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(54) MORPHOLINOPURINE DERIVATIVE

(57) There is provided a novel compound that inhibits
phosphatidylinositol 3-kinase (PI3K) and/or the mamma-
lian target of rapamycin (mTOR) and exhibits anti-tumor
activity. The present invention provides a compound rep-
resented by the following formula (1) having various sub-
stituents that inhibits PI3K and/or mTOR and exhibits
anti-tumor activity:

wherein R1, R2, R3, R4, Ra, Rb, Rc, and X each have the
same meanings as defined in the specification.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a compound which inhibits phosphatidylinositol 3-kinase (PI3K) and/or the
mammalian target of rapamycin (mTOR) having a novel morpholinopurine derivative structure.

BACKGROUND ART

[0002] PI3K is a lipid kinase known to play an important role in cellular growth, survival, motion, and the like. Class I
PI3Ks (PI3Kα, PI3Kβ, PI3Kδ, PI3Kγ) are known to be activated by a receptor tyrosine kinase or GPCR to generate
phosphatidylinositol 3,4,5-trisphosphate (PIP3) to activate Akt. It has been reported that the activated Akt regulates
cellular growth, survival, angiogenesis, and the like by phosphorylating TSC2, GSK3β, MDM2, FOXO, BAD, and the
like (Non-Patent Document 1).
[0003] p110α, a catalytic subunit of PI3Kα, is known to be activated in colon cancer, breast cancer, brain tumor, gastric
cancer, liver cancer, ovarian cancer, and the like due to mutation thereof. Furthermore, it is known that the PI3K-Akt
pathway is also activated in cancers in which PTEN (phosphate and tensin homolog), which dephosphorylates PIP3, is
inactivated (for example, prostate cancer and melanoma) and cancers in which p110α is overexpressed (for example,
ovarian cancer and lung cancer). Therefore, it is suggested that a drug which exhibits a PI3K inhibitory effect can inhibit
cancer cell growth and survival, angiogenesis, and the like by suppressing the activation of Akt to block the PI3K-Akt
pathway, and is expected to be useful as a cancer therapeutic agent (Non-Patent Documents 2 and 3).
[0004] Compounds having PI3K inhibitory activity that have been reported include pyridinylfuranopyrimidine derivatives
(Non-Patent Document 4 and Patent Document 1), thienopyrimidine derivatives, and furopyrimidine derivatives (Patent
Documents 2 to 5), pyrimidine derivatives (Patent Documents 6 to 15), pyridopyrimidinone derivatives (Patent Documents
16 and 17), and imidazoquinoline derivatives (Non-Patent Document 5 and Patent Document 18). A compound having
a hydrogen atom at Ra and at the 8th position of the purine ring and a 3-hydroxyphenyl group at the 2nd position in the
general formula (I) described later has been reported as a PI3K inhibitor (Patent Document 19).
[0005] The mammalian target of rapamycin (mTOR) is a serine-threonine kinase activated by a signal from a growth
factor (for example, insulin) via the PI3K-Akt pathway (Non-Patent Document 6). It is thought that mTOR activates
translation of mRNA and the like by phosphorylating S6K1 and 4E-BP1 and promotes syntheses of proteins involved
in cell growth, angiogenesis, and the like (for example, c-myc, cyclin D1, and HIF-1α).
[0006] Rapamycin, a macrolide antibacterial agent, is known to inhibit the kinase activity of mTOR by forming a complex
with FKBP12 and mTOR in the cell. Currently, clinical studies of rapamycin derivatives, such as CCI-779, as anti-cancer
agents are ongoing.
[0007] Meanwhile, it has recently been revealed that some mTOR kinase activities are not inhibited by rapamycin (for
example, the activity of phosphorylating Akt). It has been reported that mTOR forms at least two complexes, specifically,
rapamycin-susceptible mTOR Complex 1 (mTORCl) (complex containing raptor and the like) and rapamycin-non-sus-
ceptible mTOR complex 2 (mTORC2) (complex containing rictor and the like). Since a drug that exhibits an inhibitory
effect on mTOR kinase can inhibit both mTORC1 and mTORC2, it is expected to have broader therapeutic effect as an
anti-cancer agent than rapamycin (Non-Patent Document 7).
[0008] As compounds having mTOR inhibitory activity, pyridopyrimidine derivatives (Patent Document 20), imidazo-
pyrazine derivatives (Patent Document 21), and the like have been reported.
[0009] As compounds that inhibit both PI3K and mTOR, imidazolopyrimidine derivatives (Patent Document 22), 2-
morpholinopurine derivatives (Patent Document 23) and 2-morpholinopurine derivatives substituted with a pyrimidine
moiety at the 6-position (Patent Document 24) have been reported.
[0010] As compounds that inhibit PI3Kδ more selectively than other subtypes of PI3K, morpholinopurine derivatives
substituted with an indole moiety at the 2-position have been reported (Patent Document 25).
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SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0013] An object of the present invention is to provide a novel orally bioavailable low molecular compound that exhibits
potent and sustained PI3K inhibitory action and an anti-tumor effect based thereon.

MEANS FOR SOLVING THE PROBLEMS

[0014] The present inventors have conducted various studies to achieve the foregoing object. As a result, they have
discovered that a novel compound having a 6-morpholinopurine structure sustainably inhibits PI3K activity in tumor and
exhibits a potent anti-tumor effect in an in vivo mouse model after oral administration thereof, and found that this
compound group can be used as an active ingredient of an orally bioavailable anti-tumor agent, and thus have accom-
plished the present invention.
[0015] Specifically, the present invention relates to the following [1] to [51].

[1] A compound represented by general formula (1) or a salt thereof:
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wherein
R1 and R2 each independently represent a C1-C6 alkyl group that may have one or more substituents, a C1-C6
alkylsulfonyl group that may have one or more substituents, an aryl group that may have one or more substituents,
or a hydrogen atom,
X represents a 6-membered aromatic nitrogen-containing heterocyclic group, containing one or two nitrogen atoms,
R3 represents one or more substituents present on a carbon atom(s) constituting X that each independently represent
a C1-C6 alkyl group that may have one or more substituents, a C1-C6 alkoxy group that may have one or more
substituents, a C1-C6 alkylamino group that may have one or more substituents, a diC1-C6 alkylamino group that
may have one or more substituents, a C3-C8 cycloalkyl group that may have one or more substituents, an amino
group, a halogen atom, or a hydroxyl group,
R4 represents a C1-C6 alkyl group that may have one or more substituents or a hydrogen atom,
Ra represents a group represented by -Y-R5, wherein
Y represents a single bond or a C1-C6 alkylene group, and
R5 represents a C1-C6 alkyl group that may have one or more substituents, a tetrahydrofuranyl group that may have
one or more substituents, a tetrahydropyranyl group that may have one or more substituents, a pyrrolidinyl group
that may have one or more substituents, a piperidinyl group that may have one or more substituents, or a pyridinyl
group that may have one or more substituents, and
Rb and Rc each independently represent a C1-C6 alkyl group that may have one or more substituents or a hydrogen
atom, or Rb and Rc, together with the nitrogen atom to which Rb and Rc are bonded, may form a 4- to 7-membered
alicyclic nitrogen-containing heterocyclic group that may have one or more substituents.
[2] The compound according to [1] or a salt thereof, wherein
R1 and R2 each independently represent a C1-C6 alkyl group that may have one or more substituents selected from
the following Group A, a C1-C6 alkylsulfonyl group that may have one or more substituents selected from the following
Group A, an aryl group that may have one or more substituents selected from the following Group B, or a hydrogen
atom,
X represents a 6-membered aromatic nitrogen-containing heterocyclic group that contains one or two nitrogen atoms,
R3 represents one or more substituents present on a carbon atom(s) constituting X that each independently represent
a C1-C6 alkyl group that may have one or more substituents selected from the following Group A, a C1-C6 alkoxy
group that may have one or more substituents selected from the following Group A, a C1-C6 alkylamino group that
may have one or more substituents selected from the following Group A, a diC1-C6 alkylamino group that may have
one or more substituents selected from the following Group A, a C3-C8 cycloalkyl group that may have one or more
substituents selected from the following Group A, an amino group, a halogen atom, or a hydroxyl group,
R4 represents a C1-C6 alkyl group that may have one or more substituents selected from the following Group A or
a hydrogen atom,
Ra represents a group represented by -Y-R5, wherein
Y represents a single bond or a C1-C6 alkylene group,
R5 represents a C1-C6 alkyl group that may have one or more substituents selected from the following Group A, a
tetrahydrofuranyl group that may have one or more substituents selected from the following Group B, a tetrahydro-
pyranyl group that may have one or more substituents selected from the following Group B, a pyrrolidinyl group that
may have one or more substituents selected from the following Group D, a piperidinyl group that may have one or
more substituents selected from the following Group B, or a pyridinyl group that may have one or more substituents
selected from the following Group D, and
Rb and Rc each independently represent a C1-C6 alkyl group that may have one or more substituents selected from
the following Group E or a hydrogen atom, or Rb and Rc, together with the nitrogen atom to which Rb and Rc are
bonded, form a 4- to 7-membered alicyclic nitrogen-containing heterocyclic group that may have one or more
substituents selected from the following Group E:

Group A: a halogen atom, a hydroxy group, a C1-C6 alkyl group, a C3-C8 cycloalkyl group, a C1-C6 alkoxy



EP 2 336 132 A1

5

5

10

15

20

25

30

35

40

45

50

55

group, an amino group, a C1-C6 alkylamino group, a diC1-C6 alkylamino group, a cyano group, a C1-C6 alkylamino
C1-C6 alkyl group, and an oxo group;
Group B: a halogen atom, a hydroxy group, a C1-C6 alkyl group, a C1-C6 alkoxy group, an amino group, a C1-C6
alkylamino group, a diC1-C6 alkylamino group, a cyano group, a C1-C6 alkylamino C1-C6 alkyl group, and a
C1-C6 alkylcarbonylamino group;
Group D: a halogen atom, a hydroxy group, a C1-C6 alkyl group, a C3-C8 cycloalkyl group, a C1-C6 alkylcarbonyl
group, a C3-C8 cycloalkylcarbonyl group, a C3-CB cycloalkyl C1-C6 alkylcarbonyl group, a C1-C6 alkylamino
C1-C6 alkyl group, a C1-C6 alkylsulfonyl group, and an arylcarbonyl group that may have one or more substituents
selected from said Group A; and
Group E: a halogen atom, a hydroxy group, a formyl group, a C1-C6 alkyl group that may have one or more
substituents selected from said Group A, a C3-C8 cycloalkyl group that may have one or more substituents
selected from said Group A, a C1-C6 alkoxy group that may have one or more substituents selected from said
Group A, an amino group, a C1-C6 alkylamino group that may have one or more substituents selected from
said Group A, a diC1-C6 alkylamino group that may have one or more substituents selected from said Group
A, a C1-C6 alkylsulfonylamino group that may have one or more substituents selected from said Group A, a
C1-C6 alkylsulfonyl C1-C6 alkylamino group that may have one or more substituents selected from said Group
A, an arylsulfonylamino group that may have one or more substituents selected from said Group A, an arylsulfonyl
C1-C6 alkylamino group that may have one or more substituents selected from said Group A, a heteroarylsul-
fonylamino group that may have one or more substituents selected from said Group A, a heteroarylsulfonyl
C1-C6 alkylamino group that may have one or more substituents selected from said Group A, a C1-C6 alkylsul-
fonylamino C1-C6 alkyl group that may have one or more substituents selected from said Group A, a C1-C6
alkylsulfonyl C1-C6 alkylamino C1-C6 alkyl group that may have one or more substituents selected from said
Group A, an arylsulfonylamino C1-C6 alkyl group that may have one or more substituents selected from said
Group A, an arylsulfonyl C1-C6 alkylamino C1-C6 alkyl group that may have one or more substituents selected
from said Group A, a heteroarylsulfonylamino C1-C6 alkyl group that may have one or more substituents selected
from said Group A, a heteroarylsulfonyl C1-C6 alkylamino C1-C6 alkyl group that may have one or more sub-
stituents selected from said Group A, a cyano group, a C1-C6 alkylamino C1-C6 alkyl group that may have one
or more substituents selected from said Group A, an oxo group, a C1-C6 alkylcarbonyl group that may have
one or more substituents selected from said Group A, a C3-C8 cycloalkylcarbonyl group that may have one or
more substituents selected from said Group A, a C3-C8 cycloalkyl C1-C6 alkylcarbonyl group that may have
one or more substituents selected from said Group A, a C1-C6 alkylsulfonyl group that may have one or more
substituents selected from said Group A, a C1-C6 alkylamino C1-C6 alkylcarbonyl group that may have one or
more substituents selected from said Group A, a C1-C6 alkylaminocarbonyl group that may have one or more
substituents selected from said Group A, a C1-C6 alkylamino C1-C6 alkylsulfonyl group that may have one or
more substituents selected from said Group A, a diC1-C6 alkylamino C1-C6 alkylsulfonyl group that may have
one or more substituents selected from said Group A, a C1-C6 alkylaminosulfonyl group that may have one or
more substituents selected from said Group A, a diC1-C6 alkylaminosulfonyl group that may have one or more
substituents selected from said Group A, a diC1-C6 alkylamino C1-C6 alkylcarbonyl group that may have one
or more substituents selected from said Group A, a diC1-C6 alkylaminocarbonyl group that may have one or
more substituents selected from said Group A, an arylsulfonyl group that may have one or more substituents
selected from said Group A, a heteroarylsulfonyl group that may have one or more substituents selected from
said Group A, a heteroaryl C1-C6 alkylsulfonyl group that may have one or more substituents selected from
said Group A, a heteroaryl C1-C6 alkylcarbonyl group that may have one or more substituents selected from
said Group A, and a group represented by the following general formula (2):

wherein n is any of 0 to 3, Ring A represents any of an azetidine ring, a pyrrolidine ring, a pyridine ring, a
morpholine ring, and a piperazine ring, and a carbon atom(s) constituting the ring may have one or more
substituents selected from said Group A.

[3] A compound represented by general formula (1a) or a salt thereof:
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wherein R1, R2, R4, and Ra to Rc have the same meanings as defined in [2] and R3a and R3b each independently
represent a C1-C6 alkyl group that may have one or more substituents selected from the following Group A, a C1-C6
alkoxy group that may have one or more substituents selected from the following Group A, a C1-C6 alkylamino
group that may have one or more substituents selected from the following Group A, a diC1-C6 alkylamino group
that may have one or more substituents selected from the following Group A, a C3-C8 cycloalkyl group that may
have one or more substituents selected from the following Group A, an amino group, a halogen atom, a hydroxyl
group, or a hydrogen atom:

Group A: a halogen atom, a hydroxy group, a C1-C6 alkyl group, a C3-C8 cycloalkyl group, a C1-C6 alkoxy
group, an amino group, a C1-C6 alkylamino group, a diC1-C6 alkylamino group, a cyano group, a C1-C6 alkylamino
C1-C6 alkyl group, and an oxo group; and

[4] The compound according to [3] or a salt thereof, wherein R3a and R3b each independently represent a C1-C6
alkyl group, a halo C1-C6 alkyl group, or a hydrogen atom.
[5] The compound according to any one of [1] to [4] or a salt thereof, wherein R1 and R2 are a combination of a
C1-C6 alkyl group and a hydrogen atom or both represent a hydrogen atom.
[6] The compound according to any one of [1] to [5] or a salt thereof, wherein R9 represents a C1-C6 alkyl group or
a hydrogen atom.
[7] The compound according to any one of [1] to [6] or a salt thereof, wherein Ra represents any one selected from
the following formulas Ra1 to Ra11:

wherein, in formula Ra5, R6 represents -SO2R8 or -COR8, wherein R8 represents a C1-C6 alkyl group that may have
one or more substituents or an aryl group that may have one or more substituents, and, in formula Ra8, R9a represents
a C1-C6 alkyl group, a C3-C8 cycloalkyl group, an amino C1-C6 alkyl group, a C1-C6 alkylamino C1-C6 alkyl group,
a diC1-C6 alkylamino C1-C6 alkyl group, a hydroxy C1-C6 alkyl group, a carboxy C1-C6 alkyl group, an aryl group
that may have one or more substituents selected from said Group A, or a heteroaryl group that may have one or
more substituents selected from said Group A.
[8] The compound according to any one of [1] to [7] or a salt thereof, wherein, when Rb and Rc, together with the
nitrogen atom to which Rb and Rc are bonded, forms a 4-to 7-membered alicyclic nitrogen-containing heterocyclic
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group that may have one or more substituents, the 4- to 7-membered alicyclic nitrogen-containing heterocyclic group
moiety is an azetidine ring, a pyrrolidine ring, a morpholine ring, a piperazine ring, or a piperidine ring.
[9] The compound according to any one of [1] to [8] or a salt thereof, wherein Rb, Rc, or a group formed by Rb and
Rc, together with the nitrogen atom to which Rb and Rc are bonded are any one selected from the following formulas
Rbc1 to Rbc80:
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wherein, in formulas Rbc1 to Rbc80, R9a, R9b, R9c, R10, and R11 each independently represent a C1-C6 alkyl group,
a C3-C8 cycloalkyl group, an amino C1-C6 alkyl group, a C1-C6 alkylamino C1-C6 alkyl group, a diC1-C6 alkylamino
C1-C6 alkyl group, a hydroxy C1-C6 alkyl group, a carboxy C1-C6 alkyl group, an aryl group that may have one or
more substituents selected from said Group A, or a heteroaryl group that may have one or more substituents selected
from said Group A, and R9d and R9e each independently represent a C1-C6 alkyl group, a C3-C8 cycloalkyl group,
an amino C1-C6 alkyl group, a C1-C6 alkylamino C1-C6 alkyl group, a diC1-C6 alkylamino C1-C6 alkyl group, a
hydroxy C1-C6 alkyl group, a carboxy C1-C6 alkyl group, an aryl group that may have one or more substituents
selected from said Group A, a heteroaryl group that may have one or more substituents selected from said Group
A, a hydrogen atom, a hydroxyl group, an amino group, a group represented by NH-R10, or a group represented
by NR10R11,
[10] A compound represented by a general formula (1b) or a salt thereof:
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wherein
R12 represents methyl group or hydrogen,
R13 represents a C1-C6 alkyl group that may have one to three halogen atom(s) or a C3-C8 cycloalkyl group,
R14 represents any one selected from the following formulas:

[11] A compound or a salt thereof, the compound being selected from the group consisting of:
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[12] A compound represented by the following formula:

[13] A compound represented by the following formula:

[14] A compound represented by the following formula:

[15] A compound represented by the following formula:

[16] A compound represented by the following formula:



EP 2 336 132 A1

13

5

10

15

20

25

30

35

40

45

50

55

[17] A compound represented by the following formula:

[18] A compound represented by the following formula:

[19] A methanesulfonate of the compound represented by the following formula:

[20] A methanesulfonate of the compound represented by the following formula:

[21] A methanesulfonate of the compound represented by the following formula:
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[22] A methanesulfonate of the compound represented by the following formula:

[23] A methanesulfonate of the compound represented by the following formula:

[24] A methanesulfonate of the compound represented by the following formula:

[25] A methanesulfonate of the compound represented by the following formula:

[26] A sulfate of the compound represented by the following formula:
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[27] A sulfate of the compound represented by the following formula:

[28] A sulfate of the compound represented by the following formula:

[29] A sulfate of the compound represented by the following formula:

[30] A sulfate of the compound represented by the following formula:
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[31] A sulfate of the compound represented by the following formula:

[32] A sulfate of the compound represented by the following formula:

[33] An inhibitor of phosphatidylinositol 3-kinase (PI3K) comprising the compound according to any one of [1] to
[18] or a salt thereof.
[34] An inhibitor of the mammalian target of rapamycin (mTOR) comprising the compound according to any one of
[1] to [18] or a salt thereof.
[35] An inhibitor of phosphatidylinositol 3-kinase (PI3K) and the mammalian target of rapamycin (mTOR) comprising
the compound according to any one of [1] to [18] or a salt thereof.
[36] A medicament comprising the compound according to any one of [1] to [18] or a salt thereof as an active ingredient.
[37] An anti-tumor agent comprising the compound according to any one of [1] to [18] or a salt thereof as an active
ingredient.
[38] The anti-tumor agent according to [37],
wherein the tumor is selected from the following group: brain tumor, ovarian cancer, lung cancer, breast cancer,
colon cancer, gastrointestinal cancer, prostate cancer and melanoma.
[39] A pharmaceutical composition comprising the compound according to any one of [1] to [18] or a salt thereof
and a pharmaceutically acceptable carrier.
[40] A therapeutic agent for a tumor having a mutation(s) of PTEN (phosphate and tensin homolog) comprising the
compound according to any one of [1] to [18] or a salt thereof as an active ingredient.
[41] A therapeutic agent for a tumor having over-expression of PI3K (phosphatidylinositol 3-kinase) comprising the
compound according to any one of [1] to [18] or a salt thereof as an active ingredient.
[42] A therapeutic agent for a tumor having a mutation(s) of PI3K (phosphatidylinositol 3-kinase) comprising the
compound according to any one of [1] to [18] or a salt thereof as an active ingredient.
[43] A therapeutic agent for a tumor with an activated phosphorylation level of Akt comprising the compound according
to any one of [1] to [18] or a salt thereof as an active ingredient.
[44] A method for treating a tumor comprising administering an effective amount of the compound according to any
one of [1] to [18] or a salt thereof.
[45] The method for treating a tumor according to [44], wherein the tumor is selected from the following group: brain
tumor, ovarian cancer, lung cancer, breast cancer, colon cancer, gastrointestinal cancer, prostate cancer and
melanoma.
[46] A method for treating a tumor having a mutation(s) of PTEN (phosphate and tensin homolog) comprising
administering the compound according to any one of [1] to [18] or a salt thereof.
[47] A method for treating a tumor having over-expression of PI3K (phosphatidylinositol 3-kinase) comprising ad-
ministering the compound according to any one of [1] to [18] or a salt thereof.
[48] A method for treating a tumor having a mutation(s) of PI3K (phosphatidylinositol 3-kinase) comprising admin-
istering the compound according to any one of [1] to [18] or a salt thereof.
[49] A method of treating a tumor with an activated phosphorylation level of Akt comprising administering the
compound according to any one of [1] to [18] or a salt thereof.
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[50] The use of a compound according to any one of [1] to [18] or a salt thereof, in the manufacture of a medicament.
[51] The use of a compound according to any one of [1] to [18] or a salt thereof, in the manufacture of an antitumor
agent.

ADVANTAGEOUS EFFECTS OF INVENTION

[0016] The 6-morpholinopurine derivative of the present invention can be used as a potent anti-tumor agent because
it exhibits PI3K inhibitory activity, mTOR inhibitory activity, and anti-tumor activity.

DESCRIPTION OF EMBODIMENTS

[0017] Hereafter, each substituent in the present specification will be described.
[0018] In the present specification, "C1-C6 alkyl group" or the "C1-C6 alkyl group" moiety of a C1-C6 alkylamino group,
a diC1-C6 alkylamino group, a C1-C6 alkylsulfonyl group, a C1-C6 alkylamino C1-C6 alkyl group, a C1-C6 alkylcarbonyl
group, a C1-C6 alkylamino C1-C6 alkylcarbonyl group, a C1*-C6 alkylamino C1-C6 alkylsulfonyl group, a diC1-C6 alkylamino
C1-C6 alkylsulfonyl group, a diC1-C6 alkylamino C1-C6 alkylcarbonyl group, a C1-C6 alkylcarbonylamino group, a C1-C6
alkylaminocarbonyl group, a diC1-C6 alkylamino group, a C1-C6 alkylaminosulfonyl group, a dialkylaminosulfonyl group,
a diC1-C6 alkylaminocarbonyl group, or the like means a straight or branched monovalent group that is a saturated
hydrocarbon having 1 to 6 carbon atoms, and examples thereof include a methyl group, an ethyl group, an n-propyl
group, an isopropyl group, an n-butyl group, and a tert-butyl group.
[0019] In the present specification, "C1-C6 alkoxy group" means a C1-C6 alkyloxy group formed from the above-
mentioned C1-C6 alkyl group, and examples thereof include a methoxy group, an ethoxy group, an n-propoxy group,
and an isopropoxy group.
[0020] In the present specification, "C3-C8 cycloalkyl group" or the "C3-C8 cycloalkyl group" moiety of a C3-C8 cy-
cloalkylcarbonyl group or the like means a group that is a saturated cyclic hydrocarbon having 3 to 8 carbon atoms.
Examples of the "C3-C8 cycloalkyl group" include a cyclopropyl group, a cyclobutyl group, and a cyclohexyl group.
[0021] In the present specification, "C1-C6 alkylene group" means a divalent group that is a straight or branched
saturated hydrocarbon having 1 to 6 carbon atoms. Examples of the "C1-C6 alkylene group" include a methylene group,
an ethylene group, a trimethylene group, an isopropylene group, and a tetramethylene group.
[0022] In the present specification, "C1-C6 alkylsulfonyl group" or the "C1-C6 alkylsulfonyl group" moiety of a C1-C6
alkylamino C1-C6 alkylsulfonyl group or the like means a group that is a sulfonyl group substituted with the above-
mentioned C1-C6 alkyl group, and examples thereof include a methylsulfonyl group, an ethylsulfonyl group, and a
propylsulfonyl group.
[0023] In the present specification, "C1-C6 alkylamino group" or the "C1-C6 alkylamino group" moiety of a diC1-C6
alkylamino group, a C1-C6 alkylaminocarbonyl group, a C1-C6 alkylamino C1-C6 alkylcarbonyl group, a C1-C6 alkylami-
nosulfonyl group, a diC1-C6 alkylaminosulfonyl group, a C1-C6 alkylamino C1-C6 alkylsulfonyl group, a diC1-C6 alkylamino
C1-C6 alkylsulfonyl group, a diC1-C6 alkylaminocarbonyl group, a diC1-C6 alkylamino C1-C6 alkylcarbonyl group, or the
like means a group that is an amino group substituted with the above-mentioned C1-C6 alkyl group. Of these, the "diC1-C6
alkylamino group" means an amino group substituted with two C1-C6 alkyl groups. When an amino group is substituted
with two C1-C6 alkyl groups, these C1-C6 alkyl groups may be identical to or different from each other. Examples of the
"C1-C6 alkylamino group" include a methylamino group and an ethylamino group. Examples of the "diC1-C6 alkylamino
group" include a dimethylamino group, a diethylamino group, and a methylethylamino group.
[0024] In the present specification, "oxo group" means a group represented by "=O" unless otherwise specified.
[0025] In the present specification, "C1-C6 alkylcarbonyl group" or the "C1-C6 alkylcarbonyl group" of a C1-C6 alkyl-
carbonylamino group, a C3-C8 cycloalkyl C1-C6 alkylcarbonyl group, a C1-C6 alkylamino C1-C6 alkylcarbonyl group, a
diC1-C6 alkylamino C1-C6 alkylcarbonyl group, a heteroaryl C1-C6 alkylcarbonyl group, or the like means a group that
is a carbonyl group (C=O) substituted with the above-mentioned C1-C6 alkyl group. Similarly, a "C3-C8 cycloalkylcarbonyl
group" means a group that is a carbonyl group (C=O) substituted with the above-mentioned C3-C8 cycloalkyl group.
[0026] In the present specification, "fluoro C1-C6 alkyl group" means the above-mentioned C1-C6 alkyl group substituted
with one or more fluoro groups. Substitution with 1 to 3 fluoro groups is preferred. Examples of the "fluoro C1-C6 alkyl
group" include a fluoromethyl group, a fluoroethyl group, a difluoromethyl group, a difluoroethyl group, a trifluoromethyl
group, and a trifluoroethyl group.
[0027] In the present specification, "hydroxy C1-C6 alkyl group" means the above-mentioned C1-C6 alkyl group sub-
stituted with one or more hydroxy groups. Substitution with 1 to 3 hydroxy groups is preferred. Examples of the "hydroxy
C1-C6 alkyl group" include a hydroxymethyl group and a hydroxyethyl group.
[0028] In the present specification, "C1-C6 alkylamino C1-C6 alkyl group" means the above-mentioned C1-C6 alkyl
group substituted with the above-mentioned C1-C6 alkylamino group.
[0029] In the present specification, "C1-C6 alkylamino C1-C6 alkylcarbonyl group" means the above-mentioned "C1-C6
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alkylcarbonyl group" substituted with the above-mentioned "C1-C6 alkylamino group."
[0030] In the present specification, "C1-C6 alkylamino C1-C6 alkylsulfonyl group" means the above-mentioned "C1-C6
alkylsulfonyl group" substituted with the above-mentioned "C1-C6 alkylamino group."
[0031] In the present specification, "diC1-C6 alkylamino C1-C6 alkylcarbonyl group" means the above-mentioned
"C1-C6 alkylcarbonyl group" substituted with the above-mentioned "diC1-C6 alkylamino group."
[0032] In the present specification, "C3-C8 cycloalkyl C1-C6 alkylcarbonyl group" means the above-mentioned "C1-C6
alkylcarbonyl group" substituted with the above-mentioned "C3-C8 cycloalkyl group."
[0033] In the present specification, "C1-C6 alkylaminocarbonyl group" means a carbonyl group substituted with the
above-mentioned C1-C6 alkylamino group.
[0034] In the present specification, "C1-C6 alkylaminosulfonyl group" means a sulfonyl group substituted with the
above-mentioned C1-C6 alkylamino group.
[0035] In the present specification, "diC1-C6 alkylaminosulfonyl group" means a sulfonyl group substituted with the
above-mentioned diC1-C6 alkylamino group.
[0036] In the present specification, "diC1-C6 alkylamino C1-C6 alkylsulfonyl group" means the above-mentioned C1-C6
alkylsulfonyl group substituted with the above-mentioned diC1-C6 alkylamino group.
[0037] In the present specification, "diC1-C6 alkylaminocarbonyl group" means a carbonyl group substituted with the
above-mentioned diC1-C6 alkylamino group.
[0038] In the present specification, "C1-C6 alkylcarbonylamino group" means an amino group substituted with the
above-mentioned C1-C6 alkylcarbonyl group.
[0039] In the present specification, "aryl group" or the "aryl group" moiety of an arylsulfonyl group or the like means
an aromatic hydrocarbon ring group, and examples thereof include a phenyl group and a naphthyl group. This aryl group
may be bonded at any position.
[0040] In the present specification, "heteroaryl group" or the "heteroaryl group" moiety of a heteroaryl C1-C6 alkylsul-
fonyl group, a heteroaryl C1-C6 alkylcarbonyl group, or the like means a 5- or 6-membered aromatic heterocyclic group
containing one or more nitrogen atoms, sulfur atoms, or oxygen atoms as constituent atoms of the ring in addition to
carbon atoms, and examples thereof include an imidazolyl group, a thiazolyl group, a pyrazolyl group, an oxazolyl group,
a pyridyl group, a pyrimidinyl group, and a pyridazinyl group. These "heteroaryl groups" may be bonded to a sulfonyl
group or the like at any position.
[0041] In the present specification, "6-membered aromatic nitrogen-containing heterocyclic group containing one or
two nitrogen atoms" means a group derived from an unsaturated 6-membered heterocyclic ring compound containing
at least one or two nitrogen atoms as constituent atoms of the ring structure. This 6-membered aromatic nitrogen-
containing heterocyclic group may be bonded at any position. Examples of the 6-membered aromatic nitrogen-containing
heterocyclic group containing one or two nitrogen atoms include groups derived from pyridine, pyridazine, and pyrimidine.
[0042] In the present specification, "4- to 7-membered alicyclic nitrogen-containing heterocyclic group" means a group
derived from a saturated 4- to 7-membered heterocyclic ring compound containing at least one nitrogen atom as a
constituent atom of the ring structure, and this group may be bonded at any position. Examples of the 4- to 7-membered
alicyclic nitrogen-containing heterocyclic group include groups derived from azetidine, pyrrolidine, imidazolidine, triazo-
lidine, oxazolidine, thiazolidine, piperidine, piperazine, morpholine, thiomorpholine, homomorpholine, and homopipera-
zine.
[0043] In the present specification, "arylsulfonyl group" means a sulfonyl group substituted with the above-mentioned
"aryl group," and examples thereof include a benzenesulfonyl group.
[0044] In the present specification, "heteroarylsulfonyl group" means a sulfonyl group substituted with the above-
mentioned heteroaryl group.
[0045] In the present specification, "heteroaryl C1-C6 alkylsulfonyl group" means the above-mentioned C1-C6 alkyl-
sulfonyl substituted with the above-mentioned heteroaryl group.
[0046] In the present specification, "heteroaryl C1-C6 alkylcarbonyl group" means a group comprising the above-
mentioned C1-C6 alkylcarbonyl group substituted with the above-mentioned heteroaryl group.
[0047] Hereafter, each substituent in the general formula (1) will be described.
[0048] R1 and R2 each independently represent a C1-C6 alkyl group that may have one or more substituents, a C1-C6
alkylsulfonyl group that may have one or more substituents, an aryl group that may have one or more substituents, or
a hydrogen atom.
[0049] Here, the substituent(s) in the "C1-C6 alkyl group that may have one or more substituents" and the substituent
(s) in the "C1-C6 alkylsulfonyl group that may have one or more substituents" are preferably one or more halogen atoms,
hydroxy groups, C1-C6 alkyl groups, C3-C8 cycloalkyl groups, C1-C6 alkoxy groups, amino groups, C1-C6 alkylamino
groups, diC1-C6 alkylamino groups, cyano groups, C1-C6 alkylamino C1-C6 alkyl groups, or oxo groups, and the sub-
stituent(s) in the "aryl group that may have one or more substituents" is preferably one or more halogen atoms, hydroxy
groups, C1-C6 alkyl groups, C1-C6 alkoxy groups, amino groups, C1-C6 alkylamino groups, diC1-C6 alkylamino groups,
cyano groups, C1-C6 alkylamino C1-C6 alkyl groups, or C1-C6 alkylcarbonylamino groups. Two or more substituents
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may be present on the same atom or on different atoms.
[0050] R1 and R2 preferably each independently represent a C1-C6 alkyl group that may have one or more substituents
or a hydrogen atom, more preferably a C1-C6 alkyl group or a hydrogen atom. Particularly preferably, one is a C1-C6
alkyl group, and the other is a hydrogen atom, or R1 and R2 are both a hydrogen atom.
[0051] X represents a 6-membered aromatic nitrogen-containing heterocyclic group containing one or two nitrogen
atoms that may have one or more substituents. Examples of X include groups derived from pyridine, pyridazine, and
pyrimidine. X may be bonded at any position on the imidazolopyrimidine ring in the general formula (1). X is preferably
a group derived from pyrimidine and is particularly preferably bonded at the 2nd position on the imidazolopyrimidine ring.
[0052] X is preferably unsubstituted or has a substituent(s) represented by R3 described later.
[0053] R3 means one or more substituents present on a carbon atom(s) constituting the above-mentioned X. R3 may
be a substituent(s) present on any carbon atom(s).
[0054] R3 preferably each independently represents a C1-C6 alkyl group that may have one or more substituents, a
C1-C6 alkoxy group that may have one or more substituents, a C1-C6 alkylamino group that may have one or more
substituents, a diC1-C6 alkylamino group that may have one or more substituents, a C3-C8 cycloalkyl group, an amino
group, a halogeno group, or a hydroxy group.
[0055] Here, the substituent(s) of the "C1-C6 alkyl group that may have one or more substituents," the "C1-C6 alkoxy
group that may have one or more substituents," the "C1-C6 alkylamino group that may have one or more substituents,"
the "diC1-C6 alkylamino group that may have one or more substituents," and the "C3-C8 cycloalkyl group that may have
one or more substituents" is preferably one or more halogen atoms, hydroxy groups, C1-C6 alkyl groups, C3-C8 cycloalkyl
groups, C1-C6 alkoxy groups, amino groups, C1-C6 alkylamino groups, diC1-C6 alkylamino groups, cyano groups, C1-C6
alkylamino C1-C6 alkyl groups, or oxo groups.
[0056] R3 more preferably each independently represents a C1-C6 alkyl group that may have one or more substituents.
[0057] R3a and R3b mean groups present on carbon atoms constituting X when the above-mentioned X is a group
derived from pyrimidine. R3a and R3b preferably each independently represent a substituent described as a preferred
example of the above-mentioned R3 or a hydrogen atom, more preferably a C1-C6 alkyl group, a halogeno C1-C6 alkyl
group, or a hydrogen atom (namely, X is unsubstituted).
[0058] R4 means a C1-C6 alkyl group that may have one or more substituents or a hydrogen atom. R4 is a substituent
present on a carbon atom constituting the morpholine ring in the general formula (1) and may be a substituent present
on any carbon atom. Here, the one or more substituents of the "C1-C6 alkyl group that may have one or more substituents"
is preferably one or more halogen atoms, hydroxy groups, C1-C6 alkyl groups, C3-C8 cycloalkyl groups, C1-C6 alkoxy
groups, amino groups, C1-C6 alkylamino groups, diC1-C6 alkylamino groups, cyano groups, C1-C6 alkylamino C1-C6
alkyl groups, or oxo groups. R9 is preferably a C1-C6 alkyl group or a hydrogen atom.
[0059] Ra represents a group represented by -Y-R5, wherein Y represents a single bond or a C1-C6 alkylene group,
R5 represents a C1-C6 alkyl group that may have one or more substituents, a tetrahydrofuranyl group that may have
one or more substituents, a tetrahydropyranyl group that may have one or more substituents, a pyrrolidinyl group that
may have one or more substituents, a piperidinyl group that may have one or more substituents, or a pyridinyl group
that may have one or more substituents.
[0060] Here, the one or more substituents of the "C1-C6 alkyl group that may have one or more substituents" is
preferably one or more halogen atoms, hydroxy groups, C1-C6 alkyl groups, C3-C8 cycloalkyl groups, C1-C6 alkoxy
groups, amino groups, C1-C6 alkylamino groups, diC1-C6 alkylamino groups, cyano groups, C1-C6 alkylamino C1-C6
alkyl groups, or oxo groups.
[0061] The substituent(s) of the "tetrahydrofuranyl group that may have one or more substituents," the "tetrahydro-
pyranyl group that may have one or more substituents," and the "piperidinyl group that may have one or more substituents"
is preferably one or more halogen atoms, hydroxy groups, C1-C6 alkyl groups, C1-C6 alkoxy groups, amino groups,
C1-C6 alkylamino groups, diC1-C6 alkylamino groups, cyano groups, C1-C6 alkylamino C1-C6 alkyl groups, or C1-C6
alkylcarbonylamino groups. The substituent(s) of the "pyrrolidinyl group that may have one or more substituents" and
the "pyridinyl group that may have one or more substituents" is preferably one or more halogen atoms, hydroxy groups,
C1-C6 alkyl groups, C3-C8 cycloalkyl groups, C1-C6 alkylcarbonyl groups, C3-C8 cycloalkylcarbonyl groups, C3-C8 cy-
cloalkyl C1-C6 alkylcarbonyl groups, C1-C6 alkylamino C1-C6 alkyl groups, C1-C6 alkylsulfonyl groups, or arylcarbonyl
groups that may have one or more substituents.
[0062] Here, the substituent(s) of the "arylcarbonyl groups that may have one or more substituents" is preferably
halogen atoms, hydroxy groups, C1-C6 alkyl groups, C3-C8 cycloalkyl groups, C1-C6 alkoxy groups, amino groups, C1-C6
alkylamino groups, diC1-C6 alkylamino groups, cyano groups, C1-C6 alkylamino C1-C6 alkyl groups, or oxo groups.
[0063] Ra is preferably a group in which Y is a single bond or a straight C1-C3 alkylene group and R5 is a C1-C6 alkyl
group, a C1-C6 alkyl group substituted with one or more halogen atoms, a C3-C8 cycloalkyl group, a tetrahydrofuranyl
group, a pyrrolidinyl group that may have one or more substituents, or a tetrahydropyranyl group, and is preferably any
one group selected from the following formulas Ra1-Ra11
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wherein, in the formula Ra5, R6 represents -SO2R8 or -COR8 wherein R8 represents a C1-C6 alkyl group that may have
one or more substituents or an aryl group that may have one or more substituents, in the formula Ra8, R9a represents
a C1-C6 alkyl group, a C3-C8 cycloalkyl group, an amino C1-C6 alkyl group, a C1-C6 alkylamino C1-C6 alkyl group, a
diC1-C6 alkylamino C1-C6 alkyl group, a hydroxy C1-C6 alkyl group, a carboxy C1-C6 alkyl group, an aryl group that may
have one or more substituents selected from the above-mentioned Group A, or a heteroaryl group that may have one
or more substituents selected from the above-mentioned Group A.
[0064] The substituent(s) of the "C1-C6 alkyl group that may have one or more substituents" and the "aryl group that
may have one or more substituents" in R8 is preferably one or more halogen atoms, hydroxy groups, C1-C6 alkyl groups,
C3-C8 cycloalkyl groups, C1-C6 alkoxy groups, amino groups, C1-C6 alkylamino groups, diC1-C6 alkylamino groups,
cyano groups, C1-C6 alkylamino C1-C6 alkyl groups, or oxo groups.
[0065] More preferably, Y in Ra represents a single bond, and R5 in Ra represents a C1-C6 alkyl group, or a C1-C6
alkyl group substituted with halogen atom(s) or a C3-C8 cycloalkyl group.
[0066] R9a is preferably a methyl group, an ethyl group, a trifluoromethyl group, or a pentafluoroethyl group.
[0067] Rb and Rc each independently represent a C1-C6 alkyl group that may have one or more substituents or a
hydrogen atom, or Rb and Rc, together with the nitrogen atom to which Rb and Rc are bonded, may form a 4- to 7-
membered alicyclic nitrogen-containing heterocyclic group that may have one or more substituents.
[0068] Here, the one or more substituents of the "C1-C6 alkyl group that may have one or more substituents" and the
"Rb and Rc, together with the nitrogen atom to which Rb and Rc are bonded, form a 4- to 7-membered alicyclic nitrogen-
containing heterocyclic group that may have one or more substituents" are preferably one or more groups selected from
halogen atoms, hydroxy groups, formyl groups, C1-C6 alkyl groups that may have one or more substituents selected
from the above-mentioned Group A, C3-C8 cycloalkyl groups that may have one or more substituents selected from the
above-mentioned Group A, C1-C6 alkoxy groups that may have one or more substituents selected from the above-
mentioned Group A, amino groups, C1-C6 alkylamino groups that may have one or more substituents selected from the
above-mentioned Group A, diC1-C6 alkylamino groups that may have one or more substituents selected from the above-
mentioned Group A, C1-C6 alkylsulfonylamino groups that may have one or more substituents selected from the above-
mentioned Group A, C1-C6 alkylsulfonyl C1-C6 alkylamino groups that may have one or more substituents selected from
the above-mentioned Group A, arylsulfonylamino groups that may have one or more substituents selected from the
above-mentioned Group A, arylsulfonyl C1-C6 alkylamino groups that may have one or more substituents selected from
the above-mentioned Group A, heteroarylsulfonylamino groups that may have one or more substituents selected from
the above-mentioned Group A, heteroarylsulfonyl C1-C6 alkylamino groups that may have one or more substituents
selected from the above-mentioned Group A, a C1-C6 alkylsulfonylamino C1-C6 alkyl groups that may have one or more
substituents selected from the above-mentioned Group A, C1-C6 alkylsulfonyl C1-C6 alkylamino C1-C6 alkyl groups that
may have one or more substituents selected from the above-mentioned Group A, arylsulfonylamino C1-C6 alkyl groups
that may have one or more substituents selected from the above-mentioned Group A, arylsulfonyl C1-C6 alkylamino
C1-C6 alkyl groups that may have one or more substituents selected from the above-mentioned Group A, heteroaryl-
sulfonylamino C1-C6 alkyl groups that may have one or more substituents selected from the above-mentioned Group
A, heteroarylsulfonyl C1-C6 alkylamino C1-C6 alkyl groups that may have one or more substituents selected from the
above-mentioned Group A, cyano groups, C1-C6 alkylamino C1-C6 alkyl group that may have one or more substituents
selected from the above-mentioned Group A, oxo groups, C1-C6 alkylcarbonyl groups that may have one or more
substituents selected from the above-mentioned Group A, C3-C8 cycloalkylcarbonyl groups that may have one or more
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substituents selected from the above-mentioned Group A, C3-C8 cycloalkyl C1-C6 alkylcarbonyl groups that may have
one or more substituent selected from the above-mentioned Group A, C1-C6 alkylsulfonyl groups that may have one or
more substituents selected from the above-mentioned Group A, C1-C6 alkylamino C1-C6 alkylcarbonyl groups that may
have one or more substituents selected from the above-mentioned Group A, C1-C6 alkylaminocarbonyl groups that may
have one or more substituents selected from the above-mentioned Group A, C1-C6 alkylamino C1-C6 alkylsulfonyl groups
that may have one or more substituents selected from the above-mentioned Group A, diC1-C6 alkylamino C1-C6 alkyl-
sulfonyl groups that may have one or more substituents selected from the above-mentioned Group A, C1-C6 alkylami-
nosulfonyl groups that may have one or more substituents selected from the above-mentioned Group A, diC1-C6 alkylami-
nosulfonyl groups that may have one or more substituents selected from the above-mentioned Group A, diC1-C6 alkylami-
no C1-C6 alkylcarbonyl groups that may have one or more substituents selected from the above-mentioned Group A,
diC1-C6 alkylaminocarbonyl groups that may have one or more substituents selected from the above-mentioned Group
A, arylsulfonyl groups that may have one or more substituents selected from the above-mentioned Group A, heteroar-
ylsulfonyl groups that may have one or more substituents selected from the above-mentioned Group A, heteroaryl C1-C6
alkylsulfonyl groups that may have one or more substituents selected from the above-mentioned Group A, heteroaryl
C1-C6 alkylcarbonyl groups that may have one or more substituents selected from the above-mentioned Group A, and
groups represented by the following general formula (2):

wherein n is any of 0 to 3, Ring A is any of an azetidine ring, a pyrrolidine ring, a pyridine ring, a morpholine ring, and
a piperazine ring, and a carbon atom(s) constituting the ring may have one or more substituents selected from the above-
mentioned Group A.
[0069] When Rb and Rc, together with the nitrogen atom to which Rb and Rc are bonded, form a 4- to 7-membered
alicyclic nitrogen-containing heterocyclic group that may have one or more substituents, the 4- to 7-membered alicyclic
nitrogen-containing heterocyclic group moiety is preferably an azetidine ring, a pyrrolidine ring, a morpholine ring, a
piperazine ring, or a piperidine ring.
[0070] Preferably, one of Rb and Rc is a C1-C6 alkyl group that may have one or more substituents and the other is
a hydrogen atom, or Rb and Rc, together with the nitrogen atom to which Rb and Rc are bonded, form a 4- to 7-membered
alicyclic nitrogen-containing heterocyclic group having one or more substituents, and Rb, Rc, or a group formed by Rb
and Rc, together with the nitrogen atom to which Rb and Rc are bonded are preferably any one selected from the
following formulas Rbc1-Rbc80:
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wherein, in the formula Rbc1 to Rbc80, R9a, R9b, R9c, R10, and R11 each independently represent a C1-C6 alkyl group,
a C3-C8 cycloalkyl group, an amino C1-C6 alkyl group, a C1-C6 alkylamino C1-C6 alkyl group, a diC1-C6 alkylamino
C1-C6 alkyl group, a hydroxy C1-C6 alkyl group, a carboxy C1-C6 alkyl group, an aryl group that may have one or more
substituents selected from the above-mentioned Group A, or a heteroaryl group that may have one or more substituents
selected from the above-mentioned Group A, and R9d and R9e each independently represent a C1-C6 alkyl group, a
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C3-C8 cycloalkyl group, an amino C1-C6 alkyl group, a C1-C6 alkylamino C1-C6 alkyl group, a diC1-C6 alkylamino C1-C6
alkyl group, a hydroxy C1-C6 alkyl group, a carboxy C1-C6 alkyl group, an aryl group that may have one or more
substituents selected from the above-mentioned Group A, a heteroaryl group that may have one or more substituents
selected from the above-mentioned Group A, a hydrogen atom, a hydroxyl group, an amino group, a group represented
by NH-R10, or a group represented by NR10R11. Here, the substituent of the "aryl group that may have one or more
substituents" and the "heteroaryl group that may have one or more substituents" is preferably a halogen atom, a hydroxy
group, a C1-C6 alkyl group, a C3-C8 cycloalkyl group, a C1-C6 alkoxy group, an amino group, a C1-C6 alkylamino group,
a diC1-C6 alkylamino group, a cyano group, a C1-C6 alkylamino C1-C6 alkyl group, or an oxo group.
[0071] More preferably, Rb and Rc form any one of an alicyclic nitrogen-containing heterocyclic group selected from
the following formulas:

[0072] Furthermore, the compound of the general formula (1) is preferably any one of the compounds of the Examples
and/or Tables 1 to 18 described later or a salt thereof. Besides, the compound of the general formula (1) is preferably
a compound being selected from the group consisting of:
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[0073] Furthermore, the compound of the general formula (1) is preferably a compound being selected from the group
consisting of:
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[0074] The compound represented by the general formula (1) of the present invention can be provided as a pharma-
ceutically acceptable salt as required. Examples of such a salt include hydrohalides such as hydrochlorides and hy-
droiodides, inorganic acid salts such as nitrates, perchlorates, sulfates, and phosphates, lower alkanesulfonates such
as methanesulfonates, trifluoromethanesulfonates, and ethanesulfonates, arylsulfonates such as benzenesulfonates
and p-toluenesulfonates, organic acid salts such as formates, acetates, malates, fumarates, succinates, citrates, tar-
trates, oxalates, and maleates, and amino acid salts such as ornithinates, glutamates, and aspartates. Of these, hydro-
halides; lower alkanesulfonates such as methanesulfonate, trifluoromethanesulfonate and ethanesulfonate; arylsul-
fonates such as p-toluenesulfonate and benzenesulfonate; and sulfates are preferred.
[0075] Furthermore, when the compound represented by the general formula (1) of the present invention has an acidic
group such as a carboxy group, a base addition salt can be formed in general. Examples of the pharmaceutically
acceptable salt include alkali metal salts such as sodium salts, potassium salts, and lithium salts, alkaline earth metal
salts such as calcium salts and magnesium salts, inorganic salts such as ammonium salts, and organic amine salts
such as dibenzylamine salts, morpholine salts, phenylglycine alkyl ester salts, ethylenediamine salts, N-methylglucamine
salts, diethylamine salts, triethylamine salts, cyclohexylamine salts, dicyclohexylamine salts, N,N’-dibenzylethylenedi-
amine salts, diethanolamine salts, N-benzyl-N-(2-phenylethoxy)amine salts, piperazine salts, tetramethylammonium
salts, and tris(hydroxymethyl)aminomethane salts.
[0076] The compound represented by the general formula (1) of the present invention may exist as a free compound
or as a solvate. The solvate is not particularly limited so long as it is pharmaceutically acceptable, and specific preferred
examples thereof include hydrates and ethanolates. Furthermore, since nitrogen atoms are present in the compound
represented by the general formula (1) of the present invention, the solvate may be an N-oxide, and these solvates and
N-oxides also fall within the scope of the present invention.
[0077] The compound represented by the general formula (1) of the present invention may have various isomers such
as geometrical isomers having a cis or trans configuration and optical isomers such as tautomers and D- or L-isomers,
depending on types and combinations of the substituents. The compound of the present invention encompasses all
these isomers, stereoisomers, and mixtures of these isomers and stereoisomers in any ratio unless otherwise specified.
[0078] The compound represented by the general formula (1) of the present invention may possess one or more
isotope(s) in the atoms composing the general formula (1). The isotopes, for example, encompass deuterium (2H), tritium
(3H), iodine-125 (125I), carbon-14 (14C), or carbon-13 (13C). Those compounds are useful for the treatment of disease,
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the prevention of disease, as reagents such as an assay reagent for research, and in diagnosis such as by in vivo
imaging. All the isotopic variations of the compound represented by the general formula (1) are included in this invention.
[0079] Furthermore, the present invention encompasses compounds converted to the compound (1), an active ingre-
dient of the pharmaceutical composition of the present invention, by reactions mediated by enzymes, gastric acid, and
the like under in vivo physiological conditions, specifically, compounds changed to the compound (1) due to enzymatic
oxidation, reduction, hydrolysis, or the like and "pharmaceutically acceptable prodrug compounds" changed to compound
(1) due to hydrolysis by gastric acid or the like.
[0080] When an amino group exists in the compound (1), examples of the above-mentioned prodrug include com-
pounds containing the amino group subjected to acylation, alkylation, and phosphorylation (for example, compounds
containing the amino group subjected to eicosanoylation, alanylation, pentylaminocarbonylation, (5 methyl-2-oxo-1,3-
dioxolen-4-yl)methoxycarbonylation, tetrahydrofuranylation, pyrrolidylmethylation, and pivaloyloxymethylation, tert-
butylation). When a hydroxyl group exists in the compound (1), examples thereof include compounds containing the
hydroxyl group subjected to acylation, alkylation, phosphorylation, and boridation (for example, compounds containing
the hydroxyl group subjected to acetylation, palmitoylation, propanoylation, pivaloylation, succinylation, fumarylation,
alanylation, and dimethylaminomethylcarbonylation). Furthermore, when a carboxy group exists in the compound (I),
examples of the above-mentioned prodrug include compounds containing the carboxy group subjected to esterification
and amidation (for example, compounds containing the carboxy group subjected to ethyl esterification, phenyl esterifi-
cation, carboxymethyl esterification, dimethylaminomethyl esterification, pivaloyloxymethyl esterification, ethoxycarbo-
nyloxyethyl esterification, amidation, and methylamidation).
[0081] The prodrug of the compound of the present invention can be produced from the compound (1) by known
methods. Furthermore, the prodrug of the compound of the present invention also encompasses the compounds changed
to the compound (1) under physiological conditions that are described in "Iyakuhin no Kaihatsu" (Development of Drugs)
Vol.7, Bunshi Sekkei (Molecular Design), pp. 163-198, 1990, Hirokawa Publishing Co.
[0082] Specific examples of the compound represented by the general formula (1) of the present invention include
the compounds listed in the following Compound Tables 1 to 18. These compounds can be synthesized according to
Production Method 1 or 2 described below or the methods described in the Examples. R1, R2, R31, R32, R4, Ra, Rb, Rc,
A, B, D, and E in Tables 1 to 18 mean groups represented in the following general formula (1b).

