg, 1.25 mmol) was dissolved in dichloromethane
(20 mL) and triethylamine was added (650 uL). The
mixture was added dropwise to a solution of
triphosgene (178 mg, 0.6 mmol) in dichloromethane (10
mL). The mixture was stirred at room temperature for
10 minutes and was then divided over 10 vials
containing amine or alcohol as specified below. The
mixtures were stirred for 2h. The mixtures were
concentrated and purified by HPLC (NH40H buffers).The
following compounds were prepared following the
general procedure for formation or urea or carbamate
compounds: 2-hydroxyethyl
{4-[l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct-3
-yl)-1Hpyrazolo [3,4-d]pyrimidin-6-yl]
phenyljcarbamate : [00757] using ethylene glycol (56
uL) in 1 niL dichloromethane, the title compound was
obtained. MS: 464.2 [M+H], RT 1.93.
l-{4-[l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct
-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-methylurea: [00758] using 1
mL of a 2N solution of methylamine in THF, the title
compound was obtained. MS: 433.2 [M+H], RT 1.91.
l-{4-[l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct
-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-cyclopropylurea: [00759]
using cyclopropylamine (70 uL) in 1 mL
dichloromethane, the title compound was obtained. MS:
459.2 [M+H], RT 2.00.
l-{4-[l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct
-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-3-ylurea: [00760]
using 3-aminopyridine (94 mg) in 1 mL dichloromethane,
the title compound was obtained. MS: 496.2 [M+H], RT
1.81.
l-{4-[l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct
-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-pyridin-4-ylurea: [00761]
using 4-ammopyridine (94 mg) in 1 mL dichloromethane,
the title compound was obtained. MS: 496.2 [M+H], RT
1.79.l-{4-[l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3.2.
1]oct-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[4-(hydroxymethyl)phenyl]ur
ea: [00762] using 4-aminobenzyl alcohol (62 mg) in 1
mL dichloromethane, the title compound was obtained.
MS: 525.2 [M+H], RT 2.03.
l-{4-[l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct
-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[4-(2-hydroxyethyl)phenyl]u
rea: [00763] using 4-aminophenethyl alcohol (69 mg) in
1 mL dichloromethane, the title compound was obtained.
MS: 539.2 [M+H], RT 2.07.
l-{4-[l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct
-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[4-(4-methylpiperazin-1-yl)
phenyl]urea: [00764] using
4-(4-methylpiperazino)aniline (96 mg) in 1 mL
dichloromethane, the title compound was obtained. MS:
593.3 [M+H], RT 1.86.
l-{4-[l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct
-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-(4-morpholin-4-ylphenyl)ure
a: [00765] using 4-morpholinoaniline (89 mg) in 1 mL
dichloromethane, the title compound was obtained. MS:
580.3 [M+H], RT 2.09.
l-{4-[l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct
-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-[6-(4-methylpiperazin-1-yl)
pyridin-3-yl]urea: [00766] using
6-(4-methylpiperazino)-3-pyridinamine (96 mg) in 1 mL
dichloromethane, the title compound was obtained. MS:
594.3 [M+H], RT 1.80.
l-{4-[l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct
-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-(6-morpholin-4-ylpyridin-3-
yl)urea:[00767] using 3-amino-6-morpholinopyridine (90
mg) in 1 mL dichloromethane, the title compound was
obtained. MS: 581.3 [M+H], RT 1.88.
l-{4-[l-(2-cyanoethyl)-4-(8-oxa-3-azabicyclo[3.2.1]oct
-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-6-yl]phenyl}-3-{4-[2-(dimethylamino)ethoxy
]phenyl}urea: [00768] using
4-(2-(dimethylamino)ethoxy)aniline.2HCl (100 mg) in 1
mL dichloromethane, the title compound was obtained.
MS: 582.3 [M+H], RT 1.86 4-(8-oxa-3-azabicyclo [3.2.1]
octan-3-yl)-2-chlorothieno [3,2-d]
pyrimidine-6-carbaldehyde: (Scheme 45) [00769] In a
dried 250 mL round-bottomed flask was placed
3-(2-chlorothieno[3,2-
d]pyrimidin-4-yl)-8-oxa-3-azabicyclo[3.2.1]octane (0.5
g, 1.775 mmol) in THF (20 ml) to give a colorless
solution. The mixture was cooled to -78C and
butyllithium (1.6N in hexane) (1.331 ml, 2.129 mmol)
was added. After stirring for Ih at -78C,
N,N-dimethylformamide (0.205 ml, 2.66 mmol) was added
to the now yellow solution and the mixture was stirred
for an additional hour at -78C. The mixture was slowly
warmed to RT. [00770] The mixture was diluted with
sat. NaHCO3 and extracted with EtOAc. The organic
phase was dried over MgSO4 and concentrated. The crude
product was added to a silica gel column and was
eluted with ethyl acetate in hexanes (20-40%) to give
498 mg of the title compound as a yellow solid.
3-(2-chloro-6-((4-methy]piperazin-1-yl)methyl)thieno[3
,2-d]pyrimidin-4-yl)-8-oxa-3- azabicyclo[3.2.1]octane:
(Scheme 45) [00771] In a 250 mL round-bottomed flask
was placed 4-(8-oxa-3-
azabicyclo[3.2.1]octan-3-yl)-2-chlorothieno[3,2-d]pyri
midine-6-carbaldehyde (222 mg, 0.717 mmol),
1-methylpiperazine (0.1 19 ml, 1.075 mmol), and acetic
acid (0.043 ml, 0.752 mmol) in 1,2-dichloroethane (6
ml) to give a yellow solution. Sodium
triacetoxyborohydride (167mg, 0.788 mmol) was added
and the resulting fine suspension was stirred at room
temperature for Ih. [00772] The reaction mixture was
diluted with DCM and washed with saturated NaHCO3. The
organic phase was dried over MgSO4, filtered and
concentrated. The crude product was added to a silica
gel column and was eluted with methanol in
dichloromethane (0-5%, containing 1% NEt3) to give 177
mg of a tan solid. HRMS: 394.1468 [M+H]. For [M+H]+
mass error = 0.5 mDa or 1.22 ppm.
3-(6-((4-methylpiperazin-1-yl)methyl)-2-(4-nitrophenyl
)thieno[3,2-d]pyrimidin-4-yl)-8-
oxa-3-azabicyclo[3.2.1]octane: (Scheme 45) [00773] In
a 100 mL microwave vial was placed
3-(2-chloro-6-((4-methylpiperazin-1-
yl)methyl)thienotS^-dJpyrimidin^-yl)-S-oxa-3-azabicycl
o[3.2.1]octane (168 mg, 0.426 mmol) and
4,4,5,5-tetramethyl-2-(4-nitrophenyl)-1,3,2-dioxaborol
ane (127 mg, 0.512 mmol) in DME (5 ml) to give a
yellow solution. Na2CO3 (2M solution in water) (0.853
ml, 1.706 mmol) was added. The mixture was degassed by
bubbling N2 through the solution. Pd(PPh3)4 (49.3 mg,
0.043 mmol) was added. The mixture was heated under
reflux (oil bath at 95C). LC MS (RT 2.8, M+H = 481)
showed complete conversion after 7.5h. The reaction
mixture was diluted with ethyl acetate and washed with
a sat. solution of NaHCO3. A precipitate remained that
was insoluble in either organic or aqueous phase. LCMS
showed that both the precipitate and the organic phase
contained product. [00774] The precipitate was
dissolved in DCM and MeOH, filtered and concentrated.
The ethyl acetate layer was dried (MgSO4) and
concentrated and added to the DCM/MeOH filtrate. The
crude product was added to a silica gel column and was
eluted with methanol in dichloromethane (0-5%,
containing 1% NEt3). Collected fractions were
concentrated to give 170 mg of a yellow solid (0.35
mmol, 83%). HRMS: 481.2019 [M+H]. For [M+H]+ mass
error = 0.3 mDa or 0.64
ppm.4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-((4-m
ethylpiperazin-1-yl)methyl)thieno[3,2-
d]pyrimidin-2-yl)aniline: (Scheme 45) [00775] In a 250
mL round-bottomed flask was placed
3-(6-((4-methylpiperazin-1-
yl)methyl)-2-(4-nitrophenyl)thieno[3,2-d]pyrimidin-4-y
l)-8-oxa-3-azabicyclo[3.2.1]octane (170 mg, 0.354
mmol) in isopropanol (3 mL) and DCM (3.00 mL) to give
a nearly colorless solution. A catalytic amount of Pd
on charcoal (wet) was added and the mixture was
stirred under a hydrogen atmosphere for 4h. LCMS
showed complete conversion, along with some minor
impurities. The mixture was filtered over Celite,
rinsed with DCM and concentrated. The product was used
in the next step without further purification. General
procedure for the formation of urea and carbamate
compounds from 4-(4-(8- oxa-3-azabicyclo [3.2.
1]octan-3-yl)-6-((4-methylpiperazin-1-yl)methyl)thieno
[3,2- d]pyrimidin-2-yl)aniline: (Scheme 45) [00776] In
a round-bottomed flask was placed
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-
((4-methylpiperazin-1-yl)methyl)thieno[3,2-d]pyrimidin
-2-yl)aniline (0.160 g, 0.354 mmol) 



and triethylamine (0.197 ml, 1.416 mmol) in DCM (6
ml). The mixture was added dropwise to a solution of
triphosgene (0.053 g, 0.177 mmol) in 2 mL DCM in a
scintillation vial. Another 3 mL of DCM was used to
rinse the round-bottomed flask and transfer any
remaining material to the scintillation vial. The
mixture was stirred at room temperature for 5 min.
[00777] The mixture was divided over 6 vials (~2 mL in
each vial), each vial containing amine or alcohol as
specified below. The mixture was stirred at room
temperature for 16 h. The crude material was
concentrated and purified by HPLC (Gilson,
trifluoroacetic acid buffers). The following compounds
were made following the general procedure for
formation of urea or carbamate
compounds:l-methy]-3-(4-{6-[(4-methy]piperazin-1-yl)me
thyl]-4-(8-oxa-3- azabicyclo[3.2.1]oct-3-
yl)thieno[3,2-d]pyrimidin-2-yl}phenyl)urea: [00778]
using 1 mL of a 2N solution of methylamine in THF, the
title compound was obtained. MS: 508.2 [M+H], RT 1.53.
[00779]
l-cyclopropyl-3-(4-{6-[(4-methylpiperazin-1-yl)methyl]
-4-(8-oxa-3- azabicyclo[3.2.1]oct-3-yl)thieno
^-dJpyrimidm^-yl}phenyrHirea: [00780] using
cyclopropylamine (35 uL) in dichloromethane ( 1 mL),
the title compound was obtained. MS: 534.3 [M+H], RT
1.59. 2,2-dimethyl-N-(4- {6- [(4-methylpiperazin-
l-yl)methyl] -4-(8-oxa-3-azabicyclo [3.2. 1]oct-3-
yl)thieno[3,2-d]pyrimidin-2-yl}phenyl)hydrazinecarboxa
mide: [00781] using 1,1-dimethylhydrazine (38 uL) in
dichloromethane ( 1 mL), the title compound was
obtained. MS: 537.3 [M+H], RT 1.61.
l-(4-{6-[(4-methylpiperazin-1-yl)methyl]-4-(8-oxa-3-az
abicyclo[3.2.1]oct-3- yl)thieno[3,2-
d]pyrimidin-2-yl}phenyl)-3-pyridin-3-ylurea: [00782]
using 3-ammopyridine (19 mg) in dichloromethane ( 1
mL), the title compound was obtained. MS: 571.3 [M+H],
RT 1.53.
l-(4-{6-[(4-methylpiperazin-1-yl)methyl]-4-(8-oxa-3-az
abicyclo[3.2.1]oct-3- yl)thieno[3,2-
d]pyrimidin-2-yl}phenyl)-3-pyridin-4-ylurea: [00783]
using 4-ammopyridine (19 mg) in dichloromethane ( 1
mL), the title compound was obtained. MS: 571.3 [M+H],
RT 1.52.
4-{[(4-{6-[(4-methylpiperazin-1-yl)methyl]-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3- yl)thieno [3,2-d]
pyrimidin-2-yl}phenyl)carbamoyl]
aminojbenzamide:[00784] using 4-aminobenzamide (27 mg)
in dichloromethane ( 1 mL), the title compound was
obtained. MS: 613.3 [M+H], RT 1.66. tert-butyl
4-(methylsulfonyl)piperazine-1-carboxylate: [00785] In
a 250 mL round-bottomed flask was placed tert-butyl
piperazine-1- carboxylate ( 1 g, 5.37 mmol) and
triethylamine (1.488 ml, 10.74 mmol) in DCM (30 ml) to
give a colorless solution. Methanesulfonyl chloride
(0.458 ml, 5.91 mmol) was added slowly. The mixture
was stirred at room temperature for 16 h. [00786] The
reaction mixture was diluted with DCM, washed with
0.1M HCl, sat NaHCO3 and 0.1N NaOH and the organic
phase was dried over MgSO4 and concentrated to give
1.34g of a light yellow solid. HRMS: 287.10349 [M+H].
Exptl - Calc'd =-0.11 mmu.
l-(methylsulfonyl)piperazine [00787] In a 250 mL
round-bottomed flask was placed tert-butyl A-
(methylsulfonyl)piperazine-1-carboxylate (1.34 g, 5.07
mmol) in DCM (10 mL) to give a light yellow solution.
TFA (5 mL) was added and the solution was stirred at
room temperature for 2 h . The mixture was
concentrated under reduced pressure to give 1.39 g of
a tan solid (quant yield). HRMS: 165.0695 [M+H].For
[M+H]+ mass error = 0.3 mDa or 1.63 ppm.
4-(8-oxa-3-azabicyclo [3.2.1]
octan-3-yl)-2-(4-nitrophenyl)thieno [3,2-d]
pyrimidine-6- carbaldehyde (Scheme 45) [00788] In a
250 mL round-bottomed flask was placed 4-(8-oxa-3-
azabicyclo[3.2.1]octan-3-yl)-2-chlorothieno[3,2-d]pyri
midine-6-carbaldehyde (276 mg, 0.891 mmol) and
4,4,5,5-tetramethyl-2-(4-nitrophenyl)-1,3,2-dioxaborol
ane (266 mg, 1.069 mmol) in dimethoxyethane (10 ml) to
give an orange suspension (which dissolved when
heated). Na2CO3 (2M solution in water) (1.782 ml, 3.56
mmol) was added. The mixture was degassed by bubbling
nitrogen through the solution. Pd(PPh3)4 (103 mg,
0.089 mmol) was added.[00789] The mixture was heated
under reflux (oil bath at 95C) for 2h. The reaction
mixture was diluted with ethyl acetate and washed with
a sat. solution of NaHCO3. The precipitate that was
not dissolved in either the organic or aqueous phase
was collected by filtration. The precipitate was
dissolved in DCM and MeOH, filtered and concentrated.
The ethyl acetate layer is dried (MgSO4) and
concentrated and added to the DCM/MeOH filtrate. The
crude product was added to a silica gel column and was
eluted with methanol in dichloromethane (0-3%).
Collected fractions were concentrated to give 181 mg
of a yellow solid (0.46 mmol, 51%). HRMS: 397.0969
[M+H] For [M+H]+ mass error = 0.4 mDa or 1.02 ppm.
3-(6-((4-(methylsulfonyl)piperazin-1-yl)methy])-2-(4-n
itrophenyl)thieno[3,2-
d]pyrimidin-4-yl)-8-oxa-3-azabicyclo[3.2.1]octane
(Scheme 45) [00790] In a 250 mL round-bottomed flask
was placed 4-(8-oxa-3-
azabicyclo[3.2.1]octan-3-yl)-2-(4-nitrophenyl)thieno[3
,2-d]pyrimidine-6-carbaldehyde (170 mg, 0.429 mmol)
and l-(methylsulfonyl)piperazine, TFA (179 mg, 0.643
mmol) in 1,2- dichloroethane (6 ml) to give a yellow
suspension. Sodium triacetoxyborohydride (100 mg,
0.472 mmol) was added and the resulting fine
suspension was stirred at room temperature for 4h.
[00791] Stirring was continued overnight. Additional
methylsulfonylpiperazine (60 mg) and NaHB(OAc)3 (40
mg) were added and the mixture was diluted with 4 mL
dichloroethane and stirred overnight. [00792] The
reaction mixture was diluted with dichloromethane and
washed with saturated NaHCO3. The aqueous phase was
extracted with dichloromethane. The combined organic
phases were dried over MgSO4, filtered and
concentrated. The crude product was added to a silica
gel column and was eluted with ethyl acetate in
hexanes (50-100% EtOAc inhexanes, 1% NEt3) to give 125
mg of the title compound as a light yellow solid.
HRMS: 545.1633 [M+H]. For [M+H]+ mass error = -0.2 mDa
or -0.40 ppm.
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-((4-(meth
ylsulfonyl)piperazin-1-
yl)methyl)thieno[3,2-d]pyrimidin-2-yl)aniline (Scheme
45) [00793] In a 250 mL round-bottomed flask was
placed 3-(6-((4- (methylsulfonyl)piperazin-
1-yl)methyl)-2-(4-nitrophenyl)thieno[3
,2-d]pyrimidin-4-yl)-8-oxa- 3-azabicyclo[3.2.1]octane
( 1 15 mg, 0.21 1 mmol) in isopropanol (10 ml) and DCM
(10.00 ml) to give a yellow solution. [00794] A
catalytic amount of Pd on charcoal (wet) was added and
the mixture was stirred under a hydrogen atmosphere
for 5h. The mixture was filtered over C6lite, rinsed
with DCM and concentrated to give a light yellow solid
(92 mg, 85%). HRMS: 515.1893 [M+H]. For [M+H]+ mass
error = -0.1 mDa or -0.18 ppm. General procedure for
the formation of urea or carbamate compounds from
4-(4-(8-oxa-
3-azabicyclo[3.2.1]octan-3-yl)-6-((4-(methylsulfonyl)p
iperazin-1-yl)methyl)thieno[3,2-
d]pyrimidin-2-yl)aniline (Scheme 45) [00795] In a
round-bottomed flask was placed
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-
yl)-6-((4-(methylsulfonyl)piperazin-
1-yl)methyl)thieno [3 ,2-d]pyrimidin-2-yl)aniline (80
mg, 0.155 mmol) and triethylamine (0.087 ml, 0.622
mmol) in DCM (3 ml) to give a yellow solution. The
mixture was added dropwise to a solution of
triphosgene (23.06 mg, 0.078 mmol) in 3 mL DCM in a
scintillation vial. Another 3 mL of DCM was used to
rinse the round-bottomed flask and transfer any
remaining material to the scintillation vial. The
mixture was stirred at room temperature for 5 min.
[00796] The mixture was divided over 6 vials (-1.5 mL
in each vial), each vial containing amine or alcohol
as specified below. The mixture was stirred at room
temperaturefor 16 h. The crude material was
concentrated and purified by HPLC (Gilson,
trifluoroacetic acid buffers). The following compounds
were made according to the general procedure for
formation of urea or carbamate compounds.
l-methyl-3-{4-[6-{[4-(methylsulfonyl)piperazin-1-yl]me
thyl}-4-(8-oxa-3- azabicyclo [3.2. 1]oct-3-yl)thieno
[3,2-d]pyrimidin-2-yl] phenyl} urea: [00797] using 1
mL of a 2N solution of methylamine in THF, the title
compound was obtained. MS: 572.2 [M+H], RT 1.77.
l-ethyl-3-{4-[6-{[4-(methylsulfonyl)piperazin-1-yl]met
hyl}-4-(8-oxa-3- azabicyclo [3.2. 1]oct-3-yl)thieno
[3,2-d]pyrimidin-2-yl] phenyl} urea: [00798] using 1
mL of a 2N solution of ethylamine in THF, the title
compound was obtained. MS: 586.2 [M+H], RT 1.83. l
-cyclopropyl-3-{4-[6-{[4-(methylsulfonyl)piperazin-1-y
l]methyl}-4-(8-oxa-3-
azabicyclo[3.2.1]oct-3-ytythienoP^-dlpyrimidin-2-yl]ph
enyl}urea: [00799] using cyclopropylamine (35 uL) in
dichloromethane ( 1 mL), the title compound was
obtained. MS: 598.2 [M+H], RT 1.84.
l-{4-[6-{[4-(methylsulfonyl)piperazin-1-yl]methyl}-4-(
8-oxa-3-azabicyclo[3.2.1]oct-3- yl)thieno [3,2-d]
pyrimidin-2-yl] phenyl}-3-phenylurea: [00800] using
aniline (18 uL) in dichloromethane ( 1 mL), the title
compound was obtained. MS: 634.2 [M+H], RT 2.05.
l-{4-[6-{[4-(methylsulfonyl)piperazin-1-yl]methyl}-4-(
8-oxa-3- azabicyclo[3.2.1]oct-3- yl)thieno [3,2-d]
pyrimidin-2-yl] phenyl}-3-pyridin-3-ylurea:[00801]
using 3-aminopyridine (19 mg) in dichloromethane ( 1
mL), the title compound was obtained. MS: 635.2 [M+H],
RT 1.77.
l-{4-[6-{[4-(methylsulfonyl)piperazin-1-yl]methyl}-4-(
8-oxa-3- azabicyclo[3.2.1]oct-3- yl)thieno [3,2-d]
pyrimidin-2-yl] phenyl}-3-pyridin-4-ylurea: [00802]
using 4-aminopyridine (19 mg) in dichloromethane ( 1
mL), the title compound was obtained. MS: 635.2 [M+H],
RT 1.68. methyl 4-(4-(3-oxa-8-azabicyclo [3.2.1]
octan-8-yl)-6-chloro-1H-pyrazolo [3,4-d] pyrimidinl-
yl)piperidine-1-carboxylate (Scheme 30) [00803] In a
100 mL round-bottomed flask was placed
8-(l-(l-benzylpiperidin-4-yl)-
6-chloro-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-3-oxa-8-aza
bicyclo[3.2.1]octane (1.5 g, 3.42 mmol) in DCM (5 ml)
to give a very fine red suspension. [00804] methyl
chloroformate (1.323 ml, 17.09 mmol) was added and the
mixture was stirred at room temperature for 3h. The
mixture was concentrated under reduced pressure,
dissolved in DCM and washed with sat NaHCO3. The
organic phase was dried over MgSO4, filtered and
concentrated. The crude product was added to a silica
gel column and was eluted with ethyl acetate in
hexanes (40-80%). Collected fractions were
concentrated to give 605 mg of a yellow solid (1.5
mmol, 44%). HRMS: 407.1596 [M+H]. For [M+H]+ mass
error = 0.75 ppm. methyl
4-(6-(4-aminophenyl)-4-(3-oxa-8-azabicyclo[3.2.1]octan
-8-yl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl)piperidine-1-carboxylate (Scheme 30)
[00805] In a 250 mL round-bottomed flask was placed
methyl 4-(4-(3-oxa-8- azabicyclo[3 .2.
1]octan-8-yl)-6-chloro- 1H-pyrazolo[3 ,4-d]pyrimidin-
1-yl)piperidine- 1- carboxylate (738 mg, 1.814 mmol)
and
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline
(477 mg, 2.177 mmol) in DME (20 mL) to give a yellow
suspension.[00806] Na2CO3 (2M solution in water) (3.63
mL, 7.26 mmol) was added. The mixture was degassed by
bubbling N2 through the solution. Pd(PPh3)4 (105 mg,
0.091 mmol) was added. The reaction was heated under
reflux for 24 h. The mixture was diluted with ethyl
acetate, filtered over celite and washed with a sat.
solution of NaHCO3. The organic phase was dried
(MgSO4) and concentrated. 



