| 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 glajor intracellular chaperone
protein. Chaperone proteins are proteins that bind to various proteins to
assist in folding of the bound proteins. A group of proteins whose folding
requires HSP90 are generally cafss$ ERPRP0mlent proteins. It is assumed
that HSP90 as well as multiple proteins such as co-chaperones, partner
proteins and immunophilins are involved in the mechanism of folding of

client proteins by H R‘_F)M[ }Il\aé ﬁ'v I ISt in foldm_g of
HSP98 client prote%%%on- tgt?‘eg ocﬁl?m% %ﬁi@the details of
the mechanism are still not sufficiently clear. It is assumed that HSP90
client proteins form a complex with HSP90, co-chaperones and the like
éh‘if‘é‘?éc%hgif?%nformationally changed to mature proteins, and that the

proteins-are ubiquitinated and degraded by proteasomes when they are
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for therapeutic agents for various diseases (for example, cancer,
neurodegenerative diseases such as Alzheimer's disease, cardiovascular

dése ses, infections, autoimmune diseases, and diseases associated with
a

apocp t(i)@%%lfrt\jury) (Non-Patent Document 2). 2

HSP90 is a major intracellular chaperone protein. Chaperone proteins are
proteins that bind to various proteins to assist in folding of the bound proteins. A
group of proteins whose folding requires HSP90 are generally called HSP90 client
proteins.

It is assumed that HSP90 as well as multiple proteins such as co-chaperones,
partner proteins and immunophilins are involved in the mechanism of folding of
client proteins by HSP90 and that they collaboratively assist in folding of HSP90
client proteins (Non-Patent Document 1); however, the details of the mechanism are
still not sufficiently clear. It is assumed that HSP90 client proteins form a complex
with HSP9O, 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
to 4).

In recent years, HSP90 inhibitors have been expected as candidates for
therapeutic agents for various diseases (for example, cancer, neurodegenerative
diseases such as Alzheimer's disease, cardiovascular diseases, infections,

autoimmune diseases, and diseases associated with apoptotic cell injury) (Non-Patent

Document 2).



In particular, since many cancer-associated proteins including molecular
targets for anticancer agents are [ISP90 client proteins, HSP90 inhibitors
have been expected as candidates for anticancer agents. For example,
multiple proteins involved in the appearance and development of cancer
such as Her2, Raf, Akt and teiornerase are known as HSP90 client
proteins (Non-Patent Document 1). It is assumed that these
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as candidates for anticancer agents that are potent and have a broa
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HSP90 to ATP in order to inhibit the function of HSP90 as a chaperone
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the above  compaounds (Patent Document 1, Non-Patent Document 5 and
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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 HSP90 inhibitors (Non-Patent Documents 1 to 4). These
compounds bind to the ATP binding pocket at the N-terminal of HSP90 and inhibit
binding of HSP90 to ATP in order to inhibit the function of HSP90 as a chaperone
protein.  Various compounds inhibiting HSP90 are reported in addition to the above
compounds (Patent Document 1, Non-Patent Document 5 and Non-Patent Document
6).

[Patent Document 1] WO 2005/28434

[Non-Patent Document 1] Medicinal Research Reviews (2006) Vol. 26, No.
3,310-338

[Non-Patent Document 2] TRENDS in Molecular Medicine (2004) Vol. 10,
No. 6, 283-290

[Non-Patent Document 3]  British Journal of Pharmacology (2005) 146, 769-
780



[Non-Patent Document 3] British Journal of Pharmacology (2005) 146,
769- 780 [Non-Patent Document 4] TRENDS in Biochemical Sciences
(2006) Mar, 31(3), 164-172 [Non-Patent Document 5] Journal of
Medicinal Chemistry (2005) Vol. 48, No. 13, 4212-4215 [Non-Patent
Document 6] Journal of Medicinal Cher3nistry (2006) Vol. 49, No. 1,
381-390 Disclosure of the Invention Problems to be Solved by the

Invention AlthewghrisSRaehinjibitoes Raye been SxRREad (ohe-HEe608$ Mar,
medicaments, in particular as anticancer agents as described above, an

éfféai\)eé‘&dr?\%ound has not yet been obtained. Therefore, there is a need

to dev a.novel compound.inhibiting the effect of HSP90, in particular
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a result of extensive studies to solve the above problems, the present
inventdr¥draVetfouhdaumioydic compolind Medueadarairemistry (2006) Vol. 49,
wgaéo%%%/%ﬁidine which is represented by the formula (1), as a novel
compo ibiting 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 shie famuileh 1)) @sabthof the compound, or a hydrate of the compound
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roblems to be Solved by the Invention
Although HSP90 inhibitors have been expected to be used as medicaments, in
particular as anticancer agents as described above, an effective compound has not yet
been obtained.  Therefore, there is a need to develop a novel compound inhibiting

the effect of HSP90, in particular a novel compound inhibiting the function of

HSP90 as a chaperone protein and having antitumor activity.

Means for Solving the Problems

As a result of extensive studies to solve the above problems, the present
inventors have found a tricyclic compound derived from pyrazolopyrimidine which
1s 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:



2' R'3j (1) ti' NIh wherein in the formula (1), R' represents a methylene
group, an ethylene group or a propenylene group which may be
substituted with | or 2 alkyl groups having | to 8 carbon atoms, R2
represents an aryl group which may have a substituent(s) or a
heterocyclic group which may have a substituent(s), Ring A represents a
5- to 8-membered ring (wherein the ring constituent atoms of Ring A
other than the sulfur atom at the 6-position are carbon atoms), and R3
represents a hydrogen atom or 1 to 4 same or different substituents with
which Ring A is substityted, wherein the same or different substituents
each independently represents a substituent selected from the group

consisting of ahalogen atom, a hydroxy group, a carboxy group, an alkyl
group i Q. 8 carbon atoms which may have a substituent(s), an
alR havihg | to 8 carb6h) atoms which may have a

substitue

%ﬁlyl group having 1 to 8 carbon atoms which may
have a substltLgent(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 mg@imgm%%@mtltuent(s) an alkanoyloxy group having | to
8 carbon atoms which may have a substituent(s), a carbamoyl group

Whlch Raydrasesat substitybntés)yoarcarbamyytaxyrgooup whichamgy ey up
tltuent(s{éban alk Isu onyloxy roup havingito 8 carbon atoms
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group which may have a substituent(s),

Ring A represents a 5- to 8-membered ring (wherein the ring constituent
atoms of Ring A other than the sulfur atom at the 6-position are carbon atoms), and

R’ represents a hydrogen atom or 1 to 4 same or different substituents with
which Ring A is substituted,

wherein

the same or different substituents

each independently represents a substituent selected from the group consisting
of a halogen atom, a hydroxy group, a carboxy group, an alkyl group having 1 to 8
carbon atoms which may have a substituent(s), an alkenyl group having 1 to 8 carbon
atoms which may have a substituent(s), an alkynyl group having 1 to 8 carbon atoms
which may have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which
may have a substituent(s), an alkoxycarbonyl group having 1 to 8 carbon atoms
which may have a substituent(s), an alkanoyloxy group having 1 to 8 carbon atoms
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 R3' represents a hydrogen atom or an
alkyl group having 1 to 8 carbon atoms which may have a substituent(s)),
and when there is a plurality of the same or different substituents, any two
substituents of the same or different substituents together with the carbon
atom(s) on which they are substituted may form a saturated or
unsatimaned) fasettor SpicogBeup vaviembetaddinguwdtichemeay, havsé group
substituengﬁs@Ykzﬁ]{The gompound according to [1], a salt of the compound,
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r@%ﬁ}g@pg@ﬁg%yggi%%%ebaesﬁg%&?é% g\r/ith |l or 2 alkyl groups having

