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 maior intracellular chaperone
protein, Chaperone proteins are prpteins that bind to various proteins to
assist in folding of the bound, proteins. A m.oup of proteins whose folding
requires HSP9O0 are generally called HSP9O0 client proteins. Itis
assumed that HSP90 as wellas@RURipi@¥roteins 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 Hspwjﬁﬁkﬂf@tﬁfnﬁﬁ\%ﬁ%ﬁgﬁﬁﬁwﬁ nt ); however, the
details of the mechanism are still not sufficiently clear.’ It is assumed that
I-ISP90 client proteins foiin a complex with HSP90, co-chaperones and
the like and are then conformationaliy changed to mature proteins, and
Tecataihagfoteins are ubiquitinated and degraded by proteasonies when

they are not folded normzf\lly by FISP90 and the like (Non-Patent
Doc s Y5O 1 At eSS IR AGTY FaleBeen

pyrEREFHAR-capdidaias; fnrtherapeutic-agants lorvarioys diseasgs (for
example, cancer, neurodegenerative diseases such as Alzheimer's
disease, cardiovascular diseases, infections, auto-immune diseases, and
diseases associated Wapoptotic cell injury) (Non-Patent Document 21.

Bacirgpoaviiedtdr; since many cancer-associated proteins including molecular
tar%\ég@%r. antfircl:gnlgclarmg em% are HSP90 cli%n.t pro&%ins, HSQPQOYinhjbitpors
have eer%seaxpeé(fe as candidates for antidancer agﬁéF}ﬁst_l}:&f%)?é%ﬁfé,

prof@Uiiple praisinsAveiued in.ihe.aRpRARRAG;ARYs HevRloRmeataf canger
such as Her2, Raf, Ain and telomerase are known as HSP90 client

gropratemsiéitonvRate it Dogurtentet )HE 9 Gssumeddha ¢dheseISPOO client
cancer-associated proteins are changed from immature proteins to mature

Profsi8teins and act to cause malignant transformation of cells, by use of
HSR90 a5 chapsrans praleln. LISEAR lpa pratein that exista not.enly in
cancer cells but also In normal cells, and'it is reported that the affinity with

parggligRtaroteia anshthe AliRase aetivlysiesessany-fonitsaChaRedantot

__ activity are higher in cancer cells than in notmal cells (Non-Patent
cliepioesgmsentsy t658Y risréteréhsySPOEhibitdrSeel assemdiad e BEP90
.. capable of inactivating multiple cancer-associated proteins simultaneously
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spectrum.

with HSP9(Q, 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 1
10 4).

In recent vears, 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,
autormmune diseases, and diseases associated with apoptotic cell injury) (Non-Patent

Document 2).



Geldanamycin, herbimycin, 17-allyiaminogeldanamycin (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

rep?ﬁpﬁ%xﬁ%@' tigndo.the above camRLRgs JEAE I DAGHMIENE Tuar

Non-Patent Document 5 and Non-Patent Document 6). [Patent Document

tarddtWE 20052834 34ents iNORTPatesiidRostnen, fIMedicintabReseatetbeen
Reviews (2006) Vol. 26, No, 3, 310-338  [Non-Patent Document 2]
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1,381-390 Disclosure of the invention Problems to be Solved by the
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as medlcame ts in %Iar as atntlc%w%er agsent described aﬁog
as a chaﬁemn Glh @? n %)%IS é} 'Pﬁev r]gcanc T cells but
an effecti compoun as no een obtaine refore, there'is a

alsaegddanieveinp a@a@ﬁ%@'r’éﬁ@ﬂ%@&ﬂ&i mnbibitingsthawiiegtof PSRV the
particular a novel compound inhibiting the function of HSP90 as a
AChraperting proteisamddratishamtivoerstiaotivitg. 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.
Geldanamycin, herbimycin, 17-allylaminogeldanamycin (17-AAG) and the
like are known as HSP9O0 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).
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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

1 181390 and having antitumor activity. This finding has led to the

Il
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31@;1]@14@, or a hydrate of the compound or the salt: 4/R- whereinin
the formula (1), Rl represents a methylene group, an ethylene group or

a propenyienet Groapnenich mayie! subdiitedaivithenos 2yl Hrolopst s,

hayving 1 to 8 carbon atoms,
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[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 HSP9Q, in particular a novel compound inhibiting the function of

HSPI0 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:



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 123
represents a hydrogen atom or Ito 44same 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 | 8-8-garbon atoms which may have a substituent(s), an
alkenyl having 2 to 8 carbon atoms which may have a
substi uentts), an alkynyl group having 2 to 8 carbon atoms which may
|§|  nt(s), an alkzﬁ group having 1 to 8 carbon atoms which
I
P

stituent(s), an-alkoxycarbonyl group having 1 to 8 carbon
ato [ ay flave a substituent(s), an alkanoyloxy group haying 1 to
8 carbion atems which may have a substituent(s), a earbamoyl group
which may have a substituent(s), a earbamoyloxy group which may have
a substieniishefombigis(lionyloxy group having 1 to 8 carbon atoms

Whichlmay have a substituent(s), an amino group which may have a

subJRtUERIEESIE ByBeid oG arPar] GROIBNEIRFPRES PIRpey lene group
substituent(s), a heterocyclic gro hich may have. a substituent(s), an
g S R G,

alkylrgraupavingn 110 $ CREPAMRICHS Which Ma% have@ substtaotilic
and when there is a plurality of the same or different substituents, any
growp shibdtitnentsof shelsamedldifferent substituents together with the

carbon atom(s) on which th%y are substituted may form a saturated or
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compound, or a hydrate of the compoun e sa erein Rl'in the

formulfathidsearmetiyuiene o ywhich manbestibstitutesvwithudngs Rith
alkyl groups having to 8 carbon atoms; [3] The compound according to

whi¢loRj2} A sadubftthiedompound, or a hydrate of the compound or the salt,
wherein R2 in the formula (1) is a heterocyclic group which may have a

substibihies):

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 2 to 8 carbon
atoms which may have a substituent(s), an alkynyl group having 2 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 & carbon atoms
which may have a substituent(s), a carbamoy! 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



[4] The compound according to any one of [1] to [3], a salt of the
compound, or a hydrate of the compound or the salt, wherein R2 in the
formula (1) is a pyridyl group which may have a substituent(s); [5] The
compound according to any one of f1] to [4], a salt of the compound, or a

hydrate of t d or th It, wherein Ring A in the f la (1) i
s o FSSTERE A (VAP T PR EOR I L LRBING: PR A St
andRAIRE SUAULALORY ALIRESBAROSHIRR Y& CRERPR: BHPS) groufPhahigs 1 to

compound according to any one of [1] to [5], a salt of the compound, or a
8 chydraieoatshekbnpound o thdsalicnfeyeindR3 in the formula (1) is a
hydrogen atom or 1 to 4 same or different substituents with which Ring A
is sthsmiRers WwadrsHice ofdhieupaitfeddiftisnbuthenests. a5&¥ach
S i&?teg%rs]%?%lg s%t%%bOStgﬁ?Q‘terslg Is%%g%(gufrgtmtgh%t ro\%’ﬂ?%%sci:%rfnc%o cﬁam(s) on
u‘:hyoﬁoxy group; a carE)oxy group, an aﬁ<yf’gr upeﬁavmg {0 8 carbon
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carbon atoms which may have a substituent(s), an alkoxy group haying 1.
8-ne18teach omatehishwhighhmayasabetitusotistituent(s), a carbamoyl group
which.may have a substituent(s), a_ carbamaqyloxy group which m{a{y have

a sUBSthie AP U RSASTHBRVILMY 5Tl Nl TR0 W atb At it
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substituent(s), a cyan() group, a heterocyclic; group which may have a

maSURStiibani®daRiian exp reupraid havindhemtbembsnapiuiality of the

same or different substitu.ents, any two substituents of the same or
diffefintlsubstitpeynd asgetdieevithl e Edrsorlamsriiesyonnatich ehey are

ubstituted may form a saturated or unsaturated, fused or Spiro 3-to .
hy AR ORI Wk TR P G Rt B (P (s RGBSR
gr%c%@%gﬁ,hg@g Qf@g&g@@ound, or a hydrate of the compound or

the salt, wherein the formula (1) is the following foimula (la):
[4] The compound according to any one of [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 [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 R® 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 1 to § carbon atoms which

may have a substituent(s), an alkynyl group having 2 to 8 carbon atoms which may



wherein in the formula (la” R', R2 and R3 are as defined for R', Ri and Pc"
in [1], respectively; [8] The compound according to [l], a salt of the
compound, or hydrate of the compound or the salt, wherein the formula (I)
is the following formula (Ib): RL-R2 HNCI b) NNh wherein in the formula
(1b)R- and R3 are as defined for R R2 andin [9] The compound
acco ah drate of t X und or

hav a sug t1 ]? %;[ of the C C} carbon ato ave a
& salt, w héﬁ% . F |s th E)Wlng OrAuia (f/ e|n in
subtiaﬁd@m)l &J&}b%h&%ﬂﬂ@ REiskens @@U@%@J%tﬁkeﬁ?s}a@d:ﬁ@dﬂc[ﬂoxy

respectively;
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 [1], a salt of the compound, or a hydrate of

the compound or the salt, wherein the formula (1) is the following formula (1a):
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wherein in the formula (1a), R, R? and R’ are as defined for R}, R* and R® in
[1], 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 (1b):

RYR
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E
. Y (1b)
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wherein in the formula (1b), R! R? and R® are as defined for R', R* and R’ in

[1], respectively;



[10] 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 (I1d): wherein in the formula (Id), RIl, R2 and R3 are as defined
for R, R2 and R3 in [I], respectively’ [11] A compound represented by
the formula (2), a salt of the compound, or a hydrate of the compound or

the %%%ge%gfﬁ"pé\ycﬁa&gr%lﬂ@% Ffiﬂ,ig Egﬁ S?Eﬁ‘e“c'%‘nﬁ%bm%, or a hydrate of

the compound or the salt, wherein the formula (1) is the following formula (1¢):

wherein in the formula (1¢), R', R* and R’ are as defined for R, R? and R® in
[ 1], respectively;,
[10] 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 (1d):

(1d)

wherein in the formula (1d), R', R* and R® are as defined for R', R* and R? in
[1], respectively;,
[11] A compound represented by the formula (2), a salt of the compound, or a

hydrate of the compound or the salt:

N
: 3 (2)
\S N/Z;\R4

wherein in the formula (2),



RI represents a methylene group, an ethylene group or a propenylene
group which may be substituted with | or 2 alkyl groups having 1 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-membergd 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

subSHitIRMES WIthARRERY FIFQEACRP b SHELHER, WHEREIRARECBERWEBF STouP
wietel SUBSHLENES g AR Independentiv(apresanis.a sybsiiment

séle om the group consisting of ogen atom, a hydroxy group, a
carbeXy.gresupaaliol gauphavingd, tedecashenialams)whicheraay e

a substituent(s), an alkenyl group having 2 to 8 carbon atoms which may
grbavevhi substinhent(s)s@rstalksmiyd )group having 2 to 8 carbon atoms which
may have a substituent(s), an alkoxy group having 1 to 8 atoms which

may Hage' d SUketRtiehts)° é)’ﬁr%?ﬁb@@ééf%w FEUP Raving '8 bon
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carbon atoms which may have, a substituent(s), a carbamoyl group
whicR gy iaye a suhsiisientiis) oa easbamaylexy: doen whtichwaay hale
a substituent(s), an alkykulfonyloxy group having 1 to 8 carbon atoms
wintlhicRingag e stisibdtituent(s)" an amino group which may have a
substiiuent(s), a cyano group, an aryl group which may have a
subsiittiériits), a heterocyclic group which may have a substituent(s), an

0XO0 %Qgﬁx?ﬁgrﬂi\f%%' {Wherein K31 represents a hydrogen atom or an

alkyl group having 1 to 8 carbon atoms which may have a substituent(s))"
and eachwhespinaenis acpiseality ot tiersameselcitie fanh shbgtituents;sanyig
two substituents of the same or different substituents together with the
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compound ora hydrate of- he compound or the salt:
which may have a substituent(s), an alkoxy group having 1 to 8 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 =NOR®’ (wherein R*' 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



JTh11NH2 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 3 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 hialegencatonn antiydrexygioun Bacarioxyngroumpan alkyl group

having 1 to 8 carbon atoms which may have a substituent(s), an aikenyi

group hiadv AR REIGEPERIS HRSHRE WRICHIEY Have REGhMFempo 1 A
b {%e ropp poa}l\{in% gdtgré% %%r%gn atoms which may have a substituent(s),

Tah al oxy grouBOhaving R t0 8 carbon atoms which may have a

substituent(s), an alkoxyearbonyl group having 1 to 8 carbon atoms which
may have a substiment(s), an alkanoyloxy group having 1 to 8 carbon
atoms whichi may have a substiment(s), a carbamoyl group which may
ituent(s), a carbamoyloxy group which may have a
an alkyisulfonyloxy group having 1 to 8 carbon atoms which

a substituent(s), a¥Xamino group which may have a
E%é{

ano group, an aryl group which may have a
substifuent(s), a heterocyclic group which may have a substituent(s), an

oxe group

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

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 2 to 8 carbon
atoms which may have a substituent(s), an alkynyl group having 2 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 carbamoy! 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



10 and --NOR31 (wherein R represents a hydrogen atom or an alkyl group
having Ito carbon atoms which may have a substitucnt(s)), and when
there is a plurality of the same or different substituents, any two
substituents of the same or differentGubstituents together with the carbon
atom(s) on which they are substituted may form a saturated or

R ARt T

8 ARGHAiag: LAMLne, afiA 1o Ak A salhof the compound. or a hydrate
of' the compound or the salt; [14] An’inhibitor of the Al Pase activity of

HSRe:coheprisiagiinelcorapoundraecardifigréatanysoneok [ hiotild], a
salt of the compound, or a hydrate of the compound or the sal; [15]
subsH fasiedries parting GHiasmionhstidimmis sraphsint théhe satpeuggpm(s) on

accarding to any.one of [1].to [10], a salt.of the compqupd, or a hydrate of
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8- 1SRMPQUN AECAIRINGQ ﬁ&‘b’e%%@t[@deﬁ%(@)?L? s_alt of t_he compound, or a
hydrate of the compound or the salt as an active ingredient; [17] An

antic¢ahténddeit Codmprisingpthersomgpbe ndnageord mg dolanyytoasyofd pto
Llo ,.a_salt of the compound, or a hydrate of the compound or the salt as
(15 hldivé WRYrediehtomPqyas AshRHHAL IS CEPREBRiIBh RS Mpiising
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acesceptablemoartiess [ 1] {391 A, meihast tae tealingheancehgonprising
administering the compound according to any one of [1] to [10], a salt. of
cothpodmpoiliagalir a hydrate of the compound or the salt; and Ti

[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 corﬁpound
according to any one of [1] to [10], a salt of the compound, or a hydrate of the

compound or the salt; and



[20] Use of the compound according to any one of Ill to [12], a salt of the
compound, or a hydrate of the compound or the salt for the manufacture
of a med icament. Advantages of the invention According to the
present invention, there are providéd a novel compound inhibiting an
effect of IFISP90, a therapeutic agent for a disease caused by an effect of

HS mprising th nd. a method for treati dis used
by B B T S e
coniesentdnyantienc hefe: aenpvided anovefcompedngrishikiting the
function of FISP90 as a chaperone protein and having antitumor activity,
medinaamtitancer 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
Ad%n%légg theEI5RQ family unless otherwise specified, The HSI?QO family
includes HSP9Occ, HSP901,1, 94kDa glucose-regulated protein (GRP94)
andAdspriditim ok gpteesisifiaetniorgceplo nassocidtechproteincniAP 1).
for example. In the present invention, "FISP90 inhibitor" refers to a
inhign il ise coipoiition therepaitialneer denfpliterycinmipng bncerfdlcop!
rsPRF R0, Examples of the HSR 90 Inbiblor indlyde & compound o o cerecr
composﬁlon tha par{%ﬂ/ or’comp e(%ely inhiBita e expression o y|_ﬁ§|§§%
of BRHR comparndhafeRIIPOSHMthal partially ek corpieteleinhibita:tbe
function of HSP90 as a chaperone protein. Here, "function of 1-ISP90
themsaaeghapeiohe proteiwhrefers! tola funtitre G SEO0 o HE¥KIstsfolding of a
client protein to convert the client protein to its functioning form, or a

haRIHERE RO HSBYO Y RABHHER TR PRoBA TP ARSI comprising the
corﬁl_}%. dingly.spegifia ?&@&%?&%%&5%%%?@ %’9%%%5&5‘&'“‘16 a compound
| onof H in

ibiting the expressi 90, a compoun Ibiting binding of
[ISP90 to a client protein, a compound inhibiting binding of HSP90 to
co-chaperones or inurtunophilins, a compound inhibiting binding of HSP90
BespMuz, nicompoua@ HhisitaycH®ATPase activity of HSP90 and a

compound inhibiting the copformatignal change of | . The HSP90
O GBS e (RehSR IR 1oy & b ied i e

thérapeu or a disease cause

a1 eHfecd PiSHGPRAG 1y uifetie Besent Rvemtion. exRRieshingy disrrse

caused by an effect of HSP90" include cancer, neurodegenerative
Ha#iseases Bieh, &dKlzhdimestsrdiséasd, prardio@BaWar diséapds/tumor

infections, autoimmune diseases, and diseases associated with apoptotic
neg@ﬁlﬁnfaﬁﬂr receptor associated protein 1 (TRAP1), 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
HSPOO to assist folding of a client protein to convert the client protein to its
functioning form, or a function of HSP9O0 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 HSP90 to a



Each substituent in the formulas (1) to (3) according to the present
invention will be described below. First, RI Will be described. R
represents a methylene group, an ethylene group or a propenyiene group
which may be substituted with 1 or 2 alkyl groups having 1 to 8 carbon
atoms. The "methylene group, ethylene group or propenylene 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 propenyle,ne

cl@FRWRYKhich Ay Benaubstitited withrk o 2ilirearckiaoshedkeyelic alkyl
groups having 1 to 8 carbon atoms. Examples of the alkyl group having |

imtm@oahilors s pnohybield g pletoen, ERSRYY g s lB, aceropyitfoup,
_ an isopropyl group, a cyclopropyl group, a cyclobuty| group, a cyclopentyl
BT e e A i i e
represents | iC : ).Qr cyclic
Coél roﬁBaV\%?c ?&rﬁ%%%\%%}i%sﬁ%%ﬁ S). 1%1%%E0g§élﬁg%%%@§g"aryl
therguRdhisbnn@y haweRsuhstiient(sEfefess Hsadgroup derived from a
monocyclic or '11j/cyclic aromatic hydrocarbon compound. The aryl group
may bellboprdechatranytpositonmEganiphes dfsaecasigeobp dpeiier af

henyl group, a naphthyl group and a fluorenyl T iyl 13
S oy b RS A GO, e Samae BB 8 e

caffgl%%%ﬁ&%?és&égqﬁfgmg&% IR sonsisting.of analkyl groupshaviag 1

carbon atoms which may have a substituent(s) and cl, d), O to j) and
wih papinithe:latafeescribed Substitucnt Group.  Here, the alkyl group
having Ito 8 carbon atoms in the "alkyl group having | to 8 carbon atoms

whiclkaahyHaticians ib strdermepsrdibie (d) admednhiaisnEgssRcyRtion
Wﬂ@é} écs)g&gg\gg% \%ﬁto 8 carbon atoms. Examples of the alkyl group

First, R' will be described.

'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.

The "methylene group, ethylene group or propenylene group which may be
substituted with 1 or 2 alkyl groups having ! to 8 carbon atoms" refers to a
methylene group, an ethylene group or a propenylene group which may be
substituted with 1 or 2 linear, branched or cyclic alkyl groups having 1 to 8 carbon
atoms. Examples of the alkyl group having 1 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, R? will be described.

R? 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
group derived from a monocyclic or polycyclic aromatic hydrocarbon compound.
The aryl group may be bonded at any position. Examples of the aryl group include

a phenyl group, a naphthy!l group and a fluorenyl group. These aryl



1 to 8 carbon atoms include a methyl group, an ethyl group, a propyl
group, an isopropy! group, a cyclopropyl group, a cyclobutyl group, a
cyclopentyl group and a cyclohexylethyl 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) tdj) and 1) to q) in the later-described
Substituent Group. The alkyl group having 1 to 8 carbon atoms may be

substituted on the same carbon atom or different carbgon atoms with these
SOBRHAEPES THESHAY 45 1L e BRI byl ooy i G i
dhe.DeISsREHRIC AIRUR MINER MARUDANE Bt IRSHENERE (S )o Tetars 48 a@HaUP
derived from a saturated or unsaturated, monocyclic or condensed

Wigier aeyiclieveompbsigientpanihg)ode Ditojdradkygen), inithedeteredesaitbed
atoms as constituent atoms of the ring structure. The heterocyclic group
ThbSHBEBdREE®-at any position. Examples of the saturated heterocyclic
group.include a.group derived fram azetidine olidine. imifdazalidingine 1
triazo |ae|ﬁeé%‘eet%%’?§(/?o%%%u ahna,V gﬁahtf/) o rl@ﬁh%%ﬁgéxi%licm,% &9' ne

hipzalidingspiReidinenRiperineutstiabyadroPisans dioxamner, branched or
tetrahydrothiopyran, morpholine, thiomorpholine, homomorpholine or

dyoinoglipd raxing hExiam plesSof e awansr disdrhples ot Yaticlgyb g Hchayeg
a group derived from pyrrole, pyrazole, imid z?le, triazole, teltlrazole,

tHRp e nraiamS iheboRk? BITHIS B HBsN. BOXR,BIRIpyridinep: an
dihydropyridine idazi imidi [ inalipg,i inoli
B e A o e o
thigeiepisiieing:dupeseraeteneey glieu@eoupsnpayde cubstituiadswity boe

or the same or different 2 to 5 14 substituents selected from the group
sontistie ity thecambavididies s dabbdaRibivsimielesinsvaye)do J)
substitueni(s) and e), d), f) to j) and 1) t in the later-described . ‘
TR A T A e St Y
which Q{'@ﬁ’xm\g BSURRIERI G iR asdelinedAheneoNEKbrES WilbeE atoms
described. 3 represents a hydrogen atom or 1 to 4 same or different
sifhstisse ntsbyithenisich deiagaA iiscan bstituibedtiveierein the same or

different substituents each independently represents a substituent

seIect%@r@f?tﬁ@@%@%@éﬁﬁéjW%W@(Rﬁ&e&f‘&f@ﬁY}%h?&%@vﬁraup, a
g@grgt%%fgés%u (%]f%rr]s %ké[ég%u deréll\\fl%aq“r%r%) ES%gt%rrg e%b%;[rourH Sa{%tg?e%ggrl@ﬁg] Sic

t(s), an alkenyrgroup having 2 to g carbon atoms w ma
BAVEASLBSEUERIESHIRN SHYHYh G ERURAGYINhE 4P B SBIHeM L SORNSINEIC
may have a substituent(s), an alkoxy group having 1 to 8 carbon atoms
witfohatoays havessulestituemy o) thn atwxtyecttyonyilgrbetorhayéhg drovr8may
carbon atoms which may have a substituent(s), an alkanoyloxy group.

RabPRyiPdc B BRABmIs WRIRITRAA 202 S A DSHERNIES, SR Edmgy2
roup which hay ubsii )i & I I which may
e oon
QRS WHIGR A RRRY 88 BIRSUHE D)o R BNINA QU Vpish idiay, have

a substituent(s), a cyano group, an aryl group which may have a

sistitientE)zhydetproeycliogroapsialcriradyonavenasotpbeiirnt(s), an

0x0 group and -NOR31 (wherein R31 represents g _hydrogen atom or an

@Bﬁ?ﬁﬁvm%%%% YA %ﬁ%ﬁé@@%&%&@&? By

ged whemthare S ARy Al e 5ae: OFJUfRrAR! SHASHILERIRL3HK WO
sggsti%%%ts of t#se1 same otré%ifférent subétitudggts togg#lger with the carbon
atanyis) Ruraxbichitheyharne, Sukstithiecbieayxfonie dsaliivadtd iooxazole, pyridine,
unsaturated, fused or spiro 3- to 8-membered ring which may have a

slimediemniding. pyridazane Ry TepEBRME2Z46Y Guin/ise.diferspline, indole,
substituents, Ring A ma ae ubsti utedk% the same carbgn atom or ..
RTINS0 P CAIE MDY B B ine
Sﬂ%gth‘é?éiiocyclic groups may be substituted with one or the same or different 2 to 5



15  The "alkyl group having Ito 8 carbon atoms which may have a
substituent(s)" is as defined for R2 above.  The alkenyl group having 2
to 8 carbon atoms in the "alkenyl group having 2 to 8 carbon atoms which
may have a substituent(s)" refers to a linear, branched or cyclic alkenyl
group having 2 to 8 carbon atoms. EXdmples of the alkenyl group having 2
to 8 carbon atoms include a vinyl group, an allyl group, a 1-propenyl

oup, a 3-methyl-2-pentenyl group, a 1-butenyl grou e I
Ho R T L T ST, o
CRIBANBIANGHIALRE Sbstituiesiwithpyaml theisame orsiffeyeng liatd
substituents selected from c) to j) and 1) to q) in the later-described
|Sabstiteeibt GSobpti et Stkanyl Hoeplhaldby Rerow dariva htorkhsarsnbe

substituted on the same carbon atom or different carbon atoms with these

HOBSHTEFRIN S E ASHPRANPESlBS ARAEH e 2PR¥alkyny! group having

2 to 8.gar atoms. i "alkynyl group having 2 to 8 carbon atoms
which%gggﬁ\/%%&%gg%%g%%(s)" refers to a linear or branched allcynyl
group feaipe2:£6: 8 Gatheseatans. dExamplesmeldhe: sienybgsstimdmyingt?
to 8 carbon atoms include an ethynyl group, a 1-propynyl group, a

RhirbRingl reuspbstitutsdtfwberpiouhe sagibatydifiesrouprbritusasrastynyl
group. These alkynyl groups having 2 to 8 carbgn atoms may he

SRR g A ST S oFS AU UaTRY teRlcted

: | | sAESCHRS hPMRSILISNE GAOMR. TTHeS
Iféa[i&;%‘@)l %%oﬁlugyhgﬁwég g%gsggégrﬁﬁoat%%s@n?ay belgzu stitlfjted gﬁ% the same
cathanaiorvaiidifiamsnisarh sobatonestuiluthaRenslipstitpentanm3atas asrbon
it can be substituted.  The alkoxy group having I to 8 carbon atoms in

sunsikbiop gravpIadAsyLEiSeEaibemaomd sRhFE)hAale Hearbon atoms

bstit " ref t k taini | having.
it aeter S Satm i Sy AR S
Ao rouRRAviagd 8 ARIRIBABMT B6lAedi Kt aravP afins

ethoxy group, an n-propyloxy group, an isopropyloxy group, an

ishichtylaxhagreupnbsayotafsopyimitmdeioxgmappemd ag 1 to 8 carbon atoms
cyclopentylmethyloxy 16 group. These alkoxy grougs having 1 to 8

BB AT A 1 B Bk AT RHA B 81O NS U ShBaS i Rep SHP S B15(S):
substituents selected from c) to,j) and 1) t in the - '
R R S IR Bl s bR S R AR s
SHPStuteranthensARIS GARIMAIP L s Slifferentaalbpamiams witufheaech
substituents, insofar as it can be substituted. The alkoxycarbonyl
groubalavingbsttmnt@ibonyatengsonpthia ‘il axgoarbiojl geyupharing 1 to

8 carbon atoms which may have a substituent(s)" refers to

MBSO G LI 4T, SRINERY BB P L 5 e §7ouP
SRR above s SruEUs. oA e Ak EEvBanY

group having 1 f0 8 carbon atoms in a methoxycarbonyl group, an
SthasyeaiRenyhaiol P hapsenylpxysRIGHY | @tbuBeAlhere is a plurality of the
isopropyloxycarbonyl group, an isobutyloxycarbonyl group, a
syaloprobfiienethyibgiibabergigroas et ey pijdatametidssseatbony!
group. These alkoxyearbonyl groups having 1 to 8 carbon atoms may be
SHBITARES (ORARBHGrYe SATH GH ORIt Bt S aEt GRS SAacRay o

f&%gau%t%%ﬂgnau ALY mst&%%%fggs%i Red URSUIERS GERUPmMADRave a

aikoxycarbonyl group having 1 to 8 carbon atoms may be substituted on
i sancanbon atom or different carbon atoms with these substiments,
insofar as it can be substituted. The alkanoyloxy group having | to 8

carbonWhsm&irreheeseikah &y kb gner oudiktvang Suheslisiearh dHndhigartieh

may have,a substituent(s)" refers to an.alkanoyloxy group cgntaining an
ORI ol 201G 08 LR AU AL S A He Efkanoy
WRMRDBHOGA IR SHRER RAMRIGTS to @ linear, branched or cyclic
alkanoyl group having 1 to 8 carbon atoms. Examples of the group include
a forrnyl group, an acetyl group, an n-propionyl group, an n-butyryl group,
an isobutyryl group, a cyclopropanecarbonyl group and a
cyclohexaneearbonyi group. Accordingly, examples of the alkanoyloxy

group haying 1 to 8 carbon atoms include a foinlyloxy group, an acetyloxy
aAroitin an nnronionvyioyy arorin an n-hiimtvirv/lovyy Aaroirin an ienhiimmvrvloyy



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
may be substituted on the same carbf? 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 h@é/i@g@@bégm@ @6 8 dart Jnambeied sakraieda
nitrogen-containing heterocyclic carbonyl group which may have a
sUbstitaetis)s)isins adfinishfto B carosmoyl group.  Here, the carbamoyl
group having a substituent(s) refers to a (:arbam.oy{lé ro s?ﬁstitute with
one ortheLkFRY SF USRI AT SABEHRGBAIS B AT %d ﬂﬁ%@ rgor‘%}bga““g 2

@Ogéa%ﬂag %Bﬁﬁ %ﬁ%@%@@é@%&ﬂ&&%ﬁ%@%%ﬂﬁ@, A% HRYER

ubstituent(s) as above, an alkenyl group having 2 to 8 carbon

Ao NbISh Frauphavena Substitteniiskenwdienpidsovietharmiiityylytroup
group having 2 to 8 carbon atoms which may have a substituent(s) as
lisfined sbdverten atgigrngpdmicrimihg e n AlD SR g<) ROBSrgdouD,
for R2 above and a heterocyclic groyp which may have a substituent(s) as
A S B O R A AR 0 R o ok e
QAIRAER:AOMAINI e, i teracycin AP Ryl BramAdBeIUsl® 8Rtbon atoms may be
azetidinocarbonyl group, a pyrrolidinocarbonyl group, a

sobspihatio edathanyd drosgmand diffgyenazinodadbetiydantospleted &oto ¢) to )
7-membered saturated nitrogen-containir}é;?g1eterocyclic carbonyl group

sy e suissthelaBrraiGheS P uRetEumme GrodifeldRt B Ry SIDSRRRIRE §rio
t lected f | hich :
SRR R AR R SR

thed above'a 0))an 0(q
GEaPwRensaduiiach e geR.caiaining Betanaeiaticicarbonyl group may
be substituted on the same carbon atom or different carbon atoms with
these diifestiigenigringofaraw i tal barsubstimtei, thghekkine lsatovatbeying 2
nitrogen-containing heterocyclic cargo'nyl groyp contains as a constituen
R R BRGNP A5 B G E6Ab ARSOR
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ato an the nitrogen atom bonded to the carbonyl group may be

b BiwisldHhsarubsitient sele cleddran-ploayl. dehup), ) ncoghin group,

the later-described Substituent Group.  The "carbamoyloxy group which

maphiavelgsuistdent(e)yraterpend edrbaroyibssPyPoul e kY groups
arbamoyl group which may have a substjtuent(s) as defined above.in it
e e S BT B BN S e SR AT gy 2 or

g;%%%ﬁ%@ﬁ%mxle@{m@%9{%&1&4% Yl RABIQMQYLIHO R Rituent

propylmethylcarbamoyloXy group, an N,N-dimethylcarbamoyloxy
gredifp. arhbletbyii dnetpisamarnoyoygiowpns puydidinbsarioryn the
group, a morpholinocarboxy group and a 4-methylpiperazinocarboxy .
grorgearbor R Mk AtiFERY D Gr LA ATER Hess FaREI BB stRERIAR@Y it can
refers ta an alkylsulfonyloxy group containing an alkyl group having Ito 8
c?grf)% téttlgﬁ% which may have a substituent(s) as defined above in its
structurg, EXRIPIER 0h 108 RIKVISHIEORAMY LERMRINEEING 1k 8 RFRPRaving 1
atoms which may have a substituent(s) include a methanesulfonyloxy
gocipaythichtomay hizice msyhstituent(s})itaeéethardsud foradeiyagnogpwhich
may have a substituent(s), an isopropylsulfonyloxy group which may have

SRBEHAEMEK BB HOPRA SOOI HrBtir iR REd ARaYs i its
SRR R R RIS R A S0P KSR AR B Buce o
substitientSy aRa s cyc?openﬁ}’ll%et anesuﬁon;?loxy group which may
r}ﬁé’@l@x?gl?@%;'%ﬁtéﬁ?oxy GkbEp. aMIN PR BB O NaY iBaMe By loxy group, an
substituent(s)" refers to an amino group substituted with one or the same
dsahfferent terowgubstitdents pirirackdiion t@@aummiho grdapemiiimethyloxy
substituent for the amino group is selected from the group consisting of an
alkyl group having | to 8 carbon atoms which may have a substituent(s) as
defined above, an alkenyl group having 2 to 8 carbon atoms which may
have a substituent(s) as defined above, an alkynyl group having 2 to 8

carbon atoms which may have a substituent(s) as defined above, an
Aallkovviearbonyv arorin havina | 1o Q carbon atnme which mav have a




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 R- 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
oRHPSHHERLES) 1@ ARASUYORKATOU R VENIGH BRay JIRY fay SHDSIRRIS) And
a heterocyclic sulfonyi group which may have a substituent(s). Here,
otlkent'aylcarlomydiffoupt Which poaythese sssisbstittient(s) togiersdd) amq) in
aryicarbonyl group containing an aryl group which may have a

the IBiSTrdesIDLa S HRTHBEOP RUBh Ve $iHKo S1r gttt Tkagnpie S srthen
aryicarbonyl group which may have a substituent(s) include a. :
B TS i e e R PR R B woms wi
tRapbibyicathenyl grevRvhich masbanedsubstituent(s) and a
fluorenylcarbonyl group which may have a substituent(s). The
"hetefldoydlioxaribdnylgsvoppvihich griaty avebasatsstitueril(s ) aléfersctobanyl
heterocyclic carbonyl group containing a_heterocyclic grotl%;}),!vgh'ch may
e.

SR LD RS ORAHITR S TOR FSYabR et RS EH R SEDRS of
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dedaichemaphave i sthstitentGramitssalideopysancanbanyl gramthwhighl to
may have a substituent(s), a pyrrolidinecarbonyi group which may have a

St PR(S jinal plsecBlifiby pr el Wvhiste vRagHavexy wibetl ), & n-
morpholinecarbonyl group. which may hayve a substituent
i Rt o LS
SRR WG PIBYI BRYIR B Y BSHUSAT S B Mie%b%wm@maﬁ%rbonyl
have a substituent(s), an imidazolecarbonyl group which may have a
gsolnstitUBRs phod aitbanglegarhoidgngupiavBichtroayp tanvenzay be
substituent(s), The "alkyisuifonyl %roup having | to 8 carbon atoms which

SHPa(HiRde" BUBSHD iR (P rete IS TE AN SUTFORT P pLBregi AR an to )
lkyl ing 110 708 i
aglggg,é%[)géjnp&g% @%}é— | r%’sgi%ed%%{@&%%%%‘ﬂg{mfﬂ@& gygﬁﬁbeonyl group

ed above In its structure, Examples
ralayisuoy.esen RtbaMing B garhancatomsavaiel sasyoRavendor different
substituent(s) include a methanesul limy' group which may have a.

cotlystinteny s)ithmhesh anbsiittsnid. groapruwkicrandy Habeiitdbstituent(s),
an isopropylsulfonyl group which may have a substituent(s),
o Dare AU T Raonions o
revglorepfanestilionyaraup hich may.haye & aihgiiuenits) and.a
cyclopentylmethanesulfonyl group which may have a’substituent(s).
alhgoaryisutieny @iauininbich aiay hgve eusihsiitgant(s) ceebers d@an in its
arylsulfonyl group containing an aryl group which may have a

stilsSEIent(®y S HERNbETRBIPRZ YRS ISicepacHYes Exdrip le< drgie,
arylsulfonyl group,which may have a stituent(s) include
A R A R R O Bamplcn prtns
elsa e tllels mm‘%ﬁxﬁ,umg&%m@w@c&@ﬁlwgfm?ug@iw, GFOP utyryl
which may have a substituent(s). The "heterocyclic sulfonyl group
aathioh amaso biatyeya substituentis)t apdersav enlye rpapyatic sulfonyl group
containing a heterocyclic group which may have a substjtuent(s) as

YEHHE FOrIM BB ETAUR sttRAHEnERAMSIER 67 fHe et LGOI

[ h - it j t If
D B Y OB D S Sl ARy Bl S
PR diaNee sHhglituenttakyausanswionyhgsoumyvhichymayubaye a

substituent(s), an isoxazolesulfonyl group which may have a
subspitoemts) zothiwzolesatip ryligrovip absich saasp ey supsbituehiesy,
an imidazolesullonyl group which may have a substituent(s), a
pyrazolesulfonyl group which may have a substituent(s) and a
vridines-uifonyl group which may have a substituent(s). The "aryl group

which may have a substituent(s)" is as defined for R.2 above. The
"Natarnevelie arornin which mav have a crithetitiient(<e)” ic ac dAafined ihr R?2



above. 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 Ripg ! in the fomnda (1) 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
adkARAYIABINEERURT iRty BishEfieub prrbesritomeRHabes BBy BB AHD aHeon

8-membered ring m e substituted wjth one or the s or. different 2 or
S SFE Sorc POMR ON  ME TL ek S o i et
BedARdmeRRaIsd drgupay Re.aubRHIdigdLo e aAmEesaBsRANRata RS
different carbon atoms with these substituents, insofar as it can be
ssufestittited afoine Satkjfqgeatipatzndngintordthanbonsatmmseuticinsoiay dsavean
a substituent(s)" in R31 is as defined for R3 above. Next, R4 will be
HeteRa represents an amino group having a protecting group.

The prgeRting ey gig?gg,ew"l%@ﬂ%g KR BAUNG ARIReCHNg: IIURIBA001

. C X
particutarly fimi as It'Is a protecting group used in a common

SHpHsehe miskyreastions: Examplescaiibe antieagi@ulbasing faining
protecting group include an alkanoylamino group having | to 6 carbon

letiorsyeliteeryb ooy achpnyhashinmy roup 2o eitertdnitoxye addomparaino
group, a benzyioxycarbonylamino group, a cii(benzyiexycarbonyl)amino
Gr5am oK s oxybenzylamino group, a di(p-methoxybenzyl)amino
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group and an N- (tert xycarbony1)-N-(2"4-dimethox ybenzyt)arnino
arsipathiexitiRing Acwill berdesciibRebnt twRind Airepresetdsal frota the group
8-menibercd ring. Ring A is, as represented by the formula (1%:

consisting of an alkyl group having 1 to 8 carbon atoms which may have a
substituent(s) as defined above, an alkenyl group having 2 to 8 carbon atoms which
may have a substituent(s) as defined above, an alkynyl group having 2 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 R? above and a heterocyclic group which may
have a substituent(s) as defined for R? 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 may be substituted with
one or the same or different 2 or 3 substituents or atoms selected from an alkyl group
which may have a substituent(s) as defined above and c) to j) and I) 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



6 a 5- to 8-membered heterocyclic D-oup containing as a ring
constituent atom one sulfur atom at the 6-position of the compound of the
formula (I). The ring constituent atoms of Ring A other than thn sulfur
atom are formed by carbon atoms. Ring A may have a double bond.
therein. [Substituent Group] a) an alky? group having 1 to 8 carbon atoms
The "alkyl. group having 1 to 8 carbon atoms" refers to a linear, branched

ors¥alic.alyb AR RRAYBE e BeathanAlampdexamries Rl thaplkyh§ioigen

having 1 to 8 carbon atoms include a methyl group, an ethyl group, a

qsapybodi anisapropyl ooy acyblopropitigroupieacutisBueyi griecd
cyclopentyl group and a cyclonexylethyl uoun, b) a halogenated alkyl

fERBuD Haivingd - LB Eidifser-CrAg Rl gemEd A Broup
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above W iS substi ne or the same or different 2 to 4 halogen
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different carbon atoms with the halogen atoms. c) a halogen atom d) a

deydirixgdgrionys &) Hn st tgout Eyangyenef grogprbamoyloxy group include a

carbamoyloxy group, a methylcarbamoyloxy group, an ethylcarbamoyloxy group, a
cyclopropylmethylcarbamoyloxy group, an N,N-dimethylcarbamoyloxy group, an N-
ethyl-N-methylcarbamoyloxy 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 1 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 group 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 2 to 8 carbon atoms which may have a
substituent(s) as defined above, an alkynyl group having 2 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



g) a cat-boxy group h) an alkoxy group having 1 to 8 carbon atoms '73
The "alkoxy group having 1 to 8 carbon atoms" refers to an alkoxy group
containing an alkyl goon having 1 to 8 carbon atoms as defined in a)
above in its structure. i) a halogenalt%d alkoxy group having 1 to 8 carbon
atoms The "halogenated alkoxy group having 1 to 8 carbon atoms'

hav{éﬁtge{%% %Qrﬁl&‘ﬁog%rgwﬁggg{h' ;@@eaa%'@&%@&%g alkylgroy gb%%gi%g lto

carbon atoms as define ove In its structure. J) an alkoxycarbonyl
cargeupihavingwhichSearborcalemstituetig salkexyanibeny| graup having 1
to 8 carbon atoms" refers to an alkoxyearg)onyi group containing an alkoxy
whigfotg hBiiag Febs8 barbon andaisiad deflhiethinvh rdistvredrdiis stutorkick)
an alkanoyl group havi to 8 carbon atoms The "alkanoyl group
™o e 1018 TAFOA oA erdTE o TN Bar ErRIReR I n By
hav@QURBRNIAG Y 19 Betathoniatoms obyRrRiesal the.alkanayh grauphaying
1 to 8 carbon atoms include a formyl group, an acetyl group, an nnropionyl
an gtolpyl amyi-putypyigiagp, @ntisabhiyrylogrou, e eysioprapylasrhonyhi(s),

group and a cyclohexylacetyl group. 1) an alkanoyloxy group having 1 to 8
an gyigiozin e up 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 R 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 R” 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 substituent(s), a pipecolinoyl group
which may have a substituent(s), a morpholinecarbony! 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 nicotinoy! group which may
have a substituent(s), an imidazolecarbonyl 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

substituent(s)" refers to an alkylsulfonyl group containing an alkyl group having 1 to



The "alkanoyloxy group having 1 to 8 carbon atoms" refers to an
alkanoyloxy group containing an alkanoyi 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 #ttlude a formyioxy group, an aeetyloxy
group, an n-propionyloxy group, an n-butyryloxy group, an isobutyryloxy
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an amino group may ne su uted with one or the same or
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group which may he substituted with one or the same or different two alkyl
subgriougys(havieigdt tons:tembon! ftoyhstoeferd tchanalisisstisutst] tapmito, an
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aving to 8 carbon atoms he “ttarbamoy! group which may'be
subsubsifuigd Wik oretadhe fsameendifiaieniwohalykgidypsibavingnl to 8
carbon atoms" refers to an unsubstituted carbamoyi group or a carbamoyl
cyqppep sutsstitaesuliontl Bume wkighgrsupRragifig 1o Earbon atoms as
defi d,in‘ail) ove. or%, alkanoylaming grou 2 ving 1 to 8 carbon
o L R SR e A e reters to
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carbon atoms as defined in k) above in its structure. p) a phenyl group
defivhicfomzydbe suipstitstectwith ofix amthes sathe oytiffdoant gram@which
substituents selected from the Substituent Group consisting of a) to d) and
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The "heterocyclic sulfonyl group which may have a substituent(s)" refers to a
heterocyclic sulfonyl group containing 2 heterocyclic group which may have a
substituent(s) as defined for R* 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
pyridinesulfony! 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 R’
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



Examples of the saturated 4- to 7-membered monocyche hctterocyclie
group include a group derived from azetidine, pyrrolidine, imidazolidine,
triazolidine, tetrahydrofuran, tetrahydrothiophene, oxazolidine,
thiazolidine, piperidine, piperazine, Etrahydropyran, dioxane,
tetrahydrothiopyran, morpholine, thiomorpholine, homomorpholine or
atoRRIORIRGIAZ ARG Exaples Al Hhe, ynsaturaled ArtPo TRERRER fused or
monocyclie heterocyclic group include a group derived from p-y-rrole,
spipsT-azoleniniterzdientriehtle retrazote  thiopieae( furericiMazdla faxazole,
isothiazole, isoxazole, Eyridine, dihydropyridine, pyridazine, pyrimidine,
3- GUInBRAYSISEStIEo R DiFHOI B2 13 dRSRATNGRIN S be RoBtadbleig A in the
orfhigzoloRyidine, 25, Inan embagiment of (e present Invention, Rl is
preferably a' methylenie group which'may have 1 or alﬁl;]l‘?gmt‘fps having
satdri@8 GRERANRtamsuaRch Mere Rrefarkly A MRsURsItHtadMathyis e,
group. R2is preferably a heterocyclic group which may have a
atogubstittighi(syorhe hetepeydiitugrouos: preferablyacpypodydtgroup] e 3- to
pyridazinyl group, a pyrimidinyl group, a pyrazinyl group, a benzothiazole
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different substituents with which Ring A is substituted (wherein the same
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selected, f the group consisting .of a hydroxy.group, a carboxy group,
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substituent(s), a carbamoyloxy group which may have a substituent(s), an
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atom(s) on which they are substituted form a saturated or unsaturated,
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consisting of an alkyl group having 1 to 8 carbon atoms which may have a
besufistimerti(s)ylamalkygnyhpre dl thaving 2vta:d eahaniatomswhigh may
have a substituent(s), a carbamoyl group which may have a substituent(s)
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a di(tert-butoxycarbonyljamino group or a di{pmethoxybenzyl)amino oup,
(terislraRlR-Preterply @ diderehisiopyearapavlantaegroup.  Ring Ais
preferably a 6- or 7-membered ring. Specifically, Ring A is preferably a
corrésponding partidlbsteesturecth a compound represented by any of the
fOHO\fﬂgg ;ﬁ? gre%léle%gn(tlsa 21 tSO- &I)dglmembered ring. Ring A is, as represented by the

formula (1):



rb!l N \IS ---C'IN-;1:2!I'-" NI I, and wherein in the formulas (Ia) to (1d),
RI, R2 and R.3 are as defined for RI, R2 and R in the formula (1),
respectively. The compound represented by the formula (1) according
to the present invention may be presént 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 folluta (1) according to the
present

R—F

/

(1)

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 1 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
1 to 8 carbon atoms include a methy! 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 1 to 8 carbon atoms

The "halogenated alkyl group having 1 to 8 carbon atoms" refers to an alkyl
group as defined in a) above which 1s substituted with one or the same or different 2
to 4 halogen atoms. The group may be substituted on the same carbon atom or
different carbon atoms with the halogen atoms.

¢) a halogen atom

d) a hydroxy group

€) an 0Xo group

f) a cyano group

g) a carboxy group

h) an alkoxy group having 1 to § carbon atoms



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 reptesented by the formula (1) according
to the present invention has antitumor activity to various tumor cells and is

usefﬂlwa,s nanticancgr ax?e?t ingibiténq%bHSPQQ. oreover, the compound
|

represented by The formuia (1fa8c8raRg 18 e (SHeSeRtih fertis e P
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substituent (for example, a halogen atom such as a chlorine atom) and
strtlhgmefore 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 viv®halogh e ater shepadimaripst teSoredentaiintion, the
e by the f la (2). wherein in the f la (2), RE,
COMROL r}lqé%%%eﬁicp 5%90){5 (%c?iu ggzwilna& 1220 ca%%llna:ﬁo%see g‘frerpsufg éﬁ,

R2, R3and Ring A are a forR and Rin.g ormula

alkigspaciivelynand -4 KeRRsaNS AR ARNHS HAHRAM OG-8 PFReCHRgas
group, is important as a production inteirnediatc for the compound
detapdasdntetb by formsiai¢tyte.  In another embodiment of the present

invention, the compound represented by the formula (3): ? I (N FC-7 A
ichrl) *0 RHEESA" i%‘?ﬁ?ﬁé"@% R% gﬁ&rﬁ?ﬁj“ﬂtﬁf*e as defined for 11-1

and-Ring, A R 4BSIBAMUIa,(h IS SRECUYElY. 1S AMRRHART &8.a production
intermediate for the compound represented by formula (1).

alkoxycarbonyl group containing an alkoxy group having 1 to 8 carbon atoms as
defined in h) above in its structure.

k) an alkanoy! group having 1 to 8 carbon atoms

The "alkanoy! 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 § 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
cyclohexylacetyloxy group.

m) an amino group which may be substituted with one or the same or
different two alkyl groups having 1 to § 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 amine group



The tricyclic pyrazolopyrimidine derivative of the present invention may

remain in a free fonn 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 particulgrly 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 salt incésd inorganic
or G R A R AL

defhiydraiogigigsand phosphates, and organic acid salts such as acetates,
methanesulfonatcs, benzenesulfonates, toluenesulfonates, citrates,

malentesy famayatesiandHattates Hexahwlescofwhid saftsr 28 chwarboxy
oups include any of ingrganic salts or organic salts such as alkali metal

dif%%?f%t Ser Ly ignans SaH Ssbidht eRrL 4iMSotassium salts, alkali earth
. - potas . s,
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triet Ine salts and

diffsis(hydsoxyimathudlaminogneibanesatisatoms The@ohaie indioktituted
particularly limited so long as it is medically acceptable. Specific examples

carbfipy stoapeoint kideamatatearanyhacbtedads) 1 or Rieltylazryprsdiariemod
or producing the.compound represented by the formula (1) will be

t0 %gg%r?ﬁeaé?#@égﬁg%%%fb?e %%%r%priate prot_ecting group(s) may be used
and SopvaISionEhigsIrecun ERmmOnaanic chgimistry reactions may be
used, as necessary. The type of the protecting group(s) and the order of
conT@rslatkefdhnraspective sulistidicnts endaotpartictdénty tmited. (1)

Main steps The compound (1) can be produced according to the
alk@}mgng@q@mé:qr}%p@g% Ig} angyhgipigp having 1 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
0) 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,
tetranydrofuran, 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, triazole, tetrazole, thiophene, furan, thiazole, oxazole,
isothiazole, isoxazole, pyridine, dihydropyridine, pyridazine, pyrimidine, quinoline,

isoquinoline, indole, 1,3-dioxaindan, benzothiazole or thiazolopyridine.



o (5) (3 In each fomnda, R, R2, R3, R4 and Ring A are as
defined above, respectively, and LGI, LG2 and LO3 represent leaving
groups. Examples of the leaving groups LG1, LG2 and LO3 include a
halogen atom, a toluenesulfonyloxy gyoup, a methanesulfonyloxy group
and a trifluoromethanesulfonyloxy group. LG1 is preferably a chloro group.
LO2 is preferably a bromo group, a toluenesulfonyloxy group or a
methdnesutfohyttrgrofiheiEtsspriafensiiy, REMqrefrobly, ahedmione
group or an iodo group As described in Scheme |, a compound (5)
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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.

R’ 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 1 to 8 carbon atoms which
may have a substituent(s), an alkynyl group having 2 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 spiro
3- to 8-membered ring which may have a substituent(s)), and more preferably 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
selected from the group consisting of an alkyl group having 1 to 8 carbon atoms
which may have a substituent(s), an alkynyl group having 2 to 8 carbon atoms which

may have a substituent(s), a carbamoyl group which may have a substituent(s) and an



trifluoromethanesulfonvl chloride in the presence of a base thr example,
based on common knowledge in organic chemistry. A compound (4)
can he obtained by reacting the compound (5) with sodium bisulfide. in
N,N-dimethylformarnide and then treating with a base. The compound (4)
can also be obtained by reacting theZompound (5) with potassium
thioaceta.te in N,N-dimethyiformamide, Examples of the base include
[assi i icarbanat 5e ferably
e e e A e Toc
danddpreierablyentO teedRebly 1 dfe compound (4) can he converted to
the compound (3) by acid treatment or hydrolysis and subsequent
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protecting group.in the aming group having a protecting group, (R4), when
TRE TR DTS £ Bhretthy GOt CERR b e RECRSERSyY Urstee
fypical example of the deprotection reaction conditions suitable for the
protecting group will be described below. For example, when the amino
grouRsubstitsedferibla poteclinggnouedsiag. alkaroifaminoRjreup or an
aroylamino group, the group can be converted to an amino group by
DB GSTSEPARIARE B SEIUGEH DR AN N EsaERs piseh8yiamy of the
fo%d{v?ﬁ({i%ﬂ%h%’&l% Qiﬂz g)r ;& :Iike. When the ar_nino group substituted with a
protectmg group is a tért-blitoxycarbonyl amino group or a
di-tertbutoxycarbonylamino group, the group can be converted to an
amino group by treatment with an acid such as hydrochloric acid or
trifluoroacetic gcid. The compound (3) can be converted to the
compeund (1) by treatment with LG3-R4-R2 in a solvent in the presence
of a Base) Examples of the solvent include N,N-dimethylfonnamide.
H{met }/Ip? olidone, tetfahydrofuran and dimethylsulfoxide. Examples of
th i de sodium hydride, sodium ethoxide, potassium
ten-butoxide, potassium hydroxide, potassium carbonate and cesium
carbonate. The reaction temperature is suitably OC to 100C. The reaction
time is suitably 1 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 obtaﬁhe(é by treating the amino group having a protecting group
(R4)‘\p‘n_d" the above deproteclion reaction conditions. (II) Steps of
j ;f substituenh@?, on Ring A The substituent R3 on Ring A
und (1) or (4) obtained in the above Scheme | can be
ether substituent based on common knowledge in organic
chemistry, as shown in the following Scheme 2. Scheme 2
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In each formula, RI, R2, R1" and Ring A are as defined above;
respectively, R7TR5NCO represents a carbamoyi group which may have a
substituent(s) (wherein the carbamoyl group which may have a
substituent(s) is as defined for R3 above), and g R. represents an alkyl
group having 1 to 8 carbon atoms which may have a substituent(s)
(wherein the alkyl group haying 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
deri\{@tﬂ%(ﬁﬂi where 113 in the compound (4) is a cyano group under
.acidig conditions, for example. In this case, the amino group having a
) ' roup (R4) istdeproteeted and converted to an amino group by
drol isWer acidic conditions.  The carboxylic acid derivative (1-1b)

can be cdhven®d to an amide derivative (i -1 e) by condensation reaction
with various amines. A method generally used as a peptide synthesis
methdebraiaybestitahlyauses) o the)candehsatian seastiosnwdh errines?
Examples of the %%%tide synthesis method include an azid.e method, an

ang &q Bl idermvet rgSPRCEy ehicy clonexylcarbodiimide) method, an
aCtIth%Sctgrﬁpound 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 glutathione in vivo).

In another embodiment of the present invention, the compound represented by

the formula (2):



method, a carbonykliimitlazole 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 Wilé¥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 (Ofgg_r_li}c‘; Synthesis) IV" (Maruzen Co., Ltd., 1992) or the like.
Examples ofthe solvent used in the condensation reaction include
N,Nciimethylformamide, N-methylpyrrolidone, pyridine, chloroform,
ride, tetrahydrofuran, dioxanc, acetonitrile and mixed
there f The reactioﬁ?iemperature is suitably -20C to 50C, and
10430C. As such an amine, there may be used a
commercially available compound, or a compound produced by a method
desgiReddmaidorment of rRmethad desqtibediinExamples) airxmethed
similar to these methods The carboxylic; acid derivative (1-Ib) can be
an¢Biveried toedhmestér dorivanveiyelydyhl R oraesssation: renictogrwvith
various alcohols (R9-QH) or substitution reaction with various alkyl halides.

ha KR RS OSHIRRSHHOR reACHRIS BF the CAIGK IR dBIG O AtV (1€1b) with

co?ﬁ%QHc? gp&{%dcgggmgq@}reaction in the presence of an acid catalyst
such as hydrochloric acid or sulfuric acid, Miisunobu reaction or the like
mayiberstiitalin biséen dnt thetisupsidtianvieactiothwibnvesiods ekadented by
halides, 34 alkyiation of a carboxyl group may be suitably performed

theEirgudm(dbpropriate base in a solvent. When R.3 in the compound (4) is a
hydroxyl group, for exam corresponding compounds (1-10, (1-1g), (1-1h)
or (1-1i) can be obtained, respectively, by converting the hydroxyl group to
an allcoxy group, a carbamoyloxy group, an alkanoyloxy group or an oxo
groupyane-then treating under appropriate deprotection reaction
conditions suitable for the protecting group, as described in Scheme 3.

(3)

wherein in the formula (3), R and Ring A are as defined for R® 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



(4-10) N-N\Ory, 0A 11 1 -R'(4--1h)N-N0-4;S
each formula, RI, R2, R4, R9, R'R.BNCO and Ring A are as defined
above, respectively, and R' ' represents a hydrogen atom or an alkyl group
having 1to 8 29

of carboxy 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 tris-(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 orgarﬁc 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.



35 carbon atoms which may have a substithent(s) (wherein the alkyl group
having 1 to 8 carbon atoms which may have a substituent(s) is as defined
for P: above). In the conversion of the hydroxyl group to an alkoxy
group (conversion of a compound @31e) to a compound (4-1f)), a method
generally used as ether synthesis method may be suitably used. For
example, the alcohol derivative (4-1e) may be suitably treated with an
alkyl halide in a solvent in the presence of a base. Examples of the
solvent includellS&,N-d'methylformamide, N-methylpyrroiidone, diethyl
ether, tetrahydr%? FAI dnd toluene. Examples of the base include sodium
hydride, pgtgssium hydride, sodium hydroxide, potasgitgn hydroxide,

R’ iUin carbonate, sodium tert-butoxicig, p iym tert-butoxide.
yridine; ®BU and diisopropyletn ylaminc. The ba ypreferably sodium

nydrides reaction temperature is suitabl -8GQ 0{15IQC, and
Hreferably O(Eﬁ to 100C. The reaction time i@zsui{’ably 15 minutes to 72
hours( &he method is described in The Chemical(Society of Japan (ed.),
"Jikken Kagaku K.oza (Courses in Experimental Chemistry), 4th edition,
Vol. 20, Yuki Gosei (Organic Synthesis) 1" (Maruzen Co., Ltd., 1992) or
the like. g the conversion of the hydroxyl group to a carbamoyloxy
groupyfménversion of the compound (4-1e) to a compound (4-19)), a
\ erally used as carbamoylation reactio may he suitably used.
" Exarh esAf the method include a method of treating the alcohol
derivativé (4'te) with an isocytanate derivative in a solvént'and a method
in
bz

of treafing the alcohol terivative (4-1e) with 1,11-e&rbonykiiimidazole or
phosgeEe in a solvent and then ade amie. 41 | e conversion of

the hydroX§igfotip to an al oxy group (convetsion’ofthe compound
(4-1e) to a gompo -1h)), a method generally used as alkanoylation
reactiofiTjay be suitably used. Examples of the méthod include an ride
ng{ogjg%acid chloride method, a DCC (clicyclohexylciarbociiimide)
method ar [ve ester method, a carbonyldiimiclazole method, a method
using a water-soluble carbodiimicie and a method using diethyl
gyanobﬁbsphate. 36 Examples of the method for conversion of the
hydroxyl group tq an o qup:(conversion of the.compound (4-1e) to a
comBo e G nire ek THn S AdHATo R S Sl erdaais g
an@idationsreagtion’as s mpediicatiopysing DCC, trifiuoroacetic anhydride,
acetic anhydride or a sulfur trioxid.e.-pyricline complex instead of oxalyl
chlofiderhe nfethddaisntegorired it The ChdrhicalRosiety nfl dgpanded 3,
"Silken Kagaku Koza (Courses in Experimental Chemistry), 4th edition,

tolpgnes sl fg ko ¥oEaI O JARRABSTHRLHE X FARR P8 Co., Ltd., 1992) or

e S L I o e
préfegablyld)dayie atongnt whderdaeicicionreaston eradiienstsuitalle for

the protegting group in the amino group having a protecting group (R4).
grevpthek Gvivepr e ihlthe GOpip GURER (4) 150819 GxoIHroUb! 1heoKkBTiie

derivative (4-1i).as a raw material can be converted to.an.amine derivative

(5 TG ARIREon FEAEHE T RRF LEH L ATHES T tieh et
hyRRIRE desivalve (4tibean B convariegd BRR anine derivalivg Ll a

treatment under appropriate deprotection reaction conditions suitable for
tothenpsotéetinggratopp as desenbed inSkhempedy foraexample. Scheme 4

trifluoromethanesulfonyloxy group by treatment with thionyl chloride, thionyl

bromide, toluenesulfonyl chloride, methanesulfonyl chloride or
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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-dimethylformamide. Examples of the base include potassium carbonate and
potassium bicarbonate. The base is preferably potassium carbonate. The reaction
temperature 1s suitably -10°C to 70°C, and preferably -10°C to 30°C.

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 (R*), when its
R'-R? group is a protecting group such as a 4-methoxybenzy! 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 tert-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
LG’-R'-R?in a solvent in the presence of a base. Examples of the solvent include
N,N-dimethylformamide, 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 1s suitably 0°C to 100°C.  The reaction time

1s suitably 1 to 48 hours.



(4i) N-N H(4-14. )NI -SiN (k) In each formula, R1,123, R4 and
Ring A are as defined above, respectively, and R1aRN represents an
amino group which may have a substituent(s) (wherein the amino group
which may have a substituent(s) iszs defined for R3 above).

On the other hand, when the -R'-R* 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 (R*) under the above deprotection reaction conditions.

(I) Steps of conversion of substituent R’ on Ring A

The substituent R* on Ring A of the compound (1) or (4) obtained in the
above Scheme 1 can be converted to another substituent based on common

knowledge in organic chemistry, as shown in the following Scheme 2.

Scheme 2
1 2
[ — R—R
AR /R R N-\‘/
N-N }\‘—N )

NC 4 A P
S “ R HO N/)\NHZ k=N . ST N TNH
(4—1a) (1—1Db) (1—1¢)

i 2
JR=R
N—N
/
0 LY xy
9 P
R0 S N)\NHZ
(1—14d)

In each formula, R', R*, R* and Ring A are as defined above, respectively,
R'R®NCO represents a carbamoyl group which may have a substituent(s) (wherein
the carbamoyl group which may have a substituent(s) is as defined for R’ above), and
R’ 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 R’ above).

As shown in Scheme 2, a carboxylic acid derivative (1-1b) can be obtained by
hydrolyzing a cyano derivative (4-1a) where R’ in the compound (4) is a cyano

group under acidic conditions, for example. In this case, the amino group having a



Examples of the reducing agent used in the reductive a.mination reaction
include sodium borohydride, sodium cyanoborohydride and sodium
triacetoxyborohydride. Such a method is described in The Chemical
Society of Japan (ed.), "Jikken Kaggku Koza (Courses in Experimental
Chemistry) 4th edition, Vol. 20, Yuki Gosei (Organic Synthesis) II"
1lvlaruzen Co,, Ltd., 1992) or the like. The amine derivative (4-1)),

PrOERS FIEh Rrh 8 AP A BB EF S hinen NN SBME BEEHED S

5@9&1 ing derivative (4-1k) which can be obtained by
e conéqénsa%%eagtlon of the ketone derivative (4-1i) with hydroxylamine.

Furtiies, dhe auvire.deraeative «é<1D1 vyheareha batheRea anghRaddargerivative
hydrogen atoms or any one of Rm and le is a hydrogen atom, can be
(iﬂml}@ew@ﬁénnﬁ,eéwﬁ seeliffadral deseriseehinSchénectidigeasmhplscd as a

ondln oun (1 1 -1n) and (1-10) can be
SR e A
anﬂ‘x‘é@xyq‘;%lf&ﬁ?béém'ﬂf% QEQHQe(é‘y&éq)eﬁsqﬂE‘ﬁE’&i‘ﬂ@l{}@é/ Ing.3; garhampylamino
group (4-1m), a compound having an alkanoylamino group (4-1n) or a
acidminb@idladﬂ&dwdgaah@ﬂkwmyﬂmwamdadogdmupda)mm&ismlfmgﬁawm@ter
"coup or a heterocyclic sulfonylamino group (4-10) from an amine

MR AN B RRIA BMRshin g RAS erngrhifatgisop by frehadianide
on 1481 BRPIORT e ASPIQIeON Sacion RNYONR AIBPIR OGS i vt
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-methylpyrrolidone, pyridine, chloroform, methylene chloride,
tetrahydrofuran, dioxane, acetonitrile and mixed solvents thereof. The reaction
temperature is suitably -20°C to 50°C, and preferably -10°C to 30°C.  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 (1-1b) can be converted to an ester derivative
(1-1d) by condensation reaction with various alcohols (R’-OH) or substitution
reaction with various alkyl halides.  As the condensation reaction of the carboxylic
acid derivative (1-1b) 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,
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alkylation of a carboxyl group may be suitably performed using an appropriate base
in a solvent.

When R® in the compound (4) is a hydroxyl group, for example,
corresponding compounds (1-11), (1-1g), (1-1h) or (1-11) can be obtained,
respectively, by converting the hydroxyl group to an alkoxy group, a carbamoyloxy
group, an alkanoyloxy group or an oxo group, and then treating under appropriate

deprotection reaction conditions suitable for the protecting group, as described in

Scheme 3,
Scheme 3
I L2
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-N N—N NN
4 g ) Rg /
T NG T NG
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P P =
s N)\R4 S N)\R4 S i
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8/ N 8/
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S N r S N NH,
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NN i
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Rw < \N —‘"—'—"""P'R—« \N
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7N S
(4—1h) (1-1h)
9 __2
LR JR-R
N-N N=N
7 '/
X e ——————— \N
N A
o=t A || 0 \
P
g N/)\w S N)\NHZ
(4-11) (1—11)

In each formula, R', RZ, R, R9, R'R®*NCO and Ring A are as defined above,

respectively, and R' represents a hydrogen atom or an alkyl group having 1 to 8



\(1..1- ¢'<'N N-4-- Al '4-N5NRH14 (4-1)(1-1c)) Ineach formula, R1,

R2, R4 and Ring A are as defined above, respectively. Rsa represents a

hydrogen atom, an alkyl group having 1 to 8 carbon atoms which may

have a substituent(s), an alkenyl gBdup having 2 to 8 carbon atoms which

may have a substiment(s), an alkynyl group having 2 to 8 carbon atoms
hich may have a substituent(s), an aryl group which may have a

g SHTStESS b h fRORERC OB WHIGH Ay Hatie Y SBBHHEERHS) Ro
carfORVESENS ARAIkYL NP NAYIG. L0 8 CAPL:AIMS Wh '%O%@y have a
substituent(s), R11 and R12 each independently represent a hydrogen

atorm, e alkytgioup hidngdidey8 gaipon atomswhigbupayhaseian of a
substituent(s), an alkenyl group having 2 to 8 carbon atoms which may

e EVIERS b@kmém@pa\m KmiyDg mﬁth%wgwﬁwa%m@mmmw
I REYGE SUBRINEN(S), 20 S BroUp el T haNe 3 subsien(e)

or a héterocyclic group which may have a ,a

sutBREESENLY & MY AROIRT AR 3N AYL CUAL3YRaUIRG dripsdearbon

atoms which may have a substituent(s), an aryl group which may have a
Exsulpstituétiksiotv e thetdrdeys|is-groefhyifnch amagdh direnatisyibgtituiaht(s)
,év%aerein the alkyl group having | to 8 carbon atoms which may have a

di ﬁﬁ?&éﬁ?@hﬁ@f@gﬁlﬁﬂ%% ahdaRepses A Shihe dnr e atiBve,

lkenyl.ar ing. 2. ato iC have a .
R R R A A IR Bt
caRUR: having 2d0-8 gaxkhes) siemsuvhich-mayxhaye agulstiiBent(s) in R.

Rit and R12 is as defined for R3 above, the aryl group which may have a
diigepyentdehneiimR8al kelease ahpriaaityas definbpdiod R 3 boirachnd the

R I R S e e e
tindNQ; BFAYR 49, AR AKQSYLREBARY AR QIRYR (COMNERRIgR O IBe- AIING:

derivative (4-Ha) to the compound having an alkoxycarbonylamino group
Sotdetyl)} inplnded) niéikioeh M qodéasingdherasnimebcteeivatones (Lljbhivith)a
carbonate derivative such as alkoxycarbonyl chloride under basic
i sHiERONS ISt EHREIRSR! (P HrsdriBEathssTHd IC ¥k Scridt)of Faan
or ﬁd'l)xk;‘]ikken Kagaku Koza (Courses in Experimental Chemistry), 4th
edition, Vol. 20, Yuki Gosei (Organic Synthesis) II" (Maruzen Co., Ltd.,

1992) eftbenkkesion oEXaMPES:Ofl thegonvetsiiabinea pioeguupdeian

carbamoylamino group (conversion of the amine derivative (4- lja) to the
of tenweouediiaving htedrbemmsyHaddifd groapn@hbmh Perrchibeusaidition

reaction of the amine derivative (4- lja),to cyanic acid.or an isocyanate,
A RGO BPLUTBUSS PAARHG ARy o SFIHE Ainihe BEAURE0E (et
m&Rdat iaradueed aming (L2l iy B%%)\WM‘ ah ko CARARYIdimidazale or

phosgene in a solvent and then adding the other remaining amine.
sobxamptes mtthedcditversigntiod the aehdwigeaup - &) auitide i(eonversion

of the amine derivative (4-ha) to the amide (4-1n)) include condensation
carpetigHBIge i aERstive col R withiharistdipaBoiReacids. A

metlhcl) %g%gg\r%lrlé/léjns %gtgg hydroxyl group to an alkanoyloxy group (conversion
of the compound (4-1e) to a compound (4-1h)), a method generally used as
alkanoylation reaction may be suitably used. Examples of the method include an
azide method, an acid chloride method, a DCC (dicyclohexylcarbodiimide) method,
an active ester method, a carbonyldiimidazole method, a method using a water-

soluble carbodiimide and a method using diethyl cyanophosphate.



40 the peptide reaction described above may be suitably used in the
condensation reaction. Examples of the conversion of the amino group
to an alkylsulfonylamino group, an arylsulfonylarnino group or a
heterocyclic sulfonylamino group (gnversion of the amine derivative
(4-lja) to the compound having an alkylsulfonylamino group, an
arylsulfonylamino group or a heterocyclic sulfonylamino group (4-10))
incldéBBlaenshtis et i or(RBiam M iuchNdavel @) With 0&pcT_uP

Ikylsulf hlorid Isulfonyl chlorid et lic sulfony!l
e ey AR DFiTae ¥ S R ShER s

co er,w € subsiimen

oxfaing ) afdleeamRURtA4:i8:3dANAEOXAGIOUR: B GARIPRURECONIRINTINGR
double bond in Ring A can be produced, as shown in Scheme 6. Scheme

tri R RZ R AR didd , SMRI): (Altydriied@acsulfyr Yrioxide-pyridine complex
instead of oxalyl chloride. The method is described in The Chemical Society of
Japan (ed.), "Jikken Kagaku Koza (Courses in Experimental Chemistry), 4th edition,
Vol. 23, Yuki Gosei (Organic Synthesis) V" (Maruzen Co., Ltd., 1992) or the like.

The compounds (4-11), (4-1g), (4-1h) and (4-11) produced by the above
methods can be converted to compounds (1-1f), (1-1g), (1-1h) and (1-11) by
treatment under deprotection reaction conditions suitable for the protecting group in
the amino group having a protecting group (R*).

Further, when R’ in the compound (4) is an oxo group, the ketone derivative
(4-1i) as a raw material can be converted to an amine derivative (4-1j) by reductive
amination reaction with various amines, and then the amine derivative (4-1j) can be

converted to an amine derivative (1-1j) by treatment under appropriate deprotection

reaction conditions suitable for the protecting group, as described in Scheme 4, for

example.
Scheme 4
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In each formula, RI, R2 and R are as defined above, respectively. As
described in Scheme 6 a methanesulfonate (4c-lp) can be obtained by
treating an alcohol (4c-le) with methanesulfonyl chloride in a solvent in the
presence of a base, for example. The solvent is preferably
dichloromethane, chloroform, dichloré&thanc, tetrahydrofuran or the like,
and more preferably such a solvent dehydrated. The base is preferably a

i i h as triethyiaminc or dj i iethylamine. The
oo T o ek etor 15 THOE oS0 AT ABU forgi vl and
reeptainiag-asdauile hond NRINGhsaR Renabtaingdav.teating il hen.

inethanesulfonate (4e-Ip) with'a base in & solvent. The solvent for the
areactigrip preferably ha-disethyhfarmpinideleNraetbybyisolicone,
toluene, dichloromethane, chlorofotin, dichloroethane, tetrahydrofuran or
the liKEXARR BRidhs préterbrEptisaium tbamseveiee gatnagrn reaction
tert-butoxide, potassjum tert-butoxide DBU, diisopropylethylamine or
R B Sttt e AR appropriace

Heerabae RREAIdINGiRthehass Lsatdsanskisipreferabbypo i 890G vren

potassium carbonate is used as a base, for example. The compoun

J@dn gy&an bksoriegtdd fooaadéivatvei(ldkigricontantigaidoubktibediton,
\'}n R@’égé y tfreatment under agpr,o riate deprotec,tion reaction conditions
s(f’}'rta |

HiE 5t IR GroUp i the ARG ERO P strbitltée) Wit ke.
protecHEL G Hdive (MhETHIE SHRBAUENLER RGN OI0Cn peome.

compound (4) is a halogen atom, a compound containing a

cRingsA sante sithibadydpeatteed Hynt datrognteyith 8)basieh can byidbelined
when Ring A is a 7-membered ring and R is an oxo group, R3 can be

ByoifrsitRE D ARRFIEIsebbEtiaivns ssy B e dmhowiknbydedgtamingganic
Chemﬁﬁghg“,stﬁg%vrﬁ?ni:nd%gb/gt%% Z4-f1c3)5,%vxl?erp£r|1eboth R’ and R®™ are hydrogen
atoms or any one of R and R¥ is a hydrogen atom, can be further chemically
modified as described in Scheme 5. For example, corresponding compounds (1-11),
(I-1m), (1-1n) and (1-10) can be obtained, respectively, by producing a compound
having an alkoxycarbonylamino group (4-11), a compound having a carbamoylamino
group (4-1m), a compound having an alkanoylamino group (4-1n) or a compound
having an alkylsulfonylamino group, an arylsulfonylamino group or a heterocyclic
sulfonylamino group (4-10) from an amine derivative (4-1ja) and then converting R*
to an amino group by treatment under appropriate deprotection reaction conditions

suitable for the protecting group.