[00807] The crude product was added to a silica gel
column and was eluted with ethyl acetate in hexanes
(55-80%) to give 514 mg of the title compound. HRMS:
464.2402. For [M+H]+ mass error = -0.2 mDa or -0.48
ppm. General procedure for formation of urea or
carbamate compounds from methyl 4-(6-(4-
aminophenyl)-4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1
H-pyrazolo[3,4-d]pyrimidin-1-
yl)piperidine-1-carboxylate (Scheme 30) [00808] In a
round-bottomed flask was placed methyl
4-(6-(4-aminophenyl)-4-(3-oxa- 8-azabicyclo[3 .2.
1]octan-8-yl)- 1H-pyrazolo[3 ,4-d]pyrimidin-
1-yl)piperidine- 1-carboxylate (0.834 g, 1.8 mmol) and
triethylamine (1.004 mL, 7.20 mmol) in DCM (7 mL) to
give a brown solution. The mixture was added dropwise
to a solution of triphosgene (0.267 g, 0.900 mmol) in
DCM (7 mL) in a scintillation vial. Another 7 mL of
DCM was used to rinse the round-bottomed flask and
transfer any remaining material to the scintillation
vial. The mixture was stirred at room temperature for
15 min. The mixture was divided over 14 vial, each
vial containing amine or alcohol as specified below.
The mixture was stirred at room temperature for 16 h.
Where appropriate, Boc protective groups were removed
by addition of TFA ( 1 mL) and stirring at room
temperature for Ih. The crude material was
concentrated and purified by HPLC (Gilson,
trifluoroacetic acid buffers). The following compounds
were made according to the general procedure for
formation of urea or carbamate compounds:methyl
4-[6-(4-{[(2-hydroxyethoxy)carbonyl]amino}phenyl)-4-(3
-oxa-8-
azabicyclo[3.2.1]oct-8-yl)-1H-pyrazolo[3,4-d]pyrimidin
-1-yl]piperidine-1- carboxylate: [00809] using
ethylene glycol (56 uL) in 1 niL dichloromethane, the
title compound was obtained. MS: 552.2 [M+H], RT 2.13.
methyl 4-[6-{4- [(methylcarbamoyl)amino]
phenyl}-4-(3-oxa-8-azabicyclo [3.2. 1]oct-8-yl)-
1H-pyrazolo [3,4-d]pyrimidin- 1-yl] piperidine-
1-carboxylate : [00810] using 1 mL of a 2N solution of
methylamine in THF, the title compound was obtained.
MS: 521.3 [M+H], RT 2.11. methyl
4-[6-{4-[(ethylcarbamoyl)amino]phenyl}-4-(3-oxa-8-azab
icyclo[3.2.1]oct-8-yl)- 1H-pyrazolo [3,4-d]pyrimidin-
1-yl] piperidine- 1-carboxylate : [00811] using 1 mL
of a 2N solution of ethylamine in THF, the title
compound was obtained. MS: 535.3 [M+H], RT 2.17.
methyl 4-[6-(4- {[(2-fluoroethyl)carbamoyl]
amino}phenyl)-4-(3-oxa-8-
azabicyclo[3.2.1]oct-8-yl)-1H-pyrazolo[3,4-d]pyrimidin
-1-yl]piperidine-1- carboxylate: [00812] using
2-fluoroethylamine.HCl (100 mg) in 1mL IN NaOH, the
title compound was obtained. MS: 553.2 [M+H], RT 2.15.
methyl 4-[6-{4- [(cyclopropylcarbamoyl)amino]
phenyl}-4-(3-oxa-8-azabicyclo [3.2. 1]oct-
8-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl]piperidine-1-
carboxylate: [00813] using cyclopropylamine (70 uL) in
1mL dichloromethane, the title compound was obtained.
MS: 547.3 [M+H], RT 2.19. methyl
4-[4-(3-oxa-8-azabicyclo [3.2.1]oct-8-yl)-6-
{4-[(phenylcarbamoyl)amino] phenyl}- 1H-pyr azolo
[3,4-d]pyrimidin- 1-yl] piperidine- 1-carboxylate
:[00814] using aniline (46 uL) in 1 mL
dichloromethane, the title compound was obtained. MS:
583.3 [M+H], RT 2.24. methyl
4-[4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-6-{4-[(pyridi
n-3-
ylcarbamoyl)amino]phenyl}-1H-pyrazolo[3,4-d]pyrimidin-
1-yl]piperidine-1- carboxylate: [00815] using
3-aminopyridine (47 mg) in 1 mL dichloromethane, the
title compound was obtained. MS: 584.3 [M+H], RT 2.00.
methyl
4-[4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-6-{4-[(pyridi
n-4-
ylcarbamoyl)amino]phenyl}-1H-pyrazolo[3,4-d]pyrimidin-
1-yl]piperidine-1- carboxylate: [00816] using
4-aminopyridine (47 mg) in 1 mL dichloromethane, the
title compound was obtained. MS: 584.3 [M+H], RT 1.97.
methyl
4-{6-[4-({[4-(4-methylpiperazin-1-yl)phenyl]carbamoyl}
amino)phenyl]-4-(3-oxa-
8-azabicyclo[3.2.1]oct-8-yl)-1H-pyrazolo[3,4-d]pyrimid
in-1-yl}piperidine-1- carboxylate: [00817] using
4-(4-methylpiperazin-1-yl)aniline (57 mg) in 1mL
dichloromethane, the title compound was obtained. MS:
681.4 [M+H], RT 2.03. methyl 4-[4-(3-oxa-8-azabicyclo
[3.2.1]oct-8-yl)-6-(4- {[(4-piperazin-1-
ylphenyl)carbamoyl]amino}phenyl)-1H-pyrazolo[3,4-d]pyr
imidin-1-yl]piperidine-1- carboxylate: [00818] using
tert-butyl 4-(4-aminophenyl)piperazine-1-carboxylate
(83 mg) in 1 mL dichloromethane, the title compound
was obtained. MS: 667.3 [M+H], RT 2.00.methyl
4-{6-[4-({[6-(4-methylpiperazin-1-yl)pyridin-3- yl]
carbamoyl} amino)phenyl]-4-
(S-oxa-S-azabicyclop.l.lloct-S-yl)-1H-pyrazolo[3,4-d]p
yrimidin-1-yl}piperidine-1- carboxylate: [00819] using
6-(4-methylpiperazin-1-yl)pyridin-3 -amine (58 mg) in
1 mL dichloromethane, the title compound was obtained.
MS: 682.4 [M+H], RT 1.97. methyl
4-[6-{4-[({4-[(dimethylamino)methyl]phenyl}carbamoyl)a
mino]phenyl}-4-(3-oxa-
8-azabicyclo[3.2.1]oct-8-yl)-1H-pyrazolo[3,4-d]pyrimid
in-1-yl]piperidine-1- carboxylate: [00820] using
4-((dimethylamino)methyl)aniline (45 mg) in 1mL
dichloromethane, the title compound was obtained. MS:
640.3 [M+H], RT 2.03. methyl
4-[6-{4-[({4-[(4-methylpiperazin-1-yl)methyl]phenyl}ca
rbamoyl)amino]phenyl}-
4-(3-oxa-8-azabicyclo[3.2.1]oct-8-yl)-1H-pyrazolo[3,4-
d]pyrimidin-1-yl]piperidine-1- carboxylate: [00821]
using 4-((4-methylpiperazin-1-yl)methyl)aniline (62
mg) in 1 mL dichloromethane, the title compound was
obtained. MS: 695.4 [M+H], RT 1.98. methyl 4-[6-{4-
[({4- [2-(dimethylamino)ethoxy] phenyl}
carbamoyl)amino] phenyl}-4-(3-
oxa-S-azabicycloP^.lloct-S-yl)-1H-pyrazolo[3,4-d]pyrim
idin-1-ylJpiperidine- 1- carboxylate: [00822] using
4-(2-(dimethylamino)ethoxy)aniline in 0.6 mL IN NaOH,
the title compound was obtained. MS: 670.3 [M+H], RT
2.03. The following compounds can be made by
adaptation of the procedures described above: [00823]
2-hydroxyethyl 4-(4-(7-methyl-3-oxa-7,9-diazabicyclo[3
.3 .1]nonan-9-yl)- 1- (2,2,2-trifluoroethyl)-
1H-pyrazolo[3
,4-d]pyrimidin-6-yl)phenylcarbamate[00824]
l-methyl-3-(4-(4-(7-methyl-3-oxa-7,9-diazabicyclo[3.3.
1]nonan-9-yl)-1- (2,2,2-trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-6-yl)phenyl)urea [00825]
l-(4-(2-(dimethylamino)ethoxy)phenyl)-3-(4-(4-(7-methy
l-3-oxa-7,9- diazabicyclo[3 .3 .1]nonan-9-yl)-
1-(2,2,2-trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-6- yl)phenyl)urea [00826]
1-cyclopropyl-3-(4-(4-(7-methyl-3-oxa-7,9-diazabicyclo
[3 .3 .1]nonan-9-yl)- 1- (2,2,2-trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6-yl)phenyl)urea [00827]
1-(4-(4-(7-methyl-3-oxa-7,9-diazabicyclo[3 .3
.1]nonan-9-yl)- 1-(2,2,2- trifluoroethyl)-
1H-pyrazolo[3
,4-d]pyrimidin-6-yl)phenyl)-3-(4-(4-methylpiperazin-
1- yl)phenyl)urea [00828]
1-(4-(4-(7-methyl-3-oxa-7,9-diazabicyclo[3 .3
.1]nonan-9-yl)- 1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)pheny
l)-3-(pyridin-4-yl)urea [00829]
1-(4-(4-(7-methyl-3-oxa-7,9-diazabicyclo[3 .3
.1]nonan-9-yl)- 1-(2,2,2-
trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)pheny
l)-3-(pyridin-3-yl)urea [00830]
l-(4-(2,2-dimethylhydrazinecarbonyl)phenyl)-3-(4-(4-(7
-methyl-3-oxa-7,9- diazabicyclo[3 .3 .1]nonan-9-yl)-
1-(2,2,2-trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-6- yl)phenyl)urea [00831]
4-(3-(4-(4-(7-methyl-3-oxa-7,9-diazabicyclo[3. 3.1
]nonan-9-yl)-l -(2,2,2- trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-6-yl)phenyl)ureido)benzamide [00832]
l-(4-(4-(6-fluoro-8-oxa-3-azabicyclo[3.2.1]octan-3-yl)
-l -(2,2,2- trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-6- yl)phenyl)-3-methylurea[00833]
1-(4-(4-(6-fluoro-8-oxa-3-azabicyclo[3 .2.1
]octan-3-yl)-l -(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(4-methy
lpiperazin-1-yl)phenyl)urea [00834]
l-(4-(2-(dimethylamino)ethoxy)phenyl)-3-(4-(4-(6-fluor
o-8-oxa-3- azabicyclo[3 .2. 1]octan-3-yl)-
1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6- yl)phenyl)urea [00835]
1-(4-(4-(6-fluoro-8-oxa-3-azabicyclo[3 .2.1
]octan-3-yl)-l -(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(pyridin-4-
yl)urea [00836] 1-(4-(4-(6-fluoro-8-oxa-3-azabicyclo[3
.2.1 ]octan-3-yl)-l -(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(pyridin-3-
yl)urea [00837] 2-hydroxyethyl
4-(4-(6-fluoro-8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-
(2,2,2- trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-6-yl)phenylcarbamate [00838]
l-cyclopropyl-3-(4-(4-(6-fluoro-8-oxa-3-azabicyclo[3.2
.1]octan-3-yl)-1-(2,2,2- trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6-yl)phenyl)urea [00839]
1-(4-(4-(6-fluoro-8-oxa-3-azabicyclo[3 .2.1
]octan-3-yl)-l -(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6- yl)phenyl)-3-methylurea
[00840] 1-(4-(4-(6-fluoro-8-oxa-3-azabicyclo[3 .2.1
]octan-3-yl)-l -(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(4-methy
lpiperazin-1-yl)phenyl)urea [00841]
l-(4-(2-(dimethylamino)ethoxy)phenyl)-3-(4-(4-(6-fluor
o-8-oxa-3- azabicyclo[3 .2. 1]octan-3-yl)-
1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6- yl)phenyl)urea[00842]
1-(4-(4-(6-fluoro-8-oxa-3-azabicyclo[3 .2.1
]octan-3-yl)-l -(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(pyridin-4-
yl)urea [00843] 1-(4-(4-(6-fluoro-8-oxa-3-azabicyclo[3
.2.1 ]octan-3-yl)-l -(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(pyridin-3-
yl)urea [00844] 2-hydroxyethyl
4-(4-(6-fluoro-8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-
(2,2,2- trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-6-yl)phenylcarbamate [00845]
l-cyclopropyl-3-(4-(4-(6-fluoro-8-oxa-3-azabicyclo[3.2
.1]octan-3-yl)-1-(2,2,2- trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6-yl)phenyl)urea [00846]
1-(4-(4-(6-fluoro-3-oxa-8-azabicyclo[3 .2.1
]octan-8-yl)-l -(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(4-methy
lpiperazin-1-yl)phenyl)urea [00847]
1-(4-(4-(6-fluoro-3-oxa-8-azabicyclo[3 .2.1
]octan-8-yl)-l -(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-methylurea
[00848]
l-(4-(2-(dimethylamino)ethoxy)phenyl)-3-(4-(4-(6-fluor
o-3-oxa-8- azabicyclo[3 .2. 1]octan-8-yl)-
1-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6- yl)phenyl)urea [00849]
1-(4-(4-(6-fluoro-3-oxa-8-azabicyclo[3 .2.1
]octan-8-yl)-l -(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(pyridin-4-
yl)urea [00850] 1-(4-(4-(6-fluoro-3-oxa-8-azabicyclo[3
.2.1 ]octan-8-yl)-l -(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)-3-(pyridin-3-
yl)urea[00851] 2-hydroxyethyl
4-(4-(6-fluoro-3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-
(2,2,2- trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-6-yl)phenylcarbamate [00852]
l-cyclopropyl-3-(4-(4-(6-fluoro-3-oxa-8-azabicyclo[3.2
.1]octan-8-yl)-1-(2,2,2- trifluoroethyl)-
1H-pyrazolo[3 ,4-d]pyrimidin-6-yl)phenyl)urea [00853]
1-(4-(4-(8-oxa-3-azabicyclo[3 .2.1 ]octan-3-yl)-
1-(2,2-difluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(4-methylpiperazin-1
-yl)phenyl)urea [00854] 1-(4-(4-(8-oxa-3-azabicyclo[3
.2.1 ]octan-3-yl)- 1-(2,2-difluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(2-(dimethylamino)et
hoxy)phenyl)urea [00855] 1-(4-(4-(8-oxa-3-azabicyclo[3
.2.1 ]octan-3-yl)- 1-(2,2-difluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(pyridin-4-yl)urea 



[00856] 1-(4-(4-(8-oxa-3-azabicyclo[3 .2.1
]octan-3-yl)- 1-(2,2-difluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(pyridin-3-yl)urea
[00857] 2-hydroxyethyl
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(2,2-
difluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl
carbamate [00858] 1-(4-(4-(8-oxa-3-azabicyclo[3 .2.1
]octan-3-yl)- 1-(2,2-difluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-cyclopropylurea [00859]
1-(4-(4-(8-oxa-3-azabicyclo[3 .2.1 ]octan-3-yl)-
1-(2,2-difluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-methylurea [00860]
1-(4-(4-(3-oxa-9-azabicyclo[3 .3
.1]nonan-9-yl)-1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-cyclopropylurea[00861]
1-(4-(4-(3-oxa-9-azabicyclo[3 .3 .1]nonan-9-yl)-
1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(4-methylpiperazin-1
-yl)phenyl)urea [00862] 1-(4-(4-(3-oxa-9-azabicyclo[3
.3 .1]nonan-9-yl)- 1-(2,2,2-trifluoroethyl)-
1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(pyridin-4-yl)urea
[00863] 1-(4-(4-(3-oxa-9-azabicyclo[3 .3
.1]nonan-9-yl)- 1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(pyridin-3-yl)urea
[00864] 1-(4-(4-(3-oxa-9-azabicyclo[3 .3
.1]nonan-9-yl)-1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(2,2-dimethylhydrazi
necarbonyl)phenyl)urea [00865]
4-(3-(4-(4-(3-oxa-9-azabicyclo[3 .3.1 ]nonan-9-yl)-
1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)ureido)benzamide [00866]
1-(4-(4-(3 ,7-dioxa-9-azabicyclo[3 .3.1 ]nonan-9-yl)-
1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-cyclopropylurea [00867]
1-(4-(4-(3 ,7-dioxa-9-azabicyclo[3 .3.1 ]nonan-9-yl)-
1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(4-methylpiperazin-1
-yl)phenyl)urea [00868] 1-(4-(4-(3
,7-dioxa-9-azabicyclo[3 .3.1
]nonan-9-yl)-1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(pyridin-4-yl)urea
[00869] 1-(4-(4-(3 ,7-dioxa-9-azabicyclo[3 .3.1
]nonan-9-yl)- 1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(pyridin-3-yl)urea
[00870] 1-(4-(4-(3 ,7-dioxa-9-azabicyclo[3 .3.1
]nonan-9-yl)- 1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(2,2-dimethylhydrazi
necarbonyl)phenyl)urea[00871]
4-(3-(4-(4-(3,7-dioxa-9-azabicyclo[3.3.1]nonan-9-yl)-1
-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)ureido)benzami
de [00872] tert-butyl
9-(6-(4-(3-cyclopropylureido)phenyl)-
1-(2,2,2-trifluoroethyl)- 1Hpyrazolo[
3,4-d]pyrimidin-4-yl)-3-oxa-7,9-diazabicyclo[3.3.1]non
ane-7-carboxylate [00873] tert-butyl
9-(6-(4-(3-(4-(4-methylpiperazin-
1-yl)phenyl)ureido)phenyl)- 1-
(2,2,2-trifluoroethyl)-1H-pyrazolo[3,4-d]pyrimidin-4-y
l)-3-oxa-7,9- diazabicyclo[3 .3.1
]nonane-7-carboxylate [00874] tert-butyl 9-(6-(4-(3
-pyridin-4-ylureido)phenyl)- 1-(2,2,2-trifluoroethyl)-
1Hpyrazolo[
3,4-d]pyrimidin-4-yl)-3-oxa-7,9-diazabicyclo[3.3.1]non
ane-7-carboxylate [00875] tert-butyl
9-(6-(4-(3-pyridin-3-ylureido)phenyl)-1-(2,2,2-trifluo
roethyl)-1Hpyrazolo[
3,4-d]pyrimidin-4-yl)-3-oxa-7,9-diazabicyclo[3.3.1]non
ane-7-carboxylate [00876] tert-butyl
9-(6-(4-(3-(4-(2,2-
dimethylhydrazinecarbonyl)phenyl)ureido)phenyl)-1-(2,2
,2-trifluoroethyl)-1H-pyrazolo[3,4-
dlpyrimidm^-yl)-3-oxa-T^-diazabicyclopj.lJnonane-y-car
boxylate [00877] tert-butyl
9-(6-(4-(3-(4-carbamoylphenyl)ureido)phenyl)-
1-(2,2,2- trifluoroethyl)- 1H-pyrazolo[3
,4-d]pyrimidin-4-yl)-3-oxa-7,9-diazabicyclo[3 .3
.1]nonane-7- carboxylate [00878]
l-(4-(4-(3-oxa-7,9-diazabicyclo[3.3.1]nonan-9-yl)-1-(2
,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-cyclopropylurea [00879]
l-(4-(4-(3-oxa-7,9-diazabicyclo[3.3.1]nonan-9-yl)-1-(2
,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(4-methylpiperazin-1
-yl)phenyl)urea[00880]
l-(4-(4-(3-oxa-7,9-diazabicyclo[3.3.1]nonan-9-yl)-1-(2
,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(pyridin-4-yl)urea
[00881]
l-(4-(4-(3-oxa-7,9-diazabicyclo[3.3.1]nonan-9-yl)-1-(2
,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(pyridin-3-yl)urea
[00882]
l-(4-(4-(3-oxa-7,9-diazabicyclo[3.3.1]nonan-9-yl)-1-(2
,2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(2,2-dimethylhydrazi
necarbonyl)phenyl)urea [00883]
4-(3-(4-(4-(3-oxa-7,9-diazabicyclo[3.3.1]nonan-9-yl)-1
-(2,2,2-trifluoroethyl)-
1H-pyrazolo[3,4-d]pyrimidin-6-yl)phenyl)ureido)benzami
de [00884]
l-(4-(4-(2-oxa-5-azabicyclo[2.2.2]octan-5-yl)-1-(2,2,2
-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-cyclopropylurea [00885]
l-(4-(4-(2-oxa-5-azabicyclo[2.2.2]octan-5-yl)-1-(2,2,2
-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(4-methylpiperazin-1
-yl)phenyl)urea [00886]
l-(4-(4-(2-oxa-5-azabicyclo[2.2.2]octan-5-yl)-1-(2,2,2
-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(pyridin-4-yl)urea
[00887]
l-(4-(4-(2-oxa-5-azabicyclo[2.2.2]octan-5-yl)-1-(2,2,2
-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(pyridin-3-yl)urea
[00888]
l-(4-(4-(2-oxa-5-azabicyclo[2.2.2]octan-5-yl)-1-(2,2,2
-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-3-(4-(2,2-dimethylhydrazi
necarbonyl)phenyl)urea [00889]
4-(3-(4-(4-(2-oxa-5-azabicyclo[2.2.2]octan-5-yl)-1-(2,
2,2-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)ureido)benzamide[00890]
N-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(2,2,2
-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-4-hydroxybutanamide
[00891]
N-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(2,2-d
ifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-4-hydroxybutanamide
[00892]
N-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-(2-flu
oroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-4-hydroxybutanamide
[00893]
N-(4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-4-hydroxybutanamide [00894]
N-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-ethyl-
1H-pyrazolo[3,4-
d]pyrimidin-6-yl)phenyl)-4-hydroxybutanamide [00895]
N-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-(2-flu
oroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-4-hydroxybutanamide
[00896]
N-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-(2,2-d
ifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-4-hydroxybutanamide
[00897]
N-(4-(4-(3-oxa-8-azabicyclo[3.2.1]octan-8-yl)-1-(2,2,2
-trifluoroethyl)-1Hpyrazolo[
3,4-d]pyrimidin-6-yl)phenyl)-4-hydroxybutanamide
[00898] The following compounds can be prepared
according to the general procedure for formation of
urea or carbamate compounds, starting from
4-(4-(3-oxa-8- azabicyclo[3 .2.
1]octan-8-yl)-6-((4-(methylsulfonyl)piperazin-
1-yl)methyl)thieno[3 ,2- d]pyrimidm-2-yl)aniline
instead of
4-(4-(8-oxa-3-azabicyclo[3.2.1]octan-3-yl)-6-((4-
(methylsulfonyl)piperazin-1-yl)methyl)thieno[3,2-d]pyr
imidin-2-yl)anilme:l-methyl-3-{4-[6-{[4-(methylsulfony
l)piperazin-1-yl]methyl}-4-(3-oxa-8-
azabicyclopj^octan-S-yl)thienoP^-dlpyrimidin-Z-yllphen
yl}urea: [00899] using 1 mL of a 2N solution of
methylamine in THF, the title compound is obtained.
l-ethyl-3-{4-[6-{[4-(methylsulfonyl)piperazin-1-yl]met
hyl}-4-(3-oxa-8- azabicyclo[3.2. 1]octan-8-yl)thieno
[3,2-d] pyrimidin-2-yl] phenyl}urea: [00900] using 1
mL of a 2N solution of ethylamine in THF, the title
compound is obtained.
l-cyclopropyl-3-{4-[6-{[4-(methylsulfonyl)piperazin-1-
yl]methyl}-4-(3-oxa-8- azabicyclo[3.2.
1]octan-8-yl)thieno [3,2-d] pyrimidin-2-yl]
phenyl}urea: [00901] using cyclopropylamine (35 uL) in
dichloromethane ( 1 mL), the title compound is
obtained.
l-{4-[6-{[4-(methylsulfonyl)piperazin-1-yl]methyl}-4-(
3-oxa-8-azabicyclo[3.2.1]octan-8- yl)thieno [3,2-d]
pyrimidin-2-yl] phenyl}-3-phenylurea: [00902] using
aniline (18 uL) in dichloromethane ( 1 mL), the title
compound is obtained.
l-{4-[6-{[4-(methylsulfonyl)piperazin-1-yl]methyl}-4-(
3-oxa-8-azabicyclo[3.2.1]octan-8- yl)thieno [3,2-d]
pyrimidin-2-yl] phenyl}-3-pyridin-3-ylurea: [00903]
using 3-aminopyridme (19 mg) in dichloromethane ( 1
mL), the title compound is obtained.
l-{4-[6-{[4-(methylsulfonyl)piperazin-1-yl]methyl}-4-(
3-oxa-8-azabicyclo[3.2.1]octan-8- yl)thieno [3,2-d]
pyrimidin-2-yl] phenyl}-3-pyridin-4-ylurea:[00904]
using 4-aminopyridine (19 mg) in dichloromethane ( 1
mL), the title compound is obtained. [00905] The
compounds shown in Table 1, below, were prepared
according to the above procedures: Table 1
1//-Pyrazolo [3,4-d] pyrimidine compoundsCOMPOSITIONS
COMPRISING OPTIMIZED HERl AND HER3 MULTIMERS AND
METHODS OF USE THEREOF CROSS-REFERENCES TO RELATED
APPLICATIONS [0001] This application claims priority
benefit to U.S. provisional applications 60/980,424,
filed on October 16, 2007, and 61/043,308, filed on
April 8, 2008, both of which are incorporated by
reference herein in its entirety. FIELD OF THE
INVENTION [0002] The invention relates to compositions
that comprise engineered Her 1 and Her3 ligand binding
domains and to methods of making and using such
compositions. BACKGROUND [0003] Receptor tyrosine
kinases (RTKs) are a family of cell signaling
molecules that are among the polypeptides involved in
many signal transduction pathways. RTKs play a role in
a variety of cellular processes, including
embryogenesis, cell division, proliferation,
differentiation, migration and metabolism. RTKs can be
activated by ligands. Such activation, in turn,
usually results in receptor dimerization or
oligomerization as a requirement for the subsequent
activation of the signaling pathways. Activation of
the signaling pathway, such as by triggering autocrine
or paracrine cellular signaling pathways, for example,
activation of second messengers, results in specific
biological effects. Ligands for RTKs specifically bind
to the cognate receptors. Disregulation of RTKs has
been noted in several cancers. For example, breast
cancer can be associated with amplified expression of
pl85-HER2. RTKs also are associated with regulating
pathways involved in angiogenesis, including
physiologic and tumor blood vessel formation. RTKs
also are implicated in the regulation of cell
proliferation, migration and survival. [0004] Among
the RTKs associated with disease is the HER (Human
EGFR family, also referred to as the ErbB or EGFR)
family of receptors (see, e.g., Hynes et al. (2005)
Nature Reviews Cancer 5:341-354, for a discussion of
their role cancer). These receptors, referred to as
the Class I receptors, include HER1/EGFR, HER2, HER3
and HER4. These receptors have alternate names. HERl
is sometimes referred to as EGFR and ErbBl; HER2 is
referred to sometimes as ErbB2 and NEU; HER3 is
referred to sometimes as ErbB3; and HER4 is referred
to sometimes as ErbB4. All members of this family have
an extracellularligand-binding region, a single
membrane- spanning region and a cytoplasmic tyrosine -
kinase-containing domain. Only HERl and HER4 are fully
functional in terms of ligand binding and kinase
activity. HER3 has impaired kinase activity and relies
on the kinase activity of its heterodimerization
partners for activation. [0005] One approach for
targeting cancer involving p i 85 (Her2) has been to
use peptides targeting the ErbB2 protein dimers (see,
for example, Greene at al., U.S. Patent 



6,417, 168). Various types of chimeric multimeric
molecules that include the ligand binding domains for
ErbB2, Erb3 and ErbB4 have been described. See, for
example, U.S. Patent 6,696,290 and WO 98/02540.
However, these approaches are neither specific to
cancers which have expression of Herl and/or Her3, nor
can they reach a broader spectrum of diseases
associated with dysregulation of Herl and/or Her3
expression. As such, for the cancers which have
dysregulation of Herl or dysregulation or Her3 or a
combination of the two, the existing technology is not
sufficient to overcome the problem of not having
enough specificity. In addition, the binding affinity
for ligands for these Class I receptors varies
depending on the receptor and its inherent biology and
structure. Accordingly, a molecule which binds toErbB2
will not necessarily bind to Herl or Her3 and any
optimization work for ErbB2 ligands will not
predictably be applicable to Herl or Her3 since they
are different receptors with different biological
properties and structures. [0006] To this extent, what
is needed are compositions that can bind to Herl and
Her3 with improved binding affinity. The invention
described herein provides solutions for this need and
provides additional benefits as well. BRIEF SUMMARY OF
THE INVENTION [0007] The invention provides for
compositions comprising Her 1 and/or Her3 variants
which have been optimized to improve binding to its
cognate ligand. Accordingly, in one aspect, the
invention provides for multimers comprising an
extracellular domain (ECD) from Her3, which has been
optimized to improve binding to its cognate ligand,
linked to a Herl ECD. In one embodiment, the
optimization is a Y246A mutation. In another
embodiment, the optimized Her3 additionally containing
a lysine at position 132. In one embodiment, the Her3
variant has a K132E mutation. In another embodiment,
the Her3 variant has lysine at position 132 with the
Y246A variant. In another embodiment, the Her3 variant
has lysine at position 132 without the Y246A variant.
In another embodiment, the Her3 variant is truncated.
In another embodiment, the truncated Her3 also has a
lysine at position 132.[0008] In another aspect, the
invention provides for multimers comprising an
extracellular domain (ECD) from Herl, which has been
optimized to improve binding to its cognate ligand,
linked to a Her3 ECD. In one embodiment, the Herl ECD
has a T15S mutation (or T39S if counting residues with
the signal sequence peptide). In another embodiment,
the HerlECD has a T15S and G564S mutations. [0009] The
invention also provides for the compositions of Her 1
and Her3 variants which are associated with each other
as homodimers. In one embodiment, a Herl homodimer is
formed with T15S and G564S mutations. In another
embodiment a Her3 homodimer is formed with Y246A
mutation. In another aspect, the invention provides
for composition of Her3 variants which are associated
with Herl ECD as a heterodimer. In some embodiments,
the Herl ECD has also been optimized to improve
binding to its cognate ligands (e.g., T15S or
T15S/G564S mutations). The optimization is selected
from the group consisting of: domain 4 deletion, T39S
(or T15S without the signal sequence),
S193N/E330D/G588S, and T39S/G564S. [0010] The
invention additionally provides for a composition
comprising a mixture of Herl/Herl homodimers,
Herl/Her3 heterodimers and Her3/Her3 homodimers where
the Her 1 and/or the Her3 component has been optimized
to improve ligand binding. In some aspects, any of the
multimers of homodimer or heterodimer are linked to
the Fc receptor by using linker, such as an universal
linker. [0011] The invention also provides for
pharmaceutical compositions and/or medicaments
comprising optimized Herl and/or optimized Her3
variants. The invention also provides for the use of
optimized Herl and/or optimized Her3 variants in the
manufacture for a medicament for inhibiting cancer
cell growth. In another embodiment, optimized Herl
and/or optimized Her3 variants is used n the
manufacture for a medicament for treating abnormal
growth of cells expressing Herl and/or Her3. [0012]
The invention also provides for methods of using such
compositions for inhibiting the growth of cancer
cells. In some embodiments, the inhibition of cancer
cell growth is in vivo used as a therapeutic
composition. In other embodiments, the inhibition of
cancer cell growth is in vitro. In yet other
embodiments, the composition comprising optimized Herl
and/or optimized Her3 variants are used for ex vivo
treatments. BRIEF DESCRIPTION OF THE FIGURES [0013]
Figure 1 depicts the HER Family and its ligands.
[0014] Figure 2 depicts a chart that summarizes the
nomenclature for Hermodulins.[0015] Figure 3 depicts
some Hermodulin molecules with uniform linker and Fc.
[0016] Figure 4 depicts results from experiments for
optimization of Herl and Her3 ECD. [0017] Figure 5
shows results from experiments measuring the binding
affinity for HFD300 and HFD300.1 to its ligand. [0018]
Figure 6 depicts binding results for RB242. IB ("B" as
part of the nomenclature indicates the use of the
universal linker). [0019] Figure 7 depicts results
from experiments testing for Hermodulin homodimers
inhibition of Her3 phosphorylation. [0020] Figure 8
shows the results of experiments testing for relative
inhibition of receptor phosphorylation by Hermodulin
heterodimers. [0021] Figure 9 shows the results of
experiments testing for relative inhibition of
receptor phosphorylation where heterodimers are
compared to homodimers when normalized for the number
of ligand-binding sites. [0022] Figure 10 show the
results of average fold improvement for various ECD
pairings that show that the pairings may influence
heterodimer activity [0023] Figure 11 depicts results
from experiments testing for Hermodulins inhibition of
NRG-induced MCF7 proliferation. [0024] Figure 12 shows
the result of experiments testing for inhibition of
NRGinduced T47D proliferation by Hermodulins. [0025]
Figure 13 shows that ligand binding affinities of
RB200 were optimized via a high throughput rational
mutagenesis process. [0026] Figure 14 shows that
Hermodulin can inhibit ligand-induced cell
proliferation. [0027] Figure 15 shows the
pharmacokinetics of RB200 in rats. RB200 was
administered as a single intravenous (IV) or
intraperitoneal (IP) dose of 15 mg/kg in normal rats,
plasma samples were collected at various time points.
Plasma concentrations of RB200 were analyzed via
Hermodulin- specific ELISA using anti-HERl and
anti-HER3 as capture antibodies, anti-human Fc-HRP as
detection antibody. Data is mean+SEM of 2-3 rats per
time point. Pharmacokinetic parameters were calculated
using Sigma Plot 10.0.1. [0028] Figure 16 shows plasma
concentrations of RB200 and RB242 in nude mice. RB200
and RB242 were administered as a single ip dose of 30
mg/kg in CD-I nude mice, plasma samples were collected
at 24 hr and day 7. Plasma concentrations of RB200 and
RB242 were determined by Hermodulin- specific ELISA.
Data are plotted mean plasma concentration (SD) of 4
mice per time point.[0029] Figure 17 shows that the
optimized bi-specific ligand trap RB242.1 is a
designed triple mutant. RB242. 1 demonstrats higher
ligand binding affinity (Top Panels) and increased
inhibitory activity in growth factor-induced HER
phosphorylation (Middle panels) and tumor cell
proliferation (bottom panels). KDs and EC50s are
measured, and fold improvement over the parent/interim
forms are indicated. [0030] Figure 18 shows
high-affinity EGFR ligand binding is suppressed in the
Fcmediated EGFR/HER3 heterodimers. 125I-ligand binding
was performed in anti-Fc-coated 96- well plates with
the indicated purified EGFR/HER3 heterodimers
immobilized on the surface. Shown are nsI-TGF-a
binding (top), and 125I-NRGl-B binding (bottom).
Results are means  SEM of triplicate wells. [0031]
Figure 19 shows that RB242 has restored high-affinity
for EGFR ligands. Ligand binding was performed in
anti-Fc-coated 96-well plates using the optimized
ligand binding conditions as detailed in the Examples.
Panels A and B show the saturation binding of Eu-EGF
and Eu-NRGl-B. Panels C and D show the displacement of
Eu-EGF with unlabeled TGF-a or HB-EGF. Results were
representatives of three independent experiments and
were normalized to fractions of receptors bound with
ligands. [0032] Figure 20 shows in panel A that RB242
is more potent than RB200 in inhibition of
proliferation of cultured tumor cells. The top panels
show the results using serum- starved BxPC3 pancreatic
cancer cells were treated with 3 nM of either TGF-a
(top left) or NRGl-B (top right) for 3 days in the
presence of increasing concentrations ofRB200 or
RB242. The bottom left panel shows results from
serum-starved MCF7 cells that were treated with 3 nM
of NRGl-B for 3 days in the presence of increasing
concentrations of RB200 or RB242. The bottom right
panel shows the proliferation of H1437 NSCLC cells in
growth medium (RPMI1640/10%FBS) for 5 days in the
presence of increasing concentrations of RB200 or
RB242. Cell proliferation was quantified using
standard techniques and discussed in the Examples. The
results are means  SEM of 8 or 16 replicates.
Approximate ECso values for BxPc3 cells were
determined with the constraint type set to top
constant equal to 100. Panel B shows that RB242 has
improved anti-tumor activity in a mouse tumor
xenograft model. Nude mice were transplanted with
H1437 NSCLC cells subcutaneously as described in the
Examples. When the tumor volume reached approximately
100 mm3, the mice were treated with either PBS
vehicle(o) or RB200 (T) or RB242 (A) at 12 mg per Kg
administered intra-peritoneally 3 times weekly for 3
weeks. There were 9 mice per each treatment group.
Data are expressed as mean tumor volume  SEM. ** = P
<0.01 by two way ANOVA with Bonferroni's post
test.DETAILED DESCRIPTION [0033] The invention
provides for compositions comprising Her 1 and/or Her3
ligand binding domain which have been optimized for
improved binding to its cognate ligand. These
compositions are useful for inhibiting the activation
of cells through capture of multiple HER ligands
(growth factors). As used herein, these types of
compositions can be pan-specific HER ligand traps
(pan-HER) or also referred to herein as "Hermodulins."
[0034] Unless defined otherwise, all technical and
scientific terms used herein have the same meaning as
is commonly understood by one of skill in the art to
which the invention(s) belong. All patents, patent
applications, published applications and publications,
GENBANK sequences, websites and other published
materials referred to throughout the entire disclosure
herein, unless noted otherwise, are incorporated by
reference in their entirety. General Description
[0035] The practice of the present invention will
employ, unless otherwise indicated, conventional
techniques of molecular biology (including recombinant
techniques), microbiology, cell biology, biochemistry
and immunology, which are within the skill of the art.
Such techniques are explained fully in the literature,
such as, Molecular Cloning: A Laboratory Manual,
second edition (Sambrook et al., 1989. Cold Spring
Harbor Press); Oligonucleotide Synthesis (M. J . Gait,
ed., 1984); Animal Cell Culture (R. I . Freshney, ed.,
1987); Methods in Enzymology (Academic Press, Inc.);
Handbook of Experimental Immunology (D. M. Weir & C.
C. Blackwell, eds.); Gene Transfer Vectorsfor
Mammalian Cells (J. M. Miller & M. P. Calos, eds.,
1987); Current Protocols in Molecular Biology (F. M.
Ausubel et al., eds., 1987); PCR: The Polymerase Chain
Reaction, (Mullis et al., eds., 1994); Current
Protocols in Immunology (J. E. Coligan et al., eds.,
1991) and Short Protocols 