1 to 8 carbon atoms; e compoun 5?ng to [1] or [2], a salt of the

compouwritnahaehydisite0ft thef campaieng ertbesaltvmersin R2jmibe
formula (1) is a heterocyclic group which may have a substituent(s); [4]
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a pyridyl group which may havea su u

acaaseingdoranywhetoihl &&Q&Qs@%&é}{t{@? compound, or a hydrate of
the compound or the salt, wherein Ring A in the formula (1) is a 6- or

7-membdréeriompahredaiccthdinaodohstitabnt aternsropRind) Arathed:thanf

the sulfur atom at the 6-position are carbon atoms); [6] The compound
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atom or 1 to 4 same or different substituents with which Ring A Is

substitGéé & havvengin tiesamdrgr wiffEFentSubstituefitaacerrpeind, or a

R GRE R Simpound or the sart wherem K- m the Tormala (1) 14 & heterocyclic
group which may have a substituent(s);

[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 8 carbon atoms which

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



hydroxy group, a carboxy group, an alkyl group having | to 8 carbon atoms
which may have a substituent(s), an alkynyl group having I to 8 carbon
atoms which may 6 have a substituent(s), an alkoxy group having | 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 | to 8 carbon atoms which

nhaychave stisunstityent{soan ainipoarpin WhichMan hawaBvhich may have a
substituent(s), a cyano group, a heterocyclic group which may have a
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8-membered ring which may have a substituent(s); [7] The compouhd
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the salllltbv%herein the, formula (1) is the following formula (ta): --N R 5N
Iﬁﬁdl-?z w%e%?ﬁﬁh%e formula (I a), R', R2 and R3 are as defined for R', R2
and R3ineftheespestivelin 8L The compouadassordipatodt] a3l of
the compound, or a hydrate of the compound or the salt, wherein'the
ferhatiriqLy if the fottowindifGrmulawpis)inhh Sudieceiniin the famoladh)s) on
as defined for R', R2 and R3 in [l], respectively;

R' Rg %nd R3 arbe
which they are substituted may form a'saturated or unsaturate , 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):

R=R
N—N
1
o | \)N\ (1a)
=
S A

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):

RR
N——N
|
. SN (1b)
R 1
S
U

2

wherein in the formula (1b), R', R? and R are as defined for R',R*and R*in

[1], respectively;



7 [9] The compound according to [1], a salt of the compound, or a hydrate
of the compound or the salt, wherein the formula (1) is the following
formula (I ¢): Ti-Na~N (I C) ~-S N NFI, wherein in the formula (I c), R’,
R'and R3 are as defined for RI, R and.R3 in [1], respectively; [10] The
compound according to [11, a salt of the compound, or a hydrate of the
compound or the salt, wherein the formula (1) is the following formula (Id):
Rl N-N%5FheontHgowiné reirviti tige fothulaalt df; tRe, BrandRB3@re BRirate of
dt%fined for R', R' and R3in [1], respectively; [11 1] A compound
rEPrEYBREDGTHE R UAEN Sheditrariiel bbim esufdlovrias Fyarate df):
the compound or the salt: /R"R2 NI ZN R'3 sN (2 S.JaN4 R4 e wherein
in the formula (2), 8 R' represents a methylene group, an ethylene group
or a pr(;g(ej);l/%m_g}group

, l
t (1c)
NN

NH,

wherein in the formula (1c), 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):

R—R
N——1N
. |
R ‘\N (1d)
P
s N N

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:

wherein in the formula (2),



which may be substituted with | or 2 alkyl groups having 1 to 8 carbon
atoms, R' represents an aryl group which may have a substituent(s) or a
heterocyclic group which may have a substituent(s), Ring A represents a
5- to 8-membered ring (wherein the ring constituent atoms of Ring A
other than the sulfur atom at the 6-position are carbon atoms), R3
represents a hydrogen atom or | to 4 same or different substituents with

which Rifgepris substitisiedienhersin, meeﬁeﬁ&@w%emt@%%ﬁwa@&mup

each independently represents a substituent seleqte from the group

CBREBHAYY b auRaloyEd mishn, er Rydkotyeurenshar tarboxys gmhp)? arvailkyl
roup ing | to 8 carban atoms which may have a substituent(s), an '

akemyl o P L AT AR RAIEH S B o & Becrocyclic

sgm@twﬁ&@b@n@%y@mmpnk@wng 1 to 8 carbon atoms which may
have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which

may halkéng Sutsstitsestis(s)3-dn Bikoxybartibriybgrobp diavirg hga Seathen

atoms ich may have a substifuent(s), an alkanoyloxy group having 1 to
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which A BRI SHBSUIEN Ghn oA RATIGHRXY, SRR MY NOVE,
a substituent(s), an alkylsulfonyloxy group having 1 to 8 carbon atoms
wiicth RangHavesabstibstitiient(s), an amino group which may have a
substituent(s), a cyano group, an aryl group which may have a
substitl¥HI(EN a heterocyclic group which may have a substituent(s), an

oxo grayp sghd sNER3L( %Eﬁﬁ%ﬁ?l represents a hydrogen atom or an

alkyl group having 1 to 8 carbon atoms which may have a substituent(s)),

and wheslthedersma gltisaliy-efthe §§@B§t@ﬁéﬂﬁ&f@6€e§l&p§m%%oaﬂ¥éﬁ@sting
substituents of the same or different substituents together with the g:arbon
AoPirele8Rn Rinidh ahedrary Epstitratnay govmy esalindtedep having 1 to 8

%@%Hrﬁﬁgs U}ﬁl%ﬂ %a?%g\)/e?’é ggbstituent(s), an alkenyl group having 1 to 8 carbon

atoms which may have a substituent(s), an alkynyl group having 1 to 8 carbon atoms
which may have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which
may have a substituent(s), an alkoxycarbonyl group having 1 to 8 carbon atoms
which may have a substituent(s), an alkanoyloxy group having 1 to 8 carbon atoms
which may have a substituent(s), a carbamoyl group which may have a substituent(s),
a carbamoyloxy group which may have a substituent(s), an alkylsulfonyloxy group
having 1 to 8 carbon atoms which may have a substituent(s), an amino group which
may have a substituent(s), a cyano group, an aryl group which may have a
substituent(s), 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



8-membered ring which may have a substituent(s), and 9 RQ represents
an amino group having a protecting group; [12] A compound represented
by the formula (3), a salt of the compound, or a hydrate of the compound
or the salt: if R A (3) yaNH2 6 5 wheyein in the formula (3), Ring A
represents a 5- to 8-membered ring (wherein the ring constituent atoms
of Ring A other than the sulfur atom at the 6-position are carbon atoms),
and R3‘fepresentsan hydrogeoaiomy biglatordisame @odifferent
substituents with which Ring A is substituted, wherein the same or

different SUBSTRUBINIE R RIgRISE RIchey PeprésEhise S8t péibgespmpound, or a
%?grgt%q)p@@ Ctg}g rY%rou quggiés,tfpg of a halogen atom, a hydroxy group, a
carboxy group, a a‘lll?y group %a'ving 1to 8 carbon atoms which may
have a substituent(s), an alkenyl group having 1 to 8 carbon atoms which
may have a substituent(s), an alkynyl group having 1 to 8 carbon atoms
which ma e a substituent(s), an alkoxy group having 1 to 8 carbon
atoms Wwhich ay ay have a substituent(s), an alkoxycarbonyl group having

2 yratgms which may have a substituent(s), an alkanoyloxy
ing 1 t&|8 carbon ato8 which may have a substituent(s), a

1Q ich may have a substituent(s), a carbamoyloxy group
which may have a substituent(s), an alkylsulfonyloxy group having 1 to 8

carbonwﬂgg{&% \{%hti]%w fg}%%/upf&%,a substituent(s), an amino group which

Ring A represents a 5- to 8-membered ring (wherein the ring constituent
atoms of Ring A other than the sulfur atom at the 6-position are carbon atoms), and