42 Scheme 7 In each formula, RI, R2, R.4, R7aR5aN and Rs are as
defined above. R3a and R3b represent any of the plurality of substituents
of R3 above, and RI4 represents a vinyl D-oup which may have a
substituent(s) or an aryl group which may have a substituent(s). 43 A
ketone, derivative (4c-10 can be conygrted to a monosubstituted alkyl
compound (R3a = H, 4e-ir) by treatment with 0.5 to 1.5 molar equivalents
of a laalogenoalkane relative to the ketone derivative in a solvent in the
presence of a base and a disubstiluted alkyl compound (4c-Ir) by
treatment with 2 to 3 molar equivalents of a halogenoalkane relative to the
ketone derivative in the presence of & €and in particular can be
converted to,a spirocycloalkane derivative Egég-lr) by treatment witha . .
dihaloetharié Such as dibrogroethane in-thie presence of;a bage. The-y”
derivativk n be converted to-4 meno~ okgiifluoro compouridl (4c- N
tréatme IW;UQ N-fluorobenzenesuffoni delar,the like in thgaaﬁr én
ase in'the'safhe manner as above, éxar%gle% of the solvent include
tetrabyéitoflrah, N,Ndimethylformamitie! N-methylpyrrolidone and ~*

N°NH,

dimethy| sulfoxide. The solvent is more preferably dimethyl sulfoxide or, .
N,N-dj e,L{hyIformamide. ERxampIes ofl\].hg}bafse incIudeR§odi m hydrige,
sodium tert-butoxide, potassiymg tept=biit ide, potassiumyeafbo

sodium tarbonate. The bas€ is, prefetally potassium carbonataot s dium
hydride.| The reaction temperature rivdy b¥ stitably adjusted to ans~ ¥ M
appropriate temperature according té‘hé base used. The reactioft — 1 m)
temperature is preferably OC. to 80C, and mgre preferably 20C to 40C |, |
when the base is potassium carbonatq;,,,@zr?d is preferably -78C to 8%,/%17%
more preferably -10C to 40@Ma:wgse is sodium WMWN
example. Various derivatives car-betsynth siz@d‘b‘y‘t‘@atirggN ke ng
derivative (4e-Ir) in thd same fnannersas’in Sthemes 4 and 5. ~R ¥ M
(3-ketpaldehyde equivalent (4c-1 s)can-be bbtained by heating the ketohe
derivative (4c-li) and N,N-dimethyllormamicie dimethyl acetal in a solvent.
such as toluene or benzene. It ig, repolrt_edR’tWét a P-ketoalg)etgyde N_N/R‘R
equivalent such as the eqtgw_&tent s) can be converfed{o a py/ici ne
derivai imidi rivatiyelasp ra\zmyg derivative, an exazold] |
derivative or the like (see Biodfganie &l ¥edicinal Chemistry (260 )Y\IK)LENH2
11, No. 22, 4749-4759, for example, dor the method for 44 Medicinali o)
Chemistry (1978) Vol, 21, No,,7, 623-628 for the method for convertin
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convertirig a f3- ketodl quivalentto a pyrazole derivative; see
Heurashpitheiereryalialkdsmistip (1888) Mel 320:hée. ato B4 whrkts fanfhitve a
method for converting a pketoaldehyde equivalent to an oxazole
cbsiene()s) For dkamplerawie haguigaldénd(daboncaonevdonhenasohiy aa
oxazole derivative (4d-It) by treatment with hydroxylamine %drochlor,ide.
SHRRIGERRURIcrR AL ISEANGE B LOAVEASH T DAL BicAEIRISGRl Sfoup

] i . cagi ivative (Acli
e T e e Son
rftuoramethanesatoniaibsthydhids iR thenpreSened dikhasenfxappiesmol
the solvent include methylene chloride, acetonitrile, tetrahydrofuran and

doginethpicitridiyids ormbasthgehtod meshaaply mesthjtaraastheriela.

e

{GARN 0P ACRSSIATLRHAIONE S DX USRI o210
diisopropyiethylaminé. The base is preferably triethylamine. The reaction
jetperatisy ha stitabpbup8Okidb ha)GaandspistarablysHla eWdCydiegoup
a vinyl or aryl derivative (4d-2v) can be produced from the triflate

o amhare-A Uy tEHEeRiiaY ad &ioReieRcaEs SrivieBsrGEaamalkyl group
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 organoboronie 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 caté@/st. Examples of the palladium
catalyst include a [1,1'bis(diphenylphosphino)ferrocene]dichloropalladium
}%Oﬁ%: IP rg%%gﬁ‘{ 'ﬁo(}f?m%ﬁ i) have a substituent(s), an aryl group which
iehlorobis(trip enylphosphlnt)paﬁadlum (1) and
elyaldsétaphsnidphespbinehpaitaciuii (@) ubhehiobtalaatalist [ipsefecatily
used in an amount of 0.01 to 0.2 molar equivalent relative to the titillate

(@drisouft e hgraRdimiping o phes Hemu iehganidpuasWRitigais)
tripetassi 6S e, .potassium.car te, sodium.carbonate,an
B edDoRatan e ot o Ity TIoS ot T Ay e Ve 2 to
SOLlibon- £5HRORAIGRIDSAKe TheshaRAS NreferaRlY Hsetk Ihignaaeanat efr
1 to 100 molar equivalents relative to the triflate compound (4d-Iv).
Bxaopte shofatkpmatiditive asinge srgdnaphospiosusiiompeyhdsesuch as
1,1'-bis(di hengg?ﬁ%ﬁphino ferrocene (dpp. 0 and triphenylphosphine. The

o .
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relative tg the titill ompeund:( pl3 th j
R L B e e
ek sissnlyes thedirtlingymaieriakio aiceial) RachtRPraftrasdiRd@nsples
of the solvent include ether solvents such as 1,4-clioxane and 1,2-
difirsth boayBileheareamide solvents such as N,N-dimethylformarnide and

n solvents such as toluene

N-methy1-2- pyrrolidone, hyd i
penzeRS R G1 SRSt e FRARANOPANE WAL e Dot e

SREIS NGO AR AGRIAMIHE AR WRIE(4 Tnese BRIVRRIBANAY R Hieshas &

solvent of two or more. The reaction tempcfatuf e is 10C to the
hediogpointoftheseiventany) prefedablynkabod teropetatsitsttd 80@eThe
reaction time is usually about 1 to 50 hours. ~ The trifiate compound
dagvRiivedA-hib Luither eaabenals stbrasumpiiims M IVRIPREhchiidnyader
he. above reactign conditions without usin anoboronic aci
B SR B S B D Lt g S R S B

(ae aleghel iR yaieREM (@%ﬁxﬁ%@@lr@EQﬂ@ﬁﬂ@mal Cheeaieylienagidion, Vol.

derivative (4d-2w) can be produced by hydrolysis reaction of the ester
deyivakv&eamisngaci¢AgdthgsiThd "Mpdeohysis Ceadtidn idpiefartistyike.
known alkali hydrolysis. A reference is Jihaen Kagaku Koza (Courses in

Experieal CIRE MRS @A BHichT YBIND 2Rt 6 THEEHENHEA 1P
RO 4PleanRy MARESR.C0. hifho thid Gassl b raanie ynthesis)

n, Aminosan, Peputido (Acids,” Amino Acids, Pepti pp. 6-11.

Anmisa Aerivativer 4elByyisandepapshiced didhe Samenmanieat asiie (4-
Scheme 2 An alcohol derivative (4d-3x) can he produced by reducing
tHe) carboxytiecadiorderisetiva s MRl MEto ferfunE P rehcerisg any one of

preferably a known reduction reaction. A reference jis Jikken Kagaku Koza
(EOUTBE R hE EASI) i 1@%&3&@@3@ e
T R
RpiAd. 7-478. :

Examples of the conversion of the amino group to an amide (conversion of

the amine derivative (4-1ja) to the amide (4-1n)) include condensation reaction of the

amine derivative (4-1ja) with various carboxylic acids. A method generally used as



An acetic acid ester derivative (4d-1y) can be produced from the ketone
derivative (4c- ii) by a homologation typified by Wittig reaction. The
homologation is preferably a known reaction, and may be one described
in Jikken Kagaleu Koza (Courses in Experimental Chemistry) (4th edition,
Vol. 22, edited by The Chemical Socigfy of Japan, Maruzen Co., Ltd.)
"Yuki Gosei (Organic Synthesis) I: Tankasuiso, Harogen Kagobutsu
(Hydrocarbons, Halogen Compounds)”, pp. 57-69. An acetic acid

tidepivEtier ¢4diy)deasribedprbdviced fromsthe Eyeticdtidhestendierivitive
(4d-ly) by the same hydrolysis reaction as above. An acetic acid amide

Wative (4d-3y) can be produced in the same manner as in Scheme 2.

A
o the GBI S oA 1 e e b ey
geseferablyyésiionnaaaisangemant rRastoncit rigsentenis Jiieken Kagaku

Koza (Courses in Experimental Chemistry) (4th edition, Vol. 22, edited by
(ThHe THeméah Sosias dstDapan (Mé}@z@rﬂ@@omm‘)md/hw@@géi (Organic

is), if Arukom, Amin , Amines 2-308. n amine
Eéﬂ%@%&) %lﬂ%ﬁ%Wb%np%& If Wf&&ﬁ& %f? tﬁ}ﬁgr%%écmethod
ARG e By)) indhiiehanel dativative £4d-Zahcambe predueed
by reducing the acetic a(:|d ester derivative (4d-ly). The reduction reaction
(5 prefertbiy@oknalivylvadioaybd nhiesdidoarX sefémeyichlicriikken Heaaakyclic

Koza i}Courses in Experimental Chemistry) 47 (3rd edition, Vol. 14. edited
spiforye BlsifrsASsERA HEPREEIMaruzen Co., Ltd.) "Yule" Kagobutsu

No H nTo Go c tlo thesis of Or unds
[1]", p%)n % X%e An e&ny amine de erkrg\l/% \;Ae ??1162%3 C%gr) uce%d el
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reaction, and may be one described in Jikleen Kagaku Koza (Courses in
IERpheinmehtal Chemistry) (4th edition, Vol. 22, edited by The Chemical
Society of Japan, Maruzen Co., Ltd.) "Yuki Gosei (Organic Synthesis) IT
Arukom, Amin Kagobutsu (Alcohols, Amine Compounds)", pp. 284-290.
The compounds (4c-ir), (4d-1t), {4d-ld,44d-2v), (4d-3w), (4d-3x), (4d-3y),

(4d-4z) and (4d-2b) can be converted to correspondlng amine derlvatlves
(1c- Ir)N(m -Itp) (1d-1. u)5 (Jd- Tv)h.w&-l\ﬁ/) (fii-1x), (1dN|-y\T (ld lz) and (1dp+2:a3

res ly, by tregtmfént pLQprJaI.e ion regctio
[ | uitable for the oup. (1,1 %@tenal produ

step§ The compound (Q)4shown In Scheme I L.can b be producedudﬂ_ -
accordlng to the method described below, for example based on common
knowl qlg?e'm organic @bemlst{;y With' reference to qptuments related tlg)R ¥

psoduction of various 115 lo[3,4-ellipyrimiding derivatives
exﬁnﬁ@iﬁynﬁ’e@‘l? vol. 1%‘%5& ﬁgs 647, ’197?{%e etrahiedron, Vo%,g
8089-8100, 1992; WO 2005/28434:or WO 98/4?399) afd Clic like. 5~ A '
corfpouhd’(6a) which is a éfzﬁtﬁéﬁé raw materiat for thé compound of thie

generg { m%&%ﬁﬁiavﬁ‘eﬁ%%ﬂ% OIS, Lo §£98{?3bf‘ers%%éﬂﬂ/%1§a“ be

produce according’to Scheme 8, for examp
As described in Scheme 6, a methanesulfonate (4c-1p) can be obtained by

treating an alcohol (4c-1e) 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 -10°C to 30°C. A

compound (4d-1q) containing a double bond in Ring A can be obtained by treating



48 Scheme 8 N, CICI NO N NNEI,CI -'1N1-1, (10)(9)
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the methanesulfonate (4c-1p) with a base in a solvent. The solvent for the reaction
1s preferably N,N-dimethylformamide, N-methylpyrrolidone, toluene,
dichloromethane, chloroform, dichloroethane, tetrahydrofuran or the like. The base
1s preferably potassium carbonate, sodium tert-butoxide, potassium tert-butoxide,
pyridine, DBU, diisopropylethylamine or the like. The reaction temperature may be
- suitably adjusted to an appropriate temperature according to the base used, and is
preferably 50 to 80°C when potassium carbonate is used as a base, for example.

The compound (4d-1q) can be converted to a derivative (1d-1q) 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 (RY).

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 R’ is an oxo group, R? can be
converted to another substituent based on common knowledge in organic chemistry,

as shown in Scheme 7, for example.



El,  N-N\N-NHO-Th.rx, N\N- NHO I CI'r-Th"11,CIN (8 )( 7 1( 6 a) In each
formula, 121, R2 and R4 are as defined above, respectively. A
compound 00) can be obtained by treating an aldehyde derivative (11)
tvith 3-butenylmagnesiurn bromide4a 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.

Scheme 7
Lyt ; [ L oak
=R R e
a Rﬂh it R.ﬂv 4 .
Sy . =y 0 i Sy
v ’ /K v [ AN \/)\
N s7 N R 57N
{4c—11) {4c—1r1) (1e—11)
i b
Rr W
l’ = L
od Y — o] ) \)N\
P
D AN 57N N,
NN s
N4 ) .
N Sy (4d-11) (1d=1¢)
2N :
s \ R AR
NN NN
(4c=15) NN A L = PN
Y — v Y
B AN BN
{4d=—1u) (1d—1u)
4 Lt Lo
EF SRR N L
=X 0 ;‘l"N 7 4 4
= S .
o} S‘0 7 ‘\N R R ’ /)1\1\4 R i \\;\\
Ls zz//KR‘ STOWR TN Ty,
lmd—xv) (4d—2v) (1d-1v)
P Vot , (.
RER R SRR w AR
4 %‘N y-N\ " R ;“‘N e N‘R }“
— HO, oy o
Ny Ty — Ty —— AL
; -
¢ Ay N A O s N,
(4d—~1w) (4d—2w) (4d~3w) (1d—1w)
e e
\ y—N' IN-—M
Ho Sy H_ [ )[\\N
SN S :()\NHZ
(4d—3x) (1d=—1x)
1 2 3 2
It R—R i R
R\ - Ry N=N
8=‘N~</0 I“ M‘,\i /Y
R / /ﬁ\\s e R an \l
P
SN 57N N,
] (ad—3y) (Ld—1y)
W R N_N,R’——nz /
040 ' ot 4
wy = . 7w
/1L./J\( )I\ Pt
sTNT R $” N R i
AR P R ! R
= Ll . L] B
(ae=1y) (4d-2y) N MY w R NN 4 R N=N
“ / Sy R~y 4 R~y ]
(), — sy —
5N L | L
3N §7ONT N,
(4d¢~32) (4d~42) {(1d—1z)
R 0 g _
NN A N-N W g
0 ; RMN sy N K
= 8o
sTONT R Bl RN i,
(4d—2a} {4d—~2b) {(1d—2a)

In each formula, R, R%, R*, RR*N and R’ are as defined above, R* and R*®
represent any of the plurality of substituents of R’ above, and R represents a vinyl
group which may have a substituent(s) or an aryl group which may have a

substituent(s).



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; Swem
oxidation or oxidation reaction as it$3modification using DCC,
trifluoroacetic anhydride, acetic anhydride or a sulfur trioxide-pyridine
complex instead of oxaly| chloride; and oxidation reaction usin
oL o a

many4ReS8 BRERIEEYS (4orHe JAatBREURETSIVE (I RaPsHRs
d:(8 r t I-INI=12 in a solve t. EX mples
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temperature is suitably -20C to 50C, and preferably -10C to 30C. When
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method). The diol derivative (6a) can be converted to the compound
dl@)@é@@ﬂt@@ﬁdﬁ Sthethe 1 psiyo potecting disnptinieyl foyatoxy Mxoupwwitha

bulk ctlng ch as a tert- butyldlphenylsnyl group and then
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the compound (5)can be converted to the compou erein Ring A

poissaifmerhbrirchrio go byisubjeciag: theTterbpaurdiefayblizatarsteaction.
Alternatively, the diol derivative (6a) can be converted to the compound
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subjecting the compound to cyclization reaction. in the reaction of
Pom@dunlnghheatt@rﬂmbwmc(fs@h‘mrﬁ ghe cobifoumati(hbyasrcesdripetioitC to
Scheme 8, the following diol derivative (6b) which is a raw material for the

40cHriPSTARE (S WREPSITRING A HH S¥TBRDere i LS BRVSbEAMBE by
syREHAZING the,saed eatlienuaing fsbutery mann el hRraenige instead

of 4- penténylmaesium bromide.
Schemes 4 and 5.

A B-ketoaldehyde equivalent (4¢c-1s) can be obtained by heating the ketone
derivative (4c-11) and N,N-dimethylformamide dimethyl acetal in a solvent such as
toluene or benzene. It is reported that a B-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 B-ketoaldehyde equivalent to a pyridone derivative; see Journal of



(6 bin the formula, R', R2 and R4 are as defined above, respectively.
The diol derivative (6b) can be converted to the compound (5) described
in Scheme | by protecting its primary hydroxyl group with a bulky
protecting group such as a tert-but§fdiphenylsilyl group and then
converting its secondary hydroxyl group to a leaving group LG2 (such as a

N o 5 G B SO eted B G SR BT ) e RIS
s Ermembsiedng, b.sybiesling i comRound i quelzaongasion

he conipound of the general fo..11 ula (1), wherein Ring A is a 6-"or ?

Chammige(re% PNy otary bepdosed fronta dielglehivativecskdorexample.
The diol derivative (6¢) can be produced according to Scheme 9. 51
ketapldehyd oegopony tq 7 pyesrple 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-
1s) 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-1u) by treatment with hydrazine.

The ketone derivative (4c-11) can also be converted to a triflate compound (4-
1v) by treatment with trifluoromethanesulfonic 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 diisopropylethylamine. The base is
preferably triethylamine. The reaction temperature is suitably -80°C to 150°C, and
preferably -10°C to 40°C. Then, a vinyl or aryl derivative (4d-2v) can be produced
from the triflate compound (4d-1v) 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 | to 2
molar equivalents relative to the triflate compound (4d-1v). The metal catalyst is
preferably a palladium catalyst. Examples of the palladium catalyst include a [1,1'-

bis(diphenylphosphino)ferrocene]jdichloropalladium (II)/dichloromethane complex



CINC-LC 1, (1 2)( 6 c In each formula, RI, R2 and R4 are as defined
above, respectively. A compound (17) can be obtained by treating the
aldehyde derivative (1.1) with allyl bromide and indium powder in a
solvent. The alkene derivative (17)4an also be obtained by Grignard
reaction using the aldehyde derivative (11) and allylmagnesium bromide.

A triol derivative (16).can be.obtained.by the afgrementioned
“'ﬁ’z%“%%%’a?‘a&sﬁi‘& é%n }R%%S}% 18%5 t earlg\}g%lv@sl . The triol derivative (16)
tet&ﬁ&(laep%eﬁy%ﬁ@?pm?};ag@&%&%\yatI%&%ﬁ%ﬂ@w@%gﬁgﬂ eNbWitRaR 12 used in

dimethoxypropane and a catalytic amount of an acid in a solvent, or by
an weatmierft (fithta . Acith batedyst dteat etbnie e Exdm pldk ofdhveaciododialys).

include ptoluenesulfonic acid. The acetal derivative (15) can be converted
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compound (10) to the compoun cheme 8 as described above.

prefdiebtioiRerivative 1a63fancherahiainaehbyateating the. acetlsigsvative
(12) with a catalytic amount of an acid in an alcohol. ~ The diol derivative
prefisegbansse worveametnioothk teorip surldr (@ wivklensinaRingeAcishs Biftate

7-me red ring,. by the same method as the aforementioned method of
CorRERGBRIAG 1o S AGHR B 02 (L3 S CAHRGRER e WRRARE ring A 15
QhSs efed; & ivali be obtained
Coﬁﬁﬁgigerdggg\%gr’tring %ﬁ%%g??gﬁggﬁ\?g J(%:!cg)erl gfg%r iﬁr?g ?ﬁe method

trimdesstifedihiSchefhe ddiifihe ialoatiotaiiéyivati/e (Gdiraammbefiisef] adthe
starting compound (6) when Ring A of the compound (1) in Scheme 1 is a

MOBRRRIMERIEY Ty SRRt IamRRpund (4d-1v).

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 1s 10°C to the boiling point of the solvent, and preferably room
temperature to 100°C.  The reaction time is usually about 1 to 50 hours.

The triflate compound (4d-1v) can be converted to an ester compound (4d-
1w) 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



HOI CINR (ac Ra/HO CINL, R (6 a) Ineach formula, RI, R2, R3 and
R4 are as defined above, respectively.  An aldehyde derivative (18) can
be obtained by oxidation reaction of the diol derivative (6¢) with sodium
periodate. The alcohol derivative (@@) can be obtained by reacting the
aldehyde derivative (18) with various nucleophilic reagents in a solvent.
Trimethylsilyl cyanide, various Gr’i(%nard,reagents, organolithium reagents

JagPohEMeRicore hfehts AhoGRETKe €aRhE EEES SR BV ndefediRifesat:
ent. This reacti akes it ible btain the .alcohol derivativ
peffRIE T At RRA L ME R RO RIC 0 60 A AR ACRIR R,

cat B Broatibeniatemsawlicthinay Raxe ahsHhstituent(s), an alkenyl group
having 2 to 8 carbon atoms which may have a substituent(s), an alkynyl

grou‘isnrﬁwhgl_zlm‘@@aﬂiéd-émeh m@uaydriaveeé%thmemﬂqs)ﬁyén
oSSR ey fave  SbSUUEn(s), A heterqercl roup lch
reaction. A reference is Jikken Kagaku Koza (Courses in Experimental Chemistry)
(3rd edition, Vol. 14, edited by The Chemical Society of Japan, Maruzen Co., Ltd.)
"Yuki Kagobutsu No Hannou To Gohsei (Reaction and Synthesis of Organic
Compounds) [1]", pp. 477-478.

An acetic acid ester derivative (4d-1y) can be produced from the ketone
derivative (4c-11) 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. 57-69. An acetic
acid derivative (4d-2y) can be produced from the acetic acid ester derivative (4d-1y)
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) II: 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-1y). The reduction reaction is preferably a known reduction

reaction. A reference is Jikken Kagaku Koza (Courses in Experimental Chemistry)



53 An alcohol derivative (Pe) 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 dial derivative (6c). The alco#dl derivative (6e) can be used as the
starting compound (6) when Ring A of the compound (1) in Scheme 1 is a
-membered ring. The alcohol derivative (6f) can be used as the startic??

<3f%8m88%m\60é6)1 WEEHRIRY A6 hEsmhPSEREY @) TAPern¥mazendan Lt
ry&memhsred fb%%x&%h%&}!n%e'g %%o BR:E8 8 @gnlﬁe‘éﬁrc#e@{%&@ RI,

R2, R3 and R4 are a.s defi above, respectively. ase

Conaglivitd Of HSRH0 £an o examingdibyias AR asecassabeemmenhydised
by a person skilled in the art. For example, the ATPase activity of HSP90

by sabshalduteetet using berassiibitantaasPodsprsiciadrd AP™ ireaetion,

. presence or absence of the test compound, as described in Test Example

o CARGHREH GGl AAA P GRB ey G o BEREHBE

Ch@rﬁé't)‘%)?%@'&ﬁﬁ%ﬁ]'@t&‘i[. 337, #8183 (2AMLAENaRR 22 1A% Aruzen
(2003) may be suitably performed, for example, inhibition of the

CoexpiesSiakoGbkSPA gandieyentesinéd Ayddorthannibl&tiinguwesieécnhols,

blotting, HASA or the like commonly used by a person skilled in the art.
ANHRE ERIMPIECHRNA fet®Vered from cells cultured in the presence or

o B R N R DR R B
(4dhe presencewf dhe tesbaomRe un ddssesh iR MG AR IMRNA ¢- 1r),

recovered from the cells cultured in the absence of the test compound, the

(1d€dh, dompelrdds! idetifidsy as ld-dompodmaintibiting e bkpgressienr ot &ty.
by %rgag%eﬁt!,tgrrlggrtingb;rlll%t%rggpl{gtteg’&lci)ﬁEf%oct%r? tc%irrllditions suitable for the
protecting group.

(III) Raw material production steps

The compound (6) shown in Scheme 1 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 1H-
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 1s a 7- or §-membered ring, can be produced

according to Scheme §, for example.



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 hkptting 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 HSP9O0 to co-é;%%afggr%nes or immunophilins can be examined by
immunoprecipitation and adtern blotting commonly used by a person
skilled in the art, for exagple. Binding of HSP90 tosgo-chaperones or

almi?gnophilins may be sujtably examined in the presence or absence of
H

t compound by, perfarmifiy the method.described irffNature 425,
! P$4Ji(3[,{(2003), for exa ey SNInhibition of binding o
can be examined by a test.f ﬂd@g of labeled ATPt Q, for
exarpple. Binding of 1ISP90 to( Ila(geled ATP may be suitapgx examined in
t

90 to ATP

1elpresence or absence of the test compound by performing the method

described in J. Biol. Chem. 272, 18608-18613 (1997), for example.
\InhibitionﬂHﬁe confolinational change-gf HSP90 can be examined byrerx’
R HC

N

tional assay usi S- =N
ranilino-5-naphthalene ic acid)), Tor eXample, in they™>n

confgrmaf !assay, the methg @é@gjbed in J. Med. Chem. 47,7 ~7#">y
3865-3873 (2004) may be suiEa7,ny performed, for example. , The

corhéf))ound of the present invention can be used for treatment of éi/)arious

canceraisuchrasiumy cRhesd, Riastscinteslinal daneereovatiasi gancer,
uterine cancer, breast cancer, liver cancer, head and neck cancer, blood

candeeorERarehntSrandecdtieuiad AEsmesm, Fordrbirdsiderivatmgd 1 1)
wiphaumacetical composition comprising the.comppund of the present ;.
iRVERtion-Canh be adminictered as various inféctions for m?ravenous

thilHELLRsh NUAMUSEAL ipisctian, GebsHianeousiiniestion aeihe fikg, or
by various methods 55 such a.s oral administration and transdcrtnal

solxdmiisi gtreftioh] Aretoriy dneSeaad miristrativiontethpasiurtraverabls -78°C to
administration and oral administration using an aqueous formulation are

S0nrefid bR TFRR ReRiESUS ftrfulation can be prepared by foLilling an acid
addugl g e aFelacicaly Agsepialie AR LIV BaeliAlkn:
alkall metal such as sodium. In the case of oral ach-ninistration; the

undeesisfaaRWatinn snayderitheidisae foRxaarpiesalf fiosmxidation 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 R%-R'-NHNH, 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 -20°C to 50°C, and preferably -10°C

to 30°C.  When R*-R'-NHNHo is replaced with its salt, an equivalent or excess of a



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 foims of
the antitumor agent of the present iivention include tablets, powders,
granules, capsules, solutions, syrups, elixirs and oily or aqueous
suspensions. When the formulation is an injection, a stabilizer, a
DagsEERAYALYEN LSAB TS 26 O ARk CanfisB e dh e theirstiidlation.
tri‘:lﬁtﬂﬁzmjx %t.ion may be provided as a formulation to be prepared before use
by’storing a solution which may contain such an adjuvant or the like in a
containgy anegviier canverting dbiaiacsdlidforadiatian: ynlyephiizahomnof-
the like. One dose may be stored in one container, or multiple doses may
pogid wrovedidoneosoAt@ineith an Bxprviplet of gelitiforgnuiationstinetuddo a
tablets, capsuyles, suanules, pills, tfroches and powders. These solid
OB TR 5 TS o SRTCA e R FBAUE together
aityiR ecomRoNAiQhng BRsERLINVENHAN, Foramples,efhe AddIIVE me
include tillers, bulking agents, binders, disintegrants, solubilizers, wetting
pragents tndalitbricants: ddikgercandipselett yelyanixed asnecessary to
provide a fbimulation. Examples of liquid Rnaulations include solutions,
(KBRSl RIBESSINS RN GHEIHAN SHANSRINSATHESBSIRfICRSRH FatiB AL Ry
contain. a pharmaceutically acceptable additive together with the .
o e S s i seon
usB4SRanding-agrntsansiemweifiessrd hesgogan be selectively mixed as
necessary to provide a formulation. 56 The compound of the present
inveitiodicaAcbeaised fo) taabingocanted of tnanemafs)ria (Fardieselabed in

humans. The dose and the dosage interval may be appropriately selected
ScBgRsd gﬁi PR OB RTGRIRE Py Toiafr %‘&Wﬁ%ﬁg‘?&ﬁ%@fg%%%%@‘&%e

i _ : . ical histar .
e e e o e S o S R,
gréhe gosedangerisabDCE QsQthnagkg-hoanvseightytio100-oug/ke Hody
weight, preferably about 0.05 mg/kg body weight to 50 mg/kg body weight,
mRANRTBHOBrSEr SBRFD) 2R TRenIBE Y WGP D CH GR GBI SHdRyHE per
day. W. the compound is administered to a..human, the compound i
e AT 51 G 16 o e et

cydpyaanc-iheiedministration is preferably repeated at appropriate intervals.
The daily dose may exceed the aforementioned dose if necessary, based
on theljerdgnveht df¢lieoplkiysicidine (6ajThe presentitpdention withbeind (5)
specifically described with reference to Examples shown below; however,

defRE MR SRt irtntioN TElACE NmSeRreRS B RETHEY RHbaTY hetws t© @
165%5,%% aImitafve %W&%@ﬁﬁf&?fﬁ%gé¥%%&%ﬁé&%%@gﬁoxy

materials not specifically' described herein aré readily available

groomnaadcisdrsoidrcas.pbxaiplesatExaroplerdddii-thbwhthpdund (4), wherein
[(4-methoxy-3,5-dimethylpyridin-2-yi)methylk7,8-dihydro-
Ring A 1s 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 §, the following diol derivative (6b) which 1s 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.



2H-6-thia-1,2,3,5-tetraazaacenaphthylen-4-yllimidodicarbonate 1)
1-(2-Amino-4,6-dichloropyrimidin-5-y1)-3-buten-I-ol OH CI Il ci c7
Indium powder (45.81 g) was added to a mixture composed of
2-amino-4,6- diehloropyrimidine-5-ggrboaldehyde (63.83 g) and
NN-dimethylformamide (500 mL). Then, sodium iodide (99.66 g) was
added at an internal temperature of 10C under cooling in an ice bath.
Allyl bromide (67.5 mL) was added to the resulting mixture over 20
minutes. After confirming that the internal temperature once increased
Howa Olaecreased,,zathé ice bath was removed and the mixture was stirred for
two . FRh& reaction mixture was concentrated to about 200 mL. under
reduced pre @. Then, ethyl acetate (1.5 L) and a. saturated sodium
bicarbon u)ﬁo (1 were added to the residue, followed by stirring.
The mixture was filtered through Celite and the filtrate was separated.
Then, tHe"drganic layer was sequentially washed with water and brine.

The porganic layer was.drie er anhydrous sodium sulfate.and filtered.
The S e S T R e e o e
p res’?HéQﬂdpéféW@aW@es(ég}j&g) 1 the, (el ﬂgtﬁ%%ghf[%otﬁl@w ?@e@&i%t&f iR

Then, the solid was collected by filtration to obtain the title compound
ScEm™24 by PAdErcts misaidmary hydroxyl grbpNNIR { G BosacBmbetiiind),
2.66 (1H, cidd), 2.82 (1H, ddd), 5.13 (11-I, d), 5.16 (1H, d), 5.27dd), 5.33
su@l_ahs Bri_@'j:%t_t—y _gq%gxz/isrlilyh%r_oup a@f then converting its secondary hydroxyl
-(2-Amino-4,6-dichl imidin:-5-y1)-2- j -D 3idioxolan-4-
Aol s G s o SE e Y o dr
mdt{Zaninaid-disblarmpydmieint-ydngohuienylcah(57 @4@)ted to the
N-methylmorpholine-N-oxide (147.6 g), tetrahydrofuran (500 mL), acetone
coBDOAL { witar ¢BOBIAEL A ah BNoSMRIAP SEFoR It 1B ZuhierWestiipaanrgund
roo;n t(ém]#)erature for two days. After confirming that the raw material
Bio

to &%c 8 er ?ctlon.

The compound of the general formula (1), wherein Ring A is a 6- or 7-

membered ring, can be produced from a diol derivative (6¢), for example. The diol

derivative (6¢) can be produced according to Scheme 9.



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 Filtrate3¥as concentrated under reduced
pressure to evaporate the solvent. N,NDimethylformamide (500 mL),
2,2-dimethoxypropane (210 mL) and ptoluenesulfonic acid monohydrate
(18.61 g) were added to the resulting residue, and the mixture was stirred
at room temperature for 14 hogg.AS@turated sodium bicarbonate
solution (1. L) and water (1 L) were added to the reaction mixture,
follpwed by extraction with ethyl acetate. The organi 4yer was
seguentially washed with water and brine and drigg-over anhydrous
éb/gi\/mé? ulfate—Afterfittration, the fittrate wastoncentrated, to-about-166—
mbi underreduced pressﬁOre. egN ne was added to the r sijue, followed
by stirring. The precipitated!crystalstiwere collected bytfiltrationto obtain
the titleycompound (53.88 g, 77%) as a solid. 3) 1 -(2<Amin 0-4,6-di
chloropyrimidin-5-y1)-2-(2,2-dimethyl-[1,3]dioxolan-4- ypethan-1 -one
Triethylamine (5.25 mL) and a sulfur trioxide-pyridine complex (2.45 g)
added to a mixture c(:}p sed of the above N
ming-4,6-dichloropyrimidin-5-yi)- 0" 0
2-(2,2-dim Thyl-111,31d|oxolgn0-_ I _Qan-l-ol (2.32 g) and di Q
|(30' mL) under cooling in @n ige bath. The ice bath was re pvﬁd
ixturerwas stirred for tWo hdursThe reaction mixture was added,
dropwisetpo8 0.5 N hydrochloric acid golution (300 milL), followed by,
extraction with ethyl acetate, The organic layer was sequentially washed
with water and brine and then dried over SQ anhydrous matmesium
sulfate. After ﬁj:n/:%tion, the filirate was concentrated unger redkl_(_:éed

pressure and%helsol f was evaporated to obtai&ag;%%’g uct of the
tite-eempound (2.085,90%) asasofid—Therresuliing nd was
directly used for thec1 yé\ag:tion without purification. ESl uS\iglz: 270
(M+H)." 4) [(4-Metho‘xy-3,5-§imethylpyridin-2-yl)meth.ylf—hydrazme

hydrochloride N (* 2) (6¢c)

In each formula, R', R* and R* 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
allylmagnesium 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~
dimethoxypropane 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



iiH -,6HC1 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 hodixs. After cooling to room
temperature, water (1.5 L) was added to the reaction mixture, and about

: f the sol der. reduced . A2N
S A HESMIARR (11 AP CORL Tl R LoD S e
i e Lesing;ce @MRFFQ_J&%NH@ aRUGNIGH QY X ACHONNHY

dichloromethane. The organic layer was dried over anhydrous sodium

sulfaterbadiflteceidaiiedhedilbate was«bincgsttatepoundes jedtieeth Ring
ressure. The resulting residue was dissolved in dichloromethane (1.5 L),
18 AOsSITREBTISYRI GEHIOPI: theispmedinthng 590 sy wasrivaed maded of
cooling in an ice bath, and the mixture was stirred at -2C for 13
B A S e e ooy RS ta ey - o &
washedwvitipdichloromethane, isopropyl ether and dichloromethatie, and
then dried to obtain the title compound (112.6 g, 68%). tH-NMR
(DMS@m8 & B2i(BHys)62)381( Bkl pb)aiBc@Bo(2fir thr4 aiiy ¢ rhoshe Gdbl
5) 4-Chloro-3-[(2,2-dimethy1-1,3-dioxolan-4-yi)methyl]- | -[(4-methoxy-3,5-
YIRS ERR P E M hdessIps LR AT MRIN-6 THmIEbRLN N
-—~"NF luti f triethylamine (3. L) in dehydra
SRR can R0 MRS TR RE A B
ot AMINO-Hid SR ORY HBid Bkl 2062, 2-
dimethyl-[1,3]dioxolan-4-yl)ethan-I-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 BféRforBmethane (60 mL) under cooling
in an ice bath oyer 20 minutes. The ice bath was removed, followed by |, ,
stirri fQL]\]ZV\l;O_ hours. Then, the acfglanr'ﬁﬁ(ture was separatediy KR
i  was washed with wéfe then
te] After filtration, the filtrate was |
WﬁER?esulting residue was parifiéd &'
by silica gel column chromatography (ethyl acetate-chloroform) to ohtain

ELS tltlﬁl%%@lp olflrrr]lgllg,[ 1@ ﬁsz?P/g?lg‘ R lz!l(sj defined above, respectively.

An aldehyde derivative (18) can be obtained by oxidation reaction of the diol

derivative (6¢) 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. This
reaction makes it possible to obtain the alcohol derivative (6d), wherein the
substituent R® is a cyano group, an alkyl group having 1 to 8 carbon atoms which
may have a substituent(s), an alkenyl group having 2 to 8 carbon atoms which may
have a substituent(s), an alkynyl group having 2 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.



'H-NMR (CDC13) 6: 1.35 (3H, s), 1.41 (3H, s), 2.22 (3H, s), 229 (3H, s),
3.10 (1H, dd), 3.44 (11-1, dd), 3.71-3.74 (1H, m), 3.74 (3H, s), 4.02 (I H,
dd), 4.55-4.60 (1H, m), 5.21 (2H, br.$), 5.47 (211, s), 8.15 (1H, s).
ESI-MSmiz: 433 (M + 6) Di-tertshutyl
{4-ehloro-3-[(2,2-dimethy1-1,3-dioxolan-4-yl)methyrj-1-[(4-
methoxy-3,5-dimethylpyridin-2-yOmethyl]-IH-pyrazolol:3,4-djpyrimidin-6-
yll2ificibdieal Benstd ve 10¢) Omagmf@@&%ﬁavﬁaﬁyﬁéméa@éem@tpmé,
res%iéétﬁrv(t)% gqy}l[f(%ié:%?r?]%at@} ?_s%% : gf):(\z/i(\; a‘[‘% a ecslgn teod%nnéic %[r?e 0 n%st%g (%EI
dedrimesigdlod tHédnethaxad/e-@imettidnyddin2ndmethydl-d [Hyragglof.
3,4- dipyrimidin-6-amine of 5) above (1.29 g) and dehydrated
aladtraldydretivafo@@an b asd thehmbitunegvasgtimed &) reben Rimpérafuine
for 12 hours. The reaction mixture was filtered and then the filtrate was

CORPREBAr B IFRARIEr b St e BTBRETRS ke reSGIBlRg RsHITaaRAS (BikAREd
ili - in th
S D s P s e e 5 e

is dn35rBHlbs)dlrB (3H, S), 1.42 (18H, s), 2,20 (3H, S), 2.26 (3H, S), 3.27
(111, dd), 3.53 (IH, dd), 3.74 (31-1, s), 3.76 (1H, dd), 4.04 (IH, dd),
4.57-4.64 (I H, m), 5.65 (1I-1, dd), 8.07 (1H, s). ESI-MSmk: 633 (M
+1-1)+. 7) Di-tert-butyl s

s 14-chloro-3-£2,3-dihydroxypropy §-1-[(4-methwe3#3,5-

i thyjpyridin-2-y1)methyl]- il|-p olo}3,4-d]pyrimidin-6-y1limidodicar
ybonafe Xy =N
| '7t\ 4 N/ B!

c1”NT TR cl
(6 ¢e) (6 f)

In each formula, R', R?, R® and R 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
HSPO0 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 1is 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 1s identified as a compound

inhibiting the expression of HSP90.  Alternatively, the amount of HSP90 protein



p-Toluenesulfonie acid monohycirate (3.76 g) was added to a solution of
ditert-butyl
(4-chloro-3-[(2,2-dimethy1-1,3-dioxolan-4-yOmethyl]-1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl] -1H-pysazol o [3 ,4-dIpyrimidin-6-y1)
imidodicarbonate of 6) above (12.52 g) in methanol (250 rr,L), and the
mixture was stirred at room temperature for seven hours. The reaction

manBasrEhhsetvaadhonsEETBRoWeH By Blatdesgnvathcenthatetate.
d Th %rglagic Ia}/ was.w, egdrwétlg %rd ,and thenldried over anhydrous
esCcrine ﬁ%?%%ﬁ%ﬁﬁ - ﬁ ?,IOI‘ ample

X .
sodium su tration, the filtrate’was congentrated under reduced

presgHieiibhe resultingoresiclug was Aunfied v sticrrgekarlimiyy
chromatography (ethyl acetate-methanol) to obtain the title compound

im{©uBdpgsBRiYe)ias and Aveoiph dlsisupstameenly used by BlpdrsbiNkRIed in the
(CDC13) 5: 1.42 (18H, s), 2.20 (3H, s), 2.29 (3H, s), 2.77-2.80 (1H, m),

artglan exagplo Imimeraaogrsan i ohyng feste plattingfhs Wﬁ%ﬁ s)

3. 6:3.79 (RH, i : g . » 8,03

o A T G O e b Ry e

exMhplk-[(4 -methoxy-3 ,5 - d methylpyridin-2-yl)methyl]-1H-pyrazol o
[3,4-d]pyrimidin-6-y1) imidodi carbonate Sodium periodate (278 mg)
was dedeeney anhixtibstiesrhpuses TARRS-suept chaperones or

T g N e S e e R
co{ﬂmﬁédm)sé%% ﬁM%lﬁ%MﬁtM,(%%ﬁ@%Waﬁﬁé&MH@P‘% to

cooling in an ice bath. The ice bath was removed and the mixture was
costirrperdoeome houmdihd reactipbasixitare waarsepdrat ¢ withasaturated
sodium bicarbonate solution (40 mL) and ethyl acetate (40 mL). The
abgeE 1By EShEETRASHEBXMERTBE 2dhe BiRcdfsacoPsr dhNaHAES:
ogli ate and filtered. Then, the filtrate was concentrated under
40?6%3&%@(? pr ’st{s%ﬁr%}f fﬁ'anol (4 mL) was added to the resulting residue.

Sodiwrhasahysidet2% memasaddedin $nalpaHians unee feoBlgHn
an ice bath, and the mixture was stirred for one hour. The reaction mixture

of\ieeslaiiiéd vith R0 Bsetsamplad thendseguéftidiROviabivetbdvitA 2 may Re
rochlorjc acid solution and brine. The ?é anic layer W@}drie over

h
S RS D T S O AT BEE AR EFECHTRR LR BSHeEmRR

mHAde ISR AiReEIH e (he SOl¥EHE Wag1vaRgrated i ahain a crude
product of the title compound (129 mg, 88%) as an oil. The resulting

comptitibiti vvas directlyforseat itorat b arext ¢ € AR wathbeitpunifiedtiona

11-I-NMR (CDC13) 6: 1.43 (18H, s), 2.21 (3H, s) 2.28 (3H, s) .36 (2H, 1),
cog_ﬁpgr(gtp.cp%’agggy yoing 6{85%@(@4’ gzsgfroa;lgﬂ@(’)-g)-pa@@thalenesulfomc acid)),
for example. In the conformational assay, the method described in J. Med. 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



ESI-MSmiz: 563 (M 4- H)t  9) 2-
{6413is(tert-butoxycarbonyl)amino]-4-chloro-1-[(4-methoxy-3,5-
dimethylpyridin-2-yHmethylk | H-pyrazolo[3,4-d]pyrimidin-3-yll ethyl 4-
methylbenzenesulfonate Triethylamine (0.048 mL), p-toluenesulfonyl
chloride (43 mg) and 4- dimethylaminopyridine (0.7 mg) were added to a
ixture compased of di-ten-buty! e
S P ST HOR, Bl S SRR i RS-y -Drnet
adAY LRy a2 RIols, rdIRvHRd InSan i imidedicashg %ﬂ%ﬁiﬁ%@l@&?ﬁﬁl@ 4
mg) and dehydrated dichloromethane (1 inL) under cooling in an ice bath.
aqUheidehathwasrepofteabind tHecmixteweswasrsiistze tan b2 baywged be
reaction mixture was diluted with ethyl acetate and sequentially washed
formitRgatariand Brheithrebigaare lagisielnacemeabdses g R yaraisesosrtimt

an RS20 fisred, and then tne fate was concentraled under redced
pressure. Theresulting résidue was purified by silica gel colum

folehtNakogd RYe(e acstaiennexang) te-abtain the title compound (74
mg, 91%) as an amorphous substance. ESI-MS m/z: 717 (M+H)'. 10)

Di-teftebriytif®e [{damethoxy-Byb i mmwpwmmdmgmmw@m&mﬁon
mygto-2H 6-inia:1,2.3 5 telrpazascenaphihylen;-ymidodicarbonate
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 may be 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 may be
stored in one container, or multiple doses may be stored in one container.

Examples of solid formulations include tablets, capéules, 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.



A mixture composed of
2-16-[bis(tert-butoxycarbonyl)amino]-4-chloro-1-1(4-
methoxy-3,5-dimethylpyridin-2-yl)methyli-IH-pyrazolo[3,4-d]pyrimidin-3-y1
lethyl 4-methylbenzenesulfonate of®) above (74 mg),
N,N-dimethylformamide (1 mL) and potassium thioacetate (19 mg) under
cooling in an ice bath for two hours. Then, the ice bath was removed and

the MIXEFERVHELRFDS RIFSCH Bt rherPctivsd At Rascaneral
ma%aﬁshﬁfk%ﬁ%ﬁf% gﬂ%(?ﬁﬂueﬁﬁ I, xg%*a%%ﬁ%gﬁg&&oﬁ ﬂ%&%Jhe

organic layer was dried over anhydrous so ate an red. Then,

apphepfilitelieswas bhesiatmaiedeyndented uead: presstise anehibm selventwass
evaporated to obtain a crude product of the title compound (59 mg) as an

disgiseTand fesbitthghctehp ey wakslireetpiuseditol gngxirdacioswithout
ification. ES1- iz: 543 (M+1D)-. (E le 2

L st SR A A A D

rar%@ﬁ%%gm@?%@ﬁ%@m)f@%é@mi €100 m%fllkféu&f@?% g}@,%%@r%ﬁ?'a)oms

added to a mixture composed of di-tertbu
0.2 petapxyeiia-dimetndiyrishd:2wiiime g aro8: ditefdrdRH-6-tiad 2,
3,5-tetraazaacenaphthylen-4-yllimidodicarbonate of Step 10) of Example 1

bofsgrigightdnd UrasibrobRstharests ML itindeMa5sIthg 7@REBYAh. Then,

556 ath s empveal and the miduis as stired foL o fours, The

reaction solution was Concentrated under reduce 1|1cw)1}sézssure. en,
twieSUbNGéesighdeivias sissalvedinethyhacsiate and seereemialy washed

with a saturated sodium bicarbonate solution and brine. The organic layer
apwragrihiethisver anhydeals dereesunesstdtthanth fitterat oTéednthe

filtrate wagecgonc ntrated under redyced pressure. The resulting residue

neGeSERLOAY BY SFEYEPEBI AN HCRIOME®Yaphy (ethyl acetate-methanol)
to Oﬁ{ﬂér%}&%ﬁktkﬁ&é}mm %ﬂ @%ﬂé&fﬁéﬂ?&%@lﬁ%%ﬁh referencé']c_(g'NM R

(CDC13) 5: 2.22 (3H, s), 2.28 (3H, ), 3.12 (2H, 1), 3.43 (2H, 1), 3.74 (33),

B2 khob) e o 4HAe &, 812 bfdddn s kebileMS miz 1 3d8e(Mhktkto, and
(Example 3) Di-tert-butgll

they poifps-pABEHORG- BSSIENAEHS IR pANITRIES 1) Reaggnis giolvents and
st%%‘{%%Eﬁ%‘%%ﬁééﬁ%%b%}ﬁ%tr 1zapcepapthylen-drylimidodicarbonate

oro-
cotidrnethexdn-dimethylpyridin-2-yOrnethyl]-3-
(2-oxoethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yllimiciodicarbonare

Examples
(Example 1)

Di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yh)methyl}-7,8-dihydro-
2H-6-thia-1,2,3,5-tetraazaacenaphthylen-4-yl}imidodicarbonate

1) 1-(2-Amino-4,6-dichloropyrimidin-5-yl1)-3-buten-1-ol

OH (I

Y

Cl N NHQ



N-N//7 0 o x Sodium periociate (1.95 g) was added to a mixture
composed of di-tert-butyl {4-chloro-3-(2,3-dihydroxypropy1)-1-[(4-m
ethoxy-3,5-clirnethylpyrid in-2- yl)methyl]-1H-pyrazolo[3,4-d]pyrim
din-6-yHimidodicarbonate shown ins$tep 7) of Example [(1.34 g),
tetrahydrofuran (15 mL). methanol (15 mL) and water (15 m1_,) in small
portions under cooling in an ice bath. The ice bath was removed and the

mixthE RSB dForsorte WatirddasyParaiaTmemp)swheddeathtite

STl e A ot ARl i B

organic layer was sequenti water an
migyernas drigghovstianvsleus maonesium sHiaG-andthen filteresh Jhe
filtrate was concentrated under reduced pressure and the 'solvent was
unegiaporite dnteroistairta crudéyprodudd of RS title) comm poduict 1182 1H4%)
.as an am%ohous substance. The resulting compound was directly used

MK VB PRARHSH withStGothieang fat the micrnal emagiriRe(elSE 13)
% , _ Ch 311,),4.21 (111, .d),
oSN O B 0 RO A0
tw §rottaro-thed-eyane-hiryaroxyettyt-dniAsneathexyt 38 giMunder reduced
ylpyridin-2-ylimethy-11-1H-pyrazolo[3,4-d]pyrimidin-6-yl)imi dodicarbonate
Prefpiiifethyisiy efahitreiedcdio rhl pathd trictaiidrfidanio Hogimigtassistion (1

D YE0IS LI RRRTRA & P ARNE RIS,

threlmetulaysidingg-vimetyid 3a-0xeetilt Hhpyiazniold A:dipyrimidin-6
- yllimiciodicarbonate (796 mg) and dichloromethane (10 mL) under

seqowlitad] yrvashiod withyatteantheioe bathewagarénioyedand:tbeé mixture
was stirred for 16 hours, Chloroform (80 mL%and a 0.5 N hydrochloric acid

RS pEBEhE e rrd duisteto thEh@a iR FiaUYas FomemEE!BY to about

1568RAtAlRP ﬁ@gggﬁ&@e%@&%&% %M&éaa{ah@%&%uan%a% nesium

. e
sulfate an en, the filtrate was concentrated u f reduced

folprasdwre st gesultieg, iesidoieiwas diskebad iNReatonityIsHtad mbtith 1
N hydrochloric acid solution (10 mL) was added and the mixture was
coBmPBElASrodfEteitise rtareofst 30 minutes, A saturated sodium

: . on mixture. followed
oy oot e At BOCRUALL he STt T i WAcHU it brfe
d) dried @yersgnhydrays sadiym:suifate,andsthen filtered. Jhe filtrate was

concentrated under reduced pressure and the solvent was evaporated to

obtaln &Crddeipreditedichthe tittercaimpHuyhid2( 788 -tHg B4 %6)] T hitosestiting
compound was directly used for the next reaction without purification.

YDEEHMSHn/z: 588 (M-I

A mixture composed of the above 1-(2-amino-4,6-dichloropyrimidin-5-y1)-3-
buten-1-0l (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,



69 3)
2-1.6-[Bis(tert-butoxycarbonyl)amino]-4-c111oro-1-[(4-methoxy-3,5-
dimethylp yridin-2-yHmethyl]-1H-pyrazolo113,4-61]pyrimidin-3-y1 if
-eyano ethyl 4- methylh enz enesubtliate p-Toluenesulfonyl chloride
(511 ma) was added to a mixture composed of the above crude
di-tert-butyl 1,4-ehloro-3-(2-eyano-2-hydroxyethyl)-1-[(4-methoxy-3,5-

& SR R ISR IPIR TR )P 3078 S R AR PRI

con@%&%tgéacg ?P% %?é}t}é%%%gé(é 959@%“{%@%@%5%%&%‘&%@%@/ with

dropwise addition of triethylamine (0.56 m n,

sodfraiEigidanisiopyeCinekadna) was addedanthihe mixie e was stiveed
at room temperature for three hours. The reaction mixture was diluted with

wachindforen Ay dasheelivithswhses T Grgemic Tairsy hadiirse wier
anh%gjr?ijs sgjcédil%P suéfate and then filtered,[ and the tf”trfl[ was
COnEERTAKH ARLLFGEFF @ﬁ%@&rﬁr@s%%?rﬁﬁee PSSSB}HR’& residue was purified
Difsliea-Ashgalummaaiomaoarapi (SHivarelaierhane) jo obtain the
title compound (450 mg, 45%) as a solid. 1-1-1-NMR. (CDC13) 6:
tolhikeAb {8 ca)cid . Ribr{Shdshi2( 28 §3H,) Syt 44dBHo e 3683 B0, g,

5.51 (1H, dd), 5.60 (2H, d), 5.65 (1H, d), 7.28 (2H, d), 7.67 (21f, d), 8.09
the GERGESES ﬁtmg}ﬁ/tzr:op@tmpqraﬁge for41)4[j}gﬁg|st._b yqaturated sodium

S e e o
fol®wWe8 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-yl1)-2-(2,2-dimethyl-[ 1,3]dioxolan-4-

yhethan-1-one

Triethylamine (5.25 mL) and a sulfur trioxide-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-yl)ethan-1-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



Sodium bisulfide monohydrate (58 mg) was added to a mixture composed
of the above 2- {6-{bis(tert-butoxycarb onyl)amino]
-4-chloro-1-[(4-methoxy-3,5- diinethylpyridin-2-yl)methyl] - |
H-pyrazolo[3,4-d]pyrimidin-3-y1)--H9cyano ethyl 4-
methylbenzenesulfonate (450 mg) and dehydrated NM-dimethylfoiniamide

8 mL) under coolin |n aniceb Then, the ice bath was removed
anlfﬁ%f% B GALRHHYor ONEY i&?%&bﬁ E}H%m%m%@%

redddded-idhe teastion, MiKukes flloywed v Juhen SUHHIRG Jo5 3R DINHLES .

Water (100 mL) was added to the reaction mixture, followed by extraction

comwuem eEela®, Y heaargahic Eyercaasnyasheaividhwak déreand dsahfor
dried over anhydrous sodium sulfate. After filtration, the filtrate was
thedéﬁ%é?ﬁ?&féﬂ"ﬂﬂd’éﬁ pPEEiicaEPressure. The resulting residue was purified

by I C tography (ethyl acetate-hexane) to obtain the
Shisue o W B

title'compoun 1%) as an oil. 11-1-NMR (CDC13) 8:

145 (18 Rinéx423 (Sldisdt @%@h&»@)gl%@h@!ﬂh%&zﬁm@ﬂﬁ'delﬁ%d% 4

(3H, s), 4.58 (1H, dd), 5.66 (2H, s), 8.16 (11-1, s). ESI-MSmiz: 568 (M +
H) . 71 (Example 4)
4-Amino-24(4-rnethoxy-3,5-dimethylpyridin-2-yl)methyll-7,8-dihydro thia
23 5tetrea hacen aphthyl enc-7- carbonitrile Trifluoroacetic acid
}%5/ L) vas added to a mixture composed. of di-tertbutyl
(7-eyano- 6&(4-methoxy-3,5-dimethylpyridin-2-y|)methy1]-7,8-dihydro-2H-6
-#tifa-1,2,3,; -tetraazaacenaphthylen-4-yllimidodicarbonate of Step 4) of
Example 3 (30 mg) and dichloromethane (1 mL). Then, the. ice bath was

remévédipremed ynidursthny stifrddistisinéae (AkeP eanfirasiaddadate a

A SBCE O5CL AT ATLA AT B et Lo G
an gedeshiothereshitingeresidue, e Pieciniiated solidwas callested, by

filtration and washed with water. The resulting solid was dried to obtain
retiver¢ifl erciodngpmintdr¢18:8 imgted with DMBO:06)°€: Rr1IBYBblyrs), 24221311,

? 3.35 (2H, dd), 3.47 (1I-1, dd), 3.72 (Hi, s), 5.34 (1H, 2&537 211, s)

cogling foRpgy IEARRTAI s & %H/M@éi%ﬁﬁl to {4 T RgRIs e, and

abf 43 3?5 5 WY 319ef! %E'Bdgftlé 'c@azu}{ﬁé?%ﬁxgel ARG Siin o

1a- 1, ) traazaacenap en-4-amine
hydroxxde solution (1 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 -2°C 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-dg) 8: 2.32 (3H, s), 2.38 (3H, 5), 3.98 (2H, s), 4.41 (2H, s),
8.57 (1H, s).



1) Di-tert-butyl [4-ehloro-3-(2-hydroxypropy1)-1-[(4-methoxy-3,5-
dimethylpyridin-2-y1)methyl]-1 H-pyrazo10 [3,4-d]pyrimi di ri-6-yl
imidociicarb(mate A 3 N solution of methylmagnesium bromide in
diethyl ether (0.15 mL) was added gifopwise to a mixture of di-tert-butyl
(4-chloro-1-{(4-methoxy-3,5-
dimethylpyridin-2-yOmethyl]-3-(2-oxoethyl)-1H-pyrazolo[3,4-djpyrimidin-6-
yflimidbdibhnsonate, dfiStehy)- b Rkianubie-3-¢1 2octhy) ant Hetrfdeated 5-

. tetrahydrofuran (1 mL) er cooling in afry ice-acetone bath, and then
i RN v CHFRGR O GE RLE o SEHER SR APt chiorice
solution (I mL) was added dropwise to the reaction mixture, and then the
dry ice-acetone bath was removed, The reaction mixture was separated
with ethyl acefate (30 mL) and water (30 mL), Then, the organic layer was
washed with brine and dried over anhydrous magnesium sulfate. After
filtration, fhetiltrate was concentrated under reduced pressure. The
resulting j%e f was purified by silica gel thin-layer chromatography
B(ztglyl acetate-hexane) to obtain the title compound (52 mg, 42%) as an
0 0ily ESI{MSTniz: 577 (M+H)7. 2) 2-

- rt-hutoxycarbonyDamino]-4-chloro-1-[(4-metnoxy-3,5-
dimefnyl ﬁid h-2-yl)methy]]-1H-pyrazolo[3,4-cl]pyrimidin-3-yl1-1-methylet
hyl 4- ¥ enesulfonate 73 A crude product of the title

compound (29 mgz, 44%) was obtained as an oil by the same method as in

Step,3 ' i-tert-

chio e e e oromenane s
addetilib-apyiangtofdApdhey tniclip-emiddinmodicarbpnate (52 mg)-2a4d,2-

p-toluenesulfonyl chloride (86 mg). The resulting compound was directly

dimedalfor.Héipexeredotonhaitt ovrguirificeivrns. ESE-819 (tacRENIAH)1-
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 co.lumn chromatography (ethyl acetate-chloroform) to obtain
the title compound (1.79 g, 75%) as a solid.

'H-NMR (CDCly) 8: 1.35 (3H, s), 1.41 (3H, s), 2.22 (3H, 5), 2.29 (3H, 5), 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-MSmy/z: 433 (M + H)"

6) Di-tert-butyl {4-chloro-3-[(2,2-dimethyl-1,3-dioxolan-4-yl)methyl]-1-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl}-1H-pyrazolo[3,4-d]pyrimidin-6-

yl}imidodicarbonate



3)
2-11(4-Methoxy-3,5-dirnethylpyridin-2-yl)methy11-7-methy1-7,8-dihydro2
H-6-thia-1,2,3,5-tetraazaacenaphthylen-4-amine Sodium bisulficie
monohydrate (3.8 ma) was added to a mixture of the above 2- 6- [his
(tert-butoxycarb onypamino] -4-ch|orc§-&4(4-methox
y-3,5-dimethylnyridin2-y1)meth yl] -1H-pyrazolo -y11-1-methyl ethyl 4- 74
methylbenzenesulfonate (29 ma) 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, fg d by stirring for 10 hours. The reaction mixture was
diluted with\ethy| acetate and then sequentially washed with water and
nic layer was dried over anhydrous sodium sulfate and

2d, ahd the filtrate was concentrated under reduced pressure.
ing\residue was dissolved in dichloromethane (2 mL) Then,
trifluoroacege agid (0.5 r;{k)was added and the mixture was stirred for two

hours. Thesgagdtion Hixtute was concentrated under reduced pressure.
Then, tHe resﬂlii;%:es?du was dissolved in chlorofoim and sequentially
washed with a ated sodium bicarbonate solution and water. The
organic layer was gu@ over anhydrous sodium sulfate and then filtered,
and the filtrate was concentrated under reduced pressure. The resulting

residu¢-Baseurifiednbysikiiacge bthip}layd dchmorvatdgiaptiyonate (3.90 g) were
(chloroform-methanol) to obtain the title compound (8.9 mg, 63%) as a

bl o 2 mixture comprKdVid@ieTS B2 5ETShYH) SoTaREd: 2 28

H, : H, dd), 3 1H, dd), 3.74 (3H 84-3.93 (11-
St e g e S e A e e
@pyrinﬁ%ﬂ@fﬂ%ﬁf‘% %ﬁg%qtﬁymﬂiQjﬂ'aeﬁliﬂﬁﬁgﬂb/ﬂétﬁfﬁ@ﬂfuran (50 mL),
-vu-l-y1-7,8- dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-4-amine

)6 Ga[Bis(tertbutonyCatr bomyhemmnclurafioid- hdgds metifoxya@isn mixture
e o o ket ST e Hssure, e

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 (CDCl3) &: 1.35 (3H, s), 1.38 (3H, s), 1.42 (18H, ), 2.20 (3H, 5),
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-MSm/z: 633 (M + H)".

7) 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} imidodicarbonate



A 0.5 N solution of 1-propynyimagn s um bromide in tetrahydrofuran (0.60
mL) was added dropwise to a mixture of di-tert-butyl
{4-chloro-1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-3-(2-oxoethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-
yllimidodicarbonate of Step 1) of Example 3 (120 mg) and dehydrated
tetrahydrofuran under cooling in a drﬁ?rce-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 wit briﬁée and dried over anhydrous magnesium sulfate. After
filtration, thefiltyate was concentrated under reduced pressure, and the
resulting r Sid/u was dissolved in dichloromethane (6 mL).
MethanesulfoRyl chloride (46 gL) was added under cooling in an ice bath,
rand ten ﬁ_;sﬁ)lrution of triethylarnine (96 4E) in dichloromethane was
ropwise. The ice bath was removed and the mixture was stirred

for three h NThem, the reaction mixture was diluted with

dichloro a,dje\ap&\se entially washed with water and brine. The
organiccllayer\NasNdriea over anhydrous sodium sulfate and then filtered,
and the filtrate goncentrated under reduced pressure. The resulting
residue was purifiedQy silica gel thin-layer chromatography
(cb_lorolomi-methanol) to obtain the title compound (461112, 35%) as an
oil. 76 ES1-MS miz: 679 (M-11-1)* 2)

24(4-MéthosaesiBatirmethy tpymidind2ait) (3 Sthgl-Fasropidd yn dsylution of di-
dihydro-2H-6-thia-1,2 3,5-tetraazaacenaphthylen-4-amine The title
O RS o A bl S A B R ks Feioa 36
d%(%%?&%&t%%?@(ﬁ% ; gn%é%?ﬁ%% ?e’?] Ig]r%gﬁmdmé yl}imidodicarbonate

of4-mbtivexyBBE-dinethylbayit ldRI Pyl metdytte mixture was stirred at room
1H-pyrazolo[3,4-d]pyrimidin-3-ylin-lethyl)but-2-yri-1-y1 methanesulfonate
(B FIGY ST SSURBHBIBUIfid ATSABHYR FRISIREeS V) Oured Nfa R Tie D Bllgyved

8:1.85 (3H d}QZ 3H,a|_f?, Zﬁ{ng s), 3.16 (IH, dd), 3 BGééLﬁ,éjd),
SR AR, e WA T Yo ey i e
d88d (M- (ex3aBle Eddium sulfate.  After filtration, the filtrate was concentrated

4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7,8-dihydro-2H-6-
uthier 1¢218 &l tursmizaacéhapkthiilepectidarymsamitieed by silica gel column
chromatography (ethyl acetate-methanol) to obtain the title compound (9.64 g, 82%)
as an amorphous substance.

'H-NMR (CDCl;) 8: 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-chloro-3-(2-hydroxyethyl)-1-[(4-methoxy-3,5-

dimethylpyridin-2-yl)methyl]-1H-pyrazolo[3,4-d]pyrimidin-6-yl }imidodicarbonate



77 A mixture composed of di-tert-butyl (7-cyano-2-[(4-methoxy-3,5- d
ethylpyridin-2-yl)methy1]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphth
ylen4-yllitnidodicarbonate of Step 4) of Example 3 (30 mg) and
concentrated hydrochloric acid (1 tnL) was stirred at room temperature for
1.5 hours. The reaction mixture was gifuted 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%). 1H-NMR (DMSO-d(,) 6:
2.17 (3H, s), 2.21 (3H, s), 3.09 (1.1-, dd), 3.26 (1H, dd), 3.71 (3H, s), 4.56
(1H, dd), 5.82 ,S), 6.94 (2H, s), 7.42 (114., s), 7.75 (1H, s), 8.08 (11-1,
s). ES1-N{Smiz: 386 ( (Example 8)
methoxy-3,5-dimethylpyridin-2-yilmethy1]-7,8-dihydr0-21-1-
6- thia-1,2,3,15-tetraazaacenaphthylene-7-carboxylic acid A mixture
di-tert-butyl f7-cyario-2-[(4-methoxy-3,5-
' 'N—2-yOmethy1]-7,8-dihydro-2H-6-thia—1,2,3,5-tetrazzaacena
phthylen4 Xll' imidpclicarbonate of Step 4) of Example 3 (210 mg) and
concenfrated hydrochioricvacid (6 mL) was stirred at room temperature for
three days. The,aE\action mixture was concentrated under reduced
pressure and the sglvent was evaporated. Diethyl ether was added to the
residue and the sefithwas powdered, followed by collection by filtration to
obtain a hydrochloride of the title compound (171 mg). The resulting
hydrocQigride fhite R pote \aias uriipe i tyarsed Bhastliduit
chromatogaphy to obtain the fitle compound (6.1 mg, 17%) as a solid.
(DB d6) 53 2ihg dBitypjoRyRL (3, ekt -§1 Edne){hy P6r(id; 1d), 3.71
(31-1, s), 4.71-4.80 (1H, m), 5.32 (2H, s), 6.94 (2H, s), 8.08 (111, s).
MS{}T/IZHWWIQ[%EIX ]ﬁmgrgéin-@yl}1m1dodlcarbonate of 7) above (154

mg), tetrahydrofuran (1 mL), methanol (1 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 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 (129 mg, 88%) as an
oil. The resulting compound was directly used for the next reaction without
purification.

'H-NMR (CDCls) &: 1.43 (18H, s), 2.21 (3H, 5), 2.28 (3H, 5), 3.36 (2H, 1),
3.75 (3H, s), 4.07 (2H, t), 5.66 (2H, s), 8.07 (1H, s).



4-Amino-2-[(4-methoxy-3,5-dimethylpyri.dinethyl]-N-methy1-7,8
dihydro-2H-6-thi a-1 ,2,3 ,5-tetraazaacenaphthylene-7-carboxamide 79

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 hydrochloride of Example 8 642 mg), methylamine hydrochloride
(13 mg), 1- hydroxybenzotriazole monohydrate (14 mg),

1-(3- dlmeth Iamm)rﬁpro 1)-3- ethylearbodiimide hydrochloride (35 mg),
duso Qef/ ) and dehydrated N,N-dimethylfonnamide (1

mL) r g 5.
o o e At s
diellesies, Hyifilrafione e S0lid cotetsesl by ilratiatinasidisielved in a
mixed solvent of chloroform-methanol, followed by purification by silica gel
isithitirazersiansifaphy (chloroform-methanol) to obtain the title
compound (17.9 mg, 49%) as a solid. 'H-NMR (CDC13) 8: 2.23 (3H,
s), 2.28 (3H, s), 2.78 (3H, d), 3.25 (1H, dd), 3.66 (1H, cid), 3.75 (3H, s),
4.33 (11-1, dd), 5.38-5,46 (8H, m), 6.94 (11-I, d), 8.15 OH, s). ESI-MSm/z.
400 (M H)+. (Example 0 Amino-2-[(4- methoxy

5-dilpyridin-2-y1)met B y1-7,8- di hydro-2 H-6-th i

a-1,2,3, 5 tetraazaacen | ene-7-carbox amide-

O
“ﬁd

)<

Triethylamine (0.048 mL), p-toluenesulfonyl chloride (43 mg) and 4-

dimethylaminopyridine (0.7 mg) were added to a mixture composed of di-tert-butyl
{4-chloro-3-(2-hydroxyethyl)-1-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-1H-
pyrazolo[3,4-d]pyrimidin-6-yl}imidodicarbonate of 8) 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)methyl}-7,8-

dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-4-yl}imidodicarbonate



80 0O The title compound (16.0 mg, 42%) was obtained as a solid by
the same method as in Example 9 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-
yHmethy1]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carbo
xylic acid hydrochloride of Example %§42 mg) and ethylamine
hydrochloride (16 mg). 11-1-NrMR (CDC13) 6: 1.08
(3H, 1), 2.21 (31-1, s), 2.28 (3H, s), 3.15-3.35 (21-1, m), 3.69 (2H, dd),
3.74 (3H, s), 4.29 (1H, dd), 5.38-5.46 (5H, m), 6.60 (1H, Ens), 8.17 (1H,
S). ESI-MStniz: 414 (M HY. (Example 11) 4-Amino-2- [(4-m ethox
y-3,5-giimethyloyridin-2-yHm ethyl] -N,N-dimethy1-7,8- d ihydro-2H-6-thi
-tetraazaacenaphthylene-7-carboxamide 0 The title

5.9 mg, 16%) was obtained as a solid by the same method as

A mixture composed of 2-{6-[bis(tert-butoxycarbonyl)amino}-4-chloro-1-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-1H-pyrazolo[3,4-d]pyrimidin-3-yl} ethyl
4-methylbenzenesulfonate of 9) above (74 mg), N,N-dimethylformamide (1 mL) 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.

ESI-MS m/z: 543 (M+H)".

(Example 2)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-7,8-dihydro-2H-6-thia~

1,2,3,5-tetraazaacenaphthylen-4-amine



81 yr/methyl] -7,8-dih ydro-2E-6-thi a-1 2,3 -tetraazaacenaphthyl ene-7
-carboxyii ¢ acid hydrochloride of Example 8 (42 mg) and dimethylamine
hydrochloride (16 mg) 1H-N7MR (CDC13) 6: 2.22 (3H, s), 2.29
(3H, s), 3.03 (3H, s), 3.17 (311, a), 3.23 (11-I, 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). EST-MSmiz:
414 (M H)! (Example 12) 66
4-Amino-N-cyclopropyl-2-[(4-methoxy-3,5-dimethylpyridin-2-yi)me y 7,8-d i
byci ro-2 H-6-thi a- L 2 ,3 ,5-tetraaza ac enap hthy] en e-5' -carb ox am i
de ci mixture composed of 4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-
yhrn ethyll -7,8-dihydro-2 H-6-thi a-1.23.S-tetraazaacenap'n
thyiene-7-garb oxyl acid of Example 8 (80 mg), cyclopropylamine (0.029
droxybenzotriazole rnonohydrate (32 mg),
laminopropy1)-3-ethylcarbodiimide hydrochloride (80 mg) and

ture for 16 hours. The reaction mixture was concentrated under
redliced pressure. The resulting residue was diluted with ethyl acetate and
eq e/ntl lly washed with a saturated sodium bicarbonate solution and
anic layer was dried over anhydrous mapesium sulfate and.
f||tered Then’ the filtrate was concentrated under reduced pressure. The
resultuprcl;ﬂresmue was

uoroacetic acu? %O.S mL) was added to a mixture composed of di-tert-

butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7,8-dihydro-2H-6-thia-
1,2,3,5-tetraazaacenaphthylen-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 (CDCl) 8: 2.22 (3H, s), 2.28 (3H, 5), 3.12 (2H, t), 3.43 (2H, 1), 3.74
(3H, s), 5.22 (2H, br.s), 5.44 (2H, s), 8.21 (1H, s).

ESI-MSmv/z: 343 (M + H)".

(Example 3)

Di-tert-butyl {7-cyano-2-{(4-methoxy-3,5-dimethylpyridin-2-ylymethyl]-7,8-
dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-4-yl }imidodicarbonate

1) Di-tert-butyl {4-chloro-1-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-3-

(2-oxoethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl }imidodicarbonate



purified by NH silica gel column chromatography
(dichloromethane-methanol) to obtain the title compound (30 mg, 34%) as
a solid. 1H-NMR (CDC13) 6: 0.42-0.49 (2H, m), 0.74-0.76 (2H,
m), 2.22 (3H, s), 2.29 (3H, s), 2.65€2.67 (111, m), 3.24 (1H, dd), 3.70 (1H,
dd), 3.75 (3H, s), 4.24 (1H, dd), 5.24 (21-1, s), 5.43 (2H, s), 6.60 (1H, s),
8.18 (1H, s). ESI-MSmiz: 426 (M (Example 13)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-prop-2-yn-1-y1-
, d" ydro-2H-6-thia-1,2,3,5-tetraanacenaphthylene-7-carboxamide N-N
The title,compound (30 me, 34%) was obtained as a solid by the same
method &s in’Example 12 using

4-amin 4-methoxy-3,5-dimethyipyridin-2-yOmethyll7,8-dihydro-2H-6-t

hia-1,2,3;5%tefraazaacenaphthylene-7-carboxylic acid of Example 8 (80
mg) and propargylamine (29 tiL). 1H-NMR (CDC13) 8:
o=21- ’)‘2’? (4H, m), 2.29 (3H, s), 3.26 (1H, dd), 3.76-3.79 (4H, m),
3.86°3 , m), 4.08-4.13 (1H, m), 4.30 (1H, 1), 5.24 (2H, s), 5.43 (2H,
c1” TN N 0
oéj\o

K

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-
yhmethyl}-1H-pyrazolo[3,4-d]pyrimidin-6-yl} imidodicarbonate 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 dried 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 (CDCl3) 8: 1.44 (18H, s), 2.22 (3H, s), 2.28 (3H, s), 3.75 (3H, s),
421 (1H, d), 5.70 (2H, ), 8.12 (1H, ), 9.90 (1H, t).

2) Di-tert-butyl {4-chloro-3-(2-cyano-2-hydroxyethyl)-1-[(4-methoxy-3,5-

dimethylpyridin-2-yl)methyl]-1H-pyrazolo[3,4-d]pyrimidin-6-yl }imidodicarbonate



ESI-M.Smiz: 424 (M H)t. 83 (Example 14)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-E
phenylethy0-7,8-dihydro-214-6-thia-1,2,3,5-tetraazaacenaplathylenc-7-ca
rboxamide HN-NNH2 The title gompound (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-yl)methy1]-
7,8-dihydro-2H-6-thia-E2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example 8 (50 mg) and 2-phenylethylamine (33 pi). 1H-NMR
(CDC113) 6: 2.20 (3H, s), 2.30 (3H, s), 232 (2111., dd), 3.23 (IH, dd),
3.44-3.56,(2H9 m), 3.70-3.74 (4H, m), 4.23-4.25 (1H, m), 5.24 (2H, s),
‘(2H, m), 6.49-6.51 (1H, m), 7.03 (21-1, d), 7.22-7.28 (3H, m),
nEz: 490 (M FI)+. (Example 15)
ylpiperazin-1-y1)earbonyl]-2-[(4-methoxy-3,5-dimethylpyridin
,4]-7,8-dihydro-2H-6-thia.-1,2,3,5-ietraa.zaacenaphthylen-4-am

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-
dimethylpyridin-2-yl)methyl}-3-(2-oxoethyl)-1H-pyrazolo[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 1 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)".



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)uethyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraag@aacenaphthylene-7-carboxylic acid of
Example 8 (40 mg) and 1-isopropylpiperazine (43 pt).

