
I  DESCRIPTION PYRAZOLOPYRIMIDINE DERIVATIVE  Technical Field
The present invention relates to a tricyclic compound derived from
pyrazolopyrimidine which inhibits the effect of heat shock protein 90
(HSP90).  Background Art HSP90 is a major intracellular chaperone
protein. Chaperone proteins are  proteins that bind to various proteins to
assist in folding of the bound proteins. A  group of proteins whose folding
requires HSP90 are generally called HSP90 client  proteins. It is assumed
that HSP90 as well as multiple proteins such as co-chaperones,  partner
proteins and immunophilins are involved in the mechanism of folding of
client proteins by HSP90 and that they collaboratively assist in folding of
HSP90  client proteins (Non-Patent Document 1); however, the details of
the mechanism are  still not sufficiently clear. It is assumed that HSP90
client proteins form a complex  with HSP90, co-chaperones and the like
and are then conformationally changed to  mature proteins, and that the
proteins are ubiquitinated and degraded by proteasomes  when they are
not folded normally by HSP90 and the like (Non-Patent Documents I  to
4). In recent years, HSP90 inhibitors have been expected as candidates
for  therapeutic agents for various diseases (for example, cancer,
neurodegenerative  diseases such as Alzheimer's disease, cardiovascular
diseases, infections,  autoimmune diseases, and diseases associated with
apoptotic cell injury) (Non-Patent  Document 2). 2  



In particular, since many cancer-associated proteins including molecular
targets for anticancer agents are IISP90 client proteins, HSP90 inhibitors
have been  expected as candidates for anticancer agents. For example,
multiple proteins  involved in the appearance and development of cancer
such as Her2, Raf, Akt and  teiornerase are known as HSP90 client
proteins (Non-Patent Document 1). It is  assumed that these
cancer-associated proteins are changed from immature proteins to
mature proteins and act to cause malignant transformation of cells, by use
of HSP90  as a chaperone protein. HSP90 is a protein that exists not only
in cancer cells but  also in normal cells, and it is reported that the affinity
with a client protein and the  ATPase activity necessary for its chaperone
activity are higher in cancer cells than in  normal cells (Non-Patent
Documents 1 to 3). Therefore, HSP90 inhibitors are  assumed to be
capable of inactivating multiple cancer-associated proteins
simultaneously in a cancer cell-specific manner, and have been expected
as  candidates for anticancer agents that are potent and have a broad
antitumor spectrum. Geidanamycin, herbimycin,
17-allylaminogeldanamycin (17/ -AAG) and the  like are known as HSP90
inhibitors (Non-Patent Documents 1 to 4). These  compounds bind to the
ATP binding pocket at the N-terminal of HSP90 and inhibit  binding of
HSP90 to ATP in order to inhibit the function of HSP90 as a chaperone
protein. Various compounds inhibiting HSP90 are reported in addition to
the above  compounds (Patent Document 1, Non-Patent Document 5 and
Non-Patent Document  6). [Patent Document 1] WO 2005/28434
[Non-Patent Document I] Medicinal Research Reviews (2006) Vol. 26, No.
3, 310-338 [Non-Patent Document 2] TRENDS in Molecular Medicine
(2004) Vol. 10,  No. 6. 283-290 



[Non-Patent Document 3] British Journal of Pharmacology (2005) 146,
769- 780 [Non-Patent Document 4] TRENDS in Biochemical Sciences
(2006) Mar,  31(3), 164-172 [Non-Patent Document 5] Journal of
Medicinal Chemistry (2005) Vol. 48,  No. 13, 4212-4215 [Non-Patent
Document 6] Journal of Medicinal Chemistry (2006) Vol. 49,  No. 1,
381-390 Disclosure of the Invention Problems to be Solved by the
Invention Although HSP90 inhibitors have been expected to be used as
medicaments, in  particular as anticancer agents as described above, an
effective compound has not yet  been obtained. Therefore, there is a need
to develop a novel compound inhibiting  the effect of HSP90, in particular
a novel compound inhibiting the function of  HSP90 as a chaperone
protein and. having antitumor activity. Means for Solving the Problems As
a result of extensive studies to solve the above problems, the present
inventors have found a tricyclic compound derived from
pyrazolopyrimidine which  is represented by the formula (1), as a novel
compound inhibiting the ATPase  activity of HSP90 and having antitumor
activity. This finding has led to the  completion of the present invention.
Specifically, the present invention provides: [1] A compound represented
by the formula (1), a salt of the compound, or a  hydrate of the compound
or the salt: 4  Ri R2 



2'  R' 3j (1)  ti ' Nlh wherein in the formula (1), R' represents a methylene
group, an ethylene group or a propenylene group  which may be
substituted with I or 2 alkyl groups having I to 8 carbon atoms, R2
represents an aryl group which may have a substituent(s) or a
heterocyclic  group which may have a substituent(s), Ring A represents a
5- to 8-membered ring (wherein the ring constituent  atoms of Ring A
other than the sulfur atom at the 6-position are carbon atoms), and  R3
represents a hydrogen atom or 1 to 4 same or different substituents with
which Ring A is substituted, wherein  the same or different substituents
each independently represents a substituent selected from the group
consisting  of a halogen atom, a hydroxy group, a carboxy group, an alkyl
group having 1 to 8  carbon atoms which may have a substituent(s), an
alkenyl group having I to 8 carbon  atoms which may have a
substituent(s), an alkynyi group having 1 to 8 carbon atoms  which may
have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which
may have a substituent(s), an alkoxycarbonyl group having 1 to 8 carbon
atoms  which may have a substituent(s), an alkanoyloxy group having I to
8 carbon atoms  which may have a substituent(s), a carbamoyl group
which may have a substituent(s),  a carbamoyloxy group which may have
a substituent(s), an alkylsulfonyloxy group  having i to 8 carbon atoms
which may have a substituent(s), an amino group which  may have a
substituent(s), a cyano group, an aryl group which may have a 5  



substituent(s), a heterocyclic group which may have a substituent(s), an
oxo group  and =NOR'` (wherein R3' represents a hydrogen atom or an
alkyl group having 1 to  8 carbon atoms which may have a substituent(s)),
and when there is a plurality of the same or different substituents, any two
substituents of the same or different substituents together with the carbon
atom(s) on  which they are substituted may form a saturated or
unsaturated, fused or Spiro 3- to  8-membered ring which may have a
substituent(s); [2] The compound according to [1], a salt of the compound,
or a hydrate of  the compound or the salt, wherein R' in the formula (1) is a
methylene group which  may be substituted with I or 2 alkyl groups having
1 to 8 carbon atoms; [3] The compound according to [1] or [2], a salt of the
compound, or a  hydrate of the compound or the salt, wherein R2 in the
formula (1) is a heterocyclic  group which may have a substituent(s); [4]
The compound according to any one of [I ] to [3], a salt of the compound,
or a hydrate of the compound or the salt, wherein RZ in the formula (1) is
a pyridyl  group which may have a substituent(s); [5] The compound
according to any one of [ 1 ] to [4], a salt of the compound,  or a hydrate of
the compound or the salt, wherein Ring A in the formula (1) is a 6- or
7-membered ring (wherein the ring constituent atoms of Ring A other than
the sulfur  atom at the 6-position are carbon atoms); [6] The compound
according to any one of [1] to [5], a salt of the compound,  or a hydrate of
the compound or the salt, wherein R3 in the formula (1) is a hydrogen
atom or 1 to 4 same or different substituents with which Ring A is
substituted,  wherein the same or different substituents are each
independently a substituent selected from the group consisting of a  



hydroxy group, a carboxy group, an alkyl group having I to 8 carbon atoms
which  may have a substituent(s), an alkynyl group having I to 8 carbon
atoms which may 6  have a substituent(s), an alkoxy group having I to 8
carbon atoms which may have a  substituent(s), a carbamoyl group which
may have a substituent(s), a carbamoyloxy  group which may have a
substituent(s), an alkylsulfonyloxy group having I to 8  carbon atoms which
may have a substituent(s), an amino group which may have a
substituent(s), a cyano group, a heterocyclic group which may have a
substituent(s)  and an oxo group, and when there is a plurality of the same
or different substituents, any two  substituents of the same or different
substituents together with the carbon atom(s) on  which they are
substituted may form a saturated or unsaturated, fused or Spiro 3- to
8-membered ring which may have a substituent(s); [7] The compound
according to [1], a salt of the compound, or a hydrate of  the compound or
the salt, wherein the formula (1) is the following formula (ta):  `--N R 5 N
INTHz wherein in the formula (I a), R', R2 and R3 are as defined for R', R2
and R3 in  [I!! respectively; [8] The compound according to [1 ], a salt of
the compound, or a hydrate of  the compound or the salt, wherein the
formula (1) is the following formula (lb):  N-n S wherein in the formula (Ib),
R', R2 and R3 are as defined for R', R2 and R3 in  [I], respectively; 



7  [9] The compound according to [1], a salt of the compound, or a hydrate
of the compound or the salt, wherein the formula (1) is the following
formula (I c):  Ti-N a ~N (I C)  ~-S N NFI, wherein in the formula (I c), R',
R' and R3 are as defined for RI, R' and R3 in  [1], respectively; [10] The
compound according to [11, a salt of the compound, or a hydrate of  the
compound or the salt, wherein the formula (1) is the following formula (ld):
RI  N-N ~5~~6 NHz wherein in the formula (I d), R', R' and R3 are as
defined for R', R' and R3 in  [1], respectively; [11 1] A compound
represented by the formula (2), a salt of the compound, or a  hydrate of
the compound or the salt: /R' R2  NI ZN R'3 sN (2  S.JaN4 R4 e  wherein
in the formula (2), 8  R' represents a methylene group, an ethylene group
or a propenylene group 



which may be substituted with I or 2 alkyl groups having 1 to 8 carbon
atoms, R' represents an aryl group which may have a substituent(s) or a
heterocyclic  group which may have a substituent(s), Ring A represents a
5- to 8-membered ring (wherein the ring constituent  atoms of Ring A
other than the sulfur atom at the 6-position are carbon atoms), R3
represents a hydrogen atom or I to 4 same or different substituents with
which Ring A is substituted, wherein  the same or different substituents
each independently represents a substituent selected from the group
consisting  of a halogen atom, a hydroxy group, a carboxy group, an alkyl
group having I to 8  carbon atoms which may have a substituent(s), an
alkenyl group having 1 to 8 carbon  atoms which may have a
substituent(s), an al'kynyl group having 1 to 8 carbon atoms  which may
have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which
may have a substituent(s), an alkoxycarbonyl group having 1 to 8 carbon
atoms  which may have a substituent(s), an alkanoyloxy group having 1 to
8 carbon atoms  which may have a substituent(s), a carbamoyl group
which may have a substituent(s),  a carbamoyloxy group which may have
a substituent(s), an alkylsulfonyloxy group  having 1 to 8 carbon atoms
which may have a substituent(s), an amino group which  may have a
substituent(s), a cyano group, an aryl group which may have a
substituent(s), a heterocyclic group which may have a substituent(s), an
oxo group  and =NOR31 (wherein R31 represents a hydrogen atom or an
alkyl group having 1 to 8 carbon atoms which may have a substituent(s)),
and when there is a plurality of the same or different substituents, any two
substituents of the same or different substituents together with the carbon
atom(s) on  which they are substituted may form a saturated or
unsaturated, fused or spiro 3- to  



8-membered ring which may have a substituent(s), and 9  RQ represents
an amino group having a protecting group; [12] A compound represented
by the formula (3), a salt of the compound, or a  hydrate of the compound
or the salt: if  R A (3)  y a NH2 6 5 wherein in the formula (3), Ring A
represents a 5- to 8-membered ring (wherein the ring constituent  atoms
of Ring A other than the sulfur atom at the 6-position are carbon atoms),
and  R3 represents a hydrogen atom or 1 to 4 same or different
substituents with  which Ring A is substituted, wherein  the same or
different substituents each independently represents a substituent
selected from the group consisting  of a halogen atom, a hydroxy group, a
carboxy group, an alkyl group having 1 to 8  carbon atoms which may
have a substituent(s), an alkenyl group having 1 to 8 carbon  atoms which
may have a substituent(s), an alkynyl group having 1 to 8 carbon atoms
which may have a substituent(s), an alkoxy group having 1 to 8 carbon
atoms which  may have a substituent(s), an alkoxycarbonyl group having
1.. to 8 carbon atoms  which may have a substituent(s), an alkanoyloxy
group having 1 to 8 carbon atoms  which may have a substituent(s), a
carbamoyl group which may have a substituent(s),  a carbamoyloxy group
which may have a substituent(s), an alkylsulfonyloxy group  having 1 to 8
carbon atoms which may have a substituent(s), an amino group which  



may have a substituent(s), a cyano group, an aryl group which may have
a  substituent(s), aheterocyclic group which may have a substituent(s), an
oxo group 10  and -NOR 31 (wherein R31 represents a hydrogen atom or
an alkyl group having 1 to  8 carbon atoms which may have a
substituent(s)), and when there is a plurality of the same or different
substituents, any two  substituents of the same or different substituents
together with the carbon atom(s) on  which they are substituted may form
a saturated or unsaturated, fused or Spiro 3- to  8-membered ring which
may have a substituent(s); [13] An HSP90 inhibitor comprising the
compound according to any one of  [1] to [10], a salt of the compound, or
a hydrate of the compound or the salt; [14] An inhibitor of the ATPase
activity of HSP90 comprising the compound  according to any one of [1] to
[10], a salt of the compound, or a hydrate of the  compound or the salt; [
15] An inhibitor of binding of HSP90 to ATP comprising the compound
according to any one of [ 1 ] to [ 10], a salt of the compound, or a hydrate
of the  compound or the salt; [ 16] A medicament comprising the
compound according to any one of [ 1 ] to  [10], a salt of the compound, or
a hydrate of the compound or the salt as an active  ingredient; [17] An
anticancer agent comprising the compound according to any one of  [ 1] to
[ 10], a salt of the compound, or a hydrate of the compound or the salt as
an  active ingredient; [18] A pharmaceutical composition comprising the
compound according to  any one of [1] to [10], a salt of the compound, or
a hydrate of the compound or the  salt, and a pharmaceutically acceptable
carrier; 



[19] A method for treating cancer comprising administering the compound
according to any one of [I ] to [10], a salt of the compound, or a hydrate of
the  compound or the salt; and 11  [20] Use of the compound according to
any one of [l ] to [12], a salt of the compound, or a hydrate of the
compound or the salt for the manufacture of a  medicament. Advantages
of the Invention According to the present invention, there are provided a
novel compound  inhibiting an effect of HSP90, a therapeutic agent for a
disease caused by an effect of  HSP90 comprising the compound, a
method for treating a disease caused by an effect  of HSP90 using the
compound. In particular, according to the present invention,  there are
provided a novel compound inhibiting the function of l-ISP90 as a
chaperone protein and having antitumor activity, an anticancer agent
comprising the  compound, and a method for treating cancer using the
compound. Best Mode for Carrying Out the Invention In the present
invention, "heat shock protein 90" or "HSP90" refers to any or  all of the
HSP90 family unless otherwise specified. The HSP90 family includes
HSP90a., HSP90p, 94kDa glucose-regulated protein (GRP94) and
Hsp75/tumor  necrosis factor receptor associated protein I (TRAP 1), for
example. In the present invention, "HSP90 inhibitor" refers to a compound
or  composition that partially or completely inhibits an effect of HSP90.
Examples of  the HSP90 inhibitor include a compound or composition that
partially or completely  inhibits the expression of HSP90 and a compound
or composition that partially or  completely inhibits the function of HSP90
as a chaperone protein. Here, "function of HSP90 as a chaperone protein"
refers to a function of  



HSP90 to assist folding of a client protein to convert the client protein to its
functioning form, or a function of HSP90 to stabilize a client protein, for
example. Accordingly, specific examples of the HSP90 inhibitor include a
compound  inhibiting the expression of HSP90, a compound inhibiting
binding of FISP90 to a 12  client protein, a compound inhibiting binding of
HSP90 to co-chaperones or  immunophilins, a compound inhibiting
binding of HSP90 to ATP, a compound  inhibiting the ATPase activity of
HSP90 and a compound inhibiting the  conformational change of HSP90.
The HSP90 inhibitor can be used as a  therapeutic agent for a disease
caused by an effect of HSP90. in the present invention, examples of the
"disease caused by an effect of  HSP90" include cancer,
neurodegenerative diseases such as Alzheimer's disease,  cardiovascular
diseases, infections, autoimmune diseases, and diseases associated  with
apoptotic cell injury. Each substituent in the formulas (1) to (3) according
to the present invention  will be described below. First, R' will be
described. R' represents a methylene group, an ethylene group or a
propenylene group  which may be substituted with I or 2 alkyl groups
having I to 8 carbon atoms.  The "methylene group, ethylene group or
propenylenc group which may be substituted with 1 or 2 alkyl groups
having 1 to 8 carbon atoms" refers to a  methylene group, an ethylene
group or a propenylene group which may be  substituted with I or 2 linear,
branched or cyclic alkyl groups having 1 to 8 carbon  atoms. Examples of
the alkyl group having I to 8 carbon atoms include a methyl  group, an
ethyl group, a propyl group, an isopropyl group, a cyclopropyl group, a
cyclobutyl group, a cyclopentyl group and a cyclohexylethyl group. 



Next, R2 will be described. RZ represents an aryl group which may have a
substituent(s) or a heterocyclic  group which may have a substituent(s).
The aryl group in the "aryl group which may have a substituent(s)" refers
to a  substituent derived from a monocyclic or polyeyclic aromatic
hydrocarbon  compound. The aryl group may be bonded at any position.
Examples of the aryl  group include a phenyl group, a naphthyl group and
a fluorenyl group. These aryl 13  groups may be substituted with one or
the same or different 2 to 5 substituents  selected from the group
consisting of an alkyl group having 1 to 8 carbon atoms  which may have
a substituents) and c), d), f) to j) and 1) to q) in the later-described
Substituent Group. Here, the alkyl group having I to 8 carbon atoms in the
"alkyl group having I  to 8 carbon atoms which may have a substituent(s)"
refers to a linear, branched or  cyclic alkyl group having Ito 8 carbon
atoms. Examples of the alkyl group having  I to 8 carbon atoms include a
methyl group, an ethyl group, a propyl group, an  isopropyl group, a
cyclopropyl group, a cyclobutyl group, a cyclopentyl group and a
cyclohexylethyI group. These alkyl groups having 1 to 8 carbon atoms
may be  substituted with one or the same or different 2 or 3 substituents
selected from c) to j)  and 1) to q) in the later-described Substituent
Group. The alkyl group having I to 8  carbon atoms may be substituted on
the same carbon atom or different carbon atoms  with these substituents,
insofar as it can be substituted. The heterocyclic group in the "heterocyclic
group which may have a  substituent(s)" refers to a substituent derived
from a saturated or unsaturated,  monocyclic or condensed heterocyclic
compound containing one or more oxygen,  nitrogen or sulfur atoms as
constituent atoms of the ring structure. The heterocyclic  



group may be bonded at any position. Examples of the saturated
heterocyclic group  include a group derived from azetidine, pyrrolidine,
imidazolidine, triazolidine,  tetrahydrofuran, tetrahydrothiophene,
oxazolidine, thiazolidine, piperidine,  piperazine, tetrahydropyran, dioxane,
tetrahydrothiopyran, morpholine,  thiomorpholine, homomorpholine or
homopiperazine. Examples of the unsaturated  heterocyclic group include
a group derived from pyrrole, pyrazole, imidazole,  triazole, tetrazole,
thiophene, furan, thiazole, oxazole, isothiazole, isoxazole, pyridine,
dihydropyridine, pyridazine, pyrimidine, pyrazine, quinoline, isoquinoiine,
indole,  1,3-dioxaindan, benzothiazole, benzodioxole, benzodioxane or
thiazolopyridine.  These heterocyclic groups may be substituted with one
or the same or different 2 to 5 14  substituents selected from the group
consisting of an alkyl group having 1 to 8  carbon atoms which may have
a substituent(s) and c), d), f) to j) and 1) to q) in the  later-described
Substituent Group. Here, the "alkyl group having 1 to 8 carbon  atoms
which may have a substituent(s)" is as defined above. Next, R3 will be
described. R3 represents a hydrogen atom or 1 to 4 same or different
substituents with  which Ring A is substituted (wherein the same or
different substituents each  independently represents a substituent
selected from the group consisting of a  halogen atom, a hydroxy group, a
carboxy group, an alkyl group having 1 to 8 carbon atoms which may have
a substituent(s), an allcenyl group having 1 to 8 carbon  atoms which may
have a substituent(s), an alkynyl group having I to 8 carbon atoms  which
may have a substituent(s), an alkoxy group having 1 to 8 carbon atoms
which  may have a substituent(s), an alkoxycarbonyl group having I to 8
carbon atoms  which may have a substituent(s), an alkanoyloxy group
having 1 to 8 carbon atoms  which may have a substituent(s), a carbamoyl
group which may have a substituent(s),  



a earbamoyloxy group which may have a substituent(s), an
alkylsulfonyloxy group  having I to 8 carbon atoms which may have a
substituent(s), an amino group which  may have a substituent(s), a cyano
group, an aryl group which may have a  substituent(s), a heterocyclic
group which may have a substituent(s), an oxo group  and =NOR31
(wherein R31 represents a hydrogen atom or an alkyl group having 1 to 8
carbon atoms which may have a substituent(s)), and when there is a
plurality of the  same or different substituents, any two substituents of the
same or different  substituents together with the carbon atom(s) on which
they are substituted may form  a saturated or unsaturated, fused or spiro
3- to 8-membered ring which may have a  substituent(s)). When R.3
represents 2 to 4 same or different substituents, Ring A may be
substituted on the same carbon atom or different carbon atoms with these
substituents, insofar as it can be substituted. 15  The "alkyl group having 1
to 8 carbon atoms which may have a substituent(s)" is as defined for R2
above. The alkenyl group having I to 8 carbon atoms in the "alkcnyl group
having I  to 8 carbon atoms which may have a substituent(s)" refers to a
linear, branched or  cyclic alkenyl group having i to 8 carbon atoms.
Examples of the alkenyl group  having 1 to 8 carbon atoms include a vinyl
group, an allyl group, a 1-propenyl group,  a 3-methyl-2-pentenyl group, a
1-butenyl group, a cyclopentenyl group and a  cyclohexenylethyl group.
These alkenyl groups having 1 to 8 carbon atoms may be  substituted with
one or the same or different 2 or 3 substituents selected from c) to j)  and
1) to q) in the later-described Substituent Group. The alkenyl group having
I to  8 carbon atoms may be substituted on the same carbon atom or
different carbon  atoms with these substituents, insofar as it can be
substituted. 



The alkynyl group having 1 to 8 carbon atoms in the "alkynyl group having
I  to 8 carbon atoms which may have a substituent(s)" refers to a linear or
branched  alkynyl group having I to 8 carbon atoms. Examples of the
alkynyl group having 1  to 8 carbon atoms include an ethynyl group, a
1-propynyl group, a 2-propynyl group,  a 1-butynyl group, a 3-butynyl
group and a 4-pentynyl group. These alkynyl groups  having I to 8 carbon
atoms may be substituted with one or the same or different 2 or  3
substituents selected from c) to j) and 1) to q) in the later-described
Substituent  Group. The alkynyl group having I to 8 carbon atoms may be
substituted on the  same carbon atom or different carbon atoms with these
substituents, insofar as it can  be substituted. The alkoxy group having I to
8 carbon atoms in the "alkoxy group having 1  to 8 carbon atoms which
may have a substituent(s)" refers to an alkoxy group  containing an alkyl
group having 1 to 8 carbon atoms as described above in its  structure.
Examples of the alkoxy group having I to 8 carbon atoms include a
methoxy group, an ethoxy group, an n-propyloxy group, an isopropyloxy
group, an  isobutyloxy group, a cycloprotylmethyloxy group and a
cyclopentylmethyloxy 16  group. These alkoxy groups having I to 8 carbon
atoms maybe substituted with  one or the same or different 2 or 3
substituents selected from e) to j) and 1) to q) in  the later-described
Substituent Group. The alkoxy group having I to 8 carbon  atoms may be
substituted on the same carbon atom or different carbon atoms with  these
substituents, insofar as it can be substituted. The alkoxycarbonyl group
having 1 to 8 carbon atoms in the "alkoxycarbonyl  group having I to 8
carbon atoms which may have a substituent(s)" refers to an
alkoxycarbonyl group containing an alkoxy group having I to 8 carbon
atoms as  described above in its structure. Examples of the
alkoxycarbonyl group having I to  



8 carbon atoms include a methoxycarbonyl group, an ethoxycarbonyl
group, an n- propyloxycarbonyl group, an isopropyloxycarbonyl group, an
isobutyloxycarbonyl  group, a cyclopropylmethyloxycarbonyl group and a
cyclopentylmethyloxycarbonyl  group. These aikoxycarbonyl groups
having 1 to 8 carbon atoms maybe  substituted with one or the same or
different 2 or 3 substituents selected from e) to j)  and!) to q) in the
later-described Substituent Group. The alkoxycarbonyl group  having 1 to
8 carbon atoms maybe substituted on the same carbon atom or different
carbon atoms with these substituents, insofar as it can be substituted. The
alkanoyloxy group having I to 8 carbon atoms in the "alkanoyloxy group
having I to 8 carbon atoms which may have a substituent(s)" refers to an
alkanoyloxy group containing an alkanoyl group having 1 to 8 carbon
atoms in its  structure. The "alkanoyl group having 1 to 8 carbon atoms"
refers to a linear,  branched or cyclic alkanoyl group having I to 8 carbon
atoms. Examples of the  group include a formyl group, an acetyl group, an
n-propionyl group, an n-butyryl  group, an isobutyryl group, a
cyclopropanecarbonyl group and a  cyclohexanecarbonyl group.
Accordingly, examples of the alkanoyloxy group  having 1 to 8 carbon
atoms include a formyloxy group, an acetyloxy group, an n- propionyloxy
group, an n-butyryloxy group, an isobutyryloxy group, a
eyclopropanecarbonyloxy group and a cyclohexanecarhonyloxy group.
These 17  alkanoyloxy groups having 1 to 8 carbon atoms may be
substituted with one or the  same or different 2 or 3 substituents selected
from c) to j) and 1) to q) in the later- described Substituent Group. The
alkanoyloxy group maybe substituted on the  same carbon atom or
different carbon atoms with these substituents, insofar as it can  be
substituted. The "carbamoyl group which may have a substituent(s)"
refers to a carbamoyl  



group having a substituent(s) or a 4- to 7-membered saturated
nitrogen-containing  heterocyclic carbonyl group which may have a
substituent(s), in addition to a  carbamoyl group. Here, the carbamoyl
group having a substituent(s) refers to a carbamoyl group  substituted with
one or the same or different two substituents selected from the group
consisting of an alkyl group having 1 to 8 carbon atoms which may have a
substituent(s) as defined above, an alkenyl group having 1 to 8 carbon
atoms which  may have a substituent(s) as defined above, an alkynyl
group having 1 to 8 carbon  atoms which may have a substituent(s) as
defined above, an aryl group which may  have a substituent(s) as defined
for R2 above and a heterocyclic group which may  have a substituent(s)
as defined for R2 above. Examples of the 4- to 7-membered saturated
nitrogen-containing heterocyclic  carbonyl group include an
azetidinocarbonyl group, a pyrrolidinocarbonyl group, a
morpholinocarbonyl group and a piperazinocarbonyl group. The 4- to
7-membered  saturated nitrogen-containing heterocyclic carbonyl group
maybe substituted with  one or the same or different 2 or 3 substituents or
atoms selected from an alkyl group  which may have a substituents) as
defined above and c) to j) and 1) to q) in the later- described Substituent
Group. The saturated nitrogen-containing heterocyclic  carbonyl group
may be substituted on the same carbon atom or different carbon  atoms
with these substituents, insofar as it can be substituted, When the
saturated  nitrogen-containing heterocyclic carbonyl group contains as a
constituent atom a  nitrogen atom other than the nitrogen atom bonded to
the carbonyl group, as a 18  piperadinocarhonyl group or the like does,
the nitrogen atom other than the nitrogen  atom bonded to the carbonyl
group may be substituted with a substituent selected  from a), b), j), k), n),
p) and q) in the later-described Substituent Group. 



The "carbamoyloxy group which may have a substituent(s)" refers to a
carbamoyloxy group containing a carbamoyi group which may have a
substituent(s)  as defined above in its structure. Examples of the
carbamoyloxy group include a  carbamoyloxy group, a
methylcarbamoyloxy group, an ethylcarbamoyloxy group, a
cyclopropylmethylcarbarnovloxy group, an N,N-dimethylcarbamoyloxy
group, an N- ethyl-N-methvlcarbamoyloxy group, a pyrrolidinocarboxy
group, a morpholinocarboxy group and a 4-methylpiperazinocarboxy
group. The "alkylsulfonyloxy group which may have a substituent(s)"
refers to an  alkylsulfonyloxy group containing an alkyl group having 1 to 8
carbon atoms which  may have a substituent(s) as defined above in its
structure. Examples of the  alkylsulfonyloxy group having I to 8 carbon
atoms which may have a substituent(s)  include a methanesulfonyloxy
group which may have a substituent(s), an  ethanesulfonyloxy group
which may have a substituent(s), an isopropylsulfonyloxy  group which
may have a substituent(s), a cyclopropanesulfonyloxy group which may
have a substituent(s), a cyclopentanesulfonyloxy gr oup which may have a
substituent(s) and a cyclopentylmethanesulfonyloxy group which may
have a  substituent(s). The "amino group which may have a
substituent(s)" refers to an amino group  substituted with one or the same
or different two substituents, in addition to an amino  group. The
substituent for the amino group is selected from the group consisting of
an alkyl group having 1 to 8 carbon atoms which may have a
substituent(s) as  defined above, an alkenyl group having 1 to 8 carbon
atoms which may have a  substituent(s) as defined above, an alkynyl
group having 1 to 8 carbon atoms which  may have a substituent(s) as
defined above, an alkoxycarbonyl group having 1 to 8  carbon atoms
which may have a substituent(s) as defined above, an alkanoyl group 



19  having 1 to 8 carbon atoms which may have a substituent(s) as
defined above, a  carbamoyl group which may have a substituent(s) as
defined above, an aryl group  which may have a substituent(s) as defined
for R2 above, a heterocyclic group which  may have a substituent(s) as
defined for R2 above, an arylcarbonyl group which may  have a
substituent(s), a heterocyclic carbonyl group which may have a
substituent(s),  an alkylsulfonyl group having 1 to 8 carbon atoms which
may have a substituent(s),  an arylsulfonyl group which may have a
substituent(s) and a heterocyclic sulfonyl  group which may have a
substituent(s). Here, the "arylcarbonyl group which may have a
substituent(s)" refers to an  arylcarbonyl group containing an aryl group
which may have a substituent(s) as  defined for R2 above in its structure.
Examples of the arylcarbonyl group which  may have a substituent(s)
include a phenylcarbonyl group which may have a  substituent(s), a
naphthylcarbonyl group which may have a substituent(s) and a
fluorenylcarbonyl group which may have a substituent(s). The
"heterocyclic carbonyl group which may have a substituent(s)" refers to a
heterocyclic carbonyl group containing a heterocyclic group which may
have a  substituent(s) as defined for R2 above in its structure. Examples
of the heterocyclic  carbonyl group which may have a substituent(s)
include a furoyl group which may  have a substituent(s), a tetrahydrofuroyl
group which may have a substituent(s), a  tetrahydropyrancarbonyl group
which may have a substituent(s), a  pyrrolidinecarbonyl group which may
have a subs tituent(s), a pipecolinoyl group  which may have a
substituent(s), a morpholinecarbonyl group which may have a
substituent(s), a piperazinecarbonyl group which may have a
substituent(s), a  picolinoyl group which may have a substituent(s), a
nicotinoyl group which may  have a substituent(s), an imidazoleearbonyl
group which may have a substituent(s)  



and a thiazolecarbonyl group which may have a substituent(s). The
"alkylsulfonyl group having 1 to 8 carbon atoms which may have a
substitucnt(s)" refers to an alkylsulfonyl group containing an alkyl group
having 11 to 20  8 carbon atoms which may have a substituent(s) as
defined above in its structure.  Examples of the aikylsulfonyl group having
I to 8 carbon atoms which may have a  substituent(s) include a
methanesulfonyl group which may have a substituent(s), an
ethanesulfonyl group which may have a substituent(s), an
isopropylsulfonyl group  which may have a substituent(s), a
cyclopropanesulfonyl group which may have a  substituent(s), a
cyclopentanesulfonyl group which may have a substituent(s) and a
cyclopentylmethanesulfonyl group which may have a substituent(s), The
"arylsulfonyl group which may have a subs tituent(s)" refers to an
arylsulfonyl group containing an aryl group which may have a
substituent(s) as  defined for R2 above in its structure. Examples of the
arylsulfonyl group which  may have a substituent(s) include a
phenylsulfonyl group which may have a  substituent(s), a naphthylsulfonyl
group which may have a substituent(s) and a  fluorenylsulfonyl group
which may have a substituent(s). The "heterocyclic sulfonyl group which
may have a substituent(s)" refers to a  heterocyclic sulfonyl group
containing a heterocyclic group which may have a  substituent(s) as
defined for R2 above in its structure. Examples of the heterocyclic
sulfonyl group which may have a substituent(s) include a
tetrahydropyransulfonyl  group which may have a substituent(s), a
thiophenesulfonyl group which may have a  substituent(s), a furansulfonyl
group which may have a substituent(s), an  isoxazolesulfonyl group which
may have a substituent(s), a thiazolesulfonyl group  which may have a
substituent(s), an imidazolesulfonyl group which may have a
substituent(s), a pyrazolesulfonyl group which may have a substituent(s)
and a  



pyridinesulfonyl group which may have a substituent(s). The "aryl group
which may have a substituent(s)" is as defined for R` above,  The
"heterocyclic group which may have a substituent(s)" is as defined for R2
above, The phrase "when there is a plurality of the same or different
substituents, any  two substituents of the same or different substituents
together with the carbon 21  atom(s) on which they are substituted may
form a saturated or unsaturated, fused or  Spiro 3- to 8-membered ring
which may have a substituent(s)" refers to the fact that a  3- to
8-membered ring which may have a substituent(s) is bonded to Ring A in
the  formula (I) in a fused or Spiro manner. The 3- to 8-membered ring
may be a  saturated ring or an unsaturated ring, and may contain a
nitrogen atom, an oxygen  atom or a sulfur atom as a ring constituent
atom other than a carbon atom. The 3- to  8-membered ring maybe
substituted with one or the same or different 2 or 3  substituents selected
from a) to q) in the above Substituent Group. The 3- to 8- membered ring
may be substituted on the same carbon atom or different carbon  atoms
with these substituents, insofar as it can be substituted. The "alkyl group
having I to 8 carbon atoms which may have a  substituent(s)" in R3 1 is as
defined for R3 above. Next, R4 will be described. R4 represents an amino
group having a protecting group. The protecting group in the "amino group
having a protecting group" is not  particularly limited insofar as it is a
protecting group used in a common organic  chemistry reactions.
Examples of the amino group having a protecting group  include an
alkanoylamino group having I to 6 carbon atoms, a tert
butoxycarbonylamino group, a di(tert-butoxyearbonyl)amino group, a  



benzyloxycarbonylamino group, a di(benzyloxycarbonyl)amino group, a p-
methoxybenzylamino group, a di(p-methoxyhenzyl)amino group, a 2,4-
dimethoxybenzyl amino group, a di(2,4-dimethoxybenzyl)amino group and
an N- (tert-butoxycarbonyl)-N-(2,4-dimethoxybenzyl)amino group. Next,
Ring A will be described. Ring A represents a 5- to 8-membered ring. Ring
A is, as represented by the  formula (1): 22  R' L- s~ (1) i  `' ' IVH2 a 5- to
8-membered heterocyclic group containing as a ring constituent atom  one
sulfur atom at the 6-position of the compound of the formula (1). The ring
constituent atoms of Ring A other than the sulfur atom are formed by
carbon atoms.  Ring A may have a double bond therein. [Substituent
Group] a) an alkyl group having I to 8 carbon atoms The "alkyl group
having 1 to 8 carbon atoms" refers to a linear, branched or  cyclic alkyl
group having 1 to 8 carbon atoms. Examples of the alkyl group having  I to
8 carbon atoms include a methyl group, an ethyl group, a propyl group, an
isopropyl group, a cyclopropyl group, a cyclobutyl group, a cyclopentyl
group and a  cyclohexylethyl group. b) a halogenated alkyl group having I
to 8 carbon atoms The "halogenated alkyl group having I to 8 carbon
atoms" refers to an alkyl  group as defined in a) above which is substituted
with one or the same or different 2  to 4 halogen atoms. The group maybe
substituted on the same carbon atom or  



different carbon atoms with the halogen atoms. c) a halogen atom  d) a
hydroxy group  e) an oxo group t) a cyano group  g) a carboxy group h) an
allcoxy group having I to 8 carbon atoms 23  The "alkoxy group having I to
8 carbon atoms" refers to an alkoxy group containing an alkyl group
having 1 to 8 carbon atoms as defined in a) above in its  structure. i) a
halogenated alkoxy group having 1 to 8 carbon atoms The "halogenated
alkoxy group having 1 to 8 carbon atoms" refers to an  alkoxy group
containing a halogenated alkyl group having I to 8 carbon atoms as
defined in h) above in its structure. j) an alkoxycarbonyl group having I to
8 carbon atoms The "alkoxycarbonyl group having 1 to 8 carbon atoms"
refers to an  alkoxycarbonyl group containing at, alkoxy group having 1 to
8 carbon atoms as  defined in h) above in its structure. k) an alkanoyl
group having 1 to 8 carbon atoms The "alkanoyl group having 1 to 8
carbon atoms" refers to a linear, branched  or cyclic alkanoyl group having
1 to 8 carbon atoms. Examples of the alkanoyl  group having 1 to 8
carbon atoms include a formyl group, an acetyl group, an n- propionyl
group, an n-butyryl group, an isobutyryl group, a cyclopropylcarbonyl
group and a cyclohexylacetyl group. 1) an alkanoyloxy group having 1 to 8
carbon atoms 



The "alkanoyloxy group having 1 to 8 carbon atoms" refers to an
alkanoyloxy  group containing an alkanoyl group having 1 to 8 carbon
atoms as defined in k)  above in its structure. Examples of the alkanoyloxy
group having 1 to 8 carbon  atoms include a formyloxy group, an
acetyloxy group, an n-propionyloxy group, an  n-butyryloxy group, an
isobutyryloxy group, a cyclopropylcarbonyloxy group and a
cyclohcxylacetyloxy group. m) an amino group which may be substituted
with one or the same or  different two alkyl groups having 1 to 8 carbon
atoms The "amino group which may be substituted with one or the same
or different  two alkyl groups having 1 to 8 carbon atoms" refers to an
unsubstituted amino group 24  or an amino group substituted with 1 or 2
alkyl groups having I to 8 carbon atoms as  defined in a) above, n) a
earhamoyl group which may be substituted with one or the same or
different two alkyl groups having 1 to 8 carbon atoms The "carhamoyl
group which may be substituted with one or the same or  different two
alkyl groups having 1 to 8 carbon atoms" refers to an unsubstituted
carbamoyl group or a carbamoyl group substituted with 1 or 2 alkyl groups
having I  to 8 carbon atoms as defined in a) above. o) an alkanoylamino
group having 1 to 8 carbon atoms The "alkanoylamino group having 1 to 8
carbon atoms" refers to an  alkanoylamino group containing an alkanoyl
group having I to 8 carbon atoms as  defined in k) above in its structure. p)
a phenyl group which may be substituted with one or the same or different
2 or 3 substituents selected from the Substituent Group consisting of a) to
d) and f) to  o) above, 



q) a saturated or unsaturated 4- to 7-membered monocyclic heterocyclic
group  which may be substituted with one or the same or different 2 or 3
substituents  selected from the Substituent Group consisting of a) to d)
and f) to o) above. Examples of the saturated 4- to 7-membered
monocyclic heterocyclic group  include a group derived from azetidine,
pyrrolidine, imidazolidine, triazolidine,  tetrahydrofuran.
tetrahydrothiophene, oxazolidine, thiazolidine, piperidine,  piperazine,
tetrahydropyran, dioxane, tetrahydrothiopyran, morpholine,
thiomorpholine, homomorpholine or homopiperazine. Examples of the
unsaturated  4- to 7-membered monocyclic heterocyclic group include a
group derived from  pyrrole, pyrazole, imidazole, triazoie, tetrazole,
thiophene, furan, thiazole, oxazole,  isothiazole, isoxazole, pyridine,
dihydropyridine, pyridazine, pyrimidine, quinoline,  isoquinoline,indole,
1,3-dioxaindan, benzothiazole or thiazolopyridine. 25  in an embodiment
of the present invention, R' is preferably a methylene group which may
have I or 2 alkyl groups having I to 8 carbon atoms, and more  preferably
an unsubstituted methylene group. R2 is preferably a heterocyclic group
which may have a substituent(s). The  heterocyclic group is preferably a
pyridyl group, a pyridazinyl group, a pyrimidinyl  group, a pyrazinyl group,
a benzothiazole group or a thiazolopyridyl group. The  substituent with
which the heterocyclic group may be substituted is preferably a  halogen
atom, an alkyl group, a halogenated alkyl group, an alkoxy group or a
halogenated alkoxy group. R3 is preferably a hydrogen atom or 1 to 4
same or different substituents with  which Ring A is substituted (wherein
the same or different substituents each  independently represents a
substituent selected from the group consisting of a  hydroxy group, a
carboxy group, an alkyl group having I to 8 carbon atoms which  



may have a substituent(s), an alkynyl group having 1 to 8 carbon atoms
which may  have a substituent(s), an alkoxy group having 1 to 8 carbon
atoms which may have a  substituent(s), a carbamoyl group which may
have a substituent(s), a carbamoyloxy  group which may have a
substituent(s), an amino group which may have a  substituent(s), a cyano
group, a heterocyclic group which may have a substituent(s)  and an oxo
group, or when there is a plurality of the same or different substituents,
any two substituents of the same or different substituents together with the
carbon  atom(s) on which they are substituted form a saturated or
unsaturated, fused or spire,  3- to 8-membered ring which may have a
substituent(s)), and more preferably a  hydrogen atom or I to 4 same or
different substituents with which Ring A is  substituted (wherein the same
or different substituents are each independently  selected from the group
consisting of an alkyl group having I to 8 carbon atoms  which may have a
substituent(s), an alkynyl group having 1 to 8 carbon atoms which  may
have a substituent(s), a carbamoyl group which may have a substituent(s)
and an 26  amino group which may have a substituent(s)). The number of
the same or  different substituents is preferably 1 or 2. R4 is preferably a
di(tert-butoxycarbonyl)amino group or a. di(p- methoxybenzyl)amino
group, and more preferably a di(tert-butoxycarbonyl)amino  group. Ring A
is preferably a 6- or 7-membered ring. Specifically, Ring A is  preferably a
corresponding partial structure in a compound represented by any of the
following formulas (1 a) to (I d): R_Rz  N-N (1a)  



F S N NJ 1.,  z  N-N (1b)  S N NH, N-N  R~N (lc)  1 and 27  9'-J N (td)
`SG N1 1, wherein in the formulas (la) to (ld), Rt, R2 and Pia are as
defined for R1, R!  and R3 in the formula (1), respectively. The compound
represented by the formula. (1) according to the present  invention may be
present as a stereoisomer or an optical isomer derived from an
asymmetric carbon atom. The stereoisomer, the optical isomer and a
mixture  thereof are all included in the present invention. The compound
represented by the formula (1) according to the present  invention is a
novel tricyclic compound derived from pyrazolopyrimidine. The  compound
represented by the formula (1) according to the present invention inhibits
the ATPase activity of HSP90 and is useful as an HSP inhibitor. Further,
the  



compound represented by the formula (1) according to the present
invention has  antitumor activity to various tumor cells and is useful as an
anticancer agent  inhibiting HSP90_ Moreover, the compound represented
by the formula (1)  according to the present invention is excellent,
because the compound does not have  a highly reactive substituent (for
example, a halogen atom such as a chlorine atom)  and therefore there is
only a small risk of reduced activity by reaction with molecules  in vivo (for
example, reaction with the SH group of giutathione in vivo). In another
embodiment of the present invention, the compound represented by  the
formula (2): 28  /R R3 NN  R A (2)  N~~RQ wherein in the formula (2), R',
R2, R3 and Ring A are as defined for R!, R2, R3  and Ring A in the
formula (1), respectively, and R4 represents an amino group  having a
protecting group, is important as a production intermediate for the
compound represented by formula (1). In another embodiment of the
present invention, the compound represented by  the formula (3): H  N---N
R- N (3) i  N NH. wherein in the formula (3), R3 and Ring A are as defined
for R3 and Ring A in  



the formula (1), respectively, is important as a production intermediate for
the  compound represented by formula (1). The tricyclic
pyrazolopyrimidine derivative of the present invention may  remain in a
free form or may be in the form of a salt or a solvate. The salt of the
compound represented by the general formula (1) according to  the
present invention is not particularly limited so long as it is a medically
acceptable  salt. Examples of the salt include acid addition salts and salts
of carboxy groups.  Examples of the acid addition salts include inorganic
acid salts such as  hydrochlorides, sulfates, nitrates, hydrobromides,
hydroiodides and phosphates, and  organic acid salts such as acetates,
methanesulfonates, benzenesulfonates,  toluenesulfonates, citrates,
maleates, fumarates and lactates. Examples of the salts 29  of earboxy
groups include any of inorganic salts or organic salts such as alkali metal
salts such as lithium salts, sodium salts and potassium salts, alkali earth
metal salts  such as magnesium salts and calcium salts, ammonium salts,
triethylamine salts, N- methylglucamine salts and
iis-(hydroxylmethyl)aminomethane salts. The solvate is not particularly
limited so long as it is medically acceptable.  Specific examples of the
solvate include hydrates and alcoholates. Next, a typical method for
producing the compound represented by the  formula (1) will be
described. In each reaction, appropriate protecting group(s)  may be used
and conversion(s) desired in common organic chemistry reactions may
be used, as necessary. The type of the protecting group(s) and the order
of  conversion of the respective substituents are not particularly limited. (I)
Main steps The compound (1) can be produced according to the following
Scheme 1, for  example. 



30  Scheme 1 R R eI R  R~ -N 9 9 6) (s)  R-~ N-N  R' A 5 N~Nfii e-R`  (1)
N_N  'N' R A  ~ s v  E3 A N S  (3)  In each formula, R', R2, R3. R4 and
Ring A are as defined above, respectively, and LG`, LGZ and LG3
represent leaving groups. Examples of the leaving groups LG', LGZ and
LG' include a halogen atom, a  toluenesulfonyloxy group, a
methanesulfonyloxy group and a  trifluoromethanesulfonyloxy group. LG'
is preferably a chloro group. LGZ is  preferably a bromo group, a
toluenesulfonyloxy group or a methanesulfonyloxy  group. LG3 is
preferably a chloro group, a bromo group or an iodo group. As described
in Scheme 1, a compound (5) can be obtained by converting the  hydroxyl
group of a compound (6) to a leaving group LG2 such as a halogen atom,
a  



toluenesulfonyloxy group, a methanesulfonyioxy group or a
trifluoromethanesulfonyloxy group by treatment with thionyl chloride,
thionyl  bromide, toluenesuifonyl chloride, methanesulfonyl chloride or 31
trifluoromethanesulfonyl chloride in the presence of a base, for example,
based on  common knowledge in organic chemistry. A compound (4) can
be obtained by reacting the compound (5) with sodium  bisulfide in
N,N-dimethylformamide and then treating with a base. The compound  (4)
can also be obtained by reacting the compound (5) with potassium
thioacetate in  N,N-dim ethyl formamide. Examples of the base include
potassium carbonate and  potassium bicarbonate. The base is preferably
potassium carbonate. The reaction  temperature is suitably -10C to 70C,
and preferably -10C to 30C. The compound (4) can be converted to the
compound (3) by acid treatment or  hydrolysis and subsequent treatment
under deprotection reaction conditions suitable  for the protecting group in
the amino group having a protecting group (R4), when its  RI-R2 group is
a protecting group such as a 4-methoxybenzyl group. A typical  example
of the deprotection reaction conditions suitable for the protecting group will
be described below. For example, when the amino group substituted with
a  protecting group is an alkanoylamino group or an aroylamino group, the
group can  be converted to an amino group by hydrolysis using an
aqueous solution of sodium  hydroxide, potassium hydroxide, ammonia or
the like. When the amino group  substituted with a protecting group is a
tent-butoxycarbonylamino group or a di-tert- butoxycarbonylamino group,
the group can be converted to an amino group by  treatment with an acid
such as hydrochloric acid or trifluoroacetic acid. The compound (3) can be
converted to the compound (1) by treatment with  L03-Rl-R2 in a solvent
in the presence of a base. Examples of the solvent include  



N,N-dim ethylformamide, N-methylpyrrolidone, tetrahydrofuran and
dimethylsulfoxide. Examples of the base include sodium hydride, sodium
ethoxide,  potassium tert-butoxide, potassium hydroxide, potassium
carbonate and cesium  carbonate. The reaction temperature is suitably 0C
to 100C. The reaction time  is suitably I to 48 hours. 32  On the other
hand, when the -R'-R2 group of the compound (4) is not a protecting
group, the compound (1) can be obtained by treating the amino group
having a protecting group (R4) under the above deprotection reaction
conditions.  (11) Steps of conversion of substituent R3 on Ring A The
substituent R3 on Ring A of the compound (1) or (4) obtained in the
above Scheme 1 can be converted to another suhstituent based on
common  knowledge in organic chemistry, as shown in the following
Scheme 2. Scheme 2 ~R=-R' ~R=R  N-N N-iN N-N  0 0  NC -CA N A -N S
N~d' HC `i'ce Nt{_ R ~N` 5 N V`r{z  (4-1a) (1-.b? Rd -__,  is RwRz  N-N N
R' -U S N~6Hz  11 d 



In each formula, R!, R2, R4 and Ring A are as defined above,
respectively,  R7R8NCO represents a carbamoyl group which may have a
substituent(s) (wherein  the carbamoyl group which may have a
substituent(s) is as defined for R3 above), and  R9 represents an alkyl
group having 1 to 8 carbon atoms which may have a  substituent(s)
(wherein the alkyl group having 1 to 8 carbon atoms which may have a
substituent(s) is as defined for R3 above). As shown in Scheme 2, a
carboxylic acid derivative (1-1b) can be obtained by  hydrolyzing a cyano
derivative (4-1 a) where R3 in the compound (4) is a cyano group under
acidic conditions, for example. In this case, the amino group having a 33
protecting group (R4) is deprotected and converted to an amino grout) by
hydrolysis  under acidic conditions. The carboxylic acid derivative (1-Ib)
can be converted to an amide derivative  (1-lc) by condensation reaction
with various amines. A method generally used as a  peptide synthesis
method may be suitably used in the condensation reaction with  amines.
Examples of the peptide synthesis method include an azide method, an
acid chloride method, a DCC (dicyclohexylcarbodiimide) method, an
active ester  method, a carbonyldiimidazoie method, a method using a
water-soluble carbodiimide  and a method using diethyl cyanophosphate.
These methods are described in M.  Bondansky, Y. S. Klausner and M. A.
Ondetti, "Peptide Synthesis"(A Wiley- interscience publication, New York,
1976), G. R. Pettit, "Synthetic Peptides"  (Elsevier Scientific Publication
Company, New York, 1976), The Chemical Society  of Japan (ed.),
"Jikken Kagaku Koza (Courses in Experimental Chemistry), 4th  edition,
Vol. 22, Yuki Gosei (Organic Synthesis) IV" (Maruzen Co., Ltd., 1992) or
the like. Examples of the solvent used in the condensation reaction
include N,N- 



dimethylformamide, N-mcthylpyrrolidone, pyridine, chloroform, methylene
chloride,  tetrahydrofuran, dioxane, acetonitrile and mixed solvents
thereof. T'ne reaction  temperature is suitably -20C to 50C, and preferably
-10C to 30C. As such an  amine, there may be used a commercially
available compound, or a compound  produced by a method described in
a document or a method described in Examples,  or a method similar to
these methods. The carboxylic acid derivative (1-I b) can he converted to
an ester derivative  (1-Id) by condensation reaction with various alcohols
(R9-OH) or substitution  reaction with various alkyl halides. As the
condensation reaction of the carboxylic  acid derivative (1-Ib) with various
alcohols, condensation reaction in the presence of  an acid catalyst such
as hydrochloric acid or sulfuric acid, Mitsunobu reaction or the  like may
be suitably used. In the substitution reaction with various alkyl halides, 34
alkylation of a carboxyl group maybe suitably performed using an
appropriate base  in a solvent, When R' in the compound (4) is a hydroxyl
group, for example,  corresponding compounds (1-1f), (1-1g), (l - lh) or
(1-li) can be obtained,  respectively, by converting the hydroxyl group to
an alkoxy group, a earbamoyloxy  group, an alkanoyloxy group or an oxo
group, and then treating under appropriate  deproteetion reaction
conditions suitable for the protecting group, as described in  Scheme 3.
Scheme 3 /Rip' N Y  N-N N-N N-N eo A ~ ~~ Rio ~ ~" 5 NR S Y~R y5
-1-NH,  



4--1 (4-1 fl (1-1 f)  L~ R' 0 N 6 R 0 p y S ."v R 6 'dtiz  (4-1 g) (l-1 g) / R-R,
fR~ R~  "-N 0 "_N  S N o Y titl,_  (4-1 h) (1-1 h` R-Rz Ri Rs  N-N N--N  S
N~N (4 - 1 i i (1 - 1 I In each formula, R1, R', R', R9, R'RSNCO and Ring A
are as defined above,  respectively, and Rt represents a hydrogen atom or
an ailcyl group having 1 to 8 35  carbon atoms which may have a
substituent(s) (wherein the alkyl group having 1 to 8  carbon atoms which
may have a substituent(s) is as defined for R3 above). In the conversion
of the hydroxyl group to an alkoxy group (conversion of a  compound (4-1
e) to a compound (4-if)), a method generally used as ether synthesis
method maybe suitably used. For example, the alcohol derivative (4-1e)
maybe  suitably treated with an alkyl halide in a solvent in the presence of
a base. Examples of the solvent include N,N-dimethyiformamide,
N-methylpyrrolidone,  diethyl ether, tetrahydrofuran and toluene.
Examples of the base include sodium  hydride, potassium hydride, sodium
hydroxide, potassium hydroxide, potassium  carbonate, sodium
tert-butoxide, potassium tert-butoxide, pyridine, DBU and
diisopropylethylamine. The base is preferably sodium hydride. The
reaction  



temperature is suitably -80C to 150C, and preferably 0C to 100C. The
reaction  time is suitably 15 minutes to 72 hours. The method is described
in The Chemical  Society of Japan (ed.), "Jikken Kagalcu Koza (Courses
in Experimental Chemistry),  4th edition, Vol. 20, Yuki Gosei (Organic
Synthesis) 11" (Maruzen Co., Ltd., 1992)  or the like. In the conversion of
the hydroxyl group to a carbamoyloxy group (conversion  of the compound
(4-le) to a compound (4-1g)), a method generally used as  earbamoylation
reaction may be suitably used. Examples of the method include a  method
of treating the alcohol derivative (4-1 e) with an isocyanate derivative in a
solvent and a method of treating the alcohol derivative (4-1 e) with 1,1'-
carbonyldiimidazole or phosgene in a solvent and then adding an amine.
In the conversion of the hydroxyl group to an alkanoyloxy group
(conversion  of the compound (4-le) to a compound (4-lh)), a method
generally used as  alkanoylation reaction maybe suitably used. Examples
of the method include an  azide method, an acid chloride method, a DCC
(dic_yclohexylcarbodiimide) method,  an active ester method, a
carbonyldiimidazole method, a method using a water- soluble
carbodiimide and a method using diethyl cyanophosphate. 36  Examples
of the method for conversion of the hydroxyl group to an oxo group
(conversion of the compound (4-le) to a compound (4-l i)) include
Mukalyama  oxidation, and Swern oxidation or oxidation reaction as its
modification using DCC,  trifluoroacetic anhydride, acetic anhydride or a
sulfur trioxide-pyridine complex  instead of oxalyl chloride. The method is
described in The Chemical Society of  Japan (ed.), "Jikken Kagaku l<oza
(Courses in Experimental Chemistry), 4th edition.  Vol. 23, Yuki Gosei
(Organic Synthesis) V" (Maruzen Co., Ltd., 1992) or the like. The
compounds (4-1f), (4-ig), (4-lh) and (4-li) produced by the above  



methods can be converted to compounds (1-If), (1-Ig), (1-1h) and (1-1i) by
treatment under deprotection reaction conditions suitable for the
protecting group in  the amino group having a protecting group (R4).
Further, when R' in the compound (4) is an oxo group, the ketone
derivative  (4-1 i) as a raw material can be convened to an amine
derivative (4-lj) by reductive  amination reaction with various amines, and
then the amine derivative (4-1j) can be  converted to an amine derivative
(I -1j) by treatment under appropriate deprotection  reaction conditions
suitable for the protecting group, as described in Scheme 4, for  example.
Scheme 4 :ti-NCR-fi' iR-R' ZRR  N-N N-N  0.~ q RAN ~N -s R\ N S N R
Rey, A,/ N R R Nu(4-1 i) (4-1) -1 7  n-N m r;  (4- 1k) 37  In each formula,
R', R2, R4 and Ring A are as defined above, respectively, and R7aR$aN
represents an amino group which may have a substituent(s) (wherein the
amino group which may have a substituent(s) is as defined for R3 above).
Examples of the reducing agent used in the reductive amination reaction
include sodium borohydride, sodium cyanohorohydride and sodium
triaeetoxyborohydride. Such a method is described in The Chemical
Society of  Japan (ed.), "Jikken Ka.-a" Koza (Courses in Experimental
Chemistry), 4th edition,  



Vol. 20, Yuki Gosei (Organic Synthesis) II" (Maruzen Co., Ltd., 1992) or
the like. The amine derivative (4-1j), wherein both R71 and R8 are
hydrogen atoms,  can also be obtained by reducing an oxime derivative
(4-1k) which can be obtained  by condensation reaction of the ketone
derivative (4-1 i) with hydroxylamine. Further, the amine derivative (4-1j),
wherein both R7a and R8 are hydrogen  atoms or any one of R7a and
R8a is a hydrogen atom, can be further chemically  modified as described
in Scheme 5. For example, corresponding compounds (1-11),  (1-1m),
(1-1n) and (1-10) can be obtained, respectively, by producing a compound
having an alkoxycarbonylamino group (4-11), a compound having a
carbamoyiamino  group (4-lm), a compound having an alkanoylamino
group (4-In) or a compound  having an alkylsulfonylamino group, an
arylsulfonylamino group or a heterocyclic  sulfonylamino group (4-1o) from
an amine derivative (4-Ija) and then converting R4  to an amino group by
treatment under appropriate deprotection reaction conditions  suitable for
the protecting group. 38  Scheme 5 c-R'' RLR- R! _R  N -N R" 0 N-N R~, o
N-N N A N--- 4 j ---"' NN  (4-1 j a) (4-1 1) (1-] :)  p'' N_N tJ -V  R\ IN  P8`,
~,S N NH,  (4-l m) (1- im) 



'. R~ R' Ri Re  0 N-N 0 N-N  R R N~ S AN ~S~V~NH(4-1n) (1-1 n)  0 0
N-N 0,0 ti N  Rs 9 -5 N  (4-1 o) (1-1 o) In each formula, R', R2, R4 and
Ring A are as defined above, respectively, R"a  represents a hydrogen
atom, an alkyl group having 1 to 8 carbon atoms which may  have a
substituent(s), an alkenyl group having I to 8 carbon atoms which may
have a  substituent(s), an alkynyl group having I to 8 carbon atoms which
may have a  substituent(s), an aryl group which may have a substituent(s)
or a heterocyclic group  which may have a substituent(s), R9 represents
an alkyl group having I to 8 carbon  atoms which may have a
substituent(s), R` 1 and R'2 each independently represent a  hydrogen
atom, an alkyl group having I to 8 carbon atoms which may have a
substituent(s), an alkenyl group having 1 to 8 carbon atoms which may
have a  substituent(s), an alkynyl group having 1 to 8 carbon atoms which
may have a  substituent(s), an aryl group which may have a substituent(s)
or a heterocyclic group  which may have a substituent(s), and R13
represents a hydrogen atom, an alkyl group 39  having 1 to 8 carbon
atoms which may have a substituent(s), an aryl group which  may have a
substituent(s) or a heterocyclic group which may have a substituent(s)
(wherein the alkyl group having I to 8 carbon atoms which may have a
substituent(s)  in R' d, R`), R", R12 and R13 is as defined for R3 above,
the alkenyl group having 1 to 



8 carbon atoms which may have a substitucnt(s) in Rs, RI 1 and R1Y is as
defined for  R3 above, the alkynyl group having I to 8 carbon atoms which
may have a  substituent(s) in R8 , R" and R'2 is as defined for R3 above,
the aryl group which  may have a substituent(s) in la , R11 R12 and R13 is
as defined for R3 above, and the  heterocyclic group which may have a
substituent(s) in R8', R11, R'2 and R 13 is as  defined for R3 above).
Examples of the conversion of the amino group to an
alkoxycarbonylamino  group (conversion of the amine derivative (4-ija) to
the compound having an  alkoxycarbonylamino group (4-11)) include a
method of condensing the arnine  derivative (4-ljb) with a carbonate
derivative such as alkoxycarbonyl chloride under  basic conditions. Such a
method is described in The Chemical Society of Japan  (ed.), "Jikken
Kagaku Koza (Courses in Experimental Chemistry), 4th edition, Vol.  20,
Yuki Gosei (Organic Synthesis) II" (Maruzen Co., Ltd., 1992) or the like.
Examples of the conversion of the amino group to a carbamoylamino
group  (conversion of the amine derivative (4-ija) to the compound having
a  carbamoylamino group (4-Im)) include addition reaction of the amine
derivative (4- lja) to cyanic acid or an isocyanate, and a method of
previously treating any one of  the amine derivative (4-Ija) and an
introduced amine (R11-NH-R12) with 1,1'- carbonyldiimidazole or
phosgene in a solvent and then adding the other remaining  amine.
Examples of the conversion of the amino group to an amide (conversion
of  the amine derivative (4-1ja) to the amide (4-In)) include condensation
reaction of the  amine derivative (4-lja) with various carboxylic acids. A
method generally used as 40  the peptide reaction described above
maybe suitably used in the condensation  reaction. 