[Table 1]

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A1 H H H H H CH3 N C N C

A2 H H H H H CH2CH3 N C N C

A3 H H H H H
CH2CH
(CH3)2

N C N C

A4 H H H H H
CH2CH
(CH3)2

N C N C
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(continued)

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A5 H H H H H CH(CH3)2 N C N C

A6 H H H H H CH(CH3)2 N C N C

A7 H H H H H N C N C

A8 CH3 H H H H N C N C

A9 H H H H H N C N C

A10 H H 4-CH3 H H N C N C

A11 H H 4-CF3 H H N C N C

A12 H H H H 2-(R)-CH3 N C N C

A13 H H H H 2-(S)-CH3 N C N C

A14 H H H H H CH2CF3 N C N C

A15 H H H H H CH2CF3 N C N C

[Table 2]

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A16 H H H H H N C N C

A17 CH3 H H H H CH2CF3 N C N C

A18 H H H H 2-(R)-CH3 CH2CF3 N C N C

A19 H H H H 2-(S)-CH3 CH2CF3 N C N C
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(continued)

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A20 CH3 H H H H CH2CF3 N C N C

A21 H H 4-CH3 H 2-(R)-CH3 N C N C

A22 H H 4-CH3 H 2-(R)-CH3 N C N C

A23 H H H H H N C N C

A24 H H H H H CH2CF3 N C N C

A25 H H H H H CH2CF3 N C N C

A26 CH3 H H H H CH2CF3 N C N C

A27 H H 4-CH3 H H N C N C

A28 CH3 H H H H N C N C

A29 H H H H H N C N C

A30 CH3 H H H H N C N C

[Table 3]

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A31 H H 4-CH3 H H N C N C

A32 H H H H H N C N C

A33 H H H H H N C N C
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(continued)

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A34 H H 4-CH3 H H N C N C

A35 H H 4-CH3 H H N C N C

A36 CH3 H 4-CH3 H H N C N C

A37 CH3 CH3 4-CH3 H H N C N C

A38 H H H H H N C C C

A39 H H 4-CH3 H H N C C C

A40 H H 4-CF3 H H N C C C

A41 CH3 H H H H N C C C

A42 H H 4-F H H N C N C

A43 H H 4-NH2 H H N C N C

A44 H H 4-NHCH3 H H N C N C

A45 H H
4-
NCH3CH3

H H N C N C

[Table 4]

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A46 H H 4-0CH3 H H N C N C

A47 H H H H H N N C C

A48 H H H H H N C C N
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(continued)

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A49 H H H H H N C C C

A50 H H H H H N C N C

A51 CH3 H H H H N C N C

A52 CH3 H H H H N C N C

A53 H H H H H N C N C

A54 H H H H H N C N C

A55 H H H H H N C N C

A56 H H H H H N C N C

A57 H H H H H N C N C

A58 H H H H H N C N C

A59 H H 4-CH3 H H N C N C

A60 H H 4-CH3 H H N C N C

[Table 5]

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A61 H H 4-CH3 H H N C N C

A62 H H 4-CH3 H H N C N C
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(continued)

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A63 H H 4-CH3 H H N C N C

A64 H H 4-CH3 H H N C N C

A65 H H H H H N C N C

A66 CH3 H H H H N C N C

A67 H H H H H N C N C

A68 H H H H H N C N C

A69 H H H H H N C N C

A 70 H H H H H N C N C

A71 H H 4-CH3 H H N C N C

A 72 H H 4-CH3 H H N C N C

A73 H H H H H CH2CH (H3)2 N C N C

[Table 6]

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A74 H H H H H CH2CH (CH3)2 N C N C

A75 H H H H H CH2CH (CH3)2 N C N C
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(continued)

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A76 H H H H H CH2CH (CH3)2 N C N C

A 77 H H H H H CH2CH (CH3)2 N C N C

A 78 H H H H H CH2CH (CH3)2 N C N C

A 79 H H H H H CH2CH (CH3)2 N C N C

A80 H H H H H N C N C

A81 H H H H H CH2CH (CH3)2 N C N C

A82 H H H H H CH2CF3 N C N C

A83 H H H H H N C N C

A84 H H H H H N C N C

[Table 7]

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A85 H H H H 2-(R)-CH3 N C N C

A86 H H H H 2-(S)-CH3 N C N C

A87 H H H H 2-(R)-CH 3 N C N C
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(continued)

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A88 H H H H 2-(S)-CH3 N C N C

A89 H H H H H CH2CF3 N C N C

A90 H H H H H CH2CF3 N C N C

A91 H H H H 2-(R)-CH3 CH2CF3 N C N C

A92 H H H H 2-(S)-CH3 CH2CF3 N C N C

A93 H H H H 2-(R)-CH3 CH2CF3 N C N C

A94 H H H H 2-(S)-CH3 CH2CF3 N C N C

A95 H H H H 2-(R)-CH3
CH2CH
(CH3)2

N C N C

A96 H H H H 2-(S)-CH3
CH2CH
(CH3)2

N C N C

[Table 8]

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A97 H H H H 2-(R)-CH3
CH2CH
(CH3)2

N C N C

A98 H H H H 2-(S)-CH3
CH2CH
(CH3)2

N C N C

A99 H H H H H CH2CF3 N C N C
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(continued)

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A100 H H H H H
CH2CH
(CH3)2

N C N C

A101 H H
4-
CH3

H H N C N C

A102 H H
4-
CH3

H H N C N C

A103 H H
4-
CH3

H 2-(R)-CH3 N C N C

A104 H H
4-
CH3

H 2-(S)-CH3 N C N C

A105 H H
4-
CH3

H 2-(R)-CH3 N C N C

A106 H H
4-
CH3

H 2-(S)-CH3 N C N C

A107 H H H H 2-(R)-CH3 CH2CF3 N C N C

[Table 9]

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A108 H H H H 2-(S)-CH3 CH2CF3 N C N C

A109 H H H H 2-(R)-CH3 CH2CF3 N C N C

A110 H H H H 2-(S)CH3 CH2CF3 N C N C

A111 H H 4-CH 3 H H CH2CF3 N C N C
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(continued)

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A112 H H 4-CH3 H H CH2CF3 N C N C

A113 H H 4-CH3 H H CH2CF3 N C N C

A114 H H 4-CH3 H H CH2CF3 N C N C

A115 H H 4-CH3 H H CH2CF3 N C N C

A116 H H 4-CH3 H H CH2CF3 N C N C

A117 H H H H H CH2cBu N C N C

A118 CH3 H H H H CH2cBu N C N C

A119 H H H H H CH2cBu N C N C

A 120 CH3 H H H H CH2cBu N C N C

A121 H H H H H CH2cBu N C N C

[Table 10]

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A 122 CH3 H H H H CH2cBu N C N C

A 123 H H 4-CH3 H H CH2cBu N C N C

A 124 H H 4-CH3 H H CH2cBu N C N C

A 125 H H 4-CH3 H H CH2cBu N C N C
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(continued)

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A 126 H H 4-CH3 H H CH2cBu N C N C

A 127 CH3 H H H H CH2CH (CH3)2 N C N C

A 128 CH3 H H H H CH2CH (CH3)2 N C N C

A 129 CH3 H H H H CH2CH (CH3)2 N C N C

A 130 H H 4-CH3 H H CH2CH (CH3)2 N C N C

A 131 H H 4-CH3 H H CH2CH (CH3)2 N C N C

A 132 H H 4-CH3 H H CH2CH (CH3)2 N C N C

A 133 H H H H H CH2C (CH3)3 N C N C

[Table 11]

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A 134 H H H H H CH2C (CH3)3 N C N C

A 135 H H H H H CH2C (CH3)3 N C N C

A 136 H H H H H N C N C

A 137 H H H H H CH2C (CH3)3 N C N C

A138 H H H H H CH2CF3 N C N C
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[Table 12]

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A 139 H H H H H CH2CF3 N C N C

A 140 H H H H H CH2CF3 N C N C

A 141 H H H H H CH2CF3 N C N C

A 142 H H H H H CH2CF3 N C N C

A 143 H H H H H CH2CF3 N C N C

A 144 H H H H H CH2CF3 N C N C

A 145 H H H H H CH2CF3 N C N C

A 146 H H H H H CH2CHF2 N C N C

A147 H H H H H CH2CF3 N C N C

A 148 H H H H H CH2CF3 N C N C

A149 H H H H H CH2CF3 N C N C

A 150 H H H H H CH2CF3 N C N C
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[Table 13]

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A151 H H H H H CH2CF3 N C N C

A 152 H H H H H CH2CF3 N C N C

A 153 H H H H H CH2CF3 N C N C

A 154 H H 4-CH3 H H N C N C

A 155 H H H H H N C N C

A 156 H H H H H CH2CF3 N C N C

A157 H H H H H CH2CF3 N C N C

A 158 H H H H H CH2CF3 N C N C

A 159 H H H H H CH2CF3 N C N C

A 160 H H H H H CH2CF3 N C N C

A161 H H H H H CH2CF3 N C N C

A 162 H H H H H
CH2CH
(CH3)2

N C N C
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[Table 14]

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A163 H H H H H
CH2CH
(CH3)2

N C N C

A164 H H H H H
CH2CH
(CH3)2

N C N C

A165 H H H H H
CH2CH
(CH3)2

N C N C

A166 H H H H H
CH2CH
(CH3)2

N C N C

A167 H H H H H
CH2CH
(CH3)2

N C N C

A168 H H H H H
CH2CH
(CH3)2

N C N C

A169 CH3 H H H H CH2CF3 N C N C

A170 H H H H H N C N C

A171 H H H H H
CH2CH
(CH3)2

N C N C

A172 H H H H H
CH2CH
(CH3)2

N C N C

A 173 H H H H H N C N C

A 174 H H H H H N C N C

A 175 H H H H H
CH2CH
(CH3)2

N C N C
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[Table 15]

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A 176 H H H H H N C N C

A 177 H H H H H N C N C

A 178 H H H H H N C N C

A 179 H H H H H N C N C

A180 H H H H H N C N C

A 181 H H H H H CH2CH (CH3)2 N C N C

A 182 H H H H H CH2CH (CH3)2 N C N C

A 183 H H H H H CH2CH (CH3)2 N C N C

A 184 H H H H H CH2CH (CH3)2 N C N C

A 185 H H H H H CH2CH (CH3)2 N C N C

A 186 H H H H H CH2CH (CH3)2 N C N C

A 187 CH3 H H H H CH2CF3 N C N C
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[Table 16]

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A 188 CH3 H H H H CH2CF3 N C N C

A189 CH3 H H H H CH2CF3 N C N C

A190 CH3 H H H H CH2CF3 N C N C

A191 H H H H H CH2CF3 N C N C

A 192 H H H H H CH2CF3 N C N C

A 193 H H H H H CH2CF3 N C N C

A 194 H H H H H CH2CF3 N C N C

A 195 H H H H H N C N C

A 196 H H H H H N C N C

A 197 H H H H H CH2CF3 N C N C

A 198 H H H H H CH2CF3 N C N C

A 199 H H H H H CH2CF3 N C N C
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[Table 17]

R1 R2 R31 R32 R4 Ra *-NRbRc A B D E

A 200 H H H H H CH2CF3 N C N C

A201 H H H H H CH2CF3 N C N C

A202 H H H H H CH2CF3 N C N C

A 203 H H H H H CH2CF3 N C N C

A 204 H H H H H CH2CF3 N C N C

A205 H H H H H CH2CF3 N C N C

A206 H H H H H CH2CF3 N C N C

A207 H H H H H CH2CF3 N C N C

A 208 H H H H H CH2CF3 N C N C

A 209 H H H H 2-(S)-CH3 CH2CF3 N C N C

A210 H H
4-
CH3

H 2-(S)-CH3 N C N C

[Table 18]

R1 R2 R3

1
R3

2 R4 Ra *-NRbRc A B D E

A 211 H H H H 2-(S)-CH3
CH2CH
(CH3)2

N C N C
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[0083] Hereafter, methods for producing the compounds represented by the general formula (1) will be described.
However, the methods for producing the compounds represented by the general formula (1) are not limited to the
following methods.
[0084] The compound represented by the general formula (1) and intermediate products thereof can be produced
utilizing various known reactions described below. At this time, at the stage of raw materials or intermediates, a functional
group may be protected by a suitable protective group. Examples of such a functional group include a hydroxyl group,
a carboxy group, and an amino group. Types of protective groups and conditions for introduction and removal of these
protective groups can be determined with reference to, for example, those described in Protective Groups in Organic
Synthesis (T.W. Greene and P.G.M. Wuts, John Wiley & Sons, Inc., New York, 2006).
[0085] The compound represented by the general formula (1) of the present invention (in the present specification,
may be referred to as the compound (1)) (a compound in which either R1 or R2 is a hydrogen atom or R1 and R2 are
both a hydrogen atom) can be produced by Production Method 1 described below. The raw materials used herein can
be purchased as commercially available products or can be readily synthesized with reference to the Examples.

Production Method 1

[0086]

(continued)

R1 R2 R3

1
R3

2 R4 Ra *-NRbRc A B D E

A212 H H H H 2-(S)-CH3
CH2CH
(CH3)2

N C N C

A213 H H H H 2-(S)-CH3
CH2CH
(CH3)2

N C N C

A214 H H H H 2-(S)-CH3
CH2CH
(CH3)2

N C N C

A215 H H H H 2-(S)-CH3
CH2CH
(CH3)2

N C N C

A216 CH3 H H H H CH2CF 3 N C N C
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wherein R1, R2, R3, R4, Ra, Rb, Rc, and X have the same meanings as defined above.
[0087] Hereafter, each step in the above-mentioned scheme will be described.

[0088] Compound 1 is converted to Compound 2 by treating the compound with an alkyl halide compound or a
methanesulfonyloxyalkyl compound or a trifluoromethanesulfonyloxyalkyl compound at room temperature to 150˚C in
a suitable solvent that does not adversely affect the reaction, such as, for example, N,N-dimethylformamide, dimethyl
sulfoxide, 1,4-dioxane, or acetonitrile or a mixed solvent thereof in the presence of an organic base such as potassium
carbonate, potassium t-butoxide, or triethylamine or an inorganic base with or without the addition of a suitable additive
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(for example, triethylbenzylammonium chloride). 1 to an excess mole, preferably 1 to 5 moles of an alkyl halide or a
base per mole of Compound 1 is used. The reaction time is 30 minutes to 72 hours, preferably 30 minutes to 24 hours.
[0089] Furthermore, Compound 1 can also be converted to Compound 2 by a Mitsunobu reaction between Compound
1 and a corresponding alcohol (RaOH) thereof. For example, Compound 2 can be obtained by allowing a mixture of
Compound 1 and a corresponding alcohol thereof to act on dialkyl azodicarboxylate or the like in an aprotic solvent such
as methylene chloride or tetrahydrofuran in the presence of triphenylphosphine. 1 to an excess mole, preferably 1 to
1.5 mole of an alcohol per mole of Compound 1 is used. The reaction time is 30 minutes to 24 hours, preferably 30
minutes to 10 hours. The reaction temperature is preferably 0 to 80˚C.

[0090] Compound 2 is converted to Compound 5 by heating the compound in a suitable solvent (may be protic or
aprotic) in the presence of Compound 3. 1 to an excess mole, preferably 1 to 4 moles of Compound 3 per mole of
Compound 2 is used. The reaction temperature is preferably about 60 to 100˚C, more preferably 80 to 100˚C. The
reaction time is preferably about 1 to 10 hours.

[0091] Compound 1 is converted to Compound 4 by heating the compound in a suitable solvent (may be protic or
aprotic) in the presence of Compound 3. The reaction temperature is preferably about 60 to 100˚C, more preferably 80
to 100˚C. The reaction time is preferably about 1 to 10 hours.

[0092] Compound 4 is converted to Compound 5 by treating Compound 4 with an alkyl halide compound or a meth-
anesulfonyloxyalkyl compound or a trifluoromethanesulfonyloxyalkyl compound at room temperature to 150˚C in a suit-
able solvent that does not adversely affect the reaction, such as, for example, N,N-dimethylformamide, dimethyl sulfoxide,
1,4-dioxane, or acetonitrile or a mixed solvent thereof, in the presence of an organic base such as potassium carbonate,
potassium t-butoxide, or triethylamine or an inorganic base with or without the addition of a suitable additive (for example,
triethylbenzylammonium chloride). 1 to an excess mole, preferably 1 to 5 moles of an alkyl halide or a base per mole of
Compound 4 is used. The reaction time is 30 minutes to 72 hours, preferably 30 minutes to 24 hours.



EP 2 336 132 A1

47

5

10

15

20

25

30

35

40

45

50

55

[0093] Compound 5 is converted to Compound 6 by subjecting Compound 5 to a coupling reaction with a corresponding
boron reagent, tin reagent, or the like using a known organic chemical technique. For example, the conversion is
performed by adding an organic base or an inorganic base such as, for example, sodium hydrogen carbonate, tripotassium
phosphate, or diisopropylethylamine, a ligand (for example, triphenylphosphine), and a known reaction-promoting ad-
ditive (for example, lithium chloride or copper iodide) to Compound 5 as required in the presence of a suitable organic
boronic acid, organic boronate, organic tin, organic zinc, organic magnesium compound, or the like and a suitable
transition metal catalyst (for example, a palladium compound).
[0094] In the above-mentioned coupling reaction, a suitable solvent that does not adversely affect the reaction, such
as, for example, N,N-dimethylformamide, tetrahydrofuran, toluene, 1,4-dioxane, and water or a mixed solvent thereof,
is used as the solvent, and the reaction temperature is 0 to 300˚C, preferably room temperature to 200˚C. 1 to an excess
mole, preferably 1 to 5 moles of organic boronic acid, a boronic ester, and a base per mole of Compound 5 is used. The
reaction time is preferably 1 minute to 60 hours, more preferably 5 minutes to 24 hours.
[0095] Furthermore, the coupling reaction can be also similarly performed by protecting an amino group of boronic
acid, a boronic ester, or the like used by a suitable protective group such as a group that can be usually used as a
protective group for an amino group of, for example, a tert-butoxycarbonyl group, a benzoyloxycarbonyl group, or an
allyloxycarbonyl group. In this case, since a part of a protective group may be removed under a condition where a base
is used as a catalyst, a coupling reaction can also be induced in Compound 7 with a technique similar to the condition
shown in Formula 17.

[0096] Compound 6 (when one or more substituents present on a nitrogen atom bonded to X are a hydrogen atom
in the figure) is converted to Compound 7 by reacting an excess mole, preferably 2 to 5 moles of BoC2O per mole of
Compound 6 in a suitable solvent that does not adversely affect the reaction, such as, for example, N-methylpyrolidone,
N,N-dimethylformamide, tetrahydrofuran, or 1,4-dioxane, with the addition of a catalytic amount of a base such as 4-
dimethylaminopyridine at room temperature to 80˚C for about 1 to 10 hours.
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[0097] Compound 7 is converted to Compound 8 by reacting 1 mole to an excess mole, preferably 1 to 3 moles of a
usually used halogenating agent such as, for example, N-chlorosuccinimide, N-bromosuccinimide, N-iodine succinimide,
bromine, iodine, or BrI per mole of Compound 7 in a suitable solvent that does not adversely affect the reaction (for
example, N,N-dimethylformamide, acetonitrile, chloroform, or methylene chloride) at room temperature to 80˚C for 1 to
24 hours. A radical reaction initiator may be added occasionally.

[0098] Compound 8 is converted to Compound 9 by allowing hydrochloric acid, trifluoroacetic acid, formic acid, or the
like to act. The reaction temperature is 0 to 100˚C, preferably 0˚C to room temperature. The conversion may be performed
by adding a suitable solvent that does not adversely affect the reaction, such as, for example, N,N-dimethylformamide,
acetonitrile, chloroform, methylene chloride, or 1,4-dioxane, at a suitable time.

[0099] Compound 8 is converted to Compound 10 by using a solvent such as dimethyl sulfoxide, N,N-dimethylforma-
mide, N,N-dimethyl acetamide, 1,3-dimethyl-2-imidazolidinone, 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone, N-
methylpyrrolidone, or tert-butanol as the solvent and 1 mole to an excess mole, preferably 2 to 10 moles of a corresponding
amine thereof in the range of 80 to 200˚C.
[0100] When Rb and Rc have one or more substituents selected from the above-mentioned Group E, one or more
substituents selected from Group E can be introduced into the corresponding amine beforehand. Furthermore, the
substituent(s) (Group E) can be introduced by a known method after protecting the position on the amine into which the
substituent(s) is to be introduced later as required, performing the substitution reaction with Compound 8, and then
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removing the protective group. When a protective group is not required, the substituent(s) can be introduced by a known
method after the substitution reaction with Compound 8.

[0101] Compound 9 is converted to the Compound (1) using a solvent such as dimethyl sulfoxide, N,N-dimethylfor-
mamide, N,N-dimethyl acetamide, 1,3-dimethyl-2-imidazolidinone, 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone,
N-methylpyrrolidone, or tert-butanol as the solvent and 1 to an excess mole, preferably 2 to 10 moles of the corresponding
amine in the range of 80 to 200˚C.
[0102] When Rb and Rc have one or more substituents selected from the above-mentioned Group E, the substituent
(s) selected from Group E can be introduced into the corresponding amine beforehand. Furthermore, the substituent(s)
(Group E) can be introduced by a known method after protecting the position on the amine into which the substituent
(s) is to be introduced later as required, performing the substitution reaction with Compound 9, and then removing the
protective group. When a protective group is not required, the substituent(s) can be introduced by a known method after
the substitution reaction with Compound 9.

[0103] Compound 10 is converted to the Compound (1) by allowing hydrochloric acid, trifluoroacetic acid, formic acid,
or the like to act. The reaction temperature is preferably 0 to 100˚C, more preferably 0˚C to room temperature. The
conversion may be performed by using a suitable solvent that does not adversely affect the reaction such as, for example,
N,N-dimethylformamide, acetonitrile, chloroform, methylene chloride, or 1,4-dioxane, at a suitable time.
[0104] Furthermore, the compound having the formula (1) of the present invention can also be readily produced
according to the method described below.

Production Method 2

[0105]
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wherein R1, R2, R3, R4, Ra, Rb, Rc, and X have the same meanings as defined above, PG represents a usually used
protective group, such as, for example, a tetrahydropyranyl group, an arylsulfonyl group, a benzyloxycarbonyl group, a
tert-butoxycarbonyl group, a trialkylsilyl group, a tert-butyldiphenylsilyl group, or a trimethylsilylethyl group, Halogen
represents a halogeno group, and Alkyl represents a lower alkyl group.
[0106] Hereafter, each step of the above-mentioned scheme will be described.

[0107] Compound 12, which can be synthesized by a known method (for example, Brun, Virginie et al., Tetrahedron,
2002, 58, 7911-7924), is converted to Compound 13 by heating the compound in a suitable solvent (may be protic or
aprotic) in the presence of Compound 3. The reaction temperature is preferably about 60 to 100˚C, more preferably 80
to 100˚C. The reaction time is preferably 1 to 10 hours.
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[0108] Compound 13 is converted to Compound 14 by subjecting Compound 13 to a coupling reaction with a corre-
sponding halogen reagent, mesylate reagent, or the like using a known organic chemical technique. For example, the
conversion is performed by adding a halogen reagent, a mesylate reagent, or the like corresponding to Compound 13
in the presence of a transition metal catalyst (for example, a palladium compound), with the addition of an organic salt
or an inorganic base such as, for example, sodium hydrogen carbonate, tripotassium phosphate, or diisopropylethyl-
amine, a ligand (for example, triphenylphosphine), and a known reaction-promoting additive such as, for example, lithium
chloride or copper iodide as required.
[0109] In the above-mentioned coupling reaction, a suitable solvent that does not adversely affect the reaction, such
as, for example, N,N-dimethylformamide, tetrahydrofuran, toluene, 1,4-dioxane, or water or a mixed solvent thereof, is
used, and the reaction temperature is preferably 0 to 300˚C, more preferably room temperature to 200˚C. 1 to an excess
mole, preferably 1 to 5 moles of a halogen reagent, a mesylate reagent, or the like and a base per mole of Compound
13 is used. The reaction time is preferably 1 minute to 60 hours, more preferably 5 minutes to 24 hours.

[0110] Halogenation at the 8th position of Compound 14 is performed by reacting 1 mole to an excess mole, preferably
1 to 3 moles of a usually used halogenating agent such as, for example, N-chlorosuccinimide, N-bromosuccinimide, N-
iodine succinimide, bromine, iodine, or BrI in a suitable solvent that does not adversely affect the reaction, such as, for
example, N,N-dimethylformamide, acetonitrile, chloroform, or methylene chloride, at room temperature to 80˚C for 1 to
24 hours. Depending on the reagent used, a protective group at the 9th position can be simultaneously removed in the
halogenation step to obtain Compound 15 in one step. When a protective group is maintained at the 9th position in the
halogenation step, the protective group (an arylsulfonyl group, a benzyloxycarbonyl group, a trialkylsilyl group, a tert-
butyldiphenylsilyl group, or a trimethylsilylethyl group) can also be removed separately from a tert-butoxycarbonyl group
by a known method to obtain Compound 15. Furthermore, when a tert-butoxycarbonyl group is present on the nitrogen
atom bonded to X, the protective group at the 9th position can also be removed at the same time as the removal of a
tert-butoxycarbonyl group by allowing a strong acidic reagent such as trifluoroacetic acid, hydrochloric acid, or formic
acid to act in the deprotection step. At this time, a suitable solvent that does not adversely affect the reaction, such as,
for example, N,N-dimethylformamide, acetonitrile, chloroform, methylene chloride, or 1,4-dioxane, may be used at a
suitable time.
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[0111] Compound 15 is converted to Compound 8 by adding a suitable additive (for example, triethylbenzylammonium
chloride) in a suitable solvent that does not adversely affect the reaction, such as, for example, N,N-dimethylformamide,
dimethyl sulfoxide, 1,4-dioxane, or acetonitrile or a mixed solvent thereof, in the presence of an organic base or an
inorganic base (for example, potassium carbonate, potassium t-butoxide, or triethylamine) and treating the resulting
mixture with an alkyl halide compound, a methanesulfonyloxyalkyl compound, or the like at room temperature to 150˚C.
1 to an excess mole, preferably 1 to 5 moles of an alkyl halide or a base per mole of Compound 15 is used. The reaction
time is preferably 30 minutes to 72 hours, more preferably 30 minutes to 24 hours.

[0112] Compound 8 is converted to the Compound (1) by the method described in the above-mentioned Production
Method 1.
[0113] When Rb and Rc have one or more substituents selected from the above-mentioned Group E, the substituent
(s) selected from Group E can be introduced into the corresponding amine beforehand. Furthermore, the substituent(s)
(Group E) can be introduced by a known method after protecting the position on the amine into which a substituent(s)
is to be introduced later as required, performing the substitution reaction with Compound 8 or 9, and then removing the
protective group. When a protective group is not required, the substituent(s) can be introduced by a known method after
the substitution reaction with Compound 8 or 9.
[0114] The compound (1) of the present invention produced by the above-mentioned method can be isolated or purified
by a known method such as, for example, extraction, precipitation, chromatography, fractional recrystallization, or re-
crystallization.
[0115] Furthermore, when the compound (1) of the present invention or an intermediate product thereof has an
asymmetric carbon, optical isomers exist. Each of these optical isomers can be isolated or purified by a usual method
such as a fractional recrystallization (salt fractionation) comprising recrystallization with an appropriate salt or column
chromatography. Examples of references for a method for separating optical isomers from a racemate include "J. Jacques
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et al., Enantiomers, Racemates and Resolution, John Wiley and Sons, Inc."
[0116] As described above, PI3K inhibitors and mTOR inhibitors are useful as anti-tumor agents. The compound of
the present invention is useful as as an anti-tumor agent, because it shows PI3K inhibitory activity and mTOR inhibitory
activity.
[0117] In the present invention, "tumor" includes various kind of tumors, not limited to malignant tumors, for example,
carcinoma, sarcoma, beginning tumor and the like. Specifically, malignant tumor is sometimes expressed as "cancer"
in the present invention.
[0118] PI3K inhibitory activity, mTOR inhibitory activity, and anti-tumor activity can be determined by the methods
described in the Examples, but the methods are not limited to these Examples, and any method can be used.
[0119] PI3K inhibitory activity can be determined by, for example, the method described in Cell, 125, 733-747 (2006).
Furthermore, since it is known that Akt is activated by activation of PI3K, activation of Akt can be determined by examining
phosphorylation of Akt (Cell, 125, 733-747 [2006]). Furthermore, mTORC1 inhibitory activity can be indirectly determined
by examining phosphorylation of S6 (Cell, 125,733-747 [2006]).
[0120] The compound of the present invention can be used for the treatment of tumors or cancers, such as, for
example, lung cancer, digestive system cancer such as colon cancer and gastrointestinal cancer, ovarian cancer, uterine
cancer, breast cancer, liver cancer, head/neck region cancer such as brain cancer, blood cancer, kidney cancer, prostate
cancer, skin cancer such as melanoma and testicular tumor.
[0121] As described above, it is suggested that the PI3K-Akt pathway plays an important role in growth, survival and
angiogenesis of cancer cells. The compound of the present invention is preferred to be used for the treatment of tumors
with an activated PI3K-Akt pathway. Examples of tumors with activation of the PI3K-Akt pathway include tumors with
over-expression of the gene and/or protein of PI3K, tumors having mutations in gene(s) of PI3K and/or PTEN and tumors
with an activated phosphorylation level of Akt.
[0122] Activation of the PI3K-Akt pathway can be determined by examining over-expression and/or mutation in PI3K
and/or PTEN, and/or phosphorylation of Akt, in a patient’s tissue samples (patients’ tissue samples can be obtained by
blood sampling, biopsy etc.) by using well-known methods such as Southern blotting, Northern blotting, Western blotting,
ELISA, DNA microarrays, pathological methods and the like.
[0123] The pharmaceutical composition of the present invention comprises the compound of the present invention
and a pharmaceutically acceptable carrier and can be administered by various injections such as intravenous injection,
intramuscular injection, and subcutaneous injection or by various methods such as oral administration and percutaneous
administration. The pharmaceutically acceptable carrier means a pharmacologically acceptable material (for example,
excipient, diluent, additive, or solvent) involved in transport of the compound of the present invention or a composition
containing the compound of the present invention from one organ to another organ.
[0124] Formulations can be prepared by selecting a suitable formulation (for example, an oral formulation or an
injection) depending on the administration method and using usually used methods for preparing various formulations.
Examples of oral formulations include tablet, powder, granule, capsule, pill, lozenge, solution, syrup, elixir, emulsion,
and oily or aqueous suspension. In oral administration, a free compound or a salt form may be used. An aqueous
formulation can be prepared by forming an acid adduct with a pharmacologically acceptable acid or by forming an alkali
metal salt such as sodium. As an injection, a stabilizer, a preservative, a dissolving aid, and the like can be used in the
formulation. After filling a solution that may contain these aids and the like in a vessel, a formulation for use may be
prepared as a solid formulation by lyophilization or the like to be prepared immediately before use. Furthermore, one
dose may be filled in one vessel, or two or more doses may be filled in a vessel.
[0125] Examples of solid formulations include tablet, powder, granule, capsule, pill, and lozenge. These solid formu-
lationsmaycontain pharmaceuticallyacceptable additives togetherwith thecompound of thepresent invention. Examples
of additives include filler, extender, binder, disintegrant, dissolution promoting agent, skin wetting agent, and lubricant,
and these additives can be selected and mixed as required to prepare a formulation.
[0126] Examples of liquid formulations include solution, syrup, elixir, emulsion, and suspension. These liquid formu-
lationsmaycontain pharmaceuticallyacceptable additives togetherwith thecompound of thepresent invention. Examples
of additives include suspending agents and emulsifiers, and these additives can be selected and mixed as required to
prepare a formulation.
[0127] The compound of the present invention can be used in cancer treatment of mammals, in particular, humans.
The dose and the administration interval can be suitably selected according to a physician’s judgment depending on
the site of a disease, the patient’s height, body weight, sex, or medical history. When the compound of the present
invention is administered to a human, the dose range is approx. 0.01 to 500 mg/kg body weight per day, preferably
approx. 0.1 to 100 mg/kg body weight per day. Preferably, the compound of the present invention is administered to a
human once a day, or the dose is divided into two to four times, and administration is repeated at an appropriate interval.
Furthermore, the daily dose may exceed the above-mentioned dose at a physician’s discretion, if necessary.
[0128] The compound present invention may be used in combination with other anti-tumor agents. Examples of other
anti-tumor agents include anti-tumor antibiotics, anti-tumor plant components, biological response modifiers (BRMs),
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hormones, vitamins, anti-tumor antibodies, molecular targeted drugs, and other anti-tumor agents.
[0129] More specifically, examples of alkylating agents include alkylating agents such as nitrogen mustard, nitrogen
mustard N-oxide, and chlorambucil, aziridine alkylating agents such as carboquone and thiotepa, epoxide alkylating
agents such as dibromomannitol and dibromodulcitol, nitrosourea alkylating agents such as carmustine, lomustine,
semustine, nimustine hydrochloride, streptozocin, chlorozotocin, and ranimustine, busulfan, improsulfan tosylate, and
dacarbazine.
[0130] Examples of anti-metabolites include purine anti-metabolites such as 6-mercaptopurine, 6-thioguanine, and
thioinosine, pyrimidine anti-metabolites such as fluorouracil, tegafur, tegafur-uracil, carmofur, doxifluridine, broxuridine,
cytarabine, and enocitabine, and anti-folates such as methotrexate and trimetrexate.
[0131] Examples of anti-tumor antibiotics include anthracycline antibiotic anti-tumor agents such as mytomycin C,
bleomycin, peplomycin, daunorubicin, aclarubicin, doxorubicin, pirarubicin, THP-adriamycin, 4’-epidoxorubicin, and epi-
rubicin, chromomycin A 3, and actinomycin D.
[0132] Examples of anti-tumor plant components include vinca alkaloids such as vindesine, vincristine, and vinblastine,
taxanes such as paclitaxel and docetaxel, and epipodophyllotoxins such as etoposide and teniposide.
[0133] Examples of BRMs include tumor necrosis factors and indomethacin.
[0134] Examples of hormones include hydrocortisone, dexamethasone, methylprednisolone, prednisolone, praster-
one, betamethasone, triamcinolone, oxymetholone, nandrolone, metenolone, fosfestrol, ethynylestradiol, chlormadi-
none, and medroxyprogesterone.
[0135] Examples of vitamins include vitamin C and vitamin A.
[0136] Examples of anti-tumor antibodies and molecular targeted drugs include trastuzumab, rituximab, cetuximab,
nimotuzumab, denosumab, bevacizumab, infliximab, imatinib mesylate, gefitinib, erlotinib, sunitinib, lapatinib, and sor-
afenib.
[0137] Examples of other anti-tumor agents include cisplatin, carboplatin, oxaliplatin, tamoxifen, camptothecin deriv-
atives, ifosfamide, cyclophosphamide, melphalan, L-asparaginase, acecratone, schizophyllan, picibanil, procarbazine,
pipobroman, neocarzinostatin, hydroxyurea, ubenimex, and krestin.
[0138] The present invention encompassesmethods for prophylactic and/or therapeutic treatment of cancer comprising
administration of the present invention compound or a salt thereof.
[0139] Furthermore, the present invention encompasses use of the compound of the present invention or a salt thereof
or a solvate of the compound or the salt for production of the above-mentioned medicaments.

Examples

Example 1

5-{9-Isobutyl-8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0140]

Step 1: 2-Chloro-9-isobutyl-6-morpholin-4-yl-9H-purine

[0141]
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[0142] N,N-Dimethylformamide (60 ml), isobutyl bromide (2 ml, 18 mmol), and potassium carbonate (3 g) were added
to 2-chloro-6-morpholin-4-yl-9H-purine (5 g, 17 mmol) and the resulting mixture was stirred at 80˚C for 5 hours. The
reaction mixture was cooled and partitioned with ethyl acetate and water and the organic layer was dried over magnesium
sulfate. The solvent was evaporated under reduced pressure to give the title compound (5.2 g, 100%) as a pale yellow oil.
1H-NMR (CDCl3) δ: 0.94 (6H, d, J = 6.30 Hz), 2.20-2.29 (1H, m), 3.82-3.84 (4H, m), 3.96 (2H, d, J = 7.45 Hz), 4.30 (4H,
brs), 7.66 (1H, s).

Step 2: Di-tert-butyl [5-(9-isobutyl-6-morpholin-4-yl-9H-purin-2-yl)pyrimidin-2-yl]imide dicarbonate

[0143]

[0144] 1,4-Dioxane (50 ml) and water (25 ml) were added to 2-chloro-9-isobutyl-6-morpholin-4-yl-9H-purine (3.0 g,
10.1 mmol), di-tert-butyl [5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-yl]imide dicarbonate (4.3 g, 10.1
mmol), and sodium carbonate (3.2 g) and the atmosphere in the reaction vessel was substituted with nitrogen under
stirring. Tetrakis triphenylphosphine palladium (0.6 g, 0.51 mmol) was added and the resulting mixture was heated to
reflux for 3 hours after the atmosphere in the reaction vessel was substituted with nitrogen again. The reaction mixture
was partitioned with ethyl acetate and water, the organic layer was dried over magnesium sulfate, and then the solvent
was evaporated under reduced pressure. The residue was dissolved in tetrahydrofuran (50 ml) followed by the addition
of 4-dimethylaminopyridine (120 mg) and di-tert-butyl dicarbonate (4.4 g, 20.3 mmol) and the resulting mixture was
stirred at 50˚C for 1 hour. The solvent was evaporated under reduced pressure and the residue was purified by silica
gel chromatography (hexane:ethyl acetate = 8:2 to 6:4) to give the title compound (4.7 g, 84%) as a colorless amorphous
substance.
1H-NMR (CDCl3) δ: 0.98 (6H, d, J = 6.87 Hz), 1.48 (18H, s), 2.29-2.34 (1H, m), 3.87-3.89 (4H, m), 4.06 (2H, d, J = 7.45
Hz), 4.39 (4H, brs), 7.75 (1H, s), 9.67 (2H, s).

Step 3: Di-tert-butyl [5-(8-chloro-9-isobutyl-6-morpholin-4-yl-9H-purin-2-yl)pyrimidin-2-yl]imide dicarbonate

[0145]
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[0146] Di-tert-butyl [5-(9-isobutyl-6-morpholin-4-yl-9H-purin-2-yl)pyrimidin-2-yl]imide dicarbonate (4.7 g, 8.47 mmol)
was dissolved in N,N-dimethylformamide (50 ml) followed by the addition of N-chlorosuccinimide (1.7 g, 12.7 mmol) and
the resulting mixture was stirred for 3 hours. The reaction mixture was partitioned with ethyl acetate and water, the
organic layer was dried over magnesium sulfate, and the solvent was evaporated under reduced pressure. The residue
was purified by silica gel chromatography (hexane:ethyl acetate = 9:1 to 6:4) to give the title compound (4.6 g, 92%) as
a colorless amorphous substance.
1H-NMR (CDCl3) δ: 0.99 (6H, d, J = 6.87 Hz), 1.48 (18H, s), 2.32-2.39 (1H, m), 3.85-3.87 (4H, m), 4.06 (2H, d, J = 7.45
Hz), 4.31 (4H, brs), 9.63 (2H, d, J = 5.15 Hz).

Step 4: 5-(8-Chloro-9-isobutyl-6-morpholin-4-yl-9H-purin-2-yl)pyrimidin-2-amine

[0147]

[0148] Di-tert-butyl [5-(8-chloro-9-isobutyl-6-morpholin-4-yl-9H-purin-2-yl)pyrimidin-2-yl]imide dicarbonate (4.5 g, 7.6
mmol) was dissolved in methylene chloride (20 ml) followed by the addition of trifluoroacetic acid (60 ml) and the resulting
mixture was stirred for 2 hours. The solvent was evaporated under reduced pressure, toluene was added to the residue,
and the solvent was evaporated again. The residue was partitioned with ethyl acetate and saturated aqueous sodium
bicarbonate solution, the organic layer was dried over magnesium sulfate, and the solvent was evaporated under reduced
pressure to give the title compound (2.9 g, 98%) as a white solid.
1H-NMR (DMSO-d6) δ: 0.92 (6H, d, J = 6.30 Hz), 2.23-2.28 (1H, m), 3.74-3.76 (4H, m), 4.02 (2H, d, J = 7.45 Hz), 4.19
(4H, brs), 7.09 (2H, s), 9.09 (2H, s).

Step 5: 5-(9-Isobutyl-6-morpholin-4-yl-8-piperazin-1-yl-9H-purin-2-yl)pyrimidin-2-amine

[0149]
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[0150] Piperazine (2.0 g, 23 mmol) and N-methylpyrrolidone (10 ml) were added to 5-(8-chloro-9-isobutyl-6-morpholin-
4-yl-9H-purin-2-yl)pyrimidin-2-amine (1.0 g, 2.6 mmol) and the resulting mixture was stirred at 130˚C for 4 hours. The
reaction mixture was cooled and partitioned with methylene chloride and water, the organic layer was dried over mag-
nesium sulfate, and the solvent was concentrated under reduced pressure. This compound (10 ml in liquid) was stored
with N-methylpyrrolidone remaining and used for next step.

Step 6: 5-{9-Isobutyl-8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0151]

[0152] Triethylamine (143 ml) and mesyl chloride (50 ml, 0.63 mmol) were added to 5-(9-isobutyl-6-morpholin-4-yl-8-
piperazin-1-yl-9H-purin-2-yl)pyrimidin-2-amine (2 ml of solution of 100 mg of this compound in 1 ml of NMP) and the
resulting mixture was stirred for 1 hour. Mesyl chloride (50 ml, 0.63 mmol) was further added, the resulting mixture was
stirred for 1 hour, then the reaction mixture was partitioned with ethyl acetate and water, and the organic layer was dried
over magnesium sulfate. The solvent was evaporated under reduced pressure and the residue was purified by preparative
HPLC (column, NOMURA Develosil Combi-RP-5; mobile phase, acetonitrile/water/formic acid) to give the title compound
(135 mg, 51%) as a pale yellow solid.
1H-NMR (DMSO-d6) δ: 0.83 (6H, d, J = 6.30 Hz), 2.37-2.42 (1H, m), 2.96 (3H, s), 3.30 (8H, brs), 3.73-3.75 (4H, m), 3.95
(2H, d, J = 7.45 Hz), 4.18 (4H, brs), 7.00 (2H, s), 9.06 (2H, s).

Example 2

5-[8-(4-Acetylpiperazin-1-yl)-9-isobutyl-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-amine

[0153]
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[0154] Triethylamine (143 ml) and acetyl chloride (50 ml, 0.72 mmol) were added to 5-(9-isobutyl-6-morpholin-4-yl-8-
piperazin-1-yl-9H-purin-2-yl)pyrimidin-2-amine (2 ml of solution of 100 mg of this compound in 1 ml of N-methylpyrro-
lidone) and the resulting mixture was stirred for 1 hour. The resulting mixture was partitioned with ethyl acetate and
water and the organic layer was dried over magnesium sulfate. The solvent was evaporated under reduced pressure,
the residue was dissolved in methanol (2 ml) followed by the addition of 25% sodium methoxide-methanol solution (1
ml), and the resulting mixture was stirred for 3 hours. The reaction mixture was partitioned with ethyl acetate and water,
the organic layer was dried over magnesium sulfate, and the solvent was evaporated under reduced pressure. Dimethyl
sulfoxide (3 ml) was added to the residue, then the resulting mixture was partitioned with ethyl acetate and water, the
organic layer was similarly dried, and then the solvent was evaporated to give the title compound (150 mg, 61%) as a
pale yellow solid.
1H-NMR (DMSO-d6) δ: 0.83 (6H, d, J = 6.87 Hz), 2.05 (3H, s), 2.38-2.43 (1H, m), 3.12-3.15 (2H, m), 3.21-3.22 (2H, m),
3.59-3.62 (4H, m), 3.73-3.75 (5H, m), 3.96 (2H, d, J = 7.45 Hz), 4.18 (4H, brs), 6.99 (2H, s), 9.06 (2H, s).

Example 3

5-{9-(Cyclopropylmethyl)-8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0155]

Step 1: 2-Chloro-6-morpholin-4-yl-9H-purine

[0156]

[0157] Morpholine (46.9 ml, 538.2 mmol) was added to an ethanol solution (1.2 1) of 2,6-dichloropurine (50.9 g, 269.1
mmol) at room temperature and the resulting mixture was stirred and heated to reflux for 2.5 hours. The reaction mixture
was left standing to cool and then concentrated until the solvent was reduced nearly by half in volume and the solid was
collected by filtration. The solid was washed with ethanol and dried at 50˚C under reduced pressure to give a mixture
(63.3 g, 95%) of the title compound and morpholine hydrochloride (approx. 13:1) as a white solid.
1H-NMR (DMSO-d6) δ: 3.67-3.77 (4H, m), 3.84-4.56 (4H, brm), 8.16 (1H, s).

Step 2: 2-Chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purine

[0158]
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[0159] Potassium carbonate (36.0 g, 260.5 mmol) and cyclopropylmethyl bromide (20.2 g, 143.3 mmol) were added
to an N,N-dimethylformamide suspension (400 ml) of 2-chloro-6-morpholin-4-yl-9H-purine (32.4 g; purity, approx. 96%;
130.2 mmol) at room temperature and the resulting mixture was stirred at 80˚C for 3 hours in a nitrogen atmosphere.
The reaction mixture was left standing to cool, then poured into ethyl acetate, washed with saturated aqueous sodium
hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the filtrate was concentrated
under reduced pressure and the resulting solid was washed with diethyl ether and collected by filtration to give the title
compound (26.9 g, 70%) as a colorless acicular crystal. The mother liquor was further concentrated by the same
procedure to give the secondary crystal of the title compound (7.68 g, 20%) as a white solid.
1H-NMR (CDCl3) δ: 0.41-0.46 (2H, m), 0.64-0.69 (2H, m), 1.26-1.35 (1H, m), 3.81-3.85 (4H, m), 4.00 (2H, d, J = 6.87
Hz), 4.05-4.55 (4H, brm), 7.81 (1H, s).

Step 3: 5-[9-(Cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-amine

[0160]

[0161] Sodium carbonate (3.25 g, 30.6 mmol) and tetrakis triphenylphosphine palladium (0.59 g, 0.51 mmol) were
added to a 1,4-dioxane (60.0 ml)-water (30.0 ml) mixture solution of 2-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-
9H-purine (3.0 g, 10.2 mmol) and 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-amine (2.5 g, 11.2 mmol)
at room temperature and the resulting mixture was heated to reflux for 3 hours in an argon atmosphere. The reaction
mixture was left standing to cool and then poured into water, and ethyl acetate was added to separate the layers. The
solid precipitated in the aqueous layer was collected by filtration, washed with water, and dried at 50˚C under reduced
pressure to give the title compound (3.63 g, 100%) as a white solid. 1H-NMR (CDCl3) δ: 0.46-0.52 (2H, m), 0.64-0.70
(2H, m), 1.28-1.39 (1H, m), 3.84-3.90 (4H, m), 4.08 (2H, d, J = 7.08 Hz), 4.28-4.46 (4H, m), 5.22 (2H, brs), 7.84 (1H,
s), 9.27 (2H, s).

Step 4: Di-tert-butyl {5-[9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-yl}imide dicarbonate

[0162]
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[0163] Di-tert-butyl dicarbonate (35.6 g, 163.2 mmol) and 4-dimethylaminopyridine (0.80 g, 6.53 mmol) were added
to an N,N-dimethylformamide suspension (350 ml) of 5-[9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-
2-amine (11.5 g, 32.6 mmol) at room temperature. The pale orange color reaction mixture solution was stirred for 22
hours and then the reaction mixture was poured into ethyl acetate, washed successively with 10% aqueous citric acid
solution and saturated aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After
filtration, the filtrate was concentrated under reduced pressure and the resulting residue was purified by medium pressure
liquid chromatography (hexane:ethyl acetate = 7:3 to 3:2) to give the title compound (17.4 g, 96%) as a colorless
amorphous substance.
1H-NMR (CDCl3 δ: 0.48-0.55 (2H, m), 0.65-0.74 (2H, m), 1.30-1.41 (1H, m), 1.48 (18H, s), 3.85-3.93 (4H, m), 4.08-4.16
(2H, m), 4.29-4.50 (4H, m), 7.90 (1H, s), 9.67 (2H, s)

Step 5: Di-tert-butyl {5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-yl}imide dicarbonate

[0164]

[0165] N-Chlorosuccinimide (4.6 g, 34.5 mmol) was added to an N,N-dimethylformamide solution (350 ml) of di-tert-
butyl {5-[9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-yl}imide dicarbonate (17.3 g, 31.3 mmol) at
room temperature. The resulting mixture was stirred for 14 hours followed by the addition of N-chlorosuccinimide (2.09
g, 15.7 mmol), N-chlorosuccinimide (1.05 g, 7.83 mmol) was further added 3.5 hours later, and the resulting mixture
was stirred for 2 hours. The reaction mixture was poured into ethyl acetate, washed with water, and dried over anhydrous
sodium sulfate. After filtration, the filtrate was concentrated under reduced pressure and the resulting residue was purified
by silica gel column chromatography (hexane:ethyl acetate = 17:3 to hexane:ethyl acetate:dichloromethane = 16:4:0.3)
to give the title compound (15.31 g, 83%) as a white solid.
1H-NMR (CDCl3) δ: 0.52-0.63 (4H, m), 1.31-1.42 (1H, m), 1.49 (18H, s), 3.83-3.90 (4H, m), 4.13 (2H, d, J = 6.88 Hz),
4.19-4.44 (4H, brm), 9.64 (2H, s).

Step 6: 5-[8-Chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-amine

[0166]
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[0167] Trifluoroacetic acid (150 ml) was added to a dichloromethane solution (300 ml) of di-tert-butyl {5-[8-chloro-
9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-yl}imide dicarbonate (15.3 g, 26.1 mmol) with ice cool-
ing and the resulting mixture was stirred at room temperature for 2 hours. The reaction mixture was concentrated, then
neutralized with saturated aqueous sodium hydrogen carbonate solution, and extracted with a chloroform-ethyl acetate
(5:1) mixed solvent. The organic layer was dried over anhydrous sodium sulfate and, after the reaction mixture was
filtrated, the filtrate was concentrated under reduced pressure and evaporated to dryness to give the title compound
(10.2 g, 100%) as a white solid.
1H-NMR (CDCl3) δ: 0.51-0.60 (4H, m), 1.30-1.42 (1H, m), 3.82-3.89 (4H, m), 4.11 (2H, d, J = 7.34 Hz), 4.22-4.36 (4H,
brm), 5.16-5.28 (2H, m), 9.24 (2H, s).

Step 7: 5-{9-(Cyclopropylmethyl)-8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0168]

[0169] A dimethyl sulfoxide solution (1.0 ml) of 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]py-
rimidin-2-amine (101.9 mg, 0.26 mmol) and N-mesylpiperazine (125.8 mg, 0.77 mmol) was heated at 140˚C and stirred
for 4 hours followed by the addition of N-mesylpiperazine (83.8 mg, 0.51 mmol) and the resulting mixture was further
stirred at 140˚C for 3 hours. The reaction mixture was left standing to cool followed by the addition of dichloromethane-
methanol (10:1) and washed with saturated aqueous sodium hydrogen carbonate solution. The organic layer was dried
over anhydrous sodium sulfate, the reaction mixture was filtrated, then the filtrate was concentrated under reduced
pressure, and the resulting residue was purified by preparative thin layer silica gel chromatography (dichloromethane:
methanol = 15:1) to give the title compound (89.2 mg, 68%) as a white solid.
1H-NMR (CDCl3) δ: 0.49-0.59 (4H, m), 1.31-1.32 (1H, m), 2.87 (3H, s), 3.36-3.49 (8H, m), 3.82-3.88 (4H, m), 3.96 (2H,
d, J = 6.87 Hz), 4.18-4.38 (4H, brm), 5.29 (2H, s), 9.23 (2H, s).