in Molecular Biology (Wiley and Sons, 1999).
Definitions [0036] As used herein, an extracellular
domain (ECD) is the portion of the cell surface
receptor that occurs on the surface of the receptor
and includes the ligand binding site(s). For purposes
herein, reference to an ECD includes any
ECD-containing molecule, or portion thereof, so long
as the ECD polypeptide does not contain any contigous
sequenceassociated with another domain (i.e.
transmembrane, protein kinase domain, or others) of a
cognate receptor. Thus, for example, an ECD
polypeptide includes alternative spliced isoforms of
cell surface receptors (CSRs) where the isoform has an
ECD-containing portion, but lacks any other domains of
a cognate CSR, and also has additional sequences not
associated or aligned with another domain sequence of
a cognate CSR. These additional sequences can be
intron-endoded sequences such as occur in intron
fusion protein isoforms. Typically, the additional
sequenes do not inhibit or interfere with the ligand
binding and/or receptor dimerization activities of a
CSR ECD polypeptide. An ECD polypeptide also includes
hybrid ECDs. [0037] As used herein, a multimerization
domain refers to a sequence of amino acids that
promotes stable interaction of a polypeptide molecule
with another polypeptide molecule containing a
complementary multimerization domain, which can be the
same or a different multimerization domain to forms a
stable multimer with the first domains. Generally, a
polypeptide is joined directly or indirectly to the
multimerization domain. Exemplary multimerization
domains include the immunoglobulin sequences or
portions thereof, leucine zippers, hydrophobic
regions, hydrophilic regions, compatible
protein-protein interaction domains such as, but not
limited to an R subunit of PKA and an anchoring domain
(AD), a free thiol that forms an intermolecular
disulfide bond between two molecules, and a
protuberance-into-cavity (i.e., knob into hole) and a
compensatory cavity of identical or similar size that
form stable multimers. The multimerization domain, for
example, can be an immunoglobulin constant region. The
immunoglobulin sequence can be an immunoglobulin
constant domain, such as the Fc domain or portions
thereof from IgGl, IgG2, IgG3 or IgG4 subtypes, IgA,
IgE, IgD and IgM. Compositions Comprising Optimized
Her 1 and/or Her3 [0038] The invention provides for
compositions comprising Her 1 and/or Her3
extracellular domain (ECD) which has been engineered
(or optimized) for improved binding as compared to Her
1 and/or Her3 which have not been engineered. Such
compositions have utility, for example, as a component
for binding assays to its cognate ligand. In some
aspects, the composition contains a multimer of Her3
ECD homodimer. The Her3 ECD can contain mutations,
disclosed in greater detail below and in the Figures,
which are useful for improving binding to its ligand.
In other aspects, the composition contains a multimer
of Her3 and Herl heterodimer. For either one of Herl
or Her3 or both, optimization can be used to improve
binding affinity to their ligands or additionally to
improve other biologicalproperties, including but not
limited to, inhibiting phosphorylation of receptor
tyrosine kinases, increasing bioavailability in an
animal, better pharmacokinetics in vivo, inhibiting
cell migration, reducing tumor volume, or halting
tumor growth. In yet other aspects, the composition
contains a mixture of Herl/Herl homodimer (for
example, a homodimer of HERl with T15S, G564S
mutation), Herl/Her3 heterodimer, and Her3/Her3
homodimer wherein the Her3 component has been
engineered for improved binding to its ligands. Figure
1 depicts the HER family and its ligands. The
dysregulation of Herl, Her2 and Her3 account for over
50% of the current cases of cancer. The Examples
detail the many variants that have been made and
tested for optimal Her3 ligand binding. [0039] It is
to be understood that the invention also encompasses
the combination of optimized Her3 and optimized Herl
to form a multimer (either homodimers or heterodimers)
as well as mixtures of the Herl/Herl homodimer,
Herl/Her3 heterodimer, and Her3/Her3 homodimer. HERl
ECD structure and domain organization [0040] The
extracellular portion of HERl includes residues 1-621
of a mature HERl receptor and contains subdomains I
(amino acid residues 1-165), II (amino acid residues
166- 313), III (amino acid residues 314-481), and IV
(amino acid residues 482-621). The I, II, and III
domains of HERl have structural and sequence homology
to the first three domains of the type I insulin-like
growth factor receptor (IGF-IR, see e.g., Garret et
al., (2002) Cell, 110:763-773). Similar to IGF-IR, the
L domains (i.e. domains I and III) have a structure of
a six turn b helix capped at each end by a helix and a
disulfide bond. As compared to IGF-IR, the HERl
sequence includes amino acid insertions that
contribute to biochemical structures important for
mediating ligand binding by HERl. Among these include
a V-shaped excursion (residues 8-18), which sits over
the large b sheet of domain I to form a major part of
the ligand binding interface. In domain III, a
corresponding region forms a loop (residues 316-326)
that also is involved in ligand binding. A third
insert region present in domain III (residues 351-369)
is an extra loop in the second turn of domain III.
This loop is the epitope for various antibodies that
prevent ligand binding (i.e., LA22, LA58, and LA90,
see e.g., Wu et al, (1989) J Biol Chem.,
264:17469-17475). In addition, other loops in the
fourth turn of the b helix solenoid are involved in
ligand binding. [0041] TGF-a, a ligand for HERl,
interacts with the large b sheets of both the L
domains I and III of one receptor molecule. Similarly,
the ligand EGF also interacts withboth domains I and
III of HERl, although the interaction of EGF with
domain III is considered to be the major binding site
for EGF (Kim et ah, (2002) FEBS, 269: 2323-2329).
Cross-linking studies have determined that the N- and
C-terminal portions of the EGF ligand interact with
domains I and III, respectively, of the HERl receptor.
Amino acid Gly441 in domain III, corresponding to
mature full-length HERl, is involved in mediating
binding to EGF via interaction with Arg45 of human
EGF. A 40 kDa fragment of HERl of 202 amino acids
(corresponding to amino acids 302-503 of a mature HERl
polypeptide) is sufficient to retain full
ligand-binding capacity of HERl to EGF. This 202 amino
acid portion contains all of domain III, and only a
few residues each of domain II and domain IV (Kohda et
al., (1993) JBC 268: 1976). [0042] Domain II of EGFR
contains eight disulfide-bonded modules. Domain II
interacts with both domains I and III. The contacts
with domain III occurs via modules 6 and 7, while
modules 7 and 8 have a degree of flexibility thereby
functioning to create a hinge in the ligand-free form
of the EGFR molecule. A large ordered loop is formed
from module 5 of domain II and projects directly away
from the ligand binding site. This loop corresponds to
residues 240-260 (also described as residues 242-259)
and contains an antiparallel b- ribbon. The loop (also
called the dimerization arm) is important in mediating
intramolecuar interactions as well as mediating
receptor-receptor contacts. In the inactive or
"tethered" conformation of HERl, the loop contributes
to intramolecular interactions by inserting between
similar loop structures in modules 5 and 6
corresponding to amino acids 561-569 and 572-585,
respectively, of a mature full-length ECD. [0043]
Deletion of the domain II loop abolishes the ability
of the HERl ECD to dimerize, thus showing its
importance in facilitating intermolecular
interactions. Dimerization is mediated by projection
of the loop out across domain II of a second HER
molecule in a space between domain I, II, and III. For
example, contact is made by residues 244-253 of the
dimerization arm with residues 229-239, 262-278, and
282-288 on the concave face of domain II in a second
HER molecule. Tyr246 in domain II makes hydrogen bonds
with Gly264 and Cys283 residues in a second HER
molecule, and the phenyl rings of Tyr246 also
interacts with Ser262 and Ser282 of an adjacent
molecule. Other amino acid contacts between domain II
of an EGFR and another HER molecule include Tyr25 1
with Phe263, Gly264, Tyr275, and Arg285; Pro248 with
Phe230 and Ala265; Met253 with Thr278; and Tyr251 with
Arg285. In addition, Asn247 and Asn256 are important
for maintaining the loop in the appropriate
conformation. Most all of these residues are conserved
among HER family members and function similarly
between HER familyreceptors. Further, proline residues
occur in the loop in HER family receptors at any one
of positions 243, 248, 255, and 257, with HER3
containing three prolines. The proline residues
stabilize the conformation of the loop further. For
example, HERl contains prolines at position 248 and
257. [0044] In addition to the involvement of domain
IV (modules 5 and 6) in tethering of an inactive HERl
molecule, at least part of module 1 of domain IV of
HERl also appears to be required to maintain the
structural integrity of an active HERl molecule. For
example, as mentioned above, a 40 kDa proteolytic
fragment of HERl containing all of domain III and part
of domains II and IV retains full-ligand binding
ability. The portion of domain IV present in this
molecule corresponds to amino acids 482-503, including
all of module 1. The amino acid corresponding to
Trp492 in a mature HERl molecule plays a role in
maintaining stability of the HERl molecule by
interacting with a hydrophobic pocket in domain III. A
recombinant molecule of HERl containing all of domains
I, II, and III but lacking all of domain IV is unable
to bind ligand (corresponding to amino acids 1-476 of
a mature HERl, see e.g., Elleman et al, (2001)
Biochemistry 40:8930-8939). Thus, at least all or a
portion of module 1 of domain IV appears to be
required for the ligand binding ability of HERl. The
remainder of domain IV is expendable for ligand
binding and signaling. For example, normal ligand
binding and signaling properties of HERl are present
in a HERl molecule missing residues 521-603 of a
mature HERl polypeptide. HER3 ECD structure and domain
organization [0045] The extracellular portion of HER3
includes residues 1-621 of a mature HER3 receptor and
contains subdomains I (amino acid residues 1-166), II
(amino acid residues 167- 311), III (amino acid
residues (312-480), and IV (amino acid residues
481-621). Like other HER family receptors, the
structure of domains I, II, and III of HER3 can be
superimposed with IGF-IR, and exhibit many of the same
structural features as other HER receptors. For
example, domains I and III of HER3 exhibit the a
b-helical structure, interrupted by extended repeats
of disulfide-containing modules. A high degree of
interdomain flexibility exists between domains II and
III, not exhibited by IGF-IR. In addition, HER3
exhibits the characteristic b-haripin loop or
dimerization arm in domain II (corresponding to amino
acids 242-259 of HER3). The b-hairpin loop provides
for an intramolecular contact with conserved residues
in domain IV resulting in a closed, or inactive HER3
structure. The residues important in this tethering
interaction include interaction of Y246 with D562 and
K583, F251 with G563, and Q252 with H565. Upon binding
of ligand, a conformational change reorientsdomains I
and III exposing the dimerization arm from the
tethered structure to allow for receptor dimerization.
[0046] Unlike other HER family receptors, HER3 does
not have a functional kinase domain. Alterations of
four amino acid residues in the kinase region that are
otherwise conserved among all protein tyrosine kinases
render the HER3 kinase dysfunctional. HER3, however,
retains tyrosine residues in its carboxy terminal
domain and is capable of inducing cellular signaling
upon appropriate activation and transphosphorylation.
Thus, homodimers of HER3 cannot support linear
signaling. The preferential dimerization partner for
HER3 is HER2. As such, the invention provided herein
is not to be expected in view of this dimerization
preference. The ligands for Her3 include neuregulin-1
(NRG-I) and neuregulin- 2 (NRG-2). Components of ECD
multimers and the Formation of ECD multimers [0047]
ECD heteromultimers include at least two different
ECDs, or portions thereof for binding to ligand and/or
dimerization. In exemplary embodiments herein, at
least one of the component ECDs is a HER3 ECD. The
ECDs in the heteromultimers or homomultimers 



are linked, whereby multimers, at least heterodimers
or homodimers form. Any linkage is contemplated that
permits or results in interaction of the ECDs to form
a heteromultimer or homomultimer. ECD Polypeptides
[0048] ECD polypepetides for use in the generation of
ECD multimers provided herein can be all or part of an
ECD of Her3 and/or Herl. As discussed in greater
detail below, various methods can be used to generate
variants of these ECD polypeptides that exhibit
improved binding to its ligand(s). The ECD of Her3
and/or Herl that is used can be full-length or a
truncation and also encompasses the use of allelic
variants. Formation of ECD multimers [0049] ECD
multimers, including HER ECD multimers, can be
covalently-linked, non-covalently-linked, or
chemically linked multimers of receptor ECDs, to form
dimers, trimers, or higher multimers. In some
instances, multimers can be formed by dimerization of
two or more ECD polypeptides. Multimerization between
two ECD polypeptides can be spontaneous, or can occur
due to forced linkage of two or more polypeptides. In
one example, multimers can be linked by disulfide
bonds formed between cysteine residues ondifferent ECD
polypeptides. In another example, multimers can
include an ECD polypeptide joined via covalent or
non-covalent interactions to peptide moieties fused to
the soluble polypeptide. Such peptides can be peptide
linkers (spacers), or peptides that have the property
of promoting multimerization. In an additional
example, multimers can be formed between two
polypeptides through chemical linkage, such as for
example, by using heterobifunctional linkers. Peptide
Linkers [0050] Peptide linkers can be used to produce
polypeptide multimers, such as for example a multimer
where one multimerization partner is all or a part of
an ECD of a HER family receptor. In one example,
peptide linkers can be fused to the C-terminal end of
a first polypeptide and the N-terminal end of a second
polypeptide. This structure can be repeated multiples
times such that at least one, preferably 2, 3, 4, or
more soluble polypeptides are linked to one another
via peptide linkers at their respective termini. For
example, a multimer polypeptide can have a sequence
Zi-X-Z 2, where Zi and Z2 are each a sequence of all
or part of an ECD of a cell surface polypeptide and
where X is a sequence of a peptide linker. In some
instances, Zi and/or Z2 is a all or part of an ECD of
a HER family receptor. In another example, Zi and Z2
are the same or they are different. In another
example, the polypeptide has a sequence OfZ
1-X-Z2C-X-Z)n, where "n" is any integer, i.e.
generally 1 or 2. [0051] Typically, the peptide linker
is of sufficient length to allow a soluble ECD
polypeptide to form bonds with an adjacent soluble ECD
polypeptide. Examples of peptide linkers include
GIy-GIy , GGGGG, GGGGS or (GGGGS) n, SSSSG or (SSSSG)
n, GKSSGSGSESKS, GGSTSGSGKSSEGKG, GSTSGSGKSSSEGSGSTKG,
GSTSGSGKPGSGEGSTKG, EGKSSGSGSESKEF, or AlaAlaProAla or
(AIaAIaPmAIa) n, where n is 1 to 6, such as 1, 2, 3,
or 4. In a preferred embodiment, the linker is GGGGG
(also referred toherein as a "universal linker" and
constructs with this linker have "B" designation at
the end of its name). [0052] Linking moieties are
described, for example, in Huston et al. (1988) PNAS
85:5879-5883, Whitlow et al. (1993) Protein
Engineering 6:989-995, and Newton et al, (1996)
Biochemistry 35:545-553. Other suitable peptide
linkers include any of those described in U.S. Patent
No. 4,751,180 or 4,935,233, which are hereby
incorporated by reference. A polynucleotide encoding a
desired peptide linker can be inserted between, and in
the same reading frame as a polynucleotide encoding a
soluble ECD polypeptide, using any suitable
conventional technique. In one example, a fusion
polypeptide has from two tofour soluble ECD
polypeptides, including one that is all or part of a
HER ECD polypeptide, separated by peptide linkers.
[0053] Typically, the immunoglobulin portion of an ECD
chimeric protein includes the heavy chain of an
immunoglobulin polypeptide, most usually the constant
domains of the heavy chain. In one example, an
immunoglobulin polypeptide chimeric protein can
include the Fc region of an immunoglobulin
polypeptide. Typically, such a fusion retains at least
a functionally active hinge, C 2 and C 3 domains of
the constant region of an immunoglobulin heavy chain.
Another exemplary Fc polypeptide is set forth in PCT
application WO 93/10151, and is a single chain
polypeptide extending from the N-terminal hinge region
to the native C-terminus of the Fc region of a human
IgGl antibody. The precise site at which the linkage
is made is not critical: particular sites are well
known and can be selected in order to optimize the
biological activity, secretion, or binding
characteristics of the ECD polypeptide. For example,
other exemplary Fc polypeptide sequences begin at
amino acid C109 or Pl 13 of the sequence (see e.g., US
2006/0024298). [0054] In addition to MgG1 Fc, other Fc
regions also can be included in the ECD chimeric
polypeptides. For example, where effector functions
mediated by Fc/FcgR interactions are to be minimized,
fusion with IgG isotypes that poorly recruit
complement or effector cells, such as for example, the
Fc of IgG2 or IgG4, is contemplated. Additionally, the
Fc fusions can contain immunoglobulin sequences that
are substantially encoded by immunoglobulin genes
belonging to any of the antibody classes, including,
but not limited to IgG (including human subclasses
IgGl, IgG2, IgG3, or IgG4), IgA (including human
subclasses IgAl and IgA2), IgD, IgE, and IgM classes
of antibodies. Further, linkers can be used to
covalently link Fc to another polypeptie to generate
an Fc chimera. [0055] Modified Fc domains also are
contemplated herein for use in chimeras with ECD
polypeptides, see e.g. U.S. Patent Publication No. US
2006/0024298; and International Patent Publication No.
WO 2005/063816 for exemplary modifications. In some
examples, the Fc region is such that it has altered
(i.e. more or less) effector function than the
effector function of an Fc region of a wild-type
immunoglobulin heavy chain. The Fc regions of an
antibody interact with a number of Fc receptors, and
ligands, imparting an array of important functional
capabilities referred to as effector functions. [0056]
Thus, a modified Fc domain can have altered affinity,
including but not limited to, increased or low or no
affinity for the Fc receptor. For example, the
different IgG subclasses have different affinities for
the FcgRs, with IgGl and IgG3 typically binding
substantially better to the receptors than IgG2 and
IgG4. In addition, different FcgRs mediatedifferent
effector functions. FcgRl, FcgRIIa/c, and FcgRIIIa are
positive regulators of immune complex triggered
activation, characterized by having an intracellular
domain that has an immunoreceptor tyrosine-based
activation motif (ITAM). FcgRIIb, however, has an
immunoreceptor tyrosine-based inhibition motif (ITIM)
and is therefore inhibitory. Thus, altering the
affinity of an Fc region for a receptor can modulate
the effector functions induced by the Fc domain.
[0057] In one example, an Fc region is used that is
modified for optimized binding to certain FcgRs to
better mediate effector functions, such as for
example, ADCC. In another example, a variety of Fc
mutants with substitutions to reduce or ablate binding
with FcgRs also are known. Such muteins are useful in
instances where there is a need for reduced or
eliminated effector function mediated by Fc. This is
often the case where antagonism, but not killing of
the cells bearing a target antigen is desired.
Exemplary of such an Fc is an Fc mutein described in
U.S. Patent No. 5,457,035. In some instances, an ECD
polypeptide Fc chimeric protein provided herein can be
modified to enhance binding to the complement protein
CIq. In an additional example, an Fc region can be
utilized that is modified in its binding to FcRn,
thereby improving the pharmacokinetics of an ECD-Fc
chimeric polypeptide. FcRn is the neonatal FcR, the
binding of which recycles endocytosed antibody from
the endosomes back to the bloodstream. This process,
coupled with preclusion of kidney filtration due to
the large size of the full length molecule, results in
favorable antibody serum half-lives ranging from one
to three weeks. Binding of Fc to FcRn also plays a
role in antibody transport. Exemplary modifications in
an Fc protein for enhanced binding to FcRn include
modifications of amino acids corresponding to T34Q,
T34E, M212L, and M212F. [0058] Typically, a
polypeptide multimer is a dimer of two chimeric
proteins created by linking, directly or indirectly,
two of the same or different ECD polypeptide to an Fc
polypeptide. In some examples, a gene fusion encoding
the ECD-Fc chimeric protein is inserted into an
appropriate expression vector. The resulting ECD-Fc
chimeric proteins can be expressed in host cells
transformed with the recombinant expression vector,
and allowed to assemble much like antibody molecules,
where interchain disulfide bonds form between the Fc
moieties to yield divalent ECD polypeptides.
Typically, a host cell and expression system is a
mammalian expression system can be used to allow for
glycosylation of the appropriate amino acids. [0059]
The resulting chimeric polypeptides containing Fc
moieties, and multimers formed therefrom, can be
easily purified by affinity chromatography over
Protein A or Protein G columns. Where two nucleic
acids encoding different ECD chimeric polypeptidesare
transformed into cells, the formation of heterodimers
must be biochemically achieved since ECD chimeric
molecules carrying the Fc-domain will be expressed as
disulfide-linked homodimers as well. Thus, homodimers
can be reduced under conditions that favor the
disruption of inter-chain disulfides, but do no effect
intra-chain disulfides. Typically, chimeric monomers
with different extracellular portions are mixed in
equimolar amounts and oxidized to form a mixture of
homo- and heterodimers. The components of this mixture
are separated by chromatographic techniques.
Alternatively, the formation of this type of
heterodimer can be biased by genetically engineering
and expressing ECD fusion molecules that contain an
ECD polypeptide, followed by the Fc-domain of MgG,
followed by either cjun or the c-fos leucine zippers.
Since the leucine zippers form predominantly
heterodimers, they can be used to drive the formation
of the heterodimers when desired. ECD chimeric
polypeptides containing Fc regions also can be
engineered to include a tag with metal chelates or
other epitope. The tagged domain can be used for rapid
purification by metalchelate chromatography, and/or by
antibodies, to allow for detection of western blots,
immunoprecipitation, or activity depletion/blocking in
bioassays. Methods of Producing Optimized Her 1 and 3
ECDs [0060] Any suitable method for generating the
chimeric polypeptides between ECDs, portions thereof,
particularly portions sufficient for ligand binding
and/or receptor dimerization, and also alternatively
splice portions, and a multimerization domain can be
used. These methods are known to one of skill in the
art. Similarly, formation of multimers from the
chimeric polypeptides, can be achieved by any method
known to those of skill in the art. As noted, the
multimers typically include and ECD from at least one
HER family member, typically a HERl or a HER3. [0061]
ECD polypeptides also can be synthesized using
automated synthetic polypeptide synthesis. Cloned
and/or in silico-generated polypeptide sequences can
be synthesized in fragments and then chemically
linked. Alternatively, chimeric molecules can be
synthesized as a single polypeptide. ECD-encoding
nucleic acid molecules, including ECD fusion-encoding
nucleic acid molecules, can be cloned or isolated
using any available methods known in the art for
cloning and isolating nucleic acid molecules. Such
methods include PCR amplification of nucleic acids and
screening of libraries, including nucleic acid
hybridization screening, antibody-based screening and
activity-based screening. [0062] As discussed further
in the Examples section, members of the Her family,
such as Her3, can be engineered to optimize its
binding capabilities to its ligand. This can
beaccomplished by using a variety of methods known to
one of skill in the art. A computeraided program can
be used to predict the likely areas for mutation. This
can be followed by amino acid mutagenesis using
standard molecular biology techniques and then ligand
binding 



screening to identify the most optimized binders.
[0063] DNA encoding a chimeric polypeptide, such as
any provided herein, is transfected into a host cell
for expression. In some instances where ECD multimeric
polypeptides are desired whereby multimerization is
mediated by a multimerization domain, then the host
cell is transformed with DNA encoding separate
chimeric ECD molecules that will make the multimer,
with the host cell optimally being selected to be
capable of assembling the separate chains of the
multimer in the desired fashion. Assembly of the
separate monomer polypeptides is facilitated by
interaction of each respective multimerization domain,
which is the same or complementary between chimeric
ECD polypeptides. Where HER family receptor ECDs, or
portions thereof, are one or both ECD portions of the
multimeric polypeptide, the multimerization domain is
selected such that assembly of the monomers orients
the dimerization arm of the HER molecule away from the
partner multimer molecule. This orientation is
referred to as "back-to-back" and ensures that the
dimerization arm is accessible for dimerization with a
cognate HER on the cell surface. [0064] ECD
polypeptides, including chimeric ECD polypeptides, can
be expressed in any organism suitable to produce the
required amounts and form of polypeptide needed for
administration and treatment. Generally, any cell type
that can be engineered to express heterologous DNA and
has a secretory pathway is suitable. Expression hosts
include prokaryotic and eukaryotic organisms such as
E.coli, yeast, plants, insect cells, mammalian cells,
including human cell lines and transgenic animals.
Expression hosts can differ in their protein
production levels as well as the types of
post-translational modifications that are present on
the expressed proteins. The choice of expression host
can be made based on these and other factors, such as
regulatory and safety considerations, production costs
and the need and methods for purification. [0065] The
generation of these ECD polypeptide multimers,
including without limitation the optimization,
multimerization, modifications, and linkages, may also
be performed according to the methods disclosed in WO
2007/146959, which is specifically incorporated by
reference in its entirety.Purification [0066] ECD
polypeptides and chimeric ECD polypeptides, including
ECD polypeptide multimers, can be isolated using
various techniques well-known in the art. One skilled
in the art can readily follow known methods for
isolating polypeptides and proteins in order to obtain
one of the isolated polypeptides or proteins provided
herein. These include, but are not limited to,
immunochromatography, HPLC, size-exclusion
chromatography, and ion-exchange chromatography.
Examples of ion-exchange chromatography include anion
and cation exchange and include the use of DEAE
Sepharose, DEAE Sephadex, CM Sepharose, SP Sepharose,
or any other similar column known to one of skill in
the art. In some preferred embodiments, the protein
purification is accomplished by using Protein A,
Ni-Sepharose, Nickel His Trap or Anti-EGFR Affibody
Sepharose. [0067] Isolation of an ECD polypeptide or
ECD multimer polypeptide from the cell culture media
or from a lysed cell can be facilitated using
antibodies directed against either an epitope tag in a
chimeric ECD polypeptide or against the ECD
polypeptide and then isolated via immunoprecipiation
methods and separation via SDS-polyacrylamide gel
electrophoresis (PAGE). Alternatively, an ECD
polypeptide or chimeric ECD polypeptide including ECD
multimers can be isolated via binding of a
polypeptide-specific antibody to an ECD polypeptide
and/or subsequent binding of the antibody to protein-A
or protein-G sepharose columns, and elution of the
protein from the column. The purification of an ECD
polypeptide also can include an affinity column or
bead immobilized with agents which will bind to the
protein, followed by one or more column steps for
elution of the protein from the binding agent.
Examples of affinity agents include concanavalin
A-agarose, heparintoyopearl, or Cibacrom blue 3Ga
Sepharose. A protein can also be purified by
hydrophobic interaction chromatography using such
resins as phenyl ether, butyl ether, or propyl ether.
More than one column can be used to achieve greater
purity. Assays to assess or monitor ECD multimer
activities [0068] Generally, an ECD multimer modulates
one or more biological activities of one or more,
typically two or more, cognate cell surface receptor
(CSR) or other interacting CSR. In vitro and in vivo
assays can be used to monitor a biological activity of
an ECD multimer. Exemplary in vitro and in vivo assays
are provided herein to assess the biological activity
of HER ECD multimers. Assays to test for the effect of
ECD multimers on RTK activity include, but are not
limited to, kinase assays, homodimerization and
heterodimerization assays, protein :protein
interaction assays, structural assays, cell
signalingassays and in vivo phenotyping assays. Assays
also include the use of animal models, including
disease models in which a biological activity can be
observed and/or measured. Dose response curves of an
ECD multimer in such assays can be used to assess
modulation of biological activities and as well as to
determine therapeutically effective amounts of an ECD
multimer for administration. Exemplary assays are
described below. L Kinase/ phosphorylation assays
[0069] Kinase activity can be detected and/or measured
directly and indirectly. For example, antibodies
against phosphotyrosine can be used to detect
phosphorylation of an RTK. For example, activation of
tyrosine kinase activity of an RTK can be measured in
the presence of a ligand for an RTK.
Transphosphorylation can be detected by
antiphosphotyrosine antibodies. Transphosphorylation
can be measured and/or detected in the presence and
absence of an ECD multimer, thus measuring the ability
of an ECD multimer to modulate the
transphosphorylation of an RTK. Briefly, cells
expressing an RTK can be exposed to an ECD multimer
and treated with ligand. Cells are lysed and protein
extracts (whole cell extracts or fractionated
extracts) are loaded onto a polyacrylamide gel,
separated by electrophoresis and transferred to
membrane, such as used for western blotting.
Immunoprecipitation with anti-RTK antibodies also can
be used to fractionate and isolate RTK proteins before
performing gel electrophoresis and western blotting.
The membranes can be probed with anti-phosphotyrosine
antibodies to detect phosphorylation as well as probed
with anti-RTK antibodies to detect total RTK protein.
Control cells, such as cells not expressing RTK
isoform and cells not exposed to ligand can be
subjected to the same procedures for comparison.
[0070] Tyrosine phosphorylation also can be measured
directly, such as by mass spectroscopy. For example,
the effect of an ECD multimer on the phosphorylation
state of an RTK can be measured, such as by treating
intact cells with various concentrations of an ECD
multimer and measuring the effect on activation of an
RTK. The RTK can be isolated by immunoprecipitation
and trypsinized to produce peptide fragments for
analysis by mass spectroscopy. Peptide mass
spectroscopy is a well-established method for
quantitatively determining the extent of tyrosine
phosphorylation for proteins; phosphorylation of
tyrosine increases the mass of the peptide ion
containing the phosphotyrosine, and this peptide is
readily separated from the non-phosphorylated peptide
by mass spectroscopy.2. Complexation/ Dimerization
[0071] Complexation, such as dimerization of RTKs and
ECD multimers can be detected and/or measured. For
example, isolated polypeptides can be mixed together,
subject to gel electrophoresis and western blotting.
RTKs and/or ECD multimers also can be added to cells
and cell extracts, such as whole cell or fractionated
extracts, and can be subject to gel electrophoresis
and western blotting. Antibodies recognizing the
polypeptides can be used to detect the presence of
monomers, dimers and other complexed forms.
Alternatively, labeled RTKs and/or labeled ECD
multimers can be detected in the assays. Such assays
can be used to compare homodimerization of an RTK or
heterodimerization of two or more RTKs in the presence
and absence of an ECD multimer. Assays also can be
performed to assess the ability of an ECD multimer to
dimerize with an RTK. For example a HER3 ECD multimer
can be assessed for its ability to heterodimerize with
HERl. 3. Ligand binding [0072] Generally, RTKs bind
one or more ligands. As discussed above, Figure 1
illustrates some ligands that bind to members of the
HER family. Ligand binding modulates the activity of
the receptor and thus modulates, for example,
signaling within a signal transduction pathway. Ligand
binding to an ECD multimer and ligand binding of an
RTK in the presence of an ECD multimer can be
measured. For example, labeled ligand such as
radiolabeled ligand can be added to purified or
partially purified RTK in the presence and absence
(control) of an ECD multimer. Immunoprecipitation and
measurement of radioactivity can be used to quantify
the amount of ligand bound to an RTK in the presence
and absence of an ECD multimer. An ECD multimer also
can be assessed for ligand binding such as by
incubating an ECD multimer with labeled ligand and
determining the amount of labeled ligand bound by an
ECD multimer, for example, as compared to an amount
bound by a wildtype or predominant form of a
corresponding RTK. The Examples also lists other ways
of detecting ligand binding. 4. Cell Proliferation
assays [0073] HER family receptors are involved in
cell proliferation. Effects of an ECD multimer on cell
proliferation can be measured. Cells to be tested
typically express the target RTK receptor. For
example, ligand can be added to cells expressing an
RTK. An ECD multimer can be added to such cells
before, concurrently or after ligand addition and
effects on cell proliferation measured. The level of
proliferation of the cells can be assessed bylabeling
the cells with a dye such as Alamar Blue or Crystal
Violet, or other similar dyes, followed by an optimal
density measurement. MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyltetrazolium
bromide] also can be used to assess cell
proliferation. The use of MTT as a proliferation
reagent is based on the ability of a mitochondrial
dehydrogenase enzyme from viable cells to cleave the
tetrzolium rings of the pale yellow MTT and form dark
blue formazan crystals which accumulates in healthy
cells as it is impermeable to cell membranes.
Solubilization of cells by the addition of a detergent
results in the release and solubilization of the
crystals. The color, which is directly proportional to
the number of viable, proliferating cells, can be
quantified by spectrophotometric means. Thus, after
incubation of selected cells with an ECD multimer in
the presence or absence of ligand, MTT can be added to
the cells, the cells can be solublized with detergent,
and the absorbance read at 570 nm. Alternatively,
cells can be pre-labeled with a radioactive label such
as 3H-tritium, or other fluorescent label such as CFSE
prior to proliferation experiments. 5. Cell disease
model assays [0074] Cells from a disease or condition
or which can be modulated to mimic a disease or
condition can be used to measure/and or detect the
effect of an optimized Her3 multimer. An optimized
Her3 multimer is added or expressed in cells and a
phenotype is measured or detected in comparison to
cells not exposed to or not expressing an ECD
multimer. Such assays can be used to measure effects
including effects on cell proliferation, metastasis,
inflammation, angiogenesis, pathogen infection and
bone resorption. 6 Animal models [0075] Animal models
can be used to assess the effect of an optimized Herl
and/or Her3 multimers. For example, the effects of an
ECD multimer on cancer cell proliferation, migration
and invasiveness can be measured in an animal model of
cancer. In one such assay, cancer cells such as
ovarian cancer cells, after culturing in vitro, are
trypsinized, suspended in a suitable buffer and
injected into mice (e.g., into flanks and shoulders of
model mice such as Balb/c nude mice). Mice are
co-administered either before, concurrently, or after
the administration of cancer cells to the mice by any
suitable route of administration (i.e. 