Examples of the conversion of the amino group to an alkylsulfonylamino
group, an arylsulfonylamino group or a heterocyclic sulfonylamino group
(conversion of the amine derivative (4-Ija) to the compound having an
alkylsulfonylamino group, an arylsulfonylamino group or a heterocyclic
sulfonylamino group (4-1o)) include condensation reaction of the amine
derivative  (4-Ija) with various alkylsulfonyl chlorides, arylsulfonyl chlorides
or heterocyclic  sulfonyl chlorides under basic conditions. Further, when
the substituent on Ring A of the compound (4) is a hydroxyl  group, a
compound containing a double bond in Ring A can be produced, as
shown  in Scheme 6. Scheme 6  ,F:-R2 N-N N-N N-N N-N  (4c-le) (4c-1p)
(4d-1q) (Id-1c)  _ ,R=R` o</ _ R~ R R`-R' .R=2  0 5 NCR' S~tt~R` SNil
(4c-ie) (4c-lp) (4d-I q) (Id-1 q)  in each formula, R', R2 and R4 are as
defined above, respectively. As described in Scheme 6, a
methanesulfonate (4c-lp) can be obtained by  treating an alcohol (4c- 1 e)
with methanesulfonyl chloride in a solvent in the presence  of a base, for
example. The solvent is preferably dichloromethane, chloroform,
dichloroethane, tetrahydrofuran or the like, and more preferably such a
solvent  dehydrated. The base is preferably a tertiary amine such as
triethylamine or  diisopropylethylamine. The reaction temperature is
preferably -10C to 30C. A  



compound (4d-lq) containing a double bond in Ring A can be obtained by
treating 41  the methanesulfonate (4c-1p) with a base in a solvent. The
solvent for the reaction  is preferably N,N-dimethylformamide,
N-methylpyrrolidone, toluene,  dichloromethane, chloroform,
dichloroethane, tetrahydrofuran or the like. The base  is preferably
potassium carbonate, sodium tert-butoxide, potassium tort-butoxide,
pyridine, DBTJ, diisopropylethylamine or the like. The reaction
temperature maybe  suitably adjusted to an appropriate temperature
according to the base used, and is  preferably 50 to 80C when potassium
carbonate is used as a base, for example. The compound (4d-1 q) can be
converted to a derivative (ld-1 q) containing a double  bond in Ring A by
treatment under appropriate deprotection reaction conditions  suitable for
the protecting group in the amino group substituted with a protecting
group (R4). When the substituent on Ring A of the compound (4) is a
halogen atom, a  compound containing a double bond in Ring A can be
similarly produced by  treatment with a base. Further, when Ring A is a
7-membered ring and R3 is an oxo group, R3 can be  converted to
another substituent based on common knowledge in organic chemistry,
as shown in Scheme 7, for example. 42  Scheme 7 ,xl._AV .x-Rr A~ x  IN
3LL ry R~ ~re 3 N A S N R N14  4c-l; Uc-1 a-1 rl 



rv-x v v n  1 N~ N., o  AA r  F-r NN ~'n lad-I C, Ud lu  x-ti d -w'  fac-]e. Y'N
N-6 11 5 N v4._  (4d-1U; (Id-lul  I' F -. N_r,'92Aa .A-ft i-V ,~( x~tR ~ ._N r i
14a-lv, 4d v, .ld-I Vr  .C=Z' ,i2'ac HP. , .R''k  pry-V  kph IIf1N H:._N ~,f _
Ac'rv .) 1 A'~F 3 iti~P Ode? "~`5~N~hi!.~  (4d-lw) (4d-2w; (4d-3w1 (IC-l w)
A  _ NO  43xl fld - l xj  =x' x~. N-s' v-rr  



A'"lN a I -N MR.  9 (4 d-17 (l d-: v;  A~ .ft=Ac ,0.=AC d o rv n Homo we'
A=n  (4d-lr~ (4d-2 V1~ xr~ v-" rvN,x-A' S N A @ Y'I.  (44-3z) ;9d-4x) Jd- .al
A,. N A .R Ax 110 N h .Ifs v`  nrN1 T~ h f  (41-2a) (4d-2 F,; (] d-2,) In each
formula, R', R2, R4, R'RsaR and R9 are as defined above, R3:, and Rao
represent any of the plurality of substituents ofR3 above, and R14
represents a vinyl  group which may have a substituent(s) or an aryl group
which may have a  substituent(s). 43  A ketone derivative (4c-li) can be
converted to a monosubstituted alkyl compound (R3' = H, 4c-1r) by
treatment with 0.5 to 1.5 molar equivalents of a  halogenoalkane relative
to the ketone derivative in a solvent in the presence of a base  and a
disubstituted alkyl compound (4c-1r) by treatment with 2 to 3 molar
equivalents of a halogenoalkane relative to the ketone derivative in the
presence of a  base, and in particular can be converted to a
spirocycloalkane derivative (4o-lr) by  treatment with a dihaloethane such
as dibromoethane in the presence of a base. The  



derivative can be converted to a mono- or difluoro compound (4c-1r) by
treatment  with N-fluorobenzenesulfonimide or the like in the presence of
a base in the same  manner as above. Examples of the solvent include
tetrahydrofuran, N,N- dimethylformamide, N-methylpyrrolidone and
dimethyl sulfoxide. The solvent is  more preferably dimethyl sulfoxide or
N,N-dimethylformamide. Examples of the  base include sodium hydride,
sodium tert-butoxide, potassium tert-butoxide,  potassium carbonate and
sodium carbonate. The base is preferably potassium  carbonate or sodium
hydride. The reaction temperature may be suitably adjusted to  an
appropriate temperature according to the base used. The reaction
temperature is  preferably 0C to 80C, and more preferably 20C to 40C
when the base is  potassium carbonate, and is preferably -78C to 80C,
and more preferably -10C to  40C when the has-- is sodium hydride, for
example. Various derivatives can be  synthesized by treating the ketone
derivative (4c-lr) in the same manner as in  Schemes 4 and 5. A
P-ketoaldehyde equivalent (4c-1s) can be obtained byheating the ketone
derivative (4c-l i) and N,N-dimethylformamide dimethyl acetal in a solvent
such as  toluene or benzene. It is reported that a p-ketoaldehyde
equivalent such as the  equivalent (4c-1s) can be converted to a pyridone
derivative, a pyrimidine derivative,  a pyrazole derivative, an oxazole
derivative or the like (see Bioorganic & Medicinal  Chemistry (2003) Vol.
11, No. 22, 4749-4759, for example, for the method for  converting a
(3-ketoaldehyde equivalent to a pyridone derivative; see Journal of 44
Medicinal Chemistry (1978) Vol. 21, No. 7, 623-628 for the method for
converting a  [',-ketoaldehyde equivalent to a pyrimidine derivative; see
Journal of Heterocyclic  Chemistry (1982) Vol. 19, No. 6, 1355-1361 for
the method for converting a (3- ketoaldehyde equivalent to a pyrazole
derivative; see Journal of Heterocyclic  



Chemistry (1983), Vol. 20, No. 3, 645-648 for the method for converting a
(3- ketoaldehyde equivalent to an oxazole derivative). For example, the
equivalent (4c- 1 s) can be converted to an oxazole derivative (4d-1t) by
treatment with  hydroxylamine hydrochloride. The equivalent (4c-1s) can
also be converted to a  pyrazole derivative (4d-lu) by treatment with
hydrazine. The ketone derivative (4c-li) can also be converted to a inflate
compound (4- Iv) by treatment with trifluoromethanesu]fonic anhydride in
the presence of a base.  Examples of the solvent include methylene
chloride, acetonitrile, tetrahydrofuran and  N,N-dimethylformamide. The
solvent is preferably methylene chloride. Examples of the base include
sodium hydride, potassium hydride, sodium hydroxide,  potassium
hydroxide, potassium carbonate, sodium tert-butoxide, potassium tert-
butoxide, pyridine, triethylamine, DBU and diisopropylethyiamine. The
base is  preferably triethylamine. The reaction temperature is suitably
-80C to 150C, and  preferably -10C to 40C. Then, a vinyl or aryl derivative
(4d-2v) can be produced  from the triflate compound (4d-lv) by coupling
reaction with an organoboronic acid  derivative in the presence of a metal
catalyst and a base. An appropriate additive  may be used in the coupling
reaction to promote the reaction. The organoboronic  acid derivative is
commercially available or can be produced by a known method. A
reference on the method for producing an organoboronic acid derivative
and the  coupling reaction is Chemical Reviews, 1995, 95, 2457-2483.
The organoboronic acid derivative is preferably used in an amount of 1 to
2  molar equivalents relative to the triflate compound (4d-Iv). The metal
catalyst is  preferably a palladium catalyst. Examples of the palladium
catalyst include a [1,1'-
bis(diphenylphosphin(-,)ferroecne]dichloropalladium (I1)/diehioromethane
complex 45  (1:1), dichlorobis(triphenylphosphine)palladium (II) and  



tetrakis(triphenylphosphine)palladium (0). The metal catalyst is preferably
used in  an amount o'0.01 to 0.2 molar equivalent relative to the triflate
compound (4d-l v).  Examples of the base include inorganic bases such
as tripotassium phosphate,  potassium carbonate, sodium carbonate and
cesium carbonate. The base is  preferably tripotassium phosphate,
sodium carbonate or the like. The base is  preferably used in an amount of
1 to 100 molar equivalents relative to the triflate  compound (4d-lv).
Examples of the additive include organophosphorus  compounds such as
1,1'-bis(diphenylphosphino)ferrocene (dppf) and  triphenylphosphine. The
additive is preferably used in an amount of 0.05 to 0.2  molar equivalent
relative to the triflate compound (4d-lv). The solvent for the coupling
reaction is not particularly limited so long as it  does not inhibit the reaction
and dissolves the starting material to a certain extent.  Preferred examples
of the solvent include ether solvents such as 1,4-dioxane and 1,2-
dimethoxyethane, amide solvents such as N,N-dimethylformamide and
N-methyl-2- pyrrolidone, hydrocarbon solvents such as toluene and
benzene, alcohol solvents  such as methanol and ethanol, and polar
solvents such as acetonitrile and water.  These solvents may be used as a
mixed solvent of two or more. The reaction  temperature is 10C to the
boiling point of the solvent, and preferably room  temperature to 100C.
The reaction time is usually about I to 50 hours. The triflate compound
(4d-lv) can he converted to an ester compound (4d 1 w) by reaction under
the above reaction conditions without using an organoboronic  acid
derivative in an alcohol as a solvent in a carbon monoxide atmosphere.
The  alcohol is preferably methanol or ethanol. A carboxylic acid derivative
(4d-2w) can be produced by hydrolysis reaction  of the ester derivative
compound (4d-1w). The hydrolysis reaction is preferably a  known alkali
hydrolysis. A reference is Jikken Kagaku Koza (Courses in 



Experimental Chemistry) (4th edition, Vol. 22, edited by The Chemical
Society of 46  Japan, Maruzen Co., Ltd.) "Yuki Gosei (Organic Synthesis)
IV: San, Aminosan,  Peputido (Acids, Amino Acids, Peptides)", pp. 6-11.
An amide derivative (4d-3w)  can be produced in the same manner as in
Scheme 2. An alcohol derivative (4d-3x) can be produced by reducing the
carboxylic  acid derivative (4d-2w). The reduction reaction is preferably a
known reduction  reaction. A reference is Jikken Kagakm Koza (Courses
in Experimcntal Chemistry)  (3rd edition, Vol. 14, edited by The Chemical
Society of Japan, Maruzen Co., Ltd.)  "Yuki Kagohutsu No Hannou To
Gohsei (Reaction and Synthesis of Organic  Compounds) [l]", pp.
477-478. An acetic acid ester derivative (4d-ly) can be produced from the
ketone  derivative (4c-li) by a homologation typified by Wittig reaction. The
homologation  is preferably a known reaction, and may be one described
in Jikken Kagaku Koza  (Courses in Experimental Chemistry) (4th edition,
Vol. 22, edited by The Chemical  Society of Japan, Maruzen Co., Ltd.)
"Yuki Gosei (Organic Synthesis) I: Tankasuiso,  Harogen Kagobutsu
(Hydrocarbons, Halogen Compounds)", pp. 57-64. An acetic  acid
derivative (4d-2y) can be produced from the acetic acid ester derivative
(4d-1 y)  by the same hydrolysis reaction as above. An acetic acid amide
derivative (4d-3y)  can be produced in the same manner as in Scheme 2.
An amine derivative (4d-3z) can be produced by rearrangement reaction
of  the carboxylic acid derivative (4d-2y). The rearrangement reaction is
preferably a  known rearrangement reaction. A reference is Jikken Kagaku
Koza (Courses in  Experimental Chemistry) (4th edition, Vol. 22, edited by
The Chemical Society of  Japan, Maruzen Co., Ltd.) "Yuki Gosei (Organic
Synthesis) 11: Arukoru, Amin  (Alcohols, Amines)", pp. 302-308. An amine
derivative (4d-4z) can be produced  



by modification by the same method as shown in Scheme 5. An ethanol
derivative (4d-2a) can be produced by reducing the acetic acid  ester
derivative (4d-1 y). The reduction reaction is preferably a known reduction
reaction. A reference is Jikken Kagaku Koza (Courses in Experimental
Chemistry) 47  (3rd edition, Vol. 14, edited by The Chemical Society of
Japan, Maruzen Co., Ltd.)  "Yuki Kagobutsu No Hannon To Gohsei
(Reaction and Synthesis of Organic  Compounds) [1]", pp. 474-477. An
ethylamine derivative (4d-2b) can be produced  by substitution reaction.
The substitution reaction is preferably a known reaction,  and may be one
described in Jikken Kagaku Koza (Courses in Experimental  Chemistry)
(4th edition, Vol. 22, edited by The Chemical Society of Japan, Maruzen
Co., Ltd.) "Yuki Gosei (Organic Synthesis) II: Arukoru, Amin Kagobutsu
(Alcohols,  Amine Compounds)", pp. 284-290. The compounds (4c-lr),
(4d-1t), (4d-lu), (4d-2v), (4d-3w), (4d-3x), (4d-3y),  (4d-4z) and (4d-2b) can
be converted to corresponding amine derivatives (Ic-lr)  (Id-lt), (ld-lu),
(ld-lv), (id-lw), (ld-lx), (Id-ly), (ld-lz) and (Id-2a), respectively,  by treatment
under appropriate deprotection reaction conditions suitable for the
protecting group. (III) Raw material production steps The compound (6)
shown in Scheme I can be produced according to the  method described
below, for example, based on common knowledge in organic  chemistry
with reference to documents related to production of various 1 LI-
pyrazolo[3,4-d]pyrimidine derivatives (for example, Synthesis, Vol. 10, pp.
645-647,  1975; Tetrahedron, Vol. 48, pp. 8089-8100, 1992; WO
2005/28434; or WO 98/4399)  and the like. A compound (6a) which is a
synthetic raw material for the compound of the  



general formula (1), wherein Ring A is a 7- or 8-membered ring, can be
produced  according to Scheme 8, for example. 48  Scheme 8 v c1 C1  Ci
NN62 HO Cl N'NH, Cl NANH2  (11) (10) (9) N -- ~N Fio ~u  CI N~MH2 Ci
a6~Ra C, N~P  (8) (7) (6 a) In each formula, R', R2 and R4 are as defined
above, respectively. A compound (10) can be obtained by treating an
aldehyde derivative (11)  with 3-butenylmagnesium bromide in a solvent.
Examples of the solvent used in  this reaction include toluene, benzene,
diethyl ether and tetrahydrofuran. The  solvent is preferably
tetrahydrofuran. The reaction temperature is suitably -78C to  50C, and
preferably -20C to 30C. The compound (10) can be converted to a ketone
derivative (9) by treatment  under appropriate oxidation reaction
conditions. Examples of the oxidation reaction  in that case include
Mukaiyama oxidation; Swern oxidation or oxidation reaction as  its
modification using DCC, trifluoroacetic anhydride, acetic anhydride or a
sulfur  trioxide-pyridine complex instead of oxalyl chloride; and oxidation
reaction using  manganese dioxide. The ketone derivative (9) can be
converted to a compound (8) by treatment  with R2-R'-NIINH, in a solvent.
Examples of the solvent used in this reaction  



include alcohols, methylene chloride, tetrahydrofuran, dioxane and mixed
solvents  thereof. The reaction temperature is suitably -20C to 50C, and
preferably -10C  to 30C. When R2-R1-NHNH2 is replaced with its salt, an
equivalent or excess of a 49  base relative to the salt may be suitably
used. Examples of the base include  triethylamine. A diol derivative (6a)
can be obtained by protecting the amino group at the 6- position of the
compound (8) with an appropriate protecting group to convert it to a
compound (7) and then performing 1,2-dihydroxylation. Examples of the
dihydroxylation of an alkene include reaction using potassium
permanganate in the  presence of an alkali, water addition reaction in the
presence of mercury salt  (Kucherov-Deniges method), osmium oxidation
reaction using a catalytic amount of  osmium tetroxide and an amine oxide
as a co-oxidant, and dihydroxylation reaction  using iodine (Prevoat
method or Woodward method). The diol derivative (6a) can be converted
to the compound (5) described in  Scheme 1 by protecting its primary
hydroxyl group with a. bulky protecting group  such as a
tert-butyldiphenylsilyl group and then converting its secondary hydroxyl
group to a leaving group L02 (such as a p-toluenesulfonyloxy group or a
tuethanesulfonyloxy group), and then the compound (5) can be converted
to the  compound (4), wherein Ring A is a 7-membered ring, by subjecting
the compound to  cyclization reaction. Alternatively, the diol derivative (6a)
can be converted to the compound (5)  described in Scheme I by
selectively converting its primary hydroxyl group to a  leaving group LG 2
(such as a p-toluenesulfonyloxy group or a methanesulfonyloxy  group),
and then the compound (5) can be converted to the compound (4),
wherein  Ring A is an 8-membered ring, by subjecting the compound to
cyclization reaction. 



In the reaction of producing the compound (10) from the compound (11)
as  described in Scheme 8, the following diol derivative (6b) which is a raw
material for  the compound (1), wherein Ring A is an 8-membered ring,
can be obtained by  performing the same reaction using
3-butenylmagnesium bromide instead of 4- pentenylmagnesium bromide.
50  C, r4 R 6 b; In the formula, R', R2 and R4 are as defined above,
respectively. The diol derivative (6b) can he converted to the compound
(5) described in  Scheme I by protecting its primary hydroxyl group with a
bulky protecting group  such as a tert-butyldiphenylsilyl group and then
converting its secondary hydroxyl  group to a leaving group L.G' (such as
a p-toluenesulfonyloxy group or a methanesulfonyloxy group), and then
the compound (5) can he converted to the  compound (4), wherein Ring A
is an 8-membered ring, by subjecting the compound  to cyclization
reaction. The compound of the general formula (1), wherein Ring A is a 6-
or 7- membered ring, can be produced from a diol derivative (6c), for
example, The dine  derivative (6c) can be produced according to Scheme
9. 51  Scheme 9 OH  fo cc_ C HO Ci  Cl tCNH2 Ho 1 N Ho N  C1 N NH2
~, N~Nflz  



1) _ (1 61 / 'O Cl O 0 Ci C) R, Re  N-~  HO ~ ~N N ~  C1 V~NH2 C; N
NH2 C'_ N NII,  (i 5) (14) (1 3) -R e  C N-N R Iofl Ntlu,R-R  1 N HC  C1 Cl,
NR~  1 2) (6 c) In each fomlula, R', R2 and R4 are as defined above,
respectively. A compound (17) can be obtained by treating the aldehyde
derivative (11)  with allyl bromide and indium powder in a solvent. The
alkene derivative (17) can  also be obtained by Grignard reaction using
the aldehyde derivative (11) and  aliylmagnesium bromide. A triol
derivative (16) can be obtained by the  aforementioned 1,2-dihydroxylation
of the alkene derivative (17). The triol  derivative (16) can be converted to
an acetal derivative (15) by treatment with 2,2- d.imethoxypropane and a
catalytic amount of an acid in a solvent, or by treatment  with an acid
catalyst in acetone. Examples of the acid catalyst include p-
toluenesulfonic acid. The acetal derivative (15) can be converted to an
acetal  derivative (12) through a compound (14) and a compound (13) by
the same three- step treatment as in the conversion from the compound
(10) to the compound (7) in 



52  Scheme 8 as described above. The diol derivative (6c) can be
obtained by treating  the acetal derivative (12) with a catalytic amount of
an acid in an alcohol. The diol derivative (6c) can be converted to the
compound (4), wherein Ring  A is a 6- or 7-membered ring, by the same
method as the aforementioned method of  converting the diol derivative
(6a) to the compound (4). wherein Ring A is a 7- or 8- membered ring. An
alcohol derivative (6d) can be obtained by further converting the diol
derivative (6c) according to the method described in Scheme 10. The
alcohol  derivative (6d) can be used as the starting compound (6) when
Ring A of the  compound (1) in Scheme 1 is a 6-membered ring. Scheme
10  OH PL ,2 R RR R-Z,  N,T R N-tv'i  0 HO  HO N Cl NC'R' V'~R' Cl N~;k
R'  (6 c) (1 8) (6 d) In each formula, R', R2, Rand R4 are as defined
above, respectively. An aldehyde derivative (18) can be obtained by
oxidation reaction of the diol  derivative (6c) with sodium periodate. The
alcohol derivative (6d) can be obtained  by reacting the aldehyde
derivative (18) with various nucleophilic reagents in a  solvent.
Trimethylsilyl cyanide, various Grignard reagents, organolithium reagents
or organozinc reagents and the like can be used as a nucleophilic
reagent. T'nis  reaction makes it possible to obtain the alcohol derivative
(6d), wherein the  



substituent R3 is a cyano group, an alkyl group having 1 to 8 carbon
atoms which  may have a substituent(s), an alkenyl group having 1, to 8
carbon atoms which may  have a substituent(s), an alkynyl group having I
to 8 carbon atoms which may have a  substituent(s), an aryl group which
may have a substituent(s), a heterocyclic group  which may have a
substituent(s), or the like. 53 An alcohol derivative (6e) or an alcohol
derivative (60 can be obtained,  respectively, by performing the same
reaction described in Scheme 9 using the diol  derivative (6a) or the diol
derivative (6b) instead of the diol derivative (6e)_ The  alcohol derivative
(6e) can be used as the starting compound (6) when Ring A of the
compound (1) in Scheme I is a 7-membered ring. The alcohol derivative
(60 can  be used as the starting compound (6) when Ring A of the
compound (1) in Scheme I  is an 8-membered ring. s a`-F` gee'  N CI ~N "
R4 CI !~Rh  (6 e) (6 f) In each formula, R', R2, R3 and R4 are as defined
above, respectively.  The ATPase activity of HSP90 can be examined by
an ATPase assay  commonly used by a person skilled in the art. For
example, the ATPase activity of HSP90 can be detected using a
recombinant HSP90 protein and ATP in the presence  or absence of the
test compound, as described in Test Example 2 below.  Alternatively, in
an ATPase assay, the method described in Analytical Biochemistry  327,
176-183 (2004) or Nature 425, 407-410 (2003) may be suitably
performed, for  example. 



Inhibition of the expression of HSP90 can be examined by Northern
blotting,  Western blotting, ELISA or the like commonly used by a person
skilled in the art.  For example, mRNA is recovered from cells cultured in
the presence or absence of  the test compound to perform Northern
blotting. When the amount of HSP90  mRNA in mRNA recovered from the
cells cultured in the presence of the test  compound is reduced from that
in mRNA recovered from the cells cultured in the  absence of the test
compound, the test compound is identified as a compound  inhibiting the
expression of HSP90. Alternatively, the amount of HSP90 protein 54  may
be suitably examined by performing Western blotting using the method
described in Cancer. Res. 65, 6401-6408 (2005), for example. Inhibition of
binding of HSP90 to a client protein can be examined by
immunoprecipitation and Western blotting commonly used by a person
skilled in the  art, for example. In immunoprecipitation and Western
blotting, the method  described in J. Biol. Chem. 277, 10346-10353 (2002)
may be suitably performed, for  example. The compound inhibiting binding
of HSP90 to co-chaperones or  immunophilins can be examined by
immunoprecipitation and Western blotting  commonly used by a person
skilled in the art, for example. Binding of HSP90 to  co-chaperones or
immunophilins may he suitably examined in the presence or  absence of
the test compound by performing the method described in Nature 425,
407-410 (2003), for example. Inhibition of binding of HSP90 to ATP can
be examined by a test for binding  of labeled ATP to HSP90, for example.
Binding of HSP90 to labeled ATP may be  suitably examined in the
presence or absence of the test compound by performing the  method
described in J. Biol. Chem. 272, 18608-18613 (1997), for example. 



Inhibition of the conformational charge of HSP90 can be examined by a
conformational assay using bis-ANS
(1,1'-bis(4-anilino-5-naphthalenesulfonic acid)),  for example. In the
conformational assay, the method described in J.vled. Chem.  47,
3865-3873 (2004) may be suitably performed, for example. The
compound of the present invention can be used for treatment of various
cancers such as lung cancer, gastrointestinal cancer, ovarian cancer,
uterine cancer,  breast cancer, liver cancer, head and neck cancer, blood
cancer, renal cancer and  testicular neoplasm, for example. The
pharmaceutical composition comprising the compound of the present
invention can be administered as various injections for intravenous
injection,  intramuscular injection, subcutaneous injection and the like, or
by various methods 55  such as oral administration and transdermal
administration. Among these  administration methods, intravenous
administration and oral administration using an  aqueous formulation are
preferable. The aqueous formulation can be prepared by  forming an acid
adduct with a pharmacologically acceptable acid or forming a salt of  an
alkali metal such as sodium. In the case of oral administration, the
aqueous  formulation may be either a free form or a salt form. Appropriate
formulations can be selected according to the administration  method and
prepared by a method for preparing various formulations commonly  used.
Examples of oral formulations among dosage forms of the antitumor agent
of  the present invention include tablets, powders, granules, capsules,
solutions, syrups,  elixirs and oily or aqueous suspensions. When the
formulation is an injection, a  stabilizer, a preservative, a solubilizer or the
like can also be used in the formulation.  The injection maybe provided as
a formulation to be prepared before use by storing  a solution which may
contain such an adjuvant or the like in a container and then  



converting it to a solid formulation by lyophilization or the like. One dose
maybe  stored in one container, or multiple doses maybe stored in one
container. Examples of solid formulations include tablets, capsules,
granules, pills,  troches and powders. These solid formulations may
contain a pharmaceutically  acceptable additive together with the
compound of the present invention. Examples  of the additive include
fillers, bulking agents, binders, disintegrants, solubilizers,  wetting agents
and lubricants. These can be selectively mixed as necessary to  provide a
formulation. Examples of liquid formulations include solutions, elixirs,
syrups.  suspensions and emulsions. These liquid formulations may
contain a  pharmaceutically acceptable additive together with the
compound of the present invention. Examples of the additive include
suspending agents and emulsifiers.  These can be selectively mixed as
necessary to provide a formulation. 56  The compound of the present
invention can be used for treating cancer of mammals, in particular
humans. The dose and the dosage interval may be  appropriately selected
based on the judgment of the physician according to the site of  disease
and the body height, body weight, sex or medical history of the patient.
When the compound of the present invention is administered to a human,
the dose  range is about 0.01 mg/kg body weight to 100 mg/kg body
weight, preferably about  0.05 mg/kg body weight to 50 mg/kg body
weight, and more preferably 0.1 mg/kg  body weight to 10 mg/kg body
weight per day. When the compound is administered to a. human, the
compound is preferably administered in one dose or  two to four separate
doses per day, and the administration is preferably repeated at
appropriate intervals. The daily dose may exceed the aforementioned
dose if  necessary, based on the judgment of the physician. 



The present invention will be specifically described with reference to
Examples shown below; however, the present invention is not limited
thereto, and  they should not be construed as limitative in any sense.
Reagents, solvents and  starting materials not specifically described
herein are readily available from  commercial sources. Examples
(Example 1) Di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7,e-dihydro- 2H-6-thia-]
,2,3,5-tetraazaacenaphthylen-4-yl } imidodicarbonate 1)
1-(2-Amino-4,6-dichloropyrimidin-5-yl)-3-buten-l-ol  O!! C: y  C1 N~ H 57
Indium powder (45.81 g) was added to a mixture composed of
2-amino-4,6 dichloropyrimidine-5-carboaldehyde (63.83 g) and NN-dim
ethyl form amide (500  mL). Then, sodium iodide (99.66 g) was added at
an internal temperature of 10C  under cooling in an ice bath. Ally bromide
(67.5 mL) was added to the resulting  mixture over 20 minutes. After
confirming that the internal temperature once  increased was decreased,
the ice bath was removed and the mixture was stirred for  two hours. The
reaction mixture was concentrated to about 200 mL under reduced
pressure. Then, ethyl acetate (1.5 L) and a saturated sodium bicarbonate
solution (1  L) were added to the residue, followed by stirring. The mixture
was filtered  through Celite and the filtrate was separated. Then, the
organic layer was  sequentially washed with water and brine. The organic
layer was dried over  anhydrous sodium sulfate and filtered. Then, the
filtrate was concentrated to about  



150 mL under reduced pressure. Hexane was added to the resulting
residue,  followed by stirring. Then, the solid was collected by filtration to
obtain the title  compound (57.24 g, 74%) as a solid. 1H-NMR (CDC13) 3:
2.46 (IH, d), 2.66 (IH, ddd), 2.82 (1H, ddd), 5.13 (1H,  d), 5.16 (IH, d), 5.27
(IH, dd), 5.33 (2I-%, br.s), 5.75-5.85 (1H, m). 2)
1-(2-Amino-4,6-dichloropyrimidin-5-yl)-2-(2,2-dim ethyl -[1,3]dioxolan-4-
yl)ethan-l-ol I_/_O OH C1 Cl 1 ;~ n A mixture composed of the above
1-(2-amino-4,6-dichloropyrimidin-5-yl)-3- buten-I-ol (57.24 g),
N-methylmorpholine-N-oxide (147.6 g). tetrahydrofuran (500  mL),
acetone (500 mL), water (500 mL) and osmium tetroxide (62 mg) was
stirred at  room temperature for two days. After confirming that the raw
material disappeared, 58  a saturated sodium thiosulfate solution (1 L)
was added, and the reaction mixture was  concentrated to about 1.5 L
under reduced pressure. The residue was saturated with  sodium chloride,
followed by extraction with tetrahydrofuran. The organic layer  was dried
over anhydrous sodium sulfate and filtered. Then, the filtrate was
concentrated under reduced pressure to evaporate the solvent. N,N-
Dimethylformamide (500 mL), 2,2-dimethoxypropane (210 mL) and p-
toluenesulfonic acid monohydrate (18.61 g) were added to the resulting
residue, and  the mixture was stirred at room temperature for 14 hours, A
saturated sodium  bicarbonate solution (1 L) and water (1 L) were added
to the reaction mixture,  followed by extraction with ethyl acetate. The
organic layer was sequentially  washed with water and brine and dried
over anhydrous sodium sulfate. After  filtration, the filtrate was
concentrated to about 100 mL under reduced pressure.  



Hexane was added to the residue, followed by stirring. The precipitated
crystals  were collected by filtration to obtain the title compound (53.88 g,
77%) as a solid. 3)
1-(2-Amino-4,6-dichloropyrimidin-5-y1)-2-(2,2-dimethyl-[I,3](lioxolan-4-
yI)ethan-l-one ~0 0 ct. y  Cl Nx, Triethylamine (5.25 mL) and a sulfur tri
oxide-pyridine complex (2.45 g) were  added to a mixture composed of the
above 1-(2-amino-4,6-dichloropyrimidin-5-yl)-
2-(2,2-dimethyl-[1,3]dioxolan-4-y1)ethan-l-ol (2.32 g) and dimethyl
sulfoxide (30  ml-) under cooling in an ice bath. The ice bath was removed
and the mixture was  stirred for two hours. The reaction mixture was
added dropwise to a 0.5 N  hydrochloric acid solution (300 mL), followed
by extraction with ethyl acetate. The  organic layer was sequentially
washed with water and brine and then dried over 59  anhydrous
magnesium sulfate. After filtration, the filtrate was concentrated under
reduced pressure and the solvent was evaporated to obtain a crude
product of the title  compound (2.08 g, 90%) as a solid. The resulting
compound was directly used for  the next reaction without purification.
EST-MS miz: 270 (M+H)'. 4)
[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-hydrazine hydrochloride
V~NH ~ II  HC.  2-(Chloromethyl)-4-methoxy-3,5-dimethylpyridine (125.95
g) was added to a mixture of hydrazine monohydrate (360 ml) and
methanol (3.3 L) under cooling in  



an ice bath, and the mixture was stirred for 30 minutes. Then, the ice bath
was  removed and the mixture was heated with stirring at 60C for 2.5
hours. After  cooling to room temperature, water (1.5 L) was added to the
reaction mixture, and  about 3.5 L of the solvent was evaporated under
reduced pressure. A 2 N sodium  hydroxide solution (I L) and sodium
chloride (300 g) were added to the resulting  concentrated residue,
followed by extraction with dichloromethane. The organic  layer was dried
over anhydrous sodium sulfate and filtered. Then, the filtrate was
concentrated under reduced pressure. The resulting residue was
dissolved in  dichloromethane (1.5 L). A 4 N solution of hydrochloric acid
in dioxane (550 ml)  was added under cooling in an ice bath, and then the
mixture was stirred at -2C for  13 hours. The precipitated solid was
collected by filtration, sequentially washed  with dichloromethane,
isopropyl ether and dichloromethane, and then dried to obtain  the title
compound (112.6 g, 68%). 'H-NMR (DMSO-d5) 8: 2.32 (31-1, s), 2.38
(3H, s), 3.98 (2H, s), 4.41 (2H, s),  8.57 (1H, s). 60  5)
4-Chloro-3-[(2,2-dimethvi-1,3-dioxolan-4-yl)methy]].-1-[(4-methoxy-3,5
dimethyipyridin-2-y0methyl]-1 H-pymazolo[3,4-d]pyrimidin-6-amine  N 0  N
C1 N III NH2 A solution of triethylamine (3.44 mL) in dehydrated
dichloromethane was  added to a mixture composed of
1-(2-ammo-4,6-dichloropyrimidin-5-yl)-2-(2,2- dimethyl.
[1,3]dioxolan-4-yl)ethan-l-one of 3) above (1.68 g), [(4-methoxy-3,5- 



dimethylpyridin-2-yl)methyl]-hydrazine hydrochloride of 4) above (2.87 g)
and  dehydrated dichloromethane (60 mL) under cooling in an ice bath
over 20 minutes.  The ice bath was removed, followed by stirring for two
hours. Then, the reaction  mixture was separated with chloroform and
water. The organic layer was washed  with water and then dried over
anhydrous magnesium sulfate. After filtration, the  filtrate was
concentrated under reduced pressure. The resulting residue was  purified
by silica gel column chromatography (ethyl acetate-chloroform) to obtain
the title compound (1.79 g, 75/0) as a solid. 'H-NMR (CDC13) fi: 1.35 (3H,
s), 1.41 (3H, s), 2.22 (3H, s), 2.29 (3H, s), 3.10  (1H; dd), 3.44 (1H, dd),
3.71-3.74 (1H, m), 3.74 (3H, s), 4.02 (1H, dd), 4.55-4.60  (1H, m), 5.21
(2H, br.s), 5.47 (2H, s), 8.15 (1H, s). ESI-MSm/z: 433 (M + H)-. 6)
Di-tert-butyl r4-chloro-3-[(2,2-dimethyl-1,3-dioxolan-4-yl)methyl]-1-[(4-
methoxy-3,5-dim etbylpyridin-2-yl)methyl]-I H-pyrazoIo[3,4-d]pyrimidin-6-
y1}imidodicarbonate 61  0 v N 0  o c x 4-Dimethylaminopyridine (36 mg)
and di-tert-butyl dicarbonate (3.90 g) were  added to a mixture composed
of di-tert-butyl {4-chloro-3-[(2,2-dimethyl-1,3-
dioxolan-4-yl)methyl]-1-[(4-methoxy-3 , 5-dimethylpyridin-2-yl)m ethyl] -1
H- p}7azolo[3,4-d]pyrimidin-6-yl}imidodicarbonate of 6) above (1.29 g) and
dehydrated tetrahydrofuran (50 mL), and the mixture was stirred at room
temperature for 12  



hours. The reaction mixture was filtered and then the filtrate was
concentrated  under reduced pressure. The resulting residue was purified
by silica gel column  chromatography (ethyl acetate-hexane) to obtain the
title compound (1.63 g, 86%) as  an oil. :H-NMR (CDC15) S: 1.35 (3H, s),
1.38 (3H, s), 1.42 (18H, s), 2.20 (3H, s),  2.26 (3H, s), 3.27 (1H, dd), 3.53
(1H, dd), 3.74 (3H, s), 3.76 (1H, dd), 4.04 (1H, dd),  4.57-4.64 (1H, m),
5.65 (1H, dd), 8.07 (1H, s). ESI-MSmiz: 633 (N1= H)+. 7) Di-tent-butyl
{4-chloro-3-(2,3-dihydroxypropyl)-1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1 H-pyrazolo[3,4-d]pyrimidin-6-yl
}imidodicarbonate 62  -d. _N N o  C1 N k 0  0 C. p-Toluenesulfonic acid
monohydrate (3.76 g) was added to a solution of di- tert-butyl
{4-ehloro-3-[(2,2-dimethyi-1,3-dioxolan-4-yl)methyl]-l-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1H-p~aazolo[3,4-d]pyrimidin-6-y1,
imidodicarbonate  0' 6) above (12.52 g) in methanol (250 mL), and the
mixture was stirred at room  temperature for seven hours, The reaction
mixture was poured into brine, followed  by extraction with ethyl acetate.
The organic layer was washed with brine, and then  dried over anhydrous
sodium sulfate. After filtration, the filtrate was concentrated  under
reduced pressure. The resulting residue was purified by silica gel column
chromatography (ethyl acetate-methanol) to obtain the title compound
(9.64 g, 82%)  as an amorphous substance. 



'H-NMR (CDC13) 6: 1.42 (18H, s), 2.20 (3H, s), 2.29 (3H, s), 2.77-2.80
(1H,  m), 3.31-3,33 (2H, m), 3.51-3.54 (1H, m), 3.64-3.67 (1H, m), 3.74
(3H, s) 3.76-3.79  (1H, m) 4.24-4.30 (1H, m) 5,66 (2H, s), 8.03 (1H, s).
ESI-MSm/z: 593 (M - H)'. 8) Di-tert-butyl
{4-ehloro-3-(2-hydroxyethyl)-1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1 H-pyrazolo[3,4-d]pyrimidin-6-1} imidodi
carbonate 63  0 N-N  t[0 C: ~N r}INl'\c~  0  Sodium per-iodate (278 mg)
was added to a mixture composed of di-tert-butyl
{4-chloro-3-[(2,2-dimethyl-1,3-dioxolan-4-yt)methyl]-1-[(4-methoxy-3,5-
dimethylpvridin-2-yl)methyl]-1 H-pyrazolo[3,4-d]pyrimidin-6-vl}
imidodicarbonate  of 6) above (154 mg), tetrahydrofuran (1 mL), methanol
(I mL) and water (1 mL)  under cooling in an ice bath. The ice bath was
removed and the mixture was stirred  for one hour. The reaction mixture
was separated with a saturated sodium bicarbonate solution (40 mL) and
ethyl acetate (40 mL). The organic layer was  washed with brine, and then
dried over anhydrous sodium sulfate and filtered. Then,  the filtrate was
concentrated under reduced pressure. Methanol (4 mL) was added  to the
resulting residue. Sodium borohydride (25 mg) was added in small
portions  under cooling in an ice bath, and the mixture was stirred for one
hour. The reaction  mixture was diluted with ethyl acetate and then
sequentially washed with a 0.1 N  hydrochloric acid solution and brine.
The organic laver was dried over anhydrous  sodium sulfate and filtered.
Then, the filtrate was concentrated under reduced  



pressure and the solvent was evaporated to obtain a crude product of the
title  compound (124 mg, 88%) as an oil. The resulting compound was
directly used for  the next reaction without purification. 'H-NMR (CDC13)
6: 1.43 (18H, s), 2.21 (3H, s), 2.28 (3H, s), 3.36 (2H, t),  3.75 (3H, s), 4.07
(2H, t), 5.66 (2H, s), 8.07 (1H, s)_ 64  ES 1-MSxn/z.: 563 (M + H)t 9)
2-{6-[Bis(tert-butoxycarbonyi)aminol-4-chloro-l-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1 H-pyrazolo [3,4-d]pyrimidin-3-yl} ethyl 4..
mcthylb enzenes ul fo hate 0 $\ N-N N 0  C1 \N 0~  0 0, Triethylamine
(0.048 rL), p-toluenesulfonyl chloride (43 mg) and 4-
dimethylaminopyrdine (0.7 mg) were added to a mixture composed of
di-tent-butyl  {4-chloro-.3-[(2,2-dim ethyl
-1,3-dioxolan-4-yl)methyl]-1-[(4-methoxy-3,5- dimethylpyridin-2-yi)methyl ]
-1 H-pyrazol o [3 ,4-d]pyrimidin-6-yl } imidodi carbonate  of 6) above (64
mg) and dehydrated dichloromethane (1 mL) under cooling in an ice  bath.
The ice bath was removed and the mixture was stirred for 12 hours. The
reaction mixture was diluted with ethyl acetate and sequentially washed
with water  and brine. The organic layer was dried over anhydrous sodium
sulfate and filtered,  and then the filtrate was concentrated under reduced
pressure. The resulting residue  was purified by silica gel column
chromatography (ethyl acetate-hexane) to obtain  the title compound (74
mg, 91%) as an amorphous substance. 



ESI-MS m/z: 717 (M+H)`. 10) Di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-yl)mefnyl]-7,8-
dihydro-21-1-6-thia-1,2,3, 5-tetraazaacenaphthylen-4-yl} imidodi
carbonate 65  0 1 ~  `! N 0  s N 0~  C p, A mixture composed of
di-tert-butyl {4-chloro-3-[(2,2-dimethyl-1,3-dioxolan-
4-yl)methyl]-1-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]- I
H-pyrazolo[3,4- d]pyrmidin-6-yl}imidodicarbonate of 6) above (74 mg),
N,N-dimethyl form amide (I  mr) and potassium thioacetate (19 mg) under
cooling in an ice bath for two hours.  Then, the ice bath was removed and
the mixture was stirred for 1.5 hours. The  reaction. mixture was diluted
with ethyl acetate and sequentially washed with water  and brine. The
organic layer was dried over anhydrous sodium sulfate and filtered.  Then,
the filtrate was concentrated under reduced pressure and the solvent was
evaporated to obtain a crude product of the title compound (59 mg) as an
oil. The  resulting compound was directly used for the next reaction
without purification.  EST-MS miz: 543 (M+H)+. (Example 2)
2-[(4-Methoxy-3,5-dimethylp yridin-2-yl)methyl]-7, 8-dihydro-2H-6-thia-
1,2.3,5-tetraazaacenaphthylen-4-amine 66  11 



v-N  ~~iN.  5 N~NH~ Trifluoroacetic acid (0.5 mL) was added to a mixture
composed of di-tert- butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]
-7,8-dihydro-2I3-6-thia-
1,2,3,5-tetraazaaeenaphthylen-4-yl}imidodicarbonate of Step 10) of
Example 1 (59  mg) and dichloromethane (2 mL) under cooling in an ice
bath. Then, the ice bath  was removed and the mixture was stirred for two
hours. The reaction solution was  concentrated under reduced pressure.
Then, the resulting residue was dissolved in  ethyl acetate and
sequentially washed with a saturated sodium bicarbonate solution  and
brine. The organic layer was dried over anhydrous magnesium sulfate and
filtered, Then, the filtrate was concentrated under reduced pressure. The
resulting  residue was purified by silica gel column chromatography (ethyl
acetate-methanol)  to obtain the title compound (26 mg, 85%) as a solid.
'H-NMR (CDC13) S: 2.22 (3H, s), 2.28 (3H, s), 3.12 (2H, t), 3.43 (2H, i),
3.74  (3H, s), 5.22 (2H, br.s), 5.44 (2H, s), 8.21 (1I:1, s). ESI-MSm/z: 343
(M + H)+.  (Example 3) Di-tert-butyl
{7-cyano-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7,8-
dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-4-yl} imidodicarbonate 1)
Di-ten-butyl {4-chloro-l-[(4-methoxy-3,5-dimcthylpyridin-2-yl)methyl]-3-
(2-oxoethyl)-1 H-pyrazolo[3,4-d]pyrimidin-6-y1) imi dodi carbonate 67  N-N
0- / ~' v e  



CN c  X  Sodium periodate (1.95 g) was added to a mixture composed of
di-tert-butyl
(4-chloro-3-(2,3-dihydroxypropyl)-1-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-1H-pyrazolo[3,4-d]pyrimidin-6-yl}imidodi carbonate shown in
Step 7) of  Example 1 (1.34 g), tetrahydrofuran (15 mL), methanol (15 mL)
and water (15 mL)  in small portions under cooling in an ice bath. The ice
bath was removed and the  mixture was stirred for one hour. Ethyl acetate
(40 mL) was added to the reaction  mixture, followed by filtration. The
filtrate was separated, and the organic layer  was sequentially washed
with water and brine. The organic layer was dri ed over  anhydrous
magnesium sulfate and then filtered. The filtrate was concentrated under
reduced pressure and the solvent was evaporated to obtain a crude
product of the title  compound (1.32 g, 104%) as an amorphous
substance. The resulting compound  was directly used for the next
reaction without purification. `H-NMR (CDCi3) 6: 1.44 (18H, s), 2.22 (3F1,
s), 2.28 (3F1, s), 3.75 (3H, s),  4.21 (1H, d), 5.70 (2H, s), 8.12 (1H, s),
9.90 (1F1, t). 2) Di-tert-butyl
(4-chloro-3-(2-cyano-2-hydroxyethyl)-1-[(4-methoxy-3,5-
dimethylpyridin-2.. l)methylI-1 H-pyrazoIo[3,4-d]pyrimidin-6-yl; imidodi
carbonate 68  0 N N-N  If0 / N 0  Cl \h~h0  0 0 , 



Trimethylsilyl cyanide (0.219 mL) and triethylamine (0.198 mL) were
added  to a mixture composed of the above di-tert-butyl
{4-chloro-1-[(4-methoxy-3,5- dimethyl pyridin- 2-yl)methyl]
-3-(2-oxoethyl)-1 H-pyrazoIo [ 3,4-d]pyrimidin-6- yl}imidodicarbonate (796
mg) and dichloromethane (10 ml-) under cooling in an ice  bath. Then, the
ice bath was removed and the mixture was stirred for 16 hours.
Chloroform (80 ml-) and a 0.5 N hydrochloric acid solution (100 mL) were
added to  the reaction mixture, followed by separation. The organic layer
was dried over  anhydrous magnesium sulfate and filtered. Then, the
filtrate was concentrated  under reduced pressure. The resulting residue
was dissolved in acetonitrile (20 mL).  A I N hydrochloric acid solution (10
mL) was added and the mixture was stirred at  room temperature for 30
minutes. A saturated sodium bicarbonate solution (80 mL)  was added to
the reaction mixture, followed by extraction with ethyl acetate. The
organic layer was washed with brine. dried over anhydrous sodium sulfate
and then  filtered. The filtrate was concentrated under reduced pressure
and the solvent was  evaporated to obtain a crude product of the title
compound (788 mg, 94%). The  resulting compound was directly used for
the next reaction without purification.  ESI-MS m/z: 588 (M+H)+. 69  3)
2-{6-[13is(tert-butoxycarbonv1)amino]-4-chloro-l-[(4-methoxy-3,5
dimethylpyridin-2-yl)methyI]-I1-I-pyrazolo[3,4-d]pyrimidin-3-yh-l-cyanoethyl
4- methylbenzenesul fbnate N h /  N-N  N 0 C, N N 0~1  0-1110  



X  p-Toluenesulfonyl chloride (511 mg) was added to a mixture composed
of the above crude di-tert-butyl
{4-chloro-3-(2-cyano-2-hydroxyethyl)-1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1 H-pyrazolo [3,4-d]pyrimidin-6-yl} imidodi
carbonate  (788 mg) and dehydrated dichloromethane (12 mL), followed
by dropwise addition  of triethylamine (0.56 mL). Then,
4-dimethylaminopyridine (16 mg) was added  and the mixture was stirred
at room temperature for three hours. The reaction  mixture was diluted
with chloroform and washed with water. The organic layer  was dried over
anhydrous sodium sulfate and then filtered, and the filtrate was
concentrated under reduced pressure. The resulting residue was purified
by silica  gel column chromatography (ethyl acetate-hexane) to obtain the
title compound (450  mg, 45%) as a solid. +H-N,MR (CDC11) 6: 1.45
(18H, s), 2.21 (3H, s), 2.2S (3H, s), 2.44 (3H, s),  3-68-3.80 (5H, m), 5.51
(lH, dd), 5.60 (21-1, d), 5.65 (11-1, d), 7.28 (2H, d), 7.67 (2H,  d), 8.09
(1H, s). ES -MSm/z: 742 (M -+- H)-. 70  4) Di-tert-butyl
{7-cyano-2-[(4-methoxy-3,5-dimethylpyridin ')-yl)methyl]
7,8-dihydro-2I1-6-thia-1,2,3,5-tetraazaacenaphthylen-4-yl}imidodicarbonat
e  N-N N% O C. Sodium bisulfide monohydrate (58 mg) was added to a
mixture composed of  the above
2-{6-[bis(tert-butoxycarbonyl)amino]-4-ehloro-l-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl1-lH-pyrazolo[3;
4-d]pyrimidin-3-yl}-1-cyanoethyl 4- methylbenzenesulfonate (450 mg) and
dehydrated N,N-dimethylformamide (8 mL)  



under cooling in an ice bath. Then, the ice bath was removed and the
mixture was  stirred for one hour. Potassium carbonate (84 mg) was
added to the reaction  mixture, followed by further stirring for 30 minutes.
Water (100 mL) was added to  the reaction mixture, followed by extraction
with ethyl acetate. The organic layer  was washed with brine, and then
dried over anhydrous sodium sulfate. After  filtration, the filtrate was
concentrated under reduced pressure. The resulting  residue was purified
by silica gel column chromatography (ethyl acetate-hexane) to  obtain the
title compound (277 mg, 81 %) as an oil. 'H-NMR (CDC13) S: 1.45 (18H,
s), 2.22 (3H, s), 2.28 (3H, s), 3.55 (1H, dd),  3.64 (1H, dd), 3.74 (3H, s),
4.58 (1H, dd), 5.66 (2H, s), 8.16 (1H, s)_ ESI-MSm/z: 568 (M + H)+. 71
(Example 4)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7,8-dihydro-2H-.6-
thia-1,2,3,5-tetraazaacenaphthylene-7-carbonitrile  ?_~I NH2
Trifluoroacetic acid (0.25 mL) was added to a mixture composed of di-tert-
butyl
{7-eyano-2-[(4-rnethoxy-3,5-dimethylpyridin-2-yl)methyl]-7,8-dihydro-2H-6-
thia-1,2,3,5-tetraazaacenaphthylen-4-yl}imidodicarbonate of Step 4) of
Example 3  (30 mg) and dichloromethane (1 mL). Then, the ice bath was
removed and the  mixture was stirred for one hour. After confirming that
the raw material  disappeared, the reaction mixture was concentrated
under reduced pressure. A  saturated sodium bicarbonate solution was
added to the resulting residue. The  precipitated solid was collected by
filtration and washed with water. The resulting  solid was dried to obtain
the title compound (13.8 mg, 71%). 'H-NMR (DMSO-d6) 6: 2.18 (3H, s),
2.22 (3H, s), 335 (2H, dd), 3.47 (1 H,  



dd), 3.72 (3H, s), 5.34 (IH, t), 5.37 (211, s), 7.16 (2H, s), 8.09 (1H, s).
ESI-MSm/z: 368 (M + H)-. (Example 5)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-7-methyl-7,8-dihydro-2H-6-
thia-1,2,3,5-tetraazaacenaphthylen-4-amine 1) Di-tert-butyl
{4-chloro-3-(2-hvdroxypropyl)-1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl] -1 H-pyrazolo[3,4-d]pyrimidin-6-yl }
imidodicarbonate '72  G N-'N  C1 \hN 04-- C 0, A 3 N solution of
methylmagnesium bromide in diethyl ether (0.15 mL) was  added
dropwise to a mixture of di-tert-butyl (4-chloro-l-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-3 -(2-oxoethyl)-1 H-pyrazolo [
3,4-d]pyrimidin-6- yl}imidodi carbonate of Step 1) of Example 3 (120 mg)
and dehydrated  tetrahydrofuran (1 mL) under cooling in a dry ice-acetone
bath, and then the mixture  was stirred for one hour. A saturated
ammonium chloride solution (1 mL) was  added dropwise to the reaction
mixture, and then the dry ice-acetone bath was  removed. The reaction
mixture was separated with ethyl acetate (30 mL) and water  (30 mL).
Then, the organic layer was washed with brine and dried over anhydrous
magnesium sulfate. After filtration, the filtrate was concentrated under
reduced  pressure. The resulting residue was purified by silica gel
thin-layer  chromatography (ethyl acetate-hexane) to obtain the title
compound (52 mg, 42%) as  an oil. ESI-MS m/z: 577 (M+H)'. 