11-1-NMR CDC13 8:1.01 (61-1, d), 2.20 (3H, s), 2.27 (3H, s), 2.45-2.54
(4H - P8 st anionisabonyhirnias)- %Qmogvslﬂ(émqﬁpwﬁlﬁs 73

DRGNS SO SR A

mdbATineN={eHehlgroethyl)-2-[(4-methoxy-3, 5-dimethylpyridin-2-yOrnethyl]
7, 8-dihydro-2H-6-thia-1,2,3 ,5-tetraazaacenaphthylene-7-carboxamide
85 of Example 8 (40 mg), 2-chloroethylamine hydrochloride (24 mu), 1-
hydroxybenzotriazole monohydrate (24 mg),
I-(3-dime,thylatninopropy1)-3- ethylcarbodiimide hydrochloride (40 mg),
triethylamine (44 uL,)\anddehydrated N,N-dirnethylformamide (10 mL)
was stirred at room ggmperature for 16 hours. The reaction mixture was
concentrated quer pressure, The resulting residue was diluted
WI h-etiyl Acetgte and sequentially washed with a saturated sodium

ﬁte Iutloll@r-and brine. The organic layer was dried over

anisydrous ma ulfate and filtered. Then, the filtrate was
concentrated under ed ed pressure. The resulting residue was purified
by NH silica gel ¢o chrom phy (dichloromethan.c-ethyl acetate)
to obtain the title compougéi\(lo mg, 22%) as a solid. EST-MS m/z: 448

(M+H)7. (Example 17) ° /0<

p-Toluenesulfony! 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]-1H-pyrazolo[3,4-d]pyrimidin-6-yl }imidodicarbonate
(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-NMR (CDCls) &; 1.45 (18H, s), 2.21 (3H, s), 2.28 (3H, 5), 2.44 (3H, ),
3.68-3.80 (5H, m), 5.51 (1H, dd), 5.60 (2H, d), 5.65 (1H, d), 7.28 (2H, d), 7.67 (2H,
d), 8.09 (1H, s).

ESI-MSm/z: 742 (M + H)".



4-Amino-N-(3-chloropropy1)-2-164-methoxy-3,5-dimethylpyridin-2-
yl)methyll-7,8-dihydro-2H-6-thia4,2,3,5-tet
aazaacenaphthylene-7-carboxamide The title compound (60 mg,
50%) was obtained as a solid by thgysame method as in Example 16
using 4-amino-2-[(4-mothoxy-3,5-dimethylpyridin-2-yOmethyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Exaffiple 81108\ g)-aroehitrostbpyiapmindnyidekstioe (somst)y-
-MS nth: 448 (N4-)44) 86£§Exam I %} -Aminp-N-{2-(i sob u
7,%%% I%{rlﬁ%—)et -9;}}} ;'[%L?ﬁ%éﬁ%‘)%- ?gr}g#xn%lﬁ/ F—)4>—I¥Iﬁ1mrlﬂo£caréon te
yOmethyll-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-earbox
amide 0 A mixture composed of
4-amino-N-(2-ehloroethyl)-2-[(4-methoxy-3,5- dimethylpyridin-2-yl)in
ethy1]-7,8-dihydro-2H-6-thi a-1 ,2,3 ,5-tetraazaacenaphthyl
amide of Example 16 (20 mg), isobutylamine (0.8 mL) and
was heated under reflux. for 16 hours, and-fnen the

Sodium bisulfide monohydrate (58 mg) was added to a mixture composed of
the above 2-{6-[bis(tert-butoxycarbonyl)amino]-4-chloro-1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1H-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 (CDCl3) 8: 1.45 (18H, ), 2.22 (3H, s5), 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-MSmy/z: 568 (M + H)".



11-3-NMR (CDC13) 8: 0.86 (6H, d), 1.644.65 (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 (111, s), 8.16 (1H,
S). ESI-MSmiz: 485 (M + Hf. (Example 19) 4-Amino-N43 -(isob utyl
ammo)propyl] -2- [(4-metho x y-3,5-dimethylp yridin-2- yl)ymethyl]
-7,8-dihydro-2H-6-th i a-1.2,3,5-tetraazaacenaphthyl ene-7-carb oxami de
(EF‘?@&@@% and post-treatment were performed in the same manner as in

Example 18 using 4-amino-N-(3-ehjoropropy1)-2- [(4-metho_ ..

xy-BI%%- ulr%“e‘%ﬁf&fg‘%}ﬁ |%§X§/§r%ﬁ fﬁ‘fﬁﬁ,‘%’-’&%@r’é@%&@&ﬁg@fﬁféy,%m'z}{'@
thidelraazancenaphiivianesicarbex,agide ef Example 17 (30 mg) and

isobutylamine (2 mL), followed by purification by NH silica gel column

chromatogaphy (dichloromethane-methanol) to obtain the title compound

(20 mg, 62%) as a solid. (CDC13) 6: 0.87 (611, d), 1.63-1,70(311,

m), 2.20 (3H,'s), 2.27 (3H, s), 2.35 (211, dd), 2.60-2.64(211, m), 3.23-3.33
{1H, dd), 3.72'(3H, s), 4.26 (111, dd), 5.19 (2H, s), 5.41

dimethi\élp din-2-yOmethylk7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenap
hthyle earboxamide 88

Trifluoroacetic acid (0.25 mL) was added to a mixture composed of 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 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-dg) 8: 2.18 (3H, ), 2.22 (3H, s), 3.35 (2H, dd), 3.47 (1H,
dd), 3.72 (3H, s), 5.34 (1H, t), 5.37 (2H, 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-hydroxypropyl)-1-[(4-methoxy-3,5-

dimethylpyridin-2-ylymethyl]-1H-pyrazolo[3,4-d]pyrimidin-6-yl } imidodicarbonate



The title compound (10 mg, 29%) was obtained as a solid by the same
method as in Example 19 using
4-amino-N-(3-chloropropy1)-2-[(4-methoxy-3,5-
dimethylpyridin-2-yHmethyl]-7,8-dilydro-2H-6-thia-1,2,3,5-tetraazaacenap
hthylenc7-carboxamide of Example 17 (30 mg) and neopentylamine (2.0
mL) IH-NMR (CDC13) 8: 0.86 (9H, s), 1.63-1.70(211, m),
2.20-2.21 (411, m), 2,272.28 (4H, m), 2.64 (211, m), 3.25 (1H, dd),
3.32-3.37 (211, m), 3.57 (Hi, dd), 3.72 (3H, s), 4.25 (1H, dd), 5.17 (21i, s),
5.41 (211, s),,7.88-7.90(111. br), 8.17 (11-I, s). ESI-NISmiz: 513 (1\4 -I-
(Example\21)0  Di-ten-butyl 2-{(4-methoxy-3 ,5

-dimeth \er din-2-yOmethyl]-2,7,8,9- tetrahydro-6-thia -1,2,3

ofedi azulen-4-yllimidodiearb onate 1)

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-1-[(4-methoxy-3,5-
dimethylpyridin-2-ylymethyl}-3-(2-oxoethyl)-1H-pyrazolo[3,4-d]pyrimidin-6-
yl}imidodicarbonate 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
(30mL). 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 mv/z: 577 (M+H)".

2) 2-{6-[Bis(tert-butoxycarbonyl)amino]-4-chloro-1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1H-pyrazolo[3,4-dpyrimidin-3-yl}-1-methylethyl 4-

methylbenzenesulfonate



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 Grignarci reagent.
The Grignard reagent was added to a mixture composed of
2-amino-4,6-dichloro-pyrimidine-5- garbaldehyde (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 rnL) 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 adueous layer was extracted with ethyl acetate,
and then the combingd drganic layers were washed with brine. The
organic layers were glrigd over sodium sulfate and filtered. Then, the
filtra \R(as(g:o centrate under reduced pressure and the solvent was
/e,%d t obt crude product of the title compound (5.06 g, 78%)
as'&solid. The j gom ound was directly used for the next reaction
without purification. (2& mino-4,6-dichloropyrimidin-5-yl)pant-4-en-1-one
4112 N 001 & re’gomp of the above crude 1
-(2-amino-4,6- dlchloropyrlgﬁwlln 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 h6urs. After confirming that the raw material
disappeared, the reaction solution was filtered through Celite, and the
filtrae wasGapesatated uag%mﬁﬂ(mﬁgm%ﬁ%@éﬁ%@d%@%&z
was purified by silica gel column chromatography (ethyl
byabema:mdm‘érm)rtcSwpta)mﬂfecaﬁ@km}npmgme(hm@d}zﬁkﬁ%)t@]s{a-
1H-1\11vIR (CDCI3) 6: 2.48 (2H, Cld) 2.94 (2H,
Chéom%<éélrfi<>?<>m§omzol<m e 41 (G0 PEroaus g bR, Hgo

pﬁaz%x% zoclﬁ?- AV F;y;mg}g Ok dam stho Sdimethylipyizyimetyl-

in- -amme
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-yl)methyl}-7-methyl-7,8-dihydro-

2H-6-thia-1,2,3,5-tetraazaacenaphthylen-4-amine

Sodium bisulfide monohydrate (3.8 mg) was added to a mixture of the above
2-{6-[bis(tert-butoxycarbonyl)amino]-4-chloro-1-[(4-methoxy-3,5-dimethylpyridin-

2-yDmethyl]-1H-pyrazolo[3,4-d]pyrimidin-3-yl}-1-methylethyl 4-



N112 The title compound (4.40 g, 59%) was obtained as a solid by the
same method as in Step 5) of Example 1 using
i-(2-amino-4,6-dichloropyTimidin-3-yl)pent-4-en-1one (4.92 g) and
[(4-methoxy-3,5-dimethylpyridin-2-ymethyllhydrazine hydrochloride of
Step 4) of Example 1(8.72 g) under cooling in an ice bath.
1H-NMR (DM8041.5) 8:2.15 (3H, s), 2.19 (3H, s), 2.35-2.42 (2H, m), 2.87-
mefrgBomanesl igrpee (39 sy 4181 M 96 methiiounenig 06 (Bi) HYis P,
i A TN Y Aty s, TR B
carBiME mg}r X s\_/&!ﬁ@&@ﬂkm—mé%éal%%ﬁ%&véﬂﬁfélw@adwmmgmo
nate 91 he title compound (6.78 g, 100%) was obtained as a solid
10 byuhe sdmeeenathodnastimeStep G)uatdExatnpleyl asstat thel dibovequentially
3-but-3-en- 1 -y1-4-chloro-1-[(4- meth 4 ,
wagial W BhRISHANR g -2 JRSAEIAYIF YR A iR PY - ARt B ™

s IS0 6109 e PSRRI ARAC L F RIS o572
+I-1)+ i-tert-buty

Thé4=st1are-R={Rdetiny diexyRudyih) dc(ifrmatine 825nL).  Then,
dimethylpyridin-2-yOmethy1]-1H-pyrazolo [3

tﬁﬂuo@quﬁnimtd@@ﬂimﬁdom@ﬁbtﬂdamd 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 (CDCls) &: 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 (1H, m), 5.26 (2H, br.s), 5.44 (2H, s), 8.21 (1H,
S).

ESI-MSm/z: 357 (M + H)".

(Example 6)

2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-7-prop-1-yn-1-yl-7,8-
dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-4-amine

1) 1-({6-[Bis(tert-butoxycarbonyl)amino]-4-chloro-1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1H-pyrazolo[3,4-d]pyrimidin-3-yl} methyl)but-2-yn-1-

yl methanesulfonate



Osmium tetroxide (21 mg) was added to a mixture composed of the above
3- (3 -buteny1)-6-di(tert-b uto xycarb
onyl)amino-4-chloro-1-(4-methoxy-3,5- dimethylpynclin-2-yl)methyl
-1H-pyrazolo[3,4-d]pyrimidine (4.78g), Nmethylmorpholine-N-oxide (5.04
0), tetrahydrofuran (60 m1), 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% 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 layer was extracted with ethyl
acetate. The combined organic layers were washed with brine. The
organic layefs were dried over anhydrous sodium sulfate and then filtered.
oncentrated under reduced pressure and the solvent was
O(ev,ahoo éted to gbtain a 92 crude product of the title compound (4.60 g,
~51%) As a olid. The resulting compound was directly used for the next
r|f| ation. 1121-NMR (CDC13) 6: 1.41 (18H,
s), 1.98 (2H, dsr#\ (3H S), 2.29 (3H, s), 3.08 (11-I, d), 3.27 (21i, t),
3.45-3.5%( (1H m), 3.73-3.76 (41-1, 5.59-5.69 (211, m),
8.03 (1H, s). @LD tert -butyl
(4-chloro-3(3- hyé)roxy opyl)-1-[(4-methoxy-3,5- di
cthylpyridin-2-yl)methylt1H-pyrazolo[3,4-d]pyrimidin-6-yHimidodicarbonat
e The title compound (128 mg, 60%) was obtained as an oil by the same
method asiigRiemeraf. @%W&Mgﬁ%&g@@n tetrahydrofuran (0.60
6-di(tert-butoxycarbonyl)amino-
ml4)-shiprd B4 3ibpliye roxyipinyip bf(dHteethoxy- 35ctimethylgyridihe2 sy Bimet

hyl-1H- pyrazolo[3,4-cli yr|m|d|ne 225 mg) and sodium perlodateé396
TR et e kel e S et i e

R AT R

tetrahydrofuran under coolmg 1n 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, and
the resulting residue was dissolved in dichloromethane (6 mL). Methanesulfonyl
chloride (46 pL) was added under cooling in an ice bath, and then a solution of
triethylamine (96 uL) 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.



7) Di-tert-butyl f2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl] -,7 , te
anydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yllimidodicarbonate
Triethylarnine (0 12 mL), p-toluenesulfonyl chloride (152 intr) and 4-
dimethylaminopyridine (1 mg) were-added to a mixture composed of
di-ten-butyl
{4-chloro-3-(3-hydroxypropyl)-14(4-methoxy-3,5-dimethylpyridin-2-y1)rnet
hy11IESI1¥pyréz da)3 M=cipyrimiclin-6-y1}imidodicarbonate (64 mg) and
dehydrated dichioromethane (3 mL) under cooling in an ice bath. The ice

bathWad rEmEUR Vand tHe Fixtare e stikrag thok 1t 7 pisirs: yPh Yedction
mixturawas separated with water, L) and ethyl acetate (30 mL), and
dl?ﬁétgrgfayr\:ﬁﬂj%g f%\:’v%igq ;%l{pea Zg\g}%?néléﬁ%ﬁgégé%%}a % sulfate. After filtration,
the filtrate was concentrated under reduced pressure.
N,N-Dimethylformamide (1 mL) and potassium thioacetate (25 mg) were
added to th reéulting residue, and the mixture was heated to 50C and
stirred for fnutes, After confirming that the reaction was completed,
the reactioh rgx ture was separated with water and ethyl acetate. The
organic Ia)% as washed with brine, and then dried over anhydrous
sodium SWI% and filtered. Then, the filtrate was concentrated under
reduced pressure The resulting residue was purified by silica gel column
phy (ethyl acetate-hexane) to obtain the title compound (34
a,Ua\oiI, 1H-NMR (CDC13) a: 1.39 (1811 s), 2.21 (3H,
'5) aB2H, dt), 3.22-3.25 (4H, m), 3.73 (3H, s), 5.62 (2H, s),
8.17 (1H, s). ESI-MSmk: 557 (M + FD1. 94 (Example 22)
2-[(41MethoBodimethyipprionn:3-warestayth 2,8 Qitetiadigr6-thial,
2,3 ,5-tetraazab enzo [ cd] azulen-4- amine The title compound (28
mete)GA0K) Hias Drdinedrade solig by thiesamé ih¢ihgttas in Example 2
using dj-tert-butyl 12-[(4-incthoxy-3,5-ciimethylpyridin-2-
DYIpHH baming ledreioigrd -BAHRe o5 -@%&éﬁéﬂ%ﬁaﬁ?mﬁhﬂ}

1@%9646[3,4-d]pyn’midin-3-y1}methyl)but-Z—yn—1 -yl methanesulfonate (46 mg)

and sodium bisulfide monohydrate (6.5 mg).
'H-NMR (CDCl5) &: 1.85 (3H, d), 2.23 (3H, s), 2.27 (3H, s), 3.16 (1H, dd),
3.36 (1H, dd), 3.75 (3H, s), 4.48-4.53 (1H, m), 5.44 (2H, s), 8.19 (1H, s).
ESI-MSm/z: 381 (M + H)".

(Example 7)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7,8-dihydro-2 H-6-

thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide



yl} imidodicarbonate of Step?) of Example 21 (71 mu) under cooling in an
ice bath. 1H-NIVIR (CDCI3) 5: 2.22 (3H, s), 2.26 (3H, s), 2.37-2.43
(2H, m), 3.11 (211, t), 3.18 (2H, t), 3.74 (3H, s), 5.16 (2H, s), 5.46 (2H, s),
8.20 (IH, s). ESI-MSmlz: 357 (NI + ¢gxample 23) Di-tert-butyl
{7-cyano-2-{(4-methoxy-3,5-dimethylpyridin-2-y1)m ethyl]
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-yllimidodicarb
onate 1) Di-tert-butyl
114-chloro-14(4-methoxy-3,5-dimethylpyridin-2-y1)methy1]-3-
(3-oxopropyl)-tH-py-razolo113,4-dlpyrimidin-6-yllimidodicarbonate A

y1) -1-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-111-pyraz
010[3,4-4] r|m|d|n 6-yllimidodicarbonate of Step 5) of Example 21(4.60

tnd was dlrectly used for the next reaction without
2) Di-tert-butyl (4-chloro-3
-(3-cyano- 3 -hydroxypropy1)-1-[(4-methoxy-3.5-

dlmeﬂiyﬁﬁfwrﬁl aomphsaetiydiMeH-pyraZGlefBded]dyimietimSyytlisnidodicarb

e }elpyndm-z -yDmethyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-
4-yl}imidodicarbonate of Step 4) of Example 3 (30 mg) and concentrated
hydrochloric acid (1 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%).

'H-NMR (DMSO-dg) &: 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, 5), 6.94 (2H, ), 7.42 (1H, s), 7.75 (1H, s),
8.08 (1H, 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



96
[(4-methoxy-3,5-dimethy1pyridin-2-yl)methy1]-3-(3-oxopropyl)-1171-pyra
zolo[3,4- cflpyrimidiri-6-yllimidodicarbonate (1.55 g) and trimothylsily1l
cyanide (0.416 mL) under cooling incan ice bath. The resulting compound
was directly used for the next reaction without purification. ESI-MS milz:
602 (M-.-H)-. 3) 3- 6-[Bis(tert-butoxycarbonyl)amino] 4 chiOM-I
-[(4-methox.y-3 , 5- d ethylpyridin-2-yl)methy1]-1H-pyrazolo
,4-djpyrimidin-3 -y1l -1-cyanopropyl 4- methylbenzenesulfonate i) P Nal

NCIN.Ny &

A mixture composed of 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 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 mg, 17%) as
a solid. ‘

'"H-NMR (DMSO-dg) &: 2.17 (3H, s), 2.21 (3H, s), 3.13 (1H, dd), 3.26 (2H,
dd), 3.71 (3H, s), 4.71-4.80 (1H, m), 5.32 (2H, s}, 6.94 (2H, 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-7, 8-

dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide



00 ..-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 cnide
di-ten-butyl
{4-chloro-3-(3-cyano-3-hydroxypropyl)-1"-{(4-methoxy-3,5-dimethylpyridin
-2-yl)methyl|T-TH-pyrazolo[3,4-d]py-rimiciin-6-yliTimidodicafoonate (1.99
g) and p-toluenesulfohx4 chloride (945 mg). EST-MS raiz: 756 (M+H)T.

4) Di-tert-butyl {7-cyano-2-[(4-methoxy-3,5-dimethylpyridin-,2-yOmethyl]-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo|[cdjazulen-4-yllimidodicarb
onatc [
the same
3-{61bis(tert- xycarbonyl)nol-4- chloro-1
,5-dimethylpyridin-2-yl)methy11-1H-, azol o {3,4-

IFI-NNR 3) 51 1.44 08H, s), 2.22 (311, s), 2.28 (311, S), 2.61-2.68
UL ), 92 (1H, m), 3.42-3.59 (211, m), 3.74 (3H, s), 4.32d), 5.65
(2H, s), 8.16 (111,s). ESI-MiStn/z: 582 (M

A mixture composed of 4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid
hydrochloride of Example 8 (42 mg), methylamine hydrochloride (13 mg), 1-
hydroxybenzotriazole monohydrate (14 mg), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (35 mg), diisopropylethylamine (79 pL) and
dehydrated N,N-dimethylformamide (1 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 (CDCly) 8: 2.23 (3H, s), 2.28 (31, s), 2.78 (3H, d), 3.25 (1H, dd),
3.66 (1H, dd), 3.75 (3H, s), 4.33 (1H, 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-dimethylpyridin-2-yl)methyl}-N-ethyi-7,8-

dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide



(Example 24)
4-Amino-2-[(4-methoxy-3,5-dimethylmidin-2-yl)methyl]-2,7,8,9-tefrahydro,
2,3 ,5-tetraazabenzo ed.] azulenc-7-earbonitril e The title compound
(21.6 mg, 81%) was obtained as a gglid by the same method as in
Example 2 using di-tert-butyl (7-cyano-2-[(4-methoxs.T-3,5-
ethylpyridin-2-yl)methyll-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-y1}imidodicarbonate of Step 4) of Example 23
(53 mg). 1H-NMR (CDC13) 8: 2.24 (3H, s), 2.29 (3H, s), 2.51-2.61
(1H, m), 2.7542.85,(1H, in), 3.28-3.45 (2H, m), 3.76 (3H, s), 4.25 (1H, d),
5.34 (2H, br., 48 (2H, s), 8.22 (113, s). ES[-IviSmiz: 382 (M + H)*.

/
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methy1]-7-(1H-tetrazol-5-y1)-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazab enzo rad) azulen-4-unine N-N

/
H 7N
|
e S \N)\NHZ

0

The title compound (16.0 mg, 42%) was obtained as a solid by the same
method as in Example 9 using 4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-
yhmethyl}-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid
hydrochloride of Example 8 (42 mg) and ethylamine hydrochloride (16 mg).

'"H-NMR (CDCl;) &: 1.08 (3H, t), 2.21 (3H, ), 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 (1H, br.s),
8.17 (1H, s).

ESI-MSm/z: 414 (M + H)".

(Example 11)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N,N-dimethyl-7,8-
dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide

\
0

—
\
Nl
: |
AN \NANHZ

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-



1 1INH, 99 A mixture composed of di-tert-butyl
I7-cyano-24(4-methoxy-3,5-
dimethylpyridin-2-yOmethyl]-2,7,8,9-tetrallydro-6-thia-1,2,3,5-
tetraazabenzoledlazulen-4-yllimidodicarbonate of Step 4) of Example 23
(53 mg), N,N-dimethylformamide (1 rnL), triethylamine hydrochloride (14.5

m) ﬁg/ sodium azide (6.8 r,ng]) was sealed in a tube and heated with
vhgy gﬁﬁr%mmai%ﬁé@ame ot 1G5 3R A5cRBRBATEE Oy tolfoenv!

i | ted with l. d
hylGOPEIANYEs § JERCUN SAlUTIoNMAR SEDAIaIed yﬁvggwegﬁﬁg@ggﬁac%%ﬁwiﬁh

0.1 N sodium Ide solution. The agueous

a 0. 1iNMyrtqeiiaric acit solution), follawee by extratignithetiyly o 3 93

acetate. The organic layer was washed with water and then dried over
(LEnAgurots Sddideh . stilfate Hafterififtiatioh die FikfateHyas Goticerirated.20
(a nder reduced pressure. Dichloromethane (2 mL) and trifluoroacetic acid

%3. ‘'mL) were added to the resulting residue, and the mixture was stirred

at rog@y_gqg}g@%yged@mgyhours. The reaction solution was
concentrated under reduced pressure, and the resulting residue was

purified by silica gel thin-layer chromato,graphy
(chlorofolm-methanol-lower layer of water) to obtain the title compound
(Exgmniig 29%) as a solid. 1H-NMR (CDC13) 6: 2.09 (3H, s),

2.18,(3H,.S), 2.64-3.13 (4 3.66 (3H..5), 4.57-4.85 (1H, m), 5.29 (2H,
o oo R A R e B A
7,8Hnpethorye3idadiniethviayiiginsy et 2. 8,916 rafaydro6-thia

1,2,3,5-tetraazabenzo{cd]azulene-7-earboxamide

\
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A mixture composed of 4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-
yhmethyl}-7,8-dihydro-2H-6-thia-1,2,3 ,5-tetraazaacenaphthylene-7-carboxylic acid
of Example 8 (80 mg), cyclopropylamine (0.029 mL), 1-hydroxybenzotriazole
monohydrate (32 mg), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
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



A mixture composed of di-tert-hutyl (7-cyano-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methy11-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenze[cd]azulen-4-yllimidodicarbonate of Step 4) of Example 23
(53 mg) and concentrated hydrochlgric acid (1 mi,) 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
puchrethiatodriaphyatged btaimthettite sompobnddieLlono b4y -asthaodid to
'H-NMR (CDC13) (3:2.17 (3H, s), 2.21 (3H, s), 2.96-3.00 (2H, m), 3.71
obiaig 1y ?ie?%&ﬁ%‘}?é@z““(&#ﬁ&%? 5575l d), 6.76 (2H, s), 7.32 (114, 3),

Ao D LT S S ATy o 2 SNy oh 229

(Etrahydied-griaiti2 8)5detraazabenzoimslazulene sr7earhoxylia, acid i, dah
mixture composed of di-tert-butyl {7-eyario-2-{(4-methox 3,5- cl

5. 3rh €W pyatA-E5H) meth§A (1, 78 ©-18ttEH, yro-6-thi-
tetr zo[e len-4-y11imiclodiearbonate of Step 4) of Example 23
(74%3@%&6%%%Mféﬁydrochloric 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

(Epressiere3)The residue was diluted with water and then neutralized with a
saturated sodium bicarbonate solution. Acetic acid (4 mL) was added to

the ittFECrSHE@ReEP toBtiAT iR ek yeypath-for Do erinltds Pime2-yn-1-yl-

recipitat s.collect filtration and then dried to obtain the title
T e Gon) s B i e S50 S, (Example
28)

4-Amino-N-ethy1-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-
tetrahydro- -thia%l,2,3,5-tetraazabenzoIedlazulene-?-carboxamide

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-yl)methyl}-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example
8 (80 mg) and propargylamine (29 ulL).

'H-NMR (CDCls) &: 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 (1H, m), 4.30 (1H, t), 5.24 (2H, s), 5.43 (2H,
d), 6.74-6.76 (1H, br.s), 8.19 (1H, s)

ESI-MSm/z: 424 (M + H)".



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-
yhrnethyl]-2,7,8,9-tetrahydro-6-thia-§32,3 ,5-tetraazabenzo[cd] azul ene-7-
Garbo ylic acid of Example 27 (32 mg) and eihylamine hydrochloride (14
11-1-NMR (CDC13) 8: 1.12 (31-1, 1), 2.22 (3H, s), 2.26
(E(W&JY H54-2.71 (2H, m), 3.02 (1H dt), 3.17 (1H, di). 3.24-3.33 (21-1, m),

2;5'\4/'3 ms?o 42%%’\%‘3311(@()9 31—"* d yigy%%lgt)'-yrm'n hy%} I;\JI:I(ZS)

rﬁple
piéexﬂmmr)z?[@m@m@mﬁfﬁzgwﬂ y'9%@%&%&&%%@1%@'7%}8&%&
,9-tetrahydro-6-thia-1,2,3,5- tetraazabenzo[cd]azulene- carboxamide 103
The title compound (22.6 mg, 66%) was obtained as a solid by the same
method as in Exarvple 9 using
4-amino-24(4-methoxy-3,5-dimethylpyridin-2-
yinnethyl]-2,7/85¢tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulene-7-ca
rpoxylic acid f ple 27 (32 mg) and dimethylamine hydrochloride (14
11-1-NMR (CDC13) 8: 2.22 (3H, s), 2.28 (3H, s),
31-2.63 (J{\H,N ), 2.77-2.85 (1H, m), 2.93-3.01 (1H, m), 3.02 (3H, s), 3.16
(311, s), 3 31 (1H m), 3.74 (3H, s), 4.39 (1H, d), 5.27 (9H, br.$), 5.43
(1H) d), 49 H,I ), 8.19 (IH, s). EST-MS(117z: 428 (M + H)7.

HNY\ )\

0

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-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example
8 (50 mg) and 2-phenylethylamine (33 pL).

'"H-NMR (CDCl3) 8: 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-Isopropylpiperazin-1-yl)carbonyl}-2-[(4-methoxy-3,5-dimethylpyridin-
2-ymethyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-4-amine



(Example 30)
4-Amino-N-isopropyl-2-[(4-methoxy-3,5-dimethylpyridin-2-yOmethyl]-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo|[cd]azulene-7-carboxarnide
The title compound (27.1 me, 77%}xxas obtained as a solid by the same
method as in Example 9 using
4-amino-24(4-methoxy-3,5-dimethylpyridin-2-
yhnethyfl-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-7-car
boxylic acid of Example 27 (32 mg) and isopropylamine (0.014 mL).
(CDC13) 6: 1.12 (8H, d), 1.16 (3H, d), 2.23 (3H, s), 2.25 (3H, s), 2.58-2.78
(2H, m), 2,96-3.@8rm), 3.12-3.23 (1H, m), 3.76 (3H, s), 3.98-4.09 (2H, in),
5.42 (2H, s), 6.9 ~d), 8.12 (HI, s). ESI-MSIn/z: 442 (M + H. 104
(Example 31) 4- Amj no-N.12 -(dimeth ylamino)ethy -2-[(4-methoxy-3,5
/ﬂmethylpyridiry&w

Ca%

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 pL).

"H-NMR (CDCly) &: 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-MSm/z: 497 (M + H)".

(Example 16)
4-Amino-N-(2-chloroethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-

7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide

A mixture composed of 4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-

yDmethyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid



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-832,3,5-tettaazabenzo[cd]azulene-7-ca
rboxylic acid of Example 27 (32 mg) and N,N-diethylethylenediamine (18
). -NMR_(CD30D) 6: 2.41 (341, s), 2.50 (3H, s), 2.70-2.82 (2H,
Oflr%,aﬁ?ﬁf &s@}, f§)g,>3?0§l?.%t§t lfnyye S oS HEoe ﬁl&.illr (3H, s), 4.75
h%%g%%g%é%!gy@n§r§é&&%z@nE),S&'.%Sgﬂ&%étéﬁ%r%gplr&'yxS.%X.amP'e
etfigrbyrtioaiirdH(Aymetnsds, b+dimerhylBitimay Qmethyihd dehydrated
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-yllimidodicarb
N Sht ARttt tahe stifciyrehRrident 78mncr itde fydradegrs.
T}gi%QAO{%meth%Qe was adde %{%iwi e to(%\ mixture corpposed of .
diter-butyl (4 Chioro 83y a “{zﬁ%ﬁﬁ PG G iToxy L S ER Ry I
reMddineZey Bmethylin ErRyrazelel 3 dr diavimighy-S:xilimidegisarhonate of
Step?) of Example 1 (510 mg), 2,4,6-collidine {1.15 mL) and dehydrated
sodichidrombthares ¢(htinmLndristerecodlihg dnzani ideseatiraaiddhendhehydrous
mixture was stirred for 15 hours. 0.5 N hydrochloric acid was added to the

MPSARHIOR SHRIFO IO by BxtfatioAlfe BireRsenatne widaredrapdr
pr&@&ya%ﬁgr‘éli{!&%ﬁ’@‘r%%ﬁ&l‘edv&g‘se D dried %ﬁgﬂégﬁ&roé‘&% Jium sulfate

and filtered. Then, the Tilirate was conce under reduced pressure.
chftradeguiiing - desituenasadissolyeskitbb Nodipiethyiormamids Qi me,

Sodium bisulfide monohydrate (76 mg) was added under cooling in an ice
2attasfolelifed by stirring for 20 minutes. Potassium carbonate (142 mg)

was fo the reaction mixture and the ice bath was removed. The

mixtd%rgé%‘l\a/\g% ﬁfﬁﬁm%mour, 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

(Eseguentidlly washed with water and brine and then dried over anhydrous
sodium sulfate. After filtration, the filtrate was concentrated under reduced

presélufémﬁﬁé%étﬂm?éqigﬁféﬂéﬁv%ﬂﬁm@Hyb?y%iﬁiéﬁeg@ﬂ@d@fﬁmz106
AR t@%ﬂdﬁ%-e&%@r?;ﬂ%35%9@%9&%%%%% e cpmpound (423

mg, 92%) as
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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).

ESI-MS m/z: 448 (M+H)".



NMR (CDC,13) 6: 1.44 (18H, s), 2.22 (3H, s), 2.25 (3H, s), 3.29-3.41
(2E1, m), 3.42-3.56 (2H, m), 3.73 (3H, s), 4.55-4.64 (1H, m), 5.60 (IH, d),
5.64 (11-i, cl), 8.15 (111, s). ESI-IVISmIz: 573 (M + H)i (Example 33)
4-Amino-2-[(4-methoxy-3,5-dirnethydpyridin-2-yOmethy1]-2,7,8,9-tetrahydr
06-thi a-1,2.3 ,5-tetraazabenzo [ cd] azulem.8-ol A mixture
composed of di-tert-butyl 18-hydroxy-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methy1]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-

Etga'tra zeirgfnzo[cd]az-uIen-4-y|}imidodicarbonate of Example 32 (40 mg),

( 6‘%@?0 ethane (1 mL), a 4 N solution of hydrochloric acid in dioxane (0

mLA)-%HQI{B‘-%Q@Ué?ééQ&yﬁHﬁM@&@ﬁiﬁa{tﬁéﬁ%@]{gﬁ@B9&%&%@ fih-0-

5

days. The reaction mixture was concent reduce ure,
ylanethhs-fesliiiyg we Sidue tvas! ysified by revenseth phase iquighoxamide

chromatography to obtain the title compound (12.5 mg, 48%) as a solid.

11-1-NMR (CDC13) 6: 2.22 (3H, s), 2.26 (3H, s), 3.19-3.45 (4H, m.74 (3H,

s), 4.49-4.50 (1H, m), 5.33 (21:1, br.$), 5.4 (2H, s), 8.17 (11-1, 5).

ESI-MSm/z: 373 (M +14.)+.

A mixture composed of 4-amino-N-(2-chloroethyl)-2-[(4-methoxy-3,5-
dimethylpyridin-2-ylymethyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-
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-NMR (CDCl3) 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-(isobutylamino)propyl}-2-[(4-methoxy-3,5-dimethylpyridin-2-

yhmethyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide



107 (Example 34)
8-Methoxy-2-{(4-methoxy-3,5-dimethylpyridin-2-yHmethy11-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-amine Sodium
hydride (6.7 ma) was added to a migture of di-tert-butyl
{8-hydroxy2-[(4-methoxy-3,5-dimeth yip yridin-2- yl)m eth
y11-2,7,8,9-tetrabyciro-6-thia-,5-
tetraazabenzo[ccl]azulen-4-yl)imidodicarbonate of Example 32 (40 mg)
and dehydrated N,N-dimethylfoilliamide (1 mL), and then the mixture was
stirred at room teinneratuee for one hour. Methyl iodide (6.5 ti,L) was
added to the reactigh mixture, followed by stirring for 1.5 hours. Yuen,
water (20 mL) was & ~The resulting mixture was extracted with ethyl
acetate. The organic layer was washed with water and then dried over
-anhydrous sodiunnstifate. After filtration, the filtrate was concentrated
und@dﬁlced prassure. Dichloromethane (2 mL) and trifluoroacetic acid
(0.5 mL,) were @ ththe resulting residue, and the mixture was stirred
at room temperatgfe Tk x.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, T606) A% Ad Gipgt-treatment were perfgrmRIC BAUEIP SRS (8H, ),
. S).2.98 (3H. 3),3.18-3.25 (2 32 (1H, dd),.3.38-3.45 (Ifd,
AL RN AR AR e

2-ESRMANTZR-38% (2 HLO8HIXample BRhazaacenaphthylene-7-carboxamide
4-[Bis(tert-butoxy,(carbonyl)amino]-2-[(4-metboxy-3,5-dimethylpyriflin-2-
ofyiraatnyl]-2 (2 Brogetrahiydbutglanian: 22378-)e i Bty ofctfaztiterbg NH

silrirc]:(e:i‘tghe(i1

%gful“rlgr? rég}%mato graphy (dichloromethane-methanol) to obtain the title
compound (20 mg, 62%) as a solid.

'"H-NMR (CDCly) &: 0.87 (6H, d), 1.63-1.70 (3H, m), 2.20 (3H, s), 2.27 (3H,
8), 2.35 (2H, dd), 2.60-2.64 (2H, m), 3.23-3.33 (3H, m), 3.58 (1H, dd), 3.72 (3H, s),
4.26 (1H, dd), 5.19 (2H, s), 5.41 (2H, s), 8.05 (1H, br), 8.17 (1H, s).

ESI-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-tetraazaacenaphthylene-

7-carboxamide



Methancsulfonyl chloride (39 p.1_,) was added dropwise to a mixture
composed of di-tert-butyl
{8-hydroxy-2-[(4-methoxy-3,5-dimethylpyridin-2-yOmethylk2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabegszo[cd]azulen-4-yllimidodicarbonate of
Example 32 (240 mg), dehydrated dichloromethane (6 mL) and
triethylamine (88 mt) 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 disappe@red, the reaction mixture was diluted with
chlorofonn and washed with water. The organic layer was dried over
anhydrous sodium gulfdte and then filtered, and the filtrate was
concentrated undernye d pressure. Dichloromethane-and hexane were
dded to the residue, and the precipitated solid was collected by filtration
o“ebtain the title cepypound (253 mg, 93%). The resulting compound was
dirgctlyused for e/ xt reaction without purification. ES1-MS mix: 651
(M)Th. 109 (Example §6) 2-[(4-Methoxy-3,5-dimethylp
yridin-2- Ndi ygro-6-thia-1 "3,5- tetraazabenzo
[cdien-4-amipe A mixture composed of
4-[ois(tert-butoxycarhonyl)amino]-2-[(4-methox 3,5-dimethylﬁyridin-Z-yI)m
ethym?, ?}@gqg@gﬁyé @%m@i%}g@s obtained as a solid by the same method

tetraazabenzotediazulen-8- thanesulfonat Ex le 35 (65 mg),
o T e o L L Sy R “Bbonate (1
diﬂ&)%ﬁ%@?l%@ilﬁlﬂfﬁw—éﬁh FE)TQHS@&H{AUT,%E@QJ@M&QE‘SHH HkSlene-
was cooled and a saturated sodium bicarbonate solution was added,
7-daftorediby ektizotiore With3étnyt poedateoing orgari¢ddymai was washed
with,brine, and then dried over anhydrous sodium sulfate. After filtration,

the filtrAI&WdS Eriektittaféd Uhd®r reblidety prasstire? Bichidtdratrahe &
nd {riflugrogeetie aci re,ad t lting resi
2 A A R e e
(3Epgfiungithatithesaw raterial disenmesr e sheoraciion mixtare Was).
concentrated under reduced pressure. A saturated sodium bicarbonate
solubisirNas&addad (d/thettesidue, 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
(Ek@duged pressure. The resulting residue was nitrified by silica gel
thin-layer chromatography (chloroform-methanol) to obtain the title

compoued- 12D A Bbidt) @y 8 selidnethylpyridin-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-1-o0l

RN
Cl
HO | SN
cl N/)\NHZ

4-Bromo-1-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



110 11-1-NIVIR (CDC13) 6: 2.23 (3H, s), 2.29 (3H, s) 72 (2H,
d), 3.75 (3H, s), 5.51 (2E1. s), 6.30 (111, dt), 6.81 (1H, d), 8.18 (1H, s)
ESI-MStriz: 355 (M HT. (Example 37) 4-Amino-2-[(4-methoxy-3
,5-dimethylpyridin-2-yHmethy1]-2,78,9-tetrahydro6-thia -1 ,2,3
,5b-tetraazabenzo [ cdj azul en-8-y1 methyl carbamate A mixture

. compc({')s d of di-tert-butyl 18-hydroxy-2é£(4-methc_)xy-3 5-d megh Ip
m%?ﬁ%ﬁh-z@miémﬁﬂ]‘-‘éﬁ% Fé@%ﬁtﬁwﬁiﬁ%- Hepeai ol 25 to 30°C while

-ulen-4-yliimidodi f mple.32(40 n-ig,),
co%%&ﬁg%%ﬁ%é%‘%ﬁ'%@?o%@Ho‘&zyt Imdodicar B%i%éfcﬁg Aamp ?heﬁdnégﬁr&g)

ehydrated dichloromethane (1'mL), pyridin and friphosgene

red@eift M) wiasGtirehixndereagingdroan-iseihath dafithiee hewrsi dnd- N
solution of methylamine in tetrahydrofuran (0.6 mL1 was added to the

carHdabri xR e) PRE slohaise birtnaladrodrmuvdd amdthndeixtaedingds 2

._stirred for 1 urs. After confirming that the raw material disappeared,
Oy B3HBR HIRLIE WAG At WK EHTOFO At .
(100 BpWacuSdaY &S Wasaxtiartatwith chiarefarm;and dhen {he combined

organic layers were dried over anhydrous sodium sulfate. After filtration,
rertivey diftratd weas ded centratéchucideriredutedbpr@ssure. \Dieklatésdethaae (2
rril.) and trifluoroacetic acid (0.5 mL) were added to the resulting residue,

reagHAHR ke W S dStAGORT teRipbratfddes aibtipseae layer
wAEBEHRN e MASEANGRIAEY Lol PR Rt e RIS,

resulting residue was puri ie y reverse pﬁase iquild chromatography
conbiaikitbgiiile compound (b andyid2heias aslitkganic layerd MR ed
(CDC13) 6: 2.23 (3H, s). 2.27 (3M, s), 2.78 (3H, d), 3.27-3.40 (3H, m),
ovgr5gdivm Buldlc 3WFsrEd), 418T.5102((mig Way oBri@rRdte] sy, r6i42ed
, H 1H, s), 8.19 (11-1, s).
préys_idrg)dn% At1h7€ %Ne%%’v?égse\gaporasﬁ)ed to obgam a Cl'l)lde 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-dichloropyrimidin-5-yl)pent-4-en-1-one

Cl /NYNHZ

L I\N
0 Cl

A mixture composed of the above crude 1-(2-amino-4,6-dichloropyrimidin-5-
yhpent-4-en-1-0l (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 (CDCls) 6: 2.48 (2H, dd), 2.94 (2H, 1), 5.01-5.06 (1H, m), 5.10 (1H,
ddd), 5.41 (2H, s), 5.93-5.80 (1H, m).



EST-NISI-ilk: 430 (M - H)+. (Example 38)

4-Amino-2-[(4-metrioxy-3,5-dimethylpyridin-2-yHmethyl]-2,7,8,9

etrahydro6-thia-1,2,3,5-tetraazab enzo cdlazul en-8-y: ethyl carb amate

-Th O N Ol NR2 The title comp®&nd (18.5 mg, 40%) was obtained as a

solid by the same method as in Example 37 using di-tea-butyl

{8- -2-[(4-methoxy-3,5- . L

Gy E TR 3 & LR A R i > v ety -

1HI§§H%%%??,QZ %mﬁpéé}gll@ggidodicarbonate of Example 32 (60 mg),
triphosgene (13 mg) and a 2 N solution of ethylamine in tetrahydrofuran
(0.25 m.L) under cooling in an ice bath 1H-NNIR (CDCE) 3:
1.12 (31-1,t), 2.23 (3H, s), 2.27 (3H, s), 3.16-3.24 (2H, m), 3.28-3.37 (3H,
in), 3.54 (1H, dd), 3.75 (3H, s), 5.09-5.15 (IH, m), 5,25-5.52 (4H, m), 8.19

-ly¥Smir 444 (M1- HI. 112

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-dg) 8: 2.15 (3H, 5), 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 (1H, 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-1-[(4-methoxy-3,5-

dimethylpyridin-2-yl)methyl]-1H-pyrazolo[3,4-d]pyrimidin-6-yl }imidodicarbonate



(Example 39) 4-[Bis(tert-butoxycarbonyl)am
noJ-2-1(4-methoxy-3,5-dimethylpyridin-2-
yOmethy11-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-y1
acetate A mixture composed of dli-tert-butyl
{8-hydroxy-2-[(4-methoxy-3,5- dimethylp yridin-2-
yO Qo et oGt Ak 23 -
tetr?gg%%% z%)%gg(])grzltglgf%?g-ﬁ?ilr(ﬁ(ij(%)d?é&agr%gtr%gdo SIEaxSaOrlrlfpi)I%YS’:£ e(%afﬁemg),
madimithyhsittfoxidel @mpleanssacetic anbyslsided(3-gi) was-strees ioa:-
nitrogen atmosphere at room temperature for 12 hours. After confirming
meﬁl?éﬂhééamﬁ%g@ﬂwléi@a%y@m@w&é Feartmse lmbttE wamaliotéd with
2th etate and sequentially washed. i ater and brine. The organic
an%lﬁ JF%V% t)&ﬁg? 16&/%%}%%%8%%? %%ag?u?%\gls{%f\éﬁe and filtered. Then, the
filtrats; was; cencentratedipnder reduced pressure. The resulting residue
was purified by silica gel column chromatography (ethyl acetate-hexane)
to obiain-the-titleyc brgid ond (58,4 iy Bty tasydn lefl4-methox y-3 BR-NMR
. (CDC13) 3: 1.43 (1811, s), 2.21 (3F1, s), 2.25 (3M, S), 2.27 (3H, s), 3.74
dl%@y&ay%%%ﬂim%‘)‘}’@:3171(@14?%9}‘é?zgr@iw}%&g-qih%§pésmﬁﬁ@z:
613 (M H). 113 (Example 40)
{2-[(4-mothoxy-3,5-dimethylpyridin-2-yl)methyl]-8-0x02,7,8,9-tetrahydro-6-
thia-1,2,3,5-tetraazabenzo|cdlazuien-4-yl;imidodicarbonate A mixture of
4-{bis(tert- uto%ycarbonyl)aminoI-2-[(4-methoxy-3,5-

~—~
\
N
OH
N—N
/
HO 2N

Osmium tetroxide (21 mg) was added to a mixture composed of the above 3-
(3-butenyl)-6-di(tert-butoxycarbonyl)amino-4-chloro-1-(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl-1H-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% 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 layer 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



d ethylp yridin-2-yl)methy11-2,7-dihydro -6-thi a-1,2,3,5-tetraazabenzo |
cd] azul en-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. Mier confirming that th€Zaw material disappeared, a
saturated ammonium chloride solution was added to the reaction mixture,

oll t th tate, Th hed
R B, G ML 50 Ay Eno e CBE ] Sl S ATe aton,
Coﬁ'ﬂﬁ)ﬁﬁﬂa&%y\@%@@jﬂ9@55%%%9&&%@%&%%%%%%5&%83”'t'ng

residue was purified by silica gel column chromatography (ethyl
acetdehdRa(aE) @; pbtain tHe dHlesponysaait (43R mo (%), asan i, s),
ESI-MS nalz: 571 (M+H). é[Exam le 41) 4-Amino-2-[(4-methox y-3
3.08 (3 & @&K/E?&ﬁa Deyifhr +§91(]1 SNy e &4 thifa- m)2 B73-3.76 (4H, m),
| en-8(7H)-one The title compound (21.7
539 59({;2@0 was obta@ed gs a solid by the same method as in Example 2
using) di;testcuiyl {21 CAiRethaxyhdHotipeIBYIRY iGN Eathoxy-3,5-
yl)methyll-8-ox0-2,7,8,9-tetrahydro-6-thia-1,2,3,5- tetraazabenzo[cd]azulen
dxm}wlwmbméaybmv@wlbﬂ Expyngpieldi3 (48] mg')mldm 614} MR {CDEER)6:
2.23 (3H, s), 2.29 (3H, s), 3.75 (3H, s), 3.80 (2H, s), 4.12-4.13 (1H, in),
4.12 (11-1, s), 5.24 (IH, br.$), 5.48 (2H, s), 8.18 (1H, s). ESI-MSmiz: 371
(M + H)+. (Example 42) Di-tert-butyl
{84(2,4-di ethob(ybenzyparnlnopZ [(4-methoxy-3,5-
' 9-yOmethyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5- tetraaz ab
enzo edit &zul £n-4-y1) imidodicarbonate

The title compound (128 mg, 60%) was obtained as an oil by the same
method as in Step 8) of Example 1 using the above 6-di(tert-butoxycarbonyl)amino-
4-chloro-3-(3,4-dihydroxybutyl)-1-(4-methoxy-3,5-dimethylpyridin-2-yl)methyl-1H-
pyrazolo[3,4-d]pyrimidine (225 mg) and sodium periodate (396 mg) under cooling in
an ice bath.

'"H-NMR (CDCls) 8: 1.41 (18H, s), 2.04-2.11 (2H, m), 2.19 (3H, s), 2.28 (3H,
s), 3.23 (2H, t), 3.70-3.73 (2H, m), 3.74 (3H, 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-yl)methyl]-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-yl }imidodicarbonate



115 A mixture composed of di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methy1]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azule
n-4- y1}imidodicarbonate of Exampié 40 (170 mg), dichloroethane (2 int),
acetic acid (0.034 mL) and 2,4-dinnethoxybenzylamine (0.073 mL) was
stirred at room temperature ler 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 r?g)ixture, followed by further stirring for one hour. Methanol (three
s added dropwise to the reaction mixture, and then the mixture
was'separated with chloroform and a 0.5 N sodium hydroxide solution.

a}.Bgra;ﬂQ ethanol-chloroform) to obtain the title compound (108
ma, 5&%) sa 'H-NMR (CDC13) 8: 1.43 (18H, s), 2.21 (3H, s),
2.25 (3Hy*S);3.19-3.36 (4H, m), 3.43-3.48 (1H, m), 3.72 (3H, s), 3.78 (611,
s), 5.60 (2H),£)16.41-6.44 (2H, m), 7.12 (1H, d), 8.16 (1H, s). ESI-MSinlz:
722 (M - H)+. (Example 43)
N-{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yOmethyl]-2,7,8,9-
tetrafiipivslenthia L2 308 rdazabenzdfodiatiteni8yacetamide- \O

._Acetyl chloride (18 yL) was added dropwise to a mixture composed of
dlm&??é/g?%lﬁwpyndgne H 1)n\£§ were agc?ed topa mixture composed of dgtert-butyl

A8 062.4-djn )amingl- -methoxy-3 5-dimethylpyridin-2-
L2 B S ehty o 5 e e AL
1 Hyp)imicladicartmateidfEsai pte de{@e0neawiding (40 shyanded

dehydrated dichloromethane (0.7 mL) under cooling in an ice bath. The

dicilarpmeiinas mbyeadsh qapienmintard wasdirrdhédeetnak Weursaihed
Cli ixture was diluted with chloroform and then washed with a 0.2 N
R T P S s R e i g

Ic acl ution. Rg 5?gan|cel
wagodRImsy fate cAfREdtiation, ﬁh%,ﬂ&%étﬁW@%&R@W%%dd%g%rvé?dUced
pressure, and clichloromethanc (1 mL) and 1,3- dimethoxybenzene (12 4)
anhydreusddéidm shiéatesultifigrrikidtien Thedil trifiu ercasetieracitbdlunde) was

rey The reﬁ;&ng residue was purified by silica gel column
oil.

daddged and the é@\iﬁc‘ige was stirred at room temperature for 16 hours, The
Te0 SR ROR Hture was CORC NS tier el Astperasitethitte vasulBng

mefSriALiedas dissohed n ehioloil and sequentiall washed witba, o
saturated sodium bicarbonate solution and brine. Thé organic layér was

stirdriefbovenantydrousteodistisulfatenand filkeradnhensdhe filkate,was
concentrated under reduced pressure. The resulting residue was purified

TCAEROSi B R YEF tHAT-REpaTEs oriatagieipt @thidrefeitie- mdthams)te dhtainvas
wagﬂgdtwﬁhcgrrp e?ta{rrll t%]é%'gr@g b3§r°/§ a;d?o%(sjlé%dium 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 (CDCl3) &; 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)".



11--1-NWIR (CDC13) 5: 1,96 (3H, s), 2.22 (3H, s), 2.30 (3H, s), 3.19 (1H,
dd), 3.38 (1H, dd), 3.43-3.51 (2H, in), 3.75 (3111, s), 4.76-4.84 (1H, m),
5.21 (2E, br.$), 5.40 (1H, d), 5.45 (1H, d), 6.37(11-1. d), 8.13 (1H, ).
EST-MSmh.: 414 (M + H)+. (Exampte 44)
N-{4-Amino-2-{(4-methoxy-3,5-dimethylpyridin-2-yIMiethyt 7,8,9- e
lydro-6-thi a-1 ,2,3 ,5-tetraazabenzo ed] azulen-8-yll aeetamide The
title compound (14.6 mg, 68%) was obtained as a solid by the same
|n Example 43 using di-tert-butyl

{8 [%h imethoxybenzypaminol-2-
[(4- mémfwtae&sdmmmmmmﬁmmwih&ﬂmswtmm@ Shigrd. 2,
3,5- tetraazabenzo cd]azulen-4-yllimidodicarbonate of Example 42 (36

L2 g AR5 ifetememL).  'H-NMR (CDC13) a: 1.13 (3H,
t), 2.20 (2H, dd) 2.22 (3H, s), 2.31 (3H, s), 3.21 (iil, dd), 3.36 (1H, dd),
3.44 (1E1, 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 (tH, d), 8.05 (1H, s). ESI-MSmiz: 428 (M. +
(Example (45)

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-
yDmethyl}-2,7,8 9-tetrahydro-6-thia-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-NMR (CDCl3) 8: 2.22 (3H, s), 2.26 (3H, ), 2.37-2.43 (2H, m), 3.11 (2H,
t), 3.18 (2H, t), 3.74 (3H, 5), 5.16 (2H, s), 5.46 (2H, s), 8.20 (1H, 5).

ESI-MSm/z: 357 (M + H)".

(Example 23)

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[ cd]azulen-4-yl }imidodicarbonate

1) Di-tert-butyl {4-chloro-1-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-3-
(3-oxopropyl)-1H-pyrazolo[3,4-d]pyrimidin-6-y! }imidodicarbonate



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 4E). 'H-18IMR (CDC13) 6:
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 (11-1, dd), 3.79 (3H, s), 4.69-4.76 (1H,
m), 5.36 (1H, d\g, 5.58 (IH, 47.84 (1H, d), 7.99 (11-1., s). ESI-MSiniz: 440
mple 46)
,5-dimethylpyridin-2-yOmethyll-N8-methy1-2,7,8,9-

2-[(4-Methoxy:

tetrahydraj-

0 deroch!?_r'k
/

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-ylymethyl]-1H-pyrazolo[3,4-
d]pyrimidin-6-yl jimidodicarbonate 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-tert-butyl {4-chloro-3-(3-cyano-3-hydroxypropyl)-1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1H-pyrazolo[ 3,4-d]pyrimidin-6-y1 } imidodicarbonate

0
—
\
HO N=N
)
AP eS!
J N
N c1” NN o/k

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-1-



119 Sodium triacetoxyborohydride (16 ma) was added to a mixture
composed of di-tert-butyl
124(4-methox.y-3,5-dimethylpyridin-2-yl)methy11-8-oxo0-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazab&hzoicd]azulen-4-yilimidodicarbonate of
Example 40 (28 mg), dichloroethane (0.5 mL), a 2 N solution of

lamine j drafuran (0.1 rril).and acetic acid (6 tiL), and.th
ChCiSe R s e A e
dpereRsines addeshdrepyisata ihes fg)aﬁ'&ﬂ{hméfﬁggﬂ and thef 02N )

sodium hydroxide solution was added, followed by extraction with ethyl
undgretatend heaorgariietlay et easwiiitcbevermninydras sisediynssd fiatehandxt

filtered, and then _the filtrate was concentrated under reduced pressure.
TeaSieR BHMBHRRRE UML) and trifluoroacetic acid (0.5 mL) were added to

the %ﬁ%@g%r/gs%ie l\%agi he mixture was stirred at room temperature for
two hours. The'reaction mixture was concentrated under reduced

pressur samisthe resulingaresituRwas puified by reversad phase liquid
chromatography. A 4 N solution of hydrochloric acid in dioxane (20 pi) was
dingibida o dive oSy id-Metrelodd dndipiicthidietierl véreyaniatedrand-
t&péz recipitated solid was collected by filtration to obtain the title
me &%86?%%. ¥'98%) as a solid. 'H-NMR (CD30D) 6: 2.24 (3H, s),
2.27 (311, s), 2.68 (3H, s), 3.27 (1H, dd), 3.39 (H-1, dd), 3.51-3.54 (21-1,
m), 3.79 (3H, s), 5.46 (2H, s), 8.04 (1H, s). ESI-MSmiz: 386 (Mi +
(Example 47)
2-[(4-Methoxy-3, -dir}dethylpyridin-z-yl)methyII-N8N8-dimethyl-2,7 89-,,
ahydro-6-thi 3 ,5-tetraaz ab enzo icd] azulene-4,8-di amine
og/bloride N e title compound (11.9 mg, 56%) was obtained as a
solid/b;eghe same fethod as in Example 46 using di-tert-butyl
12-[@-methoxy-3,6-dimethylpyridin-2-
yOrnetfiyil-8/ox4-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cdlande
n-4- yllimidodicgrbonate of Example 40 (28 mg) and a 2N solution of
dimethylannj, j\}egfahjbiol%n (0.1 mL) 'H-NMR (CD30D) 8: 2.24 (3H,
S), 2.25 (3H,’s), .63;%\& Q) 42 (11-1, d), 3.49 (11-1, dd), 3.63-3.69
(1H, m), 3.78 (3H, 9)7545 (21-1, s), 8.06 (1H, s). ESI-MSmilz: 400 (VI

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]-1H-
pyrazolo[3,4-d]pyrimidin-6-yl }imidodicarbonate (1.99 g) and p-toluenesulfonyl
chloride (945 mg).

ESI-MS m/z: 756 (M+H)".

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[ cd]azulen-4-yl} imidodicarbonate



(Example 48)
N8-Ethy1-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methy11-2,7,8,9-tetrahyd
ro6-thi a-1,2,3 ,5-tetraazab enzo cd] and ene-4 ,8-di amine hydrochloride
The tide compound (2.4 mg, 11%) ¥as obtained as a solid by the same
method as in Example 46 using
4-di(iert-butoxycarbonypamino-2-(4-methoxy-3,5 121 dimethyl-pyricl
n-2-ylmethyi)-8-oxo-2,7,8,9-tctrahydro-6-thia-1,2,3,,,-
tctraazabenzo[ed]azulene of Example 40 (28 mg) and a 2 N solution of
|ne\|n tetrahydrofuran (0.1 mL) 1H-NMR (CD30D) 6:
2 24 (3H, s), 2.26 (311, s), 2.81-3.00(211, m), 3.16 (111, dd),
3.38- 3§8 H in), 3.62-3.68 m), 3.78 (311, s) 5.45 (211, s), 8.05 (111, s).
ESI-M :

2-{(4- Me oxy-3,5-dimethylpyridin-2-yl)methy13-8-pyrrolidin-1-y1-2,7,8,9-
tetra yd 0-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine hydrochloride

The title compouﬁd (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(tert-butoxycarbonyl)amino]-4-
chloro-1-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-1H-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 (CDCl3) &: 1.44 (18H, s), 2.22 (3H, 5), 2.28 (3H, s), 2.61-2.68 (1H,
m), 2.84-2.92 (1H, m), 3.42-3.59 (2H, m), 3.74 (3H, s), 4.32 (1H, d), 5.65 (2H, s),
8.16 (1H, s).

ESI-MSm/z: 582 (M + H)™.

(Example 24)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-tetrah ydro-

6-thia-1,2,3 ,5-tetraazabenzo|cdjazulene-7-carbonitrile



The title compound (12.1 mg, 53%) was obtained as a solid by the same
method as in Example 44 using di-tert-butyl
i2-[(4-methoxy-3,5-dimethylpyridin-2- yl)meithyl] -8-0 x
0-2,7,8,9-tetrahydro-6-thia-1 ,2,3,54gtraaz ab enzo [cd] azulen-4- yI
imidodicarbonate of Example 40 (28 mg) and pyrrolidine (8.2 uL).
IH-NME. (CD30D) 6: 1.91-1.98(411, m), 2.24 (311, s), 2.25 (3H, a),
2.96-3.04 (211, m), 3.12-3.21 (211, m), 3.33-3.38 (2H, m), 3.48 (111, dd),
3.56-3.64 (2H, m), 3.78 (311, s), 5.43 (111, d), 5.47 (111, d), 8.05 (IH, s).
ESI-MStniz; 426 (M 1-1) . 177 (Exat pie 50)
xy-3,5-dimethylpyridin-2-yHmethyl]-8-morphol -4-y1-2,7,8,9-
tetra ydrp 6-thia-1,2,3,5-tetraazabenzo[ediazulen-4-amine The title
d (I1.2 ma., 48%) was obtained as a solid by the same method
ple 46 using di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-
yHmeth,y11-8-oxo-2,7,8,9-tetrahydro-6-thi a-1,2,3,5 -tetraazab enzo
-4- yl} imidodicarbonate of Example 40 (28 mg) and morpholine
)’\'H-NMR (CD30D) 8: 2.21 (3H, s), 2.24 (3H, s), 2.53-2.59 (2H,
in); $.652.7342H, m), 3.14-3.24 (4H, m), 3.34-3.37 (2H, m), 3.64-3.69
N//(4H, ni), 3.77 (3H, s), 5.43 (2H, s), 8.06 (1H, s). ESI-MSm/z: 442 (M - H)+.

The title compound (21.6 mg, 81%) was obtained as a solid by the same
method as in Example 2 using di-tert-buty! {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 (CDCls) &: 2.24 (3H, ), 2.29 (3H, 8), 2.51-2.61 (1H, m), 2.75-2.85
(1H, 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, g).

>

ESI-MSm/z: 382 (M + H)".

(Example 25)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-7-(1 H-tetrazol-5-y1)-

2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine

—
\
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U
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i
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H S N)\ H,
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(Example 51) N8-Cyclopropy1-2-[(4-methoxy-3
,5-dimethylpyridin-2-yl)methyl] tetrah ydro-6-thia-1,2,3 ,5-tetraazabenzo
[cd] azulene-4,8-di amine hydrochloride The title compound (5.5 mg,
22%) was obtained as a solid by tH& same method as in Example 46
using di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-

e SR ARG 0 a2 6 Jeliazab

enzoaz en-4- yllimido icarbonate-of mg and pyrrolldlne

dirr(@t-l%ﬁEz)ldmu-yl)rﬁbﬂhMMﬁ?(@,@:i@@éh@’dr?o%Lt@ﬂ1,3)3,%—24 (3H, s), 2.53-2.59
(21°1.'m), 2.65-2.72 m), 3.14-3.24(41 m), 3.34-3.37 (2H, m), 3.64-3.69
tetr@&&hﬁ@r)w{wa(&%bns’} BB Acu) @08 ¢1Hies) SRSz 2310 N g),

Exa }(&1;5 gnl\L/l) e‘g}gtg%amme %Ig lpr%lc{fi:dg ?4?5¥r?meg1¥0dlum
azﬁléo()g%arﬁgj%vgs L@]ﬁ%@[ﬁ %é@%@%@&e@@%g Iﬁ@bﬁfﬁ@mﬁerature of
105°C 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 (CDCls) &: 2.09 (3H, s), 2.18 (3H, s), 2.64-3.13 (4H, m), 3.66 (3H,
s), 4.57-4.85 (1H, m), 5.29 (2H, s), 8.03 (1H, s).
ESI-MSm/z: 425 (M + H)".

(Example 26)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)ymethyl]-2,7,8,9-tetrahydro-

6-thia-1,2,3,5-tetraazabenzo[cd]azulene-7-carboxamide



124 6-thia-1,2,3,5-tetraazabenzoicdiaz-ulen-8(7H)-one of Example 41 (16
mg), ethylene glycol (24 ftl) 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 soILitb%n 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. 1H-NMR (CDCI3) 6:
2.22 (3H,\s), 227 (3H, s), 3.38 (211, s), 3.39 (2H, s), 3.74 (3H, s),
: , m), 5.11 (2E1, s), 5.44 (21-1, s), 8.19 (IH, s).
EST-1vl ~415 (M H)t (Example 53)
2'-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-2',9{-dihydrospiro[1,3-
dioxangs2)8'46]thiall,2,3,5Jtetraazabenzo[cd]azulen]-4l-amine The title
ind\(5.1 mg, 28%) was obtained as a solid by the same method as
52 using 4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-
,Ogihydro-6-thia-1,2,3,5-tetraazabenzo[edlazulen-8(7H)-one
xample 41 (1% mg) and 1,3-propanedfol (31 ft1). 125
(CDC13) 8: 1.61-1.70 (1H, m), 1.85-1.96 (1H, m), 2.22 (311, s), 2.27 (3H,
s), 3.44 (211, s), 3.55 (211, s), 3.74 (31-1, s), 3.96-4.02 (411, m), 5.06
(211A shiBwd ¢@bbosyi @A (kL bYyl {7-cyano-2-[(4-methoxy-3,5-

dimethylpyridin-2-yl)ymethyl}-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)
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 (CDCls) &: 2.17 (3H, s), 2.21 (3H, 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, 5), 7.73 (1H, s),
8.07 (1H, s).

ESI-MSm/z: 400 (M + H)".

(Example 27)
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-carboxylic acid



ESI-MSm/z: 429 (M H) (Example 54) 2 -[(4-Methoxy-3
,5-dimethylpyridin-2-y1 )methyl] -2,7-dihydro-8-ox a-6-thial,2,3 ,5 ,9-p
entaazabenzo [cd] cyclopentaEhl azul en-4- amine A mixture
composed of di-tert-butyl (2-[(4-méthoxy-3,5-dunethylpyridin-2- yfimethyll
-8-0x0-2,7, S ,9-tetrahydro-6-thi a-1,2,3,5 -tetraazabenzo [cd]azulen-4-
yHimidodicarbonate of Example 40 (40 mg), dimethylfomiamicie-dimethyl
acetal (56 pi) and toluene (0.5 nil) was heated with stirring at 80C for one
hour. After confirming that the raw material disappeared, the reaction
solution was %oncentrated under reduced pressure. Ethanol (0.5 ml) and
ine hydrochloride (9 mg) were added to the resulting residue,
and the ‘mixgdce was heated with stirring at 80C for four hours The reaction

Sﬁl(;on was concentrated under reduced pressure. Then, the
golved in chloroform and washed with a saturated sodium
icarbonate solution. The organic layer was dried over anhydrous sodium
sutfate and then filtered, and the 126 filtrate was concentrated under
reduced pressure. The resulting residue was purified by reversed phase
liquig ahiremateanapiy torahiaiihe title-eompound %e%?g ,320%) as a
solid. (DIVISO-d6) 6: 2.17 (311, s), 2.27 (3M, s), 3.73 (3H, s),
dindeThy (@ d5); 5 AB(@HYS)2.7,0 P (@i Is)( R 8B tHlH] 397 (IH, s).
ESI-IlvISmiz; 396 (M + 1-1)' (Example 55) Di-tert-butyl
e ARG BIRE B é.m%fﬁg}épvmfg%%m%%wb@ %ﬁ«?@m@ (745 mg)

anc§ (%8 %t a%(? ?&E‘%QH&@C%&&I%EB %E}%%%tQWQ%ggqgﬁ%ﬁ re for four

|m| iIcarbonate
days. After confirming that the raw material disappeared, the reaction mixture was

HO

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-MS m/z: 401 (M+H)".

(Example 28)
4-Amino-N-ethyl-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo|cd]azulene-7-carboxamide



N NO A mixture composed of di-tert-butyl
12-[(4-methoxy-3,5-dimethylpyridin-2-
yOmethyl]-8-o0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cdlazule
n-4- yllimidodicarbonate of Examfe 40 (86 mg), methyl iodide (38 ul),
potassium carbonate (83 mg) and dehydrated dimethyl sulfoxide (I m1)
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 layer was washed with water. The organic
layer was drjed cSOver anhydrous sodium sulfate and filtered. Then, the
filtrate was entrated under reduced pressure. 127 The resulting
residue was p ified by silica gel thin-layer chromatogaphy (ethyl
acetate-hexa ) to obtain the title compound (28 mg, 31%) as an oll
1H-NMR QQIR 13) 8: 1.44 (18H, s), 1.63 (6H, s), 2.22 (3H, s), 2.27 (311,
s), 3.74 ), 3.90 (211, s), 5.67 (21-1, s), 8.11 (1H, s). ESI-MSrm"z:

599 (M + (kxa pIe 56)
4- Am| o- oxy-3,5-dimethylpyridin-2-yOrnethy11-9,9-dimethy1-2,
\9/— iN, dro- thla 2,3,5-tetraazabenzo[cdjazulen-8(71-1)-one

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[ cd)azulene-7-carboxylic
acid of Example 27 (32 mg) and ethylamine hydrochloride (14 mg).

'H-NMR (CDCls) 8: 1.12 (3H, t), 2.22 (3H, s), 2.26 (SH, s), 2.64-2.71 (2H,
m), 3.02 (1H, dt), 3.17 (1H, dt), 3.24-3.33 (2H, m), 3.75 (3H, s), 4.05 (1H, t), 5.42
(3H, s), 7.11-7.20 (1H, m), 8.12 (1H, 5).

ESI-MSm/z: 428 (M + H)™.

(Example 29)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-N,N-dimethyl-

2,7,8 9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-7-carboxamide




The title compound (12.3 M2, 66%) was obtained as a solid by the same
method as in Example 2 using di-tert-butyl
{21(4-methoxy-3,5-dimethylpyridin-2-
sipmethyl]-9,9-dimethy1-8-ox0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzol.ccUazulen-4-y1}imidddicarbonate of Example 55 (28 mg).
11-1-NMR (CDC13) 6: 1.57 (61, s), 2.23 (311, s), 2.30 (3H, s), 3.75 (311,
s), 3. S),.D.25 r.$), 1 8,17 1 I- iz:
309 (ﬁfﬁéﬂﬂ? Eé&ngr%%rg ?})}Q n%%l _léi’g%%b%?j‘o&)d&ea as(:'a]s%h%i)bgﬁe %@:
neihléd-methtwempie-dlisethylavkidn Ryl methylysaxemi &8 ipyridin-2-
dibydro-2'H-spirorcyclopropanct-1,9'461thia[1,2,3,51tetraazabenzorcdlazu
yigmethyl] Y1%ifad tettichyDomatehia- 1,24 shisciurezebenpolseldast iintertdsubpix ylic
{2-[(4-methoxy-3,5-dimethylpyridin-2- :
RS S 17 B8 A A PSS SR ctazuen
“4- y'}“ﬁ‘-'ﬂ?}i’fﬁgé%?}%:oi%g%@g'?) 40440:ma), dikrompeihang (P44, ¢

potassium carbonaté’(28.7 mg) and dimethyl stlfide (0.5 ml) was’stirred at

(tohm temIesatung Mm3f hoorSHVated waS Hdded B3 iBe reaetjon) nixuI(RH,
followed by extraction with ethyl acetate. The organic layer was washed

swith? Brih, Theé -ergdfle taybrinas(dedoddP Ry dro8s Bdéllny)sulfate
and fi Then filtrate was concentrated under reduced pressure.
The rggéi |nSgn%/eZs'ié%§e$\I/}//¥a§[ag§rified by silica gel thin-layer chromatogr phy
(ethyl acetate-hexane) to obtain the title compound (21 mg, 50%) as an
oil. 1H-NMR (CDC13) 6: 1.45 (18H, s), 1.77-1.81 (2H, m), 1.89-1.93
(Bl 2021 (3H, s), 2.28 (3H, s), 3.74 (3H, s), 3.94 (2H, s), 5.59 (2H, s),
8.10 (1H, s). EST-MSrniz: 597 (M (Example 58)

4" AmODRPANHERRERRY 5 LR MABY e SR ARy 1oy methyl]-

2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulene-7-carboxamide

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-
yDmethyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-7-carboxylic
acid of Example 27 (32 mg) and isopropylamine (0.014 mL).

'H-NMR (CDCly) &: 1.12 (3H, d), 1.16 (3H, d), 2.23 (3H, 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).

ESI-MSm/z: 442 (M + H)".



spiro
cyclopropane-1,91461thia[1,2,3,5]tetraazabenzo[cd]azulenl1-8(7'H)-one
The title compound (12.0 mg, 86%) was obtained as a solid by the same
method as in Example 2 using di-ten-butyl
(2'-[(4-methoxy-3,5-dimethylpyriciin-¥(—)4
yOmethyl]-8P-oxo-7',8'-dihydro-TH-spiro[cyclopropanc-1,91-

@%@[@ 219,5]tetraazabenzo[cd]az-ulen]-4'-yll imidodicarbonate of
Example 57 (21 mg), 11-1-NMR (CDC13) 6: 1.70-1.73 (2H, m),
1.81-1-861(Ri; Va2 2RI |2 R B RH- 2] (3 TE {BHy s}, 3 BmetH sy iding-
y&)vr:;et?lglﬁ )257 %29 (tzetHraI?})/drso 166t£11a-1,%),3 %!at%%g enzo? éﬁ\gzglen%@(Example

4r Am no- -21-[(4-methoxy-3,5-dimethylpyridin-2-yHmethy11-7',8'-dihydr
-sp 0 cyclopropane -1,91[6)thia[1,2,3,51tetraazabenzo|[cdlazulen]-8'-
yl}acetam|de 1) Di-terl-butyl {87-hydroxy-21-[(4-methoxy-3,5-
methylpyridin-2- yOmethyl]-7',8'-dihydro-2'H-spiroicyclopropanc-1,9'-
tgthiall,2,3,51tetraazakenzoisdlazulenl-4"-yllf imidodicarbonate
0

\_/
N—N
/
0
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N
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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-carboxylic
acid of Example 27 (32 mg) and N,N-diethylethylenediamine (18 ul).