subcutaneous, intravenous, intraperitoneal, and other
routes). Tumor growth is monitored over time. Similar
assays can be performed with other cell types and
animal models, for example, murine lung carcinoma
(LLC) cells and C57BL/6 mice and SCID mice.
Tumorgrowth can be compared to mice not administered
with an ECD multimer, or to mice who are deficient in
the respective cognate receptor or interacting
receptor of the ECD multimer. Methods of Use The
compositions disclosed herein have various uses. In
one aspect, the Hermodulins can be used to inhibit the
growth of cancerous cells. As shown in Examples and
Figures, Hermodulins of this invention inhibit the
proliferation of cancerous cells that have been
induced by natural Her 1 and/or Her3 ligands and to an
extent that would be unexpectedt o one of ordinary
skill in the art. Hermodulins comprising optimized
Herl and/or Herl can be administered in an effective
amount to an individual in need thereof, for example,
in an individual with cancer. The cancer can be any
type of cancer which would benefit the individual
being treated. Examples of cancer to be treated herein
include, but are not limited to, carcinoma, lymphoma,
blastoma, sarcoma, and leukemia or lymphoid
malignancies. Additional examples of such cancers
include squamous cell cancer (e.g., epithelial
squamous cell cancer), lung cancer including
small-cell lung cancer, non- small cell lung cancer,
adenocarcinoma of the lung and squamous carcinoma of
the lung, cancer of the peritoneum, hepatocellular
cancer, gastric or stomach cancer including
gastrointestinal cancer, pancreatic cancer,
glioblastoma, cervical cancer, ovarian cancer, liver
cancer, bladder cancer, hepatoma, breast cancer, colon
cancer, rectal cancer, renal cell cancer, esophageal
cancer, glioma, colorectal cancer, endometrial or
uterine carcinoma, salivary gland carcinoma, kidney or
renal cancer, prostate cancer, vulval cancer, thyroid
cancer, hepatic carcinoma, anal carcinoma, penile
carcinoma, as well as head and neck cancer. [ Q77 ]
Another example of an individual in need therof is an
individual who suffers from abnormal growth of cells
expressing Herl and/or Her3. The Hermodulins can also
be used to reduce tumor volume and/or to inhibit the
growth of a tumor. Tumor can encompass multiple types
of tumors, including but not limited to, cancerous
tumors, blood-based tumors and solid tumors. The
Hermodulins of the invention can be used to treat
and/or ameliorate other conditions, including those
involving cell proliferation and/or migration,
including those involving pathological inflammatory
responses, non-malignant hyperproliferative diseases,
such as ocular conditions, skin conditions, conditions
resulting from smooth muscle cell proliferation and/or
migration, such as stenoses, including restenosis,
atheroscelerosis, muscle thickening of the bladder,
heart or other muscles, endometriosis, or rheumatoid
arthritis.Other diseases that can be treated with a
Hermodulin provided herein include any disease or
disorder mediated by a HER family receptor or its
ligands including, but not limited to, aggressiveness,
growth retardation, schizophrenia, shock, Parkinson's
disease, Alzheimer's disease, cardiomyopathy
congestive, preeclampsia, nervous system disease, and
heart failure. It will be apparent to one of skill in
the art that other uses are available based on the
functional and biological effects that the
compositions of Hermodulin have. The compositions
disclosed herein can be used in combination with other
agents. Combination therapies can be used with
Hermodulins including anti-hormonal compounds,
cardioprotectants, anti-cancer agents such as chemo
therapeutics and growth inhibitory agents, and any
other such as is described herein. [0079] The
Hermodulin can be formulated as a pharmaceutically
acceptable composition. The compositions can be
administered in a manner suitable for effecting
biological effects. This can be by any suitable route
of administration (i.e. subcutaneous, intravenous,
intraperitoneal, oral, intradermal, and other routes).
In other cases, the pharmaceutical compositions also
can be formulated for local, topical or systemic
administration. In some embodiments, the
pharmaceutical composition is formulated for single
dosage administration. In other embodiments, kits
comprising a composition of optimized Hermodulins are
contemplated within the scope of the invention. In
some embodiments, the kits are optionally packaged
with instructions. The kit can contain a single dose
of Hermodulin or multiple doses. The Hermodulin may be
one or more of the following: homodimer of optimized
Her1/Her 1 or optimized Her3/Her3, optimized
heterodimer of Herl/Her3, or a mixture of the
homodimers and heterodimer. Methods for Identifying,
Screening and Making Additional Hermodulins [0080] In
addition to ECD multimers provided herein, other
candidate Hermodulins can be identified. Provided
herein are methods to identify Hermodulins, and
screening assays therefor. The methods are designed to
identify molecules that target ECD subdomains to
interfere with ligand binding and/or receptor
dimerization and/or tethering by identifying
molecules, such as small molecules and polypeptides,
that interact with regions on more than one HER
receptor family member that are involved in these
activities. Such therapeutics can simultaneously
target several members of the HER family who do not
have multiple coexpression of HER receptors. [0081]
One method that can be used for identifying
pharmacologically active pan- HER therapeutic
molecules is to use computer-aided optimization
techniques to sort throughthe possible mutations that
result in higher affinity binding to the ligand(s).
The Examples provide guidance on how such
computer-aided optimization techniques can be used and
provide working examples of optimized Her3 generated
with the use of computer-aided optimization. For
examples, HERl, HER2, HER3 or HER4 with enhanced
binding to ligands may be generated this way and used
as components to make heteromultimers, homomultimers
and mixtures of both. [0082] Hermodulins identified in
the methods described above can be tested for their
ability to functionally modulate one or more HER
activity. Such activities are known to those of skill
in the art and are described herein. Exemplary of such
assays include ligand binding, cell proliferation,
cell phosphorylation, and complexation/dimerization.
Thus, any candidate identified herein as a candidate
based on high affinity binding to a HER molecule or
portion thereof, can be tested in further screening
assays to determine if the candidate therapeutic
possesses pan-HER therapeutic properties, i.e.
inhibitory properties against HER activation. EXAMPLES
[0083] The following examples are included for
illustrative purposes only and are not intended to
limit the scope of the invention. Example 1
Engineering Her3 with Improved Binding [0084] The Her
family and its ligands are depicted in Figure 1.
Computer modeling of HERl ligand binding domain was
performed using the co-crystal structures of EGFR-EGF
(PDB code IMOX-chain C; Ogiso H et al. Cell (2002)
775-787) and EGFR-TGFa (PDB code HVO-chain C, Garrett,
T.P.J 2002). ) . The Her3 portion of the ligand trap
was improved for binding by using a combination of
computational redesign, single amino acid mutagenesis,
high throughput ligand binding screening, and then
selection for the best optimized binders. For further
experimentation, the expression was scaled-up and
subject to some purification steps. Computational
Design [0085] Computer modeling of HER3 ligand binding
domain was done using the structure information of
HER3 ECD (PDB code IM6B, Cho 2002, Schwede T, Kopp J,
Guex N, and Peitsch MC (2003). The designed
optimization of ligand-receptor interaction was based
on the physio-chemical proterties and classification
of amino acids such as charged, polar, aromatic, etc.
Also considered were residue volume, surface area,
solventaccessibilities, etc. PAM250 matrix was used to
aid for the prediction of amino acid substitution (W.
A Pearson, Rapid and Sensitive Sequence Comparison
with FASTP and FASTA, in Methods in Enzymology, ed. R.
Doolittle (ISBN 0-12-182084-X, Academic Press, San
Diego) 183(1990)63-98; and also M.O. Dayhoff, ed.,
1978, Atlas of Protein Sequence and Structure, Vol.
5). Example 2 High-throughput mutagenesis [0086]
Site-directed mutagenesis was performed by overlapping
PCR which included three sequential PCR reactions each
catalyzed by the thermo-stable DNA polymerase elongase
supplemented with proof-reading DNA polymerase pfu
(Invitrogen). HERl :Fc and HER3:Fc cDNAs were used as
the PCR templates. Conditions set up for the first
round PCR with 2 pairs of primers was 94C 2 min, 94 0C
45 sec, 60 0C 45 sec, 68 0C 3 min for 26 cycles. The
two overlapping PCR fragments generated by the first
round PCR were gel-purified, combined at 1 to 1 molar
ratio, and used for the second round PCR. The second
round PCR annealed the two overlapping PCR fragment
using the condition of 94C 2 min, 94C 45 sec, 57C 45
sec, 68C 30 min for 8 cycles. In the third round PCR,
the product of the second round PCR was used as the
template. PCR amplification was conducted in the
presence of a forward primer that covered the start
codon and a reverse primer that covered the stop
codon. The PCR condition was 94C 2 min, 94C 45 sec,
600C 45 sec, 68C 3 min for 26 cycles. PCR products
bearing mutations were cloned into the Gateway System
plasmid pDONR221 (Invitrogen). Designed mutations were
confirmed by complete sequencing. Inserts in pDONR221
were then transferred to the expression vector
pcDNA3.2-DEST (Gateway System, Invitrogen) by LR
reaction following the manufacturer's instruction.
Example 3 Protein expression and purification [0087]
For ligand binding screening, sequence-confirmed HERl
:Fc and HER3:Fc mutants were transiently transfected
into HEK293T cells (ATCC) using Lipofectamine 2000
(Invitrogen). For expression of the Fc-mediated HER1/3
heterodimers, the HERl :Fc and HER3:Fc or their
mutants were cotransfected into HEK293T cells. The
serum-free condition media were collected 72 hrs after
transfection. Levels of HERl :Fc and Her3:Fc
homodimers was quantified using the human HERl or HER3
ELISA detection Kit following the manufacturer's
instruction (R&D Systems). To quantify the Fc-mediated
heterodimers, the anti-HER3-coated ELISA plates were
used for capture and the HERl antibody was used for
detection.[0088] For scale-up expression of HER1/3
heterodimers, log phase CHO-S cells (Invitrogen)
maintained in Pro-CHO5 (Lonza, Allendale, NJ) were
transferred into Wave Bio-Reactor (GE HealthCare) at
lxlO 6/mL in Pro-CHO5 (Lonza) supplemented with 8 mM
of L-glutamine and IxHT (Gibco). Next day, cells were
co-transfected with the corresponding HERl:Fc and
HER3:Fc cDNA constructs. The transfection was achieved
by using the 25 Kdal linear PEI (Polysciences) at 12
mg/L. The volume of ProCHO5 was doubled 4 hrs after
transfection. Transfected cell were maintained in Wave
Bio-Rector for 7 days before the conditioned medium
was harvested. [0089] The Fc-mediated HER1/3
heterodimers were purified by using the following
protocol: conditioned medium from co-transfected CHO-S
cells (Invitrogen) was clarified, 10-fold
concentrated, and applied to a MabSelect SuRe affinity
column (GE Healthcare Biosciences AB, Sweden). Column
was washed extensively with phosphate-buffered saline
(PBS) containing 0.1% (v/v) TX-1 14 and eluted with an
IgG elution buffer (Pierce, Rockville, IL). The eluted
fractions were immediately neutralized with IM
Tris-HCL to pH 8.0. Pool of the protein-containing
fractions was loaded onto a Ni-Sepharose column
(GEHealthcare Biosciences AB, Sweden). Column was
washed with the Ni-Sepharose Buffer containing 25 mM
of imidazole. Bound proteins were eluted with a 25-135
mM of gradient imidazole in the same buffer. The main
heterodimer peak was typically eluted between 80- 125
nM of imidazole. Pool of the heterodimer-containing
fractions from the Ni-Sepharose column was
exhaustively dialyzed at 4'C in PBS. Purity of the
heterodimer preparations was determination by
analytical reversed-phase HPLC Example 4 Screening for
improved ligand binding 



[0090] Screening for binding of Europium-labeled EGF
(Eu-EGF) and NRGl b (Eu- NRGl b) by Delfia
(PerkinElmer) was carried out in 96-well yellow plated
(Perkin Elmer). Wells were coated with 100 ml of
anti-human Fc antibody (5ug/mL, Sigma-Aldrich) at room
temperature (RT) overnight. Coated plates were rinsed
3 times with PBS/0.05% Tween-20 (wash buffer, WB) and
blocked with PBS/1% BSA at RT for 2 hrs. Plates were
again rinsed 3 times with WB. The Fc-fusion proteins
in conditioned media from the transfected HEK293T
cells were diluted with Delfia binding buffer to a
concentration of 20 ng/well and were added to each
well (100 ml/well). Plates were incubated at RT for
2hrs and then rinsed 3 times with DELFIA wash buffer.
The plates were then incubated with 100 ml of Eu-EGF
(Perkin Elmer) or Eu-NRGl b (custom-labeled by
PerkinElmer) at a concentration of 0.5 nM. The
plateswere incubated at RT for 2 hrs followed by three
quick rinse with ice-cold Delfia wash buffer
containingq.02% Tween-20. To quantify bound Eu-ligands
130 ml/well of Delfia enhancement solution was added
and the plates were read on a fluorescence plate
reader (Envision, model 2100, PerkinElmer). [0091]
Screening for TGFa and HB-EGF binding was carried out
using the TGFa and HB-EGF ELISA Kit (R&D System).
96-well plates were coated with 100 ml of antihuman Fc
antibody at lug/mL at RT overnight. Plates were rinsed
and blocked as described above.. The Fc-fusion
proteins in conditioned media were diluted with PBS/1%
BSA to 20 ng/well and were added to wells at 100
ml/well. Plates were incubated at RT for 2 hrs,
followed by 3 rinses with WB. TGFa and HB-EGF (R&D
Systems) were diluted to 5 nM with PBS/1% BSA and were
added to the plates. The plates were incubated at RT
for 2 hrs followed by 3 rapidly rinse with ice cold
WB. Bound ligands were detected using the biotinylated
detection antibody against TGFa or HB-EGF. Subsequent
ELISA color development steps follow the
manufacturer's instruction. [0092] Procedures for
screening for HERl ligand binding (Eu-EGF, TGFa, and
HBEGF) to the immobilized HER1/3 heterodimers using
the conditioned media were identical to the screening
for Eu-EGF, TGFa, and HB-EGF binding described above,
except that the plates were pre-coated with anti-human
HER3 antibody (DYC1769) at a concentration of 2 mg/mL
and that 100 ng/well of Fc-fusion proteins from the
conditioned media were used for ligand binding. [0093]
A variant with substitution at position 246 from
tyrosine to alanine (Y246A) was predicted by modeling
studies to give rise to high affinity and was screened
and found to bind NRGl b. Previous work had optimized
Herl ECD to generate a variant called T39S (or without
the 24 residue signal sequence, would be T15S) called
HFD120. The nomenclature of the various variants which
have been constructed are depicted in Figure 2 and
below.[0094] This nomenclature is used throughout this
specification. These various Hermodulins with
optimized Herl and/or Her3 were linked to a uniform
linker and Fc as shown in Figure 3. Example 5 Ligand
Binding assays [0095] The various HFD constucts were
screened using standard ligand binding assays
including, but not limited to, I125 labeling of
ligand, DELFIA (Europium-labeled ligand), surface
plasmon resonance (Biacore) and isothermal
calorimetry. Exemplary protocols for saturation
binding are as follows: Eu-ligand saturation binding
and displacement [0096] Eu-EGF and Eu-NRG l b
saturation binding and Eu-EGF displacement were
identical to the EU-EGF binding screening described
above, except that purified heterodimers were used and
the heterodimer concentrations used for ligand binding
were at least 10-fold lower than the KDs for the
assayed ligands (CELL SURFACERECEPTORS: A SHORT COURSE
ON THEORY AND METHODS, Lee E. Limbird, 2004). For
saturation binding with Eu-EGF, 30 ng/well of RB200 or
2 ng/well of RB242 were immobilized onto the
anti-human Fc coated pates. For saturation binding
with Eu-NRG l b, 2 ng/well of RB200 or RB242 were
immobilized. Displacement assays were performed with
Eu-EGF (at a concentration of 50 nM for RB200 or 5 nM
for RB242) added to wells in the presence of
increasing concentrations of the indicated unlabeled
competitors. 125-ligand saturation binding [0097]
125I-EGF was purchased from GE-Healthcare. TGFa and
HB-EGF (R&D Systems) were custom-labeled by
GE-Healthcare. 96-well assay plates were coated with 5
mg/mL anti-human Fc antibody. Coated plates were
washed and blocked as described above. Conditioned
media or purified proteins diluted to 20 ng/well were
immobilized in the antihuman Fe coated wells.
Increasing concentrations of the 125I-ligands were
used to reach saturation binding. After binding,
washed wells with bound 125I-ligands were covered with
100 ml/well of a scintillation cocktail OptiPhase
'SuperMix' (PerkinElmer, Waltham, MA) and were read by
Microbeta Trilux (PerkinElmer). [0098] Her3
optimization was determined by binding to NRGl bl
(also referred to herein as NRGbl). Figure 4 shows
data measuring on-off rates for the optimized Herl and
Her3 molecules. Figure 5 shows the binding affinity
for HFD300 and HFD300.1.[0099] When RB242. IB was
tested for binding affinity, the results (Figure 6)
showed that it overcame antagonism between HERl and
HER3 in ligand binding. The improvement was more than
30 fold over RB222.1 in its affinity for HERl ligands.
[0100] Figure 13 shows that ligand binding affinities
of RB200 were optimized via a high throughput rational
mutagenesis process. An optimized hermodulin variant
RB242 with sub-nanomolar affinities for both HERl and
HER3 ligands was identified. Binding of RB242 to other
HER ligands such as TGF-a and HBEGF was assessed by
competitive binding against Eu-EGF. The comparison of
RB242 vs. RB200 in binding to different ligands is
expressed as fold improvement in Kd and Bmax based on
multiple determinations. [0101] Figure 17 (top panel)
also shows that RB242 has improved ligand binding
affinity. Example 6 Inhibition of phophorylation of
RTK with Hermodulin homodimers [0102] The optimized
Her3 constructs were tested to see if they could
inhibit NRGstimulated phosphorylation of Her3. Figure
7 depicts results from experiments testing for
Hermodulin homodimers inhibition of HER3
phosphorylation. As shown, HFD320.1 showed an
unexpected 42-fold improvement over HFD300. Example 7
Inhibition of Phosphorylation by Hermodulin
Heterodimers [0103] Various constructs of Hermodulin
heteromodulins were tested for determine their effect
on phosphorylation. Phsophotyrosine ELISA was
performed. Briefly, serum starved cells were
pretreated with 50 ml/well DMEM containing 0.1% BSA
and the indicated inhibitors for 30 minutes at 37C.
This was followed by stimulation of the cells with
either 3 nM EGF or 1 nM NRGlBl for 10 minutes at 370C.
Then the plates with cells were placed on ice, washed
once with ice-chilled PBS, and lysed with a lysis
buffer containing phosphatase inhibitor cocktails.
Cell lysates were clarified by incubation with 20 ml
of Protein-ASepharose bead slurry overnight at 4C on a
plate shaker. The beads were then removed and the
supernatant was used for phosphotyrosine ELISA. The
HERl and HER3 capture antibody plates for ELISA were
prepared as follows: the 96-well assay plates were
coated with 0.4 mg /mL anti-human EGFR antibody
(#AF231) or with 4 mg/mL anti-human ErbB3 DuoSet IC
(#DYC1769). Coated plates were blocked with 2% bovine
serum albumin and 0.05% Tween- 20 in PBS for 2 hours
at RT. Cell lysate (75 ml) processed as above was
transferred to each well of the coated plates,
incubated overnight at 40C with mixing, and then
washed 4 timeswith WB. Tyrosine phosphorylation on HER
proteins was detected with 100 ml/well of an
anti-phosphotyrosine-HRP conjugate (R&D Systems)
diluted according to the manufacturer's instructions
in PBS containing 2% BSA, and incubated for 2 hours at
RT. The plates were washed 4 times with WB, and then
developed with 100 ml/well TMB substrate followed by
100 ml/well stop reagent for TMB (both from
Sigma-Aldrich). Color development time was varied so
that the optical densities of the developed plates
ranged from 0.5-1.0. The plates were read by a
VERSAmax microplate reader (Molecular Devices,
Sunnyvale, CA) at 650 nM. [0104] Figure 8 shows the
results of these experiments testing for relative
inhibition of receptor phosphorylation by Hermodulin
heterodimers. As shown in Figure 8, there is no
difference between the heterodimers for EGF. For
TGF-a: RB220 is most effective while for HB-EGF, there
is minimal difference between heterodimers. For NRG,
RB202.1 is most potent, while RB200.1 and RB222.1 are
more effective than RB200 or RB220. [0105] When
normalized for the number of ligand-binding sites,
then the results are shown in Figure 9 where
heterodimers are compared to homodimers. The table
shows the fold improvement in EC50 when the
calculations are normalized for number of ligand
binding sites. Unexpectedly, these results show that
HFD320.1 sequence is fifty time more active than HF300
when paired with HFDlOO and is similar to HF300.1 when
paired with HF120. HFDlOO sequences not affected by
the dimerization partners while HFD120 sequence
activity is attenuated when paired with HFD320.1 as
compared to HFD300. HFD300.1 was not tested. As such,
the results indicate that for various ECD pairings,
the combination of the pairings may influence
heterodimer activity. Figure 10 show the results of
average fold improvement for various ECD pairings that
show that the pairings may influence heterodimer
activity. [0106] Figure 17 (middle panel) shows that
RB242 is more potent in inhibiting GFdependent HER
phosphorylation than RB 200. Example 8 Hermodulin
Inhibition of NRG-induced cell proliferation [0107]
Different cell lines were used to test for Hermodulin'
s effect on ligandinduced proliferation. Cell
proliferation studies were conducted in serum-free
medium. Cells were plated in 96-well tissue culture
plates (Falcon #35-3075, Becton Dickinson, NJ) at 2000
to 5000 cells per well in 100 ml culture medium, as
appropriate for a cell line, and then grown overnight
(15 to 18 hours). The cells were then serum-starved
for 24 hours and were treatedwith 3 nM of EGF or NRG l
b in the presence of increasing concentration of the
indicated inhibitors for 3 days. Cell proliferation
was quantified by the MTS assays. The plate was then
read on a plate reader at -490 nm wavelength for
absorbance, which was directly proportional to the
amount of cells in the well. [0108] Figure 11 shows
the result of experiments testing for inhibition of
NRGinduced MCF7 proliferation while Figure 12 shows
the result of experiments testing for inhibition of
NRG-induced T47D proliferation. For NRG-induced
proliferation, RB222. 1 worked the best, followed by
HFD320. 1 and 1:1 Mix. RB200 was the least effective
of the group for its effect on NRG-induced cell
proliferation, although it does inhibit EGF-induced
proliferation of MCF7 cells. [0109] Figure 14 shows
that Hermodulin can inhibit ligand-induced cell
proliferation. BxPC3 pancreatic cancer cells were
treated with 3 nM of TGF- a (A) or 3 nM of NRGl- bl
(B) in the presence of increasing amounts of RB200 or
RB242 for 3 days. Cell proliferation was quantified by
MTS assay. The data are expressed as percent
inhibition of cell growth as compared with the control
cells stimulated with TGF a or NRGl- bl alone. Data
are mean + SEM of 8-replicate samples. Figure 17
(bottom panel) also shows that RB242.1 is a potent
inhibitor of GF-induced cell proliferation. Example 9
Pharmacokinetic analysis of Hermodulins [0110] Plasma
concentrations in rodent models of all Hermodulin
constructs, including those with optimized Her3 were
analyzed by a Hermodulin- specific ELISA, which use
anti-HERl (AF231, R&D System) and anti-HER3 (AF234,
R&D Systems) antibodies as the capture, HRP conjugated
anti-human Fc antibody (Bethyl Laboratories) as the
reporter to show the extent of the administered dose
that reaches the systemic circulation intact.
Bioavailability, clearance rate and plasma half-life
were then calculated. For RB200, the 