2) 2-(6 -[Bis(tert-butoxycarbonyl)amino]-4-chloro-l-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1 H-pyrazolo[3,4-d]pyrimidin-3-y1}-1-methyl
ethyl 4- methylbenzenesulfonate 73  0 0 ?/,- N o  c1 IN 0-'  0 0/ A crude
product of the title compound (29 mg, 44%) was obtained as an oil  by the
same method as in Step 3) of Example 3 using the above di-tert-butyl {4-
chloro-3-(2-hydroxypropyl)-1-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
1 H- pyrazolo[3,4-d]pyrimidin-6-yl}imidodicarbonate (52 mg) and
p-toluenesulfonyl  chloride (86 mg). The resulting compound was directly
used for the next reaction  without purification. ESi-MS m/z: 731 (M+H)-.
3) 2-[(4-Methoxy-3,5-dimethylpyridin-2-y1)methyl]-7-methyl-7,8-dihydro-
2H-6-thi a-1,2, 3, 5-tetraazaacenaphthylen-4-amine 0  ti rx  S ~4E Sodium
bisulfide monohydrate (3.8 mg) was added to a mixture of the above  2- f
6-[bis(tert-butoxycarbonyl)amino]-4-chloro-l-[(4-methoxy-3,5-dimethylpyridi
n- 2-y])methyl1;-1 H-pyrazolo[3,4-d]pyrimidin-3-yl}-1 -methylethyl 4 74  



methylbenzenesulfonate (29 mg) and N.,N-dimethylformamide (1 mL)
under cooling  in an ice bath, and the mixture was stirred for 20 minutes.
Then, potassium  carbonate (8.2 mg) was added and the ice bath was
removed, followed by stirring for  10 hours. The reaction mixture was
diluted with ethyl acetate and then sequentially  washed with water and
brine. The organic layer was dried over anhydrous sodium  sulfate and
then filtered, and the filtrate was concentrated under reduced pressure.
The resulting residue was dissolved in dichloromethane (2 mL). Then,
trifluoroacetic acid (0.5 mL) was added and the mixture was stirred for two
hours.  The reaction mixture was concentrated under reduced pressure.
Then, the resulting  residue was dissolved in chloroform and sequentially
washed with a saturated  sodium bicarbonate solution and water. The
organic layer was dried over  anhydrous sodium sulfate and then filtered,
and the filtrate was concentrated under  reduced pressure. The resulting
residue was purified by silica gel thin-layer  chromatography
(chloroform-methanol) to obtain the title compound (8.9 mg, 63%)  as a
solid. 'H-NMR (CDC13) S: 1.56 (3H, d), 2.22 (3H, s), 2.28 (3H, s), 2.84
(1H, dd),  3.20 (1H, dd), 3.74 (3H, s), 3.84-3.93 (IH, m), 5.26 (2H, br.s),
5.44 (2H, s), 8.21 (lH,  s). ESI-MSm/z: 357 (M + H)+.  (Example 6)
2-[(4-Methoxy-3.5-dimethylpyridin-2-yl)methyl]-7-prop-'i-yn-1-yl-7,8-
dihydro-2H-6-thia-1,2, 3, 5-tetraazaaeenaphthylen-4-amine 1)
1-({6-[Bis(tert-butoxycarbonyl)amino]-4-ehloro-l-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1 H-pyrazolo[3,4-d]pyrimidin-3 -yl}
methyl)but-2-yn-1- yl methanesulfonate 75  



0 N-N  0 ?':a C N o t0, A 0.5 N solution of 1-propynvlmagnesium bromide
in tetrahydrofuran (0.60  mL) was added dropwise to a mixture of
di-tert-butyl {4-chloro-I-[(4-mcthoxy-3,5-
dimethylpyridin-2-yl)methyll-3-(2-oxoethyl)-1 H-pyrazolo [3,4-d]pyrimidin-
6- yl}imidodicarbonate of Step 1) of Example 3 (120 mg) and dehydrated
tetrahydrofuran under cooling in a dry ice-acetone bath, and then the
mixture was  stirred for one hour. A saturated ammonium chloride solution
(1 mL) was added  dropwise to the reaction mixture, and then the dry
ice-acetone bath was removed.  The reaction mixture was separated with
ethyl acetate (30 mL) and water (30 ml).  Then, the organic laver was
washed with brine and dried over anhydrous magnesium  sulfate. After
filtration, the filtrate was concentrated under reduced pressure, and  the
resulting residue was dissolved in dichloromethane (6 mL).
Methanesulfonyl  chloride (46 L) was added under cooling in an ice bath,
and then a solution of  triethylamine (96 p.L) in dichloromethane was
added dropwise. The ice bath was  removed and the mixture was stirred
for three hours. Then, the reaction mixture  was diluted with
dichloromethane and sequentially washed with water and brine.  The
organic layer was dried over anhydrous sodium sulfate and then filtered,
and the  filtrate was concentrated under reduced pressure. The resulting
residue was  purified by silica gel thin-layer chromatography
(chloroform-methanol) to obtain the  title compound (46 mg, 35%) as an
oil. 76  ESI-MS m/z: 679 (M-+ H)'. 2) 2-[(4
-,\4ethoxy-3,5-dimethylpyridin-2-yl)inethyl]-7-prop-.I yn-l-yl-7,8- 



dihydro-2H-6-thi a-1,2,3, 5-tetraazaacenaphthyl en-4-amine 0  N n-v h  I ti
NH2 The title compound (7.2 mg, 28%) was obtained as a solid by the
same  method as in Step 3) of Example 5 using the above 1-({6-[bis(tert-
butoxycarbonyl)amino]-4-chloro-1-[(4-methoxy-3,5-dimethylpyridin-2-yl)me
thyl]- 1H-pyrazolo[3,4-d]pyrmidin-3-yl}m(-thy1)but-2-yn-1-yl
methanesulfonate (46 mg)  and sodium blsulfide monohydrate (6.5 mg).
'H-NMR (CDC13) 6: 1.85 (3H, d). 2.23 (3H, s), 2.27 (3H, s), 3.16 (1H, dd),
3.36 (IH, dd), 3.75 (3H7 s), 4.48-4.53 (IH, m), 5.44 (2H, s), 8,19 (IH, s).
ESI-MSm/z: 381 (M + H)'. (Example 7) 4-Amino-2-[
(4-methoxy-3,5-dimethylpyridin-2-yl)methyl] -7, 8-dihydro-2H-6-
thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide 77  U N-N  / _N S \
MHz  0 A mixture composed of di-tert-butyl {7-cyano-2-[(4-methoxy-3,5
dimethylp yridi n-2-yl)methyl ] -7, 8-dihydro-2H -6-thi a-1,2,3 ,
5-tetraazaaeenaphthyl en- 



4-yl}imidodicarbonate of Step 4) of Example 3 (30 mg) and concentrated
hydrochloric acid (I mL) was stirred at room temperature for 1.5 hours.
The  reaction mixture was diluted with water and neutralized with a
saturated sodium  bicarbonate solution. The precipitate was collected by
filtration and sequentially  washed with a saturated sodium bicarbonate
solution and water. Then, the resulting  solid was dried to obtain the title
compound (18.5 mg, 91?/0). 1H-NMR (DMSO-d6) S: 2.17 (3H, s), 2.21
(3H, s), 3.09 (1H, dd), 3.26 (1H,  dd), 3.71 (3H, s), 4.56 (1H, dd), 5.32 (2H,
s), 6.94 (2H, s), 7.42 (1H, s), 7.75 (11-1, s),  8.08 (IH, s). ESI-MSm/z: 386
(M+H)+.  (Example 8) 4-Amino-2-[(4-methoxy-3,
5-dimethylpyridin-2-yl)methyl] -7, 8-dihydro-2H-6-
thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid 78  1 ~ t[0 S
~VVLNil,  0 A mixture composed of di-tent-butyl
{7-cyano-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenap
hthylen- 4-yl}imidodicarbonate of Step 4) of Example 3 (210 mg) and
concentrated  hydrochloric acid (6 mL) was stirred at room temperature for
three days. The  reaction mixture was concentrated under reduced
pressure and the solvent was  evaporated. Diethyl ether was added to the
residue and the solid was powdered,  followed by collection by filtration to
obtain a hydrochloride of the title compound  (171 mg). The resulting
hydrochloride crude product (42 mg) was purified by  reversed phase
liquid chromatography to obtain the title compound (6.1 rng, 17%) as  



a solid. `H-NMR (DMSO-d6) 6: 2.17 (3H, s), 2.21 (3H, s), 3.13 (1H, dd),
3.26 (21-1,  dd), 3.71 (3H, s), 4.71-4.80 (1H, m), 5.32 (21-1, s), 6.94 (2I1,
s), 8.08 (1H, s).  ESI-MSm/z: 387 (M + H)-. (Example 9)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-methyl- 8-
dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide 79  N,
V-N  H iN 5 ~N~NH-. A mixture composed of
4-amino-2-[(4-methoxy-3,5-dimethvlpyridin-2-
yl)methyl]-7,8-dihydro-2H-6-thia-l,2,3,5-tetraazaacenaphthylene-7-carboxy
lic acid  hydrochloride of Example 8 (42 mg), methylarnine hydrochloride
(13 mg), 1- hydroxybenzotriazole monohydrate (14 mg),
1-(3-dimethylaminopropyl)-3-.  ethylcarbodiimide hydrochloride (35 mg),
diisopropylethylamine (79 L) and  dehydrated NN-dimethylformamide (I
mL) was stirred at room temperature for 48  hours. A 0.5 N sodium
hydroxide solution was added to the reaction mixture, and  the solid was
collected by filtration. The solid collected by filtration was dissolved  in a
mixed solvent of chloroform-methanol, followed by purification by silica gel
thin-layer chromatography (chloroform-methanol) to obtain the title
compound (17.9  mg, 49%) as a solid. 'H-NMR (CDC13) 6: 2.23 (3H, s),
2.28 (3H, s), 2.78 (3H, d), 3.25 (1H, dd),  3.66 (11-1, dd), 3.75 (3H, s),
4.33 (lH, dd), 5.38-5.46 (3H, m), 6.94 (1H, d), 8.15 (1H,  S). 



ESI-MSm/z: 400 (M + H)`.  (Example 10)
4-Amino-2-[(4-methoxy-3,5-dimethylpyri din-2-yl)methyl]-N-ethyl -7,8-
dihvdro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxanide 80  N N
N  N 0  The title compound (16.0 mg, 42/i) was obtained as a solid by the
same  method as in Example 9 using 4-amino-2-[(4-methoxy-3,5-dim
ethyipyr din-2-
yl)methyl]-7,8-dihydro-2H-6-thia-l,2,3,5-tetraazaacenaphthylene-7-carboxy
lic acid  hydrochloride of Example 8 (42 mg) and ethylamine hydrochloride
(16 mg). 'H-NMR (CDC13) 6: 1.08 (3H, t), 2.21 (3H, s), 2.28 (3H, s),
3.15-3.35 (2H,  m), 3.69 (2H, dd), 3.74 (3H, s), 4.29 (1H, dd), 5.38-5.46
(5H, m), 6.60 (lH, br.s),  8.17 (IH, s). ESI-MSm{z,: 414 (M + H)`.  (Example
11)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N,N-dimethyl-^r ,
8- dihydro-21-I-6-Chia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide  0
N  N  q  N-N 



In.  s N Nt,~ The title compound (5.9 mg, 16%) was obtained as a solid by
the same  method as in Example 9 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2 81
yl)methyf]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carbox
ylic acid  hydrochloride of Example 8 (42 mg) and dimethylamine
hydrochloride (16 mg). 'H-NMR (CDCI,) S: 2-22 (311, s), 2.29 (3H, s), 3.03
(3H, s), 3.17 (3H, s), 3-23  (1H, dd), 3.48 (1H, dd), 3.74 (3H, s), 4.73 (1H,
dd), 5.26 (2H, s), 5.45 (2H, s), 8.20  (1H,s). SI .MSm/z: 414 (M + Fi+.
(Example 12) 4-Amino-N-eycloprop
y1-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyll-
7.8-dihydro-2H-6-Chia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide  G
N  N-~  7 &S_xi N112 A mixture composed of
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2- yl)m ethyl] -7,8 -dihydro
-2H-6-thia- 1,2,3,5 -tetraazaacenaphthyl ene-7 -carbox yl i c acid  of
Example 8 (80 mg), cyclopropylamine (0.029 mL), 1-hydroxybenzotriazole
monohydrate (32 mg), 1-(3-dimethylaminopropyl)-3-ethyl carbodiimide
hydrochloride (80 mg) and dehydrated N,N-dimethylformamide (10 mL)
was stirred  at room temperature for 16 hours. The reaction mixture was
concentrated under  reduced pressure. The resulting residue was diluted
with ethyl acetate and  



sequentially washed with a saturated sodium bicarbonate solution and
brine. The  organic layer was dried over anhydrous magnesium sulfate
and filtered. Then, the  filtrate was concentrated under reduced pressure.
The resulting residue was 82  purified by NH silica gel column
chromatography (dichloromethane-methanol) to  obtain the title compound
(30 mg, 34%) as a solid. 'H-NMR (CDC13) S: 0,42-0.49 (2H, m), 0.74-0.76
(2H, m), 2.22 (3H, s), 2.29  (3H, s), 2.65-2.67 (1 H, m), 3.24 (1H, dd), 3.70
(1H, dd), 3.75 (3H, s), 4.24 (1H, dd),  5.24 (2H, s), 5.43 (2H, s), 6.60 (11-I,
s), 8.18 (1H, s). EST-MSm/z: 426 (M + H)`.  (Example 13)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-prop-2-yn-1-yl-
7 , 8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide 1
0  N / IN HN S NH,  0 The title compound (30 mg, 34%) was obtained as a
solid by the same method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yI)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (80 mg) and propargylamine (29 L). 'H-NMR (CDC13) 6:
2.21-2.22 (4H, m), 2.29 (3H, s), 3.26 (1H, dd), 3.76-3.79  (4H, m),
3.86-3.91 (1H, m), 4.08-4.13 (IH, m), 4.30 (1H, t), 5.24 (2H, s), 5.43 (2H,
d), 6,74-6.76 (1H, br.s), 8.19 (IH, s) 



ESI-MSm/z: 424 (M + H)'. s3  (Example 14)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N (2-
phenylethyl)-7, 8-dihydro-2H-6-thia-1,2,3,5
-tetraazaacenaphthylene-7-carboxamide  0 N-N  t[ti s ~n vi[2 The title
compound (10 mg, 16%) was obtained as a solid by the same method  as
in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yi)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (50 mg) and 2-phenylethyllamine (33 ltL). 'H-NMR (CDCI3) 6:
2.20 (3H, s), 2.30 (3H, s), 2.72 (2H, dd), 3.23 (1H, dd),  3.44-3.56 (2H, m),
3.70-3.74 (4H, m), 4.23-4,25 (1H, m), 5.24 (2H, s), 5.45-5.47 (2H,  m),
6.49-6.51 (1H, m), 7.03 (2H, d), 7.22-7.28 (3H, m), 8.16 (1H, s). ESI
_MSm/z: 490 (M - H)'.  (Example 15) 7-[(4-Isoprop ylpiperazin-I
-yl)carbonyl] -2-[(4-methoxy-3,5-dimethylpyri din-
2-yl)methyl]-7,8-dihyydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-4-amin
e 84  0 1 ~ S N NHz  0 The title compound (6 mg, 12%) was obtained as a
solid by the same method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]- 



7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (40 mg) and 1-isopropylpiperazine (43 ),tL). 'H-NMR (CDC13)
S: 1.01 (6H, d), 2.20 (3H, s), 2.27 (3H, s), 2.45-2.54 (4H,  m), 2.68-2.72
(1H, m), 3.21 (1H, dd), 3.44-3.51 (3H, m), 3.71-3.73 (4H, m), 3.83  (1H,
br.s), 4.68 (1H, dd), 5.16 (2H, s), 5.43 (2H, s), 8.18 (1H, s). ESI-MSm1z:
497 (M + H)-.  (Example 16) 4-Amino-N-(2-chloro ethyl)-2-[(4-methoxy-3,
5-dimethylpyridin-2-yl)methyl]- 7,
8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide N-N
cl Hti 5 \^i~NH,  0 A mixture composed of
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carbox
ylic acid 85  of Example 8 (40 mg), 2-chloroethylamine hydrochloride (24
mg), 1- hydroxybenzotriazole monohydrate (24 mg),
1-(3-dimethylaminopropyl)-3- ethylcarbodiimide hydrochloride (40 mg),
triethylamine (44 L) and dehydrated  N,N-dimethylformamide (10 mL) was
stirred at room temperature for 16 hours.  The reaction mixture was
concentrated under reduced pressure. The resulting  residue was diluted
with ethyl acetate and sequentially washed with a saturated  sodium
bicarbonate solution and brine. The organic layer was dried over
anhydrous  magnesium sulfate and filtered. Then, the filtrate was
concentrated under reduced  pressure. The resulting residue was purified
by NH silica gel column  chromatography (dichloromethane-ethyl acetate)
to obtain the title compound (10 mg,  



22%) as a solid. ESI-MS m/z: 448 (M+H)'-.  (Example 17) 4-Amino-N-(3
-chloropropyl)-2-[ (4-methoxy-3, 5-dimethylpyridin-2-
yl)methyll-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene- 7
-carboxamide  0 1'-N  Ct\ 1 f "  MyCS  0 The title compound (60 mg, 50%)
was obtained as a solid by the same method  as in Example 16 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (100 mg) and 2-chloropropylamine hydrochloride (60 mg).
EST-MS m/z: 448 (M+H) . 86  (Example 18) 4-Amino-N-[2-(i sobutyl
amino)ethyl]-2-[ (4-mcthoxy3, 5-dimethypyridin-2- yl)methyl]-7,
8-dihydro-2H-6-thia-1,2,3 , 5-tetraazaacen aphthyl ene-7-carboxamide 1
0  H f1 /~ S [~` HHi  0 A mixture composed of
4-amino-N-(2-chloroethyl)-2-[(4-methoxy-3,5- 



dimethylpyridin-2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,
5-tetraazaacenaphthyl ene- 7-carboxamide of Example 16 (20 mg),
isobutylamine (0.8 mL) and dioxane (3 mL)  was heated under reflux for
16 hours, and then the reaction mixture was concentrated  under reduced
pressure. The resulting residue was purified by reversed phase liquid
chromatography to obtain the title compound (6 mg, 28%) as a solid.
'H-NMIR (CDC13) 8: 0.86 (6H, d), 1.64-1.65 (1H, m), 2.19 (3H, s), 2.27
(3H,  s), 2.32 (2H, d), 2.65-2.67 (2H, m), 3.23-3.28 (3H, m), 3.62-3.69 (4H,
m), 4.30 (1H,  dd), 5.24-5.28 (2H, m), 5.41 (2H, d), 7.07 (1H, s), 8.16 (1H,
s). ESI-MSm/z: 485 (M + H)`.  (Example 19) 4-Amino-N-[3 -(isob utyl
amino)propyl] -2-[ (4-methoxy-3, 5-dim ethylpyridin-2- yl )methyl]
-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide 87
a -N  H[J~ / V  HN 5 N VH. Reaction and post-treatment were performed
in the same manner as in  Example 18 using
4-amino-N-(3-ehloropropyl)-2-[(4-methoxy-3,5-dimethylpyridin- 2-yl)m
ethyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxami
de  of Example 17 (30 mg) and isobutylamine (2 mL), followed by
purification by NH  silica gel column chromatography
(diehloromethane-methanol) to obtain the title  compound (20 mg, 62%)
as a solid. 'H-NMR (CDC13) 8: 0.87 (6H, d), 1.63-1.70 (3H, m), 2.20 (3H,
s), 2.27 (3H,  s), 2.35 (2H, dd), 2.60-2.64 (2H, m), 3.23-3.33 (3H, m), 3.58
(11-1, dd), 3.72 (3H, s),  



4.26 (11-1, dd), 5.19 (2H, s), 5.41 (2H, s), 8.05 (1H, br), 8.17 (1H, s).
ESl-MSm/z: 499 (M = H.  (Example 20) 4-Amino-N-
(3-[(2,2-dimethylpropyl)amino] propyl) -2 - [(4-methoxy- 3 , 5-
dimethylpyridin-2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenap
hthyl ene- 7-carboxamide 88  /0 HN~~ i~f~.  HN ,  S h' N1[,  0 The title
compound (10 mg, 29%) was obtained as a solid by the same method  as
in Example 19 using 4-amino-N-(3-chloropropyl)-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyi]-7, 8-dihydro-2H-6-thi
a-1,2,3,5-tetraazaacenaphthylene- 7-carboxamide of Example 17 (30 mg)
and neopentylamine (2.0 mL). 'H-','MR (CDCI3) 8: 0.86 (9H, s), 1.63-1.70
(2H, m), 2.20-2.21 (4H, m), 2.27- 2.28 (4H, m), 2.64 (2H, m), 3.25 (1H,
dd), 3.32-3.37 (2H, m), 3.57 (11-1, dd), 3.72  (3H, s), 4.25 (IH, dd), 5.17
(2H, s), 5.41 (2H, s), 7.88-7.90 (IH, br), 8.17 (1H, s).  ESI-MSm/z: 513 (M
+ H)'. (Example 21) Di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl} imidodicarbonate
1) 1-(2-Amino-4,6-dichloropyrimidin-5-yl)pent-4-en-l-ol  Ci i c I c~  



i  C N NH., 4-Bromo-l-butene (14.54 mL) was added to a mixture
composed of a  magnesium piece (3.17 g) and dehydrated
tetrahydrofuran (150 mL.) in a nitrogen  atmosphere over one hour. After
confirming that the internal temperature was 89  increased, the mixture
was stirred at an internal temperature of 25 to 30C while  cooling in an ice
bath for one hour to prepare a Grignard reagent. The Grignard  reagent
was added to a mixture composed of 2-amino-4,6-dichloro-pyrimidine-5-
carbaldehyde (5.00 g) and dehydrated tetrahydrofuran (100 mL) under
cooling in a  dry ice-acetone bath over three hours, followed by stirring for
1.5 hours. Water  (100 ml,) was added to the reaction mixture, and the dry
ice-acetone bath was  removed. A saturated ammonium chloride solution
(200 mL) was added to the  reaction mixture. Then, ethyl acetate (200 ml)
was added and the organic layer  was separated off. The aqueous layer
was extracted with ethyl acetate, and then the  combined organic layers
were washed with brine. The organic layers were dried  over sodium
sulfate and filtered. Then, the filtrate was concentrated under reduced
pressure and the solvent was evaporated to obtain a crude product of the
title  compound (5.06 g, 78%) as a solid. The resulting compound was
directly used for  the next reaction without purification. 2)
1-(2-Amino-4,6-dichloropyimidin-5-yl)pent-4-en-l -one  Cl VI{z 0 Cl A
mixture composed of the above crude 1-(2-amino-4,6-dichloropyrimidin-5-
yl)pent-4-en-l-ol (5.06 g), 1,2-dichloroethane (300 mL) and manganese
dioxide  (20.15 g) was heated under reflux for 15 hours, After confirming
that the raw  



material disappeared, the reaction solution was filtered through Celite, and
the filtrate  was concentrated under reduced pressure. The resulting
residue was purified by  silica gel column chromatography (ethyl
acetate-chloroform) to obtain the title  compound (1.22 g, 24.3%) as a
solid. 'H-NMR (CDC13) 5: 2.48 (2H, dd), 2.94 (2H, t), 5.01-5.06 (1H, m),
5.10 (1W  ddd), 5.41 (2H, s), 5.93-5.80 (1H, m). 90  3)
3-But-3-en-l-yl-4-chloro-l-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]- 1
H--pyrazolo[3,4-d]pyrimidin-6-amine 0  C1 N NH, The title compound
(4.40 g, 59%) was obtained as a solid by the same method  as in Step 5)
of Example 1 using 1-(2-amino-4,6-dichloropyrimidin-5-yl)pent 4-en-1- one
(4.92 g) and [(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]hydrazine
hydrochloride of Step 4) of Example 1 (8.72 g) under cooling in an ice
bath. 'H-NMR (DMSO-d6) S: 2.15 (3H, s), 2.19 (3H, s), 2.35-2.42 (2H, m),
2.87- 2.93 (2H, m), 3.70 (3H, s), 4.91-4.96 (1H, m), 4.99-5.06 (111, m),
5.37 (2H, s), 5.89- 5.78 (1H, m), 7.17 (2H, S), 8.02 (1H, s) 4) Di-tert-butyl
(3-but-3-en-1-yl-4-chloro-l-[(4-methoxy-3,5- dimethylpyridin-2-yl)methyl]- I
H-pyrazolo[3,4-d]pyrimidin-6-yl} imidodicarbonate  0 N N 0  C 1 N NI 0 0
91  



The title compound (6.78 g, 100%) was obtained as a solid by the same
method as in Step 6) of Example 1 using the above
3-but-3-en-1-yl-4-chloro-1-[(4- rnethoxy-3,5-dimethylpyridin-2-yl)methyl] -1
H-pyrazolo[3,4-d]pyrimidin-6- amine(4.40 g) and di-tert-butyl diearbonate
(15.46 g). ESl-MS m/z: 573 (M+H)* 5) Di-tert-butyl
{4-chloro-3-(3,4-dihydroxybutyl)-1-[(4-methoxy-3,5-
dimethylpyrdin-2-yl)methyl]-1
H-pyrazolo[3,4-d]pyrimidin-6-yl}imidodiearbonate  DE HO N ci N 0 0/
Osmium tetroxide (21 mg) was added to a mixture composed of the above
3- (3 -b utenyl)-6-di(tert-butoxycar"oonyl)amino-4-chloro- l -(4-methoxy-3,
5- dimethylpyridin-2-yl)methyl-lH-pyrazolo[3,4-d]pyrimidine (4.78 g), N-
methylmorpholine-N-oxide (5.04 g), tetrahydrofuran (60 mL), acetone (60
mL) and water (60 mL), and the mixture was stirred at room temperature
for five hours.  Ethyl acetate (300 mL) and a 10%o sodium thiosulfate
solution (500 mL) were added  to the reaction mixture, followed by further
stirring for 30 minutes. The reaction  mixture was separated, and the
aqueous laver was extracted with ethyl acetate.  Then, the combined
organic layers were washed with brine. The organic layers  were dried
over anhydrous sodium sulfate and then filtered. The filtrate was
concentrated under reduced pressure and the solvent was evaporated to
obtain a 92  crude product of the title compound (4.60 g, 91?/o) as a solid.
The resulting  compound was directly used for the next reaction without
purification. 1H-NMR (CDCI3) 6: 1.41 (18H, s), 1.98 (2H, dd), 2.20 (3H, s),
2.29 (3H, s),  



3.08 (IH, d), 3.27 (2H, t), 3.45-3.51 ('1H, m), 3.58-3.64 (IH, m), 3.73-3.76
(4I1, m),  5.59-5.69 (2H, m), 8.03 (1ft, s). 6) Di-tert-butyl
{4-chloro-3-(3-hydroxypropyl)-1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-I H-pyrazolo[3,4-d]pyrimidin-6-yl }
imidodicarbonate  0 HO N-N C1 N N 0-~  0 C, The title compound (128
mg, 60%) was obtained as an oil by the same  method as in Step 8) of
Example I using the above 6-di(tert-butoxycarbonyl)a_mino-
4-chloro-3-(3,4-dihydroxybutyl)-1-(4-methoxy-3,5-dimethylpyridin-2-yl)met
hyl-1 H- pyrazolo[3,4-d]pyrimi dine (225 mg) and sodium periodate (396
mg) under cooling in  an ice bath, 'H-NMR (CDC13) 8: 1.41 (18H, s),
2.04-2.11 (2H, m), 2.19 (3H, s), 2.28 (3H,  s), 3.23 (21-1, t), 3.70-3.73
(21-1, m), 3.74 (3I-I, s), 5.65 (2H, s), 8.04 (1H, S).  ESI-MSm/z: 577 (M +
H)-. 7) Di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-yi)methyl]-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl)imidodicarbonate
93  0 C  N  N-N  N 0 C 0 x 



Triethylamine (0.12 mL), p-toluenesulfonyl chloride (152 mg) and 4-
dimethylaminopyridine (I mg) were added to a mixture composed of
di-tert-butyl  {4-chloro-3
-(3-hydroxypropyl)-1-[(4-methoxy-3,5-dimethylpyridin-2-yI)methyll-
IH-pyrazolo[3,4-d]pyrimidin-6-yl}imidodicarbonate (64 mg) and dehydrated
dichloromethane (3 mL) under cooling in an ice bath. The ice bath was
removed  and the mixture was stirred for 17 hours. The reaction mixture
was separated with  water (30 mL) and ethyl acetate (30 mL), and the
organic layer was dried over  anhydrous sodium sulfate. After filtration, the
filtrate was concentrated under  reduced pressure.
1\',N-Dimethy1formamide (1 mL) and potassium thioacetate (25  mg) were
added to the resulting residue, and the mixture was heated to 50C and
stirred for 15 minutes. After confirming that the reaction was completed,
the  reaction mixture was separated with water and ethyl acetate. The
organic layer was  washed with brine, and then dried over anhydrous
sodium sulfate and filtered. Then,  the filtrate was concentrated under
reduced pressure. The resulting residue was  purified by silica gel column
chromatography (ethyl acetate-hexane) to obtain the  title compound (34
mg, 55%) as an oil. 'H-NMR (CDC13) S: 1.39 (18H, s), 2.21 (3H, s), 2.26
(3H, s), 2.46 (2H, dt),  3.22-3.25 (4H, m), 3.73 (3H, s), 5.62 (2H, s), 8.17
(1H, s). ESI-MSm/z: 557 (M + H)-. 94  (Example 22) 2-[(4-Methoxy-3,
5-dimethylpyridin-2-yl)methyl] -2,7,8,9-tetrahydro-6-thia-
1,2,3,5-tetraazabenzo[cd]azulen-4-amine 0  1 ~ N  



N NH2 The title compound (28 mg, 62%) was obtained as a solid by the
same method  as in Example 2 using di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2- yl)methyl]
-2,7,8,9-tetrahydro-6-fnia-1,2,3,5-tetraazabenzo[cd]azulen-4-
yl}imidodicarbonate of Step 7) of Example 21 (71 mg) under cooling in an
ice bath. `H-AMA (CDC13) 8: 2.22 (3H, s), 2.26 (3H, s), 2.37-2.43 (2H, m),
3.11 (2H,  t), 3.18 (2H, t), 3.74 (3H, s), 5.16 (2H, s), 5.46 (2H, s), 8.20
(11-1, s). ESI-MSm/z: 357 (M + H)'.  (Example 23) Di-tert-butyl
{7-cyano-2-[(4-methoxy-3,5-dimethylpyri din 2-yl)methyl]-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl}imidodi
carbonate 1) Di-tert-butyl
{4-chloro-l-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-3- (3 -oxopropyl)-1
H-p yrazol o [ 3 , 4-d]p yrimidin-6-yl } imidodi carb onate 95  0 0~ r 1 n  G1
\N~, rAl  0 0 A crude product of the title compound (4.34 g, 100%) was
obtained by the  same method as in Step 1) of Example 3 using
di-tert-butyl {4-chloro-3-(3,4-
dihydroxybutyl)-1-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-I
H-pyrazolo[3,4- d]pyrimidin-6-yl}imidodicarbonate of Step 5) of Example
21 (4.60 g) and sodium  periodate (1.95 g) under cooling in an ice bath.
The resulting compound was  directly used for the next reaction without
purification. 



2) Di-tort-butyl {4-chloro-3-(3-cyano-3-hydroxypropyl)-1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1
H-pyrazolo[3,4-d]pyrimidin-6-yl}imidodicarbonate  HO N--R N C1 ``t~N~G
A crude product containing the title compound (1,99 g) was obtained by
the  same method as in Step 2) of Example 3 using the above di-tert-butyl
{4-chloro-l 96
[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-3-(3-oxopropyl)-1H-pyrazolo[
3,4- d]pyrimi(lin-.6-yl)imidodicarbonate (1.55 g) and trimethy[silyl cyanide
(0.416 ml-)  under cooling in an ice bath. The resulting compound was
directly used for the next  reaction without purification. ESI-MS m/z: 602
(M+1I)'. 3)
3-{6-[Bis(tert-butoxycarbonyl)amino]-4-chloro-l-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1 H-pyrazolo[3,4-d]pyrimidin-3-yl
}-1-cyanopropyl 4- m ethylb enzen esul fo nate Sao C v-N v X The title
compound (2.32 g, 93%) was obtained as a solid by the same method  as
in Step 3) of Example 3 using the above crude di-tert-butyl
{4-chloro-3-(3-cyano-
3-hydroxypropyl)-1-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-1 H-
pyrazolo[3,4-d]pyrimidin-6-yl}imidodicarbonate (1.99 g) and
p-toluenesulfonyl  chloride (945 mg). ESI-MS mlz: 756 (M+F)'. 4)
Di-tert-butyl {7-cyano-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-yl}imidodicarb
onate 



97  0 1 ~  ti N-N  N, o 0X The title compound (1.49 g, 84%) was obtained
as an oil by the same method  as in Step 4) of Example 3 using the above
3- (6-[bis(tort-butoxyearbonyl)amino]-4- chloro- l -[(4-methoxy-3,
5-dimethyipyridin-2-yl)methyl]-1 H-pyrazolo{ 3,4-
d]pyrimidin-3-yl}-1-cyanopropyl 4-methylbenzenesulfonate (2.32 g) and
sodium  bisulfide monohydrate (273 mg) under cooling in an ice bath.
'H-NMR (CDC13) S: 1.44 (18H, s), 2.22 (3H, s), 2.28 (3H, s), 2.61-2.68
(1H,  m), 2.84-2.92 (IH, m), 3.42-3.59 (2H, m), 3.74 (3H, s), 4.32 (1H, d),
5.65 (2H, s),  8.16 (IH, s). ESI-MSm/z: 582 (M + H))+.  (Example 24)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,
8,9-tetrahydro- 6-thia-l,2,3,5-tetraazabenzo[cd]azulene-7-carbonitrile 98  0
N-N N s v~ N112 The title compound (21.6 mg. 81 %) was obtained as a
solid by the same  method as in Example 2 using di-ten-butyl
{7-cyano-2-[(4-methoxy-3,5- dimethylpyridin-2-yl)methyl]-2,7,
8,9-tetrahydro-6-thia-1,2,3 , 5- 



tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Step 4) of Example 23
(53 mg). 'H-NMR (CDC13) S: 2.24 (3H, s), 2.29 (3H, s), 2.51-2.61 (1H, m),
2.75-2.85  (I H, m), 3.28-3.45 (2H, m), 3.76 (3H, s), 4.25 (1H, d), 5.34 (2H,
br.s), 5.48 (2H, s),  8.22 (1H, s). ESI-MSm/z: 382 (M + H)  (Example 25)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-7-(1 H-tetrazol-5-yl)-
2,7,8,9-tetrahvdro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine  0 N
N-N  E{ S N NHI N 99  A mixture composed of di-tert-butyl
{7-cyano-2-[(4-methoxy-3,5
dimcthylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-Chia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Step 4) of Example 23
(53 mg),  N,N-dimethylformamide (1 mL), triethylamine hydrochloride
(14.5 m) and sodium  azide (6.8 mg) was sealed in a tube and heated with
stirring at a bath temperature of  105C for 15 hours. After cooling to room
temperature, the reaction solution was  separated with ethyl acetate and a
0.1 N sodium hydroxide solution. The aqueous  layer was made acidic
with a 0.1 N hydrochloric acid solution, followed by extraction with ethyl
acetate. The organic layer was washed with water and then  dried over
anhydrous sodium sulfate. After filtration, the filtrate was concentrated
under reduced pressure. Dichloromethane (2 mL) and trifluoroacetic acid
(0.5 mL)  were added to the resulting residue, and the mixture was stirred
at room temperature  



for two hours. The reaction solution was concentrated under reduced
pressure, and  the resulting residue was purified by silica gel thin-layer
chromatography (chloroform-methanol-lower layer of water) to obtain the
title compound (5.6 mg,  19%) as a solid. 'H-NMR (CDC1j) 6: 2.09 (3H, s),
2.18 (3H, s), 2.64-3.13 (4H, m), 3.66 (3H,  s), 4.57-4.85 (IH, m), 5.29 (2H,
s), 8.03 (1H, s). ESI-MSm/z: 425 (M + H)+.  (Example 26) 4-Amino-2-[
(4-m ethoxy-3.5-dimethylpyridin-2-yi)methyl]-2,7, 8,9-tetrahydro- 6-thi
a-1,2,3,5-tetraazabenzo[ed]azulene-7-carboxamide 100  o N  N N NH7
H1N A mixture composed of di-tert-butyl {7-cyano-2-[(4-methoxy-3,5- dim
ethylp vridin-2-v1)methyl l-2, 7, 8 , 9-tetrahydro-6-thi a-1, 2, 3, 5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Step 4) of Example 23
(53 mg)  and concentrated hydrochloric acid (1 mL.) was stirred at room
temperature for two  hours. The reaction mixture was concentrated under
reduced pressure, and the  residue was purified by reversed phase liquid
chromatography to obtain the title  compound (9.7 mg, 35%) as a solid.
'H-NMR (CDC13) 6: 2.17 (3H, s), 2.21 (3I1, s), 2.96-3.00 (2H, m), 3.71
(3H,  s), 4.18 (1H, d), 5.32 (1H, d), 5.37 (1H, d), 6.76 (2H, s), 7.32 (1H, s),
7.73 (1H, s),  8.07 (1H, s). 



ESI-iMSmiz: 400 (M - H)`.  (Example 27) 4-Amino-2-[(4-methoxy-3 ,
5-dimethylpyridin-2-vl)methyl ] -2, 7, 8, 9-tetrahydro-
6-thia-1,2,3,5-tetraazabenzo[ed]azulene-7-carboxylic acid 101  ti r N s Y
NH,  HO A mixture composed of di-tert-butyl {7-cyano-2-[(4-rnethoxy-3,5-
dimethylpyridin-2-yl)methyt]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[od]azulen-4-yl}imidodicarbonate of Step 4) of Example 23
(745 mg)  and concentrated hydrochloric acid (30 mL) was stirred at room
temperature for four  days. After confirming that the raw material
disappeared, the reaction mixture was  concentrated under reduced
pressure. The residue was diluted with water and then  neutralized with a
saturated sodium bicarbonate solution. Acetic acid (4 mL) was  added to
the mixture, followed by cooling in an ice bath for 30 minutes. The
precipitate was collected by filtration and then dried to obtain the title
compound  (420 mg, 82%) as a solid. ESI-ASS m/z: 401 (M+H)`.
(Example 28) 4-Amino-N-ethyl-2 - [ (4-methox y- 3,5 -dim ethylp yri
din-2-y1)m ethyl ] - 2,7 , 8 , 9- tetrahydro-6-thia-1,2,3,5-tetraazabenzoTed]
azulene-7-carboxamide 102  Is / N  



I  --"N H S N Nil,  0 The title compound (22.3 g, 68%) was obtained as a
white solid by the same  method as in Example 9 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulene-7-ca
rboxylic  acid of Example 27 (32 mg) and ethylamine hydrochloride (14
mg). 'H-NMR (CDC13) 6: 1.12 (3H, t), 2.22 (3H, s), 2.26 (3H, s), 2.64-2.71
(2H,  m), 3.02 (IH, dt), 3.17 (1H, dt), 3.24-3.33 (2H, m), 3.75 (3I1, s), 4.05
(1H, t), 5.42  (3H, s), 7.11-7.20 (1H, m), 8.12 (IH, s). ESI-MSmIz: 428 (M +
H)+.  (Example 29) 4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)mefnyl
]-N,N-dimethyl.  2,7,8,9-tetrahvdro-6-thia-1
2,3,5-tetraazabenzo[cd]azulene-7-carboxamide N-N  S ~N~NIl2  0 103
The title compound (22.6 mg, 66%) was obtained as a solid by the same
method as in Example 9 using
4-amino-2-[(4-methoxy-3,5-dimethylpyri(lin-2-
yl)methyl]-2,7,8,9-tetrahydro-6-Chia-1,2,3,5-tetraazabenzo[ed]azulene-7-c
arboxylic  acid of Example 27 (32 mg) and dimethylamine hydrochloride
(14 mg). 'H-NNIR (CDC13) S: 2.22 (3H, s), 2.28 (3H, s), 2.51-2.63 (1H,
m), 2.77-2.85  (IH, m), 2.93-3.01 (1H, m), 3.02 (3H, s), 3.16 (3H, s),
3.23-3.31 (11-1, m), 3.74 (3H,  s), 4.39 (1H, d), 5.27 (9H, br.s), 5.43 (1H,
d), 5.49 (11I, d), 8.19 (IH, s).  



ESI-MSm/z: 428 (M -- H)`. (Example 30) 4-Amino-N-isopropyl-2-
[(4-methoxy-3,5 -dimethylpyridin-2-yl)methyl] -
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-7-earboxanide
c n-v  ?S~'~N E ( Nil, The title compound (27.1 mg, 77%) was obtained as
a solid by the same  method as in Example 9 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzofcd]azulene-7-ca
rboxylic  acid of Example 27 (32 mg) and isopropylamine (0.014 mL).
'H-NMR (CDCI3) a: 1.12 (3H, d), 1.16 (3H, d), 2.23 (31-1, s), 2.25 (3H, s),
2.58-2.78 (2H, m), 2.96-3.08 (1H, m), 3.12-3.23 (1H, m), 3.76 (3H, s),
3.98-4.09 (2H,  m), 5.42 (2H, s), 6.95 (1H, d), 8.12 (1H, s). EST-MSmiz:
442 (M H)t. 104  (Example 3l)
4-Amino-N-[2-(dimcthylamino)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2 -
yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulene-7-
carboxarnide N h  S N NHz The title compound (20.0 mg, 49%) was
obtained as a solid by the same  method as in Example 9 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-7-ca
rboxylic  



acid of Example 27 (32 mg) and N,N-diethylethylenediamine (18 ul).
'H-NMR. (CD3OD) b: 2.41 (3H, s), 2.50 (3H, s), 2,70-2.82 (2H, m), 2.94
(6H,  s), 3.04-3.40 (6H, m), 3.56-3.75 (2H, m), 4.14 (3H, s), 4.75 (2H, d),
5.72 (2H, s),  8.55 (IH, s). ESI-MSm,'z: 471 (M = H)  (Example 32)
Di-tert-butyl {8-hydroxy-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-vl}imidodicarb
onate 105  0 N  N N,  HO~' ` V J N 0  00  A solution of methanesulfonyl
chloride (73 L) in dehydrated dichloromethane was added dropwise to a
mixture composed of di-tert-butyl {4- chloro-3-(2,3-dihydroxypropyl)-1-[
(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
Ii-I-pyrazolo[3,4-d]pyrimidin-6-yl}imidodicarbonate of Step 7) of Example 1
(510  mg), 2,4,6-collidine (1.15 mL) and dehydrated diehloromethane (17
mL) under  cooling in an ice bath, and then the mixture was stirred for 15
hours, 0.5 N  hydrochloric acid was added to the reaction mixture,
followed by extraction with  chloroform. The organic layer was washed
with water, and then dried over  anhydrous sodium sulfate and filtered.
Then, the filtrate was concentrated under  reduced pressure. The resulting
residue was dissolved in N,N-dimethylformamide  (10 mL). Sodium
bisulfide monohydrate (76 mg) was added under cooling in an ice  



bath, followed by stirring for 20 minutes. Potassium carbonate (142 mg)
was added  to the reaction mixture and the ice bath was removed. The
mixture was stirred for  one hour, and then heated to 50C and further
heated with stirring for two hours.  Water was added to the reaction
mixture, followed by extraction with ethyl acetate.  The organic layer was
sequentially washed with water and brine and then dried over  anhydrous
sodium sulfate. After filtration, the filtrate was concentrated under
reduced pressure. The resulting residue was purified by silica gel column
106  chromatography (ethyl acetate-hexane) to obtain the title compound
(453 mg, 92%)  as an oil. 'H-NMR (CDC13) 6: 1.44 (181-1, s), 2.22 (311,
s), 2.25 (3H, s), 3.29-3.41 (211,  m), 3.42-3.56 (2H, m), 3.73 (31-1, s),
4.55-4.64 (IH, m), 5.60 (11-1, d), 5.64 (1H, d),  8.15 (1H, s). ESI-MSm/z:
573 (M + H) '.  (Example 33) 4-Amino- 2- [(4-methoxy-3 , 5 -dimethylpyri
din-2- yl)methyl ]-2, 7, 8, 9-tetrahydro-
6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-oI 0  -N Ho it  5 NH2 A mixture
composed of di-tert-butyl {8-hydroxy-2-[(4-methoxy-3,5- dimethyipyri
din-2-yl)methyl]-2,7, 8,9-tetrahydro-6-thia-1,2,3,5-
tctraazabenzo[cd]azulen-4-yl; imidodicarbonate of Example 32 (40 mg),
dichloromethane (1 mL), a 4 N solution of hydrochloric acid in dioxane
(0.5 m'-) and  methanol (0.5 mL) was stirred at room temperature for two
days. The reaction  



mixture was concentrated under reduced pressure, and the resulting
residue was  purified by reversed phase liquid chromatography to obtain
the title compound (12.5  mg, 48%) as a solid. 'H-NMR (CDC13) 6: 2.22
(3H, s), 2.26 (3H, s), 3.19-3.45 (4H, m), 3.74 (3H,  s), 4.49-4.50 (1H, m),
5.33 (2H, br.s), 5.44 (2H, s), 8.17 (1H, s). ESI-MSm/z: 373 (M H)-. 107
(Example 34)
8-Methoxy-2-[(4-methoxy-3,5-dimethylpyn(iin-2-yl)methyl]-2,7,8,9
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulcn-4-amine  N-N N  s N
Nd2 Sodium hydride (6.7 mg) was added to a mixture of di-tert-butyl
{8-hydroxy- 2-[(4-metho xy-3, 5-dimethylpyridin-2-y1)methyl]-2,7, 8,
9-tetrahydro-6-thia-1,2, 3, 5- tetraazabenzo[cd]azulen-4-yl)imidodi
carbonate of Example 32 (40 mg) and  dehydrated
N,N-dimethylformamide (1 mL), and then the mixture was stirred at  room
temperature for one hour. Methyl iodide (6.5 L) was added to the reaction
mixture, followed by stirring for 1.5 hours. Then, water (20 mL) was
added. The  resulting mixture was extracted with ethyl acetate. The
organic layer was washed  with water and then dried over anhydrous
sodium sulfate. After filtration, the  filtrate was concentrated under
reduced pressure. Diehl oromethane (2 hill) and  trifluoroacetic acid (0.5
mL) were added to the resulting residue, and the mixture was  stirred at
room temperature for two hours. The reaction mixture was concentrated
under reduced pressure, and the resulting residue was purified by
reversed phase  liquid chromatography to obtain the title compound (4.8
mg, 18%) as a solid. 



'H-NMR (CDC13) 6: 2.23 (311, s), 2.28 (311, s), 2.98 (3H, s), 3.18-3.25
(2H,  m), 3.32 (IH, dd), 3.38-3.45 (1H, m), 3.75 (3H, s), 4.48 (1H, dt), 5.44
(1H, d), 5.50  (1H, d), 8.16 (1H, s). ESI-MSmiz: 387 (NI + H)+. 108
(Example 35) 4-[Bis(tert-butoxycarbonyl)amino]
2-[(4-methoxy-3,5-dimethylpyridin-2- yl)m ethyl]
-2,7,8,9-tetrahydro-6-thia.-1,2,3,5-tetraazabenzo [cd]azulen-8-yl
methanesuifonate 0  N N(r)NT 0 fN~ J0f  I, 0 0 0 _ Methanesulfonyl
chloride (39 uL) was added dropwise to a mixture composed  of
di-tert-butyl
{8-hydroxy-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl}imidodicarbonate
of Example  32 (240 mg), dehydrated dichloromethane (6 mL) and
triethylamine (88 RL) under  cooling in an ice bath. The ice bath was
removed and the mixture was stirred for  two hours. After confirming that
the raw material disappeared, the reaction mixture  was diluted with
chloroform and washed with water. The organic laver was dried  over
anhydrous sodium sulfate and then filtered, and the filtrate was
concentrated  under reduced pressure. Dichloromethane and hexane
were added to the residue,  and the precipitated solid was collected by
filtration to obtain the title compound  (253 mg, 93%). The resulting
compound was directly used for the next reaction  



without puri fication. ESI-MS m/z: 651 (M+H)`. 109  (Example 36)
2-[(4-Methoxy-3,5-dimethylpvridin-2-yl)methvl]-2,7-dihydro-6-th a-i,2,3,5-
tetraazabenzo[cd]azulen-4-amine N-N  f ~ Ih S N~NH2 A mixture
composed of 4-[bis(tert-butoxycarbonvl)amino] -2-[(4-methoxy-
3,5-dimethylpvridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-yl methanesulfonate of Example 35 (65 mg),
dehydrated  N,N-dimethyiformamide (1 mL) and potassium carbonate (14
mg) was heated with  stirring at 70C for six hours. The reaction mixture
was cooled and a saturated  sodium bicarbonate solution was added,
followed by extraction with ethyl acetate.  The organic layer was washed
with brine, and then dried over anhydrous sodium  sulfate. After filtration,
the filtrate was concentrated under reduced pressure.  Dichloromethane
(2 mL) and trifluoroacetic acid (1 mL) were added to the resulting  residue,
and the mixture was stirred at room temperature for one hour. After
confirming that the raw material disappeared, the reaction mixture was
concentrated  under reduced pressure. A saturated sodium bicarbonate
solution was added to the  residue, followed by extraction with ethyl
acetate. The organic laver was washed  with brine, and then dried over
sodium sulfate and filtered. Then, the filtrate was  concentrated under
reduced pressure. The resulting residue was purified by silica  gel
thin-layer chromatography (chloroform-methanol) to obtain the title
compound  (12.9 mg, 36%) as a solid. 