"H-NMR (CD;0OD) &: 2.41 (3H, s), 2.50 (3H, ), 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, 5), 4.75 (2H, d), 5.72 (2H, s),
8.55 (1H, 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-yl } imidodicarbonate



Sodium borohydride (19 mg) was added to a mixture composed of
di-tertbutyl
(2'-{(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-81-o0xo0-7,8 -dihydro-2'Hsp
iro[cyclopropane-l,9'461thia[1,2,3}@]@etraazabenzo[cd]azuleni-41-
yllimidodicarbonate of Example 57 (100 mg) and methanol (4 mil 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 e product of the title compound (91 mg, 91%) as an oil.
ESI-MS'iniz,599 (M+H)+ 2)

Bt-dihydro-TH-spiro[cyclonropane-1,9[- )
3,5]tetraazabenzo[cd]azulen]-8'-yImethanesulfonate
utfonybchloride (14was added to a mixture composed of the

above d&di;t@{t-;%yl {8'-hydroxy-2'-[(4-methoxy-3,5-dimethylpyridin-2-

yI)méthyIf—?',SN-dih)gdr -2Tl-spiro[cycloproparie-1,9'-

[6]thia[1,2,3;5]tetraazabenzo[cd]azulen]-4r-yl{imidodicarbonate (91 mg),

triethylamine (4{ll) 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

methaedsigfoafetihvigeu[®uy) wileudved. Fhem dabyidatbath was
, d the mixt tirred for four h . The reacti ti
i RSHIREHES Wi A aH o B S AL A B
ch1BRNYGrOYS 3RAHIT, SHHRTe. Afterfitaben.stheiitate WasdrRacanaied

under reduced pressure to obtain a crude product of the title compounof

1 H(ppao) Hd-dipeitinTiderrésditingdoeiepdumnd tweb Stme Gl p L Beahfpreth€5i€xt
reaction Withoukgeurification. ESI-MS raiz; 677 (IVI+H)E 3) Di-tert-butyl

gL BRI e oy SO ATBPASRIFSRUHA(L7 L) tnder

cod YO SATOSYPRANE 4O HPLIA 213l tpgzed enzo
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 50°C 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



A mixture composed of the above crude
4'-[bis(tert-butoxycarbonyl)amino]-
21-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-71,8'-dihydro-21-1-
spiro[cyclopronane-1,91-[6]thia[1,2 &5]tetraazabenzo[ed]azulenj-8V1
methanesulfonate (33 mg), sodium azide (37 mg) and

N-methylpyn-olidone (0.5 ml) was heated wvith.stirring at 8 r thr
S GRS SN G

as &plstion was added to the reaction mixture, followed by extraction with
ethyl acetate. The organic layer was washed with brine (30 ml) and then
drietHeNSIR eI S Bfdte 4 ATRH fish2idD (HEE iltais (S, shricehdated2,
under reduced pressure to obtain_a crude product of the title. compound

m) (35 rgyP 46%h Bl T FeBulting cormipsund wak r8ddyuded Bt isémlion

8'1@6%0 ‘without purification.  4)
N-(4:-Amino-2'-[(4-methoxy-3,5-dimethylpyridin-2-yOmethy1]-7',8'-
dinyeko1 tlrspirfeysioprgpant-1,9s-[6]thia[1,2,3,5]tetraazabenzoilcdjazule
ni-8'- yl}lacetamide 133 Triphenylphosphine (22 mg) was added to a
mixture composed of the above crude di-tert-butyl

E® )éga(?%?; -2'-[(4-methoxy-3,5-dimethylpyridin-2-yOmethyl]-71,8'-

W -2'H-spiro[cyclopropane-1,9'4611thia [1,2,3,5] tetraazabenzo
(cd]@ZA‘Jﬁ%é‘z':p(ﬁ-iﬂ%@l@ﬁé%ﬁ@[?%'@c@é%@h@ yergfyran Qo mhiaach.
water (0.1 ml), and then the mixture was heated with stirring at 50C for

o-ttheeehbbrstAtterbeonting tornborBtemperature, 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 ethy| acégate. The organic layer was concentrated under reduced
pressure’ ydrated dichloromethane (0.5 ml), pyridine (18 iii) and acetic
anhydritle 1fl) were added to the resulting residue, and the mixture
was stirfed(at room temperature for 18 hours. The reaction mixture was
concentrated under reduced pressure. Dichloromethane (2 ml) and
trifiuompacetic acid (0.5 ml) were added to the resulting residue, and the
mixtur stirred at room temperature for three hours. The reaction
mixture ,s’iqoncentrated under reduced pressure. The resulting residue
was dissolved ifechloroform and sequentially washed with a saturated
sodium bicarbonate solution and brine. The organic layer was dried over

sodidrmatMERt S HREdRReRIFITRED HHE firardwascoicBstRaed Inder

. reduced pressure. The resulting residue w urifi silica gel
di "i(?whﬁa%lerf %Zyﬁw{mjj(%%’gﬁrgﬂﬁ%%%ﬁg’g&z?h%’ 1.09-1.15 (111,
tetPr dbéR74f £8) i) 1198 @i o ke(SH . 8ImRi82 1348 18Y) 3.46 (1H,
dd), 3.71 (111, d), 3.76 3311, s), 3.85 (1H, t), 5.10 (211, s), 5.35 (111, d),
didiuBothethady, (6.89 (144 & s81aB8or o f hxdr&8lavSid:in4idogvne (@)FmL) and
(Example S% _ .
ROEAANA I (TSRS S B FERSTAYEI 250 ity 1128 FF e
m%?gwg%ﬁigéﬁf&t&i%d@ q&ﬁ@ﬁ%é&ﬁ@,aﬂdﬂ %§é¥1}1}dng residue was
-N-cyclopropylacetamide
purified by reversed phase liquid chromatography to obtain the title compound (12.5

HO

mg, 48%) as a solid.

'H-NMR (CDCl) 8: 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)".



1) Di-tert-butyl (8-(cyclopropylamino)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yi)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3 ,5-tetranzab enzo [cd] azul en-4-
yl}imidodicarbonate 1?19 OtTN, Sodium cyanoborohydride (1.89 g) was
added to a mixture composed of oliggrt-butyl {2-[(4-methoxy-3,5-dimethylp
yridin-2-yemethyl]-8-oxo0-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl}imidodicarbonate
of Example 40(5.71 g), methanol (50 mL), tetrahydrofliran (25 mL),
(Exaygle@épylamine (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.

Thé PSR HibttiB S EoneshngtB g RiAHEP reatiseeiddsine %and

issolved in ethyl acetate, and tge olution was washed with a saturated
tetrzgg iU mgl%llé% %?f%é e(%%%?%%%e%o .%ﬁia%u v%/elfhli)?llﬁlgmrhe 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 qil. 135 'H-NMR (CDC13) 8: 0.32-0.56 (411, m), 1.4,1 (1811,
S), 2.17-2.21,(Hi, rn), 2.21 (311, s), 2.26 (31-1, s), 3.24-3.43 (411, m),
3.69-3.64 (411, m) 3.73 (311, s), 5.62 (2H, s), S.16 (1H, s) EST-MStn/z:

Sodium hydride (6.7 mg) was added to a mixture of di-tert-butyl {8-hydroxy-
2-[(4-methoxy-3 ,5-dimethylpyridin—Z-yl)methyl]-2,7,8,9-tetrahydro-6-thia— 1,2,3,5-
tetraazabenzo[cd]azulen-4-yl }imidodicarbonate 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 ul) 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. 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 to obtain the title compound (4.8 mg, 18%) as a solid.

'H-NMR (CDCls) &: 2.23 (3H, s), 2.28 (3H, 5), 2.98 (3H, s), 3.18-3.25 (2H,
m), 3.32 (1H, 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-MSm/z: 387 (M + H)".



Acetyl chloride (14 tit) was added to a mixture composed of the above
ditert-butyl { 8 -(cyclo propylamino)-2- [(4-rnetho x
y-3,5-dimethylpyridin-2-yl)methy11-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-té9%azabenzo[cd]azuIen-4-y|}imidodicarb
onate (100 mg), dichloromethane (2 mL) and triethylamine (42 uL) 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

(Exivitpl@3saturated sodium bicarbonate solution. The organic layer was dried
over anhydrous sodium sulfate and filtered, and then the filtrate was

corfcEpisdesdhueiercrsboredeaptiasdutd (Drertbrsé thraie e iy i 2-
miflugroacetic aci mL) wer d to the resulting residue, .and the
R e SRR AP e PR BRE MGy Eatiion

metMixtULe-Was concentrated under reduced pressure. A saturated sodium
bicarbonate solution was added to the resulting residue under ice-cooling,
followed by extraction with chlorofoliii. The organic layer was dried over
anhydrous sodium sulfate and filtered, and then the filtrate was
concentrated unger reduced pressure. The resulting residue was purified
by silica gel'column chromatography (chlorofl Liu-methanol) to obtain the
titte compoynd {55 mg, 75%) as an oil. 1}-1-NMR (CDC13) 8:

2.21 (3H, s), 2.22 (3M, s), 2.27 (311, s), 2.71-2.76(114,

m), 2.97 (1H, 4,17 = 15.9 Hz), 3.14 (1H, d, 3= 16.6 Hz), 3.74 (3H, 136 s),
3.88-3.99 2Kt in), 4.38-4.33 (1H, m), 5.16 (211, s), 5.45 (211, dd, .1=
26.4, 15. 8.19 (114, s). ESI-IVISm/z: 454 (NI Hf. (Example 61)

NSy,

y{-2-[(#-methoxy-3 ,5 -dimethylpyridin-2-yl)methyl]
—=N8-m 3783 ro-6-thia- 1,2,3,5-tetraazab enzo [cd]
gﬁglene-4,8-dia ine mixture composed of di-tert-butyl
{8-(cyclopropyldmin§)-24(4-methoxy3,5-dimethylpyridin-2-yl)methyl]-2,7,8,
9-tetrahydro-6-thia-,2,3,5-
tetraazabenzoledlazuten-4-yHimidodicarbonate of Example 60 (400 mg),
me ol (2 , %.fonualin solution, (111acetic acid (156 .11 ) and
il SRR G S N e Sl

of iR sadium cyanghorahydrsadtil mamasasdednandiheemitare,s,o-

was stirred at room temperature for 14 hours. The molecular sieves were
teusbpdratednodt bi, filfrativnzabdntrdndhedeivént wasdodagspatede niderample
reduced pressure. The residue was dissglved in ethy acetatéﬁm the
t

32 BB WA VRRE AR R R 6 Bl AR bR S DA AR S HRder
cogllﬁgwaﬂ g%rh%tﬁ hez%@?f}i%é@/%wmm QYEIRNANAIEUS, SOdIRY for

te and filtered, and then the filtrate was concentrated under reduced
twPresgtire. iehloncfnethanafA k) artateif ubdoape tieratithéX eattj omenéxture
added to the resulting residue, and the mixture was stirred at room

wagehHpEr i fi ondoRBLRLT RETRACHOR Mibttire Wak VEABKAMTEY tryisd
red Ce‘?} ressure. A saturated,sodi bicarbaonat, o{ution was added, to
ovih RN e S L PR RS AR AR AR adkiRe:
un@bloraform nThe proamiglaveswas Mrias Ower arhyeroussadivmeseliate,
and filteredl,j and then the filtrate was concentrated under reduced
angtassueeipTiaged solid was collected by filtration to obtain the title compound
(253 mg, 93%). The resulting compound was directly used for the next reaction

without purification.

ESI-MS m/z: 651 (M+H)",



137 resulting residue was purified by silica gel column chromatography
chlorofo’- methanol) to obtain the title compound (233 mg, 84%) as an oil
'H-NMR (CDC13) 6: 0.38-0.52 (4H, m), 1.85-1.90 (1H, m), 2.22 (3H, s),
2.27 (3H, s), 2.40 (3H, s), 3,12-3.é§9(4H, m), 3.55-3.49 (1H, m), 3.74 (3H,
s), 5.19 (2H, s), 5.42 (1H, d, J -= 15.1 Hz), 5.49 (1H, d, J = 15.4 Hz) 8.20
(Exgillgplie%)ESI-MSmiz: 426 (M + H)-. (Example 62)_
1\15-Cyclobuty1-2-[(4-methoxy-3,5-dirnethylpyridin-2-yHmethyl]-2,7,8,9-
tetrahydiddththia-1,2 Bihetetiparahetzolpdidrdien@-dilbrdiartitiea-1,2,3,5-
Sodium triacetoxyborohydride (16 mg) was added to a mixture composed
tetr@ﬁz@hg@nomzulen-&amme
f2-[(4-methoxy-3,5-dimethylpyridin-2-yl)inethyl]-8-oxo-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ediazulen-4-yl}imidodicarbonate
of Example 40 (34 mg), clichloroethane (0.7 ml), cyclobutylamine (15 ul)
and &cetig acid (10 ul), and the mixture was stirred at room temperature
fgkt. Methanol (three drops) was added dropwise to the reaction
mixturegand then a 1 N sodium hydroxide solution was added, followed by
extraction with ethyl acetate. The organic layer was dried over anhydrous
sogliug sulfate and filtered, and then the filtrate was concentrated under
reducéd pressure. Dichloromethane (2 ml) and trifluoroacetie acid (0.5 ml)
/ wer aﬁjd to the resulting residue, and the mixture was stirred at room
temse for two hours. The reaction mixture was concentrated under
reduced pressure, and the resulting residue was purified by reversed

hase liquid ch .Th lting oil was di in_di ,
iy R A s
3,550 QBRI AMERIOHSn B EST M i A6 (Mrib=1 4 )35

tetraazabenzo| cd]azulen-8-yl methanesulfonate of Example 35 (65 mg), dehydrated

N, N-dimethylformamide (1 mL) and potassium carbonate (14 mg) was heated with
stirring at 70°C 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 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 (chloroform-methanol) to obtain the title compound

(12.9 mg, 36%) as a solid.



(Example 63)
N8-(Cyclopropylmethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
2,7,8,9-tetra'nydro-6-thia-1,2,3,5-tetraazabenzo|ccflazulene-4,8-diamine \o
N-N) 11-\ LSNN H2 The title cd{pound (6.0 mg, 24%) was obtained
as an amorphous by the same method as in Example 62 using

di-tert-butyl T2-[(4-rnetlioxy-3.5-dimethylpyridin-2-
yhrn ﬁﬁ?@%%@é@ﬁ§§%§é§ﬁ%o§5@ = @%835%@{?§£légbéﬁéc§{3éajé%ulen
YL HMidegi ateq9f Example A mg) and
5'5é&lob%?@?ggﬁggg’irgzg%l(?riﬁg)).’ %I;Sf'k?o(l\(/l% r%]/z: 426 (M+H)H. (Example
64) EST-M4Sm/z: 355 (M + H)".
T4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9- tetrah
yciro-6-thia-1,2,3,5-tetraazabenzo [cd] azulen-8-y1 } pip erazin-2-one N-N

(ExamiN7)
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 methylcarbamate

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 (40 mg), dehydrated
dichloromethane (1 mL), pyridine (11 pL) 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 layer 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
trifluoroacetic 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



\. N '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-

yOmethy11-8-ox0-2,7,8,9- tetrahyé?é 6-thia- 1,2,3,5 -tetraazab enzo [ cd]
azulen-4- yl Timidodiearbonate of Example 40 (34 ma) and 2-piperidinone

uno@r%em%)e Epo = thig: tﬂé?’eng&lg'régfﬁu%%?ag?ﬁﬁ@meo9%versed hase

2-[(4-Methoxy-3,5-dimethylpyridii-2-yl)rnethyi]-8-piperidin 1-y1-2,7

liquRtcnydee g-ipia- 1028t Hrtettaaraboamaiad ol czigered-pmineolid. The
title compound (13 7 mg, 52%) was obtained as an amorphous by the

samB-MeRERE I éx&%@%féhéﬁg] oot @Iﬁ(@)@%iﬁ@@ﬂ

mﬁé?%béééé‘ Ak ?1% T ASH Do o EVatipe 0 )

(1H31Q1§I @Iggg 1881@1@ 1H-NMR (CD:30D) 5: 1.57-1.65
82(4H m) '2.93-3.07 (4H, m), 3.38-3.45 (1H, m), 3.51
(1H5ﬂm\413m/k543307(MH~z91)3 64-3.67 (2H, m), 3.78 (3H, s), 5.43-5.47 (2H,
m), 8.06 (1H, s).

(Example 38)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl]-2,7,8,9-tetrahydro-

6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-8-y! ethylcarbamate

The title compound (18.5 mg, 40%) was obtained as a solid by the same
method as in Example 37 using 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 (60 mg), triphosgene
(13 mg) and a2 N solution of ethylamine in tetrahydrofuran (0.25 mL) under cooling
in an ice bath.

'H-NMR (CDCl3) &: 1.12 (3H, t), 2.23 (3H, 5, 2.27 (3H, ), 3.16-3.24 (2H,
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 (4H,
m), 8.19 (1H, s).

ESI-MSmy/z: 444 (M +H)".



ESI-NISmiz: 440 (M + (Example 66)
8-Azetidin-1-y1-2-[(4-methoxy-3,5-dimethylpyridin-2-yHmethyll -2,7,8,9-
tetrahydro-6-th ia-1,2,3 ,5-tetraazab enzo di azulen-4-amine The title
compound (18.5 mg, 75%) was olitdined as an amorphous by the same
method as in Example 62 using di-tert-butyl (2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methy1]-8-ox0-2,7,8,9-tetrahydro-6-thia-1,2,3,5- 140
(E"t?éﬂ%lﬁg enzo[ed]azulen-4- yIIimidodicarbonate of Example 40 (34 mg),
azeji {%7 MR
(CD£3 ?(%%%%qg’% }155&81@;& 2{@2 543 %el J15 c}%&%} yﬁlcli]‘?{;' (jl\IH
y))igth$140; 3- 4 (dikd- 6hid- 72, (BH1c8)a 8820 1dAulen; By dcdt&é (1H, m),
5.46 s), 8.06 (1H, s). ESI-MSmiz: 412 (M H)+ (Example 67) 1-
{.4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yHmethy1]-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzotediazulen-8-y1} -L-prolinamide

0
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Nt
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/
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A mixture composed of di-tert-butyl {8-hydroxy-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)ymethyl}-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd)azulen-4-vyl}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 (CDCls) 8: 1.43 (18H, s), 2.21 (3H, s), 2.25 (3H, 5), 2.27 (3H, s),
3.74 (3H, s), 3.90 (2H, s), 5.67 (2H, 5), 6.70 (1H, s), 8.14 (1H, s).

ESI-MSm/z: 613 (M + H)™.



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-
dimethylpyridin-2-yl)methy1]-8-oxo0-2,7,8,9-tetranydro-6-thia-1,2,3,5-
aazabenzo{cdlazulen-4-yllimidodiddrbonate of Example 40 (34 mg) and
(S)- pyrrolidinecarboxylic acid amide (17 mg). ESI-MS m;z: 469 (M--H)7

, 68)
(Eé%égﬁgﬁthoxy-&&dimethylpyridin-z-ylImethy11-8-[(28)-2-
(methoxymeilyy)py(rolicinoxyld; 2. digSrtetpaiidro-giikiayi 2:8.6xo-
tetraazabenzo[cd]azulen-4-amine 14 The title compound (11.0 mg,
2,73090)eialzy Otsteiribid-as’ andaietorpiids 19y dhledend vieinododsctBxaimple
62 using di-tert-butyl (2-[(4-inethoxy-3,5-
dimethylpyridin-2-yl)methy111,-8-ox0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 40 (34 mg)
and (S)-2- methoxymethylpyrrolidine (24 til). FM-MS mizi 470 (1).4.+H)1

A mixture of 4-[bis(tert-butoxycarbonyl)amino]-2-[ (4-methoxy-3,5-
dimethylpyridin-2-ylmethyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo{cd]azulen-8-
vl 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.

ESI-MS m/z: 571 (M+H)".

(Example 41)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl]-2,9-dihydro-6-

thia-1,2,3,5-tetraazabenzo[ cdlazulen-8(7H)-one



N-K3S)-1-1,4-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-y1}pyrrolidin-3-
yliacetarnide The title compound (22.6 mg, 78%) was obtained as an
amorphous by the same method aklith Example 62 using di-tert-butyl
{2-1(4-methoxy-3,5-
dimethylpyridin-2-yl)methyli-8-oxo-2,7,8,9-tetrallydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-y1}imidodicarbonate of Example 40 (34 mg)
and (3S 3-acetamidopyrrolidine (24 tip. H-NMIC (CD30D) 6: 1.86-1.90
(2H, m)} 1.9Q-1.93 (1H, in), 2.23-2.28 (6H, m), 2.29-2.39 (1H, m),
H, m), 3.11-3.26 (1H, m), 3.33-3.39 (2H, m), 3.45-3.54 (2H,
m), 3. S? (2H, m), 3.66 (3H, s), 3.80 (31-1, s), 4.29-4.38m), 5.43-5.50
(2H, m), 8,07 (1H, 142 ESI-IVISmiz: 483 (M I-1) h (Example 70)
2-1(4-Msaghoxy-3,5-dimethylpyridin-2-yl)methylj-N8[(3R)-tetrahydrofuran-3-
yl]- g 9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulene-4,8-diamin
VI N
O{Z’%ﬁk

g N NH,

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-dimethylpyridin-2-
yl)methyl]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3 5-tetraazabenzo{ cd]azulen-4-
yl}imidodicarbonate of Example 40 (43 mg).

'H-NMR (CDCl3) &: 2.23 (3H, s), 2.29 (3H, s), 3.75 (3H, 5), 3.80 (2H, 3),
4.12-4.13 (1H, m), 4.12 (1H, s), 5.24 (1H, br.s), 5.48 (2H, s), 8.18 (1H, 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-tetrahydro-6-thia-1,2,3,5-

tetraazabenzo[cd]azulen-4-yl }imidodicarbonate

\
0
\
Nt/
\
0 N—N
\ /
0 2 T
N 1
A OJV
o



‘N NH, The title compound (17,4 mg, 65%) was obtained as an
amorphous by he same method as in Example 62 using di-ten-butyl
{2.-1(4-methoxy-3,5- )
ciimethylpyridin-2-y|)methy11-8-o>3d-52,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yHimidodicarbonate of Example 40 (34 mg)

e e e R L R e
yDIQh3i32-3:40041 8, amp31bAn3-6 kB 1,218 )5 Beh@adabrAct &d finul3nl 8S),

4.42-4.48 (111, m), 5.46 (211, s), 8.06 (11-1, s). ESI-MSiniz: 442 (M H)-
yl}»é@@ﬁm@bmyate of Example 40 (170 mg), dichloroethane (2 mL), acetic acid

-l -2-[(4-methoxy-3,5-dimet idjin-2-yl)methy1J-2,7,
O AT D S B DB LN N R G osi tH2
i35 tteadabenzees el Culmagarboseie o Crarl 0

0 mg), methanol (0.4 nil), tetrahydrofuran (0.2 ml) and acetic acid (12
addid)l andiben thesnvixuservdSstinvechatiroons tempetaticeeofobbmshnotids. (63
solution of sodium eyanoborohydride (10 mg) in methanol (0.4 ml) was

Mg Fers dAGeth i rBSHBRIMIEIFEUTR | foRd By bstirerieat ieions teRTPSratUFe

vernight. The reaction mixture was concentrated, and.a 0.2 odium
L LR SRR, AR SN Rl

mifXFaGUQRpHR R acetaley [The M9aNis IRyQdnas ire:avesAamlygrous
sodium sulfate and filtered, and then the filtrate was concentrated under

Theetiiicetsprassures Bichivromathemeriomt), and frftutweostimatior (826
ml) were added to the resulting residue, and the mixture was stirred at

12585 MAEHPERETIPE ToP v HOUFECT REFRAIGRIMHIEWAE tBfcentied
et Rdsed iesaE.and aIRR g el a PHITRA

silica gel chromatogaphy (chloroform-methanal). The resulting ol
resiissaléeduni flioXaneilfallguedibylycipbitizadigndbyaiptathatig-tiHeroform) to

cbtann e H1o ommposad (108 me. S086) soan ot
pound (108 mg, 50%) as an oil.
'H-NMR (CDCl3) 8: 1.43 (18H, s), 2.21 (3H, s), 2.25 (3H, 5), 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 (1H, d), 8.16 (1H, s).

ESI-MSmv/z: 722 (M +H)".

(Example 43)
N-{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-y)methyl]-2,7,8,5-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl }acetamide



11-1.-NMR (CD30D) 8: 1.08 (311, d, J=4.2 Hz), 1.10 (3H, d, J = 4.2 H2),
2.24 (6E1, s), 2.99-3.07 (211, m), 3.23 (IH, dd. J = 16.8, 3.4 Hz),
3.32-3.38 (1H, m), 3.52- 3.57 (111, m), 3.78 (311, s), 5.44 (2H, s), 8.05
(11-1, s). ESI-MSmiz: 414 (M + Fit {Example 72)
N8-isobutyl-2-[(4-methoxy-3,5-dimethylpyridin-2-y1)methyl]-2,7,8,9-
tetralaydro-6-thia-1,2,3,5-tetraazabenzoicd]azulene-4.8-diamine The
title compound (19.9 mg, 88%) was obtained as an amorphous by the
same method as in Example 71 using di-tert-butyl i2-1(4-methoxy-3,5-
144 dimeth Ipyri;jin-Z -yOrriethy11-8-0x0-2,7, 8

,9-tetrahyd
tetraazabelzqg

hia-1,2,3,5-

azulen-4-yl}imidodicarbonate of Example 40 (30 mg)
and isobutylamine (7.9 41). 11-1-NMR (CD30D) 8: 0.92 (6H, dd.
J=6.7, 2,6 K7), 1.69-1.79 (1H, m), 2.23 (3H, s), 2.23 (3H, s), 2.45 (1H,

__qz;@, J=1%.3,%6.5 Hz), 2.53 (1H, dd,1 = 11.3, 7.1 Hz), 3.01-3.10 (1H, m),
3'20-8.39 , W), 3.77 (311, s), 5.42 (2H, s), 8.05 (1H, s). ESI-MSnplz:
428 ( +S L&?S)

Acetyl chloride (18 pL) was added dropwise to a mixture composed of di-tert-
butyl {8-[(2,4-dimethoxybenzyl)amino]-2-[(4-methoxy-3,5-dimethylpyridin-2-
ylhmethyl}-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cdjazulen-4-
yl}imidodicarbonate of Example 42 (36 mg), pyridine (40 pL) 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 reduced pressure, and dichloromethane (1 mL) and 1,3~
dimethoxybenzene (12 uL) 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 (CDCl) &: 1.96 (3H, s), 2.22 (3H, 5), 2.30 (3H, 5), 3.19 (1H, dd),
3.38 (1H, dd), 3.43-3.51 (2H, m), 3.75 (3H, s), 4.76-4.84 (1H, m), 5.21 (2H, br.s),
5.40 (1H, d), 5.45 (1H, d), 6.37 (1H, d), 8.13 (1H, s).



73) ,5-dimethylpyridin-2-yl)methyl]-
2,7.8.9-tetrahydro-6-thia-1,2.3,5-tetraazabenzo[cd]azulene-4,8-diamine
1,2,3,5-tetraazabenzo[cd]azulene-4,8-di The title compound (20.6 mg,
89%) was obtained as an amorphbh7s by the same method as in Example
71 using di-tert-butyl 12-[(4-methoxy-3,5-
din@@ﬂ@ﬁgnﬁng #]-8-ox0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-y1}imidodicarbonate of Example 40 (30 mg)
and neopentylamine (9.2 41). ti-NMR (CD30D) 6: 0.90 (9H, s), 2.22
(3H, s), 2.23 (311, s), 2.38 (1H, d, J =- 11.3 Hz), 2.50 (1H, d, 1 = 11.0 Hz),
(Exgroglegddl (1H, m), 3.19-3.40 (4H, m), 3.77 (3H, s), 5.42 (2H, s), 8.06 (111,

) oA 3 At SR P YD PR 12,789

retri@atverg:6-thies k2 Aaretaneanenzolcdiasulgngdirdiamine

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-dimethoxybenzyl)amino]-2-
[(4-methoxy-3,5-dimethylpyridin-2-yh)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 (CDCls) &: 1.13 (3H, t), 2.20 (2H, dd), 2.22 (3H, 5), 2.31 (3H, s),
3.21 (1H, dd), 3.36 (1H, dd), 3.44 (1H, 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 (1H, d), 8.05 (1H, s).

ESI-MSmv/z: 428 (M + H)".

(Example 45)
N- {4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl]-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl} cyclopropanecarboxamide



The title compound 01.4 mg, 49%) was obtained as an amorphous by the
same method as in Example 71 using di-tert-butyl 12-[(4-methoxy-3,5-
dimethylpyridin-2-yHmethyl]-8-oxo0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cdjazulen-4-yl}imiddditcarbonate of Example 40 (30 mg)
and 1- ethylpropylamine (9.2 pi). (CD30D) 8:0.82 (3bi, t,3=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 (1H, ad. J = 16.8, 8.5 Hz), 3,19 (1H, dd, J = 16.8, 3.4 Hz),
3.26-3.38 (211, m), 3.50-3.56 (11-I, m), 3.78 (3H, s), 5.43 (2H, s), 8.06
(1H, s). EST- ,Sr&y‘z: 442 (M H)-1 (Example 75)
<[(4-methoxy-3,5-dimethylpyridin-2-yHmethy11-2,7,8,9-
tetrahydro-6-thia,1,2,3,5-tetraazabenzo[cd]azul ene-4,8-diamine The

same meth d__g in Example 71 using di-tert-butyl i2-[(4-methoxy-3,51-
dimgthylpyridiny2-yOmethyl]-8-oxo-2,7,8,9-tetranydro-6-thia-1,2,3,5-
DﬁzzuIen-4-y|iimidodicarbonate of Example 40 (30 mg)
and gyclohexydamine (9.0 hi). 146 (CD30D) 6: 1.02-1.31 (4H, m),
1.60-127 (4H, m), 1.84-1.97 (2H, m), 2.58-2.66 (1H, m), 3.02 (1H, dd, 1 =
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
(1, Ty, e pomnopnd 18 e S0 od)vase iRPdys B SEMISIbe AsmeRethod

as ﬁ?iéﬁéﬁ@&?u@@g 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 nL).

'H-NMR (CDCly) 8: 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 (1H, 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).

ESI-MSmy/z: 440 (M + H)".

(Example 46)
2-[(4-Methoxy-3 ,5-dimethylpyridin-2—y1)methyl]-Ng-methyl—2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd}azulene-4,8-diamine hydrochloride



N8-Cyc opentyl-2-[(4-methoxy-3,5-dimethylpyridin-2-yHmethyl]-2,7,8,9-
teirahyciro-6-thia-1,2,3,5-tetraaza'oenzor,celjazuiene-4,8-cli amine

The title compound (16.2 mg, 70°/ﬂ as obtained as an amorphous by the
same method as in Example 71 using di-tert-'nutyl (2-{(4-methoxy-3,5-
dimethylpyridin-2-yemethy1]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-

tetrgazabenzeledlapdenanilimidedigaraenate dfcExample: 49630 N0 £
and cyclopentylamine (7.7 ul). 1H-NMR (CD30D) 3: 1.29-1.39

di-teptH-humy), (251080 (24 309y A Th | 7Erid Rt 2in) ) b 87 y1L S50 H, Y, B. 24
(6H, s), 3.04 (1H, dd, J = 16,1, 9.9 Hz), 3.21-3.38 (4H, m), 3.44-3,50 (1H,

Loty gy P ) A8 (A Y B (5 SElSE Rt (e

40 (@8’% Plﬁcﬁ@roeth%ﬁé(@.@lﬁ%ﬂﬂﬁ&'%%&ﬁﬁ@ﬁ@t‘%\éﬂ%ﬂ%ﬁ&n
ethyl[-Ns-propyl-2,7,8,9-

tetrigiyatdyelar Gothiarl) Zddrtettaazalenzojcehtpgidlaiietd: 8 diamined kdbom
The title compound (15.1 mg, 70%) was obtained as an amorphous by the

temggrABn Ethdd ein. Exdieibragi(lizesgiuirerivpeiagided [(aopvEssoryls 5-
i L L S AR
by SACLORIORMIArEING B&dID: The orgakib-ENMR{GRIOENS BidRifdds 1, t, J

=7.4 Hz), 1.48-1.59 (21-1, m), 2.2% (6H, s), 2.55-2.72 (21-1, m), 3.05 (1H,
soddirin dutfie. B Btetz)], 3uRl tBed 3heHiHrate) B 57018k s B UB1(2 It dsi;e8.05
preg]s-&r-e]." 3 ichloromethane (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 uL) 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 (CD;0D) &: 2.24 (3H, s), 2.27 (3H, 5), 2.68 (3H, 5), 3.27 (1H, dd),

3.39 (1H, dd), 3.51-3.54 (2H, m), 3.79 (3H, s), 5.46 (2H, s), 8.04 (1H, s).

ESI-MSm/z: 386 (M + H)".

(Example 47)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-N® N*-dimethyl-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine hydrochloride



ESI-MSmiz: 414 (M + Hf (Example 78) -13uty1-2-[(4-methoxy-3
,5-dim. ethylpyridin-2-yHmethyl]-2,7,8,9-tetrah ydro6-thi a-1 ,2 ,3
,5-tetraazabenzo [ ed] azulene-4 ,8-diamine N-N) N N NH, The title
compound (16.7 mg, 74%) was obtafhed as an amorphous by the same
method as in Example 71 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[ccilazulen-4-ylliimidodicarbonate of' Example 40 (30 mg)
and nbutylam\ine (7.8 pi). 148 1H-NMR (CD30D) 8: 0.92 (311, t,
), 1,31-1.41 (211, m), 1.46-1.54 (2H, m), 2.23 (611, s),

-1, m), 2,68-2.75 (1H, m), 3.05 (11-I, dd, -= 16.9, 8.8 Hz),
m), 3.77 (3H, s), 5.42 (211, s), 8.05 (1H, s). ESI-MSmiz:

N—N HCI1

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-
yDmethyl]-8-0x0-2,7,8,9-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 (CDsOD) &: 2.24 (3H, s), 2.25 (3H, 5), 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-MSmv/z: 400 (M + H)".

(Example 48)
Ng—Ethyl—Z-[(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 hydrochloride

\
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By N)\NHz

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)amino-2-(4-methoxy-3,5-



(Example 79) 2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyll -N
-(2-methoxyethyl)- 2,7 "9-tetrahydro -6-thi a- 1,2 ,3,5-tetraazab enzo [azul
enc-4,8-diamine The title compound (17.7 mg, 78%) was obtained as
an amorphous by the same method &5 in Example 71 using di-tett-butyl
{2-[(4-methoxy-3,5-

- di ridin-2-yI 1]-8-0x0z2,7.8,9-tetrahydro-6-thia-1,2,3,5-
e e B st Go o)
tet@chBeinethoyetdaninethHR ub k- INeMRAQD/30RN8: % 28 B HarShe in

2.23 (3H, s), 2.77-2.84m), 2.87-2.94 (111, in), 3.07 (111, dd, J = 16.8, 8.7
tetalzydgofiga® 29 Y 26,)m), 3.32 (311, s), 3.34-3.52 (4H, m), 3.77 (3H, s), 5.42

B e X X T N,

eth ( thyl (8,95 -
m)fgt'r};@dgrréggﬂ?ié%,%%g;/é-}tlegfr%lg’z%gézn%bé[ig:cgjla};’ulfl hé'-zl%@(ﬁér% inse'%lgl%} Ls)
8.05 (1H, s).

ESI-MSmv/z: 400 (M + H)"

(Example 49)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-pyrrolidin-1-y1-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd}azulen-4-amine hydrochloride

\
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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-
yDmethyl]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cdjazulen-4-
yl}imidodicarbonate of Example 40 (28 mg) and pyrrolidine (8.2 pL).

'H-NMR (CD;0D) &: 1.91-1.98 (4H, m), 2.24 (3H, s), 2.25 (3H, ), 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, m),
3.78 (3H, s), 5.43 (1H, d), 5.47 (1H, d), 8.05 (1H, s).

ESI-MSmv/z: 426 (M + H)".



The title compound (16.1 mg, 69%) was obtained as an amorphous by the
same method as in Example 71 using di-tert-butyl 1'2-[(4-methoxy-3,5-
dim ethylpyridin-2-yl)methy1]-8-oxo0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azuIen-4-y|Iimidb%l?rcarbonate of Example 40 (30 mg)
and isoamylamine (9.1 d1). 1H-NMR (CD30D) 8: 0.88-0.94
(Ex%6H 1@%@)1-36'1-45(41'1- nib 1.55-1.66 (1H, m), 2.24 (61-1, s), 2.59-2.67
m m), 2.70-2.77 (111, m), 3.06 (1H, dd. J = 16.8, 8.7 Hz), 3.21-3.44 (4H,
m), BN ENb:6)35548 2 H S)i 805 (At &by ESTMEIRiird4-2 (W7 4:9-
(Example 81) N8-But-3-en-1 -y1-2-[(4-methoxy-3,5-dim
tetratiygnoytrdine 2-ghidethiyjaesbanyelel Banien i 2@iBaetraazabenzo [_cd]azul
ene-4,8-di amine 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- yOmethyl]-8-oxo
-2,7,8,9-tetrahydrp-6-thia-1,2,3,5 -tetraazab enzo [cd]azu len-4-
yflimidodicay, te of Example 40 (30 mg) and 1-amino-3-butene
hydrochloride (8:5 mg). 11-1-NMR (CD30D) 8: 2.23 (3H, s),
2.24 (311, s), 2125-2.30 (2H, m), 2.65-2.72 (1H, m), 2.75-2.84(111, m),

3.07 (11-1,dd; -:H16.9, 8.6 Hz), 3.19-3.26 (11-1, m), 3.33- 150 3.47

(3H, m), 3078 (3H, £)74.96-5.01 (1H, m), 5.02-5.10 (1H, m), 5.43 (2H, s),
0@9 , duff Jﬁl7,4, 10.3, 6.9 Hz), 8.06 (1H, s).
/ Sy

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]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-
yl}imidodicarbonate of Example 40 (28 mg) and morpholine (8.6 uL).

'H-NMR (CD;0D) 8: 2.21 (3H, 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, ), 5.43
(2H, s), 8.06 (1H, s).

ESI-MSm/z: 442 (M + H)".

(Example 51)
NE-Cyclopropyl-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cdjazulene-4,8-diamine hydrochloride



ESI-MSmk: 426 (M + (Example 82)
2-[(4-Methoxy-3,5-dimethylpyridin-2-y])methyll-N8-(3,3,3-trifluoropropyl.)-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tf§r€1azabenzo[edIiazulene-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-
dimethylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazahenzol[cd]azulen-4-yHimidodicarbonate of Example 40 (30 mg)
and 3,3,3- triflugropropylamine hydrochloride (11.8 mg).

) 8: 2.24 (6H, s), 2.31-2.44 (2H, m), 2.82-2.89 (1I-1, m),
2.93-3.01(1H\m), 3.09 (1H, dd, J = 16.9, 8.1 Hz), 3.22 (IH, dd, J = 16.9,
3.2Hz), 3 87 (2H, m), 3.41-3.47 (1H, m), 3.78 (3H, s), 5.43 (2H, ),
8.05 (1H, s). ESI-MSm/z: 468 (M H)' (Example 83)

S)-3-( A-Almino-ﬁgf*(4-methoxy-3,5-dimethylpyridin-2-y|)methy11-2,7,8,9-
Nia-l,2,3,5-tetraazabenzo[cd]azuIer-8-yf|amino)piperidin-2-o

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-dimethylpyridin-2-
yDmethyl]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd}azulen-4-
yl}imidodicarbonate of Example 40 (28 mg) and pyrrolidine (6.8 pL).

'"H-NMR (CD;0D) &: 2.21 (3H, s), 2.24 (3H, 5), 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-MSmvz: 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[cd)azulen]-4'-amine

p-Toluenesulfonic acid monohydrate (16 mg) was added to a mixture

composed of 4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl]-2,9-dihydro-



The title compound (18.3 mg, 56%) was obtained as an amorphous by the
same method as in Example 71 using di-tort-butyl 12-1(4-methoxy-3,5-
dimethylpyridin-2-y1)methy11-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yllimiddditarbonate of Example 40 (40 mg)
and (S)-3- aminopipericlin-2-one hydrochloride (21 mg) 1H-NMR

C - 1.55-1.71 (1 m -2.01 (2H,m), 2.18-2.31 (7
o S R A A R T e By
aly8eD U, $nd %ﬁu@l@' (@.@)nl@,%hM@@ﬁ'ﬂié‘ﬁ%{(M@WQ HRNRe B ux for
(3S)-3-({4-Arnino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methy1]-2,7,8,9-
18 tetughy didt6-thialih 216 Hdetiasarmvenzo]cdlireuled-Sglammo)pyatolidin-2
-one The title compound (183 mc#SG%) was obtained as an
[

solupBiae a496Y thENEAREUINRINGEUS iIFP BRI STASHRT aiiferthiergform.
Thélgféeé
dim

%{5‘1?}439%53& 'she%wlilth brine, and then dried over anhydrous sodium
thylpyridin-2-yl)methyll-8-oxo0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-

sulfetenazaperzeieding derfidrytimidadicaibendienf fxamnplerdQ¢4uag)as
and (S)-3- aminopyrrolidin-2-one hydrochloride %9 mgQ). '
purifiad by wiRc{CRI30 DY 8y ar 8Aranugq e hy) (hlpzofous-tatihang ) te absagthe

_(1H, m), 3.12-3.22 (15, m), 3.26-3.39 (3H, m), 3.40-3.47 (2H, m),
Uﬂé%@%ﬁ‘léﬁx?rﬁf’s‘%%gﬁ? §§’,§‘§§90-3.97 (1H, m), 5.45 (2H, s), 8.07 (1H,
s), 8 AU, RIBIcEH:MESM749p dM 718 4 EXRTRIC 85) 39 (2H, 5), 3.74
(3H, 5), 4.06-4.09 (4H, m), 5.11 (2H, 8), 5.44 (2H, 5), 8.19 (1H, 5).
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

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-
yDmethyl]-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 pl).



(3R)-3-({4-Amino-2-1(4-methoxy-3,5-dimethylpyridin-2-yl)methyll-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-teiraazabenzoi-edlazulen-8-y1)
amino)pyrrolidin-2-one The title compound (12.7 mg, 40%) was
obtained as an amorphous by the 5&Pne method as in Example 71 using
di-tert-butyl (2-[(4-methoxy-3,5-

dimeth idins2.vl)methy1]- +2.7.8,9:tetr -6-thias1,2,3,5¢
s ord Rt g By s R b e et e
(rangl RMI2EMINemI@idin23oneBydrochlosiden (1@ may), 5.06 2AHNMR

(CD30D) 8: 1.84-1.99 (1H, m), 2.24-2.26 (61-1, m), 2.44-2.53 (1H, in),
(218 928192 1HH)m), 3.26-3.39 (3H, m), 3.40-3.47 (2H, m), 3.68-3.77 (2H,

m), H, s),.3.90-3.97.(IH, n-1), 5.45 (2H, s), 8.07 (1H, s), 8.12 (1H,
brs)gégﬁ%?%i%f%&ﬁ\%h)* (Example 86) (3 S)-3- (
14-Amino-24(4-methoxy-3,5-dimethylpyridin-2-yOmethyl]-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yll amino)-1-m ethylp

(Exmrglidif®) -one The title compound (21.6 mg, 66%) was obtained as

an amorphous by the same method as in Example 71 using di-tert-butyl
1.2 @(Lﬁ(ﬁﬁg{ﬁgggy@,é_—dlmethylpyndm-2—y1)methylf—2,7-d1hydro-8-oxa~6—thia—

imethylpyridin-2-ymethyll-8-axa-2,7,8,9-tetrahydro-6-fnia-1,2,3,5- 153
’7 - Ll ) ) b
1’“%2?&%%@%%%@%%%%%% éﬁf—%ﬁ%r%@&i%ﬁ%aéfb%ﬁﬁlen%f Example 40 (40 mg)
and (5)-3- amino-l-methylpyrrolidin-2-one hydrochloride (17

\
0
.
\
Nerdl
;\T—N
s
Nb ) 2y
|
NS
S N)\NH

A mixture composed of di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-
ylmethyl}-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo| cdjazulen-4-
yl}imidodicarbonate of Example 40 (40 mg), dimethylformamide-dimethyl acetal
(56 ul) and toluene (0.5 ml) was heated with stirring at 80°C 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 stirring at 80°C
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



(CD30D) 8: 1.75-1.90 (I H, 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 (411, m), 3.65-3.74 (1H, in), 3.79
(3H, s), 3.87-3.94 (IH, m), 5.44 (21-1, s), 8.06 (1H, brs), 8.13 (1H, s).
ES1-MSmiz: 469 (M H)+ (Examplé®¥7)  (3R)-3-(1:4-Amino-2-1-
(4-methoxy-3,5-dimethylpyridin-2-yOmethyl]-2,7,8,9-
etra dro 6-thia-1,2 3 5-tetraazabenzolccil-azul

ﬁlt}fr?r?lgo Tmethyi W E)%/(irr%TﬂEnﬁe%%ge d'ﬂp) esﬁﬁéetltléﬁ é%rl‘”r%g%%lné k%sidﬁerr\ivgaSGO%)

putifas! @pt@@@ge@%ﬁ@s@wmmm@&w pwethoehasiie Eotapaniel (15.1
using di-tert-butyl (2-[(4-methoxy-3,5-
medird¥thydpysidid-2-yOmethyll-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
len-4-yH f
tetrqazabenm[ azu en-4-yHimidodicarbonate o Exam%e 40 %4 3 Hg)

and (R ROASrfstyigyridtidins- %r?rg ﬁ%r&%’rﬁoﬁj@ &niy
5.4 P (398) %%5? 130(1Eh 3-2.26 (611, m),

46(111.In), 2.84 (3 s) '3.08- 19 (1H m), 3.23-3.49 (411, m),
3.6538124&{&%.@%31%97{3}1}11 s). 3.87-3.94 (1H, m), 5,44 (211, s), 8.06
(1H, brs), 8.13 (111, s). ESI-MSm/z: 469 (M H)7 (Example 88)
2-{(4-Methoxy-3,5-dimethylpyrid 2-yl)methy11-N8-(tetrahydro-2H-pyran-4-
%/1 -2,7 § 9-tetrahydro-6-thia-1,2,3,5-tetraazabenzoilailazulene-4,8-cliamin

(Exdnyplf 35)
Di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-9,9-dimethyl-
8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-

yl}imidodicarbonate

X
BN

Q\L%' A
/?/

~

A mixture composed of di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd)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 layer
was washed with water. The organic layer was dried over anhydrous sodium

sulfate and filtered. Then, the filtrate was concentrated under reduced pressure.



The title compound (6.5 mg, 16%) was obtained as an amorphous by the
same method as in Example 62 using di-tort-butyl
12-1(4-methoxy-3,5-dimethylpyridipn-2-
yl)mcthy11-8-ox0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzoicd]azule
n-4- yllimidodiearbonate of Example 40 (50 mg), 4-aminotetrahyciropyran
Thdydroghiaride (3¢ mepuanddrethuiamipesadigier chromatoiadiNMRy1
(CDC13) 8: 1.33-1.49 (2H, m), 1.81 (2H, t, J =12.9 Hz), 2.22 (3H, s), 2.28
ace(dteths)aRe] 9e2188ufl herhy] 3 dhi®ddd(628 ngn ¥, 1 36 2s 3u6Ti(1H, m), 3.74
(38H, s), 3.94-3.99 (21-, m), 5.10 SZH, S), 5.45 (2H, s(), 8.18; H, sh
ESINSHiE: (@%C@M qu.(g){é%@ 8@)63 (6H, s),2.22 (3H, s), 2.27 (3H, s),

37 3(@141' '\Qf@%y('ﬁ{?éﬁif m %%Qg),/rsig i@.-lzl-y(lilﬁ‘!est)hyl]-N E-[(3RI-tetrabydrofuran-3

y1]s1.819deirasndnor6-thja-1,2,3,5-tetraazabenzo[cd]azulene-4.8-diamin
e The title compound (7.5 mg, 23%) was obtained as an amorphous
by the same method as in Example 62 using di-tert-butyl

B §2!:4%1 thoxy-3,5-dimethylpyridin-2-

( &t Q/ei]-S-oxo-Z,7,8,9-tetrahydro-6-thia—1,2,3,5-tetraazabenzoi-edlazuIe
n-4xyirpidodicarbonats ok ExampIgARARAMI \methyl]-9,9-dimethyl-2,9-
(R)-3-aminotetrahydrofuran ptoluenesulfonate (68 mg) and triethylamin.e

dinf@4okal)thikbh2,3,5-tetraazaberdd D MERICGEBBCTEB) &1el.631.78 (1H, m),
2.05-2.19 (1H, m), 2.22 (3H, s), 2.28 (3H, s), 3,12-3.37 (4H, m), 3.46-3.58
(311, m), 3.74 (3H, s), 3.75-3.96 (3H, m), 5.07 (2H, brs), 5.43 (2H, d, J =
15.9 Hz), 5.4\7 (2H, d, J - 15.9 Hz), 8.19 (1H, s). ES1-MSm/z: 442 (M H)

0

Y

e

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-dimethylpyridin-2-
yDmethyl]-9,9-dimethyl-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 55 (28 mg).

"H-NMR (CDCl3) 8: 1.57 (6H, s), 2.23 (3H, s), 2.30 (3H, 5), 3.75 (3H, s), 3.82
(2H, s), 5.25 (2H, br.s), 5.49 (2H, 5), 8.17 (1H, 9).

ESI-MSmy/z: 399 (M + H)

(Example 57)
Di-tert-butyl {2'-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-8'-0x0-7",8'-
dihydro-2'H-spiro[cyclopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo| cd jazulen]-4'-

yl}imidodicarbonate



(Example 90)
24(4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-vOmethy11-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo cd azulen-8-y1)
amino)propane-1,3-diol HC121-1 N2 sN NFi.  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-
dimetnylpyridin-2-yemethyl]-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- amindpropane-1,3-diol (13 mg) 1H-NMR (CD30D) 6:
.24 (3H, s), 2.85-2.90 (1H, m), 3.10 (1H, J = 16.7, 8.7 Hz),
d, J=16.7, 3.3 Hz), 3.34-3.41 (21-1, in), 3.47-3.55 (2H, m),
3.57-3.88(3M, m), 3.78 (2H, s), 5.43 (2H, s), 8.06 (111, s). ESI-MSmiz:
446 (M H){Example 91)

"? -Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyll-2,7,8,9-
-thigr1,2,3,5-tetraazabenzo[cdlazulen-8-yllamino)cyclohexanol

57N N/LO/k\

A mixture composed of di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd Jazulen-4-
yl}imidodicarbonate of Example 40 (40 mg), dibromoethane (9.1 pl), 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 (CDCl3) &: 1.45 (18H, s), 1.77-1.81 (2H, m), 1.89-1.93 (2H, m),
2.21 (3H, s), 2.28 (3H, ), 3.74 (3H, s), 3.94 (2H, s), 5.59 (ZH, s), 8.10 (1H, s).

ESI-MSm/z: 597 (M + H)"

(Example 58)
4'-Amino-2'-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl]-2'H-

spiro[cyclopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[cd]azulen]-8'(7'H)-one



\ The title compound (7.3 mg, 22%) was obtained as an amorphous by
the same method as in Example 71 using di-tert-butyl
12-1(4-methoxy-3,5-dimethylpyri((1j{'r%- -
yOmethy1]-8-ox0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azule
n-4- yllimiciodicarbonate of Example 40 (40 mg) and trans
4-a_minocyclohexanol (16 mg). 11-1-NMR (CD30D+CDC13) 8:
1.12-1.39 (51-1, m), 1.89-2.02 (4H, m), 2.26 (6H, s), 2.60-2.69 (1H, m),
3.10 (1H, dd. J = 16.7, 8.4 Hz), 3.20-3.40 (2H, m), 3.50-3.60 (1H, m),
3.60-3.69 (1#1, m), 3.79 (3H, s), 5.44 (2H, s), 8.10 (1H, s). ESI-MSmiz:

470 ( \I-T)‘ Example 92) 2-(

[ -methoxy-3,5-dimethylpyridin-2-yl)mefny1]-2,7,8,9- tetrah
-1,2,3 ,5-tetraazab enzo [ cd]azulen-8-y11 amino)ethanol

pd as in Example 71 using di-tert-butyl
ethoxy-3,5-dimethylpyridin-2-

Vi “@x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo|cdlazule

n-4- yllimidodicarbonate of Example 40 (40 mg) and 2-aminoethanol

hydraehierds clama1 2.0 me. 36 v NMBAGR3ARY 1R 8,246 s),
2.75-2.92 (2H, m), 3.11 (1H, dd. 3 = 16.9, 8.5 Hz), 3.25 (11-1, dd, | = 16.9,

meBbHZ)inEI A Abin g)i-B:4 6882 11 H4-mistBoBG-(RI-dimeh A8 diz -
3.78 (13H, S), 5.44 (211, s), 8.06 (IH, s).
yl)methyl]-8'-0x0-7',8'-dihydro-2H-spiro[ cyclopropane-1,9'-
[6]thia[1,2,3,5)tetraazabenzo[cd]azulen]-4'-yl }imidodicarbonate of Example 57 (21
mg).
'H-NMR (CDCls) 8: 1.70-1.73 (2H, m), 1.81-1.85 (2H, m), 2.22 (3H, 5), 2.31
(3H, s), 3.75 (3H, s), 3.87 (2H, s), 5.26 (2H, br.s), 5.42 (2H, s), 8.16 (1H, s).

ESI-MSm/z: 397 (M + H)"

(Example 59)
N-{4'-Amino-2'-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl]-7',8'-dihydro-
2'H-spiro[cyclopropane-1,9'-[6]thia[ 1,2,3,5]tetraazabenzo[ cd]azulen]-8'-
yl}acetamide
1) Di-tert-butyl {8'-hydroxy-2'-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl}-7',8'-dihydro-2'H-spiro[ cyclopropane-1,9'-

[6]thia[1,2,3,5]tetraazabenzo[ cd]azulen]-4'-yl }imidodicarbonate



157 ESI-MSm/z: 416 (NI + H)+. (Example 93) (1R,212,)-2-(
{4-Amino-2-[(4-methoxy-3,5-climethylpyriclin-2-yl)methy1]-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazaiienzoi-cd]azulen-8-yliamino)cycl
ohexanol HC" (Thhr-hi The titI@@ompound (5.9 mth, 18%) was
obtained as an amorphous by the same method as in Example 71 using
di-tert-butyl fi2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzoFediazule
n-4- yHimidodicarbonate of Example 40 (40 mg) and
(1R,2R)s2-aminocyclohexanoi (12 mg). (CDCI3) 5: 1.02-1.10 IH,
m), 1.1 (311, m), 1.67-1.82 (3H, m), 1.96-2.11 (2H, m), 2.20-2.29
(6H, m), 2.30-2,39 (IH, m), 3,09-3.23 (3H, m), 3.24- 3.38 (2E1, m),
3.55-3.7T{1H; m), 3.74 (3H, s), 5.04-5.10 (2H, m), 5.41-5.50 (2H, m),
8.16-%,_1_€N9 1H, m). ESI-MiSmk: 470 (1,4 H) (Example 94) (18,28)-24
Amino:2-[(4-methoxy-3,5-dirnethylpyridin-2-yl)methy11-

27,8, hydro-6-thia-1.,2,3,5-tetraazabenzo[cd]azulen-8-yliamino)eyel
heraga e L, -
S

Sodium borohydride (19 mg) was added to a mixture composed of di-tert-
butyl {2'-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8'-ox0-7',8'-dihydro-2'H-
spiro[cyclopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[cd]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.

ESI-MS m/z; 599 (M+H)"

2) 4'-[Bis(tert-butoxycarbonyl)amino]-2'-[(4-methoxy-3,5-dimethylpyridin-2-
ylmethyl}-7',8'-dihydro-2'H-spiro[ cyclopropane-1,9'-

[6]thia[ 1,2,3,5]tetraazabenzo[ cdjazulen]-8'-yl methanesulfonate



158 The title compound (6.8 mg, 21%) 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)meth y1]-8-ox0-2,7,8,9-tetrah
ydro-6-thia-1,2,3,5-iemiazab enzol[%h] azulen-4- } imidodicafoonate of
Example 40 (40 mg) and (1S,2S)-2-aminocyclohexanol (12 mg). ESI-MS
nVz: 470 (M-H) (Example 95) 2-[(4-Methox y-3
,5-dimethylpyridin-2-yOmethyl]-N8-[(3 S)-tetrahydro furan -3 - y1]
-2,7,8,9-tetrah ydro-6-thi a-1,2,3,5-tetraazabenzo [cd] azul
ene-4,8-diami The title compound (17.9 mg, 46%) was obtained as
y the same method as in Example 62 using di-tert-butyl
{2-[(4-met I\\(I)X)V 5-
dimethylpyridin-2-yOmethyli-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabgnze[cdjazulen-4-yl}limidodicarbonate of Example 40 (50 mg),
(S)-&- amginotetrahydrofuran p-toluenesulfonate (68 mg) and triethylamine
(24 M1). YYH=NMR (CDC13) 6: 1.66-1.77 (1H, m), 2.04-2.18 (1H, m),
_2:22 3H, Nzﬁk@ik .11-3.36 (4H, m), 3.46-3.58 (3H, m), 3.74 (611,

£),8.75-3.96 (3H,|m), 5.16 (2H, brs), 5.45 (2H, s), 8.18 (1H, s).
ESI-MSm/z: 44&%@02) (Example 96)

Methanesulfonyl! chloride (14 pl) was added to a mixture composed of the
above crude di-tert-butyl {8'-hydroxy-2'-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl}-7',8'-dihydro-2'H-spiro[ cyclopropane-1,9'-
[6]thia[1,2,3,5)tetraazabenzo[cd]azulen]-4'-yl }imidodicarbonate (91 mg),
triethylamine (42 pl) and dichioromethane (4 ml) under cooling in an ice bath.

Ther, 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
ul) 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)methyl}-
7',8'-dihydro-2'"H-spiro[cyclopropane-1,9'-[6]thia[ 1,2,3,5]tetraazabenzo[ cd Jazulen]-

4'-yl}imidodicarbonate



(1R,2R)-2-(
(4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyll2,7,8,9-tetrahydro
-6-thia-1,2,3,5-tetraazabenzo|[cd]azulen-8-y1) amino)cyclopentanol 159
The title compound (2.1 mg, 7%) Was obtained as an amorphous by the
same method as in Example 71 using di-tert-butyl
1,2-1(4-rtiethoxy-3,5-dimethylpyridin-2-
yOmethyll-8-ox0-2,7,8,9-tctrahydro-6-thia-1
,2,3,5-tetraaza.benzo[cd]azulen-4- yllimidodicarbonate of Example 40 (40
mg) and (111,2R)-2-aminocyclopentanol (15 mg). 1-NMR (CDC13) 5:

1T, m), 5.41-5.46 (2H, m), 8.13-8.19(111, m). ESI-MShnilz: 456
xample 97) (18,28)-2-G4-Amin 0-2- [(4-metboxy-a

A mixture composed of the above crude 4'-[bis(tert-butoxycarbonyl)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]-8'-yl
methanesulfonate (33 mg), sodium azide (37 mg) and N-methylpyrrolidone (0.5 ml)
was heated with stirring at 80°C 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) 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[ cdJazulen]-8'-

yl}acetamide



The title compound (3.4 mg, 11%) was obtained as an amorphous by the
same method as in Example 71 using di-tert-butyl
12-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl1-2-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azule
n-4- yl}imidociicarbonate of Exampl (40 mg) and
(1S,2S)-2-aminocyclopentanol (15 mg). 160 'H-NMR (CDC13) 6:
0.77-2.15 (6H, in), 2.21 (3H, s), 226-2.28 (3H, m), 2.97- 3.07 (111, m),
3.19-3.41 (411, 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 (2H, m), 8.12-8.21 (11-1, m). ESI-MSrniz: 456 (1\4

5-tetraazabe
di-tert-butyl f2-

zulene-4,8-diamine A mixture composed of
-methoxy-3,5-dimethy1pyridin-2-
-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo [ ad]
azulgn-z-yMi icarbonate of Example 40 (50 mg), ammonium acetate
sieves 4A (50 mg) and methanol (1.5 ml) was stirred at
room tempgratdre fdHfour hours, Sodium cyanoborohydride (12 mg) was
addéd to the reaction mixture, followed by stirring at room temperature for

three %@ew?ﬁﬂ&%ﬁmée(m%g ILLhe eI oA E6MAVEE Mbve

filtration through Celite, followed by washing with methanol (4 ml) twice.
diheadifiratebas icBicenimibd(dndethoadeidipressipyridioHleydmethghd ', 8'-
(2 ml) and trifluoroacetic acid (0.5 ml) were added to the resulting residue,

e dredhixenie loag emiveanat koM ismPetatattoiorear pel sl laaen]-+-
@gﬁnﬁ oghicarppnatecid s e{‘et&%ﬁﬁ/%r%’%&‘r%% r(%%‘&‘ig?%%%%&e (\(A%irt“m éaeéggﬁen

o the resulting residue, and the slurry

eRhRSONaRLWASHBMAYRHDY d6eaTiRinRe TR SN NG BRBAY CoWasm
purified by reversed phase liquid chromatography to obtain the title
conppone,(Matdr igmndR8nd ad ANdglittochdric 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.



11-1-NMR (C1330D) 6: 2.24 (311, s), 2.28 (3H, s), 3.25-3.33 (1H, m),
3.40-3.50 (2H, m), 3.57 (111, dd, J = 15.4, 8.0 Hz), 3.79 (3H, s), 4.12
(111, dt, J=3.2,8.0 Hz), 5.44 (1H, d, J = 15.9 Hz), 5.49 (1H, d, J =15.9
Hz), 8.04 (1H, s), 8.22 OH, brs). ESEMSmiz: 372 (M + H)7 (Example 99)
N-14-Amino-2-[(4-methoxy-3,5-dimé#dylpyridin-2-yOmethy11-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[edlazulen-8-y1}-N-methylacetami

ng‘%ﬁ%@ﬁ%ﬁsﬁé&%?@/ thide (32 medwas ghdgd 1 Mty o),
1@{%%?2%&{&%51 imeghylayriging 2y Drpethyf]-8-oxerd, 48976 (31, 5), 3.85

tetra.hydr ,2,3,5-tetraazabenzo[cd]azulen-4-yllimidodicarbonate
(10f, BxampleB0s(53. »3g)) Mich|araettianed(l amily, @ 2,N)sélutightfs).
methylamine in tetrahydrofuran (0.2 ml) and acetic acid (23 iii), and the
mixtdilwisstiirédCatY¥oo i temperature overniaht. Methanol (one drop)
was added drom(vise to the reaction mixture, and then a 0.2 N sodium
hydroxide solution was added, followed by extraction with ethyl acetate.
(EkBEQgERIC layer was dried over anhydrous sodium sulfate and filtered,
and then the filtrate was concentrated under reduced pressure.
Dichisré#natharme 2 (finvthsradtiéeiimtiieyiestilting rebidgtyahe, pyrRtine
(24 ;11) and acetyl chloride (14 ul)iwere ddedé@r wise unde .
A e OIRR (TG it A ARFSF s

was stikre c e 1
e e e b e gD 8 i 2
yiexEastinn with atmdacetateiihen, Is etganit dayefdasylted-over
anhydrous sodium sulfate and filtered, and then the filtrate was
yigonehastieadensieler reduced pressure. The resulting residue was purified
by silica gel thin-layer 162 chromatoLrraphy (ethyl acetate), and then the
title compound (19 mg, 79%) was obtained as an oil in the same manner
as in Ekample 2, 1H-NMR (CD30D) 8: 2.11s), 2.23 (3H, t, = 11.7 Hz), 2.24
.06 (3H, s), 3.11 (2H, d, J = 14.6 Hz), 3.45 (1H, dd, J - 16.5, 12.1
lll, dd, = 14.6, 8.1 Hz), 3.78 (311, s), 3.79 (3H, s), 5.01-5.08
ﬁ@-gj\go (2H, rn), - 8.07 (1H, s). ESI-MSm/z: 428 (M + H)+

"3

Sodium cyanoborohydride (1.89 g) was added to a mixture composed of di-

’\\S N

tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-8-0x0-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]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.



(Example 100)
N-(4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yHmethyll-2,7,8,9-
tetrahydro-6-thia-1,2,3,5- tetraazabenzo[cd]azulen -8-ylimethanesulfonamid
e The title compound (7.1 mg; éﬁ%) was obtained as a solid by the
same method as in Example 43 usmg di-tert-butyl

{8- K%“N‘Mﬁ 144 (18K 5). 2.17-2.21 (1H, m
[(4- methoxy - d|5r|ethylpyr|d|n 2 y1)n)1ethyl](2 7, 8% tetrahydr(() 6- thlg 1,2,

2.23,(Eragzabenzaag]azzden44-yHimidn dicarb oatet Do xample B2s(47.609),
triethylamine (36 pl) and mesyl chloride (22 ul). 1H-NMR
(CHcD30D) 81293 (3H, s), 2.26 (311, ), 3.01 (3H, s), 3.19-3.26 (1H, m),

3.28:3,34 (11- +47 (2H, m), 3.78 (3H, s), 4.25-4.31 (111, m),
5.48%&;\45 ?%M% 47 (1H, d, J = 15.9 Hz), 8.03 (1H, s).

E SIAROTZ A4, 1 ER AP by o N A

-2-[(4- D?Tné;(y 3,5- dﬁ ethylpyﬁdlrﬁggdyHmeyt%%ﬂZ 7, 8gJTIj cyLl2,7,85-

tetteisainydrokbrthia 3] 52(85atetramzs beé hzoledtazyllet-8ydlbpripehestdfonamid
e 163 The title compound (22 mg, 65%) was obtained as a solid by
the samebmethod as in Example 43 using di-tert-butyl
)84(2,g?methoxybenzypaminia]-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-

fetr enzotedlazulen 4-y1}limicludicarbonate of Example 42 (47 mg),
nzune (36 pi), 4-dimethylaminopyridine (0.8 mg) and
benzenesuﬁ“onyl chloride (25 p.1).

Acetyl chloride (14 puL) 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[ cdlazulen-4-yl }imidodicarbonate
(100 mg), dichloromethane (2 mL) and triethylamine (42 uL) 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 (CDCls) &: 0.76-1.00 (4H, m), 2.21 (3H, s), 2.22 (3H, s), 2.27 (3H,
§), 2.71-2.76 (1H, m), 2.97 (1H, d, J = 159 Hz), 3.14 (1H, d, ] = 16.6 Hz), 3.74 (3H,



'H-NIMR (DMSO-d6) 8: 2.16 (3H, s), 2.18 (31-1, 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), 7.5777.69 (3H, m), 7.85 (2H, cl, J -7= 7.6 Hz),
8.04 (1H, s), 8.24-8.29 (1H, m). E$B#SriVz: 512 (Example 102)
N-{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methy1]-2, ; ,8,9-

tetrahydro-6-thia71,2,3,5-t azabenzolcdlaz-ulen-8-y1}-1- -1H-imi

9 BBl i Betrid 33 (Terbe dartpOure 8 g ool vt 1o

Hg)o%t‘?@ q{?\?’)a solid by the same method as in Example 43 using
di-tert-butyl {8-[(2,4-dimethoxybenzyl)arnino1-2-[(4-
methokyattylpyastinad-yDhiethy1172,7,8,9-tetranydro-6-thia-1,
tetr,aa,zaberizored]azulen-4-yl)imidoclicarbonate of Example 42 (42 mg),
164 triethylamine (41 td), 4-dimethylammopyridine (0.7 mg) and

@ 1-me[-thé/g)midazol-4- yisulfonyl chloride (32 ul). 1H-NIVIR (CDC13) 8: 2.22
B'S), 227 (3H, s), 3,14-3.28 (2H, m), 3.37 (1H, d, = 14.7 Hz), 3.44 (1H,

dd, §%-c | 23 4HS3H- )5 A& )dth D528tV NinfB91-
(111, d, flfol.%g.'})%z),zg.46 (I}I\L/%Hd/, :)5151.7 @7}%49 (1H5,}‘f2), ;.é’?(lH, s)t, y
2,7808t¢ihah ®)ro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulene-4,8-diamine

b

o

N/

N-
e
S NTNH,

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[cd]azulen-4-y1}imidodicarbonate of Example 60 (400 mg), methanol
(2 mL), a 35% formalin solution (111 pL), acetic acid (156 pL) and molecular sieves
3A was stirred at room temperature for 40 minutes. Then, sodium
cyanoborohydride (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



ESI-1VISm/z: 516 (M + H) (Example 103) N -
{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methy1]-2,7,8,9-
tetrahyclro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yllpyridine-3-sulfona
mide  The title compound (15 )] 50%) was obtained as a solid by the
same method as in Example 43 using di-tert-butyl

resé%l %éésll %%%:?hsr’?ﬁy QF L¢ % 1 -O%%met S%nn hiomgt% 1 r (ljﬂorofolgr% 12

OXY- et)hy pyn yl71- ro-6-t

met%émtytmaﬁmq[qélao&b@anﬂ yiimighedearhonaie @f. Example 42 (42
mg) triethylamine (41 41), 4-dimethylaminopyridine (0.7 mg) and

pyrld{nﬁM&(ﬁB@Bdﬁldﬁldé B, m), 1.85-1.90 A NMR (B CE8)B: 221

H, s), 2, 3.14 d,J 30
OH GBS 305 i G 50 kg e 4 oy 17 (O, )
5.4 ATACR ﬂm wgg 1095 5 8k, 4 9 B4 (L, 9) 813 (11,
8.1,2.4, 1.8 HZ),8.74 (1H, dd, S = 4. z)906(lHdS 2.4
Hz)EESUBHESmMIi226 ISI(MEN)T 165 Example 104) | -etho
xy-3,5-dirnethylpyridin-2-yl)methyll-2,7,8
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cdiazulen-8-y1 pyrrolidin-2-one

(Example 62)
Né-Cyclobutyl-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

b

o

N/

RTesh

Sodium triacetoxyborohydride (16 mg) was added to a mixture composed of
di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl]-8-0x0-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl } imidodicarbonate of Example
40 (34 mg), dichloroethane (0.7 ml), cyclobutylamine (15 pul) and acetic acid (10 ul),
and the mixture was stirred at room temperature overnight. Methanol (three drops)
was added dropwise to the reaction mixture, and then a 1 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.



\ LS'Th,r'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-thia-1,2,3,5-
etraazabenzollcdlazulen-4-yllimiddéficarbonate of Example 42 (47 ma),
triethylamine (36 til), di chloromethane (1 ml) and 4-chlorobutyryl chloride
(14 % stirr r .temperature for 12 hours. A 0.1 N sodium
hyd#o I%@%%#&ti%%%%%ed 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.
(ExpresBuf®) The resulting residue was dissolved in dehydrated .

dichlcgromethaneéll.S m1l). 1,3-Dimethoxybe,nzene (16 kil) and

trifl (D8 eSO Iafz@Mé‘é—%&w&—gérﬂmwmgg%ﬂ}?w@w}som
t erature overni e i ' d under

2 B R R R e 0
the resulting residue, followed by extraction with ethyl acetate. The
organic)iayer was dried over sodium sulfate and filtered. Then, the filtrate
was Cco trated under reduced pressure. Dimethylfolinamide, (1 ml) and
potassjum tert-butoxide (15 mg) were added to the resulting residue, and

Ltﬁg iX e was stirred at room temperature for two hours. The reaction

mixt @W&&{geparated with water and chloroform. Then, the organic layer
was dried over sodium sulfate and filtered, and then the filtrate was
con@énttate dosnsteme@ue et pPddsyveasidieaiesditing resichubonab yplwfeadche
by silica gel thin-layer chromatoaraphy échlorofolin-methanol) to obtain the

mehadcHrip BRI Mg ias o4 ad-Bugslid2- i emethoxy-3,5-dimanjRymidm-2-

CD30Db+CD ) 8: 2.06-2.14 (2H, in),2.25.(3H 2.26(3H, s),,2.43
e AR e A S Tt P e ek o S
y1 i) Sdtdddi bk Bxarkf10 4006 H7) Fud L3 RASSdinialn A L8 147 ded) I

=14.8, 8.2 Hz), 3.79 (314, s), 4.73-4.80 (1H, m), 5.45 (2H, s), 8.10 (114,

s). B INVEhity 440 (W+H1)1 (Example 105)

1-14-Amino-2-f(4-methoxy-3,5-dimethylpyridin-2-yHmethy11-2,7,8,9-

tetrahydro-6-thia-1,2,3 ,5-tetraazabenzo [cd]azulen-8-yll imi dazoli

In- A mixture composed of di-ten-butyl (8-1(2,4-d
(Ergn%%ﬁg%%%)enzyl)aminoII-2-[(4-

methoxy-3:5iabmethyipytidiy-3;gHiimesthy] s 1dt & tetyateyidr-B.1tH2-1,2,3,5

- tetraazabenzo[cd]az-ulen-4-yllimidodicarbonate of Example 42 (47 mg),
tetgbnBromEtitahe ST A DURrIG  BYAY PIsS ey R F8Ip WA 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.

layer was dried over sodium sulfate and filtered. Then, the
Jiltrate was concentrated under reduced pressure. The resulting residue
@3:% Es! ved in dehydrated dichloromethane (1.5 ml).

" 3t irg Umxybenzene (16 ul) and trifluoroacetic acid (1.5 ml) was added
and thé mixture was stirred at room temperature overnight. The reaction
Mixtyig Az f&&ogsaﬁ@@?& lergeduced prasstig, AR Golt $9diRame
hydroxide solution was added to the resulting residue, followed by

mexsaciian Bitihelley peetaie-Tdre rgane-|ayenstas dietd divetlsddiuitin-2 -
sulfate and filtered. Then, the filtrate was concentrated under reduced

v presayifed Dﬁﬂ&ﬁﬁf%rﬁﬁ?hb@éo(ﬁz'ﬁ}iﬁaln&%)ét&“éé%%bt@’%ﬁfg%ﬂ@%l‘% mg)
ylﬂrer{%gggaer ggattgeo{ %%{%lr%?age "5 g%emg?gngls-pipeﬁdmone (18 mg).

BSI-MS m/z: 455 (M+H)"




167 mixture was sti ed at room temperature for two hours. The reaction
mixture was separated with waterchloroform. Then, the organic layer was
dried over sodium sulfate and filtered, and then the filtrate was
concentrated under reduced presdifé. The resulting residue was purified
by silica gel thin-layer chromatography (ehlorofoin-methanol) to obtain the
(Extdg,ke% 20 ound (9 mg, 31%) as a solid. 'H-NMR (CD30D) 8:2.24 (3H,
24 (3H, s), 3.13-3.19 (2H, m), 3.35-3.44 (3H, m), 3.48-3.60 (2H, m),
3.64-(HThdlelnd:y-24561i83chiz)y B 8 (BH1) 8y ABs4pioAikith- )1 5,45 (21-1,
s), 8.07 (1H, s). ESI-MSmiz: 441 (M (Example 106) 1) Mixture of
tetrelitdre4ouilyierd Lapinistpaqrabanatiosye 3B dimathpipyridin-2-
yl)methyl]-7',8'-dihydro-2'H-spiro[cyclopropane-1,9'-
[6]thiafl,3,3,51tetraazabenzo[cd]azulen]-4'-y1}imidodicarbonate and
tert-buty}
amino- ?{[%4 rnetboxy-3,5-dimethylpyridin-2-yl)methy1]-7',8'-dihydro-THspi
o[c opropane- 1,9'-[6]thia[ 1,2,3,5)tetra anbenzo [ed] azulen]-4'-y1) carb
tell )\ A mixture composed of di-tert-butyl
{2'- -iJa- meﬂ‘ubxy 3,5-dimethylpyridin-2-

yI| 1]-:8'-0x0-7 8' ro-2 iro[c pane-1,9
[6]th|af¥ge Cg%?raazgggﬁ%%béjﬂaﬁzﬁ é/lg l%Er%n o%flcalllnbé%h & bfy the
sanfX@RIRIR 27 1(202.Mp)e sMmaniumacaiata (3657(4amadumeletylar sieves 4A

(500 mg) and methanol (4 ml) was stirred at room temperature for rive
dimilyglpSodinir gharshpiobycidd (8 re)aved addbe to, b Teaction

mixture, and_the mixture was heat d with stirring at a
tetraazabenzo|cd]azulen-4- yle}1m1dod1ca onate of Example 40 (34 mg) and
piperidine (18 ul).

'H-NMR (CD50D) &: 1.57-1.65 (2H, m), 1.68-1.82 (4H, m), 2.93-3.07 (4H,

m), 3.38-3.45 (1H, 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 (1H, s).

ESI-MSm/z: 440 (M + H)"

(Example 66)
8-Azetidin-1-yl1-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]}-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine

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-
dimethylpyridin-2-yl)methyl]-8-o0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-



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 mil. The filtrate and the washing liquid were concentrated
under reduced pressure, and a 0.240 sodium hydroxide solution was
added to the resulting residue, followed by extraction with ethyl acetate.