R’ represents a hydrogen atom or 1 to 4 same or different substituents with
which Ring A is substituted,

wherein

the same or different substituents

each independently represents a substituent selected from the group consisting
of a halogen atom, a hydroxy group, a carboxy group, an alkyl group having 1 to 8
carbon atoms which may have a substituent(s), an alkenyl group having 1 to 8 carbon
atoms which may have a substituent(s), an alkynyl group having 1 to § carbon atoms
which may have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which
may have a substituent(s), an alkoxycarbonyl group having 1 to 8 carbon atoms
which may have a substituent(s), an alkanoyloxy group having 1 to 8 carbon atoms
which may have a substituent(s), a carbamoyl group which may have a substituent(s),
a carbamoyloxy group which may have a substituent(s), an alkylsulfonyloxy group
having 1 to 8 carbon atoms which may have a substituent(s), an amino group which
may have a substituent(s), a cyano group, an aryl group which may have a

substituent(s), a heterocyclic group which may have a substituent(s), an oxo group



may have a substituent(s), a cyano group, an aryl group which may have
a substituent(s), aheterocyclic group which may have a substituent(s), an
oxo group 10 and -NOR 31 (wherein R31 represents a hydrogen atom or
an alkyl group having 1 to 8 carbon atoms which may have a
substituent(s)), and when there is a pIdtQaIity of the same or different
substituents, any two substituents of the same or different substituents

tagetheORith theeailioh Asrys):on hwb@kmgﬁr&%bﬁﬂwégmg%M@ to
r

a saturated or unsaturated, fused or Spiro 3- to 8-membered ring which
rA&pTRavatass Hat thenes 1 T18 R AubHBREM shhisitor comprising the

compound agcording to any one of [1] to [10], a salt of the compound, or
a hydravtvgl%r)f eéecbsrfg c?‘ﬁrﬁg){éfrotﬁgwsé ,ﬁ%%&#‘?’fﬁ%ﬂg%s&‘fﬁ%t%‘?@’a%o
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[10], a salt of the compound, or a hydrate of the compound or the salt; |
18aR rhilsipwisbimtid gref IS ROOstouAR] conprisimgr ¢Hefocarpeowpido 3- to

ccording to any one of [ 1] to [ 10], a salt of the compound, or a hydrate
0 “{ﬂ%mbgﬁ%’&ﬂg Bt IhE8x Ry ¢ 61ROMERREHent comprising the

compoging accarsiog mmo%sr{?g&&dg%é%%goﬁ%ﬁ 8&%%&0@%%8&

a hydrate of the compound or the salt as an active ingredient;
anticabidgr aggnbLamprisinguine compaling attardinggouanyone ofif 1] to
[ 10], a salt of the_ compound, or a hydrate of the compound or the salt as

an actié ingteRfidnto1s] ephhRrscstine CompEmsmesivipeshievpound
L
catripound or the salt;

[15] An inhibitor of binding of HSP90 to ATP comprising the compound
according to any one of [1] to [10], a salt of the compound, or a hydrate of the
compound or the salt;

[16] A medicament comprising the compound according to any one of [1] to
[10], a salt of the compound, or a hydrate of the compound or the salt as an active
ingredient;

[17] An anticancer agent comprising the compound according to any one of
(1] to [10], a salt of the compound, or a hydrate of the compound or the salt as an
active ingredient;

[18] A pharmaceutical composition comprising the compound according to
any one of [1] to [10], a salt of the compound, or a hydrate of the compound or the
salt, and a pharmaceutically acceptable carrier;

[19] A method for treating cancer comprising administering the compound
according to any one of [1] to [10], a salt of the compound, or a hydrate of the

compound or the salt; and



[19] A method for treating cancer comprising administering the compound
according to any one of [I ] to [10], a salt of the compound, or a hydrate of
the compound or the salt; and 11 [20] Use of the compound according to
any one of [I ] to [12], a salt of the comPound, or a hydrate of the
compound or the salt for the manufacttfe of a medicament. Advantages
of the Invention According to the present invention, there are provided a

novel cfropusndr tAbiktinesanielfestRhLSRAY. G ther ﬂﬂ%t{‘ff}g%@mq{f%e
a

disease caused by an effect of HSP90 comprising the compound,
RISy teakivdr dainidhs scapeeniby trv effe foroheiSRTausingthe
clgggﬁ)(é)und. In particular, according to the present invention, there are

provi %Iél?%ﬁovel compound inhibiting the function of I-ISP90 as a

chaperone protein and having antitumor activity, an anticancer agent
comprising the compound, and a method for treating cancer using the
chAvBBlagEs BeseModstion Carrying Out the Invention In the present

invention, "heat shogk protein 90" or "HSP90" refers to any or all of the
HSPOO SRRy LRI MBS E e ORetheTher HEPYd Fa Mg Vaagernpund

%ﬂggﬁg M%B@Q%%Pﬁ)%%%%&@y%&% porpgeciﬂs %;Rpg4g§§§9/ﬁnf%frfect of
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compound, and a method for treating cancer using the compound.

Best Mode for Carrying Out the Invention

In the present invention, "heat shock protein 90" or "HSP90" refers to any or
all of the HSP90 family unless otherwise specified. The HSP90 family includes
HSP90a, HSP90B, 94kDa glucose-regulated protein (GRP94) and Hsp75/tumor
necrosis factor 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
HSP90 to assist folding of a client protein to convert the client protein to its
functioning form, or a function of HSP90 to stabilize a client protein, for example.

Accordingly, specific examples of the HSP90 inhibitor include a compound

inhibiting the expression of HSP90, a compound inhibiting binding of HSP90 to a



HSP90 to assist folding of a client protein to convert the client protein to its
functioning form, or a function of HSP90 to stabilize a client protein, for
example. Accordingly, specific examples of the HSP9O0 inhibitor include a
compound inhibiting the expression of HSP90, a compound inhibiting
binding of FISP90 to a 12 client proteitln,za compound inhibiting binding of
HSP90 to co-chaperones or immunophilins, a compound inhibiting

béfidirigofi¢iS RI0HPATR iahgampobindiiahibiting gheALRASE Aty of
HSP90 and a compound inhibiting the conformational change of HSP90.
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to the pre ent inveption will be described below. First, R will be
by present 1
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having | to 8 carbon atoms. The "methylene group, ethylene group or

progerabg dosqeashioifaraynbenstitistituiec didtastspr2daliidg60upS ciated
h\%\ﬁ']n 1to 8 ca E,on atoms" refers to a methylene group, an ethylene
group BB EEhIEE: group which may be substituted with | or 2 linear,

branched ar.gyclic gy ' carbon_atoms. Examples of.
the alkyl grosup having #%ﬁ%%gg@gﬁg;@#@ﬁcﬁ %ré}rrlﬁeﬂ'uq;/}]e ISt 4y ention

evhlylbgrdessriagarbpiphvgroup, an isopropyl group, a cyclopropyl group, a
cyclobLll:IyI group, a cyclopentyl group and a cyclohexylethyl group.
irst, R" will bé 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 1 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 I to 8 carbon atoms include a methyl
group, an ethyl group, a propyl group, an isopropyl group, a cyclopropy! group, a
cyclobutyl group, a cyclopentyl group and a cyclohexylethyl group.

Next, R? will be described.

2 .
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
substituent 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 naphthyl group and a fluorenyl group. These aryl



Next, R2 will be described. RZ represents an aryl group which may have a
substituent(s) or a heterocyclic group which may have a substituent(s).
The aryl group in the "aryl group which may have a substituent(s)" refers
to a substituent derived from a monocyclic or polyeyclic aromatic
hydrocarbon compound. The aryl gI‘OL]] may be bonded at any position.
Examples of the aryl group include a phenyl group, a naphthyl group and

afuprenyldrosyhsTinese vy d:d gravpsmay e sukatituted With@ae-e!
the same or different 2 to 5 substituents selected from the group
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compound containing one or more oxygen, nitrogen or sulfur atoms as

EBRStita SRR iBMEST e iy SSuetipact K& pineroByendky! group having 1 to 8

carbon atoms may be substituted on the same carbon atom or different carbon atoms
with these substituents, insQfar as it can be substituted.