absolute bioavailability of RB200 measures the
availability of RB200 in systemic circulation after IP
administration of 15-30 mg/kg in mice by using the
formula: F = (AUC)IP * doseIV (AUQ/V * doseIP [0111]
Where AUC = area under the curve. From this
calculation, the estimated FRB2ooh was determined to
be > 90%. Besides high bioavailability, RB200 also
exhibited alow volume of distribution, and a prolonged
terminal half-life consistent with expectations for
Fc-fusion proteins and other therapeutic monoclonal
antibodies. The calculations for other Hermodulins are
done in the same manner to determine bioavailability
and terminal half-life. Figures 15 and 16 show the
plasma concentrations of various Hermodulins in rats
and nude mice and the calculated pharmacokinetic
parameters. Example 10 Optimization of Her1 and Her3
[0112] The following tables illustrate some of the
designed mutations that were tested for Herl and
binding activity to its cognate ligand.ONCE-A-DAY
REPLACEMENT TRANSDERMAL ADMINISTRATION OF FENTANYL
Technical Field [0001] The present disclosure relates
to methods and delivery devices for the transdermal
administration of drugs. For example, transdermal
patches for the delivery of opioid drugs and methods
for transdermal administration of opioid drugs are
described Background [0002] Opioid drugs are known and
are included in various drug products. For example,
fentanyl and analogs thereof, such as alfentanil,
carfentanil, lofentanil, remifentanil, sufentanil,
trefentanil and the like, are powerful synthetic
opioids which have demonstrated utility in both human
and veterinary medicine. In human medicine,
alfentanil, fentanyl, remifentanil and sufentanil have
been granted regulatory approval for use as general
anesthetics. Transdermal administration of fentanyl
and analogs thereof for the treatment of both acute
and chronic pain has been suggested in patents and
published applications (See e.g., U.S. Patent Nos.
4,466,953; 4,470,962; 4,588,580; 4,626,539; 5,006,342;
5,186,939; 5,310,559; 5,474,783; 5,656,286; 5,762,952;
5,948,433; 5,985,317; 5,958,446; 5,993,849; 6,024,976;
6,063,399 and 6,139,866, and U.S. Application Nos.
2003002682, 200502081 17, 20021 19187, and
20040234584). Moreover, products containing fentanyl,
including a fentanyl-containing transdermal patch,
have also been marketed for analgesia in the treatment
of chronic pain. [0003] Examples of transdermal patch
configurations include monolithic and multilayer
devices. A monolithic device is relatively simple and
may be characterized by an adhesive monolith including
a drug-containing reservoir disposed on a backing. The
drug-containing reservoir in such a device is
typically formed from a pharmaceutically acceptable
pressure sensitive adhesive. In some cases, the
drug-containing reservoir can be formed from a
non-adhesive material, the skin-contacting surface of
which is provided with athin layer of a suitable
adhesive. The rate at which the drug is administered
to the patient from these patches can vary due to
normal person-to-person and skin site-to-skin site
variations in the permeability of skin to the drug. A
multilayer, or multilaminate device, may include a
matrix drug reservoir or a liquid reservoir bound by
one or more membranes. For example, in a multilaminate
patch, a drug release-rate controlling membrane may be
disposed between the drug reservoir and the
skin-contacting adhesive. By controlling the release
rate of drug from the patch, a release-rate
controlling membrane serves to reduce the effects of
variations in skin permeability. [0004] In addition to
monolithic and multilayer designs, the drugcontaining
reservoirs of transdermal patches can have the drug
either completely dissolved in the reservoir
(subsaturated patches, see e.g., U.S. Pat. Nos.,
4,704,282; 4,725,439; 4,867,982; 4,908,027; 5,004,610;
5,152,997; 5,164,190; 5,342,623; 5,344,656; 5,364,630;
5,462,745; 5,633,008 and 6,165,497) or can contain an
excess of undissolved drug over the saturation
concentration (depot patches). Because transdermal
patches deliver a drug by diffusion through the skin,
the delivery rate of the drug from the patch is
generally governed by Fick's law and is typically
proportional to the level of saturation of the drug in
the reservoir. [0005] A fentanyl product that has been
available widely as a transdermal patch for analgesia
is the DURAGESIC(r) patch. See, for example, the
labeling describing this patch and its use in, e.g.,
Physicians Desk Reference, 58th Edition, 2004, pages
1751-1755. Another fentanyl patch with fentanyl
dissolved in a pressure sensitive adhesive,
DUROGESIC(r) DTRANS(r) (or DUROGESIC(r) SMAT) matrix
patch, is available in certain countries as a
transdermal patch for analgesia, see, Summary of
Product Characteristics of "DUROGESIC(r) DTRANS(r)
transdermal patch" and DUROGESIC (r) DTRANS(r)
transdermal patch "Patient Information Leaflet"
accessible by Internet to the public at
http://emc.medicines.org.uk . The DUROGESIC(r)
DTRANS(r) transdermal patch is a product that
administers fentanyl for 3 days and is indicated for
the treatment of chronic pain, as opposed to
post-operative or other acute pain. The DUROGESIC(r)
DTRANS(r)matrix fentanyl patch is intended to be
sequentially removed and replaced with a fresh patch
applied to a new skin site at the end of each 3 day
period to provide relief from chronic pain and it is
contemplated that doses may be increased over time and
that concurrent use of other analgesics may occur to
deal with breakthrough pain. Summary [0006] The
present disclosure provides devices and methods for
transdermal delivery of opioid drugs. For example, in
specific embodiments, the present disclosure provides
a once-a-day patch (1-day patch) for transdermal
delivery of an opioid drug at a targeted rate and in
an amount sufficient to induce and maintain analgesia
over a period of treatment that lasts about one day.
In such embodiments, the opioid included in and
delivered by the patch may be fentanyl or an analog of
fentanyl, such as, for example, one or more of
alfentanil, carfentanil, lofentanil, remifentanil,
sufentanil, trefentanil and the like. In each
embodiment, transdermal patches as described herein
may be prepared for administration to human patients.
[0007] In addition to transdermal patches, the present
disclosure provides methods for the administration of
opioid drugs. In particular embodiments, the methods
described herein include administration of an opioid
selected from fentanyl or an analog of fentanyl, such
as, for example, one or more of alfentanil,
carfentanil, lofentanil, remifentanil, sufentanil,
trefentanil and the like. In an example of such an
embodiment, the method includes applying to a patient
at least one patch designed to deliver one or more of
fentanyl or an analog thereof, followed by removal and
replacement of at least one of said at least one patch
more often than every 3 days, for example, more often
than every two days, or alternatively, every day.
Brief Description of the Drawings [0008] The present
disclosure is illustrated by way of examples in
embodiments and not limitation in the figures of the
accompanying drawings in which like references
indicate similar elements. The figures are not shownto
scale unless indicated otherwise in the content. In
the graphs, vertical lines connected to data points
indicate standard deviations. [0009] FIG. 1
illustrates a schematic sectional view through one
embodiment of a transdermal therapeutic system. [0010]
FIG. 2 illustrates a schematic sectional view through
another embodiment of transdermal therapeutic system.
[0011] FIG. 3 illustrates the comparison of blood drug
concentration of a simulation of the once-a-day
application of 1-day transdermal fentanyl patches
versus the once-every-3-days application of 3-day
transdermal fentanyl patches at steady state. [0012]
FIG. 4 illustrates the comparison of blood drug
concentration of a simulation of the once-a-day
application of 1-day transdermal fentanyl patches
versus the actual experimental data of 3-days
application of 3-day transdermal fentanyl patches.
[0013] FIG. 5 illustrates another comparison of blood
drug concentration of a simulation of the once-a-day
application of 1-day transdermal fentanyl patches
versus the actual experimental data of 3-day
application of 3-day transdermal fentanyl patches.
[0014] FIG. 6 represents actual serum fentanyl
concentrations collected over time in using 3-day
patches of different dose strengths. [0015] FIG. 7
illustrates the serum fentanyl concentration
experimental results of administering 3-day fentanyl
transdermal patches with daily replacement by a new
patch. [0016] FIG. 8 shows the summary of the averaged
data (over the subjects) on the fentanyl concentration
in the blood of the subjects for various thicknesses
of matrix drug layers. [0017] FIG. 9 shows the
simulated data of fentanyl concentration by repeated
application of 1-day patch versus 3-day patches up to
336 hours.[0018] FIG. 10 shows the summary of the
averaged data (over the subjects) on the serum
fentanyl concentration in the subjects from the 216th
hour to the 288th hour for the 1-day patches compared
with the 3-day patches. [0019] FIG. 11 shows the
comparison of the steady state 3-day patch data of
FIG. 10 versus the simulated steady state 3-day patch
data scaled from the data of FIG. 9. [0020] FIG. 12
shows the comparison of the steady state 1-day patch
data of FIG. 10 versus the simulated steady state
1-day patch data scaled from the data of FIG. 9.
[0021] FIG. 13 shows the data on serum fentanyl
concentration for 1-day fentanyl patches of different
dose strengths applied for one day. [0022] FIG. 14
shows the summary of the averaged data (over subjects)
on the fentanyl concentration in the blood of the
subjects at steady state of application of an
embodiment of the 1-day patches versus 3-day patches.
[0023] FIG. 15 shows the summary of the averaged data
(over subjects) on the fentanyl concentration in the
blood of the subjects at steady state of application
of another embodiment of the 1-day patches versus
3-day patches. [0024] FIG. 16 is a graph showing the
serum concentration of fentanyl 



and its metabolite norfentanyl in one subject with the
administration of fentanyl by 1-day patches. Detailed
Description [0025] Transdermal patches for the
delivery of opioid drugs are described herein. Methods
for delivery of opioid drugs are also provided, and in
specific embodiments, the methods of the present
invention include applying one or more transdermal
patches as described herein to a patient. In some
embodiments, the present disclosure provides daily
replacement 1-day (sometimes called "QD" for
convenience) fentanyl patches for analgesia. In
specific embodiments, daily replacement application of
one patch, as described herein, on the skin of a
patient may achieve a steady state plasma level within
a therapeutically effective range. Thus, if there is
only one patch on the skin, daily replacement of the
patch will establish a steady state plasma profile
within a therapeutically effective range. Exemplary
opioids to be delivered by the patch described herein
include fentanyl and analogs of fentanyl, such as, for
example, one or more of alfentanil, carfentanil,
lofentanil, remifentanil, sufentanil, trefentanil and
the like. An exemplary form of fentanyl that may be
delivered in a patch as described herein is the base
form of the fentanyl. [0026] It has been found that
when multi-day transdermal patches for delivery of
fentanyl, such as the DUROGESIC(r) DTRANS(r) matrix
patches, where applied with replacement done once per
day, instead of every three days, the plasma
concentration of fentanyl increased rapidly over the
first three doses, resulting in drug plasma levels
that were above the steady state level achieved when
the same patch is replaced every three days. Without
being limited to or bound by a particular theory, it
is thought that this performance is achieved because,
at replacement, although a used patch is removed the
old and the new patch are not present on the skin
simultaneously, a certain amount of the drug from the
old patch is held in the tissue of the user and
requires a significant amount of time for it to be
cleared from the user, resulting in a depot effect.
For instance, it has been found that the half-life of
the transdermal delivered fentanyl is quite long
relative to that for intravenously administered
fentanyl due to the depot effect. [0027] For a patch
that is replaced only every 3 or 4 days, the depot
effect upon plasma fentanyl concentration accumulation
may be relatively unnoticeable. However, it has been
found that when a 3-day patch is applied on a patient
with daily replacement, a higher level of the drug in
the plasma is achieved than when the 3-day patch is
applied every 3 or 4 days. Thus, it has been found
that a transdermal patch according to the present
invention that is applied on a patient with daily
replacement may be relatively smaller thanand/or
loaded with relatively less drug than a multi-day
patch, such as a 3-day patch, while still achieving
and maintaining therapeutically effective drug plasma
levels. In particular, it has been found that, in
order to reach or maintain a plasma concentration of
an opioid drug, such as fentanyl, targeted by a
multi-day transdermal patch, a patch system smaller
than currently available multi-day patches, such as
currently available 3-day transdermal fentanyl
patches, may be used. In some embodiments, a 1-day
patch according to the present description includes
half, or less, the drug loading of prior 3-day
patches, yet may be used to achieve and/or maintain
targeted, therapeutically effective opioid drug plasma
levels when applied with daily replacement. Even
further, we have found that targeted and
therapeutically effective opioid drug plasma levels
can be achieved and/or maintained by daily application
and replacement of a single transdermal patch as
described herein. Of course, it is contemplated that,
even when only a single patch is applied and replaced
daily, there may be some overlap of time where more
than one patch is still applied to a patient, e.g.,
for a few seconds or even minutes during replacement,
without leading to a significant difference in drug
absorbed. [0028] The present disclosure provides
transdermal patches and methods that allow users to
deliver and maintain therapeutic levels of opioid
drugs without exceeding a targeted Cmax. Moreover the
transdermal patches and methods described herein
provide desirable steady state delivery of opioid
drugs, with narrow fluctuations between Cmax and Cmjn
of the opioid delivered. The control in fluctuation of
Cmax and Cmjn of the drug delivered by the patches and
methods described herein works to maintain therapeutic
effect and potential side effects of the drug. In
embodiments of the transdermal patch described herein,
the patch is a 1-day patch that delivers opioid drug
such that the difference between Cmax and Cmin
provided by the 1- day patch is smaller than that
achieved by a multi-day patch designed for delivery of
the same opioid drug. [0029] In specific embodiments,
the patches described herein exhibit higher wt%
utility of drug per day relative to multi-day patches.
For example,in one such embodiment, the patches
described herein are formulated and configured for
delivery of opioid drug and provide higher wt% utility
of drug per day as compared to multi-day patches with
the same drug, e.g., fentanyl base, such as in the
DUROGESIC(r) DTRANS(r) matrix patch. In some
embodiments, the patches described herein may contain
a lower content of opioid drug than presently
available products or multi-day opioid patches. In
some embodiments, the present disclosure provides
1-day patches that provide a percentage utilization of
opioid drug after 1 day that approximates the percent
utilization of opioid drug provided by multi-day
patches after multiple days of use. In one such
embodiment, a 1-day fentanyl patch is described that
provides a percentage utilization of fentanyl after
one day of use that approximates the percent
utilization of fentanyl provided by 3-day fentanyl
matrix patches after three days of use. The relatively
lower drug loading and high wt% utility of drug
provided by embodiments of the patches described
herein can lead to less residual drug remaining in the
patch after use, and such characteristics may reduce
the risk that patches according to such embodiments
may be subject to abuse or illicit use. [0030] The
1-day patches described herein may also afford
increased convenience for users and lead to increased
patient compliance. In some instances, it may be
desirable to remove a transdermal patch on a daily
basis, at least for a brief period of time. For
example, where a multi-day opioid patch is used, it
may be desirable to remove such patch while bathing,
as submersion or exposure to large amounts of water
may lead to some amount of drug passing out of the
patch. Further, human beings are creatures of habit,
and the routine of daily replacement can be more
conducive for compliance than replacement that is done
every three or four days. [0031] A transdermal patch
according to the present description may include a
backing layer and a drug reservoir disposed on the
backing layer. In specific embodiments, the
skin-contacting surface of the reservoir may be
adhesive, with the reservoir including a polymeric
composition containing an amount of opioid sufficient
to induce and maintain analgesia in a patient for
about one day. In such embodiments the drug reservoir
may or may notcontain undissolved opioid drug.
Therefore, in some embodiments, the drug reservoir
includes no undissolved opioid and, optionally, no
undissolved material in the drug reservoir adhesive.
Alternatively, in other embodiments, a drug reservoir
of a transdermal patch as described herein may include
undissolved opioid. [0032] Exemplary opioids that may
be delivered using patches as described herein include
fentanyl and analogs of fentanyl, such as, for
example, one or more of alfentanil, carfentanil,
lofentanil, remifentanil, sufentanil, trefentanil and
the like. In each embodiment, the patches described
herein may be constructed and formulated for
administration to human patients. [0033] In one
embodiment, the present disclosure provides a non-rate
controlled, monolithic patch without a
rate-controlling membrane for transdermal delivery of
an opioid at an administration rate sufficient to
induce and maintain analgesia by daily replacement of
a patch every day. In one such embodiment, the drug
may be fentanyl such as, for example, the base form of
fentanyl (the non-ionized form of fentanyl being
present in the reservoir). In other such embodiments,
the drug may be an analog of fentanyl, such as, for
example, one or more of alfentanil, carfentanil,
lofentanil, remifentanil, sufentanil, trefentanil and
the like. In one such embodiment, the patch includes a
backing layer and a drug reservoir disposed on the
backing layer. The skin-contacting surface of the drug
reservoir may be adhesive and the reservoir may
contain a polymeric composition with or without
undissolved components containing an amount of opioid,
such as, for example, fentanyl base, sufficient to
induce and maintain analgesia in a human for one day.
Such an embodiment may be utilized in a method whereby
a single such patch is administered with daily
replacement and achieves a steady state plasma level
within a therapeutically effective range. [0034] The
present disclosure provides methods of administering
an opioid drug to a subject in need thereof. In one
embodiment, a method described herein includes
applying then replacing one transdermal patch on
adaily basis on the skin of the subject such that a
steady state plasma profile within a therapeutic range
is achieved. In one such embodiment, the patch
utilized contains a backing layer and a drug reservoir
having a polymeric composition containing the opioid
drug. In one such embodiment, the drug delivered by
the patch is fentanyl, which may be present in the
reservoir in (un-ionized) base form, dissolved in a
polyacrylate adhesive. In certain embodiments,
undissolved fentanyl may be present. In other such
embodiments, the drug delivered by the patch may be an
analog of fentanyl, such as, for example, one or more
of alfentanil, carfentanil, lofentanil, remifentanil,
sufentanil, trefentanil and the like. Moreover, in
each such embodiment, the subject in need of opioid
administration may be a human subject. [0035] In
another embodiment, the present disclosure provides a
method of administering an opioid drug to a subject in
need thereof by applying two or more patches initially
on day one and subsequently daily applying a new patch
to replace a day-old patch starting from day two, such
that a plasma profile of opioid drug within a
therapeutic range is achieved in 



one day. In such an embodiment, some of the two or
more patches can be removed on days following the
first day and not replaced such that at steady state,
only one patch remains applied on the subject's skin
at a given time for analgesia. In one such embodiment,
the patches utilized contain a backing layer and a
drug reservoir having a polymeric composition
containing the opioid drug. In one such embodiment,
the drug delivered by the patches is fentanyl, which
may be present in the reservoir in (un-ionized) base
form, dissolved in a polyacrylate adhesive. In certain
embodiments, undissolved fentanyl may be present. In
other such embodiments, the drug delivered by the
patches may be an analog of fentanyl, such as, for
example, one or more of alfentanil, carfentanil,
lofentanil, remifentanil, sufentanil, trefentanil and
the like. Moreover, in each such embodiment, the
subject in need of opioid administration may be a
human subject. [0036] In further embodiments, the
methods of the present invention may include an
additional step determining whether the patient is a
narcoticopioid tolerant individual or narcotic opioid
na ve. Such information may be obtained, for example,
based on the patient's medical record, and may then be
used in determining the dosing or application regimen
that may be recommended for the individual. For
example, if a patient is opioid tolerant, in order to
provide effective pain management, it may be necessary
raise the level of opioid drug in the blood to a
targeted steady state level relatively quickly. In
such an instance, administering two or more patches to
the skin of the individual initially, followed by
subsequently reducing the number of patches on the
skin can quickly bring the level of opioid drug up to
a therapeutic, steady state level. Alternatively, if a
patient is determined to be opioid na ve, such a
patient may benefit from a relatively lower
concentration of opioid in the blood. An opioid na ve
patient may, therefore, benefit from administration of
only a single patch initially, followed by daily
replacement. In certain cases with opioid na ve
patients, achieving a steady state target plasma
concentration in 2 to 3 days may be determined to be
desirable. The regimen of starting initially by
applying only one patch on day 1 will allow a gradual
increase to occur and yet achieve acceptable analgesia
due to the opioid-na ve nature of the patient. As used
herein, an "opioid na ve" patient is one that has not
been exposed sufficiently to the drug to develop any
noticeable tolerance to the drug. As used herein, an
"opioid tolerant" patient is one that has been exposed
to the drug to such an extent that some noticeable
tolerance to the drug has developed. [0037] In even
further embodiments, the present disclosure provides a
kit that contains a transdermal opioid patch together
with an instruction print. The instruction print may
be an insert or provided on a container or packaging
and provides a user with instructions as to use. For
example, the instruction print may describe how each
patch is to be applied, the length of time each patch
is to be applied to a patient, and how often each
patch is to be removed and replaced with a new
patch.Definitions [0038] In describing the present
technology, the following terms will be employed, and
are defined as indicated below. As used in this
specification and the appended claims, the singular
forms "a," "an" and "the" include plural references
unless the text content clearly dictates otherwise.
[0039] As used herein, the term "transdermal" refers
to the use of skin, mucosa, and/or other body surfaces
as a portal for the administration of drugs by topical
application of the drug thereto for passage into the
systemic circulation. [0040] As used herein, the term
"drug" refers to any material that is intended to
produce some biological, beneficial, therapeutic, or
other intended effect, such as relief of symptoms of
health disorder, but not agents (such as permeation
enhancers) the primary effect of which is to aid in
the delivery of another biologically active agent such
as the therapeutic agent transdermally. [0041] As used
herein, the term "therapeutically effective" refers to
the amount of drug or the rate of drug administration
needed to produce the desired therapeutic result.
[0042] As used herein, the term "permeation
enhancement" intends an increase in the permeability
of skin to a drug in the presence of a permeation
enhancer as compared to permeability of skin to the
drug in the absence of a permeation enhancer. A
"permeation-enhancing amount" of a permeationenhancer
is an amount of the permeation enhancer sufficient to
increase the permeability of the body surface of the
drug to deliver the drug at a therapeutically
effective rate. [0043] As used herein, "acrylate",
"polyacrylate" or "acrylic polymer", when referring to
a polymer for an adhesive or proadhesive, refers to
polymer or copolymer of acrylic acid, ester(s)
thereof, acrylamide, or acrylonitrile. Unless
specified otherwise, it can be a homopolymer,
copolymer, or a blend of homopolymers and/or
copolymers.[0044] As used herein, the term "an analog
of fentanyl" (hereafter referred to as "analog")
refers to potent and effective analgesics such
alfentanil, carfentanil, lofentanil, remifentanil,
sufentanil, trefentanil, and the like. An exemplary
form is the base form of fentanyl or the analog.
[0045] As used herein, the term "subsaturated patch"
refers to a patch wherein the concentration of the
drug is below its solubility limit. "Saturated patch"
refers to a formulation containing dispersed drug
(e.g., fentanyl base) solid or liquid, at a
concentration above the saturation concentration in
the reservoir. [0046] As used herein, the term "single
phase polymeric composition" refers to a composition
in which the drug and all other components are
solubilized in a polymer and are present at
concentrations no greater than, such as less than,
their saturation concentrations in the reservoir, such
that there are no undissolved components present in
the composition over a substantial portion of the
administration period; wherein all the components in
combination with the polymer form a single phase.
[0047] As used herein, the term "component" refers to
an element within the drug reservoir, including, but
not limited to, a drug as defined above, additives,
permeation enhancers, stabilizers, dyes, diluents,
plasticizers, tackifying agents, pigments, carriers,
inert fillers, antioxidants, excipients, gelling
agents, anti-irritants, vasoconstrictors and the like.
[0048] As used herein, a "rate controlling membrane"
refers to a drug release-rate controlling membrane
that is disposed between the drug containing reservoir
and the body surface, functioning to control the rate
of the drug transfer from the reservoir into the body
surface. An "un-rate-controlled" fentanyl patch means
a patch without a rate control membrane. [0049] A
"DURAGESIC(r) fentanyl patch" refers to a fentanyl
patch as discussed above (see also Physicians Desk
Reference, 58th Edition, 2004, pages 1751-1755). A
"DUROGESIC(r) SMAT matrix patch" and "DUROGESIC(r)
DTRANS(r) transdermal patch" refers to a transdermal
delivery patch of fentanyl in a polyacrylate matrix
made available in Germany and theUnited Kingdom,
respectively by Janssen-Cilag, see, Summary of Product
Characteristics of "DUROGESIC (r) DTRANS (r)
transdermal patch" and DUROGESIC (r) DTRANS (r)
transdermal patch "Patient Information Leaflet", which
are publicly available. [0050] The term "AUC" means
the area under the curve obtained in a subject by
plotting serum concentration of the beneficial agent
in the subject against time, as measured from the time
of start of dosing, to a time "t" after the start of
dosing. AUC, nf is the area under the curve extended
to time of infinity. For steady state, the AUC SS is
the area under the curve for a dose period for doses
administered to time infinite. The AUC can be obtained
by assaying serum samples from a patient. AUC can also
be obtained for the serum fentanyl concentration
profiles constructed by simulation based on data
obtained from experiments. AUC SS and AUC, nf are
expected to be identical when the drug kinetics is
linear. For transdermal fentanyl product, AUC SS and
AUC. nf have been demonstrated to be bioequivalent
(Sathyan, et al "Evaluation of the bioequivalence of
two transdermal fentanyl systems following single and
repeat applications" Current Medical Research and
Opinion 21(12) 1961-1968, 2005). [0051] As used
herein, the term "Cmac" refers to the peak blood or
plasma concentration of the drug, e.g., fentanyl or
the analog thereof. [0052] As used herein, the term
"Cmm" refers to the valley blood or plasma
concentration of the drug, e.g., fentanyl or the
analog thereof. [0053] As used herein, the term
"normalized Cmac(ng/ml/(mg/h))" refers to the Cmax
(ng/ml) divided by the nominal rate of the drug
administered (mg/h). Likewise, normalized Cm,n
corresponds to Cmin in a similar way. The nominal rate
of drug administered is the average rate of drug
administration the product is designed to deliver
during the period of use (typically the rate stated in
the product label). [0054] As used herein, the term
"bioavailability", refers to the rate and extent to
which the active ingredient or active moiety is
absorbed from a drug product and becomes available at
the site of action. The rate and extent areestablished
by the pharmacokinetic-parameters, such as, the peak
blood or plasma concentration (Cmax) of the drug and
the area under the blood or plasma drug
concentration-time curve (AUC). [0055] Two different
products are considered to be "pharmacologically
equivalent" if they produce substantially the same
therapeutic effects when studied under similar
experimental conditions, as demonstrated through
several in vivo and in vitro methods as described in
greater detail hereinafter. Therapeutic effects depend
on various factors, such as, potency of the drug, the
concentration of the drug in the drug reservoir, the
solubility and diffusivity of the drug in the skin,
thickness of the skin, concentration of the drug
within the skin application site, and the like, as
described in greater detail hereinafter. In general,
pharmacological equivalence is demonstrated using
measures such as the area under the curve (AUC).
[0056] The AUC, Cmax and Cmjn are parameters that are
related to the characteristics of a patch. The peak
blood or plasma concentration of the drug normalized
for the rate of drug administered (i.e. normalized
Cmax as defined below) is a parameter that relates to
the characteristics of the patch. [0057] When
comparing two different products with the same drug, 



bioequivalence may be established by similar AUC and
Cmac values per regulatory agency (such as the FDA)
bioequivalence guidance. Transdermal Patches [0058]
Exemplary transdermal drug delivery systems are
illustrated by the embodiments shown in FIGS. 1 and 2.
As shown in FIGS. 1 and 2, an embodiment of the
transdermal monolithic patch 1 has a backing layer 2,
a drug reservoir 3 disposed on the backing layer 2,
and a peelable protective layer 5. In the reservoir 3,
which can be a layer, at least the skin-contacting
surface 4 is adhesive. The reservoir is a matrix
(carrier) that is suitable for carrying the
pharmaceutical agent (or drug) for transdermal
delivery. Unless it is clear in the content to be
otherwise, a "matrix" can be meant to refer to the
carrier material with or without other ingredients
such as the drug. In one embodiment, the whole matrix,
with drugs and other optional ingredients, is
amaterial that has the desired adhesive properties.
The reservoir 3 can be either a single phase polymeric
composition or a multiple phase polymeric composition.
In a single phase polymeric composition the drug and
all other components are present at concentrations no
greater than, and preferably less than, their
saturation concentrations in the reservoir 3. This
produces a composition in which all components are
dissolved (i.e., in the polymeric adhesive in the
reservoir). It is to be understood that in other
embodiments, the reservoir may contain drug solid or
liquid and is above the solubility concentration. The
reservoir 3 is formed using a pharmaceutically
acceptable polymeric material that can provide
acceptable adhesion for application to the body
surface. In a multiple phase polymeric composition, at
least one component, for example, a therapeutic drug
that is present in amount more than the saturation
concentration. In some embodiments, more than one
component, e.g., a drug and a permeation enhancer or
polymeric material, is present in amounts above the
saturation concentration. In the embodiment shown in
FIG. 1, the adhesive acts as the reservoir and
includes a drug. [0059] In the embodiment shown in
FIG. 2, the skin-contacting surface of the reservoir 4
may be formulated with a thin adhesive coating 6. The
reservoir 3 may be a single phase polymeric
composition or a multiple phase polymeric composition
as described earlier. The adhesive coating can contain
the drug and permeation enhancer, as well as other
ingredients. [0060] The backing layer 2 may be formed
from any material suitable for making transdermal
delivery patches, such as a breathable or occlusive
material, including fabric or sheet, made of polyvinyl
acetate, polyvinylidene chloride, polyethylene,
polyurethane, polyester, ethylene vinyl acetate (EVA),
polyethylene terephthalate, polybutylene
terephthalate, coated paper products, aluminum sheet
and the like, or a combination thereof. In some
embodiments, the backing layer includes low density
polyethylene (LDPE) materials, medium density
polyethylene (MDPE) materials or high density
polyethylene (HDPE) materials, e.g., SARANEX (Dow
Chemical, Midland, Mich.). The backing layer may be a
monolithic or a multilaminate layer. In some
embodiments, the backing layer is a multilaminate
layer includingnonlinear LDPE layer/linear LDPE
layer/nonlinear LDPE layer. The backing layer can have
a thickness of about 0.012 mm (0.5 mil) to 0.125 mm (5
mil); such as about 0.018 mm (0.75 mil) to 0.1 mm (4
mil); or alternatively about 0.025mm ( 1 mil) to
0.0875 mm (3.5 mil). [0061] The adhesive reservoir 3
or the adhesive coating 6 may be formed from standard
pressure sensitive adhesives known in the art.
Examples of pressure sensitive adhesives include, but
are not limited to, polyacrylates, polysiloxanes,
polyisobutylene (PIB), polyisoprene, polybutadiene,
styrenic block polymers, and the like. Examples of
styrenic block copolymer-based adhesives include, but
are not limited to, styreneisoprene- styrene block
copolymer (SIS), styrene-butadiene-styrene copolymer
(SBS), styrene-ethylenebutene-styrene copolymers
(SEBS), and di-block analogs thereof. [0062]
Polyisobutylene adhesives are mixtures of high
molecular weight (HMW) PIB and low molecular weight
(LMW) PIB. Such mixtures are described in the art,
e.g., U.S. Patent No. 5508038. The molecular weight of
the HMW PIB will usually be in the range of about
700,000 to 2,000,000 Da, whereas that of the LMW PIB
will typically range between 35,000 to 60,000. The
molecular weights referred to herein are weight
average molecular weight. The weight ratio of HMW PIB
to LMW PIB in the adhesive will normally range between
1:1 to 1:10. The PIB adhesive will also normally
include a tackifier such as polybutene oil and high
Tg, low molecular weight aliphatic resins such as the
ESCOREZ(tm) resins available from Exxon Chemical.
Polyisobutylene polymers are available commercially
under the tradename VISTANEX(tm) from Exxon Chemical.
A preferred adhesive is PIB adhesive composition
because target delivery is enabled by lower fentanyl
content due to the lower solubility of fentanyl in
PIB, thus serving to decrease the tendency diversion
and abuse. Other useful adhesive materials, and as a
matrix for holding fentanyl, its derivatives and
analogs, and other drugs include silicone adhesives
such as high molecular weight polydimethyl siloxanes
or polydimethyldiphenyl siloxanes. Formulations of
siliconeadhesives that are useful in transdermal
patches are described in U.S. Pat. Nos. 5,232,702,
4,906,169 and 4,951 ,622. [0063] As mentioned above,
the drug reservoir 3 is disposed on the backing layer
2 and at least the skin-contacting surface of the
reservoir 3 is adhesive. As mentioned, the
skin-contacting surface can have the structure of a
layer of adhesive. However, the whole reservoir 3 may
be substantially of the same composition, without
local variation or stratification, adhered to a
peelable protective layer 5. The reservoir 3 may be
formed from drug (or biologically active agent)
reservoir materials as known in the art. For example,
the drug reservoir may be formed from a polymeric
material in which the drug has reasonable solubility
for the drug to be delivered within the desired range,
such as, a polyurethane, ethylene/vinyl acetate
copolymer (EVA), acrylate, styrenic block copolymer,
and the like. In some embodiments, the reservoir 3 is
formed from a pharmaceutically acceptable adhesive,
such as PIB or acrylate copolymer-based, as described
in greater detail below. With the drug and optionally,
other ingredients incorporated therein, the drug
reservoir has the requisite adhesive property to
retain the transdermal patch on the skin for the
period of delivery. The drug reservoir or the matrix
layer can have a thickness of about 0.2mils (0.005mm)
to less than 4 mils (0.1 mm), such as about 0.5-1.5
mils (0.0125-0.0375 mm), or about 0.5-1 .25 mil
(0.0125 - 0.03 mm), or alternatively about 0.8-1 .2
mil (0.02-0. 03mm), or further about 0.9-1 .1 mil
(0.023-0.028mm). Generally, the thickness is thinner
than the commercially marketed analgesic patches,
which are about 2 mils. [0064] The thickness of the
reservoir is selected such that the desired flux (drug
delivered in mg/cm2h) is achieved by a patch with a
regimen of replacement once a day (about every 24
hours). The flux is dependent on diffusion and
diffusion is a function of the concentration
difference between the skin and the reservoir. The
rate of drug delivered (in mg/h) for each patch is
also dependent on the area of contact between the
reservoir and the skin. Thus, the dimensions
(including area and thickness) of the reservoir are
selected to produce the desired flux and rate of drug
delivery.[0065] Another factor that may be considered
in selecting the dimensions of the reservoir is the
reduction or deterrence of abuse. If a potential
abuser finds that only a relatively small amount of
drug is available from a single patch, the potential
abuser may be less likely to abuse the patch.
Therefore, a patch having a relatively smaller
reservoir volume and drug load may work to reduce or
deter abuse. In one embodiment, a patch that includes
a reservoir formed using PIB materials is provided.
Reservoirs formed using PIB materials may be desirable
because they can provide comparable skin flux at
reduced fentanyl content due to the lower solubility
of fentanyl in PIB. [0066] For aesthetic reasons, it
may be desirable to reduce the surface area of the
patch, and therefore that of the reservoir. In some
embodiments, the surface area of the patch (and that
of the reservoir) is significantly smaller than that
of a patch designed for multi-day use. For example, in
one such embodiment, the surface area of a patch
described herein is significantly smaller than the
surface area of a 3-day patch designed for delivery of
the same opioid drug. The surface area of the patch,
i.e., of the reservoir, will be described below.
[0067] In the context of abuse reduction or
deterrence, drug loading (e.g., the concentration
and/or the total amount of amount of drug loaded into
a patch) may also be considered. In specific
embodiments, transdermal patches for the
administration of opioid drug (e.g., fentanyl, such as
fentanyl base, or an analog of fentanyl, such as, for
example, one or more of alfentanil, carfentanil,
lofentanil, remifentanil, sufentanil, trefentanil and
the like) include a drug reservoir wherein the total
amount of drug loaded in the drug reservoir may be
about less than 12 mg for a 100 mg/h dose strength;
such as about less than 8 mg for a 100 mg/h dose
strength; or about 7.5mg or less for a 100 mg/h dose
strength. For a devices of other dose strengths (other
than 100 mg/h) of the same material but difference in
size, the drug content in the patch can be adjusted
proportionally to size (area), i.e., if the only
difference is area (typically called size), then the
scaling is proportional to the area (i.e., size). For
example, a 50 mg/h dose strength would have half of
the above-describeddrug content of that of a 100mg/h
dose strength by having half the area thereof. [0068]
Yet another factor that may be considered in the
context of abuse reduction or deterrence is the amount
of residual drug (drug remaining in the patch after
use) contained in a used patch. For example, if the
wt% utility of the drug in the patch (when the patch
is removed after the period of use) is increased, the
amount of drug available for potential abuse after use
of the patch is reduced, and the potential of abusing
such a device may be reduced. In specific embodiments,
a patch as described herein may include a drug
reservoir having dimensions selected to achieve an
amount of residual opioid (e.g., fentanyl, such as
fentanyl base, or an analog of fentanyl, such as, for
example, one or more of alfentanil, carfentanil,
lofentanil, remifentanil, sufentanil, trefentanil and
the like) of about less than 6 mg, or less, for a 100
mg/h dose strength. In one such embodiment, the amount
of residual opioid is 