Th ic.| ied. oy dium-sulfat d filtered. Then, th
e WS VA BH AL RAED EdGERA BIGELTe T (e U B HE s
hy&%ﬂ@%tf?%é?ﬁﬁyﬁ%zﬁﬂ@e%ﬁ Bﬁtained as an oil. The product was

directly used for the next réaction without further purification. 2)
N-{4-AMin 01O Bettips B, atdiraetisylpyridin 22y Onieih ) 73,85-3.13
dihydro-2E-spiro[cyclopro ane-1,9'-[6£1hia 1,2,3,5]tetraazabenzo[cd]azule
(ERFE3 2 N ARG Gehamidt. 5. SShre\bbribosed drihé bt 46
ixtyr i-tert-butyl 1,8'-amino-21-[(4-
(zﬁgﬂgo%/ﬁ%émethylpyridin-2-yl)methyl]-7',81-dihydro-2'H-spiro[cyclopro
paned; IAihiall;2, sz Ligtadzabenzofedijazulen]-4'-yllimidodicarbonate
and tert-butyl
{81-amine-2'-[(4-methoxy-3,5-dimethylpyriclin-2-yOmethyl]-7',8'-dihydro-T
Elspiro[eyclopropane-1,9'461thia[1,2,3,5]tetraazabenzo[cd]azulen]-4"-yll
(Exazpplerhite (35 mgq), dic,hloromethane (0.8 ml),
N-(tertzb carbgnye:N-methylgiyej -MQ)s e riazole
monoy L g e L Beromy -0 S e b chmice
tetrairdieshloridel (27 mgirandadisopianyieikylaminel(3pdihmedestirred at
room temperature overnight. The reaction mixture was concentrated
under regluced pressure, and a 0.2 N sodium hydroxide solution was
the resulting residue, followed by extraction with ethyl acetate.
nic layer was concentrated under reduced pressure.
methane (2 nil) and trifluoroacetic acid (0.5 ml) were added to the
ultifigiresidue, and the mixture was stirred at room 169 temperature for
fourfiolirs¥"The reaction mixture was concentrated under reduced
pressure. A saturated sodium bicarbonate solution was placed into the

resUIBAG PESIOTR ORI (e Bt it aotBAS IR EO FoT R PRRNGRS it fayer
was dri \er. i Ifat i i a
saVOS dHsH 2 éﬁ P§J§agﬁ%% gy (%E%g@&éﬁ%‘;ﬁg EE- thedilirate was

concentrated under reduced pressure. esulting residue was purified

dirdtisilisardel thivhiayenwiuermatog resphye(eiiotetosnthiact2emsl). The

resulting oil was dissolved in dioxime, followed by lyophilization to obtain

tettpazahraeainieurend - gligudsdspsrasianidiphons 40 (34 mg) and (S)-
11-1-NMR (CDC13). 6: 0.99-1.06 (2H, m), 1.09-1.16 (1H, m), 1.69-1.75
py‘(ﬂ%ﬂ??ﬁ?‘?‘%%&%ﬁﬁl%{“ﬁ%&%ﬁ% ), 2.38 (3H, s), 3.33 (2H, s), 3.45 (1H,

dd, %S:I_Mssmgzugg)(ﬁz@ﬂl-l, d, S = 14.5 Hz), 3.74 (3H, s), 3.87 (IH, t,

J=7.9 Hz), 5.19 (2H, s), 5.39 (2H, s), 7.92d, S = 7.8 Hz), 8.13 (1H, ).
ESI-MSmk: 469 (M H)1 (Example 107)

(Example 68)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-[(28)-2-
(methoxymethyl)pyrrolidin-1-y1}-2,7,8,9-tetrahydro-6-thia-1,2,3,5-

tetraazabenzo|cd]azulen-4-amine



N-
(4-Amino-2'-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7',8'-dihydro2E-s
piro[cyclopropane-1,9'461thiall,2,3,51tetraazabenzo[cd)azulenl-8'-y-11-
N2,N2- dimethylglycinamide 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 1,81-amino-2'-[(4-

mefno \-@,5-dinicthylpyridin-2-yi)riethyl]-7‘,81-dihydro-rH-spirolicyclopropa
nel,Q\@mia[l,2,3,51tetraazabenzo[ed]azuIen]-4'-y1}imidodicarbonate

nd te[,t\?butyl
M@O-Zl-[@-methwy-&&dimethylpyridin-2-yl)methy1]-718'-dihydro-

QL
spiroTcyclgB?opane-l,9'4611thia[1,2,3,5]tetraazabonzo[cd]azuIen]—4'-y1}ca

rba - * -1) d N,N-dinicthylglycine (11 nist)

T T R g A P s S e
sarfd2htiio) & 05 KR Andh18)s Bkt pldi-lerddud F(24G-B31dwy)- 854-3.83 (4H,

m), 5.37 (1H, d, J - 15.611.2), 5.45 (IH, d, J = 15.6 Hz), 8.04 (1H, s).

dinggisipstitiz-288) pthp)FSExardpl8, 208 ahydxp-6-thia-1,2,3,5-
4'-Amino:7'-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7,8'-dihydro2'H-

AT O BT e f e AR I S A

meBFSUAHERCRRDOX @IS 4 11y The title compound (1.9 my” 6%) was
obtained as an amorp%oug %y the same method as in Example 106-2)
usingSh&fixtard of (dterdybutyl (81-amino-2-[(4-
methoxy-3,5-dimethylpyriclin-2-yOmethyl]-7',8'-dihydro-21H-spiro[cyclopro
panel,91-[6]thia[l,2,3,51tetraazabenzo[cd]azulenk4cyllimidoclicarbonate

nd tert-hutyl

(E)?é@gt}ﬁiég-?-[(4-methoxy-3,5-dimethylpyridin-2-y|)methy|]-7',8'-dihydro-2'H
spirojcyspropanenind463thiakind:3:Slteliaazabesszelediazilent iyl
carbamate of Example |1 06-1) (35 mg) and

2, kérbiveiroRy duartsotiviaz Stidihde8-asarborytitcdiini@t-$rd ) pyrrolviIiR

1 %CDCI3§ 8:0.96-1.14 (4H, m), 1.69-1.77 (1H, m), 2.22 (3H, s), 2.31 (3P s),

YI3C8HIBIGE (14 m), 3.51 (1H, dd, J = 14.6, 8.3 Hz), 3.61-3.78 (6H, in), 3.78-

3.97 (3H, m), 5.08 (2H, brs), 5.34 (1I-1, d, J = 15.4 Hz), 5.43 (1H, d, J =

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-yl)methyl}-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 40 (34 mg) and (3S)-(-)-
3-acetamidopyrrolidine (24 pl).

'H-NMR (CD;0D) 8: 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 (1H, m), 3.11-3.26 (1H, m), 3.33-3.39 (2H, m),
3.45-3.54 (2H, 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).



ESI-MSmiz: 481 (M 171 (Example 109)
21-[(4-Methoxy-3.5-dimethylpyridin-2-yl)methyl]-71,8'-dihydro-2'H- sp
o[cyclopropane-1,9c[6]thia[1,2,3,5]tetraazabenzo[cd]azulenl1-4',8'-diamine
- A mixture composed of di-tert-buty¥f2'-[(4-methoxy-3,5-dim thylpyridin-2-
yl)methy1]-8r-oxo-7',81-dihydro-Th-spiroicyclopropane-1,9r- [6]thia]l
2,3,5 tetraazaidenjgéed1azuIeni-4t-y|Iimidodicarboriate of Example 5 (29
mu% MiReHRIMta er}@lS mg) and methanol (0.5 ml) was stirred at
room temperature for 12 hours. Sodium eyanoborohydride (6.4 mg) was
added to the reaction mixture, followed by stirring at room temperature for
(Extesisibagys. Sodium cyanoborohydride (6.4 mg) was further added and the
mixture was heated with stirring at 45C for three hgurs and at 55C for five

hourd (4vécteaxtidr riixtareyivasi doneeniraety Untet (Adtueda présdue-3-
0.5 N sodium. hydrgxjde solution wa ded to the resulting residue,
yl]—%ﬁd&i})&%ym@% dé’fri%&hx\"%i%)%:i'ﬁtléa@ a?ieer.l SI[1Ce arzéli%rllg'lﬁéi%/é(ggv%g%qried over

sodium sulfate and filtered. Then, the filtrate was concentrated under
reduceg pressure. Dichloromethane (2 ml) and trifluoroacetic acid (0.5 ml)
were to the resulting residue, and the mixture was stirred at room
wo tempegature for four hours. The reaction mixture was concentrated under
d Lpressure. A saturated sodium bicarbonate solution was placed
ifto \,néks\wzting residue, followed by extraction with chloroform. The
organic layer was dried over sodium sulfate and filtered. Then, the filtrate

wasreeRERNred HIde 7 e ducats pressuich tdined esuling desiduchyase

purified by NH silica gel chromatography (claim-01mo -methanol). The

sanesuttinglcit waSxdispbhvEdUrtickans; fatidwed (byripsphilization to obtain
cimf oy RGO & 0 B 07 N DB SR o 1.61-1.67
e e i Y P B e
3-pYBeBlidEoI A (H, d, = 15.5 Hz), 8.03 (11-1, s).

'H.NMR. (CD=O0D) &: 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 (4H, m), 3.51-3.61 (3H, m), 3.70-3.76 (1H, m),
3.78 (3H, 5), 4.42-4.48 (1H, m), 5.46 (2H, 5), 8.06 (1H, ).

ESI-MSm/z: 442 (M + H)"

(Example 71)
N¥-Isopropyl-2-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl}-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine

b

e~

\_/
) -N
AT
1 LS \NANHZ
Isopropylamine (5.5 pl) was added to a mixture composed of di-tert-butyl {2-

[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl)-8-0x0-2,7,8,9-tetrahydro-6-thia-



ESI-N1Smlz: 398 (IVI H)+ (Example 110)
4LAmino-2'-{(4-methoxy-3,5-dimethylpyridin-2-yHmethyl]-71,8'-dihydro-2'
Hspiro[cyclopropane-1,9'-[6]thiall ,2,3,5)tetraazabenzo[cd]azulen]-8'-ol
Sodium boro'nydride (6 mg) was ddded to a mixture composed of
4-di-tertbutyl

" J(4- -3.5.dimethylpyridin-2- -80x0-T,8'5di -211-1-
St it hes e
meitRiRidodisasbenats ebixample bl 38R imethamol2 mbrunder

ice-cooling, and then the mixture was stirred at 0C for‘30 minutes. Water
mixgars adeledredthbreeattionpersdinefotivoveeltsy eXtratbanpitisastimm

L T e
follQIFaroms ﬂc’;o%'le?ﬁ%%ﬁ%%%%?ﬁ%%@d%@ DL WEIR Rdgdto the

resulting residue, and the mixture was sfirred at room temperature for two
cordaygalthearglac ionNMixdtiven Wasrogiieeninated wadad detivchd pressuge. A
saturated sodium bicarbonate solution was placed into the resulting

resi@uie (RO RO WE GBI YREHBhaliATh ITGsforFheTREBIg kY (Bpe ARrsover

il ovetsodium sulfate.and lerad, Then.he flate was conceniigted
nder reduced pressure. The Tésulting residue was purified by silica gél

redtiibdlayaEgRronatagsarhviehiorofarm-metianebhte:abiain ihe 1iHe) were
compound (16 mg, 81%) as a solid. 173 11-1-NMR (CDC13+CD30D) 6:

ad @@ 1) 9q@iinm yed 02 1add tRHnindre. 56s 2634 2HowT) RIEB(BHTISIOr
2.27 (311, s), 3.34 (2H, dd, J= 14.6, 8.3 Hz), 3.65 (1H, 6., = 14.6 Hz), 3.68

fiveshppryy, JERBTSAHIR AT Y canssT(itied e fedsqad presidres i ddhg

resﬁl‘grégdfé_sl@uegweg Quﬁﬁ%h %?W%m/ga Q&%ﬁMﬁﬁMW&%&%%

methanol). The resulting oil was dissolved in dioxane, followed by lyophilization
to obtain the title compound (6.3 mg, 29%) as an amorphous.

'H-NMR (CDsOD) 6: 1.08 (3H, d, ] = 4.2 Hz), 1.10 (3H, d, ] = 4.2 Hz), 2.24
(6H, s), 2.99-3.07 2H, m), 3.23 (1H, dd, ] = 16.8, 3.4 Hz), 3.32-3.38 (1H, m), 3.52-
3.57 (1H, m), 3.78 (3H, s), 5.44 (2H, s), 8.05 (1H, s).

ESI-MSm/z: 414 (M + H)"

(Example 72)
NE-Isobutyl-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

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-



Methyl (4-[bis(tert-butoxycarbonypamino]-2-[(4-methoxy-3,5-
dimethylpy-ridin-2 -yOmethyl] -2,7-dihydro-6-thia-1,2,3,5-tetraazah
enzo[ed] azul en-8- yl)acetate 1) A mixture composed of di-tert-butyl
12-[(4-methoxy-3,5-dimethylpyridin24yl)methy1]-8-oxo-2,7,8,9-tetrahydro-6
-thia-1,2,3,5-tetraazabenzo[cd]azulen-4- yl}imidodicarbonate of Example

40 (752 mg), methyl triphenylphos han Ildeneacetatehé 17 mg) and
iRy WS RS AGh DG BUEOE 1010 vty acetate

T U R R e e

1503{1{@W¢mntrated under reduced pressure. The concentrated
residue was purified by silica gel column chromatography (ethyl
acetateNafor6RAPIcdobEin the ddelcompoufdil7s ¢hg,- z%%ﬁamméﬂs

o Taton ST oo Bebi i f s B At S b e
2. oftht B ESENSM(es 314N H51k7% Bk G 3)42 (2H, s), 8.05 (1H, 5),

14-[Bis(tert- butoxycarbonyl)amlno] -2 méthoxy-3,5-dimethylpyridin-2-

yOrHEfL,IMS]rﬁ/Z ditsydvb+ertfiia-1,2,3,5-tetraazabenzo[cdjazule 8-yl | acetic

acid A mixture composed of the above methyl

{4-[bis(tertbutoxycarbonyl)aminol-2-[(4-methoxy-3,5-dimethylpyridin-2-y1)
Emet I],{g 7- dihydro-6-thia-1,2,3,5-tetraazabenzerccflazulen-8-yllacetate
( 7(%5%6 ethanol (2 ml) and a 1 N sodium hydroxide solution (0.22 ml)

wasstired. gl £ e Roea utg(xe-if@ét&@x@oy@dﬁnéth!yﬁ%iam%ﬁ%tﬁ?u

solution (0 5 ml) was added, followed by stirring for three hours. Then, a 1
2, N\B Sothiuah yrirdroxite- $Slitibne(iszabywak flrthésracki8dlifoliowed by
stirring for three hours, A 1 N hydrochloric acid solution (1.5 ml) was
added dyopwise to the reaction mixture. Then, water was added, followed
by extrgCijon with ethyl acetate. The organic layer was dried over sodium
sulfate a‘ filtered. Then, the filtrate was concentrated under reduced
ﬁmg An oil (60 mg, 89%) was obtained as a residue. Although the
preduct c%talned a byproduct, it was directly used for the next reaction
without flrth&r purification. ESI-MS raiz: 613 (M--H)-  3) Di-ten-butyl

A e SR G ey
salirpidedicaEhomaignplie 71 using di-tert-butyl {2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl}-8-ox0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl} imidodicarbonate of Example 40 (30 mg) and
neopentylamine (9.2 pl).

'"H-NMR (CD;0D) &: 0.90 (9H, s), 2.22 (3H, s), 2.23 (3H, 5), 2.38 (1H, d, T =
11.3 Hz), 2.50 (1H, d, I = 11.0 Hz), 3.04-3.11 (1H, m), 3.19-3.40 (4H, m), 3.77 (3H,
s), 5.42 (2H, s), 8.06 (1H, s).

ESI-MSm/z: 442 (M + H)™

(Example 74)
NE-(1-Ethylpropyl)-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



175 N-Methylmorpholine (22 ul) was added to a mixture composed of
the above 4-[bis(tert-buto xycarbonyl)ammoj -2- [(4-methoxy-3,5-dimeth
ylpyri din-2-
34)methy11-2,7-dihydro-6-thia-1,2,@5,5-tetraazabenzo[cdlazuIen-8-y||acetic
acid (60 mg) and tetrahydrofuran (2 m1). Then, isobutyl chloroformate (39
in) was added and the mixture was stirred at OC for one hour.

N-Met orpholine (44 iii) and isobutyl chlorofoimate (39 n1) were added
to the%etion mixture, and the mixture was further stirred at OC for 30

inutes, Water was added to the reaction mixture, followed by extraction
L%ggpxj acetate. The organic layer was dried over sodium sulfate and
t vFRen, the filtrate was concentrated under reduced pressure.
Tetrahydrofhran (2 ml) and water (0.4 ml) were added to the resulting

resigye i fibepnsRAiM bosghydrige \(adnglaaa addedrndanicerealing,

and the mixture was stirred at OC for one hour. Methanol (2 ml) was
sanacioethddapvisExtorthie Baction diiccttrieutVhel,| thenetxupedwas returned to
room temperature and stirred for 16 hours. Water was added to the

dirpethetion Hirkerd RAIBWIES B Extraetdsias Bmrtiisiate’ The organic

laver Waswashed with i QU RUH T SHIpIR AN
tetﬁ%%?;e)d{l ZP{%ﬂ%?ﬁg %Iﬁgilzlv@%%%%égﬁ%gebﬁnéehe uced pgjssure. The
ethf@stipatesiduewas purified by silica gel thin-layer chromatography

(hexane-ethyl acetate) to obtain the title compound (16 ma, 27%) as an

oil. 'H-NMR (€DeI®)5: £.83 AI8H, & 3.5 HeaH).8), B12t(BR,7) Hrbd H,

= 6.0 Hz), 3. s), 3.7 .s), 3.89 (2H. t, J = 6.0 66.(2H,
1_5;1,)’?%17% ;gsg,(g%é%%{ é}:g&%hg&%@‘%\ﬁlﬂi 6 16(?84)% b3
(14 44-ADiNOs2 (41MeRDYs32 (01 m). 3.50-3.56 (1H, m), 3.78 (3H, 5), 5.43
-diraethyipyridin-2-ylmethyl}-2, 7-dihydro6-thia-1,2,3,5-tetraazabenzo
(2icdla2uderB, gltethanol r.N

ESI-MSmv/z: 442 (M + H)"

(Example 75)
NE-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

b

1
s \\N’W SNH,

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)methyl]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl }imidodicarbonate of Example 40 (30 mg) and

cyclohexylamine (9.0 ul).



1".., HO, ' /--\,S |N-1-,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[cd]azulen-4-yllimidedigarbonate (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

presSatB IR KaRnaidtbsoditm bickBornie $5nHOh WsTplabsdrintd (R&!

resylting, residu tracti ith chlarofarm. .The o ic layer
e L e SRS ncLATGrEH e e e s 5.2
Hzgoneentratestundenreduced pressyre. /e mesyling residsie sxas puritied

by NH silica gel chromatography (chlorofoim-methanol). The resulting oll

wasEdisd6hrett iv iddardIfollowed by lyophilization to obtain the title

compound (8.3 mg, 78%) as an amorphous. 11-1-1\11VIR

(CDC13) 8: 2.22 (3E, s), 2.28 (3H, s), 2.59 (21-1, t, J= 6.0 Hz), 3.72 (2H,
(E@mﬁ%‘]/é?l'l’ s), 3.87 (2H, t, J = 6.0 Hz), 5.18 (2H, brs), 5.50(21-1, s),

6.64 (11-1, s), 8.19 (1H, s), ES1-MSrn/z: 399 (M + (Example 112)

Di-tert-DytybfSrgrviromeiy2-{(4-wetetr3sdinethpyidie2:8 9-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-
tetyilirAiaduibirtondte-terazabenzol cd)azulene-4,8-diamine

_ b
v
Ciﬂhw

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-ox0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[ cd]azulen-4-yl }imidodicarbonate of Example 40 (30 mg) and
cyclopentylamine (7.7 ul).

'H-NMR (CD;0D) &: 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-ylmethyl] -N¥-propyl-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine



1) A mixture composed of methyl {4-[bis(tert-butoxycarbonyEamino]-2-[(4-
methoxy-3,5-dimethylpyridin-2-yEmethyll-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-yllacetate of Example 111 (121 mg),
diphenylphosphoryl azide (64 ul), tﬁ@thylamlne (69 ME and benzene (2
ml) was heated with stirring at a bath temp1/4.-rature, of 55C for two
hours. The reaction mixture was concentrated under reduced pressure.
Tetra ofuran (8 ml) and a 1 N sodium hydroxide solution (4 ml) were
adde he resulting residue, and the mixture was heated with stirring at
bath Memperature of 55C for one hour. A 0.2 N sodium hydroxide
LsB was added, followed by extraction with ethyl acetate. The organic
@E@rled over sodium sulfate and filtered. Then, the filtrate was
concentrated under reduced pressure. The concentrated residue was

purifigd By.siliga 98l celymRchrematagtap(chieraformsmathaneio

obtain the title compound (41"’ mg) as a brown oil. Although the product

sancontainedasnip Wities) # Wasdigettlyusedyiof2the-mexthreaedicn without
further purlflcatlon ES I-MS miz: 584 (

1-H)m
dinge{indmpadietypetinteeky-3; @%WMM&W? JEhethyl]dinydro-6-

SR S AN .

prcfvhefmane (461, zabenzo[cd]a zulen-4- ylllmldodlcarbonate (8.6 mq).
'H-NMR (CD 13) 6: 2.22 (3H, s), 2.29 (3H, s), 3.55 (2H, s), 3.73 (2H, s),
3.74{3MYIB) (GIAORH;: $)95 GE(2H, 5)].6.13)(1148- 6), B(2B(1H, 33 (6H, 5),

ESI-MSmiz: 384 (M H 113
0. 52Tz 383 (MY BXRmRledlA3) 1) 301.3.43 4r m), 3.77 GEL ),
5.43 (2H, s), 8.05 (1H, 5).
ESI-MSmv/z: 414 (M + H)"

(Example 78)
NE.-Butyl-2-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl]-2,7,8,9-tetrahydro-

6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine

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-
dimethylpyridin-2-ylymethyl}-8-ox0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 40 (30 mg) and n-

butylamine (7.8 ul).



2-[(4-Methoxy-3,5-dimethylpyrichn-2-yl)methyll-8-(morpholi -4-ylmethyl)-
2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine A mixture
composed of di-tert-butyl (8-(ammaotriethyl)-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7-ditwglro-6-thia-1,2,3,5-tetraazabenzo|cd]a
zulen-4- yllimidodicarbonate of Example 112 (20 mg), 90%
bis(2-bromoethyl) ether (10 ml), potassium carbonate (9.5 mg) a

d
acetdmMiM& (B HPnaL rated withstirfifpat 55C b 4 Zé.’%\/’/’e{téﬂ

a the.r [ ixture, extracti it Qr :
O GG el e e B SUIs Shc . o, e
3.sfiltrate was conprnirgtedyander seducedpressyres Righigromethane (2 mi)

and trifluoroacetic acid (0.5 ml) were added to the resulting residue, and
the Rfildi$nvmst 2t d-dfYoom 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
(E)\% r 8%2 with chiorofooli. The organic layer was dried over sodium
sulfate and filtered. Then, the filtrate was concentrated under reduced
presspreMbgsesuling: residueynam pusifiectby INNsilicagrbxyethyl)-
chromatography (chloroform-methanol). The resulting oil was dissolved
2,71%9-tntdiosxine -tolfowad @y@%ﬁﬂ%ﬁ@ﬁ?@d%%ﬁ'i‘h%@iﬂ@%@mpound (5.6
mg) as an amorphous. 114-NivIR (CDC13) 6: 2.22 (311, s),
, 2.45-2.48 (4H, m), 3.14 (21-1, s), 3.70 (4H, t, J = 4.5 Hz),
), 5.14 (211, s), 5,50 (2H, s), 6.70 (111, s), 8.20 (1H, s).
~ESI-MSmjz: 454 (M + H) (Example 114) N-( (4-Amino-9
-‘{(g-r Noxy-3,5-dimethylpyridin-2-yl)methy11-2,7-dihydro6-thia-1,13,5-tet
a N&ng]azulen-&yllmethyliacetamide b 0JA

The title compound (17.7 mg, 78%) was obtained as an amorphous by the
same method as in Example 71 using di-tert-buty! {2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-8-ox0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[ cd]azulen-4-yl}imidodicarbonate of Example 40 (30 mg) and 2-
methoxyethylamine (6.9 ul).

'"H-NMR (CD;0D) &: 2.23 (3H, 5), 2.23 (3H, s), 2.77-2.84 (1H, m), 2.87-2.94
(1H, m), 3.07 (1H, dd, ] = 16.8, 8.7 Hz), 3.19-3.29 (2H, m), 3.32 (3H, s), 3.34-3.52
(4H, m), 3.77 (3H, s), 5.42 (2H, s), 8.06 (1H, s).

ESI-MSnv/z: 430 (M + H)”

(Example 80)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl] -N®-(3-methylbutyl)-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine



A mixture composed of di-tert-butyl {8-(aminomethyl)-2-[(4-methoxy-3,5-
dimethylpyridin-2-yHmethy1]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]
azulen-4- ylHmidodicarbonate of Example 112 (20 mg), pyridine (8.3 ul),
acetic anhydride (5 W) and ciichlorgt®ethane (0.5 ml) was stirred at room
temperature for 20 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
temper%%;ﬁe for 20 hours. The reaction mixture was concentrated under
reduced pressure. A saturated sodium bicarbonate solution was placed
\ﬁg}t [ Eulting residue, followed by extraction with chloroform. The
or ig ayer 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 ¢ atograph %hloroform-meth n Rﬁs‘)
Gt LT 0 BB CPrig) A BT e & OTPHC Bba
sad SRR CRINONGI 2O I A AH 2RI, 5. 3.68 (2H, o),
3.76 (3H, s), 4.09 (2H, d, .1= 4.8 Hz), 5.48 (2H, s), 6.62 (1H, s), 6.92 (1H,
dirpethd1 8y din 8 -1 ldth 18 )-ESMShE 2- 6 (INIreldFhiExanipgle 115)  2-

14-Amino-2-[(4-methoxy-3 ,5-dimethylpyridin-2-ypinethy1]-2,7-dihydro -6-
RS SR Ry AR HEY {EH] SR 8RB Y TR A fig) APiture

iso%m%gﬁgrgt-%:ft&y}/barbonyl)amino]—2-[(4-methoxy3,5-dimethylpyridin-2-yl)
methylRIR-ciysooy psthicsd.@ S Fstetranzabenzoicdiazudlen-8syl bgqetic

acid of Example 111 (24 mg), dimethylfonnamide (0.7 ml), ammonium

mjgRIBAdEH19.Agf-2-AY diBlybbrizdtridZaI €l omeriapate6lhd)= 16.8, 8.7

-(3-dimet mino -3-ethylcarbodiimi drochloride (15 mg)
Hzihggz(%i'?o%{rwé%yl’e ygﬁ%%g?ﬁ)’a%%ég%iﬁerggﬁ 1t emperature for
threg: dpyss e splvantingthe 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)
(ExfriIBbroacetic acid (0.5 ml) were added to the resulting residue, and

the Ruix I t hour, }
X e e e o e e e
tetbiathorraie s0lainp-wasplaeeddnio thelsasuliig sesidue, followed by
extraction with chloroform. The organic layer was dried over sodium
sulfate andyfiltered, Then, the filtrate was concentrated under reduced
pressureg=1he resulting residue was 181 purified by silica gel thin-layer
chroma@éphy (chloroform-methanol) to obtain the title compound (16.1

ﬁn% 7096¥as a solid.
_0

\s \N’LNHQ

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]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd)azulen-4-
yl}imidodicarbonate of Example 40 (30 mg) and 1-amino-3-butene hydrochloride
(8.5 mg).

'H-NMR (CD;0D) &: 2.23 (3H, 5), 2.24 (3H, 5), 2.25-2.30 (2H, m), 2.65-2.72
(1H, m), 2.75-2.84 (1H, m), 3.07 (1H, dd, T = 16.9, 8.6 Hz), 3.19-3.26 (1H, m), 3.33-



(CDC13"-CD30D) 6: 2.24 (3H, s), 2.27 (3H, s), 3.27 (211, s), 3.77 s), 3.82
(2H, s), 5.48 (2H, s), 6.67 (111, s), 8.13 (1H, s). ESI-MSmiz: 412 (M + H)f
(Example 116) 2-
1:4-Amino-2-[(4-methoxy-3,5-dimétHylpyridin-2-yHmethylp 7-dihydro-6-
thia-1,2,3,5-tetraazabenzo [ed] azulen-8-y1} -N-methyl acetami de The

5 g b S e g 0 L 10, 3 B S Ko

arf él?{sﬁteri’}’kﬁ%y?aé oy armine; JHZSE)(
methoxy-3,5-dimethylpyridin-2-yl)methy1]-2,7-dihydro-6-thia-1,2,3,5-

tetraazaienze{edpaulenBty1} acetic acid of Example 111 (24 mg) and
methylamine hydrochloride (17 mg). IH-NMR.
(CDC13+0330D) 6: 2.24 (3H, s), 2.28 (311, s), 2.79 (3H, cl, J = 4.7 Hz),
E 3. 24% -1, s), 3.76 (31i, s), 3.80 (2H, s), 5.49 (2H, s), 6.59-6.64(111, m),
BB (111, s), 8.14 (11-1, s). ESI-IYISmiz: 426 (M + (Example 117) 2-

{.4- Hﬂ[fg %&1&@ -MeIBKn3 jﬁm@ﬁ%m@w&%@wmmﬂw@&smn
,3,5- tetraazabenzo[c

thia-1 azulen.-8-y11? -N,N-dim eth ylac etamide
2,7.8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd}azulene-4,8-diamine

FOF
Hxs o,

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-
dimethylpyridin-2-yl)methyl]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[ cd]azulen-4-yl}imidodicarbonate of Example 40 (30 mg) and 3,3,3-
trifluoropropylamine hydrochloride (11.8 mg).

'H-NMR (CD;0D) §: 2.24 (6H, 5), 2.31-2.44 (2H, m), 2.82-2.89 (1H, m),
2.93-3.01 (1H, m), 3.09 (1H, dd, I = 16.9, 8.1 Hz), 3.22 (1H, dd, ] = 16.9, 3.2 Hz),
3.33-3.37 (2H, m), 3.41-3.47 (1H, m), 3.78 (3H, s), 5.43 (2H, ), 8.05 (1H, s).

ESI-MSm/z: 468 (M + H)"

(Example 83)
(3S)-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)piperidin-2-one



1.;,1\--5--NANH2 The title compound (8.7 mg, 50%) was obtained as
a solid by synthesis by the same method as in Example 115 using
114-[bis(tert-butoxycarbonyHamino]-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-yllacetic acid of Example 111 (24 mg) and
dimethylamine hydrochloride (20 mg). ] é-|CDC13) 6:2.22 (3H, s),
2 28 tstitlecomppyad (W 3ang %é%”e?,\gy,sgﬁz@%? ?%ﬁns@w(ﬁé}q}l%&s@tim

o T 0 TP R T Pk B

miz: 4

dinféaRtpn-Rutoxycankariyiaminob 2-K4-netheyo3soadimethyipyridin-2-
yHmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yEacetic
tetrgai@benzofcd]azulen-4-yl}imidodicarbonate of Example 40 (40 mg) and (S)-3-
aminopiperidin-2-one hydrochloride (21 mg).
'H-NMR (CD;0D) &: 1.55-1.71 (1H, m), 1.77-2.01 (2H, m), 2.18-2.31 (7H,
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-MSnv/z: 469 (M + H)"

(Example 84)
(35)-3-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]}-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cdjazulen-8-yl } amino)pyrrolidin-2-one

b
\
20N

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~
dimethylpyridin-2-yl)methyl}-8-ox0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd}azulen-4-yl}imidodicarbonate of Example 40 (40 mg) and (S)-3-
aminopyrrolidin-2-one hydrochloride (19 mg).

'H-NMR (CD30D) 8: 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, ), 3.90-3.97 (1H, m), 5.45 (2H, s), 8.07 (1H, s), 8.12 (1H, brs).

ESI-MSm/z: 455 (M + H)”



1) A mixture composed of methyl
{4-1_bis(tert-butoxycarbonyEammol-2-[(4- methoxy-3 ,5-dim
ethylpyridin-2-yHmethyl ]-2,7-dihydro-6-thia.-1,2,3,5-
tetraazabenzo[cxl]lazulen-8-y1} 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
(EWF}%§Sédded dropwise to the reaction mixture under ice-cooling, and

met in the reaction mixture was. 183 orated.under re
preg?lﬂgg. K{%grﬁl%?%r&{r? OFiC a¢ |a€3 é%l%zs%eﬁl\%ag’ add %\?lc? t ee{hrsgﬁ-l?ﬁlﬁ%gh
tetr@Sigkées ol e by extastien Wit RHafery) A OfgARIG dayer ymas
concentrated to dryness under reduced pressure to obtain the title
compound (173 mg, 97%) as an amorphous. EST-MS raiz: 513 (M-TI-1)-{
2)2- /=
H{4-Ami\ -2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methy]]-2,7-dihydro6-thia
Q%?Z,?;, etraazabenzolediazulen-8-y1{-N-ethylacetarnide The title
é’gr@% (8.3 mg, 46%) was obtained as a solid by synthesis by the
samesmet as in Example 115 using the above
{4-[(tert-butoxyearbonyl)amino-j-2- 4
[(4-rhBeHE3E/ 3 IBPARRBIHA Py FIGTEO%9)) st Ry 11 000725 B\ ARSI IANg -1y A5 5-

tetraazahenzo[cdlazulen-8-y1{ acetic acid, ( and ethylamine
S A e | R C I 37 ] 0TS (M, 1=
dirﬁe%ljlsé)yr%%@ﬁnﬁh?} 9(3kb-5) 8,354k 8loH2Ri(2Hh 85T = 13.0, 7.4
Hz), 3.75 (3H, s), 3.78 (2H, s), 5.32-5.35 (21-1. m), 5.50 (2H, s), 6.06-6.12
tet(ddrab oo (63 8z(1¢4-4)y 1818 (ddi SarSrEER! VI Bxainp M) (MO tiEyamp (@ 119)
2- {4-Amino-2-[(4-methoxy-3,5-ciimethillpyriciin-2-yl)methyll-2,7-clih

amyrBIBr it 4107 BXiradlpaen2d faliazulen-8-y1
“N-[GR\ I HamSIeRy an3uh aseiamide) 2 24.0 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 (1H, s), 8.12 (1H, brs).
ESI-MSmv/z: 455 (M + H)”

(Example §6)
(3S)-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-methylpyrrolidin-

2-one

b
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The 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}-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-



184 The title compound (9.7 mg, 49%) was obtained as a solid by
synthesis by the same method as in Example 115 using
144(tert-butoxycarbonyptuninol-2-[(4-
methoxy-3,5-dimethylpyridin-2-yHmgihyl]-2,7-dihydro-6-thia-1,2,3,5-

tetnazabenzo[cd]azulen-8-yll acetic acid of Example 118 (21 rng) and
R)-3- amingtetrahydrofuran p-toluenesulfonate (3

BN SO S AT 8 (RO B0 (LA ), PO RS
a %81(%'?@%‘3{2@ : %&%ﬂz&)ﬁ%@ rgclgl(?%ddg(ﬁ_ 232.6 Hz), 3.73-3.84 (3H,

m), 3.76 ,3.80(2H, s), 3.91 (IH, g, J - 78 Hz), 4.45-4.53 (1H, m),

5. 40 (RNMRS):5 ARDIRH.15)56.06 (1H, 8 6.80-014 Gl 77 43128 151,
(1H, s). ESI-MSmIlz: 482 (M + H)+ (Example 120)

)% Mthoxy- 8853 ditheithy iy it By téihg]- 842-ibrpholim4 3 T 2CH,
o SRV BT Ao B iF g gl gjazulen-4-amine

ESI-MSm/z: 469 (M + H)"

(Example 87)
(3R}-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-methylpyrrolidin-

2-one
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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-o0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[ cd]azulen-4-yl}imidodicarbonate of Example 40 (40 mg) and (R)-3-
amino-1-methylpyrrolidin-2-one hydrochloride (16 mg).

'H-NMR (CD;0D) &: 1.75-1.90 (1H, 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 (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 + H)"

(Example 88)
2-[(4-Methoxy-3 ,5—dimethylpyridin—Z-yl)methyl}—NS-(tetrahydro—ZH~pyran—4~

y1)-2,7,8,9-tetrahydro-6-thia-1,2 3 ,5-tetraazabenzo[ cd Jazulene-4,8-diamine



IL szs'N-NR, The title compound (7.2 mg, 36%) was obtained as a
solid by synthesis by the same method as in Example 115 using
14-[(tert-butoxycarbonyHami o]-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)mgthyll-2,7-dihydro-6-thiatetraazabenzoi
cd]azulen-8-y1} acetic acid of Example 118 (21 mg) and morpholine (1 |
,ul). 'H-NMR (CDCI3) 3: 2.23 (3H, s), 2.29 (31-1, s), 3.42 (2H, d, 3 =
1.2 Hz),'3.483.52 (2H, m), 3.62-3.70 (61-1, m), 3.75 (3H, s), 3.81 (2H, s),
s), 5.50 (2H, s), 6,62 (1H, 1, .1= 1.2 Hz), 8.19 (1H, s).

ntz: 482 (M + 185 (Example 121)

ethoxy-3,5-dimethylpyr n-2-yl)methyll-8-(2-oxo-2- perazin yl

2 J-dihydro-6-thia-1,2,3,5-tetra.azabenzo [al] azulen-4-amine
Thetitl® cBmpound (15.3 mg, 78%) was obtained as a solid by synthesis
by the same method as in Exargz/le 115

}4- [(T@F[ “Hlﬁﬁﬁwmﬁﬁrérﬁiﬁo cﬂ)_(y(as 0 tamed as an amorphous by the same
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tetra enzole dIazuIen i acetic acid of Example 118 (21 mg) and
y1) Nefiethatoxycarmmdg-piperasngi (28213¢)-tetraazabenzo[ cd]azulen-4-

yl}imidodicarbonate of Example 40 (50 mg), 4-aminotetrahydropyran hydrochloride
(36 mg) and triethylamine (24 nl).

'H-NMR (CDCl3) 8: 1.33-1.49 (2H, m), 1.81 (2H, t, ] = 12.9 Hz), 2.22 (3H, 9),
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—Z—yl)methyl}-N8-[(3R)-tetrahydrofuran-3—

yl1]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo{cd]azulene-4,8-diamine
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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-dimethylpyridin-2-
yDmethyl]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd Jazulen-4-
yl}imidodicarbonate of Example 40 (50 mg), (R)-3-aminotetrahydrofuran p-

toluenesulfonate (68 mg) and triethylamine (24 pl).



'H-NMR (CDC13) 6: 2.22 (3H, s), 2.29 (3H, s), 2.84 (411, dd, S=10.1,5.0
Hz), 3.42 (2H, s), 3.46 (211, t, = 5.0 Hz), 3.60 (2H, t, S = 5,0 Hz), 3.74
(311, s), 3.81 (211, s), 5.24(211. brs), 5.50 (2H, s), 6.62 (1H, s), 8.19 (1H,
s). ESI-MSmiz: 481 (M+Hf (Examglé5122)
-(4-Amino-2-[(4-methoxy-3,5-dimethylnyridin-2-yDrnethyl]-2,7-dihydro-6-

thia;1,2,3.,5- enzof ntien-8-y1} -N-(trans-4-hydroxycycl o
exyl) Iéé@%i{?e%%ﬁa#h&%ﬁref d’cioaﬁﬁbg d@ﬁnﬁ? @{}f%/oy&aga%b@%éb 2\@%

(mpég,i Pysyrihesis by thasame method as/inEpagpie; oSG, m), 5.07
}4-Rtert-butoxycarbonypartainol-24(4-

(2HinétiapXy43, BLElj ety l)Ritling.25 YO iRthyl] 2571 SithFo 6 thiard,, 2,3,5- 186
tetraazabenzoicdlazulen-8-34 acetic acid of Example 118 (21 g) and
tranS2-MiriGeftiodxafdl (14 mg)  '11-NMR (CDC13) 8: 1.14-1.25
(2H, m), 1.33-1.43 (2H, m), 1.92-2.00 (4H, m), 2.23 (31-1, s), 2.29 (3H, s),
3.23 (21-1, s), 3.50-3.58 (11-1, m), 3.68-3.75 (IH, m), 3.76 (311, s), 3.78

(E£2Hp®) 96)49 (2H, s), 6.21 (1H, d, J = 8.1 Hz), 6.66 (1H, ), 8.15 (1H, S).
ESI-MStniz: 510 (M H)+ (Example 123)

2-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yhmethyl]-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-8-yl } amino)propane-1,3-diol
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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-
dimethylpyridin-2-yl)methyl}-8-ox0-2,7,8,9-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 (CD;0D) &: 2.23 (3H, s), 2.24 (3H, s), 2.85-2.90 (1H, m), 3.10 (1H,
dd, ] =16.7,8.7 Hz), 3.23 (1H, dd, ] = 16.7, 3.3 Hz), 3.34-3.41 (2H, m), 3.47-3.55
(2H, m), 3.57-3.68 (3H, m), 3.78 (2H, s), 5.43 (2H, s), 8.06 (1H, s).

ESI-MSnv/z: 446 (M + 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[cd]azulen-8-yl } amino)cyclohexanol



8-(2-Azetidin-I-y1-2-oxo ethyl)-2- [(4-methox y-3,5-dimethylpyrid
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine
The title compound (9.2 mg, 42%) was obtained as a solid by synthesis by
the same method as in Example 1156using
14-Rtert-butoxycarbonyliiaminol-2-[(4-
methoxy-3,5-dimethylpyriciin-2-yOmethyll-2,7-dihyciro-6-thia-1,2,3,5-
tetinazabenzg[cd]azulen-8-yHacetic acid of Example 118 (25 mg) and
azetidine rochloride (14 mg). 'H-NMR (CDC13) 8: 223 (3H, s), 2.28
(3H s), 2.28 (1H, q, J =7.7 Hz), 3.15 (2H, s), 3.72 (1H, q, 3 -= 7.7 HZz),

HO 3 (3HJ'Y), 3.83 (211, s), 4.05 (21-1,t,J=7.7 Hz), 4.20 (2H, t,J - 7.7

: ﬁ brs), 5.51 (21-1, s), 6.61 (1E1, s), 8.21 (1H, s). ESI-MSm/z:

452 (M (Exafiple 124) [(28)-1 {4-Am )-2-[(4-m eltioxy ,5-dimethylp yri

R B s I e o o T e
me &&%m E‘Eé\ézli‘é’%% phiained asa.8qlith by sythesis by the samsymgthed

as in Example 115 using (4-[(tert-butoxyearbonyl)amino]-24(4-

yh)methoxg-3:a-dimestbytayaidid-2-6-1hmet iyl 2. (tclildrortotbd jazulen-4-
tetmazabenzo[ed]azulen-8-y1) acetic acid of Example 118 (25 mg) and

yl}(zgméa_ram RIEERTIORAILHE 28 i) trans-4+-amopRygiofgranod (8me).
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s), 2:80-£248, 91663 {1bl1%), 8420 £114.$)8 4 Hz), 3.20-3.40 (2H, m), 3.50- 3.60
(1H, m), 3.60-3.69 (1H, m), 3.79 (3H, ), 5.44 (2H, s), 8.10 (1H, 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[ cd]azulen-8-yl yamino)ethanol
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The title compound (3.6 mg, 12%) was obtained as an amorphous by the same
method as in Example 71 using di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cdJazulen-4-
yl}imidodicarbonate of Example 40 (40 mg) and 2-aminoethanol hydrochloride (14
mg).

'H-NMR (CD;OD) 8: 2.24 (6H, 5), 2.75-2.92 (2H, m), 3.11 (1H, dd, J = 16.9,
8.5 Hz), 3.25(1H, dd, J = 16.9, 3.5 Hz), 3.31-3.43 (2H, m), 3.46-3.52 (1H, m), 3.66
(2H,t, ] = 5.6 Hz), 3.78 (3H, s), 5.44 (2H, s), 8.06 (1H, s).



ESI-MSmilz: 482 (M + nr (Example 125) 2- {4-Amino-2{(4-methoxy-3
,5-dimethylpyridin-2-yl)methyll-2,7-dihydro-6- thia-1,2,3 ,5-tetraazab enzo
[eft] azulen-8-y1} -N-[(3S)-tetrahydrofuran-3-yliacetamide N-N"/N NH,
The title compound (12.6 mg, 54%)5Was obtained as a solid by synthesis
by the same method as in Example 115 using

(44% t-putoxyc ré) l)amino]-2-11(4-

me %&%@%@e i%%g/ﬂn-z-yl)methyll-z,7-dihydro-6-thi
tetraazabenzo[ed]azulen-8-yli acetic acid of Example 118 (25 mg) and
(R)-3- aminotetrahynrofuran p-toluenesulfonate (38 mg). "H-NMIZ

(EX@DIBHCD30D) 8: 1.77-1.86 (11-1, m), 2.19-2.27 (1H, m), 2.23 (3H, s),

2.29 ($H, s), 3.23 (2H, s), 3.66 (1H, dcl, J = 9.6, 2.6 Hz), 3.73-3.84 (311,
m),@ GRygl ({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)cyclohexanol

HO™ A
~s \NJ\NHQ

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-
yDmethyl}-8-0x0-2,7,8,9-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 (CDCl3) &: 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 (1H, 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)
(15,25)-2-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-

2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cdJazulen-8-yl } amino)cyclohexanol
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(311, s), 3.79 (21-1, s), 3.91 (1H, q, J -= 7.8 Hz), 4.46-4.53 (1H, m), 5.39
(2H, brs), 5.50 (2I-1, s), 6.66 (1H, s), 8.16 (1H, s). ESI-MSin/z: 482 (M +
HIE (Example 126) 2-
{4-Amino-2-[(4-methoxy-3,5-dimethsgpyridin-2-yl)methyl]- 7-dibydro-6-
thia-1,2,3,5-tetraazabenzo[edilazulen-8-y1l-N-[(1R,21t)-2-

hydroxycyclopentyllacetamide The title compound (9.1 mg, 38%) was
obtdi h@tjthﬁsca@éﬂdr@y(Wm%%}/W ahiHEhasHAEROTAIERE MplRcTEme

t- b bo
el 5 S YA JOAR A P S a2
igdRaERenze| @%@Z@@MMQ@%& a0ithof Exampie L85, me)-and (1

)-2- aminocyclopentanol hydrochioride (14 mg).
y1} i HRr(CDRE1EHCBIP0 D: (1 Bird). 4dd L1, 28) 1-&8d07 tc[dx pmp 1 L 123-
1.84 (1H, m), 1.91-2.01 (IH, m), 2.07-2.17 (1H, m), 2.23 (3H, s), 2.29 (3H,
megg) 3.26 (2H, s), 3.76 (3H, s), 3.79 (2H, s), 3.80-3.88 (1H, m), 3.95 (1H, dd,

J= 427 5.9 H) s), 5.49 (2H, s), 6.62 (1H, d, J = 4.9 Hz), 6.67
(1H%§ @?(@4%@%}_{RASMZ: 496 (IVI HY' (Example 127)  2-

{4-Amino-2-[(4-methoxy-3,5-dimethylp-r-idin-2-y1)methyl;-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[ed]azulen-8-y11-N-[(1R,2R)-2-
(EWWQ@/CIopentyljacetamide The title compound (7.4 mg, 31%) was

g S s e S P L EASOREALS
11metRaxyes Al esyinyydin-2uEmetBy s d oo thigs R, 3, 5-

teiraazabenzo[cd]azu en-8-yll acetic acid o Example 118 (25 mg) and
(1S,29)- 2-\Oam|noeyclopentanol hydrochloride (14 mg).
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The title compound (17.9 mg, 46%) 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-ox0-2,7,8 9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl }imidodicarbonate of Example 40 (50 mg), (S)-3-
aminotetrahydrofuran p-toluenesulfonate (68 mg) and triethylamine (24 ul).

'H-NMR (CDCl3) 8: 1.66-1.77 (1H, 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
(2H, brs), 5.45 (2H, s), 8.18 (1H, s).

ESI-MSmv/z: 442 (M + H)

(Example 96)
(1R,2R)-2-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-ylmethyl]-

2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd Jazulen-8-yl} amino)cyclopentanol



(CDC13CD30D) 5: 1.37-1.47(11-1. m), 1.59-1.71 (21-1, m), 1.74- 1.84
(1H, m), 1.92-2.02 (1H, m), 2.07-2.17 (1H, m), 2.23 (3H, s), 2.29 (3H, s),
3.26 (2H, s), 3.76 (31-1, s), 3.80 (211, s), 3.82-3.87 (1H, m), 3.95 (IH, dd,
J=12.7,5.9 Hz), 5.49 (2H, s), 6.615P1H, d, LI = 4.9 Hz), 6.67 (1H, s), 8.15
(1H, s). ESI-MSm/z: 496 (M + FE+ (Example 128) 2-f,
4-Amino-2-[(4-methoxy-3,5-dimethylpyrid n-2-yl)methyl]-2,7-dihydro-6- thi
a-1,2,3,5-fetra azab enz o [ cd] azul en-8 -yi -N - cyc o p ro pyla Deland d
e H:-1)¢- M-N) Werl, The title compound (11.8 mg, 53%) was obtained
a solid by synthesis by the same method as in Example 115 using
Ho%l (tbutoxycarbony,Eaminol-2-[(4-
mEemo; -ﬁ,NSH-dimethylpyridin-2-yEmethy1]-2,7-dihydro-6-thia—1,2,3,5-
tetraazaBenz’o[cd]azuIert—8-y|I acetic acid of Example 118 (25 mg) and

cyc;ﬁgr lamine (1 190, H-NMR %(;DC I3+CD%9I§) 6;
o7 093 (SLTRITE o ki S BT & S Bk s
metfbd M0)n FRdn(Bld 79)n R Bdi3eht Dt 7D (Al iha:42 {219t ByB3 Aibh- ),

8.15 (111, s). ESI-MSrniz: 452 (M BY
yDmethyl]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-
yl}imidodicarbonate of Example 40 (40 mg) and (1R,2R)-2-aminocyclopentanol (15
mg).

'H-NMR (CDCls) 8: 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)
(18,2S5)-2-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-

2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cdjazulen-8-yl } amino)cyclopentanol

b
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The title compound (3.4 mg, 11%) was obtained as an amorphous by the same
method as in Example 71 using di-tert-buty!l {2-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cdjazulen-4-
yl }imidodicarbonate of Example 40 (40 mg) and (1S,25)-2-aminocyclopentanol (15

mg).



(Example 129)
1-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-
thia-1,2,3,5-tetmazabenzofediazulen-8-y1}acetyl)piperidin-4-ol The
titte compound (10.2 mg, 42%) was0btained as a solid by synthesis by
the same method as in Example 115 using

{4-Rtert-butoxycarbon

RN e TR Sy Py .3 Gy - 35381 318 30, 2.97-

z ' n-S- [ id of e \

S e o L R T ab A0t o T
5.1(204, 7)) sUIS LOR(21h) ) 2231(BEL, 8). 2.28 (311, s), 3.19-3.30(211,

m), 3.44 (2H, s), 3.76 (3H, s), 3.80 (2H, s), 3.86-3.93 (2H, m),

4.0EJ1108m/E; A9 V6 {2H, s), 6.61 (1H, s), 8.18 (111, s). ESI-MSm/z:

496 (M H)+ (Example 130i 2- 4-Amino -2-{(4-methoxy-3

,5-dimethylpyri din-2 -yl)methy11-2,7-dihydro -6- thi a -1,2,3 ,5-tetraazab
(E)&we{ @g.] azulen-8-yl}acetamide 191\0

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

H,N ~ j\i

§7 NTONH,

A mixture composed of di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl}-8-0x0-2,7,8,9-tetrahydro-6-thia-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 slurry 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.



\\ H2 The title compound (8.2 mg, 32%) was obtained as a solid by
synthesis by the same method as in Example 115 using
(4-Rtert-butoxycarbonyHamino]-2- %
methoxy-3,5-dimethylpyridin-2-yl) %hyl] 2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-yll acetic acid of Example 118 (28 mg) and

d'etﬁx'@\%ﬁe(@ﬂ 8h) 5: 2.24 3}&“?'3!'5% g%)cé 3R éL3133 h3dA 50

Hz), 1.20 (31-1, 1, J = 71Hz (3H, '8 (3H; S), 31341(H

(2HOMB.397121H, 6&1,, 3745318,61133, 8471 15)s)DR D (A, ldes),-5H0, @biHs),
6.62 (1H, s), 8.20 (1H, s). ESI-MSnalz: 468+ H)7 (Exampl e 131)
> 4g (A Methroléy231B. dire thlipgritm 12 %ﬁm&w@ & %%éizﬂé brs).

olldl}ggyl[vltgl){l)%h tfi RernE{ 6-thia-1,2,3,5-tetraazabenzo[ eft] azul en

amine com ound (7.0 mg, 27%) was obtained as a solid by
synthesis by the same method as in Example 115 using
{4-Rt-butoxycarbonyHaminoll-2-[(4-
(Exaothiexyp3,5-dimethylpyridin-2-yHmethyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen -8-ylilacetic acid of Example 118 (28 mgg and
pyrrh‘llél%ér@mog%' (4gpethoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7.8,9

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-§-yl }-N-methylacetamide

o

g
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Sodium triacetoxyborohydride (32 mg) was added to a mixture composed of
di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-0x0-2,7,8,9-
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. Dichloromethane (2
ml) was added to the resulting residue, and pyridine (24 ul) 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



1H-NMR (CDC13) 6: 1.82-1.89 (2H, m), 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 (21-1, brs), 5.50 (21-1, s), 6.62 (1H, s), 8.19 (1H, s).
ESI-MSm/z: 466 (M + H)1 (Exar ples32) 2-
{4-Amino-2-[(4-methoxy-3,5-dirnethylpyridin-z-yl)methyl]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[cd]azulen-8-y1)

CmﬂgéQﬁéﬂh%%?&MWﬁ@ltﬁétﬁ‘%!a@é&Wﬁd le comrpaub(t8 Mot \ FESB mg,

%) was. ohtained as a solid by synthesis he same method as in
o 8 88 TS R S B Aoy 2.

methxyNss dimeshyeyridin-2yHmethyll 27 -dihydro-Brhjashd 36 ),
tetraazabenzp[cd]azulen-8-yHacetic acid of Example 118 (28 mg) and

3.0 fdéthoxy-Nnfethydethrandrible)( 1549iY 1 H, dd, TH-NMR (CDE2338/28119, dd,
(1H, s), 6,66-6.60 (1H, m), 5.50 (2H, s), 5.1?%%?? s), 3.81-3.80 (2H, m),

SO 5 3 68508 M2 o HL B i ey Msnie Ao

s ¢ (Exgmple 133)  2-
(4-Amino-24(4-methoxy-3,5-dirnethyipyridin-2-yi)methyl]-2,7-dihydro-6-
thia B2, 815+tetrazabenzefcd] azulen-8-y1} -N-isopropylacetamid ¢ 193
The title compound (8.9 mg, 36%) was obtained as a solid by synthesis by
the same method as in Example 115 using
14-Ktert-butoxyciarbonyl)aminol-2-[(4- methox y-3 ,5-dimeth ylpyridin-2

(Ezcﬂglﬁggt{wog)f]-z,7-dihydro-6-thia—1,2,3,5 - tetraazabenzo[ed]azulen-8-y1}
acetic.agid of foxamplentd (4% mak A0y ipyridin-2-yl)methyl]-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl }methanesulfonamide

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-1,2.3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 42 (47 mg),
triethylamine (36 pl) and mesyl chloride (22 ul).

'H-NMR (CDs0D) &: 2.23 (3H, s), 2.26 (3H, ), 3.01 (3H, s), 3.19-3.26 (1H,
m), 3.28-3.34 (1H, m), 3.44-3.47 (2H, m), 3.78 (3H, s), 4.25-4.31 (1H, m), 5.40 (1H,
d,J=159Hz), 547 (1H, d, J = 15.9 Hz), 8.03 (1H, s).

ESI-MSmv/z: 450 (M + H)"

(Example 101)
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 } benzenesulfonamide



isopropylamine (14 pfl). 1H-NM12. (CDC13) 5: 1.14 (3H, s), 1.15
(3M, s), 2.22 (3M, s), 2.31 (3H, 8), 3.24 (2H, s), 3.75 (3H, s), 3.77 (2H, 9),
4.04-4.14 (1H, m), 5.23 (2H, brs), 5.51 (2H, s), 5.60 (1H, d, J = 7.8 Hz),
6.70 (1H, s), 8.20 (1H, s). EST-MSMiz: 454 (M H)+ (Example 134) 1)
tert-Butyl {8-(2-hydroxyethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yOmethyll 2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cdjazulen-4-y1}
carha ate Lithium borohydride (67 mg) was added to a mixture
@of methyl {4-
|s(tert- utoxycarbonyl)aminol-2-1,(4-methoxy-3,5-dimethylpyridin-2-yl)m
-dlhydro -6-thia-1,2,3,5-tetraazabenzo|[cd]azulen-8-y1} acetate of
m /L;Lll (957 mg) and dehydrated tetrahydrofuran (18 ml) under
ice-coo ng "“The mixture was stirred at OC for two hours, and then returned
tor erature, rre [ 0
aga?lr%grﬁ@ﬁ% T R e o

as @' Exdahhnahous: Methapah{6 gn[mnchaxmloagamybmfm degelution (6

ml) were added to the reaction mixture Then, the mixture was returned to

metbony-thingarathytpandistimdonfeiidirho St vianitsoheit n the
reaction mixfure Was eyapar nder re ed Then a0.2
RSO 2 }é%‘hﬁf%?h%légg%%% KRG by Ltlton with
wSBIAIRI 1 e olcaniG RYEhuBsMasher Wil ne veRskiRN dod over
gnesium sul ate and filtered. Then, the filtrate was concentrated under

chietliteers pilessure. The concentrated residue was purified by silica gel
colu[nn chromatography (chlorofonnmethanol) to obtain the title

compEiRd RIBMRG-40%%) b3 Bil ). 2.18 (3H, 5), %?%\W@(&@éfﬁs

e T R B S by

28):s8, 386 SI3H, m), 7.85 (2H, d, T = 7.6 Hz), 8.04 (1H, s), 8.24-8.29 (1H, m).
BESI-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[ cdjazulen-8-yl} -1 -methyl-1H-imidazole-4-

sulfonamide

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-dimethylpyridin-2-ylymethyl}-2,7,8,9-tetrahydro-6-thia-1,2,3,5-

tetraazabenzo[ cd]azulen-4-yl}imidodicarbonate of Example 42 (42 mg),



EST-NISm/z: 499 (M - 2) tert-Butyl
18-(2-azidoethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo|[cdjazulen-4-yl1carba
mate Mesyl chloride (5 ill) wag @tlded dropwise to a mixture
composed of the above tert-butyl
~ (8-(2-hydroxyethy1)-2-[(4-methoxy-3,5-dimethylpyridin-2-
tmgh 11 birfdis hﬁmwmﬁ&%&ia%gﬁaﬁcmgmhmw&-&rba
yls@%ﬁzg@r@é @jgt lamine (15 hl) and dehydrated dichloromethane (0.5

erice-c oli% - and the mixture was stirred at OC for 20 minutes.

Watgrwiag added tosthereention mixturexfaljowed by extractiomnveith ethyl
acetate. The organic layers were combined and dried over sodium sulfate
J =dddrfiitered4antithéd e sbiuent iahe fir&tElvwas eMaEdtasadt URdbro

reduced pressure. Sodium azide (5.3 mg _@ng ?eg] dra g ,
Ry oA (63 5 e et o1 fecbhing Jasutl 2 (-
5) mhdurewas 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
addedfuifawedshy extragtion 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
E reac&io 0 ST-MS; ntiz: 524 (M+EII. 3) ten-Butyl. { 8-(2-amino ethyl)-2-
T M&thoXy-3,5-dimethylp din-2- yl)methyl] -2,7-dihydro-6 -thia-1,2,3
o-telraazahenza [alhazuben-#yHGathamaiedin-2 -4 iidiwg -oonwmsed of
the above tert-butyl

tetfhyBrazichéthyD,DJ(rethioxy?d BdmmetnpytidinRivpriewjihanmdiny dr
0-6-thia-1,2,3,5- tetraazabenzo[cd]azulen-4-yl}carbamate (31 mg),

triphenylphdsphine (23 mg), tetrahydrofuran (0.9 ml) and water (0,1 ml)

was stirr¢d’at room temperature for five hours. A 0.2 N sodium hydroxide

solution (215 ml) was added to the reaction mixture, followed by extraction
nwth-ethyTacetate. The organic layer was dried over sodium sulfate and

iiteted, nd'then the solvent in the filtrate was evaporated under reduced

pressure. hi’h?a'HresuIting residue was purified by silica gel column

chromatagraphy (NH silica us q@ thyl acetate-chlorofor, % obtain th

e SRR 0 Ak o) Mo S SRy RO e
as (ﬁ@xﬁ)nél@gﬁ(%ﬁnéhizt&gﬂ } th[@%iﬁahgx?Q&%!gl)ém}ﬁo?@W), 3.71

(2H, s), 3.74 (3H, s), 5.63 (211, s), 6.66 (1E1, s), 7.52 (1H, brs), 8.18 (1H,
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 (42 mg),
triethylamine (41 ul), 4-dimethylaminopyridine (0.7 mg) and pyridine-3-sulfonyl
chloride (31 mg).

'"H-NMR (CDCls) &: 2.21 (3H, s), 2.25 (3H, s), 3.14 (1H, dd, ] = 17.1, 3.7 Hz),
3.19-3.30 (2H, m), 3.43 (1H, d, J = 14.9 Hz), 3.75 (3H, s}, 5.29 (2H, 5), 5.35 (2H, 3),
6.57-6.63 (1H, brm), 7.36 (1H, dd, J = 8.1, 4.9 Hz), 8.11 (1H, s), 8.13 (1H, ddd, J =
8.1,2.4, 1.8 Hz), 8.74 (1H, dd, ] = 4.9, 1.8 Hz), 9.06 (1H, d, ] = 2.4 Hz).

ESI-MSm/z: 513 (M + H)"



EST-MS, miz: 498 (M 4) 8-(2-Amino ethyl )-2-[(4-methox
y-3,5-dirnethylpyridin-2-ypmethyl]-2,7- dihydro-6-thia-1,2,3,5-tetraazab
enzo [cd] azul en-4-amine 112N '11")-'NH2 Trifluoroacetic acid (0.5
ml) was added to a mixture compos&d of the above tert-butyl
18-(2-aminoethyl)-2-1(4-methoxy-3,5-dimethylpyridin-2-yOmethyll-2,7-
dihyriro-6:thia-1,2,3,5-tetraazabenzofecllazulen-4-yLlearbamate (17 mg)
(Eéa@%eghq% rotnethane (2 ml), and then the mixture was stirred at room
temperainre for st naisothe ,sqiy%ﬁipéyﬁaﬁagﬂ%%%ww?@g-
evaporated, and a 0.2 N sodium hydroxide solution was added to the
tetralsydting-tbsidue 3 foHowed e extrattianl with-ghipyofolitinThersrganic layer
was dried over sodium sulfate and filtered, and then the solvent in the
filtrate was evaporated under reduced pressure. The resulting residue was

I e}qtion to obtain the title compound (9.4 mg) as an amorphous.
N Nj(&DCIS) 8:2.22 (3H, s), 2.29 (3H, s), 2.47 (2H, t, J = 6.4 HZ2),
.96 ?ZH, r,J = 6.4 Hz), 3.68 (2H, s), 3.74 (3H, s), 5.19 (2H, brs), 5.50

SRS A s .
mERFRNIN et ddfadibysireitsihia; 1 & Sienialarg aranza edkazul
en-4- yli carb amate
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 42 (47 mg),
triethylamine (36 ul), dichloromethane (1 ml) and 4-chlorobutyryl chloride (14 ul)
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 ul) and
trifluoroacetic acid (1.5 ml) was added and the mixture was stirred th 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.



197 Mesyl chloride (5 ul) was added dropwise to a mixture composed
of tert-butyl 8-(2-hydroxyethyl)-2-[(4-methoxy-3
,5-dimethylpyriciin-2-yOmethyl]-2,7-dihydro6-thia-1,2,3,5-tetraazabenzo|c
diazulen-4-ypearbamate of Examplésl34 (25 mg), dehydrated
dichloromethane (0.5 mi.) and triethylamine (15 41) under ice-coming, and
the mixture was stirred at OC for 10 minutes. After confirming that the raw

matéﬁﬁ%ga(ﬁféﬁgﬁfqpé:% RrenPhring r@%&ti@% %&&?@Ms%%ﬂaﬁéd
2.4@3455@@3/}@989'%;”3? © @@Q,a}@ MY @f‘z@!'@% ﬁlégé an amine, were
adde t at

d to the residue, and the’mixture was’stirre for six hours."The

3. 4reaatioginii<ureovas. congentrated 4inder xeduesd pressures ang R0, 31b),
sodium hydroxide solution was added to the resulting residue, followed by
3. 18X Hetiort Wittt sthyl Hearaté 4T Hetorgamid (afldi.whas concentrated, and the

resulti sidue was purjfied by NH silica gel column chromatogaphy
(heﬁ?@%@%@ﬁ%@g&a@ﬁb btain the title compound (17 mg, 60%) as an
oil. 'H-NMR (CDCI3) 6: 1.53 (9H, s), 222 (3H, s), 2.31 (3H, s),
2.47-2.62 (81-l, m), 3.70-3.73 (6H, m), 3.74 (3H, s), 5.62 (2H, s), 6.65 (IEI,
(Esympiéa (M, s), 8.18 (IH, 5). ESI-MSmk: 568 (M + H)-r 2)
2-[(4-Metboxy-3,5-dimethylpyridin-2-yl)methyl]-8-(2-m.orpholin-4-
yletiyly:2\rodinyenéienriaory 5 slineyaye vl cdimeionlZdbifle 198
The title compo (11.6 mg, 68%),was, obtained as an amayphous by
e e L e T e LRt
tert-butyl 124(4-
metho ,5-dimethylpyridin-2-yemethyl]-8-(2-morpholin-4-ylethyl)-2,7-dih

ydro-6htHia-1 2,3,5-tetraazabenzo[cd]azulen-4-yl}carbamate (17 mg).
1H-NMR (CDC13) 5: 2.22 (3H, s), 2.29 (3H, s), 2,47-2.61 (8H, m),
3 v(6H, m), 3.74 (3H, s), 5.16 (2H, s), 5.50 (2H, s), 6.60 (111, s),

"%, 10-GFH, S, ESI-MSm/z: 468 (M

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[cdlazulen-4-yl }imidodicarbonate of Example 42 (47 mg),
dichloromethane (1 ml) and 2-chloroethyl isocyanate (8§ ul) 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 ul) 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



(Example 136) 1) ten-Butyl {8[2-(dimethylamino)ethy1]-2-[(4-m ethox
y-3 ,5-
dimethylpyridin-2-yl)methy1]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cdla
zulen-4- yl carbamate The titld €dmpound (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- . .
Ry S BRI S TG i R 3 v
sepigliRAzanenzelcdlazulenhylcaramale of Expmple 134 (it ma).and a

2 N solution of climethylamine in tefrahydroftiran (0.2 ml) as an amine.
sodlieNMR($GRCABred,. 53d(Adn shedilta(SWas hoAch taled dndjy 236€3H, S)

(2H, s), 3.72-3.75 (5H, m), 5.62 (2H, s), 6.65 (11-1, s), 7.46 (1H, s), 8.18
pre@ip{,es)_ﬁgtwgmg :rgpzéuwwg pun@y by silica gel thin-layer

842-(Dime.thytamino)elny11-2-{(4-methoxy-3,5-dimethylpyridin-2- . .
5 OB RTIoD e a0 TR AL i 2 Bt
a sdi99 The title compound (7.9 mg, 57%) was obtained as an

amorphous by synthesis by the same method as in Example 111 using

the dboVelRe(CPuDIB{2-24 (3H, s), 2.24 (3H, s), 3.13-3.19 (2H, m), 3.35-3.44

dimethylamino ethyl]-23§}4-methox -3,5-dimethylpyridin-2-yl)methy1]-2,7
GE. gy drbto AT 218 5 100 AL SN 5| 4 Az en ALy L] SibaitiatetoLF
(1}%%}% 5&?%183@)73 1ZHZ%)(EBH, s), 2.26 (6H, s), 2.28 (3H, 8), 2.47-2.51

4H,”70 (2H, S),’3.74 (3H,’s), 5.14 (2H, brs), 5.49 (2H, s), 6.60 (1H, s),

8. 1FMINSS)/z: 441 (M + H)”

(Example 106)

1) Mixture of di-tert-butyl {8'-amino-2'-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-7'",8'-dihydro-2'H-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)tetraazabenzo[cd]azulen]-4'-yl} carbamate

A mixture composed of di-tert-butyl {2'-[(4-methoxy-3,5-dimethylpyridin-2-
yhmethyl]-8'-0x0-7',8'-dihydro-2'H-spiro[cyclopropane-1,9'-
[6]thia[1,2,3,5]tetraazabenzo[ cd]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



ESEMSiniz: 426 (M + (Example 137) 1) tert-Butyl
{8-[2(1H-imidazol-1-ypethyl]-2-[(4-methoxy-3,5-
dimethylpyridin-2-y1)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cdla
zulen-4- yl}carbamate The titlé @mpound (11 rug, 37%) was obtained
as an oil by synthesis by the same method as in Example 135 using

t-butyl {8-(2-hydroxyethyl)-2-[(4-
b BRSSO Sy sl nhrsstgm mixure

walSlkaRzRReR k@&ﬂ&%ﬁl&%{z -%&&@Q@Hﬂ%ﬁ@g&ﬁ@&%@%@m? gﬁg&

imidazole (37 mg) as an amine. 'H-NMR

filtf3tklars) 113d aBlrh oSiq 2i8 V€24 Loticdrtrazdd 3ifdiér(Zddusdd réhs(BE] gl ACLON
(2H, 1, J = 7.1 Hz), 5.61 (2H, 5), 6.58-6.58 200 (LH, m), 6.95 (1H, t, S =

SO@WW’O@(&WWSE% 2epr) tor the Tesmltisl reidue,Sol{aRedhy; SxtrAcids,

M+H 2-
e e L
Th¥PMethyldid o ad Eniomlatbifat R3 st iagzanenzo m%}g%grﬁ"p@mg]?ts 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-yl)methyl}-7',8'-
dihydro-2"H-spiro[cyclopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[ cdJazulen]-8'-y1} -

N*-methylglycinamide

b

S

\_/

P N
Y

A mixture composed of the above 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
{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} carbamate (35
mg), dichloromethane (0.8 ml), N-(tert-butoxycarbonyl)-N-methylglycine (20 mg),
1-hydroxybenzotriazole monohydrate (11 mg), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hf/drochloride (27 mg) and diisopropylethylamine (36 pul) 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 triftuoroacetic

acid (0.5 ml) were added to the resulting residue, and the mixture was stirred at room



NNNTh N ?_SNN  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 tert-butyl 18-E2-

(1H-imidazol-l-ypethyll-Z-[(4-mait@(%xy-s,5-dimethylpyridin-2-yl)methylj-2,
7- dihydro-6-thia-1,2,3,5-tetraazabenzo[cdjazolen-4-y1l}carbamate (11

tendP@hrure SLIDNMASEDEHS) B q 220 r§)w§s§c%r§§éitéle&ﬁ%é??e%u%e§

.0 Hz), 3.65 (2H, s), 3,74 (3H, s), 4.18 (2H, t, J = 7.0 Hz), 5.16 (2H, brs),

prefsd@ (2, Shuak (bhiug) a8 (bhhiion waOgtds0dittihajesibhg1H,
s), 8.19 (1H, s). ESI-MSm;z: 449 (M H)1. (Example 138) 1) ten-Butyl
resiQuic4otheties §n 3 SrdimentiyiBy eelieroiymmethif @ganic layer was dried over

oo el 2 Tk A 23R e elsclap e
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 (CDCl5) &: 0.99-1.06 (2H, m), 1.09-1.16 (1H, m), 1.69-1.75 (1H, m),
2.22 (3H, s), 2.29 (3H, s), 2.38 (3H, 5), 3.33 (2H, ), 3.45 (1H, dd, ] = 14.5, 8.2 Hz),
3.72 (1H, d,J =14.5 Hz), 3.74 (3H, ), 3.87 (1H, t, ] = 7.9 Hz), 5.19 (2H, s), 5.39
(2H, s), 7.92 (1H, d, J = 7.8 Hz), 8.13 (1H, s).

ESI-MSmv/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[1,2,3,5]tetraazabenzo[ cd]azulen]-8'-yl} -N% N
dimethylglycinamide

y
1y R,

The title compound (12 mg, §5%) 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-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

{8'-amino-2'-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7',8'-dihydro-2'H-



The title compound (9 mg, 33%) was obtained as an oil by synthesis by
the same method as in Example 135 using ten-butyl
{8-(2-hydroxyethyl)-2-[(4-
methoxy-3,5-dimethylpyridin-2-yHmeghyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzoiedjazulen-4-yllcarbamate of Example 134 (27 mg) and a 2
N solution of methylamine in tetrahydrofuran (0.2 ml) as an amine.

SPIERINKARIEPCa3) B 21832{ 4, 57 [ arpabengp loddaziim | €)- 3 J4tpapmaty of
2.5 .t d =67 HZ)\2.83.(2 = 6.7.Hz), 3.72 (2H, s), 3.74 (3H,

Exg ,éf‘éig?éqlg- ,Ss)rf’ég.eaé}%(fé%f&}%%yé*fﬁ?ﬁ%s,l 13.‘%%’3(1& Si. ESI-MSiniz:
512 iR (CD,@D3-d(4-Methoxys3iSmeimeenylpyridin-2ryimethyik 8151 2-
(methylamino)ethy11-2,7-dihyciro-6-thia-1,2,3,5-tetrazzabenzolediazulen-

m)4aNiEFINSNBIZ3 (1 Fhdditle-chhfpBuh ey, A. el . 8D 095), wasSobtdiHdddas =

an amarphous by synthesis by the same method as in Example 111 using

15(helabave B b (G, 504 CLHLS).

methxAprdimeth yLrig'Bm-Z-yHmethyl]-8-12-(methylamino)ethyli-2,7-din
ydro-6- thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yllearbamate (9 mg).
'H-NMR (CDC13) 8: 2.22 (311, s), 2.29 (311, s), 2.45 (3H, s), 2.53 (211, t,
J=-6.5Hz), 2.82 (211, t, J 6.5 Hz), 3.69 (211, s), 3.74 (3H, s), 5.16 (21-I,
(Enpgypis 508)2H, s), 6.61 (111, s), 8.19 (1H, s). ESI-MSm/z: 412 (M + H)7

(E 39) .. 1)tert-Butyl. . .. .
(o AR a L SR S dimemnriin s imetils 7 iy
2'1:2125 ditydroststhia-1 923 Gitetraazahenze hinslh Rausn4: k- carhamate.

3-carboxamide
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S \NJ\NHZ

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-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
{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} carbamate of
Example 106-1) (35 mg) and tert-butoxycarbonylazetidine-3-carboxylic acid (21 mg).

'H-NMR (CDCl3) 8: 0.96-1.14 (4H, m), 1.69-1.77 (1H, m), 2.22 (3H, s), 2.31
(3H, s), 3.35-3.45 (1H, m), 3.51 (1H, 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 (1H,d, J = 154 Hz), 543 (1H, d, ] = 15.4 Hz),
6.74 (1H,d,J =59 Hz), 8.11 (1H, s).

ESI-MSm/z: 481 (M + H)"



The title compound (17 mg, 56%) was obtained as an oil by synthesis by
the same method as in Example 135 using tert-butyl
18-(2-hydroxyethyl)-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)miethyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-y1llcarbamate of Example 134 (29 mg) and a
2N solu(?on of ethylamine in tetrahydrofuran (0.5 ml) as an amine.