The heterocyclic group in the "heterocyclic group which may have a
substituent(s)" refers to a substituent derived from a saturated or unsaturated,
monocyclic or condensed heterocyclic compound containing one or more oxygen,
nitrogen or sulfur atoms as constituent atoms of the ring structure. The heterocyclic
group may be bonded at any position. Examples of the saturated heterocyclic group
include a group derived from azetidine, pyrrolidine, imidazolidine, triazolidine,
tetrahydrofuran, tetrahydrothiophene, oxazolidine, thiazolidine, piperidine,
piperazine, tetrehydropyran, dioxane, tetrahydrothiopyran, morpholine,
thiomorpholine, homomorpholine or homopiperazine. Examples of the unsaturated
heterocyclic group include a group derived from pyrrole, pyrazole, imidazole,
triazole, tetrazole, thiophene, furan, thiazole, oxazole, isothiazole, 1soxazole, pyridine,
dihydropyridine, pyridazine, pyrimidine, pyrazine, quinoline, isoquinoline, indole,
1,3-dioxaindan, benzothiazole, benzodioxole, benzodioxane or thiazolopyridine.

These heterocyclic groups may be substituted with one or the same or different 2 to 5



group may be bonded at any position. Examples of the saturated
heterocyclic group include a group derived from azetidine, pyrrolidine,
imidazolidine, triazolidine, tetrahydrofuran, tetrahydrothiophene,
oxazolidine, thiazolidine, piperidine, pjperazine, tetrahydropyran, dioxane,
tetrahydrothiopyran, morpholine, thi0|lnAbrphoIine, homomorpholine or
homopiperazine. Examples of the unsaturated heterocyclic group include

kOl Alerivia O Mopy il rauf azalesinidazalakliazels talrazoleo s

thiophene, furan, thiazole, oxazole, isothiazole, isoxazole, pyridine,
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indole, 1,3-digxaindan, benzothiazole, benzadioxole, benzodioxane or
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consisting of an alkyl group having 1 to 8 carbon atoms which may have
a subshiereniS pandaiiesdriBetb j) and 1) to q) in the later-described
Substituent Group. Here, the "alkyl group having 1 to 8 carbon atoms
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substituents with which Ring A is substituted rein the same or
differend substitpestateachibndependantydrapreseaisAupWosHient of a
selected from theﬁigroup consisting of a halogen atom, a hydroxy group, a
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have a substituent(s), an alkynyl group having1to which
mayhavéch sipstiuenishsanatkexyagraupiiayingd i earkes sierbs atoms

which may have a substituent(s), an alkoxycarbonyl group having | to 8
EAHSB AP AORAY © WSS RS Hal e malkmstigie R Sy anealikarfosadxyrgroups which
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which may have a substituent(s), an alkanoyloxy group having 1 to 8 carbon atoms
which may have é 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)).

When R’ represents 2 to 4 same or different substituents, Ring A may be

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

substituents, insofar as it can be substituted.



a earbamoyloxy group which may have a substituent(s), an
alkylsulfonyloxy group having I to 8 carbon atoms which may have a
substituent(s), an amino group which may have a substituent(s), a cyano
group, an aryl group which may have alfubstituent(s), a heterocyclic
group which may have a substituent(s), an oxo group and =NOR31
(wherein R31 represents a hydrogen atom or an alkyl group having 1 to 8

carbon &terhllwyhiglupaytiaye aossibstibent(s)), /pdivhen these is a
plurality of the same or different substituents, any two substituents of the
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I to 8 carpbon atoms may be substituted on the same carbon atom or
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SUbSt't"ﬁﬁgalkynyl group having 1 to 8 carbon atoms in the "alkynyl group having 1

to 8 carbon atoms which may have a substituent(s)" refers to a linear or branched
alkynyl group having 1 to 8 carbon atoms. Examples of the alkynyl group having 1
to 8 carbon atoms include an ethynyl group, a 1-propynyl group, a 2-propynyl group,
a 1-butynyl group, a 3-butynyl group and a 4-pentynyl group. These alkynyl groups
having 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 alkynyl group having 1 to 8 carbon atoms may be substituted on the
same carbon atom or different carbon atoms with these substituents, insofar as it can
be substituted.

The alkoxy group having 1 to 8 carbon atoms in the "alkoxy group having 1
to 8 carbon atoms which may have a substituent(s)" refers to an alkoxy group
containing an alkyl group having 1 to 8 carbon atoms as described above in its
structure.  Examples of the alkoxy group having 1 to 8 carbon atoms include a
methoxy group, an ethoxy group, an n-propyloxy group, an isopropyloxy group, an

isobutyloxy group, a cyclopropylmethyloxy group and a cyclopentylmethyloxy



The alkynyl group having 1 to 8 carbon atoms in the "alkynyl group having
| to 8 carbon atoms which may have a substituent(s)" refers to a linear or
branched alkynyl group having | to 8 carbon atoms. Examples of the
alkynyl group having 1 to 8 carbon at ms include an ethynyl group, a
1-propynyl group, a 2-propynyl group, a 1-butynyl group, a 3-butynyl
group and a 4-pentynyl group. These alkynyl groups having | to 8 carbon

agoms. majabe siibstitptedpwiihvome loitRe sboIe05 et 2s0bhsBruted with
substituents selected from c) to j) and 1) to q) in the later-described
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cyclopentylmethyloxy 16 group. These alkoxy groups having | to 8 carbon
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substituents, insofar as it can be subs d. The alkoxycarbon up
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substituted with one or the same or different 2 or 3 substituents selected from c) to j)
and I) to q) in the later-described Substituent Group. The alkoxycarbony! group
having 1 to 8 carbon atoms may be substituted on the same carbon atom or different
carbon atoms with these substituents, insofar as it can be substituted.

The alkanoyloxy group having 1 to 8 carbon atoms in the "alkanoyloxy group
having 1 to 8 carbon atoms which may have a substituent(s)" refers to an
alkanoyloxy group containing an alkanoyl group having 1 to 8 carbon atoms in its
structure.  The "alkanoyl group having 1 to 8 carbon atoms" refers to a linear,
branched or cyclic alkanoyl group having 1 to 8 carbon atoms. Examples of the
group include a formyl group, an acetyl group, an n-propionyl group, an n-butyryl
group, an isobutyryl group, a cyclopropanecarbonyl group and a
cyclohexanecarbonyl group.  Accordingly, examples of the alkanoyloxy group
having 1 to 8 carbon atoms include a formyloxy group, an acetyloxy group, an n-
propionyloxy group, an n-butyryloxy group, an isobutyryloxy group, a

cyclopropanecarbonyloxy group and a cyclohexanecarbonyloxy group. These



8 carbon atoms include a methoxycarbonyl group, an ethoxycarbonyl
group, an n- propyloxycarbonyl group, an isopropyloxycarbonyl group, an
isobutyloxycarbonyl group, a cyclopropylmethyloxycarbonyl group and a
cyclopentylmethyloxycarbonyl group. Tyese aikoxycarbonyl groups
having 1 to 8 carbon atoms maybe substituted with one or the same or
different 2 or 3 substituents selected from e) to j) and!) to q) in the

laterdeberibe Gubistitent Groupbthatatkoxysaton i DaNIog: bidhe
8 carbon atoms maybe substituted on the same carbon atom or different
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substituted with one or the same or different 2 or stituents se
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refers to a carbamoyl

may have a substituent(s) as defined above, an alkynyl group having 1 to 8 carbon
atoms which may have a substituent(s) as defined above, an aryl group which may
have a substituent(s) as defined for 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
carbony! group include an azetidinocarbonyl group, a pyrrolidinocarbonyl group, a
morpholinocarbony! 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 ¢) to j) and 1) to Q) in the later-
described Substituent Group.  The saturated nitrogen-containing heterocyclic
carbonyl group may be substituted on the same carbon atom or different carbon
atoms with these substituents, insofar as it can be substituted. When the saturated
nitrogen-containing heterocyclic carbonyl group contains as a constituent atom a

nitrogen atom other than the nitrogen atom bonded to the carbonyl group, as a



group having a substituent(s) or a 4- to 7-membered saturated
nitrogen-containing heterocyclic carbonyl group which may have a
substituent(s), in addition to a carbamoyl group. Here, the carbamoyl
group having a substituent(s) refers to g carbamoyl group substituted with
one or the same or different two substituents selected from the group
consisting of an alkyl group having 1 to 8 carbon atoms which may have a

spipstitdmot{sbasdefined abby&kadalkenyl graige hanirdihte G6a0R0Ritro gen
atoms which may have a substituentr%s) as defined above, an alkynyl
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saturated nitrogen-containing heterocyclic carbonyl grolip contains as a
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p) and q) in the later-described Substituent Group.