Step 8 : 5-{9-(Cyclopropylmethyl)-8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-
2-amine methanesulfonate

[0170]
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[0171] 5- {9-(Cyclopropylmethyl)-8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-
amine (149.4 mg, 0.29 mmol) was stirred in a dichloromethane-methanol (3:2) mixed solvent followed by the addition
of methanesulfonic acid (18.7 ml, 0.29 mmol) at room temperature and the resulting mixture was stirred for 10 minutes.
The reaction mixture was concentrated under reduced pressure and the resulting residue was dried at 60˚C under
reduced pressure to give the title compound (176.7 mg, 100%) as a yellow solid. 1H-NMR (CDCl3) δ: 0.45-0.50 (2H, m),
0.57-0.62 (2H, m), 1.28-1.37 (1H, m), 2.89 (3H, s), 2.94 (3H, s), 3.47 (8H, brs), 3.84-3.90 (4H, m), 3.99 (2H, d, J = 6.87
Hz), 4.16-4.37 (4H, brm), 9.32 (2H, brs).

Example 4

5-{9-(Cyclopropylmethyl)-8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}-N-methylpyrimidin-
2-amine

[0172]

[0173] A dimethyl sulfoxide solution (1.0 ml) of 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-N-
methylpyrimidin-2-amine (140.5 mg, 0.29 mmol) and N-mesylpiperazine (190.2 mg, 1.16 mmol) was heated at 140˚C
and stirred for 3 hours. N-Mesylpiperazine (190.2 mg, 1.16 mmol) was added, the resulting mixture was further stirred
for 5.5 hours and left standing to cool followed by the addition of dichloromethane-methanol (10:1), and the resulting
mixture was washed with saturated aqueous sodium hydrogen carbonate solution. The organic layer was dried over
anhydrous sodium sulfate, the reaction mixture was filtrated, then the filtrate was concentrated under reduced pressure,
and the resulting residue was purified by preparative thin layer silica gel chromatography (dichloromethane:methanol =
20:1) to give the title compound (120.5 mg, 79%) as a pale yellow solid. 1H-NMR (CDCl3) δ: 0.51-0.58 (4H, m), 1.24-1.37
(1H, m), 2.87 (3H, s), 3.08 (3H, d, J = 5.04 Hz), 3.37-3.48 (8H, m), 3.82-3.88 (4H, m), 3.95 (2H, d, J = 7.34 Hz), 4.19-4.35
(4H, brm), 5.38 (1H, brs), 9.25 (2H, s).

Example 5

5-{8-[4-(Methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl}pyrimidin-
2-amine

[0174]
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Step 1: 2,6-Dichloro-9-(tetrahydrofuran-3-ylmethyl)-9H-purine

[0175]

[0176] 2,6-Dichloropurine (21 g, 113 mmol) and (tetrahydrofuran-3-yl)methanol (11.5 g, 113 mmol) were dissolved in
tetrahydrofuran (250 ml) followed by the dropwise addition of triphenylphosphine (33 g, 125 mmol) and a diisopropyl
azodicarboxylate (24.5 ml, 125 mmol)-tetrahydrofuran (50 ml) solution with ice cooling and the resulting mixture was
stirred at room temperature for 2 hours. The solvent was concentrated under reduced pressure and then the residue
was purified by silica gel chromatography (hexane:ethyl acetate = 5:1 to 1:1 to 0:1) to give the title compound (44 g) as
a pale yellow oil.

Step 2: 2-Chloro-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purine

[0177]

[0178] 2,6-Dichloro-9-(tetrahydrofuran-3-ylmethyl)-9H-purine (41 g) was dissolved in ethanol (200 ml) followed by the
addition of morpholine (20 ml) and the resulting mixture was heated to reflux for 2 hours. The solvent was evaporated
under reduced pressure, the residue was partitioned with ethyl acetate and saturated aqueous sodium bicarbonate
solution, and the organic layer was washed with water and dried over magnesium sulfate. The solvent was evaporated
under reduced pressure, and the residue was purified by silica gel chromatography (hexane:ethyl acetate, 5:5 to 2:8 to
0:10) to give the title compound (41 g) as a white solid.
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Step 3: 5-[6-Morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0179]

[0180] 1,4-Dioxane (40 ml), water (20 ml), and sodium carbonate (3.6 g, 33.9 mmol) were added to 5-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-amine (2.5 g, 11.3 mmol) and 2-chloro-6-morpholin-4-yl-9-(tetrahydrofuran-3-
ylmethyl)-9H-purine (3.7 g, 11.3 mmol) and the atmosphere in the reaction vessel was substituted with nitrogen. Tetrakis
triphenylphosphine palladium (0.65 g, 0.57 mmol) was added, then the atmosphere in the reaction vessel was substituted
with nitrogen again, and the resulting mixture was heated to reflux for 2 hours. The reaction mixture was cooled followed
by the addition of ethyl acetate and water and the insoluble matter was collected by filtration, then washed with ethyl
acetate and water, and dried to give the title compound (2.6 g, 59%) as a pale orange solid.
1H-NMR (DMSO-d6) δ: 1.61-1.69 (1H, m), 1.88-1.96 (1H, m), 2.83-2.90 (1H, m), 3.55 (1H, dd, J = 8.78, 5.37 Hz),
3.63-3.70 (2H, m), 3.74-3.82 (5H, m), 4.21 (2H, d, J = 7.56 Hz), 4.27 (4H, brs), 7.05 (2H, s), 8.22 (1H, s), 9.10 (2H, s).

Step 4: Di-tert-butyl {5-[6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]pyrimidin-2-yl}imide dicarbonate

[0181]

[0182] 5-[6-Morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]pyrimidin-2-amine (2.6 g, 6.8 mmol) was sus-
pended in N,N-dimethylformamide (30 ml) followed by the addition of dimethylaminopyridine (0.17 g, 20.4 mmol) and
di-tert-butyl dicarbonate (4.45 g, 20.4 mmol) and the resulting mixture was stirred at 60˚C for 0.5 hours. The reaction
mixture was cooled and then partitioned with ethyl acetate and water and the organic layer was washed twice with
saturated brine and dried over magnesium sulfate. The solvent was evaporated under reduced pressure and then the
residue was purified by silica gel chromatography (hexane:ethyl acetate = 2:8 to 4:6 to 5:5) to give the title compound
(3.5 g, 88%) as a white solid. 1H-NMR (CDCl3) δ: 1.48 (18H, s), 1.71-1.79 (1H, m), 2.06-2.11 (1H, m), 2.96-3.00 (1H,
m), 3.67 (1H, dd, J = 9.16, 4.58 Hz), 3.77-3.82 (2H, m), 3.87-3.89 (4H, m), 3.96-4.00 (1H, m), 4.19-4.29 (2H, m), 4.39
(4H, brs), 7.78 (1H, s), 9.66 (2H, s).

Step 5: Di-tert-butyl {5-[8-chloro-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]pyrimidin-2-yl}imide di-
carbonate

[0183]
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[0184] Di-tert-butyl {5-[6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]pyrimidin-2-yl}imide dicarbo-
nate (3.5 g, 6.01 mmol) was dissolved in N,N-dimethylformamide (30 ml) followed by the addition of N-chlorosuccinimide
(1.2 g, 9.01 mmol) and the resulting mixture was stirred for 15 hours. The reaction mixture was partitioned with ethyl
acetate and water, the organic layer was dried over magnesium sulfate, and then the solvent was evaporated under
reduced pressure. The residue was purified by silica gel chromatography (hexane:ethyl acetate, 8:2 to 4:6) to give the
title compound (3.35 g, 96%) as a white solid.
1H-NMR (CDCl3) δ: 1.49 (18H, s), 1.75-1.83 (1H, m), 1.98-2.06 (1H, m), 2.94-3.01 (1H, m), 3.72 (1H, dd, J = 9.02, 5.12
Hz), 3.78-3.82 (2H, m), 3.85-3.88 (4H, m), 3.99-4.04 (1H, m), 4.22-4.34 (6H, m), 9.63 (2H, s).

Step 6: 5-[8-Chloro-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0185]

[0186] Di-tert-butyl {5-[8-chloro-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]pyrimidin-2-yl}imide di-
carbonate (2.79 g, 4.52 mmol) was dissolved in methylene chloride (10 ml) followed by the addition of trifluoroacetic
acid (20 ml) with ice cooling and the resulting mixture was stirred at room temperature for 1.5 hours. The solvent was
evaporated under reduced pressure, the residue was partitioned with chloroform and saturated aqueous sodium bicar-
bonate solution, the organic layer was dried over magnesium sulfate, and then the solvent was evaporated under reduced
pressure to give the title compound (2.1 g, 93%) as a white solid.
1H-NMR (DMSO-d6) δ: 1.65-1.72 (1H, m), 1.89-1.96 (1H, m), 2.81-2.86 (1H, m), 3.59 (1H, dd, J = 8.59, 5.15 Hz),
3.63-3.68 (2H, m), 3.74-3.76 (4H, m), 3.83-3.88 (1H, m), 4.17-4.21 (6H, m), 7.12 (2H, s), 9.09 (2H, s).

Step 7: 5-{8-[4-(Methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl}pyrimidin-
2-amine

[0187]
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[0188] Dimethyl sulfoxide (1 ml) was added to a mixture of 5-[8-chloro-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-
9H-purin-2-yl]pyrimidin-2-amine (100 mg, 0.24 mmol) and N-mesylpiperazine (118 mg, 0.72 mmol) and the resulting
mixture was stirred at 150˚C for 3 hours. The reaction mixture was cooled and then partitioned with chloroform and
water, and the organic layer was washed with water again and then dried over magnesium sulfate. The solvent was
evaporated under reduced pressure and then the residue was purified by silica gel chromatography (chloroform:methanol
= 10:0 to 25:1 to 20:1) to give the title compound (50 mg, 45%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 1.65-1.69 (1H, m), 1.94-2.00 (1H, m), 2.87 (3H, s), 3.07-3.12 (1H, m), 3.35-3.36 (4H, m), 3.43-3.45
(4H, m), 3.63 (1H, dd, J = 8.59, 4.58 Hz), 3.70 (1H, dd, J = 8.88, 6.59 Hz), 3.74-3.78 (1H, m), 3.85-3.87 (4H, m), 3.93-3.97
(1H, m), 4.05 (1H, dd, J = 13.75, 8.02 Hz), 4.12 (1H, dd, J = 13.75, 7.45 Hz), 4.28 (4H, brs), 5.23 (2H, s), 9.23 (2H, s).

Example 6

5-{9-(Cyclopropylmethyl)-8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}-4-methylpyrimidin-
2-amine

[0189]

Step 1: Di-tert-butyl {5-[9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-methylpyrimidin-2-yl}imide dicarbonate

[0190]

[0191] 1,4-Dioxane (50 ml) and water (25 ml) were added to 2-chloro-9-cyclopropylmethyl-6-morpholin-4-yl-9H-purine
(2.1 g, 7.15 mmol), di-tert-butyl [4-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-yl]imide dicarbo-
nate (3.11 g, 7.15 mmol), and sodium carbonate (2.3 g) and the atmosphere in the reaction vessel was substituted with
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nitrogen under stirring. Tetrakis triphenylphosphine palladium (0.4 g, 0.36 mmol) was added, the atmosphere in the
reaction vessel was substituted with nitrogen again, and then the resulting mixture was heated to reflux for 3 hours. The
reaction mixture was partitioned with ethyl acetate and water, the organic layer was dried over magnesium sulfate, and
then the solvent was evaporated under reduced pressure. The residue was dissolved in tetrahydrofuran (5 ml) followed
by the addition of 4-dimethylaminopyridine (50 mg) and di-tert-butyl dicarbonate (1.0 g, 4.5 mmol) and the resulting
mixture was stirred at 50˚C for 1 hour. The solvent was evaporated under reduced pressure and the residue was purified
by silica gel chromatography (hexane:ethyl acetate = 8:2 to 5:5) to give the title compound (3.25 g, 80%) as a colorless
amorphous substance.
1H-NMR (CDCl3) δ: 0.45-0.49 (2H, m), 0.66-0.70 (2H, m), 1.32-1.37 (1H, m), 1.49 (18H, s), 2.91 (3H, s), 3.86-3.88 (4H,
m), 4.08 (2H, d, J = 7.45 Hz), 4.36 (4H, brs), 7.90 (1H, s), 9.32 (1H, s).

Step 2: Di-tert-butyl {5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-methylpyrimidin-2-yl}imide di-
carbonate

[0192]

[0193] Di-tert-butyl {5-[9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-methylpyrimidin-2-yl}imide dicarbo-
nate (3.2 g, 5.65 mmol) was dissolved in N,N-dimethylformamide (20 ml) followed by the addition of N-chlorosuccinimide
(1.6 g) and the resulting mixture was stirred for 2 hours. The reaction mixture was partitioned with ethyl acetate and
water, the organic layer was washed twice with water and then dried over magnesium sulfate, the solvent was evaporated
under reduced pressure, and the residue was purified by silica gel chromatography (hexane:ethyl acetate = 9:1 to 6:4)
to give the title compound (2.73 g, 80%) as a colorless oil.
1H-NMR (CDCl3) δ: 0.51-0.59 (4H, m), 1.34-1.40 (1H, m), 1.50 (18H, s), 2.89 (3H, s), 3.84-3.86 (4H, m), 4.11 (2H, d, J
= 7.32 Hz), 4.28 (4H, brs), 9.30 (1H, s).

Step 3: 5-[8-Chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-methylpyrimidin-2-amine

[0194]

[0195] Di-tert-butyl {5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-methylpyrimidin-2-yl}imide
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dicarbonate (2.7 g, 4.5 mmol) was dissolved in methylene chloride (5 ml) followed by the addition of trifluoroacetic acid
(15 ml) and the resulting mixture was stirred for 1 hour. The solvent was evaporated under reduced pressure, then the
residue was partitioned with chloroform and saturated aqueous sodium bicarbonate solution, the organic layer was dried
over magnesium sulfate, and then the solvent was evaporated under reduced pressure to give the title compound (1.67
g, 93%) as a white solid.
1H-NMR (DMSO-d6) δ: 0.46-0.55 (4H, m), 1.28-1.33 (1H, m), 2.64 (3H, s), 3.73-3.75 (4H, m), 4.08 (2H, d, J = 7.07 Hz),
4.16 (4H, brs), 6.84 (2H, s), 8.83 (1H, s).

Step 4: 5-19-(Cyclopropylmethyl)-8-[4-(methylsulfonyl)piperazin-1-yll-6-morpholin-4-y1-9H-purin-2-yl}-4-methylpyrimi-
din-2-amine

[0196]

[0197] N-Methylpyrrolidone (2 ml) was added to 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-
methylpyrimidin-2-amine (200 mg, 0.50 mmol) and piperazine (430 mg, 5.0 mmol) and the resulting mixture was stirred
at 120˚C for 2 hours. The reaction mixture was partitioned with ethyl acetate and water and the organic layer was washed
with saturated brine and dried over magnesium sulfate. The solvent was evaporated under reduced pressure, the residue
was dissolved in tetrahydrofuran (2 ml) followed by the addition of triethylamine (140 ml, 1.0 mmol) and mesyl chloride
(50 ml, 0.65 mmol) and the resulting mixture was stirred for 1 hour. The reaction mixture was partitioned with ethyl
acetate and water and the organic layer was washed with saturated brine and dried over magnesium sulfate. The solvent
was evaporated under reduced pressure and then the residue was purified by preparative HPLC (column, NOMURA
Develosil Combi-RP-5; mobile phase, acetonitrile/water/formic acid) to give the title compound (135 mg, 51%) as a white
solid.
1H-NMR (DMSO-d6) δ: 0.43-0.50 (4H, m), 1.35-1.39 (1H, m), 2.63 (3H, s), 2.96 (3H, s), 3.73-3.75 (4H, m), 3.97 (2H, d,
J = 6.87 Hz), 4.15 (4H, brs), 6.77 (2H, s), 8.79 (1H, s).

Example 7

5-{9-(Cyclopropylmethyl)-8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}-4-(trifluoromethyl)pyrimi-
din-2-amine

[0198]

Step 1: 5-Bromo-4-(trifluoromethyl)pyrimidin-2-amine

[0199]
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[0200] 4-(Trifluoromethyl)pyrimidin-2-ylamine (2 g, 12.3 mmol) was suspended in chloroform (70 ml) followed by the
addition of N-bromosuccinimide (3.3 g, 18.4 mmol) and the resulting mixture was stirred at 50˚C for 5 hours and then
at room temperature for 15 hours. A mixture of methylene chloride (50 ml) and 1 M sodium hydroxide (50 ml) was added,
the resulting mixture was stirred, and then the organic layer was fractionated and dried over magnesium sulfate. The
solvent was evaporated under reduced pressure to give the title compound (2.2 g, 75%) as a pale orange solid.
1H-NMR (CDCl3) δ: 5.37 (2H, brs), 8.52 (1H, s).

Step 2: Di-tert-butyl [5-bromo-4-(trifluoromethyl)pyrimidin-2-yl]imide dicarbonate

[0201]

[0202] 5-Bromo-4-(trifluoromethyl)pyrimidin-2-amine (2.2 g, 9.1 mmol) was dissolved in tetrahydrofuran (50 ml) fol-
lowed by the addition of di-tert-butyl dicarbonate (9.9 g, 46 mmol) and 4-dimethylaminopyridine (110 mg, 0.91 mmol)
and the resulting mixture was stirred at 50˚C for 2 hours. The solvent was evaporated under reduced pressure and the
residue was purified by silica gel chromatography (hexane:ethyl acetate = 9:1) to give the title compound (5.3 g) as a
pale yellow oil.

Step 3: 6-Chloro-9-(tetrahydro-2H-pyran-2-yl)-9H-purine

[0203]

[0204] Ethyl acetate (300 ml) was added to 6-chloropurine (25 g, 162 mmol) and tosylic acid monohydrate (460 mg,
2.43 mmol)and the resulting mixture was heated at 60˚C. Dihydropyrane (16 ml, 178 mmol) was added and the resulting
mixture was stirred at the same temperature for 30 minutes. The reaction mixture was cooled to room temperature
followed by the addition of 28% aqueous ammonia solution (15 ml) and the organic layer was fractionated, washed with
water, and dried over magnesium sulfate. The solvent was evaporated under reduced pressure to give the title compound
(35 g, 91%) as a pale yellow solid.
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Step 4: 6-Chloro-9-(tetrahydro-2H-pyran-2-yl)-2-(tributylstannyl)-9H-purine

[0205]

[0206] 2,2,6,6-Tetramethylpiperidine (26.5 ml, 157 mmol) was dissolved in tetrahydrofuran (200 ml) in an argon at-
mosphere and n-butyl lithium (2.6 M hexane solution, 54 ml) was added dropwise at room temperature. After the
completion of dropwise addition, the resulting mixture was stirred for 15 minutes. The reaction mixture was cooled to
-78˚C followed by the dropwise addition of a tetrahydrofuran (30 ml) solution of 6-chloro-9-(tetrahydro-2H-pyran-2-yl)-
9H-purine (7.5 g, 31.4 mmol) and the resulting mixture was stirred at the same temperature for 40 minutes. Tetrabutyltin
chloride (26 ml, 94.3 mmol) was added dropwise to this solution and the resulting mixture was stirred for 30 minutes.
An aqueous ammonium chloride solution was added, the resulting mixture was heated to room temperature followed
by the addition of ethyl acetate, and the organic layer was fractionated. The organic layer was washed with water and
saturated brine and dried over magnesium sulfate and the solvent was evaporated under reduced pressure. The residue
was purified by silica gel chromatography (hexane:ethyl acetate = 9:1 to 8:2 to 7:3 to 6:4 to 5:5) to give the title compound
(13.3 g, 80%) as a pale yellow oil.
1H-NMR (CDCl3) δ: 0.90 (9H, t, J = 7.32 Hz), 1.18-1.40 (14H, m), 1.60-1.80 (9H, m), 2.07-2.20 (3H, m), 3.75-3.81 (1H,
m), 4.17-4.21 (1H, m), 5.78 (1H, dd, J = 10.12, 2.56 Hz), 8.21 (1H, s).

Step 5: 6-Morpholin-4-yl-9-(tetrahydro-2H-pyran-2-yl)-2-(tributylstannyl)-9H-purine

[0207]

[0208] 6-Chloro-9-(tetrahydro-2H-pyran-2-yl)-2-(tributylstannyl)-9H-purine (3.3 g, 6.25 mmol) was dissolved in ace-
tonitrile (30 ml) followed by the addition of morpholine (2.2 ml, 25 mmol) and the resulting mixture was heated to reflux
for 1 hour. The reaction mixture was partitioned with ethyl acetate and saturated aqueous sodium bicarbonate solution,
the organic layer was dried over magnesium sulfate, and then the solvent was evaporated under reduced pressure. The
residue was purified by silica gel chromatography (hexane:ethyl acetate = 9:1 to 8:2) to give the title compound (3.3 g,
91%) as a pale yellow oil.
1H-NMR (CDCl3) δ: 0.87-0.91 (9H, m), 1.04-1.17 (6H, m), 1.32-1.41 (6H, m), 1.58-1.68 (8H, m), 1.72-1.80 (2H, m),
1.95-2.12 (3H, m), 3.74-3.79 (1H, m), 3.81-3.82 (4H, m), 4.15-4.17 (1H, m), 4.28 (4H, brs), 5.76 (1H, dd, J = 10.31, 2.29
Hz), 7.87 (1H, s).

Step 6: Di-tert-butyl {5-[6-morpholin-4-yl-9-(tetrahydro-2H-pyran-2-yl)-9H-purin-2-yl]-4-(trifluoromethyl)pyrimidin-2-yl}
imide dicarbonate

[0209]
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[0210] Bistriphenylphosphinopalladium dichloride (120 mg, 0.17 mmol) and di-tert-butyl-p-cresol (catalytic amount)
were added to a 1,4-dioxane (20 ml) solution of 6-morpholin-4-yl-9-(tetrahydro-2H-pyran-2-yl)-2-(tributylstannyl)-9H-
purine (1.0 g, 1.73 mmol) and di-tert-butyl [5-bromo-4-(trifluoromethyl)pyrimidin-2-yl]imide dicarbonate (0.76 g, 1.73
mmol) and the resulting mixture was heated to reflux for 7 hours in a nitrogen atmosphere. The reaction mixture was
cooled and partitioned with ethyl acetate and water, the organic layer was dried over magnesium sulfate, and then the
solvent was evaporated under reduced pressure. The residue was purified by silica gel chromatography (hexane:ethyl
acetate = 9:1 to 8:2 to 7:3) to give the title compound (0.64 g, 57%) as a colorless oil.
1H-NMR (CDCl3) δ: 1.51 (19H, s), 1.63-1.67 (1H, m), 1.73-1.80 (1H, m), 1.99-2.09 (2H, m), 2.12-2.16 (1H, m), 3.75-3.80
(1H, m), 3.83-3.84 (4H, m), 4.17-4.20 (1H, m), 4.34 (4H, brs), 5.73 (1H, dd, J = 10.31, 2.29 Hz), 8.02 (1H, s), 9.39 (1H, s).

Step 7: Di-tert-butyl [5-(8-chloro-6-morpholin-4-yl-9H-purin-2-yl)-4-(trifluoromethyl)pyrimidin-2-yl]imide dicarbonate

[0211]

[0212] Di-tert-butyl {5-[6-morpholin-4-yl-9-(tetrahydro-2H-pyran-2-yl)-9H-purin-2-yl]-4-(trifluoromethyl)pyrimidin-2-yl}
imide dicarbonate (600 mg, 1.04 mmol) was dissolved in N,N-dimethylformamide (5 ml) followed by the addition of N-
chlorosuccinimide (208 mg, 1.56 mmol) and the resulting mixture was stirred for 5 hours. The reaction mixture was
partitioned with ethyl acetate and water, the organic layer was dried over magnesium sulfate, and the solvent was
evaporated under reduced pressure. The residue was purified by silica gel chromatography (hexane:ethyl acetate = 9:
1 to 6:4) to give the title compound (136 mg, 22%) as a white solid.
1H-NMR (CDCl3) δ: 1.53 (20H, s), 3.80-3.83 (4H, m), 4.27 (4H, s), 9.29 (1H, s).

Step 8: 5-[8-Chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-(trifluoromethyl)pyrimidin-2-amine

[0213]
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[0214] Di-tert-butyl [5-(8-chloro-6-morpholin-4-yl-9H-purin-2-yl)-4-(trifluoromethyl)pyrimidin-2-yl]imide dicarbonate
(136 mg, 0.23 mmol) was dissolved in N,N-dimethylformamide (2 ml) followed by the addition of cesium carbonate (150
mg, 0.45 mmol) and cyclopropylmethyl bromide (45 ml, 0.45 mmol) and the resulting mixture was stirred at 60˚C for 8
hours. The reaction mixture was partitioned with ethyl acetate and water, the organic layer was washed with saturated
brine and dried over magnesium sulfate, and the solvent was evaporated under reduced pressure. Trifluoroacetic acid
(1 ml) was added to the residue, the resulting mixture was stirred for 2 hours, and the solvent was evaporated under
reduced pressure. The residue was partitioned with methylene chloride and saturated aqueous sodium bicarbonate
solution, the organic layer was dried over magnesium sulfate, and then the solvent was evaporated under reduced
pressure. The residue was purified by silica gel chromatography (methylene chloride:methanol = 10:0 to 20:1) to give
the title compound (75 mg, 73%) as a white solid.
1H-NMR (CDCl3) δ: 0.48-0.59 (4H, m), 1.34-1.40 (1H, m), 3.82-3.84 (4H, m), 4.08 (2H, d, J = 7.32 Hz), 4.26 (4H, brs),
5.40 (2H, brs), 8.93 (1H, s).

Step 9: 5-{9-(Cyclopropylmethyl)-8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-y1-9H-purin-2-yl}-4-(trifluorome-
thyl)pyrimidin-2-amine

[0215]

[0216] N-Methylpyrrolidone (1 ml) was added to 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-
4-(trifluoromethyl)pyrimidin-2-amine (75 mg, 0.16 mmol) and N-methanesulfonylpiperazine (135 mg, 0.8 mmol) and the
resulting mixture was stirred at 150˚C for 7 hours. The reaction mixture was partitioned with ethyl acetate and water and
the organic layer was washed with saturated brine and dried over magnesium sulfate. The solvent was evaporated
under reduced pressure and then the residue was purified by preparative HPLC (column, NOMURA Develosil Combi-
RP-5; mobile phase, acetonitrile/water/formic acid) to give the title compound (45 mg, 47%) as a white solid.
1H-NMR (DMSO-d6) δ: 0.40-0.48 (4H, m), 1.35-1.40 (1H, m), 2.96 (3H, s), 3.32-3.34 (16H, m), 3.71-3.73 (4H, m), 3.96
(2H, d, J = 6.87 Hz), 4.15 (4H, brs), 7.49 (2H, brs), 8.84 (1H, s).

Example 8

5-18-[4-(Methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine

[0217]
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Step 1: 2-Chloro-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purine

[0218]

[0219] The title compound was synthesized by using 2,2,2-trifluoroethyl trifluoromethanesulfonate as an alkylating
agent in the same way as in Step 1 of Example 1.
1H-NMR (CDCl3) δ: 3.80-3.86 (4H, m), 4.62-3.95 (4H, m), 4.77 (2H, q, J=8.5Hz), 7.78 (1H, s).

Step 2: 5-[6-Morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0220]

[0221] The title compound was synthesized in the same way as in Step 3 of Example 3.
1H-NMR (DMSO-d6) δ: 3.69-3.78 (4H, m), 4.17-4.37 (4H, m), 5.13-5.26 (2H, m), 7.05 (2H, brs), 8.21 (1H, s), 9.11 (2H, s).

Step 3: Di-tert-butyl {5-[6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-yl}imide dicarbonate

[0222]
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[0223] The title compound was synthesized in the same way as in Step 4 of Example 3.
1H-NMR (CDCl3) δ: 1.46 (18H, s), 3.85-3.91 (4H, m), 4.26-4.52 (4H, m), 4.88 (2H, q, J = 8.2 Hz), 7.87 (1H, s), 9.65 (2H, s).

Step 4: Di-tert-butyl {5-[8-chloro-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-yl}imide dicarbonate

[0224]

[0225] The title compound was synthesized in the same way as in Step 5 of Example 3.
1H-NMR (CDCl3 δ: 1.48 (18H, s), 3.84-3.90 (4H, m), 4.20-4.44 (4H, m), 4.86 (2H, q, J = 8.2 Hz), 9.62 (2H, s).

Step 5: tert-Butyl {5-[6-morpholin-4-yl-8-piperazin-1-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-yl}carbamate

[0226]

[0227] The title compound was synthesized in the same way as in Step 4 of Example 6.
1H-NMR (CDCl3) δ: 1.57 (9H, s), 2.62 (1H, s), 3.05-3.12 (4H, m), 3.20-3.26 (4H, m), 3.82-3.89 (4H, m), 4.24-4.35 (4H,
m), 4.72 (2H, q, J = 8.2 Hz), 8.55 (1H, brs), 9.50 (2H, s).
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Step 6: tert-Butyl (5-{8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimi-
din-2-yl)carbamate

[0228]

[0229] The title compound was synthesized in the same way as in Step 4 of Example 6.
1H-NMR (CDCl3) δ: 1.58 (9H, s), 2.87 (3H, s), 3.30-3.36 (4H, m), 3.42-3.47 (4H, m), 3.82-3.88 (4H, m), 4.23-4.34 (4H,
m), 4.72 (2H, q, J = 8.2 Hz), 7.68 (1H, brs), 9.47 (2H, s).

Step 7: 5-{8-[4-(Methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine

[0230]

[0231] The title compound was synthesized in the same way as in Step 3 of Example 6.
1H-NMR (CDCl3) δ: 2.87 (3H, s), 3.29-3.35 (4H, m), 3.42-3.47 (4H, m), 3.82-3.88 (4H, m), 4.23-4.32 (4H, m), 4.71 (2H,
q, J = 8.2 Hz), 5.22 (2H, brs), 9.23 (1H, s).

Step 8: 5-{8-[4-(Methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine
methanesulfonate

[0232]

[0233] The title compound was synthesized in the same way as in Step 8 of Example 3.
1H-NMR (CDCl3) δ: 2.89 (3H, s), 2.91 (3H, s), 3.30-3.37 (4H, m), 3.42-3.48 (4H, m), 3.84-3.89 (4H, m), 4.23-4.34 (4H,
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m), 4.73 (2H, q, J = 8.2 Hz), 8.25 (2H, brs), 9.33 (2H, s).

Example 9

5-[8-(4-Acetylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0234]

Step 1: tert-Butyl {5-[8-(4-acetylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-yl}car-
bamate

[0235]

[0236] The title compound was synthesized by a known acetylating method using acetic anhydride and pyridine. 1H-
NMR (CDCl3) δ: 1.56 (9H, s), 2.16 (3H, s), 3.15-3.21 (2H, m), 3.22-3.27 (2H, m), 3.63-3.69 (2H, m), 3.78-3.88 (6H, m),
4.22-4.34 (4H, m), 4.73 (2H, q, J = 8.4 Hz), 7.94 (1H, s), 9.48 (2H, s).

Step 2: 5-[8-(4-Acetylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0237]

[0238] A tert-butoxycarbonyl group was removed in the same way as in Step 3 of Example 6 to give the title
compound. 1H-NMR (CDCl3) δ: 2.16 (3H, s), 3.14-3.20 (2H, m), 3.21-3.26 (2H, m), 3.62-3.69 (2H, m), 3.78-3.88 (6H,
m), 4.21-4.33 (4H, m), 4.73 (2H, q, J = 8.3 Hz), 5.25 (2H, s), 9.23 (2H, s).
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Example 10

5-[8-(4-Acetylpiperazin-1-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-amine

[0239]

[0240] N-Methylpyrrolidone (1 ml) was added to 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]py-
rimidin-2-amine (100 mg, 0.26 mmol) and N-acetylpiperazine (166 mg, 1.3 mmol) and the resulting mixture was stirred
at 150˚C for 7 hours. The reaction mixture was partitioned with ethyl acetate and water and the organic layer was washed
with saturated brine and dried over magnesium sulfate. The solvent was evaporated under reduced pressure and the
residue was purified by preparative HPLC (column, NOMURA Develosil Combi-RP-5; mobile phase, acetonitrile/water/
formic acid) to give the title compound (105 mg, 85%) as a white solid.
1H-NMR (DMSO-d6) δ: 0.48-0.50 (4H, m), 1.32-1.38 (1H, m), 2.05 (3H, s), 3.15-3.17 (2H, m), 3.23-3.25 (2H, m), 3.60-3.64
(4H, m), 3.73-3.75 (4H, m), 3.99 (2H, d, J = 7.45 Hz), 4.18 (4H, s), 7.00 (2H, s), 9.07 (2H, s).

Example 11

N-Methyl-5-{8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-
2-amine

[0241]

Step 1: tert-Butylmethyl {5-[6-morpholin-4-yl-9-(tetrahydro-2H-pyran-2-yl)-9H-purin-2-yl]pyrimidin-2-yl}carbamate

[0242]
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[0243] The title compound was obtained in the same way as in Step 4 of Example 3.
1H-NMR (CDCl3) δ: 1.52-1.87 (3H, m), 1.57 (9H, s), 2.03-2.15 (3H, m), 3.51 (3H, s), 3.74-3.88 (5H, m), 4.15-4.22 (1H,
m), 4.28-4.44 (4H, m), 5.73-5.81 (1H, m), 7.98 (1H, s), 9.56 (2H, s).

Step 2: tert-Butyl [5-(8-chloro-6-morpholin-4-yl-9H-purin-2-yl)pyrimidin-2-yl]methylcarbamate

[0244]

[0245] The title compound was synthesized in the same way as in Step 7 of Example 7.
1H-NMR (CDCl3 δ: 1.55 (9H, s), 2.74 (3H, s), 3.48-3.53 (4H, m), 3.83-3.90 (4H, m), 4.30 (1H, br s), 9.57 (2H, br s).

Step 3: tert-Butyl {5-[8-chloro-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-yl}methylcarbamate

[0246]

[0247] The title compound was synthesized in the same way as the alkylation described in Step 8 of Example 7. 1H-
NMR (CDCl3 δ: 1.56 (9H, s), 3.48 (3H, s), 3.82-3.88 (4H, m), 4.20-4.38 (4H, m), 4.84 (2H, q, J = 8.1 Hz), 9.52 (2H, s).

Step 4: tert-Butylmethyl {5-[6-morpholin-4-yl-8-piperazin-1-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-yl}car-
bamate

[0248]
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[0249] The title compound was synthesized in the same way as in Step 4 of Example 6.
1H-NMR (CDCl3 δ: 1.56 (9H, s), 2.83 (1H, s), 3.03-3.09 (4H, m), 3.16-3.23 (4H, m), 3.49 (3H, s), 3.82-3.88 (4H, m),
4.23-4.37 (4H, m), 4.71 (2H, q, J = 8.5 Hz), 9.53 (2H, s).

Step 5: tert-Butylmethyl (5-{8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}
pyrimidin-2-yl)carbamate

[0250]

[0251] The title compound was synthesized in the same way as in Step 4 of Example 6.
1H-NMR (CDCl3) δ: 1.56 (9H, s), 2.87 (3H, s), 3.31-3.36 (4H, m), 3.42-3.47 (4H, m), 3.49 (3H, s), 3.82-3.88 (4H, m),
4.21-4.38 (4H, m), 4.72 (2H, q, J = 8.3 Hz), 9.5 (2H, s).

Step 6: N-Methyl-5-{8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimi-
din-2-amine

[0252]

[0253] The title compound was synthesized in the same way as in Step 3 of Example 6.
1H-NMR (CDCl3) δ: 2.87 (3H, s), 3.08 (3H, d, J = 5.1 Hz), 3.28-3.34 (4H, m), 3.41-3.48 (4H, m), 3.82-3.88 (4H, m),
4.32-4.21 (4H, m), 4.70 (2H, q, J =8.3 Hz), 5.32 (1H, d, J = 5.1 Hz), 9.25 (1H, s).
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Step 7: N-Methyl-5-18-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimi-
din-2-amine methanesulfonate

[0254]

[0255] The title compound was synthesized in the same way as in Step 8 of Example 3.
1H-NMR (CDCl3) δ: 2.88 (3H, s), 2.93 (3H, s), 3.16-3.19 (3H, m), 3.30-3.36 (4H, m), 3.42-3.48 (4H, m), 3.82-3.88 (4H,
m), 4.14-4.38 (4H, m), 4.69 (2H, q, J = 8.3 Hz), 8.93 (1H, br s), 9.46 (1H, br s), 9.67 (1H, s).

Example 12

5-{9-(Cyclopropylmethyl)-8-(cis-3,5-dimethylpiperazin-1-yl)-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0256]

[0257] A dimethyl sulfoxide solution (0.8 ml) of 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]py-
rimidin-2-amine (76.5 mg, 0.19 mmol) and cis-2,6-dimethylpiperazine (87.5 mg, 0.77 mmol) was heated at 140˚C and
stirred for 2.5 hours. The resulting mixture was left standing to cool followed by the addition of dichloromethane-methanol
(10:1) and washed with saturated aqueous sodium hydrogen carbonate solution. The organic layer was dried over
anhydrous sodium sulfate, the resulting mixture was filtrated, the filtrate was concentrated under reduced pressure, and
the resulting residue was purified by preparative thin layer silica gel chromatography (dichloromethane:methanol = 10:
1) to give the title compound (91.1 mg, 100%) as a light brown solid.
1H-NMR (CDCl3 δ: 0.48-0.58 (4H, m), 1.15 (6H, d, J = 6.42 Hz), 1.29-1.41 (1H, m), 2.63 (2H, t, J = 11.46 Hz), 3.07-3.19
(2H, m), 3.35-3.43 (2H, m), 3.83-3.90 (4H, m), 3.95 (2H, d, J = 6.88 Hz), 4.21-4.36 (4H, brm), 5.55 (2H, s), 9.23 (2H, s).

Example 13

5-[8-(4-Methylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0258]
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Step 1: tert-Butyl {5-[8-(4-methylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-yl}
carbamate

[0259]

[0260] In the same way as in Step 5 of Example 1, N-methylpiperazine was used in excess and the resulting mixture
was stirred at 80˚C for 3 hours to synthesize the title compound.
1H-NMR (CDCl3 δ: 1.56 (9H, s), 2.40 (3H, s), 2.59-2.66 (4H, m), 3.25-3.32 (4H, m), 3.81-3.88 (4H, m), 4.22-4.33 (4H,
m), 4.69 (2H, q, J = 8.2 Hz), 7.98 (1H, s), 9.48 (2H, s).

Step 2: 5-[8-(4-Methylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0261]

[0262] The title compound was synthesized in the same way as in Step 3 of Example 6.
1H-NMR (CDCl3) δ: 2.38 (3H, s), 2.57-2.64 (4H, m), 3.23-3.29 (4H, m), 3.83-3.88 (4H, m), 4.23-4.33 (4H, m), 4.69 (2H,
q, J = 8.3 Hz), 5.24 (2H, s), 9.22 (2H, s).

Example 14

5-[8-(cis-3,5-Dimethylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0263]
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Step 1: tert-Butyl {5-[8-(cis-3,5-dimethylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-
2-yl)}carbamate

[0264]

[0265] In the same way as in Step 5 of Example 1, cis-2,6-dimethylpiperazine was used in excess and the resulting
mixture was stirred at 80˚C for 3 hours to synthesize the title compound.
1H-NMR (CDCl3) δ: 1.16 (6H, d, J = 6.3 Hz), 1.56 (9H, s), 2.64-2.74 (2H, m), 3.08-3.20 (2H, m), 3.21-3.28 (2H, m),
3.82-3.88 (4H, m), 4.23-4.32 (4H, m), 4.69 (2H, q, J = 8.2 Hz), 7.95 (1H, s), 9.48 (2H, s).

Step 2: {5-[8-(cis-3,5-Dimethylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0266]

[0267] The title compound was synthesized in the same way as in Step 3 of Example 6.
1H-NMR (CDCl3) δ: 1.13 (6H, d, J = 6.1 Hz), 2.59-2.68 (2H, m), 3.06-3.17 (2H, m), 3.19-3.26 (2H, m), 3.83-3.89 (4H,
m), 4.23-4.33 (4H, m), 4.69 (2H, q, J = 8.4 Hz), 5.24 (2H, s), 9.23 (2H, s).

Step 3: {5-[8-(cis-3,5-Dimethylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine
methanesulfonate

[0268]
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[0269] The title compound was synthesized in the same way as in Step 8 of Example 3.
1H-NMR (CDCl3+CD3OD δ: 1.45 (6H, d, J = 6.6 Hz), 2.83 (3H, s), 3.14-3.23 (2H, m), 3.35-3.43 (3H, m), 3.56-3.67 (2H,
m), 3.85-3.90 (4H, m), 4.22-4.32 (4H, m), 4.74 (2H, q, J = 8.2 Hz), 9.20 (1H, s).

Example 15

5-[9-(Cyclopropylmethyl)-8-(cis-3,5-dimethylpiperazin-1-yl)-6-morpholin-4-yl-9H-purin-2-yl]-4-methylpyrimidin-2-amine

[0270]

[0271] cis-2,6-Dimethylpiperazine (114 mg, 1.0 mmol) and N-methylpyrrolidone (1 ml) were added to 5-[8-chloro-
9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-methylpyrimidin-2-amine (100 mg, 0.25 mmol) and the resulting
mixture was stirred at 150˚C for 4 hours. The reaction mixture was partitioned with ethyl acetate and water and the
organic layer was washed with saturated brine and dried over magnesium sulfate. The solvent was evaporated under
reduced pressure and then the residue was purified by preparative HPLC (column, NOMURA Develosil Combi-RP-5;
mobile phase, acetonitrile/water/formic acid) to give the title compound (90 mg, 75%) as a light brown solid.
1H-NMR (DMSO-d6) δ: 0.40-0.43 (2H, m), 0.45-0.49 (2H, m), 1.09 (6H, d, J = 6.30 Hz), 1.31-1.37 (1H, m), 2.58-2.62
(2H, m), 2.63 (3H, s), 3.08-3.12 (2H, m), 3.38-3.44 (2H, m), 3.73-3.75 (4H, m), 3.96 (2H, d, J = 6.87 Hz), 4.15 (4H, s),
6.77 (2H, s), 8.22 (1H, s), 8.78 (1H, s).

Example 16

5-{9-(Cyclopropylmethyl)-8-(cis-3,5-dimethylpiperazin-1-yl)-6-morpholin-4-yl-9H-purin-2-yl}-N-methylpyrimidin-
2-amine

[0272]
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Step 1: 5-[9-(Cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-N-methylpyrimidin-2-amine

[0273]

[0274] Sodium carbonate (2.40 g, 22.7 mmol) and tetrakis triphenylphosphine palladium (0.44 g, 0.38 mmol) were
added to a 1,4-dioxane (44.0 ml)-water (22.0 ml) mixture solution of 2-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-
9H-purine (2.22 g, 7.56 mmol) and 2-methylaminopyrimidine-5-boronic acid pinacol ester (2.31 g, 9.82 mmol) at room
temperature and the resulting mixture was heated to reflux for 3.5 hours in an argon atmosphere. The reaction mixture
was left standing to cool and then poured into water and ethyl acetate was added to separate the layers. The solid
precipitated in the aqueous layer was collected by filtration, washed with water, and then dried at 50˚C under reduced
pressure. Meanwhile, the organic layer was dried over anhydrous sodium sulfate, the mixture was filtrated, then the
filtrate was concentrated under reduced pressure, and the resulting solid was washed with dichloromethane and collected
by filtration. These solids were combined to give the title compound (1.68 g, 61%) as a white solid.
1H-NMR (CDCl3) δ: 0.47-0.52 (2H, m), 0.63-0.69 (2H, m), 1.28-1.37 (1H, m), 3.09 (3H, d, J = 5.15 Hz), 3.84-3.88 (4H,
m), 4.06 (2H, d, J = 7.45 Hz), 4.27-4.45 (4H, brm), 5.24-5.34 (1H, m), 7.82 (1H, s), 9.29 (2H, s).

Step 2: tert-Butyl {5-[9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-yl}methylcarbamate

[0275]

[0276] Di-tert-butyl dicarbonate (2.01 g, 9.19 mmol) and 4-dimethylaminopyridine (0.11 g, 0.92 mmol) were added to
a dimethylformamide suspension (50 ml) of 5-[9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-N-methylpyrimidin-
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2-amine (1.68 g, 4.59 mmol) at room temperature. The resulting mixture was stirred at 60˚C for 3.5 hours and then the
reaction mixture was poured into ethyl acetate, washed successively with 10% aqueous citric acid solution and saturated
aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the filtrate was
concentrated under reduced pressure to give the title compound as a pale yellow white amorphous substance. This
substance was used in the next step (Step 3) without being purified.

Step 3: tert-Butyl {5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-yl}methylcarbamate

[0277]

[0278] N-Chlorosuccinimide (0.92 g, 6.89 mmol) was added to an N,N-dimethylformamide solution (60 ml) of tert-
butyl {5-[9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-yl}methylcarbamate (2.14 g, 4.59 mmol) at
room temperature. The resulting mixture was stirred for 4.5 hours followed by the addition of N-chlorosuccinimide (0.12
g, 0.92 mmol) and the resulting mixture was further stirred for 2.5 hours. The reaction mixture was poured into ethyl
acetate, washed with water, and dried over anhydrous sodium sulfate. After filtration, the filtrate was concentrated under
reduced pressure and the resulting residue was purified by silica gel column chromatography (hexane:ethyl acetate =
17:3 to 3:1) to give the title compound (1.29 g, 56%, two steps combined) as a colorless amorphous substance.
1H-NMR (CDCl3) δ: 0.52-0.61 (4H, m), 1.30-1.41 (1H, m), 1.56-1.59 (9H, m), 3.49-3.52 (3H, m), 3.83-3.89 (4H, m), 4.11
(2H, d, J = 7.45 Hz), 4.20-4.40 (4H, brm), 9.53 (2H, s).

Step 4: 5-[8-Chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-N-methylpyrimidin-2-amine

[0279]

[0280] Trifluoroacetic acid (13 ml) was added to a dichloromethane solution (26 ml) of tert-butyl {5-[8-chloro-9-(cyclo-
propylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-yl}methylcarbamate (1.29 g, 2.57 mmol) with ice cooling and
the resulting mixture was stirred at room temperature for 2 hours. The reaction mixture was concentrated, then neutralized
with saturated aqueous sodium hydrogen carbonate solution, and extracted with a chloroform-ethyl acetate (5:1) mixed
solvent. The organic layer was dried over anhydrous sodium sulfate and, after the reaction mixture was filtrated, the
filtrate was concentrated under reduced pressure and evaporated to dryness to give the title compound (1.25 g, 100%)
as a white solid.
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1H-NMR (CDCl3) δ: 0.51-0.60 (4H, m), 1.29-1.39 (1H, m), 3.09 (3H, d, J = 5.15 Hz), 3.82-3.88 (4H, m), 4.08 (2H, d, J =
6.87 Hz), 4.15-4.42 (4H, brm), 5.47-5.68 (1H, m), 9.25 (2H, brs).

Step 5: 5-{9-(Cyclopropylmethyl)-8-(cis-3,5-dimethylpiperazin-1-yl)-6-morpholin-4-yl-9H-purin-2-yl}-N-methylpyrimidin-
2-amine

[0281]

[0282] A dimethyl sulfoxide solution (1.0 ml) of 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-N-
methylpyrimidin-2-amine (112.3 mg, 0.23 mmol) and cis-2,6-dimethylpiperazine (105.7 mg, 0.93 mmol) was heated at
140˚C, stirred for 5 hours, and left standing to cool followed by the addition of dichloromethane-methanol (10:1) and the
resulting mixture was washed with saturated aqueous sodium hydrogen carbonate solution. The organic layer was dried
over anhydrous sodium sulfate, the mixture was filtrated, the filtrate was concentrated under reduced pressure, and the
resulting residue was purified by preparative thin layer silica gel chromatography (dichloromethane:methanol = 10:1) to
give the title compound (98.2 mg, 89%) as a light brown solid.
1H-NMR (CDCl3 δ: 0.50-0.54 (4H, m), 1.14 (6H, d, J = 6.30 Hz), 1.29-1.38 (1H, m), 2.58-2.67 (2H, m), 3.08 (3H, d, J =
5.15 Hz), 3.09-3.17 (2H, m), 3.35-3.41 (2H, m), 3.82-3.88 (4H, m), 3.94 (2H, d, J = 6.87 Hz), 4.20-4.35 (4H, brm),
5.27-5.34 (1H, m), 9.25 (2H, s).

Example 17

5-[8-(cis-3,5-Dimethylpiperazin-1-yl)-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0283]

[0284] A mixture of 5-[8-chloro-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]pyrimidin-2-amine (100
mg, 0.24 mmol), cis-2,6-dimethylpiperazine (82 mg, 0.72 mmol), and dimethyl sulfoxide (800 ml) was stirred at 150˚C
for 1.5 hours. The reaction mixture was cooled and then partitioned with ethyl acetate and water and the organic layer
was washed twice with saturated brine and then dried over magnesium sulfate. The solvent was evaporated under
reduced pressure and the residue was purified by silica gel chromatography (chloroform:methanol = 9:1) to give the title
compound (64 mg, 57%) as a light brown solid.
1H-NMR (DMSO-d6) δ: 1.01 (6H, d, J = 6.30 Hz), 1.26-1.28 (1H, m), 1.52-1.58 (1H, m), 1.81-1.86 (1H, m), 2.38-2.44
(2H, m), 2.90-2.95 (3H, m), 3.29 (1H, brs), 3.52 (1H, dd, J = 8.59, 5.15 Hz), 3.59-3.65 (2H, m), 3.73-3.75 (4H, m),
3.77-3.81 (1H, m), 4.09 (2H, d, J = 7.45 Hz), 4.18 (4H, brs), 9.06 (2H, s).
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Example 18

5-[8-(cis-3,5-Dimethylpiperazin-1-yl)-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]-N-methylpyrimi-
din-2-amine

[0285]

Step 1: 5-Bromo-N-methylpyrimidin-2-amine

[0286]

[0287] 40% Aqueous methylamine solution (35 ml) and methanol (20 ml) were added to 5-bromo-2-chloropyrimidine
(3 g, 15.5 mmol) and the resulting mixture was heated to reflux for 3 days. The mixture was cooled, then the solvent
was evaporated under reduced pressure, the residue was partitioned with methylene chloride and 1 M sodium hydroxide,
the organic layer was dried over magnesium sulfate, and the solvent was evaporated under reduced pressure to give
the title compound (3.0 g, 100%) as a white solid.
1H-NMR (CDCl3) δ: 2.98 (3H, d, J = 5.12 Hz), 5.16 (1H, brs), 8.29 (2H, s).

Step 2: N-Methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-amine

[0288]

[0289] N,N-Dimethylformamide (20 ml) was added to 5-bromo-N-methylpyrimidin-2-amine (3.0 g, 16.0 mmol), bispi-
nacolatodiboron (4.86 g, 19.2 mmol), and potassium acetate (4.7 g, 47.9 mmol) and the atmosphere in the reaction
vessel was substituted with nitrogen. A 1,1’-bis(diphenylphosphino)ferrocene]palladium (II) dichloride dichloromethane
complex (650 mg, 0.80 mmol) was added, the atmosphere in the reaction vessel was substituted with nitrogen again,
and the resulting mixture was stirred at 80˚C for 2 hours. The reaction mixture was partitioned with ethyl acetate and
saturated brine and filtrated through Celite and the organic layer was washed twice with saturated brine and dried over
magnesium sulfate. The solvent was evaporated under reduced pressure and the residue was purified by silica gel
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chromatography (hexane:ethyl acetate = 8:2 to 6:4) to give the title compound (3.8 g, 100%) as a white solid.
1H-NMR (CDCl3) δ: 1.32 (12H, s), 3.03 (3H, d, J = 5.12 Hz), 5.66 (1H, brs), 8.58 (2H, brs).

Step 3: N-Methyl-5-[6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0290]

[0291] 1,4-Dioxane (40 ml), water (20 ml), and sodium carbonate (2 g, 19 mmol) were added to N-methyl-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-amine (1.45 g, 6.18 mmol) and 2-chloro-6-morpholin-4-yl-9-(tetrahydro-
furan-3-ylmethyl)-9H-purine (2.0 g, 6.18 mmol) and the atmosphere in the reaction vessel was substituted with nitrogen.
Tetrakis triphenylphosphine palladium (0.36 g, 0.31 mmol) was added, then the atmosphere in the reaction vessel was
substituted with nitrogen again, and the resulting mixture was heated to reflux for 3 hours. The reaction mixture was
partitioned with ethyl acetate and water, the organic layer was dried over magnesium sulfate, and the solvent was
evaporated under reduced pressure. Methylene chloride-ether was added to the residue and the insoluble matter was
collected by filtration and dried to give the title compound (1.0 g, 41%) as a white solid.
1H-NMR (CDCl3) δ: 1.71-1.78 (1H, m), 2.02-2.08 (1H, m), 2.95-2.99 (1H, m), 3.09 (3H, d, J = 5.15 Hz), 3.66 (1H, dd, J
= 8.88, 4.87 Hz), 3.76-3.81 (2H, m), 3.85-3.87 (4H, m), 3.94-3.99 (1H, m), 4.17 (1H, dd, J = 13.75, 8.02 Hz), 4.23 (1H,
dd, J = 14.03, 7.73 Hz), 4.35 (4H, s), 5.29-5.32 (1H, m), 7.70 (1H, s), 9.28 (2H, s).