ExgniidYilz: 526 (M-IE)-  2)

8-[2+ | . 3 5-di ridin-2-yQmethyl-
e i e b e atieR i Sudtrpdiiek
spityclopréyinthesis was feriolinedbydhe samednethed asdndxample 11l

using the above tert-butyl

1842-(ethylamino)ethy1]-2-[(4-methoxy-3,5-dimethylpyridin-2-

yOm 1]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-ylicarba

mate (17 mq), followed by trituration with diethyl ether to obtain the title

und (4.4 mg, 31%) as a solid. 1H-NMR (CDC13) 8:1.31

HNSH, J‘\z 7.2 Hz), 2.21 (3H, s), 2.28 (3H, s), 2.7 (2H, t, I = 7.6 Hz), 2.97
(2R g% 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 (IH, s), 8.46 (1H, brs).
ES'_N%E_I‘%%I{MS%Qf di-tert-butyl {2'-[(4-methoxy-3,5-dimethylpyridin-2-

yhmethyl}-8'-oxo-7',8'-dihydro-2'H-spiro [ cyclopropane-1,9'-

[6]thia[1,2,3,5]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 45°C for three hours and at 55°C 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.



1) tert-Butyl 18-12-(cyclopropylamino)ethy11-2-[(4-methoxy-3,5-
climethylpyridyHmethy1]-2,7-dihydro-6-thia-1,2,3,5-tetraa_zaberizo[cd]azu
len-4- yllcarbamatc The title compound ( L6 mg, 51%) was obtained
as an oil by synthesis by the samejmmethod as in Example 135 using
tert-butyl {8-(2-hydroxyethyl)-2-[(4-
methoxy-3,5-dimethylpyridin-2-yHmethyl]-2, 7-dihydro-6-thia-1,2,3 5-
totrabr ADBh A6 elB B IR bathte. o Exaripld Tom (astind)0 (1E.

C amine id) mjne and, tetrahydrofuran (0.5 ml),as an
AU On TG ACHOH ot LOEMS izt B i iy > AR
Hz8-B27{Gyelopropybaminqethy 1}-2-1(4ymethaxy Jiddimethyipyridin-2rH, d, J

yl)methyl] -2,7-dihydro-6-thi a-1,2,3 ,5-tetraazabenzo [ed] azulen-4-amine
= 1PHeHitle £OM@ddUnd (6.3 mg, 48%) was obtained as an amorphous by

synthesis by the same method as in Example 111 using the above

tert Bk Va2 398 (M + 1) ’ ’

(cyclopropylamino)ethy11-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)rnethy11

-2,7- dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl}carbamate (16
(Efagple 110) 1H-NMR (CDC13) 6: 0.60-0.66 (21-1, m), 0.69-0.74 (2H,

m), 2.22 (3H, s), 2.29 (311, s), 2.32-2.38 (IH, m), 2.66 (2H, t, J = 7.5 Hz),

3.0 2Ming 2 {5t rd 2 fimgthalpsridn; Sy BT iy dro-2 H-

spi%égcgra’ %%2 %5';99[6?{ Dt 9,828 G DRl ER Mg 438 (M 204
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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'-oxo0-7',8'-dihydro-2'H-
spiro[cyclopropane-1,9'-[6]thia[1,2,3,5)tetraazabenzo[ cd Jazulen]-4'-
yl}imidodicarbonate of Example 57 (29 mg) and methanol (2 ml) under ice-cooling,
and then the mixture was stirred at 0°C 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.



1) tert-Butyl (2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-(2- pyrroli
din-l-ylethy1)-2,7-dihydro-6-thia-1 ,2,3 ,5-tetraazab enzo [azulen-4-
yl}carbamate 't) 0.4m, 'N-NH The title compound (11 mg, 34%) was
obtained as an oil by synthesis by th/@ same method as in Example 135
using tert-butyl f8-(2-hydroxyethyl)-2-[(4-

methoxy-3 5-dimethzé/l é;idin-Z-yl)me&%]-z,17-dihyciro-6-thia-1,2,3,5-

tetrakADERAShZGERN DAl A 15 Exbrhbie 152 (@13 ) - 56-

| BTER3S M e g sy B T 008
J 2t} 4-Methoxy-3.8;dinethrylipyidingsyOmethylp8«(@spyrmoidind tz), 5.41

ylethyl)-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine
(1K@ litreléohipouBd$4. 8, 53%) was obtained as an amorphous by

Symgg@ﬁé@%]&%%% r_p%hod as in Example 111 using the a'nove

tert
methoxy-3,5-dimethylpyridin-2-yllmethy1]-8-(2-pyrrolidin-1
-ylethyl)-2,7-clihydro-6-

(Ethianle?] 3]5-tetraazabenzo[cd]azulen-4-yl}carbamate (11 mg). 205

Methyl {4-[bis(tert-butoxycarbonyl)amino}-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)ymethyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cdjazulen-8-
yl}acetate

vt
N/

)

b® M
SR,
oAt

1) A mixture composed of di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-
2-yl)methyl]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd}azulen-4-
yl}imidodicarbonate of Example 40 (752 mg), methyl
triphenylphosphanylideneacetate (617 mg) and toluene (14 ml) was heated with
stirring at 60°C 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 (CDCly) & 1.43 (18H, s), 2.21 (3H, 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 (1H, s), 8.14 (1H, s).

ESI-MSm/z: 627 (M + H)"



(CDC13) 3: 1.99-2.03 (4H, m), 2.22 (4H, s), 2.29 (3H, s), 2.73-2.79 (2H,
m), 3.06-3.12 (6H, m), 3.73 (2H, s), 3.74 (3H. s), 5.19 (2H, brs), 5.49 (2I-1,
s), 6.59 (11-1, s), 8.19 (11-1, s), 8.47 (111, bra). ESI-MSmiz: 452 (M
(Example 142) 1) tert-Butyl 174
(842-(isopropylamino)ethy1]-2-[(4-methoxy-3,5-
dimethylpyridin-2-yOmethy1]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]
azu@n{-‘&{ﬁéﬁ%@m@t@xycafbﬁé}t Mrerdef pblfd e any; S1IaREs phtied

yl)?éﬁ%aﬂ?é‘ ?y Sgy Bogx}gﬂ{' Z? mererggg ggzgfcﬂazﬁmgl }g’caét'flcs Iaré

methoxy-3,5- dlmethylpyrldln -2- yOmethyI] 2,7-dihydro-6-thia-1,2,3,5-

tetraa nzoicdllazulen-4-yl}carbamate of Example 134 (29 mg),

isopro ine (25 itl) as an amine and tetrahydrofuran (0.5 ml) as an

amlnau@% reaction solvent. ESI-MS rriz: 540 (M-i-H)4 2)

opylaminG)ethyll-2-[(4-methoxy-3,5-dimethylpyridin-2-

yl) Iﬁ\ =dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine

206 0

(isopropylaﬁ%l’no)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-yOmethyI]-2,7

- dihydro-6-thia-1,2,3,5-tetraazabenzo{cdliazulen-4-y1}carbamate (16 mg.
A mixture composed of the above methyl {4-[bis(tert-

HO

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 (69 mg), methanol (2
ml) and a 1 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 m/z: 613 (M+H)"

3) Di-tert-butyl {8-(2-hydroxyethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]Jazulen-4-

yl}imidodicarbonate



(CDC13) 8: 1.07 (6H, d,1 = 6,1 Hz), 2.22 (3H, s), 2.30 (3H, s), 2.54 (2H, t,
J =6.5Hz), 2.80-2.88 (3H, m), 3.70 (2H, s), 3.74 (3H, s), 5.12 (2H, brs),
5.50 (2H, s), 6.62 (11-1, s), 8;19 (111, s). ESI-MSmiz: 440 (M + H)I
(Example 143) 1) tert-Butyl 175
{8-[2-(cyclobutylamino)ethy1]-2-[(4-methoxy-3,5-
ciimethylpyridin-2-y1)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzol[cdl|
azulen 4-)3/1} carbonate The title compound (20 mg, 62%) was
obtainéd as an oil by synthesis by the same method as in Example 134
using ter -butyl {8-(2-hydroxyethyl)-2-[(4-

HO ethaxy:3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-

e azulen-4-yl)carbamate of Example 134 (29 ma),

az

cyclo%utyé (25 td) and tetrahy-drofaran (0.5 ml) as a reaction
solvent, E S miz: 552 (M+H)7 2)
8-[2-(Cyclobutylamino)ethy1]-2-[(4-methoxy-3,5-dimethylpyridin-2-

ggg‘ﬁtﬁxﬂﬁ?ﬂﬁ@%@m{%}i%r%a%’Eatééﬁ%‘%%%%ﬂﬁ%%%l%%%@}f‘f' NS ve
{4-[bis(tert-butoxycarbonyl)amino}-2-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-8-yl }acetic acid (60
mg) and tetrahydrofuran (2 ml). Then, isobutyl chloroformate (39 ul) was added
and the mixture was stirred at 0°C for one hour. N-Methylmorpholine (44 pul) and
isobutyl chloroformate (39 pl) were added to the reaction mixture, and the mixture
was further stirred at 0°C 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 0°C 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 (CDCl3) 8: 1.43 (18H, s), 2.21 (3H, 3), 2.27 (3H, s),2.62 2H, t, ] =
6.0 Hz), 3.73 (3H, s), 3.79 (2H, s), 3.89 (2H, t, ] = 6.0 Hz), 5.66 (2H, s), 6.76 (1H, s),
8.15 (1H, s).
ESI-MSm/z: 599 (M + H)"



The title compound (8.0 mg, 49%) was obtained as an amorphous by
synthesis by the same method as in Example 111 using the above
tert-butyl 18-12-
(eyclobutylamino)ethylj-2-[(4-methoxy-3,5-dimethylpyridin-2-yOmethy1]-2,
7 dihydro -6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl}carbamate (20

111-NMR (CDC13) 3: 1.74- 1@2#{ m), 2.19-2.23 (2H,
m) @éz{ﬁséwwzw@wﬂgxzz%é@mefhé% ¥ oyl 2y -giyeiro-
4-3.3 9 (2H,.s (3H, s), 5.15 (2H, brs), 5.50
6- %ﬁl?zé)g’ eoBi %e(“%o[scr%é‘?ip %ZYE§)“F %ﬁma 452 (M (Example 144) 1)
tert-B utyl| (24(4-methoxy-3,5-dim ethylp yridin-2-yl)methylf2-[(3R)-
furan-3-ylamino]ethyli.-2,7-dihydro-6-thia-1,2,3,5-
nzolediazulen-4-yl)earbamate The title compound (10 mg,
s obtained as an oil by synthesis by the same method as in
135 using ten-butyl (8-(2-hydroxyethyl)-2-{(4-
5-dimethylpyridin-2-yl)methyli-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yHcarbarnate of Example 134 (29 mg), (R)-3-
aminoisixahy doefiganpoiibenastianaie- tilymg) @blydroxyethyl)-2-[(4-
cliisopropylefnylamine (50 ul) as amines and dehydrated

megpeTethyirskim aw&éf(cﬁ@ﬁyla@%thﬂﬂn?n’ér@mwé@f&r&nasé@érﬁ EST-MS

tetx?etﬁbégﬁ&lw c%l/aal dlm%ltﬂ ﬁ)%/?ld car. o é 6ﬂ%)8d{uz‘h[]((§fglethane (2 ml) and
trifR ARG yiaminalatnls gt?‘dé%}’t@l‘ﬁp@rm@e]f& %er hours. The

tetraazabenzo[cdjazulen-4-amine
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 (CDCl3) &: 2.22 (3H, s), 2.28 (3H, 5), 2.59 (2H, t, ] = 6.0 Hz), 3.72
(2H, s), 3.74 3H, s), 3.87 (2H, t, ] = 6.0 Hz), 5.18 (2H, brs), 5.50 (2H, s), 6.64 (1H,
s), 8.19 (1H, s).

ESI-MSnv/z: 399 (M + H)"

(Example 112)
Di-tert-butyl {8-(aminomethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
ylymethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-

yl}imidodicarbonate



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 (24(4- methoxy-3,5-dimethylpyridin-2-yl)methy11-8-

{2-[(3R)-tetrahydrofuran-3- 177
ylaminolethy1}-2,7-dihydro-6-tinti-1,2,3,5-terraazabenzo|[cd]azulen-4-yl)ea
rbam e (10 mg). 1H-NIVIR (CDC13) ft 1.68-1.76 (1H, m),

2.802.88 (21-1, m), 3.37-3.43 (1H, m), 3.57 (1H, dd, = 8.9, 4.0 Hz), 3.70
(21-1,d, S = 3.7 Hz), 3.74 (3H, s), 3.75-3.84 (2H, m), 3.87-3.93 (1H, m),
HNG, 14L(2H), %rs), 5.50 (2H, s), 6.62 (1[1, s), 8.19 (1H, ). ESI-MS 468 (M

2'04%;?5 (1I-1, m), 2.22 (3H, s), 2.30 (31-1, 5), 2.53 (2H, t, J = 6.5 H2),

( . 5) 1) tert-Butyl
12-[(4-rg§'§><y-3,5-dime,thylpyridin-2-yOmethyI]—8-(2- impend in-1
-ylethyl)-Z57-dihydro-6-thi a-1,2,3,5-tetraazab enzo [cd] azul en-4- yl }
carbamate 209 The tide compound (25 ma, 75%) was obtained as an

oil by) sypthests bynthessameneeiiotas; i Exampie,d3Bdssnantart putyk-
{8-(2-hydroxyethyl).-2-[(4-

mehethoky-8isdinyatiwipyridiyl Bstbiriethyljdyddingeboac-thinst, 2,3,5-
tetraazabenzolcdiazulen-4-yl)carhainate of Exargzgle 134 (29 m

AR RARRE 597N il ARSI RS i & Bk o SBRabsphor
azi'C:IQBM %W%e%@@a%@_&@ ul) and benzene (2 ml) was heated with stirring at a

bath temperature of 55°C for two hours. The reaction mixture was concentrated
under reduced pressure. Tetrahydrofuran (8§ ml) and a 1 N sodium hydroxide
solution (4 ml) were added to the resulting residue, and the mixture was heated with
stirring at a bath temperature of 55°C 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.

ESI-MS m/z: 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
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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-buty! {8-(aminomethyl)-



2) 2-[(4-Methoxy-3,5-dimethylmidin-2-yOmethyl]-8-(2-piperidin | -ylethyl)-
2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-amine The title
compound (16.8 mg, 83%) was obtained as an amorphous by synthesis
by the same method as in Example7t11 using the above ten-butyl {2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methy1]-8-(2-piperidin-I-ylethyl)-2,7-dihy
dro-6- thia-1,2,3,5-tetraazabenzo|[cd]azulen-4-y1)carbamate (25 mg).

2- [(ﬁmeimwmmkwlmm@lﬂmmthwﬁé’ef?glbwmcihmﬂ, 2P(3H, s),

H, ), 2.39-2.46 4H  248-2.56 (4H. m), 3.70 (2H, 5), 3.74 (3H
tetr%?@q%‘%ﬁ%dﬁ%‘)‘%‘ﬁgyéﬁ“ CRIDORY ! % rs(]lH s). ESI- Sz 466

(M + iR }‘86); %M@'itr'%‘)‘% i@(b?ﬁ(%)ﬂs'%f@@ff“s?'mz (2H, s), 3.74

-yl)ethyl]-2- 4-meth oxy-3,5-dim’e
(3}§/Ipyﬁdm-&&ﬂ)meﬂ'@}lléﬁﬂ@by&q%ﬁ{tm}a&w 3i5Hejraazab enzo {cdlazul
en-4- yllearbamate The title compound (9 mg, 27%) was obtained as
Wﬁeé%&%ﬁeﬁéame method as in Example 135 using tert-butyl
(8 (2 hydroxyethyl)-2-[(4-
methoxy-3,5-dimethylpyridin-2-yOmethyl]-2,7-dihydro-6-thia-1,2,3,5-

(Eg@ggﬁzgmnzo[cd]azulen -4-yllcarbamate of Example 134 (29 mg),
3-fluomazetidine hydrochloride (23 mg) and

1,8-2iezaicyinisidiefimehpipoeden(26ylnataines antodetydiaedyl)-

dimethyl sulfoxide (0.5 ml) as an ami at| n reaction solvent. EST-MS m/z:
2 75@gy@}7|¥_1§ hl%l ,2,3,5~ tetraaza enzo|c azu en-4- arm%e

842-(3-Fluoroazetidin-l-ypethy11-2-[(4-methoxy-3,5-dirnethylpyridin-2-
yOme\ 1-2,7-dihydro-6-thia-H2,3,5-tetraazabenzo[cd]azulen-4-amine

N/
s} o
A mixture composed of di-tert-butyl {8-(aminomethyl)-2-{(4-methoxy-3,5-
dimethylpyridin-2-yhmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-
yl}imidodicarbonate of Example 112 (20 mg), 90% bis(2-bromoethyl) ether (10 pl),
potassium carbonate (9.5 mg) and acetonitrile (0.3 ml) was heated with stirring at
55°C for 24 hours. Water was added to the reaction mixture, followed by extraction
with chloroform. 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



The title compound (4.6 mg, 65%) was obtained as an amorphous by
synthesis by the same method as in Example 111 using the above
tert-butyl T842-(3- :

fluoroazetidin-l-ypethyl]-2-[(4-metHo¥y-3,5-dimethylpyridin-2-yemethyl]-2,7
- dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-y1}carbamate (9 mg).

o SRR AT DA R S A P

amb2ghdus), 3.74 (311, s), 5.00-5.20 (1H, m), 5.11 (211, s), 5.50 (21-1, s),
6.58 (1H, s), 8.19(111. s). EST-MSnag: 456 (M + H)7 211 1) tert-Butyl
{B42H eVt IANIAG)ethy DA (3H(4)nTeBoyH3 - diffetApyiitling 3.14 (2H,
-yDrnethyl] -2,7-dihydro-6-thia-1,2,3 5-tetrazizaben§‘oﬁ{:diazulen-4-y1}

9): daftbithiate’ = 4 b 1l EXmSounr( 1 mY; 2496 WaS oBtaHAl a8-4ndi
m?ys synthesis by the same method as in Example 135 using tert-butyl
8-(2-hydroxyetlny1)-2-[(4-
methgxw3a/dimethpyridin-2-yemethy11-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}carbamate of Example 134 (29 mg);
diethylamine (90 hp and tetrahydrofuran (0.5 ml) as a reaction solvent.

(Example 114)
N-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-2,7-dihydro-

6-thia-1,2,3,5-tetraazabenzo[ cdjazulen-8-yl ymethyl)acetamide

b

B

\_/

OJ\H P
74 Z N

Lok

s NH,

A mixture composed of di-tert-butyl {8-(aminomethyl)-2-[(4-methoxy-3,5-
dimethylpyridin-2-ylymethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-
yl}imidodicarbonate of Example 112 (20 mg), pyridine (8.3 pl), acetic anhydride (5
ul) and dichloromethane (0.5 ml) was stirred at room temperature for 20 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 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.



ESEMS mk: 554 (M+H)e 2)
842-(Diethylamino)etlaylj-2-{(4-methoxy-3,5-dimethylpyridin-2-
ynefny11-2,7-dihydro-6-thia-1,22,5-tetraazabenzo[cd]azulen-4-am ne
The title compound (8.9 mg, 77%)M@és obtained as an amorphous by
synthesis by the same method as in Example 111 using the above
tert-put

e N D O AT 0. B e, I 2 e R
(2}@ 8“367 iacl, ,%%geggaaapenégg[ L;g%ggﬁy%e@%qt@(%@@}{ t,

H-NMR (CDC13)8: 1.03 (6H, t 2 Hz (3H, s), 228 (3H,'s)
~—24487H2)48dd (1 9)2, 6.2 Hz) 2. 56 (4H, q, 3=7.2 Hz), 2.68 (2H, dd, J =
92, 6.2 Hz), 3.70 (2H, a), 3.74 (3H, s), 5.15 (2H, s), 5.49 (2H, s), 6.58 (1H,
s), E80-Memey RETMUSHZ: 454 (N/I. + EI)1 217 (Example 148) 1)
tort-Butyl (8-(2-azetidin- 1 -ylethyl)-2-[(4-methoxy-2 ,5 -dimethylp yl)m
thyl-}-~ 7- dih ydro-6- thi a-1,12,3 ,5-tetraazab enzo [cd]azulen-4-y1)
ate The title compound (10 mg, 31%) was obtained as an oil
by synthesis by the same method as in Example 135 using tert-butyl
18-(2-brdvomiyetty (-2 (doxy-3,5-dimethylpyridin-2-yl)methyl}-2,7-dihydro-6-
methoxy-3,5-dimethylpyridin-2-yHmethyl]-2,7-dihydro-6-thia-1,2,3,5-
thl?eﬂréa”zg Fé)ﬁaﬂ l}cga ﬁ‘ﬁ%li?é“’é@%xample 134 (29 mg),
azetidine hydrochlorlde (27 mg) and 1,8-diazabicyclo[5.4.0]-7-undeecne
(39 pi) §>ﬂines and dehydrated dimethyl sulfoxide (0.5 ml) as an
aminat action solvent.

HN o '/“'NB

A mixture composed 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}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 pl) 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



ESI-MS ink: 538 (M+H)+ 2)
8-(2-Azetidin-1-ylethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)metbyl]-
2,7-dihydro-6-thia-1,2,3,54eimazabenzo[cd]azulen-4-amine The title
compound (7.7 mg, 75%) was obthfited as an amorphous by synthesis by
the same method as in Example 111 using the above tort-butyl 1.8-(2-
i Dr2:1(4 ng(;gﬂ 1
pmgég& 69%365? %D{ %g%[leftlrzggz%{gg%ﬁ%%zulen élclpr ﬁ%&%ﬁﬁ%ﬁ%%obﬁg&mw
titltHNMR{CDEC 1305 R)03-ds10s(2Hd, m), 2.22 (3H, s), 2.28 (3H, s), 2.33
(2H t,J=7.6 Hz), 2,60 (2H, t, 1 =7.4 Hz), 3.20 (4H, t, J = 7.0 Hz), 3.68
(2H, %)NMM@PCIsy@Dl@@@ 32% (48 (3H28)7 6351 @u& ?é/)(%%@(ﬁlw s).

SR (U R ISR O B St

1-tetrahygi;2HsSoyer6-thja-1,2,3 ,5-tetraazadibenzo[cd, hjazulen-4-amine
A mixture composed of 4-di-(tert-butoxyearbonyl)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
(Ex37R5 | pbtassium carbonate (19 mg) and dimethyl sulfoxide (0.5 ml) was
stirr t iQn
it T o it Aoy At T CRa I

thlwa,szbg,e-w%&amﬂ;hmp&ga&nagl@ywmm@m@a@ﬁw hydrous sodium
sulfate and filtered. Then, the filtrate was concentrated under reduced

pressure.\Dichloromethane (2 ml) and trifiuoroacetic acid (0.5 ml) were
addedto(the resulting residue, and the mixture was stirred at room
tempe%e for three hours. The reaction mixture was concentrated under
pressure. A saturated sodium bicarbonate solution was placed
th& risulting residue, followed by extraction with chloroform. The
orgaﬁlc'\ia)b‘é!r was dried over sodium sulfate and filtered. Then, the filtrate
was concentrated under reduced E)ressure The resultlng residue was

purifie® By sarcangenthinday@echromaratapiNreis ot B smibss &
thé g{%@ r%e?h%geag an&%%qﬁe(]f%éu@gg %Q 1@13%@9( %ng{ycarbonyl)ammo} 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 (CDCl:+CD30D) 8: 2.24 (3H, s), 2.28 (3H, 8), 2.79 (3H, d, ] =4.7
Hz), 3.24 (2H, ), 3.76 (3H, s), 3.80 (2H, s), 5.49 (2H, s5), 6.59-6.64 (1H, m), 6.66
(1H, s), 8.14 (1H, s).

ESI-MSmy/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



11-1-NMR (CDC13)6.: 1.94 (2H, tt, J = 6,4, 5.0 Hz), 2.23 (3H, s), 2.33
(3H, s), 214 ESI-MSm/z: 411 (M (Example 150) 1) D i-tert-butyl
f91,9-difluoro-2-[(4-methoxy-3,5-dimethyipyridin-2-
yl)methyl]-8-ox0-2,7,8,9-tetrabydrq-€thia-1
,2,3,5-tetraazabenzo|cdlazulen-4- yllimidodicarbonate 60% sodium
hydride (8 mg) was added to a mixture composed of
4-di-Pert-Qutoxycarbonyllamino-2-(4-methoxy-3,5-dimethy1-pyridin-2-ylm
T x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene of
40 (57 mg) and dehydrated dimethyl formamide (1.5 ml) under
/\N' - ng, and the mixture was stirred at OC for 15 minutes. Then, a
iop §f N-fluorobenzenesulfonimide (63 mg) in dehydrated
diméthylfotfaamide (0.5 ml) was added dropwise, and the mixture was
stirred at OC for 20 minutes. Water was added to the reaction mixture,

foll WA LSRR (it e etateo PEMBAC et SRIRY RERSHSY the

sa B R o P
metitle coBpOndBS3Hasidue] (82 mg)-wasdabfaroaedtas anglsAlthough the

product contained impurities, it was directly used for the next reaction.

tetayaptydnsd grelud rat pesdaneih oxyE gaBrdlienethyAdymdinendylh 2,7
dlmeigy %rrl?nglgy%roc&l Io% e%?.% N t?trauzabenzo [cc!] azul en-8-ol 215 H.

'H-NMR (CDCls) 8: 2.22 (3H, s), 2.28 (3H, 5), 2.97 (3H, s), 3.05 (3H, s), 3.41

(2H, s), 3.74 (3H, 5), 3.81 (2H, 5), 5.13 (2H, brs), 5.50 (2H, 5), 6.61 (1H, s), 8.19 (1H,

s).
ESI-MSmy/z: 440 (M + H)™

(Example 118)
{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
b

\_ 7
0O N-
4

/ s

HO.

4

ST ONTNH
o] —%

1) A mixture composed of methyl {4-[bis(tert-butoxycarbonyl)amino]-2-[(4-
methoxy-3,5-dimethylpyridin-2-ylymethyl}-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



Sodium borohydride (6 mg) was added to a mixture con:Tose(' of the
above di-tert-butyl
{9,9-difluoro-2-[(4-methoxy-3,5-dimethylpyridin-2-yOmethyli-8-0x02,7,8.9-t
etrahydro-6-thia-1,2,3,5-tetraazabaizo[cd]azulen-4-yllimidodicarbonate
(41 mg) and methanol (2 ml) under ice-cooling, and the mixture was
stirred at OC for 30 minutes. Water was added to the reaction mixture

VBB By EXERAOrPYTHEthy Y aCetald YFReCBITAMRSIAy_ AR WaisHE
to %@{g%\é{%gﬁ{ éa%%%lﬁm&x&%é{%%%% dig &Yt%fc%?&’é%‘n%‘."faf%eag'%&'r&%% er
Then, t e% trate was concen rateélun er reduced pressure.

wabighlesamedhaner(2 ead) mad: triftuoragsetisnacid (0:bimiovare addedita the
resulting residue, and the mixture was stirred at room temperature for four
(I'Roms. 97fe psaetisRamiikawe was concentrated under reduced pressure,
and %}2 ulting r%s'@& as purified by reversed phase liquid
chro ifé%%ﬂﬁy% obtai }he titte compound (8.7 mg, 42% in total from
Examnie{ar.%ﬁmz@!ﬂqnahox A3-ENMR &&@@%&%ﬁgﬂ,ﬁm -
(3H, s), 3.47 (21-1, dd, J = 15.5, 7.6 Hz), 3.53 (111, d, 1=15.9 Hz), 3.75
6-i{8i ] 9,34 884 H6hEhy aivy [azBdef2HyBrY; StyTa(2tdnsdie8.14 (1H, s).
ES1-MSnnz: 409 (1vl H)' (Example 151) 1) 1 -(2-Amino-4,6-di
chloropytimydin-5-yljprop-2- en-1 -01 ci H,NAN- CI
2-Aming-4}6-dichloropyrimidine-5-earbaldehyde (100 g) was suspended in
tetrahyd?g%ljran (4000 ml), and a 1 N solution of vinylmagnesium bromide
im¢etraliydrofuran (2200 g) was added dropwisc under ice-cooling. After
completiont’ 216 of the dropwise addition, the mixture was stirred under
ice-coﬁliﬁg f8F two hours. Water (2000 ml) was added to the reaction
soluh'%g, %%d the solution was made acidic with a 1 N h;@rochloric acid

solu GOHAS Y bwe By S Palad A MAREHAS PACSGRY, FREGHGARiche
sty GlepRS 9§ iﬁf@éﬁ%ﬁ@%ﬁhﬁﬁ(@% %Bgvféltﬁfﬁf{e;gu@(&%g%onF/I)amino]-2~

concentration. Methanol was added to the resulting residue, followed by
[ (4stiteihgfor3ahdihatinyTHye disalub)e aiatbo wadifiltteted-offa-arj3se filtrate
was concentrated under reduced pressure. The resulting residue was
tetiRerByl sidada-SothmprbR Rsiddbrapan tetiyr axarstaverepiredny 1o
m@btain the title compound (50 g, 49%) as a solid. ESI-MS tniz: 220 (M+HTr

'H-NMR (CDCl5+CD;0D) 8: 1.13 (3H, t, ] = 7.4 Hz), 2.23 (3H, s), 2.29 (3H,
s), 3.25 (2H, s), 3.29 (2H, dt, T = 13.0, 7.4 Hz), 3.75 (3H, ), 3.78 (2H, s), 5.32-5.35
(2H, m), 5.50 (2H, s), 6.06-6.12 (1H, m), 6.68 (1H, s), 8.16 (1H, s).

ESI-MSmy/z: 440 (M + H)"

(Example 119)
2-{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl]-2,7-dihydro-6-

thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl }-N-[(3R)-tetrahydrofuran-3-yl]acetamide
b
v
O
/YN
&SN,



2) 2-[(4-Methoxy-3,5-dimethylpyridin-2-yOmethylk2H-6-,2,3,5-
tetraazaacenaphthylen-4-amine 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-amifb-4,6-
dichloropyrimidin-5-ypprop-2-en-I-ol. ESI-MS m/z: 341 (M-(H)I.

H, d, I

LN COCRIG A2 s o0l ) <90 r) s
sarks Iﬁ'reﬁ)e&%§m%r&§@ 115 ushn {4—E(tert-butoxycarbo_ny_l()j:n_mino]-2-[(4—

4-Chloro-3-[(2,2-dimethyl-1,3-dioxolan-4-yOmethyl]

methethaxyhenzdy)dt-Pyrazadipiddydjpyrimidinko-ardine1 21375- A solution
of triethylamine (29.1 ml) in dichloromethanc; (100 ml) was added to a
tetigpzabeBZebiAEEk@oF 1} acetic acid of Example 118 (21 mg) and (R)-3-

T e

olan- an-l-one ethoxybenzyl)-hydrazine

hydigeierdetie4. 1 ghanig) siichigromethane (400 md) 1naer Gaplingsinan

ice bath over 15 minutes. After stirring under cooling in an ice bath for 1.5
s), BAGr&} R ©) 23N hi2iochlSris 4¢Hd, sdiutior® ¢l 000 Ial), #43-adde@ b thie 3.76
reaction mixture, followed by extraction with dichloromethane (400 ml).
hyg (prs), 5.49

Gt orgfakiEliayet- Wak Washed With Bride (GO0 ridf amdd dtidd
(Z%ﬁ%gr{:%ﬁgﬁgj@§w gl;&uga}e: ﬁt%{rzlf)i,ltgaf%q},ébggﬁltrate was concentrated

pressure, The resulting residue Wwas purified by silica gel
colupsn-Kteeraatsgapy-(Ethyl acetate-chloroform) to obtain the title
compound (16.5 g, 78%) as a solid.
(Example 120)
2-[(4-Methoxy-3,5-dimethylpyridin-2-y)methyl]-8-(2-morpholin-4-yl-2-

oxoethyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-amine

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-1,2,3,5-
tetraazabenzo[cd]azulen-8-yl}acetic acid of Example 118 (21 mg) and morpholine
(11 ulb).

'H-NMR (CDCl5) &: 2.23 (3H, 5), 2.29 (3H, 5), 3.42 (2H, d, ] = 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 =12 Hz), 8.19 (1H, s).

ESI-MSmv/z: 482 (M + H)”



1H-NMR (CDC13) 8: 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 (1H, 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 HA 7.24 (2H, d, 3 = 8.5 Hz).
ESI-MSm/z: 404 (M + H. 2) Di-tert-butyl
E)%%1-ehlo -g-[(Z,2-dimethyl-l,3-dioxolan-4-yOmethyI]-1-(4-
( 1@@1{8 nzyl)-1El-pyrazolo[3,4-d]pyrimiciin-6-yijimidodicarbonate NN N
N, 3184 e Rimethylaminonyriclines( R SGTH i 1
oottt R ) o s 1 e o0 ot e e
ylethehlaro-3if (2 -dimethiyh B, 3-tetraazabenzo[ cd]azulen-4-amine
dioxolan-4-yl)methyl]-1-(4-methoxybenzyl)-1H-pyrazolo[3,4-d]pyrimidin-6-
amine ( 1 6.5yg) and tetrahydrofuran (400 mL), and then the mixture was
stirred at r00m temperature for 12 hours. The reaction mixture was filtered
and then thé -filtrate was concentrated under reduced pressure. The
TS in idue was purified by silica gel column chromatography (ethyl
%Ce%@%k%@be) to obtain the title compound (22 g, 89%) as an oil.
11-1-NMR [CBE13) 8: 1.37 (3H, s), 1.40 (3H, s), 1.45 (18H, s), 3.25 (1H,
dd, J=15.1, 7.1 Hz), 3.52 (1H, dd. 3 =15.1, 5.0 Hz), 3.73-3.81 (111, m),

3.77- 05 camapoppsl §L 53 128y /3 eV ep S81ARE AHE SRYIEDrE YateYs B
thelrhd Blipoa hd e danlsta %?’5(%51_&% )%%é%tbu%x%ag@@lﬁam%%zﬂ@.d’

J =7.8 Hz). ESI-MSm/z: 604 (M 3) Di-tert-bu
meffeehlde-3it2eBradibyedoxypyOmethyl]-2,7-dihydro-6-thia-1,2,3,5-

44-methoxybenzyl)-1Hpyrazolo[3,4-d]pyrimidin-6-y1)irnidodicarbonate
tetraazabenzo[cd]azulen-8-yl}acetic acid of Example 118 (21 mg) and N-(tert-
butoxycarbonyl)-piperazine (23 mg).

'H-NMR (CDCl;) 8: 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, 5), 3.81 (2H,
s), 5.24 (2H, brs), 5.50 (2H, ), 6.62 (1H, s), 8.19 (1H, s).

ESI-MSm/z: 481 (M +H)"

(Example 122)
2-{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yD)methyl}-2,7-dihydro-6-

thia-1,2,3,5-tetraazabenzo[cd]azulen-§-yl } -N-(trans-4-hydroxycyclohexyl)acetamide

b
HQ Nz
Z:} e} l/\l~N
I
57 N7 NH

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-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-



The above di-tert-butyl (4-chioro-3-[(2,2-dimethyl-1,3-dioxolan-4-

yOmethyl)-1-(4-methoxybenzyl)-1H-pyrazolo[3,4-dipyrimidin-6-

yl}limidodicarbonate (22 g) was dissolved in methanol (400 ml).

Pyridinium ptoluenesulfonate (10 g)8as 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,
st

By HITUERSH ISR P S 06 ). Fha 8l dBthicaryar was

ami’ﬁ@?!p&gh‘é@ctg}ngiﬂ% r’ﬁ@ﬁj then dried over anhydrous sodium 219 sulfate.
After filtration, the filtrate was concentrated under reduced pressure to

obtaintheritleDompeUNd4IRS RIA5H) asan amerphews.|RSIMS miz; m),

564 (M)-11)+, 4) Di-tert-butyl (4-chloro-3-(2-hydroxyethyL- |
223(@@?%@%03&8&6?}%&)71}4%;(?&%0% BAd éﬁrﬁ%ﬁﬂiﬁﬂ—)@-&@iﬁq%diéérbﬁn3a'ié 0
<3}§b‘°|'35v3e 7 iﬁﬁg‘ﬁ‘yﬁ 9008109 48 ddded 1o mixtre, gompesed ofthe

{4-c§[:gr_@;1§-r@z$ﬁi@¥gqu;q§fopy1)-1-(4-methoxybenzyl)-lH-pyrazolo[3,4-
d]pyrimidin-6-y1}imidoclicarbonate (10 g), tetrahydrofuran (100 ml),
methanol (100m1) and water (100 ml) under cooling in an ice bath, and
the mixture was stirred at room temperature for one hour. The reaction
(Expnpite dHs separated with water (600 mL) and ethyl acetate (400 mL).

The ic laver, ith brine,.and then,dried qver.anhydrous
s,odizl%:)r{ng %T%%Y%r%d |I?e?ggaﬁggz?%@'ﬁ}?g}%x\?\lgjégéglrﬁ%%tnﬁgt&g tnder
yhreeuoethpressyies Wethangl {20ela s afdedAe sherigsuing 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 {fixture, followed by extraction with ethyl acetate (300 ml) twice.
Then, th /rganic layers were washed with brine, The organic layers were

Cglqriﬁ%\m%anhydrous sodium sulfate and filtered. Then, the filtrate was
concent

qtéd under reduced pressure and the solvent was evaporated to
obtaintheMith'compound (8.5 g, 90%) as an oil.

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-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 azetidine
hydrochloride (14 mg).

'H-NMR (CDCl;) &: 2.23 (3H, s), 2.28 (3H, s), 2.28 (1H, q, J = 7.7 Hz), 3.15
(2H, s), 3.72 (1H, q, 1 = 7.7 Hz), 3.75 (3H, s), 3.83 (2H, s), 4.05 (2H, t, ] = 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-MSm/z: 452 (M + H)"

(Example 124)
[(2S)-1-({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 } acetyl)azetidin-2-ylJmethanol



ESI-MS miz: 534 (1\4+1-Ir. 5) Di-text-butyl

(2-(4-methoxybenzyl)-7,8-dihydro-2H-6-thia-1,2,3,5-

tetraazaacenaphthylen-4-y1) imidodicarbonate NN N LSNNOOO

The above di-ten-butyl 14-chloro-342-hydroxyethyl)-1-(4-methoxybenzy1)-

1H-pyrazolo[3,4-d]pyrimidin-6-yllimidodicarbonate (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
HOxac('gion S0 ution was diluted with dichloromethane and ethyl acetate and

y > yith water. Then, the organic layer was dried over anhydrous

h - N . .

sodiu |fate and filtered, and then the filtrate was concentrated under

reduceg pressure. The resulting residue was dissolved in

N, Nl ' Msho sodium bisulfide .manohydrate (1.5

o) P et R A L s b

theremmeveeiaachiie Mmixtipeewas ghitied 4qyenebaiyRaiassiumigsrbonate
(3.3 g) was added to the reaction mixture, followed by further stirring for

meth® ¥io s ety 1 00b iy Wascduded, toddhe dembtibierhikidue, followed by
extraction with dichlgpromethane (500 ml) twijce. organic layer was .

AR EFHEE At TR GHE O b AT oD s SAT

2-yiitratian he flfrate;was concentrated under reduced pressure. The
resulting residue was purified by silica gel column chromatography (ethyl

acetateThEX408)I0 ohtainiaHite, Comphandl(8, 8y, 749385 §n0il7 (21,
11-1-NiVIR §7CDC13 8: 1.46 %L_%H, s), 3.23 (211,t, J =6.1 H?@, 3.50 (2H t,
s), 6:45K,5033F7 1811, 79) (Fha kAP SV 8.62-6.84b19 (38, mpd-90s1. G {11,

m)gg?‘%ﬁ%ﬂérgﬁog%r%é%52%5(%§f5528a%% %%pﬁt’hylen 4 amine

BSI-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[ cd]azulen-8-yl } -N-[(3S)-tetrahydrofuran-3-yljacetamide
L b
=

4
SR
aa's

s \Nj\NH

The title compound (12.6 mg, 54%) was obtained as a solid by synthesis by

Z

2

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 (R)-3-
aminotetrahydrofuran p-toluenesulfonate (38 mg).

"H-NMR (CDCl5+CD;0D) 8: 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, ] = 9.6, 2.6 Hz), 3.73-3.84 (3H, m), 3.76



221 Anisole (2.5 ml) and trifluoroacetic acid (30 ml) were added to the
above diten-butyl (2-(4-methoxybenzy1)-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-yl}limiclodicarbonate (6.0 g). The mixture was
stirred at room temperature for 16 I3urs 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. Th
Ot hraeiiatedistlidWad Hteel ot htPAstEa wH Sl acetar o Bt
he, titl 78%) as a solid. (DMSO-D6) 3: 3.06 (2H, s),

R R 0
2-(uenelisnz2y hrsethyl)+7£8-dihydro-2H-6-thia-1,2,3,5-
tetraazaaeenaphthylen-4-amine A mixture composed of the above
7,8-clihydro-2H-6-thia-1,2,3,5- tetraazaacenaphthylen-4-amine (30 mg),
(E)fﬁ;écrfg[oggfethyl)quinoline hydrochloride (51 mg), potassium carbonate (98
}3 nd climethylformamicie (1 mL) was stirred at 60C overnight. The
'nS%upleArﬂgﬁ@w@ﬁﬁ%m%%@&wm%yﬂeir@@-%%alﬁa?@gb@nwy@%-
evaporated in a nitrogen stream. The residue was purified by reversed
thiphase, fiqeic clatomad dgiaphig(etcetoirjlg RokRie2acid) to obtain the title
compound (19 mg, 35%) as an amorphous. IH-NMR
hygromiesiepeyblioriemide 6.1 Hz), 3.46 (2H, t, J = 6.1 Hz), 5.44 (2H, s),
5.68 (2H, s), 7.17 (1H, d, J = 8.5 Hz), 7.52 (11i, dd, J = 7.6, 7.6 Hz), 7.69-
7.78 (211@ 8.11-8.07 (2H, m). ESI-MSni/z: 335 (NI -- H.
N/

HO\\i 0 -
4

e
s\N/L

NH,

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 (CDCl3+CD;0D) &: 1.37-1.47 (1H, m), 1.58-1.71 (2H, m), 1.73-
1.84 (1H, m), 1.91-2.01 (1H, m), 2.07-2.17 (1H, m), 2.23 (3H, 5), 2.29 (3H, s), 3.26
(2H, s), 3.76 (3H, s), 3.79 (2H, s), 3.80-3.88 (1H, m), 3.95 (1H, dd, J = 12.7, 5.9 Hz),
5.40 (2H, s), 5.49 (2H, s), 6.62 (1H, d, ] = 4.9 Hz), 6.67 (1H, s), 8.15 (1H, s).

ESI-MSm/z: 496 (M + H)"

(Example 127)
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-[(1R,2R)-2-

hydroxycyclopentyl]acetamide



212 (Example 153)
2-(Isoquinolin-2-ylmethyl)-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine The title compound (19 mg, 35%) was
obtained as an amorphous by the §8%ne method as in Example 152-7)
using 7,8-dihydro-2H-6-thia-1,2,3,5- tetraazaacenaphthylen-4-amine of
Example 152-6) (30 mg) and 2- (chloromethyDisoquinoline hydrochloride
(49mg). \ b 1H-NMR (CDC13) 8: 3.16 (2H, t, J = 6.1 Hz), 3.47 (2H, t,
J = 6.1 Hf),5.42 (2H, s), 5.65 (2H, s), 7.45 (1H, s), 7.57 (1H, dd, J = 8.0,
Hz) 7.66 (1H, dd. J=8.0, 8.0 Hz), 7.75 (111, d, J = 8.0 Hz). 7.95
(1IH °8 8.0 Hz), 9.23 (1H, s). ESI-MSmiz: 335 (M + H. (Example 154)
2- [(3- ro QEG -ethoxypyrid 2-yHmethy1]-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaﬁhthylen -4-amine -'04)=--hBr N-N N

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-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 (18,28)-2-
aminocyclopentanol hydrochloride (14 mg).

'H-NMR (CDCl;+CD;0D) &: 1.37-1.47 (1H, m), 1.59-1.71 (2H, m), 1.74-
1.84 (1H, m), 1.92-2.02 (1H, m), 2.07-2.17 (1H, m), 2.23 (3H, s), 2.29 (3H, s), 3.26
(2H, s), 3.76 (3H, s), 3.80 (2H, ), 3.82-3.87 (1H, m), 3.95 (1H, dd, J = 12.7, 5.9 Hz),
5.49 (2H, s), 6.61 (1H, d, ] = 4.9 Hz), 6.67 (1H, s), 8.15 (1H, s).

ESI-MSmy/z: 496 (M + H)"

(Example 128)
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-cyclopropylacetamide
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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-ylymethyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-yl}acetic acid of Example 118 (25 mg) and

cyclopropylamine (10 ul).



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-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and
3-bromo-2- bromomethyl-6-ethoxypgridine hydrobromide (59 mg). 223
IFI-NMR (CDC13) 6: 1.41 (3II, t, 3 - 7.0 Hz), 3.19-3.13 (1H, m), 3.48-3.45

IH 3,79 (111, q, 3 -=7.0 Hz), 4.00 (lll, brs), 4.38 (211, q, J=7.0 Hz),
SO S GD Th & § T8 (T 1 20 6 R0 Bt
o SNty S Db LA s B B9 54 it

s), tetppzaageraphtinllen-4-amine The title compound (5 mg, 14%) was
obtained as an amorphous by the same method as in Example 152-7)
usingSEBLEMIAS 216t~ 1,2,3,5- tetraazaacenaphthylen-4-amine of
Example 152-6) (25 mg) and 2-chloromethyl-5- methylpyridine
hydrochloride (38 mg)  'H-N1VIR (CDC13) 6: 2.38 (311, s), 3.14 (211, t,

(Exlaﬁﬁellljgz), 3.45 (211, t,J = 6.1 Hz), 5.47 (211, s), 7.00 (111, d, J = 7.8
Hz), 7.44 (11-1, d, 3= 7.8 Hz), 8.24 (1H, s), 8.41 (111, s). ESI-MSmiz:
299 (WK HAmikxarn@lentia)x y-3,5-dimethylpyridin-2-ylymethyl]-2,7-dihydro-6-

thia-1,2,3,5-tetraazabenzo[ cd]azulen-8-y1 } acetyl)piperidin-4-ol
b
i 7 i)

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-butoxycarbonyljamino]-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 piperidin-4-ol
(15 mg).

'"H-NMR (CDCls+CD;0D) &: 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, m), 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 (1H, 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-y1 }-N,N-diethylacetamide



2-[(5-Bromopyridin-.4-yl)methy11-7,8-clihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine 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-thid-412, 3,5-
tetra.azaacenaphthylen-4-amine of Example 152-6)(25 mg) and
2-chloromethy1-5- bromopyridine hydrochloride (38 mg).
1H-NNIR(@DC13) 6: 3.15 (2H, t, j = 6.0 Hz), 3.46 (2H, t, 1 = 6.0 Hz), 5.20
(214, s){545 (21-1, s), 7.01 (1H,d, J =8.3 Hz) 7.75 (iH, dd, J = 8.3, 2.2
-Hz) 8,6N:f>N 1H, d, J = 2.2 Hz). ESI-MSTrilz: 363 (M H)-1. (Example 157)
2 % 0-3-methylpyridin,y1) ethy1]-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazgagenaphthyl en-4-amine Br AVI'N The title compound (4 mg,
8%) was obtained as an amorphous by the same method as in Example

R e e T
sardeahtahomethy EdmmpeihyisSxbirgniog yreine iy adonyl)amino]-2-[ (4-
methoxy-3,5-dimethylpyridin-2-ylymethyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-yl}acetic acid of Example 118 (28 mg) and diethylamine
(17 ub.

"H-NMR (CDCl3) 8: 1.13 (3H, t, T = 7.1 Hz), 1.20 (3H, t, ] = 7.1 Hz), 2.22
(3H, s), 2.28 (3H, s), 3.31-3.41 (4H, m), 3.39 (2H, s), 3.74 (3H, ), 3.84 (2H, s), 5.20
(2H, brs), 5.50 (2H, s), 6.62 (1H, s), 8.20 (1H, s).

ESI-MSm/z: 468 (M + H)"

(Example 131)
2-[(4-Methoxy-3,5-dimethylpyridin-2-ylymethyl]-8-(2-oxo0-2-pyrrolidin-1-

ylethyl)-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo cdjazulen-4-amine

b

=
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The title compound (7.0 mg, 27%) 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 pyrrolidine

(14 ul).



111-NMI-2. (CDCI3) 8: 2.38 (3H, s), 3.12 (2H, t,1 = 6.1 Hz), 3.44 (2H, t, 1=
6.1 Hz), 5.23 (2H, s), 5.43 (2H, s), 7.63 (1H, s), 8.45 (1H, s). ESI-MSm1z:
377 (M H). (Example 158)
2-[(3,4-Dimethoxypyridin-2-y1)mett¥21}-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacertaphthylen-4-amine 225 The title compound (4 mg, 9%)

e N I Gl Dt e D e | U8 (2. 52 TR, 208
| 1 <
e s e e e . 519

(Zlﬂ,bﬂ}NMR((ZBD@;LB)tSB (3H,2sIZE19 dH,6)1 Hz), 3.43 (2H, t, J = 6.1 Hz),
3.84é31 ,S), 3.91 (3H, 5), 5.51 (2H, s), 6.79 (1H, d, J = 5.4 Hz), 8.03
(1HES) 14601 '*"J 5.4 Hz). ESI-MSnilz: 345 (M HY. (Example
159) 2-(1,3-Benzoth azol-2-ylmethyl)-7,8-dihyciro-2H-6-thia 'l 1
tetraazaacenaphthylen-4-amine

(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-yl } -N-(2-methoxyethyl)-N-methylacetamide

74 =

I
s \NJ\NHZ

The title compound (11.8 mg, 48%) 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 2-methoxy-N-
methylethanamine (15 pl).

'H-NMR (CDCls) &: 8.19 (1H, s), 6.66-6.60 (1H, 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-tetraazabenzo[cd]azulen-8-yl } -N-isopropylacetamide



The title compound (1$ 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 md)?3 "H-NIMR (CDC13) 8: 3.18 (2H, t,
J=6.1Hz), 3.47 (2H, 1, J = 6.1 Hz), 5.26 (2H, s), 5.78 (2H, s), 7.38-7.37

(aH L.A47-7.45 7. H, d, J=.8.0 Hz), 8. 1H,d,1=8.3
i) EQITSRPEOHL (4 b S8 SRRy L sOHT DY s By e
rée R aRimathylpyrdin-2-yime {o-GiRy e esAd: inoJ-2-[(4-
* etraazaacenaphthylglln-a-am?%?eéwhrhe ?iﬁ%e c“ompoﬁlc)ja%rrﬁg] ,21%(?’%) was
metiotayrt d-asrathghpprigho0sybynttied 4 é-dietliod atin-ERdniple 152-7)
using 7,8-dihydro-2H-6-thia-1,2,3,5- tetraazaacenaphthylen-4-amine of
tetr@é.ﬁgﬁméo_ﬁ_@aé)ﬂ(czs%@ %H%@ﬁl&fo@ﬁé‘ﬁ?@)f-él,§-(£§rﬁ%&h9ﬂ1-‘byridine
.. hydrachloride (56, mg). 'H-NIVIR (CDC13) 8: 2.26 (3F1, s), 2.34 (3H, s),
150 gﬁ%y(zirﬁfnfqﬁé 6.1 Hz), 3.42 (2H= 6.1 Hz), 5.15-5.10 (211, m), 5.45 (2H,
s), T8O, @DBR4d1H; £)3ESHNISMBEBES tMorBHTs), 2.31 (3H, 5), 3.24

(2H, s), 3.75 (3H, s), 3.77 (2H, s), 4.04-4.14 (1H, m), 5.23 (2H, brs), 5.51 (2H, s),
5.60 (1H, d, ] = 7.8 Hz), 6.70 (1H, s), 8.20 (1H, s).
ESI-MSm/z: 454 (M + H)"

(Example 134)
1) tert-Butyl {8-(2-hydroxyethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-

yhmethyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo| cd]azulen-4-yl  carbamate

HO

Lithium borohydride (67 mg) was added to a mixture composed of methyl {4-
[bis(tert-butoxycarbonyl)amino}-2-[(4-methoxy-3,5-dimethylpyridin-2-y)methyl]-
2,7-dihydro-6-thia-1,2,3, 5-tetraazabenzo[ cd}azulen-8-yl } acetate of Example 111
(957 mg) and dehydrated tetrahydrofuran (18 ml) under ice-cooling. The mixture
was stirred at 0°C for two hours, and then returned to room temperature and stirred
overnight. The mixture was ice-cooled again and lithium borohydride (33 mg) was
added, followed by stirring at 0°C for two hours. Methanol (6 ml) anda 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



(Example 161)
2-[4-Chloro-3-(trifluoromethypbenzyl]-7,8-thhydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine The title compound (5 mg, 10%)
was obtained as an amorphous by ¢he 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
N hydsprbrgris: w&@waﬂagmmm@é@%@(@@% chorpPENMR
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ﬁlté@ﬁamﬁﬁéﬁgé 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 (CDCl;) 8: 1.53 (10H, s), 2.21 (3H, s), 2.31(3H, s), 2.60 (2H, t, I =
6.1 Hz), 3.74 (3H, s), 3.75 (2H, s), 3.88 (2H, s), 5.63 (2H, 5), 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-

yDmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-yl} carbamate
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Mesyl chloride (5 pl) was added dropwise to a mixture composed of the
above tert-butyl {8-(2-hydroxyethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd}azulen-4-yl} carbamate (25
mg), triethylamine (15 pl) and dehydrated dichloromethane (0.5 ml) under ice-
cooling, and the mixture was stirred at 0°C 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 55°C 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



242-M ethy1-5-(triflu oromethyl)b enzyl] -7,8 -dihydro-2H-6-thi a-1,2,3,5-
tetraazaacenaphthylen-4-amine / N-N SNNH,  The title compound (5
mg, 10%) was obtained as an amorphous by the same method as in
Example 152-7) using 7,8- dlhydro-1 -6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and
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prcidof (2 Li)ktb: 38d@ Fbr $)e 639 {bhktthn) = 8.0 HZ), 7.38 (1H, s), 7 44 (1H,
d, J = 8.0 Hz). ES1-MSiniz: 366 (M + H)+. (Example 163)
2-(EA DN EEBRADYTHE dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthyl

en43% rpertﬁ"i»utyl {?8—(2—ammoethyl)~2— [(4-methoxy-3,5-dimethylpyridin-2-

yDmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-yl } carbamate

A mixture composed of the above tert-butyl {8-(2-azidoethyl)-2-[(4-methoxy-
3,5-dimethylpyridin-2-yl)methyl}-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl} 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 (CDCI3) &: 1.53 (9H, 5), 2.21 (3H, 5), 2.31 (3H, ), 2.49 (2H, t, ] =
6.5 Hz), 2.96 (2H, t, J = 6.5 Hz), 3.71 (2H, s), 3.74 (3H, s), 5.63 (ZH; s), 6.66 (1H, s),
7.52 (1H, brs), 8.18 (1H, s).

ESI-MS; m/z: 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[cdjazulen-4-amine



telnazaacenaphthylcri-4-amine of Example 152-6) (25 mg) and
1,2-clichloro-4- chloromethyl-benzene (51 mg). 11-1-NMR (CDCI3) 6:
3.14 (2H, t, J = 6.1 Hz), 3.45 (2H, t, .1= 6.1 Hz), 5.17 (2H, s), 529 (2H, s),
7.15dd, J = 8.2, 2.1 Hz), 7.40-7.38L88H, m). ESEMSm/z: 352 (M Hr.
(Example 164)
2-[(4-Methoxy-3-methylpyridin-2-yOmethy11-7,8-dihydro-2H-6-thia-1,2,3,5
- tetraaz bcenaphthylen-4-amine The title compound (5 mg, 12%)
was oljtgined as an amorphous by the same method as in Example
152-7) using 7,8-dihydro-214-6-thia-1,2,3,5-

'/ cenaphthylen-4-amine of Example 152-6) (25 mg) and

2-Chlo hr;ri%hyl-4- metboxy-3-methyl-pyridine hydrochloride (45 mg).
1H-NAIR (CDC13) 6: 2.23 (3H, s), 3.12 (2H, t, J = 6.1 Hz), 3.43 (2H, t,J =
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terNBufyB Gl denddtBylhinl; 2 3ktiritgaz dacenapiiipienr2-yl )methyl]-2,7-

yl)methyl]-I-methylquinolin-2(1H)-one
dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-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 NH 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 (CDCls) &: 2.22 (3H, s), 2.29 (3H, s), 2.47 (2H, t, ] = 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 (1H, s).

ESI-MS; m/z: 398 (M + H)".

(Example 135)
1) tert-Buty! {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-(2-
morpholin-4-ylethyl)-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cdJazulen-4-

yl}carbamate



729 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-chloromethyl4methyl-1H-quinolin-2-one (33 mg).
(CDC13) 6: 3.18 (2H, t, J = 6.2 Hz), 3.48 (2H, t, S - 6.2 Hz), 3.75 (3H, s),
5.30 (2H, s), 5.40 (2H, s), 7.20 (1H, dd, J = 7.8, 7.8 Hz), 7.32 (1H, s), 7.35
(1H, d, S)=8.7 Hz), 7.48 (1H, dd, J = 7.8, 1.4. Hz), 7.57-7.52 (1H, m).
ESI-MSm/z:-365 (M + (Example 166)

@-{2,3- jhydro-1,4-benzodioxin-6-ylmethyl)-7,8-dihydro-2H-6-thia-1,2,3,5-

h%:%naphthylen#amine The title compound (5 mg, 19%) was
obtai s\apn amorphous by the same method as in Example 152-7)
using 7,8-dgyglro-2H-6-thia-1,21,3,5- tetraazaacenaphthylen-4-amine of
Example 152-6) (15 mg) and 6-chloromethyl .- dihydro-benzo[1,4]dioxin
(29 mg). (CDCI3) 8: 3.13 (2H,t, S=6.0 Hz), 3.43 (2H,t,J =6.0

Hz) Me2i-cRithde 1) ub) 22 { 2lde $)irb 3dB. fla(@lxdureombbIEmmiz: 3yl
(M H). (Example 167)

{842 hrimarebuibRol S5osthetyh -7 Srampivmdin-8-d mpethsl]-2,7-dihydro-
6-t elgﬂ?f,g %’—?%]a%g%@/zlgpc}ﬁé%u ieng4-y1} carbamate of Example 134 (25 mg),
dehydrated dichloromethane (0.5 ml) and triethylamine (15 pl) under ice-cooling,
and the mixture was stirred at 0°C 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 pl) as an amine were added to the residue, and
the mixture was stirred at 60°C 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 (CDCls) &: 1.53 (9H, s), 2.22 (3H, 5), 2.31 (3H, 5), 2.47-2.62 (8H,
m), 3.70-3.73 (6H, m), 3.74 (3H, s), 5.62 (2H, s), 6.65 (1H, s), 7.46 (1H, s), 8.18 (1H,
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



239 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- chloromethylggenzo[1,3]dioxole (27 mg).

11-1-NMR (CDC13) 5: 3.13 (2H, t, J = 6.2 Hz), 3.44 (2H, t, J = 6.2 Hz),
5.19 (2H, s), 5.25 (2H, sﬁ, 5.92 (2H, s), 6.75 (1H, d, J = 7.8 Hz), 6.84-6.82
(2HTRY HESTNRSHIG: (326 (Ve B8 EKainabletehys an amorphols by

-[(4-Amino-7,8-dihydro-2H-6-thi a-1,2.3 5-tetraazaace t
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method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
thitetradzadcenapbthytepddaanine-of Beabapletd 67-.8)¢20 mg) and

6-chloromethy1-3- methy1-3H-benzoxazol-2-one (39 mg),
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ESI-MSm/z: 468 (M + H)"

(Example 136)
1) tert-Butyl {8-[2-(dimethylamino)ethyl]-2-[(4-methoxy-3,5-

dimethylpyridin-2-yDmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-

yl}carbamate
b
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The title compound (17 mg, 60%) was obtained as an oil by synthesis by the
same method as in Example 135 using tert-butyl {&-(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 dimethylamine in tetrahydrofuran (0.2 ml) as an amine.

'H-NMR (CDCls) &: 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, 5), 8.18 (1H, s).

ESI-MSm/z: 526 (M + H)"

2) 8-[2-(Dimethylamino)ethyl}-2-[(4-methoxy-3,5-dimethylpyridin-2-

ylmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd |azulen-4-amine



231 (Example 169)
2-(1,3-Benzothiazol-6-ylmethyl)-7,8-dihydro-2H-6-thia-1,2,3,5-
tetradzaacenaphthylen-4-amine The title compound (5 mg, 14%) was
obtained as an amorphous by the K¥Mme method as in Example 152-7)
using 7,8-dihydro-2H-6-thia-1,2,3,5- tctraazaacenaphthylen-4-aming of
Example 152-6) (20 mg) and 6- chlorometbylbenzot'niazole (39 mg).
H-NMRL(©@DC13) 8: 3.14 (2H, t, J = 6.1 Hz), 3.47 (2H, t, J = 6.1 Hz), 5.50
(21-1, .52 (HI, d, J=8.3 Hz), 7.91 (1H, s), 8.07 (1H, d, J = 8.3 Hz),

\9.01 (18, s). ESI-MSrciz: 341 (M H). (Example 170)

/ Z\-%Z%ﬁ%&#dimethylbe, 3,12 (2H,t,J=6.1
Hz) 3-dihydro-2H-6- thia- 1,2,3 ,5-tetraazaacenaphthyl en
-4-amine 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-dimethylpyridin-2-yl)methyl]-2,7-
dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl } carbamate (17 mg).

'H-NMR (CDCls) 8:2.22 (3H, 5), 2.26 (6H, 5), 2.28 (3H, 5), 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[cdJazulen-4-

yl}carbamate
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The title compound (11 mg, 37%) was obtained as an oil by synthesis by the

A
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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[cdjazulen-4-yl} carbamate of Example 134 (27 mg) and imidazole (37
mg) as an amine.

"H-NMR (CDCls) &: 1.53 (9H, s), 2.22 (3H, s), 2.31 (3H, 5), 2.80 (2H, t, ] =
7.1 Hz), 3.67 (2H, s), 3.75 (3H, ), 4.19 (2H, t, J = 7.1 Hz), 5.61 (2H, s), 6.58-6.58



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-
tetraazaaccnaphthylen-4-amine of Example 152-6) (20 mg) and
1-chloromethy1-3- fiuoro-2,4-dimethylbenzene (36 mg). (CDC13)
8:2.22 (3H, s), 2.29 (3H, s), 3.44 (2H, t, J = 6.1 Hz), 5.17 (2H, s), 5.30
2H, s), 6.81 (111, d, J = 7.8 Hz), 6.95 (1H, m). 73? ES1-MSmiz: 330 (M

(Lesanplé 1At J =2L[g78)rdrd-0 BL- dikydte? Halhe Az déidxin-6-4thrhethiA].

m)7§7dcil?¥ldr -2H-6- thia-1,2,3 ,5-tetraazaacenaplithylen-4-amine The
tiﬁ C mpg ind (5 mg, 12%) was obtained as an amorphous by the same
methed 8&in/Exaopla 152)7) using 7,8-dihydro-2H-6-thia-1,7,3,5-
tetraazaaeenaphthylen-4-amine of Example 152-6) (20 mg) and
6-brayter7- tHidnokrethly -2 )3thlih)arpdemzd]t41diGxdn(&h ying)idin-2-
'1-I-NMR (CDC13) 6: 3.16 |(Z|,2H’ t,J=6.1 Hz), 3.46 (]|2H, t, J = 6.1 Hz),

yDmoBvY:2e [ihyFy; G hE(DRrs); 15 eohengy slaier $pmieg (1H, s).
ESI-MSmiz:})420 (M H)+. (Example 172)

\_/
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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 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]azulen-4-yl }carbamate (11 mg).

'H-NMR (CDCl3) 8: 2.22 (3H, s), 2.29 (3H, 5), 2.78 (2H, t, ] = 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 (1H, 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-

yl}carbamate
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2-(2,3-Dihydro[1,4]dioxino[2,3-c]pyridin-7-ylmethyl)-7,8-dihydro-2H-6-thial
,2,3,5-tetraazaacenaphthylen-4-amine ™ 6 's -Nr-NH2 The title
compound (2 mg, 5.7%) was obtained as an amorphous by the same
method as in Example 152-7) using?,8-dihydro-2H-6-thia-1,2,3,5-
tetmazaacenaphthylen-4-amine of Example 152-6) (20 mg) and

6- thy1-2.3- dihydro: 1,4]dioxin (39 233 )
g o SR TD) PR S BT SRBeEiEy oo
sarfte a$ wind 64 goN ¥ s s).
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metBeyd)31HihiethglRaytimethyl ety ity ddiRde6-cthida 1, 2,3, 5-

,5>-tetraazaacenaphthylen-4-am ne The title compound (5 mg, 12%)

et Bt RS St FRTRAS A Esammés et d ) Apleolution
o A R AR5 6) (20 mg anc
5-bepzailR]dioxold-yli2sshigometitiiazale 453 M), 5), 2.45 (31, ), 2.54
(2H, t,J = 6.7 Hz), 2.83 (2H, t,J = 6.7 Hz), 3.72 (2H, 5), 3.74 (3H, 5), 5.62 (2H, ),
6.66 (1H, s), 7.50 (1H, brs), 8.18 (1H, s).
ESI-MSm/z: 512 (M + H)"
2) 2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-[2-

(methylamino)ethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]Jazulen-4-amine

b
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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-y)methy1]-8§- [2«(methy1amino)eﬂxy1} -2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[ cd}azulen-4-yl } carbamate (9 mg).

'H-NMR (CDCls) 8: 2.22 (3H, 5), 2.29 (3H, 5), 2.45 (3H, 5), 2.53 CH, t,J=
6.5 Hz),2.82 (2H,t,J = 6.5 Hz), 3.69 (2H, 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) tert-Butyl {8-[2-(ethylamino)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-

yhmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cdlazulen-4-yl } carbamate



1H-NMR (CDC13) 8: 3.18 (2H J = 6.1 Hz), 3.48 (2H, t, J = 6.1 Hz), 5.70
(2H, s), 5.99 (2H, s), 6.85 (1H, d, J = 8.3 Hz), 7.27 (1H, s), 7.35 (1H, d, | =
1.7 Hz), 7.39 (1H, dd, J = 8.3, 1.7 Hz). ESI-MSmiz: 411 (M H)11.
(Example 174) 202
2-[(7-Chloro-1,3-benzothiazol-2-yl)methy11-7,8-dihydro-2H-6-thia ,2,3,5-
tetraazdacenaphthylen-4-amine 234 The title compound (2 mg, 10%)
was obtail éd as an amorphous by the same method as in Exampli. 122-7)
using 78-4thyciro-21-1-6-thia-1,2,3,5- tctraazaacenaphthylen-4-amine of

xample 152-6) (10 mg) and 2-bromomethy1-7- chlorobenzothiazole (20

A IH-I\TMR (CDC13) 8: 3.19 (2H, t, S = 6.1 Hz), 3.49 (2H, t, S =

6.1 fR4 (21-1, s), 5.77 (2H, s), 7.37 (11-1, d, S = 7.8 Hz), 7.42 (111,
dd, .1=7.8/47,8 Hz), 7.93 d, J = 7.8 Hz), ES1-MSmiz: 375 (M H)*
(Example 175%).2-[(4-Chloro ,5 -dimethylpyl)m ethy11-7,8-dihydro -2
H-6-thia-

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[cdjazulen-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 m/z: 526 (M+H)"

2) 8-[2-(Ethylamino)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)ymethyl}-

2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-amine

b

=

N/

-
s/\\N)\NH2

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-
yDmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl} carbamate (17
mg), followed by trituration with diethyl ether to obtain the title compound (4.4 mg,
31%) as a solid.

'H-NMR (CDCls) &: 1.31 (3H, t,] = 7.2 Hz), 2.21 (3H, 5), 2.28 (3H, 5), 2.75
(2H,t,J=7.6 Hz),2.97 (2H, q,] =72 Hz), 3.07 (2H, t, ] = 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-MSm/z: 426 (M + H)”

(Example 140)



1,2,3,5-tetraazaacenaphthylen 4 amine N-N t4 L.SN*NH, The title
compound (5.1 mg, 11%) 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-arnine ditBxample 152-6) (25 mg) and
4-chloro-2- ehloromethy1-3,5-dimetbylpyridine (44 mg).

11-1-NMR (CDC13$48: 2.32 (3H, s), 2.43 (31-1, 52, 3.12 (2H, t, J = 6.1 Hz),
3.43)( S B Bl iy ST RieBiey) s el BHf e e s).

1 7 '.:__ :(_ ¥ - ~tetraaz 11-4-
TN S ey S s di s ralihaitata

v} ag@aapithylen-4-amine 23'5 NNr N

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-yl)ymethyl]}-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd)azulen-4-yl} carbamate of Example 134 (29 mg), cyclopropylamine
(20 ul) as an amine and tetrahydrofuran (0.5 ml) as an amination reaction solvent.

ESI-MS m/z: 538 (M+H)"

2) 8-[2-(Cyclopropylamino)ethyl}-2-[ (4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo{ cd]azulen-4-amine

\ b
\J\
<¥ -

‘ o

/
Sy

S SNTONH,

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 {8-[2-
(cyclopropylamino)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 (16 mg).

"H-NMR (CDCls) 8: 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, m), 2.66 (2H, t,J = 7.5 Hz), 3.09 (2H, t, J = 7.5 Hz), 3.70 (2H,
s), 3.75 (3H, s), 5.33 (2H, brs), 5.49 (2H, s), 6.62 (1H, s}, 8.19 (1H, s), 8.26 (1H, brs).

ESI-MSm/z: 438 (M + H)"



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-chloromethy34- ethy1-3,5-dimethylpyridine
hydrochloride obtained in Reference Example 1 (51 mg).
IH-NM12. (CDC13) 8: 1.09 (3H, t. J = 7.6 Hz), 2.25 (3H, s), 2.31 (3H, s),
2.65 (21-1, q, J = 7.6 Hz), 3.12 (2H, 1., J = 6.1 Hz), 3.43 (2H, t, J = 6.1
Hz), 5. 3433 5.47 (2H, a), 8.17 (1H, s). ESI-MSrniz: 341 (M H). (Example
(E’iaﬁl? ¢ 145)1(3,4-Di chloro-5-methylpyridin-2-yl)methyl] 1,2,3

S-tefagzaacenaphihylens4:8mine 1 Glein W NHdin-2-yh)methy]-8-(2-
pyrrolidin-1-ylethyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo( cd]azulen-4-

yl}carbamate
b
v
C\N 5\"")
e
87 N NH
A

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)ymethyl}-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ cdjazulen-4-yl} carbamate of Example 134 (29 mg), pyrrolidine (24
pl) 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-1-
ylethyl)-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-amine

4 /E\

S N NH,
The title compound (4.8 mg, 53%) 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-ylymethyl]-8-(2-pyrrolidin-1-ylethyl)-2,7-dihydro-6-

thia-1,2,3,5-tetraazabenzo[cd}azulen-4-yl } carbamate (11 mg).



The title compound (8.0 mg, I'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) (25 mg) and
27chloromethyl-3,4- dichloro-5-m%9§ylpyridine hydrochloride obtained in
Reference Example 2 (57 mg). (CDC13) 5: 2.36 (3H, s), 3.14
(2Hyt, 46 458K = 2), 2H, s); (2H, s 8.
Ay R L S A R R
(21 Gh)oBond-mEtieKy et yipiiriselin-24 YD e, iy19-D.8; trthysino-21H] s6-

thia-1 ,2,3 ,5-tetraazaac en aphth ylen -4-amin e The title compound

6.5018 g, .34 8)(Wassobtainédtademn amorphous by the same method as in
Ex le, 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tet%ﬁﬁ%&éﬁépﬁ%ﬁﬁ%- mine of Example 152-6) (25 mg) and
2-thloromethy1-3- chloro-4-methoxy-5-methylpyridine hydrochloride
obtained in Reference Example 3 (56 mg). 'H-NMR (CDC13) 8: 2.24

(Ex@hbls)l @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 (11-I, s), EST-MSm/z: 363 (M Hg+. (Example
1793) tert-Butyl {8-[2-(isopropylamino)ethyl]-2-[(4-methoxy-3,

dimethylpyridin-2-yl)methyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-

yl}carbamate
b
v
A
/YN
§ NN
oél\cg
T

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-dimethylpyridin-2-yl)methyl}-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl} carbamate of Example 134 (29 mg), isopropylamine
(25 pl) 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-
yDmethyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd)azulen-4-amine

o
N/
- _
ey
/YN
57 SNTONH,

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 tert-butyl {8-[2-



2-[(5-Chloro-4-methoxy-3-methylpyridin-2-yl)methyl]-7,8-dihydro-2H-6-
thia-1,2,3,5-tetraazaacenaphthylen-4-amine The title compound (16
rug, 34%) was obtained as an amorphous by the same method as in
Example 152-7) using 7,8-dihydro#2i4-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and

_ 2-chloromethy1-5- chloro-4-methoxy-3-methylpyridine hydrochloride
(smranemincperetlenc Enstple # Ge mgihyisr dnnvRoetbid3y’s: 2.33

.(3H, 5),.3.1 7= 6.1 Hz), 3,44 (2H,= 6. 3.89 (3H, s), 5.19 (2H,
s A 1y R e s S S I e
180)H-NMR (CDCly) &: 1.07 (6H, ¢, ] = 6.1 Hz), 2.22 (3H, s), 2.30 (3H, s), 2.54
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7-prop-2-yml -y1-
(217, 8-Hihgdr 6121 268tha s, 233] Srietra@d2 42ide MapHthy idhes)7 CARb@htrifes tkitk5 0
(2}'3! s), 6.62 (1H, s), 8.19 (1H, s).

ESI-MSm/z: 440 (M +H)"

(Example 143)
1) tert-Butyl {8-[2-(cyclobutylamino)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

o
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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-yl)methyl}-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd)lazulen-4-yl} carbamate of Example 134 (29 mg), cyclobutylamine
(25 ul) and tetrahydrofuran (0.5 ml) as a reaction solvent.

ESI-MS nv/z: 552 (M+H)"

2) 8-[2-(Cyclobutylamino)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-

yDmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine



4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methylk7,8-dihydro-2H-6-
thia-1,2,3,5-tetraazaacenaphthylene-7-carbonitrile of Example 4 (50 mg)
was dissolved in tetrahyclrofuran (5 nil). A 2 N solution of lithium
diisopropylamide in tetrahydrofura¥{0.050 ml) was added at -78C, and
the mixture was stirred at the same temperature for 15 minutes. Then,
propargyl bromide (0. ml) was.added and the mixture was stirred at
the%%:r%}é&?ecr%% Pé‘éjgré%?c()?r e){e5 ﬁ%l}%s \%a{Sl 8rwas udedto ?ﬁ%sbrgaction
~ synfiRytion.andithemthe it washisated 9o isspesatuieyfollqwed
by extraction with ethyl acetate. The organic layer was dried over
(cychagmasiumogelfalé- 24t fitetieak yad d thenfitiratpywas copbertiatBel, The

resulting, residue was purified by reversed phase liquid chromatography.

dihydg-fs 'ﬁiﬁ&éo‘i’r&e\‘ﬁé%zé?g%ﬁ%]ﬂ?‘g%’oﬁ/y&ﬁﬁ%ﬁlﬁﬁﬁﬁ&%acetic acid

in di e (1 mb, fol by stiffing, f u ti
solu%m concé%%alt'el)ér l? h%(?g{%%drég’e%mpgr%s’gé rfg}gh%ﬂégé%%%é%%a?lf %0
(3disfiltesbwith ethangls The, resulting, solie- wastwashed with @hemto DEaiDH,
the title compound (2 mg, 99%) as a solid. 11-1-NMR (CDC13) 8:
s), 22P(B3H s5)7 2 28 IBHIrS), 384 YHH)deI0) B e, 8 B 1A, 8144 (11-1, dd.
J-=16.6, 4.6 Hz), 3.74 (3H, s), 3.78 (2H, s), 4.49 (1H, rid, J = 8.5, 4.6
Hz)%?%%ﬂz?: %g %+ , d,3.2 Hz), 8.20 (1H, s). 238 ESI-MS; miz: 406
CM +1-01- (Example 181) 1) Di-tert-butyl
f8-[cyclopropyl(trifluoroacetypaminol-2-[(4-methoxy-3,5-
(Exchhmeithy4gyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}limidodicarbonate N O N N O FIFOI A
solutioTES NP (rmheaetie-grRydtRy s gy imaithlbfomtatane
ol R NER A0 SR FOmRRRSY e
-(Cyclopropylamino)-Z-
tetfidzMBeIReXE aniimnetylRysiding-ylimethy1]-2,7,8,9-tetrahydro-6-thia-1,2,
3,5- tetraazabenzo[cd]azulen-4-yllimidodicarbonate of Example 60 (3.0 a)
and dichlasomethane (60 ml) under ice-cooling, and the mixture was
stirred ginder ice-cooling for two hours. The reaction mixture was poured
into ice water, followed by extraction with ethyl acetate. The organic layer
as over magnesium sulfate and filtered, and the filtrate was
concen raﬁt\ed. The resulting residue was purified by silica gel column
chromatd ﬁﬁ hy (ethyl acetatem-hexane; 1:1, \TN) to obtain the title
compoungf;ﬁ 0, 84%) as a colorless solid.