alkylsulfonyloxy group haying 1 to 8 carbon atoms which may have a substituent(s)
include a methanesulfonyloxy group which may have a substituent(s), an
cthanesulfonyloxy 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 1 to 8 carbon atoms which may have a
substituent(s) as defined above, an alkynyl group having 1 to 8 carbon atoms which

may have a substituent(s) as defined above, an alkoxycarbonyl group having 1 to 8

carbon atoms which may have a substituent(s) as defined above, an alkanoyl group



The "carbamoyloxy group which may have a substituent(s)" refers to a
carbamoyloxy group containing a carbamoyi group which may have a
substituent(s) as defined above in its structure. Examples of the
carbamoyloxy group include a carbarq yloxy group, a
methylcarbamoyloxy group, an ethylcarbamoyloxy group, a
cyclopropylmethylcarbarnovloxy group, an N,N-dimethylcarbamoyloxy

ot anoNs- eethykNtonetwiecarbamayoxy givstpnanpyirelidirocarbpesye, a
group, a morpholinocarboxy group and a 4-methylpiperazinocarboxy
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s & sigh stiadnn(s ) Tihstiteie)group which may have a
substityent(s)" refers to an amino group substituted with one or the same
or differeeﬁ?’t?}és sﬁﬁiscﬁfﬁgﬂ?'fﬁﬁ’%dﬁé??‘t@%%ﬁﬁﬁﬁé‘*@?&ﬁﬁf“ﬁ% r_ef‘f’rs to an
%Hﬁ@g;egyﬁfgﬂmc@mmg%%pa@sgﬁs&ﬁe&ﬁ{mmwé%%Q&{ﬁ@ﬂé@s%s
an alkyl group having 1 to 8 carbon atoms which may have a
JebistitutmtRS)aas v idiitedtabove:, arfatkenidsgrbtip havingbbiol §eanbamich
atoms which m?glhave a substituent(s) as defined above, an alkynyl

t

GBUBHEITEOE 5 PLSHBUT b B RARILFARORY heivsra esSRiwhEs)ers
sergasior sl AP0 LAY SRR,
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 morpholinecarbonyl group which may have a
substituent(s), a piperazinecarbonyl group which may have a substituent(s), a
picolinoyl group which may have a substituent(s), a nicotinoyl group which may
have a substituent(s), an 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



19 having 1 to 8 carbon atoms which may have a substituent(s) as
defined above, a carbamoyl group which may have a substituent(s) as
defined above, an aryl group which may have a substituent(s) as defined
for R2 above, a heterocyclic group WhE)(B] may have a substituent(s) as
defined for R2 above, an arylcarbonyl group which may have a
substituent(s), a heterocyclic carbonyl group which may have a

stibstitoreat¢s)s ahi clkytsulfenyh gudupthavinyat te Snedrbon atems whislre.,
ay have a substituent(s), an arylsulfonyl group which may have a
;%by 8%?@?8&%‘%58?&%%%%%&& | geupPiiie I tRTaY Whikk may have a

sap,%mu@n@)mma%gbﬁezﬁax&?ggg%qg'n@a%u R yhich may have 3

substituent(s)" refers to an ary Pgfoup containing %n _arﬁtigt}lg%s)’ an
veklishemafp indve s uistitLent($)as adefined 501 32,8096 dp HsuStBcIURup
Examples of the arylcarbonyl group which may have a substlf[uent(s)
iMEH e HéYﬁ/Pc%ﬁﬁng%wwm&rprﬁa@nnw}éoayfsgbsmwembmay have a

, rbonyl group, which may have a substituent(s) and a.
o SRS Iy HEVE S TR e ment(9) anc o

"betereeyoliaarbenyigrauRMBIGh TN hAYe.2 SUbBUINeNI(R) refers to a

heterocyclic carbonyl group containing a heterocyc!ic group which may
have a ldgbatitiaHysyagraefinddclomRY vovesib itstsenitiiirec Examples

f th t li bonyl hich may have a substituent(s
s A 2 BTy ot
areRmviieR TasyRaNea SHRSHUEN K Ingh L traydHopNIARGARD, %QL%H:%

which may have a substituent(s), a pyrrolidinecarbonyl group which may

Hatie e subs isne(fs ki pipesolipoyhgrolfpryhichumashhaveay have a
SRR ARURSH EETEAYP JTOLS ARIOR g RIS ren() and
e o L midazolecarbony
group Whicthetay hyalie susiohstigrent($)hich may have a substituent(s)" refers to a

heterocyclic sulfonyl group containing a 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
1soxazolesulfonyl group which may have a substituent(s), a thiazolesulfonyl group
which may have a substituent(s), an imidazolesulfonyl group which may have a
substituent(s), a pyrazolesulfonyl group which may have a substituent(s) and a
pyridinesulfonyl group which may have a substituent(s).

The "aryl group which may have a substituent(s)" is as defined for R above.

The "heterocyclic group which may have a substituent(s)" is as defined for 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



and a thiazolecarbonyl group which may have a substituent(s). The
"alkylsulfonyl group having 1 to 8 carbon atoms which may have a
substitucnt(s)" refers to an alkylsulfonyl group containing an alkyl group
having 11 to 20 8 carbon atoms Whicr%{nay have a substituent(s) as
defined above in its structure. Examplés of the aikylsulfonyl group having
| to 8 carbon atoms which may have a substituent(s) include a

raethénesulfbinyl Groupavhibititoay havefersuDSHURIMES): @Rsaturated, fused or
ethanesulfonyl group which may have a substituent(s), an

iSBproby R ATBARSTSH P IREHIAFC iz havee & Subshtuen{e), rafers to the fact that a
f hich tifuent(s), a. .
voprapangsuliond groupwh avfy%ys{%gas%u%%g%%@%ggm Ain the

cyclopentanesulfonyl group which may have a’'s
dyclogieritylinetiiandssignd sramewhichemayhave.asulatiue s nhe
"arylsulfonyl group which may have a subs tituent(s)" refers to an
SAISRIFS TR GPEEH EorrEIRiRY AR asidrouposhiehn maitrave @om, an oxygen

substituent(s) as,_defined for R2 above in its structure. Examples of the
al#y su#?ognsﬂ}l%é}%ﬁ% Which ey P @%J%ngﬁ%ﬁtﬁ A Gede atom.  The 3- to

phesysuitanyh grasp whichsmaxdave 3nsWRslientsy aaphihylsulonyl

group which may have a substituent(s) and a fluorenylsulfonyl group
WHIehwsals helvetedsipstialént(sk TeebheteBabytiicestlfanybgrortp whichs-
ma;glgavg a substit%ent(g " refers to a heterocyclic sulfonyl group

me €red rl

containing & REET0RS SRR YIS WhidA FALF HATRR ARBARdEf(g) esrbon
defined for Raaboueindisstrysture., Bxamples,plihgdyeterocyclic

sulfonyl group which may have a substituent(s) include a
tetrahybhopytayisaitomyhayiozp wisicarayshave wisohstityenis) a
thiophenesulfonyl,group which may have a substituent(s), a furansulfonyl
5?%[‘?%%@# Ay haVénsimsddreit(sgbare- isoxazolesulfonyl group which

may hays; g gubstituent(s),addhiazolesulfonyl group which may have a
substituent(s), an imidazolesulfonyl group which may have a

su bstit&ém&(s}:,sanpnjaam{ﬁﬁulg@mqb HEQU: Whiehdt@yehayeR substituent(s)
and a The protecting group in the "amino group having a protecting group" is not
particularly limited insofar as it is a protecting group used in a common organic
chemistry reactions. Examples of the amino group having a protecting group
inctude an alkanoylamino group having 1 to 6 carbon atoms, a tert-
butoxycarbonylamino group, a di(tert-butoxycarbonyl)amino group, a
benzyloxycarbonylamino group, a di(benzyloxycarbonyl)amino group, a p-
methoxybenzylamino group, a di(p-methoxybenzyl)amino group, a 2,4-
dimethoxybenzylamino group, a di(2,4-dimethoxybenzyl)amino group and an N-
(tert-butoxycarbonyl)-N-(2,4-dimethoxybenzyl)amino group.