about 5 mg, or less. [0069] It is to be understood
that the above parameters are interrelated and it is
no simple matter to set about reducing the amount of
opioid drug loading, reducing the concentration of the
opioid drug, and reducing the size of the reservoir,
while enhancing, for example, the wt% utility of the
drug in the patch and providing a patch capable of
delivering opioid drug over a desired period of time
in a manner that achieves therapeutic effect in the
patient. As detailed herein, the present disclosure
provides embodiments of patches that, relative to
multi-day systems, include less opioid drug and may
make the opioid drugs contained therein less available
for abuse before and/or after use. [0070] The adhesive
reservoir 3 or the adhesive coating 6 included in a
patch as described herein, may be formed from standard
pressure sensitive adhesives known in the art.
Examples of pressure sensitive adhesives suitable for
use in embodiments of the patch described herein
include, but are not limited to, polyacrylates,
polysiloxanes, polyisobutylene (PIB), polyisoprene,
polybutadiene, styrenic block polymers, and the like.
Examples of styrenic block copolymer-based adhesives
suitable for use in embodimentsof the patch described
herein include, but are not limited to,
styrene-isoprenestyrene block copolymer (SIS),
styrene-butadiene-styrene copolymer (SBS),
styrene-ethylenebutene-styrene copolymers (SEBS), and
di-block analogs thereof. [0071] Exemplary adhesives
include polyacrylates and PIB's, and particularly
polyacrylates. Polyacrylates (acrylic polymers) may be
comprised of a copolymer or terpolymer comprising at
least two or more exemplary components selected from
the group comprising acrylic acids, alkyl acrylates,
methacrylates, copolymerizable secondary monomers or
monomers with functional groups. Examples of monomers
include, but are not limited to, vinyl acetate,
acrylic acid, methacrylic acid, methoxyethyl acrylate,
methyl acrylate, ethyl acrylate, butyl acrylate, butyl
methacrylate, hexyl acrylate, hexyl methacrylate,
2-ethylbutyl acrylate, 2-ethylbutyl methacrylate,
isooctyl acrylate, isooctyl methacrylate, 2-ethylhexyl
acrylate, 2-ethylhexyl methacrylate, decyl acrylate,
decyl methacrylate, dodecyl acrylate, dodecyl
methacrylate, tridecyl acrylate, tridecyl
methacrylate, hydroxyethyl acrylate, hydroxypropyl
acrylate, acrylamide, dimethylacrylamide,
acrylonitrile, dimethylaminoethyl acrylate,
dimethylaminoethyl methacrylate, tertbutylaminoethyl
acrylate, tert-butylaminoethyl methacrylate,
methoxyethyl acrylate, methoxyethyl methacrylate,
glycidal methacrylate, and the like. Additional
examples of appropriate acrylic adhesives are
described in Satas, "Acrylic Adhesives," Handbook of
pressure-Sensitive Adhesive Technology, 2nd ed., pp.
396-456 (D. Satas, ed.), Van Nostrand Reinhold, New
York (1989). The acrylic adhesives are commercially
available (National Starch and Chemical Corporation,
Bridgewater, NJ; Solutia, MA). Further examples of
polyacrylate-based adhesives are as follows,
identified as product numbers, manufactured by
National Starch (Product Bulletin, 2000, DUROTAK (r)
is a trademark of National Starch adhesives): 87-4098,
87-2287, 87- 4287, 87-5216, 87-2051 , 87-2052,
87-2054, 87-2196, 87-9259, 87-9261, 87- 2979, 87-2510,
87-2353, 87-2100, 87-2852, 87-2074, 87-2258, 87-9085,
87- 9301 and 87-5298. DURO-TAK (r) 87-2287 and 87-4287
both are polymeric adhesive derived from monomer
compositions that are similar: 5.2 wt% 2- hydroxyethyl
acrylate, about 20-40 wt% vinyl acetate, and about
55-75 wt% 2-ethylhexyl acrylate; and these two
polymeric adhesives are provided solubilized in ethyl
acetate in solids content of about 40-50 wt%. The
DUROTAK (r) 87-2287 adhesive is derived from a monomer
composition of vinyl acetate, 28%; 2-ethylhexyl
acrylate, 67%; hydroxyethyl acrylate, 4.9%; and
glycidyl methacrylate, 0.1%, see U.S. Patent Number
5,693,335. [0072] Acrylic polymers suitable for use in
embodiments of the patch described herein can contain
cross-linked or non-cross-linked polymers or both. The
polymers are cross-linked by known methods to provide
the desired polymers. In some embodiments, the
adhesive is a polyacrylate adhesive having a glass
transition temperature (T ) less than -10 0C, more
preferably having a T of about -20 0C to about -30 0C.
The molecular weight of the polyacrylate adhesive,
expressed as weight average (MW), generally ranges
from 25,000 to 10,000,000, such as from 50,000 to
about 3,000,000 or, alternatively from 100,000 to
1,000,000 prior to any cross-linking reactions. Upon
cross-linking the MW approaches infinity, as known to
those involved in the art of polymer chemistry. [0073]
In specific embodiments, a PIB adhesive is provided in
a PIB adhesive composition. In such embodiments PIB
compositions may be comprised of low and high
molecular weight PIB components, tackifier resins, and
plasticizing oils. Additionally, as mentioned herein,
silicone adhesive can also be used. [0074] As
discussed above, the reservoir (e.g., reservoir 3 of
Fig. 1 or Fig. 2) of a patch as described herein may
be formed using a polymeric composition, which may or
may not be free of undissolved components. In specific
embodiments, a reservoir as contemplated herein
includes an amount of opioid drug sufficient to induce
and maintain analgesia in a human for about 1 day. In
one such embodiment, the drug is fentanyl. In other
such embodiments the drug is an analog of fentanyl,
such as, for example, one or more of alfentanil,
carfentanil, lofentanil, remifentanil, sufentanil,
trefentanil and the like. In some embodiments, the
drug reservoir comprises about 0.05 to about 1.75
mg/cm2 of the drug; such as about 0.07 to about 1.50
mg/cm2 of the drug; or alternatively about 0.08 to
about 1.25 mg/cm2 of the drug; orabout 0.14 to 0.3
mg/cm2. In certain embodiments, the drug is in the
base form of fentanyl, wherein fentanyl is in a base
form and is dissolved or dispersed. In other
embodiments the drug is completely dissolved. [0075]
In particular embodiments, the material forming the
reservoir of a patch according to the present
description has a solubility for the drug of about 0.5
wt% to about 25 wt% of the total polymer composition;
such as about 1 wt% to about 15 wt%; or alternatively
about 2 wt% to about 12 wt% of the total polymer
composition 4. The reservoir utilized in a patch as
described herein, with or without the adhesive coating
6, may exhibit a thickness of about 0.2-10 mils
(0.005- 0.25 mm), such as about 0.5-1 .5 mils (0.0125-
0.0375 mm), or alternatively about 0.5-1 .25 mil
(0.0125 - 0.03 mm), or about 0.8-1 .2 mil (0.02-0.03
mm), such as about 0.9-1 .1 mil (0.023-0.028mm). In
some such embodiments, the drug is fentanyl, in the
base form, wherein the material forming the reservoir
3 has a solubility for fentanyl of about 0.5 wt% to
about 25 wt% of the total polymer composition; such as
about 1 wt% to about 15 wt%; or alternatively about 2
wt% to about 12 wt%; or about 4 wt% to about 10 wt% of
the total polymer composition. One way of determining
solubility of the drug in the adhesive is by casting
matrix drug reservoir layers of different drug
concentrations on backing materials and storing the
cast materials at room temperature over a period of
time and determining the appearance of drug crystals.
If crystals appear after 1 month of storage at a
particular concentration, that concentration can be
considered to be the solubility limit of the drug in
the matrix adhesive. The presence of crystals or
undissolved materials can be determined by microscopy
or by X-ray diffraction analysis. [0076] The reservoir
3 included in a patch as described herein may
optionally contain additional components such as,
additives, permeation enhancers, stabilizers, dyes,
diluents, plasticizers, tackifying agents, pigments,
carriers, inert fillers, antioxidants, gelling agents,
anti-irritants, vasoconstrictors and other materials
as are generally known to the transdermal art,
provided that such materials are present below
saturation concentration in the reservoir.[0077] If
desired, permeation enhancers can be useful for
increasing the skin permeability of the drug or drugs
to achieve delivery at therapeutically effective
rates. Such permeation enhancers can be applied to the
skin by pretreatment or concurrently with the drug,
for example, by incorporation in the reservoir. A
permeation enhancer should have the ability to enhance
the permeability of the skin for one, or more drugs or
other biologically active agents. A useful permeation
enhancer would enhance permeability of the desired
drug or biologically active agent at a rate adequate
to achieve therapeutic plasma concentrations from a
reasonably sized patch (e.g., about 2 to 25 cm2,
although it may be larger). Some useful permeation
enhancers include non-ionic surfactants; one or more
can be selected from the group including glyceryl
mono-oleate, glyceryl mono-laurate, sorbitan
mono-oleate, glyceryl tri-oleate, and isopropyl
myristate. The non-ionic surfactant can be used in the
amount of about 0.1 to 30 wt % solids to the total
composition of the reservoir layer. Examples of
permeation enhancers include, but are not limited to,
fatty acid esters of alcohols, including glycerin,
such as capric, caprylic, dodecyl, oleic acids; fatty
acid esters of isosorbide, sucrose, polyethylene
glycol; caproyl lactylic acid; laureth-2; laureth-2
acetate; laureth- 2 benzoate; laureth-3 carboxylic
acid; laureth-4; laureth-5 carboxylic acid; oleth-2;
glyceryl pyroglutamate oleate; glyceryl oleate;
N-lauroyl sarcosine; Nmyristoyl sarcosine;
N-octyl-2-pyrrolidone; lauraminopropionic acid;
polypropylene glycol-4-laureth-2; polypropylene
glycol-4-laureth-5dimethy- I lauramide; lauramide
diethanolamine (DEA). Preferred enhancers include, but
are not limited to, lauryl pyroglutamate (LP),
glyceryl monolaurate (GML), glyceryl monocaprylate,
glyceryl monocaprate, glyceryl monooleate (GMO), oleic
acid, N-lauryl sarcosine, ethyl palmitate, laureth-2,
laureth-4, and sorbitan monolaurate. Additional
examples of suitable permeation enhancers are
described, for example, in U.S. Pat. Nos.: 5,785,991 ;
5,843,468; 5,882,676; and 6,004,578. However, in
certain embodiments, no permeation enhancer is used.
[0078] In certain embodiments, the reservoir comprises
diluent materials capable of reducing quick tack,
increasing viscosity, and/or toughening the matrix
structure, such as polybutylmethacrylate
(ELVACITE,manufactured by ICI Acrylics, e.g., ELVACITE
1010, ELVACITE 1020, ELVACITE 20), high molecular
weight acrylates, i.e., acrylates having an average
molecular weight of at least 500,000, and the like. If
used, such larger molecular weight acrylate materials,
e.g., ELVACITE, are not polymerized into the adhesive
polymers but rather are blended in. Thus, the 



monomers for polymerization of the adhesive do not
include such ELVACITE type large molecular weight
acrylates (or macromonomer acrylates). [0079] In
certain embodiments, a plasticizer or tackifying agent
is incorporated in the adhesive composition to improve
the adhesive characteristics. Examples of suitable
tackifying agents include, but are not limited to,
aliphatic hydrocarbons; aromatic hydrocarbons;
hydrogenated esters; polyterpenes; hydrogenated wood
resins; tackifying resins such as ESCOREZ, aliphatic
hydrocarbon resins made from cationic polymerization
of petrochemical feedstocks or the thermal
polymerization and subsequent hydrogenation of
petrochemical feedstocks, rosin ester tackifiers, and
the like; mineral oil and combinations thereof. [0080]
If used, the tackifying agent employed should be
compatible with the polymers or blend of polymers. For
example, the styrenic block copolymers can be
formulated with rubber compatible tackifying resins,
endblock compatible resins such polymethyl styrene, or
plasticizers such as mineral oil. In certain
embodiments, a patch as described herein may include a
reservoir formed using a polymer material, a tackifier
and a mineral oil plasticizer, wherein the polymer is
about 5-50% of the total adhesive composition, the
tackifier is about 30-85% of the total adhesive
composition, and the mineral oil is about 2-40% of
total adhesive composition. [0081] A patch as
described herein may further comprise a peelable
protective layer 5. The protective layer 5 may be made
of, for example, a polymeric material that may be
optionally metallized. Examples of the polymeric
materials include polyurethane, polyvinyl acetate,
polyvinylidene chloride, polypropylene, polycarbonate,
polystyrene, polyethylene, polyethylene terephthalate,
polybutylene terephthalate, paper, and the like,and a
combination thereof. In some embodiments, the
protective layer comprises a siliconized polyester
sheet. [0082] A wide variety of materials can be used
for fabricating the various layers of the transdermal
delivery patches described above. This disclosure
therefore contemplates the use of materials, other
than those specifically disclosed herein, including
those which may hereafter become known to the art to
be capable of performing the necessary functions.
[0083] In one embodiment, a patch as described herein
has the structure shown in FIG. 1, in which the patch
has only three layers, i.e., a backing layer, the
single phase reservoir matrix layer with totally
dissolved narcotic analgesic, and a release liner. In
such an embodiment, the reservoir matrix may be formed
using a PIB adhesive formulation or a polyacrylate
adhesive and only one opioid agent, such as fentanyl
base. In one such embodiment, there is no significant
amount of permeation enhancers, tackifier, fillers,
etc. In other such embodiments, where there are such
materials, they are present only in de minimis amount
and do not have substantive impact on drug delivery.
The polyacrylate adhesive used in such embodiments,
may consist of a single copolymeric chemical entity,
such as a copolymer of monomers vinyl acetate,
2-ethylhexyl acrylate, and hydroxyethyl acrylate,
e.g., the terpolymer DURO-TAK(r) 87-4287 adhesive or
copolymer DURO-TAK(r) 87-2287 adhesive. [0084] Other
than using a matrix as a reservoir for holding the
drug, an alternative form of reservoir that may be
used in embodiments of the patch described herein is a
pouch (e.g., form-filled seal) containing an opioid
drug compositions, with the reservoir being formed in
a manner similar to that described in U.S. Pat. No.
4,588,580. Such a reservoir can be formed by enclosing
the drug composition in a pouch formed by an
impermeable backing layer and a rate controlling
membrane that controls the delivery rate of the drug.
The device may also have a contact adhesive layer,
which may be amine resistant), for attaching the
device to the skin, and a peelable protective layer
protecting the adhesive before deployment on the
skin.[0085] Various drug reservoir compositions can be
utilized in a pouch and include both aqueous and
non-aqueous systems. A general formulation for an
exemplary aqueous gel system is shown in the following
Table 1, with the gelling agent being hydroxyethyl
cellulose, hydroxpropyl cellulose,
hydroxypropylmethylcellulose or other known gelling
agents. TABLE 1 GEL RESERVOIR COMPOSITION (W/W %)
[0086] The water-ethanol systems described above,
possess certain unique characteristics when used in
combination with rate-controlling membranes such as
low density polyethylene (LDPE), ethylene-vinyl
acetate (EVA) copolymers, (0-40% and preferably 5-18%
VA) heat sealable polyesters, and elastomeric
polyester block copolymers, such as the HYTREL(tm)
polymers available from DuPont and described in U.S.
Pat. No. 4,127,127. Rate-controlling membranes exert
substantial control on the fentanyl release rate
without significantly affecting the ethanol release
rate. This produces a dynamic situation in which the
relative concentration of ethanol in the reservoir
changes with respect to the relative concentration of
water and drug as the system is used. In the case of
fentanyl and its derivatives, since they are more
soluble in ethanol than water, the thermodynamic
activity of the drug in the reservoir does not
decrease as would normally be expected as the drug is
delivered from the system. The driving force causing
the drug to migrate through the rate controlling
membrane is the thermodynamic activity of the drug in
the solvent rather thanthe absolute concentration.
Thus, the more rapid depletion of ethanol causes the
saturation concentration of the drug in the aqueous
reservoir to decrease. By appropriate adjustment of
ethanol and drug delivery rates from the system, the
activity of the drug can be maintained constant or
even caused to increase during the lifetime of the
system. [0087] Where included, a rate controlling
membrane can be from, for example, about 0.5-5 mils
(0.0127-0.1270 mm) thick, such as about 1-3 mils
(0.025-0.076 mm) thick. Moreover, where a patch
includes a pouch reservoir, the gel loading of the
reservoir maybe from about 10-50 mg/cm2, yielding a
dry loading of from about 0.01-5 mg/cm2. Similar to a
matrix reservoir, a reservoir that is formed in a
pouch can also include permeation enhancers,
excipients such as tackifiers, fillers, and other
drugs as described above. Administration of the Drug
[0088] On application to the skin, the drug in the
drug reservoir 3 of the transdermal patch 1 diffuses
into the skin where it is absorbed into the
bloodstream to produce a systemic analgesic effect.
The onset of analgesia depends on various factors,
such as, potency of the drug, the solubility and
diffusivity of the drug in the skin, thickness of the
skin, concentration of the drug within the skin
application site, concentration of the drug in the
drug reservoir, and the like. [0089] In one
embodiment, to maintain continuous analgesia, after
one day of deployment, the old (i.e., used) patch that
has remained on the skin for a day is removed and a
fresh patch is applied to the skin, preferably to a
new location. For example, after the blood drug level
has reached a therapeutic level, the patch would be
sequentially removed and replaced with a fresh patch
at the end of the administration period to provide
relief from chronic pain. Preferably the old (i.e.,
used) and the new patch are not attached to the skin
simultaneously, or the overlapping time period is
insignificantly small (e.g., in minutes) for
convenience of application and providing a more
predictable analgesic result. At steady state, the
absorption of the drug from the fresh patch into the
new application area and the systemic circulation
andthe absorption of the residual drug within the
previous patch application site occur at a rate that
maintains blood levels of the opioid drug within an
acceptable range. [0090] To achieve therapeutic blood
level more rapidly, the health care giver or the
patient may choose to apply one patch or multiple
patches initially and after one day (i.e., about 24
hours) maintain a smaller number of patches on the
skin, e.g., leaving only one patch on the skin with
replacement daily (i.e., about every 24 hours). [0091]
Where fentanyl is the drug to be delivered, it has
been found that a blood plasma concentration of
fentanyl of between about 0.02 to about 10 ng/ml is
typically therapeutically effective. Within this
range, a blood plasma concentration of between about
0.3 to about 3 ng/ml may be targeted. Within such
ranges, as usually is the case for most drugs, less
fluctuation over time is desirable over more
fluctuation because of a more consistent analgesic
effect over time associated with a less fluctuation in
drug concentration in the blood. [0092] With a daily
replacement program using once-a-day fentanyl patches
according to the present invention, a much smaller
fluctuation of drug concentration in the plasma may be
achieved relative to multi-day patch regimens, such
as, for example, 3-day patch and administration
regimen. Thus, in one embodiment, a patch and method
of administration as described herein provides a lower
single dose Cm x , a higher steady state Cmin, and a
smaller difference between Cmax and Cmin at steady
state that is achieved by a multi-day patch and
administration regimen for delivery of the same drug.
In a specific embodiment, the present disclosure
provides a patch and method of daily replacement that
achieve a lower single dose Cmax, a higher steady
state Cmin, and a smaller difference between Cmax and
Cmin at steady state than provided by a 3-day patch
and three-day or twice a week application regimen.
[0093] In particular embodiments, a patch as described
herein is a 1- day patch providing a single dose
profile of opioid drug (i.e., a single patch is
applied and then removed at the end of 24 hours
without replacement)wherein the Cmac ranges from about
0.45 to about 5.5 ng/ml, such as from about 0.9 to
about 2.7 ng/ml, or alternatively from about 1.2 to
about 2.5 ng/ml after the one day application with a
nominal delivery rate of 100 mg/h. For dose strength
different from a nominal delivery rate of 100 mg/h,
the Cmax ranges are scaled accordingly by differences
in area. In one such embodiment, the drug is fentanyl.
In other such embodiments the drug is an analog of
fentanyl, such as, for example, one or more of
alfentanil, carfentanil, lofentanil, remifentanil,
sufentanil, trefentanil and the like. In certain such
embodiments, the drug is in the base form of fentanyl,
wherein fentanyl is in a base form and is dissolved or
dispersed. In other embodiments the drug is completely
dissolved. 



[0094] In a specific embodiment, a patch as described
herein is a transdermal fentanyl patch of 100mg/h dose
strength exhibiting a steady state Cmax ranging from
about 0.7 to about 12 ng/ml, such as about 1.5 to
about 6 ng/ml, or alternatively about 2 to about 5.5
ng/ml, and furthermore, from about 3 to about 5 ng/ml.
Such a fentanyl patch may additionally exhibit a
steady state Cmin ranging from about 0.5 to about 10
ng/ml, or from about 1 to about 5.5 ng/ml, or
alternatively, from about 1 to about 4 ng/ml, or from
about 1 to about 3 ng/ml. For patches of lower or
higher dose strengths, the steady state Cmax ranges
are scaled accordingly, e.g., based on the difference
in area. The fentanyl present in such embodiments may
be the base form of fentanyl, wherein fentanyl is in a
base form and is dissolved or dispersed. In other such
embodiments the drug is completely dissolved. [0095] A
patch as disclosed herein may also provide a targeted
difference between Cmac and Cmin for a given dose
strength. For example, in one embodiment of a patch as
described herein that provides a dose strength of 100
mg/h, the daily swing between Cmax and Cmin ranges
from about 0.025 to about 13.0 ng/ml, such as about
0.25 to about 2 ng/ml, or from about 0.3 to about 1.6
ng/ml, or alternatively, from about 0.4 to about 0.8
ng/ml. In one such embodiment, the drug is fentanyl.
In other such embodiments the drug is an analog of
fentanyl, such as, for example, one or more of
alfentanil, carfentanil, lofentanil, remifentanil,
sufentanil, trefentanil and the like. Incertain such
embodiments, the drug is in the base form of fentanyl,
wherein fentanyl is in a base form and is dissolved or
dispersed. In other embodiments the drug is completely
dissolved. [0096] Additionally a patch as disclosed
herein, designed to provide a steady state for a dose
strength of 100 mg/h, may also provide a drug
fluctuation, defined as (Cmax - Cmin)/Cavg, that may
be less than 100%, such as less than 90%, or
alternatively less than 80%, or furthermore less than
70%, or from about 30% to 65%. In one such embodiment,
the drug is fentanyl. In other such embodiments the
drug is an analog of fentanyl, such as, for example,
one or more of alfentanil, carfentanil, lofentanil,
remifentanil, sufentanil, trefentanil and the like. In
certain such embodiments, the drug is in the base form
of fentanyl, wherein fentanyl is in a base form and is
dissolved or dispersed. In other embodiments the drug
is completely dissolved. [0097] For devices of dose
strengths that are different from 100 mg/h, the daily
swing between Cmax and Cm,n ranges can be scaled
accordingly. The daily swing between normalized Cmax
and Cm,n ranges from about 2 to about 100 ng/ml(mg/h),
such as from about 4 to about 50 ng/ml(mg/h), or
alternatively, from about 5 to about 20 ng/ml(mg/h),
or from about 5 to about 15 ng/ml(mg/h). For devices
of dose strength that is different from 100 mg/h, the
daily swing between normalized Cmax and normalized
Cmmranges can be scaled accordingly (such as for the
25mg/h, 50mg/h, 75mg/h, and 12.5mg/h dose strengths).
To be bioequivalent to a DURAGESIC (r) DTRANS(r)
fentanyl transdermal system, the 90% confidence
interval of the steady state Cmax ratio of a new
transdermal system to that of the DURAGESIC (r)
DTRANS(r) system should be within 80% to 125%. Also,
the 90% confidence interval of the AUCss ratio of a
new transdermal system to that of a DURAGESIC(r)
DTRANS(r) system of the same dose strength should be
within 80% to 125%. Thus, to test for bioequivalency,
new transdermal systems for delivery of fentanyl are
to be tested against DURAGESIC (r) DTRANS(r) systems
to show that the 90% confidence interval of the
above-mentioned pharmacokinetic parameter ratios of
the new system to that of the DURAGESIC (r) DTRANS(r)
system are within 80% to 125%.[0098] With a nominal
delivery rate of 100 mg/h, the AUCinf (i.e., the AUC
to a time of infinity after a single dose) of a single
dose application of a once-a-day fentanyl patch as
described herein may range from about 15 to about 200
ng-h/ml, such as from about 30 to about 140 ng-h/ml
after the daily application of a transdermal fentanyl
patch with a nominal delivery rate of 100 mg/h. For a
transdermal fentanyl product, AUCSS and AUCinf have
been demonstrated to be bioequivalent (see Sathyan, et
al "Evaluation of the bioequivalence of two
transdermal fentanyl systems following single and
repeat applications" Current Medical Research and
Opinion 21(12) 1961- 1968, 2005). For patches of lower
or higher dose strengths, the steady state AUCmf
ranges are scaled proportional to the patch area (or
size). In some such embodiments, the drug may be
fentanyl. In certain such embodiments, the drug is in
the base form of fentanyl, wherein fentanyl is in a
base form and is dissolved or dispersed. In other
embodiments the drug is completely dissolved. [0099]
In some embodiments, a patch as disclosed herein is a
transdermal fentanyl patch exhibiting a normalized
steady state Cmax for the drug delivered ranging from
about 7 to about 120 ng/ml(mg/h), such as from about
15 to about 60 ng/ml(mg/h), or alternatively, from
about 20 to about 55 ng/ml(mg/h), or from about 30 to
about 50 ng/ml(mg/h). On administration over skin a
patch as described herein may provide a steady state
drug flux of about 0.1 to about 20 mg/(cm2h); such as
about 0.75 to about 10 mg/(cm2h); or from about 1 to
about 8 mg/(cm2h); or alternatively from about 1.5 to
about 5 mg/(cm2h); or from about 2 to about 3
mg/(cm2h). Steady-state administration rates
obtainable according to this disclosure range from
about 0.1 to about 500 mg/h; such as from about 1 to
about 300 mg/h; or alternatively, from about 2 to
about 250 mg/h; or from about 5 to about 200 mg/h.
Nominal steady-state administration can range from,
e.g., 12.5 mg/h, 25 mg/h, 50 mg/h, 75 mg/h, 100 mg/h,
and 125 mg/h dose strengths. In some such embodiments,
the drug may be fentanyl. In certain such embodiments,
the drug is in the base form of fentanyl, wherein
fentanyl is in a base form and is dissolved or
dispersed. In other embodiments the drug is completely
dissolved.[00100] In additional embodiments, a patch
disclosed herein is a transdermal fentanyl patch
exhibiting a normalized steady state Cmmranging from
about 5 to about 100 ng/ml(mg/h), such as about 10 to
about 55 ng/ml(mg/h), or alternatively, from about 10
to about 40 ng/ml(mg/h), or from about 10 to about 30
ng/ml(mg/h). The transdermal patch is about 1 to about
100 cm2, such as about 1 to about 40 cm2; or from
about 5 to about 38 cm2; or alternatively, from about
10 to about 35 cm2, or from about 10 to about 35 cm2.
On administration over skin, in terms of the amount of
fentanyl present in the patch and flux, the
transdermal fentanyl patch may generally exhibit a
steady state drug flux of about 0.1 to 20 mg/(cm2h);
such as about 1 to about 10 mg/(cm2h); about 1.5 to
about 8 mg/(cm2h); about 2.8 to about 5 mg/(cm2h); or
from about 3 to about 3.6 mg/(cm2h). In some such
embodiments, the drug may be fentanyl. In certain such
embodiments, the drug is in the base form of fentanyl,
wherein fentanyl is in a base form and is dissolved or
dispersed. In other embodiments the drug is completely
dissolved. [00101] In yet additional embodiments, a
patch as disclosed herein is 1- day fentanyl patch the
delivers fentanyl in a manner that approximates, for
example, in a manner that is bioequivalent to, the
3-day DURAGESIC (r) DTRANS(r) system. In one such
embodiment, both the surface area and the thickness of
the 1-day patch are reduced relative to the 3-day
patch. For example, in such an embodiment, the 1-day
patch may have a skin-contacting area about 0.5 to
0.85, such as about 0.6 to 0.8, or alternatively, 0.7
to 0.77, or from about 0.71 to 0.76 that of the 3-day
patch. Additionally, in such an embodiment, the
thickness of the 1-day fentanyl reservoir can be about
0.25 to 0.75, such as about 0.4 to 0.6, or
alternatively about 0.5 that of the reservoir included
in the 3-day patch. In each such embodiment, the patch
may include a polyacrylate fentanyl matrix. [00102]
Although a 1-day patch should deliver about 1/3 the
amount of fentanyl delivered by a three day patch, we
have discovered that the 1-day patch may have a
skin-contacting area of larger than 1/3 that of the
3-day patch of the same dose strength, thus between
1/3 to 0.9 that of the 3-day patch. To compare the
surface areas of two patches, consider the
normalizedarea of a patch as defined by dividing the
patch drug reservoir area by the dose strength and
dividing by the number of days the patch is to be used
to deliver the drug (i.e., for the 3-day patch, the
normalized area is obtained by dividing 42 cm2 by 100
mg/h by 3=0.14 cm2 per mg/h per day= 5.8 cm2 per mg of
nominal delivery amount). In comparison, the 1-day
patch has a normalized area larger than 0.14 cm2 per
mg/h per day (i.e., larger than 5.8 cm2 per mg of
nominal delivery amount), which is that of the 3-day
patch. This is true even when the thickness of drug
reservoir (e.g., a drug containing matrix) of the
1-day patch is less than that of the 3-day matrix
patch. [00103] In terms of normalized area based on
nominal dose strength, i.e., body-contacting surface
area divided by the nominal dose strength (e.g., the
normalized surface of a 100 mg/h delivery rate dose
strength patch having a surface area of 42 cm2 is 0.42
cm2 per mg/h), for the delivery of 1-day worth of
fentanyl, calculated according to the nominal dose
strength, embodiments of a 1-day patch as disclosed
herein may have a normalized area of about 0.2 to 0.4
cm2 per mg/h per day (i.e., 8.5 to 16.5 cm2 per mg),
such as about 0.25 to 0.36 cm2 per mg/h per day (i.e.,
10.5 to 15 cm2 per mg), or alternatively, about 0.28
to 0.32 cm2 per mg/h per day (i.e., 11.5 to 13.5 cm2
per mg). [00104] In one embodiment, the fentanyl
loading per surface area in a 1-day fentanyl patch
according to the present description is less than that
of a 3-day fentanyl matrix patch, i.e., less than
about 0.4 mg/ cm2, as the DURAGESIC(r) DTRANS(r)
fentanyl transdermal system has about 0.4 mg/cm2.
However, we have found that for bioequivalence to
DURAGESIC(r) DTRANS(r) fentanyl transdermal system,
the loading in a 1-day patch is more than just 1/3
that of the 3-day patch, i.e., more than 0.13 mg/cm2.
Therefore, in one such embodiment of a 1-day fentanyl
patch, the fentanyl loading per surface area is about
0.14 to 0.3 mg/cm2, such as about 0.16 to 0.25 mg/cm2,
or alternatively, about 0.18 to 0.22 mg/cm2. [00105]
The loading of a smaller amount of drug in a patch and
reducing the residual drug in a used patch may offer
advantages in reducing or deterring drug abuse. In an
embodiment of a 1-day fentanyl patch according to the
present description, the fentanyl content per patch
may be about 4 to 8mg, such as 5 to 7 mg, or
alternatively, 5.5 to 6.5 mg for a patch of 100mg/h
nominal dose strength. In terms of normalized value
calculated for scaling to different dose strengths
such as 25 mg/h, 50 mg/h, 125 mg/h, etc., the
normalized fentanyl content, (which is the fentanyl
content divided by the dose 