Step 4: tert-Butylmethyl {5-[6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]pyrimidin-2-yl}carbamate

[0292]

[0293] N-Methyl-5-[6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]pyrimidin-2-amine (0.96 g, 2.96
mmol) was suspended in N,N-dimethylformamide (10 ml) followed by the addition of 4-dimethylaminopyridine (70 mg,
0.59 mmol) and di-tert-butyl dicarbonate (1.29 g, 5.93 mmol) and the resulting mixture was stirred at 60˚C for 2 hours.
The reaction mixture was cooled and then partitioned with ethyl acetate and water and the organic layer was washed
with 5% aqueous citric acid solution, water, saturated aqueous sodium bicarbonate solution, and saturated brine and
dried over magnesium sulfate. The solvent was evaporated under reduced pressure to give the title compound (1.25 g,
85%) as a white solid.
1H-NMR (CDCl3) δ: 1.57 (9H, s), 1.69-1.78 (1H, m), 2.03-2.09 (1H, m), 2.94-3.00 (1H, m), 3.50 (3H, s), 3.64-3.67 (1H,
m), 3.77-3.81 (2H, m), 3.86-3.88 (4H, m), 3.95-3.99 (1H, m), 4.19 (1H, dd, J = 14.03, 7.73 Hz), 4.26 (1H, dd, J = 13.75,
7.45 Hz), 4.37 (4H, brs), 7.75 (1H, s), 9.56 (2H, s).
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Step 5: tert-Butyl {5-[8-chloro-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]pyrimidin-2-yl}methylcar-
bamate

[0294]

[0295] tert-Butylmethyl {5-[6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]pyrimidin-2-yl}carbamate
(1.25 g, 2.52 mmol) was dissolved in N,N-dimethylformamide (20 ml) followed by the addition of N-chlorosuccinimide
(440 mg, 3.27 mmol) and the resulting mixture was stirred for 4 hours. The reaction mixture was partitioned with ethyl
acetate and water, the organic layer was dried over magnesium sulfate, and then the solvent was evaporated under
reduced pressure. The residue was purified by silica gel chromatography (hexane:ethyl acetate, 5:5 to 0:10) to give the
title compound (1.35 g, 100%) as a white solid.
1H-NMR (CDCl3) δ: 1.57 (9H, s), 1.75-1.82 (1H, m), 1.97-2.03 (1H, m), 2.94-2.99 (1H, m), 3.50 (3H, s), 3.71 (1H, dd, J
= 8.88, 4.87 Hz), 3.78-3.82 (2H, m), 3.84-3.86 (4H, m), 3.98-4.03 (1H, m), 4.20-4.32 (6H, m), 9.53 (2H, s).

Step 6: 5-[8-Chloro-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]-N-methylpyrimidin-2-amine

[0296]

[0297] tert-Butyl {5-[8-chloro-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]pyrimidin-2-yl}methylcar-
bamate (1.30 g, 2.45 mmol) was dissolved in methylene chloride (5 ml) followed by the addition of trifluoroacetic acid
(10 ml) with ice cooling and the resulting mixture was stirred at room temperature for 2 hours. The solvent was evaporated
under reduced pressure, the residue was partitioned with chloroform and saturated aqueous sodium bicarbonate solution,
the organic layer was dried over magnesium sulfate, and then the solvent was evaporated under reduced pressure to
give the title compound (1.1 g, 100%) as a white solid.
1H-NMR (CDCl3) δ: 1.75-1.82 (1H, m), 1.96-2.03 (1H, m), 2.94-2.99 (1H, m), 3.09 (3H, d, J = 5.15 Hz), 3.71 (1H, dd, J
= 8.88, 4.87 Hz), 3.78-3.81 (2H, m), 3.84-3.86 (4H, m), 3.98-4.02 (1H, m), 4.20 (1H, dd, J = 14.32, 7.45 Hz), 4.25-4.29
(5H, m), 5.33 (1H, s), 9.25 (2H, s).

Step 7: 5-[8-(cis-3,5-Dimethylpiperazin-1-yl)-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]-N-methyl-
pyrimidin-2-amine

[0298]
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[0299] A mixture of 5-[8-chloro-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]-N-methylpyrimidin-2-
amine (100 mg, 0.23 mmol), cis-2,6-dimethylpiperazine (80 mg, 0.70 mmol), and dimethyl sulfoxide (1 ml) was stirred
at 150˚C for 2 hours. The mixture was purified by preparative HPLC (column, NOMURA Develosil Combi-RP-5; mobile
phase, acetonitrile/water/formic acid) to give the title compound (64 mg, 54%) as a light brown solid.
1H-NMR (CDCl3) δ: 1.33 (6H, d, J = 5.73 Hz), 1.62-1.68 (1H, m), 1.93-1.99 (1H, m), 3.02-3.09 (6H, m), 3.37-3.41 (4H,
m), 3.60 (1H, dd, J = 9.16, 4.58 Hz), 3.69 (1H, dd, J = 8.59, 6.30 Hz), 3.76 (1H, dd, J = 15.18, 8.31 Hz), 3.85-3.87 (4H,
m), 3.94 (1H, dd, J = 14.03, 8.31 Hz), 4.02 (1H, dd, J = 13.75, 8.02 Hz), 4.09 (1H, dd, J = 13.75, 7.45 Hz), 4.27 (4H,
brs), 5.77-5.80 (1H, m), 8.42 (1H, s), 9.24 (2H, s).

Example 19

5-[9-(Cyclopropylmethyl)-6-morpholin-4-yl-8-piperazin-1-yl-9H-purin-2-yl]pyrimidin-2-amine

[0300]

[0301] A dimethyl sulfoxide solution (0.8 ml) of 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]py-
rimidin-2-amine (78.3 mg, 0.20 mmol) and piperazine (67.6 mg, 0.78 mmol) was heated at 140˚C and stirred for 2.5
hours. The mixture was left standing to cool followed by the addition of dichloromethane-methanol (10:1) and the resulting
mixture was washed with saturated aqueous sodium hydrogen carbonate solution. The organic layer was dried over
anhydrous sodium sulfate, the mixture was filtrated, the filtrate was concentrated under reduced pressure, and the
resulting residue was purified by preparative thin layer silica gel chromatography (dichloromethane:methanol = 5:1) to
give the title compound (76.5 mg, 89%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.49-0.56 (4H, m), 1.30-1.41 (1H, m), 3.02-3.10 (4H, m), 3.21-3.28 (4H, m), 3.82-3.89 (4H, m), 3.96
(2H, d, J = 6.88 Hz), 4.21-4.37 (4H, brm), 5.28 (2H, s), 9.24 (2H, s).

Example 20

5-[9-(Cyclopropylmethyl)-6,8-dimorpholin-4-yl-9H-purin-2-yl]pyrimidin-2-amine

[0302]
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[0303] A dimethyl sulfoxide solution (1.0 ml) of 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]py-
rimidin-2-amine (75.3 mg, 0.19 mmol) and morpholine (65.8 ml, 0.75 mmol) was heated at 140˚C and stirred for 4 hours.
Morpholine (32.9 ml, 0.38 mmol) was added at room temperature and the resulting mixture was further stirred at 140˚C
for 2 hours. The resulting mixture was left standing to cool followed by the addition of dichloromethane-methanol (10:
1) and the resulting mixture was washed with saturated aqueous sodium hydrogen carbonate solution. The organic
layer was dried over anhydrous sodium sulfate, the mixture was filtrated, the filtrate was concentrated under reduced
pressure, and the resulting residue was purified by preparative thin layer silica gel chromatography (dichloromethane:
methanol = 15:1) to give the title compound (85.9 mg, 100%) as a white solid.
1H-NMR (CDCl3) δ: 0.51-0.58 (4H, m), 1.28-1.40 (1H, m), 3.25-3.33 (4H, m), 3.83-3.91 (8H, m), 3.97 (2H, d, J = 6.88
Hz), 4.20-4.38 (4H, m), 5.35 (2H, s), 9.23 (2H, s).

Example 21

N’-[2-(2-Amino-4-methylpyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-8-yl]-N,N-dimethylethane-
1,2-diamine

[0304]

[0305] N,N-Dimethylethylenediamine (110 mg, 1.3 mmol) and dimethyl sulfoxide (700 ml) were added to 5-[8-chloro-
9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-methylpyrimidin-2-amine (100 mg, 0.26 mmol) and the resulting
mixture was stirred at 150˚C for 3 hours. The reaction mixture was partitioned with ethyl acetate and water, the organic
layer was concentrated, and then the residue was purified by preparative HPLC (column, NOMURA Develosil Combi-
RP-5; mobile phase, acetonitrile/water/formic acid) to give the title compound (64 mg, 52%) as a pale yellow solid.
1H-NMR (DMSO-d6) δ: 0.42-0.45 (4H, m), 1.22-1.27 (1H, m), 2.25 (6H, s), 2.55 (2H, t, J = 6.59 Hz), 2.62 (3H, s), 3.46
(2H, q, J = 6.30 Hz), 3.70-3.72 (4H, m), 3.89 (2H, d, J = 6.87 Hz), 4.08-4.10 (4H, m), 6.69 (2H, s), 6.78 (1H, t, J = 5.44
Hz), 8.17 (2H, s), 8.75 (1H, s).

Example 22

2-(2-Amino-4-methylpyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-N-(2-morpholin-4-ylethyl)-9H-purin-
8-amine

[0306]
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[0307] 2-Morpholin-4-yl-ethylamine (162 mg, 1.25 mmol) and dimethyl sulfoxide (700 ml) were added to 5-[8-chloro-
9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-methylpyrimidin-2-amine (100 mg, 0.25 mmol) and the resulting
mixture was stirred at 150˚C for 3 hours. The reaction mixture was partitioned with ethyl acetate and water, the organic
layer was concentrated, and then the residue was purified by preparative HPLC (column, NOMURA Develosil Combi-
RP-5; mobile phase, acetonitrile/water/formic acid) to give the title compound (101 mg, 75%) as a pale yellow solid.
1H-NMR (DMSO-d6) δ: 0.41-0.47 (4H, m), 1.23-1.28 (1H, m), 2.44 (4H, brs), 2.55 (2H, t, J = 6.59 Hz), 2.62 (3H, s), 3.47
(2H, q, J = 6.30 Hz), 3.56 (4H, t, J = 4.58 Hz), 3.71 (4H, t, J = 4.58 Hz), 3.89 (2H, d, J = 6.87 Hz), 4.09 (4H, t, J = 4.30
Hz), 6.69 (2H, s), 6.74 (1H, t, J = 5.73 Hz), 8.14 (2H, s), 8.75 (1H, s).

Example 23

5-[6,8-Dimorpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0308]

[0309] Dimethyl sulfoxide (1 ml) was added to a mixture of 5-[8-chloro-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-
9H-purin-2-yl]pyrimidin-2-amine (100 mg, 0.24 mmol) and morpholine (63 ml, 0.72 mmol) and the resulting mixture was
stirred at 150˚C for 3 hours. The reaction mixture was cooled and then partitioned with chloroform and water, and the
organic layer was washed again with water and then dried over magnesium sulfate. The solvent was evaporated under
reduced pressure and then the residue was purified by silica gel chromatography (chloroform:methanol = 10:0 to 25:1
to 20:1) to give the title compound (75 mg, 67%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 1.64-1.70 (1H, m), 1.92-1.99 (1H, m), 3.07-3.12 (1H, m), 3.23-3.25 (4H, m), 3.64 (1H, dd, J = 8.88,
4.87 Hz), 3.71-3.80 (2H, m), 3.86-3.88 (8H, m), 3.93-3.98 (1H, m), 4.07 (1H, dd, J = 13.75, 7.45 Hz), 4.13 (1H, dd, J =
13.75, 7.45 Hz), 4.29 (4H, brs), 5.18 (2H, brs), 9.23 (2H, s).

Example 24

5-[6,8-Dimorpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]-N-methylpyrimidin-2-amine

[0310]
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[0311] A mixture of 5-[8-chloro-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]-N-methylpyrimidin-2-
amine (100 mg, 0.23 mmol), morpholine (61 ml, 0.70 mmol), and dimethyl sulfoxide (1 ml) was stirred at 150˚C for 3
hours. The mixture was purified by preparative HPLC (column, NOMURA Develosil Combi-RP-5; mobile phase, ace-
tonitrile/water/formic acid) to give the title compound (56 mg, 50%) as a light brown solid. 1H-NMR (CDCl3) δ: 1.64-1.70
(1H, m), 1.91-1.98 (1H, m), 3.09-3.10 (4H, m), 3.23-3.24 (4H, m), 3.63 (1H, dd, J = 8.88, 4.87 Hz), 3.71-3.79 (2H, m),
3.84-3.88 (8H, m), 3.93-3.97 (1H, m), 4.06 (1H, dd, J = 13.75, 8.02 Hz), 4.12 (1H, dd, J = 13.75, 7.45 Hz), 4.28 (4H,
brs), 5.26-5.29 (1H, m), 9.25 (2H, s).

Example 25

N-Methyl-5-{8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl}pyrimi-
din-2-amine

[0312]

[0313] A mixture of 5-[8-chloro-6-morpholin-4-yl-9-(tetrahydrofuran-3-ylmethyl)-9H-purin-2-yl]-N-methylpyrimidin-2-
amine (100 mg, 0.23 mmol), N-methanesulfonylpiperazine (114 mg, 0.70 mmol), and dimethyl sulfoxide (1 ml) was
stirred at 150˚C for 4 hours. The mixture was purified by preparative HPLC (column, NOMURA Develosil Combi-RP-5;
mobile phase, acetonitrile/water/formic acid) to give the title compound (32 mg, 25%) as a light brown solid.
1H-NMR (CDCl3) δ: 1.65-1.69 (1H, m), 1.95-1.98 (1H, m), 2.87 (3H, s), 3.08-3.11 (4H, m), 3.34-3.36 (4H, m), 3.43-3.44
(4H, m), 3.62 (1H, dd, J = 8.88, 4.87 Hz), 3.70 (1H, dd, J = 9.16, 6.30 Hz), 3.73-3.78 (1H, m), 3.84-3.86 (4H, m), 3.92-3.97
(1H, m), 4.03 (1H, dd, J = 13.75, 7.45 Hz), 4.11 (1H, dd, J = 13.75, 7.45 Hz), 4.27 (4H, brs), 5.29-5.31 (1H, m), 9.25 (2H, s).

Example 26

5-{8-(cis-3,5-Dimethylpiperazin-1-yl)-9-[(3S)-1-(methylsulfonyl)pyrrolidin-3-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimi-
din-2-amine

[0314]
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Step 1: tert-Butyl (3S)-3-(2,6-dichloro-9H-purin-9-yl)pyrrolidine-1-carboxylate

[0315]

[0316] Tetrahydrofuran (200 ml) was added to 2,6-dichloropurine (6 g, 31.8 mmol), tert-butyl (3R)-3-hydroxypyrrolidine-
1-carboxylate (5.94 g, 31.8 mmol), and triphenylphosphine (9.2 g, 34.9 mmol) and the resulting mixture was made
uniform. Diisopropyl azodicarboxylate (6.9 ml, 35 mmol) was added with ice cooling and the resulting mixture was stirred
at room temperature for 30 minutes and then heated to reflux for 1 hour. The reaction mixture was cooled, then the
solvent was evaporated under reduced pressure, and the residue was purified by silica gel chromatography (hexane:
ethyl acetate = 7:3 to 6:4 to 5:5 to 4:6) to give the title compound (10.5 g, 92%) as a white solid.

Step 2: tert-Butyl (3S)-3-(2-chloro-6-morpholin-4-yl-9H-purin-9-yl)pyrrolidine-1-carboxylate

[0317]

[0318] Morpholine (0.8 ml) and ethanol (10 ml) were added to tert-butyl (3S)-3-(2,6-dichloro-9H-purin-9-yl)pyrrolidine-
1-carboxylate (1.55 g, 4.3 mmol) and the resulting mixture was stirred at 80˚C for 2 hours. The reaction mixture was
cooled and then the solvent was evaporated under reduced pressure. The residue was partitioned with ethyl acetate
and saturated aqueous sodium bicarbonate solution, the organic layer was dried over magnesium sulfate, and the
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solvent was evaporated under reduced pressure to give the title compound (1.76 g, 100%) as a white solid.
1H-NMR (CDCl3) δ: 1.48 (9H, s), 2.26-2.31 (1H, m), 2.43-2.48 (1H, m), 3.52-3.64 (3H, m), 3.82-3.83 (4H, m), 3.89 (1H,
dd, J = 12.03, 6.30 Hz), 4.28 (4H, brs), 5.19 (1H, s), 7.69 (1H, s).

Step 3: tert-Butyl (3S)-3-(2-{2-[bis(tert-butoxycarbonyl)amino]pyrimidin-5-yl}-6-morpholin-4-yl-9H-purin-9-yl)pyrrolidine-
1-carboxylate

[0319]

[0320] 1,4-Dioxane (15 ml) and water (8 ml) were added to tert-butyl (3S)-3-(2-chloro-6-morpholin-4-yl-9H-purin-9-
yl)pyrrolidine-1-carboxylate (806 mg, 1.97 mmol), di-tert-butyl [5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-
2-yl]imide dicarbonate (947 mg, 2.25 mmol), and sodium carbonate (630 mg, 6 mmol) and the atmosphere in the reaction
vessel was substituted with nitrogen under stirring. Tetrakis triphenylphosphine palladium (114 mg, 0.10 mmol) was
added, the atmosphere in the reaction vessel was substituted with nitrogen again, and then the resulting mixture was
heated to reflux for 3 hours. The reaction mixture was partitioned with ethyl acetate and water, the organic layer was
dried over magnesium sulfate, and then the solvent was evaporated under reduced pressure. The residue was dissolved
in tetrahydrofuran (5 ml) followed by the addition of 4-dimethylaminopyridine (24 mg) and di-tert-butyl dicarbonate (495
mg, 2.27 mmol) and the resulting mixture was stirred at 50˚C for 2 hours. The solvent was evaporated under reduced
pressure and the residue was purified by silica gel chromatography (hexane:ethyl acetate = 4:6 to 2:8) to give the title
compound (1.28 g, 97%) as a colorless oil.
1H-NMR (CDCl3) δ: 1.46-1.49 (29H, m), 2.44-2.54 (2H, m), 3.61-3.77 (3H, m), 3.85-3.90 (5H, m), 3.96-3.98 (1H, brm),
4.39 (4H, brs), 5.27 (1H, brs), 7.78 (1H, s), 9.66 (2H, s).

Step 4: tert-Butyl (3S)-3-(2-{2-[bis(tert-butoxycarbonyl)amino]pyrimidin-5-yl}-8-chloro-6-morpholin-4-yl-9H-purin-9-yl)
pyrrolidine-1-carbamate

[0321]

[0322] tert-Butyl (3S)-3-(2-{2-[bis(tert-butoxycarbonyl)amino]pyrimidin-5-yl}-6-morpholin-4-yl-9H-purin-9-yl)pyrrolid-
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ine-1-carboxylate (1.28 g, 1.92 mmol) was dissolved in N,N-dimethylformamide (10 ml) followed by the addition of N-
chlorosuccinimide (0.38 g, 2.88 mmol) and the resulting mixture was stirred for 3 hours. The reaction mixture was
partitioned with ethyl acetate and water, the organic layer was washed twice with water and then dried over magnesium
sulfate, and the solvent was evaporated under reduced pressure to give the title compound (1.32 g, 98%).

Step 5: 5-{8-Chloro-9-[(3S)-1-(methylsulfonyl)pyrrolidin-3-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0323]

[0324] tert-Butyl (3S)-3-(2-{2-[bis(tert-butoxycarbonyl)amino]pyrimidin-5-yl}-8-chloro-6-morpholin-4-yl-9H-purin-9-yl)
pyrrolidine-1-carboxylate (1.32 g, 1.88 mmol) was dissolved in methylene chloride (5 ml) followed by the addition of
trifluoroacetic acid (5 ml) and the resulting mixture was stirred for 0.5 hours. The solvent was removed azeotropically
with toluene and evaporated under reduced pressure. The residue was dissolved in methylene chloride followed by the
addition of triethylamine (1 ml) and methanesulfonyl chloride (170 ml, 2.26 mmol) with ice cooling and the resulting
mixture was stirred at room temperature for 4 hours. The reaction mixture was partitioned with ethyl acetate and water,
and the solid that was not dissolved in either layer was collected by filtration, washed with ethyl acetate and water, and
dried. This solid was suspended in methylene chloride, and then the insoluble matter was collected by filtration and
dried to give the title compound (0.38 g, 42%) as a pale grey solid.
1H-NMR (DMSO-d6) δ: 2.80-2.84 (1H, m), 3.04 (3H, s), 3.47-3.52 (1H, m), 3.75-3.77 (5H, m), 3.78-3.82 (2H, m), 3.94
(1H, dd, J = 10.31, 7.45 Hz), 4.24 (4H, brs), 5.35-5.41 (1H, m), 9.52 (2H, s).

Step 6: 5-{8-(cis-3,5-Dimethylpiperazin-1-yl)-9-[(3S)-1-(methylsulfonyl)pyrrolidin-3-yl]-6-morpholin-4-yl-9H-purin-2-yl}
pyrimidin-2-amine

[0325]

[0326] Dimethyl sulfoxide (1 ml) was added to 5-{8-chloro-9-[(3S)-1-(methylsulfonyl)pyrrolidin-3-yl]-6-morpholin-4-yl-
9H-purin-2-yl}pyrimidin-2-amine (100 mg, 0.21 mmol) and cis-2,6-dimethylpiperazine (119 mg, 1.04 mmol) and the
resulting mixture was stirred at 140˚C for 1 hour. The reaction mixture was partitioned with chloroform and water, the
organic layer was dried over magnesium sulfate, and then the solvent was evaporated under reduced pressure. The
residue was purified by silica gel chromatography (chloroform:methanol = 9:1) to give the title compound (95 mg, 82%)
as a light brown solid.
1H-NMR (DMSO-d6) δ: 0.95-0.97 (1H, m), 1.01 (6H, d, J = 6.34 Hz), 2.33-2.35 (1H, m), 2.77-2.80 (1H, m), 2.99-3.03
(5H, brm), 3.03 (3H, s), 3.17-3.20 (2H, m), 3.45-3.51 (1H, m), 3.72-3.75 (4H, m), 3.79-3.81 (2H, m), 3.89-3.91 (1H, m),
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4.18 (4H, brs), 5.02-5.05 (1H, m), 7.00 (2H, s), 9.05 (2H, s).

Example 27

5-{8-[4-(Methylsulfonyl)piperazin-1-yl]-9-[(3S)-1-(methylsulfonyl)pyrrolidin-3-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimi-
din-2-amine

[0327]

[0328] Dimethyl sulfoxide (1 ml) was added to 5-{8-chloro-9-[(3S)-1-(methylsulfonyl)pyrrolidin-3-yl]-6-morpholin-4-yl-
9H-purin-2-yl}pyrimidin-2-amine (100 mg, 0.21 mmol) and N-mesylpiperazine (171 mg, 1.04 mmol) and the resulting
mixture was stirred at 140˚C for 1 hour. The reaction mixture was partitioned with chloroform and water, the organic
layer was dried over magnesium sulfate, and the solvent was evaporated under reduced pressure. The residue was
purified by silica gel chromatography (chloroform:methanol = 19:1) to give the title compound (105 mg, 83%) as a light
brown solid.
1H-NMR (DMSO-d6) δ: 2.30-2.37 (1H, m), 2.80-2.86 (1H, m), 2.96 (3H, s), 3.04 (3H, s), 3.24-3.28 (4H, m), 3.33-3.35
(4H, m), 3.44-3.48 (1H, m), 3.72-3.83 (6H, m), 3.93 (1H, t, J = 9.02 Hz), 4.20 (4H, brs), 5.01-5.09 (1H, m), 7.02 (2H, s),
9.05 (2H, s).

Example 28

N’-[2-(2-Aminopyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-8-yl]-N,N-dimethylethane-1,2-diamine

[0329]

[0330] N,N-Dimethylethylenediamine (113 mg, 1.3 mmol) and dimethyl sulfoxide (1 ml) were added to 5-[8-chloro-
9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-amine (100 mg, 0.26 mmol) and the resulting mixture
was stirred at 150˚C for 4 hours. The reaction mixture was purified by preparative HPLC (column, NOMURA Develosil
Combi-RP-5; mobile phase, acetonitrile/water/formic acid) to give the title compound (85 mg, 68%) as a pale yellow solid.
1H-NMR (DMSO-d6) δ: 0.44-0.47 (4H, m), 1.21-1.26 (1H, m), 2.30 (7H, s), 2.62 (2H, t, J = 6.59 Hz), 3.48 (2H, q, J =
6.30 Hz), 3.71-3.73 (4H, m), 3.91 (2H, d, J = 6.87 Hz), 4.12-4.14 (4H, m), 6.82 (1H, t, J = 5.73 Hz), 6.91 (2H, s), 8.19
(1H, s), 9.03 (2H, s).
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Example 29

2-(2-Aminopyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-N-(2-morpholin-4-ylethyl)-9H-purin-8-amine

[0331]

[0332] 2-Morpholin-4-yl-ethylamine (168 mg, 1.29 mmol) and dimethyl sulfoxide (1 ml) were added to 5-[8-chloro-
9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-amine (100 mg, 0.26 mmol) and the resulting mixture
was stirred at 150˚C for 4 hours. The reaction mixture was purified by preparative HPLC (column, NOMURA Develosil
Combi-RP-5; mobile phase, acetonitrile/water/formic acid) to give the title compound (85 mg, 62%) as a pale yellow solid.
1H-NMR (DMSO-d6) δ: 0.44-0.47 (4H, m), 1.21-1.27 (1H, m), 2.44 (4H, brs), 2.56 (2H, t, J = 6.87 Hz), 3.47 (3H, q, J =
6.30 Hz), 3.55-3.57 (4H, m), 3.71-3.73 (4H, m), 3.91 (2H, d, J = 6.87 Hz), 4.12-4.13 (4H, m), 6.73 (1H, t, J = 5.73 Hz),
6.91 (2H, s), 8.14 (1H, s), 9.02 (2H, s).

Example 30

2-{[2-(2-Aminopyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-8-yl]amino}ethanol

[0333]

[0334] 2-Aminoethanol (79 mg, 1.3 mmol) and dimethyl sulfoxide (1 ml) were added to 5-[8-chloro-9-(cyclopropylme-
thyl)-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-amine (100 mg, 0.26 mmol) and the resulting mixture was stirred at
150˚C for 4 hours. The reaction mixture was purified by preparative HPLC (column, NOMURA Develosil Combi-RP-5;
mobile phase, acetonitrile/water/formic acid) to give the title compound (70 mg, 66%) as a white solid.
1H-NMR (DMSO-d6) δ: 0.43-0.48 (4H, m), 1.23-1.28 (1H, m), 3.42 (2H, q, J = 5.92 Hz), 3.61 (2H, t, J = 6.01 Hz), 3.71-3.73
(4H, m), 3.92 (2H, d, J = 6.87 Hz), 4.11-4.13 (4H, m), 4.75 (1H, brs), 6.82 (1H, t, J = 5.44 Hz), 6.91 (2H, s), 9.03 (2H,
d, J = 5.73 Hz).

Example 31

5-{9-(Cyclopropylmethyl)-6-morpholin-4-yl-8-[3-(phenylsulfonyl)pyrrolidin-1-yl]-9H-purin-2-yl}pyrimidin-2-amine

[0335]
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[0336] 3-(Phenylsulfonyl)pyrrolidine (110 mg, 0.52 mmol) and dimethyl sulfoxide (0.8 ml) were added to 5-[8-chloro-
9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-amine (80 mg, 0.21 mmol) and the resulting mixture
was stirred at 150˚C for 4 hours. The reaction mixture was partitioned with ethyl acetate and water and the organic layer
was washed with saturated brine and dried over magnesium sulfate. The solvent was evaporated under reduced pressure
and then the residue was purified by silica gel chromatography (ethyl acetate:hexane = 2:1) to give the title compound
(20 mg, 17%) as a white solid.
1H-NMR (CDCl3) δ: 0.50 (4H, d, J = 6.87 Hz), 1.18-1.23 (1H, m), 2.31-2.36 (1H, m), 2.53-2.59 (1H, m), 3.60-3.65 (1H,
m), 3.72-3.76 (1H, m), 3.83-3.88 (4H, m), 3.87-3.90 (1H, m), 3.96-4.02 (1H, m), 4.04-4.07 (1H, m), 4.24 (4H, brs), 5.15
(2H, s), 7.61 (2H, t, J = 7.73 Hz), 7.69-7.72 (1H, m), 7.96-7.98 (2H, m), 9.21 (2H, s).

Example 32

N-(2-{[2-(2-Amino-4-methylpyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-8-yl]amino}ethyl)meth-
anesulfonamide

[0337]

[0338] N-Methylpyrrolidone (1 ml) was added to 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-
methylpyrimidin-2-amine (100 mg, 0.25 mmol) and ethylenediamine (150 mg, 2.49 mmol) and the resulting mixture was
stirred at 120˚C for 3.5 hours. The reaction mixture was partitioned with chloroform and saturated brine and the organic
layer was washed with saturated brine and dried over magnesium sulfate. The solvent was concentrated under reduced
pressure, then triethylamine (100 ml, 0.75 mmol) and mesyl chloride (25 ml, 0.32 mmol) were added to the residue, and
the resulting mixture was stirred for 1 hour. The reaction mixture was partitioned with ethyl acetate and water and the
organic layer was washed with saturated brine and dried over magnesium sulfate. The solvent was evaporated under
reduced pressure and then the residue was purified by preparative HPLC (column, NOMURA Develosil Combi-RP-5;
mobile phase, acetonitrile/water/formic acid) to give the title compound (57 mg, 46%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.45-0.48 (2H, m), 0.59-0.63 (2H, m), 1.17-1.22 (1H, m), 2.74 (3H, s), 2.96 (3H, s), 3.47-3.49 (2H,
m), 3.71-3.74 (2H, m), 3.85 (4H, t, J = 4.87 Hz), 3.90 (2H, d, J = 6.87 Hz), 4.17 (4H, t, J = 4.58 Hz), 4.89 (1H, t, J = 5.44
Hz), 5.43 (2H, s), 8.88 (1H, s).

Example 33

5-{9-(Cyclopropylmethyl)-8-[3-(dimethylamino)pyrrolidin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}-4-methylpyrimidin-
2-amine

[0339]
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[0340] N-Methylpyrrolidone (1 ml) was added to 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-
methylpyrimidin-2-amine (100 mg, 0.25 mmol) and 3-(dimethylamino)pyrrolidine (285 mg, 2.49 mmol) and the resulting
mixture was stirred at 120˚C for 3.5 hours. The reaction mixture was partitioned with chloroform and saturated brine
and the organic layer was washed with saturated brine and dried over magnesium sulfate. The solvent was concentrated
under reduced pressure, then methylene chloride-ether was added to the residue, and the precipitate was collected by
filtration, washed with ether, and dried under reduced pressure to give the title compound (55 mg, 46%) as a pale orange
solid.
1H-NMR (CDCl3) δ: 0.40-0.53 (4H, m), 1.24-1.29 (1H, m), 1.92-1.97 (1H, m), 2.18-2.23 (1H, m), 2.34 (6H, s), 2.73 (3H,
s), 2.86-2.92 (1H, m), 3.54 (1H, t, J = 8.59 Hz), 3.70-3.73 (2H, m), 3.76-3.79 (1H, m), 3.83-3.85 (4H, m), 4.02 (1H, dd,
J = 14.61, 6.59 Hz), 4.10 (1H, dd, J = 14.89, 7.45 Hz), 4.22-4.24 (4H, m), 5.01 (2H, s), 8.90 (1H, s).

Example 34

N-{1-[2-(2-Amino-4-methylpyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-8-yl]pyrrolidin-3-yl}-N-
methylmethanesulfonamide

[0341]

[0342] N-Methylpyrrolidone (1 ml) was added to 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-
methylpyrimidin-2-amine (100 mg, 0.25 mmol) and 3-methylaminopyrrolidine (130 mg, 1.5 mmol) and the resulting
mixture was stirred at 120˚C for 0.5 hours. The reaction mixture was partitioned with chloroform and saturated brine
and the organic layer was washed with saturated brine and dried over magnesium sulfate. The solvent was concentrated
under reduced pressure, triethylamine (100 ml, 0.75 mmol) and mesyl chloride (60 ml, 0.75 mmol) were added to the
residue, and the resulting mixture was stirred for 1 hour. The reaction mixture was partitioned with ethyl acetate (containing
a small amount of tetrahydrofuran) and water and the organic layer was washed with saturated brine and dried over
magnesium sulfate. The solvent was evaporated under reduced pressure and then the residue was purified by silica
gel chromatography (chloroform:methanol = 9:1) to give a pale yellow solid (75 mg, 50%).
1H-NMR (DMSO-d6) δ: 0.38-0.48 (4H, m), 1.25-1.31 (1H, m), 2.10-2.16 (1H, m), 2.18-2.24 (1H, m), 2.63 (3H, s), 2.82
(3H, s), 2.98 (3H, s), 3.55-3.60 (2H, m), 3.71-3.78 (6H, m), 4.09 (2H, d, J = 7.45 Hz), 4.13 (4H, brs), 4.48-4.55 (1H, m),
6.73 (2H, s), 8.79 (1H, s).

Example 35

N-{1-[2-(2-Amino-4-methylpyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-8-yl]pyrrolidin-3-yl}meth-
anesulfonamide

[0343]
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[0344] N-Methylpyrrolidone (1 ml) was added to 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-
methylpyrimidin-2-amine (100 mg, 0.25 mmol) and 3-aminopyrrolidine (130 mg, 1.5 mmol) and the resulting mixture
was stirred at 120˚C for 1 hour. The reaction mixture was partitioned with chloroform and saturated brine and the organic
layer was washed with saturated brine and dried over magnesium sulfate. The solvent was concentrated under reduced
pressure, then triethylamine (100 ml, 0.75 mmol) and mesyl chloride (60 ml, 0.75 mmol) were added to the residue, and
the resulting mixture was stirred for 1 hour. The reaction mixture was partitioned with ethyl acetate and water and the
organic layer was washed with saturated brine and dried over magnesium sulfate. The solvent was evaporated under
reduced pressure and then the residue was purified by preparative HPLC (column, NOMURA Develosil Combi-RP-5;
mobile phase, acetonitrile/water/formic acid) to give the title compound (70 mg, 53%) as a pale yellow solid.
1H-NMR (DMSO-d6) δ: 0.42-0.47 (4H, m), 1.27-1.32 (1H, m), 1.94-1.99 (1H, m), 2.21-2.27 (1H, m), 2.62 (3H, s), 2.99
(3H, s), 3.50 (1H, dd, J = 9.74, 5.15 Hz), 3.62-3.66 (1H, m), 3.70-3.75 (5H, m), 3.83 (1H, dd, J = 10.31, 6.30 Hz), 4.04-4.07
(7H, m), 6.72 (2H, s), 7.46 (1H, d, J = 6.87 Hz), 8.78 (1H, s).

Example 36

1-[2-(2-Amino-4-methylpyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-8-yl]piperidine-4-carboxamide

[0345]

[0346] N-Methylpyrrolidone (1 ml) was added to 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-
methylpyrimidin-2-amine (100 mg, 0.25 mmol) and isonipecotamide (191 mg, 1.5 mmol) and the resulting mixture was
stirred at 120˚C for 2.5 hours. The reaction mixture was left standing to cool followed by the addition of water and the
insoluble matter was collected by filtration and dried to give the title compound (85 mg, 69%) as a pale yellow solid.
1H-NMR (DMSO-d6) δ: 0.41-0.49 (4H, m), 1.33-1.36 (1H, m), 1.72-1.84 (4H, m), 2.28-2.32 (1H, m), 2.87-2.91 (2H, m),
3.52-3.56 (2H, m), 3.72-3.74 (4H, m), 3.93 (2H, d, J = 6.87 Hz), 4.15 (4H, brs), 6.75 (2H, s), 6.82 (1H, s), 7.32 (1H, s),
8.78 (1H, s).

Example 37

{1-[2-(2-Amino-4-methylpyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-8-yl]piperidin-4-yl}methanol

[0347]



EP 2 336 132 A1

102

5

10

15

20

25

30

35

40

45

50

55

[0348] N-Methylpyrrolidone (1 ml) was added to 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-
methylpyrimidin-2-amine (100 mg, 0.25 mmol) and 4-piperidinemethanol (172 mg, 1.5 mmol) and the resulting mixture
was stirred at 120˚C for 0.5 hours. The reaction mixture was partitioned with ethyl acetate and water and the organic
layer was washed with saturated brine and dried over magnesium sulfate. The solvent was concentrated under reduced
pressure and the residue was purified by preparative HPLC (column, NOMURA Develosil Combi-RP-5; mobile phase,
acetonitrile/water/formic acid) to give the title compound (69 mg, 58%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.45-0.55 (4H, m), 1.35-1.41 (1H, m), 1.47 (3H, ddd, J = 24.49, 12.46, 3.58 Hz), 1.88 (2H, d, J =
12.60 Hz), 2.74 (3H, s), 2.99 (2H, td, J = 12.60, 2.29 Hz), 3.56-3.59 (2H, m), 3.60 (2H, d, J = 6.30 Hz), 3.84-3.86 (4H,
m), 3.93 (2H, d, J = 6.87 Hz), 4.26 (4H, brs), 5.17 (2H, brs), 8.90 (1H, s).

Example 38

5-{9-(Cyclopropylmethyl)-8-[cis-3,5-dimethyl-4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimi-
din-2-amine

[0349]

[0350] Triethylamine (127.1 ml, 0.91 mmol) and methanesulfonyl chloride (35.3 ml, 0.46 mmol) were added to a
dichloromethane suspension (2.0 ml) of 5-[9-(cyclopropylmethyl)-8-(cis-3,5-dimethylpiperazin-1-yl)-6-morpholin-4-yl-
9H-purin-2-yl]pyrimidin-2-amine (105.9 mg, 0.23 mmol) with ice cooling and the resulting mixture was stirred at the same
temperature for 2.5 hours and at room temperature for 4 hours. Triethylamine (127.1ml, 0.91 mmol) and methanesulfonyl
chloride (35.3 ml, 0.46 mmol) were added at room temperature and the resulting mixture was stirred for 16 hours followed
by the addition of dichloromethane-methanol (10:1) and washed with water. The organic layer was dried over anhydrous
sodium sulfate, the mixture was filtrated, the filtrate was concentrated under reduced pressure, and the resulting residue
was dissolved in 1,2-dichloroethane (2.0 ml). Triethylamine (127.1 ml, 0.91 mmol) and methanesulfonyl chloride (35.3
ml, 0.46 mmol) were added at room temperature and the resulting mixture was stirred for 19 hours followed by the
addition of dichloromethane and washed with 10% aqueous citric acid solution. The organic layer was dried over anhy-
drous sodium sulfate, the mixture was filtrated, the filtrate was concentrated under reduced pressure, and the resulting
residue was purified by preparative thin layer silica gel chromatography (dichloromethane:methanol = 10:1) to give the
title compound (16.3 mg, 13%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.52-0.57 (4H, m), 1.33-1.42 (1H, m), 1.62 (6H, d, J = 6.87 Hz), 2.94 (3H, s), 3.13 (2H, dd, J = 12.03,
4.58 Hz), 3.36 (2H, d, J = 12.03 Hz), 3.82-3.88 (4H, m), 4.03 (2H, d, J = 7.45 Hz), 4.18-4.33 (6H, m), 5.35 (2H, s), 9.24
(2H, s).
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Example 39

5-[9-(Cyclopropylmethyl)-6,8-dimorpholin-4-yl-9H-purin-2-yl]-N-methylpyrimidin-2-amine

[0351]

[0352] A dimethyl sulfoxide solution (1.0 ml) of 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-N-
methylpyrimidin-2-amine (103.3 mg, 0.21 mmol) and morpholine (74.3 mg, 0.85 mmol) was heated at 140˚C and stirred
for 3 hours. Morpholine (74.3 mg, 0.85 mmol) was added, the resulting mixture was further stirred for 3 hours, left
standing to cool followed by the addition of dichloromethane-methanol (10:1), and the resulting mixture was washed
with saturated aqueous sodium hydrogen carbonate solution. The organic layer was dried over anhydrous sodium
sulfate, the mixture was filtrated, the filtrate was concentrated under reduced pressure, and the resulting residue was
purified by preparative thin layer silica gel chromatography (dichloromethane:methanol = 10:1) to give the title compound
(87.1 mg, 91%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.52-0.56 (4H, m), 1.29-1.38 (1H, m), 3.08 (3H, d, J = 5.15 Hz), 3.26-3.32 (4H, m), 3.82-3.91 (8H,
m), 3.96 (2H, d, J = 6.87 Hz), 4.21-4.34 (4H, brm), 5.31-5.37 (1H, m), 9.25 (2H, s).

Example 40

5-[9-(Cyclopropylmethyl)-8-{4-[(dimethylamino)acetyl]piperazin-1-yl}-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-amine

[0353]

[0354] 1-Hydroxybenzotriazole monohydrate (35.0 mg, 0.23 mmol), 1-(dimethylaminopropyl)-3-ethylcarbodiimide hy-
drochloride (65.7 mg, 0.34 mmol), and triethylamine (38.2 ml, 0.27 mmol) were added to an N,N-dimethylformamide
suspension (2.0 ml) of 5-[9-(cyclopropylmethyl)-6-morpholin-4-yl-8-piperazin-1-yl-9H-purin-2-yl]pyrimidin-2-amine (99.7
mg, 0.23 mmol) and N,N-dimethylglycine hydrochloride (38.3 mg, 0.27 mmol) at room temperature. The resulting mixture
was stirred for 20.5 hours and heated to 50˚C followed by the addition of triethylamine (38.2 ml, 0.27 mmol) and the
resulting mixture was stirred for 6 hours. The resulting mixture was further stirred at room temperature for 17 hours and
then the reaction mixture was poured into dichloromethane-methanol (10:1), washed with saturated aqueous sodium
hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the filtrate was concentrated
under reduced pressure and the resulting residue was purified by preparative thin layer silica gel chromatography
(dichloromethane:methanol = 5:1) to give the title compound (84.6 mg, 71%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.48-0.61 (4H, m), 1.29-1.40 (1H, m), 2.30 (6H, s), 3.17 (2H, s), 3.21-3.36 (4H, m), 3.76-3.89 (8H,
m), 3.98 (2H, d, J = 7.07 Hz), 4.20-4.36 (4H, brm), 5.39 (2H, s), 9.23 (2H, s).
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Example 41

5-[9-(Cyclopropylmethyl)-8-{4-[(methylamino)acetyl]piperazin-1-yl}-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-amine

[0355]

[0356] 1-Hydroxybenzotriazole monohydrate (35.1 mg, 0.23 mmol), 1-(dimethylaminopropyl)-3-ethylcarbodiimide hy-
drochloride (65.9 mg, 0.34 mmol), and triethylamine (86.2 ml, 0.62 mmol) were added to an N,N-dimethylformamide
suspension (2.0 ml) of 5-[9-(cyclopropylmethyl)-6-morpholin-4-yl-8-piperazin-1-yl-9H-purin-2-yl]pyrimidin-2-amine
(100.0 mg, 0.23 mmol) and N-tert-butoxycarbonyl-N-methylglycine (52.0 mg, 0.27 mmol) at room temperature. The
resulting mixture was stirred for 3 days and the reaction mixture was poured into dichloromethane-methanol (10:1),
washed with saturated aqueous sodium bicarbonate solution and dried over anhydrous sodium sulfate. After filtration,
the filtrate was concentrated under reduced pressure and the resulting residue was dissolved in dichloromethane (4.0
ml) followed by the addition of trifluoroacetic acid (2.0 ml) with ice cooling. The resulting mixture was stirred at room
temperature for 2 hours and concentrated, dichloromethane was added to the residue, and the resulting mixture was
neutralized with saturated aqueous sodium hydrogen carbonate solution. The resulting mixture was extracted with
dichloromethane-methanol (10:1), dried over anhydrous sodium sulfate, and filtrated, the filtrate was concentrated under
reduced pressure, and the resulting residue was purified by preparative thin layer silica gel chromatography (dichlo-
romethane:methanol = 5:1) to give the title compound (67.1 mg, 58%) as a pale yellow solid.
1H-NMR (CD3OD/CDCl3=1/1) δ: 0.49-0.62 (4H, m), 1.32-1.41 (1H, m), 2.47 (3H, s), 3.26-3.39 (4H, m), 3.48 (2H, s),
3.61-3.70 (2H, m), 3.79-3.91 (6H, m), 4.01 (2H, d, J = 6.87 Hz), 4.10-4.46 (4H, m), 9.19 (2H, s).

Example 42

5-{8-[4-(Aminoacetyl)piperazin-1-yl]-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0357]

[0358] 1-Hydroxybenzotriazole monohydrate (33.8 mg, 0.22 mmol), 1-(dimethylaminopropyl)-3-ethylcarbodiimide hy-
drochloride (63.4 mg, 0.33 mmol), and triethylamine (82.9 ml, 0.60 mmol) were added to an N,N-dimethylformamide
suspension (2.0 ml) of 5-[9-(cyclopropylmethyl)-6-morpholin-4-yl-8-piperazin-1-yl-9H-purin-2-yl]pyrimidin-2-amine (96.2
mg, 0.22 mmol) and N-tert-butoxycarbonyl-glycine (46.3 mg, 0.26 mmol) at room temperature. The resulting mixture
was stirred for 3 days and then the reaction mixture was poured into dichloromethane-methanol (10:1), washed with
saturated aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the
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filtrate was concentrated under reduced pressure and the resulting residue was dissolved in dichloromethane (4.0 ml)
followed by the addition of trifluoroacetic acid (2.0 ml) with ice cooling. The resulting mixture was stirred at room tem-
perature for 2 hours and the concentrated, dichloromethane was added to the residue, and the resulting mixture was
neutralized with saturated aqueous sodium hydrogen carbonate solution. The resulting mixture was extracted with
dichloromethane-methanol (10:1), dried over anhydrous sodium sulfate, and then filtrated, the filtrate was concentrated
under reduced pressure, and the resulting residue was purified by preparative thin layer silica gel chromatography
(dichloromethane:methanol = 5:1) to give the title compound (19.1 mg, 18%) as a pale yellow solid.
1H-NMR (CD3OD/CDCl3=1/1) δ: 0.50-0.62 (4H, m), 1.33-1.44 (1H, m), 3.28-3.38 (4H, m), 3.55 (2H, s), 3.61-3.69 (2H,
m), 3.81-3.90 (6H, m), 4.02 (2H, d, J = 6.87 Hz), 4.25-4.33 (4H, m), 9.18 (2H, s).

Example 43

5-{9-(Cyclopropylmethyl-8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}-N,4-dimethylpyrimidin-
2-amine

[0359]

[0360] N-Methylpyrrolidone (2 ml) was added to 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-N,
4-dimethylpyrimidin-2-amine (190 mg, 0.46 mmol) and piperazine (395 mg, 4.6 mmol) and the resulting mixture was
stirred at 120˚C for 2 hours. The reaction mixture was partitioned with ethyl acetate and water, the organic layer was
fractionated, and the aqueous layer extracted three times with ethyl acetate. The organic layer fractions were combined
and dried over magnesium sulfate and the solvent was concentrated under reduced pressure. Triethylamine (130 ml)
and mesyl chloride (50 ml) were added to the residue with ice cooling and the resulting mixture was stirred for 1 hour.
The reaction mixture was partitioned with ethyl acetate and water, the organic layer was fractionated and then dried
over magnesium sulfate, and the solvent was evaporated under reduced pressure. The residue was purified by prepar-
ative HPLC (column, NOMURA Develosil Combi-RP-5; mobile phase, acetonitrile/water/formic acid) to give the title
compound (140 mg, 56%) as a white solid.
1H-NMR (CDCl3) δ: 0.47-0.55 (4H, m), 1.32-1.38 (1H, m), 2.75 (3H, s), 2.87 (3H, s), 3.06 (3H, d, J = 5.1Hz), 3.39-3.45
(8H, m), 3.83-3.85 (4H, m), 3.95 (2H, d, J = 6.83 Hz), 4.24-4.27 (4H, m), 5.15-5.21 (1H, m), 9.00 (1H, s).

Example 44

5-{9-(Cyclopropylmethyl)-8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}-N,N,4-trimethylpyrimi-
din-2-amine

[0361]

[0362] 5-(8-Chloro-9-cyclopropylmethyl-6-morpholin-4-yl-9H-purin-2-yl)-4-methyl-pyrimidin-2-amine (100 mg, 0.25
mmol) was dissolved in N,N-dimethylformamide (2 ml) followed by the addition of NaH (60% oil dispersion, 20 mg, 0.5
mmol) and the resulting mixture was stirred for 5 minutes. Methyl iodide (32 ml) was added, the resulting mixture was
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stirred for 5 hours, then the reaction mixture was partitioned with ethyl acetate and water, the organic layer was dried
over magnesium sulfate, and then the solvent was evaporated under reduced pressure. The residue was dissolved in
N-methylpyrrolidone (1 ml) followed by the addition of piperazine (215 mg) and the resulting mixture was stirred at 120˚C
for 2 hours. The reaction mixture was partitioned with methylene chloride and water, the organic layer was dried over
magnesium sulfate, and then the solvent was evaporated under reduced pressure. Triethylamine (70 ml) and mesyl
chloride (40 ml) were added to the residue, the resulting mixture was stirred for 2 hours, the reaction mixture was
partitioned with ethyl acetate and water, the organic layer was dried over magnesium sulfate, and then the solvent was
evaporated under reduced pressure. The residue was purified by preparative HPLC (column, NOMURA Develosil Combi-
RP-5; mobile phase, acetonitrile/water/formic acid) to give the title compound (60 mg, 58%) as a light brown solid.
1H-NMR (CDCl3) δ: 0.47-0.55 (4H, m), 1.32-1.38 (1H, m), 2.75 (3H, s), 2.86 (3H, s), 3.25 (6H, s), 3.39-3.45 (8H, m),
3.83-3.85 (4H, m), 3.95 (2H, d, J = 6.83 Hz), 4.25 (4H, brs), 9.00 (1H, s).

Example 45

4-[2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-morpholin-4-yl-9H-purin-8-yl]-N,N-dimethylpiperazine-1-carboxamide

[0363]

[0364] Triethylamine (64 ml) and 2-acetamide-4-dimethylcarbamoyl chloride (35 ml) were added to an N-methylpyr-
rolidone solution (1 ml) of 5-(9-isobutyl-6-morpholin-4-yl-8-piperazin-1-yl-9H-purin-2-yl)pyrimidin-2-ylamine (100 mg)
and the resulting mixture was stirred for 24 hours. The reaction mixture was partitioned with ethyl acetate and water,
the insoluble solid was collected by filtration, and then the organic layer of the filtrate was dried over magnesium sulfate.
The solvent was evaporated under reduced pressure, the residue was combined with the solid separately collected by
filtration followed by the addition of dimethyl sulfoxide (3 ml) and water (3 ml), the resulting mixture was stirred, and the
insoluble matter was collected by filtration, washed with water, and dried to give the title compound (50 mg, 43%) as a
pale yellow solid. 1H-NMR (DMSO-d6) δ: 0.82 (6H, d, J = 6.87 Hz), 2.36-2.44 (1H, m), 2.78 (6H, s), 3.18-3.20 (4H, m),
3.25-3.26 (4H, m), 3.73-3.75 (4H, m), 3.95 (2H, d, J = 7.45 Hz), 4.18 (4H, brs), 6.99 (2H, s), 9.06 (2H, s).

Example 46

5-{9-Isopropyl-8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0365]

[0366] In the same way as in Step 1 of Example 1, an intermediate obtained by using isopropyl bromide was synthe-
sized, and then the intermediate was led to the title compound by the ways in Steps 2 and after of Example 1.
1H-NMR (CDCl3) δ: 1.71-1.72 (6H, m), 2.89 (3H, s), 3.32-3.35 (4H, m), 3.37-3.43 (1H, m), 3.44-3.47 (4H, m), 3.84-3.87
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(4H, m), 4.27-4.29 (4H, m), 9.21 (2H, s).