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 pl)
as amines and dehydrated dimethylformamide (0.5 ml) as an amination reaction

solvent.

ESI-MS m/z: 568 (M+H)"



ESI-MS; mix: 708 (M+H)+ 2) Di-tert-butyl
;8-(S)-[cyclopropyl(trifluoroacetyl)amino]-2-[(4-methoxy3,5-ciimethylpyridin
-2-yOmethyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5- tetraazabenzo|cd]
azulen-4-yllimidodi carbonate Pygert-butyl
{8-(R)-[cyclopropyl(trifluoroacetyDamino]-2-[(4-methoxy-a
dimethylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-thia -1,2,3,5-

tetriazalfeh S ludetimsiyimastincgr YB3\ Rr---si 2,

" N/N-11.23.". s-
tetrahydrofirnry Naina] sty S MY dihydro-6-thia-1,2,3,5-

tetraazabenzo[cd]azulen-4-amine

57 SNTONH,

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-
ylamino]ethyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-yl)carbamate
(10 mg).

H-NMR (CDCl) 8; 1.68-1.76 (1H, m), 2.04-2.14 (1H, m), 2.22 (3H, s), 2.30
(3H, s), 2.53 (2H, t, ] = 6.5 Hz), 2.80-2.88 (2H, m}, 3.37-3.43 (1H, m), 3.57 (1H, dd,
J=8.9 4.0Hz),3.70 2H, d, ] =3.7 Hz), 3.74 (3H, s), 3.75-3.84 (2H, m), 3.87-3.93
(1H, m), 5.14 (2H, brs), 5.50 (2H, s), 6.62 (1H, s), 8.19 (1H, s).
ESI-MSmy/z: 468 (M + H)"

(Example 145)
1) tert-Butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-8-(2-

piperidin-1-ylethyl)-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-

yl}carbamate
b
N
O
4
e
s N
o~



NcI.N --.0j.,---0p ,FO.--0 Di-tt, t-butyl
(S-[cyclopropy4tritluoroacetyl)amino]-2-[(4-methoxy-3 5-
dimethylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzoled]azuIen-4-y|}imid%%6fcarbonate (1.0 g) was dissolved in
ethanol (20 ml) and optically resolved by AD column 50 x 500 ram (15%

cthaneU TN 500 IR kT ORGTAIRN Ao SPEPISAHNER RS

to obtain di-tert-buty1,1S-(

sanfeyatopsops 4{tHRunnsiacety aiminett2-{t4t meitioxydsRydimetypyridin-2-
yl)methy1]-2,7,8,9-tetrahydro-6-thia-1 ,2,3,5-tetra 97abenzo[cd]azulen-4-
me{iRdoutEarpoy e {RT-= viornaihyl(128 glih3de)-aribigilted-butyl 18-(R)-

g 7Ty LB S B R TP o
an&/lmﬁigﬁi&%{m(@%Blaﬁ-a%é&m)s&lv@r@., 33%). 3 |
N8-(S)-Cyclopropy1-2-[(4-methoxy-3,5-dimethylpyridin-2-ypmethyl]-

2,7 BY-MfahizdsoGaviiaH]), 2, 3,5-tetraazabenzo[ed]azulene-4,8-diamine

Di-tert-butyl (8-(S)-[c clopropy:(;trifluqroacetyino]-2-%(ﬁ4-methqu-3,5- d
et iPUAOHEBI NG A T B TS B AL A BB i | ety
i benzole ulen-4-vilimidedicarbongte (400 mg) was dissolved in
2’7hg}}é%ggﬁl%err%z%gig’]r%éﬂ%rﬁgf%ES%%% Zlequ)r%grr?a 13?mosphere was
replaced with nitrogen, followed by sealing. The reaction solution was
stin-ed aﬁéc for two days. The reaction solution was concentrated,
diluted witi ethyl acetate (300 ml) 240 and separated with 30 ml of a 0.5

Cvr}sodiu/ ydroxide solution underice-cooling. Then, the aqueous layer
z%#ﬁg&pd with ethyl acetate (50 ml). The organic layers were

comb uﬂm’@d over magnesium sulfate and filtered, and then the filtrate
was concentrated under reduced pressure. The resulting residue was

purifiad tyeNbhsicad el €Bromadyapny (@hionetbamyntamdisiouhiestitle
compound (150 mg, 65%) as an amorphous. LH-NMR (CDCI3)
symhesis pothgserng maihodzs mbxenmor (3ping the ppoy S tyhy2-[(4-

metin gy SRS Fhingh 2 @Rk Art?- (ks sk 843 (. -
thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl } carbamate (25 mg).

'"H-NMR (CDCls) &: 1.40-1.47 (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-MSm/z: 466 (M + H)"

(Example 146)
1) 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 Jazulen-4-

yl}carbamate



(Example 182)
N.8-(R)-Cyclopropyl-2-[(4-methoxy,--3,5-dimethylpyridm-2-yl)methylli-2,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulene-4.8-cliamine r.4 N-N?
NILLNE12 The title compound®2(1b0 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
fluoroacet I)amlnGJ 2-[(4-methoxy-3,5-dim ethylpyridin-2-
yl)methyd]2,7,8,9-tetrahyclro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-
1}|m|dod}arbonate (450 mg). 11-1-NMR (CDC13) a: 0.35-0.51
%ﬁ 1, .19 (411, s), 2.27 (3H, s), 3.15-3.32 (411, m), 3.58-3.62 (1H,
m), 74 Sfﬂhs) 5.01 (2H, s), 5.45 (211, s), 8.19 (1H, s). (Example 183)
4-Amino-N- e;yelohexyl -2-[(4-methoxy-3,5-dimethylpyridin-2-yi)methyli-7,8-
dihydro- 214- ia-1,2,3,5-tetraazaacenahhthylene-7-carboxamide
The title compound (6 mg, 10%) was obtained as a solid by the same

metﬂ?@ ﬂ%‘@oﬁrﬁﬁ'&}m 9131 Sﬁ% ) was obtained as an oil by synthesis by the
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methy1 ]y

sants ndihydre-#HERathiscl] 2 BusHetteataage neyibthydeneydicdiibiidic acid of
Example 8 (40 mg) and c?/mohexylamlne (0.03 1H-NIVIR

mefepr i) gimethyipyrd: bﬂ)@efépi 3277(‘211-P§iﬁi11)0“f“5%93116%)3(éH m), 2.26
e AT SR I DDA St B
hydi@nBAde(@H Hg) m3- 5,8'-'@&2@@%@1'5{5@1@} 8. 8&6&'&5&@26 ul) as amines and
dehydrated dimethyl sulfoxide (0.5 ml) as an amination reaction solvent.

ESI-MS nvz: 556 (M+H)"

2) 8-[2-(3-Fluoroazetidin-1-yl)ethyl}-2-[(4-methoxy-3,5-dimethylpyridin-2-

yhmethyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cdJazulen-4-amine

b

s

N/
l.’:

Th N
P
s \NJ\NHQ

The title compound (4.6 mg, 65%) was obtained as an amorphous by
synthesis by the same method as in Example 111 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 (CDCl3) &: 2.22 (3H, s), 2.29 (3H, 5), 2.37 (2H, t, ] = 7.3 Hz), 2.72
(2H, t, ] = 7.3 Hz), 3.09-3.19 (2H, m), 3.65-3.75 (2H, m), 3.68 (2H, s), 3.74 (3H, s),
5.00-5.20 (1H, m), 5.11 (2H, s), 5.50 (2H, s), 6.58 (1H, s), 8.19 (1H, s).

ESI-MSm/z: 456 (M + H)"

(Example 147)



ESI-MSiniz: 468 (M H)*. (Example 184)

4-Amino-N-cyclohexy1-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-Nm

ethyl-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxami

de 2)* S N NH2 The title compaund (6 me, 10%) was obtained as a

solid by the same method as in Example 12 using 4-am

no-2-}[ 4-methox&-i’?%5-dimethylpyridin-2-yl)methy
-6t

7,8-4iH§HrB Y é_di?ﬁ}gl,%@%Pag%a&%ﬂé‘bm#i}i@w@ﬁc%éms&w%@%f
- Icyel i ; 'H-
2 e M

2.59-2.}6_352%& m), 3.15-3.20 (1H, m), 3.45-3.51 (1H, m), 3.67-3.69 (1H,

m), 3.73({8H, s), 4.65-4.72 (1H, m), 5.32 (21-1, s), 5.42-5.44 (2I-1, }inn),

819 (1H}6). 242 ESI-MStniz: 482 (M + H)[. (Example 185)

N [yl n)amino-N-cyclohexy1-2-[(4-methoxy-3,5-dimethylpyridin-z-
ymethyt ji?,8-dihydro-2H-6-thia—1,2,3,5-tetraazaacenaphthylene-?-carbo
xatni NTTNH

o]
_f}L

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-yl)methyl}-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ cd]azulen-4-yl} carbamate of Example 134 (29 mg), diethylamine (90
ul) 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-dimethylpyridin-2-

vhymethyl]-2,7-dihydro-6-thia-1,2,3 5-tetraazabenzo[ cd]azulen-4-amine

b

2

N/
e M
R
S \NJ\NHz
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-
(diethylamino)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 (14 mg).
'"H-NMR (CDCl3) 8: 1.03 (6H, t, T = 7.2 Hz), 2.22 (3H, 5), 2.28 (3H, 5), 2.47
(2H, dd, ] =9.2, 6.2 Hz), 2.56 (4H, q, ] = 7.2 Hz), 2.68 (2H, dd, ] = 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)”



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-ypmethyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetrggzaacenaphthylene-7-carboxylic acid of
Example 8 (40 mg) and N-allylcyclohexylamine (0.038 ml).
1H-NrMR. (CDC13) 8: 1.07-2.06 (101-1, m), 2.24 (3H, s), 2.27 (3H, d, .1=
(Exargniz)48111-3.19 (11-1, m), 3.44-3.51 (1H, m), 3.77-3.77 (3H, bsm),
3.90-4,04 (2H, m), 4.41 (1H, bra), 4.53 (111, dd. J=10.7,.3.9 Hz), . .
4.742475 ! %ﬁ%wfg%f?ﬁmﬁ-%r%é‘-(ﬂzﬁf‘?lgsfy§f4%:<§%25ﬂz§%ﬁ“m9:2-
yhHmdRAEb70is)y &23 . sh ESIMRNLR08 INL ikl AExample,186)
4-Amino-2-[(4-methoxy-3,5-dimethylpyrichn-2-yOmethylkN42-(2-

thienyl)ethyll-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carb
oxamidg\‘(243

7,8-dih /0-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-?-carboxylie acid of

xample'8 (40 mg) and 2-(2-thienyHethimamine (0.024 m1).
C@B{%ﬁg 2.22 (3H, s), 2.27 (3H, s), 2.91-2.94 (2H, m), 3.22 (1H, dd, J =
16.7,4.8"H%Y, 3.40 (1H, dd. J = 13.3, 6.2 Hz), 3.52 (1H, dd, J = 13.3, 6.2
Hz), 3.70 f1M, dd, J = 16.7, 6.2 Hz), 3.75 (3H, s), 4.26-4.28 (1H, m), 5.31
(1H, bra), 5.46 (211, d, 3 =3.4 Hz), 6.62 (1H, d, j = 2.4 Hz), 6,71 (1H,
bra)T6.8,6 (1H,dd,3=5.1, 3.4 I-(!z; 7.09 (1H, gd, S= 5.%, 1.2 Hz), %.2
(1H, g)e ittty W%%@@(Wl 7o) 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-ylymethyl3-2,7-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 pl) as amines and
dehydrated dimethyl sulfoxide (0.5 ml) as an amination reaction solvent.

ESI-MS m/z: 538 (M+H)"

2) 8-(2-Azetidin-1-ylethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)ymethyl]-

2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-amine

N a
S)\\N)\NHz

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-1-ylethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[ cd)azulen-4-yl} carbamate (10 mg).

"H-NMR (CDCl3) 8: 2.03-2.10 (2H, m), 2.22 (3H, s), 2.28 (3H, s), 2.33 (2H, t,
J=7.6Hz),2.60 2H,t,J=7.4 Hz),3.20 (4H,t,] = 7.0 Hz), 3.68 (2H, s), 3.74 (3H,
s), 5.11 (2H, s), 5.49 (2H, ), 6.57 (1H, s}, 8.19 (1H, s).



(Example 187)  4-Amino-N-(1,3-bcnzod
oxo1-5-ylmethyl)-2-[(4-methoxy-3,5-
imethylpyridin-2-yOmethyll-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaph
thylene7-carboxamide 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-yHmethy11-
7,8@%%1%72&43@-@{%-1&,3,5-tetraazaacenaphthylene-7-carboxy|ic acid
of Example 8 (50 mg) and 1-(1,3-benzodioxol-5-yHmethanamine (0.038
m1). 11-1-NMR (DMSO-c15) 8: 2.16 (3H, s), 2.20 (3H, s),
(Ex3:48t8:120(2H, 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 (11-1, m), 6.79 (1H, d, j= 1.7
Hz)26/@2\MEHodyS 5-1i8¢izy 898 (ZHy sin sl (11, 1)) 8:@5 (L ydro, BE=8-
5.8 Hz). ESI-N1Smiz: 520 (M + FI)7. 244 (Example 188)
oxg ORifrb-R (B HREIRFIIRTAZOLy RSt (A% hoxy-3,5-ciimethylpyridin2
-ypmethyqg-7,8-dihydro-2H-6-thia-1,2,3 ,5-tetraazaacenaphthylene-7-
carbgxamide The title compound (20 ma, 32%) was obtained as a
solid; he same method as in Example 12 using
4-amino-24(4-methoxy-3,51-dimethylpyridin-2-yetnethyl]-
%}qﬂwdro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxy|ic acid of
ample 8 (50 mg) and 1-(5-methy1-2-furyHmethanamine (29 mg).
'H-NMR (DMSO-d6) 8:2.16 (3H, s), 2.20 (3H, s), 2.21 (3H, s), 3.14-3.22
(2H A D E3RpSled SR GdAButBly SapoblDintth- Fdnbitb )2k
5.30 (21-1, s), 5.97-5.97 (1H, m), 6.09 (1H, d, J = 2.9 Hz), 6.93 (2H, s),
dirBefivy [divtrid)n & FAn(R iy kS ex 6-5, H& P-tetrahydro-6-thia-1,2,3,5-

tetraazabenzo[cd]azulene of Example 40 (40 mg), 1,3-dibromopropane (11 pl),
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. 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. 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 (CDCls) &: 1.94 (2H, tt, ] = 6.4, 5.0 Hz), 2.23 (3H, s), 2.33 (3H, s),
2.50 (2H,t,J = 6.4 Hz), 3.69 (2H, s), 3.76 (3H, 5), 4.10 (2H, t, ] = 5.0 Hz), 5.41 (2H,
brs), 5.48 (2H, s), 8.19 (1H, s).



ESI-MSm/z: 480 (M + H)+. (Example 189)
4-Amino-N-(2-furylmethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yHmethyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carbox
amide 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-dimethylpyridin-2-yHmethyl]- 7 ,8-dihydro
-2H-%SMSHQZ,?;%lt@kﬁab%ﬁacenaphthylene 7- carboxylic acid of Example
8 (50 mg) and 1-(2-furyl)methanarnine (25 mg). 245

(Example 150)
1) Di-tert-butyl {9,9-difluoro-2-[(4-methoxy-3,5-dimethylpyridin-2-
ylmethyl]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cdjazulen-4-

yl}imidodicarbonate

60% sodium hydride (8 mg) was added to 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 (57 mg)
and dehydrated dimethy! formamide (1.5 ml) under ice-cooling, and the mixture was
stirred at 0°C for 15 minutes. Then, a solution of N-fluorobenzenesulfonimide (63
mg) in dehydrated dimethylformamide (0.5 ml) was added dropwise, and the mixture
was stirred at 0°C 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 layer 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



H-NMR(DMSO-d6) 5:2.16 (3H, s), 2.20 (3H, s), 3.10-3.18 (2H, m), 3.70
(3H, s), 4.27-4.29 (2FI, m), 4.57 (1H, dd, J = 9.1, 4.4 Hz), 5.30 (2H, s),
6.23 (1H, dd, =3.2,0.7 Hz), 6.38 (111, dd. J = 3.2, 2.0 Hz), 6.94 (2H, s),
7.57-7.57 (111, in), 8.07 (1H, s), 8IB(IH, t, J = 5.5 Hz) EST-MSm/z: 466
(M + H)H (Example 190)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-(2-

ylmeth )-7,8-dihydro-2H-6-thia—1,2,3,5-tetraazaacenaphthylene-?-carhox

"Ohia- 2}3 5 tetraazaacenaphthylene -7- carboxyllc acid of Example 8 (50
mg? and 1: (2-thienyl)methanamine (29 mg) 1H-NMR (DMSO-d6)

(34 3,11-3.18 (211, m) 3.70 (3H, ), 4.44-4.46

on AR o §E A SRl eubeeledic e
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2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-yl imidodicarbonate (41
mg) and methanol (2 ml) under ice-cooling, and the mixture was stirred at 0°C 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.

'H-NMR (CDCl;) &: 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 (1H, m), 5.34 (2H, brs), 5.57 (2H,
s), 8.14 (1H, s).

ESI-MSm/z: 409 (M + H)"

(Example 151)

1) 1-(2-Amino-4,6-dichloropyrimidin-5-yl)prop-2-en-1-ol
o 7

N> "OH

HN)\N Cl

2-Amino-4,6-dichloropyrimidine-5-carbaldehyde (100 g) was suspended in
tetrahydrofuran (4000 ml), and a 1 N solution of vinylmagnesium bromide in

tetrahydrofuran (2200 g) was added dropwise under ice-cooling.  After completion



(Example 191) 4-Amino-2-1(4-methory-3
5-dimothylpyridin-2-yl)methylkN-(1,3-thiazol-2-
y1)-7,8-dihydro-2H-6-thiai-1,2,3,5-tctraazaacenaphthylene-7-earboxamide
The title compound (20 mg, 33%)as obtained as a solid by the same
method as in Example 12 using

4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yOmet
of theglepyioes i miRe PE s atas %@éﬁ‘éﬁhtﬁ%é 117&%&5%@%@ of

Wl SR R R L SO R A s vy Al IR

acid/ itk H 1INy G QI8 a3 (3kkich) (8597 42l £8)oGEd KiHbxehadtioBsfith
Hz), 7.48 (111, d, J = 3.4 Hz), 8.10 (1H, s) ESI-MSmlz: 469 (IVI + Tl)+,

ethyExzataple 10R) organic layer was dried over sodium sulfate and filtered,
4-Amino-N-(4,5-dihydro-1,3-thiazol-2-y1)-2-[(4-methox

fOI@W&h%IWWr@%m e}ﬁ%j&g@éwﬁaﬂgdzp %Letﬁ?éuitmo res1due followed
by sﬁ%ﬁ%%%?@ﬁ@&ap hfﬂ%'ﬁﬁ%?u%ﬁ%%%{‘u&? 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

g
5}

r\léN
=

b
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-amino-4,6-
dichloropyrimidin-5-yl)prop-2-en-1-ol,

ESI-MS m/z: 341 (M+H)".

'H-NMR (CDCl3) 8: 8.22 (1H, 5), 7.06 (1H, d,J = 9.8 Hz), 6.72 (1H, d, ] =
9.8 Hz), 5.45 (2H, s), 5.15 (2H, brs), 3.74 (3H, 5), 2.29 (3H, s), 2.23 (3H, s).

(Example 152)
1) 4-Chloro-3-[(2,2-dimethyl-1,3-dioxolan-4-yl)methyl]}-1-(4-

methoxybenzyl)-1H-pyrazolo[3,4-d]pyrimidin-6-amine



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-yHmethyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetrdaZaacenaphthylene-7-carboxylic acid of
Example 8 (50 mg) and 4,5-dihydro-1,3-thiazol-2-amine (36 mg),
(DMSO-d6) 5: 2.18 (31-1, s), 2.22s), 3.08 (1H, dd, J = 16.8, 9.4 Hz),
3.228.27 (3H, m), 3.62 (211, t, J = 8.1 Hz), 3.71 (3H, s), 4.68 (111, dd. J
=9.4 4,4 Hz), 5.31 (211, s), 6.90 (2H, s), 8.09(111. s) 247 ESI-MSmiz:

471 (M + (Example 193) 4-.Amino-2-[(4-methoxy-3,5-dimetnylp yridin

© thyl]-N-1,3,4- th
diaz Tﬁxl -7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carbo
xafficle " The title compound (25 mg, 41%) was obtained as a solid by
the game meth %t% Exa

4-amino-2-4%h %1%1”125; g;}ﬂé?llﬁ QTR 7Ly oY Bs S el

lereafs | .
o Sbgo sl C aRv S el O

[1,8ld20181{8H; d) 22 (3He <) 63528 318atl{Bken)z 3) A2y (Bht %) h@c&ﬂlﬂlbhw
= 5.6 Hz), 5.34 (2H, s), 6.99 (21-1, s), 8.10 (1H, s), 916(11H S)
(1%@)m}£h@7mp@apfé%m}ém 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 (CDCl3) &: 1.36 (4H, s), 1.43 (3H, s), 3.10 (1H, dd, ] = 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 (1H,
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, ] =
8.5Hz), 7.24 (2H, d, ] = 8.5 Hz).

ESI-MSm/z: 404 (M + H)™.

2) Di-tert-butyl {4-chloro-3-[(2,2-dimethyl-1,3-dioxolan-4-yhmethyl]-1-(4-
methoxybenzyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl }imidodicarbonate



4-Amino-2-[(4-methoxy-3 ,5-dimethylp yrid in-2-yOmethyl] -N-( 5-meth
yl-1,3-
thiazol-2-y1)-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carb
oxamide The title compound (20smg, 32%) was obtained as a solid by
the same method as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yOmethyl]7,8-dihydro-21-1-6
-thig-DimeiBvtenimayacemaptith pien ez daittxsuic adichbioBxEmple (50

TG BT D L (e 29 (108 28 P G a0 =

oS LA R o L LI

(14Exgmplecti@b)ydrofuran (400 mL), and then the mixture was stirred at room
4-Amino-N-1,3-benzothiazol-2-y1-2-[(4-methoxy-3,5-dimethylpyridin-2-
teryperrswas oy B diokdro-Z Reacatiaon mxBuRiraa sagsehapht e f7lisehox

wa%@gggegt_re}tga 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 (CDCl3) 8: 1.37 (3H, s), 1.40 (3H, s), 1.45 (18H, 5), 3.25 (1H, dd, J
=15.1,7.1 Hz), 3.52 (1H, dd, J = 15.1, 5.0 Hz}, 3.73-3.81 (1H, m), 3.77 (3H, 5), 4.12
(1H,t,J=7.1 Hz), 4.58-4.66 (1H, m), 546 (1H, d,J=15.1 Hz), 5.51 (1H, d,J =
15.1 Hz), 6.81 (2H, d,J = 7.8 Hz), 7.28 (2H, d, ] = 7.8 Hz).

ESI-MSm/z: 604 (M +H)".

3) Di-tert-butyl {4-chloro-3-(2,3-dihydroxypropyl)-1-(4-methoxybenzyl}-1H-
pyrazolo[3,4-d]pyrimidin-6-yl}imidodicarbonate

7

0
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Ho 97 new”
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The above di-tert-butyl {4-chloro-3-[(2,2-dimethyl-1,3-dioxolan-4-
yDmethyl]-1-(4-methoxybenzyl)-1H-pyrazolo[3,4-d]pyrimidin-6-
yl}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



N-N.. gy.N,N HNrJNNN2  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-dimethylpyridin-2-yHmethy1]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetradz8acenaphthylene-7-earboxylie acid of
Example 8 (50 mg) and benzothiazol-2-amine (24 mg)

SO- d 3H, s), 2.23 3 8 (2
A e e R e T
obb&ﬂt@eh@a Zoﬁ?p&uﬁotg&s 2D 3840k U ath Ju@ HZ) 7.94 (1H,d,J=76
Hz), 8.10 (1H, s), 8.2 s) ESI-MSrniz: 519 (M + (Example 196)

4- Aﬁﬁidx@[@mﬁ@hcﬁ%ﬁ‘ﬁ .dimethylpyridin-2-yHmethyrj-N-pyridin-2-y1-
7,8-dihydro-2H-6-thia-1,2,3,5- tetraazaacena&hthylene -7-carboxamide

2494> lmﬁﬁwln&f‘éf@é?ﬁ%éuﬁdfm@we%& ) WadnsHtamea sy 58lid by

S ampl usm
152225? Ztm met o-xhny§!§}X ef?ﬂglt%ﬁpyrl In-2-yOmerhyrj7,8-dihydro-2H-6-i

h| /1 2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example 8 (50
mg)and 3-aminopyridine (24 mg).

HN-
4

\Z

4

N O
NJ\N’LLOJ\\
o//Lo
X

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}pyrimidin-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 ethy! 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+H)".

5) Di-tert-butyl {2-(4-methoxybenzyl)-7,8-dihydro-2H-6-thia-1,2,3,5-

tetraazaacenaphthylen-4-yl}imidodicarbonate



1H-NNIR (CDC13) 8: 2.21 (3H, s), 2.27 (3H, s), 3.35 (1H, de, .1= 16.7, 4.4
Hz), 3.69-3.73 (4H, m), 4.45-4.48 (1H, m), 5.45 (414, s), 7.05 (IH, dd, 3 =
7.4, 4.9 Hz), 7.68 (1H, 1,3 = 8.0 Hz), 8.11 (1H, d, 3 = 8.0 Hz), 8.16 (1H, s),

8.28 (IH, d, J = 3.9 Hz), 9.23 (1H, 3}0ESI-IVISiniz: 463 (M H (Example
197)

4-Amino-2-[(4-methoxy-3,5-dirrethylpyridin-2-yOmethyll-N-phenyl-7,8-
dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphtlaylene-7-carboxamide

@ titte compound (15 mg, 25%) was obtained as a solid by the same
hod as in Example 12 using

mino-2-[(4-methoxy-3,5-dimethylpyriciin-2-yHmethyl] 7,8-d
E%%\Zjﬁl -thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid
‘olt'xample 8 (50 mg) and aniline (0.025 m1). 1E-1?11,VIR
(COTIB) 8: 2.23 (3H, s), 2.28 (3H, ), 3.35 (1H, dd, 3 = 16.7, 4.2 Hz), 3.62
(1H, dd, J = 16.7, 8.8 Hz), 3.76 (3H, s), 458(1H dd, J = 8.8 4.2 Hz), 5.43

(2Hrr2o0,dvd .2 b3 1425 ’\ﬁz‘h}cﬁl 21( Tnbtdoxybéhbi):

7.53-7.55 (2H, m), 8.12 (1H, s) ESI-MSrniz: 4 +( xample 198)
1H-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 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 (6.0 g, 74%) as an oil.

'H-NMR (CDCls) &: 1.46 (18H, 5),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-MSmv/z: 514 (M + H)".

6) 7,8-Dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-4-amine



4-Amino-N-isoxazol-3-y1-2-[(4-methoxy-3,5-dimethylpyriciin-2-yHmethyl]-
7,8-dihydro-2H-6-thia-1,5-tettuazaacenaphthylene-7-carboxamide O-

The title compound (10 mg, 17%) was obtained as a solid by the same
method as in Example 12 using 221

4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yHmethyl]-
/8-dihydro-2H-6-thia-1,2,3,5-tetraazaaecnanhthylenti-7-carboxylic acid of
-xample 8 (50 mg) and 1,2-oxazol-3-amine (0.019 ml), '‘H-NMR
13) 8:2.21 (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, = 5.4 Hz), 5.27 (2H, s), 5.45 (2H, d, J = 4.6

Hz)A6199 ¢ TH5 $) Bahd (A fsha8eRe(Adiel(3d), hb WatdHr)i@l 60Ot{EHpsye di-

ESI-MSm/z: 453 (M (ExamE])Ie 199) _
tertprline-C-frr kb s 5 ity Adn-20methy1)-N-pyrid'n-3-y1-

B SR S A G il G R
room temperature for 16 hours and then stirred at 55°C 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-Dyg) &: 3.06 (2H, s), 3.52 (2H, s).

ESI-MSmv/z: 194 (M + H)".

7) 2-(Quinolin-2-ylmethyl)-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine

S
=

!
I

Nj/"
N-N

/
Z "N

s \N)‘

|
NH,

A mixture composed of the above 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine (30 mg), 2-(chloromethyl)quinoline hydrochloride
(51 mg), potassium carbonate (98 mg) and dimethylformamide (1 mL) was stirred at
60°C 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 (CDCl3) 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 (1H, d, ] = 8.5 Hz), 7.52 (1H, dd, ] = 7.6, 7.6 Hz), 7.69-
7.78 (2H, m), 8.11-8.07 (2H, m).

ESI-MSmy/z: 335 (M + H)".



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-dimethylpyridin-2-yl)methyll7,8-di'nydro-2H-6-t
hia-1,2,3,5-tetraazaacenaphthylengs3-carboxylic acid of Example 8 (50
mEi) and 3-aminopyridine (24 MO. (CDC13) 8: 2.24 (3H, 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 (1H, dd. 3=8.9, 4.2 Hz), 5.44 (2H, s), 7.29- 7.32 (1H, m), 8.12 (1H,

s), 8. ,d, J=8.3Hz),8.29 (1H, d, J = 4.9 Hz), 8.56 s). ESI-MSmi
<Eﬁ%§p(‘rz?/ﬁ|§)’ . (Example 200)

4-AmingeadidsTRe et SrdimetiviRysidin:2-kimetyk:N-pyridin-4-y1-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide N')
tetmﬁatddmrdphthﬂlhm}m«mnpound (15 ma, 25%) was obtained as a solid
by the same method as in Example 12 using
ino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methy1]-
- Nhydro -2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Exa ple 8 (50 mg) and 4-aminopyridine (24 mg). 11-1-NMR
C13) 8: 2.24 (3H, s), 2.29 (3H, d, J = 5.6 Hz), 3.34 (1H, dcl, J -- 16.7,
C%z , 3.563 (11-1, dd. J=16.7, 8.8 Hz), 3.77 (3H, s), 4.59 (1H, dd, | =
*Hz), 5.44 (2H, d, J = 4.2 Hz), 7.56 (2H, dd, | =4.9, 1.5 Hz), 8,12

(11 JI'hs)ﬁ‘ge cogpt)lugg (% mg,%SEZE Wag 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) (30 mg) and 2-
(chloromethyl)isoquinoline hydrochloride (49 mg).

'H-NMR (CDCl5) 8: 3.16 (2H, t, J = 6.1 Hz), 3.47 (2H, t, ] = 6.1 Hz), 5.42
(2H, s), 5.65 (2H, s), 7.45 (1H, s}, 7.57 (1H, dd, ] = 8.0, 8.0 Hz), 7.66 (1H, dd, J =
8.0, 8.0 Hz), 7.75 (1H, d, ] = 8.0 Hz), 7.95 (1H, d, ] = 8.0 Hz), 9.23 (1H, 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
_\OQBr
»
3 \N)\NHZ

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-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and 3-bromo-2-

bromomethyl-6-ethoxypyridine hydrobromide (59 mg).



ESI-MSm/z: 463 (M + H). 252 (Example 201)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-(5- meth yl
xazol-3 -y1)-7,8-dihydro-2 H-6-thia-1 3,5-tetraazaacenaphthylene-7-
carboxa.mide The title compod@d (8 mg, 13%) was obtained as a
solid by the same method as in Example 12 using

-amino-2-[(4- xy-3,5-dimethylpyridin-2- hyl]-

SRR AR R A A TIERENTERTI
_ | . 152~ L3-amine (25 .
(RETHRRDY B R e oM

s), @58 6)H5H3 286 $)z0.BE(1H] S), BA48.(lHE)s). ESI-MStniz: 467 (M + H)+.
(Example 202) Ethyl 2-[( %4; amino -2 -[(4-metho x y-3 ,5-ciimethylpyri
din-EShMetay 4¢78M + H)

(Example 155)
2-[(5-Methylpyridin-2-yl)methyl}-7,8-dihydro-2H-6-thia-1,2,3,5-

tetraazaacenaphthylen-4-amine

%7

N-N

(Sﬁi\ﬁ\l\mz

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-chloromethyl-3-
methylpyridine hydrochloride (38 mg).

'H-NMR (CDCls) &: 2.38 (3H, s), 3.14 (2H, t, I = 6.1 Hz), 3.45 2H, t, ] = 6.1
Hz), 5.47 (2H, s), 7.00 (1H, d,J = 7.8 Hz), 7.44 (1H, d, ] = 7.8 Hz), 8.24 (1H, s),
8.41 (1H, s).

ESI-MSm/z: 299 (M +H)".

(Example 156)
2-[(5-Bromopyridin-2-yl)ymethyl]-7,8-dihydro-2H-6-thia-1,2,3,5-

tetraazaacenaphthylen-4-amine



d ihydro-2H,5-tetraazaacenaphthyl en-7-yllcarbonyl)amino11-4-methy1-
1,3-thiazole-5-carboxylate The title compound (20 mg, 32%) was
obtained as a solid by the same method as in Example 12 using
4-amino-2-1(4-methoxy-3,5-dimethykoyridin-2-yl)methylk
7,8-dihydro-2H-6-thia-1 ,2.3,5-tetraazaacenaphthylene-7-carboxylic acid
of Example 8 (50 m%) and 2-amino-4-methylthiazole-5-carboxylic acid
ethyiheside @enmppnddians, 16%) NRTRYEDE 8 Brrn QD IS, %{,Y e sprpe

b5 & B 2 T TR i 48 (b, g, 9 7.1 ),
tetrfabRalbhith yPerm4l it Aol EXa®BR (233, 6h @ 5B ) 2&RBicHTE)I-5-
ESHMSmiz: 555 (M + (Example 203) Ethyl 24(

brotdeamido:2 Hydremeltky (3 Badinethylpyridin-2-yOmethyll-7,8-
dihydro-2H-6-thia-1 ,2,3 ,5-tetraazaacen?§hth ylen-7-yll

carbBryARn (18 thixd o168 e arb5x8i%ta?)s 3 g Hhié Eanifblinl ¢t

» 292 obtai soli h thac : .12
<2lec'%’@l% ﬁ%#rﬁo%)ﬁ(@n et cﬁix?/30é5gd?r%étﬁy§[§$§2&§m§t§h%§ HEs

(1H,8;dibydrad2hi-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example .
ESI-MSm/z: 363 (M + H)".

(Example 157)
2-[(5-Bromo-3-methylpyridin-2-yl)methyl}-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine

Br

Nyt
N...
4
)
S \N)\NHz
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 (CDCls) &: 2.38 (3H, s), 3.12 (2H, t, T = 6.1 Hz), 3.44 2H, , ] = 6.1
Hz), 5.23 (2H, s), 5.43 (2H, s), 7.63 (1H, s), 8.45 (1H, s).

ESI-MSmy/z: 377 (M + H)".

(Example 158)
2-[(3,4-Dimethoxypyridin-2-yl)methyl]}-7,8-dihydro-2H-6-thia-1,2,3,5-

tetraazaacenaphthylen-4-amine



(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, .1= 16.8, 7.5 Hz), 3.77 (3H, s), 4.39 (2H,
q,J = 7.5 Hz), 4.63 (1H, cid, S = 72854.4 Hz), 5.45 (2H, s), 7.82 (1H, s),
8.16 (1H, s). ESI-MSmk: 541 GM + HY. (Example 204)
N-(5-Acetyl-4-methy1-1,3-thiazol-2-y1)-4-amino-2-1(4-methoxy-2,5
limethylpyridin-2-yOmethy111-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacen
ylene7-carboxamide 254 The title compound (20 mg, 30%) was

ehtained as a solid by the same method as in ExampL, 12 using
K%bf:nino-2-[(4-methoxy-3,5-ciimethylpyridin-2-yOrnethy1]-

s 78‘1drhhydro-2H-6-thia—1,2,3,5-tetraazaacenaphthylene-?-carboxylic acid of
Example 8 (50 mg) and 1-(2-amino-4-methylthiazol-5-yDethanone (40

mg)fhe title co(mgﬂlilx' Mgﬁr(g’ @%%%)ﬁ@cé%%'ﬂs §)i’ a?rsl%%p%lﬁ's %/ @x@éaﬁ%é_l’

s), 3.37-3.40 (1H, m), 3.53(1H, dd, J=16.7, 7.4 Hz), 3.85 (3H, s), 4.68
me(Abl gdinEx a4 14 H7) usibd Bt iire 88-Hz)i B8I2Z8 FH, s).

ESI-MSmiz: 525 (1V1+ (Example 205)
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and 2-chloromethyl-3,4-
dimethoxypyridine hydrochloride (35 mg).

'"H-NMR (CDCly) 8: 3.12 (2H, t,J = 6.1 Hz), 3.43 (2H, t,] = 6.1 Hz), 3.84

(3H, s), 3.91 (3H, 8), 5.51 (2H, s), 6.79 (1H, d, J = 5.4 Hz), 8.03 (1H, s), .18 (1H, d,
J=35.4Hz).

ESI-MSm/z: 345 (M + H)".

(Example 159)
2-(1,3-Benzothiazol-2-ylmethyl)-7,8-dihydro-2H-6-thia-1,2,3,5-

tetraazaacenaphthylen-4-amine

@

N-N

4
Z N

i #
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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 (CDCl3) 8: 3.18 (2H, t, I = 6.1 Hz), 3.47 (2H, t,J = 6.1 Hz), 5.26
(2H, s), 5.78 (2H, 5), 7.38-7.37 (1H, m), 7.47-7.45 (1H, m), 7.81 (1H, d, ] = 8.0 Hz),
8.03 (1H, d,] = 8.3 Hz).

ESI-MSm/z: 341 (M + H)",



Ethyl 2-[( {4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yOmethyll -7,8-
dihydro-2H-6-thia-1,2,3,5-tetrazzaacenaphthylen-7-y1}
carbonypaminol-1,3-thiazol4-yllacetate The title compound (20 mg,
28%) was obtained as a solid by thesame method as in Example 12
using 4-amino-2-1(4-methoxy-3,5-dimethylpyridin-2-yl)methylk
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example 8 (50 mg) and (2-aminothiazol-4-yl)acetic acid ethyl ester (48

(E m%}il 0 (CDCI3) 5:1.27 (3H, t, J = 7.1 Hz), 2.30 (3H, s), 2.3 (3H, 9),

i< f(llll/g zjd, J-16.7,4.5 Hz), 3.55 (11-1, dd, J = 16.7, 7.7 Hz), 3.69 (2H,

s), 3.88 (b B AdS-(23n@a3/8-7.8- Bt ndd 12 A 5. 4.5 Hz),
5.54 2%’1, d.J - 6.6 Hz), 6.891213(1Hﬂ%s,,1)3, Z’.:az (%ﬁ, s). EST}-IMShr%iz’: 555 (M +

tetdez{&xanpplb 206} -amine
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-(5-nitro-1,3-
niazol-2-y1)-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaaecnaphthylene-7-carb
Xamide
N-

4

AN
A

57 NTNH,

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-chloromethyi-3,5-
dimethyl-pyridine hydrochloride (50 mg).

'H-NMR (CDCls) 8: 2.26 (3H, s), 2.34 (3H, s), 3.12 (2H, t, ] = 6.1 Hz), 3.42
(2H, t, J = 6.1 Hz), 5.15-5.10 (2H, m), 5.45 (2H, s), 7.18 (1H, s), 8.24 (1H, s).

ESI-MSnv/z: 313 (M + H)™.

(Example 161)
2-[4-Chloro-3-(trifluoromethyl)benzyl]-7,8-dihydro-2H-6-thia-1,2,3,5-

tetraazaacenaphthylen-4-amine

F
Cl gz
N_.
4

)
Ll

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 1-chloro-4-

chloromethyl-2-trifluoromethylbenzene (60 mg).



The title compound (20 mg; 30%) was obtained as a solid by the same
method as in Exam*. 12 using 4-amino-2-[(4-methoxy-3,5-dimethylp
din-2-y.:1)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetrddZaacenaphthylene-7-earboxylic acid of
Exampl 8 (50 mg) and 5-nitrothiazol-2-amine (38 mg) HNMR

(CD 138227@% 228 3H, s), 3.37 (1H, dd., .1=16.7, 4.5 Hz

oot (G0 da s T A T S e T A s 0 i F e a e,
o] a5 G ) @320 8 ESTM:Sinyz: 514 OM + H)Y.

(Example 2

4- Amﬁ@%{ﬁ&memw&ﬁd|methylpyr|d|n -2-yl)methyl]-N44-(2-

morpholin-4-y1-2-oxoethyl)-1,3-thiazol-2-y1]-7,8-dihydro-2H-6-thia-1,2,3,5

- tetraazaacenaphthylene-7-carboxamide 256 The title compound (30
(&S %r?iig%bwas obtained as a solid by the same method as in Example 12

4- ar@igpﬁe&@yme thenYoRmeiys -2 P&?@IM@ M'WM%ZH -6-t

hia-1,2,3,5-tetraazaacenaphthylene- -carboxy Ic acid of Examp e 8 (50
tetraapparal Difthaeirb-aiiazol-4-y1)-1-morpholin-4-yl-ethanone (59 mg).
'H-NMR (CDC13) 8: 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,
(2.0 Hz), 6.77 (1H, 5), 8.13s).

/&
LS*;\IﬁNHz
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-1-
methyl-4-trifluoromethylbenzene (56 mg).
'H-NMR (CDCls) 8: 3.14 (2H, t, ] = 6.1 Hz), 3.46 (2H, t, ] = 6.1 Hz), 5.17
(2H, s), 5.36 (2H, s), 7.29 (1H, d, ] = 8.0 Hz), 7.38 (1H, s), 7.44 (1H, d, ] = 8.0 Hz).
ESI-MSm/z: 366 (M + H)".

(Example 163)
2-(3,4-Dichlorobenzyl)-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-
4-amine

cr cl

N~
) ~N

0
SSTSNTONH,

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-



ES1-MSm/z: 596 (M Hf. (Example 208) 4-Amino-2-[(4-methoxy-3
,5-dimethylpyridin-2-y-1)me,thyl] -N -;5-(morpholin4-ylm
ethyl)-1,3-thiazol-2-y1]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthyl
ene- 7 -carboxamide The titlexegmpound (20 mg, 27%) was obtained
as a solid by the same method as In Example 12 using

4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-ypincthyll7,8- d|hydro -2H-6-th
tetrazp @B bsrd ardaeainppiiienaly-Hiogicasianst Exahwplers-(50 mg)

and 5 holin-4- ,3-thiazol-2-amine (52 mg). 257 -NMR
chlgee n%%g /f%%%:fﬁx 2.28 (3H, s), 2.48 (41-1, s), 3.38 (1H, d, j =- 3.9

HZ)‘I@ R Eped) 8.3, Jf@ H - H2)e 3- 70 (404, (B E 4 5-H2). 13,7 5 (BH,

§). 468 N ag 3 LY 3 Py 548 (OH 0 537 ) 792 (111S),
(218.94 1 29-2H). sE,S?TLE/ISM[z:téﬁGS&M Bl. Hyd) (EXdrTpie 209)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-
tetraazaacenaphthylen-4-amine

[o

N4

N-

4
X
Ls \N)\NHz

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 (CDCls) 8: 2.23 (3H, s), 3.12 (2H,t, ] = 6.1 Hz),3.43 (2H,t, ] = 6.1
Hz), 3.86 (3H, s), 5.46 (2H, s), 6.71 (1H, d, ] =5.6 Hz), 8.30 (1H, d,J = 5.6 Hz).

ESI-MSm/z: 329 (M + H)".

(Example 165)

3-[(4-Amino-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-2-

yDmethyl]-1-methylquinolin-2(1H)-one

SNNH



4-Amino-N-0-carbamoy1-4-methy1-2-thieny1)-2-[(4-methoxy-3,5-
dimethylpyridin-2-y1)methy11-7,8-dihydro-2H-6-thia-1,2,3,5-tetradzaacen
aphthylene7-carboxamide The title compound (10 mg, 15%) was
obtained, as a solid by the same M@é¢thod as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]7,8-dihydro-21-1-6-
thla ,2,3,5-tetraazaacenaphthylene-7- carboxylle acid of' Example 8 (50

mg) afid’ eﬁ?ﬁ%"ﬂ“ﬁw&ﬁ%’tﬁ%/ h &Y QLHEPEE 28 A e @BlgRy) DY the same
el Eo%%}ﬁ% EX%‘:@ o(355.8), Lt%lgg @%%%d%o% 3@2 F’} 13%1?%53 40 (1H, m), 367

11-1, dd, J 6, 6.3 Hz), s), 4.67 6,3, 4.6 Hz),

tetﬁa@aa(aadaghﬂxﬁalmldﬁhr@ 68H sl J 52169 (HIZ2)n¢)4d 2EbHSdr SuledhiiH -
brs). ESI-NISmiz: 525 (M + H)7. (Example 210)

nmidoreqUemethexy33mEdimethylpyridin-2-yHmethyli-N-11-i-pyrazol-5-
7 S A HN 3128 H T2 BREED, PHCD PR R S pide
(BH, s), 5.30 (2H, 5), 5.40 (2H, 5, 7.20 (1H, dd, J = 7.8, 7.8 Hz), 7.32 (1H, 5), 7.35
(1H, d, J = 8.7 Hz), 7.48 (1H, dd, T = 7.8, 1.4 Hz), 7.57-7.52 (1H, 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

d b

NN

N)\NH

The title cbmpound (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).

'H-NMR (CDCls) &: 3.13 (2H, t, J = 6.0 Hz), 3.43 (2H, t, T = 6.0 Hz), 4.24-
4.22 (4H, m), 5.22 (2H, s), 6.82-6.81 (3H, m).

ESI-MSmy/z: 342 (M + H)™.

(Example 167)
2-(1,3-Benzodioxol-5-ylmethyl)-7,8-dihydro-2H-6-thia-1,2,3,5-

tetraazaacenaphthylen-4-amine



N-N) rbite'S 11NH, The title compound (8 nice; 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)methyl],
7,8-dihydro-2H-6-thia-1,2,3,5-tetragzgacenaphthylene-7-carboxylic acid of
Example 8 (50 mg) and 5-aminopyrazole (22 mg). 1H-NMR
(CDC13) 6: 2.24 (3H, s), 2.25 (3H, s), 3.40-3.45 (2H, m), 3.76 (3H, s),
¥4 (2H, s), 5.55 (1H, t, J = 5.4 Hz), 5.98 (1H, d, J = 3.2 Hz), 7.93 (1H, d,
2.9 Hz), 8.16 (1H, s). ESI-MSm/z: 452 (M H)t. (Example 211)
=AMino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-{5-[(4- methylp
razin-l-yl)methyll-1,3-thiazol-2-y1}-7,8-dihydro-2H-6-thia-1,2,3,...)-
t§trdlazaacenaphthylene-7-carboxamide o- The title compound (20 mg,
SZEf%Wflas obtained as a solid by the same method as in Example 12
usin 4-amino-2-[(4-methoxy-3d5-ditnethylpyridin-2-yl)methyl]-
7,8- 6 STRBAHIE-E 308,5 Yty an 26 ABERBFHh iR ABLTIIEONY flecaier of

| m . . ,
e e I 301\ ine sy e i 8055 o).
tetrhdzAa DR B 3) Bnid@ 6 (Akhnks5d, 1328 Y(61ls In®) aked8 (8H, brs), 3.37
(1H, de, | - 16.8, 4.4 Hz), 3.54 (1H, dd, J = 16.8, 8.1 Hz), 3.66 (21-1, s),
chigrpmegilbenzp B (Hipxplek2T Mgl Hz), 5.44 (2H, d, 1 = 2.9 Hz), 7.22 (1E,
S) BAR U Pbci 6:3.13 @R, 1, T = 6.0 Hz), 3.44 (H, 1, 1 = 6.2 Ha), 5.19
(2H, s), 5.25 (2H, s), 5.92 (2H, s), 6.75 (1H, d, ] = 7.8 Hz), 6.84-6.82 (2H, m).

ESI-MSm/z: 328 (M + H)".

(Example 168)
6-[(4-Amino-7,8-dihydro-2H-6-thia-~1,2,3,5-tetraazaacenaphthylen-2-
yDmethyl]-3-methyl-1,3-benzoxazol-2(3H)-one

p
5\25>
s \/NJP\NHZ
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 (CDCl3) 6: 3.13 (2H, t, J = 6.1 Hz), 3.39 (3H, 5), 3.46 (2H,t, ] = 6.1

Hz), 5.36 (2H, s), 6.94 (1H, d, ] = 8.1 Hz), 7.23-7.21 (2H, m).
ESI-MSmv/z: 355 (M + H)".



259 ES1-MSrniz: 581 (Mt F (Example 212) 4-Amino-N-[5-(h
ydroxymeth y1)-1 ,3-thiazol-2-yl]-2-1:(4-methoxy-3,5-
dimethylpyridin-2-yOmethyll-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenap
hthylene7-carboxamide The 2i8le 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]-

(B8Rt Rivo-2H-6-thia-1,2,3,5-tetraazaacenaplithylene-7-carboxylic acid of

aﬁg@_@%éﬁ%m%@ﬂ@*mﬁﬁ(ﬁ@:&'iﬁ%%:%ﬁ-]é):m%ﬂﬂé@k(?’”f mg).

Ex
(DMSO-d6) 6: 2.18 (3H,'s), 2.21°(3H, s),3.27-3.29 (2H, m),’3.72 (31-1, s),
tetddaFaRbbpthihiten4-dbx)ed. 78-4,79 (1H, tri), 5.34 (2H, s), 5.38 (1H, 1,1 =
5.6 6.98 (2H, s), 7.31 (1H, s), 8.10 (1H, s). ES{-MSm/z: 499 (M H- H.
SFN
f =

=

-
&9,
s \NJ\NHZ

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-
chloromethylbenzothiazole (39 mg).

'H-NMR (CDCl3) &: 3.14 (2H, t, ] = 6.1 Hz), 3.47 (2H, t, ] = 6.1 Hz), 5.50
(2H, s), 7.52 (1H, d, ] = 8.3 Hz), 7.91 (1H, s), 8.07 (1H, d, ] = 8.3 Hz), 9.01 (1H, s).

ESI-MSmv/z: 341 (M + H)".

(Example 170)
2-(3-Fluoro-2,4-dimethylbe, 3.12 (2H, t, ] = 6.1 Hz)nzyl)-7,8-dihydro-2H-6-

thia-1,2,3,5-tetraazaacenaphthylen-4-amine

~F
§/
-
4

~
3 \NJ\NHQ

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 1-chloromethyl-3-
fluoro-2,4-dimethylbenzene (36 mg).

"H-NMR (CDCls) &: 2.22 (3H, s), 2.29 (3H, 5), 3.44 (2H, t, ] = 6.1 Hz), 5.17
(2H, s), 5.30 (2H, s), 6.81 (1H, d, J = 7.8 Hz), 6.95 (1H, m).



(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[cd]azulen-8-y1
trifluoromethanesulfonate 260 539
4-[Bis(tert-butoxycarbonyl)amino]-24(4-methoxy-3,5-dimethylpyridin-2-
yl)methylj-2,9-dihydro-6-thia-1,2,3,5-tetraazabenzo[ediazulen-8-one (300
mg)Eead sz iderydrated diChloromethane (5 ml) under cooling in
an ice bath, followed by addition of triethylamine (146 ti.1) Then,
trittuoromethanesulfonic anhydride (106 ul) was added and the mixture

(E%‘é?rﬁa%iﬁrﬂg at OC for three hours. A saturated ammonium chloride solution
was added to the reaction solution, followed by extraction with ethyl

aceta{e7-Brerodapidilaydovias isecedididlyowaghedhyith, svaieydaod Hrihe
and dried over sodium sulfate. The solvent was evaporated, and the
thipekdiiny bsivne s plifiet byBiRéa gel column chromatography

(hexane-ethyl acetate) to obtain the title compound as a solid (255 mg,

69%). ES1-MS miz: 703 (M+H)-.  2) Ethyl
4- trert-butoxycarbonyl)amino]—2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methy1]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]a

f'rf ne8-carboxylate
S %&-ﬁutoxycarbonyparnino]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methy11-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzoiled)azulen-8-y1

triflu [ ' I

Triot o LR and By LR 1) e e
méhSImgnreragdeedntyosmgtempritie e hie-mixbyse was stirred in

a carbon monoxide atmosphere at 40C for three hours. The reaction

teiseturrnevwpkicpseehtratiod cAdk twedaliig (r&mg)améﬁmmé& by silica
" gh?gémgggg)}gﬁ%%%%h ’1 é%eﬁg(?%eggg% g)(?etate) to obtain the title
'H-NMR (CDCl3) &: 3.16 (2H, t, J = 6.1 Hz), 3.46 (2H, t, ] = 6.1 Hz), 4.20-
418 (4H, m), 5.16 (2H, s), 5.35 (2H, s), 6.40 (1H, 5), 7.09 (1H, s).
ESI-MSmv/z: 420 (M + H)".

(Example 172)
2-(2,3-Dihydro[1,4]dioxino{2,3-c]pyridin-7-ylmethyl)-7,8-dihydro-2H-6-thia-

1,2,3,5-tetraazaacenaphthylen-4-amine

@
o
N
4 P {\1
S \NJ\NHQ
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).



'H-NMR (CDCI3) 3: 1.35 (3H, t, J = 7.19 Hz), 1.44 (18H, s), 2.22 (3H, s),
2.30 (3H, s), 3.75 (3H, s), 4.18 (2H, s), 4.31 (2I-1, g, J = 7.15 Hz), 5.73
(2I-1 s), 8.02 (IH, s), 8.15 (1H, s). ESI-MSratz: 627 (M + 3)
4-[(tert-Butoxycarbonyl)amino]-2-[@methoxy-3,5-dimethylpyrid
yHmethy11-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-carboxyl
ic acid Ethyl
1 (DN UER sk Body S 4Rnb 2 sl 43 S8 ity lgAtiAZY 1)
y11-2,7-dihydre-6-thias1,2,3,5-tetr ulene-8-carboxyl
4.251@%@,%3 ?{E%‘?Ié‘i, ?%W%z%mgg’t 3-8 ﬁ%%@%%ﬁ%ﬂ%

g) was olved'in hano ) under éooling in an ice
battr - 11Ahsediam hydrexide 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

(E]Wé@’ nh? with chloroform and washed with a 10% citric acid solution,

and thesorganic.Iayerwas Aigd oversasliumsuiater The_Salyent was.

evaporated, and the resulting residue was recrystallized from hexane and
thiethg| B ataieatapbiaishthel tile-ecampound as a solid (0.68 g, 91%).

1H-NMR. (CD30D) 8: 1.54 (9H, s), 2.25 (3H, s), 2.32 (3H, s), 3.81 (3H, s),
5—4.18 (21-1, s), 5.78 (21-1, s), 7.81 (1H, s), 8.07 (1H, s). ES1-MSiniz: 499

H. 4)
@Amino-24(4-methoxy-3,5-dimethylpyridin-2-yHmethyll-2,7-dihydro-6-
@?-1,2,3,5-tetraazabenzoichazuIen-8-carboxy|ic acid Ncj'N H2
N
4

ae!
g7 SNTTNH,

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-yl-2-chloromethylthiazole (53 mg).

'"H-NMR (CDCl3) &: 3.18 (2H, t, T = 6.1 Hz), 3.48 (2H, t, ] = 6.1 Hz), 5.70
(2H, s), 5.99 (2H, s), 6.85 (1H, d, T =83 Hz), 7.27 (1H, s), 7.35 (1H, d, ] = 1.7 Hz),
7.39 (1H, dd, J = 8.3, 1.7 Hz).

ESI-MSm/z: 411 (M + H)".

(Example 174)
2-[(7-Chloro-1,3-benzothiazol-2-yl)methyl}-7,8-dihydro-2H-6-thia-1,2,3,5-

tetraazaacenaphthylen-4-amine



The title compound was obtained as a solid (15 mg, 63%)-by synthesis by
the same method as in Example 2 using

4-[(tert-butoxycarbonyliamino]-2-1(4-methoxy3,5-dimethylpyridin-2-yl)meth
yll-2,7-dihydro-6-thia-1,2,3,5- tetragzabenzo|[cdlazulen-8-carboxylic acid
(30 mg). 1H-NMR (DM30-D6) 8: 2.17 (31-1, s), 2,26 (3H, s), 3.73
(3E s), 4.09 (2H, s), 5.50 (2H, s), 7.05 (2H, brs), 7.61 OE s), 8.05 (1H, s).
ESfIMSIIﬁﬁZC@QQ((MC(E&@f*ﬁp@%ﬂ)M as obyiRgd BLAyl amorphous by the same

Ay B 00 T 13 A AALAE >

tetrgﬁqmﬂlﬁvﬂiﬁ ylcarbamale s Example 152- 6) (10 mg) and 2-bromomethyl-7-
4-atert- ButoxycarbonyllammuFZ [1(34 methoxy-3,5- dlmethylpyndln -2-

chiyhvethylhizZoidiRainesh-thia-1,2,3,5-tetraazabenzo[cd]azulen-S-carboxvlic
a(:50 mg) was dissolved in tetrahydrofuran %Si% under coolmg@n an ice
I

bathHm\éﬁquhénﬁel?l@féb)taﬁa Sthy EHate (12-p Tpwerst

(2%33 #37570 ng gr’nfgtrh%%l}glzﬁ?) were ggﬁr}}tloﬁe reac 7 .

(118Qlutieny ang,the mlxture was stirred for three hours whiln O- radually
returning to room temperature A 10% citric acid solution was added to the
readiiiRdSiution, T lidivediby 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

(Exa ? ?I]' e solvent was evaporated, and the resulting residue was
d1 silica gel column ciiromatogaphy (chloroform-methanol) to

obtmn{mejml@rmwmmp@nm(wmmg%y 8-dihydro-PH-b-HAR
(CDCI3) 8: 1,53 (9H, s), 2.22 (3H, s), 2.31 (3H, s), 3.74 (3H, s), 3.75 (2H,

123&;%@2%5%;3@@6&%%) 6.85 (1H, t, J = 1.38 Hz), 7.43 (1H, s),
8.17 (111, s)

J_cl
N
NN)

L

NNH

The title compound (5.1 mg, 11%) 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 4-chloro-2-
chloromethyl-3,5-dimethylpyridine (44 mg).

'"H-NMR (CDCls) 8: 2.32 (3H, s), 2.43 (3H, s), 3.12 (2H, t,J = 6.1 Hz), 3.43
(2H, t, ] = 6.1 Hz), 5.20 (2H, brs), 5.49 (2H, s), 8.25 (1H, s).

ESI-MSmyz: 347 (M + H)™.

(Example 176)
2-[(4-Ethyl-3,5-dimethylpyridin-2-yl)methyl}-7,8-dihydro-2H-6-thia-1,2,3,5-

tetraazaacenaphthylen-4-amine



ESI-MSmiz: 485 (M + Ht. 2)
(4-Amino-2-[(4-methoxy-3,5-dimethylpyridiri-2.-yl)methy1]-2,7-dihydro-6-
thin ,2,3,5-tetraazabenzo[ed]azulen-8-ylimethanol The title
compound was obtained as a solicb@kb mg, 54%) by synthesis by the
same method as in Example 2 using tert-butyl
(8-(hydroxymethyl)-21(4-methoxy3,5-dimethylpyridin-2-y1)methyl]-2,7-dihy
dro-6-thia-1,2,3,5- tetraazabenzoiedjazulen-4-yl}carbamate (35 mg).
"17"NMR (CDC13) 6:2.22 (3H, s), 2.27 (3H, s), 3.71 (2H, s), 3.74 (3FI, s),
4.31/(§H, d, J =1.38 Hz), 5.19 (2H, brs), 5.51 (2H, s), 6.78-6.79 (1H, m),
.“/9N(1H, S). ESI-MSmiz: 385 (M + H)t (Example 215) 1) ten-Buty!
i :Lbutxt(methyl)carbamoyl]-24(4-metboxy-3,5-
dimet%ylpyridin-2-yl)methyli-2,7-dihydro-6-thia—l,2,3,5-tetraaza
erizo#cdiazulem4- yllcarbamate The title compound was obtained as

a sohA(EANIGIEEH Iy 4 MthediE by i@ REMETAS RGP S Bk esame

H8H9s in Example 152-7) using 7.8-dihydro-2H-6-thia-1,2.3.5-
m4-[(teits-l%)rlljto}%/nc1 r onyl)gtr%?}mn -2-{(%—%ert?10xy3,S-Eﬁm’ef%yslpyridin-z-yOmeth

tetydhZidceliayiio/Rrthiaahid Sdh-Dietrapizaliongpledlazilar 8-aathexisacid
(50 ma) and n-incthyl-n-butylamine (23 u.1).
ethyl-3,5-dimethylpyridine hydrochloride obtained in Reference Example 1 (51 mg).
'H-NMR (CDCl3) 8: 1.09 (3H, t, ] = 7.6 Hz), 2.25 (3H, 5), 2.31 (3H, 5), 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),
547 (2H, s), 8.17 (1H, s).

ESI-MSm/z: 341 (M + H)".

(Example 177)
2-[(3,4-Dichloro-5-methylpyridin-2-yl)ymethyl}-7,8-dihydro-2H-6-thia-

1,2,3,5-tetraazaacenaphthylen-4-amine

N-N

/2
(X
S \NJ\NHE

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-methylpyridine hydrochloride obtained in Reference Example 2 (57 mg).

'H-NMR (CDCl3) &: 2.36 (3H, s), 3.14 (2H, t, ] = 6.1 Hz), 3.45 (2H, t, I = 6.1
Hz), 5.22 (2H, s), 5.61 (2H, s), 8.25 (1H, s).

ESI-MSm/z: 367 (M + H)".



ESI-MS ink: 568 (M+H) 2)

4-Amino-N-buty1-24(4-methoxy-3,5-dimethylpyridin-2-yOmethyl]-Nmethyl-

2,7-dihydro-6-thia-1,2,3,5-ietraazabenzo[cd]azulene-8-carboxamide

The title compound was obtained a solid (22 mg, 50%) by synthesis by

the same method as in Example? using ten-butyl

-(8-[butyl(methyl)carbamoy]1-2-[(4- meth ox y-3,5-dimethylpyri
(Egimghyl)r®iny1]-2,7-dihydro-6-thia-1,2,3,5-

tetraazabenzo[cd]azulen-4-yllcarbamate (54 mg). 11-1-NWIR

(CD&18)-8htpso<oelery - mycthndryrabped 1! ety 7136 yeduo mbi-0-23

(311, .30 3H brs), 3.47 (2H, t, J = 7.57 Hz), 3.75 (311,
"h‘(‘*%ﬁ?s( 1A 5"“%6’1)@??“2%?%}‘ SENBH, 5), 6,89(11-1, s), 8.19 (11-1, 5).

ESI-MSm/z: 468 (M H)+. 265 (Example 216) 1) tert-Butyl

5,2; émethoxy 3,5-dimethylpyridin-2-ylhnethy11,-8-

[m Kphcnyl)carbamoy11-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cdja

-4- yl}carbamate N-Ni C.}:crrYN

“ "N

.
S N’kNH2

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 (CDCl3) 8: 2.24 (3H, s), 3.14 (2H, t, ] = 6.1 Hz), 3.45 2H, t, ] = 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—[(S—Chloro-4-methoxy-3-methylpyridin—2—yl)methyl]-7,8—dihydro—2H-6-
thia-1,2,3,5-tetraazaacenaphthylen-4-amine
b
] é
N N

.

NNH

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 Referenée Example 4
(56 mg).



hA, The title compound was obtained as a solid (63 mu, 59%) by
synthesis by the same method as in Example 9 using
4-[(tert-butoxycarbonyl)amino]-2-[(4-methoxy3,5-dimethylpyridin-2-yl)meth
y1]-2,7-dihydro-6-thia-1,2,3,5- tetraazabenzo[cd]azulen-8-carboxylic acid
(50 mg) and N-methylaniline (21 up. 11-1-NMR (CDC13) 8:
1.51 (9H; 8), 2.21 (3H, s), 2.28 (3H, ), 3,41 (3H, s), 3.74 (3H, s), 3.79
(2H, ByNVBY(GPC), 57 8311 REls)) 2.16-RH4 (31, %2;%@%@&1@@-1

Hzik?%%g}&s%ﬁ%ﬁ:%t o;;séé%c%é%%;ﬁggr? ilg?g{ysf)methyl]-N-methyI-Nphen

y1-2g&dinygire-adhial2B,5-tetraazabenzo [ed] azulene-S-carboxamide
,N-rhhi Orihcr jr-C-"'N The title compound was obtained as a solid (23
mg, 44%) by synthesis by the same method as in Example 2 using
ten-butyl
(E&m&-ﬁgihoxy-:%,5-c|imethylpyridin2-y1)methylj-8-1_methy|(phenyl)carba

MOy |24 ¢AiRYAHOAOAL 23 _7-prop-2-yn-1-yl-
e SO oSN R (U5 sy Tprop 213
7,4V MER 1818GH:3) 182 2,2 3¢Birhz8)c2n@Ph(BY ey, BAdb (s, 3.75 (3H, s),
3.77 (2H, s), 5.15 (2H, brs), 5.48 (2H, s), 6.97 (1H, s), 7.16-7.24 (3H, m)
7.34{2? t, | = 7.79 Hz), 8.19 (1H, s). EST-MS/z: 488 (M + H)+.
Yt
N

/— N
= 2N
T, F
LSTNTN,

4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-7,8-dihydro-2H-6-
thia-1,2,3,5-tetraazaacenaphthylene-7-carbonitrile of Example 4 (50 mg) was
dissolved in tetrahydrofuran (5 ml). A 2 N solution of lithium diisopropylamide in
tetrahydrofuran (0.050 m!) was added at -78°C, 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 (CDCl3) 8: 2.22 (3H, s), 2.28 (3H, 5), 3.34 (1H, dd, J = 16.6, 8.5 Hz),
3.44 (1H, dd, T = 16.6, 4.6 Hz), 3.74 (3H, 5), 3.78 (2H, 5), 449 (1H, dd, ] = 8.5, 4.6
Hz), 5.20 (2H, s), 5.45 (2H, d, ] =3.2 Hz), 8.20 (1H, s).



(Example 217) 1) tert-Butyl
{8-(dimethylcarbamoy1)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenz*djazulen-4-yliicarbamat
e The title compound was obtai as a solid (53 mg, quant.) by
synthesis by the same method as in. Example 9 using
44(tert-butoxycarbonypamino]-2-[(4- methox y-3,5-dimethylp
yridiBES2-Jen ety Yos, iMlihydifo-6-thi a-1,2,3,5-
tetraazabenzoliedjazulen-S-carboxylic acid (50 mg) and dimethylamine
hydrochloride (16 mg). 1H-NMR (CDC13) 8: 1.53 (91-1, s), 2.22

(E 3111515)%%5334 (311, s), 3.10 (6H, brs), 3.75 (311, s), 3.97 (21-1, s), 5.67

; s?, .97s), 7.46 (1H, s), 8.17 (1H, s). ESI-MSrniz: 526 (M + H) . 2)

4-Ammze%élbm@t*{@W@ﬁ@gﬁmﬁmw&&wmﬁwﬂwh&a@éﬂ&%ghx'3&7-
Za

dihydro-6-thia-1,2,3,5-tetraazahenzo[ed]azulene-8-carboxamide ? ficA'
digethphpetibxy2 3;BrombeihylpyRidite@ajinethytiia2l 2 dillydro-6-thi a-1,2,3,5-

tetraazabenzo[cdiazulen-4-y1 if carbamate (53 mg).
tetraazabenzo[cd]azulen-4-yl}imiidodicarbonate

b

N-
OQEQTMQ

FEF O)‘G"}_

T

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[cd]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; m/z: 708 (M+H)"

2) Di-tert-butyl {8-(S)-[cyclopropyl(trifluoroacetyl)amino]-2-[(4-methoxy-
3,5-dimethylpyridin-2-yl)ymethyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[ cd]azulen-4-yl }imidodicarbonate

Di-tert-butyl {8-(R)-[cyclopropyl(trifluoroacetyl)amino]-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl}-2,7,8,9-tetrahydro-6-thia-1,2,3,5-

tetraazabenzo[cd}jazulen-4-yl}imidodicarbonate



1H-NMR (CDC13) 8:2.23 (3H, s), 2.31 (3H, s), 3.10 (611, brs), 3.75 (3H,
s), 3.95 (2H, s), 5.19 (2H, s), 5.54 (2H, s), 6.92 (1H, s), 8.19 (1H, s).
ESI-MSmiz: 426 (M +1-If . (Example 218) 1) tert-Butyl 18-[(3,3-di
uoropyrrolidin-l-yl)carbony1]-2-[(4-mginoxy-3,5-
methylpyridin-2-y1)methy1]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]
azui en -4- carbamate The e compound was obtained as a solid (60
nig, quant) by synthesis by theisame method as in Example 9 using

4- [(ter -butoxycarbonyBaminof2-[(4-

methox;g 3,5-dimethylpyridin® yOmethyI] -2,7-dihydro-6-thia-1,2,3,5-
jgr@e (29 mg). 'H-MAR (CDC13) 8:

rdbenzo[cd]azulen-S-
o3, dlfug“toﬁyrrolldlng
(3H, 5), 2.37-2,44 (2H, m), 3.76 (3H,

S
387(% = 688Hz)3§_@ t, J = 12.61 Hz), 4.02 (2H, s), 5.67
(2H s), 7.10 (1H, s), 7.46 (1H, s),'8.18 (IH, s). ESI-NiSmiz: 588 (M + H11.

Aty Px‘if.g‘)i’”% o Al B e SR,
d&é{l@b@mam@eylﬁﬁﬁhyn-zﬂ,8,9-tetrahydro-6-th1a-1,2,:,5»

tetraazabenzo[cd]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 {&-(S)-
[cyclopropyl(trifluoroacetyl)amino]-2-[ (4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd ]azulen-4-
yl}imidodicarbonate (RT = 70 min) (1.3 g, 43%) and di-tert-butyl {8-(R)-
[cyclopropyl(trifluoroacetyl)amino]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cdjJazulen-4-
yl}imidodicarbonate (RT = 130 min) (1.0 g, 33%).

3) N%-(8)-Cyclopropyl-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

Di-tert-butyl {8-(S)-[cyclopropyl(trifluoroacetyl)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. The reaction solution was stirred at 65°C for two

days. The reaction solution was concentrated, diluted with ethy! acetate (300 ml)



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-1-

yl)carbony11-2-[(4-methoxy-3,5-di L%hylpyrldln -2-yl)methyl]-2,7-dihydro-6
-thia- 1 ,2,3 ,5-tetraazab enzo [ad] azul en-4-y1) earbamate (60 mg).
(DMSO-D6) 6: 2.17 (3H, s), 2.25 (3H, s), 2.38-2.47 (211, m), 3.31- 3.34

and b dtked W 40 ng)o B 8-38863 & larmhydr8iid2 khision. 4fd2 1ide Sholifd,
(1H, s), 7.03 (2H, brs), 8.06 (1H, s). BSI-MSmiz: 488 (M H)t (Example
Then.ghe aqugoreytasgtyas extracted with ethyl acetate (50 ml) The organic

8-(but | 4-met 3,5-d thyl
o P OB B b A P o AL T 0 b
ﬁlt’?@t@was cJﬁ&ﬁi@ﬁ&Pﬁﬁ@%ﬂ&@é ﬂ%@lﬂ%d a?h% ?é%ﬁ%@r’?r@é‘&iu%%g by

synthesis by the same method as in Example 9 using

pudf] ety xiearhanyhemaned: 2pf(¢-(ridthokyd btdivhetyihy tidie <yhoneth
[]-2,7- dljdro -6-thia-1,2,3,5- tetraazabenzo[cd]azulen-8-carboxylie acid
(1 %@%g@S PR EBEPAFAIET20 RI). 1H-NMR (CDC13) 6: 0.95

2 55 (G R T e BT G g A T
(48).mR)67 {8Bls)1 B. 963 bra)s H, 29, 616D, @k 7s45 dHoa), 8, B10LAIHS)).
ESEMSm/z: 554 (M +11)+. 269
(Example 182)
NE-(R)-Cyclopropyl-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

\s_
N/

%

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(trifluoroacetyl)amino}-2-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd}azulen-4-
yl}imidodicarbonate (450 mg).

'H-NMR (CDCls) &: 0.35-0.51 (4H, m), 2.19 (4H, s), 2.27 (3H, s), 3.15-3.32
(4H, m), 3.58-3.62 (1H, m), 3.74 (3H, s), 5.01 (2H, ), 5.45 (2H, s), 8.19 (1H, 5).

(Example 183)
4-Amino-N-cyclohexyl-2-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl]-7,8-
dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide



2) 4-Amino-N-butyl-2[(4-methoxy-3,5-dimethylpyridih-2-yOmethy111-2,7-
dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-8-carboxamide The
titte compound was obtained as a solid (27 mg, 62%) by synthesis by the
same method as in Example 2 using tert-butyl
{8-(butylcarbamoy1)-2-[(4-methoxy3,5-dimethylpyridin-2-yl)methyll-2,7-dih
ydro-6-thia-1,2,3,5- tetraazabenzo[cd]azulen-4-y1)carbamate (53 mg).
11-kN (DMSO-D6) 6: 0.88 (3H, t, J = 7.34 Hz), 1.25-1.34 (2H, m),
1.4% (2H, m), 2.17 (3H, s), 2.24 (3H, s), 3.17 (2H, " 1 = 6.42 Hz) 2
§H,N§Q, 4.06 (2H, s), 5.47 (2H, s), 7.02 (2H, his), 7.39 (1H, s), 8.07 (1H,
, 4B .(1H, t, 1 = 5.50 Hz). EST-IVISm/z: 454 (Ivt + HY. (Example 220) 1)
HEQF, @M,{Hz&(am Imocarbony1)-2-[(4-methoxy-3,5-dimethylpyrid
20,Bmethyl)-2,7-dihydro-6-thia-1,2,3,5-tetradzabenzo[cd]azulen-4-ypearba

mate jt- N-r4) \/1"-Ys'N 6-° The title compound was obtained as a solid
(56 i OTOAP B QYHEdHH) UHe SAE BB AT E R a0l

T S et ot e
7,200 &Q M9) A antines (k8- Sddacenaphthylene-7-carboxylic acid of Example
& (40 mg) and cyclohexylamine (0.030 ml).