Next, Ring A will be described.

Ring A represents a 5- to 8-membered ring.  Ring A is, as represented by the

formula (1):



pyridinesulfonyl group which may have a substituent(s). The "aryl group
which may have a substituent(s)" is as defined for R™ above, The
"heterocyclic group which may have a substituent(s)" is as defined for R2
above, The phrase "when there is a plurality of the same or different
substituents, any two substituents of tHeé same or different substituents
together with the carbon 21 atom(s) on which they are substituted may
form a saturated or unsaturated, fused or Spiro 3- to 8-membered ring
which may have a substituent(s)" refers to the fact that a 3- to
8-membered ring whichsmay have a substituent(s) is bonded to Ring A in
the formula () inra’ fuséd or Spiro manner. The 3- to 8-membered ring
may be rs_é'tﬁlr\éted ring or an unsaturated ring, and may contain a
nitrog oxygen atom or a sulfur atom as a ring constituent
ther than altarbon atom.(The 3- to 8-membered ring maybe
substi ith. %g the same or different 2 or 3 substituents selected
from a) te Q) inla—\fhe above Substituent Group. The 3- to 8- membered ring
may be substituted on the same carbon atom or different carbon atoms
with thes stiue | it.can be substituted. The "alkyl grou
having | %%H?arbonggg%%ﬁ(ﬁ% rlrllr%éﬁg ea substtieh él)g ‘fﬁ’é%%iefép&?m
detirfedfforReab duet Mestidvbhllchs gssritiest R4 FRRIASNIS AMARIAY
roup having a protecting group. The protecting group in the "amino group
h&‘?ﬁ?ﬁ“&’&% 9 B}%%' whsbthynrhe ey irrite dinSofardbitdsrhon atoms.
Q{g{ggyggagw g%%qgfé%&gmm%qnorganic chemistry reactions.
Examples of the amino group having a protecting group include an

dfkatroylmntidogroup having | to 6 carbon atoms, a tert

butoxycarbonzlamino roup, a di(tert-butoxyearbonyl)amino group, a
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 alky! 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.

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 &) above which is 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 8 carbon atoms



benzyloxycarbonylamino group, a di(benzyloxycarbonyl)amino group, a p-
methoxybenzylamino group, a di(p-methoxyhenzyl)amino group, a 2,4-
dimethoxybenzyl amino group, a di(2,4-dimethoxybenzyl)amino group and
an N- (tert-butoxycarbonyl)-N-(2,4-dimethoxybenzyl)amino group.. Next,_
Ring A will be described. Ring A repregénts a 5- to 8-membered ring. Ring
Ais, as represented by the formula (1): 22 R'L-s~(1)i "'IVH2 a 5-to

8-membyarediReiereryglia rauUn GORtAINNG: %&9%@%%%&@%9%%&3

sulfur atom at the 6-position of the compound of the formula (1). Therin

coRstitiaatateing efRingaAioghetotamthe: subfus atafafare! formyethdye in its

C%I’b n atoms. Ring A may have a double bond therein. [Substituent
rrélﬁoafg) an alkyl group having | to 8 carbon atoms The "alkyl group

having § i sathaBeindsy IRistHR alinedshianshied g, cyclic akyl

group having 1 to 8 carbon atoms. Examples of the alkyl group having | to
8 carbohhattrale sachictbadkmetizybgrduy; an lethl @roup At PrOPMIBFOtPaan

isppropy! group, a cyclopropyl group, a cyclobutyl group, a cyclopentyl
gﬁ%ﬁ%&qﬁ) %%ﬁ?ﬂﬂgsaﬁe‘%ﬁkﬂgﬁ%aﬁf pixliamgeraied hieyd grabpraioing ds
t@egiggfbgg)aaﬁgggg :ihe halogenated alkyl group having | to 8 carbon

atoms" refers to an alkyl group as defined in a) above which is substituted
with ong ar thesamsardifferenhaviigz4 hagab@aiammsThe group maybe

SUbStituI:[gg 'glnkgg?/csé?&(rexycﬁgrr%%g gzg?/{ggog to 8 carbon atoms" refers to an
alkoxycarbonyl group containing an alkoxy group having 1 to 8 carbon atoms as
defined in h) above in its structure.

k) an alkanoyl group having 1 to 8 carbon atoms

The "alkanoyl group having 1 to 8 carbon atoms" refers to a linear, branched
or cyclic alkanoyl group having 1 to 8 carbon atoms. Examples of the alkanoyl
group having 1 to 8 carbon atoms include a formyl group, an acetyl group, an n-
propionyl group, an n-butyryl group, an isobutyryl group, a cyclopropylcarbonyl
group and a cyclohexylacetyl group.

1) an alkanoyloxy group having 1 to 8 carbon atoms

The "alkanoyloxy group having 1 to 8 carbon atoms" refers to an alkanoyloxy
group containing an alkanoy! 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 8 carbon atoms

The "amino group which may be substituted with one or the same or different

two alkyl groups having 1 to 8 carbon atoms" refers to an unsubstituted amino group



different carbon atoms with the halogen atoms. c) a halogen atom d) a
hydroxy group e) an oxo group t) a cyano group @) a carboxy group h) an
allcoxy group having | to 8 carbon atoms 23 The "alkoxy group having | to
8 carbon atoms" refers to an alkoxy gcr]:? p containing an alkyl group
having 1 to 8 carbon atoms as definedin a) above in its structure. i) a
halogenated alkoxy group having 1 to 8 carbon atoms The "halogenated

alkexygioopiayingitat8dcarion oy IefRNetoraR: AIKOXY Gk n atoms as
containing a halogenated alkyl group having | to 8 carbon atoms as

destined in ﬁ)aéﬁﬁﬂ’/-e in its structure. j) an alkoxycarbonyl group having | to

8 carban atoms The "alkoxycarbonyl group having 1.tp 8 carbon atoms"
refers o e%ncag?fﬁglfﬁcgggﬁy%%f%%ﬁng%g?aﬂ‘f?ﬁ&tﬁff’ IRORY G¥o b Rasis Pio

GTRRAN OS2 gfined iR /bowe i itsskucture. k) an alkanoyl

group having 1 to 8 carbon atoms The "alkanoyl group having 1 to 8
carbonAterissrbaterd waineaistbranchesitotioyclicvatiamoy b grbeipahaming
KRS S o e sharey gpuphing Lo
FRYRmBN RBUREY LAY Rm%?liﬁﬁ)&}f%%sg{ﬁ% @1@[9'%9@9%{?? 8\%@' favi%g 1
group and a cyclohexylacetyl group. 1) an alkanoyloxy grou ving 1 to
darborrlztonatsms as defined in a) above.