Example 47

1-[2-(2-Amino-4-methylpyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-8-yl]piperidine-4-carboxamide
methanesulfonate

[0367]

[0368] N-Methylpyrrolidone (1 ml) was added to 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-
methylpyrimidin-2-amine (100 mg, 0.25 mmol) and isonipecotamide (191 mg, 1.5 mmol) and the resulting mixture was
stirred at 120˚C for 2.5 hours. The reaction mixture was left standing to cool followed by the addition of water and the
insoluble matter was collected by filtration and dried to give 1-[2-(2-amino-4-methylpyrimidin-5-yl)-9-(cyclopropylmethyl)-
6-morpholin-4-yl-9H-purin-8-yl]piperidine-4-carboxamide (85 mg, 69%) as a pale yellow solid.
To this compound (39.5 mg) was added chloroform (3 ml) and a solution (1 ml) of methanesulfonic acid (50 ml) in
methanol (10 ml). The solvent was evaporated under reduced pressure to give the title compound (47 mg) as a yellow solid.
1H-NMR (DMSO-d6) δ: 0.40-0.50 (4H, m), 1.34-1.37 (1H, m), 1.70-1.77 (2H, m), 1.81-1.85 (2H, m), 2.29-2.33 (1H, m),
2.31 (3H, s), 2.76 (3H, s), 2.89-2.93 (2H, m), 3.55-3.58 (2H, m), 3.74-3.75 (4H, m), 3.95 (2H, d, J = 7.4Hz), 4.16 (4H,
s), 6.82 (1H, s), 7.32 (1H, s), 8.96 (1H, s).

Example 48

{1-[2-(2-Amino-4-methylpyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-8-yl]piperidin-4-yl}methanol
methanesulfonate

[0369]

[0370] N-Methylpyrrolidone (1 ml) was added to 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-4-
methylpyrimidin-2-amine (100 mg, 0.25 mmol) and 4-piperidinemethanol (172 mg, 1.5 mmol) and the resulting mixture
was stirred at 120˚C for 0.5 hours. The reaction mixture was partitioned with ethyl acetate and water and the organic
layer was washed with saturated brine and dried over magnesium sulfate. The solvent was concentrated under reduced
pressure and the residue was purified by preparative HPLC (column, NOMURA Develosil Combi-RP-5; mobile phase,
acetonitrile/water/formic acid) to give {1-[2-(2-amino-4-methylpyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-
9H-purin-8-yl]piperidin-4-yl}methanol (69 mg, 58%) as a pale yellow solid.
To this compound (35.2 mg) was added chloroform (3 ml) and a solution (1 ml) of methanesulfonic acid (50 ml) in
methanol (10 ml). The solvent was evaporated under reduced pressure to give the title compound (40 mg) as a yellow solid.
1H-NMR(CDCl3) δ: 0.41-0.44 (2H, m), 0.53-0.57 (2H, m), 1.31-1.38 (1H, m), 1.48 (2H, ddd, J = 24.77, 12.46, 3.87Hz),
1.75-1.79 (2H, m), 1.90(3H, d, J = 13.17Hz), 2.91 (3H, s), 2.98 (3H, s), 3.06 (2H, t, J = 11.74 Hz), 3.61-3.63 (4H, m),
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3.85-3.86 (4H, m), 3.94 (2H, d, J = 6.87Hz), 4.22 (4H, s), 9.14 (1H, br s).

Example 49

5-{9-Isobutyl-8-[4-(methylsulfonyl)-1,4-diazepan-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0371]

[0372] Homopiperazine (130 mg, 1.3 mmol) and N-methylpyrrolidone (1 ml) were added to 5-(8-chloro-9-isobutyl-6-
morpholin-4-yl-9H-purin-2-yl)pyrimidin-2-amine (100 mg, 0.26 mmol) and the resulting mixture stirred at 120˚C for 2
hours. The reaction mixture was cooled and partitioned with methylene chloride and water, the organic layer was dried
over magnesium sulfate, and the solvent was concentrated under reduced pressure. Triethylamine (110 ml) and mesyl
chloride (45 ml, 0.58 mmol) were added to the resulting mixture and the resulting mixture was stirred for 0.5 hours. The
reaction mixture was partitioned with ethyl acetate and water and the organic layer was dried over magnesium sulfate.
The solvent was evaporated under reduced pressure and the residue was purified by preparative HPLC (column, NOMU-
RA Develosil Combi-RP-5; mobile phase, acetonitrile/water/formic acid) to give the title compound (153 mg, 75%) as a
white solid.
1H-NMR (CDCl3) δ: 0.87 (6H, d, J = 6.87 Hz), 2.01-2.07 (2H, m), 2.31-2.39 (1H, m), 2.87 (3H, s), 3.48 (2H, t, J = 6.30
Hz), 3.60-3.66 (6H, m), 3.84-3.86 (5H, m), 3.96 (2H, d, J = 7.45 Hz), 4.25 (4H, br s), 5.23 (2H, s), 9.23 (2H, s).

Example 50

5-[8-(trans-2,5-Dimethylpiperazin-1-yl)-9-isobutyl-6-morpholin-4-yl-9H-purin-2-yl]pyrimidin-2-amine

[0373]

[0374] trans-2,5-Dimethylpiperazine (150 mg, 1.3 mmol) and N-methylpyrrolidone (1 ml) were added to 5-(8-chloro-
9-isobutyl-6-morpholin-4-yl-9H-purin-2-yl)pyrimidin-2-amine (100 mg, 0.26 mmol) and the resulting mixture was stirred
at 150˚C for 48 hours. The reaction mixture was cooled and partitioned with methylene chloride and water, the organic
layer was dried over magnesium sulfate, and the solvent was concentrated under reduced pressure. The residue was
purified by preparative HPLC (column, NOMURA Develosil Combi-RP-5; mobile phase,
acetonitrile/water/formic acid) to give the title compound (120 mg) as a pale yellow solid.
1H-NMR (DMSO-d6) δ: 0.83-0.86 (6H, m), 0.88 (3H, d, J = 6.30 Hz), 0.99 (3H, s), 1.00 (3H, d, J = 6.30 Hz), 2.42-2.46
(1H, m), 2.55-2.60 (1H, m), 2.91-2.96 (1H, m), 2.99-3.06 (2H, m), 3.16-3.21 (1H, m), 3.74-3.76 (4H, m), 3.83 (1H, dd,
J = 13.75, 7.45 Hz), 3.98 (1H, dd, J = 13.75, 7.45 Hz), 4.20 (4H, br s), 7.01 (2H, s), 8.21 (1H, s), 9.07 (2H, s).
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Example 51

5-{9-Isobutyl-8-[(3S)-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0375]

[0376] N-Methylpyrrolidone (2 ml) was added to 5-(8-chloro-9-isobutyl-6-morpholin-4-yl-9H-purin-2-yl)pyrimidin-2-
amine (200 mg, 0.51 mmol) and (2S)-2-methylpiperazine (412 mg, 4.1 mmol) and the resulting mixture was stirred at
120˚C for 4 hours. The reaction mixture was purified by preparative HPLC (column, NOMURA Develosil Combi-RP-5;
mobile phase, acetonitrile/water/formic acid) to give a formate of the title compound (192 mg) as a white solid. 1H-NMR
(DMSO-d6) δ: 0.80-0.82 (6H, m), 1.06 (3H, d, J = 6.30 Hz), 2.36-2.40 (1H, m), 2.59-2.63 (1H, m), 2.87-3.03 (3H, m),
3.33-3.36 (2H, m), 3.73-3.75 (4H, m), 3.88-3.98 (2H, m), 4.18 (4H, br s), 6.98 (2H, s), 8.21 (1H, s), 9.06 (2H, s).
This compound was dissolved in chloroform-methanol (9:1), washed with saturated aqueous sodium bicarbonate solu-
tion, and dried over magnesium sulfate and the solvent was evaporated under reduced pressure to give the title compound
(150 mg, 64%) as a white solid.
1H-NMR (CDCl3) δ: 0.87-0.88 (6H, m), 1.13 (3H, d, J = 6.30 Hz), 2.44-2.50 (1H, m), 2.65-2.69 (1H, m), 2.96-3.10 (4H,
m), 3.32-3.36 (2H, m), 3.85-3.87 (4H, m), 3.89-3.95 (2H, m), 4.28 (4H, br s), 5.18 (2H, s), 9.24 (2H, s).

Example 52

5-{9-Isobutyl-8-[(3R)-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0377]

[0378] N-Methylpyrrolidone (2 ml) was added to 5-(8-chloro-9-isobutyl-6-morpholin-4-yl-9H-purin-2-yl)pyrimidin-2-
amine (200 mg, 0.51 mmol) and (2R)-2-methylpiperazine (412 mg, 4.1 mmol) and the resulting mixture was stirred at
120˚C for 4 hours. The reaction mixture was purified by preparative HPLC (column, NOMURA Develosil Combi-RP-5;
mobile phase, acetonitrile/water/formic acid) to give a formate of the title compound (204 mg) as a white solid. 1H-NMR
(DMSO-d6) δ: 0.80-0.82 (6H, m), 1.06 (3H, d, J = 6.30 Hz), 2.36-2.40 (1H, m), 2.59-2.63 (1H, m), 2.87-3.03 (3H, m),
3.33-3.36 (2H, m), 3.73-3.75 (4H, m), 3.88-3.98 (2H, m), 4.18 (4H, br s), 6.98 (2H, s), 8.21 (1H, s), 9.06 (2H, s).
This compound was dissolved in chloroform-methanol (9:1), washed with saturated aqueous sodium bicarbonate solu-
tion, and dried over magnesium sulfate and then the solvent was evaporated under reduced pressure to give the title
compound (180 mg, 77%) as a white solid.
1H-NMR (CDCl3) δ: 0.87 -0.88 (6H, m), 1.13 (3H, d, J = 6.30 Hz), 2.44-2.50 (1H, m), 2.65-2.69 (1H, m), 2.96-3.10 (4H,
m), 3.32-3.36 (2H, m), 3.85-3.87 (4H, m), 3.89-3.95 (2H, m), 4.28 (4H, br s), 5.18 (2H, s), 9.24 (2H, s).
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Example 53

5-{9-Isobutyl-8-[(3S)-3-methyl-4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0379]

[0380] 5-{9-Isobutyl-8-[(3S)-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine (140 mg, 0.32
mmol) was dissolved in tetrahydrofuran (5 ml) followed by the addition of triethylamine (68 ml) and mesyl chloride (28
ml) with ice cooling and the resulting mixture was stirred at room temperature for 30 minutes. The reaction mixture was
partitioned with ethyl acetate and water, the organic layer was dried over magnesium sulfate, and the solvent was
evaporated under reduced pressure. The residue was purified by silica gel chromatography (hexane:ethyl acetate = 5:
5 to 0:10) to give a white solid (115 g, 67%).
1H-NMR (CDCl3) δ: 0.87-0.90 (6H, m), 1.27-1.30 (2H, m), 1.50 (3H, d, J = 6.87 Hz), 2.41-2.50 (1H, m), 2.94 (3H, s),
3.13 (1H, td, J = 12.03, 3.44 Hz), 3.21-3.28 (2H, m), 3.40 (1H, d, J = 12.60 Hz), 3.47 (1H, td, J = 12.60, 2.86 Hz), 3.73
(1H, d, J = 13.17 Hz), 3.84-3.86 (4H, m), 3.91 (2H, d, J = 8.02 Hz), 4.27 (4H, br s), 5.22 (2H, s), 9.23 (2H, s).

Example 54

5-{9-Isobutyl-8-[(3R)-3-methyl-4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0381]

[0382] 5-{9-Isobutyl-8-[(3R)-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine (140 mg, 0.32
mmol) was dissolved in tetrahydrofuran (5 ml) followed by the addition of triethylamine (68 ml) and mesyl chloride (28
ml) with ice cooling and the resulting mixture was stirred at room temperature for 30 minutes. The reaction mixture was
partitioned with ethyl acetate and water, the organic layer was dried over magnesium sulfate, and the solvent was
evaporated under reduced pressure. The residue was purified by silica gel chromatography (hexane:ethyl acetate = 5:
5 to 0:10) to give a white solid (135 mg, 62%).
1H-NMR (CDCl3) δ: 0.87-0.90 (6H, m), 1.27-1.30 (1H, m), 1.50 (3H, d, J = 6.87 Hz), 2.41-2.50 (1H, m), 2.94 (3H, s),
3.13 (1H, td, J = 12.03, 3.44 Hz), 3.21-3.28 (2H, m), 3.40 (1H, d, J = 12.60 Hz), 3.47 (1H, td, J = 12.60, 2.86 Hz), 3.73
(1H, d, J = 13.17 Hz), 3.84-3.86 (4H, m), 3.91 (2H, d, J = 8.02 Hz), 4.27 (4H, br s), 5.22 (2H, s), 9.23 (2H, s).
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Example 55

5-(8-{4-[(Dimethylamino)acetyl]piperazin-1-yl}-9-isobutyl-6-morpholin-4-yl-9H-purin-2-yl)pyrimidin-2-amine

[0383]

[0384] 1-Hydroxybenzotriazole monohydrate (48.9 mg, 0.32 mmol), 1-(dimethylaminopropyl)-3-ethylcarbodiimide hy-
drochloride (91.8 mg, 0.48 mmol), and triethylamine (164.6 ml, 1.18 mmol) were added to an N,N-dimethylformamide
suspension (2.0 ml) of 5-[9-(isobutyl)-6-morpholin-4-yl-8-piperazin-1-yl-9H-purin-2-yl]pyrimidin-2-amine (140.0 mg, 0.32
mmol) and N,N-dimethylglycine hydrochloride (53.5 mg, 0.38 mmol) at room temperature. The resulting mixture was
stirred for 21 hours and then the reaction mixture was poured into dichloromethane-methanol (10:1), washed with
saturated aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the
filtrate was concentrated under reduced pressure and the resulting residue was purified by preparative thin layer silica
gel chromatography (dichloromethane:methanol = 5:1) to give the title compound (103.9 mg, 62%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.89 (6H, d, J = 6.87 Hz), 2.31 (6H, s), 2.43-2.53 (1H, m), 3.17 (2H, s), 3.19-3.30 (4H, m), 3.76-3.88
(8H, m), 3.92 (2H, d, J = 7.45 Hz), 4.20-4.34 (4H, brm), 5.53 (2H, s), 9.24 (2H, s).

Example 56

5-{9-(Cyclopropylmethyl)-8-[4-(1H-imidazol-1-ylacetyl)piperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-
2-amine

[0385]

[0386] 1-Hydroxybenzotriazole monohydrate (38.2 mg, 0.25 mmol), 1-(dimethylaminopropyl)-3-ethylcarbodiimide hy-
drochloride (71.8 mg, 0.37 mmol), and triethylamine (52.2 ml, 0.37 mmol) were added to an N,N-dimethylformamide
suspension (3.0 ml) of 5-[9-(cyclopropylmethyl)-6-morpholin-4-yl-8-piperazin-1-yl-9H-purin-2-yl]pyrimidin-2-amine
(109.0 mg, 0.25 mmol) and imidazol-1-ylacetic acid (37.8 mg, 0.30 mmol) at room temperature. The resulting mixture
was stirred for 17.5 hours and the reaction mixture was poured into dichloromethane-methanol (10:1), washed with
saturated aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the
filtrate was concentrated under reduced pressure and the resulting residue was purified by preparative thin layer silica
gel chromatography (dichloromethane:methanol = 6:1) to give the title compound (108.0 mg, 79%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.50-0.59 (4H, m), 1.28-1.37 (1H, m), 3.26-3.35 (4H, m), 3.63-3.70 (2H, m), 3.81-3.89 (6H, m), 3.97
(2H, d, J = 6.87 Hz), 4.20-4.35 (4H, m), 4.84 (2H, s), 5.26 (2H, s), 6.97-7.00 (1H, m), 7.12-7.14 (1H, m), 7.53 (1H, s),
9.23 (2H, s).
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Example 57

5-{8-[4-(Methylsulfonyl)piperidin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine

[0387]

Step 1: 5-[8-Chloro-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0388]

[0389] Di-tert-butyl {5-[8-chloro-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-yl}imide dicarbo-
nate (7 g, 11.4 mmol) was dissolved in methylene chloride (20 ml) followed by the addition of trifluoroacetic acid (20 ml)
with ice cooling and the resulting mixture was stirred at room temperature for 1 hour. The solvent was evaporated under
reduced pressure, then toluene was added to the residue, the resulting mixture was evaporated under reduced pressure,
saturated aqueous sodium bicarbonate solution and a small amount of methanol were added to the residue, and the
insoluble matter was collected by filtration, washed with water, and dried to give the title compound (4.5 g, 95%) as a
colorless solid.
1H-NMR (DMSO-d6) δ: 3.74-3.76 (4H, m), 4.19 (4H, brs), 5.19 (2H, q, J = 8.8 Hz), 7.18 (2H, brs), 9.12 (2H, s).

Step 2: 5-{8-[4-(Methylsulfonyl)piperidin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine

[0390]
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[0391] 4-Methanesulfonylpiperidine hydrochloride (385 mg, 1.93 mmol), diisopropylethylamine (672 ml, 3.9 mmol),
and N-methyl-2-pyrrolidone (2 ml) were added to 5-[8-chloro-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]py-
rimidin-2-amine (200 mg, 0.48 mmol) and the resulting mixture was stirred at 100˚C for 12 hours. The reaction mixture
was partitioned with ethyl acetate and water, the organic layer was dried over magnesium sulfate, and then the solvent
was evaporated under reduced pressure. The residue was purified by silica gel chromatography (chloroform:methanol
= 20:1) to give the title compound (81 mg, 33%) as a pale yellow solid.
1H-NMR (DMSO-d6) δ: 1.79-1.87 (2H, m), 2.09-2.13 (2H, m), 2.95-3.00 (5H, m), 3.32-3.36 (1H, m), 3.58-3.60 (2H, m),
3.74-3.76 (4H, m), 4.19 (4H, brs), 5.02 (2H, q, J = 8.8 Hz), 7.05 (2H, s), 9.09 (2H, s).

Example 58

[0392] 5-{8-[(3S)-3-Methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine

[0393] An N-methyl-2-pyrrolidone suspension (10 ml) of 5-[8-chloro-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-
2-yl]pyrimidin-2-amine (1.02 g, 2.46 mmol) and (2S)-2-methylpiperazine (1.23 g, 12.3 mmol) was heated at 120˚C to
dissolve and then the resulting mixture was stirred at 100˚C for 5 hours. The resulting mixture was left standing to cool,
poured into methylene chloride-methanol (10:1), and washed with saturated aqueous sodium hydrogen carbonate so-
lution. The organic layer was dried over anhydrous sodium sulfate, the mixture was filtrated, the filtrate was concentrated
under reduced pressure, and the resulting solid was washed with a small amount of methylene chloride and collected
by filtration to give the title compound (362.9 mg). The filtrate was concentrated under reduced pressure and the resulting
residue was purified by medium pressure silica gel column chromatography (methylene chloride:methanol = 32:1 to 7:
1) to give the title compound (623.8 mg). These lots were combined to give the title compound (986.7 mg, 84%) as a
pale yellow solid.
1H-NMR (CDCl3) δ: 1.12 (3H, d, J = 6.87 Hz), 2.71 (1H, dd, J = 12.03, 10.31 Hz), 2.99-3.13 (4H, m), 3.20-3.28 (2H, m),
3.83-3.89 (4H, m), 4.22-4.35 (4H, brm), 4.63-4.76 (2H, m), 5.19 (2H, s), 9.23 (2H, s).

Example 59

5-{8-[(3R)-3-Methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine

[0394]
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[0395] An N-methyl-2-pyrrolidone suspension (24 ml) of 5-[8-chloro-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-
2-yl]pyrimidin-2-amine (2.42 g, 5.82 mmol) and (2R)-2-methylpiperazine (2.92 g, 29.1 mmol) was heated at 120˚C to
dissolve and the resulting mixture was stirred at 100˚C for 6 hours. The resulting mixture was left standing to cool, then
poured into methylene chloride-methanol (10:1), and washed with water. The organic layer was dried over anhydrous
sodium sulfate, the mixture was filtrated, the filtrate was concentrated under reduced pressure, and the resulting residue
was purified by medium pressure silica gel column chromatography (methylene chloride:methanol = 32:1 to 9:1) to give
the title compound (2.51 g, 90%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 1.13 (3H, d, J = 6.30 Hz), 2.71 (1H, dd, J = 11.74, 10.02 Hz), 3.00-3.13 (4H, m), 3.20-3.27 (2H, m),
3.82-3.88 (4H, m), 4.21-4.35 (4H, brm), 4.64-4.75 (2H, m), 5.18 (2H, s), 9.23 (2H, s).

Example 60

5-{8-[(3R)-4-Acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine

[0396]

[0397] (2R)-2-Methylpiperazine (241 mg, 2.41 mmol) and N-methyl-2-pyrrolidone (2 ml) were added to 5-[8-chloro-
6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine (200 mg, 0.48 mmol) and the resulting mixture
was stirred at 100˚C for 2 hours. The reaction mixture was partitioned with chloroform and water, the organic layer was
dried over magnesium sulfate, and the solvent was concentrated under reduced pressure. Acetic anhydride (68 ml) and
triethylamine (200 ml) were added to the residue with ice cooling and the resulting mixture was stirred for 1 hour and
partitioned with ethyl acetate and saturated aqueous sodium bicarbonate solution. The organic layer was dried over
magnesium sulfate, then the solvent was evaporated under reduced pressure, and the residue was purified by silica gel
chromatography (chloroform:methanol = 20:1) to give the title compound (127 mg, 52%) as a colorless solid.
1H-NMR (DMSO-d6, 140˚C) δ: 1.29 (3H, d, J = 6.9 Hz), 2.03 (3H, s), 2.90-2.97 (1H, m), 3.11-3.20 (1H, m), 3.28-3.35
(2H, m), 3.43-3.46 (1H, m), 3.73-3.76 (4H, m), 3.99-4.04 (1H, m), 4.17-4.19 (4H, m), 4.43-4.51 (1H, m), 4.90-5.01 (2H,
m), 6.44 (2H, brs), 9.06 (2H, s).

5-{8-[(3R)-4-Acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine
methanesulfonate

[0398]
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[0399] To a solution of 5-{8-[(3R)-4-acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-
2-yl}pyrimidin-2-amine (100.4 mg, 0.18 mmol) in methanol/dichloromethane solution (2/3, 3.5 ml) was added meth-
anesulfonic acid (11.9 ml, 0.18 mmol) at room temperature, and the mixture was stirred for 10 minutes. Then the solvent
was removed in reduced pressure, and the resultant solid was dried to give 5-{8-[(3R)-4-acetyl-3-methylpiperazin-1-yl]-
6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine methanesulfonate (107.1mg) as a yellow solid.
1H-NMR (CDCl3/CD3OD = 10/1) δ: 1.35-1.51 (3H, m), 2.13-2.19 (3H, m), 2.91 (3H, s), 2.95-3.40 (4H, m), 3.59-3.79 (1H,
m), 3.81-3.90 (4H, m), 4.11-4.60 (5H, m), 4.68-4.96 (3H, m), 9.34 (2H, s).

5-{8-[(3R)-4-Acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine
sulfate

[0400]

[0401] To a suspension of 5-{8-[(3R)-4-acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-pu-
rin-2-yl}pyrimidin-2-amine (101 mg, 0.194 mmol) in 10% aqueous ethanol solution (2 ml) was added 98% sulfuric acid
(0.012 mL, 0.213 mmol) at room temperature, and the mixture was stirred for 30 minutes. The insoluble solid was
collected and dried to give 5-{8-[(3R)-4-acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-
2-yl}pyrimidin-2-amine sulfate (89 mg) as a yellow solid.
1H-NMR(DMSO-d6,80˚C) δ: 1.29 (3H, d, J = 6.6Hz), 2.04 (3H, s), 2.85-2.94 (1H, m), 3.06-3.12 (1H, m), 3.28-3.33 (1H,
m), 3.43-3.48 (1H, m), 3.73-3.76 (4H, m), 4.17-4.21 (4H, m), 4.94-5.07 (2H, m), 9.11 (2H, s).

5-{8-[(3R)-4-Acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine p-
toluenesulfonate

[0402]
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[0403] To a suspension of 5-{8-[(3R)-4-acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-pu-
rin-2-yl}pyrimidin-2-amine (137 mg, 0.263 mmol) in 10% aqueous ethanol solution (2 ml) was added p-toluenesulfonic
acid mono hydrate (55.2mg, 0.290 mmol) at 50˚C, and the mixture was allowed to be cooled down to room temperature,
and was stirred for 3 days. The solid precipitated out was collected and dried to give 5-{8-[(3R)-4-acetyl-3-methylpiperazin-
1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine p-toluenesulfonate (94 mg) as a yellow
solid.
1H-NMR(DMSO-d6, 80˚C) δ: 1.29 (3H, d, J = 5.95Hz), 2.04 (3H, s), 2.29 (3H, s), 2.82-2.97 (1H, m), 3.04-3.15 (1H, m),
3.28-3.35 (1H, m), 3.43-3.51 (1H, m), 3.72-3.77 (4H, m), 4.17-4.23 (4H, m), 4.93-5.12 (2H, m), 7.09 (2H, d, J = 7.80Hz),
7.50 (2H, d, J = 7.80Hz), 9.16 (2H, s).

5-{8-[(3R)-4-Acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine
benzenesulfonate

[0404]

[0405] To a suspension of 5-{8-[(3R)-4-acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-pu-
rin-2-yl}pyrimidin-2-amine (126 mg, 0.242 mmol) in 10% aqueous ethanol solution (5 ml) was added benzenesulfonic
acid mono hydrate (46.8 mg, 0.266 mmol) at 50˚C, and the mixture was allowed to be cooled down to room temperature,
and stirred for 15 hr. The solid precipitated out was collected and dried to give 5-{8-[(3R)-4-acetyl-3-methylpiperazin-1-
yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine benzenesulfonate (110 mg) as a yellow sol-
id.
1H-NMR(DMSO-d6, 80˚C) δ: 1.24-1.33 (3H, m), 2.04 (3H, s), 2.84-2.95 (1H, m), 3.04-3.14 (1H, m), 3.30-3.35 (1H, m),
3.44-3.51 (1H, m), 3.72-3.78 (4H, m), 4.17-4.23 (4H, m), 4.97-5.09 (2H, m), 7.26-7.31 (3H, m), 7.60-7.66 (2H, m), 9.17
(2H, s).

Example 61

5-{8-[(3R)-3-Methyl-4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-
2-amine

[0406]

[0407] (2R)-2-Methylpiperazine (241 mg, 2.41 mmol) and N-methyl-2-pyrrolidone (2 ml) were added to 5-[8-chloro-
6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine (200 mg, 0.48 mmol) and the resulting mixture
was stirred at 100˚C for 2 hours. The reaction mixture was partitioned with chloroform and water, the organic layer was
dried over magnesium sulfate, and then the solvent was concentrated under reduced pressure. Mesyl chloride (45 ml)
and triethylamine (135 ml) were added to the residue with ice cooling and the resulting mixture was stirred for 20 minutes
and then partitioned with ethyl acetate and saturated aqueous sodium bicarbonate solution. The organic layer was dried
over magnesium sulfate, then the solvent was evaporated under reduced pressure, and the residue was purified by
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silica gel chromatography (chloroform:methanol = 20:1) to give the title compound (204 mg, 76%) as a colorless solid.
1H-NMR (CDCl3) δ: 1.50 (3H, d, J = 6.9 Hz), 2.94 (3H, s), 3.14-3.19 (2H, m), 3.27-3.32 (2H, m), 3.44-3.49 (1H, m),
3.71-3.75 (1H, m), 3.84-3.86 (4H, m), 4.25-4.30 (5H, m), 4.69-4.74 (2H, m), 5.24-5.26 (2H, m), 9.23 (2H, s).

Example 62

5-{8-[(3S)-3-Methyl-4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-
2-amine

[0408]

[0409] (2S)-2-Methylpiperazine (480 mg) and N-methyl-2-pyrrolidone(4 ml) were added to 5-[8-chloro-6-morpholin-
4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine (400 mg, 0.96 mmol) and the resulting mixture was stirred
at 100˚C for 2 hours. The reaction mixture was partitioned with chloroform and water, the organic layer was dried over
magnesium sulfate, and then the solvent was concentrated under reduced pressure.
[0410] Triethylamine (135 ml) and mesyl chloride (45 ml) were added to a half amount of the residue with ice cooling
and the resulting mixture was stirred for 20 minutes. The reaction mixture was partitioned with ethyl acetate and saturated
aqueous sodium bicarbonate solution, the organic layer was dried over magnesium sulfate, and then the solvent was
evaporated under reduced pressure. The residue was purified by silica gel chromatography (chloroform:methanol = 20:
1) to give the title compound (127 mg) as a colorless solid.
1H-NMR (CDCl3) δ: 1.50 (3H, d, J = 6.9Hz), 2.94 (3H, s), 3.14-3.19 (2H, m), 3.27-3.32 (2H, m), 3.44-3.49 (1H, m),
3.71-3.76 (1H, m), 3.84-3.86 (4H, m), 4.25-4.30 (5H, m), 4.69-4.74 (2H, m), 5.24-5.26 (2H, m), 9.23 (2H, s).

Example 63

5-{8-[(3S)-4-Acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine

[0411]

[0412] (2S)-2-Methylpiperazine (480 mg) and N-methyl-2-pyrrolidone (4 ml) were added to 5-[8-chloro-6-morpholin-
4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine (400 mg, 0.96 mmol) and the resulting mixture was stirred
at 100˚C for 2 hours. The reaction mixture was partitioned with chloroform and water, the organic layer was dried over
magnesium sulfate, and then the solvent was concentrated under reduced pressure.
[0413] Triethylamine (135 ml) and acetic anhydride (45 ml) were added to a half amount of the residue with ice cooling
and the resulting mixture was stirred for 20 minutes. The reaction mixture was partitioned with ethyl acetate and saturated
aqueous sodium bicarbonate solution, the organic layer was dried over magnesium sulfate, and then the solvent was
evaporated under reduced pressure. The residue was purified by silica gel chromatography (chloroform:methanol = 20:
1) to give the title compound (125 mg) as a colorless solid.
1H-NMR (DMSO-d6, 140˚C) δ: 1.29 (3H, d, J = 6.9 Hz), 2.03 (3H, s), 2.90-2.97 (1H, m), 3.10-3.14 (1H, m), 3.27-3.34
(2H, m), 3.43-3.46 (1H, m), 3.73-3.76 (4H, m), 4.00-4.03 (1H, m), 4.17-4.19 (4H, m), 4.43-4.51 (1H, m), 4.90-5.01 (2H,
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m), 6.45 (2H, brs), 9.06 (2H, s).

5-{8-[(3S)-4-Acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine
methanesulfonate

[0414]

[0415] To a solution of 5-{8-[(3S)-4-acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-
2-yl}pyrimidin-2-amine (33.2 mg, 0.06 mmol) in methanol/dichloromethane solution (1/1, 1 ml) was added methanesul-
fonic acid (3.9 ml, 0.06 mmol) at room temperature, and the mixture was stirred for 3 hr. Then the solvent was removed
in reduced pressure, and the resultant solid was dried to give 5-{8-[(3S)-4-acetyl-3-methylpiperazin-1-yl]-6-morpholin-
4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine methanesulfonate (31.4 mg) as a yellow solid.
1H-NMR(DMSO-d6, 80˚C) δ: 1.25-1.33 (3H, m), 2.04 (3H, s), 2.43 (3H, s), 2.82-2.97 (1H, m), 3.04-3.15 (1H, m), 3.29-3.35
(1H, m), 3.44-3.51 (1H, m), 3.72-3.78 (4H, m), 4.17-4.23 (4H, m), 4.94-5.12 (2H, m), 9.19 (2H, s).

5-{8-[(3S)-4-Acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine
sulfate

[0416]

[0417] To a suspension of 5-{8-[(3S)-4-acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-pu-
rin-2-yl}pyrimidin-2-amine (48.7 mg, 0.09 mmol) in 10% aqueous ethanol solution (1 ml) was added 98% sulfuric acid
(5.44 mL, 0.09 mmol) at room temperature, and the mixture was heated up to 50˚C , then allowed to be cooled down to
r.t., and stirred for 5 hr. The solid precipitated out was collected and dried to give 5-{8-[(3S)-4-acetyl-3-methylpiperazin-
1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine sulfate (48.9 mg) as a yellow solid.
1H-NMR( DMSO-d6, 80˚C) δ: 1.29 (3H, d, J = 6.0 Hz), 2.04 (3H, s), 2.85-2.97 (1H, m), 3.04-3.14 (1H, m), 3.28-3.34 (1H,
m), 3.43-3.50 (1H, m), 3.72-3.77 (4H, m), 4.16-4.22 (4H, m), 4.94-5.09 (2H, m), 9.14 (2H, s).

5-{8-[(3S)-4-Acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine p-
toluenesulfonate

[0418]
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[0419] To a suspension of 5-{8-[(3S)-4-acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-pu-
rin-2-yl}pyrimidin-2-amine (56.3 mg, 0.11 mmol) in 10% aqueous ethanol solution (0.5 ml) was added p-toluenesulfonic
acid mono hydrate (22.6mg, 0.12 mmol) at 50˚C, and the mixture was cooled down to room temperature, and was then
stirred under ice-cooling for 2 hr. The solid precipitated out was collected and dried to give 5-{8-[(3S)-4-acetyl-3-meth-
ylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine p-toluenesulfonate (55.1 mg)
as a yellow solid.
1H-NMR(DMSO-d6, 80˚C) δ: 1.29 (3H, d, J = 6.41Hz), 2.04 (3H, s), 2.28 (3H, s), 2.81-2.96 (1H, m), 3.03-3.14 (1H, m),
3.27-3.34 (1H, m), 3.42-3.50 (1H, m), 3.71-3.78 (4H, m), 4.16-4.22 (4H, m), 4.92-5.10 (2H, m), 7.09 (2H, d, J = 7.8Hz),
7.49 (2H, d, J = 7.8Hz), 9.12 (2H,s).

5-{8-[(3S)-4-Acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine
benzensulfonate

[0420]

[0421] To a suspension of 5-{8-[(3S)-4-acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-pu-
rin-2-yl}pyrimidin-2-amine (53.8 mg, 0.1 mmol) in 10% aqueous ethanol solution (0.6 ml) was added benzenesulfonic
acid mono hydrate (20.0 mg, 0.11 mmol) at 50˚C, and the mixture was cooled down to room temperature, and was
stirred for 5 hr. The solid precipitated out was collected and dried to give 5-{8-[(3S)-4-acetyl-3-methylpiperazin-1-yl]-6-
morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine benzenesulfonate (52.4 mg) as a yellow solid.
1H-NMR(DMSO-d6, 80˚C) δ: 1.29 (3H, d, J = 6.41Hz), 2.04 (3H, s), 2.82-2.95 (1H, m), 3.04-3.14 (1H, m), 3.27-3.34 (1H,
m), 3.42-3.49 (1H, m), 3.72-3.77 (4H, m), 4.16-4.22 (4H, m), 4.94-5.08 (2H, m), 7.25-7.32 (3H, m), 7.59-7.64 (2H, m),
9.12 (2H, s).

Example 64

5-{9-(2,2-Difluoro-ethyl)-8-[4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0422]
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[0423] In the same way as in Step 1 of Example 1, the intermediate obtained by using 2,2-difluoro-ethyl p-toluenesul-
fonate was synthesized, and then the intermediate was led to the title compound by the ways in Steps 2 and after of
Example 1.
1H-NMR (CDCl3) δ: 2.87 (3H, s), 3.36-3.39 (4H, m), 3.43-3.46 (4H, m), 3.84-3.86 (4H, m), 4.28 (4H, s), 4.37 (2H, td, J
= 12.8, 4.7 Hz), 5.35 (2H, s), 6.55 (1H, tt, J = 56.2, 4.8 Hz), 9.21 (2H, s).

Example 65

1-{4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]piperazin-1-yl}-1-oxoacetone

[0424]

Step 1: tert-Butyl {5-[6-morpholin-4-yl-8-(4-piruvoylpiperazin-1-yl)-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-yl}
carbamate

[0425]

[0426] 2-oxo-Propionic acid (26 mg, 0.29 mmol), hydroxybenzotriazole hydrate (45 mg, 0.29 mmol), and tetrahydro-
furan (5 ml) were added to tert-butyl {5-[6-morpholin-4-yl-8-piperazin-1-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-
2-yl}carbamate (150 mg, 0.27 mmol). 1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (56 mg, 0.29 mmol)
and triethylamine (74 ml, 0.53 mmol) were added and the resulting mixture was stirred for 18 hours. The reaction mixture
was partitioned with ethyl acetate and water and the organic layer was washed with saturated aqueous sodium bicar-
bonate solution and dried over magnesium sulfate. The solvent was evaporated under reduced pressure and then the
residue was purified by silica gel chromatography (ethyl acetate) to give the title compound (91 mg, 54%) as a colorless
solid.
1H-NMR (CDCl3) δ: 1.56 (9H, s), 2.48 (3H, s), 3.25-3.27 (4H, m), 3.71-3.73 (2H, m), 3.84-3.86 (6H, m), 4.28 (4H, brs),
4.72 (2H, q, J = 8.3 Hz), 7.90 (1H, s), 9.48 (2H, s).
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Step 2: 1-{4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]piperazin-1-yl}-1-oxoace-
tone

[0427]

[0428] Trifluoroacetic acid (5 ml) was added to tert-butyl {5-[6-morpholin-4-yl-8-(4-piruvoylpiperazin-1-yl)-9-(2,2,2-
trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-yl}carbamate (91 mg, 0.14 mmol) and the resulting mixture was stirred for 30
minutes. Toluene was added and the solvent was evaporated under reduced pressure. The residue was partitioned with
ethyl acetate and saturated aqueous sodium bicarbonate solution, the organic layer was dried over magnesium sulfate,
and then the solvent was evaporated under reduced pressure. The residue was purified by silica gel chromatography
(chloroform:methanol = 19:1) followed by the addition of 4 M hydrochloric acid-1,4-dioxane (3 ml) and the solvent was
evaporated under reduced pressure and dried to give the title compound (70 mg, 76%) as a yellow solid.
1H-NMR (CD3OD) δ: 2.43 (3H, s), 3.28-3.30 (4H, m), 3.68-3.70 (2H, m), 3.80-3.83 (6H, m), 4.30 (4H, brs), 4.99 (2H, q,
J = 8.6 Hz), 9.37 (2H, s).

Example 66

2-{4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]piperazin-1-yl}-N,N-dimethyl-
2-oxoacetamide

[0429]

Step 1: tert-Butyl {5-[8-{4-[(dimethylamino)(oxo)acetyl]piperazin-1-yl}-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-
2-yl]pyrimidin-2-yl}carbamate

[0430]
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[0431] N,N-Dimethyl-oxalamic acid (34 mg, 0.29 mmol), hydroxybenzotriazole hydrate (45 mg, 0.29 mmol), and tet-
rahydrofuran (5 ml) were added to tert-butyl {5-[6-morpholin-4-yl-8-piperazin-1-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]
pyrimidin-2-yl}carbamate (150 mg, 0.27 mmol). 1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (56 mg,
0.29 mmol) and triethylamine (74 ml, 0.53 mmol) were added and the resulting mixture was stirred for 18 hours. The
reaction mixture was partitioned with ethyl acetate and water and the organic layer was washed with saturated aqueous
sodium bicarbonate solution and dried over magnesium sulfate. The solvent was evaporated under reduced pressure
and then the residue was purified by silica gel chromatography (chloroform:methanol = 19:1) to give the title compound
(148 mg, 84%) as a white solid.
1H-NMR (CDCl3) δ: 1.56 (9H, s), 3.03 (3H, s), 3.07 (3H, s), 3.25-3.29 (4H, m), 3.61-3.62 (2H, m), 3.84-3.87 (6H, m),
4.27 (4H, brs), 4.72 (2H, q, J = 8.4 Hz), 8.07 (1H, s), 9.49 (2H, s).

Step 2: 2-{4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]piperazin-1-yl}-N,N-dime-
thyl-2-oxoacetamide

[0432]

[0433] Trifluoroacetic acid (5 ml) was added to tert-butyl {5-[8-{4-[(dimethylamino)(oxo)acetyl]piperazin-1-yl}-6-mor-
pholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-yl}carbamate (148 mg, 0.22 mmol) and the resulting mixture
was stirred for 30 minutes. Toluene was added and the solvent was evaporated under reduced pressure. Hydrochloric
acid-methanol was added to the residue and the solvent was evaporated and dried to give the title compound (118 mg,
88%) as a yellow solid.
1H-NMR (CD3OD) δ: 3.05 (3H, s), 3.09 (3H, s), 3.31-3.34 (OH, m), 3.61-3.64 (1H, m), 3.87-3.89 (8H, m), 4.32 (2H, brs),
4.87 (2H, q, J = 8.4 Hz), 7.56 (2H, s), 9.38 (2H, s).

Example 67

2-{4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yllpiperazin-1-yl}-2-oxoethanol

[0434]
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Step 1: 5-[6-Morpholin-4-yl-8-piperazin-1-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine trifluoroacetate

[0435]

[0436] tert-Butyl {5-[6-morpholin-4-yl-8-piperazin-1-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-yl}carbamate
(1.18 g, 2.09 mmol) was dissolved in methylene chloride (10 ml) followed by the addition of trifluoroacetic acid (10 ml)
with ice cooling and the resulting mixture was stirred at room temperature for 2 hours. The solvent was evaporated
under reduced pressure followed by the addition of toluene and evaporated again under reduced pressure to give the
title compound (1.5 g, 100%) as a yellow solid.
1H-NMR (DMSO-d6) δ: 3.29-3.31 (4H, m), 3.36-3.38 (4H, m), 3.74-3.76 (4H, m), 4.20 (4H, brs), 5.09 (2H, q, J = 9.0 Hz),
8.81 (2H, brs), 9.13 (2H, s).

Step 2: 2-{4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]piperazin-1-yl}-2-oxoeth-
anol

[0437]

[0438] 2-Hydroxyacetic acid (15 mg, 0.19 mmol), hydroxybenzotriazole hydrate (37 mg, 0.19 mmol), 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrochloride (37 mg, 0.19 mmol), dimethylformamide (3 ml), and triethylamine (100
ml) were added to 5-[6-morpholin-4-yl-8-piperazin-1-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine trifluoro-
acetate (120 mg, 0.17 mmol) and the resulting mixture was stirred for 4 hours. The reaction mixture was partitioned with
ethyl acetate and water, the organic layer was washed with saturated aqueous sodium bicarbonate solution and dried
over magnesium sulfate, and then the solvent was evaporated under reduced pressure. The residue was purified by
silica gel chromatography (chloroform:methanol = 19:1) to give the title compound (70 mg) as a colorless solid.
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[0439] 4 M Hydrochloric acid-1,4-dioxane was added to this compound and the solvent was evaporated under reduced
pressure and dried to give a hydrochloride of the title compound (75 mg, 77%) as a yellow solid.
1H-NMR (DMSO-d6) δ: 3.16-3.21 (4H, m), 3.51-3.53 (2H, m), 3.63-3.66 (2H, m), 3.74-3.76 (4H, m), 4.14 (2H, s), 4.19
(4H, brs), 5.08 (2H, q, J = 9.0 Hz), 7.45 (2H, brs), 9.16 (2H, s).

Example 68

(2S)-1-{4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]piperazin-1-yl}-1-oxopro-
pan-2-ol

[0440]

[0441] L-Lactic acid (17 mg, 0.19 mmol), hydroxybenzotriazole hydrate (37 mg, 0.19 mmol), 1-ethyl-3-(3-dimethyl-
aminopropyl)-carbodiimide hydrochloride (37 mg, 0.19 mmol), dimethylformamide (3 ml), and triethylamine (100 ml)
were added to 5-[6-morpholin-4-yl-8-piperazin-1-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine trifluoroace-
tate (120 mg, 0.17 mmol) and the resulting mixture was stirred for 5 hours. The reaction mixture was partitioned with
ethyl acetate and water, the organic layer was washed with saturated aqueous sodium bicarbonate solution and dried
over magnesium sulfate, and then the solvent was evaporated under reduced pressure. The residue was purified by
silica gel chromatography (chloroform:methanol = 19:1) to give the title compound as a colorless solid.
[0442] 4 M Hydrochloric acid-1,4-dioxane was added to this compound and the solvent was evaporated under reduced
pressure and dried to give a hydrochloride of the title compound (77 mg, 78%) as a yellow solid.
1H-NMR (DMSO-d6) δ: 1.21 (3H, d, J = 6.9 Hz), 3.13-3.24 (4H, m), 3.57-3.76 (8H, m), 4.17-4.23 (4H, m), 4.47 (1H, q,
J = 6.5Hz), 5.11 (2H, q, J = 8.8 Hz), 9.26 (2H, s).

Example 69

(2S)-4-{4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]piperazin-1-yl}-4-oxobutan-
2-ol

[0443]

[0444] (S)-3-hydroxybutanoic acid (39 mg, 0.38 mmol), hydroxybenzotriazole hydrate (58 mg, 0.38 mmol), 1-ethyl-
3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (72 mg, 0.38 mmol), dimethylformamide (5 ml), and triethylamine
(161 ml) were added to 5-[6-morpholin-4-yl-8-piperazin-1-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine trif-
luoroacetate (200 mg, 0.29 mmol) and the resulting mixture was stirred for 15 hours. The reaction mixture was partitioned
with ethyl acetate and saturated aqueous sodium bicarbonate solution, the organic layer was dried over magnesium
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sulfate, and then the solvent was evaporated under reduced pressure. The residue was purified by silica gel chroma-
tography (chloroform:methanol = 19:1) to give the title compound (80 mg, 50%) as a white solid.
1H-NMR (CDCl3) δ: 1.26 (3H, d, J = 6.3 Hz), 2.38 (1H, dd, J = 16.3, 9.5 Hz), 2.53 (1H, dd, J = 16.6, 2.3 Hz), 3.17-3.24
(4H, m), 3.63-3.80 (4H, m), 3.84-3.89 (5H, m), 4.27 (4H, brs), 4.73 (2H, q, J = 8.4 Hz), 9.23 (2H, s).

Example 70

(2R)-4-{4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]piperazin-1-yl}-4-oxobutan-
2-ol

[0445]

[0446] (R)-3-hydroxybutanoic acid (39 mg, 0.38 mmol), hydroxybenzotriazole hydrate (58 mg, 0.38 mmol), 1-ethyl-
3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (72 mg, 0.38 mmol), dimethylformamide (5 ml), triethylamine
(161 ml) were added to 5-[6-morpholin-4-yl-8-piperazin-1-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine trif-
luoroacetate (200 mg, 0.29 mmol) and the resulting mixture was stirred for 15 hours. The reaction mixture was partitioned
with ethyl acetate and saturated aqueous sodium bicarbonate solution, the organic layer was dried over magnesium
sulfate, and then the solvent was evaporated under reduced pressure. The residue was purified by silica gel chroma-
tography (chloroform:methanol = 19:1) to give the title compound (77 mg, 48%) as a colorless solid.
1H-NMR (CDCl3) δ: 1.26 (3H, d, J = 6.3 Hz), 2.38 (1H, dd, J = 16.3, 9.5 Hz), 2.53 (1H, dd, J = 16.6, 2.3 Hz), 3.17-3.24
(4H, m), 3.63-3.80 (4H, m), 3.84-3.89 (5H, m), 4.27 (4H, brs), 4.73 (2H, q, J = 8.4 Hz), 5.28-5.30 (2H, m), 9.23 (2H, s).

Example 71

4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]piperazine-1-carboaldehyde

[0447]

[0448] Benzotriazole-1-carboaldehyde (55 mg, 0.38 mmol) was dissolved in tetrahydrofuran (10 ml) followed by the
addition of 5-[6-morpholin-4-yl-8-piperazin-1-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine trifluoroacetate
(200 mg, 0.29 mmol). The resulting mixture was stirred for 20 minutes and the reaction mixture was diluted with ethyl
acetate, washed with 1 M sodium hydroxide and saturated brine, and dried over magnesium sulfate. The solvent was
evaporated under reduced pressure and the residue was purified by silica gel chromatography (chloroform:methanol =
19:1) to give a white solid (80 mg, 56%).
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1H-NMR (CDCl3) δ: 3.17-3.19 (2H, m), 3.23-3.25 (2H, m), 3.58-3.59 (2H, m), 3.75-3.77 (2H, m), 3.84-3.86 (4H, m), 4.28
(4H, s), 4.73 (2H, q, J = 8.4 Hz), 5.20-5.23 (2H, m), 8.13 (1H, s), 9.23 (2H, s).

Example 72

N-{(3R)-1-[2-(2-Amino-4-methylpyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-8-yl]pyrrolidin-3-yl}
methanesulfonamide

[0449]

[0450] N-Methyl-2-pyrrolidone (3 ml) was added to 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-
4-methylpyrimidin-2-amine (300 mg, 0.75 mmol), and (3R)-aminopyrrolidine (516 mg) and the resulting mixture was
stirred at 140˚C for 1 hour. The reaction mixture was cooled, then diluted with methylene chloride, washed with water,
and dried over magnesium sulfate. The solvent was concentrated under reduced pressure followed by the addition of
triethylamine (261 ml), mesyl chloride (70 ml) was added with ice cooling, and the resulting mixture was stirred at room
temperature for 30 minutes. Mesyl chloride (25 ml) was further added with ice cooling and the resulting mixture was
stirred at room temperature for 30 minutes and partitioned with ethyl acetate and water. The organic layer was washed
three times with water and then dried over magnesium sulfate and the solvent was evaporated under reduced pressure.
The residue was purified by silica gel chromatography (chloroform:methanol = 20:1) to give a light brown solid (355 mg,
90%).
1H-NMR (CDCl3) δ: 0.45-0.54 (4H, m), 1.26-1.29 (1H, m), 2.10-2.16 (1H, m), 2.33-2.40 (1H, m), 2.72 (3H, s), 3.04 (3H,
s), 3.60-3.79 (3H, m), 3.82-3.84 (4H, m), 3.93-4.04 (2H, m), 4.17-4.24 (5H, m), 5.17-5.20 (2H, m), 5.88 (1H, d, J = 8.0
Hz), 8.88 (1H, s).
[0451] This compound was dissolved in chloroform (10 ml)-methanol (10 ml) followed by the addition of methanesul-
fonic acid (43ml) with ice cooling and then the solvent was evaporated under reduced pressure to give methanesulfonate
(450 mg) as a yellow solid.
1H-NMR (DMSO-d6) δ: 0.40-0.49 (4H, m), 1.26-1.32 (1H, m), 1.93-2.00 (1H, m), 2.21-2.27 (1H, m), 2.34 (3H, s), 2.81
(3H, s), 3.00 (3H, s), 3.52 (1H, dd, J = 10.3, 5.2 Hz), 3.64-3.69 (1H, m), 3.72-3.76 (5H, m), 3.85 (1H, dd, J = 9.7, 6.3
Hz), 4.05-4.14 (7H, m), 7.47 (1H, d, J = 6.3 Hz), 8.10 (1H, brs), 9.03 (1H, s).

Example 73

N-{(3S)-1-[2-(2-Amino-4-methylpyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-8-yl]pyrrolidin-3-yl}
methanesulfonamide

[0452]

[0453] N-Methyl-2-pyrrolidone (3 ml) was added to 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]-
4-methylpyrimidin-2-amine (300 mg, 0.75 mmol) and (3S)-aminopyrrolidine (516 mg) and the resulting mixture was
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stirred at 140˚C for 1 hour. The reaction mixture was cooled and then diluted with methylene chloride, washed with
water, and dried over magnesium sulfate. The solvent was concentrated under reduced pressure followed by the addition
of triethylamine (261 ml), mesyl chloride (70 ml) was added with ice cooling, and the resulting mixture was stirred at room
temperature for 30 minutes. Mesyl chloride (25 ml) was further added with ice cooling and then the resulting mixture
was stirred at room temperature for 30 minutes and partitioned with ethyl acetate and water. The organic layer was
washed three times with water and dried over magnesium sulfate and the solvent was evaporated under reduced
pressure. The residue was purified by silica gel chromatography (chloroform:methanol = 20:1) to give the title compound
(328 mg) as a pale yellow solid.
[0454] This compound was dissolved in chloroform (10 ml)-methanol (10 ml) followed by the addition of methanesul-
fonic acid (40ml) with ice cooling and then the solvent was evaporated under reduced pressure to give methanesulfonate
(370 mg, 79%) as a yellow solid.
1H-NMR (DMSO-d6) δ: 0.40-0.49 (4H, m), 1.26-1.32 (1H, m), 1.93-2.00 (1H, m), 2.21-2.27 (1H, m), 2.34 (3H, s), 2.81
(3H, s), 3.00 (3H, s), 3.52 (1H, dd, J = 10.3, 5.2 Hz), 3.64-3.69 (1H, m), 3.72-3.76 (5H, m), 3.85 (1H, dd, J = 9.7, 6.3
Hz), 4.05-4.14 (7H, m), 7.47 (1H, d, J = 6.3 Hz), 8.06 (1H, brs), 9.03 (1H, s).

Example 74

5-{8-[(3S)-3-Ethylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine

[0455]

Step 1: 2-(S)-Ethylpiperazine 2 hydrochloride

[0456]

[0457] Concentrated hydrochloric acid (3 ml) was added to 2-(S)-ethyl-1-tert-butoxycarbonylpiperazine (986 mg, 4.27
mmol) and the resulting mixture was stirred for 20 minutes and then concentrated under reduced pressure, and the
solvent was removed azeotropically with ethanol. The resulting solid was washed with 2-propanol to give the title com-
pound (694 mg) as a colorless solid. This compound was used in the next step without being purified.