110  tH-NMR (CDC13) 8: 2.23 (3H, s), 2.29 (3H, s), 3.72 (2H, d), 3.75
(313, s), 5.51 (211, s), 6.30 (11-1, dt), 6.81 (1H, d), 8.18 (1H, s).
ESI-MSru/z: 355 (M  H)" (Example 37) 4-Amino-2-[(4-methoxy-3 ,
5-dimethylpyridin-2-yl)methyl] -2, 7, 8,9-tetrahydro-
6-thia-1,2,3,5-tetraazabenzofcd;azulen-8-yl methylcarbamate N  N-N  ll~o
II s NNH2 A mixture composed of di-tort-butyl
{8-hydroxy-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-Chia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 32 (40 mg),
dehydrated  dichloromethanc (I mL), pyridine (I 1 ML) and triphosgene
(8.7 mg) was stirred  under cooling in an ice bath for three hours. A-2 N
solution of methylamine in  tetrahydrofuran (0.6 mL) was added to the
reaction mixture. Then, the ice bath was  removed and the mixture was
stirred for 17 hours. After confirming that the raw  material disappeared,
the reaction mixture was diluted with chloroform and washed  with water.
The aqueous laver was extracted with chloroform, and then the  combined
organic layers were dried over anhydrous sodium sulfate. After filtration,
the filtrate was concentrated under reduced pressure. Dichloromethane (2
mL) and  tri fluoroacetic acid (0.5 mL) were added to the resulting residue,
and the mixture was  stirred at room temperature for 15 hours. The
reaction mixture was concentrated Ill  under reduced pressure, and the
resulting residue was purified by reversed phase  



liquid chromatography to obtain the title compound (6.6 mg, 22%) as a
solid. `H-NMR (CDCI3) 6: 2.23 (3H, s), 2.27 (3F1, s), 2.78 (3H, d),
3.27-3.40 (3H,  m), 3.55 (1H, dd), 3.75 (3H, s), 4.97-5.02 (111, m), 5.19
(2H, br.s), 5.42 (111, d), 5.47  (1H, d), 8.08 (1H, s), 8.19 (1H, s).
EST-MSm%z: 430 (M + H)  (Example 38) 4-Amino-2-[(4-methoxy
-3.5-dimethylpyridin-2-yl)methyl ] -2,7, 8,9-tetrahydro-
6-thin-1,2,3,5-tetraazabenzo[cd]azulen-8-yl ethyl carbamate 0  0 _,4 v yr{Z
The title compound (18.5 mg, 40%) was obtained as a solid by the same
method as in Example 37 using di-tert-butyl t8-hydroxy-2-[(4-methoxy-3,5-
dim eth yl pyridin-2 -yl)methyl ] -2, 7, 8, 9-tetrahydro-6 -thi a-1, 2, 3 , 5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 32 (60 mg),
triphosgene  (13 mg) and a 2 N solution of ethylamine in tetrahydrofuran
(0.25 mL) under cooling  in an ice bath. 'H-NMR (CDC13) S: 1.12 (3H, t),
2.23 (3H, s), 2.27 (3H, s), 3.16-3.24 (21-1,  m), 3.28-3.37 (3H, m), 3.54
(1H, dd), 3.75 (3H, s), 5.09-5.15 (1H, m), 5.25-5.52 (4H7  m), 8.19 (1 H,
s). EST-MSrn%z: 444 (M + H)+. 112  (Example 39) 4-[B
is(tert-butoxycarbonvl) amino; -2-[(4-metnoxy-3,5-dimethvlpvridin-2-
yi)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-y1 acetate
(o / N o  



U Q, A mixture composed of di-tert-butyl {8-hydroxy-2-[(4-methoxy-3,5-
dimethylp yridin-2 -yl)methyl ] -2, 7, 8 , 9-tetrahydro-6 -thi a-1, 2, 3 , 5-
tetraazabenzo[ed]azulen-4-yl}imidodicarbonate of Example 32 (778 mg),
dimethyl  sulfoxide (10 mL) and acetic anhydride (1 mL) was stirred in a
nitrogen atmosphere  at room temperature for 12 hours. After confirming
that the raw material  disappeared, the reaction mixture was diluted with
ethyl acetate and sequentially  washed with water and brine. The organic
layer was dried over anhydrous sodium  sulfate and filtered. Then, the
filtrate was concentrated under reduced pressure.  The resulting residue
was purified by silica gel column chromatography (ethyl  acetate-hexane)
to obtain the title compound (507 mg. 61%) as an oil. 'H-NMR (CDC13) 6:
1.43 (18H, s), 2.21 (3H, s), 2.25 (3H, s), 2.27 (3H, s),  3.74 (3H, s), 3.90
(2H, s), 5.67 (2H, s), 6.70 (1H, s), 8.14 (1H, s). ESI-MSmIz: 613 (M - H)-.
113  (Example 40) Di-tert-butyl
{2.[(4-methoxy-3,5-dimethylpvridin-2-yl)methyl]-8-oxo-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulcn-4-yl}imidodicarb
onate  0 N  V-N  N 0 S N v  o~o/  A mixture of
4-[bis(tert-butoxycarbonyl)amino]-2-[(4-methoxy-3,5
dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]
azulen-8- 



yl acetate of Example 39 (507 mg), methanol (12 mL) and potassium
carbonate (57  mg) was stirred under cooling in an ice bath for 30
minutes. After confirming that  the raw material disappeared, a saturated
ammonium chloride solution was added to  the reaction mixture, followed
by extraction with ethyl acetate. The organic layer  was washed with brine,
and then dried over anhydrous sodium sulfate. After  filtration, the filtrate
was concentrated under reduced pressure. The resulting  residue was
purified by silica gel column chromatography (ethyl acetate-hexane) to
obtain the title compound (430 mg, 91 %) as an oil. EST-MS m/z: 571
(M+H)+.  (Example 41) 4-Amino-2-[(4-methoxy- 3
,5-dimethylpyridin-2-yl)methyl]-2, 9-dihydro-6-
thia-1,2,3,5-tetraazabenzo[cd]azulen-8(7H)-one 114  1 ~ ri  v-N  s u~NHz
The title compound (21.7 mg, 75%) was obtained as a solid by the same
method as in Example 2 using di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyri
din-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen
-4- yl}imidodicarbonate of Example 40 (43 mg). 'H-NMR (CDC13) 8: 2.23
(3H, s), 2.29 (3H, s), 3.75 (3H, s), 3.80 (211, s),  4.12-4.13 (IH, m), 4.12
(IH, s), 5.24 (111, br.s), 5.48 (2H, s), 8.18 (11-1, s).  ESI-MSm/z: 371 (M -
H)+. (Example 42) Di-tert-butyl
{8-[(2.4-dimethoxybenzyl)amino]-2-[(4-methoxy-3,5- 



dimethylpyridin-2-yl)methyl]-2,7,8,9-tetrahydr o-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate  0 \ o n,-y IN 0  m H ~  S N
N'O  0 I'J~ 0  x 115  A mixture composed of di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2
yl)methyl]-8-oxo-2,7,8,9-tetra.hydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4- yl}imidodicarbonate of Example 40 (170 mg),
dichloroethane (2 mL), acetic acid  (0.034 mL) and
2,4-dimethoxybenzylamine (0.073 mL) was stirred at room  temperature
for 10 minutes. Then, sodium triacetoxyborohydride (126 mg) was  added
and the mixture was stirred for two hours. Sodium triacetoxyborohydride
(63  mg) was added to the reaction mixture, followed by further stirring for
one hour.  Methanol (three drops) was added dropwise to the reaction
mixture, and then the  mixture was separated with chloroform and a 0.5 N
sodium hydroxide solution. The aqueous laver was extracted with
chloroform, and then the combined organic  layers were washed with
brine and dried over anhydrous sodium sulfate. After  filtration, the filtrate
was concentrated under reduced pressure. The resulting  residue was
purified by silica gel column chromatography (methanol-chloroform) to  



obtain the title compound (108 mg, 50%) as an oil. 'H-NMR (CDC15) S:
1.43 (18H, s), 2.21 (3H, s), 2.25 (3H, s), 3.19-3.36 (4H,  m), 3.43-3.48
(1H, m), 3,72 (3H, s), 3.78 (6H, s), 5.60 (2H, s), 6.41-6.44 (2H, m),  7.12
(1 H, d), 8.16 (1H, s). ESI-MSm/z: 722 (M + H)'.  (Example 43) N-
{4-Amino-2-[(4-methoxy-3,5-dimefnylpyridin-2-yl)methyl]-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}acetamide 116  -' u
NJ~' hH2 Acetyl chloride (18 L) was added dropwise to a mixture
composed of di-tert- butyl
{8-[(2,4-dimethoxybenzyl)amino]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-
yl}imidodicarbonate of Example 42 (36 mg), pyridine (40 L) and
dehydrated  dichloromethane (0.7 mL) under cooling in an ice bath. The
ice bath was removed  and the mixture was stirred for three hours. The
reaction mixture was diluted with  chloroform and then washed with a 0.2
N hydrochloric acid solution. The organic  layer was dried over anhydrous
sodium sulfate. After filtration, the filtrate was  concentrated under
red-aced pressure, and dichloromethane (1 mL) and 1,3-
dimethoxybenzene (12 L) were added to the resulting residue. Then,
trifluoroacetic acid (1 ml-) was added and the mixture was stirred at room
temperature for 16 hours. The reaction mixture was concentrated under
reduced  pressure. The resulting residue was dissolved in chloroform and
sequentially  washed with a saturated sodium bicarbonate solution and
brine. The organic layer  was dried over anhydrous sodium sulfate and
filtered. Then, the filtrate was  



concentrated under reduced pressure. The resulting residue was purified
by silica  gel thin-layer chromatography (chloroform-methanol) to obtain
the title compound  (15.6 mg, 76%) as a solid. 'H-NMR (CDCI3) a: 1.96
(3H, s), 2.22 (31-1, s), 2.30 (3H, s), 3.19 (1H, dd),  3.38 (IH, dd), 3.43-3.51
(211, m), 3.75 (3H, s), 4.76-4.84 (1H, m), 5.21 (21f, br.s),  5.40 (1H, d),
5.45 (IH, d), 6.37 (1H, d), 8.13 (1H, s). 117  ESI-MSm/z: 414 (M + H)'
(Example 44) N-
{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7, 8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl}aectamide  0 N  H
S N NH2 The title compound (14.6 mg, 68%) was obtained as a solid by
the same  method as in Example 43 using di-tert-butyl
{8-[(2,4-dimetboxybenzyl)amino]-2-
[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,
3,5- tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 42 (36
mg) and  propionyl chloride (0.022 mL). 'H-NMR (CDCI3) a: 1.13 (3H, t),
2.20 (2H, dd), 2.22 (3H, s), 2.31 (3H, s),  3.21 (IH, dd), 3.36 (1H, dd), 3.44
(IH, d), 3.57 (1H, dd), 3.77 (3H, s), 4.75-4.81 (1H,  m), 5.18 (1H, d), 5.39
(1H, d), 5.53 (1H, d), 6.89 (IH, d), 8.05 (IH, s). ESI-MSm/z: 428 (M i- H)-.
(Example 45) N- {4-Amino-2 - [(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]
-2,7, 8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}cyclopropanecarbo
xamide 



118  0 N N.  H S wNH, The title compound (12 mg, 55%) was obtained as
a solid by the same method  as in Example 43 using di-tert-butyl
{8-[(2,4-dimethoxybenzyl)amino]-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,
8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 42 (36 mg)
and  cyclopropanecarbonyl chloride (22 L). 'H-NMR (CDC13) o: 0.71-0.76
(2H, m), 0.93-0.97 (2H, m), 1.50-1.58 (1H, m),  2.23 (3H, s), 2.32 (3H, s),
3.30-3,49 (2H, m), 3.60 (lH, dd), 3.79 (3H, s), 4.69-4.76  (1H, m), 5.36
(1H, d), 5.58 (1H, d), 7.84 (1H, d), 7.99 (1H, s). EST-MSm/z: 440 (M + H)-.
(Example 46)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-N8-methyl-2,7, 8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulene-4,8-diamine
hydrochloride  0 1 ~  NN HC1  NN / IN H S N NH, 119  Sodium
triacetoxyborohydride (16 mg) was added to a mixture composed of 



di-tert-butyl (2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-
tetrahydro-6-Chia-1,2,3,5-tetraazabenzo[ed]azulen-4-y1}imidodicarbonate
of Example  40 (28 mg), dichloroethane (0.5 mL), a 2 N solution of
methylamine in  tetrahydrofuran (0.1 mL) and acetic acid (6 L), and the
mixture was stirred at room  temperature for 17 hours. Methanol (three
drops) was added dropwise to the  reaction mixture, and then a 0.2 N
sodium hydroxide solution was added, followed  by extraction with ethyl
acetate. The organic layer was dried over anhydrous  sodium sulfate and
filtered, and then the filtrate was concentrated under reduced  pressure.
Dichloromethane (2 mL) and trifluoroacetic acid (0.5 mL) were added to
the resulting residue, and the mixture was stirred at room temperature for
two hours.  The reaction mixture was concentrated under reduced
pressure, and the resulting  residue was purified by reversed phase liquid
chromatography. A 4 N solution of  hydrochloric acid in dioxane (20 L)
was added to the resulting solid. Methanol  and diethyl ether were added
and the precipitated solid was collected by filtration to  obtain the title
compound (5.7 g, 28%) as a solid. 'H-NMR (CD3OD) S: 2.24 (3H, s), 2.27
(3H, s), 2.68 (3H, s), 3.27 (1H, dd),  3.39 (1H, dd), 3.51-3.54 (2H, m), 3.79
(3H, s), 5.46 (21-1, s), 8.04 (1H, S).  ESi-MSm/z: 386 (M + H. (Example
47)  2-[(4-Methoxy-3;
5-dimethylpyridin-2-yl)rnethyl]-N8,N8-dimethyl-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine
hydrochloride 120  N-~~ N--N HCl  \ ~ / N S Y Niiz 



The title compound (11.9 mg, 56%) was obtained as a solid by the same
method as in Example 46 using di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen
-4- yl}imidodicarbonate of Example 40 (28 mg) and a 2 N solution of
dimethylamine in  tetrahydrofuran (0.1 mL). 'H-NMR (CD3OD) 6: 2.24 (3H,
s), 2.25 (3H, s), 2.63 (6H, s), 3.42 (1H, d),  3.49 (1H, dd), 3.63-3.69 (1H,
m), 3.78 (3H, s), 5.45 (2H, s), 8.06 (1H, s).  ESI-MSm/z: 400 (M + H)-.
(Example 48)
N$-Ethyl-2-[(4-methoxy-'),5-dimethylpyridin-2-yl)methyl}-2,7,8,9-tetr
ahydro- 6-thia- 1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine
hydrochloride C  N-N HC1  N S P!1!, The title compound (2.4 mg, 11%)
was obtained as a solid by the same  method as in Example 46 using
4-di(tert-butoxycarbonyl)am-ino-2-(4-methoxy-3,5 121
dimethyl-pyridin-2-ylmethyl)-8-oxo-2,7,8.9-tetrahydro-6-thia-1,2,3,5-
tetraazahenzo[ed]azulene of Example 40 (28 mg) and a 2 N solution of
ethylamine in  tetrahydrofuran (0.1 mL). 'H-NMR (CD3OD) a: 1.21 (3H, t),
2.24 (3H, s), 2.26 (3H, s), 2.81-3.00 (2H,  m), 3.16 (IH, dd), 3.38-3.48 (IN,
m), 3.62-3.68 (IH, m), 3.78 (3H, s), 5.45 (2H, s),  8.05 (1H, s). ESI-MSm/z:
400 (M + H) .  (Example 49) 



2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl] -8-pyrrolidin-l-yl-2,7, 8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine hydrochloride
0  N-N F[C1  nlN S N Nf!z The title compound (12.1 mg, 53%) was
obtained as a solid by the same  method as in Example 44 using
di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-S-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen
-4- yl}imidodicarbonate of Example 40 (28 mg) and pyrrolidine (8.2 L).
'H-NM.R (CD3OD) S: 1.91-1.98 (4H, m), 2.24 (3H, s), 2.25 (3H, s),
2.96-3.04  (2H, m), 3.12-3.21 (2H, m), 3.33-3.38 (2H, m), 3.48 (1H, dd),
3.56-3.64 (2H, in),  3.78 (3H, s), 5,43 (11-1, d), 5.47 (1H, d), 8.05 (IH, s).
ESI-MSm/z: 426 (M + H)'. 122  (Example 50)
2-[(4-Methoxy-3,5-dimethylpyridip, 2-y1)methyl]8-morpholin-4-yl-2,78,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-amine  0 N HC1
O~~N _S N NH, The title compound (11.2 mg, 48%) was obtained as a
solid by the same  method as in Example 46 using di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen
-4- 



yl}imidodicarbonate of Example 40 (28 mg) and morpholine (8.6 L).
'H-NMR (CD,OD) S: 2.21 (311, s), 2.24 (3H, s), 2.53-2.59 (2H, m),
2.65-2.72  (2H, m), 3.14-3.24 (4H, m), 3.34-3.37 (2H, m), 3.64-3.69 (4H,
m), 3.77 (3H, s), 5.43  (2H, s), 8.06 (1H, s). ESI-MSm/z: 442 (M + H.
(Example 51) N8-Cyclopropyl-2-[(4-methoxy-3 ,5-dimethylpyri
din-2-yl)methy'.l-2,7, 8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine
hydrochloride 123  1 NN HC:  / N  `N11 S NHS The title compound (5.5
mg, 22%) was obtained as a solid by the same  method as in Example 46
using di-tert-butyl (2-[(4-methoxy-3,5-dimethylpyridui-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen
-4- yi}irnidodicarbonate of Example 40 (28 mg) and pyrrolidine (6.8 L).
'H-NMR (CD3OD) S: 2.21 (3H, s), 2.24 (3H, s), 2.53-2.59 (21-1, m),
2.65-2.72  (2H, m), 3.14-3.24 (4H, m), 3.34-3.37 (2H, m), 3.64-3.69 (4H,
m), 3.77 (3H, s), 5.43  (2H, s), 8.06 (1H, s). ES I-MSm/z: 412 (M + H)-.
(Example 52)
2'-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-2',9'-dihydrospiro[ 1,3-
dioxolane-2,8'-[6]thia[ 1,2,3,5]tetraazabenzo[ed]azulen]-4'-amine 0  



N -N p-Toluenesulfonic acid monohydrate (16 mg) was added to a mixture
composed of
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,9-dihydro 124
6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8(7H)-onc of Example 41 (16 mg),
ethylene  glycol (24 l) and toluene (0.5 ml), and then the mixture was
heated under reflux for  18 hours. After cooling to room temperature, a
saturated sodium bicarbonate  solution was added to the reaction mixture,
followed by extraction with chloroform.  The organic layer was washed
with brine, and then dried over anhydrous sodium  sulfate. After filtration,
the filtrate was concentrated. and the resulting residue was  purified by
silica gel thin-layer chromatography (chloroform-methanol) to obtain the
title compound (8.6 mg, 48%) as a solid. tH-NMR (CDC13) S: 2.22 (3H,
s), 2.27 (3H, s), 3.38 (2H, s), 3.39 (2I1, s), 3.74  (3H, s), 4.06-4.09 (41-1,
m), 5.11 (2H, s), 5.44 (2H, s), 8.19 (1H, s). ESI-MSm/z: 415 (M + H)+
(Example 53) 2'-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]
-2',9'-dihydrospiro[ 1,3-
dioxane-2,8'-[6]thia[1,2,3,5]tetraazabenzo[cd]azulen]-4'-amine  C&-7, 0 5
NH, The title compound (5.1 mg, 28%) was obtained as a solid by the
same  method as in Example 52 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,9-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8(7H)-one
of  Example 41 (16 mg) and 1,3-propanediol (31 l). 125  'H-NMR (CDCI3)
6: 1.61-1.70 (111, m), 1.85-1.96 (1H, m), 2.22 (3H, s), 2.27 (311, s), 3.44
(21-1, s), 3.55 (211, s), 3.74 (3H, s), 3.96-4.02 (4H, m), 5.06 (2H, s), 5.44  



(2H, s), 8.19 (lH, s). ESI-MSm/z: 429 (M + H)+  (Example 54)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-8-oxa-6-thi a-
1,2,3,5,9-pentaazabenzo[cd]cyclopenta[h]azulen-4-amine  ti h_N  Ns NE
A mixture composed of di-tert-butyl {2-[(4-methoxy-3,5-dim ethylpyridin-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2.3,5-tetraazabenzo[ed]azulen
-4- yl}imidodicarbonate of Example 40 (40 mg),
dimethylformamide-dimethyl acetal  (56 l) and toluene (0.5 ml) was heated
with stirring at 80C for one hour. After  confirming that the raw material
disappeared, the reaction solution was concentrated  under reduced
pressure. Ethanol (0,5 ml) and hydroxylamine hydrochloride (9 mg)  were
added to the resulting residue, and the mixture was heated with stirri ng at
80C  for four hours. The reaction solution was concentrated under
reduced pressure.  Dichloromethane (2 ml) and trifluoroacetic acid (0.5
ml) were added to the resulting  residue, and the mixture was stirred at
room temperature for two hours. The  reaction solution was concentrated
under reduced pressure. Then, the residue was  dissolved in chloroform
and washed with a saturated sodium bicarbonate solution.  The organic
layer was dried over anhydrous sodium sulfate and then filtered, and the
126  filtrate was concentrated under reduced pressure. The resulting
residue was  purified by reversed phase liquid chromatography to obtain
the title compound (15.1  mg, 55%) as a solid. 



'H-NMR (DMSO-d6) S: 2.17 (311, s), 2.27 (3H, s), 3.73 (3H, s), 4.74 (2H,
s),  5.48 (2H, s),'7.07 (2H, s), 8.05 (11-1, s), 8.97 (1H, s). EST-MSm/z:
396 (M + H)'  (Example 55) Di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-9,9-dimethyl-
8-oxo-2,7,8,9-tetrahydro-6-thia-1 2,3,5-tetraazabenzo[ed]azulen-4-
yl}imidodicarbonate R-'r 0 0/, A mixture composed of di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpydin-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen
-4- yl}imidodicarbonate of Example 40 (86 mg), methyl iodide (38 ,ul),
potassium  carbonate (83 mg) and dehydrated dimethyl sulfoxide (1 ml)
was stirred at room  temperature for one hour. A saturated ammonium
chloride solution was added to  the reaction mixture, followed by
extraction with ethyl acetate. The organic laver  was washed with water.
The organic layer was dried over anhydrous sodium  sulfate and filtered.
Then, the filtrate was concentrated under reduced pressure. 127  The
resulting residue was purified by silica gel thin-layer chromatography
(ethyl  acetate-hexane) to obtain the title compound (28 mg, 31 %) as an
oil. 'H-NMR (CDC13) 6: 1.44 (18H, s), 1.63 (6H, s), 2.22 (3H, s), 2.27 (3H,
s),  3.74 (3H, s), 3.90 (2H, s), 5.67 (2H, s), 8.11 (IH, s). ESI-MSm/z: 599
(M+H)+  (Example 56) 4
AAmino-2-[(4-methoxy-3,5-dimethylpyridin-2-yi)methyl]-9.9-dimethyl-2,9-
dihvdro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8(7H)-one  



c N n-n  i 0~ \ li~  V NH, The title compound (12.3 mg, 66%) was obtained
as a solid by the same  method as in Example 2 using di-tert-butyl
{2-[(4-methoxy-3,5-dimethylp),ridin-2- yl)methyl]
-9,9-dimethyl-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-yl}imidodicarbonate of Example 55 (28 mg).
iH-NMR (CDCI3) 6: 1.57 (611, s), 2.23 (3I-1, s), 2.30 (3H, s), 3.75 (3H, s),
3.82  (2H, s), 5.25 (2H, br.s), 5.49 (2H, s), 8.17 (IH, s). ESI-MSm/z: 399
(M + H)'  (Example 57) Di-tert-butyl
{2'-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8'-oxo-7',8'-
dihvdro-2'H-spiro[cyclopropane-1,9'-[6]thia[1,'2,3,5]tetraazabenzo[cd]azule
n]-4  yl } imidodicarbonate 128  N-N U  A mixture composed of di-tert-butyl
j2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-Chia-1,2,3,5-tetraazabenzo[cd]azule
n-4- yl}imidodicarbonate of Example 40 (40 mg), dibromoethane (9.1 l),
potassium  carbonate (28.7 mg) and dimethyl sulfide (0.5 ml) was stirred
at room temperature  for 38 hours. Water was added to the reaction
mixture, followed by extraction with  ethyl acetate. The organic layer was
washed with brine. The organic layer was  



dried over anhydrous sodium sulfate and filtered. Then, the filtrate was
concentrated under reduced pressure. The resulting residue was purified
by silica  gel thin-layer chromatography (ethyl acetate-hexane) to obtain
the title compound  (21 mg, 50%) as an oil. 'H-NMR (CDCI3) S: 1.45 (18H,
s), 1.77-1.81 (2H, m), 1.89-1.93 (2H, m),  2.21 (3H, s), 2.28 (3H, s), 3.74
(3H, s), 3.94 (2H, s), 5.59 (2H, s), 8.10 (IH, s).  ES1 MSm/z: 597 (M - H)+
(Example 58) 4'-Amino-2'-[(4-methoxy-3,
5-dimethylpyridin-2-yl)methyl]-2'H-
spiro[cyclopropane-1,9'-[6]thia[l,2,3,5]tetraazabenzo[cd]azulen]-8'(7'H)-on
e 129  0 1 ~  N-\ 0 H  ~ N NH, The title compound (12.0 mg, 86%) was
obtained as a solid by the same  method as in Example 2 using
di-tert-butyl {2'-[(4-methoxy-3,5-dimethyipyTidin-2-
yl)methyl]-8'-oxo-7',8'-dihydro-2'H-spiro[cyclopropene-1,9'-
[6]thia[1,2,3,5]tetraazabenzo[cd]azulen]-4'-yl}imidodiearbonate of Example
57 (21  mg). 'H-NMR (CDC13) S: 1.70-1.73 (2H, m), 1.81-1.85 (2H. m),
2.22 (3H, s), 2.31  (3H1 s), 3.75 (3H, s), 3.87 (211, s), 5.26 (2H, br.s),
5.42 (2H, s), 8.16 (lH, s).  ESI-MSmiz: 397 (M + H) (Example 59) N-
{4'-Amino-2'-[(4-methoxy-3, 5-dimethylpyridin-2-yl)methyl]-7',8'-dihydro- 



2'H-spiro[cyclopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[ed]azulen]-8'- yl
} acetamide 1) Di-tert-butyl
{8'-hydroxy-2'-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-7',8'-dihydro-2'H-spiro[cyclopropane-1,9'- [6]thia[
1,2,3,5]tetraazabenzo [ed] azulen]-4'-yl } imidodicarbonate 130  C" N-N  ~
tt ~v o  Ho e'~oj,  Sodium borohydride (19 mg) was added to a mixture
composed of di-tert- butyl
(2'-[(4:methoxy-3,5-dimethylpyridin-2-yl)metbyl]-8'-oxo-T,8'-dihydro-2'H-
spiro[cyclopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[ed]azulen]-4'-
yl}imidodicarbonate of Example 57 (100 mg) and methanol (4 ml) under
cooling in  an ice bath, and then the mixture was stirred for 30 minutes.
Water was added to  the reaction mixture, followed by extraction with ethyl
acetate. The organic layer  was dried over anhydrous sodium sulfate and
filtered. Then, the filtrate was  concentrated under reduced pressure to
obtain a crude product of the title compound  (91 mg, 91%) as an oil.
EST-MS m/z: 599 (M+H)~ 2) 4'-[Bis(tert-butoxycarbonyl)amino]
-2'-[(4-methoxy-3,5-dimethylpyridin-2-
yi)methyl]-7',8'-dihydro-2'H-spiro[cyclopropane- l ,9' [
6]thia[1,2,3,5]tetraazabenzo[cd]azulen]-8'-yl methanesulfonate 131  



s` I~ I0I c o, Methanesulfonyl chloride (14 pl) was added to a mixture
composed of the  above crude di-ten-butyl
{8'-hydroxy-2'-[(4-methoxy-3,5-dimethylpyridin-2- yl)methyl]
-7',8'-dihydro-2'H-spiro[cyclopropane-1,9'-
[6]thia[1,2,3,5]tetraazabenzo[cd]azulenl-4'-yl)imidodicarbonate (91 mg),
triethylamine (42 ul) and dichloromethane (4 ml) under cooling in an ice
bath.  Then, the ice bath was removed and the mixture was stirred for
three hours. The  reaction solution was cooled in an ice bath again, and
methanesulfonyl chloride (6  l) was added. Then, the ice bath was
removed and the mixture was stirred for four  hours. The reaction solution
was washed with water, and then the organic layer was  dried over
anhydrous sodium sulfate. After filtration, the filtrate was concentrated
under reduced pressure to obtain a crude product of the title compound
(115 mg) as  an oil. The resulting compound was directly used for the next
reaction without  purification. ESI-MS m/z: 677 (M+H) 3) Di-tert-butyl
{8'-azido-2'-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyll-
7',8'-dihydro-2'H-spiro[cyclopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[ed]
azulen]- 4'-y1} imidodicarbonate 132  r: -h Ph j 0  S 0  / \ A mixture
composed of the above crude 4'-[bis(tert-butoxycarbonyl)amino]- 2'-
[(4-methoxy-3, 5-dirmethylpyridin-2-yl)m ethyl}-7', 8'-dihydro-2'H- 



spiro[cyclopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[ed]azulen]-8'-yl
methanesulfonate (33 mg), sodium azide (37 mg) and
N-methylpyrrolidone (0.5 ml) was heated with stirring at 80C for three
hours. After cooling to room temperature,  a 0.2 N sodium hydroxide
solution was added to the reaction mixture, followed by  extraction with
ethyl acetate. The organic layer was washed with brine (30 ml) and  then
dried over sodium sulfate. After filtration, the filtrate was concentrated
under  reduced pressure to obtain a crude product of the title compound
(35 mg) as an oil.  The resulting compound was directly used for the next
reaction without purification. 4) Is;
-{4'-Amino-2'-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7',8'-
dihydro-2'H-spiro[cyclopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[cd]azule
n]-8'- yl} acetamide 133  0 N  H // N[  N Cj~ s n ati_  0  Triphenylphosphine
(22 mg) was added to a mixture composed of the above  crude
di-tert-butyl { 8'-azido-2'-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7',8'-
dihydro-2'H-spiro[eyclopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[cd]azule
n]-4'- yl)imidodicarbonate (35 mg), tetrahydrofuran (0.9 ml) and water (0.1
ml), and then  the mixture was heated with stirring at 50C for three hours.
After cooling to room  temperature, water (3 ml) and a 1 N hydrochloric
acid solution (0.6 ml) were added  to the reaction mixture, followed by
washing with ethyl acetate. A 1 N sodium  hydroxide solution (1.2 ml) was
added to the resulting aqueous layer, followed by  



extraction with ethyl acetate. The organic layer was concentrated under
reduced  pressure. Dehydrated dichloromethane (0.5 ml), pyridine (18 ul)
and acetic  anhydride (16 ul) were added to the resulting residue, and the
mixture was stirred at  room temperature for 18 hours. The reaction
mixture was concentrated under  reduced pressure. Dichloromethane (2
ml) and trifluoroacetic acid (0.5 ml) were  added to the resulting residue,
and the mixture was stirred at room temperature for  three hours. The
reaction mixture was concentrated under reduced pressure. The  resulting
residue was dissolved in chloroform and sequentially washed with a
saturated sodium bicarbonate solution and brine. The organic layer was
dried over  sodium sulfate and filtered. Then, the filtrate was concentrated
under reduced  pressure. The resulting residue was purified by silica gel
thin-layer  chromatography (chloroform-methanol) to obtain the title
compound (4.2 mg, 17%)  as a solid. 134  'H-NMR (CDC13) 6:0.97-1.05
(2H, m), 1.09-1.15 (IH, m), 1.70-1.76 (11-1, m), 1.99 (3H, s), 2.22 (3H, s),
2.32 (3H, s), 3.46 (111, dd), 3.71 (1H, d), 3.76 (311, s), 3.85  (IH, t), 5.10
(2H, s), 5.35 (1H, d), 5.43 (1H, d), 6.39 (1H, d), 8.13 (1H, s)- ESI-MSmiz:
440 (M + H)' (Example 60) N-
{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-
tetrahydro-6-thia-1,23,5-tetraazabenzo[ed]azulen-8-yl)-N-cyclopropylaceta
mide  1) Di-tert-butyl
{8-(cyelopropylamino)-2-[(4-methoxy-3,5-dimethylpyridin-2
yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4- yl }
imidodi carbonate o  N-N 



5 NND', Sodium cyanoborohydride (1.89 g) was added to a mixture
composed of di- tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-
tetrahydro-6-thia-1,2;3,5-tetraazabenzo[ed]azulen-4-yl}imidodicarbonate
of Example  40 (5.71 g), methanol (50 mL), tetrahydrofuran (25 mL),
cyclopropylamine (1.04  mL) and acetic acid (1.72 mL) under cooling in an
ice bath, and the mixture was  stirred at room temperature for 14 hours.
The reaction mixture was concentrated  under reduced pressure and
dissolved in ethyl acetate, and the solution was washed  with a saturated
sodium bicarbonate solution and then with brine. The organic layer  was
dried over anhydrous sodium sulfate and filtered. Then, the filtrate was
concentrated under reduced pressure to obtain the title compound (5.91 g,
97%) as an  oil. 135  'H-NMR (CDC13) 6: 0.32-0.56 (4H, m), 1.44 (18H,
s), 2.17-2.21 (1H, m), 2.21 (3H, s), 2.26 (311, s),'3.24-143 (4H, in),
3.69-3.64 (1H, m), 3.73 (3H, s), 5.62  (211, s), 8.16 (1H, s). ESI-MSmlz:
612 (M + H)`. 2)
N-{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yi)methyl]-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}-N-cyclopropylacet
amide  N N  ~ 5 ~NJ~ NH2 Acetyl chloride (14.tL) was added to a mixture
composed of the above di- tert-butyl
{8-(cyclopropylamino)-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]- 2;
7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl}imidodicarbo
nate  (100 mg), dichloromethane (2 mL) and triethylamine (42 L) under
cooling in an ice  



bath, and the mixture was stirred at room temperature for 15 hours. The
reaction  mixture was diluted with ethyl acetate and washed with a
saturated sodium  bicarbonate solution. The organic layer was dried over
anhydrous sodium sulfate  and filtered, and then the filtrate was
concentrated under reduced pressure.  Dichloromethane (4 mL) and
trifluoroacetic acid (1 mL) were added to the resulting  residue, and the
mixture was stirred at room temperature for one hour. The reaction
mixture was concentrated under reduced pressure. A saturated sodium
bicarbonate  solution was added to the resulting residue under ice-cooling,
followed by extraction  with chloroform. The organic layer was dried over
anhydrous sodium sulfate and  filtered, and then the filtrate was
concentrated under reduced pressure. The  resulting residue was purified
by silica gel column chromatography (chloroform- methanol) to obtain the
title compound (55 mg, 75%) as an oil. 'H-NMR (CDC13) 6: 0.76-1.00 (4H,
m), 2.21 (3H, s), 2.22 (3H, s), 2.27 (3H,  s), 2.71-2.76 (1H, m), 2.97 (111,
d, J = 15.9 Hz), 3.14 (1H, d, J = 16.6 Hz), 3.74 (3H, 136  s), 3.88-3.99
(2H, m), 4.38-433 (IM, m), 5.16 (2H, s), 5.45 (21-1, dd, J = 26.4, 15.1  Hz),
8.19 (1H, s). ESI-MSm/z: 454 (M + H)+.  (Example 61)
ids-Cyclopropyl-2-[(4-methoxy-3,5-dim ethylpyridin-2-yl)methyi]-N-8
-methyl-
2,7,8,9-tetrahydro-6-thia-1.2,3,5-tetraazabenzo[cd]azulcne-4,8--diamine  \
,b (N!' dY N  S N NH, A mixture composed of di-tert-butyl
(8-(eyelopropylamino)-2-[(4-methoxy- 



3 , 5-dim ethylp yridin-2 -yl)m ethyl] -2, 7, 8, 9-tetrahydro-6-thia-1,2,3, 5 -
tetraazabenzo[ed]azulen-4-yl}imidodicarbonate of Example 60 (400 mg),
methanol  (2 mL), a 35% formalin solution (111 L), acetic acid (156 L) and
molecular sieves  3A was stirred at room temperature for 40 minutes.
Then, sodium e anoborohydride (163 mg) was added, and the mixture
was stirred at room  temperature for 14 hours. The molecular sieves were
separated off by filtration, and  then the solvent was evaporated under
reduced pressure. The residue was dissolved  in ethyl acetate, and the
solution was washed with a saturated sodium bicarbonate  solution and
then with brine. The organic layer was dried over anhydrous sodium
sulfate and filtered, and then the filtrate was concentrated under reduced
pressure.  Dichloromethane (2 mL) and trifluoroacetic acid (2 mL) were
added to the resulting  residue, and the mixture was stirred at room
temperature for one hour. The reaction  mixture was concentrated under
reduced pressure. A saturated sodium bicarbonate  solution was added to
the resulting residue under ice-cooling, followed by extraction  with
chloroform. The organic layer was dried over anhydrous sodium sulfate
and  filtered, and then the filtrate was concentrated under reduced
pressure. The 137  resulting residue was purified by silica gel column
chromatography (chlorofomi- methanol) to obtain the title compound (233
mg, 84%) as an oil. 'H-NMR (CDC13) S: 0.38-0.52 (4H, m), 1,85-1.90
(11-1, m), 2.22 (3H, s), 2.27  (3H, s), 2.40 (3H, s), 3.12-3.36 (4H, m),
3.55-3.49 (1H, m), 3.74 (3H, s), 5.19 (2H, s),  5.42 (Ili, d, 7= 15.1 Hz), 5.49
(1H, d, J = 15.4 Hz), 8.20 (IH, s). ESI-MSm/z: 426 (M + H)'.  (Example 62)
N S-Cyclob utyl -2 - [ (4-methoxy- 3 , 5 -dim ethylpyridin-2 -yl)methyl l -2,7,
8, 9- tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine  



N-N ShN NN Sodium triacetoxyborohydride (16 mg) was added to a
mixture composed of  di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-
tetrahydro-6-thia-1,2,3.5-tetraazabenzo[ed]azulen-4-yl}imidodicarbonate
of Example  40 (34 mg), dichloroethane (0.7 ml), cyclobutylamine (15 l)
and acetic acid (10 1),  and the mixture was stirred at room temperature
overnight. Methanol (three drops)  was added dropwise to the reaction
mixture, and then a I N sodium hydroxide  solution was added, followed by
extraction with ethyl acetate. The organic layer  was dried over anhydrous
sodium sulfate and filtered, and then the filtrate was  concentrated under
reduced pressure. Dichloromethane (2 ml) and trifluoroacetic  acid (0.5
ml) were added to the resulting residue, and the mixture was stirred at
room  temperature for two hours. The reaction mixture was concentrated
under reduced  pressure, and the resulting residue was purified by
reversed phase liquid  chromatography. The resulting oil was dissolved in
dioxane, followed by  lyophilization to obtain the title compound (6.3 mg,
25%) as a colorless amorphous. 138  ESI-MS in/z: 426 (M-H)' (Example
63) N8-(Cyclopropylmethyl)-2-[(4-methoxy-3, 5-dimethylpyri din-2-yI)m
ethyl] -
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine
N-y ~S N N Hz The title compound (6.0 mg, 24%) was obtained as an
amorphous by the same  method as in Example 62 using di-tent-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen
-4- 



yl}imidodicarbonate of Example 40 (34 mg) and eyclopropylmethylamine
(17 mg),  ESI-MS m/z: 426 (M+H)' (Example 64) 4-
{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7, 8,9-
tetrahydro-6-thaa-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}piperazin-2-one  \
%b -N S NH, The title compound (5.2 mg, 19%) was obtained as an
amorphous by the same  method as in Example 62 using di-tert-butyl
(2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen
-4- yl}imidodicarbonate of Example 40 (34 mg) and 2-piperidinone (18
mg). ESI-MS m/z: 455 (M-H)+ 139  (Example 65)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-piperidin-l-yl-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-amine  N N N  LJ I  S
N NHZ The title compound (13.7 mg, 52%) was obtained as an
amorphous by the  same method as in Example 62 using di-tert-butyl
{2-[(4-methoxy-3,5- dimethylpyridin-2-yl)methyl] -8-oxo-2,7,
8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 40 (34 mg)
and  piperi dine (18 l). 



'H-NMR (CD3OD) 6: 1.57-1.65 (2H, m), 1.68-1.82 (4H, m), 2.93-3.07 (4H,
m), 3.38-3.45 (IH, m), 3.51 (1H, dd, J = 15.3, 7.2 Hz), 3.64-3.67 (2H, m),
3.78 (3H,  s), 5.43-5.47 (2H, m), 8.06 (IH, s). ESI-MSm/z: 440 (M + H)`
(Example 66)
8-Azetidin-1-yi-2-[(4-methoxy-3,5-dimethylpyridin-2-yi)methyi]-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine  N N  S N NHZ
The title compound (18.5 mg, 75%) was obtained as an amorphous by the
same method as in Example 62 using di-tert-butyl {2-[(4-methoxy-3,5-
dimethylp)zidin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5 140
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 40 (34 mg),
azetidine  hydrochloride (17 mg) and triethylamine (17 l). 'F1-NMR
(CD,OD) 8: 2.26 (4H, d, J = 9.8 Hz), 2.32-2.43 (2H, m), 3.05-3.13  (1F1,
m), 3.40-3.48 (1H, m), 3.79 (3H, s), 3.88-3.97 (1H, m), 3.97-4.07 (1H, m),
5.46  (2H, s), 8.06 (1H, s). ESI-MSm/z: 412 (M + H)'  (Example 67) I-
{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-
tetrahydro-6-thia-1,2,3.5-tetraazabenzoFed] azulen-8-yl}-L-prolinamide
HN l  -O N-N  N 



N Hi The title compound (12.3 mg, 43%) was obtained as an amorphous
by the  same method as in Example 62 using di-tert-butyl
{2-[(4-methoxy-3,5-
dimetnylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl)imidodicarbonate of Example 40 (34 mg)
and (S) pyrrolidinecarboxylic acid amide (17 mg).  ESI-MS m/z: 469
(M+H)+  (Example 68) 2-[(4-Methoxy-3,5-dim ethylpyri
din-2-yl)methyl]-8-[(2S)-2-
(methoxymethyl)pyrrolidin-l-yl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-amine 141  ib sAN"~, NH, The title compound
(11.0 mg, 39%) was obtained as an amorphous by the  same method as
in Example 62 using di-tert-butyl {2-[(4-methoxy-3,5-
dimethylpyridin-2-yi)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-y1}imidodicarbonate of Example 40 (34 mg)
and (S)-2 methoxymethylpyrrolidine (24 l).  ESl--MS m/z: 470 (M+1-1)
(Example 69)
N-[(3S)-l-{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-y1}pyrrolidin-3
- yllacetamide ell N-N  



-N  O s NNH, The title compound (22.6 mg, 78%) was obtained as an
amorphous by the  same method as in Example 62 using di-tert-butyl
{2-[(4-methoxy-3,5-
dimethylpyridin-2-y1)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-.1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 40 (34 mg)
and (3S)-(-) 3-acetamidopyrrolidine (24 l). 'H-NMR (CD3OD) S: 1.86-1.90
(2H, m), 1.90-1.93 (1H, m), 2.23-2,28 (6H,  m), 2.29-2.39 (1H, m),
2.94-3.10 (111, m), 3.11-3.26 (1H, m). 3.33-3.39 (2H, m),  3.45-3.54
(21-1, m), 3.62-3.67 (2H, m), 3.66 (3H, s), 3.80 (3H, s), 4.29-4.38 (1H, m),
5.43-5.50 (2H, m), 8.07 (1H, s). 142  ESI-MSm/z: 483 (M + H) (Example
70) 2 - [(4-Methoxy- 3,5 -dimethylpyridin-2-yl)m ethyl] -Ne-[(3
R)-tetrahydrofuran-3-
yl]-2,7,8,9-tetrahydro-.6-thia-1,2,3,5-tetraazabenzo[ed]azulene-4,8-diamin
e  NC N-N/ n t N  5 N NHz The title compound (17.4 mg, 65%) was
obtained as an amorphous by the  same method as in Example 62 using
di-tert-butyl {2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thin-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 40 (34 mg)
and (R)-(LL-) 3-pyrrolidinol (19 l). 



tH-NMR (CD3OD) S_ 1.87-1.96 (1H, m), 2.07-2.21 (1H, m), 3.03-3.18
(2H,  m), 3.18-3.27 (1H, m), 3.32-3.40 (411, m), 3.51-3.61 (3H, m),
3.70-3.76 (1H, m),  3.78 (3H, s), 4.42-4.48 (1H, m), 5.46 (2H, s), 8.06
(11-I, s). ESI-MSm/z: 442 (M- H)+  (Example 71) N8-Isopropyl-2-[
(4-methoxy-3 ,5-dimethylpyridin-2-yl)methyl ] -2,7, 8, 9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine  N /  - S ' '
Isopropylamine (5.5 l) was added to a mixture composed of di-tert-hutyl
{2-
[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thi
a 143  1,2,3,5-tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example
40 (30 mg),  methanol (0.4 ml), tetrahydrofuran (0.2 ml) and acetic acid
(12 ul), and then the  mixture was stirred at room temperature for two
hours. A solution of sodium  cyanoborohydride (10 mg) in methanol (0.4
ml) was added to the reaction mixture,  followed by stirring at room
temperature overnight. The reaction mixture was  concentrated, and a 0.2
N sodium hydroxide solution was added to the resulting  residue, followed
by extraction with ethyl acetate. The organic layer was dried over
anhydrous sodium sulfate and filtered, and then the filtrate was
concentrated under  reduced pressure. Dichloromethane (1 ml) and
trifluoroacetic acid (0.25 ml) were  added to the resulting residue, and the
mixture was stirred at room temperature for  five hours. The reaction
mixture was concentrated under reduced pressure, and the  resulting
residue was purified by NH silica gel chromatography (chloroform-
methanol). The resulting oil was dissolved in dioxane, followed by
Iyophilization  



to obtain the title compound (6.3 mg, 29%) as an amorphous. `H-NMR
(CD3OD) 6: 1.08 (3H, d, J = 4.2 Hz), 1.10 (31-1, d, J = 4.2 Hz), 2.24
(61-I, s). 2.99-3.07 (2H, m), 3.23 (1H, dd, J = 16.8, 3.4 Hz), 3.32-3.38 (IH,
m), 3.52- 3.57 (IH, m), 3.78 (3H, s), 5.44 (2H, s), 8.05 (11-I, s).
ESI-MSmiz: 414 (M - FI)'  (Example 72) N8-Isobutyl-2-[ (4-methoxy-3,
5-dimethylpyridin-2-yl)methyl ] -2, 7, 8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulene-4,8-diamine  N-N N  -1
NI I  S N NH, The title compound (19.9 mg, 88%) was obtained as an
amorphous by the  same method as in Example 71 using di-tert-butyl {2-[
(4-methoxy-3,5 144
dimethylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3, 5-
tetraazabenzo[cd]azulen-4-yl)imidodicarbonate of Example 40 (30 mg)
and  isohdtylamine (7.9 hl). 'H-NMR (CD3OD) b: 0.92 (6H, dd, J = 6.7, 2.6
Hz), 1.69-1.79 (1H, m), 2.23  (3H, s), 2.23 (3H, s), 2.45 (1I1, dd, J = 11 .1,
6.5 Hz), 2.53 (11-1, dd, J = 11.3, 7.1 Hz),  3.01-3.10 (IH, m), 3.20-3.39
(4H, rn), 3.77 (3H, s), 5.42 (2H, s), 8.05 (IH, S).  ESI-MSm/z: 428 (M +
H)+ (Example 73)
N8-(2,2-Dimethylpropyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl ]-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulene-4,8-diamine  



b Nl  $ N ANN The title compound (20.6 mg, 89%) was obtained as an
amorphous by the  same method as in Example 71 using di-tert-butyl
{2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl)imidodiearbonate of Example 40 (30 mg)
and  neopentylamine (9.2.tl). 'H-NMR (CD,OD) b: 090 (9H, s), 2.22 (3H,
s), 2.23 (3H, s), 2.38 (IH, d, J=  11.3 Hz), 2.50 (] H, d, J = 11.0 Hz),
3.04-3.11 (IH, m), 3.19-3.40 (4H, m), 3.77 (3H,  s), 5.42 (2H, s), 8.06 (11J,
s). ESI-MSm/z: 442 (M A- H)'  (Example 74)
N8-(1-Ethylpropyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cdlazulene-4,8-diamine 145  N \-5
NNH, The title compound (11.4 mg, 49%) was obtained as an amorphous
by the  same method as in Example 71 using di-tert-butyl
{2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazahenzo[cd]azulen-4-yl}imidodicarbonate of Example 40 (30 mg)
and 1 ethylpropylamine (9.2 l). 'H-NMR (CD3OD) 6: 0.82 (3H, t, J = 7.5
Hz), 0.91 (3H, t, J = 7.5 Hz), 1.38- 1.53 (4H, m), 2.56 (1H, dt, J = 11.8, 5.6
Hz), 3.07 (1 H, dd, J = 16.8, 8.5 Hz), 3.19  (1H, dd, J = 16.8, 3.4 Hz),
3.26-3.38 (2H, m), 3.50-3.56 (IH, m), 3.78 (3H, s), 5.43  



(2H, s), 8.06 (1H, s). EST-MSrn/z: 442 (M + I-:)- (Example 75)
NB-Cyclohexyl-2-[(4-methoxy-3 , 5 -dimethylpyridin-2-yl)methyl]-2,7, 8, 9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine  Ni 0 N-N
SrN~NH2 The title compound (15.8 mg, 66%) was obtained as an
amorphous by the  same method as in Example 71 using di-tert-butyl
{2-[(4-methoxy-3,5- dimethylpyridin-2-yl)m ethyl] -8-oxo-2,7,
8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 40 (30 mg)
and  cyclohexylamine (9.0 l). 146  'H-NMR (CD3OD) S: 1.02-1.31 (4H, m),
1.60-1.77 (4H, m), 1.84-1.97 (2H, m), 2.58-2.66 (1H, m), 3.02 (lI-I, dd, J =
16.9, 8.9 Hz), 3.21 (1H, dd, J = 16.9, 3.2  Hz), 3.27-3.37 (2H, m),
3.55-3.62 (1H, m), 3.77 (3H, s), 5.43 (2H, s), 8.05 (111, S).  ESI-MSm/z:
454 (M + H)_ (Example 76) N8-Cyelopentyl-.2-[(4-methoxy-3,5-dim
ethylpyridin-2-yl)methyl]-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine  N'~'NH2
The title compound (16.2 mg, 70%) was obtained as an amorphous by the
same method as in Example 71 using di-tert-butyl {2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-8-oxo-2,7, 8, 9-tetrahydro-6-thia-1,2, 3,5-
tetraazabenzo[cd]azulen-4-yl)imidodicarbonate of Example 40 (30 mg)
and  



cyclopentylamine (7.7 l). 'H-NMR (CD3OD) 6: 1.29-1.39 (2H, m),
1.51-1.60 (2H, m), 1.67-1.75 (2H,  m), 1.87-1.95 (2H, m), 2.24 (6H, s),
3.04 (1H, dd, J = 16.1, 9.9 Hz), 3.21-3.38 (4H,  m), 3.44-3.50 (1H, m),
3.77 (3H, s), 5.43 (2H, s), 8.05 (1H, s). ESI-MSm/z: 440 (M + H)`
(Example 77) 2- [ (4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-Ng-propyl
-2, 7, 8,9- tetrahydro-6
Chia-1,2,3,5-tetraazabenzo[ed]azulene-4,8-diamine 147  a 'r \-S~'N~NH,
The title compound (15.1 mg, 70%) was obtained as an amorphous by the
same method as in Example 71 using di-tert-butyl (2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-Chia-1,2,3,5-
tetraazabenzo[cd]azulcn-4-yl}imidodicarbonate of Example 40 (30 mg)
and n propylamine (6.5 l). 'H-'AMR (CD3OD) 8: 0.93 (3H, t, J = 7.4 Hz),
1.48-1.59 (2H, m), 2.23 (6H, s),  2.55-2.72 (2H, m), 3.05 (1H, dd, J = 16.9,
8.8 Hz), 3.21-3.43 (4H, m), 3.77 (3H, s),  5.43 (2H, s), 8.05 (1H, s).
ESI-MSm/z: 414 (M + H)- (Example 78)
N8-Butyl-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,
8,9-tetrahydro- 6-thia-1,2,3,5-tetraazabenzo[ed]azulene-4,8-diamine  N S
N NHz 



The title compound (16.7 mg, 74%) was obtained as an amorphous by the
same method as in Example 71 using di-tert-butyl (2-[(4-methoxy-3,5-
dimethylp),ridin-2-yl)methyl]-8-oxo-2,7, 8,9-tetrahydro-6-thia-1,2,3,5-
tetzaazabenzo[ed]azulen-4-yl}imidodicarbonate of Example 40 (30 mg)
and n butylamine (7.8 ul). 148  'H-NMR (CD3OD) 6: 0.92 (3H, t, J = 7.4
Hz), 1.31-1.41 (2H, m), 1.46-1.54 (2H, m), 2.23 (6H, s), 2.58-2.66 (1H, m),
2.68-2.75 (1H, m), 3.05 (1 H, dd, J= 16.9,  8.8 Hz), 3.21.3.42 (4H, m), 3.77
(311, s), 5.42 (2H, s), 8.05 (111, s). ESI-MSm/z: 428 (M - H)+  (Example
79) 2-[(4-Methoxy-3,5-dim ethylpyridin-2-yl)methyl] -N8-(2-methoxyethyl)-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine
_a S Nill NH, The title compound (17.7 mg, 78%) was obtained as an
amorphous by the  same method as in Example 71 using di-tert-butyl
{2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-yl}imidodicarbonate of Example 40 (30 mg)
and 2 methoxyethylamine (6,9 41). `H-NMR (CD3OD) 6: 2.23 (3H, s), 2.23
(3H, s), 2.77-2.84 (lii. m), 2.87-2.94  (IH, m), 3.07 (1H, dd, J = 16.8, 8.7
Hz), 3.19-3.29 (2H, in), 3.32 (3H, s), 3.34-3.52  (4H, m), 3.77 (3II, s), 5.42
(2H, s), 8.06 (11-1, s). ESl-MSm z: 430 (NI + H)  (Example 80) 



2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-N$-(3-rnethylbutyl)-2,7,
8,9- tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine 149
N S N NH, The title compound (16.1 mg, 69%) was obtained as an
amorphous by the  same method as in Example 71 using di-tert-butyl
{2-[(4-methoxy-3,5-
(limethylpyridin-2-yl)methyl]-8-oxo-2.7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 40 (30 mg)
and  isoamylamine (9.1 l). 1H-NMR (CD3OD) 8: 0.88-0.94 (6H, m),
1.36-1.45 (41-1, m), 1.55-1.66 (1 H,  m), 2.24 (6H, s), 2.59-2.67 (1H, m),
2.70-2.77 (1H, m), 3.06 (IH, dd, J = 16.8, 8.7  Hz), 3.21-3.44 (4I4, m), 3.77
(311, s), 5.43 (2H, s), 8.05 (1H, s). ESI-MSmiz: 442 (M + Fl)+  (Example
81)
N8-But-3-en-l-yl-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-
tetrahydro-6-thia-1,2,3.5-tetraazabenzo[cd]azulene-4,8-diamine  C 1 S
NNH, The title compound (7.6 mg, 34%) was obtained as an amorphous
by the same  method as in Example 71 using di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cdiazulen
-4- yl)imidodicarbonate of Example 40 (30 mg) and 1-amino-3-butene
hydrochloride  (8.5 mg). 'H-NMR (CD3GD) 8: 123 (3H, s), 2.24 (3H, s),
2.25-2.30 (2H, m), 2.65-2.72  (IH, m), 2.75-2.84 (IH, m), 3.07 (1H, dd, J =
16.9, 8.6 Hz), 3.19-3.26 (1H, m), 3.33 



150  3.47 (3H, m), 3.78 (3H, s), 4.96-5.01 (1H, m), 5.02-5.10 (1H, m), 5.43
(2H, s), 5.80  (IH, ddt, J= 17.4, 10.3, 6.9 Hz), 8.06 (1H, s). ESI-MSm/z:
426 (M + H)- (Example 82) 2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]
-NB-(3,3,3-trifluoropropyl)-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine
The title compound (10.6 mg, 43%) was obtained as an amorphous by the
same method as in Example 71 using di-tert-butyl (2-[(4-methoxy-3,5-
dimethylpy idin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenza[cd]azulen-4-yl}imidodiearbonate of Example 40 (30 mg)
and 3,3,3- trifluoropropylamine hydrochloride (11.8 mg). 1H-NMR
(CD3OD) 8: 2.24 (6H, s), 2.31-2.44 (2H, m), 2.82-2.89 (1H, m),  2.93-3.01
(1H, m), 3.09 (1H, dd, J = 16.9, 8.1 Hz), 3.22 (114, dd, J = 16.9, 3.2 Hz),
3.33-3.37 (2H, m), 3.41-3.47 (1H, m), 3.78 (3H, s), 5.43 (2H, s), 8.05 (1H,
s).  ESI-MSm/z: 468 (M + H)+ (Example 83) (3
S)-3-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7, 8,9-
tetrahydro-6-Chia-1,2,3,5-tetraazabenzo[cd]azuien-8-yl}
amino)piperidin-2-one r N- ~5 N NN. 151  The title compound (18.3 mg,
56%) was obtained as an amorphous by the same method as in Example
71 using di-tert-butyl {2-[(4-methoxy-3,5-
dimetbylpyridin-2-yl)methyl]-8-oxo-2, 7,8, 9-tetrahydro-6-thi a-1,2, 3, 5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 40 (40 mg)
and (S)-3- 



aminopiperidin-2-one hydrochloride (21 mg). 'H-NMR (CD3OD) b:
1.55-1.71 (11-1, m), 1.77-2.01 (2H, m), 2.18-2.31 (7I-1,  m), 3.12-3.29
(3H, m), 3.40-3.62 (4H, m), 3.68-3.90 (4H, m), 5.44 (2H, s), 8.07 (1H,  s),
8.19 (1H, brs). ESI-MSm/z: 469 (M + H)+  (Example 84) (3
S)-3-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-y1)methyl]-2,7,8,9-
tetrahydro--6-thia-1
2,3,5-tetraazabenzo[ed]azulen-8-yl}amino)pyrrolidin-2-one N /b  o N- H 5
N NH, The title compound (183 mg, 56%) was obtained as an amorphous
by the  same method as in Example 71 using di-tert-butyl
{2-[(4-methoxy-3,5- dimethylpyridin-2-yl)methyl]-8-oxo-2,7,
8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-yl}imidodicarbonate of Example 40 (40 mg)
and (S)-3 aminopyrrolidin-2-one hydrochloride (19 mg). 'H-NMR (CD3OD)
3: 1.84-1.99 (1H, m), 2.24-2.26 (6H, m), 2.44-2.53 (1H,  m), 3.12-3.22
(1H, m), 3.26-3.39 (3H, m), 3.40-3.47 (2H, m), 3.68-3.77 (2H, m),  3.79
(3H, s), 3.90-3.97 (1H, m), 5.45 (2H, s), 8.07 (111, s), 8.12 (1H, brs).
ESI-MSm/z: 455 (M+H)' 152  (Example 85)
(3R)-3-({4-Amino-2-[(4-methoxv-3,5-dimethyipyridin-2-vl)methyl]-2,",8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-y1}
amino)pyrrolidin-2-one 



`'0 N-tf NH, The title compound (12.7 mg, 40%) was obtained as an
amorphous by the  same method as in Example 71 using di-tert-butyl
{2-[(4-methoxv-3,5-
dimethylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazahenzo[cd]azulen-4-yl}imidodicarb on ate of Example 40 (40 mg)
and (R)-3 aminopyrrolidin-2-one hydrochloride (19 mg). 'H-NMR (CD,OD)
8: 1.84-1.99 (IH, m), 2.24-2.26 (6H, m), 2.44-2.53 (1H,  m), 3.12-3.22
(113, m), 3.26-3.39 (3H, m), 3.40-3.47 (2H, m), 3.68-3.77 (2H, m),  3.79
(3H, s), 3.90-3.97 (IH, m), 5.45 (2H, s), 8.07 (1H, s), 8.12 (IH, brs).
ESI-MSm/z: 455 (M + H)+ (Example 86) (3
S)-3-((4-Amino-2-[(4-methoxv-3,5-dimethylpyridin-2-yl)methyi]-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}amino)-1-methylpyr
rolidin- 2-one b- Nip N NJ 1 he title compound (21.6 mg, 66%) was
obtained as an amorphous by the  same method as in Example 71 using
di-tert-butyl {2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5 153
tetraazabenzo[cd]azulcn-4-yl}imidodi carbonate of Example 40 (40 mg)
and (S)-3- amino-l-methylpyrrolidin-2-one hydrochloride (17 mg). `H-NNIR
(CD3OD) S: 1.75-1.90 (IH, m), 2.23-2.26 (6H, m), 2.37-2.46 (IH,  m), 2.84
(3H, s), 3.08-3.19 (Ill, m), 3.23-3.49 (4H, m), 3.65-3.74 (1H, m), 3.79 (3H,
s), 3.87-3,94 (1H, m), 5.44 (2H, s), 8.06 (1H, brs), 8.13 (1H, s). 