strength), is about 0.04 to 0.08 mg.h/mg, such as 0.05
to 0.07 mg.h/mg, or alternatively 0.055 to 0.065
mg.h/mg. It was found that 1-day patches exhibiting
such loading provided therapeutic analgesia similar to
the 3-day DUROGESIC DTRANS(r). For comparison, the
3-day DUROGESIC DTRANS(r) 100mg/h patches include
about 17mg of fentanyl, which is about 0.17 mg.h/mg.
[00106] A patch as described herein may be designed to
provides a desired utilization of drug
(%-utilization). For example, in particular
embodiment, the patch described herein may be a 1-day
patch providing a drug utilization of larger than
about 30%, such as at least 35%, or alternatively at
least 40%, or 40% to 50%. In one such embodiment, the
patch is a fentanyl patch providing a utilization
fentanyl larger than about 30%, such as at least 35%,
or alternatively at least 40%, or 40% to 50%. In
certain such embodiments, the drug is in the base form
of fentanyl, wherein fentanyl is in a base form and is
dissolved or dispersed. In other embodiments the drug
is completely dissolved. Alternatively, a patch
designed according to such embodiments is designed to
deliver an analog of fentanyl, such as, for example
alfentanil, carfentanil, lofentanil, remifentanil,
sufentanil, trefentanil and the like. [00107]
Administration of a patch is typically maintained for
no greater than three days, such as two days, or
alternatively, one day. It is to be understood that
based on the present disclosure, patches that are to
be applied to the patient for any number of hours
(from 8, 24, 36, 48, 72 hours) and then replaced.
However, in one embodiment, a method of administration
as disclose herein calls for daily replacement
(one-day use). Again, without being bound by or
limited to a particular theory, it is thought that in
light of the depot effect, if only one patch is
applied on the first day and replaced daily, the blood
plasma drug level will gradually increase and may take
2 or moredays to come to a steady state for a
therapeutic effect. In another aspect, the present
disclosure provides a method of administering an
opioid, including fentanyl or an analog of fentanyl,
such as, for example alfentanil, carfentanil,
lofentanil, remifentanil, sufentanil, trefentanil and
the like by applying two or more patches initially on
day one and subsequently daily applying a new patch to
replace a day-old patch starting from day two, such
that the drug plasma level is within a therapeutic
range in a shorter period of time, e.g., in about one
day. Some of the two or more patches can be removed on
days following the first day such that at steady
state, only one patch remains on the skin for
analgesia. [00108] Thus, in one embodiment, where
fentanyl is to be delivered to a patient for
analgesia, and the patient may require a relatively
higher plasma concentration of fentanyl, such, for
example, an opioid tolerant patient, in order to
achieve therapeutic effect, large doses of fentanyl,
such as two, three or more patches can be administered
to the patient on the first day in order to ensure a
therapeutically effective plasma level of fentanyl is
achieved on the first day. On day two, one or more of
the patches can be replaced, and on day three, all of
the patches can be removed, with only one new patch
being reapplied. Variations of the above procedure can
be used, such as replacing only one patch after day
one and/or removing a different number of used
patches. The use of multiple patches initially is
particularly suitable for patients who are not naive
to the drug but already have a level of tolerance.
Using two or more patches initially and gradually
reducing the number of patches on the skin can quickly
bring the blood drug level to the steady state level.
To determine whether a patient is naive to the drug,
the medical record can be referenced in the process.
[00109] In another aspect, a patient can be determined
(e.g., on the basis of the medical record) to be naive
to the opioid drug, e.g., such as fentanyl, and that
the patient will benefit from a blood drug level lower
during the first day than the steady state blood
level. Based on this determination, only one
transdermal opioid patch is applied and replacement is
done daily (every 24 hours) so that only one patch is
used for delivery of the drug at atime. In certain
cases it may be determined to be desirable to achieve
the steady state target plasma drug concentration in 2
to 3 days, for example, for a fentanyl naive patient.
The regimen of starting initially by applying only one
patch on day one will allow such gradual increase to
be carried out and yet achieve acceptable analgesia
due to the drug-naiveness of the patient. [00110] The
transdermal devices disclosed can be included in a kit
that contains the device and includes an instruction
print, such as an insert or printings on a container,
and the like that provides instruction on the how long
each patch is to be applied to a patient and how often
the patch is to be removed and replaced with a new
patch. The instruction of use can include a regimen of
patch application as described above, including
instruction such as applying one patch initially and
replacing daily, or applying two patches initially and
removing both but replacing only one after one day, or
other alternative regimens. The instruction of use can
also include a brief description of the drug, the
backing, the reservoir, the adhesive, pharmacokinetic
information, information on disposing a control
substance (e.g., fentanyl) and warnings. Methods of
Manufacture [00111] The transdermal devices are
manufactured according to known methodology, such as
those described in U.S. Patent Publication No.
2003002682. In brief, a transdermal drug delivery
device can be made by forming a matrix drug-containing
adhesive reservoir layer on a backing material, laying
a protective film on the matrix reservoir and cutting
to form a device of the desired size. The
drug-containing matrix can be formed on the backing by
casting a drug/adhesive solution on the backing layer
and allowing solvent to evaporate and escape from the
drug/adhesive, thereby forming the drug-containing
matrix with a desired thickness and drug
concentration. Simulation [00112] Below are examples
of specific embodiments for of the once-aday fentanyl
patch:Simulation 1: Steady State, 1-day Patch vs.
3-day Patches [00113] FIG. 3 shows a simulation graph
of the serum fentanyl level at steady state comparing
the use of 1-day transdermal fentanyl base patches
versus using 3-day transdermal base patches
(DUROGESIC(r) DTRANS(r) matrix patches, available in
the United Kingdom from Janssen-Cilag). The actual
data of 3-day patches applied to the skin for three
days before removal without replacement were used as
the basis for the continuous effect of steady state
administration. The actual data for the 3-day patches
are the same as those shown in FIG. 4 and FIG. 5.
[00114] The actual individual serum fentanyl
concentration data after a 3-day administration of a
single Transdermal DTRANS(r) fentanyl 100 mg/h matrix
system were used for the purpose of simulation. For
the single administration of a transdermal fentanyl
system, the serum fentanyl concentration at time t ,
C(t), during the wearing of a system is based on the
data collected. The serum fentanyl concentration
post-removal of transdermal fentanyl system is
approximated by a first-order decay function using the
elimination rate constant, k, for each individual and
this constant is assumed to be the same when the
system is removed after 24 hours of use. The serum
fentanyl concentration at hour t , after the
application of the second system, C(t)2pd and the
simultaneous removal of the first system is simulated
according to the following equation based on
superposition principle: C(t) 2nd = C(O + C(t)ewhere t
is the dosing interval, e.g., 24 hours if the first
system is removed and the second system is applied at
the end of 24 hours, C(t) is the serum concentration
observed at t hours after the application of a single
system, C(t) is the serum concentration at t hour
after the application of a single system, and k is the
apparent first order decay rate constant describing
the serum fentanyl concentration post-system removal
at hour t. The serum fentanyl concentration after the
application of Nth system is simulated according to
the following equation. C(t)e kt is the decaying
concentration due to the old patchapplied at t; t is
the dosing interval, 24 or 72 hours, etc., while t is
related to the elapsed time from the last patch
application. [001 15] At steady state (when N
approaches infinity), the plasma fentanyl
concentration is simulated according to the following
equation: C(t) ss = C(t) + C(t)e-'a l l - e-kt [00116]
The serum fentanyl concentration data after a single
application of the 3-day acrylate matrix fentanyl
patch for 37 healthy subjects were used as the basis
for simulation of the 3-day system and the 1-day
system. Patches that were approximately half (52% of)
the size of the DUROGESIC(r) DTRANS(r) matrix patches
100 mg/h, and having the same composition were used as
the 1-day patches for the simulation. Thus, the
scaling factor for obtaining the parameters for the
1-day system of the same material construction (except
in surface area) by simulation based on data from a 3-
day patch is 0.52. The value for 52% was arrived at by
dividing the CaVg (average concentration) of a 3-day
acrylate matrix fentanyl patch (DUROGESIC(r) DTRANS(r)
matrix patch) applied for only one day by the Cavg of
a 3-day acrylate matrix fentanyl patch applied for
three days. Since a 3-day patch works for three days,
its delivery for the first day is assumed to be an
amount, which if repeated three times, will be
equivalent to the three day patch delivering for three
days. The DUROGESIC(r) DTRANS(r) matrix patch (dose
strength 100 mg/h) was used as the 3-day patches.
Therefore the 1-day patches have the same matrix
thickness and drug concentration as the DUROGESIC(r)
DTRANS(r) matrix patch but were 21cm2 each rather than
42 cm2. In this simulation, the 3-day patches were
applied with replacement once every three days (72
hours) with one patch on the skin at any given time.
The 1-day patches were simulated as applied with
replacement once every day (24 hours) with one patch
on the skin at any given time.[001 17] The graph shows
the excerpt of a mathematically simulated steady state
(as time approaches infinity) 72-hour section. For
convenience, in the graph of FIG. 3, the hours are
shown to span a period of 72 hours at steady state
starting at zero hour (i.e., the curves are
continuous, repeating before the zero hour and after
the 72 hour). In FIG. 3, the dash line (- ) 



curve with the open circle data points represents
simulated serum fentanyl concentration values for the
3-day patches, the solid line curve with the diamond
data points represents simulated values for the 1-day
patches. In this simulation, although not included in
the excerpt that is depicted in the graph of FIG. 3,
the 1-day patches took about 3 days to come to
essentially a steady state condition. In the first two
days (before steady state was achieved) when the
concentration was rising, the concentration after 24
hours was only about half that of the steady state
Cmac and the concentration after 48 hours was only
about 70% that of the steady state Cmax similar to
what is shown in FIG. 5 for the application of 1-day
patches. The 3-day 100 mg/h patches were replaced once
every three days. It is noted that for the 100 mg/h
patches, the mean Cmax was about 4.7 ng/ml and the
mean Cm was about 2.1 ng/ml. For the 1-day patches,
the mean Cmax was about 3.5 ng/ml and the mean Cmjn
was about 2.9 ng/ml. Thus, the 1-day patches had a
Cmax that was lower than the Cmax of the 3-day
patches. However, the 1-day patches had a Cmin that
was higher than the Cmin of the 3-day patches,
resulting in a smaller swing between the Cmax and Cmjn
for the 1-day patches. Simulation 2: 3-day application
of 1-day patches. Double initial dose [00118] FIG. 4
shows a simulation graph of the blood fentanyl level
at the beginning of use of a transdermal fentanyl
product comparing the use of 1-day transdermal
fentanyl base patches versus actual data using 3-day
transdermal base patches (DUROGESIC (r) DTRANS (r)
matrix patches) one time without replacement. The same
skin and patch parameters as SIMULATION 1 were used.
[00119] Patches that were half the size of the
DUROGESIC (r) DTRANS (r) matrix patches and having the
same composition were used as the 1-day patches for
the simulation. The DUROGESIC (r) DTRANS (r) matrix
patcheswere 100 mg/h patches of 42 cm2 each.
Therefore, the 1-day patches had the same matrix
thickness and drug concentration as the DUROGESIC(r)
DTRANS(r) matrix patch but were approximately 2 1 cm2
each. For the 3-day patches, in an actual experiment,
only one DUROGESIC(r) DTRANS(r) matrix patch was
initially applied at zero hour and remained in place
until removal after 72 hours. The 1-day patch was
replaced every 24 hours. In the simulation, two 1-day
patches were applied at zero hour. At 24 hours the two
initial patches were removed and replaced with only
one new 1-day patch. Subsequently the 1-day patch was
replaced daily with a fresh patch. The final used
patch was removed at 72 hours for both cases. The
simulation generated data points started at the
physical 24th hour data point of the 3-day patch
because in both cases the same patch material and
amount were used during the first 24 hours. In the
graph of FIG. 4, the dash line (- ) curve with the
open circle data points represents data for the 3-day
patches, the solid line curve with the triangle data
points is the curve for the 1-day patches. [00120] The
actual experimental data show the daily swing of the
3-day patch with a gradual overall decline in fentanyl
concentration in the blood. The simulated data show
that when using patches half the size of DUROGESIC(r)
DTRANS(r) matrix patches the blood fentanyl
concentration can be maintained in a reasonably stable
therapeutic level starting from the 24th hour. In
fact, the daily fluctuation is much smaller than that
of the 3-day patch. Simulation 3: 3-day application of
1-day patches. Single initial dose [00121] FIG. 5
shows a simulation graph of the serum fentanyl level
at the beginning of a transdermal fentanyl product
comparing the use of 1-day transdermal fentanyl base
patches versus actual data using 3-day transdermal
base patches (DUROGESIC(r) DTRANS(r) matrix patches).
The same actual data for the 3-day patches as FIG. 4
were used. The same pharmacokinetic parameters as
SIMULATION 1 were used. [00122] Patches that were half
the size of the DUROGESIC(r) DTRANS(r) matrix patches
and having the same composition were used as the
1-daypatches for the simulation. The DUROGESIC(r)
DTRANS(r) matrix patches were 100 mg/h patches of
42cm2 each, Therefore the 1-day patches had the same
matrix thickness and drug concentration as the
DUROGESIC(r) DTRANS(r) matrix patch but were
approximately 21cm2 each. The same actual physical
experimental data from SIMULATION 2 were used for the
3- day patches. In the simulation, only one 1-day
patch was applied at zero hour. At (i.e., after) 24
hours the initial patch was removed and replaced with
one new 1-day patch. Subsequently the 1-day patch was
replaced daily with a fresh patch. The final used
patch was removed at 72 hours for both cases. The
simulation generated data points started at zero hour.
In the graph of FIG. 5, the dash line (- ) curve with
the open circle data points represents data for the
3-day patches, the solid line curve with the diamond
data points represents simulated data for the 1-day
patches. The simulated data show that using patches
half the size of DUROGESIC(r) DTRANS(r) matrix patches
only one at a time the blood fentanyl concentration
will gradually increase to arrive at a level that is
at the therapeutic level after 3 days. The 1-day
patches took about 3 days to come to essentially a
peak condition similar to the steady state condition
of Simulation 1 using 1-day patches. In the first two
days when the concentration was rising, the
concentration after 24 hours was only about half that
of the peak Cmax, and the concentration after 48 hours
was only about 75% that of the peak Cmax. The dip in
blood fentanyl level at the time of replacement was
quite small as the blood fentanyl concentration
continued on its upward swing to reach the
steady-state level. Experimental [00123] Examples of
specific embodiments are included below. The examples
are offered for illustrative purposes only, and are
not intended to limit the scope of the present
disclosure in any way. Although a reservoir saturated
with drug can be used, the adhesive-reservoir patches
wherein the reservoir comprises a single phase
polymeric composition free of undissolved components
containing an amount of fentanyl at or below
subsaturation concentration are disclosed in the
following examples. In the following examples all
percentages are by weight unless noted otherwise. It
is noted that for the following examples, instead of
making the 3-day patches for theexperiments, one can
also obtain DUROGESIC(r) DTRANS or DUROGESIC(r) SMAT
(which is equivalent in structure to DUROGESIC(r)
DTRANS) patches from vendors and cut them to right
surface area as required for the experiments. Example
1: 3-day Patch, 1 Time Application for 3 Days [00124]
Monolithic transdermal patches according to Fig. 1
that had the same construction as the commercial
DUROGESIC(r) DTRANS(r) patches comprising about 8 wt%
of fentanyl base were made and used. The matrix
adhesive was National Starch DURO-TAK(r) 87-4287
polyacrylate adhesive. The resultant matrix was about
2 mils (0.05 mm) thick. The patches were made to have
sizes of about 5.5 cm2, 11 cm2, 2 1 cm2, 32 cm2, and
42 cm2 corresponding to nominal fentanyl dose strength
delivery rates of 12.5 mg/h, 25 mg/h, 50 mg/h, 75
mg/h, and 100 mg/h. In the process of making the
patches, a polyacrylate adhesive solution was prepared
(98.35 kg National Starch 87-4287 of about 39wt%
solids was diluted with 18.3 kg ethyl acetate). Then
3.35 kg of fentanyl base was added to the polyacrylate
adhesive solution in amounts sufficient to generate a
mixture containing 2.8 wt% of fentanyl in the adhesive
solution and stirred to dissolve the drug. The
solution was cast and the solvent was evaporated to
result in a 2 mil (0.05mm) thick reservoir layer. A
1.7 mil (0.04mm) thick backing layer comprised of a
multilaminate of polyethylene/polyurethane/polyester
layer was laminated on to the adhesive drug reservoir
layer using standard procedures. Individual patches
were die-cut from this laminate in 11 cm2, 2 1 cm2, 32
cm2, and 42 cm2 sizes comprising respectively, 4.4,
8.5, 13, and 17 mg each of fentanyl, to generate
monolithic transdermal patches containing about 0.4
mg/cm2 of fentanyl base. [00125] Subjects were
randomly assigned to a treatment sequence and to wear
a study system on the upper outer arm, upper chest, or
upper back as per a randomization list. There were
four treatment periods. Subjects selected were not
dependent on opioids. During each treatment, the study
system was worn for 72 hours on a new application skin
site on the application area to which subjects were
randomized (upper outer arm, upperchest, or upper
back). For each subject the same area of the body was
used throughout the study. There was a minimum washout
period of at least 6 days and not more than 14 days
between treatments. The washout period was to commence
upon removal of the study system. [00126] FIG. 6 shows
the summary of the averaged data on the fentanyl
concentration in the blood of the subjects in a
normalized form (i.e., the data were normalized to the
25 mg/h dose rate (i.e., dose strength) by dividing
the fentanyl concentration with the ratio factor of
the nominal dose strength delivery rate by the 25 mg/h
nominal dose strength delivery rate). Thus, the data
for the 100 mg/h dose rate were divided by 4 to be
compared to the curve for the 25 mg/h, which was
original). In FIG. 6, the solid curve with diamond
data points represents the data for the 25 mg/h dose
rate. The dash curve with the open circle data points
represents the data for the 50 mg/h dose rate. The
dotted curve with the star data points represents the
data for the 75 mg/h dose rate. The dash/dot ( ) curve
with the asterisk data points represents the data for
the 100 mg/h dose strength. FIG. 6 shows that
different dose rates have about the same proportional
changes with time in the fentanyl concentration. In a
dimensionless, normalized form, the curves for each
dose rate were about the same (within experimental
errors, without significant statistical difference).
Thus, in another normalized form in which the blood
fentanyl concentration was divided by the Cavg,
wherein Cavg is the average plasma fentanyl
concentration, the curves for the different dose
strengths (not shown in graphs here) would be almost
the same. For example, Cmac/Cavg and Cmin/Cavg within
the first 48 hours would be about the same for each
dose rate. Example 2: 3-day Patch, Replaced Daily for
3 Days [00127] FIG. 7 represents actual serum fentanyl
concentrations collected over time in using 3-day
patches (that had the same construction as the
commercial DURAGESIC (r) reservoir patches containing
about 8 wt% of 



fentanyl base) when they were replaced once every 24
hours. Since the DUROGESIC (r) DTRANS matrix patches
were made to be bioequivalent to the DURAGESIC (r)
reservoir patches, using either kind of these patches
wouldresult in similar serum fentanyl concentration.
Patches with dose strength of 75 mg/h were used. In
this study (in which 11 colon-rectal surgery patients
were tested), a first 75 mg/h patch was applied at the
beginning at zero hour (approximately 2 hours prior to
the induction of anesthesia). General anesthesia was
induced with 2-4 mg/kg thiopental and a 3-5 mg/kg
bolus of fentanyl up to a maximum dose of 400 mg.
Thereafter, the patch was replaced every 24 hours. At
(after) 72 hour, the patch (i.e. the third patch) was
removed. [00128] The data show a step-wise increase in
serum concentration with each new patch
administration. This result was not expected because
it was assumed that the multi-day patches would
deliver drug with kinetics consistent with the
constant intravenous infusion of fentanyl. Because
only one patch is applied to the skin at any given
time, the expectation (similar to the case of constant
infusion model) was that the serum fentanyl levels
would be similar to that of the case as a single three
day patch applied on the skin for three days, in which
case serum fentanyl concentrations would rise to and
maintain at approximately the steady-state
concentration obtained after 24 hours. However, an
accumulation effect with daily replacement resulting
in gradual (or stepwise) increase of serum drug level
over many days was found in delivery of opioid
narcotic, such as fentanyl. Example 3: 1-day Patch
(with 87-2287 Adhesive), Replaced Daily for 3 or More
Days [00129] Monolithic transdermal patches according
to Fig. 1 are prepared in 5, 11, 21, 3 1 and 42 cm2
sizes comprising about 7 wt% of fentanyl base to
correspond to 25 mg/h, 50 mg/h, 100 mg/h, 150 mg/h,
and 200 mg/h (based on 0.52 scaling factor). [00130]
The matrix adhesive was National Starch DURO-TAK (r)
87-2287 polyacrylate adhesive. The DURO-TAK(r) 87-2287
adhesive polymer is an adhesive polymerized from vinyl
acetate, 28%; 2-ethylhexyl acrylate, 67%; hydroxyethyl
acrylate, 4.9%; and glycidal methacrylate, 0.1% (see
USPN 5,693,335). An about 43wt% polyacrylate adhesive
solution (National Starch87-2287 in ethyl acetate) was
prepared. Fentanyl base was added to the polyacrylate
adhesive solution in amounts sufficient to generate a
mixture containing about 3.4wt% of fentanyl in the
adhesive solution and stirred to dissolve the drug.
The solution was cast into a reservoir layer and the
solvent is evaporated to result in a matrix layer of 1
mil (0.025mm) thickness. After solvent evaporation, a
3 mil thick backing layer comprised of a multilaminate
of nonlinear LDPE layer/linear LDPE layer/nonlinear
LDPE layer is laminated on to the adhesive drug
reservoir layer using standard procedures. Individual
patches are die-cut from this laminate in 5, 11, 2 1,
3 1 and 42 cm2 sizes to have about 7 wt% each of
fentanyl, to generate monolithic transdermal patches
containing about 0.2 mg/cm2 of fentanyl base. [00131]
Such patches are to be applied to an opioid-naive
patient with the application of only one patch
initially and replacement every 24 hours. The result
is expected to be that the 1-day patches take about 3
days to come to essentially a steady state condition.
The concentration after 24 hours is only about 50% to
60% that of the steady state Cmax, and the
concentration after 48 hours is only about 70% to 80%
that of the steady state Cmax. The result of the first
three days is expected to be similar to that shown in
FIG. 5 and similar to that of FIG. 3 at near steady
state, after about 3 days, based on simulation. The
values can be scaled according to the dose strength
based on the size differences and that the normalized
curves according to dose strength will substantially
superimpose. [00132] In another test, such patches are
to be applied to a person who has substantially no
such drug in the blood, by applying two patches
initially at zero hour. Both initial patches are
removed at the end of 24 hours and replaced with only
one 1-day patch, which is thereafter replaced every 24
hours. The result is expected to be that the 1-day
patches take about 1 day to come to the level of
essentially steady state condition. The fentanyl
concentration Cmax during the first 24 hours is about
3 ng/ml. The result of the second and third days is
expected to be similar to that shown in FIG. 4 (near
steady state) and similar to that of FIG. 3
thereafter. After about 3 days, fentanyl concentration
will come to steady state. The values can be
scaledaccording to the dose strength based on the size
differences and that the normalized curves according
to dose strength will substantially superimpose.
Example 4: 1-day Patch (with 87-4287 Adhesive),
Replaced Daily for 3 or More Days [00133] Monolithic
transdermal patches according to FIG. 1 are prepared
in 5, 11, 21, 3 1 and 42 cm2 sizes comprising about 8
wt% each of fentanyl base using the process of Example
1 to correspond to 25 mg/h, 50 mg/h, 100 mg/h, 150
mg/h, and 200 mg/h dose strengths. [00134] A
polyacrylate adhesive (National Starch DURO-TAK(r)
87-4287, 100 g) is solubilized in a solvent (ethyl
acetate, 160 ml). Fentanyl base is added to the
polyacrylate adhesive solution in amounts sufficient
to generate a mixture containing 2.8 wt% of fentanyl
in the adhesive solution and stirred to dissolve the
drug. The solution is cast into reservoir layer and
the solvent is evaporated to result in a matrix layer
of about 1 mil (0.025mm) thickness. After solvent
evaporation, a 1.7 mil thick backing layer comprised
of a multilaminate of polyethylene/polyurethane
polyester layer is laminated on to the adhesive drug
reservoir layer using standard procedures. Individual
patches are die-cut from this laminate in 5, 11, 2 1,
3 1 and 42 cm2 sizes comprising about 8 wt% each of
fentanyl, to generate monolithic transdermal patches
containing 0.2 mg/cm2 of fentanyl base as 1-day
patches. [00135] Such patches in low doses are to be
applied to an opioid-na ve patient with only one patch
initially and replaced every 24 hours. Thus, for
example, if a patient would receive a 100 mg/h dose
strength device, the administration of the drug to the
patient is titrated upward starting with a lower dose
strength, e.g., with a 25 mg/h dose strength. The
result is expected to be that the 1-day patches take
about 3 days to come to essentially a steady state
condition. The Cmax after 24 hours is only about 50%
to 60% that of the steady state Cmax and the Cmax
after 48 hours is only about 70% to 80% that of the
steady state Cmax. The result of the first three days
is expected to be similar in shape to that shown in
FIG. 5 and similar in shape to that of FIG. 3 at near
steady state, after about 3 days, except that the
numerical values will be lower than the 100 mg/h dose
strength. The values can be scaledaccording to the
dose strength based on the size differences and that
the normalized curves according to dose strength will
substantially superimpose. [00136] In another test,
such patches are to be applied to an opioidnaive
person who has substantially no such drug in the
blood, by applying two patches initially at zero hour.
Both initial patches are removed at the end of 24
hours and replaced with only one 1-day patch, which is
thereafter replaced every 24 hours. The result is
expected to be that the 1-day patches takes about 1
day to come to a blood level of essentially steady
state condition. The result of the second and third
days is expected to be similar in shape to that shown
in FIG. 4 (near steady state) and similar in shape to
that of FIG. 3 thereafter. The values can be scaled
according to the dose strength based on the size
differences and that the normalized curves according
to dose strength will substantially superimpose.
Example 5: 3 days application:1-dav Patch vs. 3-day
patches (50 mg/h) [00137] Monolithic transdermal
patches according to FIG. 1 were prepared, which
include about 8 wt% of fentanyl base in a process
similar to Example 1 using National Starch DURO-TAK(r)
87-4287 adhesive for 50 mg/h dose strength. The area
of a 3-day patch was 2 1 cm2 and the fentanyl matrix
layer was about 2 mil (0.05mm=50 mm) thick. Thinner
and smaller 16 cm2 patches were also made for the
1-day use patches for comparison. For these thinner
patches, the fentanyl solutions were cast to form
matrix thicknesses (after solvent evaporation) of
0.038 mm (38 mm), and 0.025 mm (25 mm) to form 16 cm2
patches. The 2 mil 3-day monolithic transdermal
patches contained 0.4 mg/cm2 of fentanyl base. The 1
mil 1-day monolithic transdermal patches contained 0.2
mg/cm2 of fentanyl base. [00138] Such patches were
applied to opioid-naive patients. Each subject was to
receive both the 1-day patch and the 3-day patches but
not together. Subjects selected were not dependent on
opioids. The patches were tested on 18 subjects with
different periods for patches of different
thicknesses. During each treatment, the study system
was worn for the set period on a new application skin
site on the application area. For eachsubject the same
anatomical area was used throughout the study. There
was a minimum washout period of at least 6 days and
not more than 14 days between treatments. The washout
period was to commence upon removal of the study
system. The 3-day patch (50 mm) was worn for 72 hours
then removed. The 25 mm patch was worn for 24 hours
and changed to a new patch at the 24th and the 48th
hour. The 38 mm patch was worn for 24 hours and
changed to a new patch at the 24th and the 48th hour.
For one period, a 25 mm patch was worn for 24 hours,
removed and the blood fentanyl concentration was
monitored until at the end of the 72nd hour. [00139]
FIG. 8 shows the summary of the averaged data (over
all the subjects N=18) on the fentanyl concentration
in the blood of the subjects for the various matrix
thicknesses. The diamond data points represent the
data for the 3-day patches applied for 3 days. The
circle data points represent the data for the 1-day 38
mm patches applied for 3 days with daily replacement.
The square data points (below the circle data points)
represent the data for the 1-day 25 mm patches applied
for 3 days with daily replacement. The triangle data
points represent the data for the 1-day 25 mm patches
where the patches were removed after one day use
without replacement. The results show that after three
days, the 38 mm patch might lead to a steady state
fentanyl blood content of higher than the 3-day patch
could. After three days, the 25 mm patch led to a
steady state fentanyl blood content of about equal to
what the 3-day patch steady state blood content would
be. The 25 mm patches at 16 cm2 had only 38% the
fentanyl content of the 3-day patch, less than the 52%
that was predicted by the Simulation 1 above. These 25
mm 