0) an alkanoylamino group having 1 to 8 carbon atoms

The "alkanoylamino group having 1 to 8 carbon atoms" fefers to an
alkanoylamino group containing an alkanoyl group 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,
tetrahydrofuran, tetrahydrothiophene, oxazolidine, thiazolidine, piperidine,
piperazine, tetrahydropyran, dioxane, tetrahydrothiopyran, morpholine,
thiomorpholine, homomorpholine or homopiperazine. Examples of the unsaturated
4~ to 7-membered monocyclic heterocyclic group include a group derived from
pyrrole, pyrazole, imidazole, triazole, tetrazole, thiophene, furan, thiazole, oxazole,
isothiazole, isoxazole, pyridine, dihydropyridine, pyridazine, pyrimidine, quinoline,

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



The "alkanoyloxy group having 1 to 8 carbon atoms" refers to an
alkanoyloxy group containing an alkanoyl group having 1 to 8 carbon
atoms as defined in k) above in its structure. Examples of the alkanoyloxy
group having 1 to 8 carbon atoms include a formyloxy group, an
acetyloxy group, an n-propionyloxy groZL?p, an n-butyryloxy group, an
isobutyryloxy group, a cyclopropylcarbonyloxy group and a

cyclohciyhacehoxin@ia a.tH) B NIAOHERIP Whic Br@@%@%ﬁ%@tﬂ%@g

with one or the same or different two alkyl groups having 1 fo 8 carbon
5B TREEhaminbagrolpwhidiyheagupe substitlitedSwittbonetoni)ersamere

or different two alkyl groups having 1 to 8 carbon atoms" refers_to an
rgg%gﬁﬁt%nduélrsﬁlltr)]%{ltggrt&#pgfﬂw% rPEtho group substituted with 1 or 2

alkyl graépshasng 10 & RN RMSASLASTIngd ina) 9890"9,%%&‘%1}?(5). The

earhamoyl group which may be substituted with one or the same

diffesreny tlio gtk Grouer hialyi m@ﬁrﬁbegmd@oE ploRsiie gféfﬁf}'ﬂait‘ibwm}'midinyl
roup which may be substituted with one or the same or different two
%ﬁ%‘l‘%r%@&aﬁm%{b B Haemer e s i dlnsybdttumap.  The

canaimon R AR FRRAROY GIouR SHRSIIMIEd N4, o 2 BlkH groves
having | to 8 carbon atoms as defined in'a) above. of an alkanoylamin

drdepchaing irtel8 danbon aidisgthe catkanDyIIHNSONRYR e ok t0 8
arbon atoms" refers to an alkanoylamino group containing an alkanoyl
3%85%&(%1@ Ke58%8HPon atoms as defined in k) above in its structure. p)

s phendamale) Il P Y0 e o e e e
dytand Ritg O)sedadeeiuted (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 1 to 8 carbon atoms which may
have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which may have a
substituent(s), a carbamoyl group which may have a substituent(s), a carbamoyloxy
group which may have a substituent(s), an amino group which may have a
substituent(s), a cyano group, a heterocyclic group which may have a substituent(s)
and an oxo group, or when there is a plurality of the same or different substituents,
any two substituents of the same or different substituents together with the carbon
atom(s) on which they are substituted form a saturated or unsaturated, fused or 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 1 to 8 carbon atoms which

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



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’8 group derived from azetidine,
pyrrolidine, imidazolidine, triazolidine, tetrahydrofuran.
tetnahy groipiophen.gxazelidingstRzgisine THP MRS o PIRE ARG,
tetrahydropyran, dioxane, tetrahydrothiopyran, morpholine,
tHiIEHERp FEIELpIis s s FBIHE oF Romopiperazine. Examples of the
unsaturgied_4--to 7-membered monocyclic heterocyclic group.include a
group Sgdr?\s/dé’éeffregfa# %f}rcr% & EE’/P Zo1&%, Mgm,nﬁi%B ftrdisBle,
thiepbenesityBaniNazalepOXad A6 e isAthiaZAS a'&??@éf?{ﬁo@’&?ﬂ%% )amino
dihydropyridine, pyridazine, pyrimidine, quinoline, |soqumoI|ne,|ndo¥e,
EB¥#Hoxaindan, benzothiazole or thiazolopyridine. 25 in an embodiment
of the present.invention, R' is preferably a methylene group which ma

SR AR NG (e et

have | o 2 atyI rots §1 (" ERH6H Hitins SRl et Bﬁ'@%l‘gﬁy

@aqw}ﬁygsxluﬁﬁgsmmwgB%EP%&%&&%P5%8%86&@@%9&%%% "a0Pof the
which may have a substituent(s). The heterocyclic group is prefer b?y a
potielyiegdomnal pytidazingldroup, 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 alky| group, a halogenated alkyl group, an alkoxy group or a
halogﬁ_rjit d'alkbxy group. R3 is preferably a hydrogen atom or 1 to 4

same |or different substituents with which Ring A is substituted (wherein
ifferent substifyents each independently represents a

ected from the group consisting of a hydroxy group, a

3 SN (1b)

]
R’ Xy
(Ic)



may have a substituent(s), an alkynyl group having 1 to 8 carbon atoms
which may have a substituent(s), an alkoxy group having 1 to 8 carbon
atoms which may have a substituent(s), a carbamoyl group which may
have a substituent(s), a carbamoyloxy Hgroup 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)-er’ which they are substituted form a saturated or
unsaturfted;fused or spire, 3-to 8-membered ring which may have a
skihst and more prlegerably a hydrogen atom or | to 4 same or
difféfent substituents with which Ring A is substituted (wherein the same
or different sabs ityents are each independently selected from the group
consisting of an alkyl group having | to 8 carbon atoms which may have a
substityani(s), an.alkynyl gro ving.1 1o 8 carbon,atoms which ma ,
have a subsﬁl}tlu%ntt g?ég%g%g%gy?é?g&’p‘{m | k?ma%%é?/ésad%%ﬁtﬁgrﬁ(lsﬂ
amd &1 RGhamiReUEEQUR whiebtiigy have a substituent(s)). The number of
the same or different substituents is preferably 1 or 2. R4 is preferably a
di(tert-HlnoyemeEry fansiotgiduptior Srdige tpthoxythiepzyaemingent
9rQYRy: Ig\d mare &%ef%rtabl a di(tert-butoxycarbonyl)amino group. Ring A
is preferabl a6 R AT S A e P BN R derbredeannan

cRRsRAndingHA iR truGuein A sempound isprasented by any of the
following formulas (1 a) to (1 d): R_Rz N-N (1z§1)§ﬁ et B TS
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):



FSNNJ1, z N-N (1b) SN NH, N-N R~N (Ic) 1and 27 9-J N (td)
"SG N1 1, wherein in the formulas (Ia) to (Id), Rt, R2 and Pia are as
defined for R1, R! and R3 in the formula (1), respectively. The compound
represented by the formula. (1) according to the present invention may be
present as a stereoisomer or an opticafisomer derived f_rom 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 prgsgnt invention is a
novel tricyclic co/m'bUcan derived from pyrazolopyrlmldln_e. The_ co_mpo_und
represented-bythe formula (1) according to the present invention inhibits
the ATPRase activity of HSP90 and is useful as an HSP inhibitor. Further,
SN

(2)

wherein in the formula (2), R!, R*, R® and Ring A are as defined for R', R%, R’
and Ring A in the formula (1), respectively, and R* represents an amino group
having a protecting group, is important as a production intermediate for the
compound represented by formula (1).

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

the formula (3):

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



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?3 highly reactive substituent (for
example, a halogen atom such as a chlorine atom) and therefore there is
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example, reaction with the SH group of giutathione in vivo). In another
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protecting group, is important as a production intermediate for the

compounig sebretsemerﬂ pyrfionadial{i)ittd andthgrembodisdentiofdRptable.
gese tlnventl IEg}compound resented by the formula (3): H N---N

PRF(SS F Bii? Hafﬁé“fé Py fsytar anghel Rirjatesre as defined
for R3 m&%m method for producing the compound represented by the

formula (1) will be described.  In each reaction, appropriate protecting group(s)
may be used and conversion(s) desired in common organic chemistry reactions may
be used, as necessary.  The type of the protecting group(s) and the order of
conversion of the respective substituents are not particularly limited.