ESI-MSm/z: 469 (M y FI)+  (Example 87) (3
R)-3-({4-Amino-2-[(4-methoxy-3,5--dimethylpyridin-2-yl)methyl]-2,7, 8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}amino)-1-methylpyr
rolidin- 2-one b  -I- ~~~ NN S N NH The title compound (21.2 mg, 60%)
was obtained as an amorphous by the  same method as in Example 71
using di-tert-butyl {2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3, 5
tetraazabenzo[cd]azulen-4-yi}imidodicarbonate of Example 40 (40 mg)
and (R)-3 amino-I-methylpyrrolidin-2-one hydrochloride (16 mg). 'FI-NMR
(CD3OD) S: 1.75-1.90 (IH, m), 2.23-2.26 (6H, m), 2.37-2.46 (1H,  m), 2.84
(3H, s), 3.08-3.19 (1H, m), 3.23-3.49 (4H, m), 3.65-3,74 (IH, m), 3.79 (3H,
s), 3.87-3.94 (Ill, m), 5.44 (211, s), 8.06 (IH, brs), 8.13 (1H, s).
ESI-MSm/z:469 (M+H)'  (Example 88)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-N8-(tetrahydro-2H-pyran-4-
yl)-2,7,8,9-tetrahydro-6-thia-1.2,3,5-tetraazabenzo[ed]azulene-4,8-diamine
154  e1 ) N-r N  N_ NH, 



The title compound (6.5 mg, 16/6) was obtained as an amorphous by the
same  method as in Example 62 using di-tert-butyl {2-[(4-methoxy-3,5-dim
ethylpyridin-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen
-4- yl}imidodicarbonate of Example 40 (50 mg), 4-aminotetrahydropyran
hydrochloride  (36 mg) and triethylamine (24.tl). 'H-NMR (CDC13) 6:
1.33-1.49 (2H, m), 1.81 (2H, t, J = 12.9 Hz), 2.22 (311, s),  2.28 (4H, s),
2.79-2.88 (1H, m), 3.11-3.44 (6H, m), 3.62-3.67 (1H, m), 3.74 (3H, s),
3.94-3.99 (2H, m), 5.10 (2H, s), 5.45 (2H, s). 8.18 (1H, s). ESi-MSm/z:
456 (M + H)  (Example 89)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-Ns-[(3
R)-tetrahydrofuran-3-
yl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulene-4,8-diamine
p_/ ti5 N'~NH The title compound (7.5 mg, 23%) was obtained as an
amorphous by the same  method as in Example 62 using di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpy-ridin-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen
-4- yl]imidodicarbonate of Example 40 (50 mg),
(R)-3-aminotetrahydrofuran p- toluenesulfonate (68 mg) and triethylamine
(24 t). 155  '11-NMR (CDCt3) 3: 1.63-1.78 (1H, m), 2.05-2.19 (IH, m), 2.22
(3H, s), 2.28 (3H, s), 3.12-3.37 (411, m), 3.46-3.58 (3H, m), 3.74 (3H, s),
3.75-3.96 (3H, m), 5.07  (2H, brs), 5.43 (2H, d, J = 15.9 Hz), 5.47 (2H, d, J
= 15.9 Hz), 8.19 (111, s).  EST-MSm/z: 442 (M + H) (Example 90)
2-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}amino)propane-l,3-
diol  



HO N-N s N NP, The title compound (13.1 mg, 42%) was obtained as an
amorphous by the  same method as in Example 71 using di-tert-butyl
{2-[(4-methoxy-3,5-
dimethyipyridin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6- thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 40 (40 mg)
and 2 aminopropane- 1 ,3 -diol (13 mg), 'H-NMR (CD3OD) 8: 2.23 (3H, s),
2.24 (3H, s), 2.85-2.90 (1H, m), 3.10 (IH,  dd, J = 16.7, 8.7 Hz), 3.23 (1H,
dd, J = 16.7, 3.3 Hz), 3.34-3.41 (2H, in), 3.47-3.55  (2H, m), 3.57-3.68
(3H. m), 3.78 (2H1 s), 5.43 (2H, s), 8.06 (IH, s). ESI-MSm/z: 446 (M -r H)
(Example 91)
trans-4-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl}amino)cyclohexano
l 156  Ho,.a N f p` k S N NH, The title compound (7.3 mg, 22%) was
obtained as an amorphous by the same  method as in Example 71 using
di-tert-butyl {2-[(4-methoxy-3,5-dim ethylpyridin-2- yl)methyl]
-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-
yl}imidodi carbonate of Example 40 (40 mg) and
trans-4-aminocyclohexanol (16 mg). 'H-NMR (CD3OD+CDC13) 6:
1.12-1.39 (5H, m), 1.89-2.02 (4H, m), 2.26 (6H,  s), 2.60-2.69 (11-1, m),
3.10 (IH, dd, J = 16.7, 8.4 Hz), 3.20-3.40 (2H, m), 3.50-3.60  (1H, m),
3.60-3.69 (1H, m), 3.79 (3H, s), 5.44 (2H, s), 8.10 (11-1, s). ESI --MSm/z:
470 (M + H)  



(Example 92)
2-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,"7, 8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl}amino)ethanol  H9
N) s NNH, The title compound (3.6 mg, 12%) was obtained as an
amorphous by the same  method as in Example 71 using di-ten-butyl
{2-[(4-methoxy-3,5-dim ethylpyridin-2- yl)methyl;
-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-
yl}imidodicarbonate of Example 40 (40 mg) and 2-aminoethanol
hydrochloride (14  mg), 'H-NMR (CD3OD) a: 2.24 (6H, s), 2.75-2.92 (2H,
m), 3.11 (1 H, dd, J = 16.9,  8.5 Hz), 3.25 (1H, dd, J = 16.9, 3.5 Hz),
3.31-3.43 (21r, m), 3.46-3.52 (1H, m), 3.66  (2H, t, J = 5.6 Hz), 3.78 (3H,
s), 5.44 (2H, s), 8.06 (1 H, s). 157  ESI-MSrn/z: 416 (M - H)+. (Example
93) (iR,2R)-2-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin- 2-yl)methyli-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-B-yI}amino)cycl
ohexanol  N Hb -S NZNH,, The title compound (5.9 mg, 18%) was
obtained as an amorphous by the same  method as in Example 71 using
di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen
-4- yl}imidodicarbonate of Example 40 (40 mg) and
(1R,2R)-2-aminocyclohexanol (12  mg). 



'H-NMR (CDC13) 8: 1.02-1.10 (1H, m), 1.18-1.32 (3H, m), 1.67-1.82 (3H,
m),  1.96-2.11 (2H, m), 2.20-2.29 (6H, m), 2.30-2.39 (11-1, m), 3.09-3.23
(3H, m), 3.24- 3.38 (2H, m), 3.55-3.71 (1H, m), 3.74 (3H, s), 5.04-5.10
(2H, m), 5.41-5.50 (2H, m),  8.16-8.19 (1H, m). ESI-MSm/z: 470 (M = H)
(Example 94) (l S,2
S)-2-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[edlazulen-8-yl)amino)cycl
ohexanoI  N-N~ HOB-N~~(~.(Y~~N  H ` N NH 158  The title compound
(6.8 mg, 21 %) was obtained as an amorphous by the same method as in
Example 71 using di-ter-butyl f2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen
-4- yl}imidodicarbonate of Example 40 (40 mg) and
(IS,2S)-2-aminocyelohexano] (12  mg). ESI-MS rn/z: 470 (M-kH)
(Example 95) 2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-N8-[(3
S)-tetrahydrofuran-3-
yl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulene-4,8-diamine
011 The title compound (I7.9 mg, 46%) was obtained as an amorphous by
the  same method as in Example 62 using di-tort-butyl f2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-I,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 40 (50 mg),
(S)-3- 



aminotetrahydrofuran p-toluenesulfonate (68 mg) and triethylamine (24
.d). 'H-NMR (CDCI3) S: 1.66-1.77 (IH, m), 2.04-2.18 (1H, m), 2.22 (3H, s),
2.27  (3H, s), 3.11-3.36 (4H, m), 3.46-3.58 (3H, m), 3.74 (6H, s), 3.75-3.96
(3H, m), 5.16  (211, brs), 5.45 (2H, s), 8.18 (1H, s), ESI-MSm/z: 442 (M +
H)  (Example 96) (I R,2R)-2-(f
4-Amino-2-[(4-.methoxy-3,5-dimethylpyridin-2-yl)methyl]-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}amino)cycl
opentanol 159  Ho' ~. \Hr p ~N S N'` NH, The title compound (2.1 mg, 7%)
was obtained as an amorphous by the same  method as in Example 71
using di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2- yl)methyl]-8-oxo
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-
yl}imidodicarbonate of Example 40 (40 mg) and
(IR,2R)-2-aminocyclopentanol (15  mg). 'H-NMR (CDC13) 6: 0,76-2.07
(6H, m), 2.21 (3H, s), 2.27 (3H, s), 2.94-3.03  (1H, m), 3.17-3.38 (4H, m),
3.53-3.69 (1H, m), 3.74 (2H, s), 3.81-3.90 (1H, m),  5.03-5.10 (2H, m),
5.41-5.46 (2H, m), 8.13-8.19 (1H, m). ESI-MSm/z: 456 (M + H)  (Example
97) (1 S,2S)-2-((4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl}amino)cycl
opentanol  a HO 



N  `/ `S~'Njl'NH z The title compound (3.4 mg, 11%) was obtained as an
amorphous by the same  method as in Example 71 using di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyll-8-oxo-2,7,8,9-tetrahydro-6-thia-1.2,3,5-tetraazabenzo[ed]azulen
-4- yl}imidodicarbonate of Example 40 (40 mg) and (1
S,2S)-2-aminocyclopentanol (15  mg). 160  'H-NMR (CDC13) 6: 0.77-2.15
(6H, m), 2.21 (3H, s), 2.26-2.28 (3H, m), 2.97 3.07 (1H, m), 3.19-3.41 (4H,
m), 3.55-3.72 (1H, m), 3.74 (3H, s), 3.82-3.96 (1H, m),  5.11 (2H, s),
5.40-5.49 (211, m), 8.12-8.21 (1H, m). ESI-MSm/z: 456 (M + H)  (Example
98) 2-[(4-Methoxy-3 , 5-dimethylnyridin-2-yl)methvl]-2,7, 8,
9-tetrahydro-6-thia- 1,2,3,5-tetraazabenzo[cd]azulene-4.8-diamine  be H;N
$ NH, A mixture composed of di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6
hia-1,2,3,5-tetraazabenzo[cd]azulen-4- yl}imidodicarbonate of Example 40
(50 mg), ammonium acetate (68 mg), molecular  sieves 4A (50 mg) and
methanol (1.5 ml) was stirred at room temperature for four  hours. Sodium
cyanoborohydride (12 mg) was added to the reaction mixture,  followed by
stirring at room temperature for three days. The insoluble matter in the  



reaction mixture was removed by filtration through Celite, followed by
washing with  methanol (4 ml) twice. The filtrate was concentrated under
reduced pressure.  Dichloromethane (2 ml) and trifluoroacetic acid (0.5
ml) were added to the resulting  residue, and the mixture was stirred at
room temperature for four hours. The  reaction mixture was concentrated
under reduced pressure. Diethyl ether (20 ml)  was placed into the
resulting residue, and the slur, was washed. Then, the solvent  was
removed by decantation. The resulting residue was purified by reversed
phase  liquid chromatography to obtain the title compound (14.1 mg, 43%)
as a solid. 161  iH-NMR (CD3OD) 3: 2.24 (3H, s), 2.28 (3H, s), 3.25-3.33
(lii, in), 3.40-3.50 (2H, in), 3.57 (IH, dd, J = 15.4, 8.0 1-Iz), 3.79 (3H, s),
4.12 (lH, dt, J = 3.2, 8.0 Hz),  5.44 (1 H, d, J = 15.9 Hz), 5.49 (I H, d, J =
15.9 Hz), 8.04 (1 H, s), 8.22 (111, brs).  ESI-MSrniz: 372 (M + H)
(Example 99)
N-{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2, 7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}
-N-methyla.cetamide  b N-.  -SN NH, Sodium triacetoxyborohydride (32
mg) was added to a mixture composed of  di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyil-8-oxo-2,7,8,9-
tetrahydro-6-thia-1.2,3,5-tetraazabenzo[cd] azulen-4-yl} imidodicarbonate
of Example  40 (57 mg), dichloroethane (1 ml), a 2 N solution of
methylamine in tetrahydrofuran  (0.2 ml) and acetic acid (23 ul), and the
mixture was stirred at room temperature  overnight. Methanol (one drop)
was added dropwise to the reaction mixture, and  then a 0.2 N sodium
hydroxide solution was added, followed by extraction with ethyl  



acetate. The organic layer was dried over anhydrous sodium sulfate and
filtered,  and then the filtrate was concentrated under reduced pressure.
Dichioromethane (2  ml) was added to the resulting residue, and pyridine
(24 pi) and acetyl chloride (14  ul) were added dropwise under ice-cooling.
4-Dimethylaminopyridine (1 mg) was  added and the mixture was stirred
under ice-cooling for 10 minutes and at room  temperature for three hours.
Water was added to the reaction mixture, followed by  extraction with ethyl
acetate. Then, the organic layer was dried over anhydrous  sodium sulfate
and filtered, and then the filtrate was concentrated under reduced
pressure. The resulting residue was purified by silica gel thin-layer 162
chromatography (ethyl acetate), and then the title compound (19 mg,
79%) was  obtained as an oil in the same manner as in Example 2.
'H-NMR (CD3OD) 6: 2.11 (3H, s), 2.23 (3H, t, J = 11.7 Hz), 2.24 (3H, s),
3.06 (3H, s), 3.11 (2H, d, J = 14.6 Hz), 3.45 (1H, dd, J = 16,5, 12.1 Hz),
3.72 (1H, dd,  J= 14.6, 8.1 Hz), 3.78 (3H, s), 3.79 (3H, s), 5.01-5.08 (IH,
m), 5.40-5.50 (2I-I, in),  8.07 (1H, s). ESI-MSm/z: 428 (M - H)'  (Example
100) N- {4-Amino-2-[(4-methoxy-3 , 5-dimethylpvridin-2-vl)methyl]-2,7,
8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl}methanesulfonami
de  \(a N  C: o '-S~NNH, The title compound (7.1 mg, 24%) was obtained
as a solid by the same  method as in Example 43 using di-tert-butyl
{8-[(2,4-dimethoxybenzyl)amino]-2- 



[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-thia-l,2,3
,5- tetraazabenzo[cd]azulen-4-yi}imidodicarbonate of Example 42 (47 mg),
triethylamine (36 l) and mesyl chloride (22 pl). `H-NMR (CD3OD) S: 2.23
(3H, s), 2.26 (3H, s), 3.01 (3H, s), 3.19-3.26 (1H,  m), 3.28-3.34 (IH, m),
3.44-3.47 (2H, m), 3.78 (3H, s), 4.25-4.31 (1H, in), 5.40 (111,  d, J = 15.9
Hz), 5.47 (IH, d, J = 15.9 Hz), 8.03 (1H, s). ESI-MSm/z: 450 (M + H)'
(Example 101) N- {4-Amino-2-[(4-methoxy-3,5-dim
ethylpyridin-2-yl)methyl].-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}benzenesulfonamid
e 163  N-N a 'r `5 N~NH2 The title compound (22 mg, 65%) was obtained
as a solid by the same method  as in Example 43 using di-tert-butyl
{8-[(2,4-dimethoxynenzyl)amino] -2-[(4-- methoxy-3.5-dim
ethylpyridin-2-y1)methyl]-2, 7, 8 9-tetrahydro-6-Chia-1,2, 3 , 5-
tetraazabenzo[cd]azulen-4-yl}imidodi carbonate of Example 42 (47 mg),
triethylamine (36 l), 4-dimethylaminopyridine (0.8 mg) and
benzenesulfonyl  chloride (25 l). 'H-NMR (DMSO-d6) 8: 2.16 (3H, s), 2.18
(3H, s), 2.90-3.01 (2H, m), 3.07- 3.16 (1H, m), 3.29-3.44 (2H, m), 3.70
(3H, s), 3.71-3.79 (1H, m), 5.30 (2H, s), 6.78  (2H, s), 7.57-7.69 (3H, m),
7.85 (2H, d,.1 = 7.6 Hz), 8.04 (IH, s), 8.24-8.29 (11-1, m).  ESI-MSm/z:
512 (Example 102) N-
{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9- 



tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}-1-methyl-1
H-imidazole-4- sulfonamide o N-~  O -( C' NNHz  N,,N\ The title
compound (18 mg, 60%) was obtained as a solid by the same method  as
in Example 43 using di-tert-butyl {8-[(2,4-dimethoxybenzyl)amino]-2-[(4-
methoxy- 3,5-dimethyipyridin-2-yl)methyl]-2,7, 8,
9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yI}imidodicarbonate of Example 42 (42 mg),
164  triethylamine (41 ul), 4-dimethylaminopyridine (0.7 rng) and
1-methylimidazol-4- ylsulfonyl chloride (32 l). 'H-NMR (CDC13) 6: 2.22
(3H, s), 2,27 (311, s), 3.14-3.28 (2H, m), 3.37 (1H, d,  J = 14.7 Hz), 3.44
(1H, dd, J = 14.5, 7.8 Hz), 3.74 (3H, s), 3.76 (3H, s), 4,19-4.1-6  (IH, m),
5.39 (1H, d, J = 15.7 Hz), 5.46 (I H, d, J = 15.7 Hz), 7.49 (1H, s), 7.51 (1H,
s), 8.08 (1H, s). ESI-MSin/z: 516 (M + H)T  (Example 103) N-
(4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}pyri
dine-3-sulfonamide  o ('(  N  p i 



\_5 N NH, The title compound (15 mg, 50%) was obtained as a solid by
the same method  as in Example 43 using di-tert-butyl
{8-[(2,4-dimethoxybenzyl)amino]-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyh-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-yl} imidodicarbonate of Example 42 (42 mg),
triethylamine (41 l), 4-dimethylaminopyri dine (0.7 mg) and pyridine-
1-sulfonyl  chloride (31 mg). 'H-NMR (CDC13) 8: 2.21 (3H, s), 2.25 (3H,
s), 3.14 (IH, dd, 7 = 17.1, 3.7 Hz),  3.19-3.30 (2H, m), 3.43 (1H, d, 7 =
14.9 Hz), 3.75 (3H, s), 5.29 (2H, s), 5.35 (2H, s),  6.57-6.63 (1H, brm),
7.36 (1H, dd, J = 8.1, 4.9 Hz), 8.11 (1H, s), 8.13 (1I1, ddd, J =  8.1, 2.4,
1.8 Hz), 8.74 (IH, dd, J = 4.9, 1.8 Hz), 9.06 (IH, d, J = 2.4 Hz). EST,
MSm/z: 513 (M - H)T 165  (Example 104) 1-f4
Amino-2-[(4-methoxy-3,5-dimethylpyridin-.J..-yl)methyl]-2,7,8,9-
tetrahydro-6-this-1,2,3,5-tetraazabenzo[cd]azulen-8-ylpyrrolidin-2-one  i C
N  S n'~NH, A mixture composed of di-tert-butyl
{8-[(2,4-dimethoxybenzyl)amino]-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-Chia-1,2,3,5
- tetraazabenzo[ed]azulen-4-yI) imidodicarbonate of Example 42 (47 mg),
triethylamine (36 l), dichloromethane (1 ml) and 4-chlorobutyryl chloride
(14 l)  was stirred at room temperature for 12 hours. A 0.1 N sodium
hydroxide solution  was added to the reaction mixture, followed by
extraction with ethyl acetate. The  organic layer was dried over sodium
sulfate and filtered. Then, the filtrate was  



concentrated under reduced pressure. The resulting residue was
dissolved in  dehydrated dichloromethane (1.5 ml).
1,3-Dimethoxybenzene (16 l) and  trifluoroacetic acid (1.5 ml) was added
and the mixture was stirred at room  temperature overnight. The reaction
mixture was concentrated under reduced  pressure, and a 0.1 N sodium
hydroxide solution was added to the resulting residue,  followed by
extraction with ethyl acetate. The organic layer was dried over sodium
sulfate and filtered. Then, the filtrate was concentrated under reduced
pressure.  Dimethylformamide (1 ml) and potassium tert-butoxide (15 mg)
were added to the  resulting residue, and the mixture was stirred at room
temperature for two hours.  The reaction mixture was separated with
water and chloroform. Then, the organic  layer was dried over sodium
sulfate and filtered, and then the filtrate was  concentrated under reduced
pressure. The resulting residue was purified by silica  gel thin-layer
chromatography (chloroform-methanol) to obtain the title compound  (13
mg, 46%) as a solid. 166  'H-NMR (CD,OD-CDC13) 5:2.06-214 (2H. m),
2.25 (3H, s), 2.26 (311, s), 2.43 (2H, t, J- 8.4 Hz), 3.15 (1H, d, J = 14.8
Hz), 3.21 (1H, dd, J = 17.0, 3.4 Hz),  3.42 (1H, dd, J = 17.01 10.6 Hz),
3.47-3.54 (2H, m), 3.68 (1H, dd, J= 14.8, 8.2 Hz),  3.79 (3H, s), 4.73-4.80
(1H, m), 5.45 (2H, s), 8.10 (1H, s). ESI-MSm/z: 440 (M i H)+  (Example
105) 1- {4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyi]-2,7, 819-
tetrahydro-6-thia-1,2,3,5-tetraazaben7o[ed]azulen-8-yl}imidazolidin-2-one
NN N-N  HNr-'N~I  



l1D S'UN A mixture composed of di-tert-butyi
{8-[(2,4-dimethoxybenzyl)amino] -2-[(4-
methoxy-3,5-dimethvlpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-Chia-1,2,3,5
- tetraazabenzo[ed]azulen-4-yi}imidodicarbonate of Example 42 (47 mg),
dichloromethane (1 ml) and 2-chloroethyl isocyanate (8 l) was stirred at
room  temperature for 12 hours. A 0.1 N sodium hydroxide solution was
added to the  reaction mixture, followed by extraction with ethyl acetate.
The organic layer was  dried over sodium sulfate and filtered. Then, the
filtrate was concentrated under  reduced pressure. The resulting residue
was dissolved in dehydrated  dichloromethane (1.5 ml).
1,3-Dimethoxybenzene (16 pl) and trifluoroacetic acid  (1.5 ml) was added
and the mixture was stirred at room temperature overnight. The  reaction
mixture was concentrated under reduced pressure, and a 0.1 N sodium
hydroxide solution was added to the resulting residue, followed by
extraction with  ethyl acetate. The organic layer was dried over sodium
sulfate and filtered. Then,  the filtrate was concentrated under reduced
pressure. Dimethylformamide (1 ml)  and potassium tert-butoxide (15 mg)
were added to the resulting residue, and the 167  mixture was stirred at
room temperature for two hours. The reaction mixture was  separated with
water and chloroform. Then, the organic layer was dried over  sodium
sulfate and filtered, and then the filtrate was concentrated under reduced
pressure. The resulting residue was purified by silica gel thin-layer
chromatography (chloroform-methanol) to obtain the title compound (9
mg, 31 %) as  a solid, 'H-NMR (CD3OD) 6: 2.24 (3H, s), 2.24 (3H, s),
3.13-3.19 (2H, m), 3.35-3.44  (3H, in), 3.48-3.60 (2H, m), 3.64 (IH, dd, J =
14.6, 8.3 Hz), 3.78 (3H, s), 4.45-4.52  (IH, m), 5.45 (2H, s), 8.07 (1H, s). 



BSI-MSmIz: 441 (M + H)+  (Example 106) 1) Mixture of di-tert-butyl
{8'-amino-2'-[(4-methoxy-3,5-dimethylpyridin-2- yl)methyl]-7',
8'-dihydro-2'H-spiro [cyclopropane-1,9'-
[6]thia[1,2,3,5]tetraazabenzo[cd]azulen]-4'-yl}imidodicarbonate and
tert-butyl 18'- amino-2'-[(4-methoxy-3, 5-dimethylpyridin-2-yl)methyl] -7',
8'-dihydro-2'H-
spiro[cyelopropane-1.9'-[6]thia[1,2,3,5]tetraazabenzo[ed]azulen]-4'-yl}carb
amate  } N, HN  H,N ~ 5 ^k O O~O; O~O A mixture composed of
di-tert-butyl {2'-[(4-methoxy-3,5-dimethylpyridin-2- yl)methyl]
-8'-oxo-7',8'-dihydro-2'H-spiro[cyclopropane-1,9'-
[6]thia[1,2,3,5]tetraazabenzo[ed]azulen]-4'-yl}imidodicarbonate of Example
57 (203  mg), ammonium acetate (367 mg), molecular sieves 4A (500 mg)
and methanol (4  ml) was stirred at room temperature for two days.
Sodium cyanoborohydride (68  mg) was added to the reaction mixture,
and the mixture was heated with stirring at a 168  bath temperature of 55C
for 16 hours, The insoluble matter in the reaction mixture  was removed by
filtration through Celite and washed with methanol (10 ml). The  filtrate
and the washing liquid were concentrated under reduced pressure, and a
0.2 N  sodium hydroxide solution was added to the resulting residue,
followed by extraction  with ethyl acetate. The organic layer was dried
over sodium sulfate and filtered.  Then, the filtrate was concentrated under
reduced pressure. The title compound as a  concentrated residue (177
mg) was obtained as an oil. The product was directly  



used for the next reaction without further purification. 2)
N-{4'-Amino-2'-[(4-methoxy-3,5-dimethylpyridin-2-y1)methyl]-7',8'-
dihydro-2'H-spiro[cyelopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[cd]azule
n]-8'-yl}- N2-methylglycinamide Iv r "~  -~~5 NKNH; A mixture composed
of the above mixture of di-tort-butyl { 8'-amino-2'-[(4- methoxy-3,
5-dimethylpyridin-2-yl)methyl]-7', 8'-dihydro-2'H-spiro [cyclopropane-
1,9'-[6]thia[ 1,2,3,5]tetraazabenzo[cd]azulen]-4'-yl}imidodiearbonate and
tert-butyl  {8'-amino-2'-[(4-methoxy-3,5-dim
ethylpyridin-2-yl)methyl]-7',8'-dihydro-2'H- spiro[cyelopropane-1_9'-[6]thia[
1,2,3,5]tetraazabenzo[cd]azulen]-4'-yl } carbamate (35  mg),
dichloromethane (0.8 ml), N-(tert-butoxycarbon.yl)-N-methylglycine (20
mg),  1-hydroxybenzotriazole monohydrate (11 mg),
1-(3-dimethylaminopropyl)-3- ethylcarbodiimide hydrochloride (27 mg) and
diisopropylethylamine (36 l) was  stirred at room temperature overnight.
The reaction mixture was concentrated  under reduced pressure, and a
0.2 N sodium hydroxide solution was added to the  resulting residue,
followed by extraction with ethyl acetate. The organic layer was
concentrated under reduced pressure. Dichloromethane (2 ml) and
trifluoroacetic  acid (0.5 ml) were added to the resulting residue, and the
mixture was stirred at room 169  temperature for four hours. The reaction
mixture was concentrated under reduced  pressure. A saturated sodium
bicarbonate solution was placed into the resulting  residue, followed by
extraction with chloroform. The organic layer was dried over  sodium
sulfate and filtered. Then, the filtrate was concentrated under reduced
pressure. The resulting residue was purified by silica gel thin-layer
chromatography (chloroform-methanol). The resulting oil was dissolved in
dioxane.  



followed by lyophilization to obtain the title compound (4.8 mg, 15%) as an
amorphous. `H-NMR (CDC13) 6: 0.99-1.06 (211, m), 1.09-1.16 (IH, m),
1.69-1.75 (IH, m),  2.22 (3H, s), 2.29 (3H. s), 2.38 (3H, s), 3.33 (2H, s),
3.45 (lH, dd, J= 14.5, 8.2 Hz),
3.72(IH,d,J=145Hz),3.74(3H,s),3.87(1H,t,J=7.9Hz),5.19(2H,s),5.39  (2H,
s), 7.92 (11I, d, J = 7.8 Hz), 8.13 (lH, s). ESI-MSm/z: 469 (M + H)+
(Example 107) N- {4'-Amino-2'-[(4-methoxy-3 ,
5-dimethylpyridin-2-yl)methyl] -7', 8'-dihydro-
2'H-spiro[cyclopropane-1,9'-[6]thia[l,2,3,5]tetraazabenzo[ed]azulen]-8'-yl}-
1c2,N2  dimethylglycinamide N- ,'v 5 N NH, The title compound (12 mg,
85%) was obtained as an amorphous by the same  method as in Example
106-2) using the mixture of di-tert-butyl {8'-amino-2'-[(4- methoxy-3 ,
5-dimethylpyri din-2-yl)methyl] -7', 8'-dihydro-2'H-spiro [ cyclopropane-
't,9'-{6]thia[1,2,3,5]tetraazabenzo[cd]azulen]-4'-yl}imidodicarbonate and
tert-butyl
{8'-amino-2'-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7',8'-dihydro-2'H
170  spiro[cyclopropane-1,9'-[6]thia[i,2;
3,5]tetraazahenzo[cd]azulen]-4'-yl}earbamate of  Example 106-1) (35 mg)
and N,N-dimethylglycine (11 mg). 'H -NMR (CD3OD) 8: 0.96-1.15 (311,
m), 1.61-1.71 (1H; m), 2.24-2.28 (12H,  ni), 3.05 (2H, s), 3.53 (IH, dd, J =
14.6, 8.3 Hz), 3.74-3.83 (4H, m), 5.37 (1H, d, J =  15.6 Hz), 5.45 (1H, d, J
= 15.6 Hz), 8.04 (1H, s). ESI-MSm/z: 483 (M - H)'  



(Example 108) N- (4'-Amino-2'-[(4-methoxy-3,5-dim
efnylpyridin-2-yl)methyl]-7', 8'-dihydro-
2'H-spiro[cyclopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[cd]azulen]-8'-y1}
azetidine- 3-carhoxamide HN N  p S NH, The title compound (1.9 mg, 6%)
was obtained as an amorphous by the same  method as in Example
106-2) using the mixture of di-tert-butyl {8'-amino-2'-[(4- methoxy-3
,5-dimethylpyridin-2-y1)methyl]-7', 8'-dihydro-2'i-I-spiro [cyclopropane-
1,9'-[6]thia[1,2,3,5]tetraazabenzo[cd]azulen]-4'-yl}imidodicarbonate and
tert-butyl  (8'-amino-2'-[ (4-methoxy-3, 5-dimethylpyridin-2-yl)methyl] -7',
8'-dihydro-2'H-
spiro[cyclopropane-1,9'-[6]thia[1,2,3,5]tetraazabcnzo[ed]azulen]-4'-yl}carb
amate of  Example 106-1) (35 mg) and
tert-butoxycarbonylazetidine-3-carboxylic acid (21 mg). 1H-NMR (CDC13)
8: 0.96-1.14 (4H, m), 1.69-1.77 (1H, m), 2.22 (31-1, s), 2.31  (31-1, s),
3.35-3.45 (1H, in), 3.51 (111, dd, J 14.6, 8.3 Hz), 3.61-3.78 (6H, m), 3.78-
3.97 (3H, m), 5.08 (2H, brs), 5.34 (IH, d, J = 15.4 Hz), 5,43 (IH, d, J = 15.4
Hz),  6.74 (IH, d, J = 5.9 Hz), 8.11 (1H, s). ESI-MSm/z: 481 (M + H)` 171
(Example 109) 2'-[ (4-M ethoxy-3, 5-dimethylp yridin-2-y1)methyl]-"T,
8'-dihydro-2'H-
spiro[cyclopropane-1,9'-[6lthia[l,2,3,5]tetraazabenzo[cd]azulen]-4',8'-diami
ne  0 H-N~  \-S NH, A mixture composed of di-tert-butyl
{2'-[(4-methoxy-3,5-dimethylpyridin-2- 



yl)methyl]-8'-oxo-T,8'-dihydro-2'H-spiro[cyclopropane-1,9'-
[6]thia[I,2,3,5]tetraazabenzo[cd]azulen]-4'-yl}imidodicarbonate of Example
57 (29  mg), ammonium acetate (45 mg) and methanol (0.5 ml) was
stirred at room  temperature for 12 hours. Sodium cyanoborohydride (6.4
mg) was added to the  reaction mixture, followed by stirring at room
temperature for four hours. Sodium  cyanoborohydride (6.4 mg) was
further added and the mixture was heated with  stirring at 45C for three
hours and at 55C for five hours. The reaction mixture  was concentrated
under reduced pressure, and a 0.5 N sodium hydroxide solution  was
added to the resulting residue, followed by extraction with ethyl acetate.
The  organic layer was dried over sodium sulfate and filtered. Then, the
filtrate was  concentrated under reduced pressure. Dichloromethane (2
ml) and trifluoroacetic  acid (0.5 ml) were added to the resulting residue,
and the mixture was stirred at room  temperature for four hours. The
reaction mixture was concentrated under reduced  pressure. A saturated
sodium bicarbonate solution was placed into the resulting  residue,
followed by extraction with chloroform. The organic layer was dried over
sodium sulfate and filtered. Then, the filtrate was concentrated under
reduced  pressure. The resulting residue was purified by NH silica gel
chromatography  (chloroform-methanol). The resulting oil was dissolved in
dioxane, followed by  lyophilization to obtain the title compound (8.7 mg,
45%) as an amorphous. 172  'H-NMR (CDSOD) 6: 0.86-0.97 (2H, m),
1.00-1.06 (1H, m), 1.61-1.67 (1H, m), 2.23 (3H, s), 2.24 (3H, s), 2.79 (1H,
d, J= 7.8 Hz), 3.24 (IH, dd, J = 14.8, 7.8  Hz), 3.77 (IH, s), 3.79 (1H, d, J =
14.8 Hz), 5.35 (1H, d, J = 15.5 Hz), 5.41 (1H, d, J  15.5 Hz), 8.03 (IH, s).
ESI-MSmIz: 398 (M + H)_  (Example 110) 



4'
_A-mino-2'-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-T,8'-dihydro-2'H-
spiro[cyelopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[cd]azulen]-8'-ol  (Nf
HOv N  Ls "IN, NH, Sodium borohydride (6 mg) was added to a mixture
composed of 4-di-tert- butyl
{2'-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8'-oxo-T,8'-dihydro-2'H-
spiro[cyclopropane-1,9'-[6]thia[l,2,3,5]tetraazabenzo[ed]azulen]-4'-
yl}imidodicarbonate of Example 57 (29 mg) and methanol (2 ml) under
ice-cooling,  and then the mixture was stirred at 0C for 30 minutes. Water
was added to the  reaction mixture, followed by extraction with ethyl
acetate. The organic layer was  dried over sodium sulfate and filtered.
Then, the filtrate was concentrated under  reduced pressure.
Dichloromethane (2 ml) and trifluoroacetic acid (0.5 ml) were  added to the
resulting residue, and the mixture was stirred at room temperature for  two
days. The reaction mixture was concentrated under reduced pressure. A
saturated sodium bicarbonate solution was placed into the resulting
residue, followed  by extraction with chloroform. The organic layer was
dried over sodium sulfate  and filtered. Then, the filtrate was concentrated
under reduced pressure. The  resulting residue was purified by silica gel
thin-layer chromatography (chloroform- methanol) to obtain the title
compound (16 mg, 81 %) as a solid. 173  'H-NMR (CDCI+CD1QD) 8:
0.91-0.99 (1H, m), 1.02-1.17 (2H, m), 1.56 '.63 (1H, m), 2.23 (3H, s), 2.27
(3H, s), 3.34 (2H, dd, J = 14,6, 8.3 Hz), 3.65 (1H, d,  J =
14.6Hz).3.68(111,d,J=8.3Hz),3.76(311, s), 5.33(1H,d.J-=13.6Hz),5.41  (1
H, d, J = 15.4 Hz), 8.06 (111, s). EST-MSm/z: 399 (M + H)'  



(Example 111) Methyl {4-[bis(tert-butoxycarbonyl)amino]
-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]a
zulen-8- yl} acetate N-N) 0 11 N  5 NN bit 1) A mixture composed of
di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-
2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azul
en-4- yl}imidodiearbonate of Example 40 (752 mg), methyl
triphenylphosphanylideneacetate (617 mg) and toluene (14 ml) was
heated with  stirring at 60C for 10 hours. Ethyl acetate was added to the
reaction mixture,  followed by washing with water. Then, the organic layer
was dried over sodium  sulfate and filtered, and then the filtrate was
concentrated under reduced pressure.  The concentrated residue was
purified by silica gel column chromatography (ethyl  acetate-chloroform) to
obtain the title compound (275 mg, 33%) as an oil. 'H-NMR (CDC13) 6:
1.43 (1 8H, s), 2.21 (311, s), 2.27 (3H, s), 3.39 (2H, s),  3.73 (3H, s), 3.74
(3H, s), 3.86 (2H, s), 5.67 (2H, s), 6.80 (IH, s), 8.14 (1H, s).  ESI-MSm/z:
627 (M + H)' 174  2)
{4-[Bis(tert-butoxycarbonyl)amino]-2-[(4-methoxy-3,5-dimethylpyridin-2
yl)methyl]-2,7-dihydro-6-Chia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}acetic
acid  b Ho-{i0 i~'N 



n p  \-SN NO A mixture composed of the above methyl {4-[bis(tert
butoxycarbonyl) amino] -2-[ (4-methoxy- 3,5
-dimethylpyridin-2-yl)methyl]-2,7-
dihydro-6-Chia-1.2,3,5-tetraazabenzo[ed]azulen-8-yl}acetate (69 mg),
methanol (2  ml) and a I N sodium hydroxide solution (0.22 ml) was stirred
at room temperature  for 16 hours. A 1 N sodium hydroxide solution (0.5
ml) was added, followed by  stirring for three hours. Then, a 1 N sodium
hydroxide solution (0.3 ml) was further  added, followed by stirring for
three hours. A 1 N hydrochloric acid solution (1.5  ml) was added
dropwise to the reaction mixture. Then, water was added, followed  by
extraction with ethyl acetate. The organic layer was dried over sodium
sulfate  and filtered. Then, the filtrate was concentrated under reduced
pressure. An oil  (60 mg, 89%) was obtained as a residue. Although the
product contained a by- product, it was directly used for the next reaction
without further purification.  ESI-MS miz: 613 (M+H)* 3) Di-tert-butyl.
{8-(2-hydroxyethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4- yl}
imidodicarbonate 175  N He ~ N G  `" s NJ` NA0 N-Methylmorpholine (22
p.1) was added to a mixture composed of the above  {4- [bi
s(tert-butoxvcarbonyl)amino] -2-[(4-methoxy-3,5-dimethylp yridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-vl}acetic
acid (60  



mg) and tetrahydrofuran (2 ml). Then, isobutyl chloroformate (39 l) was
added  and the mixture was stirred at 0C for one hour.
N-Methylmorpholine (44 l) and  isobutyl chloroformate (39 PI) were added
to the reaction mixture, and the mixture  was farther stirred at 0C for 30
minutes. Water was added to the reaction mixture,  followed by extraction
with ethyl acetate. The organic layer was dried over sodium  sulfate and
filtered. Then, the filtrate was concentrated under reduced pressure.
Tetrahydrofuran (2 ml) and water (0.4 ml) were added to the resulting
residue. Then, sodium borohydride (15 mg) was added under ice-cooling,
and the mixture  was stirred at 0C for one hour. Methanol (2 ml) was
added dropwise to the  reaction mixture. Then, the mixture was returned
to room temperature and stirred  for 16 hours. Water was added to the
reaction mixture, followed by extraction with  ethyl acetate. The organic
layer was washed with brine, and then dried over sodium  sulfate and
filtered. Then, the filtrate was concentrated under reduced pressure.  The
resulting residue was purified by silica gel thin-layer chromatography
(hexane- ethyl acetate) to obtain the title compound (16 mg, 27%) as an
oil. 'H-NMR (CDC13) 8: 1,43 (18H, s), 2.21 (3H, s), 2.27 (3H, s), 2.62 (2H,
t, J =  6.0 Hz), 3.73 (3H, s), 3.79 (2H, s), 3.89 (2H, t, J = 6.0 Hz), 5.66 (2H,
s), 6.76 (11-I, s),  8.15 (1H, s). ESI-MSm/z: 599 (M + H)` 176  4)
2-{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro
6-thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl}ethanol  HO, ~~ S N NH, A
mixture composed of the above di-tert-butyl {8-(2-hydroxyethyl)-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5- 



tetraazabenzo[ed]azulen-4-yl}imidodicarbonate (16 mg), dichloromethane
(2 ml) and  trifluoroacetic acid (0.5 ml) was stirred at room temperature for
four hours. The  reaction mixture was concentrated under reduced
pressure. A saturated sodium  bicarbonate solution was placed into the
resulting residue, followed by extraction  with chloroform. The organic
layer was dried over sodium sulfate and filtered.  Then, the filtrate was
concentrated under reduced pressure. The resulting residue  was purified
by NH silica gel chromatography (chloroform-methanol). The  resulting oil
was dissolved in dioxane, followed by lyophilization to obtain the title
compound (8.3 mg, 78%) as an amorphous, 'H-NMR (CDC13) 6: 2.22
(3H, s), 2.28 (3H, s), 2.59 (2H, t, J = 6.0 Hz), 3.72  (2H, s), 3.74 (3H, s),
3.87 (2H, t, J = 6.0 Hz), 5.18 (2H, brs), 5.50 (2H, s), 6.64 (1H,  s), 8.19
(1H, s). EST-MSn3/z: 399 (M + H)+  (Example 112) Di-tert-butyl
{8-(aminomethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tctraazabenzo[cd]azulen-4- yl }
imidodicarbonate 177  0 011, N-N  H.N NN o N 1) A mixture composed of
methyl {4-[bis(tert-butoxycarbonyl)amino]-2-[(4- metho xy-3
,5-dimethylpyridin-2-yl)methyl] -2,7-dihydro-6-thia-1,2,3, 5-
tetraazabenzo[cd]azulen-8-yl}acetateof Example 111 (121 mg),
diphenylphosphoryl  azide (64 i), triethylamine (69 l) and benzene (2 ml)
was heated with stirring at a  



bath temperature of 55C for two hours. The reaction mixture was
concentrated  under reduced pressure. Tetrahydrofuran (8 ml) and a I N
sodium hydroxide  solution (4 ml) were added to the resulting residue, and
the mixture was heated with  stirring at a bath temperature of 55C for one
hour. A 0.2 N sodium hydroxide  solution was added, followed by
extraction with ethyl acetate. The organic layer  was dried over sodium
sulfate and filtered. Then, the filtrate was concentrated  under reduced
pressure. The concentrated residue was purified by silica gel column
chromatography (chloroform-methanol) to obtain the title compound (41
mg) as a  brown oil. Although the product contained impurities, it was
directly used for the  next reaction without further purification. EST-MS
miz: 584 (M+H)+. 2)
8-(Aminomethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-
dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine  ~\J N-N  H,N N
NN2  The title compound (2.6 mg) was obtained as an amorphous by
synthesis by  the same method as in Example 111 using the above
di-tert-butyl {8-(aminomethyl) 178
2-[(4-methoxy-3,5-dimethylpyridin-2-yl)mcthyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-yl}imidodiearbonate (8.6 mg). 'H-NMR
(CDC13) v: 2.22 (3H, s), 2.29 (3H, s), 3.55 (2H, s), 3.73 (2H, s), 3.74  (3H,
s), 5.14 (21-1, s), 5.51 (2H, s), 6.73 (1H, s), 8.19 (1H, s). ESI-M5m/z: 384
(M + H)+  



(Example 113) 2-[(4-Methoxy-3 ,
5-dimethylpyridin-2-yl)methyl]-8-(morpholin-4-ylmethyl)-
2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-amine  N-( N `SNhi2
A mixture composed of di-tort-butyl (8-(aminomethyl)-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-Chia-1,2,3,5-tetraazabenzo[ed]
azulen-4-.  yl}imidodicarbonate of Example 112 (20 mg), 90%
bis(2-bromoethyl) ether (10 l),  potassium carbonate (9.5 mg) and
acetonitrile (0.3 ml) was heated with stirring at  55C for 24 hours. Water
was added to the reaction mixture, followed by extraction  with chloroform.
The organic laver was dried over sodium sulfate and filtered.  Then, the
filtrate was concentrated under reduced pressure. Dichloromethane (2
ml) and trifluoroacetic acid (0.5 ml) were added to the resulting residue,
and the  mixture was stirred at room temperature for four hours, The
reaction mixture was  concentrated under reduced pressure. A saturated
sodium bicarbonate solution was  placed into the resulting residue,
followed by extraction with chloroform. The  organic laver was dried over
sodium sulfate and filtered. Then, the filtrate was  concentrated under
reduced pressure. The resulting residue was purified by NH  silica gel
chromatography (chloroform-methanol). The resulting oil was dissolved
179  in dioxane, followed by lyophilization to obtain the title compound (5.6
mg) as an  amorphous. 'H-NMR (CDCI3) S: 2.22 (3H, s), 2.30 (3H, s),
2.45-2.48 (4H, m), 3.14 (2H,  s), 3.70 (4H, t, J = 4.5 Hz), 3.74 (3H, s), 5.14
(2H, s), 5.50 (2H, s), 6.70 (1H, s), 8.20  (111, S). 



ESl .MSm/z: 454 (M + H)- (Example 114)
N-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)mcthyl]-2, 7-dihydro-
6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}methyl)acetamide  071  N  ~S
r4 NH, A mixture composed of di-tert-butyl
{8-(aminomethyl)-2-[(4-methoxy-3,5-
dimethyipyridin-2-yi)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]a
zulen-4- yl}imidodiearbonate of Example 112 (20 mg), pyridine (8.3 l),
acetic anhydride (5  l) and dichloromethane (0.5 ml) was stirred at room
temperature for 20 hours. The  reaction mixture was concentrated under
reduced pressure. Dichioromethane (2 ml)  and trifluoroacetic acid (0.5
ml) were added to the resulting residue, and the mixture  was stirred at.
room temperature for 20 hours. The reaction mixture was concentrated
under reduced pressure. A saturated sodium bicarbonate solution was
placed into the resulting residue, followed by extraction with chloroform.
The  organic layer was dried over sodium sulfate and filtered. Then, the
filtrate was  concentrated under reduced pressure. The resulting residue
was purified by silica  gel thin-layer chromatography
(chloroform-methanol) to obtain the title compound  (3.7 mg) as a solid.
180  'H-NMR (CDCI3+CD3OD) a: 2.04 (3H, s), 2.24 (3H, s), 2.27 (3H, s),
3.68 (2H, s), 3.76 (3H, s), 4.09 (2H, d, J = 4.8 Hz), 5.48 (2H, s); 6.62 (1H,
s), 6.92 (11-1, t,  J _ 4.8 Hz), 8.14 (1H, s). ESI-MSm/z: 426 (M + H)'
(Example 115) 



2- {4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyt]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl}acetamide  H,N-pe LS^-N~NH,
A mixture composed of {4-[bis(tert-butoxyearbonyl)amino]-2-[(4-methoxy-
3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-yl } acetic acid of Example 111 (24 mg),
dimethylformamide (0.7 ml), ammonium chloride (13 mg),
1-hydroxybenzotriazole  monohydrate (6 mg),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride  (15 mg) and
diisopropylethylamine (34 l) was stirred at room temperature for three
days. The solvent in the reaction mixture was evaporated by spraying, and
a 0.2 N  sodium hydroxide solution was added to the resulting residue,
followed by extraction  with ethyl acetate. The organic layer was
concentrated under reduced pressure.  Dichloromethane (2 ml) and
trifluoroacetic acid (0.5 ml) were added to the resulting  residue, and the
mixture was stirred at room temperature for 20 hours, The reaction
mixture was concentrated under reduced pressure. A saturated sodium
bicarbonate  solution was placed into the resulting residue, followed by
extraction with  chloroform. The organic layer was dried over sodium
sulfate and filtered. Then,  the filtrate was concentrated under reduced
pressure. The resulting residue was 181  purified by silica gel thin-layer
chromatography (chloroform-methanol) to obtain the  title compound (16.1
mg, 70%) as a solid. 'H-NMR (CDC13+CD3OD) 6: 2.24 (3H, s), 2.27 (3H,
s), 3.27 (2H, s), 3.77  (3H, s), 3.82 (2H, s), 5.48 (2H, s), 6.67 (1 H, s), 8.13
(111, s). ESI-MSm/z: 412 (M + 1-1)'  (Example 116) 



2- (4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-y1)methyl]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl}-N-methylacetamide  N N-N  0
`S N NH, The title compound (12.5 mg, 75%) was obtained as a solid by
synthesis by  the same method as in Example 115 using
{4-[bis(tert-butoxycarbonyi)amino]-2-[(4- methoxy-3,
5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3 , 5-
tetraazabenzo[cd]azulen-8-yl}acetic acid of Example 111 (24 mg) and
methylamine  hydrochloride (17 mg). 'H-NMR (CDC13-CD3OD) 6: 2.24
(3H, s), 2.28 (3H, s), 2.79 (311, d, J = 4.7  Hz), 3.24 (2H, s), 3.76 (3H, s),
3.80 (2H, s), 5.49 (2H, s), 6.59-6.64 (1H, m), 6.66  (1H, s), 8.14 (1H, s).
ESI-MSm/z: 426 (M + H)'  (Example 117) 2-
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-
thia-1,2.3,5-tetraazabenzo[cd]azulen-8-yl}-N,N-dimethylacetamide 182  b }
~c N-N) N  \`S N' NN2 The title compound (8.7 mg, 50%) was obtained as
a solid by synthesis by the  same method as in Example 115 using
{4-[bis(tert-butoxycarbonyi)amino]-2-[(4- 



methoxy-3,5-dimethylpyridin-2-y1)me'thyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-8-yl}acetic acid of Example 111 (24 mg) and
dimethylamine hydrochloride (20 mg). iH-NMR (i DC13) S: 2.22 (3H, s),
2.28 (3H, s), 2.97 (3H, s), 3.05 (3H, s), 3,41  (2H, s), 3.74 (3H, s), 3.81
(2I-I, s), 5.13 (2H1 brs), 5.50 (2H, s), 6.61 (IH, s), 8.19 (1H,  s).
ESI-MSm/z: 440 (M + H)_  (Example 118) (4-[ (tart-Butoxycarbonyl)
amino] -2 - [(4-methoxy-3,5 -dimethylpyridin-2-
vl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}acetic
acid  HO o N-N ry SAN NHQ 1) A mixture composed of methyl
{4-[bis(tert-butoxycarbonyl)amino]-2-[(4- methoxy-3,5-dimethylpyri din-
2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-yl}acetate of Example 111 (218 mg), methanol
(8 ml) and  a 1 N sodium hydroxide solution (0.22 ml) was stirred at room
temperature for eight  hours. A 1 N hydrochloric acid solution (2.5 ml) was
added dropwise to the  reaction mixture under ice-cooling, and methanol
in the reaction mixture was 183  evaporated under reduced pressure. A
0.5 N hydrochloric acid solution was added  to the resulting residue,
followed by extraction with chloroform. The organic layer  was
concentrated to dryness under reduced pressure to obtain the title
compound  (173 mg, 97%) as an amorphous. ESI-MS m/z: 513 (M+H)` 2)
2-{4-A-mino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-
6-thia- 1,2,3,5-tetraazabenzo[cd]azulen-8-yl}-N-cthylacetamide 



N /b  o F! ' SAN^NH, The title compound (8.3 mg, 46%) was obtained as a
solid by synthesis by the  same method as in Example 115 using the
above {4-[(tert-butoxycarbonyl)aminol-2-
[(4-methoxy-3,5-dimethylpyridin-2-yl)methylJ ?,7-dihydro-6-thia-i.2,3,5-
tetraazabenzo[cd]azulen-8-y1}acetic acid (21 mg) and ethylamine
hydrochloride (I 1  mg). 'H-NMR (CDCI3+CD3OD) 3: 1.13 (3H, t, J = 7.4
Hz), 2.23 (3H, s), 2.29 (3H,  s), 3.25 (2H, s), 3.29 (2H, dt, J = 13.0, 7.4
Hz), 3.75 (3H, s), 3.78 (2H, s), 532-5.35  (2H, m), 5.50 (2H, s), 6.06-6.12
(1H, m), 6.68 (1H, s), 8.16 (1H, s). ESI-MSm/z: 440 (M + H)'  (Example
119) 2- {4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]
-2-dihydro-6-
thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl)-N-[(3R)-tetrahydrofuran-3-yl]ac
etamide  c N  5 N Nh, 184  The title compound (9.7 mg, 49%) was
obtained as a solid by synthesis by the same method as in Example 115
using {4-[(tort-butoxyearbonyl)amino]-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-yl} acetic acid of Example 118 (21 mg) and
(R)-3- aminotetrahydrofuran p-toluenesulfonate (32 mg). 'H-NMR
(CDCI3+CD3OD) S: 1.78-1.86 (1H, m), 2.20-2.28 (IH, m), 2.23 (3H,  



s), 2.28 (3H, s), 3.23 (2H, s), 3.66 (1H, dd, J = 9.4, 2.6 Hz), 3.73-3.84 (3H,
m), 3.76  (3H, s), 3.80 (2H, s), 3.91 (111, q, J = 7.8 Hz), 4.45-4.53 (IH, m),
5.40 (2H, brs), 5.49  (2H, s), 6.66 (1H, s), 6.80 (1 H, d, J = 7.1 Hz), 8.15
(IH, s). ESI-MSm'z: 482 (M + I-I)t  (Example 120) 2-[(4-Methoxy-3,
5-dimethylpyridin-2-yl)methyl]-8-(2-morpholin-4-yl-2-
oxoethyl)-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine
N-N N N', NH, The title compound (7.2 mg, 36%) was obtained as a solid
by synthesis by the  same method as in Example 115 using
{4-[(tert-butoxycarbonyl)amino]-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia- l ,2,3,5-
tetraazabenzo[cd]azulen-8-yl} acetic acid of Example 118 (21 mg) and
morpholine  (11 ul). 'H-NMR (CDCl3) 6: 2.23 (3H, s), 2.29 (3H, s), 3.42
(2H, d, J = 1.2 Hz), 3.48- 3.52 (2H, m), 3.62-3.70 (6H, m), 3.75 (3H, s),
3.81 (2H, s), 5.24 (2H, s), 5.50 (2H, s),  6.62 (1H, t, J = 1.2 Hz), 8.19 (IH,
s). ESI-MSm/z: 482 (M + H)' 185  (Example 121)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-(2-oxo-2-piperazin-l-
ylethyl)-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-amine  H N
o N NiJ SI~IINANH, The title compound (15.3 mg, 78%) was obtained as
a solid by synthesis by  



the same method as in Example 115 using
14-[(tert-butoxvcarbonyl)amino]-2-[(4- methoxy-3
,5-dimethylpyridia-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5- tetraazabenzoi
cd]azulen-8-yl}acetic acid of Example 118 (21 mg) and N-(tert-
butoxycarbonyl)-piperazine (23 mg). 'H-NMR (CDC13) 5: 2.22 (3H, s),
2.29 (3H, s), 2.84 (4H, dd, J = 10.1, 5.0 Hz),  3.42 (2H, s), 3.46 (2H, t, J =
5.0 Hz), 3.60 (2H, t, J = 5.0 Hz), 3.74 (3H, s), 3.81 (2H,  s), 5.24 (2H, brs),
5.50 (2H, s), 6.62 (1H, s), 8.19 (1H, s). ESI-MSm/z: 481 (M -r H)~
(Example 122) 2- {4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2
-yl)methyl]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl}-N-(trans-4-hydroxycyclohexyl)a
cetamide  HO 2,7 N N  _-N,'lNH,  The title compound (7.1 mg, 34%) was
obtained as a solid by synthesis by the same method as in Example 115
using {4-[(tert-butoxycarbonyl)amino]-2-[(4-
methoxy-3,5-dirnethylpyridin-2-yl)methyl]-2,7-dihydro-6-thin- l ,2,3,5 186
tetraazahenzo[cd]azulen-8-yl}acetic acid of Example 118 (21 mg) and
trans-4- aminocyclohexanol (14 mg). 'H-NMR (CDCl3) 6: 1.14-1.25 (2H,
m), 1.33-1.43 (2H, m), 1.92-2.00 (4H, m),  2.23 (3H, s), 2.29 (3H, s), 3.23
(2H, s), 3-50-3.58 (1H, m), 3.68-3.75 (1H, m), 3.76  (3H, s), 3.78 (2H, s),
5.49 (2H, s), 6.21 (1H, d, J = 8.1 Hz), 6.66 (1H, s), 8.15 (1H, s).
ESI-MSm/z: 510 (M + H)+ (Example 123)  



8-(2-Azetidin-1-yl-2-oxoethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine  c
N N N  S N1NF, The title compound (9.2 mg, 42%) was obtained as a
solid by synthesis by the  same method as in Example 115 using
{4-[(tert-butoxycarbonyl)amino]-2-[(4- methoxy-3 , 5 -dim
ethylpyridin-2-yl)methyl] -2, 7-dihydro-6-thia-1, 2, 3 , 5 -
tetraazabenzo[cd]azulen-8-yl}acetic acid of Example 118 (25 mg) and
azetidine  hydrochloride (14 mg). 1H-NM'R (CDCh) S: 2.23 (3H, s), 2.28
(3H, s), 2.28 (1H, a, J = 7.7 Hz), 3.15  (2H, s), 3.72 (1H, q, J = 7.7 Hz),
3.75 (3H, s), 3.83 (2H, s), 4.05 (2H, t, J = 7.7 Hz),  4.20 (2H, t, J = 7.7 Hz),
5.34 (2H, brs), 5.51 (2H, s), 6.61 (1H, s), 8.21 (1H, s).  ESI-MSrr/z: 452 (M
+ H)+ (Example 124) [(2.S)- I
-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}aeetyl)azetidin-2-yl]methanol
187  1 e Ho N~ 1 5N.~`NHr The title compound (11.2 mg, 48%) was
obtained as a solid by synthesis by  the same method as in Example 115
using {4-[(tert-butoxycarbonyl)amino, -2-[(4- metho xy-3,
5-dimethylpyridin-2-yl)methyl]-2, 7-dihydro-6-thia-1, 2, 3; 5-
tetraazabenzo[ed]azulen-8-yl}acetic acid of Example 118 (25 mg) and
(2S)-azetidin- 



2-ylmethanol oxalate (26 mg). 'H-NMR (CDC13) S: 2.23 (3H, s), 2.25-2.34
(114, m), 2.29 (3H, s), 3.17 (2H,  s), 3.68-3.80 (3H, m), 3.75 (3H, s), 3.82
(2H, s), 4.04-4.19 (2H, m), 4.60-4.68 (1H,  m), 5.29 (1H, s), 5.50 (2H, s),
6.63 (1H, s), 8.20 (1H, s). ESI-MSm/z: 482 (M + H)+  (Example 125) 2-
{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl}-N-[(3S)-tetrahydrofuran-3-yl]ac
etamide  o N s N NH, The title compound (12.6 mg, 54%) was obtained as
a solid by synthesis by  the same method as in Example 115 using
{4-[(tort-butoxycarbonyl) amino] -2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-8-yl}acetic acid of Example 118 (25 mg) and
(R)-3- aminotetrahydrohiran p-toluenesulfonate (38 mg). 1H-NMR
(CDC13+CD3OD) S: 1.77-1.86 (1H, m), 2.19-2.27 (1H, m), 2.23 (3H,  s),
2.29 (3H, s), 3.23 (2H, s), 3.66 (1H, dd, J = 9.6, 2.6 Hz), 3.73-3.84 (3H,
m), 3.76 188  (311, s), 3.79 (2H, s), 3.91 (IH, q, J = 7.8 Hz), 4.46-4.53 (IH,
m), 5.39 (2H, brs), 5.50  (2H, s), 6.66 (1H, s), 8.16 (IH, s). ESl-MSm/z:
482 (M + H)'  (Example 126) 2-
(4-Amine-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl}-N-[(IR,2R)-2-
hydroxycyelopentyl] acetamide 0  



HOB O `-S NNH2 The title compound (9.1 mg, 38%) was obtained as a
solid by synthesis by the  same method as in Example 115 using
{4-[(tert-butoxycarbonyl)amino]-2-[(4- methoxy-3,
5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3, 5-
tetraazabenzo[cd]azulen-8-yl}acetic acid of Example 118 (25 mg) and
(1R,2R)-2- aminocyclopentanol hydrochloride (14 mg). 'H-NMR
(CDCI3+CD30D) 6: 1.37-1.47 (IH, m), 1.58-1.71 (2H, m), 1.73- 1.84 (IH,
m), 1.91-2.01 (IH, m), 2.07-2.17 (IH, m), 2.23 (3H, s), 2.29 (3H, s), 3.26
(2H, s), 3.76 (3H, s), 3.79 (2H, s), 3.80-3.88 (IH, m), 3.95 (1H, dd, J =
12.7, 5.9 Hz),  5.40 (211, s), 5.49 (2H, s), 6.62 (IlL d, J = 4.9 Hz), 6.67
(1H, s), 8.15 (1H, s).  ESI-MSmfz: 496 (M - H)' (Example 127) 2-f
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-y1)methyl]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}-N-[(1R,2R)-2-
hydroxycyclopentyl] acetamide 189  'o HO =p-~iO i N 'INH, The title
compound (7.4 mg, 31%) was obtained as a solid by synthesis by the
same method as in Example 115 using
(4-[(tert-hutoxycaroonyl)amino]-2-[(4-
methoxy-3,5-(Iimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-8-yl}acetic acid of Example 118 (25 mg) and
(IS,2S)-2- aminocyclopentanol hydrochloride (14 mg). 