"H-NMR (CDCls) 8: 1.11-1.17 (2H, m), 1.30-1.37 (2H, m), 1.55-1.69 (6H, m),
2.26 (3H, s), 2.29 (3H, 5), 3.27 (1H, dd, T = 16.7, 4.3 Hz), 3.60 (1H, dd, = 16.7, 7.7
Hz), 3.69-3.70 (1H, m), 3.80 (3H, 5), 4.34 (1H,dd, J=7.7,43 Hz), 547 2H, d, ] =
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-dimethylpyridin-2-ylymethyl}-N-

methyl-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide

N,/
N_.
i il
; AN
N |
- s \NJ\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-y)methyl]}-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example
& (40 mg) and N-methylcyclohexylamine (0.030 ml).

"H-NMR (CDCl3) &: 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 (1H, m),
3.73 (3H, s}, 4.65-4.72 (1H, m), 5.32 (2H, s), 5.42-5.44 (2H, brm), 8.19 (1H, s).



270 [H-NIVIR (CDC 13) 8: 1.57 (911, s), 2.23 (3H, s), 2.34 (3H,
s), 3.76 (3H, s), 4.19 (211, s), 5.69 (21i, s), 7.16 (111,t, 3 =7.34 Hz), 7.36
(2H,t. J=7.79 Hz), 7.49 (1H, a), 7.56 (211, d, .1=7.79 Hz), 7.78 (1H, s),
8.18 (1H. a). ESI-MStn/z: 574 (M b . 2)
4-Amino-7-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyll-N-phenyl-2,7-
dihydro-6-thia-1,2,3,5-tetraazabenzo[ccilazulene-8-carboxamide The
title EOPOuNd: Wa2 OBtaiHed as a solid (25 mg, 54%) by synthesis by the
same method as in Example 2 using tert-butyl
18-(anilinoearbony1)-2-[(4-methoxy3,5-dimethylpyridin-2-yOmethyl]-2,7-di

(EQH géq-ég'a-l,Z,B,S- tetraazabenzoicdlazulen-4-ylicarbamate (56 mg).
11-1-NIYIR (DMSO-D5) 8: 2.18 (3H, a), 2.26 (3H, a), 3.73 (3H, s), 4.15
(2H 26)A B354 (@hind) N7 Q6rah iy (3H] (M atiask {285 ddidnet Hy kOt - 7-6 1
(111, a), 7.71 (2H, d, = 7.79 Hz), 8.08 (111, s), 10.24 (114, s). ESI-MSmiz:

yDaveAhA-¥, Bryli i Eeerdpled sthiy 1,2,313 —[réﬁqgmypggaphthylen&7—carboxamide
([2-(dimetoiamino)-2-oxoethyl]carbamo
11-2-[(4=methoxy3,5-dimethylpyridin-2-yl)methylk2,7-dihydro-6-thia-1,2,3,
5- tetra enzo[ediazulen-4-yl)earbamate

N
3! '
N <
e s N)\NHZ

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-allylcyclohexylamine (0.038 ml).

'"H-NMR (CDCl3) 8: 1.07-2.06 (10H, m), 2.24 (3H, s), 2.27 (3H, d, ] = 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 (1H, brs), 8.25 (1H, s).

ESI-MSm/z: 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
G
i
Hm‘f‘s SNTONH,

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-dimethylpyridin-2-yl)ymethyl]-



271 The title compound was obtained as a solid (22 mg, 38%) by
synthesis by the same method as in Example 9 using
4-[(tert-butoxyearbonyl)aminoll-2[(4-methoxy3,5-dimethylpyridin-2-y1)met
hyl]-2,7-dihydro-6-thia-1,2,3,5- tettaézabenzocccilazulen-8-carnoxylic acid
(50 0) and glycinedimethylainide acetate (81 mg). (CDC13) 8: 1.53 (91-1,
2.23 (3H, s),.2.33 (3H, s), 3.01 (6H, s), 376(311"5) 4.12-4.14 (4H,
r%hgigg 18 :ﬂ; 1721 S(ﬁﬁifﬁél)m?‘?&§€f§}tﬁ_y1§jleg 1@r§§oxyhc acid of Example

8 (40 mg) and 2-(2-thienyl)ethanamine (0.024 ml).

'H-NMR (CDCl3) 8: 2.22 (3H, 5), 2.27 (3H, 5), 2.91-2.94 (2H, m), 3.22 (1H,
dd, J=16.7, 4.8 Hz), 3.40 (1H, dd, ] = 13.3, 6.2 Hz), 3.52 (1H, dd, ] = 13.3, 6.2 Hz),
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, ] =3.4 Hz), 6.62 (1H, d, ] = 2.4 Hz), 6.71 (1H, brs), 6.86 (1H, dd, ] =5.1,3.4
Hz), 7.09 (1H, dd, J = 5.1, 1.2 Hz), 8.20 (1H, s).

ESI-MSmy/z: 496 (M + H)".

(Example 187)
4-Amino-N-(1,3-benzodioxol-5-ylmethyl}-2-[(4-methoxy-3,5-
dimethylpyridin-2-y)methyl}-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-

7-carboxamide

rol
y/q._
Z N

HNI SN

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-ylymethyl}-
7,8-dihydro-2H-6-thia-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-dg) &: 2.16 (3H, s), 2.20 (3H, s), 3.10-3.25 (2H, m), 3.70
(3H, s), 4.18-4.20 (2H, m), 4.59 (1H, dd, ] = 8.8, 4.4 Hz), 5.31 (2H, 5), 5.97 (2H, s),
6.69-6.71 (14, m), 6.79 (1H, d, J = 1.7 Hz), 6.82 (1H, d,J = 7.8 Hz), 6.93 (2H, s),
8.07 (1H, s), 8.75 (1H, t, J = 5.8 Hz).

ESI-MSnv/z: 520 (M + H)".



ESI-MSm/z: 583 (M + 2)
4-Amino-N-[2-(dimethylan-lino)-2-oxoethyl]-2-[(4-methoxy-3,5- dim
ethylpyri din-2-yl)methylydro-6-thi a-1,2,3,5-tetraazab enzo [cd]azul en e-
8-carboxamide The title compgynd 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- oxoethyl]lcarbamoyl} -2- [(4-methoxy-3
(EsdpieetRylpyridin-2-y1)methy1]-2,7-
dihydro6-thia-1,2,3,5-tetraazabenzo|[cd]azulen-4-yl)carbamate (20 mg
(DMéérmsyé\@lmf(%wf%arz%sl(@ﬁh b -3-H% @ﬁh@wz?g%@rfeih@y}@é@

2 @IS“’%}X%@ (T Féf)aqgjél? ?i%ng )28 E?ﬁﬁ‘,a?,a cel?‘gﬁﬁz ngé@??\%xﬁ?‘i%

(M + H) (Examnie 222) 1) Di-tert-butyl
{24(4- methoxy- -3,5-dimethylpyridin-2-yl)methyl]-8-
|m|d| =5-y1-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-

m|d cﬁcarbonate "1)",7r)
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-(5-methyl-2-furyl)ymethanamine (29 mg).

'H-NMR (DMSO-d) &: 2.16 (3H, s), 2.20 (3H, s), 2.21 (3H, 5), 3.14-3.22 (2H,
m), 3.70 (3H, s), 4.20-4.23 (2H, m), 4.56 (1H, dd, ] =9.1, 4.4 Hz), 5.30 (2H, s),
5.97-5.97 (1H, m), 6.09 (1H, d, J = 2.9 Hz), 6.93 (2H, s), 8.07 (1H, s), 8.74 (1H, t,J
= 5.5 Hz)

ESI-MSmy/z: 480 (M + H)".

(Example 189)
4- Amino-N-(2-furylmethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-

yl)methyl}-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide

! |
HN SANANHZ

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-dimethylpyridin-2-ylmethyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example
8 (50 mg) and 1-(2-furyl)methanamine (25 mg).



/ rtN e, Nrs
4-[Bis(tert-butoxycarbonyl)amino]-2-[(4-methox)i-3,5-dimethylpyridin-2-
yOmethy11-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl
trifluoromethanesulfonate (50 mg) avas dissolved in 1,4-dioxane (4 ml).
Pyrimidine-5-boronie acid (13 mg), a 2 N sodium carbonate solution (2 ml)

and his(triphenylphosphine)pallad um (Il) dichloride (5 m ere added
o N R LS Sehad S A5 oy &k e AL B aEantirt

e.reacti ion, fall by extraction with e ate. The

SR e kR R AR T O R RN

1 =driedoveranhydrqus sadjums subate Aihe solyantwasevaporatednang o7
the resulting residue was purified by silica gel column chromatography

(1 chlotTorthEmetharod Hrbbtain the title compound as an oil (45 mg).
1H-NMR CDC'S{ 8: 1.45 (9H, s), 1.56 (9H, s), 2.22 (3H, s), 2.32 (3H, s),
3. 755 3HY 00N, 5F15:73 (2H, s), 7.26 (1H, $), 8.15 (1H, ), 8.90
(2H, s), 9.21 (IH, s). ESI-IVISmiz: 633 (M H.  2) 2-[(4-Metho x
y-3,5-dimethylp yri di n-2 -yOm ethyl] -8-p yrimid.n-5-y1-2,7-

(Edinysleot6athia-1,2,3,5-tetraazab enzo [cd] az ul en-4-amine \ N-N/ 14'2*N
111

4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl]-N-(2-

thienylmethyl)-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide

O

\,_/
s N-
= z {\l
HN S
S’LNJ\NHZ

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-dg) 8: 2.16 (3H, ), 2.20 (3H, s), 3.11-3.18 (2H, m), 3.70
(3H, s), 4.44-4.46 (2H, m), 4.57 (1H, dd, ] = 8.9, 4.5 Hz), 5.31 (2H, s), 6.94-6.95 (4H,
m), 7.38 (1H, dd, ] =4.7, 1.7 Hz), 8.07 (1H, s), 8.94 (1H, t, ] = 5.5 Hz)

ESI-MSmyz: 482 (M + H)".

(Example 191)
4-Amino-2-[(4-methoxy-3 ,5-dimethylpyridin-2-yl)methyl]-N-(1,3-thiazol-2-
y1)-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide



273 dimethylpyridin-2-yOmethyb-S-pyrimidin-5-y1-2,7-dihydro-6-thi
a-1,2,3,5- tetraazabenzo[cd]azulen-4-yllimidodicarbonate (45 mg).
11-1-1NMR (DMSO-D6) 6: 2.18 (3H, s), 2.25 (3H, s), 3.73 (3E, s), 4.32
(2H, s), 5.48 (2E, s), 7.01 (211, brs)4¢.28 (1H, s), 8.08 (1H, s), 9.11 (2H,
S), 9.14(111. s). ESI-IvISrniz: 433 (M + Hy*, (Example 223) 1)
Di-tert-butyl
124(4-methox.y-3,5-dimethylpyridin-2-yl)methyl]-8-pyridin3-y1-2,7-dihydro
-6-thia¢l,2:3,5-tetradzaberizo[cd]azulen-2-yllimidodicarbonate N-N" -'k N
00p he title compound was obtained as a solid (48 mg, pliant.) by
synth i§ by the same method as in Example 222 using
t t-ﬁutoxycarbonyl)ammo] 2-[(4-

%o oxyNs B dimethylpyridin-2-yl)methy1]-2,7-dihydro-6-thia-1,2,3,5-

tetraazabenzo[cd]anden-8-yltritltuoromethanesulfonate (50 mg) and

pyridinetBleboroniviaditl A ecperith) grsodsined 23 arfgjid 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 1,3-thiazol-2-amine (26 mg).

'H-NMR (DMSO-dg) 8: 2.19 (3H, s), 2.22 (3H, 8), 3.28-3.36 (2H, m), 3.72
(3H, s), 4.79 (1H, t, ] = 5.6 Hz), 5.34 (2H, s), 6.97 (2H, s), 7.23 (1H, d, ] = 3.4 Hz),
7.48 (1H, d,J=3.4 Hz), 8.10 (1H, s)

ESI-MSm/z: 469 (M +H)".

(Example 192)
4-Amino-N-(4,5-dihydro-1,3-thiazol-2-y1)-2-[(4-methoxy-3,5-
dimethylpyridin-2-ylymethyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-

7-carboxamide

QS,\N/Q s)\\NJ\:\u—i2

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-dg) 8: 2.18 (3H, 5), 2.22 (3H, s), 3.08 (1H, dd, ] = 16.8, 9.4
Hz), 3.22-3.27 (3H, m), 3.62 (2H, t, ] = 8.1 Hz), 3.71 (3H, s), 4.68 (1H, dd, ] = 9.4,
4.4 Hz), 5.31 (2H, s), 6.90 (2H, s), 8.09 (1H, s)



1H-NIVIR (CDC13) 6: 1.45 (1811, s), 2.22 (3E, s), 2.31 (3H, s), 3.75 (3H,
s), 4.21 (2H, a), 5.72 (2H, s), 7.21 (111, s), 7.65-7.81 (2H, m), 8.16 (1H,
a), 8.60 (1H, dd, J =4.58, 1.38 Hz), 8.79 (111, d, J = 1.83 Hz). 2)
24(4-Methoxy-3,5-dimethyipy-ridinz2syHrnettly1]-8-pyridin-3-yl- ,
dihydro-6-thia-1,2,3,5-tetmazabenzo[cdjazulen-4-amine 274 The title
compound was obtained as a solid (12 mg, 36%) by synthesis by the
san’f&h‘l@ﬁf@éﬁaﬁh @&énli@le 2 using di-tert-butyl {24(4-methoxy-3"5-
dimethylpyridin-2-yHmethyl]-8-pyridin-3-y1-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzolcdiazulen-4-yHirniciodicarbonate (49 mg).

(ExbirgrNrH4R (DIVISO-D6) a: 2.18 (3H, s), 2.25 (3H, s), 3.73 (3H, s), 4.29
(2H, s), 5.47 (21-11, s), 6.98 (2H, brs), 7.13 (11-1, s), 7.43 (1H, dd, J =
8.02; A181h12)[ @-0deB.08/(243; din e85 Y tit in-Ad/ neth 8 NEIGR4HZ), 8.86

(1H,d,J= 2.29-,Hz()1. ESI-MSmiz; 432 (M + (Example 224) 1) _

thxz}gfpt@.}:%mgﬂ,&dlhy ro-2H-6-thia-1,2,3 5-tetraazaacenaphthyléne-7-carboxamide
{2-[(4-methoxy-3,5-dimethylpyridin-2-yOmethyl]-8-phenyl2,7-dihydro-6-thi
a-1,2,3/54etraazabenzoFcd]azulen-4-yl}imidodicarbonate The title
compo\ was obtained as a solid (32 mg, 71%) by synthesis by the
same method as in Example 222 using

JA4bist fl- utoxycarbonyl)aminol-2-[(4-

%J\mﬁe' oxy3,3tdimethylpyridin-2-yHmethyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-y1 trifluoromethanesulfonaie (50 mg) and
phemylbaman 6AGHRAd 3D, 41%) wakldhMBI(GRGHR By théR:hBiheBlod
2.22 (3H, s), 2.30 (3H, s), 3.7-4.22 (2H, s), 5.71 (211, s), 7.17 (1H, s),

as ih Bxdfdple (51 bsimy,48ahvin(d43; [$3- 1B SHeSinizd B3t Wh¥rid)d-L-yl)methyl]-

7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example
8 (50 mg) and 1,3,4-thiadiazol-2-amine (26 mg).
'H-NMR (DMSO0-dg) &: 2.18 (3H, s), 2.22 (3H, ), 3.28-3.31 (2H, m), 3.72
(3H, s), 4.81 (1H, t,J = 5.6 Hz), 5.34 (2H, s), 6.99 (2H, 5), 8.10 (1H, s}, 9.16 (1H, s)
ESI-MSnvz: 470 (M + H)".

(Example 194)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-N-(5-methyl-1,3-
thiazol-2-yl)-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide

O

N-N

s K _ 0
\Q\’T S \NJ‘NHZ

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-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example
& (50 mg) and 5-methyl-1,3-thiazol-2-amine (30 mg).



2) 2-[(4-Meenoxy-3,5-dimethylpyridin-2-y1)methyl]-8-phenyl-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine The title compound
was obtained as a solid (12 mg, 55%) by synthesis by the same method
as in Example 2 using di-ten-butyl 524 (4-methoxy-3,5-
dimethylpyridin-2-yl)methyl)-8-pheny1-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-ypimidodicarbonate (32 mg).

11-1'NMRIEOIVSODE) & 2.18 (3H, $),222258Hs) sk B (313K, $)24 26, dd,
(2H, s), 5,46 (2H, 58, 6.96§<§H, hrs), 7.00 (1H, s), 7.34-7.37 (1H, m),
T =7 14087 40 Yz 3§, P18 28) 796 50 (O 649, 8080147 )z SI3R1SH/2) 43394 L,

) ren ple 1) 1) 4-Ethyl-2,3,5-trimethylpyridine 1-oxide 6
S);J’r%%{r% %o%%@@%} 4-bromo-2,3,5-trimethylpyridine, | -oxide (5.76 g),

tctra@‘gdrg{gﬁgz@;(@@)ﬁ}]khqﬁﬁ% solution of triethylaluminum in toluene (40
mL) and tetralcis(triphenylphosphine)palladium (0) (1.54 g) was heated

under reflux for six hours. After leaving to cool to room temperature,
toluene (60 mL), methanol (12 mL) and subsequently a saturated
(EXASARSHIAM chloride solution (18 mL) were added, and the mixture was

heatgd,. “1%%[15?{',%‘%?{2@&%98}!5- ttf‘@w{g%@?féé%%ﬁ%ﬁ?%‘

2.
temperature, the 'insoluble matter ‘was separate nd the

yifilieate e driegiaveHanydrousypaghasidmsiabate, lEhe solyenkwagic
evaporated under reduced pressure, and the resulting residue was

purib}g_?zy silica gel column 276
W,
Q )

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-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-dg) &: 2.19 (3H, s), 2.23 (3H, s), 3.35-3.38 (2H, m), 3.72
(3H, s), 4.84 (1H,t,J = 5.5 Hz), 5.35 2H, s), 6.96 (2H, s), 7.30 (1H, t, ] = 7.6 Hz),
7.43 (1H,t,]=7.6 Hz), 7.75 (1H, d, ] = 7.6 Hz), 7.94 (1H, d, ] = 7.6 Hz), 8.10 (1H,
s), 8.28 (1H, s).

ESI-MSm/z: 519 (M + H)™.

(Example 196)
4- Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-N-pyridin-2-yl-

7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide



chromatography (chloroform-methanol) to obtain the title compound (3.84
a, 87%) as an oll. 1H-NMR (CDC13) 3:1.10 (3H, t, J = 7.6 Hz),
2.22 (3H, s) 2.27 (3H, s), 2.52 (3H, s), 2.62 (2H, q, J = 7.6 Hz), 8.01 (1H,
s). ESI-IVISmiz: 166 (M 2) (4-Ethylx «? dimethylpyfid -1-2-yl)methyl
acetate 8 A mixture composed of the above 4-ethyl-2,3,5-trimethylpyridine
(3.84 g) and acetic anhydride (50 mL) was heated under reflux for 30
minuteg-After leaving to cool to room temperature, the reaction solution
Waskzggeentrated under reduced pressure. The residue was dissolved in
@Iorof rm and then washed with a saturated sodium bicarbonate

lytio NThe organic layer was dried over anhydrous magnesium sulfate,
! enmthe solvent was evaporated under reduced pressure. The

r sultlng residue was purified by silica gel column chromatography (ethyl
acetate-hexane) to obtain the title compound (3.64 g, 76%) as an oil.
KHNVIR (COOBp6urid 12384, §380> W6 blukid 293Msh1%),h2. 22 @heshethod
2. )é]BH a 268(211 J= 76Hz) 522%2H s), 8.21 (111, s).

=S Bl 288%k" a@@ﬂﬁrgm&ﬁ%}ﬁyeﬁy AstaiReToTdiAanethyl-

7 ,@M?&ngﬁ%%hla-l ,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example
8 (50 mg) and 3-aminopyridine (24 mg).

'H-NMR (CDCl3) 8: 2.21 (3H, s), 2.27 (3H, s),3.35(1H, dd, J = 16.7, 4.4 Hz),
3.69-3.73 (4H, m), 4.45-4.48 (1H, m), 5.45 (4H, s), 7.05 (1H, dd, ] = 7.4, 4.9 Hz),
7.68 (1H,t,J=8.0 Hz), 8.11 (1H, d,J = 8.0 Hz), 8.16 (1H, s), 8.28 (1H, d, T =3.9
Hz), 9.23 (1H, s).

ESI-MSnv/z: 463 (M + H)".

(Example 197)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-phenyi-7,8-

dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide

Oomm

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 (CDCl3) &: 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 (1H, dd, ] = 8.8, 4.2 Hz), 5.43 (2H,



A mixture composed of the above (4-ethy1-3,5-di ethylpyridin-2-yHmethyl
acetate (415 ma), 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 concentrated under reduced
pressure. The residue was dissolved in 277 chloroform and then washed
with water. The organic layer was dried over anhydrous magnesium

d, suifateHand/thenitetsovent Was ’E\%&F(Qrfaledl enterHedacsd psessrem),
The resulting residue was dissolved in chlorofolu . Thionyl chloride (1 rnL)

8.lvddBdtled under ice-cooling, and the mixture was stirred at room
tem r oy 'IChe solvent was evaporated under reduced
pres%eéfeﬁglna%he re@% as washed with toluene by decantation to
obtain the title compound (299 mg, 68%) as a solid. 'H-NMR (CDC13)
8:1.23 (3H,t,J =7.7 Hz) 50 (3H, s) 55 (3H, s), 2.90 (2H, q, -= 7.7 Hz),

(E5ab®{2H08), 8.34 (IH, s). EST-MSmiz: 184 (M (Reference Example 2) 1) 3
-Chloro-2,5 - methylpyridine 1-oxide cF

3-CHiohguns: H.ﬁ%ewray%.dh% k@i@%&%ﬁéeﬁ@wémﬁwém&w@msﬁlé
7,438 é?@ rGhio %f persenzoic acid (1, % jas-added with stirring under

ice- oo ing, an t e friiXture was stirred at foom t emperafn ure overnlght
The reactien solution was washed with | N sodium hydroxide, and the
organic{dayer dried over anhydrous magnesium sulfate, The solvent was
evaporate under reduced pressure to obtain the title compound (1,21 g,

99%) solid. 11-1-NMR (CDC13) 6: 2.27 (3H, s), 2.59 (3H, s), 7.13
ﬁjﬁ d‘7 (1H s). ESI-MSmiz: 158 (M + H)

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-y)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 (CDCls) 8: 2.21 (3H, s), 2.28 (3H, s), 3.34 (1H, dd, ] = 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, ] = 4.6 Hz),
6.99 (1H, s), 8.17 (1H, s), 8.27 (1H, d, ] = 1.7 Hz), 9.60 (1H, s)

ESI-MSmy/z: 453 (M + H)".

(Example 199)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl}-N-pyridin-3-yl-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide



2) 3-Chloro-2,5-dirnethyl-4-nitropyridinc 1-oxide 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 mls) 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

introbiicBdcistsnipeund e P ang. Néatrats st witkhdarn memidrychrbemmatensibiod
ticri t t ' lubl tt y ted off b
o5 IO o e B TR SIS o e et -
7,1bgd Queraphydious magnesitm.sylfale,1he solvent was gaa%@é&%ﬂl%ﬁ

undeér reduced pressure, and the residue was purified by silica gel colu

8 (6hnoimeatod) fapinyn(ghitarifer(@4nethanol) to obtain the title compound (1.11
g, 72%) as a solid. SCDClS) a: 2.29 (311, s), 2.6 3H, s), 8.13 (1E1, s).
ESI-M%TW% Ry -£-3) G 1. DicRISfd T s dirhathyIp§ritithe-Sxide L H,
The ve 3:chloros2.5-dime -4-nitrgpyridi -pxide (405 w

ddaﬂscgeii'gdguh& it |é?é%né§£%eg€§%n@ | i %ﬁ?@ﬁh%%@%xéé‘%&%%g&@ﬁg‘

7.3 )1 wamadded withsstiging upder jce-€oaling sAtter stiging-af 609/ g 56
temperature oveinigh the reaction solution was introduced into ice water

(1idn#)-neutralized with 5 N sodium hydroxide and a saturated sodium

bica§3§ nate solution with stirring under ice-cooling. The mixture was

extr Qé zcﬁl@ré%r?‘h, nd 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. 1H-NMR

(Et@fld 3p3;2.34 (3H, s), 2.66 (3H, s), 8,12 (11-1, s).

4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)ymethyl}-N-pyridin-4-yl-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide

L LR
O 57 SNTNH,

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—dimethylpyridiﬁQ-yi)methyl}-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example
& (50 mg) and 4-aminopyridine (24 mg).

'H-NMR (CDCls) &: 2.24 (3H, s), 2.29 (3H, d, ] = 5.6 Hz), 3.34 (1H, dd, ] =
16.7,4.2 Hz), 3.53 (1H, dd, J = 16.7, 8.8 Hz), 3.77 (3H, s}, 4.59 (1H, dd, ] = 8.8, 4.2
Hz), 544 (2H, d,J =4.2 Hz), 7.56 (2H, dd, ] = 4.9, 1.5 Hz), 8.12 (1H, s), 8.43 (2H,
dd,J =49, 1.5 Hz).

ESI-MSm/z: 463 (M + H)".



ESI-MSmiz: 192 (M H)+. 4) (3,4-Dichioro-5-methylpyridin-2-yl)methyl
acetate 279 The tide 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 3-gxide (384 mg). 11-1-NMR (CDC13)
6:2.16 (3H, s), 2.40 (3 1, ), 5.32 (2H, s), 8.33 (1H, s). ESI-MSmiz: 234
OM + 5) 2-Chloromethyi-3,4-dichloro-5-methyipyridine hydrochloride
(Efmtmeptit@0Odompound (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-

metAyIETRG-2L G ERYY abe e ¢intrrgn- 1l MR Y{EDdR) 8:2.60
e Pheh G B e R YRR AN RS 81 -

carboxamide

N

\_/
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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-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example
& (50 mg) and 5-methyl-1,2-oxazol-3-amine (25 mg).

"H-NMR (CDCl3) 8: 2.38-2.41 (9H, m), 3.13 (2H, q, J = 7.1 Hz), 4.01 (3H, s),
4.70 (1H, s), 5.63 (2H, s), 6.61 (1H, s), 8.48 (1H, s).

ESI-MSmv/z: 467 (M + H)".

(Example 202)
Ethyl 2-[({4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-7,8-
dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-7-yl} carbonyl)amino}-4-methyl-

1,3-thiazole-5-carboxylate

\

N
i
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o> SYRf\S \/N,’\NH
Y 2
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 2-amino-4-methylthiazole-5-carboxylic acid ethyl ester (48 mg).



1) 3-Chloro-4-methoxy-2,5-dimethylp >mainoxide
3-Chloro-2,5-dimet'ny1-4-nitropyridine 1-oxide obtained in Reference
Example 2-2) (700 mg) was added to a 0.59 M solution of sodium
methoxidc in methanol, and the mixgare was stirred in an argon
atmosphere at room temperature for 18 hours. The reaction solution was
concentrated and a saturated ammonium chloride solution was added,

folloiedMRktRetio widh dRfbrofbrm - THEbryaRic 1280, Iayer(Wasstirie?

ver ydrou pesiur t en the solv, eyaporated
it RE s A bR by G F s
4.@{@{,15,15-&1MRI@QP_%?»XQ‘«I?@@AJ(&E/,.@)M- 62 (35610887 (3Hs $)i8)07 25
(11-1, s). ES1-MStniz: 188 (M 2) (3-Chloro-4-methoxy-5-
(1Bthyciin-2-yl)methyl acetate The title compound (460 mg, 61%) was
obtained as an oil by the same method as in Reference Example 1-2)
usin&%’%ﬁg@éﬁi‘%rﬁﬂ)methox dimethylpyridine 1-oxide (620 mg).
1H-NMR (CDC13) 6: 2.16 (3H, s), 2.29 (3E, s), 3.92 (3H, s), 5.30 (2E, s),
8.29 (1s). ESI-MSmiz: 230 (M + H)+.
(Example 203)

Ethyl 2-[({4~amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7,8-
dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-7-yl} carbonyl)amino}-1,3-thiazole-

S-carboxylate

\N/
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The title compound (20 mg, 29%) was obtained as a solid by the same method
as 1n 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 (CDCls) &: 1.39 (3H, t, ] = 7.1 Hz), 2.25 (3H, s), 2.27 (3H, ), 3.36-
3.41 (1H, m), 3.55 (1H, dd, J =16.8, 7.5 Hz), 3.77 (3H, s), 4.39 (2H, q, ] = 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-1,3-thiazol-2-yl)-4-amino-2-[ (4-methoxy-3,5-
dimethylpyridin-2-ylmethyl}-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-

7-carboxamide



3) 2-Chloromethy1-3-chloro-4-methoxy-5-methylpyridine hydrochloride
Ha 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-yHmethy), acetate (450 mg). 114-NMR
(CDC13) 6: 2.45 (3H, s), 4.29 (3H, s), 5.15 (2H, s), 8.43 (1E, ).
ES1-MSm/z: 206 (M + H)+. (Reference Example 4) 1)

5-Chloro- Czaimethylpyridine 1-oxide 281 The title compound (1.92 g,
guant.) Wi%btained as a solid by the same method as in Reference
Example 25F) using 5-ehloro-2,3-dimethylpyridine (1.72 g). 11-1-NMR
22,34 (3H, s), 2.46 (3H, s), 7.08 (1H, a), 8.20 (1H, s).

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 1-(2-amino-4-methylthiazol-5-yl)ethanone (40 mg).

"H-NMR (CDCl3) 8: 2.30 (Gﬁ,,s), 2.49 (3H, 5),2.64 (3H, s), 3.37-3.40 (1H,
m), 3.53 (1H, dd, ] =16.7, 7.4 Hz), 3.85 (3H, s), 4.68 (1H, dd, ] = 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 {2-[({4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl]-7,8-
dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-7-yl} carbonyl)amino}-1,3-thiazol-

4-yl}acetate

N~
=
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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 (2-aminothiazol-4-yljacetic acid ethyl ester (48 mg).

'H-NMR (CDCly) &: 1.27 (3H, t, J = 7.1 Hz), 2.30 (3H, s5), 2.32 (3H, s), 3.37
(1H, dd,J=16.7,4.5Hz),3.55 (1H, dd, ] = 16.7, 7.7 Hz), 3.69 (2H, s), 3.88 (3H, s),



2) 5-Chloro-2,3-dimethy1-4-nitropyridine 1-oxide NO2 Cl 6 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-dimethylpyridine -
1-oxide (1.90 g). 'H-NMR (CDC)) 624533 (3H, s), 2.51 (3H, s), 8.29 (1H,
S). ESI-MSmIz: 203 (M + 3) 5-Chloro-4-methoxy-2,3-dimethylpyridine
1-oxide 0' cys. The title compound (405 mg, 96)4§2was obtained as a
4 Kolfbyithe daniéméthblEs - Referdnte Eizgn#p?é ) sirig tetEpove?
O%%@Irg -dimethy1-4- nitropyridine 1-oxide (455 mg). 1H-NMR
[ % : (3H, s), 2.48 (3H, s), 3.86 (3H, s), 8.24 (11-1 s).
ESLAYEME £88MtL 1),

(Example 206)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-N-(5-nitro-1,3-

thiazol-2-y1)-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide

N

» N
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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-ylymethyl]-
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 (CDCl3) &: 2.27 (3H, s), 2.28 (3H, ), 3.37 (1H, dd, T = 16.7, 4.5 Hz),
3.52 (1H, dd, J = 16.7, 7.1 Hz), 3.81 (3H, s), 4.68 (1H, 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-ylymethyl]-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



4) (5-Chloro-4-methoxy-3-rnethylpynd -2-yl)methyl acetate 282 The
titte compound (346 mg, 71%) was obtained as an oil by the same method
as in Reference Example 1-2) using the above 5-ehloro-4 methoxy--,
dimethylmTidine 1-oxide (400 nig). 5 1H-NMR (cncio 6: 2.13 (3H, s)
2.29 (3H, s), 3.92 (3H, s), 5.19 (2H, s?, 8.39 (1H, s). ESI-MSm/z: 230 (M +
5) 2-Chloromethy1-5-chloro-4-methoxy-3-methylpyr dine hydrochloride
HO The.title compound (326 mg, 91%) was obtained as a solid by the
same me s in Reference Example 1-3) using the above
(5-chloro-¢-methoxy-3- methylpyriclin-2-yl)methyl acetate (340 mg).

1H- 13) 6: 2.47 (3H, s), 4.32 (3H, s), 5.09 (2H, s), 8.54 (1H, s).
§2(M H)+.

The title compound (30 mg, 39%) was obtained as a solid by the same method
as m 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-(2-amino-thiazol-4-yl)-1-morpholin-4-yl-ethanone (59 mg).

'H-NMR (CDCl3) 8: 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, ] =7.8, 4.4 Hz), 5.43 (2H, d, ] = 2.0 Hz), 6.77
(1H, s), 8.13 (1H, s).

ESI-MSm/z: 596 (M + H)".

(Example 208)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-N-[ 5-(morpholin-
4-ylmethyl)-1,3-thiazol-2-y1}-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-

7-carboxamide
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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-dimethylpyridin-2-ylymethyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example

8 (50 mg) and 5-(morpholin-4-yl)-1,3-thiazol-2-amine (52 mg).



(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 megkym and seeded into a 96-well
multi-well plate at 500 cells/150 tiLIwell. The test compound. was
dissqlved in DMSO, and this was diluted with medium to prepare a sample
solutibnBIR SCO6dncartradidht10s59% . 28 I8$8) s Oh 4Rddays followinidithe | =

s o A tet it oM DMSE Glonbd S B Oes, S5
gengeration; 6 A%, a1 Jess) prhe-sample soluiprgs agdeg o ghe cells

An MTT assay was performed immediately after and 72 hours after adding
the sEmESsolution avithePMSO diluted solution to the cells. The WITT
assay was performed as follows. 283 5ing/mL of an MTT
(3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide) solution
(Egas qgggr%at 20 tiL per well. Thereafter, the plate was incubated at 37C in
0 r four hours. The plate was centrifuged at 1200 rpm for five
minuiegARd-ten ey e AuReryatantWas re mavedRy,suston using a
dispenser. DMSO was added at 150 kle. per well, and the generated
diforthy bywias tizbotety! TFhE el wadttiribb tisihg), 2 jotatezrab@aththylene-
uniformly. color the respective wells. The absorbance of each well was
TSR A Eising a plate reader at an OD of 540 rim with a reference of
660 nmy_ 2~ TIC (%) for each concennation was determined by the
foIIowin%a%aqulation formula and a dose-response curve was drawn to
calculatﬁ_';[ e 50% govith inhibitory concentration (G150 value), based on
the assumption that the OD value measured immediately after adding the
SQlition was S, the OD value measured 72 hours after adding the
le solution was T, and the OD value measured 72 hours after adding
the BRSO diluted solution was C. TIC (%) = (T-S)/(C-S) x 100 The results

are st RRIW0E84 (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-tetraazaacenaphthylene-7-carboxylic acid of Example
8 (50 mg) and 2-amino-4-methyl-thiophene-3-carboxamide (40 mg).
"H-NMR (CDCls) 8: 2.23 (3H, 5), 2.25 (3H, s), 2.44 (3H, 5), 3.35-3.40 (1H,
m), 3.67 (1H, dd, ] = 16.6, 6.3 Hz), 3.77 (3H, s), 4.67 (1H, dd, ] = 6.3, 4.6 Hz), 5.42
(2H, d,J=34Hz), 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-dimethylpyridin-2-yl)methyl}-N-1H-pyrazol-5-
y1-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide



[Table] G150 value (nM) SK-BR-3 NCI-H460 Compound of Example 2
148 224 Compound of Example 4 44 69
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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-yl)methyl}-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example
& (50 mg) and 5-aminopyrazole (22 mg).

'H-NMR (CDCly) &: 2.24 (3H, s), 2.25 (3H, s), 3.40-3.45 (2H, m), 3.76 (3H,
s), 5.44 (2H,s), 555 (1H,t, ] =5.4Hz), 598 (1H, d,J=3.2 Hz), 7.93 (1H, d,J = 2.9
Hz), 8.16 (1H, s).

ESI-MSmv/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-y1}-7,8-dihydro-2H-6-thia-1,2,3,5-

tetraazaacenaphthylene-7-carboxamide

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-1-yl)methyl)-1,3-thiazol-2-amine (55 mg).

'H-NMR (CDCl3) 8: 2.25 (4H, brs), 2.28 (6H, s), 2.48 (8H, brs), 3.37 (1H, dd,
J=16.8,4.4 Hz), 3.54 (1H, dd, ] = 16.8, 8.1 Hz), 3.66 (2H, s), 3.77 (3H, s), 4.65 (1H,
dd,J=8.1,4.4 Hz), 5.44 (2H, d, ] =2.9 Hz), 7.22 (1H, s), 8.15 (1H, s).



Compound of Example 9 137 159 Compound of Example 12 150 460
Compound of Example 36 52 86 Compound of Example 37 307 411
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ESI-MSm/z: 581 (M + H)".

(Example 212)
4-Amino-N-[5-(hydroxymethyl)-1,3-thiazol-2-yl]-2-[(4-methoxy-3,5-
dimethylpyridin-2-ylymethyl}-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-

7-carboxamide

w M LLY
—CX \g/\s N NH,

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-ylymethyl]-
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-yl)-methanol (34 mg).

'H-NMR (DMSO-dg) 8: 2.18 (3H, ), 2.21 (3H, 5), 3.27-3.29 (2H, m), 3.72
(3H, s), 4.57 (2H, d,J = 5.1 Hz), 4.78-4.79 (1H, m), 5.34 (2H, s), 5.38 (1H, t,J= 5.6
Hz), 6.98 (2H, s), 7.31 (1H, s), 8.10 (1H, s).

ESI-MSmv/z: 499 (M + H)".

(Example 213)
1) 4-[Bis(tert-butoxycarbonyl)amino]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yhmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cdjazulen-§-yl

trifluoromethanesulfonate



Compound of Example 43 91 253 Compound of Example 51 58 150
Compound of Example 67 130300 Compound of Example 99 320650
Compound of Example 111 4994
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4-[Bis(tert-butoxycarbonyl)amino ]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-2,9-dihydro-6-thia-1,2,3,5-tetraazabenzo| cdjazulen-8-one (300 mg) was
dissolved in dehydrated dichloromethane (5 ml) under cooling in an ice bath,
followed by addition of triethylamine (146 ul). Then, trifluoromethanesulfonic
anhydride (106 ul) was added and the mixture was stirred at 0°C 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%).

ESI-MS mv/z: 703 (M+H)".

2) Ethyl 4-[bis(tert-butoxycarbonyl)amino]-2-[ (4-methoxy-3,5-
dimethylpyridin-2-yl)ymethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd)azulene-

§-carboxylate

b

T

\_/
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4-[Bis(tert-butoxycarbonyl)amino]-2-[(4-methoxy-3,5-dimethylpyridin-2-

h-

yDmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd}azulen-8-yl
trifluoromethanesulfonate (25 mg) was dissolved in ethanol (2 ml). Triethylamine
(6 ul) and bis(triphenylphosphine)palladium (II) dichloride (2.5 mg) were added at
room temperature, and the mixture was stirred in a carbon monoxide atmosphere at
40°C 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%).



Compound of Example 115 77194 Compound of Example 116 37 89
Compound of Example 11833 510 Compound of Example 12338 71
Compound of Example 137 67 200
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'H-NMR (CDCls) &: 1.35 (3H, t, ] = 7.19 Hz), 1.44 (18H, s), 2.22 (3H, s),
2.30(3H, s),3.75 (3H, s), 4.18 (2H, s), 4.31 (2H, q, J = 7.15 Hz), 5.73 (2H, s), 8.02
(1H,s), 8.15(1H, s).

ESI-MSmv/z: 627 (M + H)",

3) 4-[(tert-Butoxycarbonyl)amino}-2-[ (4-methoxy-3,5-dimethylpyridin-2-
yhmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo| cd}azulen-8-carboxylic acid

b
o

-N
Lok

Ethyl 4-[bis(tert-butoxycarbonyl)amino}-2-[(4-methoxy-3,5-dimethylpyridin-

Z

=

HO, J

2-ylymethyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd}jazulene-8-carboxylate
(0.92 g) was dissolved in methanol (10 ml) under cooling in anice bath. A 1N
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 (CDsOD) &: 1.54 (9H, s), 2.25 (3H, s), 2.32 (3H, s), 3.81 (3H, 5),
4.18 (2H, s), 5.78 (2H, s), 7.81 (1H, s), 8.07 (1H, s).

ESI-MSm/z: 499 (M + H)".

4) 4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yh)methyl}-2,7-dihydro-6-

thia-1,2,3,5-tetraazabenzo[ cd}azulen-8-carboxylic acid



Compound of Example 141 41 260 Compound of Example 145 19 45

Compound of Example 15148 110 Compound of Example 153 2600 5900
Compound of Example 164
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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-Dg) 8: 2.17 (3H, ), 2.26 (3H, ), 3.73 (3H, ), 4.09 (2H, 5),
5.50 (2H, s), 7.05 (2H, brs), 7.61 (1H, s), 8.05 (1H, s).

ESI-MSm/z: 399 (M + H)".

(Example 214)
1) tert-Butyl {8-(hydroxymethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd}azulen-4-yl } carbamate

b
/N-
HO X
RSNt

4-[(tert-Butoxycarbonyl)amino]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd}azulen-8-carboxylic acid (50
mg) was dissolved in tetrahydrofuran (1 ml) under cooling in an ice bath. N-
Methylmorpholine (13 pl) and ethyl chloroformate (12 ul) 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



410 760 Compound of Example 165680016000 Compound of Example

16733007300 Compound of Example 172 Not determinedNot detennned
Compound of Example 174 Not determinedNot determined Compound of
Example 175 Not determined Not dgtermined Compound of Example 176

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 (CDCl3) &: 1.53 (9H, s), 2.22 (3H, 5), 2.31 (3H, 5), 3.74 (3H, 5), 3.75
(2H, s), 4.32-4.35 (2H, m), 5.64 (2H, s), 6.85 (1H, t, ] = 1.38 Hz), 7.43 (1H, s), 8.17
(1H, 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 ymethanol

HQ s
% Ba iNHQ
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[ cd]azulen-4-yl} carbamate (35 mg).
‘H-NMR (CDCls) &: 2.22 (3H, 5), 2.27 (3H, s), 3.71 (2H, s),3.74 (3H, s), 4.31
(2H, d, ] = 1.38 Hz), 5.19 (2H, brs), 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)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



Not detei ined Not determine(" Compound of Example 181 45 76
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264

b

e

\_ A

\‘\_/ ; xN'\\N
FO A

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[cd]azulen-8-carboxylic acid (50 mg) and n-methyl-n-butylamine (23
ul).

ESI-MS mv/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[ cd]azulene-8-carboxamide

b
N/

4 [\jl\

s N7 NH,

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 (CDCls) 6: 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, ] = 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)".



75 160 Compound of Exampl, 223 140 250 785 (Test Example 2: Hsp90
ATPase assay) An iisp90 ATPase assay was performed using a
recombinant yeast Hsp90 protein (hereinafter called rlisp90). Yeast Hsp90
DNA was cloned from a yeast gengrpic DNA library according to a
conventional method. The cloned yeast Hsp90 DNA was incorporated into
a piasmid for expression in Esc-bend:1M coli, and the plasmid was
(E3prdedd@)in Escherichia coli to obtain rtisp90. The test compound
was dissolved jn Ot0 10 . The dissolved solution,was_diluted with
OO T EEH ot RaTOn, TSR e RO i a
[ st aebuien mas;idiher J @Jeld diuted with,an,assqy Huker{100
mM Tris, pH 7.4, 20 mtvl KC1, 6 mM MgC12) (concentration of each test
ylpmmpounel solution: 400 pM. 133 aM, 44.4 RM, 14.8 tiM, 4.94 aM, 1.65
p.M, 0.549 uM, 0.183 uM; DMSO concentration: 10%). rHsp90 was
dissolved in & TE buffer (20 mM lIris, pH 7.4, 1 m1V1 ED-FA) to a
concentrafioh.of 2.531 mg/mL. The dissolved solution was diluted with
assay buﬁe to 125 tig/mli. and dispensed to a 96-well assay plate at 40
@ per weil) Linal concentration: 100 ugirrit). The test compound solution
o ﬁiﬁ%{,@per well, and then the

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-dimethylpyridin-2-y)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ cd]azulen-8-carboxylic acid (50 mg) and N-methylaniline (21 pl).

'H-NMR (CDCly) &; 1.51 (9H, s), 2.21 (3H, s), 2.28 (3H, s), 3.41 (3H, 5), 3.74
(3H, s), 3.79 (2H, s), 5.59 (2H, s), 7.03 (1H, ), 7.16-7.24 (3H, m), 7.32-7.39 (3H, m),
8.15 (1H, s).

ESI-MSm/z: 588 (M + H)".

2) 4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl}-N-methyl-N-

phenyl-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-8-carboxamide

b

R

\_/

v A
CCx.
The title compound was obtained as a solid (23 mg, 44%) by synthesis by the
same method as in Example 2 using tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-
2-ylymethyl}-8-[methyl(phenyl)carbamoyl}-2,7-dihydro-6-thia-1,2,3,5-

tetraazabenzo[cdjazulen-4-yl} carbamate (63 mg).



solutions in the respective wells were mixed using a plate mixer. 100 mIM.
ATP (Sigma, Catalog No. A-7699) was diluted with assay buffer to 1 mM
‘and dispensed at 5 uL per well (final concentration: 100 tfM). The
solutions in the respective wells wgre.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
dispansad Rt COTAY pel @3 Hnd) Reeadtion, was IEminatedsTBE, ), 3.77
solutions in the respective wells were mixed by pipettinn (three times), and
(2%reh 349 3Belith GFAE a8 chopbhSacat ROKL ol WeIFAe ddRHicn
respectjve wells were mixed by pipetting (three times), and then the
7'—?5%5?/ 52 e{\\{/\;?{aisS eft to stand at room temperature 286 for 10 minutes,
The @bspibance;gt 680nm of each well was measured with a m croplate
reader. The ratio of the absorbance of the test compound-added group
to the absorbance of the test compound-free group (TIC value) was
determined by the following calculation formula, based on the assumption
(E¥agie’ibsorbance of the well to which the test compound and rHsp90

e A e

added was B, a he absorbance he we W test

yheestpoupd JdarispR thivasqsldedtmasabenkCcd ] (dalet (B~C)carbdnither,
the concentration for 50% inhibition of ATP activity (IC50 value) was

calculated, using GraphPad Prism 4 (GraphPad Software, Inc.). The

— 4 N
OIS

The title compound was obtained as a solid (53 mg, quant.) by synthesis by

the same method as in Example 9 using 4-[(tert-butoxycarbonyl)amino]-2-{(4-
methoxy-3,5-dimethylpyridin-2-ylymethyl}-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo| cd]azulen-8-carboxylic acid (50 mg) and dimethylamine
hydrochloride (16 mg).

'H-NMR (CDCl3) 8: 1.53 (9H, s), 2.22 (3H, s), 2.34 (3H, s), 3.10 (6H, brs),
3.75 (3H, s), 3.97 (2H, 8), 5.67 (2H, ), 6.97 (1H, s), 7.46 (1H, s), 8.17 (1H, s).

ESI-MSm/z: 526 (M + H)".

2) 4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N,N-dimethyl-

2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulene-8-carboxamide

b

\_/
N-N
A

=N

=,
ﬂs ! r\FLNH2
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-



105,. value (1-11\11) Compound of Example 20 Compound of Example 4
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methoxy-3,5-dimethylpyridin-2-yl)methyl}-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl} carbamate (53 mg).

"H-NMR (CDCls) 8: 2.23 (3H, s), 2.31 (3H, 5), 3.10 (6H, brs), 3.75 (3H, 5),
3.95(2H, s), 5.19 (2H, s), 5.54 (2H, s), 6.92 (1H, s), 8.19 (1H, 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-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-

yl}carbamate

4 N
1 !
S N/J\ﬁﬁo/t\\

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).

'"H-NMR (CDCls) &: 1.54-1.57 (9H, m), 2.23 (3H, s), 2.35 (3H, s), 2.37-2.44
(2H, m), 3.76 (3H, s), 3.87 (2H, t, ] = 6.88 Hz), 3.94 (2H, t, ] = 12.61 Hz), 4.02 (2H,
s), 5.67 (2H, s), 7.10 (1H, s), 7.46 (1H, s), 8.18 (1H, s).

ESI-MSm/z: 588 (M + H)".

2) 8-[(3,3-Difluoropyrrolidin-1-yl)carbonyl}-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo|[ cdJazulen-4-

amine



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
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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-1-
ylcarbonyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-2,7-dihydro-6-thia-
1,2,3,5-tetraazabenzo[ cdlazulen-4-yl} carbamate (60 mg).

'H-NMR (DMSO-Dg) &: 2.17 (3H, s), 2.25 (3H, s), 2.38-2.47 (2H, m), 3.31-
3.34 2H, m), 3.72 (4H, s), 3.78-3.88 (2H, m), 3.81 (2H, s), 5.47 (2H, s), 7.01 (1H, 8),
7.03 (2H, brs), 8.06 (1H, s).

ESI-MSm/z: 488 (M + H)".

(Example 219)
1) tert-Butyl {8-(butylcarbamoyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yhmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-yl } carbamate

e

e

\_/

e
/ . IN,)\H,?\O,R\

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-dimethylpyridin-2-yl)ymethyl}-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-carboxylic acid (50 mg) and n-butylamine (20 ul).

"H-NMR (CDCls) &: 0.95 (3H, t, ] = 7.34 Hz), 1.35-1.44 (3H, m), 1.50-1.56
(17H, m), 2.22 (BH, s), 2.33 (3H, s), 3.37 (3H, dd, T = 12.61, 7.11 Hz), 3.75 (3H, s),
4.14 (2H, s), 5.67 (2H, s), 5.96 (2H, brs), 7.29 (1H, s), 7.45 (1H, s), 8.18 (1H, s).

ESI-MSm/z: 554 (M + H)"
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2) 4-Amino-N-butyl-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-

dihydro-6-thia-1,2,3,5-tetraazabenzo| cd]azulene-8-carboxamide

hat
S)\N/J\NHZ

The title compound was obtained as a solid (27 mg, 62%) by synthesis by the
same method as in Example 2 using tert-butyl {8-(butylcarbamoyl)-2-[(4-methoxy-
3,5-dimethylpyridin-2-yl)methyl}-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo| cd]azulen-4-yl } carbamate (53 mg).

'H-NMR (DMSO-Dg) 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, ), 3.17 (2H, q, ] = 6.42 Hz), 3.72 (3H, s), 4.06
(2H, s), 5.47 (2H, s), 7.02 (2H, brs), 7.39 (1H, s), 8.07 (1H, s), 8.40 (1H, t, J = 5.50
Hz).

ESI-MSm/z: 454 (M + H)"

(Example 220)
1) tert-Butyl {8-(anilinocarbonyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl} carbamate

b
5}
L
The title compound was obtained as a solid (56 mg, 97%) 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[ cdJazulen-8-carboxylic acid (50 mg) and aniline (18 ul).



Compound of Example 145 0.89 Compound of Example 151 0.89
Compound of Example 153 1.9 Compound of Example 1640.97
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'H-NMR (CDCls) 8: 1.57 (9H, s), 2.23 (3H, 5), 2.34 (3H, s), 3.76 (3H, s), 4.19
(2H, s), 5.69 (2H, s), 7.16 (1H,t,] = 7.34 Hz), 7.36 (2H, t, ] = 7.79 Hz), 7.49 (1H, s),
7.56 (2H, d, 1 =7.79 Hz), 7.78 (1H, s), 8.18 (1H, s).

ESI-MSmv/z: 574 (M + H)".

2) 4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-N-phenyl-2,7-

dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-8-carboxamide

N/

oA

The title compound was obtained as a solid (25 mg, 54%) by synthesis by the
same method as in Example 2 using tert-butyl {§-(anilinocarbonyl)-2-[(4-methoxy-
3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl} carbamate (56 mg).

'H-NMR (DMSO-Dy) 8: 2.18 (3H, s), 2.26 (3H, 5), 3.73 (3H, 5), 4.15 (2H, s),
5.51 (2H, s), 7.06-7.11 (3H, m), 7.33 (2H, t, ] = 7.79 Hz), 7.61 (1H, s), 7.71 (2H, d, ]
=7.79 Hz), 8.08 (1H, s), 10.24 (1H, s).

ESI-MSm/z: 474 (M + H)".

(Example 221)
1) tert-Butyl (8-{[2-(dimethylamino)-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

I

o A
[y
m/\ﬁio’k}
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The title compound was obtained as a solid (22 mg, 38%) 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 glycinedimethylamide
acetate (81 mg).

'H-NMR (CDCl3) 8: 1.53 (9H, s), 2.23 (3H, ), 2.33 (3H, 8), 3.01 (6H, 5), 3.76
(3H, s), 4.12-4.14 (4H, m), 5.68 (2H, s), 7.19 (1H, s), 7.49 (1H, s), 8.19 (1H, s).

ESI-MSm/z: 583 (M + H)".

2) 4-Amino-N-[2-(dimethylamino)-2-oxoethyl}-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)ymethyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulene-

8-carboxamide

b

s

\_/
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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-
oxoethyl]carbamoyl}-2-[(4-methoxy-3,5-dimethylpyridin-2-ylmethyl}-2, 7-dihydro-
6-thia-1,2,3,5-tetraazabenzo|cdlazulen-4-yl)carbamate (20 mg).

'H-NMR (DMSO-Dyg) 8: 2.17 (3H, 5), 2.25 (3H, s), 2.83 (3H, s), 2.99 (3H, s),
3.29 (2H, s), 4.01 (2H, d, ] = 5.96 Hz), 4.08 (2H, s), 5.49 (3H, s), 7.01 (2H, brs), 7.48
(1H, s), 8.07 (1H, s), 8.55 (1H, t, ] = 5.96 Hz).

ESI-MSmy/z: 483 (M + H)".

(Example 222)
1) Di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-8-
pyrimidin-5-yl-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd Jazulen-4-

yl}imidodicarbonate
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4-[Bis(tert-butoxycarbonyl)amino }-2-[ (4-methoxy-3,5-dimethylpyridin-2-
yhmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-8-yl
trifluoromethanesulfonate (50 mg) 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 40°C 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).

'H-NMR (CDCls) 8: 1.45 (9H, s), 1.56 (9H, s), 2.22 (3H, 5), 2.32 (3H, 5), 3.75
(3H, s), 4.21 (2H, s), 5.73 (2H, 5), 7.26 (1H, s), 8.15 (1H, 5), 8.90 (2H, s), 9.21 (1H,
s).

ESI-MSm/z: 633 (M + H)".

2) 2-[(4-Methoxy-3,5-dimethylpyridin-2-ylymethyl]}-8-pyrimidin-5-yl-2,7-

dihydro-6-thia-1,2,3 5-tetraazabenzo[cd]azulen-4-amine

The title compound was obtained as a solid (8§ mg, 26%) by synthesis by the

same method as in Example 2 using di-tert-butyl {2-[(4-methoxy-3,5-



hydrate of the compound or the salt: wherein in the formula (1), RI
represents a methylene group, an ethylene group or a propenylene group
which may be substituted with 1 or 2 alkyl groups having Ito 8 carbon

atoms, R2 represents an aryl ggddp which may have a substituent(s) or
a heterocyclic group which may have a substituent(s), Ring A

iR BRI LT SIS g o GLGA e LArbon tome). and

tetrgﬁe(ﬁﬁ?@[%ﬁﬁ%z%l@ﬁ%%@ﬁﬂqﬁf@ﬁb?{b%ﬁ%@ G3MEPr different substituents

with which Ring A is substituted, wherein the same or different

subsHtdeviEs (DMSCHDHR Pe Gy Sepesents 8 sLbStBIent sekrted from
théﬁ;oup consisting of a halogen atom, a hydroxy group, a carboxy

5.4816dp, san’ dlikyfPEtoRiis hadin g I't8)8 £aFHdR atdrd Whibh thay idlE s

substitu %} ap,al ykgroup having 2 to 8 carbon atoms which may
havgéatlys?égs fué%t% an alkynyl group having 2 to 8 carbon atoms which

may have a substituent(s), an alkoxy group having Ito 8 carbon atoms
which may have a substituent(s), an alkoxycarbonyl group having 1 to 8
(Excampbn2afoms which may have a substituent(s), an alkanoyloxy group
having 1 to 8 carbon atoms
1 )gDi-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-yl} imidodicarbonate
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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-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-yl trifluoromethanesulfonate (50 mg) and pyridine-3-
boronic acidrneopentyl glycol ester (21 mg).

'H-NMR (CDCls) 8; 1.45 (18H, 5), 2.22 (3H, 5), 2.31 (3H, 9), 3.75 (3H, ),
421 (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, 1.38 Hz), 8.79 (1H, d, ] = 1.83 Hz).

2) 2-[(4-Methoxy-3,5-dimethylpyridin-2-ylymethyl]-8-pyridin-3-yl-2,7-

dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine



289 which may have a subst tuent(s), a carbamoyl group which may have
a substituent(s), a carbamoyioxy 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 whixd 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 uoup and =NOR31

(whéRsiH'Fe 9PBRRRL IS PHYBFEGert A881h (OF dhéa oamfu%%ﬁ%ﬁh_ytg%
sarfERERAaMS WOidh 13 bae:p SHOSINEPHEN. Ao, uihen there i o

plura ame or di nt substittents, any two substituents of the

dirsameRkdifferansubstimenisitogsthenwithishercashan-atom(s) on which
they are substituted may fon,' a saturated or unsaturated, fused or Spiro
tet@atoBnnemiberedning Whichodiggrhaveta(dbpegiuent(s). 2. The

B SRR e AL e e MR e
5. ATeuR Whichdmay e substtuted with o1 alkyh areups having)149.83 o3

carbon atoms. 3. The compound according to claim 1 or 2, a salt of the
(21eompasad; 16t ddyidrates of thed chu))Bo8m L 8T, the sdlt2WHelein R2 in the
formula (1) is a heterocyclic group which may have a substituent(s). 4.
The BomMyooma 488dMindtb-any one of claims 1 to 3, a salt of the
compound, or a hydrate of the compound or the salt, wherein R2 in the
fonnula (1) is a pyridyl group which may have a substituent(s). 5. The
(E£QmReyng)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) Di-Fernbutpef2d (dngativirerdird iendtiy loomistitaent morhs! bf RiregA-
other than the sulfur atom at the 6-pasition are carbon atoms). 6. The

2, L6peRner Beedrdifg 15 S SR SN S AL o1 B PUSRDBFAR RS fnpound,
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 sulyspituted, wherein

oy
OO,
o)‘i

The title compound was obtained as a solid (32 mg, 71%) by synthesis by the
same method as in Example 222 using 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 mg) and phenylboronic
acid (13 mg).

'H-NMR (CDCls) 8: 1.45 (18H, s), 2.22 (3H, s), 2.30 (3H, s5), 3.74 (3H, 5),
4.22 (2H, s), 5.71 (2H, s), 7.17 (1H, s), 7.35-7.52 (5H, m), 8.17 (1H, 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[ cd]azulen-4-amine



290C S I. P 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 1 to 8 carbon atoms which may have
a substituent(s), an alkynyl group Ba¥ing 2 to 8 carbon atoms which may
have a substiatent(s), an alkoxy group having 1 to 8 carbon atoms which
may have a substituent(s), a carbamoyl group which may have a
substityent(s), a carbanioyloxy group which may have a substituent(s), an
alkylsuifgryloxy group having 1 to 8 carbon atoms which may have a
substi&g nt(s), an amino group which may have a substituent(s), a cyan’)

roup! aheterocyclic group which may have a substituent(s) and an oxo

/ : i :

Mﬂw when there is a plurality of the same or different
substituents, any two substituents of the same or different substituents
togetheriibdhs Sabon ABRIBIOR Waiih ey AL substlloraY formea
saturated or unsaturated, fused or spiro 3- to 8-membered ring which’may

sarnavesthsdibstiventis)le72 Thiacompowntya¢edidingetacxiaipsl, a salt of the
compound, or a hydrate of the compound or the salt, wherein the formula

dipephiglyaidotawihg ot pen vl wheeshy drottetiéamhdid fa), RI, R2 and

R3 are as dgiine for RI,.R2.and R3 in claim 1, respectively. 8. The
tet%%r%%g%o 4 %?&%éi%%%l%o%cgﬁggﬂ% ?Jﬁlg I(I:I(%Sr']pound, or a hydrate of

t(rbG) _G%n%@gg%mgbﬁﬁgl%zvm@mg fosmay (1) is the fellawing formulg,
546 (iH, s), 6.96 (2H, brs), 7.00 (1H, s), 7.34-7.37 (1H, m), 7.40-7.44 (2H, m), 7.62-
7.65 (2H, m), 8.08 (1H, s).

ESI-MSm/z: 431 (M + H)".

(Reference Example 1)
1) 4-Ethyl-2,3,5-trimethylpyridine 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(triphenylphosphine)palladium (0) (1.54 g) was heated under reflux 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 mixture was heated under reflux 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



-F wherein in the folmula (Ib), RIl, R2 and R3 are as defined for RI, R2
and R3in 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 foraida (1c): R=12-/- N

chromatography (chloroform-methanol) to obtain the title compound (3.84 g, §7%)
as an oil.

'H-NMR (CDCl;) 8: 1.10 (3H, t, J = 7.6 Hz), 2.22 (3H, 5), 2.27 (3H, 5), 2.52
(3H, s), 2.62 (2H, q, ] = 7.6 Hz), 8.01 (1H, s).

ESI-MSmv/z: 166 (M + H)".

2) (4-Ethyl-3,5-dimethylpyridin-2-yl)methyl acetate

N/’j)\g/

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 (CDCl3) &: 1.12 (3H,t,J = 7.6 Hz), 2.12 (3H, 5), 2.29 (3H, 5), 2.29
(3H, s), 2.68 (2H, q, ] = 7.6 Hz), 5.22 (2H, s), 8.21 (1H, s).

ESI-MSm/z: 208 (M + H)™.

3) 2-Chloromethyl-4-ethyl-3,5-dimethylpyridine hydrochloride

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
50°C for 30 minutes. After leaving to cool to room temperature, the reaction

solution was concentrated under reduced pressure. The residue was dissolved in



wherein in the foimula (Ic), R1, R2 and R3 are as defined for RI, R2 and
R3in 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&Z{fiid): wherein in the formula (Id), RI,
R2 and R3 are as defined for RI R2 and R3 in claim I, respectively. 11.A

BRI EPIeSEed e i ) ol o oo o 2
anhydrous magnesium sulfate, and then the solvent was evaporated under reduced
pressure. The resulting residue was dissolved in chloroform. Thionyl chloride (1
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 (CDCl3) &: 1.23 3H, t, J = 7.7 Hz), 2.50 (3H, s), 2.55 (3H, s), 2.90
(2H, q, ] =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

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 1 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 (CDCls) &: 2.27 (3H, s), 2.59 (3H, s), 7.13 (1H, s), 8.07 (1H, s).

ESI-MSm/z: 158 (M + H)".

2) 3-Chloro-2,5-dimethyl-4-nitropyridine 1-oxide



wherein in the formula (2), Rl 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,  R2 represents an aryl group
which may have a substituent(s) opagheterocyclic 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-posiichaie cakbun-agtorsncthyR3teme seritsla (hyt gy snedonrbied i 4
same or different substituents with which Ring A is substituted, wherein
coR AT AN B ™St HE APy RS 2
fusHRstiuent selecied E@WQ@&@@&%@%@Q a9&h3 halogen alom &irring
hy-droxy group, a carboxy group, an alkyl group having 1 to 8 carbon
in dtgmestefoel maytiayetide subatite ent{s)tiaaia ket gootpdiaving 2 Tad
carbon atoms which may have a substituent(s), an alkynyl group having 2
reagfignestiG G S A FORtag N dbera Rpditae HLS) ca NV alRoX gretiplized
-having 1 to 8 carbon atoms which may have a substituent(s), a
e g T B B o il
waSURBHIRAS) haTiatkanay FoXy WEa Y, Raving: dnte Bicatkeprai@msmbich
may have a substituent(s), a carbamoyl group which may have a
orgubsityent(s) dai edbamoyipssogscupendsichnnyalidtay e s sdistititeris), an
alkylsulfon ongﬁroup having Ito 8 carban atoms which may. have

VR ERHE) "o SRR B WhIER HiRlfH5alesd WBSHMeNSS, %l5plipn
chERy ﬁgb%ydoglﬁgﬂﬁm%éﬂ%o}?%ﬁtain the title compound (1.11 g, 72%)

as a solid.
'H-NMR (CDCl3) 8: 2.29 (3H, 5), 2.63 (3H, s), 8.13 (1H, 5).
ESI-MSm/z: 203 (M + H)".
3) 3,4-Dichloro-2,5-dimethylpyridine 1-oxide

The above 3-chloro-2,5-dimethyl-4-nitropyridine 1-oxide (405 mg) was
dissolved in dichloromethane (5 mL), and phosphorus oxychloride (915 puL) 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 (CDCl3) 8: 2.34 (3H, s), 2.66 (3H, s), 8.12 (1H, 5).

ESI-MSm/z: 192 (M + H)".

4) (3,4-Dichloro-5-methylpyridin-2-yl)methyl acetate



793 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 | to 8 carbon atoms which may have a substituent(s)),
and when there is a plurality o#t%e same or different substituents, any
two substituents of the same or different substituents together with the
cgrbon atom(s) on which they are substituted may form a saturated or
aturated, fused or spiro 3- to 8-membered ring which may -have a
stituent(s), and R4 represents an amino group having a protecting
12.A compound represented by the formula (3), a salt of the
und, or a hydrate of the compound or the salt: wherein in the
formula (3), Ring A represents a 5- to 8-membered ring (\h/tvherein the ring
t

condteiBHe SR BRI AtREN th R UD Ginadr ABh P RN E6 $96%tion

m B LEIbON AHoms). B0 1eRIeReIna hueiguen FIGM, QLo 4 same or
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dimethylpyridine 1-oxide (384 mg).

'H-NMR (CDCls) 8: 2.16 (3H, s), 2.40 (3H, s), 5.32 (2H, 5), 8.33 (1H, s).
ESI-MSm/z: 234 (M + H)".

5) 2-Chloromethyl-3,4-dichloro-5-methylpyridine hydrochloride

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-yl)ymethyl acetate (150 mg).

'H-NMR (CDCls) 8: 2.60 (3H, s), 5.13 (2H, 5), 8.56 (1H, s).

ESI-MSm/z: 210 (M + H)™.

(Reference Example 3)

1) 3-Chloro-4-methoxy-2,5-dimethylpyridine 1-oxide

I »
¢
3-Chloro-2,5-dimethyi-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 ammonium

chloride solution was added, followed by extraction with chloroform. The organic



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 Ito 8 carbon atoms wb#gh may have a substituent(s), an
alkenyl group having 2 to 8 carbon atoms which may have a
substituent(s), an alkynyl group having 2 to 8 carbon atoms which may
layies e BAgSTE A N RSB I HEV M G (5B CRPIOH 8B6¥Taswhich
ma ve a substituent(s), an alkoxycarbonyl group havipg.1 to bon
R e R R R R T S R R
solggoup having 1 to 8 carbon atoms which may have a substituent(s), a
carbamoyl group which may have a substituent(s), carbamoyloxy group
whichTRaVR4CDaIsubstitie REES) s prd AkyEalony 8%y Giosp havindil o 8
carbon atoms which may have a substiment(s), an amino group which
mayW%@&b%ﬁﬁj@ﬂt sﬁ)a cyano group, an aryl group which may have
a substitu LA i Ich | e stituent(s), an
oo Bl R o o o
alleyl group having 1 to 8 carbon atoms which may have a substituent(s)),
¢ when there is a plurality of the same or different subst tuents, any
t ubstiments of the same or different substituents together with the
carb81@/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

subsfifienitdontsoldl %E%%j@h%g%mema%% 62BPANEhme

according to any one of claims to 10, a salt of the compound, or a hydrate
metfhithtasampeignchor Bxersalt 112) Wsinigkiibitboof thehfoTdasaabtivity? oF-
HSP90 comprising the compound according to any one of claims 1 to 10

digyeghykytienedr,osids £oi0aRSthereof.

'H-NMR (CDCls) 8: 2.16 (3H, s), 2.29 (3H, 5), 3.92 (3H, 5), 5.30 (2H, 5), 8.29
(1H, s).

ESI-MSm/z: 230 (M + H)".

3) 2-Chloromethyl-3-chloro-4-methoxy-5-methylpyridine hydrochloride

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)methyl acetate (450 mg).
'H-NMR (CDCl3) &: 2.45 (3H, s), 4.29 (3H, s), 5.15 (2H, s), 8.43 (1H, s).
ESI-MSm/z: 206 (M + H)".

(Reference Example 4)
1) 5-Chloro-2,3-dimethylpyridine 1-oxide



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 ofglaims | to 10, a salt of the compound,
or a hydrate of the compound or the salt as an active ingredient. 17. An
o, anticancer agent comprising the compound according to any one of claims
10 10, a salt of the compound, or a hydrate of the compound or the salt
a\% all active ingredient. 18. A pharmaceutical composition comprising the
compound according to any one of claims | to 10, a salt of the compound,
or alfydidtecofiftenaaniporadjenthy wall digephamirtasicallysame
acceptable carrier. S L. L 295 19.Use of the compound according to any

megiqsl 88 Eldheisrenec X arsitt of isissmsbleTd; b dimettate vidine (1.72 g)
CompPUAdior e 231t 1oy e ARG o' S TRECATST I NSy o)

treat
ESI-MSm/z: 158 (M + H)".

2) 5-Chloro-2,3-dimethyl-4-nitropyridine 1-oxide

NG,
\X

NP~
6

ci
(

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-dimethylpyridine 1-oxide
(1.90 g).

'H-NMR (CDCl3) 8: 2.33 (3H, 5), 2.51 (3H, 5), 8.29 (1H, s).

ESI-MSm/z: 203 (M + H)".

3) 5-Chloro-4-methoxy-2,3-dimethylpyridine 1-oxide

-~
| I

N

6

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 (CDCl5) 8: 2.28 (3H, s5), 2.48 (3H, s), 3.86 (3H, 5), 8.24 (1H, s).

ESI-MSm/z: 188 (M + H)".

4) (5-Chloro-4-methoxy-3-methylpyridin-2-yl)methyl acetate

-

O

Ci

A/
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The title compound (346 mg, 71%) was obtained as an oil by the same
method as in Reference Example 1-2) using the above S-chloro-4-methoxy-2,3-
dimethylpyridine 1-oxide (400 mg).

"H-NMR (CDCl3) 8: 2.13 (3H, s), 2.29 (3H, s), 3.92 (3H, s), 5.19 (2H, 5), 8.39
(1H, s).

ESI-MSm/z: 230 (M + H)".

5) 2-Chloromethyl-5-chloro-4-methoxy-3-methyipyridine hydrochloride

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-methoxy-3-
methylpyridin-2-yl)methyl acetate (340 mg).

"H-NMR (CDCl3) 8: 2.47 (3H, 5), 4.32 (3H, 5), 5.09 (2H, s), 8.54 (1H, s).

ESI-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 pL/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 pLL of DMSO-
containing medium to which the test compound was not addedb (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.
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5mg/mL of an MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide) solution was added at 20 uL per well. Thereafter, the plate was incubated
at 37°C 1n 5% CO,, 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 uL 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 (Glsg 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.



[Table 1]
Glsy value (nM)

SK-BR-3 NCI-H460
Compound of Example 2 148 224
Compound of Example 4 44 69
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 91 253
Compound of Example 51 58 150
Compound of Example 67 130 300
Compound of Example 99 320 650
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 7300
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 Example 194 17 37
Compound of Example 218 75 160
Compound of Example 223 140 250




| (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 4 mM. Each diluted solution was further 10-fold diluted with an
assay buffer (100 mM Tris, pH 7.4, 20 mM KCl, 6 mM MgCl,) (concentration of
each test compound solution: 400 uM, 133 uM, 44.4 uM, 14.8 uM, 4.94 uM, 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, I mM EDTA) to a
concentration 0of 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 pL per well (final
concentration: 100 pg/mL).

The test compound solution was dispensed at S 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 1 mM and dispensed
at 5 uL per well (final concentration: 100 pM).  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 37°C for two hours.

BIOMOL GREEN Reagent (BIOMOL, Catalog No. AK-111) was dispensed
at 100 pL 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 pL 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
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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 rHsp90 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 (ICsy value) was
calculated using GraphPad Prism 4 (GraphPad Software, Inc.). The results are

shown below.
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[Table 2]

ICs; value (HW

Compound of Example 2 1.0

Compound of Example 4 0.87

Compound of Example 9 1.2

Compound of Example 12 2.2
Compound of Example 36 0.97 *\
Compound of Example 37 3.3 j

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 118 0.61 ‘_t
Compound of Example 123 r 0.63
Compound of Example 137 , 0.95
Compound of Example 141 h 1.0 ﬁ]
L 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
L_ Compound of Example 176 0.89
Compound of Example 181 3.1 W
Compound of Example 191 1.5 T
Compound of Example 194 1.8
Compound of Example 214 0.76
Compound of Example 218 2.3
Compound of Example 223 1.1
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CLAIMS
1. A compound represented by the formula (1), a salt of the compound, or a
hydrate of the compound or the salt:
(1)

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 2 to 8 carbon
atoms which may have a substituent(s), an alkynyl group having 2 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
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which may have a substituent(s), a carbamoy! 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 =NOR®' (wherein R*' 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 claim 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 1 or 2 alkyl groups having 1 to 8 carbon atoms.
3. The compound according to claim 1 or 2, a salt of the compound, or a hydrate
of the compound or the salt, wherein R? 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 R’ in the formula (1) is a hydrogen
atom or 1 to 4 same or different substituents with which Ring A is substituted,

wherein
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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 1 to 8 carbon atoms which
may have a substituent(s), an alkynyl group having 2 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 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 1, a salt of the compound, or a hydrate of

the compound or the salt, wherein the formula (1) is the following formula (1a):

1 2

R—R

N——N

|

& | \/I\L (1a)

s NH,
wherein in the formula (1a), R!, R* and R are as defined for R!, R? and R’ 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 (1b):
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_R—R
N|--—N
3 | SN (1b)
cfl\\
S N NH

wherein in the formula (1b), R, R? and R are as defined for R‘, R? and R 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 (I1c):

(1c)

wherein in the formula (1¢), R, R* and R? are as defined for R', R? and R’ 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 (1d):

R Ny (1d)

wherein in the formula (1d), R! R? and R’ are as defined for R', R? and R® 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:

™
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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 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),

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 2 to 8 carbon
atoms which may have a substituent(s), an alkynyl group having 2 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
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substituent(s), a heterocyclic group which may have a substituent(s), an oxo group
and =NOR®' (wherein R*! 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

R* 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:

(3)

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

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 2 to 8 carbon
atoms which may have a substituent(s), an alkynyl group having 2 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
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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 =NOR’' (wherein R*' 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 claims
1 to 10, a salt of the compound, or a hydrate of the compound or the salt.
14.  Aninhibitor of the ATPase activity of HSP90 comprising the compound
according to any one of claims 1 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 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 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 1 to 10, a salt of the compound, or a hydrate of the compound or the

salt and a pharmaceutically acceptable carrier.
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19.  Use of the compound according to any one of claims 1 to 12, a salt of the
compound, or a hydrate of the compound or the salt for the manufacture of a

medicament for the treatment of cancer.