Step 2:

5-{8-[(3S)-3-Ethylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine

[0458]
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[0459] Diisopropylethylamine (1.48 ml, 8.49 mmol) was added to an N-methyl-2-pyrrolidone suspension (4 ml) of
2-(S)-ethylpiperazine 2 hydrochloride (529 mg, 2.83 mmol) and 2-(2-aminopyrimidin-5-yl)-8-chloro-6-(morpholin-4-yl)-
9-(2,2,2-trifluoroethyl)-9H-purine (391 mg, 0.94 mmol) and the resulting mixture was stirred at 100˚C for 4 days. Water
was added to the reaction mixture and the resulting mixture was extracted twice with ethyl acetate. The organic layers
were combined, washed with water and saturated brine, and dried over anhydrous sodium sulfate, the mixture was
filtrated, the filtrate was concentrated under reduced pressure, and the resulting residue was purified by silica gel
chromatography (chloroform:methanol = 97:3 to 90:10) to give the title compound (379 mg) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.98 (3H, t, J = 7.45 Hz), 1.42-1.50 (2H, m), 2.71 (1H, t, J = 10.86 Hz), 2.80-2.84 (1H, m), 3.05-3.13
(3H, m), 3.26-3.30 (2H, m), 3.84-3.88 (4H, m), 4.27-4.30 (4H, m), 4.69 (2H, q, J = 8.38 Hz), 5.21 (2H, brs), 9.24 (2H, brs).

Example 75

5-{8-[(3S)-4-Acetyl-3-ethylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine

[0460]

[0461] Acetic anhydride (0.035 ml, 0.38 mmol) was added dropwise to a methylene chloride solution (6 ml) of 5-
{8-[(3S)-3-ethylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine (123 mg, 0.25
mmol) and triethylamine (0.069 ml, 0.50 mmol) with ice cooling and the resulting mixture was stirred at room temperature
for 1.5 hours. The resulting mixture was partitioned with ethyl acetate and saturated aqueous ammonium chloride solution
and the organic layer was washed with saturated brine and dried over anhydrous sodium sulfate, the mixture was filtrated,
the filtrate was concentrated under reduced pressure, and the resulting residue was purified by preparative thin layer
silica gel chromatography (chloroform:methanol = 95:5) to give the title compound (92 mg) as a pale yellow solid. 1H-
NMR (CDCl3) δ: 0.92-1.00 (3H, m), 1.76-1.91 (2H, m), 2.16 (3H, s), 2.98-3.12 (2H, m), 3.25-3.30 (2H, m), 3.51-3.74
(2H, m) 3.84-3.86 (4H, m), 4.28-3.32 (4H, m), 4.64-4.80 (3H, m), 5.21 (2H, brs), 9.23 (2H, s).
1H-NMR (DMSO-d6, 100˚C) δ: 0.85 (3H, t, J = 7.33 Hz), 1.71-1.90 (2H, m), 2.05 (3H, s), 2.81-2.99 (2H, m), 3.34-3.48
(2H, m), 3.73-3.76 (4H, m), 4.17-4.19 (4H, m), 4.92-5.01 (2H, m), 6.66 (2H, brs), 9.07 (2H, s).

Example 76

5-{8-[(3S)-3-Ethyl-4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-
2-amine

[0462]
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[0463] Methanesulfonyl chloride (0.022 ml, 0.28 mmol) was added dropwise to a methylene chloride solution (6 ml)
of 5-{8-[(3S)-3-ethylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine (107 mg,
0.22 mmol) and triethylamine (0.061 ml, 0.44 mmol) with ice cooling and the resulting mixture was stirred at the same
temperature for 2 hours. The resulting mixture was partitioned with ethyl acetate and saturated aqueous ammonium
chloride solution and the organic layer was washed with saturated brine and dried over anhydrous sodium sulfate, the
mixture was filtrated, the filtrate was concentrated under reduced pressure, and the resulting residue was purified by
preparative thin layer silica gel chromatography (chloroform:methanol = 95:5) to give the title compound (86 mg) as a
pale yellow solid.
1H-NMR (CDCl3) δ: 1.01 (3H, t, J = 7.45 Hz), 1.81-1.89 (1H, m), 1.98-2.05 (1H, m), 2.98 (3H, s), 3.14 (1H, td, J = 12.21,
3.17 Hz), 3.21-3.26 (3H, m), 3.39-3.46 (1H, m), 3.83 (5H, m), 3.96 (1H, t, J = 7.57 Hz), 4.28 (4H, brs), 4.71 (2H, q, J =
8.30 Hz), 5.21 (2H, brs), 9.23 (2H, s).

Example 77

(2S)-1-{(2S)-4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]-2-ethylpiperazin-1-yl}-
1-oxopropan-2-ol

[0464]

[0465] 1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (80 mg, 0.42 mmol) was added to an N,N-
dimethylformamide solution (5 ml) of 5-{8-[(3S)-3-ethylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-
2-yl}pyrimidin-2-amine (136 mg, 0.28 mmol), triethylamine (0.096 ml, 0.69 mmol), L-lactic acid (30 mg, 0.33 mmol), and
1-hydroxybenzotriazole (47 mg, 0.30 mmol) and the resulting mixture was stirred at room temperature for 16 hours. The
resulting mixture was partitioned with ethyl acetate and saturated aqueous ammonium chloride solution and the organic
layer washed with water and saturated brine and dried over anhydrous sodium sulfate, the mixture was filtrated, the
filtrate was concentrated under reduced pressure, and the resulting residue was purified by preparative thin layer silica
gel chromatography (chloroform:methanol = 95:10) to give the title compound (31 mg) as a pale yellow solid. 1H-NMR
(CDCl3) δ: 0.94-1.02 (3H, m), 1.40-1.51 (3H, m), 1.75-2.03 (2H, m), 3.01-3.34 (4H, m), 3.50-3.86 (7H, m), 4.27-4.54
(5H, m), 4.63-4.80 (3H, m), 5.24 (2H, brs), 9.23 (2H, s).
1H-NMR (DMSO-d6, 60˚C) δ: 0.85 (3H, t, J = 7.57 Hz), 1.24 (3H, d, J = 6.59 Hz), 1.69-1.93 (2H, m), 2.72-3.12 (2H, m),
3.28-3.57 (3H, m), 3.68-3.82 (5H, m), 3.96-4.55 (8H, m), 4.79-5.22 (3H, m), 6.84 (2H, s), 9.08 (2H, s).
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Example 78

5-{8-[(3R)-3-Ethylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine

[0466]

Step 1: 2-(R)-Ethylpiperazine 2 hydrochloride

[0467]

[0468] Concentrated hydrochloric acid (3 ml) was added to 2-(R)-ethyl-1-tert-butoxycarbonylpiperazine (918 mg, 3.66
mmol), the resulting mixture was stirred for 20 minutes and concentrated under reduced pressure, the solvent was
removed azeotropically with ethanol, and the resulting solid was washed with 2-propanol to give the title compound (751
mg) as a colorless solid. This compound was used in the next step without being purified.

Step 2: 5-{8-[(3R)-3-Ethylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine

[0469]

[0470] Diisopropylethylamine (1.91 ml, 10.98 mmol) was added to an N-methyl-2-pyrrolidone suspension (5 ml) of
2-(R)-ethylpiperazine-2-hydrochloride (751 mg) and 2-(2-aminopyrimidin-5-yl)-8-chloro-6-(morpholin-4-yl)-9-(2,2,2-trif-
luoroethyl)-9H-purine (506 mg, 1.22 mmol) and the resulting mixture was heated at 100˚C and stirred for 5 days. Water
was added to the reaction mixture and the resulting mixture was extracted twice with ethyl acetate. The organic layers
were combined, washed with water and saturated brine, and dried over anhydrous sodium sulfate, the mixture was
filtrated, the filtrate was concentrated under reduced pressure, and the resulting residue was purified by silica gel
chromatography (chloroform:methanol = 97:3 to 90:10) to give the title compound (562 mg) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.98 (3H, t, J = 7.45 Hz), 1.42-1.50 (2H, m), 2.71 (1H, t, J = 10.86 Hz), 2.80-2.84 (1H, m), 3.05-3.13
(3H, m), 3.26-3.30 (2H, m), 3.86 (4H, m), 4.27-4.30 (4H, m), 4.69 (2H, q, J = 8.38 Hz), 5.21 (2H, brs), 9.24 (2H, s).
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Example 79

(2S)-1-{(2R)-4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]-2-ethylpiperazin-
1-yl}-1-oxopropan-2-ol

[0471]

[0472] 1-Ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (72.4 mg, 0.38 mmol) was added to an N,N-
dimethylformamide solution (5 ml) of 5-{8-[(3R)-3-ethylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-
2-yl}pyrimidin-2-amine (124 mg, 0.25 mmol), triethylamine (0.087 ml, 0.63 mmol), L-lactic acid (27.2 mg, 0.30 mmol),
and 1-hydroxybenzotriazole (42.6 mg, 0.28 mmol), the resulting mixture was stirred at room temperature for 17 hours
followed by the addition of 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (72.4 mg, 0.38 mmol), and the
resulting mixture was stirred at 40˚C for 8 hours. The resulting mixture was partitioned with ethyl acetate and water and
the organic layer was washed with water and saturated brine and dried over anhydrous sodium sulfate, the mixture was
filtrated, the filtrate was concentrated under reduced pressure, and the resulting residue was purified by preparative thin
layer silica gel chromatography (chloroform:methanol = 90:10) to give the title compound (38.9 mg) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.89-1.02 (3H, m), 1.40-1.51 (3H, m), 1.49-1.69 (2H, m), 3.17-3.31 (4H, m), 3.61-3.89 (7H, m),
4.25-4.38 (4H, m), 4.50-4.58 (1H, m), 4.67-4.79 (3H, m), 5.19 (2H, s), 9.23 (2H, s).
1H-NMR (DMSO-d6, 60˚C) δ: 0.81-0.83 (3H, m), 1.18-1.23 (3H, m), 1.62-1.93 (2H, m), 2.66-3.17 (3H, m), 3.36-3.49
(3H, m), 3.73-3.75 (4H, m), 3.89-4.31 (4H, m), 4.48-4.74 (3H, m), 4.95-5.08 (2H, m), 6.87 (2H, s), 9.08 (2H, s)

Example 80

4-{4-[2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-morpholin-4-yl-9H-purin-8-yl]piperazin-1-yl}-2-methyl-4-oxobutan-2-ol

[0473]

[0474] 5-(9-Isobutyl-6-morpholin-4-yl-8-piperazin-1-yl-9H-purin-2-yl)pyrimidin-2-amine (150 mg, 0.33 mmol), 1-ethyl-
3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (128 mg, 0.67 mmol), 1-hydroxybenzotriazole (45 mg, 0.33
mmol), and 3-hydroxy-3-methylbutanoic acid (79 mg, 0.67 mmol) were dissolved in dimethylformamide (5 ml) and the
resulting mixture was stirred for 16 hours. The solvent was evaporated under reduced pressure and the residue was
purified by preparative HPLC (column, NOMURA Develosil Combi-RP-5; mobile phase, acetonitrile/water/formic acid)
to give the title compound (120 mg, 67%) as a white solid.
1H-NMR (CDCl3) δ: 0.88 (3H, s), 0.90 (3H, s), 1.32 (6H, s), 2.46-2.50 (3H, m), 3.22-3.27 (4H, m), 3.66-3.67 (2H, m),
3.82-3.87 (6H, m), 3.92 (2H, d, J = 7.6 Hz), 4.28 (4H, brs), 4.99 (1H, s), 5.23 (2H, s), 9.24 (2H, s).
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Example 81

(2R)-4-{4-[2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-morpholin-4-yl-9H-purin-8-yl]piperazin-1-yl}-4-oxobutan-2-ol

[0475]

[0476] 5-(9-Isobutyl-6-morpholin-4-yl-8-piperazin-1-yl-9H-purin-2-yl)pyrimidin-2-amine (150 mg, 0.33 mmol), 1-ethyl-
3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (128 mg, 0.67 mmol), 1-hydroxybenzotriazole (45 mg, 0.33
mmol), and (R)-3-hydroxybutyric acid (70 mg, 0.67 mmol) were dissolved in dimethylformamide (5 ml) and the resulting
mixture was stirred for 16 hours. The solvent was evaporated under reduced pressure and then the residue was purified
by preparative HPLC (column, NOMURA Develosil Combi-RP-5; mobile phase, acetonitrile/water/formic acid) to give
the title compound (62 mg, 36%) as a white solid.
1H-NMR (CDCl3) δ: 0.89 (6H, d, J = 6.59Hz), 1.26 (3H, d, J = 6.35Hz), 2.34-2.57 (3H, m), 3.18-3.24 (2H, m), 3.24-3.30
(2H, m), 3.61-3.67 (2H, m), 3.74-3.88 (6H, m), 3.92 (2H, d, J = 7.32Hz), 4.21-4.33 (5H, m), 5.24 (2H, s), 9.24 (2H, s).

Example 82

(2S)-4-{4-[2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-morpholin-4-yl-9H-purin-8-yl]piperazin-1-yl}-4-oxobutan-2-ol

[0477]

[0478] 5-(9-Isobutyl-6-morpholin-4-yl-8-piperazin-1-yl-9H-purin-2-yl)pyrimidin-2-amine (150 mg, 0.33 mmol), 1-ethyl-
3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (128 mg, 0.67 mmol), 1-hydroxybenzotriazole (45 mg, 0.33
mmol), and (S)-3-hydroxybutyric acid (70 mg, 0.67 mmol) were dissolved in dimethylformamide (5 ml) and the resulting
mixture was stirred for 16 hours. The solvent was evaporated under reduced pressure and then the residue was purified
by preparative HPLC (column, NOMURA Develosil Combi-RP-5; mobile phase, acetonitrile/water/formic acid) to give
the title compound (97 mg, 56%) as a white solid.
1H-NMR (CDCl3) δ: 0.88 (3H, s), 0.90 (3H, s), 1.26 (3H, d, J = 6.3 Hz), 2.35-2.56 (3H, m), 3.21 (2H, t, J = 5.0 Hz), 3.26
(2H, t, J = 5.0 Hz), 3.64 (2H, t, J = 5.0 Hz), 3.81-3.85 (6H, m), 3.92 (2H, d, J = 7.6 Hz), 4.25-4.28 (5H, m), 5.22 (2H, s),
9.24 (2H, s).

Example 83

(2R)-4-{(2S)-4-[2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-morpholin-4-yl-9H-purin-8-yl]-2-methylpiperazin-1-yl}-4-oxobu-
tan-2-ol

[0479]



EP 2 336 132 A1

133

5

10

15

20

25

30

35

40

45

50

55

[0480] 5-{9-Isobutyl-8-[(3S)-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine (150 mg, 0.33
mmol), dicyclohexylcarbodiimide (103 mg, 0.5 mmol), 1-hydroxybenzotriazole (45 mg, 0.33 mmol), and (R)-3-hydroxy-
butyric acid (70 mg, 0.67 mmol) were dissolved in dimethylformamide (5 ml) and the resulting mixture was stirred at
40˚C for 16 hours. The solvent was evaporated under reduced pressure and then the residue was purified by preparative
HPLC (column, NOMURA Develosil Combi-RP-5; mobile phase, acetonitrile/water/formic acid) to give the title compound
(50 mg, 28%) as a white solid.
1H-NMR (CDCl3) δ: 0.90 (6H, t, J = 6.6 Hz), 1.24-1.27 (3H, m), 1.39 (1.5H, d, J = 6.8 Hz), 1.47 (1.5H, d, J = 6.8 Hz),
2.27-2.57 (4H, m), 3.01-3.15 (3H, m), 3.29 (1H, d, J = 12.2 Hz), 3.42 (1H, d, J = 12.2 Hz), 3.54-3.56 (0.5H, m), 3.69-3.71
(0.5H, m), 3.84-3.96 (6H, m), 4.18-4.27 (6H, m), 4.58-4.61 (0.5H, m), 4.92-4.95 (0.5H, m), 5.67 (2H, s), 9.22 (2H, s).

Example 84

(2R)-4-{(2R)-4-[2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-morpholin-4-yl-9H-purin-8-yl]-2-methylpiperazin-1-yl}-4-oxobu-
tan-2-ol

[0481]

[0482] 5-{9-Isobutyl-8-[(3R)-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine (150 mg, 0.33
mmol), dicyclohexylcarbodiimide (103 mg, 0.5 mmol), 1-hydroxybenzotriazole (45 mg, 0.33 mmol), and (R)-3-hydroxy-
butyric acid (70 mg, 0.67 mmol) were dissolved in dimethylformamide (5 ml) and the resulting mixture was stirred at
40˚C for 16 hours. The solvent was evaporated under reduced pressure and then the residue was purified by preparative
HPLC (column, NOMURA Develosil Combi-RP-5; mobile phase, acetonitrile/water/formic acid) to give the title compound
(90 mg, 50%) as a white solid.
1H-NMR (CDCl3) δ: 0.90 (6H, t, J = 6.6 Hz), 1.24-1.27 (3H, m), 1.40 (1.5H, d, J = 6.8 Hz), 1.48 (1.5H, d, J = 6.8 Hz),
2.32-2.64 (4H, m), 2.96-3.20 (3H, m), 3.27 (1H, d, J = 12.2 Hz), 3.42 (1H, d, J = 12.2 Hz), 3.54-3.56 (0.5H, m), 3.69-3.71
(0.5H, m), 3.84-3.96 (6H, m), 4.18-4.27 (6H, m), 4.58-4.61 (0.5H, m), 4.92-4.95 (0.5H, m), 5.64 (2H, s), 9.22 (2H, s).

Example 85

(2S)-4-{(2S)-4-[2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-morpholin-4-yl-9H-purin-8-yl]-2-methylpiperazin-1-yl}-4-oxobu-
tan-2-ol

[0483]
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[0484] 5-{9-Isobutyl-8-[(3S)-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine (230 mg, 0.5
mmol), dicyclohexylcarbodiimide (160 mg, 0.77 mmol), 1-hydroxybenzotriazole (70 mg, 0.51 mmol), and (S)-3-hydroxy-
butyric acid (107 mg, 1.0 mmol) were dissolved in dimethylformamide (5 ml) and the resulting mixture was stirred at
40˚C for 16 hours. The solvent was evaporated under reduced pressure and then the residue was purified by preparative
HPLC (column, NOMURA Develosil Combi-RP-5; mobile phase, acetonitrile/water/formic acid) to give the title compound
(131 mg, 48%) as a white solid.
1H-NMR (CDCl3) δ: 0.90 (6H, t, J = 6.6 Hz), 1.24-1.27 (3H, m), 1.40 (1.5H, d, J = 6.8 Hz), 1.48 (1.5H, d, J = 6.8 Hz),
2.28-2.64 (4H, m), 3.01-3.15 (3H, m), 3.27 (1H, d, J = 12.2 Hz), 3.42 (1H, d, J = 12.2 Hz), 3.54-3.56 (0.5H, m), 3.72-3.74
(0.5H, m), 3.84-3.96 (6H, m), 4.18-4.27 (6H, m), 4.58-4.61 (0.5H, m), 4.92-4.95 (0.5H, m), 5.49 (2H, s), 9.23 (2H, s).

Example 86

(2S)-4-{(2R)-4-[2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-morpholin-4-yl-9H-purin-8-yl]-2-methylpiperazin-1-yl}-4-oxobu-
tan-2-ol

[0485]

[0486] 5-{9-Isobutyl-8-[(3R)-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine (230 mg, 0.5
mmol), dicyclohexylcarbodiimide (160 mg, 0.77 mmol), 1-hydroxybenzotriazole (70 mg, 0.51 mmol), and (S)-3-hydroxy-
butyric acid (107 mg, 1.0 mmol) were dissolved in dimethylformamide (5 ml) and the resulting mixture was stirred at
40˚C for 16 hours. The solvent was evaporated under reduced pressure and then the residue was purified by preparative
HPLC (column, NOMURA Develosil Combi-RP-5; mobile phase, acetonitrile/water/formic acid) to give the title compound
(167 mg, 61%) as a white solid.
1H-NMR (CDCl3) δ: 0.90 (6H, t, J = 6.6 Hz), 1.24-1.27 (3H, m), 1.39 (1.5H, d, J = 6.8 Hz), 1.47 (1.5H, d, J = 6.8 Hz),
2.27-2.57 (4H, m), 2.96-3.20 (3H, m), 3.29 (1H, d, J = 12.2 Hz), 3.42 (1H, d, J = 12.2 Hz), 3.54-3.56 (0.5H, m), 3.71-3.74
(0.5H, m), 3.84-3.96 (6H, m), 4.18-4.27 (6H, m), 4.58-4.61 (0.5H, m), 4.92-4.95 (0.5H, m), 5.50 (2H, s), 9.22 (2H, s).

Example 87

N,N-Dimethyl-2-[(2R)-2-methyl-4-{2-[2-(methylamino)pyrimidin-5-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-
8-yl}piperazin-1-yl]acetamide

[0487]
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[0488] 1H-NMR (CDCl3) δ: 1.16 (3H, d, J = 6.1 Hz), 2.76 (1H, s), 2.92-2.94 (3H, m), 2.97 (3H, s), 3.08 (3H, d, J = 7.0
Hz), 3.13 (3H, s), 3.18-3.25 (4H, m), 3.63 (0.5H, s), 3.67 (0.5H, s), 3.84 (4H, t, J = 4.8 Hz), 4.27 (4H, brs), 4.64-4.71
(2H, m), 5.30-5.31 (1H, m), 9.25 (2H, s).

Example 88

(2S)-1-{4-[2-(2-Aminopyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-8-yl]piperazin-1-yl}-1-oxopro-
pan-2-ol

[0489]

[0490] L-Lactic acid (25.2 ml, 0.29 mmol), 1-hydroxybenzotriazole monohydrate (36.7 mg, 0.24 mmol), 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrochloride (68.8 mg, 0.36 mmol), and triethylamine (50.1 ml, 0.36 mmol) were
added to an N,N-dimethylformamide suspension (2.0 ml) of 5-[9-(cyclopropylmethyl)-6-morpholin-4-yl-8-piperazin-1-yl-
9H-purin-2-yl]pyrimidin-2-amine (104.5 mg, 0.24 mmol) at room temperature. The resulting mixture was stirred for 17
hours and then the reaction mixture was poured into methylene chloride-methanol (10:1), washed with saturated aqueous
sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the filtrate was concen-
trated under reduced pressure and the resulting residue was purified by preparative thin layer silica gel chromatography
(methylene chloride:methanol = 10:1) to give the title compound (80.1 mg, 66%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.50-0.59 (4H, m), 1.30-1.37 (1H, m), 1.39 (3H, d, J = 6.87 Hz), 1.93-2.11 (1H, m), 3.24-3.37 (4H,
m), 3.60-3.67 (2H, m), 3.81-3.93 (6H, m), 3.98 (2H, d, J = 7.45 Hz), 4.22-4.33 (4H, brm), 4.49-4.57 (1H, m), 5.50 (2H,
s), 9.23 (2H, s).

Example 89

2-{4-[2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-morpholin-4-yl-9H-purin-8-yl]piperazin-1-yl}-2-oxoethanol

[0491]
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[0492] 1-Hydroxybenzotriazole monohydrate (37.9 mg, 0.25 mmol), 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide
hydrochloride (71.2 mg, 0.37 mmol), and triethylamine (51.7 ml, 0.37 mmol) were added to an N,N-dimethylformamide
suspension (2.0 ml) of 5-[9-(isobutyl)-6-morpholin-4-yl-8-piperazin-1-yl-9H-purin-2-yl]pyrimidin-2-amine (108.5 mg, 0.25
mmol) and glycolic acid (22.6 mg, 0.30 mmol) at room temperature. The resulting mixture was stirred for 21 hours and
then the reaction mixture was poured into methylene chloride-methanol (10:1), washed with saturated aqueous sodium
hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the filtrate was concentrated
under reduced pressure and the resulting residue was purified by preparative thin layer silica gel chromatography
(methylene chloride:methanol = 10:1) to give the title compound (89.2 mg, 73%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.89 (6H, d, J = 6.88 Hz), 2.41-2.53 (1H, m), 3.21-3.32 (4H, m), 3.44-3.52 (2H, m), 3.65-3.76 (1H,
m), 3.82-3.89 (6H, m), 3.92 (2H, d, J = 7.34 Hz), 4.20-4.33 (6H, m), 5.38 (2H, s), 9.23 (2H, s).

Example 90

4-[2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-morpholin-4-yl-9H-purin-8-yl]piperazine-1-carboaldehyde

[0493]

[0494] 5-[9-(Isobutyl)-6-morpholin-4-yl-8-piperazin-1-yl-9H-purin-2-yl]pyrimidin-2-amine (129.8 mg, 0.30 mmol) was
added to a tetrahydrofuran solution (7.0 ml) of 1H-benzotriazole-1-carboxyaldehyde (48.4 mg, 0.30 mmol) at room
temperature and the resulting mixture was stirred for 75 minutes. Methylene chloride was added to the reaction mixture
and the resulting mixture was poured into 2 N aqueous sodium hydroxide solution and extracted with methylene chloride-
methanol (10:1). The organic layer was dried over anhydrous sodium sulfate, the mixture was filtrated, the filtrate was
concentrated under reduced pressure, and the resulting residue was purified by medium pressure silica gel column
chromatography (methylene chloride:methanol = 49:1 to 32:1) to give the title compound (103.4 mg, 75%) as a pale
yellow solid.
1H-NMR (CDCl3) δ: 0.89 (6H, d, J = 6.88 Hz), 2.42-2.54 (1H, m), 3.18-3.24 (2H, m), 3.25-3.31 (2H, m), 3.54-3.61 (2H,
m), 3.71-3.78 (2H, m), 3.82-3.88 (4H, m), 3.92 (2H, d, J = 7.34 Hz), 4.20-4.35 (4H, brm), 5.32 (2H, s), 8.13 (1H, s), 9.24
(2H, s).

Example 91

5-{9-(Cyclopropylmethyl)-8-[(3S)-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0495]
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[0496] A dimethyl sulfoxide suspension (5 ml) of 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]
pyrimidin-2-amine (476.1 mg, 1.23 mmol) and (2S)-2-methylpiperazine (616.4 mg, 6.15 mmol) was heated at 100˚C to
dissolve and the resulting mixture was stirred at 85˚C for 18.5 hours. (2S)-2-Methylpiperazine (123.3 mg, 1.23 mmol)
was added and the resulting mixture was further stirred at 85˚C for 5.5 hours, left standing to cool, poured into methylene
chloride-methanol (10:1), and washed with saturated aqueous sodium hydrogen carbonate solution. The organic layer
was dried over anhydrous sodium sulfate, the mixture was filtrated, the filtrate was concentrated under reduced pressure,
and the resulting residue was purified by medium pressure silica gel column chromatography (methylene chloride:
methanol = 32:1 to 9:1) to give the title compound (516.0 mg, 93%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.48-0.57 (4H, m), 1.15 (3H, d, J = 6.87 Hz), 1.31-1.41 (1H, m), 2.71 (1H, t, J = 11.17 Hz), 2.98-3.15
(4H, m), 3.36-3.45 (2H, m), 3.83-3.89 (4H, m), 3.90-4.02 (2H, m), 4.18-4.41 (4H, brm), 5.60 (2H, brs), 9.24 (2H, s).

Example 92

(2S)-1-{(2S)-4-[2-(2-Aminopyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-8-yl]-2-methylpiperazin-
1-yl}-1-oxopropan-2-ol

[0497]

[0498] L-Lactic acid (27.1 ml, 0.31 mmol), 1-hydroxybenzotriazole monohydrate (39.3 mg, 0.26 mmol), 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrochloride (73.8 mg, 0.38 mmol), and triethylamine (53.6 ml, 0.38 mmol) were
added to an N,N-dimethylformamide solution (2.0 ml) of 5-{9-(cyclopropylmethyl)-8-[(3S)-3-methylpiperazin-1-yl]-6-mor-
pholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine (115.6 mg, 0.26 mmol) at room temperature. The resulting mixture was
stirred for 20 hours followed by the addition of L-lactic acid (27.1 ml, 0.31 mmol), 1-ethyl-3-(3-dimethylaminopropyl)-car-
bodiimide hydrochloride (73.8 mg, 0.38 mmol), and triethylamine (53.6 ml, 0.38 mmol) and the resulting mixture was
stirred for 3 days. L-Lactic acid (27.1 ml, 0.31 mmol), 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride
(73.8 mg, 0.38 mmol), and triethylamine (53.6 ml, 0.38 mmol) were further added, the resulting mixture was stirred for
2 days, and then the reaction mixture was poured into methylene chloride-methanol (10:1), washed with saturated
aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the filtrate was
concentrated under reduced pressure and the resulting residue was purified by preparative thin layer silica gel chroma-
tography (double development with methylene chloride:methanol = 15:1) to give the title compound (89.7 mg, 67%) as
a pale yellow solid.
1H-NMR (DMSO-d6, 80˚C) δ: 0.45-0.53 (4H, m), 1.24 (3H, d, J = 6.41 Hz), 1.30-1.44 (4H, m), 2.85-2.95 (1H, m), 3.02-3.13
(1H, m), 3.29-3.45 (2H, m), 3.47-3.55 (1H, m), 3.70-3.77 (4H, m), 4.02 (2H, d, J = 6.87 Hz), 4.06-4.26 (5H, m), 4.39-4.48
(1H, m), 4.56-4.67 (1H, m), 4.73-4.83 (1H, m), 6.70 (2H, s), 9.06 (2H, s).
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Example 93

(2R)-1-{4-[2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-morpholin-4-yl-9H-purin-8-yl]piperazin-1-yl}-1-oxopropan-2-ol

[0499]

[0500] D-Lactic acid (26.3 mg, 0.29 mmol), 1-hydroxybenzotriazole monohydrate (37.2 mg, 0.24 mmol), 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrochloride (69.8 mg, 0.36 mmol), and triethylamine (50.8 ml, 0.36 mmol) were
added to an N,N-dimethylformamide suspension (2.0 ml) of 5-[9-(isobutyl)-6-morpholin-4-yl-8-piperazin-1-yl-9H-purin-
2-yl]pyrimidin-2-amine (106.5 mg, 0.24 mmol) at room temperature. The resulting mixture was stirred for 4 days and
then the reaction mixture was poured into methylene chloride-methanol (10:1), washed with saturated aqueous sodium
hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the filtrate was concentrated
under reduced pressure and the resulting residue was purified by preparative thin layer silica gel chromatography
(methylene chloride:methanol = 10:1) to give the title compound (89.9 mg, 73%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.89 (6H, d, J = 6.87 Hz), 1.39 (3H, d, J = 6.87 Hz), 2.42-2.53 (1H, m), 3.19-3.34 (4H, m), 3.57-3.65
(2H, m), 3.79-3.98 (9H, m), 4.21-4.34 (4H, brm), 4.47-4.57 (1H, m), 5.46 (2H, s), 9.24 (2H, s).

Example 94

5-{9-(Cyclopropylmethyl)-8-[(3R)-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0501]

[0502] A dimethyl sulfoxide suspension (5 ml) 5-[8-chloro-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl]pyri-
midin-2-amine (502.6 mg, 1.30 mmol) and (2R)-2-methylpiperazine (650.7 mg, 6.50 mmol) was heated to dissolve at
100˚C and then the resulting mixture was stirred at 85˚C for 18.5 hours. (2R)-2-Methylpiperazine (130.1 mg, 1.30 mmol)
was added and the resulting mixture was further stirred at 85˚C for 5.5 hours and then left standing to cool, poured into
methylene chloride-methanol (10:1), and washed with saturated aqueous sodium hydrogen carbonate solution. The
organic layer was dried over anhydrous sodium sulfate, the mixture was filtrated, the filtrate was concentrated under
reduced pressure, and the resulting residue was purified by medium pressure silica gel column chromatography (meth-
ylene chloride:methanol = 32:1 to 9:1) to give the title compound (556.6 mg, 95%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.48-0.57 (4H, m), 1.11-1.17 (3H, m), 1.30-1.40 (1H, m), 2.70 (1H, t, J = 11.17 Hz), 2.97-3.14 (4H,
m), 3.35-3.45 (2H, m), 3.82-3.89 (4H, m), 3.89-4.02 (2H, m), 4.17-4.40 (4H, m), 5.37-5.59 (2H, brm), 9.23 (2H, s).
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Example 95

(2S)-1-{(2R)-4-[2-(2-Aminopyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-8-yl]-2-methylpiperazin-
1-yl}-1-oxopropan-2-ol

[0503]

[0504] L-Lactic acid (26.8 ml, 0.30 mmol), 1-hydroxybenzotriazole monohydrate (38.9 mg, 0.25 mmol), 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrochloride (73.0 mg, 0.38 mmol), and triethylamine (53.0 ml, 0.38 mmol) were
added to an N,N-dimethylformamide solution (2.0 ml) of 5-{9-(cyclopropylmethyl)-8-[(3R)-3-methylpiperazin-1-yl]-6-mor-
pholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine (114.3 mg, 0.25 mmol) at room temperature. The resulting mixture was
stirred for 20 hours followed by the addition of L-lactic acid (26.8 ml, 0.30 mmol), 1-ethyl-3-(3-dimethylaminopropyl)-car-
bodiimide hydrochloride (73.0 mg, 0.38 mmol), and triethylamine (53.0 ml, 0.38 mmol) and the resulting mixture was
stirred for 3 days. L-Lactic acid (26.8 ml, 0.30 mmol), 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride
(73.0 mg, 0.38 mmol), and triethylamine (53.0 ml, 0.38 mmol) were further added, the resulting mixture was stirred for
2 days, and the reaction mixture was poured into methylene chloride-methanol (10:1), washed with saturated aqueous
sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the filtrate was concen-
trated under reduced pressure and the resulting residue was purified by preparative thin layer silica gel chromatography
(methylene chloride:methanol = 10:1) to give the title compound (54.3 mg, 41%) as a pale yellow solid.
1H-NMR (DMSO-d6, 80˚C) δ: 0.45-0.53 (4H, m), 1.19-1.50 (7H, m), 2.83-2.99 (1H, m), 3.01-3.13 (1H, m), 3.26-3.47
(2H, m), 3.47-3.56 (1H, m), 3.70-3.77 (4H, m), 4.02 (2H, d, J = 6.87 Hz), 4.11-4.26 (5H, m), 4.41-4.50 (1H, m), 4.52-4.73
(2H, brm), 6.70 (2H, s), 9.06 (2H, s).

Example 96

5-{8-[(3S)-4-Acetyl-3-methylpiperazin-1-yl]-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0505]

[0506] Triethylamine (80.3 ml, 0.58 mmol) was added to a methylene chloride solution (3.0 ml) of 5-{9-(cyclopropyl-
methyl)-8-[(3S)-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine (108.1 mg, 0.24 mmol) at
room temperature followed by the addition of acetic anhydride (27.2ml, 0.29 mmol) with ice cooling. The resulting mixture
was stirred at room temperature for 2 hours and then the reaction mixture was poured into methylene chloride-methanol
(10:1), washed with water, and dried over anhydrous sodium sulfate. After filtration, the filtrate was concentrated under
reduced pressure and the resulting residue was purified by medium pressure silica gel column chromatography (meth-
ylene chloride:methanol = 49:1 to 19:1) to give the title compound (115.8 mg, 98%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.47-0.62 (4H, m), 1.31-1.53 (4H, m), 2.12-2.20 (3H, m), 2.91-3.28 (2.5H, m), 3.29-3.40 (1H, m),
3.44-3.53 (1H, m), 3.57-3.77 (1H, m), 3.81-3.89 (4H, m), 3.89-4.10 (2H, m), 4.11-4.21 (0.5H, m), 4.21-4.35 (4H, m),
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4.52-4.64 (0.5H, m), 4.87-5.00 (0.5H, m), 5.48 (2H, s), 9.23 (2H, s).

Example 97

5-{8-[(3R)-4-Acetyl-3-methylpiperazin-1-yl]-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0507]

[0508] Triethylamine (77.3 ml, 0.55 mmol) was added to a methylene chloride solution (3.0 ml) of 5-{9-(cyclopropyl-
methyl)-8-[(3R)-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine (104.1 mg, 0.23 mmol) at
room temperature followed by the addition of acetic anhydride (26.2ml, 0.28 mmol) with ice cooling. The resulting mixture
was stirred at room temperature for 95 minutes and the reaction mixture was poured into methylene chloride-methanol
(10:1), washed with water, and dried over anhydrous sodium sulfate. After filtration, the filtrate was concentrated under
reduced pressure and the resulting residue was purified by medium pressure silica gel column chromatography (meth-
ylene chloride:methanol = 32:1 to 16:1) to give the title compound (114.3 mg, 100%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.49-0.60 (4H, m), 1.31-1.51 (4H, m), 2.11-2.20 (3H, m), 2.91-3.28 (2.5H, m), 3.29-3.39 (1H, m),
3.45-3.52 (1H, m), 3.58-3.77 (1H, m), 3.81-3.89 (4H, m), 3.89-4.10 (2H, m), 4.10-4.20 (0.5H, m), 4.21-4.36 (4H, m),
4.53-4.63 (0.5H, m), 4.89-4.99 (0.5H, m), 5.42 (2H, s), 9.23 (2H, s).

Example 98

5-{8-[4-Acetyl-cis-3,5-dimethylpiperazin-1-yl]-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0509]

[0510] Triethylamine (73.7 ml, 0.53 mmol) was added to a methylene chloride (10 ml)-dimethylformamide (1.5 ml)
mixture solution of 5-{9-(cyclopropylmethyl)-8-[cis-3,5-dimethylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-
2-amine (102.3 mg, 0.22 mmol) at room temperature followed by the addition of acetic anhydride (24.9 ml, 0.26 mmol)
with ice cooling. The resulting mixture was stirred at room temperature for 3 days followed by the addition of acetic
anhydride (6.2 ml, 0.07 mmol) and the resulting mixture was further stirred for 3 days. The reaction mixture was poured
into methylene chloride-methanol (10:1) and the resulting mixture was washed with saturated aqueous sodium hydrogen
carbonate solution and dried over anhydrous sodium sulfate. After filtration, the filtrate was concentrated under reduced
pressure and the resulting residue was purified by preparative thin layer silica gel chromatography (methylene chloride:
methanol = 10:1) to give the title compound (107.7 mg, 97%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.50-0.60 (4H, m), 1.33-1.60 (7H, m), 2.18 (3H, s), 2.93-3.26 (2H, brm), 3.33-3.43 (2H, m), 3.77-3.93
(4H, m), 3.97-4.18 (3H, brm), 4.19-4.37 (4H, brm), 4.59-4.97 (1H, brm), 5.31 (2H, s), 9.24 (2H, s).
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Example 99

5-{8-[(3R)-4-Acetyl-3-methylpiperazin-1-yl]-9-isobutyl-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0511]

[0512] Triethylamine (79.9 ml, 0.57 mmol) was added to a methylene chloride solution (3.0 ml) of 5-{9-isobutyl-8-[(3R)-
3-methylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine (108.1 mg, 0.24 mmol) at room temperature
followed by the addition of acetic anhydride (27.1 ml, 0.29 mmol) with ice cooling. The resulting mixture was stirred at
room temperature for 1 hour and then the reaction mixture was poured into methylene chloride-methanol (10:1), washed
with saturated aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration,
the filtrate was concentrated under reduced pressure and the resulting residue was purified by preparative thin layer
silica gel chromatography (methylene chloride:methanol = 10:1) to give the title compound (110.9 mg, 94%) as a pale
yellow solid.
1H-NMR (CDCl) δ: 0.84-0.95 (6H, m), 1.33-1.52 (3H, m), 2.10-2.20 (3H, m), 2.42-2.52 (1H, m), 2.89-3.34 (3.5H, m),
3.37-3.45 (1H, m), 3.56-3.76 (1H, m), 3.80-4.01 (6H, m), 4.10-4.20 (0.5H, m), 4.20-4.35 (4H, m), 4.52-4.62 (0.5H, m),
4.88-4.98 (0.5H, m), 5.40 (2H, s), 9.24 (2H, s).

Example 100

(2R)-4-[2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-morpholin-4-yl-9H-purin-8-yl]-2-methylpiperazine-1-carboaldehyde

[0513]

[0514] 5-{9-Isobutyl-8-[(3R)-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine (109.5 mg,
0.24 mmol) was added to a tetrahydrofuran solution (7.0 ml) of 1H-benzotriazole-1-carboxyaldehyde (39.6 mg, 0.24
mmol) at room temperature and the resulting mixture was stirred for 70 minutes. Methylene chloride was added to the
reaction mixture and the resulting mixture was poured into a 2 N aqueous sodium hydroxide solution and extracted with
methylene chloride. The organic layer was dried over anhydrous sodium sulfate, the mixture was filtrated, the filtrate
was concentrated under reduced pressure, and the resulting residue was purified by preparative thin layer silica gel
chromatography (methylene chloride:methanol = 10:1) to give the title compound (107.9 mg, 93%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.86-0.95 (6H, m), 1.44 (1.5H, d, J = 6.88 Hz), 1.51 (1.5H, d, J = 6.88 Hz), 2.40-2.55 (1H, m),
2.97-3.12 (1.5H, m), 3.18-3.55 (4H, m), 3.59-3.69 (0.5H, m), 3.82-4.00 (6H, m), 4.16-4.37 (4.5H, m), 4.66-4.83 (0.5H,
m), 5.39 (2H, s), 8.07 (0.5H, s), 8.19 (0.5H, s), 9.24 (2H, s).
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Example 101

5-{8-[(3S)-4-Acetyl-3-methylpiperazin-1-yl]-9-isobutyl-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine

[0515]

[0516] Triethylamine (86.3 ml, 0.62 mmol) was added to a methylene chloride solution (3.0 ml) of 5-{9-isobutyl-8-[(3S)-
3-methylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine (116.8 mg, 0.26 mmol) at room temperature
followed by the addition of acetic anhydride (29.2 ml, 0.31 mmol) with ice cooling. The resulting mixture was stirred at
room temperature for 70 minutes and then the reaction mixture was poured into methylene chloride-methanol (10:1),
washed with saturated aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After
filtration, the filtrate was concentrated under reduced pressure and the resulting residue was purified by preparative thin
layer silica gel chromatography (methylene chloride:methanol = 10:1) to give the title compound (107.1 mg, 84%) as a
pale yellow solid.
1H-NMR (DMSO-d6, 140˚C) δ: 0.88 (6H, d, J = 6.87 Hz), 1.31 (3H, d, J = 6.87 Hz), 2.03 (3H, s), 2.36-2.47 (1H, m),
2.87-2.97 (1H, m), 3.04-3.11 (1H, m), 3.24-3.36 (2H, m), 3.42-3.50 (1H, m), 3.71-3.77 (4H, m), 3.94-4.07 (3H, m),
4.15-4.20 (4H, m), 4.42-4.53 (1H, m), 6.38 (2H, s), 9.05 (2H, s).

Example 102

(2S)-4-[2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-morpholin-4-yl-9H-purin-8-yl]-2-methylpiperazine-1-carboaldehyde

[0517]

[0518] 5-{9-Isobutyl-8-[(3S)-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine (123.4 mg,
0.27 mmol) was added to a tetrahydrofuran solution (7.0 ml) of 1H-benzotriazole-1-carboxyaldehyde (44.6 mg, 0.27
mmol) at room temperature and the resulting mixture was stirred for 35 minutes. Methylene chloride was added to the
reaction mixture and then the resulting mixture was poured into a 2 N aqueous sodium hydroxide solution and extracted
with methylene chloride. The organic layer was dried over anhydrous sodium sulfate, the mixture was filtrated, the filtrate
was concentrated under reduced pressure, and the resulting residue was purified by preparative thin layer silica gel
chromatography (methylene chloride:methanol = 10:1) to give the title compound (98.3 mg, 75%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 0.87-0.93 (6H, m), 1.44 (1.5H, d, J = 6.87 Hz), 1.51 (1.5H, d, J = 6.87 Hz), 2.42-2.52 (1H, m),
2.98-3.11 (1.5H, m), 3.19-3.55 (4H, m), 3.60-3.68 (0.5H, m), 3.82-4.00 (6H, m), 4.17-4.33 (4.5H, m), 4.69-4.81 (0.5H,
m), 5.42 (2H, s), 8.07 (0.5H, s), 8.19 (0.5H, s), 9.24 (2H, s).
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Example 103

(2S)-1-{(2R)-4-[2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-morpholin-4-yl-9H-purin-8-yll-2-methylpiperazin-1-yll-l-oxopro-
pan-2-ol

[0519]

[0520] L-Lactic acid (25.9 ml, 0.29 mmol), 1-hydroxybenzotriazole monohydrate (37.6 mg, 0.25 mmol), 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrochloride (70.5 mg, 0.37 mmol), and triethylamine (51.3 ml, 0.37 mmol) were
added to an N,N-dimethylformamide solution (2.0 ml) of 5-{9-isobutyl-8-[(3R)-3-methylpiperazin-1-yl]-6-morpholin-4-yl-
9H-purin-2-yl}pyrimidin-2-amine (111.0 mg, 0.25 mmol) at room temperature. The resulting mixture was stirred for 2
days followed by the addition of L-lactic acid (25.9 ml, 0.29 mmol), 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide
hydrochloride (70.5 mg, 0.37 mmol), and triethylamine (51.3 ml, 0.37 mmol). The resulting mixture was stirred for 25
hours and the reaction mixture was poured into methylene chloride-methanol (10:1), washed with saturated aqueous
sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the filtrate was concen-
trated under reduced pressure and the resulting residue was dissolved in methylene chloride (3.0 ml) followed by the
addition of L-lactic acid (25.9 ml, 0.29 mmol), 1-hydroxybenzotriazole monohydrate (37.6 mg, 0.25 mmol), 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrochloride (70.5 mg, 0.37 mmol), and triethylamine (51.3 ml, 0.37 mmol) at room
temperature. The resulting mixture was stirred for 18 hours and then the reaction mixture was poured into methylene
chloride-methanol (10:1), washed with saturated aqueous sodium hydrogen carbonate solution, and dried over anhydrous
sodium sulfate. After filtration, the filtrate was concentrated under reduced pressure and the resulting residue was purified
by preparative thin layer silica gel chromatography (methylene chloride:methanol = 10:1) to give the title compound
(64.8 mg, 50%) as a pale yellow solid.
1H-NMR (DMSO-d6, 140˚C) δ: 0.88 (6H, d, J = 6.87 Hz), 1.24 (3H, d, J = 5.95 Hz), 1.33 (3H, d, J = 6.41 Hz), 2.36-2.47
(1H, m), 2.89-3.00 (1H, m), 3.04-3.13 (1H, m), 3.30-3.41 (2H, m), 3.43-3.51 (1H, m), 3.71-3.77 (4H, m), 3.97 (2H, d, J
= 7.33 Hz), 4.06-4.15 (1H, m), 4.15-4.20 (4H, m), 4.39-4.50 (2H, m), 4.53-4.64 (1H, m), 6.38 (2H, s), 9.05 (2H, s).

Example 104

(2S)-1-{(2S)-4-[2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-morpholin-4-yl-9H-purin-8-yl]-2-methylpiperazin-1-yl}-1-oxopro-
pan-2-ol

[0521]

[0522] L-Lactic acid (29.6 ml, 0.34 mmol), 1-hydroxybenzotriazole monohydrate (43.0 mg, 0.28 mmol), 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide hydrochloride (80.8 mg, 0.42 mmol), and triethylamine (58.8 ml, 0.42 mmol) were
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added to an N,N-dimethylformamide solution (3.0 ml) of 5-{9-isobutyl-8-[(3S)-3-methylpiperazin-1-yl]-6-morpholin-4-yl-
9H-purin-2-yl}pyrimidin-2-amine (127.2 mg, 0.28 mmol) at room temperature. The resulting mixture was stirred for 1
day followed by the addition of L-lactic acid (29.6 ml, 0.34 mmol), 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hy-
drochloride (80.8 mg, 0.42 mmol), triethylamine (58.8 ml, 0.42 mmol), and methylene chloride (3.0 ml). The resulting
mixture was stirred for 1 day and then the reaction mixture was poured into methylene chloride-methanol (10:1), washed
with saturated aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration,
the filtrate was concentrated under reduced pressure and the resulting residue was purified by preparative thin layer
silica gel chromatography (methylene chloride:methanol = 10:1) to give the title compound (77.9 mg, 53%) as a pale
yellow solid.
1H-NMR (DMSO-d6, 140˚C) δ: 0.88 (6H, d, J = 6.87 Hz), 1.26 (3H, d, J = 6.41 Hz), 1.34 (3H, d, J = 6.41 Hz), 2.35-2.47
(1H, m), 2.87-2.98 (1H, m), 3.03-3.11 (1H, m), 3.29-3.41 (2H, m), 3.42-3.51 (1H, m), 3.70-3.77 (4H, m), 3.97 (2H, d, J
= 7.33 Hz), 4.08-4.20 (5H, m), 4.39-4.48 (1H, m), 4.48-4.55 (1H, m), 4.56-4.64 (1H, m), 6.38 (2H, s), 9.05 (2H, s).

Example 105

N-Methyl-5-{8-[(3S)-3-methyl-4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}
pyrimidin-2-amine

[0523]

[0524] An N-methyl-2-pyrrolidone (2 ml) solution of tert-butyl {5-[8-chloro-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-
purin-2-yl]pyrimidin-2-yl}methylcarbamate (153 mg, 0.29 mmol) and (S)-2-methylpiperazine (145 mg, 1.45 mmol) was
stirred at 90˚C for 3 hours. The reaction mixture was returned to room temperature. The reaction mixture was purified
by flash silica gel column chromatography (chloroform:methanol = 19:1).
[0525] A methylene chloride (5 ml) solution of the resulting residue, methanesulfonyl chloride (45 ml, 0.58 mmol), and
triethylamine (88 ml, 0.64 mmol) was stirred at room temperature for 1 hour and concentrated under reduced pressure.
The residue was purified by preparative thin layer chromatography (hexane:ethyl acetate = 1:2).
[0526] A methylene chloride (3 ml) solution of the resulting residue and trifluoroacetic acid (1 ml) was stirred at room
temperature for 2 hours and concentrated under reduced pressure. Chloroform and saturated aqueous sodium hydrogen
carbonate solution to the residue and the resulting mixture was extracted with chloroform. The organic layer was dried
over anhydrous magnesium sulfate and, after filtration, the filtrate was concentrated under reduced pressure. The residue
was purified by flash silica gel column chromatography (methylene chloride:methanol = 19:1) to give a solid. Ether was
added to the resulting solid and the solid was collected by filtration and dried to give the title compound (94 mg, 57%)
as a powder.
1H-NMR (CDCl3) δ: 1.49 (3H, d, J = 6.8 Hz), 2.94 (3H, s), 3.07-3.10 (3H, m), 3.12-3.21 (2H, m), 3.25-3.33 (2H, m),
3.42-3.51 (1H, m), 3.70-3.78 (1H, m), 3.82-3.87 (4H, m), 4.21-4.32 (5H, m), 4.71 (2H, q, J = 8.3 Hz), 5.26-5.33 (1H, m),
9.25 (2H, s).

Example 106

N-Methyl-5-{8-[(3R)-3-methyl-4-(methylsulfonyl)piperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}
pyrimidin-2-amine

[0527]
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[0528] An N-methyl-2-pyrrolidone (2 ml) solution of tert-butyl {5-[8-chloro-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-
purin-2-yl]pyrimidin-2-yl}methylcarbamate (154 mg, 0.29 mmol) and (R)-2-methylpiperazine (145 mg, 1.46 mmol) was
stirred at 90˚C for 3 hours. The reaction mixture was returned to room temperature. The reaction mixture was purified
by flash silica gel column chromatography (chloroform:methanol = 9:1).
[0529] A methylene chloride (5 ml) solution of the resulting residue, methanesulfonyl chloride (45 ml, 0.58 mmol), and
triethylamine (89 ml, 0.64 mmol) was stirred at room temperature for 2 hours and concentrated under reduced pressure.
The residue was purified by flash silica gel column chromatography (chloroform:methanol = 97:3).
[0530] A methylene chloride (3 ml) solution of the resulting residue and trifluoroacetic acid (1 ml) was stirred at room
temperature for 3 hours and concentrated under reduced pressure. Chloroform and saturated aqueous sodium hydrogen
carbonate solution were added to the residue and the resulting mixture was extracted with chloroform. The organic layer
was dried over anhydrous magnesium sulfate and, after filtration, the filtrate was concentrated under reduced pressure.
The residue was purified by flash silica gel column chromatography (5% methanol:methylene chloride) to obtain a solid.
Ether was added to the resulting solid and the solid was collected by filtration and dried to give the title compound (94
mg, 57%) as a powder.
1H-NMR (CDCl3) δ: 1.49 (3H, d, J = 6.8 Hz), 2.94 (3H, s), 3.07-3.10 (3H, m), 3.12-3.21 (2H, m), 3.25-3.33 (2H, m),
3.42-3.51 (1H, m), 3.70-3.78 (1H, m), 3.82-3.87 (4H, m), 4.21-4.32 (5H, m), 4.71 (2H, q, J = 8.3 Hz), 5.26-5.33 (1H, m),
9.25 (2H, s).