'H-NMR. (CDC13+CD30D) 6: 1.37-1.47 (1H, m), 1.59-1.71 (2H, m), 1.74-
1.84 (IH, m), 1.92-2.02 (11-1, m), 2.07-2.17 (IH, m), 2.23 (3H, s), 2.29
(3H, s), 3.26  (2H, s), 3.76 (3H, s), 3.80 (2H, s). 3.82-3.87 (IH, m), 3.95
(1H; dd, J = 12.7, 5.9 Hz),  5.49 (2H, s), 6.61 (1H, d, J =4.9 Hz), 6.67 (1H,
s), 8.15 (IH, s). ESI-MSm'z: 496 (M + H)+  (Example 128) 2-
{4-Amino-2-[(4-methoxy-3,5-dimethylpyri din-2-yl)methyl]-2,7-dihydro-6-
thia- 1,2,3,5-tetraazabenzo[cd]azulen-8-yl}-N-cyclopropylacetamide -N h~
NH2 The title, compound (11.8 mg, 53%) was obtained as a solid by
synthesis by  the same method as in Example 115 using
{4-[(tert-butoxycarbonyl)amino]-2-[(4-
methoxy-3,5-dimethylpyridin-2-yI)_mcthyl]-2,7-dihydro-6-thia-1,2,3, 5-
tetraazabenzo[cd]azulen-8-yl}acetic acid of Example 118 (25 mg) and
cyclopropylamine (10 l). 190  'Fl-NMR (CDC13 +-CD3OD) o: 0.47-0.53
(2I-1, m), 0.72-0.78 (2H, m), 2.23 (31-1, s), 2.28 (3H, s), 2.65-2.73 (1H,
m), 3.21 (2H, s), 3.76 (3H, s), 3.79 (2H, s), 5.49 (2H,  s), 6.63 (111, s),
8.15 (1H, s). ESI-MSm/z: 452 (M + H)`  (Example 129)
1-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-y1)methyl]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}acetyl)piperidin-4-ol  b HO e N
NNH, 



The title compound (10.2 mg, 42%) was obtained as a solid by synthesis
by  the same method as in Example 115 using
{4-[(tert-butoxycarbonyl)amino] -2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-8-yl}acetic acid of Example 118 (25 mg) and
piperidin-4-ol  (15 mg). 'H-NMR (CDC13+CD3OD) S: 1.45-1.57 (2H, m),
1.79-1.92 (2H, m), 2.23 (3H,  s), 2.28 (3H, s), 3.19-3.30 (2H, rn), 3.44 (2H,
s), 3.76 (3H, s), 3.80 (2H, s), 3.86-3.93  (2H, m), 4.02-4.10 (1H, m), 5.50
(2H, s), 6.61 (1H, s), 8.18 (11-1, s). ESI-MSm/z: 496 (M - H)'  (Example
130) 2-
{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl)-N,N-diethylacetamide 191 N-N/
\-S N'`NH, The title compound (8.2 mg, 32%) was obtained as a solid by
synthesis by the  same method as in Example 115 using
{4-[(tert-butoxycarbonyl)amino]-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-yl}acetic acid of Example 118 (28 mg) and
diethylamine  (17 1). 'H-NMR (CDCI3) 6: 1.13 (3H, t, J = 7.1 Hz), 1.20
(3H, t, J = 7.1 Hz), 2.22  (311, s), 2.28 (3H, s), 3.31-3.41 (4H, m), 3.39
(2H, s), 3.74 (3H, s), 3.84 (2H, s), 5.20  (2H, brs), 5.50 (2H, s), 6.62 (1H,
s), 8.20 (IH, s). ESI-MSm/z: 468 (M + H)  (Example 131)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-(2-oxo-2-pyrrolidin-l -
ylethyl)-2,7-dihydro-6-thia-1,2,3.5-tetraazabenzo[ed]azulen-4-amine  



O N-N The title compound (7.0 mg, 27%) was obtained as a solid by
synthesis by the  same method as in Example 115 using
{4-[(tertt-butoxycarbonyI)amino]-2-[(4- methoxy-3, 5-dimethylpyri
din-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5 -
tctraazabcnzo[cd]azuIcn-8-yI}acetic acid of Example 118 (28 mg) and
pyrrolidine  (14 l). 192  'H-NMR (CDC13) S: 1.82-1.89 (2H, ni), 1.92-1.98
(2H, m), 2.22 (3H, s), 2.28 (3H, s), 3.35 (2H, s), 3.48 (4H, td, J = 6.7, 4.1
Hz), 3.74 (4H, s), 3.85 (2H, s), 5.19  (2H. hrs), 5.50 (2H, s), 6.62 (11-I, s),
8.19 (1H, s). ESI-MSm/z: 466 (M + H)-'  (Example 132) 2-
{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yi
}-N-(2-methoxyethyl)-N-methylacetamide  0 N  S N NH, The title
compound (11.8 mg, 48%) was obtained as a solid by synthesis by  the
same method as in Example 115 using
{4-[(tort-butoxycarbonyl)amino]-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-yl}acetic acid of Example 118 (28 mg) and
2-methoxy-N- methylethanamine (15 .tl). 'H-NMR (CDC13) b: 8.19 (1H, s),
6,66-6.60 (1 H, m), 5.50 (2H, s), 5.19 (2H,  s), 3.81-3.80 (2H, m), 3.74
(3H, s), 3.59-2.97 (12H, m), 2.29-2.22 (6H, m).  ESI-MSm/z: 484 (M + H)~
(Example 133) 



2- {4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-
thia-1,2,3,5-teettraazabenzo[cd]a-zulen-8-yl}-N-isopropylacetamide  n N  5
N'NH 193  The title compound (8.9 mg, 36%) was obtained as a solid by
synthesis by the same method as in Example 115 using
{4-[(tert-butoxycarbonyl)amino]-2-[(4-
methoxy-3,5-dimethylpyiidin-2-y1)methyl] -2,7-dihydro-6-Chia-1,2,3,5-
tetraazabenzo[cd]azulen-8-y1}acetic acid of Example 118 (28 mg) and
isopropylamine (14 l). 'H-NMR (CDC13) 6: 1.14 (3H, s), 1.15 (3H, s), 2.22
(3H, s), 2.31 (3H, s), 3.24  (2H, s), 3.75 (3H, s), 3.77 (2H, s), 4.04-4.14
(IH, m), 5.23 (2H, brs), 5.51 (2H, s),  5.60 (Ili, d, J = 7.8 Hz), 6.70 (1H, s),
8.20 (1H, s). ESI-MSrn/z: 454 (M - H)`  (Example 134) 1) tort-Butyl
(8-(2-hydroxyethyl)-2-[(4-methoxy-3,5-dimethyipyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-yl}
carbamate  HO N S N ~NH  00 Lithium borohydride (67 mg) was added to
a mixture composed of methyl {4- [bis(tert-butoxycarbonyl)amino]
-2-[(4-methoxy-3, 5-dimethylpyridi n-2-yl)methyl] -
2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}acetate of
Example 111  (957 mg) and dehydrated tetrahydrofaran (18 ml) under
ice-cooling. The mixture  



was stirred at 0C for two hours, and then returned to room temperature
and stirred  overnight. The mixture was ice-cooled again and lithium
borohydri de (33 mg) was  added, followed by stirring at 0C for two hours.
Methanol (6 ml) and a I N  sodium hydroxide solution (6 ml) were added to
the reaction mixture. Then, the  mixture was returned to room temperature
and stirred for four hours. The organic  solvent in the reaction mixture was
evaporated under reduced pressure. Then, a 0.2 194  N hydrochloric acid
solution was added, followed by extraction with chloroform.  The organic
layer was washed with brine, and then dried over magnesium sulfate and
filtered. Then, the filtrate was concentrated under reduced pressure. The
concentrated residue was purified by silica gel column chromatography
(chloroform- methanol) to obtain the title compound (301 mg, 40%) as an
oil. 'H-NMR (CDC1?) 6: 1.53 (10H, s), 2.21 (3H, s). 2.31 (3H, s), 2.60 (2H,
t, J =  6.1 Hz), 3.74 (3H, s), 3.75 (2H, s), 3.88 (2H, s), 5.63 (2H, s), 6.70
(1H, s), 7.42 (1H,  s), 8.18 (1H, s). ESI-MSm/z: 499 (M + H)+ 2) tert-Butyl
{8-(2-azidoethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-yl}carbam
ate  N N- N, N  S~-N -N U Mesyl chloride (5 l) was added dropwise to a
mixture composed of the  above tert-butyl
{8-(2-hydroxyethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methylj-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-yl}carbam
ate (25  



mg), triethylamine (15 l) and dehydrated dichloromethane (0.5 ml) under
ice- cooling, and the mixture was stirred at 0C for 20 minutes. Water was
added to the  reaction mixture, followed by extraction with ethyl acetate.
The organic layers  were combined and dried over sodium sulfate and
filtered, and then the solvent in the  filtrate was evaporated under reduced
pressure. Sodium azide (5.3 mg) and  dehydrated dimethylformamide (0.5
ml) were added to the resulting residue, and the  mixture was stirred at a
bath temperature of 55C for 16 hours. The solvent was  evaporated and
then a 0.2 N sodium hydroxide solution (4 ml) was added, followed  by
extraction with ethyl acetate. The organic layer was dried over sodium
sulfate 195  and concentrated. The title compound (31 mg) was obtained
as an oil. The  product was directly used for the next reaction. EST-MS;
m/z: 524 (M+H)". 3) tert-Butyl {8-(2-aminoethyl)-2-[(4-methoxy-3,5-dim
ethylpyridin-2- yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetra azabenzo [ed]
azulen-4-yl } carbamate  H,N_ N-N N  'S N-~-NH  OHIO T A mixture
composed of the above tert-butyl {8-(2-azidoethyl)-2-[(4-methoxy-
3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-Chia-1,2,3,5-
tetraazabenzo[cd]azulen-4-y1}carbamate (31 mg), triphenylphosphine (23
mg),  tetrahydrofuran (0.9 ml) and water (0.1 ml) was stirred at room
temperature for five  hours. A 0.2 N sodium hydroxide solution (2.5 ml)
was added to the reaction  mixture, followed by extraction with ethyl
acetate. The organic layer was dried  



over sodium sulfate and filtered, and then the solvent in the filtrate was
evaporated  under reduced pressure. The resulting residue was purified
by silica gel column  chromatography (NH silica used, ethyl
acetate-chloroform) to obtain the title  compound (17 mg) as an oil.
'H-NMR (CDC13) 6: 1.53 (9H, s), 2.21 (3H, s). 2.31 (3H, s), 2.49 (2H, t, J
=  6.5 Hz), 2.96 (2H, t, J = 6.5 Hz), 3.71 (2H, s), 3.74 (3H, s), 5.63 (2H, s),
6.66 (lH, s),  7.52 (1H,brs), 8.18 (1H, s). EST-MS; mlz: 498 (M+H)`. 4)
8-(2-Aminoethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-
dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine 196  N N N sN
NH; Trifluoroacetic acid (0.5 ml) was added to a mixture composed of the
above  tert-butyl
{8-(2-aminoethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-
dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulcn-4-yl}carbamate (17 mg)
and  dichloromethane (2 ml), and then the mixture was stirred at room
temperature for six  hours. The solvent in the reaction mixture was
evaporated, and a 0.2 N sodium  hydroxide solution was added to the
resulting residue, followed by extraction with  chloroform. The organic
layer was dried over sodium sulfate and filtered, and then  the solvent in
the filtrate was evaporated under reduced pressure. The resulting  residue
was purified by NTII silica gel column chromatography (chloroform-
methanol) to obtain an oil. The oil was dissolved in dioxane (0.5 ml),
followed by  lyophilization to obtain the title compound (9.4 mg) as an
amorphous. 'H-NMR (CDCl3) S: 2.22 (3H, s), 2.29 (3H, s), 2.47 (2H, t, J =
6.4 Hz), 2.96  



(2H, t, J = 6.4 Hz), 3.68 (2H, s), 3.74 (3H, s), 5.19 (2H, brs), 5.50 (2H, s),
6.61 (1H,  s), 8.19 (IH, s). ESI-MS; miz: 398 (M + H)+.  (Example 135) 1)
tent-Butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-(2-
morpholin-4-ylethyl)-2,7-dihydro-6-thia-1,2,3,5 -tetraazabenzoFed]
azulen-4- yl } carbamatc 197  ,{ 1, N N~ 5 NH  CSC  Mesyl chloride (5 l)
was added dropwise to a mixture composed of tert-butyl { 8 -(2-hydro
xyethyl)-2- [ (4-m etho xy-3 , 5 -dim ethyl pyridin-2 -y1-)methyl ] -2,
7-dihydro- 6-Chia-1,2,3,5-tetraazabenzo[cd]azulen-4-yi}carbamate of
Example 134 (25 mg),  dehydrated dichloromethane (0.5 ml) and
triethylamine (15 l) under ice-cooling,  and the mixture was stirred at 0C
for 10 minutes. After confirming that the raw  material disappeared, the
solvent in the reaction mixture was evaporated by spraying.  Dioxane (0.2
ml) and morpholine (44 1) as an amine were added to the residue, and
the mixture was stirred at 60C for six hours. The reaction mixture was
concentrated under reduced pressure, and a 0.5 N sodium hydroxide
solution was  added to the resulting residue, followed by extraction with
ethyl acetate. The  organic layer was concentrated, and the resulting
residue was purified by NH silica  gel column chromatography
(hexane-ethyl acetate) to obtain the title compound (17  mg, 60%) as an
oil. 'H-NMR (CDC13) S: 1.53 (9H, s), 2.22 (3111 s), 2.31 (3H, s),
2.47-2.62 (8H,  rn), 3.70-3.73 (6H, m), 3.74 (3H, s), 5.62 (2H, s), 6.65 (1H,
s), 7.46 (11-1, s), 8.18 (1H1  



s). ESI-MSm/z: 568 (M + H)+ 2)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-(2-morpholin-4-
ylethyl)-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine
~$~N~NH2 198  The title compound (11.6 mg, 68%) was obtained as an
amorphous by synthesis by the same method as in Example 111 using
the above tent-butyl {2-[(4- methoxy-3, 5-dimethylpyri din-2-yl)m ethyl]
-8-(2-morpholin-4-yl ethyl)-2., 7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl}carbamate (17 mg). 'H-NMR
(CDC13) b: 2.22 (3H, s), 2.29 (3H, s), 2,47-2.61 (8H, m), 3.70-3.73  (6H,
m), 3.74 (3H, s), 5.16 (214, s), 5.50 (2H, s), 6.60 (1H, s), 8.19 (IH, s).
ESI-MSmiz: 468 (M + H)_ (Example 136) 1) tert-Butyl
{8-[2-(dimethyiamino)ethyl] -2-[(4-methoxy-3,5-
dirnethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]a
zulen-4- yl}carbamate N_N" N  "Sh NN The title compound (17 mg, 60%)
was obtained as an oil by synthesis by the  same method as in Example
135 using tert-butyl {8-(2-hydroxyethyl)-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-yl}carbamate of Example 134 (27 mg) and a 2
N solution  of dimethylamine in tetrahydrofuran (0.2 ml) as an amine.
'H-NMR (CDC13) S: 1.53 (9H, s), 2.21 (3H, s), 2.26 (6H, s), 2.30 (3H, s),
2.51  



(2H, s), 3.72-3.75 (5H, m), 5.62 (2H, s), 6.65 (1H, s), 7.46 (1H, s), 8.18
(1H, S).  ESI-MSm/z: 526 (M + H)*  2)
8-[2-(Dimethylamino)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl).nethyl]-2,7-dihydro-6-tlda-I,2,3.5-tetraazabenzo[cd]azulen-4-amine 199
N S N ~NH, The title compound (7.9 mg, 57%) was obtained as an
amorphous by  synthesis by the same method as in Example 111 using
the above tert-butyl {8-[2- (dimethylamino) ethyl] -2-[(4-methoxy-3,5-dim
ethylpyridin-2-yl)m ethyl] -2,7-
dihydro-6-thin-1,2,3,5-tetraazabenzo[cd]azulen-4-yl}carbamate (17 mg).
'H-NMR (CDC13) S: 2.22 (3H, s), 2.26 (6H, s), 2.28 (3H, s), 2.47-2.51
(4H,  m), 3.70 (2H, s), 3.74 (3H, s), 5.14 (2H, brs), 5.49 (2H, s), 6.60 (1H,
s), 8.19 (1H, s).  ESI-MSm/z: 426 (M + H)' (Example 137) 1) tert-Butyl
{8-[2-(1H-imidazol-1-yl)ethyl]-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]a
zulen-4- yl} earbamate N  SNNH  C"J o The title compound (I1 mg, 37%)
was obtained as an oil by synthesis by the  same method as in Example
135 using tert-butyl {8-(2-hydroxyethyl)-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}carbamate of Example 134 (27 mg) and
imidazole (37  mg) as an amine. 



1H-NMR (CDC13) 6: 1.53 (9H, s), 2.22 (3H, s), 231 (3H, s), 2.80 (2H, t, J
7.1 Hz), 3.67 (21-1, s), 3.75 (3H, s), 4.19 (2H, t, J = 7.1 Hz), 5.61 (2H, s),
6.58-6.58 200  (IH, m), 6.95 (IH, t, J = 1.2 Hz), 7.04 (IH, t, J = 1.2 Hz),
7.45 (1H, s), 7.49-7.52 (lH,  m), 8.17 (1H, s). ESI _MSm/z: 549 (M + H)' 2)
8-[2-(1 H-lmidazol-l -yl)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyll-2,7-dihydro-6-thia-1,2,3,5-teti aazabenzo[cd]azulen-4-amine
R~~ N? N  5 N .-k The title compound (6.1 mg, 68%) was obtained as an
amorphous by  synthesis by the same method as in Example 111 using
the above tent-butyl {8-[2- (1 H-imidazol-l
-y1)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-
dihydro-6-thia-1,2,3,5-tetraazabenzo[cdlazulen-4-yl}carbamate (11 mg).
'H-NMR (CDC13) S: 2.22 (3H, s), 2.29 (3H, s), 2.78 (2H, t, J = 7.0 Hz),
3.65  (2H. s), 3.74 (3H, s), 4.18 (2H, t, J = 7.0 Hz), 5.16 (2H, brs), 5.49
(2H, s), 6.52 (1H,  s), 6.95-6.96 (1H, m),7,.04-7.04 (IH, m), 7.51 (1H, s),
8.19 (1H, s). ESI-MSm/z: 449 (M + H)`  (Example 138) 1) tert-Butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-[2..
(methylamino)ethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-
yi } carbamate N 5 NhNH  o i~ 



201  The title compound (9 mg, 33%) was obtained as an oil by synthesis
by the same method as in Example 135 using tert-butyl
{8-(2-hydroxyethyl)-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3, 5-
tetraazabenzo[cd]azulen-4-yl}carbamate of Example 134 (27 mg) and a 2
N solution  of methylamine in tetrahydrofuran (0.2 ml) as an amine.
'H-NMR (CDCl3) S: 1.53 (9H, s), 2.22 (31-1, s), 2.31 (3H, s), 2.45 (3H, s),
2.54  (2H, t, J = 6.7 Hz), 2.83 (2H, t, J = 6.7 Hz), 3.72 (2H, s), 174 (3H, s),
5.62 (2H, s),  6.66 (1H, s), 7.50 (Ili, brs), 8.18 (1H, s). ESI-MSm!z: 512 (M
+ 1I) 2) 2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-[2-
(methylamino)ethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-
amine  N-NI 5 --M NH, The title compound (7.4 mg, 100%) was obtained
as an amorphous by  synthesis by the same method as in Example 111
using the above tert-butyl {2-[(4- methoxy-3 ,
5-dimethylpyridin-2-yl)methyl] -8-[2-(methylamino)ethyl ] -2, 7-dihydro-6-
thia-1,2,3.5-tetraazabenzolcd]azulen-4-yl}carbamate (9 mg). 'H-NMR
(CDC13) 6: 2.22 (31-1, s), 2.29 (3H, s), 2.45 (3H, s), 2.53 (2H, 1, J =  6.5
Hz), 2.82 (2H, t, J = 6.5 Hz), 3.69 (21-1, s), 3.74 (3H, s), 5.16 (2H, brs),
5.50 (2H,  s), 6.61 (1H, s), 8.19 (1H, s). ESI-MSm/z: 412 (M + H)+
(Example 139) 1) ter-Butyl
{8-[2-(ethylamino)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2..7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl)
earbamate 202  



N S N~ NH  o~  The title compound (17 mg, 56%) was obtained as an oil
by synthesis by the same method as in Example 135 using tert-butyl
{8-(2-hydroxyethyl)-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-yl}carbamate of Example 134 (29 mg) and a 2
N solution  of ethylamine in tetrahydrofuran (0.5 ml) as an amine. ESI-MS
nn/z: 526 (M-H)' 2)
8-[2-(Ethylamino)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
2,7-dihydro-66 thia-1,2,3,5-tetraazahenzo[cd]azulen-4-amine Synthesis
was performed by the same method as in Example 111 using the  above
tert-butyl {8-[2-(ethylamino)ethyl] -2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl}earbam
ate (17  mg), followed by trituration with diethyl ether to obtain the title
compound (4.4 mg,  31 %) as a solid. 'H-NMR (CDC13) 6: 1.31 (3H, t, J =
7.2 Hz), 2.21 (3H, s), 2.28 (3H, s), 2.75  (2H, t, J = 7.6 Hz), 2.97 (2H, q, J
= 7.2 Hz), 3.07 (2H, t, J = 7.6 Hz), 3.69 (2H, s),  3.74 (3H, s), 5.26 (2H,
brs), 5.48 (2H, s), 6.61 (1H, s), 8.18 (1H, s), 8.46 (1H, brs).  ESi-MSmrz:
426 (M + H) (Example 140) 203  1) tert-Butyl
{8-[2-(cyclopropylamino)ethyl]-2-[(4-methoxy-3,5
dimethylpyridin-2-y1)methyl]-2,'7-dihydro-6-thia-1,2,3,5-tetraazabenzo [cd]
azulen-4- yl } carbamate SNLNH  



U1~1  The title compound (16 mg, 51 %) was obtained as an oil by
synthesis by the same method as in Example 135 using tert-butyl
{8-(2-hydroxyethyl)-2-[(4-
methoxy-3,5-dimethylpyridin-2-yi)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}carbam ate of Example 134 (29 mg),
cyclopropylamine  (20 l) as an amine and tetrahydrofuran (0.5 ml) as an
amination reaction solvent.  ESI-MS miz: 538 (M-H) 4 2)
8-[2-(Cyclopropylamino)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-amine  N
5 N~NH; The title compound (6.3 mg, 48%) was obtained as an
amorphous by  synthesis by the same method as in Example 111 using
the above tert-butyl (c yclopropylamino)ethyl ] -2- [ (4-methoxy-3, 5 -dim
ethylpyridin-2 -yl)m ethyl' -2, 7-
dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl}carbamate (16 mg).
`H-NMR (CDCI3) 6: 0.60-0.66 (2H, m), 0.69-0.74 (2H, m), 2.22 (3H, s),
2.29  (3H, s), 2.32-2.38 (1H, im), 2.66 (2H, t, J = 7.5 Hz), 3.09 (21-1, t, J =
7.5 Hz), 3.70 (2H,  s), 3.75 (3H, s), 5.33 (2H, brs), 5.49 (21-1, s), 6.62 (1H,
s), 8.19 (1H, s), 8.26 (1H, brs).  ESI sMSm/z: 438 (M + H)+ 204  (Example
141) 1) tert-Butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-(2-
pyrrolidin-1-ylethyl)-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-
yl}carbamatcc CN N'[  N  



\-s NJ` N H -p The title compound (11 mg, 34%) was obtained as an oil by
synthesis by the  same method as in Example 135 using tert-butyl
(8-(2-hydroxyethyl)-2-[(4- methoxy-3 , 5-dimethylpyridin-2-yl)methyl]-2,
7-dihydro-6-thi a-1,2,3, 5 - tetraazabenzo[cd]azulen-4-yl}carbamate of
Example 134 (29 mg), pyrrolidine (24  l) as an amine and tetrahydrofuran
(0.5 ml) as an amination reaction solvent.  ESI-MS m/z: 552 (M+H)` 2)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-(2-pyrrolidin-l-
ylethyl)-2,7-dihydro--6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-amine  `Sh
I N^NHz The title compound (4.8 mg, 53%) was obtained as an
amorphous by  synthesis by the same method as in Example I I 1 using
the above tert-butyl {2-[(4- methoxy-3,5-dimethylpyridin-2-yl)methyl]
-8-(2-pyrrolidin- l -ylethyl)-2,7-dihydro-6- thia-i
2,3,5-tetraazabenzo[ed]azulen-4-yl}carbamate(11 mg). 205  'Fl-NMR
(CDC13) b: 1.99-2.03 (4H, m), 2.22 (4I-1, s), 2.29 (3H, s), 2.73-2.79 (2FI,
m), 3.06-3.12 (61t, m), 3.73 (2H, s), 3.74 f3H, s), 5.19 (2H, brs), 5,49 (2H,
s),  6.59 (1H, s), 8.19 (1H, s), 8.47 (111, brs). ESI-MSmiz: 452 (Nt + H)'
(Example 142) 1) tert-Butyl {8-[2-(isopropylamino)ethyl]
-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]a
zulen-4- yl}carbam ate b  N-N 



" N  S~NK NH  O)O The title compound (16 mg, 51 %) was obtained as
an oil by synthesis by the  same method as in Example 134 using
tert-butyl {8-(2-hydroxyethyl)-2-[(4- methoxy-3 , 5-dimethylp yridin-2
-yl)methyl]-2,7-dihydro-6-thia-1,2,3, 5-
tetraazabenzo[cd]azulen-4-yl}carbamate of Example 134 (29 mg),
isopropylarnine  (25 l) as an amine and tetrahydrofuran (0.5 ml) as an
amination reaction solvent.  ESI-MS m/z: 540 (M+H)' 2)
8-[2-(Isopropylamino)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine  N
N  `-S N'-NH, The title compound (4.4 mg, 36%) was obtained as an
amorphous by  synthesis by the same method as in Example 111 using
the above tern-butyl (8-[2 206  (isopropytamino) ethyl]
-2-[(4-methoxy-3,5-dim ethylpyridin-2-yl)methyl]-2,7-
dihydro-6-thia-1,2,3,5-tetraazahenzolcd]azulcn-4-yl}carbamate (16 mg).
'H-NMR (CDC13) 8: 1.07 (6H, d, J = 6.1 Hz), 2.22 (3H, s), 2.30 (3H, s),
2.54  (2H, t, J = 6.5 Hz), 2.80-2.88 (3H, m), 3.70 (2H, s), 3.74 (3H, s), 5.12
(2H, brs), 5.50  (2H, s), 6.62 (1H, s), 8.19 (1H, s). ESI-MSm/z: 440 (M - H)'
(Example 143) 1) tert-Butyl
{8-[2-(cvclobutylamino)ethyl]-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo
[ed]azulcn-4- 



yl }carbamate 051  N \ N N 1NH  OJ^~ The title compound (20 mg, 62%)
was obtained as an oil by synthesis by the  same method as in Example
134 using tert-butyl {8-(2-hydroxyethyl)-2-[(4- methoxy-3,
5-dimethylpyridin-2-vl)methyl]-2,7-dihydro-6-thia-1,2, 3, 5-
tetraazabenzo[cd]azulen-4-yl}carbamate of Example 134 (29 mg),
cyclobutylar ine  (25 l) and tetrahydrofitran (0.5 ml) as a reaction solvent.
ESI-MS m/z: 552 (M-H)_ 2)
8-[2-(Cvclobutylamino)etnyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyll-2,7-dihydro-6-thia-1.2,3.5-tetraazabenzo[ed]azulen-4-amine  N
S~N'NH2 207  The title compound (8.0 mg, 49%) was obtained as an
amorphous by synthesis by the same method as in Example I 1 I using
the above tort-butyl {8-[2-
(cyclobutylamino)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)_methyl]-2,
7- dihydro-6-Chia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl}carbamate (20
mg). 'H-NMR (CDCh) S: 1.74-1.59 (4H, m), 2.19-2.23 (2H, m), 2.22 (31-1,
s), 2.30  (3H, s), 2.50 (2H, t, J = 6.8 Hz), 2.77 (2H, t, J = 6.8 Hz),
3.24-3.32 (IH, m), 3.69 (2H,  s), 3.74 (3H, s), 5.15 (2H. brs), 5.50 (2H, s),
6.61 (TH, s), 8.19 (IH, s). E-SI-MSm/z: 452 (M + H)`  (Example 144) 



1) tert-Butyl (2-[(4-methoxy-3,5-dim ethylpyridin-2-yl)methyl]-8-{2-[(3R)-
tetrahydrofuran-3-yiamino] ethyl }-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl)carbamate o-, N  `SAN o O TI  The title
compound (10 mg, 30%) was obtained as an oil by synthesis by the  same
method as in Example 135 using tert-butyl {8-(2-hydroxyethyl)-2-[(4-
methoxy-3.5-dimethylpyridin-2-yl)methyl]--2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}carbamate of Example 134 (29 mg), (R)-3-
aminotetrahydrofuran p-toluenesulfonate (91 mg) and
diisopropylethylamine (50 l)  as amines and dehydrated
dimethylformamide (0.5 ml) as an amination reaction  solvent. ESI-MS
m/z: 568 (M+H)+ 208  2)
2-[(4-Mcthoxy-3,5-dimethylpyridin-2-yl)methyl]-8-{2-[(3R)
tetrahydrofuran-3-ylamino]ethyl}-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[edlazulen-4-amine  0 N  \-s NNH, The title compound (6.0
mg, 73%) was obtained as an amorphous by  synthesis by the same
method as in Example 111 using the above tert-butyl (2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-8- {2-[(3R)-tetrahydrofuran-3- 



ylaminojcthyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-yl)car
bamate  (10 mg). 'H-NMR (CDCl3) S: 1.68-1.76 (IH, m), 2.04-2.14 (1H,
m), 2.22 (3H, s), 2.30  (3H, s), 2.53 (2H, t, J = 6.5 Hz), 2.80-2.88 (2H, m),
3.37-3.43 (1H, m), 3.57 (1H, dd,  J = 8.9, 4.0 Hz), 3.70 (2H, d, J = 3.7 Hz),
3.74 (3H, s), 3.75-3.84 (2H, m), 3.87-3.93  (1H, m), 5-14 (214, brs), 5.50
(2H, s), 6.62 (1H, s), 8.19 (1H, s). ESI-MSmlz: 468 (M + H)'  (Example
145) 1) tert-Butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-(2-
piperidin-l-ylethyl)-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4- yl
} carbamate Vr ~~`N  -SioNNH a-Ij 0 209  The title compound (25 mg,
75%) was obtained as an oil by synthesis by the same method as in
Example 135 using tert-butyl {8-(2-hydroxyethyl)-2-[(4-
mrethoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-Chia-1,2,3,5-
tetraazabenzo[ed]azulen-4-yl}earbamat.e of Example 134 (29 mg),
piperidine (29 l)  and tetrahydrofuran (0.5 ml) as a reaction solvent.
ESI-MS m/z: 566 (M+H)l 2)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-(2-pip eridin-l-ylethhyl)-
2,7-dihydro-6-thia-1.2,3,5-tetraazabenzo[ed]azulen-4-amine  /1 U N  I 



0}11 ! S NJ`NH_ The title compound (16.8 mg, 83%) was obtained as an
amorphous by  synthesis by the same method as in Example Ill using the
above tert-butyl {2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-(2-piperidin-l-ylethyl)-2,7-dihyd
ro-6- thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl}carbamate (25 mg).
1H-NMR (CDC13) S: 1.46-1.47 (2H, m), 1.56-1.62 (4H, m), 2.21 (3H, s),
2.28  (3H, s), 2.39-2.46 (4H, m), 2.48-2.56 (4H, m), 3.70 (2H, s), 3.74 (3H,
s), 5.23 (2H,  brs), 5.49 (2H, s), 6.58 (1H, s), 8.19 (1H, s). ESI-MSmlz: 466
(M + H)_  (Example 146) 1) tert-Butyl
{8-i2-(3-fluoroazetidin-l-yl)ethyl]-2-[(4-methoxy-3,5-
dimethylpyridin.-2-yl)methyl]-2,7-dihydro-6-Chia-1,2,3,5-tetraazabenzo[ed]
azulen-4- yl}carbamate 210  b F rN N-N  '-5N'NH  e~Q -1 The title
compound (9 mg. 27%) was obtained as an oil by synthesis by the  same
method as in Example 135 using tent-butyl {8-(2-hydroxyethyl)-2-[(4-
methoxy-3,5-dimethylpyri din-2-yl)methyl]-2,7-dihydro-6-Chia-l ,2,3,5-
tetraazabenzo[cd]azulen-4-yl}carbamate of Example 134 (29 mg),
3-fluoroazetidine  hydrochloride (23 mg) and
1,8-diazabicyelo[5.4.0]-7-undecene (26 d) as amines and  



dehydrated dimethyl sulfoxide (0.5 ml) as an amination reaction solvent.
EST-MS m/z: 556 (M+H)t 2)
8-[2-(3-Fluoroazetidin-1-yl)ethyl]-2-[(4-methoxy-3,5-dimethylpvridin-2-
yl)methvl]-2,7-dihydro-6-thia-i,2,3,5-tetraazabenzo[ed]azulen-4-amine  `
N-N)  r ' S NNH, The title compound (4.6 mg, 65%) was obtained as an
amorphous by  synthesis by the same method as in Example 11 I using
the above tert-butyl {8-[2-(3-
fluoroazetidin-1-yl)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,
7- dihydro-6-thia- 1,2,3,5-tetraazabenzo[cd]azulen-4-yl}carbamate (9 mg).
'H-NMR (CDC13) S: 2.22 (311, s), 2.29 (3H, s), 2.37 (2H, t, J =7.3 Hz),
2.72  (2H, t, J = 7.3 Hz), 3.09-3.19 (2H. in), 3.65-3.75 (2H, m), 3.68 (2H,
s), 3.74 (3H7 s),  5,00-5.20 (11-1, rn), 5.11 (2H, s), 5.50 (2H, s), 6.58
(11-1, s), 8.19 (1H, s).  ESI-MSm/z: 456 (M + H)` (Example 147) 211  1)
tert-Butyl {8-[2-((Iiethylamino)ethyl]-2-[(4-methoxy3,5-dimethylpyri(lin
2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed] azulen-4-yl
}carbamate  1 N} -S NN~, NH  O The title compound (14 mg, 44%) was
obtained as an oil by synthesis by the  same method as in Example 135
using tert-butyl {8-(2-hydroxyethyl)-2-[(4- 



methoxy-3,5-dimethylpyridin-2-yi)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-yl}carbamate of Example 134 (29 mg),
diethylamine (90  l) and tetrahydrofuran (0.5 ml) as a reaction solvent.
ESI-MS m/z: 554 (M -H)' 2)
8-[2-(Diethylamino)ethyl]-2-{(4-methoxy-3,5-dimethylpyndin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo [ed]azulen-4-amtne
N-N N  `5 N1 NHi The title compound (8.9 mg. 77%) was obtained as an
amorphous by  synthesis by the same method as in Example 111 using
the above tert-butyl {8-[2- (di ethyl amino) ethyl] -2 - [(4-methoxy- 3 ,
5-dimethylpyridin-2-yl)methyl] -2,7-dihydro-
6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-yl}carbamate (14 mg). 1H-NMR
(CDC13) b: 1.03 (6H, t; J = 7.2 Hz), 2.22 (3H, s), 2,28 (3H, s), 2,47  (2H,
dd, J = 9.2, 6.2 Hz), 2.56 (4H, q, J = 7.2 Hz), 2.68 (2H, dd, J = 9.2, 6.2
Hz),  3.70 (2H, s), 3.74 (3H, s), 5.15 (2H, s), 5.49 (2H, s), 6.58 (1H, s),
8.20 (1H, s).  ESI-MSm/z: 454 (M - H)~ 212  (Example 148) 1) tent-Butyl
{8-(2-azetidin-l-ylethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[edIazulen-4-yl}earbam
ate  N'N N  N,!IH  O -11 



The title compound (10 mg, 31%) was obtained as an oil by synthesis by
the  same method as in Example 135 using tert-butyl
(8-(2-hydroxyethyl)-2-[(4- methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,
7-dihydro-6-thia-1,2,3,5- tetraazabenzo[cd]azulen-4-yl}carbamate of
Example 134 (29 mg), azetidine  hydrochloride (27 mg) and
1,8-diazabicyclo[5.4.0]-7-undecene (39 1) as amines and  dehydrated
dimethyl sulfoxide (0.5 ml) as an amination reaction solvent. ESI-MS m/z:
538 (MH)+ 2)
8-(2-Azetidin-1-ylethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyi]-
2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine  \/ `S N~, NH,
The title compound (7.7 mg, 75%) was obtained as an amorphous by
synthesis by the same method as in Example 111 using the above
tert-butyl {8-(2- azetidin- l -ylethyl)-2-[(4-methoxy-3, 5 -dim
ethylpyridin-2-yl)methyl]-2.7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[cd]azuien-4-yl}carbamate (10 mg). 'H-NMR
(CDC13) S: 2.03-2.10 (2H, m), 2.22 (3H, s), 2.28 (311, s), 2.33 (2H, t,  J =
7.6 Hz), 2.60 (2H; t, J = 7.4 Hz), 3.20 (4H, t, J = 7.0 Hz), 3.68 (2H, s), 3.74
(3H,  s), 5.11 (2I-Z, s), 5.49 (211, s), 6.57 (1H, s), 8.19 (1H, s). 213
ESI-MSr/z: 438 (M + 14) (Example 149)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methvl]-7,9,10,11-tetrahydro-2H-8-
oxa-6-Chia-1,2,3,5-tetraazadibenzo[ed,h]azulen-4-amine  N-N b- N  S N
NH, 



A mixture composed of 4-di-(tert-butoxycarbonyl)amino-2-(4-methoxy-3,5-
dimethyl-pyridin-2-ylmethyl)-8-oxo-2,7, 8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulene of Example 40 (40 mg), 1,3-dibromopropane
(11 l),  potassium carbonate (19 mg) and dimethyl sulfoxide (0.5 ml) was
stirred at room  temperature for 20 hours. Water was added to the
reaction mixture, followed by  extraction with ethyl acetate. The organic
layer was washed with brine. The  organic layer was dried over anhydrous
sodium sulfate and filtered. Then, the  filtrate was concentrated under
reduced pressure. Diehloromethane (2 ml) and  trifluoroacetic acid (0.5
ml) were added to the resulting residue, and the mixture was  stirred at
room temperature for three hours, The reaction mixture was concentrated
under reduced pressure. A saturated sodium bicarbonate solution was
placed into  the resulting residue, followed by extraction with chloroform.
The organic layer  was dried over sodium sulfate and filtered. Then, the
filtrate was concentrated  under reduced pressure. The resulting residue
was purified by silica gel thin-layer  chromatography
(chloroform-methanol) to obtain the title compound (13.3 mg, 46%)  as a
solid. 'H-NMR (CDCl3) S: 1.94 (2H, tt, J = 6.4, 5.0 Hz), 2.23 (3H. s), 2.33
(3H, s),  2.50 (2H, t, J = 6.4 Nz), 3.69 (214, s), 3,76 (3H, s), 4.10 (2H, t, J
= 5,0 Hz), 5.41 (2H,  brs), 5.48 (2H, s), 8.19 (1H, s). 214  ESI-MSmlz: 411
(M + H)` (Example 150) 1) Di-tert-butyl
{9.9-difluoro-2-[(4-methoxy-3,5-dimethvlpyridin-2-
yl)methyl-i-8-oxo-2,7.8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azule
n-4- yl}imidodicarbonate FF IN 



N  '-S N~ N10  0"'o- 60% sodium hydride (8 mg) was added to a mixture
composed of 4-di-(tert butoxyearb onyl)amino-2 -(4-methoxy-3, 5 -dim
ethyl-pyridin-2-ylmethvl)-8-oxo-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene of Example 40
(57 mg)  and dehydrated dimethyl formamide (1.5 ml) under ice-cooling,
and the mixture was  stirred at 0C for 15 minutes. Then, a solution of
'N-fluorobenzenesulfonimide (63  mg) in dehydrated dimethvifonnamide
(0.5 ml) was added dropwise, and the mixture  was stirred at 0C for 20
minutes. Water was added to the reaction mixture,  followed by extraction
with ethyl acetate. Then, the organic layer was washed with  water. The
organic laver was dried over sodium sulfate and filtered. Then, the  filtrate
was concentrated under reduced pressure. The title compound as a
residue  (83 mg) was obtained as an oil. Although the product contained
impurities, it was  directly used for the next reaction. 2)
4-Amino-9,9-difluoro-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
2,7,8,9-tetrahydro-6-thia-1,2,3.5-tetraazabenzo[cd]azulen-8-ol 215  a 0"  F
- N HO JJJJJJ...... N  N'NH, Sodium borohydride (6 mg) was added to a
mixture composed of the above  dl-tert-butyl
{9,9-difluoro-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-oxo- 



2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl}imidodicarb
onate (41  mg) and methanol (2 ml) under ice-cooling, and the mixture
was stirred at 0C for 30  minutes. Water was added to the reaction
mixture, followed by extraction with  ethyl acetate. The organic layer was
washed with water. The organic layer was  dried over sodium sulfate and
filtered. Then, the filtrate was concentrated under  reduced pressure.
Dichloromethane (2 ml) and trifluoroacetic acid (0.5 ml) were  added to the
resulting residue, and the mixture was stirred at room temperature for
four hours. The reaction mixture was concentrated under reduced
pressure, and the  resulting residue was purified by reversed phase liquid
chromatography to obtain the  title compound (8.7 mg, 42% in total from
Example 110) as a solid. rH-NMR (CDC13) 8: 2.22 (3H, s), 2.31 (3H, s),
3.47 (2H, dd, J = 15.9, 7.6 Hz),  3.53 (1H, d, J = 15.9 Hz), 3.75 (3H, s),
4.59-4.66 (IH, m), 5.34 (2H, brs), 5.57 (2H,  s), 8.14 (1H, s). ESI-MSrmz:
409 (M + H)+  (Example 151) 1)
1-(2-Amino-4,6-dichloropyrimidin-5-vl)prop-2-en-l-ol  ci off  H2N N CI
2-Amino -4,6-dichloropyrimidine-5-carbaldehyde (100 g) was suspended
in  tetrahydrofuran (4000 ml), and a 1 N solution of vinyimagnesium
bromide in  tetrahydrof Iran (2200 g) was added dropwise under
ice-cooling. After completion 216  of the dropwise addition, the mixture
was stirred under ice-cooling for two hours.  Water (2000 ml) was added
to the reaction solution, and the solution was made  acidic with a 1 N
hydrochloric acid solution (2500 ml), followed by extraction with  



ethyl acetate. The organic layer was dried over sodium sulfate and
filtered,  followed by concentration. Methanol was added to the resulting
residue, followed  by stirring for one hour. The insoluble matter was
filtered off, and the filtrate was  concentrated under reduced pressure. The
resulting residue was purified by silica  gel column chromatography (ethyl
acetate-chloroform) to obtain the title compound  (50 g, 49%) as a solid.
ESI-MS m/z: 220 (M+H)+. 2)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine ib  N-N5 i N  SAN NHz The title
compound was synthesized using the same method as in Example 1- 7),
Example 32, Example 35 and Example 36 for the above 1-(2-arnino-4,6-
dichloropyrimi din- 5-yl)prop-2-en-1 -ol. ESI-MS m/z: 341 (M+H)+.
'H-N'MR (CDC13) 6: 8.22 (1H, s), 7.06 (1H, d, J = 9.8 Hz), 6.72 (1H, d, J =
9.8 Hz), 5.45 (21-1, s), 5.15 (2H, brs), 3.74 (3H, s), 2.29 (3H, s), 2.23 (3H,
s).  (Example 152) 1)
4-Chloro-3-[(2,2-dimethyi-l,3-dioxolan-4-yl)methyll-l-(4- methoxybenzyl)-1
H-pyrazolo[3,4-d]pyrimidin-6-amine 217  C 9 NN N  CI N''NH2 



A solution of triethylamine (29.1 ml) in dichloromethane (100 ml) was
added  to a mixture composed of
1-(2-amino-4,6-dichloropyrimidin-5-yl)-2-(2,2-dimethyl-
[1,3]dioxolan-4-yl)ethan-l-one (16 g), (4-methoxybenzyl)-hydrazine
hydrochloride  (14.1 g) and dichloromethane (400 ml) under cooling in an
ice bath over 15 minutes.  After stirring under cooling in an ice bath for 1.5
hours, a 0.2 N hydrochloric acid  solution (1000 ml) was added to the
reaction mixture, followed by extraction with  dichloromethane (400 ml).
The organic layer was washed with brine (500 ml) and  dried over
anhydrous magnesium sulfate. After filtration, the filtrate was concentrated
under reduced pressure. The resulting residue was purified by silica  gel
column chromatography (ethyl acetate-chloroform) to obtain the title
compound  (16.5 g, 78%) as a solid. 'H-NMR (CDC13) 6: 1.36 (4H, s),
1.43 (3H, s), 3.10 (1H, dd, J = 14.6, 8.2 Hz),  3.43 (1H, dd, J = 14.6, 5.4
Hz), 3.75 (1H, dd, J = 8.3, 6.6 Hz), 3.77 (3H, s), 4.07 (111,  dd, J = 8.3,
5.9 Hz), 4.54-4.61 (1H, m), 5.22 (2H, s), 5.30 (2H, s), 6.82 (2H, d, J = 8.5
Hz), 7.24 (2H, d, J = 8.5 Hz).  ESI-MSm/z: 404 (M - H)+. 2) Di-tert-butyl
{4-chloro-3-[(2,2-dimethyl-1,3-dioxolan-4-yl)methyl]-1-(4-
methoxybenzyl)-1H-pyrazolo[ 3,4-d]pyrimidin-6-yl}imidodicarbonate o  Cz,
a 4 rNN N C c',~N~ Nko  o~~ 218  4-Dimethylaminopyridine (500 mg) and
di-tort-butyl dicarbonate (53.5 g) 



were added to a mixture composed of the above
4-chloro-3-[(2,2-dimethyl-1,3-
dioxolan-4-yl)methyl]-1-(4-methoxybenzyl)-1H-pyrazolo",
4-d]pyrimidin-6-amine  (16.5 g) and tetrahydrofuran (400 mL), and then
the mixture was stirred at room  temperature for 12 hours. The reaction
mixture was filtered and then the filtrate  was concentrated under reduced
pressure. The resulting residue was purified by  silica gel column
chromatography (ethyl acetate-hexane) to obtain the title  compound (22
g, 89%) as an oil. 'H-NMR (CDCI3) S: 1.37 (3H, s), 1.40 (3H, s), 1.45
(18H, s), 3.25 (1H, dd, j  15.1, 7.1 Hz), 3.52 (IH, dd, J = 15.1, 5.0 Hz),
3.73-3.81 (1H, m), 3.77 (3H, s), 4.12  (1 H, t, J = 7.1 Hz), 4.58-4.66 (I H,
m), 5.46 (1 H, d, J = 15.1 Hz), 5.51 (1 H, d, J =  15.1 Hz), 6.81 (2H, d, J =
7.8 Hz), 7.28 (2H, d, J = 7.8 Hz). ESI-MSm/z: 604 (M + H)'. 3} Di-tert-butyl
{4-chloro-3-(2,3-dihydroxvpropyl)-1-(4- ethoxybenzyl)-1H- pyrazolo[3
,4-d]pyrimidin-6-yl ) imidodicarbonate c'  HC pH NN  CI~N'" The above
di-tert-butyl (4-chloro-3-[(2,2-dimethhyl-1,3-dioxolan-4-
yl)methyl]-1-(4-methoxybenzyl)- I H-pyrazolo [3,4-d]pyrimidin-6-
y1}imidodicarbonate (22 g) was dissolved in methanol (400 ml).
Pyridinium p- toluenesulfonate (10 g) was added and the mixture was
stirred at room temperature  for 16 hours. The reaction solution was
concentrated, and water (100 ml) was  added to the resulting residue,
followed by extraction with ethyl acetate (500 ml).  The organic layer was
washed with brine, and then dried over anhydrous sodium 219  sulfate.
After filtration, the filtrate was concentrated under reduced pressure to  



obtain the title compound (19.5 g, 95%) as an amorphous. ESI-MS m/z:
564 (M-H)+ 4) Di-tert-butyl
{4-chloro-3-(2-hydroxyethyl)-1-(4-methoxybenzyl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl} imidodicarbonate o'  OH N N  C!"A'NNO'~
Oe Sodium periodate (19 g) was added to a mixture composed of the
above di- tert-butyl
{4-chloro-3-(2,3-dihydroxypropyl)-1-(4-methoxybenzyl)-1H-pyrazolo[3,4-
d]pYTiniidin-6-yl}imidodicarbonate (10 g), tetrahydrofuran (100 ml),
methanol  (100ml) and water (100 ml) under cooling in an ice bath, and
the mixture was stirred  at room temperature for one hour. The reaction
mixture was separated with water  (600 mL) and ethyl acetate (400 mL).
The organic layer was washed with brine,  and then dried over anhydrous
sodium sulfate and filtered. Then, the filtrate was  concentrated under
reduced pressure. Methanol (200 mL) was added to the  resulting residue.
Sodium borohydride (1000 mg) was added under cooling in an  ice bath,
and the mixture was stirred for one hour. Water (400 ml) was added to the
reaction mixture, followed by extraction with ethyl acetate (300 ml) twice.
Then,  the organic layers were washed with brine. The organic layers
were dried over  anhydrous sodium sulfate and filtered. Then, the filtrate
was concentrated under  reduced pressure and the solvent was
evaporated to obtain the title compound (8.5 g,  90%) as an oil. ESI-MS
m/z: 534 (M+11)+. 5) Di-tort-butyl
{2-(4-methoxyben?yl)-7,g_dihydro-2H-6-thin-1,2,3,5- 



tetraazaacenaphthylen-4-yl } imidodicarbonate 220  0 N N~ O  SN e  O
(1~ The above di-tent-butyl
{4-chloro-3-(2-hydroxyethyl)-l-(4-methoxVnenzyl)-
IH-pyrazolo[3,4-d]pyrimidin-6-yl}imidodicarbonate (8.5 g) was dissolved in
dichloromethane (100 ml), triethylamine (4.5 ml) was added.
Methanesulfonyl  chloride (1.9 ml) was added under cooling in an ice bath,
and the mixture was stirred  at room temperature for two hours, The
reaction solution was diluted with  dichloromethane and ethyl acetate and
washed with water. Then, the organic layer  was dried over anhydrous
sodium sulfate and filtered, and then the filtrate was  concentrated under
reduced pressure. The resulting residue was dissolved in N,N-
dimethylformamide (100 mL), and sodium bisulfide monohydrate (1.5 g)
was added  under cooling in an ice bath. Then, the ice bath was removed
and the mixture was  stirred for one hour. Potassium carbonate (3.3 g)
was added to the reaction mixture,  followed by further stirring for 16
hours, Water (1000 ml) was added to the  reaction mixture, followed by
extraction with dichloromethane (500 ml) twice. The  organic laver was
washed with brine, and then dried over anhydrous sodium sulfate.  After
filtration, the filtrate was concentrated under reduced pressure. The
resulting  residue was purified by silica gel column chromatography (ethyl
acetate-hexane) to  obtain the title compound (6.0 g, 74%) as an oil.
`H-NMR (CDC13) 6: 1.46 (18H, s), 3,23 (2H, t, J = 6.1 Hz), 3.50 (2H, t, J =
6.1 Hz), 3.77 (3H, s), 5.44 (2H, s), 6.82-6.84 (2H, m), 7.28-7.31 (2H, m).  