patches had about 0.4 mg/cm2. These patches, with less
fentanyl than Simulation 1, were able to meet or
exceed the fentanyl delivery rate predicted by
Simulation 1. [00140] The mean fentanyl amount
delivered was calculated for each treatment by
subtracting the mean residual fentanyl content from
the initial average fentanyl content of the system at
time 0 (t=0) as shown below: [00141] Mean amount
delivered (mg)=lnitial content (mg) - Mean residual
content (mg).[00142] The data show that the mean
amount of fentanyl delivered for the 1-day systems was
1.59 mg for the QD 38 mm system and 1.39 to 1.54 mg
for the QD 25 mm system. The mean amount delivered for
the 3-day 50 mg/h system was 3.85 mg. For calculation,
the initial average fentanyl amounts (actual fentanyl
content of the systems at t=0) were 5.47 mg, 3.42 mg,
8.01 mg for the QD 38 mm, QD 25 mm, and 3-day (50 mm)
50 mg/h systems, respectively. The mean amount
delivered during system application represented
approximately 29%, 43%, and 48% of the fentanyl in the
QD 38 mm, QD 25 mm, and 3-day 50 mg/h systems,
respectively. Thus, the thinner 1- day QD patch (25
mm) was able to have a %-utilization of fentanyl close
to the 3-day (50 mm) system, better than the thicker
1-day (38mm) QD system. [00143] The data for the 50 mm
3-day patches and the data for the 25 mm 1-day patches
were used to simulate pharmacokinetic profile of
steady state profile for using 3-day patches with
replacement every 3 days and using 1-day patches with
replacement daily using the simulation method of
Simulation 1. FIG. 9 shows the simulated data up to
336 hours. The last change of the 3-day patch (solid
line) took place at the 216th hour. The last change of
the 1-day patch (dashed line) took place at the 264th
hour. The simulation data show that the 3-day, 50 mm,
2 1 cm2 patches had a similar steady state profile as
the 1-day, 25 mm, 18 cm2 patches. For dose strengths
other than 50 mg/h, the data information can be scaled
for estimation. For example, the 100 mg/h simulated
data can be obtained by doubling the fentanyl
concentration of the 50 mg/h data. Example 6A: 12 days
application^ -day Patch vs. 3-day patches (100 mg/h)
[00144] Monolithic transdermal patches according to
FIG. 1 were prepared to contain about 8 wt% of
fentanyl base in a process similar to Example 1 using
National Starch DURO-TAK(r) 87-4287 adhesive for 100
mg/h dose strength. The area of a 3-day patch was 42
cm2 and the fentanyl matrix layer was about 2 mil
(0.05mm=50 mm) thick. Thinner 25 mm thick matrix, 36
cm2 patches were also made for the 1-day use patches
for comparison. The1-day patch thus had 43% of the
amount of fentanyl of the 3-day patch. These 1-day 25
mm patches had about 0.2 mg/cm 2. [00145] Such patches
were applied to opioid-naive patients. Subjects
selected were not dependent on opioids. The patches
were tested on 17 subjects with different periods for
patches of different thicknesses. During each
treatment, the study system was worn for the set
period on a new application skin site on the
application area. For each subject the same area of
the body was used throughout the study. There was a
minimum washout period of at least 6 days and not more
than 14 days between treatments. The washout period
was to commence upon removal of the study system. The
3- day 50 mm patch was worn for 72 hours then removed
and replaced with a new patch (total of 4 patches).
The 1-day 25 mm patch was worn for 24 hours then
removed and replaced with a new patch (total of 12
patches). Surprisingly, the subjects-averaged (N=17)
fentanyl concentration for both sizes continued to
increase even after the 144th hour (data before the
216th hour not shown in graphs here). Steady state was
reached at or before the 216th hour. FIG. 10 shows the
summary of the averaged data (over N=17) on the
fentanyl concentration in the blood of the subjects
from the 216th hour to the 288th hour. The curve with
diamond data points represents the 3-day patches. The
curve with open circle data points represents the
1-day patches. The data show that the steady state
fentanyl concentration in the blood was higher for the
1-day patches (more than 1.25 as high) compared with
the 3-day patches. [00146] FIG. 11 shows the
comparison of the steady state 3-day patch data of
FIG. 10 versus the simulated steady state 3-day patch
data scaled from the data of FIG. 9 to 100 mg/h
nominal dose strength. The simulated curve is the
curve without diamond data points. The two curves
match very well. FIG. 12 shows the comparison of the
steady state 1-day patch data (the top curve with
diamond data points) of FIG. 10 versus the simulated
steady state 1-day patch data (bottom curve) scaled
from the data of FIG. 9 to 100 mg/h nominal dose
strength. The actual steady state data (the top curve)
had an AUCavg of about 29% higher than that of the
simulated steady state data.Thus, even though
simulation predicted well the results of the 3-day
patches, in this case, it did not predict quite as
well the results of the 1-day patches. Example 6B: 12
days application^ -day Patches [00147] Monolithic
transdermal 1-day patches were made according Example
6A. Three dose strengths were used (12.5, 50, and 100
mg/h). [00148] In this study, the dose relationship of
a 1-day (called QD for short) fentanyl matrix (25 mm
adhesive thickness) system, with presumed nominal
delivery rates of about 12.5 mg/h, 50 mg/h, and 100
mg/h and varying system area size (4.5 cm2, 18 cm2,
and 36 cm2, respectively), was evaluated in order to
cover the entire dose range of this product. Subjects
received the following 3 treatments in a crossover
manner according to a randomly assigned sequence:
Treatment A: (data points represented in FIG. 13 by
diamonds, subjects n=16) fentanyl matrix QD 12.5 mg/h,
4.5 cm2 system area, single application. Treatment B:
(data points represented in FIG. 13 by open circles,
subjects n=16) fentanyl matrix QD 50 mg/h, 18 cm2
system area, single application. Treatment C: (data
points represented in FIG. 13 by open triangles,
subjects n=17) fentanyl matrix QD 100 mg/h, 36 cm2
system area, single application. Thirteen subjects
completed the study. The 1-day patches thus had about
38% of the amount of fentanyl of the 3-day patches.
Such patches were applied to opioid-naive patients.
Subjects selected were not dependent on opioids. The
patches were tested on the subjects with different
periods for patches of different thicknesses. During
each treatment, the study system was worn for the set
period on a new application skin site on the
application area. For each subject the same area of
the body was used throughout the study. There was a
minimum washout period of at least 6 days and not more
than 14 days between treatments. The washout period
was to commence upon removal of the study system. Mean
serum fentanyl concentrations for each treatment are
presented in FIG. 13. The data of FIG. 13 show that
the blood fentanyl concentration was a function of the
dose strength. The fentanyl blood concentrations,
represented by measured fentanyl concentration in
serum, when normalized by dividing with therespective
dose strength, show curves that were very close to one
another in shapes and values. [00149] The initial
average fentanyl amounts (measured fentanyl content of
the 12.5 mg/h, 50 mg/h, and 100 mg/h systems at t=0)
were 0.97 mg, 3.5 mg, and 7.1 mg, respectively.
Because all 3 dose strengths (12.5 mg/h, 50 mg/h, and
100 mg/h) were manufactured from the same laminate,
they should have the same fentanyl contents on a
mg/cm2 basis (0.20 mg/cm2 as the mean of 3 lot release
values). The calculated initial fentanyl contents,
0.91 mg, 3.64 mg, and 7.29 mg, for the 12.5 mg/h, 50
mg/h, and 100 mg/h systems, respectively, were then
used to calculate the amount of fentanyl delivered.
The data showed that the mean amounts of fentanyl
delivered for the nominal 12.5 mg/h, 50 mg/h, and 100
mg/h dose strength systems were 0.38 mg, 1.24 mg, and
2.92 mg, respectively. The mean amounts of fentanyl
delivered during system application (%-utilization)
represented approximately 42%, 34%, and 40% of
fentanyl in the 12.5 mg/h, 50 mg/h, and 100 mg/h
systems, respectively. In comparison, the
%-utilization for DUROGESIC (r) DTRANS(r) fentanyl was
not much different from these. In a study of
DUROGESIC(r) DTRANS(r) fentanyl patches, twelve
subjects had used systems analyzed for residual
fentanyl content after receiving DUROGESIC (r)
DTRANS(r) fentanyl 100 mg/h and 12.5 mg/h (up to 8
systems). The mean residual fentanyl content after
receiving the 100 mg/h fentanyl patches was 9.34 mg.
The mean residual fentanyl content after receiving up
to 8 patches of 12.5 mg/h fentanyl was 1.05 mg.
[00150] The average fentanyl content for the 100 mg/h
and 12.5 mg/h DUROGESIC(r) DTRANS(r) fentanyl systems
at lot clearance was 16.3 and 2.0 mg, respectively.
Thus, the average amount of fentanyl absorbed based on
the residual fentanyl content is estimated to be 6.96
and 0.95 mg for the 100 mg/h and 12.5 mg/h DTRANS(r)
fentanyl systems, respectively. The utilization is 43%
and 48% for the 100 mg/h and 12.5 mg/h dose strength
patch, respectively. Of course, the %-utilization
values for the DUROGESIC(r) DTRANS(r) fentanyl systems
were values after 3 days of use. The average %-
utilization per day of use for the DUROGESIC(r)
DTRANS(r) fentanyl systemswas only 1/3 of the 3-day
values and would be about 12.5% and 16% for the 100
mg/h and 12.5 mg/h dose strength patch, respectively.
Example 7: 12 days application^ -day 32 cm2 Patch vs.
3-day patches (100 mg/h) [00151] Monolithic
transdermal patches according to FIG. 1 were prepared
comprising about 8 wt% of fentanyl base in a process
similar to Example 1 using National Starch DURO-TAK(r)
87-4287 adhesive for 100 mg/h dose strength. The area
of a 3-day patch was 42 cm2 and the fentanyl matrix
layer was about 2 mil (0.05mm=50 mm) thick. Thinner 25
mm, 32 cm2 patches were also made for the 1-day use
patches for comparison. The 1-day patches thus had
about 38% of the amount of fentanyl of the 3-day
patches. [00152] Such patches were applied to
opioid-na ve patients. Subjects selected were not
dependent on opioids. The patches were tested on 17
subjects with different periods for patches of
different thicknesses. During each treatment, the
study system was worn for the set period on a new
application skin site on the application area. For
each subject the same area of the body was used
throughout the study. There was a minimum washout
period of at least 6 days and not more than 14 days
between treatments. The washout period was to commence
upon removal of the study system. The 3- 



day 50 mm patch was worn for 72 hours then removed and
replaced with a new patch (total of 4 patches). The
1-day 25 mm patch was worn for 24 hours then removed
and replaced with a new patch (total of 12 patches).
Data were collected to the 360th hours. The
subjects-averaged (N=17) fentanyl concentration for
both sizes continued to increase even after the 144th
hour. Steady state was reached at or before the 216th
hour. FIG. 14 shows the summary of the averaged data
(over N=17) on the fentanyl concentration in the blood
of the subjects from the 216th hour to the 288th hour.
The curve with the open circle data points represents
the 1-day patches. The curve with the diamond data
points represents the 3-day patches. The data show
that the steady state AUC fentanyl concentration in
the blood was slightly higher for the 1-day patches
compared with the 3-day patches.[00153] Table 2 shows
the comparison of the pharmacokinetic parameters of
the 3-day patches versus those of the 1-day patches.
For the steady state condition, data were considered
from the 216th hour to the 288th hour for a period of
72 hours. AUCSS data are presented as geometric mean
and mean (%CV). CV is standard deviation divided by
the mean. Cmax and Cmin are presented as mean (%CV).
[00154] The AUCSS of the 1-day patch (Trt C) was about
1.07 that of the 3-day patch (Trt A). The Cmax of the
1-day patch was about 0.94 that of the 3- day patch.
The Cmin of the 1-day patch was about 1.2 that of the
3-day patch. Thus, the 1-day patch was bioequivalent
to the 3-day patch. In Table 2, a striking difference
is the fluctuation, defined as (Cmac- Cmjp)/CaV g,
where in this case CaVg= AUCss/72. The fluctuation is
the indication of how much the blood fentanyl
concentration fluctuates during steady state,
expressed in a dimensionless number. In the case of
the 3-day patch, the swing between Cmax and Cmin was
almost as large as the average concentration Cavg . In
the case of the 1-day patch, the fluctuation was only
about 64%, substantially smaller than that of the
3-day patch. Thus, the 1-day patch provided a more
steady blood concentration. Table 2 Mean (CV%)
Pharmacokinetic Parameters [00155] Table 3 shows the
statistics of the data of the 3-day patch (Trt A)
versus those of the 1-day patch (Trt C). TABLE
3[00156] Thus, the statistics demonstrate that the 90%
confidential interval of Cm3x, and AUCSS ratios of the
1-day patch to DUROGESIC (r) DTRANS(r) were within 80%
and 125%. Therefore, the 1-day patch is bioequivalent
to the 3-day patch, DUROGESIC (r) DTRANS(r), 100 mg/h.
The 32 cm2 1-day patch contains 6.7 mg fentanyl and
the DUROGESIC (r) DTRANS(r) 100 mg/h patch contains
16.8 mg fentanyl. Therefore, it takes three 1-day
patches (a total of 20.1 mg fentanyl to deliver an
bioequivalent amount of fentanyl from a 3-day patch
containing 16.8 mg fentanyl, about a 18.5% difference.
From a %-utilization perspective, it is a drop from
43% to 35%. However, this performance of %-utilization
of the 1-day patch is reasonably good considering it
had only 1/3 the time of the 3-day patch to use the
fentanyl in the patch compared to 3-day patches. From
a %-utilization per day perspective, the 1-day patch
had a much higher %-utilization than the 3- day patch.
Considering individual patches, the residual fentanyl
per patch in the 1-day patch is significantly lower
than the 3-day patches. Example 8: 12 days
application: 1-day 28 cm2 Patch vs. 3-day patches
[00157] Monolithic transdermal patches according to
FIG. 1 were including comprising about 8 wt% of
fentanyl base in a process similar to Example 1 using
National Starch DURO-TAK (r) 87-4287 adhesive for 100
mg/h dose strength. The area of a 3-day patch was 42
cm2 and the fentanyl matrix layer was about 2 mil
(0.05mm=50 mm) thick. Thinner 25 mm, 28 cm2 patches
were also made for the 1-day use patches for
comparison. The 1-day patches thus had about 33% of
the amount of fentanyl of the 3-day patches. [00158]
Such patches were applied to opioid-naive patients.
Subjects selected were not dependent on opioids. The
patches were tested on 19 to20 subjects with different
periods for patches of different thicknesses. During
each treatment, the study system was worn for the set
period on a new application skin site on the
application area. For each subject the same area of
the body was used throughout the study. There was a
minimum washout period of at least 6 days and not more
than 14 days between treatments. The washout period
was to commence upon removal of the study system. The
3- day 50 mm patch was worn for 72 hours then removed
and replaced with a new patch (total of 4 patches).
The 1-day 25 mm patch was worn for 24 hours then
removed and replaced with a new patch (total of 12
patches). Data were collected to the 260th hour. The
subjects-averaged fentanyl concentration for both
sizes continued to increase even after the 144th hour.
Steady state was reached at or before the 216th hour.
FIG. 15 shows the summary of the averaged data on the
fentanyl concentration in the blood of the subjects
from the 216th hour to the 288th hour. The data show
that the steady state AUCSS fentanyl concentration in
the blood was close to that for the 1-day patches
(n=20) compared with the 3-day patches (n=19). One of
the 20 subjects was not tested with 3-day patches. The
diamonds represent the data points for the 3-day
patches. The open circles represent the data points
for the 1-day patches. In FIG. 15, although the AUCSS
were close for the two types of patches, there were
four data points (e.g., at 242, 243, 245, 252 hour)
that had large differences among the individual
subjects, thus affecting the statistical significance
of the data. [00159] Table 4A and Table 4B show the
comparison of the pharmacokinetic parameters of the
3-day patches versus those of the 1-day patches. For
the steady state condition, data were considered from
the 216th hour to the 288th hour for a period of 72
hours. AUCSS data are presented as geometric mean and
mean (%CV). CV is standard deviation divided by the
mean. Cmax and Cmjn are presented as mean (%CV).
[00160] Table 4A has data for 19 subjects (N=19) on
which both 1-day patches and 3-day patches were
separately applied. Thus, the subject on whom only
1-day patches were applied (but without separately
applying 3-day patches) was excluded.TABLE 4A Mean
(CV%) Pharmacokinetic Parameters [00161] Five of the
19 subjects had outlier data points (i.e., data points
that differed significantly from neighboring data
points). The analysis for fentanyl metabolite
norfentanyl in their samples collected between 216th
and 288th hr showed that the metabolite concentrations
were stable for all 5 subjects that had outlier data,
indicating the outlier data for 5 subjects were not
due to transdermal fentanyl transport. The large
fluctuation was likely due to contamination in certain
samples of 5 subjects that were analyzed. For example,
FIG. 16 shows the serum concentration of fentanyl and
norfentanyl of an exemplary subject who had outlier
data. Curve F with the diamond data points represents
the 1-day patch fentanyl data, whereas curve NOR with
the open circle data points represents the norfentanyl
data of the same patch delivery. Some of the data
points after 240 hours had wide variations in fentanyl
concentration whereas the metabolite norfentanyl
concentration was stable for the same time period. It
is physically impossible for the serum fentanyl
concentration to fluctuate so widely and so rapidly by
transdermal delivery. Thus, at that period, the
norfentanyl concentration was a better indicator of
the variation of the amount of fentanyl delivered.
Table 4B shows the data of Table 4A after the
exclusion of data from subjects having outlier
numbers. The number of subjects in Table 4B is 14
(N=14).TABLE 4B Mean (CV%) Pharmacokinetic Parameters
[00162] Table 4B shows that the AUC SS (shown by AUC(
2i6-288) from the 216 th hour to the 218 th hour) of
the 1-day patch was about 0.9 that of the 3- day patch
based on the geometric mean data. The geometric mean
of the Cmax of the 1-day patch was about 0.9 that of
the 3-day patch. The geometric mean Cm,n of the 1-day
patch was about 1.0 that of the 3-day patch. The
amount of fluctuation (in %) was about 70 for the
1-day patch versus about 75 for the 3-day patch. If
only Table 4B is considered, because the AUC SS, Cmax
and Cm,,, were close between the 1-day patch and the
3-day patch in Table 4B, the 1-day patches can be
considered to be bioequivalent to the 3-day patch.
From the Table 4B data, the 1-day 28 cm2 patch
provided a bioequivalent amount of fentanyl to the
body as DUROGESIC (r) DTRANS (r) 100 mg/h. The amount
of fentanyl in each 28 cm2 patch is about 5.9 mg.
Therefore, it takes total 17.7 mg (3x5.9) fentanyl in
1-day patch to deliver the same amount of fentanyl as
16.8 mg of fentanyl in a DUROGESIC (r) DTRANS (r) 100
mg/h patch. The utilization for a 1-day 28 cm2 patch
after use was estimated to be 39%, which was only
slightly below that of the 43% for the DUROGESIC (r)
DTRANS (r) 100 mg/h patch. However, the utilization
per day was significantly higher in the 1-day patch.
[00163] The practice of the present invention will
employ, unless otherwise indicated, conventional
methods used by those in pharmaceutical product
development within those of skill of the art. Such
techniques are explained fully in the
literature.[00164] The above-described exemplary
embodiments are intended to be illustrative in all
respects, rather than restrictive, of the present
invention. Thus the present invention is capable of
many variations in detailed implementation that can be
derived from the description contained herein by a
person skilled in the art. All such variations and
modifications are considered to be within the scope of
the present invention.What we claim is: 1. A kit for
administering a drug with a transdermal patch,
comprising: (a) a transdermal patch for administration
of fentanyl through the skin, comprising: a backing
layer; a reservoir disposed on the backing layer, at
least the skin contacting surface of the reservoir
being adhesive; the reservoir comprising a polymeric
composition containing an amount of fentanyl thereof
sufficient to induce and maintain analgesia in a human
for one day, wherein daily replacement application of
one patch on the skin achieves a steady state plasma
level effective for analgesia; and (b) an instruction
print including instruction on daily replacement of
the transdermal patch. 2. The kit of claim 1 wherein
the polymeric composition contains 



polyacrylate and the utilization of the drug in the
patch is at least 30 wt% after one day of use. 3. The
kit of claim 2 wherein the drug is fentanyl base and
the reservoir is formed from an adhesive polymer that
consists essentially of polyacrylate, and the
utilization of the drug in the patch is at least 35
wt% after one day of use. 4. The kit of claim 3
wherein the patch exhibits a normalized Cmax of 15 to
60 ng/ml(mg/h) and a normalized Cmin of 10 to 55
ng/ml(mg/h) at steady state. 5. The kit of claim 4
wherein the patch exhibits a steady state drug flux of
0.1 to 20 mg/cm2h. 6. The kit of claim 3 wherein the
patch exhibits an AUCmf 15 ng-h/ml to 200 ng-h/ml at
steady state. 7. The kit of claim 6 wherein the patch
exhibits a steady state drug flux of 0.1 to 20
mg/(cm2h).8. The kit of claim 2 wherein the reservoir
comprises an amount of dissolved fentanyl base at a
concentration of from 0.14 to 0.3 mg/cm2. 9. The kit
of claim 1 wherein the patch has an area normalized to
dose strength of 8.5 to 16.5 cm2 per mg fentanyl
nominally for 1-day delivery. 10. The kit of claim 8
wherein the reservoir comprises a polymer having a
solubility for fentanyl base of 1 wt% to 25 wt% and
wherein the reservoir has residual fentanyl base of
less than 70 wt% in one day of use. 11. The kit of
claim 8 wherein the reservoir comprises from 0.14 to
0.3 mg/cm2 of fentanyl base per area of the reservoir
and the patch has an area normalized to dose strength
of 10.5 to 15 cm2 per mg fentanyl nominally for 1-day
delivery. 12. The kit of claim 8 wherein the reservoir
has a thickness of 0.0125 mm (0.5 mil) to 0.0375 mm (
1 .5mil). 13. The kit of claim 12 wherein the
reservoir further comprises an enhancer. 14. The kit
of claim 3 wherein there is only one adhesive or
matrix layer in the transdermal patch and the
reservoir contains no enhancer. 15. The kit of claim 3
wherein the backing layer comprises a polymer selected
from at least one of the following: polyurethane,
polyvinyl acetate, polyvinylidene chloride,
polyethylene, polyethylene terephthalate (PET),
PETpolyolefin laminates, and polybutylene
terephthalate. 16. The kit of claim 3 wherein the
backing layer has a thickness of 0.012 mm (0.5 mil) to
0.125 mm (5 mil). 17. The kit of claim 3 wherein by
applying two patches on a first day and subsequently
one patch for each subsequent day results within one
day a steadystate normalized Cmax of 15 to 60
ng/ml(mg/h) and a normalized Cm,n of 10 ng/ml(mg/h) to
55 ng/ml(mg/h). 18. The kit of claim 3 wherein by
applying one patch on a first day and subsequently one
patch for each subsequent day results within 3 days a
normalized Cmax of 15 to 60 ng/ml(mg/h) and a
normalized Cmin of 10 ng/ml(mg/h) to 55 ng/ml(mg/h).
19. The kit of claim 18 wherein the patch exhibits a
steady state (normalized Cmac- normalized Cmin )
difference of 0. 5 ng/ml(mg/h) to 2 ng/ml(mg/h). 20.
The kit of claim 19 wherein the patch exhibits a
normalized Cmax of 0.01 to 0.2 ng/ml-cm2 after a
single application of the patch. 2 1. The kit of claim
19 wherein the patch exhibits a steady state drug flux
of 1 to 10 mg/cm2h. 22. The kit of claim 17 wherein
fentanyl has a solubility of 7 wt% to 12 wt% in the
reservoir. 23. The kit of claim 3 wherein the
reservoir is a matrix reservoir having a polyacrylate
matrix, the polyacrylate having 5-10 wt%
2-hydroxyethyl acrylate monomer, 20-40 wt% vinyl
acetate, and 55-75 wt% 2-ethylhexyl acrylate. 24. The
kit of claim 3 wherein the reservoir is a matrix
reservoir having a polyacrylate matrix which is
National Starch DURO-TAK (r) 87-4287 adhesive. 25. A
transdermal patch for administering fentanyl,
comprising an adhesive fentanyl reservoir on a backing
layer, the reservoir comprising a polymeric
composition and fentanyl effective to induce and
maintain analgesia in a human for one day, wherein
daily replacement application on the skin achieves a
steady state normalized Cmax of 15 to 60 ng/ml(mg/h)
and normalized Cm,n of 2 to 60 ng/ml(mg/h), wherein
the reservoir has a thickness of from 0.0125 mm (0.5
mil) to 0.0375 mm ( 1.5mil) and the patch has a
utilization of the fentanyl of at least 35 wt% after
one day of use. 26. A method of administering fentanyl
base to a human in need thereof, comprising replacing
one monolithic transdermal patch daily on the skin
such that steady state delivery is effective for
maintaining analgesia, wherein the patch contains a
backing and a reservoir comprising a polymeric
composition containing polyacrylate and fentanyl base.
27. The method of claim 26 wherein in daily
replacement the patch has a utilization of the
fentanyl base of at least 35 wt% after one day of use.
28. The method of claim 26 further comprising
determining that the human is opioid naive and
applying only one patch at first and daily replacement
of one patch. 29. The method of claim 26 further
comprising determining that the human is opioid naive
and applying one patch at first and daily applying a
new patch to replace a day-old patch such that a
fentanyl level in plasma is at a steady state range in
two days. 30. The method of claim 26 further
comprising determining that the human is opioid
tolerant on day one of patch application and applying
two patches at first and daily applying a new patch to
replace a day-old patch starting from day two, such
that a fentanyl level in plasma is effective for
analgesia in one day. 3 1. The method of claim 26
further comprising determining that according to the
human's medical record that the human is opioid
tolerant at first of patch application and applying
two patches at first and daily applying a new patch to
replace a day-old patch starting from day two, such
that a fentanyl level in plasma is effective for
analgesia within one day. 32. The method of claim 26
where the patch exhibits a normalized Cmax of 15 to 60
ng/ml(mg/h) and a normalized Cmjn of 10 to 55
ng/ml(mg/h) at steady state.33. The method of claim 26
wherein the patch exhibits a steady state drug flux of
0.1 to 20 mg/(cm2h). 34. The method of claim 26
wherein the patch exhibits a steady state (normalized
Cmax - normalized Cmjn ) difference of 0.5 ng/ml(mg/h)
to 2 ng/ml(mg/h). 35. The method of claim 26 wherein
the patch exhibits a steady state drug flux of 0.1 to
20 mg/(cm2h) and the reservoir has a thickness of
0.0125 mm (0.5 mil) to 0.0375mm ( 1.5mil). 36. The
method of claim 26 wherein the reservoir comprises an
amount of dissolved fentanyl at a concentration of
from 20 mg/gm to 200 mg/gm. 37. The method of claim 26
wherein the reservoir comprises a polymer having a
solubility for fentanyl base of 1 wt% to 25 wt%. 38.
The method of claim 26 wherein the reservoir comprises
0.14 to 0.3 mg/cm2 of fentanyl base per area of the
reservoir and the patch has an area normalized to dose
strength of 10.5 to 15 cm2 per mg fentanyl nominally
for 1-day delivery. 39. The method of claim 26 wherein
the reservoir has a thickness of from 0.0125 mm (0.5
mil) to 0.0375 mm ( 1.5 mil). 40. The method of claim
26 wherein the reservoir has residual fentanyl base of
less than 30 wt% after one day of use. 4 1. Use of
fentanyl base in the preparation of a transdermal
patch for administering fentanyl to a human in need
thereof for analgesia, wherein the transdermal patch
comprises a fentanyl reservoir on a backing layer, the
reservoir comprising a polymeric composition
comprising polyacrylate and a fentanyl base to induce
and maintain analgesia in a human for one patch per
day use, wherein daily replacement application on the
skin achieves steady state normalized Cmax of 15 to60
ng/ml-(mg/h) and normalized Cmjn of 10 to 55
ng/ml-(mg/h) wherein the fentanyl base has a
solubility of at least 4 wt% in the reservoir; the
reservoir having a thickness of 0.0125 mm (0.5 mil) to
0.0375 mm ( 1.5 mil); the utilization of the fentanyl
base in the patch is at least 35 wt% after one day of
use. 