Example 107

5-{8-[(3S)-4-Acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}-N-methylpyrimidin-
2-amine

[0531]

[0532] An N-methyl-2-pyrrolidinone (2 ml) solution of tert-butyl {5-[8-chloro-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-
9H-purin-2-yl]pyrimidin-2-yl}methylcarbamate (152 mg, 0.29 mmol) and (S)-2-methylpiperazine (144 mg, 1.44 mmol)
was stirred at 90˚C for 3 hours. The reaction mixture was returned to room temperature. The reaction mixture was
purified by flash silica gel column chromatography (10% methanol:chloroform).
[0533] A methylene chloride (5 ml) solution of the resulting residue, acetic anhydride (54 ml, 0.57 mmol), and triethyl-
amine (80 ml, 0.57 mmol) was stirred at room temperature for 1 hour and concentrated under reduced pressure. The
residue was purified by flash silica gel column chromatography (3% methanol:chloroform).
[0534] A methylene chloride (3 ml) solution of the resulting residue and trifluoroacetic acid (1 ml) was stirred at room
temperature for 3 hours and concentrated under reduced pressure. Chloroform and saturated aqueous sodium hydrogen
carbonate solution were added to the residue and the resulting mixture was extracted with chloroform. The organic layer
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was dried over anhydrous magnesium sulfate and, after filtration, the filtrate was concentrated under reduced pressure.
The residue was purified by flash silica gel column chromatography (methylene chloride:methanol = 95:5) to give a solid.
Ether was added to the resulting solid and the solid was collected by filtration and dried to give the title compound (77
mg, 50%) as a powder.
1H-NMR (DMSO-d6, 140˚C) δ: 1.30 (3H, d, J = 6.9 Hz), 2.03 (3H, s), 2.89-2.98 (4H, m), 3.09-3.16 (1H, m), 3.26-3.37
(2H, m), 3.40-3.48 (1H, m), 3.72-3.77 (4H, m), 3.95-4.06 (1H, m), 4.15-4.20 (4H, m), 4.47 (1H, brs), 4.88-5.02 (2H, m),
6.88 (1H, brs), 9.09 (2H, s).

Example 108

5-{8-[(3R)-4-Acetyl-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}-N-methylpyrimidin-
2-amine

[0535]

[0536] An N-methyl-2-pyrrolidinone (2 ml) solution of tert-butyl {5-[8-chloro-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-
9H-purin-2-yl]pyrimidin-2-yl}methylcarbamate (154 mg, 0.29 mmol) and (R)-2-methylpiperazine (145 mg, 1.46 mmol)
was stirred at 90˚C for 3 hours. The reaction mixture was returned to room temperature. The reaction mixture was
purified by flash silica gel column chromatography (chloroform:methanol = 95:5).
[0537] A methylene chloride (5 ml) solution of the resulting residue, acetic anhydride (55 ml, 0.58 mmol), and triethyl-
amine (89 ml, 0.64 mmol) was stirred at room temperature for 1 hour and concentrated under reduced pressure. The
residue was purified by flash silica gel column chromatography (chloroform:methanol = 95:5).
[0538] A methylene chloride (3 ml) solution of the resulting residue and trifluoroacetic acid (1 ml) was stirred at room
temperature for 22 hours and concentrated under reduced pressure. Chloroform and saturated aqueous sodium hydrogen
carbonate solution were added to the residue and the resulting mixture was extracted with chloroform. The organic layer
was dried with anhydrous magnesium sulfate and, after filtration, the filtrate was concentrated under reduced pressure.
The residue was purified by flash silica gel column chromatography (methylene chloride:methanol = 95:5) to give a solid.
Ether was added to the resulting solid and the solid was collected by filtration and dried to give the title compound (90
mg, 58%) as a powder.
1H-NMR (DMSO-d6, 140˚C) δ: 1.30 (3H, d, J = 6.4 Hz), 2.03 (3H, s), 2.89-2.98 (4H, m), 3.09-3.16 (1H, m), 3.26-3.36
(2H, m), 3.41-3.48 (1H, m), 3.72-3.77 (4H, m), 3.96-4.07 (1H, m), 4.15-4.21 (4H, m), 4.47 (1H, brs), 4.89-5.02 (2H, m),
6.88 (1H, brs), 9.09 (2H, s).

Example 109

(2S)-1-{(2S)-4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]-2-methylpiperazin-
1-yl}-1-oxopropan-2-ol

[0539]
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[0540] L-Lactic acid (48.7 ml, 0.55 mmol), 1-hydroxybenzotriazole monohydrate (42.5 mg, 0.28 mmol), 1-(dimethyl-
aminopropyl)-3-ethylcarbodiimide hydrochloride (106.3 mg, 0.55 mmol), and triethylamine (77.3 ml, 0.55 mmol) were
added to a methylene chloride (3.0 ml)-N,N-dimethylformamide (3.0 ml) mixture solution of 5-{8-[(3S)-3-methylpiperazin-
1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine (132.7 mg, 0.28 mmol) at room tempera-
ture. The resulting mixture was stirred for 5 days followed by the addition of L-lactic acid (48.7 ml, 0.55 mmol), 1-ethyl-
3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (106.3 mg, 0.55 mmol), and triethylamine (77.3 ml, 0.55 mmol).
The resulting mixture was stirred for 1 day and the reaction mixture was poured into methylene chloride-methanol (10:
1), washed with saturated aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate.
After filtration, the filtrate was concentrated under reduced pressure and the resulting residue was purified by preparative
thin layer silica gel chromatography (methylene chloride:methanol = 10:1) to give the title compound (72.4 mg, 47%) as
a pale yellow solid.
1H-NMR (DMSO-d6, 140˚C) δ: 1.26 (3H, d, J = 5.95 Hz), 1.33 (3H, d, J = 6.41 Hz), 2.89-2.99 (1H, m), 3.09-3.17 (1H,
m), 3.26-3.49 (3H, m), 3.72-3.77 (4H, m), 4.09-4.21 (5H, m), 4.39-4.48 (1H, m), 4.49-4.56 (1H, m), 4.56-4.64 (1H, m),
4.89-5.04 (2H, m), 6.44 (2H, s), 9.06 (2H, s).

Example 110

(2S)-1-{(2R)-4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]-2-methylpiperazin-
1-yl}-1-oxopropan-2-ol

[0541]

[0542] L-Lactic acid (48.2 ml, 0.55 mmol), 1-hydroxybenzotriazole monohydrate (42.0 mg, 0.27 mmol), 1-(dimethyl-
aminopropyl)-3-ethylcarbodiimide hydrochloride (105.1 mg, 0.55 mmol), and triethylamine (76.4 ml, 0.55 mmol) were
added to a methylene chloride (3.0 ml)-N,N-dimethylformamide (3.0 ml) mixture solution of 5-{8-[(3R)-3-methylpiperazin-
1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine (131.1 mg, 0.27 mmol) at room tempera-
ture. The resulting mixture was stirred for 5 days followed by the addition of L-lactic acid (48.2 ml, 0.55 mmol), 1-ethyl-
3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (105.1 mg, 0.55 mmol), and triethylamine (76.4 ml, 0.55 mmol).
The resulting mixture was stirred for 1 day and then the reaction mixture was poured into methylene chloride-methanol
(10:1), washed with saturated aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate.
After filtration, the filtrate was concentrated under reduced pressure and the resulting residue was purified by preparative
thin layer silica gel chromatography (methylene chloride:methanol = 10:1) to give the title compound (53.9 mg, 36%) as
a pale yellow solid.
1H-NMR (DMSO-d6, 140˚C) δ: 1.24 (3H, d, J = 5.95 Hz), 1.32 (3H, d, J = 6.87 Hz), 2.90-3.01 (1H, m), 3.09-3.18 (1H,
m), 3.27-3.50 (3H, m), 3.72-3.78 (4H, m), 4.05-4.14 (1H, m), 4.15-4.21 (4H, m), 4.39-4.50 (2H, m), 4.53-4.64 (1H, m),
4.89-5.04 (2H, m), 6.44 (2H, s), 9.06 (2H, s).
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Example 111

(2S)-4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]-2-methylpiperazine-1-car-
boaldehyde

[0543]

[0544] 5-{8-[(3S)-3-Methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine
(107.1 mg, 0.22 mmol) was added to a tetrahydrofuran solution (5.0 ml) of 1H-benzotriazole-l-carboxyaldehyde (36.6
mg, 0.22 mmol) at room temperature and the resulting mixture was stirred for 45 minutes. The reaction mixture was
poured into a 2 N aqueous sodium hydroxide solution and the resulting mixture was extracted with methylene chloride.
The organic layer was dried over anhydrous sodium sulfate, the mixture was filtrated, the filtrate was concentrated under
reduced pressure, and the resulting residue was purified by preparative thin layer silica gel chromatography (methylene
chloride:methanol = 10:1) to give the title compound (100.2 mg, 88%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 1.43 (1.5H, d, J = 6.87 Hz), 1.51 (1.5H, d, J = 6.87 Hz), 3.01-3.31 (3.5H, m), 3.33-3.42 (1H, m),
3.47-3.55 (0.5H, m), 3.61-3.69 (0.5H, m), 3.82-3.87 (4H, m), 3.91-3.98 (0.5H, m), 4.17-4.36 (4.5H, m), 4.66-4.83 (2.5H,
m), 5.30 (2H, s), 8.07 (0.5H, s), 8.19 (0.5H, s), 9.23 (2H, s).

Example 112

(2R)-4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]-2-methylpiperazine-1-car-
boaldehyde

[0545]

[0546] 5-{8-[(3R)-3-Methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine
(101.9 mg, 0.21 mmol) was added to a tetrahydrofuran solution (5.0 ml) of 1H-benzotriazole-1-carboxyaldehyde (34.8
mg, 0.21 mmol) at room temperature and the resulting mixture was stirred for 105 minutes. The reaction mixture was
poured into a 2 N aqueous sodium hydroxide solution and the resulting mixture was extracted with methylene chloride.
The organic layer was dried over anhydrous sodium sulfate, the mixture was filtrated, the filtrate was concentrated under
reduced pressure, and the resulting residue was purified by preparative thin layer silica gel chromatography (methylene
chloride:methanol = 10:1) to give the title compound (96.8 mg, 90%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 1.43 (1.5H, d, J = 6.87 Hz), 1.51 (1.5H, d, J = 6.87 Hz), 3.01-3.31 (3.5H, m), 3.33-3.42 (1H, m),
3.48-3.55 (0.5H, m), 3.61-3.69 (0.5H, m), 3.83-3.87 (4H, m), 3.91-3.98 (0.5H, m), 4.17-4.35 (4.5H, m), 4.66-4.82 (2.5H,
m), 5.30 (2H, s), 8.07 (0.5H, s), 8.19 (0.5H, s), 9.23 (2H, s).
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Example 113

(2R)-1-{(2S)-4-[2-(2-Aminopyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-8-yl]-2-methylpiperazin-
1-yl}-1-oxopropan-2-ol

[0547]

[0548] 1-Hydroxybenzotriazole (31.3 mg, 0.23 mmol), N,N’-dicyclohexylcarbodiimide (71.6 mg, 0.35 mmol), and tri-
ethylamine (64.5 ml, 0.46 mmol) were added to an N,N-dimethylformamide solution (3.0 ml) of 5-{9-(cyclopropylmethyl)-
8-[(3S)-3-methylpiperazin-1-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine (115.6 mg, 0.26 mmol) and D-lactic
acid (25.3 mg, 0.28 mmol) at room temperature. The resulting mixture was stirred for 18.5 hours followed by the addition
of N,N’-dicyclohexylcarbodiimide (71.6 mg, 0.35 mmol) and the resulting mixture was stirred at 40˚C for 22 hours. The
reaction mixture was poured into methylene chloride-methanol (10:1), washed with saturated aqueous sodium hydrogen
carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the filtrate was concentrated under reduced
pressure and the resulting residue was purified by preparative thin layer silica gel chromatography (methylene chloride:
methanol = 10:1) to give the title compound (68.7 mg, 57%) as a pale yellow solid.
1H-NMR (DMSO-d6, 140˚C) δ: 0.44-0.55 (4H, m), 1.24 (3H, d, J = 6.41 Hz), 1.31-1.43 (4H, m), 2.91-3.02 (1H, m),
3.08-3.15 (1H, m), 3.32-3.43 (2H, m), 3.48-3.56 (1H, m), 3.71-3.77 (4H, m), 4.03 (2H, d, J = 6.87 Hz), 4.06-4.15 (1H,
m), 4.15-4.21 (4H, m), 4.39-4.50 (2H, m), 4.54-4.64 (1H, m), 6.39 (2H, s), 9.05 (2H, s).

Example 114

(2R)-1-{(2R)-4-[2-(2-Aminopyrimidin-5-yl)-9-(cyclopropylmethyl)-6-morpholin-4-yl-9H-purin-8-yl]-2-methylpiperazin-
1-yl}-1-oxopropan-2-ol

[0549]

[0550] 1-Hydroxybenzotriazole (33.2 mg, 0.25 mmol), N,N’-dicyclohexylcarbodiimide (76.1 mg, 0.37 mmol), and tri-
ethylamine (102.8 ml, 0.75 mmol) were added to an N,N-dimethylformamide (3.0 ml)-methylene chloride (3.0 ml) mixture
solution of 5-{9-(cyclopropylmethyl)-8-[(3R)-3-methylpiperazin-l-yl]-6-morpholin-4-yl-9H-purin-2-yl}pyrimidin-2-amine
(110.8 mg, 0.25 mmol) and D-lactic acid (26.9 mg, 0.30 mmol) at room temperature. The resulting mixture was stirred
for 18.5 hours followed by the addition of N,N’-dicyclohexylcarbodiimide (76.1 mg, 0.37 mmol) and the resulting mixture
stirred at 40˚C for 22 hours. The reaction mixture was poured into methylene chloride-methanol (10:1), washed with
saturated aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the
filtrate was concentrated under reduced pressure and the resulting residue was purified by preparative thin layer silica
gel chromatography (methylene chloride:methanol = 10:1) to give the title compound (98.1 mg, 76%) as a pale yellow solid.
1H-NMR (DMSO-d6, 140˚C) δ: 0.43-0.55 (4H, m), 1.26 (3H, d, J = 6.41 Hz), 1.31-1.44 (4H, m), 2.89-3.00 (1H, m),
3.07-3.15 (1H, m), 3.32-3.44 (2H, m), 3.47-3.56 (1H, m), 3.70-3.77 (4H, m), 4.00-4.06 (2H, m), 4.08-4.21 (5H, m),
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4.39-4.65 (3H, m), 6.39 (2H, s), 9.05 (2H, s).

Example 115

5-[8-(4-Acetyl-cis-3,5-dimethylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0551]

[0552] Triethylamine (73.8 ml, 0.53 mmol) was added to a methylene chloride solution (9.0 ml) of 5-[8-(cis-3,5-dimeth-
ylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine (108.7 mg, 0.22 mmol) at
room temperature followed by the addition of acetic anhydride (25.0ml, 0.26 mmol) with ice cooling. The resulting mixture
was stirred at room temperature for 3 days followed by the addition of acetic anhydride (8.3 ml, 0.09 mmol) and the
resulting mixture was stirred for 1 day. Acetic anhydride (4.2 ml, 0.04 mmol) was further added to the resulting mixture,
the resulting mixture was stirred for 1 day, and the reaction mixture was poured into methylene chloride, washed with
saturated aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the
filtrate was concentrated under reduced pressure and the resulting residue was purified by preparative thin layer silica
gel chromatography (methylene chloride:methanol = 10:1) to give the title compound (109.8 mg, 93%) as a pale yellow
solid.
1H-NMR (CDCl3) δ: 1.49 (6H, brs), 2.18 (3H, s), 3.05-3.31 (4H, m), 3.81-3.89 (4H, m), 4.14-4.41 (5H, m), 4.68-4.89 (3H,
m), 5.30 (2H, s), 9.23 (2H, s).

Example 116

4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]-cis-2,6-dimethylpiperazine-1-car-
boaldehyde

[0553]

[0554] 5-[8-(cis-3,5-Dimethylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine
(101.7 mg, 0.21 mmol) was added to a tetrahydrofuran solution (5.0 ml) of 1H-benzotriazole-1-carboxyaldehyde (33.8
mg, 0.21 mmol) at room temperature and the resulting mixture was stirred for 1 day. 1H-Benzotriazole-1-carboxyaldehyde
(5.1 mg, 0.03 mmol) was added, the resulting mixture was further stirred for 1 day, and then the reaction mixture was
poured into methylene chloride and washed with a 2 N aqueous sodium hydroxide solution. The organic layer was dried
over anhydrous sodium sulfate, the mixture was filtrated, the filtrate was concentrated under reduced pressure, and the
resulting residue was purified by preparative thin layer silica gel chromatography (methylene chloride:methanol = 10:1)
to give the title compound (98.0 mg, 91%) as a pale yellow solid.
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1H-NMR (CDCl3) δ: 1.50 (3H, d, J = 6.87 Hz), 1.56 (3H, d, J = 6.87 Hz), 3.10 (1H, dd, J = 12.31, 4.30 Hz), 3.19-3.32
(3H, m), 3.82-3.88 (4H, m), 3.92-4.00 (1H, m), 4.20-4.36 (4H, brm), 4.62-4.70 (1H, m), 4.70-4.86 (2H, m), 5.25 (2H, s),
8.15 (1H, s), 9.23 (2H, s).

Example 117

5-[6-Morpholin-4-yl-8-(4-propionylpiperazin-1-yl)-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0555]

[0556] The title compound was synthesized in the same way as in Example 9 using propionyl chloride as an acylating
agent.
1H-NMR (CDCl3) δ: 1.20 (4H, t, J = 7.4 Hz), 2.41 (2H, q, J = 7.4 Hz), 3.16-3.23 (4H, m), 3.65-3.67 (2H, m), 3.81-3.86
(6H, m), 4.28 (4H, brs), 4.73 (2H, q, J = 8.3 Hz), 5.34 (2H, s), 9.23 (2H, s).

Example 118

5-[8-(4,7-Diazaspiro[2.5]oct-7-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0557]

Step 1: Ethyl-N-benzyl-N-[(1-{[(benzyloxy)carbonyl]amino}cyclopropyl)carbonyl]glycinat e

[0558]
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[0559] 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (21.0 g, 110 mmol) and 1-hydroxybenzotriazole
(2.70 g, 20 mmol) were added to a methylene chloride (235 ml) solution of 1-{[(benzyloxy)carbonyl]amino}cyclopropane
carboxylic acid (23.5 g, 100 mmol) and ethyl N-benzyl glycinate (19.3 g, 100 mmol) with ice cooling and the resulting
mixture was stirred at room temperature for 24 hours. The solvent was concentrated under reduced pressure, then
diluted with ethyl acetate, washed successively with 1 N aqueous hydrochloric acid solution, saturated aqueous sodium
bicarbonate solution, and saturated brine, and dried over anhydrous sodium sulfate. The solvent was evaporated under
reduced pressure and the resulting residue was purified by silica gel column chromatography (n-hexane:ethyl acetate
= 2:1) to give the title compound (35.7 g, 87%) as a colorless solid.
1H-NMR (CDCl3) δ: 1.13 (2H, br), 1.22 (3H, t, J = 7. 4 Hz), 1.25 (2H, br), 1.66 (2H, s), 3.91 (1H, br), 4.12 (2H, q, J = 7.4
Hz), 4.91 (2H, brs), 5.36 (2H, brs), 7.19-7.31 (10H, m).

Step 2: 7-Benzyl-4,7-diazaspiro[2.5]octane-5,8-dione

[0560]

[0561] 5% Palladium carbon (3.6 g) was added to an ethanol (700 ml) solution of the compound (35.5 g, 86.5 mmol)
obtained in Step 1 above and contact reduction was performed for 2 hours in a hydrogen atmosphere. The catalyst was
filtrated through Celite, the filtrate was concentrated under reduced pressure, and the resulting residue was purified by
silica gel column chromatography (n-hexane:ethyl acetate = 1:1) to give the title compound (20 g, 100%) as a colorless
solid.
1H-NMR (CDCl3) δ: 0.93-1.00 (2H, m), 1.55-1.59 (2H, m), 3.91 (2H, s), 4.60 (2H, s), 7.25-7.37 (5H, m), 7.86 (1H, brs).

Step 3: 7-Benzyl-4,7-diazaspiro[2.5]octane

[0562]

[0563] A borane-tetrahydrofuran complex (0.93 M tetrahydrofuran solution) (375 ml, 0.35 mol) was added to a tet-
rahydrofuran (200 ml) solution of the compound (20 g, 86.8 mmol) obtained in Step 2 above with ice cooling and then
the resulting mixture was heated to reflux for 19 hours. Methanol (130 ml) was added to the reaction mixture with ice
cooling, the resulting mixture was stirred for 60 minutes, and the solvent was concentrated under reduced pressure.
Ethanol (450 ml), water (150 ml), and triethylamine (150 ml) were added to the resulting residue, the resulting mixture
was heated to reflux for 2 hours, and then the solvent was concentrated under reduced pressure. The resulting residue
was diluted with ethyl acetate, washed successively with saturated aqueous sodium bicarbonate solution and saturated
brine, and then dried over anhydrous sodium sulfate. The solvent was evaporated under reduced pressure and the
resulting residue was purified by silica gel column chromatography (chloroform:methanol = 10:1) to give the title com-
pound (10.4 g, 59%) as a colorless oil.
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1H-NMR (CDCl3) δ: 0.41-0.44 (2H, m), 0.57-0.60 (2H, m), 1.49 (1H, br), 2.22 (2H, s), 2.45 (2H, brs), 2.97 (2H, t, J = 4.9
Hz), 3.50 (2H, s), 7.22-7.32 (5H, m).

Step 4: 7-Benzyl-4-(trifluoroacetyl)-4,7-diazaspiro[2.5]octane

[0564]

[0565] Anhydrous trifluoroacetic acid (8.50 ml, 61.1 mmol) was added dropwise to a methylene chloride (200 ml)
solution of the compound (10.3 g, 50.9 mmol) obtained in Step 3 above and triethylamine (17 ml, 122 mmol) with ice
cooling and the resulting mixture was stirred at the same temperature for 1 hour. Saturated aqueous sodium bicarbonate
solution was added to the reaction mixture, the resulting mixture was diluted with chloroform, washed with saturated
brine, and dried over anhydrous sodium sulfate. The solvent was evaporated under reduced pressure to give the title
compound (15.5 g, 100%) as a colorless oil.
MS (ESI) m/z: 299 [(M+H)+].

Step 5: 4-(Trifluoroacetyl)-4,7-diazaspiro[2.5]octane hydrochloride

[0566]

[0567] 1 N Hydrochloric acid-ethanol (105 ml, 105 mmol) and 5% palladium carbon (3 g) were added to an ethanol
(250 ml) solution of the compound (15.5 g, 51 mmol) obtained in Step 4 above and contact reduction was performed
for 15 hours in a hydrogen atmosphere. The catalyst was filtrated through Celite, then the filtrate was concentrated
under reduced pressure, an ethanol-diethyl ether mixed solvent was added to the resulting residue, and the precipitated
solid was collected by filtration to give the title compound (10.3 g, 83%) as a colorless solid.
1H-NMR (DMSO-d6, 80˚C) δ: 1.18 (4H, s), 3.16 (2H, s), 3.25 (2H, t, J = 5.1 Hz), 3.89 (2H, brs), 9.71 (2H, br).
MS (ESI) m/z: 209 [(M+H)+].

Step 6: 5-[8-(4,7-Diazaspiro[2.5]oct-7-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0568]



EP 2 336 132 A1

154

5

10

15

20

25

30

35

40

45

50

55

[0569] Potassium carbonate (1.19 g, 8.58 mmol) was added to a methanol solution (10 ml) of 4-(trifluoroacetyl)-4,7-
diazaspiro[2.5]octane hydrochloride (1.0 g, 4.09 mmol) at room temperature and the resulting mixture was stirred at
50˚C for 16 hours. The resulting mixture was left standing to cool, then potassium carbonate was removed by filtration,
and the filtrate was concentrated to give crude 4,7-diazaspiro[2.5]octane. This compound was added to an N-methyl-
2-pyrrolidone suspension of 5-[8-chloro-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine (277.4
mg, 0.67 mmol) and dissolved at 120˚C followed by the addition of diisopropylethylamine (1.16 ml, 6.69 mmol) and the
resulting mixture was stirred at 100˚C for 4 days. The resulting mixture was left standing to cool, then poured into
methylene chloride-methanol (10:1), and washed with saturated aqueous sodium hydrogen carbonate solution.
The organic layer was dried over anhydrous sodium sulfate, the mixture was filtrated, the filtrate was concentrated under
reduced pressure, and the resulting residue was purified by medium pressure silica gel column chromatography (meth-
ylene chloride:methanol = 24:1 to 12:1) to give the title compound (83.3 mg, 26%) as a brown amorphous solid.
1H-NMR (CDCl3) δ: 0.56-0.60 (2H, m), 0.71-0.75 (2H, m), 3.04 (2H, s), 3.11-3.19 (4H, m), 3.82-3.89 (4H, m), 4.21-4.35
(4H, m), 4.70 (2H, q, J = 8.40 Hz), 5.31 (2H, s), 9.23 (2H, s).

Example 119

5-[8-(4-Acetyl-4,7-diazaspiro[2.5]oct-7-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0570]

[0571] Triethylamine (56.8 ml, 0.41 mmol) and acetic anhydride (19.2 ml, 0.20 mmol) were added to a methylene
chloride solution (3.0 ml) of 5-[8-(4,7-diazaspiro[2.5]oct-7-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]py-
rimidin-2-amine (83.3 mg, 0.17 mmol) at room temperature. The resulting mixture was stirred at room temperature for
2 hours and then the reaction mixture was poured into methylene chloride-methanol (10:1), washed with saturated
aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the filtrate was
concentrated under reduced pressure and the resulting residue was purified by preparative thin layer silica gel chroma-
tography (methylene chloride:methanol = 10:1) to give the title compound (44.0 mg, 49%) as a light brown solid.
1H-NMR (DMSO-d6, 140˚C) δ: 0.92-1.00 (2H, m), 1.03-1.10 (2H, m), 2.09 (3H, s), 3.09-3.14 (2H, m), 3.20-3.27 (2H, m),
3.71-3.82 (6H, m), 4.14-4.22 (4H, m), 4.87-4.99 (2H, m), 6.43 (2H, s), 9.05 (2H, s).
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Example 120

2-{4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]-cis-2,6-dimethylpiperazin-1-yl}-
2-oxoethanol

[0572]

[0573] Triethylamine (57.8 ml, 0.41 mmol) and acetoxyacetyl chloride (23.0 ml, 0.21 mmol) were added to a methylene
chloride solution (3.0 ml) of 5-[8-(cis-3,5-dimethylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]
pyrimidin-2-amine (92.9 mg, 0.19 mmol) with ice cooling. The resulting mixture was stirred at room temperature for 25
hours followed by the addition of triethylamine (15.8 ml, 0.11 mmol) and acetoxyacetyl chloride (6.3 ml, 0.06 mmol) and
the resulting mixture was stirred for 17 hours. The reaction mixture was poured into methylene chloride-methanol (10:
1), washed with saturated aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate.
After filtration, the filtrate was concentrated under reduced pressure, a 25% by weight sodium methoxide-methanol
solution (86.3 ml, 0.38 mmol) was added to a methanol (9.0 ml) suspension of the resulting residue, and the resulting
mixture was stirred at room temperature for 5.5 hours. Tetrahydrofuran (3.0 ml) was added, the resulting mixture was
stirred at 40˚C for 16.5 hours, then methanol was concentrated to a half amount under reduced pressure, the resulting
mixture was poured into methylene chloride, and the resulting mixture was washed with saturated aqueous sodium
hydrogen carbonate solution. The organic layer was dried over anhydrous sodium sulfate, the mixture was filtrated, the
filtrate was concentrated under reduced pressure, and the resulting residue was purified by preparative thin layer silica
gel chromatography (methylene chloride:methanol = 10:1) to give the title compound (82.6 mg, 80%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 1.48-1.59 (6H, m), 3.08-3.31 (4H, m), 3.71-3.90 (6H, m), 4.10-4.42 (6H, brm), 4.64-4.92 (3H, brm),
5.40 (2H, s), 9.23 (2H, s).

Example 121

5-[8-(3,3-Dimethylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0574]

[0575] An N-methyl-2-pyrrolidone suspension (5.0 ml) of 5-[8-chloro-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-pu-
rin-2-yl]pyrimidin-2-amine (492.8 mg, 1.19 mmol) and 2,2-dimethylpiperazine (JMC, 1995, Vol.38, No.22, 4389) (571.3
mg, 4.75 mmol) was heated at 120˚C to dissolve and the resulting mixture was stirred at 100˚C for 12 hours. The resulting
mixture was left standing to cool, poured into methylene chloride-methanol (10:1), and washed with saturated aqueous
sodium hydrogen carbonate solution.
The organic layer was dried over anhydrous sodium sulfate, the mixture was filtrated, the filtrate was concentrated under
reduced pressure, and the resulting residue was purified by medium pressure silica gel column chromatography (meth-
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ylene chloride:methanol = 49:1 to 13:1) to give the title compound (554.4 mg, 95%) as a pale yellow solid.
1H-NMR (CD3OD/CDCl3=1/1) δ: 1.29 (6H, s), 2.97 (2H, s), 3.06-3.11 (2H, m), 3.12-3.18 (2H, m), 3.84-3.91 (4H, m),
4.25-4.34 (4H, m), 4.82 (2H, q, J = 8.40 Hz), 9.17 (2H, s).

Example 122

5-[8-(4-Acetyl-3,3-dimethylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine

[0576]

[0577] Triethylamine (72.8 ml, 0.52 mmol) and acetic anhydride (24.6 ml, 0.26 mmol) were added to a methylene
chloride solution (3.0 ml) of 5-[8-(3,3-dimethylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]py-
rimidin-2-amine (107.2 mg, 0.22 mmol) with ice cooling. The resulting mixture was stirred at room temperature for 2
hours followed by the addition of acetic anhydride (4.1 ml, 0.04 mmol) with ice cooling and the resulting mixture was
stirred at room temperature for 4.5 hours. The reaction mixture was poured into methylene chloride-methanol (10:1),
washed with saturated aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After
filtration, the filtrate was concentrated under reduced pressure and the resulting residue was purified by preparative thin
layer silica gel chromatography (methylene chloride:methanol = 10:1) to give the title compound (102.6 mg, 88%) as a
pale yellow solid.
1H-NMR (CDCl3) δ: 1.58 (6H, s), 2.13 (3H, s), 3.18 (2H, s), 3.46 (2H, t, J = 5.44 Hz), 3.68 (2H, t, J = 5.44 Hz), 3.84-3.88
(4H, m), 4.22-4.33 (4H, brm), 4.76 (2H, q, J = 8.21 Hz), 5.27 (2H, s), 9.23 (2H, s).

Example 123

2-{4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]-2,2-dimethylpiperazin-1-yl}-
2-oxoethanol

[0578]

[0579] Triethylamine (63.1 ml, 0.45 mmol) was added to a methylene chloride solution (3.0 ml) of 5-[8-(3,3-dimethyl-
piperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]pyrimidin-2-amine (101.3 mg, 0.21 mmol) at room
temperature followed by the addition of acetoxyacetyl chloride (27.4ml, 0.25 mmol) with ice cooling. The resulting mixture
was stirred at room temperature for 1 hour followed by the addition of triethylamine (17.2ml, 0.13 mmol) and acetoxyacetyl
chloride (6.8 ml, 0.06 mmol) with ice cooling and the resulting mixture was further stirred at room temperature for 16
hours. The reaction mixture was poured into methylene chloride-methanol (10:1), washed with saturated aqueous sodium
hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the filtrate was concentrated
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under reduced pressure, a 25% by weight sodium methoxide-methanol solution (94.1 ml, 0.41 mmol) was added to a
methanol-tetrahydrofuran (3:1) mixture solution (8.0 ml) of the resulting residue, and the resulting mixture was stirred
at room temperature for 17 hours. The reaction mixture was poured into methylene chloride and washed with water and
the organic layer was dried over anhydrous sodium sulfate. After filtration, the filtrate was concentrated under reduced
pressure and the resulting residue was purified by preparative thin layer silica gel chromatography (methylene chloride:
methanol = 10:1) to give the title compound (94.2 mg, 83%) as a pale yellow solid.
1H-NMR (CDCl3/CD3OD=10/1) δ: 1.62 (6H, s), 3.24 (2H, s), 3.36-3.54 (4H, m), 3.83-3.91 (4H, m), 4.11-4.15 (2H, m),
4.21-4.33 (4H, brm), 4.74-4.85 (2H, m), 9.19 (2H, s).

Example 124

1-{4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]-cis-2,6-dimethylpiperazin-1-yl}-
1-oxopropan-2-ol

[0580]

[0581] Triethylamine (70.2 ml, 0.50 mmol) and (S)-(-)-2-acetoxypropionyl chloride (32.9 ml, 0.25 mmol) were added
to a methylene chloride suspension (7.0 ml) of 5-[8-(cis-3,5-dimethylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroe-
thyl)-9H-purin-2-yl]pyrimidin-2-amine (112.7 mg, 0.23 mmol) with ice cooling. The resulting mixture was stirred at room
temperature for 3 hours followed by the addition of (S)-(-)-2-acetoxypropionyl chloride (9.0ml, 0.07 mmol) with ice cooling
and the resulting mixture was stirred at room temperature for 1 day. The reaction mixture was poured into methylene
chloride-methanol (10:1), washed with saturated aqueous sodium hydrogen carbonate solution, and dried over anhydrous
sodium sulfate. After filtration, the filtrate was concentrated under reduced pressure, the resulting residue was dissolved
in methylene chloride (7.0 ml) followed by the addition of triethylamine (140.3 ml, 1.01 mmol) and (S)-(-)-2-acetoxypro-
pionyl chloride (65.7 ml, 0.50 mmol) with ice cooling, and the resulting mixture was stirred at room temperature for 1
day. The reaction mixture was poured into methylene chloride-methanol (10:1), washed with saturated aqueous sodium
hydrogen carbonate solution, and dried over anhydrous sodium sulfate. After filtration, the filtrate was concentrated
under reduced pressure, a 25% by weight sodium methoxide-methanol solution (157.0 ml, 0.69 mmol) was added to a
methanol (6.0 ml) solution of the resulting residue, and the resulting mixture was stirred at 50˚C for 22 hours. The
resulting mixture was left standing to cool and then the reaction mixture was poured into methylene chloride and washed
with saturated brine. The organic layer was dried over anhydrous sodium sulfate, the mixture was filtrated, the filtrate
was concentrated under reduced pressure, and the resulting residue was purified by preparative thin layer silica gel
chromatography (methylene chloride:methanol = 10:1) to give the title compound (132.6 mg, 96%) as a pale yellow solid.
1H-NMR (CDCl3) δ: 1.38-1.44 (3H, m), 1.52 (3H, d, J = 6.88 Hz), 1.55-1.61 (3H, m), 3.10-3.31 (4H, m), 3.79 (1H, d, J =
8.25 Hz), 3.82-3.89 (4H, m), 3.95-4.05 (1H, m), 4.09-4.37 (4H, brm), 4.38-4.49 (1H, m), 4.66-4.90 (3H, m), 5.26 (2H,
s), 9.24 (2H, s).

Example 125

2-{(2S)-4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]-2-methylpiperazin-1-yl}-
2-oxoethanol

[0582]



EP 2 336 132 A1

158

5

10

15

20

25

30

35

40

45

50

55

[0583] Triethylamine (55.8 ml, 0.40 mmol) was added to a methylene chloride suspension (3.0 ml) of 5-{8-[(3S)-3-
methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine (87.1 mg, 0.18 mmol) at
room temperature followed by the addition of acetoxyacetyl chloride (24.2 ml, 0.22 mmol) with ice cooling. The resulting
mixture was stirred at room temperature for 90 minutes, then the reaction mixture was poured into methylene chloride-
methanol (10:1), washed with saturated aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium
sulfate. After filtration, the filtrate was concentrated under reduced pressure, a 25% by weight sodium methoxide-
methanol solution (83.3 ml, 0.36 mmol) was added to a methanol-tetrahydrofuran (1:1) mixture solution (12.0 ml) of the
resulting white solid, and the resulting mixture was stirred at room temperature for 25.5 hours. The reaction mixture was
poured into methylene chloride and washed with saturated brine. The organic layer was dried over anhydrous sodium
sulfate, the mixture was filtrated, the filtrate was concentrated under reduced pressure, and the resulting residue was
purified by preparative thin layer silica gel chromatography (methylene chloride:methanol = 10:1) to give the title com-
pound (85.0 mg, 87%) as a pale yellow solid.
1H-NMR (DMSO-d6, 80˚C) δ: 1.31 (3H, d, J = 6.87 Hz), 2.84-2.97 (1H, m), 3.03-3.14 (1H, m), 3.24-3.41 (2H, brm),
3.41-3.50 (1H, m), 3.70-3.78 (4H, m), 3.84-4.04 (1H, brm), 4.13 (2H, d, J = 5.04 Hz), 4.15-4.22 (4H, m), 4.31-4.55 (2H,
brm), 4.90-5.10 (2H, m), 6.76 (2H, s), 9.07 (2H, s).

Example 126

2-{(2R)-4-[2-(2-Aminopyrimidin-5-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-8-yl]-2-methylpiperazin-1-yl}-
2-oxoethanol

[0584]

[0585] Triethylamine (55.9 ml, 0.40 mmol) was added to a methylene chloride suspension (3.0 ml) of 5-{8-[(3R)-3-
methylpiperazin-1-yl]-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine (87.2 mg, 0.18 mmol) at
room temperature followed by the addition of acetoxyacetyl chloride (24.2 ml, 0.22 mmol) with ice cooling. The resulting
mixture was stirred at room temperature for 1 hour, then the reaction mixture was poured into methylene chloride-
methanol (10:1), washed with saturated aqueous sodium hydrogen carbonate solution, and dried over anhydrous sodium
sulfate. After filtration, the filtrate was concentrated under reduced pressure, a 25% by weight sodium methoxide-
methanol solution (83.3 ml, 0.36 mmol) was added to a methanol-tetrahydrofuran (1:1) mixture solution (12.0 ml) of the
resulting white solid, and the resulting mixture was stirred at room temperature for 24 hours. The reaction mixture was
poured into methylene chloride and washed with saturated brine. The organic layer was dried over anhydrous sodium
sulfate, the mixture was filtrated, the filtrate was concentrated under reduced pressure, and the resulting residue was
purified by preparative thin layer silica gel chromatography (methylene chloride:methanol = 10:1) to give the title com-
pound (85.2 mg, 87%) as a pale yellow solid.
1H-NMR (DMSO-d6: 80˚C) δ: 1.31 (3H, d, J = 6.41 Hz), 2.84-2.96 (1H, m), 3.05-3.14 (1H, m), 3.25-3.40 (2H, brm),
3.41-3.50 (1H, m), 3.71-3.77 (4H, m), 3.82-4.06 (1H, brm), 4.10-4.15 (2H, m), 4.15-4.21 (4H, m), 4.32-4.55 (2H, brm),
4.90-5.10 (2H, m), 6.76 (2H, s), 9.07 (2H, s).
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Example 127

5-{6-[(3S)-3-Methylmorpholin-4-yl]-8-[4-(methylsulfonyl)piperazin-1-yl]-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-
2-amine

[0586]

Step 1: 2-Chloro-6-[(3S)-3-methylmorpholin-4-yl]-9H-purine

[0587]

[0588] An ethanol (5 ml) solution of 2,6-dichloro-9H-purine (187 mg, 0.99 mmol), (S)-3-methyl-morpholine (100 mg,
0.99 mmol), and N,N-diisopropylethylamine (252 ml, 1.48 mmol) was heated to reflux for 15 hours. The reaction mixture
was returned to room temperature and concentrated under reduced pressure. The residue was purified by flash silica
gel column chromatography (methylene chloride:methanol = 98:2 to 97:3) to give the title compound (132 mg, 53%) as
a solid.
ESI-MS (m/z): 254 (M+1)+.

Step 2: 2-Chloro-6-[(3S)-3-methylmorpholin-4-yl]-9-(2,2,2-trifluoroethyl)-9H-purine

[0589]

[0590] 2,2,2-Trifluoroethyltrifluoromethyl sulfonate (83 ml, 0.57 mmol) was added to an N,N-dimethylformamide (5 ml)
suspension of 2-chloro-6-[(3S)-3-methylmorpholin-4-yl]-9H-purine (132 mg, 0.52 mmol) and potassium carbonate (86
mg, 0.62 mmol) with ice cooling. The reaction mixture was stirred at 50˚C for 2 hours and returned to room temperature.
Water was added to the reaction mixture and the resulting mixture was extracted with ethyl acetate. The organic layer
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was washed with saturated brine and dried over anhydrous magnesium sulfate and, after filtration, the filtrate was
concentrated under reduced pressure. The residue was purified by flash silica gel column chromatography (30% ethyl
acetate:hexane) to give the title compound (133 mg, 76%) as a solid.
ESI-MS (m/z): 336 (M+1)+.

Step 3: 5-{6-[(3S)-3-Methylmorpholin-4-yl]-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-amine

[0591]

[0592] Tetrakis triphenylphosphine (62 mg, 0.05 mmol) was added to a dioxane (5 ml)-water (1 ml) suspension of 2-
chloro-6-[(3S)-3-methylmorpholin-4-yl]-9-(2,2,2-trifluoroethyl)-9H-purine (361 mg, 1.08 mmol), 5-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyrimidin-2-amine (261 mg, 1.18 mmol), and sodium carbonate (342 mg, 3.23 mmol). The re-
action mixture was heated to reflux for 2.5 hours and returned to room temperature. Water was added to the reaction
mixture and the resulting mixture was extracted with 10% methanol-chloroform. The organic layer was dried over an-
hydrous magnesium sulfate and, after filtration, the filtrate was concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform to chloroform:methanol = 15:1) to give a solid. The resulting
solid was washed with 50% ethyl acetate-hexane and dried to give the title compound (423 mg) as a powder. ESI-MS
(m/z): 395 (M+1)+.
1H-NMR (CDCl3) δ: 1.45 (3H, d, J = 6.8 Hz), 3.47-3.89 (4H, m), 4.03-4.11 (1H, m), 4.84 (2H, q, J = 8.5 Hz), 5.00-5.61
(4H, m), 7.80 (1H, s), 9.26 (2H, s).

Step 4: Di-tert-butyl (5-{6-[(3S)-3-methylmorpholin-4-yl]-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-yl)imidedicar-
bamate

[0593]

[0594] An N,N-dimethylformamide (4 ml) solution of tert-butyl dicarbonate (1.17 g, 5.36 mmol) was added to an N,N-
dimethylformamide (4 ml) solution of 5-{6-[(3S)-3-methylmorpholin-4-yl]-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-
2-amine (423 mg, 1.07 mmol) and 4-dimethylaminopyridine (26 mg, 0.21 mmol). The reaction mixture was stirred at
room temperature for 17 hours. Ethyl acetate was added to the reaction mixture and the resulting mixture was washed
with water and saturated brine. The organic layer was dried over anhydrous magnesium sulfate and, after filtration, the
filtrate was concentrated under reduced pressure. The residue was purified by flash silica gel column chromatography
(ethyl acetate:hexane = 1:1) to give the title compound (606 mg, 95%) as an amorphous substance.
ESI-MS (m/z): 595 (M+1)+.
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1H-NMR (CDCl3) δ: 1.45-1.50 (21H, m), 3.51-3.90 (4H, m), 4.04-4.12 (1H, m), 4.87 (2H, q, J = 8.6 Hz), 5.01-5.65 (2H,
m), 7.87 (1H, s), 9.65 (2H, s).

Step 5: Di-tert-butyl (5-{8-chloro-6-[(3S)-3-methylmorpholin-4-yl]-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-yl)im-
idedicarbamate

[0595]

[0596] An N,N-dimethylformamide (5 ml) solution of di-tert-butyl (5-{6-[(3S)-3-methylmorpholin-4-yl]-9-(2,2,2-trifluor-
oethyl)-9H-purin-2-yl}pyrimidin-2-yl)imidedicarbamate (606 mg, 1.02 mmol) and N-chlorosuccinimide (177 mg, 1.32
mmol) was stirred at 50˚C for 1 hour. N-Chlorosuccinimide (136 mg, 1.02 mmol) was added to the reaction solution and
the resulting mixture was stirred at 50˚C for 1 hour and returned to room temperature. Ethyl acetate was added to the
reaction solution and the resulting mixture was washed with water and saturated brine. The organic layer was dried over
anhydrous magnesium sulfate and, after filtration, the filtrate was concentrated under reduced pressure. The residue
was purified by flash silica gel column chromatography (hexane:ethyl acetate = 8:2) to give the title compound (306 mg,
48%) as a solid.
1H-NMR (CDCl3) δ: 1.46 (3H, d, J = 6.8 Hz), 1.49 (18H, s), 3.50-3.89 (4H, m), 4.04-4.11 (1H, m), 4.86 (2H, q, J = 8.0
Hz), 4.93-5.48 (2H, m), 9.62 (2H, s).

Step 6: tert-Butyl (5-{6-[(3S)-3-methylmorpholin-4-yl]-8-[4-(methylsulfonyl)piperazin-1-yl]-9-(2,2,2-trifluoroethyl)-9H-pu-
rin-2-yl}pyrimidin-2-yl)carbamate

[0597]

[0598] A dimethyl sulfoxide (2 ml) solution of di-tert-butyl (5-{8-chloro-6-[(3S)-3-methylmorpholin-4-yl]-9-(2,2,2-trif-
luoroethyl)-9H-purin-2-yl}pyrimidin-2-yl)imidedicarbamate (306 mg, 0.49 mmol) and piperazine (210 mg, 2.43 mmol)
was stirred at 80˚C for 3 hours. The reaction mixture was returned to room temperature followed by the addition of ethyl
acetate and the resulting mixture was washed with saturated brine. The organic layer was dried over anhydrous mag-
nesium sulfate and, after filtration, the filtrate was concentrated under reduced pressure. The residue was purified by
flash silica gel column chromatography (7 N ammonia-methanol solution:methylene chloride = 97:3).
[0599] Methanesulfonyl chloride (57 ml, 0.74 mmol) was added to a methylene chloride (5 ml) solution of the resulting
residue, triethylamine (122 ml, 0.88 mmol), and a catalytic amount of 4-dimethylaminopyridine with ice cooling. The
reaction solution was stirred at room temperature for 16 hours and concentrated under reduced pressure. The residue
was purified by flash silica gel column chromatography (methylene chloride:ethyl acetate = 6:4) to give the title compound
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(199 mg, 62%).
1H-NMR (CDCl3) δ: 1.41 (3H, d, J = 6.8 Hz), 1.56 (9H, s), 2.87 (3H, s), 3.30-3.36 (4H, m), 3.41-3.53 (5H, m), 3.62-3.72
(1H, m), 3.78-3.87 (2H, m), 4.02-4.09 (1H, m), 4.71 (2H, q, J = 8.3 Hz), 5.00-5.40 (2H, m), 7.79 (1H, s), 9.48 (2H, s).

Step 7: 5-{6-[(3S)-3-Methylmorpholin-4-yl]-8-[4-(methylsulfonyl)piperazin-1-yll-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}py-
rimidin-2-amine

[0600]

[0601] A methylene chloride (5 ml) solution of tert-butyl (5-{6-[(3S)-3-methylmorpholin-4-yl]-8-[4-(methylsulfonyl)pip-
erazin-1-yl]-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl}pyrimidin-2-yl)carbamate (199 mg, 0.30 mmol) and trifluoroacetic acid
(1 ml) was stirred at room temperature for 1.5 hours and concentrated under reduced pressure. Chloroform and saturated
aqueous sodium hydrogen carbonate solution were added to the residue and the resulting mixture was extracted with
chloroform. The organic layer was dried over anhydrous magnesium sulfate and, after filtration, the filtrate was concen-
trated under reduced pressure. The residue was purified by flash silica gel column chromatography (methylene chloride:
methanol = 96:4) to give a solid. The resulting solid was washed with ether-hexane and dried to give the title compound
(140 mg, 83%) as a powder.
ESI-MS (m/z): 557 (M+1)+.
1H-NMR (CDCl3) δ: 1.41 (3H, d, J = 6.8 Hz), 2.87 (3H, s), 3.29-3.35 (4H, m), 3.41-3.55 (5H, m), 3.63-3.72 (1H, m),
3.79-3.87 (2H, m), 4.02-4.09 (1H, m), 4.71 (2H, q, J = 8.4 Hz), 4.98-5.16 (1H, m), 5.22 (2H, s), 5.29-5.43 (1H, m), 9.23
(2H, s).

Example 128

5-{8-(4-acetylpiperazin-1-yl)-9-(cyclopropylmethyl)-6-[(3S)-3-methylmorpholin-4-yl]-9H-purin-2-yl}-4-methylpyrimidin-
2-amine

[0602]

Step 1: 2-Chloro-9-(cyclopropylmethyl)-6-[(3S)-3-methylmorpholin-4-yl]-9H-purine

[0603]
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[0604] Diisopropyl azodicarboxylate (1.9 M toluene solution, 1.3 ml) was added to a tetrahydrofuran (20 ml) solution
of 2-chloro-9-(cyclopropylmethyl)-6-[(3S)-3-methylmorpholin-4-yl]-9H-purine (522 mg, 2.06 mmol), cyclopropylmethanol
(163 mg, 2.26 mmol), and triphenylphosphine (648 mg, 2.47 mmol) with ice cooling. The reaction mixture was stirred
at room temperature for 16 hours. Ethyl acetate was added to the reaction mixture and the resulting mixture was washed
with water and saturated brine. The organic layer was dried over anhydrous magnesium sulfate and, after filtration, the
filtrate was concentrated under reduced pressure. The residue was purified by flash silica gel column chromatography
(hexane:ethyl acetate = 7:3). The resulting residue was purified by flash silica gel column chromatography (hexane :
acetone = 4:1) to give the title compound (516 mg, 82%).
ESI-MS (m/z): 307 (M+1)+.
1H-NMR (CDCl3) δ: 0.40-0.46 (2H, m), 0.63-0.70 (2H, m), 1.23-1.37 (1H, m), 1.43 (3H, d, J = 6.8 Hz), 3.42-3.68 (2H,
m), 3.75-3.84 (2H, m), 3.97-4.05 (3H, m), 4.93-5.64 (2H, m), 7.82 (1H, s).

Step 2: Di-tert-butyl (5-{9-(cyclopropylmethyl)-6-[(3S)-3-methylmorpholin-4-yl]-9H-purin-2-yl}-4-methylpyrimidin-2-yl)
imidedicarbonate

[0605]

[0606] A dioxane (5 ml)-water (1 ml) suspension of 2-chloro-9-(cyclopropylmethyl)-6-[(3S)-3-methylmorpholin-4-yl]-
9H-purine (248 mg, 0.81 mmol), di-tert-butyl [4-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-yl]im-
ide dicarbonate (178 mg, 0.81 mmol), tetrakis triphenylphosphine palladium (93 mg, 0.08 mmol), and sodium carbonate
(256 mg, 2.42 mmol) was heated to reflux for 3 hours and returned to room temperature. Water was added to the reaction
mixture and the resulting mixture was extracted with chloroform. The organic layer was dried over anhydrous magnesium
sulfate and, after filtration, the filtrate was concentrated under reduced pressure. The residue was purified by flash silica
gel column chromatography (ethyl acetate:hexane = 1:1) to give the title compound (426 mg, 84%) as an amorphous
substance.
1H-NMR (CDCl3) δ: 0.44-0.50 (2H, m), 0.65-0.71 (2H, m), 1.30-1.39 (1H, m), 1.45 (3H, d, J = 6.8 Hz), 1.49 (18H, s),
2.92 (3H, s), 3.46-3.73 (2H, m), 3.79-3.88 (2H, m), 4.03-4.10 (3H, m), 5.06-5.69 (2H, s), 7.90 (1H, s), 9.33 (1H, s).

Step 3: Di-tert-butyl (5-{8-chloro-9-(cyclopropylmethyl)-6-[(3S)-3-methylmorpholin-4-yl]-9H-purin-2-yl}-4-methylpyrimi-
din-2-yl)imide dicarbonate

[0607]
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[0608] An N,N-dimethylformamide (5 ml) solution of di-tert-butyl (5-{9-(cyclopropylmethyl)-6-[(3S)-3-methylmorpholin-
4-yl]-9H-purin-2-yl}-4-methylpyrimidin-2-yl)imidedicarbonate (426 mg, 0.73 mmol) and N-chlorosuccinimide (118 mg,
0.88 mmol) was stirred at room temperature for 4 hours. Ethyl acetate was added to the reaction mixture and the resulting
mixture was washed with water and saturated brine. The organic layer was dried over anhydrous magnesium sulfate
and, after filtration, the filtrate was concentrated under reduced pressure. The residue was purified by flash silica gel
column chromatography (hexane:ethyl acetate = 7:3) to give the title compound (344 mg, 76%) as an amorphous
substance.
1H-NMR (CDCl3) δ: 0.49-0.62 (4H, m), 1.32-1.41 (1H, m), 1.44 (3H, d,=6.8 Hz), 1.50 (18H, s), 2.90 (3H, s), 3.43-3.71
(2H, m), 3.77-3.86 (2H, m), 4.02-4.13 (3H, m), 4.99-5.47 (2H, s), 9.31 (1H, s).