ESI-MSm/z: 514 (M + H. 6)
7,8-Dihydro-2H-6-thia-1,1,3,5-tetraazaacenaphthylen-4-amine 221  N N  5
N NHS Anisole (2.5 ml) and trifluoroacetic acid (30 ml) were added to the
above di- tert-butyl {2-(4-methoxybenzyl)-7,8-dihydro-2H-6-thin-1,2,3,5-
tetraazaacenaphthylen-4-y1}imidodicarbon Lite (6.0 g). The mixture was
stirred at  room temperature for 16 hours and then stirred at 55C for six
hours. The reaction  solution was concentrated under reduced pressure.
Ethyl acetate was added to the  resulting residue, followed by stirring. The
precipitated solid was filtered off and  washed with ethyl acetate to obtain
the title compound (1.75 g, 78%) as a solid. 'H-NMR (DMSO-D,) 8: 3.06
(2H, s), 3.52 (2H, s).  EST-MSm/z: 194 (M + H)-. 7)
2-(Quinolin-2-yhnetnyl)-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine n N~ N-N'  5 'N NH, A mixture composed
of the above 7.8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine (30 mg), 2-(chloromethyi)quinoline
hydrochloride  (51 mg), potassium carbonate (98 mg) and
dimethylfonnamide (1 mL) was stirred at  60C overnight. The insoluble
matter was separated off by filtration, and then the  solvent was
evaporated in a nitrogen stream. The residue was purified by reversed  



phase liquid chromatography (acetonitrile-formic acid) to obtain the title
compound.  (19 mg, 35%) as an amorphous. 'H-NMR (CDC13) 8: 3.15
(2H, t, J = 6.1 Hz), 3.46 (2H, t, J = 6.1 Hz), 5.44  (2H, s), 5.68 (2H, s), 7.17
(1 H, d, J = 8.5 1-Iz), 7.52 (111, dd, J = 7.6, 7.6 Hz), 7.69- 7.78 (211, m),
8.11-8.07 (2H, m). ESI-MSm/z: 335 (M+H) 222  (Example 153)
2-(Isoquinolin-2-ylmethyl)-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthyl en-4-amine NN--N N NH2 The title compound (19
mg, 35%) was obtained as an amorphous by the same  method as in
Example 152-7) using 7,8-dihydro-2H-6-Chia-1,2,3,5-
tetraazaaeenaphthylen-4-amine of Example 152-6) (30 mg) and 2-
(chloromethyl)isoquinoline hydrochloride (49 mg). 'H-NMR (CDCI3) 6:
3.16 (2H, t, J = 6.1 Hz), 3.47 (2H, t, J = 6.1 Hz), 5.42  (2H, s), 5.65 (2H, s),
7.45 (1H, s), 7.57 (1H, dd, J = 8.0, 8.0 Hz), 7.66 (1H, dd, J =  8.0, 8.0 Hz),
7.75 (1H, d, J = 8.0 Hz), 7.95 (lH, d, J = 8.0 Hz), 9.23 (1 H, s).
ESI-MSm/z: 335 (M + H)'. (Example 154)
2-[(3-Bromo-6-ethoxypyridin-2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine N  N-N  



A/ N S N NH, The title compound (2 mg, 4%) was obtained as an
amorphous by the same  method as in Example 152-7) using
7,8-dihydro-2H-6-thia-i,2,3,5- tetraazaacenaphthylen-4-amine of Example
152-6) (25 mg) and 3-bromo-2- bromomethyl-6-ethoxypyridine
hydrobromide (59 mg). 223  ~Ii-NMR (CDC13) 8: 1.41 (3H, t, J = 7.O Hz),
3.19-3.13 (1H, m), 3.48-3.45 (IH, m), 3.79 (1H, q, J = 7.0 Hz), 4.00 (1H,
brs), 4.38 (2H, q, J = 7.0 Hz), 4.67 (2H,
s),6.58(1H,d,J=8.6Hz),7.68(1H,d,J=8.6Hz).  EST-MSmJz: 407 (M -i- H.
(Example 155)
2-[(5-Methylpyridin-2-yl)methyl]-7,8-dihydro-2II-6-thin-1,2,3,5-
tetraazaacenaphthylen-4-amine N-N>  ~,N  S Th NH, The title compound
(5 mg, 14%) was obtained as an amorphous by the same  method as in
Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and
2-chloromethyi-5- methylpyridine hydrochloride (38 mg). 'H-NNIR
(CDC13) S: 2.38 (3H, s), 3.14 (2H, t, J = 6.1 Hz), 3.45 (2H, t, J = 6.1  Hz),
5.47 (2H, s), 7.00 (IH, d, J = 7.8 Hz), 7.44 (IH, d, J = 7.8 Hz), 8.24 (IH, s),
8.41 (1H, s). ESI-MSm/z: 299 (M + H)'.  (Example 156) 



2-[(5-Bromopyridin-2-yl)mefnyl]-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine Br N-N N S N~ w, 224  The title
compound (8 mg, 16%) was obtained as an amorphous by the same
method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-canine of Example 152-6) (25 mg) and
2-ehloromethyl-5- hromopyridine hydrochloride (38 mg). 'H-NMR (CDCI3)
6: 3.15 (2H, t, J = 6.0 Hz), 3.46 (2H, t, J = 6.0 Hz), 5.20  (2H, s), 5.45 (2H,
s), 7.01 (1H, d, J = 8.3 Hz), 7.75 (IH, dd, J = 8.3, 2.2 Hz), 8.63
(1H,d,.1=2.2Hz). ESI-MSm/z: 363 (M + H)+.  (Example 157)
2-[(5-Bromo-3-methylpyridin-2-yl)methylj-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine Br N- h N  ~5 N )-N N H2 The title
compound (4 mg, 8%) was obtained as an amorphous by the same
method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and
2-chloromethyl-3- methyl-5-bromopyridine (40 mg). 



'H-NMR (CDCl3) 8: 2.38 (3H, s), 3.12 (21-1, t, J = 6.1 Hz), 3.44 (2H, t, J =
6.1  Hz), 5.23 (2H, s), 5.43 (2H, s), 7.63 (1H, s), 8.45 (1H, s). ESI-MSm/z:
377 (M - H)-.  (Example 158)
2-[(3,4-Dimethoxy7yridin-2-yl)methyll-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine 225  S N'NH, The title compound (4 mg,
9%) was obtained as an amorphous by the same  method as in Example
152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and
2-chloromethyl-3,4- dimethoxypvridine hydrochloride (35 mg). H-NMR
(CDC13) 8: 3.12 (2H, t, J = 6.1 Hz), 3.43 (2H, t, J = 6.1 Hz), 3.84  (3H, s),
3.91 (3H, s), 5.51 (2H, s), 6.79 (1H, d, J = 5.4 Hz), 8.03 (IH, s), 8.18 (1H,
d,  J = 5.4 Hz). ESI-MSrn/z: 345 (M + H)+.  (Example 159) 2-(1,3-B
enzothiazol-2-ylmethyi)-7,8-dihydro-2H-6-thin-1,2,3,5-
tetraazaacenaphthylen-4-amine N-N ~5 N*NH, The title compound (15
mg, 34%) was obtained as an amorphous by the same  method as in
Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and 2-
bromomethylbenzothiazole (59 mg). `H-NMR (CDC13) 8: 3.18 (2H, t, J =
6.1 Hz), 3.47 (2H, t, J = 6.1 Hz), 5.26  



(2H, s), 5.78 (2H, s), 7.38-7.37 (IH, m), 7.47-7.45 (IH, m), 7.81 (1H, d, J =
8.0 Hz),  8.03 (IH, d, J = 8.3 Hz). ESI-MSm/z: 341 (M - H. 226  (Example
160) 2-[(3,5-Dimethylpyridhr2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaaeenaphthylen-4-amine N r( s N NH, The title compound (5 mg,
12%) was obtained as an amorphous by the same  method as in Example
152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and
2-chloromethyl-3,5- dimethyl-pyridine hydrochloride (50 mg). 'H-NMR
(CDC13) 6: 2.26 (3H, s), 2.34 (3H, s), 3.12 (2H, t, J= 6.1 Hz), 3.42  (2H, t,
J = 6.1 Hz), 5.15-5.10 (2H, m), 5.45 (2H, s), 7.18 (IH, s), 8.24 (1H, S).
ESI-MSm/z: 313 (M+H)'. (Example 161)
2-[4-Chloro-3-(triluoromethyl)benzyl]-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthyl en-4-amine F cl "- N,W  11 N sJ"NiI NFI: The title
compound (5 mg, 10%) was obtained as an amorphous by the same
method as in Example 152-7) using 7,8-dihydro-2H-6-Chia-1,2,3,5- 



tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and
1-chloro-4- chloromethyl -2-triluoromethylbenzene (60 mg). 227  H-NMR
(CDC13) 6: 3.13 (2H, t, J = 6.1 Hz), 3.45 (2H, t, J = 6.1 Hz), 5.18 (2H, s),
5.35 (2H, s), 7.46-7.43 (2H, m), 7.68-7,68 (1H, m).  EST-MSm/z: 386 (M +
H. (Example 162)  2-[2-Methyl-5-(trifluoromethyl)benzyl;
-7,8-dihydro-211-6-thia-1,2,3,5- tetraazaacen aphthyl en-4-amine XF F  N
N  S N NH The title compound (5 mg, 10%) was obtained as an
amorphous by the same  method as in Example 152-7) using
7,8-dihydro-2H-6-thia-1,2,3,5- tetraazaacenaphthylen-4-amine of Example
152-6) (25 mg) and 2-chloromethyl-l- methyl-4-trifluoromethylbenzene (56
mg). 'H-h MR (CDCI3) 8: 3.14 (2H, t, J = 6.1 Hz), 3.46 (2H, t, J = 6.1 Hz),
5.17  (2H, s), 5.36 (2H, s), 7.29 (IH, d, J = 8.0 Hz), 7.38 (1H, s), 7.44 (1H,
d, J = 8.0 Hz).  ESI-MStn/z: 366 (M+H)-. (Example 163)
2-(3,4-Dichlorobenzyl)-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthyle
n- 4-amine CI c  N ~\-/ 



r  S N-NH, The title compound (5 mg, 10%) was obtained asp an
amorphous by the same  method as in Example 152-7) using
7.8-dihydro-2H-6-thia-1,2,3,5 228  tetraazaacenaphthylen-4-amine of
Example 152-6) (25 me) and 1,2-dichloro-4- chloromethyl-benzene (51
mg). 'H-NMR (CDCl3) 8: 3.14 (21-I, t, J = 6.1 Hz), 3.45 (2H, t, J = 6.1 Hz),
5.17  (2H, s), 5.29 (2H, s), 7.15 (1H, dd, J = 8.2, 2.1 Hz), 7.40-7.38 (2H,
m).  ESI-MSm/z: 352 (M + H. (Example 164)
2-[(4-Methoxy-3-methylpyridin-2-yl)methyl] -7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthyl en-4-ami ne 0- IN N  5 NH, The title compound (5
mg, 12%) was obtained as an amorphous by the same  method as in
Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5.-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and
2-chloromethyl-4- methoxy-3-methyl-pyridine hydrochloride (45 mg).
'H-NMR (CDCl3) 6: 2.23 (3H, s), 3.12 (2H, t, J = 6.1 Hz), 3.43 (2H, t, J =
6.1  Hz), 3.86 (3H, s), 5.46 (2H, s), 6.71 (1H, d, J = 5.6 Hz), 8.30 (1H, d, J
= 5.6 Hz).  ESI-MSmlz: 329 (M + H)-. (Example 165)
3-[(4-Amino-7,8-dihydro-2H-6-Chia-1,2,3,5-tetraazaacenaphthylen-2- 



yl)methy]]-I -methylquinolin-2(I H)-one N-N  s~N~NH. 229  The title
compound (5 mg, 18%) was obtained as an amorphous by the same
method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (15 mg) and
3-chloromethyl-l- methyi-1H-quinolin-2-one (33 mg). 3`H-NMR (CDC13) S:
.18 (2H, t, J = 6.2 Hz), 3.48 (2H, t, J = 6.2 Hz), 3.75  (3H, s), 5.30 (2H, s),
5.40 (2H, s), 7.20 (1 H, dd, J = 7.8, 7.8 Hz), 7.32 (1H, s), 7.35  (1H, d, J =
8.7 Hz), 7.48 (IH, dd, J = 7.8, 1.4 Hz), 7.57-7.52 (IH, m). ESI-MSm/z: 365
(M+H)`.  (Example 166)
2-(2,3-Dihydro-1,4-benzodioxin-6-ylmethyl)-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine N- i N  II  N'NH, The title compound (5
mg, 19%) was obtained as an amorphous by the same  method as in
Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3.5-
tetraazaacenaphthylen-4-amine of Example 152-6) (15 mg) and
6-chloromethyl-2,3- dihydro-benzo[1,4]dioxin (29 mg). tH-NMR (CDC13)
6: 3.13 (2H, t, J = 6.0 Hz), 3.43 (2H, t, J = 6.0 Hz), 4.24- 4.22 (4H, m),
5.22 (2H, s), 6.82-6.81 (3H, m). 



BSI-MSm/z: 342 (M + H.  (Example 167)
2-(1,3-Benzodioxol-5-ylmethyl)-7,8-dihydro-2H-6-thin-1,2,3,5-
tetraazaacenaphthylen-4-amine 230  o^c N  S~N NH, The title compound
(5 mg, 20%) was obtained as an amorphous by the same  method as in
Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (15 mg) and 5-
chloromethylbenzo[1,3]dioxole (27 mg). 'H-NMR (CDCI3) 8: 3.13 (2H, t, J
= 6.2 Hz), 3.44 (2H, t, J = 6.2 Hz), 5.19  (2H, s), 5.25 (2H, s), 5.92 (21-I,
s), 6.75 (1H, d, J = 7.8 Hz), 6.84-6.82 (2H, m).  EST-MSm/z: 328 (M + H)-.
(Example 168)
6-[(4-Amino-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-2-
yl)methyl]-3-methyl-1,3-benzoxazol-2(3 H)-one N  N-N N S 'N: NH The
title compound (5 mg, 14%) was obtained as an amorphous by the same
method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (20 mg) and
6-chloromethyl-3..  methyl-3H-benzoxazol-2-one (39 mg). 



'H-NMR (CDC13) 8: 3.13 (2H, t, J = 6.1 Hz), 3.39 (3H, s), 3,46 (2H, t, J =
6.1  Hz), 5.36 (2H, s), 6.94 (1H, d, J = 8.1 Hz), 7.23-7.21 (2H, m).
ESI-MSrn/z: 355 (M + H. 231  (Example 169)
2-(1,3-Benzothiazol-6-ylmethyl)-7,8-dihydro-2H-6-thia-1,2,3 5-
tetraa.zaacenaphthylen-4-amine N /I  N-JN S N1NH, The title compound
(5 mg, 14%) was obtained as an amorphous by the same  method as in
Example 152-7) using 7,8-dihydro-2H-6-thin-1,2,3,5-
tetraazaaeenaphthylen-4-amine of Example 152-6) (20 mg) and 6-
chloromethylbenzothiazole (39 mg). 'H-NMR (CDC13) 6: 3.14 (2H, t, J =
6.1 Hz), 3.47 (2H, t, J = 6.1 Hz), 5.50  (2H, s), 7.52 (1H, d, J = 8.3 Hz),
7.91 (1H, s), 8.07 (1H, d, J = 8.3 Hz), 9.01 (1H, s).  ESI-MSm/z: 341 (M ,-
H)`. (Example 170) 2-(3-Fluoro-2,4-dimethylbe, 3.12 (2H, t, J = 6.1
Hz)nzyl)-7,8-dihydro-2H-6- thia-1,2,3,5-tetraazaacenaphthylen-4-amine
N-Nr  sN'NH-1 The title compound (10 mg, 29%) was obtained as an
amorphous by the same  method as in Example 152-7) using
7,8-dihydro-2H-6-thia-1,2,3,5- tetraazaacenaphthylen-4-amine of Example
152-6) (20 mg) and I-chloromethyl-3- 



fluoro-2,4-dimethylbenzene (36 mg). tH-NMR (CDC13) S: 222 (3H, s),
2.29 (3H, s), 3.44 (2H, t, J = 6.1 Hz), 5.17  (2H, s), 5.30 (2H, s), 6.81 (1H,
d, J = 7.8 Hz), 6.95 (1H, m). 232  ESI-MSm/z: 330 (M + H)-. (Example
171)
2-[(7-Bromo-2,3-dihydro-1,4-benzodioxin-6-yl)methyl]-7,8-dihydro-2H-6-
thia-1,2,3,5-tetraazaacenaphthylen-4-amine  d / or N-N  r l S NNH, The
title compound (5 mg. 12%) was obtained as an amorphous by the same
method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (20 mg) and
6-bromo-7- chloromethyl-2.3-dihydrobenzo[ 1.,4]dioxin (55 mg). 'H-NMR
(CDCI3) 6: 3.16 (2H, t, J = 6.1 Hz), 3.46 (2H, t, J = 6.1 Hz), 4.20- 4.18
(4H, m), 5.16 (2H, s), 5.35 (2H, s), 6.40 (IH, s), 7.09 (1H, s). ESI-MSmiz:
420 (M + H)+  (Example 172) 2-(2,3-Dihydro[
1,4]dioxin[2,3-c]pyridin-7-vimethyl)-7, 8-dihydro-2H-6-thia-
1,2,3,5-tetraazaacenaphthylen-4-amine o  N_N N  LS ~--NKNH, 



The title compound (2 mg, 5.7%) was obtained as an amorphous by the
same  method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (20 mg) and
6-chloromethyl-2,3- dihydro-benzo[1,4]dioxin (39 mg). 233  `H _NMR
(CDCI3) 6: 3.15 (2H, t, J = 6.1 Hz), 3.45 (211, t, J = 6.1 Hz), 4.29 4.25
(4H, m), 5.32 (2H, s), 5.37 (2H, s), 6.61 (1H, s), 8.13 (1H, s).  ESI-MSm/z:
343 (M + H)~. (Example 173) 2-
{[5-(1,3-Benzodioxol-5-yl)-1,3-thiazol-2-yl]mcthyl}-7,8-dihydro-2H-6-
thia-1,2,3,5-tetraazaacenaphthylen-4-amine O a  ~-()s  N-N N  S NNH;
The title compound (5 mg, 12%) was obtained as an amorphous by the
same  method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (20 mg) and
5-benzo[1,3]dioxol- 5-y1-2-chloromethylthiazole (53 mg). 'H-NMR
(CDC13) S: 3.18 (2H, t, J = 6.1 Hz), 3.48 (211, t, J = 6.1 Hz), 5.70
(2H,s),5.99(2H,s),6.85(1H,d,J=8.3Hz),7.27(1H,s), 7.35(IH,d,J=1.7Hz),
7.39 (1H, dd, J = 8.3, 1.7 Hz). ESI-MSm/z: 411 (M + H)'  (Example 174)
2-[(7-Chloro-l,3-benzothiazol-2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5- 



tetraazaacenaphthylen-4-amine ci  N=j  N-N  S~aN~NH, 234  The title
compound (2 mg, 10%) was obtained as an amorphous by the same
method as in Example 152-7) using 7,8-dIlrydro-2H-6-Chia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (10 mg) and
2-bromomethyl-7- chlorobenzothiazole (20 mg). 'H-NMR (CDC13) 6: 3.19
(2H, t, J = 6.1 Hz), 3.49 (2H, t, J = 6.1 Hz), 5.24  (2H, s), 5.77 (2H, s), 7.37
(1H, d, J = 7.8 Hz), 7.42 (1H, dd, J = 7.8, 7.8 Hz), 7.93  (1H,d,J=7.8Hz).
ESI-MSm/z: 375 (M + H)'.  (Example 175) 2-[(4-Chloro-3,
5-dimethylpyridin-2-yl)methyl]-7, 8-dihydro-2H-6-thia-
1,2,3,5-tetraazaacenaphthylen-4-amine a  N-N N  S~N~NE  The title
compound (5.1 mg, 11 %) was obtained as an amorphous by the same
method as in Example 152-7) using7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and
4-chloro-2- chloromethyl-3,5-dimethylpyridine (44 mg). 'H-NMR (CDC13)
b: 2.32 (31-1, s), 2.43 (3H, s), 3.12 (2H, t, J = 6.1 Hz), 3.43  



(2H, t, J = 6.1 Hz), 5.20 (2H, brs), 5.49 (2H, s), 8.25 (1H, s). ESI-MSmiz:
347 (M + H)--.  (Example 176)
2-[(4-Ethyl-3,5-dimethylpyridin-2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3, 5-
tetraazaacenaphthyl_en-4-amine 2 3 5  Jy'~I /~N-N  /~N  5 W~NH, The
title compound (9.1 mg, 21 %) was obtained as an amorphous by the
same  method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and
2-chloromethyl-4- ethyl-3,5-dimethylpyridine hydrochloride obtained in
Reference Example 1 (51 mg). 'H-NMR (CDC13) S: 1.09 (3H, t, J = 7.6
Hz), 2.25 (3H, s), 2.31 (3H, s), 2.65  (2H, q, J = 7.6 Hz), 3.12 (2H, t, J =
6.1 Hz), 3.43 (2H, t, J = 6.1 Hz), 5.34 (2H, s),  5.47 (2H, s), 8.17 (1H, s).
ESl-MSm/z: 341 (M + H)'.  (Example 177)
2-[(3,4-Dichloro-5-rnethylpyridin-2-yl)methyl]-7,8-dihydro-2H-6-thi a-
1,2,3,5-tetraazaacenaphthylen-4-amine ja  N ~ a  NN' N  S 'N'NH2 



The title compound (8.0 mg, 17%) was obtained as an amorphous by the
same  method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and
2-chloromethyl-3,4- dichloro-5-rnethylpyridine hydrochloride obtained in
Reference Example 2 (57 mg). 'H-NMR (CDCl3) S: 2.36 (311, s), 3.14
(2H7 t, J = 6.1 Hz), 3.45 (2H, t, J = 6.1  Hz), 5.22 (211, s), 5.61 (2H, s),
8.25 (1H, s). ESI-MSm/z: 367 (M + H)+. 236  (Example 178)
2-[(3-Chloro-4-methoxy5-methylpyridin-2-yl)m ethyl] -7, 8-dihydro-2H-6-
thia-1,2,3,5-tetraazaacenaphthylen-4-amine NCI  N-N N  5N'LNH, The title
compound (16 mg, 34%) was obtained as an amorphous by the same
method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and
2-chloromethyl -3- chloro-4-methoxy-5-methylpyridine hydrochloride
obtained in Reference Example 3  (56 mg). 'H-NMR (CDCIJ) b: 2.24 (3H,
s), 3.14 (2H, t, J = 6.1 Hz), 3.45 (2H, t, J = 6.1  Hz), 3.90 (3H, s), 5.26 (2H,
s), 5.58 (2H, s), 8.20 (1H, s). ESI-MSm/z: 363 (M + H)+.  (Example 179)
2-[(5-Chloro-4-methoxy-3-methylpyridin-2-yl)methyl]-7, 8-dihydro-2H-6-
thia-1,2,3,5-tetraazaacenaphthylen-4-amine 



C,  N N-NJ  5 N Nh, The title compound (16 mg, 34%) was obtained as an
amorphous by the same  method as in Example 152-7) using
7,8-dihydro-2H-6-thia-1,2,3,5- tetraazaacenaphthylen-4-amine of Example
152-6) (25 mg) and 2-chloromethyl-5- chloro-4-methoxy-3-methylpyridine
hydrochloride obtained in Reference Example 4  (56 mg). 237  'H-NMR
(CDC13) S: 2.33 (3H, s), 3.13 (2H, t, J = 6.1 Hz), 3.44 (2H, t, J = 6.1 Hz),
3.89 (3H, s), 5.19 (2H, s), 5.44 (2H, s), 8.35 (1H, s).  ESI-MSn31z: 363 (M
- H)`. (Example 180) 4-Amino-2-[(4-methoxy-3 , 5-dim
ethylpyridin-2-yl)methyl] -7-prop-2-vn- I -yl-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacertaphthylene-7-earbonitrile  N'
NH,
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7,8-dihydro_2f
1-6- thia- 1,2,3,5-tetraazaacenaphthylene-7-carbonitrile of Example 4 (50
mg) was  dissolved in tetrahydrofrran (5 ml). A 2 N solution of lithium
diisopropylamide in  tetrahydrofuran (0.050 ml) was added at -78C, and
the mixture was stirred at the  same temperature for 15 minutes. Then,
propargyl bromide (0.015 ml) was added  and the mixture was stirred at
the same temperature for three hours. Water was  added to the reaction
solution, and then the mixture was heated to room temperature,  followed
by extraction with ethyl acetate. The organic layer was dried over
magnesium sulfate and filtered, and the filtrate was concentrated. The
resulting  



residue was purified by reversed phase liquid chromatography. The
resulting solid  was dissolved in a 50% solution of trifluoroacetic acid in
dichloromethane (1 ml),  followed by stirring for one hour. The reaction
solution was concentrated under  reduced pressure and azeotropically
distilled with ethanol. The resulting solid was  washed with ether to obtain
the title compound (2 mg, 99%) as a solid. 'H-NMR (CDCI3) 6: 2.22 (31-1,
s), 2.28 (3H, s), 3.34 (IH5 dd, J = 16.6, 8.5 Hz),  3.44 (1H, dd, J = 16.6,
4.6 Hz), 3.74 (3H, s), 3.78 (2H, s), 4.49 (IH, dd, J = 8.5, 4.6  Hz), 5.20 (2H,
s), 5.45 (211, d, J = 3.2 Hz), 8.20 (1H, s). 238  EST-MS; m/z: 406 (M - H)'
(Example 181) 1) Di-tert-butyl
{8-[eyclopropyl(trifluoroacety1)amino]-2-[(4-methoxy-3,5- dim
ethylpyridin-2-yl)methyl] -2,,7, 8,9-tetrahydro-6-thia-1,2, 3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate  7 (((N-N~~~~ NN  e S
NN0  F A solution containing trifluoroacetic anhydride (1.55 g) in
dichloromethane  (30 ml) was added to a mixture composed of
di-tert-butyl {8-(cyclopropylamino)-2-
[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,
3,5- tetraazabenzo[ed]azulen-4-yl}imidodicarbonate of Example 60 (3.0 g)
and  dichloromethane (60 ml) under ice-cooling, and the mixture was
stirred under ice- cooling for two hours. The reaction mixture was poured
into ice water, followed by  extraction with ethyl acetate. The organic layer
was dried over magnesium sulfate  and filtered, and the filtrate was
concentrated. The resulting residue was purified by  



silica gel column chromatography (ethyl acetate:n-hexane; 1:1, v/v) to
obtain the title  compound (2.9 g, 84%) as a colorless solid. ESI-MS; miz:
708 (M+H) 2) Di-tert-butyl
(8-(S)-[cyclopropyl(trifluoroacetyl)amino]-2-[(4-methoxy-
3,S-dimethylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-yl}imidodicarbonate Di-tert-butyl {
8-(R)-[cyclopropyl(trifluoroacetyl)amino]-2-[(4-methoxy-3,5-
dii-netnylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-thin-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate 239  b 'o N N  Q N-N 4q
NN pp  v, A o FT F 3 N N s N N C` k FFF c~"+ Di-text-=butyl {8-
[cyclopropyl(tri fluoroacetyl) amino] -2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-Chia-1,2,3,5-
tetraazabenzo[ed]azulen-4-yl}imidodicarbonate (1.0 g) was dissolved in
ethanol (20  ml) and optically resolved by AD column 50 x 500 mm (15%
ethanol/n-hexane 50.0  ml/min). This operation was repeated three times
to obtain di-tert-butyl {8-(S)- [cyel
opropyl(trifluoroacetyl)amino]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-
yl}imidodicarbonate (RT = 70 min) (1.3 g, 43%) and di-tert-butyl {8-(R)-
[cyclopropyl(tri fluoroacetyl)amino]-2-[(4-methoxy-3,5-dimethylpyridin-2- 



yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-
yl}imidodicarbonate (RT = 130 min) (1.0 g, 33%). 3)
NS-(S)-Cyclopropyl-2-[(4-methoxy-3,5-dimethylpyri din-2-yl)methyl] -
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine  c
Q I I -N  CS 5 Di-tert-butyl {8-(S)-[cyclopropyl(tri fluoroacetyl)amino]
-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate (400 mg) was dissolved in
hydrochloric acid-methanol (50 ml). The internal atmosphere was replaced
with  nitrogen, followed by sealing. 'Inc reaction solution was stirred at 65C
for two  days. The reaction solution was concentrated, diluted with ethyl
acetate (300 ml) 240  and separated with 30 ml of a 0.5 N sodium
hydroxide solution under ice-cooling.  Then, the aqueous laver was
extracted with ethyl acetate (50 ml). The organic  layers were combined,
dried over magnesium sulfate and filtered, and then the  filtrate was
concentrated under reduced pressure. The resulting residue was  purified
by NH silica gel chromatography (chloroform) to obtain the title compound
(150 mg, 65%) as an amorphous. 'H-NMR (CDC13) 8: 0.37-0.48 (4H, m),
2.22 (4H, s), 2.26 (3H, s), 3.16-3.32  (4H, m), 3.58-3.60 (1H, brm), 3.73
(3H, s), 5.02 (2H, s), 5.45 (2H, s), 8.19 (1H, S).  (Example 182)
Ns-(R)-Cyclopropyl-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,
8,9- tetrahydr o-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4, 8-diamine N  



~g N'`NH The title compound (150 mg, 57%) was obtained as an
amorphous by  synthesis by the same method as in Example 181 from
di-tert-butyl {8-(R)- [cyclopropyl(tri fluoroacetyl) amino] -2- [
(4-methoxy-3,5-dimethylp yridin-2 -
yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-
yl}imidodicarbonate (450 mg). 'H-NMR (CDC13) 6: 0.35-0.51 (4H, m),
2.19 (4H, s), 2.27 (3H, s), 3.15-3.32  (4H, m), 3.58-3.62 (IH, m), 3.74 (3H,
s), 5.01 (2H, s), 5.45 (2H, s), 8.19 (IH, S).  (Example 183)
4-Amino-N-cyclohexyl-2-[ (4-methoxy-3 ,5 -dimethylpyridin-2-yl)methyl]-7,
8- dihvdro-2H-6-hia-1,2,3,5-tetraazaacenaphthyiene- 7-carboxamide 241
N HN N  1'  S N~ NH, The title compound (6 mg, 10%) was obtained as a
solid by the same method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (40 mg) and cyclohexylamine (0.030 ml). 'H-NMR (CDC13) 8:
1.11-'. 17 (2H, m), 1.30-1.37 (2H, m), 1.55-1.69 (6H, m),  2.26 (3H, s),
2.29 (3H, s), 3.27 (IH, dd, J = 16.7, 4.3 Hz), 3.60 (IH, dd, J = 16.7, 7.7
Hz), 3.69-3.70 (1H, m), 3.80 (3H, s), 4.34 (114, dd, J = 7.7, 4.3 Hz), 5.47
(2H, d, J =  3.5 Hz), 6.62 (1H, brs), 8.22 (1H, s). ESI-MSm/z: 468 (M - H)`.
(Example 184) 



4-Amino-N-cyclohexyl-2-[(4-methoxy-3,5-dimethylp);idin-2-yl)methyl]-N-
methyl-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-earboxam
ide  N S~NNH, The title compound (6 mg, 10%) was obtained as a solid
by the same method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimefnylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (40 mg) and N-methylcyclohexylamine (0.030 ml). 'H-NMR
(CDC13) 8: 1.07-1.81 (10H, m), 2.19-2.22 (6H, m), 2.27-2.28 (3H,  m),
2.59-2.60 (3H, m), 3.15-3.20 (1H, m), 3.45-3.51 (1H, m), 3.67-3.69 (IH,
m),  3.73 (3H, s), 4.65-4.72 (IN, m), 5.32 (2H, s), 5.42-5.44 (2H, brm), 8.19
(IH, s). 242  ESI-MSm/z: 482 (M - H)'. (Example 185)
N-Allyl-4-amino-N-cyclohexyl-2-[(4-methoxy-3, 5-dimethylpyridin-2-
yl)mcthyl]-7,8-dihydro-2H-6--thia-1.2,3,5-tetraazaacenaphthylene-7-carbo
xamide  NN ~~ S N~NH2 The title compound (3 mg, 5%) was obtained as
a solid by the same method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (40 mg) and N-aIlylcyclohexylamine (0.038 ml). 'H-NMR
(CDC13) S: 1.07-2.06 (1 OH, m), 2.24 (3H, s), 2.27 (3H, d, J = 6.8  Hz),
3.11-3.19 (1H, m), 3.44-3.51 (1H, m), 3.77-3.77 (3H, bsm), 3.90-4.04 (2H,
m),  4.41 (1H, brs), 4.53 (1H, dd, J = 10.7, 3.9 Hz), 4.74-4.75 (1H, m),
5.08-5.18 (2H. m),  5.28 (2H, s), 5.48-5.49 (2H, m), 5.80 (IH, brs), 8.25
(IH, s). 



ESi-MSmiz: 508 (M+H)".  (Example 186) 4-Amino-2- [ (4-methoxy-3,
5-dimethylpyridin-2-yl)methyl]-N-[2-(2- thienyl)ethyl]
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide  N
~~  HN S'IN'L'NH, The title compound (10 mg, 20%) was obtained as a
solid by the same method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylp),ridin-2-y1)methyl] 243
7,8-dihydro-2H-6-Chia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid
of Example  8 (40 mg) and 2-(2-thienyl)ethanamine (0.024 ml). `H-NMR
(CDC13) 6: 2.22 (3H, s), 2.27 (31-1, s), 2.91-2.94 (2H, m), 3.22 (1H,
dd,J=16.7,4.8Hz),3.40(1H,dd,J=13.3,6.2Hz),3.52(1H,dd,J=13.3,6.2Hz),
3.70 (1H, dd, J = 16.7, 6.2 Hz), 3.75 (3H, s), 4.26-4.28 (1H, m).5.31 (1H,
brs), 5.46  (2H, d, J = 3.4 Hz), 6.62 (1H, d, J=2.4 Hz), 6.71 (1H, brs), 6.86
(1H, dd, J 5.1, 3.4  Hz), 7.09 (1H, dd, J = 5.1, 1.2 Hz), 8.20 (1H, s).
ESI-MSm/z: 496 (M + H.  (Example 187) 4-Amino-N-(1,
3-benzodioxol-5-ylmethyl)-2-[(4-methoxy-3, 5-
dimethylpyridin-2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenap
hthylene- 7-carboxamide N-M1 r  HN -r5 N~N-;z 



The title compound (20 mg, 30%) was obtained as a solid by the same
method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]- 7,8-dihydre
`H-6-Chia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example  8
(50 mg) and 1-(1,3-benzodioxol-5-yl)methanamine (0.038 ml). 'H-NMR
(DMSO-d6) 6: 2.16 (3H, s), 2.20 (3H, s), 3.10-3.25 (211, m), 3.70  (3H, s),
4.18-4.20 (2H, m), 4.59 (1H, dd, J = 8.8, 4.4 Hz), 5.31 (2H, s), 5.97 (2H,
s),  6.69-6.71 (IH, m), 6.79 (IH, d, J = 1.7 Hz), 6.82 (1 H, d, J = 7.8 Hz),
6.93 (2H, s),  8.07(1H,s),8.75(1H,t,J=5.8Hz). ESi-MSmJz: 520 (M + H)+.
244  (Example 188) 4-Amino-N -(5 -m eth y1 furan-2.-ylmethyl)-2-[
(4-methoxy-3 , 5 -dimethylpyri di n- 2-yI)methyl] -7, 8-dihydro-2H-6-thi a-1,
2, 3, 5-tetraazaacenaphthylene-7-carbo xamide 4   N  ,  HN (~ 9~N NH,
The title compound (20 mg, 32%) was obtained as a solid by the same
method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (50 mg) and 1-(5-methyl-2-furyl)mcthanamine (29 mg).
'H-NMR (DMSO-d6) 6: 2.16 (311, s), 2.20 (3H, s), 2.21 (3H, s), 3.14-3.22
(2H,  m), 3.70 (3H, s), 4.20-4.23 (2H, m), 4.56 (1H, dd, J = 9.1, 4.4 Hz),
5.30 (2H, s),  5.97-5.97 (IH, m), 6.09 (1H, d, J = 2.9 Hz), 6.93 (2H, s), 8.07
(1H, s), 8.74 (111, t, J  = 5.5 Hz) 



ESI-MSm/z: 480 (M - H)'.  (Example 189)
4-Amino-N-(2-furylmethyl)-2-[(4-methoxy-3, 5-dimethylpyridin-2-
yl)methyI]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carbox
amide  HN b N*NHz 0 The title compound (20 mg, 33%) was obtained as
a solid by the same method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimetnylpyridin-2-yl)methyl] -
7,8-dihydro-2H-6-thia-1.2,3,5-tetraazaaccnaphthylene-7-carboxylic acid of
Example  8 (50 mg) and 1-(2-furyl)methanamine (25 mg). 245  'H-NMR
(DMSO-d6) 6:2.16 (3H, s), 2.20 (3H, s), 3.10-3.18 (2H, m), 3.70 OH, s),
4.27-4.29 (2H, m), 4.57 (1H, dd, J = 9.1, 4.4 Hz), 5.30 (2H, s), 6.23 (1H,
dd,  J = 3.2, 0.7 Hz), 6.38 (1H, dd, J = 3.2, 2.0 Hz), 6.94 (2H, s), 7.57-7.57
(11-1, m), 8.07  (1H,s).8.79(1H,t,J=5.5Hz) ESI-MSm/z: 466 (M - H)+.
(Example 190) 4-Amino-2-[ (4-methoxy-3,5 -dimethylpyridin-2-yl)methyl]
-N-(2-
thienylmeihyl)-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaaeenaphthylene-7-ca
rboxamide  o  'r  HN S N~NH, The title compound (20 mg, 32%) was
obtained as a solid by the same method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]- 



7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (50 mg) and 1-(2-thienyl)methanamine (29 mg). 'H-NMR
(DMSO-d6) 8: 2.16 (3H, s), 2.20 (3H, s), 3.11-3.18 (2H, m), 3.70  (3H, s),
4.44-4.46 (2H, m), 4.57 (IH, dd, J = 8.9, 4.5 Hz), 5.31 (2H, s), 6.94-6,95
(4H,  m), 7.38 (1H, dd, J = 4.7, 1.7 Hz), 8.07 (1H, s), 8.94 (1H, t, J = 5.5
Hz) ESI-MSm/z: 482 (M  H)T.  (Example 191)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-(1,3-thiazol-2-
yl)-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide
246  rrrlll\ 5 -NZNH, The title compound (20 mg, 33%) was obtained as a
solid by the same method  as in Example 12 using
4-amino-2-[(4-rnethoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-Chia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid
of Example  8 (50 mg) and 1,3-thiazol-2-amine (26 mg). 'H-NMR
(DMSO-d6) 8: 2.19 (3H, s), 122 (3H, s), 3.28-3.36 (2H, m), 3.72  (3H, s),
4.79 (IH, t, J = 5.6 Hz), 5.34 (2H, s), 6.97 (2H, s), 7.23 (1H, d, J = 3.4 Hz),
7.48 (1H, d, J = 3.4 Hz), 8.10 (1H, s) EST-MSm/z: 469 (M II)'.  (Example
192) 4-Amino-N-(4,5-dihydro-1,3-thiazol-2-yl)-2-[(4-methoxv-3,5-
dimethylpyxidin-2-yl)methyl]-7, 8-dihydro-2H-6-thia-1,2,3,
5-tetraazaacenaphthylene- 7-carboxamide N  11  



(SYtJ I S~N'NH: The title compound (16 mg, 26%) was obtained as a solid
by the same method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (50 mg) and 4,5-dihydro-1,3-thiazol-2-amine (36 mg). 'H-NMR
(DMSO-d5) 8: 2.18 (3H, s), 2.22 (3H, s), 3.08 (1H, dd, J= 16.8, 9.4  Hz),
3.22-3.27 (31-I, m), 3.62 (2H, t, J = 8.1 Hz), 3.71 (3H, s), 4.68 (1H, dd, J =
9.4,  4.4 Hz), 5.31 (2H, s), 6.90 (2H, s), 8.09 (I H, s) 247  ESI-MSmJz: 471
(M -r H) (Example 193)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-1,3,4-
thiadiazol-2-yl-7.8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-ca
rboxamide  / N-N  CY 5 N NHz The title compound (25 mg, 41 %) was
obtained as a solid by the same method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-y1)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxyiic acid of
Example  8 (50 mg) and 1,3,4-thiadiazol-2-ainine (26 mg). 'H-NMR
(DMSO-d6) 8: 2.18 (3H, s), 2.22 (3H, s), 3.28-3.31 (2H, m), 3.72  (3H, s.),
4.81 (IH, t, J = 5.6 Hz), 5.34 (2H, s), 6.99 (2H, s), 8.10 (1H, s), 9.16 (1H, s)
ESI-MSmlz: 470 (M + H)'. (Example 194) 4-Amato-2-[(4-methoxy-3 ,
5-dimethylpyridin-2-yl)methyl]-N-(5-methyl-1, 3- thiazoi-2-yI)-7,
8-dihydro-2H-6-thia-1,2, 3,5-tetraazaacenaphthyl ene-7-earboxamide  



N N-N)  S 'N' NH, N  The title compound (20 mg, 32%) was obtained as a
solid by the same method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yi)methyl]-
7,8-dihydro-2H-6-this-1,2,3,5-tetraazaacenaphthylene- 7-carboxylic acid
of Example  8 (50 mg) and 5-methyl-l,3-thiazol-2-amine (30 mg). 248
H-NMR (DMSO-d6) S: 2.18 (3H, s), 2.22 (311, s), 2.33 (311, s), 3.24 (211,
dd, J = 16.8, 7.0 Hz), 3.72 (3H, s), 4.76 (111, dd, J = 7.0, 4.7 Hz), 5.33
(2H, s), 6.99 (2H,  s), 7.15 (1H, s), 8.10 (1H, s) ESI-MSm/z: 483 (M + H)_
(Example 195)
4-Amino-N-1,3-benzothiazol-2-y1-2-[(4-methoxy-3,5-dimethylpyridirn2-
yl)methyI]-7,8-dihydro-2H-6-Chia-1,2,3,5-tetraazaacenaphthylene-7-earbo
xamide  N-~ S !i N  HN s N~INH, The title compound (20 rng, 33%) was
obtained as a solid by the same method  as in Example 12 using
4-amino-2-[(4-m.ethoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (50 mg) and benzothiazol-2-amine (24 mg). 'H-NMR
(DMSO-d616: 2.19 (311, s), 2.23 (31-1, s), 3.35-3.38 (2H, m), 3.72  (31-1,
s), 4.84 (1H, t, J = 5.5 Hz), 5.35 (2H, s), 6.96 (2H, s), 7.30 (1H, t, J = 7.6
Hz),  7.43 (1 H, t, j = 7.6 Hz), 7.75 (1 H, d, J = 7.6 Hz), 7.94 (1 H, d, J =
7.6 Hz), 8.10 (1 H,  



s), 8.28 (1H, s). ESI-MSm/z: 519 (M + H)'.  (Example 196)
4-Amino-2-[(4-methoxy-3, 5-dimethylpyri din-2-yl)methyl]-N-pyridin-2-yl-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxainide 249
N N ~I \ N  NN I S N'NHz The title compound (15 mg, 25%) was obtained
as a solid by the same method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyP-
7,8-dihydro-2H-6-Chia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid
of Example  8 (50 mg) and 3-aminopyridine (24 mg). ''H-NMR (CDC13) 8:
2.21 (3H, s), 2.27 (3H, s), 3.35 (IH, dd, J = 16.7, 4.4 Hz),  3.69-3.73 (4H,
m), 4.45-4.48 (IH, m), 5.45 (4H, s), 7.05 (1H, dd, J = 7.4, 4.9 Hz),
7.68(1H,t.J=8.0Hz),8.11 (1H,d,J=8.0Hz),8.16(1H,s),8.28(1H,d,J=3.9  Hz),
9.23 (iH, s). ESI _MSm/z: 463 (M + H)t.  (Example 197) 4-Amino-2- [
(4-methoxy-3 , 5-dimethylp yridi n-2 -yl )methyl ] -N-phenyl-7, 8-
dihydro-2H-6-thia-1,2,3,5-tetraazaaeenaphthylene-7-carboxamide  0 NJ
N-N 



/ N  N L  S N'`NH$ The title compound (15 mg, 25%) was obtained as a
solid by the same method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl] -
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (50 mg) and aniline (0.025 ml). 'H-NMR (CDC13) 8: 2.23 (3H,
s), 2.28 (3H, s), 3.35 (1H, dd, J = 16.7, 4.2 Hz),  3.62 (1H, dd, J = 16.7,
8.8 Hz), 3.76 (3H, s), 4.58 (IH, dd, J = 8.8, 4.2 Hz), 5.43 (2H, 250
d,J-=4.2Hz),7.12(1H,t,J=7.4Hz),7.32(IH,t,J=7.4Hz),7.53-7.55(2H,m),  8.12
(1H, s) ESI-MSm/z: 462 (M + H)+.  (Example 198)
4-Amino-N-isoxazol-3-yl-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)rnethyl]- 7,
8 -dihydro-2 H-6-thi a- l , 2, 3 , 5-tetraazaac enaphthylene-7-carbox amide
N  -N 6 N NH, The title compound (10 mg, 17%) was obtained as a solid
by the same method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl] -
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (50 mg) and 1,2-oxazol-3-amine (0.019 ml). 'H-NMR (CDC13)
6: 2.21 (3H, s), 2.28 (3H, s), 3.34 (1H, dd, J = 16.2, 4.6 Hz),  3.74-3.78
(4H, m), 4.47 (1H, t; J = 5.4 Hz), 5.27 (2H, s), 5.45 (2H, d, J = 4.6 Hz),
6.99(1H,s),8.17(1H,s),8.27(1H,d,J=1.7Hz),9.60(1H,s)  ESI-MSm/z: 453 (M
+ H)+. 



(Example 199) 4-Amino-2-[(4-methoxy-3
,5-dimethylpyridin-2-yl)methyl]-N-pyridin-3-yl- 7, 8-dihydro-2H-6-thia- l
,2,3, 5-tetraazaacenaphthylene-7-carboxamide N-N  H / N  `vY 5~N~NH.
251  The title compound (10 mg, 17%) was obtained as a solid by the
same method as in Example 12 using
4-amino-2-[(4-methoxy-3,5-(Iimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (50 mg) and 3-aminopyridine (24 mg). 1H-NMR (CDC13) 8:
2.24 (311, s), 2.28 (3H, s), 3.37-3.38 (1H, m), 3.53 (1H,  dd, J = 16.5, 8.9
Hz), 3.77 (3H, s), 4.62 (111, dd, J = 8.9, 4.2 Hz), 5.44 (2H, s), 7.29-
7.32(1H,m),8.12(1H,s),8.24(IH, d, J = 8.3Hz),8.29(1H,d,3 =4.9Hz),8.56  (I
H, S). ESI-MSm/z: 463 (M H)+.  (Example 200) 4-Amino-2-[ (4-methoxy-3,
5-dimethylpyridin-2-yl)methyl) -N-pysidin-4-yl- 8-dihydro-2H-6-thia-1,2,3,
5-tetraazaacenaphthylene-7-carboxamide \__~ o- N=(  i N  S N NH_  N i
The title compound (15 mg, 25%) was obtained as a solid by the same
method  



as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (50 mg) and 4-aminopyridine (24 mg). 'I-NMR (CDC13) S:
2.24 (3H, s), 2.29 (3H, d, J = 5.6 Hz), 3.34 (1H, dd, j =  16.7, 4.2 Hz), 3.53
(IH, dd, J = 16.7, 8.8 Hz), 3.77 (3H, s), 4.59 (1H, dd, J = 8.8, 4.2  Hz), 5.44
(2H, d, J = 4.2 Hz), 7.56 (2H, dd, J = 4.9, 1.5 Hz), 8.12 (1H, s), 8.43 (2H,
dd, J = 4.9, 1.5 Hz). ESI-MSm/z: 463 (M+H)'. 252  (Example 201)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl] -N-(5-
methylisoxazol-3-yl)-7,8-dihydro-2H-6-thin-1,2,3,5-tetraazaacenaphthylen
e-7- carboxamide o- N N-N)  --~ rS N NHi The title compound (8 mg, 13%)
was obtained as a solid by the same method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-y1)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (50 mg) and 5-methyl-1,2-oxazol-3-amine (25 mg). `H-NMR
(CDC13) 8: 2.38-2.41 (9H, m), 3.13 (2H, q, J = 7.1 Hz), 4.01 (3H, s),  4.70
(111, s), 5.63 (2H, s), 6.61 (1H, s), 8.48 (1H, s). ESI-MSrn z: 467 (M = H)-.
(Exarnple 202) Ethyl
2-[({4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7, 8- 



dihydro-2H-6-thin-1,2,3,5-tetraazaacenaphthylen-7-yl } carbon
yl)amino]-4-methyl- 1,3-thiazoie-5-carboxylate c- N-N i N  o~ NH, The title
compound (20 mg, 32%) was obtained as a solid by the same method  as
in Example 12 using 4-amino -2-[(4-methoxy-3,5-dim
ethylpyridin-2-yl)methyl] - 7,8-dihydro-2H-6-thia-1.2,3,5-tetraazaacenapht
ylene-7-carboxylic acid of Example  8 (50 mg) and
2-amino-4-methylthiazole-5-carboxylic acid ethyl ester (48 mg). 253
H-NMR (CDC13) S: 1.33 (314, t, J -= 7.1 Hz), 2.28 (3H, s), 2.29 (3H, s),
2.62 (311, s), 338 (IH, dd, J = 16.7, 4.4 Hz), 3.59 (H-I, dd, J = 16.7, 7.4
Hz), 3.82 (3H, s),  4.29 (21-L q, J = 7.1 Hz), 4.65 (1H7 dd, J = 7.4, 4.4
Hz), 5.50 (2H, d, J = 8.1 Hz), 8.25  (IH s). ESI-MSm/z: 555 (M + H)
(Example 203) Ethyl 2-[({4-amino-2-[(4-methoxy-3,
5-dimethylpyridin-2-y1)methyl]-7, 8-
dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-7-yl }
carbonyl)amino]-1,3-thiazole- 5-carboxylate N N 0" $ NJ`NHa The title
compound (20 mg, 29%) was obtained as a solid by the same method  as
in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  



8 (50 mg) and 2-aminothiazole-5-carboxylic acid ethyl ester (45 mg).
'H-NMR (CDC13) 8: 1.39 (3H, t, J = 7.1 Hz), 2.25 (3H, s), 2.27 (3H, s),
3.36- 3.41 (1H, m), 3.55 (1H, dd, J= 16.8, 7.5 Hz), 3.77 (3H, s), 4.39 (2H,
q, J = 7.5 Hz),  4.63 (1H, dd, J = 7.5, 4.4 Hz), 5.45 (2H, s), 7.82 (1H, s),
8.16 (1H, s). ESI-MSm/z: 541 (M + H.  (Example 204)
N-(5-Acetyl-4-methyl- l,3-thiazol-2-yl)-4-amino-2-[(4-methoxy-3,5-
dimethylpyTidin-2-y1)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaaeena
phthylene- 7-carboxamide 254  ti sv  d N NH2 The title compound (20 mg,
30%) was obtained as a solid by the same method  as in Example 12
using 4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methylj-
7,8-dihydro-2H-6-Chia-1;2,3,5-tetraazaacenaphthylene-7-carboxylic acid
of Example  8 (50 mg) and 1-(2-amino-4-methylthiazol-5-yl)ethanone (40
mg). 'H-NMR (CDC13) 8: 2.30 (6H, s), 2.49 (3H, s), 2.64 (3H, s),
3.37-3.40 (1H,  m), 3.53 (111, dd, J = 16.7, 7.4 Hz), 3.85 (3H, s), 4.68 (1H,
dd, J = 7.4, 4.4 Hz), 5.51  (2H, d, J = 8.6 Hz), 8.26 (1H, s). ESI-MSm/z:
525 (M + H)`.  (Example 205) Ethyl
t2-[(f4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7,8-
dihydro-2H-6-thia-1,2,3,5-tetraazaaeenaphthylen-7-y1}
carbonyl)amino]-1,3-thiazol- 4-yl)acetate SvH / N 



~~ N S The title compound (20 mg, 28%) was obtained as a solid by the
same method as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaaeenaphthylen: -7-carboxylic acid of
Example  8 (50 mg) and (2-arninothiazol-4-yl)acetic acid ethyl ester (48
mg). 'H-NMR (CDC13) 8: 1.27 (3H, t, J = 7.1 Hz), 2.30 (3H, s), 2.32 (3H,
s), 3.37  (IH, dd, J = 16.7, 4.5 Hz), 3.55 (1H, dd, J 16.7, 7.7 Hz), 3.69 (2H,
s), 3.88 (3H, a), 255  4.18 (2H, q. J = 7.2 liz), 4.67 (1H, dd, J = 7.7, 4.5
Hz), 5.54 (2H, d, J = 6.6 Hz), 6.82  (1H, s), 8.32 (111, s). ESI-MSm/z: 555
(M 3.1x_.  (Example 206) 4 -Amino-2-[(4-methoxy-3,5-dimethylpyri
din-2-yl)methyl]-N-(5-ni ro-l,3-
thiazol-2-yl)-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carb
oxamide  N HH S "NI NI  O N The title compound (20 mg, 30%) was
obtained as a solid by the same method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (50 mg) and 5-nitrothiazol-2-amine (38 mg). 'H-NMR (CDC13)
S: 2.27 (3H, s), 2.28 (3H, s), 3.37 (1H, dd, J = 16.7, 4.5 Hz),  3.52 (IH, dd,
J = 16.7, 7.1 Hz), 3.81 (3H, s), 4.68 (IH, dd, J = 7.1, 4.5 Hz), 5.47 (2H,  s),
8.17 (1H, s), 8.32 (1H, s)_ ESI-MSm/z: 514 (M + H)-.  (Example 207) 



4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-[ 4-(2-
morpholin-4-yl-2-oxoethyl)-1,3-thiazol-2-yl]-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylene.-7-carboxamide 256  4-l N-N"  FI l  N 1J" NH,  C
0T Ol The title compound (30 mg, 39%) was obtained as a solid by the
same method  as in Example 12 using
4-ainino-2-[(4-methoxy-3,5-dimethylpyridin-2-y1)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (50 mg) and
2-(2-amino-thiazol-4-yl)-l-morpholin-4-yl-ethanone (59 mg). tH-NMR
(CDC13) S: 2.24 (3H, s), 2.27 (3H, s), 3.38-3.39 (1H, m), 3.56-3.62  (9H,
m), 3.77 (3H, s), 4.65 (1H, dd, J = 7.8, 4.4 Hz), 5.43 (2H, d, 7 = 2.0 Hz),
6.77  (I H, s), 8.13 (1H, s). ESI _MSmJz: 596 (10.1+H)+.  (Example 208)
4-Amino-2-[(4-methoxy-3 , 5-dimethylpyridin-2-yl)methyl]-N-[ 5-(morpholin-
4-ylmethyl)-1,3-thiazol-2-yl]-7,8-dihydro-2H-6-thia-1,2.,3,5-tetraazaacenap
hthylene- 7-carboxamide N-N  (, S 3 N Nz The title compound (20 mg,
27%) was obtained as a solid by the same method  as in Example 12
using 4-amino-2-[(4-methoxy-3,5-dim ethylpyri din-2-yl)methyl]- 



7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (50 mg) and 5-(momholin-4-yl)-1,3-thiazol-2-amine (52 mg).
257  'H-NMR (CDCI3) S: 2.24 (3H, s), 2.28 (3H, s), 2.48 (411, s), 3.38
(11-1, d, J = 3.9 Hz), 3,53 (IH, dd, J = 16.5, 7.7 Hz), 3.70 (4H, t, J = 4.5
Hz), 3.77 (3H, s), 4.65  (1H, dd, J = 7.7, 4.5 Hz), 5.44 (2H, d, J = 2.7 Hz),
7.22 (1H, s), 8.14 (1 H, s).  ESI-MSm/z: 568 (M -- H)' (Example 209) 4
-Amino-N-(3-carbamoyl-4-methyl-2-thienyl)-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenap
hthylene- 7-carboxamide N-N'>  b s N NH2  NH, The title compound (10
mg, 15%) was obtained as a solid by the same method  as in Example 12
using 4-amino-2-[(4-methoxy-3,5-dimethylpyridin- 2-yl)methyl] -
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthyiene-7-carboxylic acid of
Example  8 (50 mg) and 2-amino-4-methyl-thiophene-3-earboxamide (40
mg). 'H-NMR (CDC13) 8: 2.23 (3H, s), 2.25 (3H, s), 2.44 (31-1, s),
3.35-3.40 (1H,  m), 3.67 (IH, dd, J = 16.6, 6.3 Hz), 3.77 (3H, s), 4.67 (IH,
dd, J = 6.3, 4.6 Hz), 5.42  (2H, d, J = 3.4 Hz), 6.53 (1H, d, J = 1.2 Hz).
7.49 (2H, s), 8.14 (1H, brs). ESI-MSm/z: 525 (M - H)'.  (Example 210)
4-Amino-2-[(4-methoxy-3,5-dimethylpyndin-2-yl)methyl]-N- I H-pyrazol-5-
yl-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide
258  