Step 4: 5-{8-(4-acetylpiperazin-1-yl)-9-(cyclopropylmethyl)-6-[(3S)-3-methylmorpholin-4-yl]-9H-purin-2-yl}-4-methylpy-
rimidin-2-amine

[0609]

[0610] A methylene chloride (3 ml) solution of di-tert-butyl (5-{8-chloro-9-(cyclopropylmethyl)-6-[(3S)-3-methylmor-
pholin-4-yl]-9H-purin-2-yl}-4-methylpyrimidin-2-yl)imidedicarbonate (344 mg, 0.56 mmol) and trifluoroacetic acid (1 ml)
was stirred at room temperature for 2 hours and concentrated under reduced pressure. Chloroform and saturated
aqueous sodium hydrogen carbonate solution were added to the residue and the resulting mixture was extracted with
chloroform. The organic layer was dried over anhydrous magnesium sulfate and, after filtration, the filtrate was concen-
trated under reduced pressure.
[0611] An N-methyl-2-pyrrolidone (2 ml) solution of the resulting residue and 1-acetylpiperazine (717 mg, 5.59 mmol)
was stirred at 120˚C for 16 hours. The reaction mixture was returned to room temperature followed by the addition of
methylene chloride and saturated aqueous sodium hydrogen carbonate solution and the resulting mixture was extracted
with ethyl acetate. The organic layer was dried over anhydrous magnesium sulfate and, after filtration, the filtrate was
concentrated under reduced pressure. The residue was purified by flash silica gel column chromatography (methylene
chloride:methanol = 95:5). The resulting residue was purified by flash NH silica gel column chromatography (ethyl
acetate) to give a solid. The resulting solid was washed with hexane and dried to give the title compound (79 mg, 28%)
as a powder.
1H-NMR (CDCl3) δ: 0.46-0.59 (4H, m), 1.32-1.42 (4H, m), 2.16 (3H, s), 2.74 (3H, s), 3.21-3.33 (4H, m), 3.43-3.55 (1H,
m), 3.62-3.71 (3H, m), 3.78-3.84 (4H, m), 3.97 (2H, d, J = 7.1 Hz), 4.00-4.06 (1H, m), 5.02-5.12 (3H, m), 5.27-5.43 (1H,
m), 8.92 (1H, s).
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Example 129

5-{8-(4-Acetylpiperazin-1-yl)-9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-9H-purin-2-yl}pyrimidin-2-amine

[0612]

Step 1: 2-Chloro-9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-9H-purine

[0613]

[0614] An N,N-dimethylformamide (5 ml) suspension of 2-chloro-6-((S)-3-methylmorpholin-4-yl)-9H-purine (839 mg,
3.31 mmol), 1-iodo-2-methylpropane (730 mg, 3.97 mmol), and potassium carbonate (594 mg, 4.30 mmol) was stirred
at 50˚C for 4 hours. The reaction mixture was returned to room temperature. Ethyl acetate was added to the reaction
mixture and the resulting mixture was washed with water and saturated brine. The organic layer was dried over anhydrous
magnesium sulfate and, after filtration, the filtrate was concentrated under reduced pressure. The residue was purified
by flash silica gel column chromatography (hexane:ethyl acetate = 7:3) to give the title compound (868 mg, 85%) as an
amorphous substance.
1H-NMR (CDCl3) δ: 0.94 (6H, d, J = 7.1 Hz), 1.43 (3H, d, J = 6.8 Hz), 2.18-2.31 (1H, m), 3.40-3.68 (2H, m), 3.75-3.84
(2H, m), 3.92-4.05 (3H, m), 4.91-5.65 (2H, m), 7.66 (1H, s).

Step 2: 5-{9-Isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-9H-purin-2-yl}pyrimidin-2-amine

[0615]
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[0616] A dioxane (5 ml)-water (1 ml) suspension of 2-chloro-9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-9H-purine
(317 mg, 1.02 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrimidin-2-amine (226 mg, 1.02 mmol), sodium
carbonate (325 mg, 3.07 mmol), and tetrakis triphenylphosphine palladium (118 mg, 0.10 mmol) was heated to reflux
for 2.5 hours. The reaction mixture was returned to room temperature. Water was added to the reaction mixture and the
resulting mixture was extracted with chloroform. The organic layer was dried over anhydrous magnesium sulfate and,
after filtration, the filtrate was concentrated under reduced pressure. The residue was purified by flash silica gel column
chromatography (methylene chloride:methanol = 96:4). The residue was purified by flash silica gel column chromatog-
raphy (ethyl acetate) to give the title compound (287 mg, 76%) as a solid.
1H-NMR (CDCl3) δ: 0.97 (6H, d, J = 6.6 Hz), 1.45 (3H, d, J = 6.8 Hz), 2.24-2.35 (1H, m), 3.47-3.74 (2H, m), 3.83-3.86
(2H, m), 4.00-4.10 (3H, m), 5.14-5.26 (3H, m), 5.39-5.62 (1H, m), 7.69 (1H, s), 9.27 (2H, s).

Step 3: Di-tert-butyl (5-{8-chloro-9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-9H-purin-2-yl}pyrimidin-2-yl)imidedicarbo-
nate

[0617]

[0618] An N,N-dimethylformamide (5 ml) solution of 5-{9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-9H-purin-2-yl}pyri-
midin-2-amine (287 mg, 0.78 mmol), di-tert-butyl dicarbonate (850 mg, 3.89 mmol), and 4-dimethylaminopyridine (19
mg, 0.16 mmol) was stirred at room temperature for 15 hours. Ethyl acetate was added to the reaction mixture and the
resulting mixture was washed with water and saturated brine. The organic layer was dried over anhydrous magnesium
sulfate and, after filtration, the filtrate was concentrated under reduced pressure. The residue was purified by flash silica
gel column chromatography (ethyl acetate:hexane = 1:1).
[0619] An N,N-dimethylformamide (5 ml) solution of the resulting residue and N-chlorosuccinimide (109 mg, 0.81
mmol) was stirred at room temperature for 5 hours. N-chlorosuccinimide (50 mg) was added to the reaction mixture and
the resulting mixture was stirred at room temperature for 21 hours. Ethyl acetate was added to the reaction mixture and
the resulting mixture was washed with water and saturated brine. The organic layer was dried over anhydrous magnesium
sulfate and, after filtration, the filtrate was concentrated under reduced pressure. The residue was purified by flash silica
gel column chromatography (hexane:ethyl acetate = 7:3) to give the title compound (290 mg) as an amorphous substance.
1H-NMR (CDCl3) δ: 0.99 (6H, d, J = 6.8 Hz), 1.45 (3H, d, J = 6.8 Hz), 1.49 (18H, s), 2.32-2.41 (1H, m), 3.47-3.72 (2H,
m), 3.79-3.89 (2H, m), 4.02-4.11 (3H, m), 4.99-5.48 (2H, m), 9.64 (2H, s).

Step 4: 5-{8-(4-Acetylpiperazin-1-yl)-9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-9H-purin-2-yl}pyrimidin-2-amine

[0620]
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[0621] A methylene chloride (3 ml) solution of di-tert-butyl (5-{8-chloro-9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-9H-
purin-2-yl}pyrimidin-2-yl)imidedicarbonate (290 mg, 0.48 mmol) and trifluoroacetic acid (1 ml) was stirred at room tem-
perature for 2 hours and concentrated under reduced pressure. Chloroform and saturated aqueous sodium hydrogen
carbonate solution were added to the residue and the resulting mixture was extracted with chloroform. The organic layer
was dried over anhydrous magnesium sulfate and, after filtration, the filtrate was concentrated under reduced pressure.
[0622] An N-methyl-2-pyrrolidone (2 ml) solution of the resulting residue and 1-acetylpiperazine (616 mg, 0.48 mmol)
was stirred at 150˚C for 2 hours. The reaction mixture was returned to room temperature. The reaction mixture was
purified by flash silica gel column chromatography (5% methanol:chloroform). The residue was purified by flash NH
silica gel column chromatography (ethyl acetate) to give a solid. The solid was dissolved in ethyl acetate and the resulting
mixture was washed with water and saturated brine. The organic layer was dried over anhydrous magnesium sulfate
and, after filtration, the filtrate was concentrated under reduced pressure to give a solid. Ether was added to the resulting
solids and the solid was collected by filtration and dried to give the title compound (160 mg) as a powder.
1H-NMR (CDCl3) δ: 0.89 (6H, d, J = 6.6 Hz), 1.40 (3H, d, J = 6.8 Hz), 2.16 (3H, s), 2.42-2.54 (1H, m), 3.16-3.29 (4H,
m), 3.44-3.54 (1H, m), 3.61-3.72 (3H, m), 3.76-3.85 (4H, m), 3.92 (2H, d, J = 7.6 Hz), 4.04 (1H, dd, J = 11.4, 3.1 Hz),
5.03-5.20 (3H, m), 5.31-5.44 (1H, m), 9.24 (2H, s).

Example 130

2-(4-{2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-9H-purin-8-yl}piperazin-1-yl)-2-oxoethanol

[0623]

Step 1: 5-{8-Chloro-9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-9H-purin-2-yl}pyrimidin-2-amine

[0624]

[0625] A methylene chloride (10 ml) solution of di-tert-butyl (5-{8-chloro-9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-
9H-purin-2-yl}pyrimidin-2-yl) imidedicarbonate (1.22 g, 2.02 mmol) and trifluoroacetic acid (2 ml) was stirred at room
temperature for 16 hours and concentrated under reduced pressure. Chloroform and saturated aqueous sodium hydrogen
carbonate solution were added to the residue and the resulting mixture was extracted with chloroform. The organic layer
was dried over anhydrous magnesium sulfate and, after filtration, the filtrate was concentrated under reduced pressure
to give the title compound (934 mg) as a solid.
ESI-MSm/z: 403 (M+1)+.
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Step 2: 5-{9-Isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-8-piperazin-1-yl-9H-purin-2-yl}pyrimidin-2-amine

[0626]

[0627] An N-methyl-2-pyrrolidone (2 ml) solution of 5-{8-chloro-9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-9H-purin-
2-yl}pyrimidin-2-amine (307 mg, 0.76 mmol) and piperazine (328 mg, 3.81 mmol) was stirred at 150˚C for 90 minutes
and returned to room temperature. The reaction mixture was purified by flash silica gel column chromatography (chlo-
roform:methanol = 95:5 to 85:15) to give the title compound (245 mg, 71%) as a solid.
1H-NMR (CDCl3) δ: 0.88 (6H, d, J = 5.9 Hz), 1.40 (3H, d, J = 6.8 Hz), 2.42-2.53 (1H, m), 3.02-3.08 (4H, m), 3.18-3.24
(4H, m), 3.45-3.55 (1H, m), 3.64-3.74 (1H, m), 3.80-3.88 (2H, m), 3.91 (2H, d, J = 7.3 Hz), 4.00-4.08 (1H, m), 5.07-5.18
(3H, m), 5.32-5.47 (1H, m), 9.24 (2H, s).

Step 3: 2-(4-{2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-9H-purin-8-yl}piperazin-1-yl)-2-ox-
oethanol

[0628]

[0629] A methylene chloride (5 ml) solution of 5-{9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-8-piperazin-1-yl-9H-purin-
2-yl}pyrimidin-2-amine (126 mg, 0.28 mmol), hydroxyacetic acid (25 mg, 0.33 mmol), 1-hydroxybenzotriazole (37 mg,
0.28 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (64 mg, 0.33 mmol), and triethylamine (58
ml, 0.42 mmol) was stirred at room temperature for 2 days. Chloroform and saturated aqueous sodium hydrogen carbonate
solution were added to the reaction mixture and the resulting mixture was extracted with chloroform. The organic layer
was dried over anhydrous magnesium sulfate and, after filtration, the filtrate was concentrated under reduced pressure.
The residue was purified by flash silica gel column chromatography (methylene chloride:methanol = 96:4) to give a solid.
Ether was added to the resulting solid and the solid was collected by filtration and dried to give the title compound (110
mg, 77%) as a powder. 1H-NMR (CDCl3) δ: 0.89 (6H, d, J = 6.8 Hz), 1.40 (3H, d, J = 6.8 Hz), 2.41-2.53 (1H, m), 3.21-3.30
(4H, m), 3.43-3.54 (3H, m), 3.58-3.72 (2H, m), 3.80-3.88 (4H, m), 3.91 (2H, d, J = 7.6 Hz), 3.99-4.07 (1H, m), 4.23 (2H,
d, J = 4.6 Hz), 5.04-5.22 (3H, m), 5.29-5.43 (1H, m), 9.24 (2H, s) .

Example 131

(2S)-1-(4-{2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-9H-purin-8-yl}piperazin-1-yl)-1-oxo-
propan-2-ol

[0630]
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[0631] A methylene chloride (5 ml) solution of 5-{9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-8-piperazin-1-yl-9H-purin-
2-yl}pyrimidin-2-amine (119 mg, 0.26 mmol), (S)-2-hydroxypropionic acid (28 mg, 0.32 mmol), 1-hydroxybenzotriazole
(35 mg, 0.26 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (60 mg, 0.32 mmol), and triethylamine
(55 ml, 0.39 mmol) was stirred at room temperature for 2 days. Chloroform and saturated aqueous sodium hydrogen
carbonate solution were added to the reaction mixture and the resulting mixture was extracted with chloroform. The
organic layer was dried over anhydrous magnesium sulfate and, after filtration, the filtrate was concentrated under
reduced pressure. The residue was purified by flash silica gel column chromatography (chloroform:methanol = 96:4) to
give a solid. The resulting solid was purified by flash NH silica gel column chromatography (methylene chloride:methanol
= 99:1) to give the title compound (63 mg, 46%) as a solid.
1H-NMR (CDCl3) δ: 0.90 (6H, d, J = 6.6 Hz), 1.36-1.42 (6H, m), 2.41-2.52 (1H, m), 3.20-3.31 (3H, m), 3.43-3.94 (11H,
m), 4.00-4.07 (1H, m), 4.47-4.55 (1H, m), 5.04-5.42 (4H, m), 9.24 (2H, s).

Example 132

4-{2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-9H-purin-8-yl}piperazine-1-carboaldehyde

[0632]

[0633] A tetrahydrofuran (3 ml) solution of 5-{9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-8-piperazin-1-yl-9H-purin-2-
yl}pyrimidin-2-amine (103 mg, 0.23 mmol) and 1H-benzotriazole-1-carboaldehyde (37 mg, 0.25 mmol) was stirred at
room temperature for 16 hours. Chloroform and 2 N aqueous sodium hydroxide solution were added to the reaction
mixture and the resulting mixture was extracted with chloroform. The organic layer was dried over anhydrous magnesium
sulfate and, after filtration, the filtrate was concentrated under reduced pressure. The residue was purified by flash silica
gel column chromatography (methylene chloride:methanol = 95:5) to give a solid. Ether was added to the resulting solid
and the solid was collected by filtration and dried to give the title compound (86 mg, 79%) as a powder.
1H-NMR (CDCl3) δ: 0.89 (6H, d, J = 6.8 Hz), 1.40 (3H, d, J = 6.8 Hz), 2.41-2.54 (1H, m), 3.18-3.30 (4H, m), 3.43-3.78
(6H, m), 3.80-3.85 (2H, m), 3.92 (2H, d, J = 7.3 Hz), 4.00-4.08 (1H, m), 5.03-5.20 (3H, m), 5.29-5.45 (1H, m), 8.12 (1H,
s), 9.24 (2H, s).

Example 133

(2S)-4-(4-{2-(2-Aminopyrimidin-5-yl)-9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-9H-purin-8-yl}piperazin-1-yl)-4-oxobu-
tan-2-ol

[0634]
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[0635] A methylene chloride (3 ml) solution of 5-{9-isobutyl-6-[(3S)-3-methylmorpholin-4-yl]-8-piperazin-1-yl-9H-purin-
2-yl}pyrimidin-2-amine (94 mg, 0.21 mmol), (3S)-3-hydroxybutanoic acid (24 mg, 0.23 mmol), 1-hydroxybenzotriazole
(28 mg, 0.21 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (60 mg, 0.31 mmol), and triethylamine
(44 ml, 0.31 mmol) was stirred at room temperature for 21 hour. Chloroform and saturated aqueous sodium hydrogen
carbonate solution were added to the reaction mixture and the resulting mixture was extracted with chloroform. The
organic layer was dried over anhydrous magnesium sulfate and, after filtration, the filtrate was concentrated under
reduced pressure. The residue was purified by flash silica gel column chromatography (methylene chloride:methanol =
95:5) to give an amorphous substance. Ethyl acetate-hexane was added to the resulting amorphous substance, the
resulting mixture was solidified, and the solid was collected by filtration and dried to give the title compound (91 mg,
81%) as a powder.
1H-NMR (CDCl3) δ: 0.89 (6H, d, J = 6.8 Hz), 1.26 (3H, d, J = 6.3 Hz), 1.40 (3H, d, J = 6.8 Hz), 2.33-2.58 (3H, m),
3.16-3.29 (4H, m), 3.42-3.55 (1H, m), 3.59-3.72 (3H, m), 3.75-3.87 (4H, m), 3.99-4.13 (2H, m), 4.21-4.31 (2H, m),
5.03-5.21 (3H, m), 5.29-5.45 (1H, m), 9.24 (2H, s).

Example 134

5-[8-(4-Acetylpiperazin-1-yl)-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-purin-2-yl]-N-methylpyrimidin-2-amine

[0636]

[0637] An N-methyl-2-pyrrolidone (2 ml) solution of tert-butyl {5-[8-chloro-6-morpholin-4-yl-9-(2,2,2-trifluoroethyl)-9H-
purin-2-yl]pyrimidin-2-yl}methylcarbamate (157 mg, 0.30 mmol) and piperazine (128 mg, 1.48 mmol) was stirred at 90˚C
for 2 hours. The reaction mixture was returned to room temperature. The reaction mixture was purified by flash silica
gel column chromatography (ethyl acetate:methanol = 98:2 to chloroform:methanol = 90:10).
[0638] A methylene chloride (5 ml) solution of the residue, acetic anhydride (56 ml, 0.59 mmol), and triethylamine (91
ml, 0.65 mmol) was stirred at room temperature for 16 hours and concentrated under reduced pressure. Ethyl acetate
was added to the residue and the resulting mixture was washed with saturated aqueous sodium hydrogen carbonate
solution and saturated brine. The organic layer was dried over anhydrous magnesium sulfate and, after filtration, the
filtrate was concentrated under reduced pressure. The residue was purified by flash silica gel column chromatography
(methylene chloride:methanol = 96:4).
[0639] A methylene chloride (3 ml) solution of the residue and trifluoroacetic acid (1 ml) was stirred at room temperature
for 3 hours. Saturated aqueous sodium hydrogen carbonate solution was added to the residue and the resulting mixture
was extracted with chloroform. The organic layer was dried over anhydrous magnesium sulfate and, after filtration, the
filtrate was concentrated under reduced pressure. The residue was purified by flash silica gel column chromatography
(methylene chloride:methanol = 97:3 to 95:5) to give a solid. Ether was added to the resulting solid and the solid was
collected by filtration and dried to give the title compound (87 mg, 56%) as a powder.
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1H-NMR (CDCl3) δ: 2.16 (3H, s), 3.08 (3H, d, J = 4.9 Hz), 3.13-3.26 (4H, m), 3.62-3.69 (2H, m), 3.77-3.87 (6H, m),
4.21-4.32 (4H, m), 4.71 (2H, q, J = 8.3 Hz), 5.25-5.33 (1H, m), 9.25 (2H, s).

Formulation Examples

Formulation Example 1 Powder

[0640] A powder can be obtained by mixing 5 g of an Example compound, 895 g of lactose, and 100 g of maize starch
using a blender.

Formulation Example 2 Granule

[0641] 5 g of an Example compound, 895 g of lactose, and 100 g of low-substituted hydroxypropylcellulose are mixed
followed by the addition of 300 g of 10% aqueous hydroxypropylcellulose solution and the resulting mixture is kneaded
together. A granule can be obtained by granulating this mixture using an extruding granulating machine and drying the
product.

Formulation Example 3 Tablet

[0642] A tablet can be obtained by mixing 5 g of an Example compound, 90 g of lactose, 34 g of maize starch, 20 g
of crystalline cellulose, and 1 g of magnesium stearate using a blender and tableting the resulting mixture with a tableting
machine.

Test Example 1 PI3K kinase activity inhibition assay

[0643] PI3Kα kinase activity was determined in the presence and absence of a test compound. The test compound
was dissolved in DMSO and diluted serially with an ATP solution (30 mM ATP, 50 mM HEPES, pH 7.4, 50 mM NaCl,
0.05% CHAPS, 10 mM MgCl2, and 5 mM dithiothreitol [DTT]). First, 7 ml each of the serially diluted test compound
solutions was added to each well of a black 384-well plate. Subsequently, 7ml of a phosphatidylinositol 4,5-bisphosphate
(PIP2) solution (45 mM PIP2, 50 mM HEPES, pH 7.4, 50 mM NaCl, 0.05% CHAPS, 10 mM MgCl2, and 5 mM DTT) was
added to each well of the 384-well plate. Finally, 7 ml of a solution containing PI3Kα (50 nM PI3Kα, 50 mM HEPES, pH
7.4, 50 mM NaCl, 0.05% CHAPS, 10 mM MgCl2, and 5 mM DTT) was added to each well of the 384-well plate to initiate
a reaction. The mixture was reacted at room temperature for 2 hours and then 21ml of Kinase-Glo Plus reagent (Promega)
was added to each well of the 384-well plate to terminate the reaction. After termination of the reaction, the solution was
left standing for 15 minutes and then luminescence was measured with ARVO (PerkinElmer Co., Ltd.) to detect ATP
remaining in the reaction solution.
[0644] The amount of ATP consumed in the reaction was obtained for each well and used as an indicator of PI3Kα
kinase activity. The PI3Kα kinase activity in wells not containing the test compound was calculated by the following
formula (1). Furthermore, the PI3Kα kinase activity in wells containing the test compound was calculated by the following
formula (2). The PI3Kα inhibitory activity (%) of the test compound was calculated by the following formula (3).
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B: Measured value in wells not containing PI3Kα or the test compound
C: Measured value in wells containing PI3Kα and not containing the test compound
P: Measured value in wells containing PI3Kα and the test compound

[0645] Furthermore, an optimal curve was calculated with Graph Pad Prism 4 using concentrations of the serially
diluted test compound solutions and PI3Kα inhibitory activity (%) at each concentration to obtain the concentration
showing 50% inhibition as the IC50 value of PI3Kα inhibitory activity.
[0646] The values of IC50 against PI3K of the compounds of Examples 3, 6 to 8, 10, 13 to 14, 31, 36, 39, 41 to 42,
49, 52, 55 to 63, 65 to 67, 69, 71 to 73, 75 to 77, 79 to 81, 84 to 89, 91, 93 to 94, 96, 98, 100, 102, 105 to 107, 109 to
112, 114 to 117, 119 to 120, 122, 125 to 127, 132, and 133 to 134 were lower than 10 nM, those of the compounds of
Examples 1 to 2, 4 to 5, 9, 11 to 12, 19 to 22, 28 to 30, 34 to 35, 37 to 38, 40, 43, 47 to 48, 50 to 51, 53 to 54, 64, 68,
70, 82 to 83, 90, 92, 95, 97, 99, 101, 103 to 104, 108, 113, 123 to 124, and 128 to 131 were 10 nM or higher and lower
than 20 nM, and those of the compounds of Examples 5, 12, 15 to 17, 23, 25 to 27, 32, 33, 45, and 46 were 20 nM or
higher and lower than 50 nM, and those of the compounds of Examples 18 and 24 were 50 nM or higher and lower than
100 nM.

Test Example 2 mTOR kinase activity inhibition assay

[0647] mTOR kinase activity was determined in the presence and absence of a test compound. A substrate peptide
is phosphorylated by mTOR kinase activity. A complex of streptavidin-XL665 and anti-phosphorylated S6K (Thr389)
antibody-anti-mouse IgG-cryptate binds to this phosphorylated peptide. At this time, irradiation of excitation light induces
transfer of fluorescence resonance energy from the excited cryptate to XL665, emitting fluorescence at 665 nm. Utilizing
this principle, mTOR kinase activity was detected. When the mTOR inhibitor is present, phosphorylation of the substrate
peptide is inhibited, and the binding of the above-mentioned complex to the substrate peptide is inhibited. As a result,
transfer of fluorescence resonance energy does not occur, and fluorescence at 665 nm is attenuated.

(1) Preparation of samples and enzymatic reaction

[0648] A His tag was introduced into the N terminus end of the 1362 to 2549 amino acid portion on the C terminus
side of human mTOR, and a cell line was prepared, so that His-tagged mTOR should be constantly expressed in a
HEK293 cell. A cell lysate was prepared from this HEK293 cell which constantly expressed His-tagged mTOR (1362C),
and a crude product of His-tagged mTOR (1362C) was obtained by a usual method utilizing His tag.
[0649] Subsequently, an mTOR enzyme solution was prepared which contained the above-mentioned His-tagged
mTOR (1362C) enzyme and 8mg/ml biotinylated peptide (Biotin-Ahx-KKANQVFLGFTYVAPSVLESVKE-amide [Sigma]),
as well as 50 mM HEPES (pH 7.5), 20 mM MnCl2, 1 mg/ml BSA, a suitable amount of protease inhibitor cocktail (Complete
EDTA free, Roche Ltd.), 100 ng/ml calyculin A, and 4 mg/ml cantharidin as other components.
[0650] The test compound was dissolved in dimethyl sulfoxide (DMSO) and serially diluted with 20 mM ATP solution
(50 mM HEPES (pH 7.5), 20 mM ATP) to obtain concentrations required for the assay. 5 ml of this compound solution
was added to each well of a 384-well small volume white plate manufactured by Greiner Bio-One Co., Ltd.
[0651] 5 ml of the mTOR enzyme solution was added to the above-mentioned well containing the test compound and
the resulting mixture was left standing for 3 hours at room temperature to proceed an enzymatic reaction.
[0652] The same procedure was performed using a solution obtained by dissolving DMSO in 20 mM ATP solution as
a positive control and a solution obtained by dissolving DMSO in 50 mM HEPES buffer (pH 7.5) as a negative control.

(2) Detection of enzymatic reaction

[0653] After the enzymatic reaction, 5 ml each of an europium solution (a solution obtained by dissolving anti-mouse
IgG-cryptate [SCETI Medical Labo K.K.] and anti-phosphorylation S6K [Thr389] antibody [Cell Signaling Technology
Inc.] in 50 mM HEPES [pH 7.5], 100 mM EDTA, and 1.5 mg/ml BSA) and an XL665 solution (a solution obtained by
dissolving Streptavidin-XL 665 [SCETI Medical Labo K.K.] in 50 mM HEPES [pH 7.5], 100 mM EDTA, 0.8 M KF, and
1.5 mg/ml BSA) were added in this order and mixed and the resulting mixture was left standing overnight at 4˚C. On the
following day, the mixture was returned to room temperature and then irradiated with 337-nm excitation light and fluo-
rescence at 620 and 665 nm was measured with RUBYstar (BMG LABTECH JAPAN Ltd.).
[0654] mTOR inhibitory activity (%) was calculated using the ratio calculated from the measured values as an indicator
of enzyme activity. Here, the ratio was calculated by the following formula (1).
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P: Ratio in positive control well
N: Ratio in negative control well
S: Ratio in well containing the test compound

[0655] Furthermore, an optimal curve was created using the concentrations of the serially diluted test compound
solutions and mTOR enzyme inhibitory activity (%) at each concentration to obtain the concentration showing 50%
inhibition as the IC50 value of mTOR enzyme inhibitory activity.
[0656] The values of IC50 against mTOR of the compounds of Examples 8 to 9, 11, 57, 60, 62 to 71, 75 to 76, 79, 83,
85, 96, 98, 101 to 102, 105 to 113, 115 to 117, 120, 122 to 127, 130, and 134 were lower than 10 nM, and those of the
compounds of Examples 1 to 3, 5, 10, 13 to 14, 38, 49, 51, 53, 56, 58 to 59, 61, 77, 80 to 82, 84, 86 to 87, 89 to 95, 97,
99 to 100, 103 to 104, 114, 119, 129, and 131 to 132 were 10 nM or higher and lower than 30 nM, and those of the
compounds of Examples 4, 16, 19 to 20, 23, 25, 27, 30 to 31, 39, 41 to 42, 45 to 46, 50, 52, 54 to 55, and 88 were 30
nM or higher and lower than 100 nM, and those of the compounds of Examples 6, 7, 15, 17, 18, 24, 26, 28, 29, 34, 36,
37, 40, 43, 47, 48, and 128 were 100 nM or higher and lower than 500 nM, and those of the compounds of Examples
21, 22, 32, 33, 35, 44, 72, and 73 were 500 nM or higher.

Test Example 3 In vitro test compound assay: Cell growth inhibition test

[0657] After a cultured cancer cell strain was treated with a test compound for a predetermined period, a cell growth
inhibition test was performed by measuring the living cell count by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
liumbromide (MTT) method.
[0658] Human endometrial cancer cell strain AN3CA, human ovarian cancer cell strain IGROV1, and human colon
cancer cell strain HT29 were seeded in a 96-well plate at 5000, 1000, and 5000 cells, respectively, per well. On the
following day of seeding, a test compound having a predetermined concentration was added and the culture was
continued at 37˚C in 5% CO2 for 3 days. On the final day of culture, an MTT reaction solution was added and the resulting
mixture was reacted for 4 hours to form formazan by dehydrogenases contained in living cells. Subsequently, the culture
broth was removed, DMSO was added to solubilize formazan, and the amount of produced formazan was determined
by measuring absorbance at 540 nm using a microplate reader.
[0659] Since correlations of the amount of produced formazan and the living cell count had been confirmed, the cell
growth rate was calculated by the following formula.

A: Absorbance of well not containing test compound (final culture day)
B: Absorbance of well containing test compound (final culture day)
C: Absorbance of well immediately before addition of test compound (following day of cell seeding)
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[0660] Furthermore, the cell growth rate at each concentration of serially diluted test compound solutions was obtained,
and the concentration of the test compound resulting in a 50% growth rate was obtained as the GI50 value from two
concentrations including 50% therebetween and the growth rates were selected.
[0661] The compounds of Examples 1 to 43, 45 to 73, 75 to 77, 79 to 117, 119 to 120, and 122 to 134 in the present
application exhibited an anti-cell effect against human endometrial cancer cell strain AN3CA, human ovarian cancer
cell strain IGROV1, and human colon cancer cell strain HT29 at concentrations of 5 mM or lower.

Test Example 4 In vivo test compound assay: Akt and S6 phosphorylation inhibition assay in xenograft

[0662] A tumor section was prepared from a human endometrial cancer cell strain AN3CA tumor mass formed in a
female nude mouse as a subcutaneously transplanted tumor and a xenograft model was prepared by subcutaneously
transplanting the tumor to a female nude mouse. The test compound at a predetermined concentration was orally
administered. After a predetermined time, the anesthetized mouse was exsanguinated to death, and a tumor mass was
isolated. The tumor mass was crushed using a lysis buffer containing inhibitors of proteases and dephosphorylating
enzymes (Cell Signaling Technology, Inc.) and the supernatant was separated by centrifugation to obtain a tumor extract.
The protein content of the tumor extract was measured using DC Protein Assay Kit (Bio-Rad Laboratories, Inc.) and
phosphorylation conditions of Akt (threonine 308) and S6 (serine 235 and 236) were analyzed by a usual technique of
western blotting using tumor extracts containing the same amount of protein. The primary antibody and the secondary
antibody used for detecting each molecule were rabbit anti-phospho-Akt(T308) antibody and HRP-labeled goat anti-
rabbit IgG antibody or mouse anti-phospho-S6(S235/236) antibody and HRP-labeled sheep anti-mouse IgG antibody.
[0663] The signal intensity detected using an image analyzer Typhoon 9400 (GE Healthcare) was quantified, and the
phosphorylation inhibition rate (%) was calculated by the following formula.

A: Signal intensity derived from phosphorylated protein in tumor mass isolated from mouse untreated with test
compound
B: Signal intensity derived from phosphorylated protein in tumor mass isolated from mouse treated with test com-
pound

[0664] The compounds of Examples 3, 6, 8, 60 to 61, 63, 68 to 71, 75 to 77, 79, 81 to 90, 92 to 93, 95 to 96, 100 to
104, 106 to 116, 131 to 133 in the present application exhibited more than 60% inhibition of the Akt phosphorylation at
the dose of 10 mg/kg after 6 hr from the dosing in the xenograft.
[0665] The compounds of Examples 53 to 54, 57, 62, 64 to 67, 80, 97 to 99, 105, 117, 119, 128, 130, 134 in the
present application exhibited 30% to 60% inhibition of the Akt phosphorylation at the dose of 10 mg/kg after 6 hr from
the dosing in the xenograft.
[0666] The compounds of Examples 3, 8, 57, 60 to 65, 68 to 71, 75 to 77, 79 to 86, 90, 92 to 93, 96, 98, 100 to 116,
119, 130 to 134 in the present application exhibited more than 90% inhibition of the S6 phosphorylation at the dose of
10 mg/kg after 6 hr from the dosing in the xenograft.
[0667] The compounds of Examples 66 to 67, 88 to 89, 95, 97, 117, 129 in the present application exhibited 70% to
90% inhibition of the S6 phosphorylation at the dose of 10 mg/kg after 6 hr from the dosing in the xenograft.

Test Example 5 In vivo test compound assay: Anti-tumor effect assay using mouse subcutaneous transplantation model

[0668] A tumor section was prepared from a human endometrial cancer cell strain AN3CA tumor mass formed in a
female nude mouse as a subcutaneously transplanted tumor and then a xenograft model was prepared by transplanting
the tumor section into a female nude mouse. Tumor-bearing mice having an estimated tumor volume (long diameter x
short diameter x short diameter/2) of 80 to 200 mm3 were divided, so that there should be no significant difference in
the mean estimated tumor volume and body weight as compared with the negative control group to perform the test.
The test compound was orally administered at a predetermined dose for 8 consecutive days. On the following day of
the final administration day, tumor-bearing mice were anesthetized and exsanguinated to death and a tumor mass was
isolated to measure tumor weight (the compounds of Examples 1, 3, 6, 8, 11, 12, and 14). Furthermore, as a similar
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test, the test compound was orally administered for 5 consecutive days, animals were sacrificed on the final administration
day, and tumor weight was measured (the compounds of Examples 60, 63, 75, 77, 79, 89, 92, 107, 108, 109, 110, and 127).
[0669] In all the tests, the anti-tumor effect was calculated by the following formula.

[0670] The results are shown in Table 19.

[Table 19]

Dose (mg/kg/day) Anti-tumor effect (tumor growth inhibition rate)

Compound of Example 1
10 92

5 79

Compound of Example 2
10 70

5 44

Compound of Example 3
10 86

5 75

Compound of Example 6
10 69

5 66

Compound of Example 8
5 93

2.5 72

Compound of Example 10
20 73

10 39

Compound of Example 11
5 85

2.5 68

Compound of Example 12
20 71

10 61

Compound of Example 14
10 82

5 64

Compound of Example 53
10 68

5 45

Compound of Example 54
20 82

10 74

Compound of Example 55
20 59

10 32

Compound of Example 60
6 89

1.5 64

Compound of Example 63
3.5 88

0.875 52

Compound of Example 75
7.5 77

1.875 44
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Claims

1. A compound represented by general formula (1) or a salt thereof:

(continued)

Dose (mg/kg/day) Anti-tumor effect (tumor growth inhibition rate)

Compound of Example 77
15 84

3.75 47

Compound of Example 79
10 59

2.5 27

Compound of Example 81
10 74

5 37

Compound of Example 88
10 54

5 30

Compound of Example 89
10 69

5 56

Compound of Example 90
10 80

5 40

Compound of Example 92
10 61

5 52

Compound of Example 93
5 54

2.5 42

Compound of Example 95
10 62

5 44

Compound of Example 100
5 62

2.5 53

Compound of Example 101
5 69

2.5 42

Compound of Example 102
5 64

2.5 54

Compound of Example 107
5 76

1.25 46

Compound of Example 108
10 82

2.5 53

Compound of Example 109
7.5 80

1.875 42

Compound of Example 110
7.5 73

1.875 43

Compound of Example 127
10 79

5 69
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wherein
R1 and R2 each independently represent a C1-C6 alkyl group that may have one or more substituents, a C1-C6
alkylsulfonyl group that may have one or more substituents, an aryl group that may have one or more substituents,
or a hydrogen atom,
X represents a 6-membered aromatic nitrogen-containing heterocyclic group, containing one or two nitrogen atoms,
R3 represents one or more substituents present on a carbon atom(s) constituting X that each independently represent
a C1-C6 alkyl group that may have one or more substituents, a C1-C6 alkoxy group that may have one or more
substituents, a C1-C6 alkylamino group that may have one or more substituents, a diC1-C6 alkylamino group that
may have one or more substituents, a C3-C8 cycloalkyl group that may have one or more substituents, an amino
group, a halogen atom, or a hydroxyl group,
R4 represents a C1-C6 alkyl group that may have one or more substituents or a hydrogen atom,
Ra represents a group represented by -Y-R5, wherein Y represents a single bond or a C1-C6 alkylene group, and
R5 represents a C1-C6 alkyl group that may have one or more substituents, a tetrahydrofuranyl group that may have
one or more substituents, a tetrahydropyranyl group that may have one or more substituents, a pyrrolidinyl group
that may have one or more substituents, a piperidinyl group that may have one or more substituents, or a pyridinyl
group that may have one or more substituents, and
Rb and Rc each independently represent a C1-C6 alkyl group that may have one or more substituents or a hydrogen
atom, or Rb and Rc, together with the nitrogen atom to which Rb and Rc are bonded, may form a 4- to 7-membered
alicyclic nitrogen-containing heterocyclic group that may have one or more substituents.

2. The compound according to claim 1 or a salt thereof, wherein
R1 and R2 each independently represent a C1-C6 alkyl group that may have one or more substituents selected from
the following Group A, a C1-C6 alkylsulfonyl group that may have one or more substituents selected from the following
Group A, an aryl group that may have one or more substituents selected from the following Group B, or a hydrogen
atom,
X represents a 6-membered aromatic nitrogen-containing heterocyclic group that contains one or two nitrogen atoms,
R3 represents one or more substituents present on a carbon atom(s) constituting X that each independently represent
a C1-C6 alkyl group that may have one or more substituents selected from the following Group A, a C1-C6 alkoxy
group that may have one or more substituents selected from the following Group A, a C1-C6 alkylamino group that
may have one or more substituents selected from the following Group A, a diC1-C6 alkylamino group that may have
one or more substituents selected from the following Group A, a C3-C8 cycloalkyl group that may have one or more
substituents selected from the following Group A, an amino group, a halogen atom, or a hydroxyl group,
R4 represents a C1-C6 alkyl group that may have one or more substituents selected from the following Group A or
a hydrogen atom,
Ra represents a group represented by -Y-R5, wherein Y represents a single bond or a C1-C6 alkylene group, R5

represents a C1-C6 alkyl group that may have one or more substituents selected from the following Group A, a
tetrahydrofuranyl group that may have one or more substituents selected from the following Group B, a tetrahydro-
pyranyl group that may have one or more substituents selected from the following Group B, a pyrrolidinyl group that
may have one or more substituents selected from the following Group D, a piperidinyl group that may have one or
more substituents selected from the following Group B, or a pyridinyl group that may have one or more substituents
selected from the following Group D, and
Rb and Rc each independently represents a C1-C6 alkyl group that may have one or more substituents selected
from the following Group E or a hydrogen atom, or Rb and Rc, together with the nitrogen atom to which Rb and Rc
are bonded, form a 4- to 7-membered alicyclic nitrogen-containing heterocyclic group that may have one or more
substituents selected from the following Group E:

Group A: a halogen atom, a hydroxy group, a C1-C6 alkyl group, a C3-C8 cycloalkyl group, a C1-C6 alkoxy
group, an amino group, a C1-C6 alkylamino group, a diC1-C6 alkylamino group, a cyano group, a C1-C6 alkylamino
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C1-C6 alkyl group, and an oxo group;
Group B: a halogen atom, a hydroxy group, a C1-C6 alkyl group, a C1-C6 alkoxy group, an amino group, a C1-C6
alkylamino group, a diC1-C6 alkylamino group, a cyano group, a C1-C6 alkylamino C1-C6 alkyl group, and a
C1-C6 alkylcarbonylamino group;
Group D: a halogen atom, a hydroxy group, a C1-C6 alkyl group, a C3-C8 cycloalkyl group, a C1-C6 alkylcarbonyl
group, a C3-C8 cycloalkylcarbonyl group, a C3-C8 cycloalkyl C1-C6 alkylcarbonyl group, a C1-C6 alkylamino
C1-C6 alkyl group, a C1-C6 alkylsulfonyl group, and an arylcarbonyl group that may have one or more substituents
selected from said Group A; and
Group E: a halogen atom, a hydroxy group, a formyl group, a C1-C6 alkyl group that may have one or more
substituents selected from said Group A, a C3-C8 cycloalkyl group that may have one or more substituents
selected from said Group A, a C1-C6 alkoxy group that may have one or more substituents selected from said
Group A, an amino group, a C1-C6 alkylamino group that may have one or more substituents selected from
said Group A, a diC1-C6 alkylamino group that may have one or more substituents selected from said Group
A, a C1-C6 alkylsulfonylamino group that may have one or more substituents selected from said Group A, a
C1-C6 alkylsulfonyl C1-C6 alkylamino group that may have one or more substituents selected from said Group
A, an arylsulfonylamino group that may have one or more substituents selected from said Group A, an arylsulfonyl
C1-C6 alkylamino group that may have one or more substituents selected from said Group A, a heteroarylsul-
fonylamino group that may have one or more substituents selected from said Group A, a heteroarylsulfonyl
C1-C6 alkylamino group that may have one or more substituents selected from said Group A, a C1-C6 alkylsul-
fonylamino C1-C6 alkyl group that may have one or more substituents selected from said Group A, a C1-C6
alkylsulfonyl C1-C6 alkylamino C1-C6 alkyl group that may have one or more substituents selected from said
Group A, an arylsulfonylamino C1-C6 alkyl group that may have one or more substituents selected from said
Group A, an arylsulfonyl C1-C6 alkylamino C1-C6 alkyl group that may have one or more substituents selected
from said Group A, a heteroarylsulfonylamino C1-C6 alkyl group that may have one or more substituents selected
from said Group A, a heteroarylsulfonyl C1-C6 alkylamino C1-C6 alkyl group that may have one or more sub-
stituents selected from said Group A, a cyano group, a C1-C6 alkylamino C1-C6 alkyl group that may have one
or more substituents selected from said Group A, an oxo group, a C1-C6 alkylcarbonyl group that may have
one or more substituents selected from said Group A, a C3-C8 cycloalkylcarbonyl group that may have one or
more substituents selected from said Group A, a C3-C8 cycloalkyl C1-C6 alkylcarbonyl group that may have
one or more substituents selected from said Group A, a C1-C6 alkylsulfonyl group that may have one or more
substituents selected from said Group A, a C1-C6 alkylamino C1-C6 alkylcarbonyl group that may have one or
more substituents selected from said Group A, a C1-C6 alkylaminocarbonyl group that may have one or more
substituents selected from said Group A, a C1-C6 alkylamino C1-C6 alkylsulfonyl group that may have one or
more substituents selected from said Group A, a diC1-C6 alkylamino C1-C6 alkylsulfonyl group that may have
one or more substituents selected from said Group A, a C1-C6 alkylaminosulfonyl group that may have one or
more substituents selected from said Group A, a diC1-C6 alkylaminosulfonyl group that may have one or more
substituents selected from said Group A, a diC1-C6 alkylamino C1-C6 alkylcarbonyl group that may have one
or more substituents selected from said Group A, a diC1-C6 alkylaminocarbonyl group that may have one or
more substituents selected from said Group A, an arylsulfonyl group that may have one or more substituents
selected from said Group A, a heteroarylsulfonyl group that may have one or more substituents selected from
said Group A, a heteroaryl C1-C6 alkylsulfonyl group that may have one or more substituents selected from
said Group A, a heteroaryl C1-C6 alkylcarbonyl group that may have one or more substituents selected from
said Group A, and a group represented by the following general formula (2):

wherein n is any of 0 to 3, Ring A represents any of an azetidine ring, a pyrrolidine ring, a pyridine ring, a morpholine
ring, and a piperazine ring, and a carbon atom(s) constituting the ring may have one or more substituents selected
from said Group A.

3. A compound represented by general formula (1a) or a salt thereof:
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wherein R1, R2, R4, and Ra to Rc have the same meanings as defined in claim 2 and R3a and R3b each independently
represent a C1-C6 alkyl group that may have one or more substituents selected from the following Group A, a C1-C6
alkoxy group that may have one or more substituents selected from the following Group A, a C1-C6 alkylamino
group that may have one or more substituents selected from the following Group A, a diC1-C6 alkylamino group
that may have one or more substituents selected from the following Group A, a C3-C8 cycloalkyl group that may
have one or more substituents selected from the following Group A, an amino group, a halogen atom, a hydroxyl
group, or a hydrogen atom:

Group A: a halogen atom, a hydroxy group, a C1-C6 alkyl group, a C3-C8 cycloalkyl group, a C1-C6 alkoxy
group, an amino group, a C1-C6 alkylamino group, a diC1-C6 alkylamino group, a cyano group, a C1-C6 alkylamino
C1-C6 alkyl group, and an oxo group.

4. The compound according to claim 3 or a salt thereof, wherein R3a and R3b each independently represent a C1-C6
alkyl group, a halogeno C1-C6 alkyl group, or a hydrogen atom.

5. The compound according to any one of claims 1 to 4 or a salt thereof, wherein R1 and R2 are a combination of a
C1-C6 alkyl group and a hydrogen atom or both represent a hydrogen atom.

6. The compound according to any one of claims 1 to 5 or a salt thereof, wherein R4 represents a C1-C6 alkyl group
or a hydrogen atom.

7. The compound according to any one of claims 1 to 6 or a salt thereof, wherein Ra represents any one selected from
the following formulas Ra1 to Ra11:

wherein, in formula Ra5, R6 represents -SO2R8 or -COR8, wherein R8 represents a C1-C6 alkyl group that may have
one or more substituents or an aryl group that may have one or more substituents, and, in formula Ra8, R9a represents
a C1-C6 alkyl group, a C3-C8 cycloalkyl group, an amino C1-C6 alkyl group, a C1-C6 alkylamino C1-C6 alkyl group,
a diC1-C6 alkylamino C1-C6 alkyl group, a hydroxy C1-C6 alkyl group, a carboxy C1-C6 alkyl group, an aryl group
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that may have one or more substituents selected from said Group A, or a heteroaryl group that may have one or
more substituents selected from said Group A.

8. The compound according to any one of claims 1 to 7 or a salt thereof, wherein, when Rb and Rc, together with the
nitrogen atom to which Rb and Rc are bonded, forms a 4- to 7-membered alicyclic nitrogen-containing heterocyclic
group that may have one or more substituents, the 4- to 7-membered alicyclic nitrogen-containing heterocyclic group
moiety is an azetidine ring, a pyrrolidine ring, a morpholine ring, a piperazine ring, or a piperidine ring.

9. The compound according to any one of claims 1 to 8 or a salt thereof, wherein Rb, Rc, or a group formed by Rb
and Rc, together with the nitrogen atom to which Rb and Rc are bonded are any one selected from the following
formulas Rbc1 to Rbc80:
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wherein, in formulas Rbc1 to Rbc80, R9a, R9b, R9c, R10, and R11 each independently represent a C1-C6 alkyl group,
a C3-C8 cycloalkyl group, an amino C1-C6 alkyl group, a C1-C6 alkylamino C1-C6 alkyl group, a diC1-C6 alkylamino
C1-C6 alkyl group, a hydroxy C1-C6 alkyl group, a carboxy C1-C6 alkyl group, an aryl group that may have one or
more substituents selected from said Group A, or a heteroaryl group that may have one or more substituents selected
from said Group A, and R9d and R9e each independently represent a C1-C6 alkyl group, a C3-C8 cycloalkyl group,
an amino C1-C6 alkyl group, a C1-C6 alkylamino C1-C6 alkyl group, a diC1-C6 alkylamino C1-C6 alkyl group, a
hydroxy C1-C6 alkyl group, a carboxy C1-C6 alkyl group, an aryl group that may have one or more substituents
selected from said Group A, a heteroaryl group that may have one or more substituents selected from said Group
A, a hydrogen atom, a hydroxyl group, an amino group, a group represented by NH-R10, or a group represented
by NR10R11.
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10. A compound represented by a general formula (1b or a salt thereof:

wherein
R12 represents methyl group or hydrogen,
R13 represents a C1-C6 alkyl group that may have one to three halogen atom(s) or a C3-C8 cycloalkyl group,
R14 represents any one selected from the following formulas:

11. A compound or a salt thereof, the compound being selected from the group consisting of:
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12. A compound represented by the following formula:

13. A compound represented by the following formula:

14. A compound represented by the following formula:

15. A compound represented by the following formula:

16. A compound represented by the following formula:
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17. A compound represented by the following formula:

18. A compound represented by the following formula:

19. A methanesulfonate of the compound represented by the following formula:

20. A methanesulfonate of the compound represented by the following formula:
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21. A methanesulfonate of the compound represented by the following formula:

22. A methanesulfonate of the compound represented by the following formula:

23. A methanesulfonate of the compound represented by the following formula:

24. A methanesulfonate of the compound represented by the following formula:

25. A methanesulfonate of the compound represented by the following formula:
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26. A sulfate of the compound represented by the following formula:

27. A sulfate of the compound represented by the following formula:

28. A sulfate of the compound represented by the following formula:

29. A sulfate of the compound represented by the following formula:
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30. A sulfate of the compound represented by the following formula:

31. A sulfate of the compound represented by the following formula:

32. A sulfate of the compound represented by the following formula:

33. An inhibitor of phosphatidylinositol 3-kinase (PI3K) comprising the compound according to any one of claims 1 to
18 or a salt thereof.

34. An inhibitor of the mammalian target of rapamycin (mTOR) comprising the compound according to any one of claims
1 to 18 or a salt thereof.

35. An inhibitor of phosphatidylinositol 3-kinase (PI3K) and the mammalian target of rapamycin (mTOR) comprising the
compound according to any one of claims 1 to 18 or a salt thereof.

36. A medicament comprising the compound according to any one of claims 1 to 18 or a salt thereof as an active
ingredient.

37. An anti-tumor agent comprising the compound according to any one of claims 1 to 18 or a salt thereof as an active
ingredient.

38. The anti-tumor agent according to claim 37,
wherein the tumor is selected from the following group: brain tumor, ovarian cancer, lung cancer, breast cancer,
colon cancer, gastrointestinal cancer, prostate cancer and melanoma.

39. A pharmaceutical composition comprising a compound according to any one of claims 1 to 18 or a salt thereof and
a pharmaceutically acceptable carrier.
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40. A therapeutic agent for a tumor having a mutation(s) of PTEN (phosphate and tensin homolog) comprising the
compound according to any one of [1] to [18] or a salt thereof as an active ingredient.

41. A therapeutic agent for a tumor having over-expression of PI3K (phosphatidylinositol 3-kinase) comprising the
compound according to any one of [1] to [18] or a salt thereof as an active ingredient.

42. A therapeutic agent for a tumor having a mutation(s) of PI3K (phosphatidylinositol 3-kinase) comprising the compound
according to any one of [1] to [18] or a salt thereof as an active ingredient.

43. A therapeutic agent for a tumor with an activated phosphorylation level of Akt comprising the compound according
to any one of [1] to [18] or a salt thereof as an active ingredient.

44. A method for treating a tumor comprising administering the compound according to any one of claim 1 to claim 18
or a salt thereof.

45. The method for treating a tumor according to claim 44, wherein the tumor is selected from the following group: brain
tumor, ovarian cancer, lung cancer, breast cancer, colon cancer, gastrointestinal cancer, prostate cancer and
melanoma.

46. A method for treating a tumor having a mutation(s) of PTEN (phosphate and tensin homolog) comprising adminis-
tering the compound according to any one of claims 1 to 18 or a salt thereof.

47. A method for treating a tumor having over-expression of PI3K (phosphatidylinositol 3-kinase) comprising adminis-
tering the compound according to any one of claims 1 to 18 or a salt thereof.

48. A method for treating a tumor having a mutation(s) of PI3K (phosphatidylinositol 3-kinase) comprising administering
an effective amount of the compound according to any one of claims 1 to 18 or a salt thereof.

49. A method for treating a tumor with an activated phosphorylation level of Akt comprising administering an effective
amount of the compound according to any one of claims 1 to 18 or a salt thereof.

50. The use of a compound according to any one of [1] to [18] or a salt thereof, in the manufacture of a medicament.

51. The use of a compound according to any one of [1] to [18] or a salt thereof, in the manufacture of an antitumor agent.
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