CI y-~ n Y~ S NH, The title compound (8 mg, 14%) was obtained as a
solid by the same method  as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-y1)methyI)-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (50 mg) and 5-aminopyrazole (22 mg). 'H-NMR (CDC13) 8:
2.24 (3H, s), 2.25 (3H, s), 3.40-3.45 (2H, m), 3.76 (3H,  s),.5,44 (2H, s),
5.55 (1H, t, J = 5.4 Hz), 5.98 (1H, d, J = 3.2 Hz), 7.93 (IH, d, J = 2.9  Hz),
8.16 (1H, s). ESI-MSm/z: 452 (M -= H)+.  (Example 211) 4-Amino-2 -[
(4-methoxy- 3,5 -dimethylpyridin-2-yl)methyl]-N- { 5 -[ (4-
methylpiperazin-1-yl)methyl]-1,3-thiazol-2-yl}-7,8-dihydro-2H-6-Chia-1,2,3,
5- tetraazaacenaphthylene-7-carboxamide o- N-N ~ Y b 5'~N~'NHz The
title compound (20 mg, 28%) was obtained as a solid by the same method
as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (50 mg) and
5-((4-methyl-piperazin-l-yl)methyl)-13-thiazol-2-amine (55 mg). 'H-NMR
(CDCl3) 6: 2.25 (4H, brs), 2.28 (6H, s), 2.48 (8H, brs), 3.37 (IH, dd,  J =
16.8, 4.4 Hz), 3.54 (1H, dd, J 16.8, 8.1 Hz), 3.66 (2H, s), 3.77 (3H" s),
4.65 (1II,  dd, J = 8.1, 4.4 Hz), 5.44 (2H, d, J = 2.9 Hz), 7.22 (IH, s), 8.15
(1 H, s). 259  



ESI-MSm/z: 581 (M+H)+. (Example 212)
4-Amino-N-[5-(hydroxymethyl)-1,3-thiazol-2-yl]-2-[(4-methoxy-3,)-dimethvl
pyridin-2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene
- 7-carboxamide N - N~~N~ll  HQ g 1 N  ~~ S N NHz The title compound
(15 mg, 23%) was obtained as a solid by the same method  as in Example
12 using 4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example  8 (50 mg) and (2-amino-1,3-thiazol-5-y1)-methanol (34 mg).
'H-NMR (DMSO-d6) a: 2.18 (3H, s), 2.21 (3H, s), 3.27-3.29 (2H, m), 3.72
(3H, s), 4.57 (2H, d, J = 5.1 Hz), 4.78-4.79 (IH, m), 5.34 (2H, s), 5.38 (IH,
t, J = 5.6  Hz), 6.98 (2H, s), 7.31 (11-1, s), 8.10 (1H, s). ESI-MSm/z: 499
(M H)+.  (Example 213) 1) 4-[Bis(tert-butoxycarbonyl)amino]
-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl
trifluoromethanesulfonate FFQ RR  6O ~S~N N^e~ 260
4-[Bis(tert-butoxyearbonyl)amino] -2-[(4-methoxy- 3,5-dimethylpy ndin-2
yl)methyl]-2,9-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-one (300
mg) was  dissolved in dehydrated dichloromethane (5 ml) under cooling in
an ice bath,  followed by addition of triethylamine (146 l). Then,
trifluoromethanesulfonic  



anhydride (106 l) was added and the mixture was stirred at 0C for three
hours. A  saturated ammonium chloride solution was added to the reaction
solution, followed  by extraction with ethyl acetate. The organic layer was
sequentially washed with  water and brine and dried over sodium sulfate.
The solvent was evaporated, and the  resulting residue was purified by
silica gel column chromatography (hexane-ethyl  acetate) to obtain the
title compound as a solid (255 mg, 69%). BSI-MS m/z: 703 (M+H)+, 2)
Ethyl 4-[his (tert-butoxycarbonyl)amino] -2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thin-1,2,3,5-tetraazabenzo[ed]
azulene- 8-carboxylate N-N --N 0 4-[B
is(teatt--butoxycarbonyl)aminol-2-[(4-methoxy-3, 5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cdlazulen-8-yl
trifluoromethanesulfonate (25 mg) was dissolved in ethanol (2 ml).
Triethylamine  (6 al) and bis(triphenylphosphine)palladium (I]) dichloride
(2.5 mg) were added at  room temperature, and the mixture was stirred in
a carbon monoxide atmosphere at  40C for three hours. The reaction
solution was concentrated, and the resulting  residue was purified by silica
gel column chromatography (hexane-ethyl acetate) to  obtain the title
compound as an oil (14 mg, 62%). 261  'H-NMR (CDCI3) S: 1.35 (3H, t, J
= 7.19 Hz), 1.44 (18H, s), 2.22 (3H, s), 2.30 (3H, s), 3.75 (311, s), 4.18
(2H, s), 4.31 (2H, q, J = 7.15 Hz), 5.73 (2H, s), 8.02  (I H, s), 8.15 (1H, s).
ES1-MSm/z: 627 (M - H)+. 3)
4-[(tern-Butoxycarbonyl)amino]-2-[(4-methoxy-3,5-dim ethylpyridin-2- 



yl)methyl]-2,7-dihydro-6-Chia-1
2,3,5-tetraazabenzo[cdiazulen-8-carboxylic acid  N L HO N  s Kr' Ethyl
4-[bis(tert-butoxycarbonyl)amino]-2-[ (4-methoxy-3, 5-dimethylpyridin-
2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo
[ed]azulene-8-carboxylate  (0.92 g) was dissolved in methanol (10 ml)
under cooling in an ice bath. A 1 N  sodium hydroxide solution (10 ml) was
added, and the mixture was stirred for 16  hours while gradually returning
to room temperature. The reaction solution was  neutralized with a 0.5 N
hydrochloric acid solution, and then the solvent was  concentrated. The
resulting residue was diluted with chloroform and washed with a  10%
citric acid solution, and the organic layer was dried over sodium sulfate.
The  solvent was evaporated, and the resulting residue was recrystallized
from hexane and  ethyl acetate to obtain the title compound as a solid
(0.68 g, 91 %). 'H-NMR (CD3OD) S: 1.54 (9H, s), 2.25 (3H, s). 232 (3H,
s), 3.81 (3H, s),  4.18 (2H, s), 5.78 (2H, s), 7.81 (1H, s), 8.07 (1H, s).
ESI-MSm/z: 499 (M + H)1. 4) 4-Amine-2-[(4-mefnoxy-35-dim ethylpyri
din-2-yl)methyl] -2,7-dihydro-6-
thia-1.2,3,5-tetraazabenzo[cd]azulen-8-carboxylic acid 262  N HO / N  S
w-I-NH, The title compound was obtained as a solid (15 mg, 63%) by
synthesis by the  same method as in Example 2 using
4-[(tert-butoxycarbonyl)amino]-2-[(4-methoxy- 



3, 5-dimethylpyridin-2-yl)methyl]-2, 7-dihydro-6-thia-1,2, 3, 5
tetraazabenzo[cd] azulen-8-carboxylic acid (30 mg). 'H-NMR (DMSO-D6)
S: 2.17 (3H, s), 2.26 (3H, s), 3.73 (3H, s), 4.09 (2H, s),  5.50 (211, s), 7.05
(2H, brs), 7.61 (1H, s), 8.05 (1H, s). BSI-MSmiz: 399 (M + H)-.  (Example
214) 1) tert-Butyl {8-(hydroxymethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yi)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd] azulen-4-yl}
carbamate  N~ -1-`  N-~ He o  ``s N" p o'T
4-[(tert-Butoxyearbonyl)amino]-2-[(4-methoxy-3 , 5-dimethylpyridin-2-
yl)methyI]-2,7-dihydro-6-thin-1,2,3,5-tetraazabenzo[cdlazulen-8-carboxylic
acid (50  mg) was dissolved in tetrahydrofuran (1 ml) under cooling in an
ice bath. N- Methylmorpholine (13 l) and ethyl ehloroformate (12 l) were
added, followed by  stirring for two hours. Subsequently, sodium
borohydride (12 mg) and methanol (1  ml) were added to the reaction
solution, and the mixture was stirred for three hours  while gradually
returning to room temperature. A 10% citric acid solution was  added to
the reaction solution, followed by extraction with ethyl acetate. The
resulting organic layer was sequentially washed with a saturated sodium
bicarbonate 263  solution and brine and dried over anhydrous sodium
sulfate. The solvent was  evaporated, and the resulting residue was
purified by silica gel column  chromatography (chloroform-methanol) to
obtain the title compound as an oil (35 mg.  



72%). 'H-NMR (CDCI3) 6: 1.53 (911, s), 2.22 (3H, s), 2.31 (3H, s), 3.74
(3H, s), 3.75  (2H, s), 4.32-4.35 (2H, m), 5.64 (2H, s), 6.85 (1H, t, J = 1.38
Flz), 7.43 (IH, s), 8.17  (IH, s). ESI-MSm/z: 485 (M + H)+. 2)
{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}methanol  N-N1 H Y 1` N  ~s
nr"NH, The title compound was obtained as a solid (15 mg, 54%) by
synthesis by the  same method as in Example 2 using tert-butyl
{8-(hydroxymethyl)-2-[(4-methoxy- 3,5-dimethylpyridin-2-yl)methyl]-2,
7-dihydro-6-thia-1,2,3,5- tetraazabenzo[ed)azulen-4-yl}carbamate (35
mg). 1H-NMR (CDCl3) 6: 2.22 (3H, s), 2.27 (3H, s), 3.71 (2H, s), 3.74 (3H,
s), 4.31  (2H, d, J = 1.38 Hz), 5.19 (2H, bra), 5.51 (2H, s), 6.78-6.79 (1H,
m), 8.19 (1H, S).  ESI-MSm/z: 385 (M + H)+. (Example 215) 1) tert-Butyl
{8-[butyl(methyl)earnamoyl]-2-[(4-methoxy-3,5-
dimethyipyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]
azulen-4- yl } carbamate 264  N-N The title compound was obtained as a
solid (54 mg, 95%) by synthesis by the  same method as in Example 9
using 4-[(tert-butoxycarbonyl)amino]-2-[(4-methoxy  



3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5
tetraazabenzo[ed]azulen-8-carboxylic acid (50 mg) and
n-methyl-n-butylamine (23  1). ESI-MS m/z: 568 (M+H)+ 2)
4-Amino-N-butyl-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-
methyl-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cdlazulene-8-carboxamid
e  The title compound was obtained as a solid (22 mg, 50%) by synthesis
by the same method as in Example 2 using tert-butyl
{8-[butyl(methyl)carbamoyl]-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl] -2,7--dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}carbamate (54 mg). 'H-NMR (CDC13) S:
0.89-0.96 (3H, m), 1.26-1.36 (2H, m), 1.54-1.61 (2H, m),  2.23 (3H, s),
2.30 (3H, s), 3.06 (3H, brs), 3.47 (2H, t, J = 7.57 Hz), 3.75 (3H, s), 3,94
(2H, s), 5.19 (2H, s), 5.54 (2H, s), 6.89 (1H, s), 8.19 (1H, s). ESI-MSm/z:
468 (M + H)+. 265  (Example 216) 1) tert-Butyl {2.-[(4-methoxy-3;
S-dimethylpyridin-2-yl)methyl]-8- [mcthyl(phenyl)carbamoyl]
-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4- yl } carbamate c  N
N `N p  s N~pxo The title compound was obtained as a solid (63 mg, 59%)
by synthesis by the  same method as in Example 9 using
4-[(tert-butoxycarbonyl)amino]-2-[(4--methoxy  3,5-dim
ethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5- 



tetraazabenzo[cd]azulen-8-carboxylic acid (50 mg) and N-mcthylaniline
(21 1). 'H-NMR (CDC13) 6: 1.51 (9H, s), 2.21 (3H, s), 2.28 (3H, s), 3.41
(3H, s), 3.74  (3H, s), 3.79 (2H, s), 5.59 (211, s), 7.03 (1H, s), 7.16-7.24
(3H, m), 7.32-7.39 (3H, m),  8.15 (1H, S). ESI-MSmlz: 588 (M + H. 2)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-methyl-N-
phenyl-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulene-8-carboxamid
e  N-N r C N  S NNH, The title compound was obtained as a solid (23 mg,
44%) by synthesis by the  same method as in Example 2 using tort-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-
2-yl)methyl]-8-.[methyl(phenyl)carbamoyl]-2, 7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}carbamate (63 mg). 266  'H-NMR (CDC13)
6: 2.23 (3H, s), 2.25 (311, s), 3.41 (3H, s), 3.75 (311, s), 3.77 (2H, s), 5.15
(21:1, brs), 5.48 (2H, s), 6.97 (IH, s), 7.16-7.24 (3H, m), 7.34 (2H, t, J =
7.79 Hz), 8.19 (1 IL s). ESI-MSm/z: 488 (M H)-.  (Example 217) 1)
tert-Butyl {8-(dimethylcarbamoyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-yl}earbam
ate  IN 0C" The title compound was obtained as a solid (53 mg, quant.) by
synthesis by  



the same method as in Example 9 using
4-[(tent-butoxycarbonyl)aminol-2-[(4-
methoxy-3,5-dimethyipyridin-2-yl)methyI]-2,7-dihydro-6-thin-1,2,3,5
tetraazabenzo[cd]azulen-8-carboxylic acid (50 mg) and dimethylamine
hydrochloride (16 mg). 'H-NMR (CDC13) 6: 1.53 (9H, s), 2.22 (3H, s), 2.34
(311, s), 3.10 (6H, brs),  3.75 (3H, s), 3.97 (21-1, s), 5.67 (211, s), 6.97
(1H, s), 7.46 (1H, s), 8.17 (111. S).  ESI-MSmiz: 526 (M +H)'. 2)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N,N-dimethyl-
2,7-dihydroo-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-8-carboxamide  N-N
_N( I N  N"NH2 The title compound was obtained as a solid (17 mg, 40%)
by synthesis by the  same method as in Example 2 using tert-butyl
(8-(dimethylcarbamoyl)--2-[(4 267
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-y1}carbamate (53 mg). 1H-NMR (CDCI3) o:
2.23 (3H, s), 2.31 (31-1, s), 3.10 (6H, brs), 3.75 (3H, s),  3.95 (2H, s), 5.19
(2H, s), 5.54 (2H, s), 6.92 (1H, s), 8.19 (111, s). ESI-MSm/z: 426 (M - H)'.
(Example 218) 1) tert-Butyl
{8-[(3,3-difluoropyrrolidin-1-yl)carbonyl]-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-Chia-1,2,3,5-tetraazabenzo[ed]
azulen-4- yl}carbamate b  N-N 



Fr i N es Np NN o The title compound was obtained as a solid (60 mg,
quant.) by synthesis by  the same method as in Example 9 using
4-[(tert-butoxycarbonyl)amino]-2..[(4-
methoxy-3.5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-carboxylic acid (50 mg) and
3,3-difluoropyrrolidine  hydrochloride (29 mg). iH-NMR (CDCI3) S:
1.54-1.57 (9H, m), 2.23 (31-1, s), 2.35 (3H, s), 2.37-2.44  (214, m), 3.76
(31-1, s), 3.87 (21-1, t, J = 6.88 Hz), 3.94 (21-1, t, J = 12.61 Hz), 4.02 (2H,
s), 5.67 (214, s), 7.10 (1H, s), 7.46 (114, s), 8.18 (IH, s). ESI-MSm/z: 588
(M + H)'. 2) 8-[(3,3-Difluoropyrrolidin-l-yl)carbonyl]-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1.2.3,5-tetraezabenzo[ ed;
iazuien-4- amine 268  b F~ 14-m N  The title compound was obtained as a
solid (23 mg, 46%) by synthesis by the  same method as in Example 2
using tert-butyl {8-[(3,3-difluoropyrrolidin-l- yl)carbonyl
]-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-
1,2,3,5-tetraazabenzo[ed]azulen-4-y1}carbamate (60 mg). 'H-NMR
(DMSO-D6) 6: 2.17 (3H, s), 2.25 (3H, s), 2.38-2.47 (2H, m), 3.31- 334
(2H, m), 3.72 (4H, s), 3.78-3.88 (2H, m), 3.81 (2I-1, s), 5.47 (21-1, s), 7.01
(1H, s),  



7.03 (2H, brs), 8.06 (1H, s). EST-MSm/z: 488 (M + H.  (Example 219) 1)
tert-Butyl {8-(butylcarbarnoyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thin-1,2,3,5-tetraazabenzo[cd]azulen-4-yl}carbam
ate  b N p  s^N~'gxo  The title compound was obtained as a solid (53 mg,
95%) by synthesis by the same method as in Example 9 using
4-[(tert-butoxycarbonyl)amino] -2-[(4-methoxy- 3,5-dimethylpy
idin-2-yl)methyl]-2,7-dihydro-6-thin-1,2.3,5-
tetraazabenzo[cd]azulen-8-carboxylic acid (50 mg) and n-butylamine (20
l). 'H-NMR (CDC13) 6: 0.95 (3H, t, J = 7.34 Hz), 1.35-1.44 (3H, m),
1.50-1.56  (17H, m), 2.22 (3H, s), 2.33 (3H, s), 3.37 (3H, dd, J = 12.61,
7.11 Hz), 3.75 (3H, s),  4.14 (211, s), 5.67 (2H, s), 5.96 (2H, brs), 7.29 (I
H, s), 7.45 (1H, s), 8.18 (1H, s).  EST-MSm/z: 554 (M - H)'. 269  2)
4-Amino-N-butyl-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyI]-2,7
dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulene-8-carboxamide  N-ff N  p
~S NNH, The title compound was obtained as a solid (27 mg, 62%) by
synthesis by the  same method as in Example 2 using ten-butyl.
{8-(butylcarbamoyl)-2-[(4-methoxy- );S-dimcthyipyridin-2-yl)methyl]
?,7-dihydro-6-thia-1,2,3,5- tetraazabenzo[cd]azulen-4-y1}carbamate (53
mg). 



'H-NMR (DMSO-D6) 8: 0.88 (3H, t, J = 7.34 Hz), 1.25-1.34 (2H, m), 1.42-
1.49 (2H, m), 2.17 (3H, s), 2.24 (3H, s), 3.17 (2H, q, j = 6.42 Hz), 3.72
(3H, s), 4.06  (2H7 s), 5.47 (2H, s), 7.02 (211, brs), 7.39 (1 H, s), 8.07 (1
H, s), 8.40 (114, t, J = 5,50  Hz). ESI-MSmiz: 454 (M + H)'.  (Example 220)
1) tert-Butyl {8-(anilinocarbonyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,),5-tetraazabenzo[cd] azulen-4-yl}
carbamate  N~ N-N)  CS rllerl The title compound was obtained as a solid
(56 mg, 97%) by synthesis by the  same method as in Example 9 using
4-[(tent-butoxycarbonyl)amino]-2-[(4-methoxy-
3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-8-carboxylic acid (50 ing) and aniline (18 l). 270
'H .NMR (CDC],) 8: 1.57 (9H, s), 2.23 (3H, s), 2.34 (3H, s), 3.76 (3H, s),
4.19 (2H, s), 5.69 (2H, s), 7.16 (1H, t, J = 7.34 Hz), 7.36 (2H, t, J = 7.79
Hz), 7.49 (1H, s),  7.56 (2H, d, J = 7.79 Hz), 7.78 (1H, s), 8.18 (1H, s).
ESI-MSm/z: 574 (M - H)+ 2)
4-Amino-2-[(4-methoxy-3,5-dirnethylpvridin-2-yl)methyl]-N-phenyl-2,7-
dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-8-carboxamide  e N_  N"
The title compound was obtained as a solid (25 mg, 54%) by synthesis by
the 



same method as in Example 2 using tert-butyl
{8-(anilinocarbonyt)-2-[(4-methoxy-
3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazaberzo[cd]azulen-4-yl}carbamate (56 mg). 'H-NMR (DMSO-D6) o:
2.18 (3H, s), 2.26 (3H, s), 3.73 (3H, s), 4.15 (2H, s),  5.51 (2H, s),
7.06-7.11 (3H, m), 7.33 (2H, t, J = 7.79 Hz), 7.61 (1H, s), 7.71 (2H, d, J  =
7.79 Hz), 8.08 (1H, s), 10.24 (1H, s). ESI-MSmiz: 474 (M + H)`.  (Example
221) 1) ten-Butyl
(8-{[2-(dimetnylamino)-2-oxoethyl]carbamoyl}-2-[(4-methoxy-
3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl)carbamate a t- 'N~ N-N -S^N `Nx01 271
The title compound was obtained as a solid (2) mg. 38%) by synthesis by
the same method as in Example 9 using
4-[(text-butoxycarbonyl)amino]-2-[(4-methoxy-
3,5-dimethyipyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-8-carboxylic acid (50 mg) and
glycinedimethylamide  acetate (81 mg). 'H-NMR (CDC13) 8: 1.53 (9H, s),
2.23 (3H, s), 2.33 (3H, s), 3.01 (6H, s), 3.76  (3H, s), 4.12414 (4H, m),
5.68 (2H, s), 7.19 (1H, s), 7.49 (1H, s), 8.19 (IH, s).  ESI-MSmiz: 583 (M +
H)+. 2) 4-Amino-N-[2-(dimethylamino)-2-oxoethyl]-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2, 7-dihydro-6-thia-1,2, 3, 5-tetraazabenzo
[cd] azulene- 8-carboxamide 



N p Ni  `N  `g N NH, The title compound was obtained as a solid (10 mg,
60%) by synthesis by the  same method as in Example 2 using tert-butyl
(8-{[2-(dimethylamino)-2-
oxoethyi]carbamoyi}-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]
~,7-dihydro- 6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl)carbamate (20
mg). 'H-NMR (DMSO-D6) S: 2.17 (31-1, s), 2.25 (3H, s), 2.83 (3H, s). 2.99
(3H, s),  329 (2H, s), 4.01 (2H, d, J = 5.96 Hz), 4.08 (2H, s), 5.49 (3H, s),
7.01 (2H, brs), 7.48  (I H, s), 8.07 (1H, s), 8.55 (1H, t, J = 5.96 Hz).
ESI-MSrn/z: 483 (M + H)+.  (Example 222) 1) Di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-
pyrimidin-5-y1-2,7-dihydro-6-Chia-1-2,3,5-tetraazabenzo[cd]azulen-4- yl }
imidodicarbonate 272  N} s N N e4  0~p 4-[Bis(tert-butoxycarbonyl) amino]
-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl
trifluoromethanesulfonate (50 in.-) was dissolved in 1,4-dioxane (4 ml).
Pyrimidine-5-boronic acid (13 mg), a 2 N sodium carbonate solution (2 ml)
and  bis(triphenylphosphine)palladium (II) dichloride (5 mg) were added
and the mixture  was stirred at 40C for two hours. Water was placed into
the reaction solution,  followed by extraction with ethyl acetate. The
resulting organic layer was  



sequentially washed with water and brine and dried over anhydrous
sodium sulfate.  The solvent was evaporated, and the resulting residue
was purified by silica gel  column chromatography (chloroform-methanol)
to obtain the title compound as an  oil (45 mg). iH-NivMR (CDC13) 5: 1.45
(9H, s), 1.56 (9H, s), 2.22 (3H, s), 2.32 (3H, s), 3.75  (3H, s), 4.21 (2H, s),
5.73 (2H, s), 7.26 (1H, s), 8.15 (1H, s), 8.90 (2H, s), 9.21 (1H,  S),
ESI-MSm/z: 633 (M 4- H)+. 2)
2-[(4-Mefnoxy-3,5-dimethylpyridin-2-yl)methyl]-8-pyrimidin-5-y1-2,7-
dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-amine  N N  ~~NH' The
title compound was obtained as a solid (8 mg, 26%) by synthesis by the
same method as in Example 2 using di-ter-butyl {2-[(4-methoxy-3,5 273
dimethylpyridin-2-yl)methyl8-pyrimidin-5-yl-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate (45 mg). 'H-NMR
(DMSO-D6) 6: 2.18 (3H, s), 2.25 (3H, s), 3.73 (3H, s), 4.32 (211, s),  5.48
(2H, s), 7.01 (2H, brs), 728 (1H, s), 8.08 (1H, s), 9.11 (2H, s), 9.14 (1H,
S).  ESI-MSm/z:433 (M+H)+. (Example 223) 1) Di-tert-butyl
{2-[(4-methox,/-3,5-dimethylpyridin-2-yl)methyl]-8-pyridin-
3-yl-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl}imidodicarbon
ate  b N-N  



N, 0  N^NAC Q  O1 co The title compound was obtained as a solid (48
mg, quant.) by synthesis by  the same method as in Example 222 using
4-[bis(tert-butoxycarbonyl)amino]-2-[(4..  methoxy-3 , 5 -dimethylpyridin-2
-y1)methyl] -2, 7-dihydro-6-thria-12, 3 , 5 - tetraazabenzo[cd]azulen-8-yl
trifluoromethanesulfonate (50 mg) and pyridine-3- boronic acid neopentyl
glycol ester (21 mg). 'H-NMR (CDC13) 6: 1.45 (18H, s), 2.22 (3H, s), 2.31
(3H, s), 3.75 (3H, s),  4.21 (2H, s), 5.72 (2H, s), 7.21 (1H, s), 7.65-7.81
(2H, m), 8.16 (1H, s), 8.60 (1H, dd,  J = 4.58, I.38 Hz), 8.79 (1H, d, J =
1.83 Hz). 2) 2-[(4
_Mehoxy-3,5-dimethylpy,idin-2-yl)methyl]-8-pyridin-3-y1-2,7-
dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine  N-N) N 274  The
title compound was obtained as a solid (12 mg, 36%) by synthesis by the
same method as in Example -2 using di-tert -butyl {2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-8-pyridin-3-y1-2, 7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yljimidodi carbonate (49 mg). 'I-1-NMR
(DMSO-D6) 8: 2.18 (31-1, s), 2.25 (313, s), 3.73 (3H, s), 4.29 (2H, s),
5.47 (2H, s), 6.98 (2H, brs), 7.13 (1H, s), 7.43 (IH, dd, J = 8.02, 4.81 Hz),
8.04-8.08  (2H, m), 8.54 (1H, dd, J = 4.81, 1.60 Hz), 8.86 (1H, d, J = 2.29
Hz). EST-MSm/z: 432 (M + H)'.  (Example 224) 



1) Di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-phenyl-
2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl]imidodicarbonate
/b Nd LN 0'1- o The title compound was obtained as a solid (S2 mg, 71%)
by synthesis by the  same method as in Example 222 using
4-[bis(tert-butoxycarbonyl)amino]-2-[(4-
znethoxy-3,5-dimcfnylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-S-yl trifluoromefnanesulfonate (50 mg) and
phenylboronic  acid (13 mg). 'H-NMR (CDC13) 8: 1.45 (18H, s), 2.22 (3H,
s), 2.30 (3H, s), 3.74 (3H, s),  4.22 (2H, s), 5.71 (2H, s), 7.17 (1H, s),
7.35-7.52 (5H, m), 8.17 (IH, s).  ESI-MSm/z: 631 (M + H)+. 2)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-phenyl-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[ed]azulen-4-amine 275  N-N) `-g N NH, The
title compound was obtained as a solid (12 mg, 55%) by synthesis by the
same method as in Example 2 using di-tert-butyl (2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyii]-8-phenyl-2,7-dihydro-6-thia-1,2,3, 5-
tetraazabenzo[ed)azulen-4-yl}imidodicarbonate (32 rng). 'H-NMR
(DMSO-D6) S: 2.18 (3H, s), 2.25 (3H, s), 3.73 (3H, s), 4.26 (2H, s),  5.46
(2H, s), 6.96 (2H, brs), 7.00 (IH, s), 7.34-7.37 (1H, m), 7.40-7.44 (2H, m),
7.62- 7.65 (2H, m), 8.08 (IH, s). 



ESI-MSm/z: 431 (Ni + H)'.  (Reference Example 1) 1)
4-Ethyl-2,3,5-trimethylpyri dine 1-oxide A mixture composed of
4-bromo-2,3,5-trimethylpyridine 1-oxide (5.76 g),  tetrahydrofuran (60 mL),
a 15% solution of triethylaluminum in toluene (40 mL) and
tetrakis(riphenylphosphine)palladium (0) (1.54 g) was heated under refiux
for six  hours. After leaving to cool to room temperature, toluene (60 mL),
methanol (12  mL) and subsequently a saturated ammonium chloride
solution (18 mL) were added,  and the mix ere was heated under reflex for
one hour. After leaving to cool to room  temperature, the insoluble matter
was separated off by filtration, and the filtrate was  dried over anhydrous
magnesium sulfate. The solvent was evaporated under  reduced pressure,
and the resulting residue was purified by silica gel column 276
chromatography (chloroform-methanol) to obtain the title compound (3.84
g, 87%)  as an oil. 'H-NMR (CDC13) 6: 1.10 (3H, t, j = 7.6 Hz), 2.22 (3H,
s), 2.27 (3H, s), 2.52  (311, s), 2.62 (2H, q, J = 7.6 IIz), 8.01 (111, s).
ESI-MSmlz: 166 (M+H)" 2) (4-Ethyl-3,5-dimethylpyridin-2-yl)methyl
acetate  I~ A mixture composed of the above
4-ethyl-2,3,5-trimethylpyridine 1-oxide  (3.84 g) and acetic anhydride (50
mL) was heated under reflux for 30 minutes.  After leaving to cool to room
temperature, the reaction solution was concentrated  under reduced
pressure. The residue was dissolved in chloroform and then washed  with
a saturated sodium bicarbonate solution. The organic layer was dried over
anhydrous magnesium sulfate, and then the solvent was evaporated
under reduced  



pressure. The resulting residue was purified by silica gel column
chromatography  (ethyl acetate-hexane) to obtain the title compound (3.64
g, 76%) as an oil. 'H-NMR (CDC13) 6: 1.12 (3H, t, J = 7.6 Hz), 2.12 (3H,
s), 2.29 (3H, s), 2.29  (3H, s), 2.68 (2H, q, J = 7.6 Hz), 5.22 (2H, s), 8.21
(1H, s). ESI-MSmlz: 208 (M + H)t. 3)
2-Chloromethyl-4-ethyl-3,5-dimethylpyridine hydrochloride  Hci A mixture
composed of the above (4-ethyl-3,5-dimethylpyridin-2-yl)methyl  acetate
(415 mg), methanol (5 mL) and potassium carbonate (553 mg) was stirred
at  50C for 30 minutes. After leaving to cool to room temperature, the
reaction  solution was concentrated under reduced pressure. The residue
was dissolved in 277  chloroform and then washed with water. The
organic layer was dried over  anhydrous magnesium sulfate, and then the
solvent was evaporated under reduced  pressure. The resulting residue
was dissolved in chloroform. Thionyl chloride (I  mL) was added under
ice-cooling, and the mixture was stirred at room temperature  for two
hours. The solvent was evaporated under reduced pressure, and the
residue  was washed with toluene by decantation to obtain the title
compound (299 mg, 68%)  as a solid. 'H-NMR (CDC13) S: 1.23 (311, t, J
= 7.7 Hz), 2.50 (3H, s), 2.55 (3H, s), 2.90  (2H, q, J = 7.7 Hz), 5.16 (2H, s),
8.34 (1H, s). ESI-MSm/z: 184 (M - H.  (Reference Example 2) 1)
3-Chloro-2,5-dimethylpyridine 1-oxide  wc; 3-Chloro-2,5-dimethylpyridine
(1.10 g) was dissolved in dichloromethane (30  



mL). m-Chloroperbenzoic acid (1.61 g) was added with stirring under
ice-cooling,  and the mixture was stirred at room temperature overnight.
The reaction solution  was washed with I N sodium hydroxide, and the
organic layer dried over anhydrous  magnesium sulfate. The solvent was
evaporated under reduced pressure to obtain  the title compound (1.21 g,
99%) as a solid. 'H-NMR (CDC13) 8: 2.27 (3H, s), 2.59 (3H, s), 7.13 (1H,
s), 8.07 (111, s).  ESI-MSm/z: 158 (M - H)~. 2)
3-Chloro-2,5-dimethyl-4-nitropyridine 1-oxide  NO T~~ry T~ 278  The
above 3-chloro-2,5-dimethylpyridine 1-oxide (1.20 g) was dissolved in
concentrated sulfuric acid (6 mL), and a mixture of fuming nitric acid (9.5
mL) and  fuming sulfuric acid (5.5 mL) was added dropwise over 25
minutes. After stirring  in that state for 30 minutes, the mixture was stirred
at 90C for two hours. The  reaction solution was left to cool, and then
introduced into ice water and neutralized  with ammonium carbonate with
stirring at room temperature. The insoluble matter  was separated off by
filtration, followed by extraction with chloroform. The  organic layer was
dried over anhydrous magnesium sulfate. The solvent was  evaporated
under reduced pressure, and the residue was purified by silica gel column
chromatography (chloroform-methanol) to obtain the title compound (1.11
g, 72%)  as a solid. 'H-NM,R (CDC13) S: 2.29 (3H, s), 2.63 (3H, s), 8.13
(1H, s).  ESi-MSm/z: 203 (M + H)-. 3) 3,4-Dichloro-2,5-dimethylpyridine
1-oxide  e 



c  N 6 The above 3-chloro-2,5-dimethyl-4-nitropyridine 1-oxide (405 mg)
was  dissolved in dichloromethane (5 mL), and phosphorus oxychloride
(915 L) was  added with stirring under ice-cooling. After stirring at room
temperature overnight,  the reaction solution was introduced into ice water
and neutralized with 5 N sodium  hydroxide and a saturated sodium
bicarbonate solution with stirring under ice- cooling. The mixture was
extracted with chloroform, and the organic layer was  dried over
anhydrous magnesium sulfate. The solvent was evaporated under
reduced pressure to obtain the title compound (387 mg, quant.) as a solid.
'H-NMR (CDC13) S: 2.34 (3H, s), 2.66 (3H, s), 8.12 (1H, s).  ESI =MSm/z:
192 (M + H)'. 4) (3,4-Dichloro-5-methylpyridin-2-yl)methyl acetate 279  C;
The title compound (156 mg, 33%) was obtained as an oil by the same
method as in Reference Example 1-2) using the above 3,4-dichloro-2,5-
dimethylpyridine 1-oxide (384 mg). tH-NMR (CDC13) 6: 2.16 (3H, s), 2.40
(3H, s), 5.32 (211, s), 8.33 (IH, s).  ESI-MSr/z: 234 (M - H) 5)
2-.Chloromethyl-3,4-dichloro-5-methylpyridine hydrochloride  c ci  N Hci 



The title compound (141 mg, 89%) was obtained as a solid by the same
method as in Reference Example 1-3) using the above (3,4-dichloro-5-
methylpyridin-2-y1)methyl acetate (150 mg). 'H-NNIR (CDC13) a: 2.60
(3H, s), 5.13 (211, s), 8.56 (1H, s).  ESI-MSm/z: 210 (M + H)T. (Reference
Example 3) 1) 3-Chloro-4-methoxy-2,5-dimethylpyridine 1-oxide  N' 6
3-Chloro-2.5-dimethyl-4-nitropyridine 1-oxide obtained in Reference
Example 2-2) (700 mg) was added to a 0.59 M solution of sodium
methoxide in  methanol, and the mixture was stirred in an argon
atmosphere at room temperature  for 18 hours. The reaction solution was
concentrated and a saturated armnorium  chloride solution was added,
followed by extraction with chloroform. The organic 280  layer was dried
over anhydrous magnesium sulfate, and then the solvent was  evaporated
under reduced pressure to obtain the title compound (625 mg, 96%) as a
solid. 'H-NMR (CDC13) d: 2.24 (3H, s), 2.62 (3H, s), 3.87 (3H, s), 8.07
(1H, s).  ES1 .MSm/z: 188 (M+H)+. 2)
(3-Chloro-4-metboxy-5-methylpyridin-2-yl)methyl acetate  c' ~cl N_~  eC
The title compound (460 mg, 61%) was obtained as an oil by the same  



method as in Reference Example 1-2) using the above
3-chloro-4-methoxy-2,5- dimethylpyridine 1-oxide (620 mg). 'H-NMR
(CDC13) S: 2.16 (3H, s), 2.29 (3H, s), 3.92 (311, s), 5.30 (2H, s), 8.29  (1
H, s). ESI-MSmiz: 230 (M + H)'. 3)
2-Chloromethyl-3-chloro-4-methoxv-5-methylpyridine hydrochloride  c' ci  I
I N~ 61  HU The title compound (118 mg, 79%) was obtained as a solid by
the same  method as in Reference Example 1-3) using the above
(3-chloro-4-methoxy-5- methylpyridin-2-yl)m ethyl acetate (450 mg).
'H-NMR (CDC13) S: 2.45 (3H, s), 4.29 (3H, s), 5.15 (2H, s), 8.43 (1H, s).
ESl-MSm/z: 206 (M + H)+. (Reference Example 4) 1)
5-Chloro-2,3-dimethylpyri dine 1-oxide 281  6 The title compound (1.92 g,
:luant.) was obtained as a solid by the same  method as in Reference
Example 2-1) using 5-chloro-2,3-dimethylpyridine (1.72 g).  'H-NMR
(CDCI3) 6: 2.34 (3I-I, s), 2.46 (3H, s), 7.08 (1H, s), 8.20 (111, s).
ESI-MSm/z: 158 (M+H)_. 2) S-Chloro-2,3-dimethyl-4-nitropyridine I -oxide



No, N The title compound (1.94 g, 79%) was obtained as a solid by the
same method  as in Reference Example 2-2) using the above
5-chloro-2,3-dimethvlpyridine 1-oxide  (1.90 g). 'H-NMR (CDC13) S: 2.33
(3H, s), 2.51 (311, s), 8.29 (1H, s).  ESI-MSm/z: 203 (M + H)`. 3)
5-Chloro-4-methoxy-2.3-dimethylpyridine 1-oxide The title compound (405
mg, 96%) was obtained as a solid by the same  method as in Reference
Example 3-1) using the above 5-chloro-2,3-dimethyl-4- nitropyridine
1-oxide (455 mg). 'H-NMR (CDC13) 6: 2.28 (3H, s), 2.48 (3H, s), 3.86
(31-, s), 8.24 (IH, s).  ESI-MSm/z: 188 (M + H)4. 4)
(5-Chloro-4-methoxy-3-methylpyridin-2-yl)methyl acetate  ci IAN` 0\/ 282
The title compound (346 mg, 71 %) was obtained as an oil by the same
method as in Reference Example 1-2) using the above
5-chloro-4-methoxv-2,3- dimethylpyridine I-oxide (400 mg). 'H-NMR
(CDC13) 6: 2.13 (3H, s), 2.29 (3H, s), 3.92 (3H, s), 5.19 (2H, s), 8.39  (1H,
s). ESI-MSmfz: 230 (M + H)~. 5)
2-Chloromethyl-5-chloro-4-methoxv-3-methvlpyridine hydrochloride  o' 



INS  c  HG The title compound (326 mg, 91 %) was obtained as a solid by
the same  method as in Reference Example 1-3) using the above
(5-chloro-4-methoxv-3- methvlpyridin-2-yl)methyl acetate (340 mg).
'H-NMR (CDC13) 6: 2.47 (3H, s), 4.32 (3H, s), 5.09 (2H, s), 8.54 (IH, s).
BSI-MSm/z: 206 (M + H)+ (Test Example 1: cell growth inhibition assay) A
cell growth inhibition assay was performed using two types of cells
(human  breast cancer cell line SK-BR-3 and human lung cancer cell line
NCI-H460). Cells of each type were suspended in a medium and seeded
into a 96-well  multi-well, plate at 500 cells/150 L/well. The test compound
was dissolved in  DMSO, and this was diluted with medium to prepare a
sample solution (DMSO  concentration: 0.5% or less). On the day
following the seeding, 50 L of DMSO- containing medium to which the test
compound was not added (hereinafter called  DMSO diluted solution;
DMSO concentration: 0.5% or less) or the sample solution  was added to
the cells. An MTT assay was performed immediately after and 72  hours
after adding the sample solution or the DMSO diluted solution to the cells.
The MTT assay was performed as follows. 283  5 mg/mL of an MIT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliurm bromide) solution
was added at 20 L per well. Thereafter, the plate was incubated  at 37C in
5% COc for four hours. The plate was centrifuged at 1200 rpm for five
minutes, and then the culture supernatant was removed by suction using
a dispenser.  DMSO was added at 150 L per well, and the generated
formazan was dissolved.  



The plate was stirred using a plate mixer to uniformly color the respective
wells. The absorbance of each well was measured using a plate reader at
an OD of 540 nm  with a reference of 660 nm. T/C (%) for each
concentration was determined by the following calculation  formula and a
dose-response curve was drawn to calculate the 50% growth inhibitory
concentration (GI50 value), based on the assumption that the OD value
measured  immediately after adding the sample solution was S, the OD
value measured 72 hours after adding the sample solution was T, and the
OD value measured 72 hours  after adding the DMSO diluted solution was
C. T/C (%) _ (T-S)/(C-S) x 100  The results are shown below. 284  [Table
II F GI5G value (nM) SK-BR-3 NCI-H460  Compound of Example 2 148
224  Compound of Example 4 44 9  Compound of Example 9 137 159
Compound of Example 12 150 460  Compound of Example 36 52 86
Compound of Example 37 307 411  Compound of Example 43 - _~ gl 253
Compound of Example 51 58 150  Compound of Example 67 130 300
Compound of Example 99 320 650 1 Compound of Example 111 49 94  



Compound of Example 115------ ---- 77 194  Compound of Example 116
37 89  Compound of Example 118 33 510  Compound of Example 123 38
71  Compound of Example 137 67 200  Compound of Example 141 41
260  Compound of Example 145 19 45  Compound of Example 151 48
110  Compound of Example 153 2600 5900  Compound of Example 164
410 760  Compound of Example 165 6800 16000  Compound of Example
167 3300 73p0  Compound of Example 172 Not determined Not
determined  Compound of Example 174 Not determined Not determined
Compound of Example 175 Not determined Not determined  Compound of
Example 176 Not determined Not determined  Compound of Example 181
45 76  Compound of Example 191 20 57  Compound of Exam P le 194 17
37  Compound of Example 218 75 160 - - - - - - ------------------- Comp uno
d of Example 223 - 140 _ ~~ 250 285  (Test Example 2: Hsp90 ATPase
assay) An Hsp90 ATPase assay was performed using a recombinant
yeast Hsp90  



protein (hereinafter called rHsp90). Yeast Hsp90 DNA was cloned from a
yeast  genomic DNA library according to a conventional method. The
cloned yeast Hsp90  DNA was incorporated into a plasmid for expression
in Escherichia coli, and the  plasmid was expressed in Escherichia coli to
obtain rHsp90. The test compound was dissolved in DMSO to 10 mM. The
dissolved  solution was diluted with DMSO to eight concentrations ranging
in three-fold  dilutions from 4mM. Each diluted solution was further 10-fold
diluted with an  assay buffer (100 mM Tris, pH 7.4, 20 mM KCl, 6 mM
MgCl2) (concentration of  each test compound solution: 400 uM, 133 uM,
44.4.tM, 14.8 M, 4.94.sM, 1.65  uM, 0.549 uM, 0.183 uM; DMSO
concentration: 10%). rHsp90 was dissolved in a TE buffer (20 mM Tris, pH
7.4, 1 mM EDTA) to a  concentration of 2.531 mg/mL. The dissolved
solution was diluted with assay  buffer to 125 pg/mL and dispensed to a
96-well assay plate at 40 uL per well (final  concentration: 100 ug/mL).
The test compound solution was dispensed at 5 uL per well, and then the
solutions in the respective wells were mixed using a plate mixer. 100 mM
ATP  (Sigma. Catalog No. A-7699) was diluted with assay buffer to I mM
and dispensed  at 5 uL per well (final concentration: 100 uM). The
solutions in the respective  wells were mixed using a plate mixer, and then
the assay plate was allowed to stand  in an incubator set at 37C for two
hours. BIOMOL GREEN Reagent (BIOMOL, Catalog No. AK-111) was
dispensed  at 100 FiL per well, and the reaction was terminated. The
solutions in the respective  wells were mixed by pipetting (three times),
and then 34% sodium citrate was  dispensed at 10 uL per well. The
solutions in the respective wells were mixed by  pipetting (three times),
and then the assay plate was left to stand at room temperature 286  



for 10 minutes. The absorbance at 630 nm of each well was measured
with a  microplate reader. The ratio of the absorbance of the test
compound-added group to the  absorbance of the test compound-free
group (T/C value) was determined by the  following calculation formula,
based on the assumption that the absorbance of the  well to which the test
compound and rHsp90 were added was A, the absorbance of  the well to
which only rHsp9O was added was B, and the absorbance of the well to
which neither the test compound nor rHsp90 was added was C. T/C =
(A-C)/(B-C) Further, the concentration for 50% inhibition of ATP activity
(IC50 value) was  calculated using GraphPad Prism 4 (GraphPad
Software, Inc.). The results are  shown below. 287  ['Fable 2] IC5o value
(M)  Compound of Example 2 - 1.0  Compound of Example 4 0.87
Compound of Example 9 i 1.2  Compound of Example 12 2.2  Compound
of Example 36 0.97 Compound of Example 37 3.3  Compound of Example
43 1.4  Compound of Example 51 2.4  Compound of Example 67 1.2
Compound of Example 99 0.82  Compound of Example 111 0.81  



Compound of Example 115 0.74  Compound of Example 116 1.1
Compound of Example 1 8 0.61  Compound of Example 123 0.63
Compound of Example 137 0.95  Compound of Example 141 1.0
Compound of Example 145 0.89  Compound of Example 151 0.89
Compound of Example 153 1.9  Compound of Example 164 0.97
Compound of Example 165 2.0  Compound of Example 167 5.4
Compound of Example 172 1.5  Compound of Example 174 3.4
Compound of Example 175 1.2  Compound of Example 176 0.89
Compound of Example 181 3.1  Compound of Example 191 LS
Compound of Example 194 1.8  Compound of Example 214 0.76
Compound of Example 21.8 2.3  Compound of Example 223 1 1 288
CLAIMS 1. A compound represented by the formula (1), a salt of the
compound, or a  hydrate of the compound or the salt: 



/R' R2 R' L- a 0 )  Nz  wherein in the formula (1), R' represents a
methylene group, an ethylene group or a propenylene group  which may
be substituted with 1 or 2 alkyl groups having 1 to 8 carbon atoms, R-
represents an aryl group which may have a substituent(s) or a
heterocyclic  group which may have a substituent(s), Ring A represents a
5- to 8-membered ring (wherein the ring constituent  atoms of Ring A
other than the sulfur atom at the 6-position are carbon atoms), and  R'
represents a hydrogen atom or 1 to 4 same or different substituents with
which Ring A is substituted, wherein  the same or different substituents
each independently represents a substituent selected from the group
consisting  of a halogen atom, a hydroxy group, a carboxy group, an alkyl
group having 1 to 8  carbon atoms which may have a substituent(s), an
alkenyl group having 1 to 8 carbon  atoms which may have a
substituent(s), an alkynyl group having 1 to 8 carbon atoms  which may
have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which
may have a substituent(s), an alkoxycarbonyl group having 1 to 8 carbon
atoms  which may have a substituent(s), an alkanoyloxy group having 1 to
8 carbon atoms 289  which may have a substituent(s), a carbamoyl group
which may have a substituent(s),  a carbamoyloxy group which may have
a substituent(s), an alkylsulfonyloxy group  having 1 to 8 carbon atoms
which may have a substituent(s), an amino group which  may have a
substituent(s), a cyano group, an aryl group which may have a  



substituent(s), a heterocyclic group which may have a substituent(s), an
oxo group  and =NOR31 (wherein R31 represents a hydrogen atom or an
alkyl group having 1 to 8 carbon atoms which may have a substituent(s)),
and when there is a plurality of the same or different substituents, any two
substituents of the same or different substituents together with the carbon
atom(s) on  which they are substituted may form a saturated or
unsaturated, fused or Spiro 3- to  8-membered ring which may have a
substituent(s). 7.. The compound according to claim 1, a salt of the
compound, or a hydrate of  the compound or the salt, wherein R1 in the
formula (1) is a methylene group which  may be substituted with I or 2
alkyl groups having I to 8 carbon atoms. 3. The compound according to
claim I or 2, a salt of the compound, or a hydrate  of the compound or the
salt, wherein RZ in the formula (1) is a heterocyclic group  which may
have a substituent(s). 4. The compound according to any one of claims 1
to 3, a salt of the compound,  or a hydrate of the compound or the salt,
wherein R'` in the formula (1) is a pyridyl  group which may have a
substituent(s). 5. The compound according to any one of claims 1 to 4, a
salt of the compound,  or a hydrate of the compound or the salt, wherein
Ring A in the formula (1) is a 6- or  7-membered ring (wherein the ring
constituent atoms of Ring A other than the sulfur  atom at the 6-position
are carbon atoms). 6. The compound according to any one of claims 1 to
5, a salt of the compound,  or a hydrate of the compound or the salt,
wherein R3 in the formula (1) is a hydrogen  atom or 1 to 4 same or
different substituents with which Ring A is substituted,  wherein 290  the
same or different substituents 



are each independently a substituent selected from the group consisting
of a  hydroxy group, a carboxy group, an alkyl group having I to 8 carbon
atoms which  may have a substituent(s), an alkynyl group having 1 to 8
carbon atoms which may  have a substituent(s), an alkoxy group having I
to 8 carbon atoms which may have a  substituent(s), a carbamoyl group
which may have a substituent(s), a carbamoyloxy  group which may have
a substituent(s), an alkylsulfonyloxy group having 1 to 8  carbon atoms
which may have a substituent(s), an amino group which may have a
substituent(s), a cyano group, a heterocyclic group which may have a
substituent(s)  and an oxo group, and when there is a plurality of the same
or different substituents, any two  substituents of the same or different
substituents together with the carbon atom(s) on  which they are
substituted may form a saturated or unsaturated, fused or Spiro 3- to
8-membered ring which may have a substituent(s). 7. The compound
according to claim I, a salt of the compound, or a hydrate of  the
compound or the salt, wherein the formula (1) is the following formula (Ia):
R, R R (:a)  F+~ SN NHZ wherein in the formula (la), R1, R2 and R3 are
as defined for R'. R7 and R3 in claim 1,  respectively. 8. The compound
according to claim 1, a salt of the compound, or a hydrate of  the
compound or the salt, wherein the formula (1) is the following formula (1
b): 291  p_R2 N-N 11 (1b) 



wherein in the formula (ib), R', R2 and R3 are as defined for R', R2 and
R3 in claim 1,  respectively. 9. The compound according to claim 1, a salt
of the compound, or a hydrate of  the compound or the salt, wherein the
formula (1) is the following formula (1c):  R_R2 N --N  R (lc7  \-SKHz
wherein in the formula (1c), R', R2 and R3 are as defined for R', R2 and
R3 in claim 1,  respectively. 10. The compound according to claim 1, a salt
of the compound, or a hydrate of  the compound or the salt, wherein the
formula (1) is the following formula ('1 d):  SRI F` N-N (id)  SN~NH1
wherein in the formula (Id), R', R` and R3 are as defined for R', R2 and R3
in claim 1,  respectively. 11. A compound represented by the formula (2),
a salt of the compound, or a  hydrate of the compound or the salt: 292  /N
kz NzN  I1 N  A I 



31 (2)  S'~N R4 6 5 wherein in the formula (2). R' represents a methylene
group, an ethylene group or a propenylene group  which may be
substituted with 1 or 2 alkyl groups having 1 to 8 carbon atoms, R''
represents an aryl group which may have a. substituent(s) or a
heterocyclic  group which may have a sub stituent(s), Ring A represents a
5- to 8-membered ring (wherein the ring constituent  atoms of Ring A
other than the sulfur atom at the 6-position are carbon atoms), R3
represents a hydrogen atom or 1 to 4 same or different substituents with
which Ring A is substituted, wherein  the same or different substituents
each independently represents a substiruent selected from the group
consisting  of a halogen atom, a hydroxy group, a cat-boxy group, an alkyl
group having i to 8  carbon atoms which may have a substituent(s), an
alkenyl group having 1 to 8 carbon  atoms which may have a
substituent(s), an alkynyl group having 1 to 8 carbon atoms  which may
have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which
may have a substituent(s), an alkoxycarbonyl group having I to 8 carbon
atoms  which may have a substituent(s), an alkanoyloxy group having 1 to
8 carbon atoms  which may have a substituent(s), a carbarnoyl group
which may have a substituent(s),  a carbamoyloxy group which may have
a substituent(s), an alkylsulfonyloxy group  having 1 to 8 carbon atoms
which may have a substituent(s), an amino group which  may have a
substituent(s), a cyano group, an aryl group which may have a 293  



substituent(s), a heterocyclic group which may have a substituent(s), an
oxo group  and =NOR" (wherein R31 represents a hydrogen atom or an
alkyl group having I to  8 carbon atoms which may have a substituent(s)),
and when there is a plurality of the same or different substituents, any two
substituents of the same or different substituents together with the carbon
atom(s) on  which they are substituted may form a saturated or
unsaturated, fused or spire 3- to  8-membered ring which may have a
substituent(s), and R4 represents an amino group having a protecting
group. 12. A compound represented by the formula (3), a salt of the
compound, or a  hydrate of the compound or the salt: H  ~N zN R3 A (3)
4'` NH 6 wherein in the formula (3), Ring A represents a 5- to 8-membered
ring (wherein the ring constituent  atoms of Ring A other than the sulfur
atom at the 6-position are carbon atoms), and  R3 represents a hydrogen
atom or I to 4 same or different substituents with  which Ring A is
substituted, wherein  the same or different substituents each
independently represents a substituent selected from the group consisting
of a halogen atom, a hydroxy group, a carboxy group, an alkyl group
having 1 to 8  carbon atoms which may have a substituent(s), an alkenyl
group having 1 to 8 carbon  atoms which may have a substituent(s), an
alkenyl group having 1 to 8 carbon atoms  



which may have a substituent(s), an alkoxy group having I to 8 carbon
atoms which  may have a substituent(s), an alkoxycarbonyl group having I
to 8 carbon atoms 294  which may have a substituent(s), an alkanovloxy
group having 1 to 8 carbon atoms  which may have a substituent(s), a
carbamoyl group which may have a substituent(s),  a carbamoyloxy group
which may have a substituent(s), an alkylsulfonyloxy group  having 1 to 8
carbon atoms which may have a substituent(s), an amino group which
may have a substituent(s), a cyano group, an aryl group which may have
a  substituent(s), a heterocyclic group which may have a substituent(s), an
oxo group  and=NOR31 (wherein R31 represents a hydrogen atom or an
alkyl group having I to 8 carbon atoms which may have a substituent(s)),
and when there is a plurality of the same or different substituents, any two
substituents of the same or different substituents together with the carbon
atom(s) on  which they are substituted may form a saturated or
unsaturated, fused or Spiro 3- to  8-membered ring which may have a
substituent(s),. 13, An HSP90 inhibitor comprising the compound
according to any one of claims  1 to 10, a salt of the compound, or a
hydrate of the compound or the salt. 14. An inhibitor of the ATPase activity
of HSP90 comprising the compound  according to any one of claims I to
10 or a salt thereof, or a solvate thereof. 15. An inhibitor of binding of
HSP90 to ATP comprising the compound  according to any one of claims
1 to 10, a salt of the compound, or a hydrate of the  compound or the salt,
16. A medicament comprising the compound according to any one of
claims I to  10, a salt of the compound, or a hydrate of the compound or
the salt as an active  ingredient. 17. An anticancer agent comprising the
compound according to any one of claims  



1 to 10, a salt of the compound, or a hydrate of the compound or the salt
as an active  ingredient. 18. A pharmaceutical composition comprising the
compound according to any  one of claims I to 10, a salt of the compound,
or a hydrate of the compound or the  salt and a pharmaceutically
acceptable carrier. 295  19. A method for treating cancer comprising
administering the compound  according to any one of claims I to 10, a salt
of the compound, or a hydrate of the  compound or the salt. 20. Use of the
compound according to any one of claims I to 12, a salt of the  compound,
or a hydrate of the compound or the salt for the manufacture of a
medicament. 




