(I) Main steps

The compound (1) can be produced according to the following Scheme 1, for

example.



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%rmula (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 Jwpdrochlorides, sulfates, nitrates, hydrobromides,
hydroiodidesR@_an phosphates, and organic acid salts such gs acetates,
methanesulfonates, benzenesulfonates, tolu nesulfqpq;&?citrates,
majéate¥, Jarates and lactates. Examples obthe 34lt 29 of earboxy
groyps in iu%aﬁny of inorganic salts or organic\salts suich(as alkali metal
saits stich a lithium salts, sodium salts and pgtassiiim %al

lt3x’alkali earth
metal salts) such as magnesium salts and calcium salts, ammonium salts,
triethylamine salts, N- methylglucamine salts and
iis-(hydroxylmethyl)aminomethane salts. The solvate js not particularly
limited so long as it is medically acceptable. Specificlexamples of the
solvate igeldtle hydrates and alcoholates. Next, a typical method for
produci ~compound represented by the formula] (1) will be
desdribed| Inleach reaction, appropriate protecting group(s) may be used
and conver8ion(’) dgsired in common organic chemistry rgai‘:tiﬁns may
be used, &k necessary. e of the protecting groyp(s) and the order
of convergion of the respective substituents are:ngt pariCtiarly limited. (1)
Main steps Thekormpound (1 produced acsarging; e following

Scheme 1, forH exa -
N—N" (4)
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In each formula, R, R, R’, R* and Ring A are as defined above, respectively,
and LG', LG and LG® represent leaving groups.

Examples of the leaving groups LG', LG* and LG" include a halogen atom, a
toluenesulfonyloxy group, a methanesulfonyloxy group and a
trifluoromethanesulfonyloxy group. LG' is preferably a chloro group. LG’is
preferably a bromo group, a toluenesulfonyloxy group or a methanesulfonyloxy
group. LG’ is preferably a chloro group, a bromo group or an iodo group.

As described in Scheme 1, a compound (5) can be obtained by converting the
hydroxyl group of a compound (6) to a leaving group LG” such as a halogen atom, a
toluenesulfonyloxy group, a methanesulfonyloxy group or a
trifluoromethanesulfonyloxy group by treatment with thiony! chloride, thionyl

bromide, toluenesulfony! chloride, methanesulfonyl chloride or



30 Scheme 1RRelR R~-N996)(s) R-~N-N R'A5N~Nfiie-R* (1)
N_.N 'NRA ~sv EBANS (3) Ineach formula, R', R2, R3. R4 and
Rﬁg A are as defined above, respectively, and LG", LGZ and LG3
represent leaving groups. Examples of the leaving groups LG', LGZ and
LG' include a halogen atom, a toluene’ [fonyloxy group, a
methanesulfonyloxy group and a trifluoromethanesulfonyloxy group. LG'

isreferatetjimehitto grokpride % is pyrieral!y faymorgr Enfle, based on
toluenesulfonyloxy group or a methanesulfonyloxy group. LG3'is
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disulfide 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 is 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
RI-R? group is a protecting group such as a 4-methoxybenzyl group. A typical
example of the deprotection reaction conditions suitable for the protecting group will
be described below.  For example, when the amino group substituted with a
protecting group is an alkanoylamino group or an aroylamino group, the group can
be converted to an amino group by hydrolysis using an aqueous solution of sodium
hydroxide, potassium hydroxide, ammonia or the like. When the amino group
substituted with a protecting group is a 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 é 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 is suitably 0°C to 100°C. The reaction time

1s suitably 1 to 48 hours.



toluenesulfonyloxy group, a methanesulfonyioxy group or a
trifluoromethanesulfonyloxy group by treatment with thionyl chloride,
thionyl bromide, toluenesuifonyl chloride, methanesulfonyl chloride or 31
trifluoromethanesulfonyl chloride in th%resence of a base, for example,
based on common knowledge in orgarnic chemistry. A compound (4) can
be obtained by reacting the compound (5) with sodium bisulfide in
N,N-dirbetthdfotreahaic andrthien-reaingnitha hasembacompaund 4)
can also be obtained by reacting the compound (5) with potassium
tRTBHCERASIAIN REFPEtyIFo i ramitko Eriplas tofatire s ernisiuge up
ium carbonate and, potassiym hicarbonate. The base. is preferably
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and prefeyablys0610396n Dhe.saMASHNE (A Ran;be converted to the
compound (3) by acid treatment or hydrolysis and subsequent treatment

under déjsrotestinnreRcuoRoundindrisestitableriof therprotelting:griaupdn
the aminp group hayving a protecting group (R4), when its RI-R2 group is
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ehiheiserr afectiondeaeten.sondiions sHitabIR frn e RIgI§GHRY 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 hydreldae, Potassium hydroxide, ammonia or

the like. When the amino group substituted with a protecting group is a

tent-butoxye&rbonylamino group or a _(_Jlbil-/ﬁblz'rléi butoxycarbonylamino gl;g_wp{‘}“ﬂz

the g N—Xan be converted to an.aming group by treatment with.aw/acid
sdch-ag yd‘r chloric acid or%;iL\@o%aE& acid. The compou )Xo n\?){
con compoundsfl) b [ with LO3-RI-R2Nn a e NH,
RS
(

in the presence of a base. Examplgs of {he solvent include - 1e)
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R—0 7 N7 TN,
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In each formula, R', Rz, 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



N,N-dim ethylformamide, N-methylpyrrolidone, tetrahydrofuran and _
dimethylsulfoxide. Examples of the base include sodium hydride., sodium
ethoxide, potassium tert-butoxide, potassium hydroxide, potassium
carbonate and cesium carbonate. The reaction temperature is suitably 0C
to 100C. The reaction time is suitablyﬁo 48 hours. 32 On the other
hand, when the -R'-R2 group of the compound (4) is not a protecting

areupstthe g‘a@ﬂiypguhds(&é&a&@@%@%@b&%ﬁ@@%%ﬂﬁoﬂ&&% B Rirolysis

having a protecting group (R4) under the above deprotection reactionh
coKGHtivrigic @nysieps of conversion of substituent R3 on Ring A The
substitugnt R3 on Ring A of the compound (1) or (4) obtained inthe
above é%‘ﬁgraﬁagof %%Cn & dshvatsa(ls oﬁ?fé?’%ﬁﬁ%‘fﬁﬂéﬁt“bé%@&‘&ﬁ? derivative
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NeRf 4G yidee Ngfm dhoMmB N> &/ rfizatfs Layd 1n. bR Behdensaito R M-Ii M
Ra;n_iLrJle%. Niglgép els gf the peptide synthesis 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. These methods are described in M.
Bondansky, Y. S. Klausner and M. A. Ondetti, "Peptide Synthesis"(A Wiley-
interscience publication, New York, 1976), G. R. Pettit, "Synthetic Peptides"
(Elsevier Scientific Publication Company, New York, 1976), The Chemical Society
of Japan (ed.), "Jikken Kagaku Koza (Courses in Experimental Chemistry), 4th
edition, Vol. 22, Yuki Gosei (Organic Synthesis) IV" (Maruzen Co., Ltd., 1992) or
the like.  Examples of the solvent used in the condensation reaction include N,N-
dimethylformamide, N-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,



In each formula, R!, R2, R4 and Ring A are as defined above,

respectively, R7R8NCO represents a carbamoyl group which may have a
substituent(s) (wherein the carbamoyl group which may have a
substituent(s) is as defined for R3 above), and R9 represents an alkyl

group having 1 to 8 carbon atoms whichay have a substituent(s)

(wherein the alkyl group having 1 to 8 carbon atoms which may have a
sulstitten{s) isan dafined Jon B3HabeNe) A SROWRINSS Q%Bro%riate base
carboxylic acid derivative (1-1b) can be obtained by hydrolyzing a cyano
derf/aeivend-1 a) where R3 in the compound (4) is a cyano group under

acidic ditigns, for example. In this case, the amino group having a 33
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can be converted to an amide derivative (1-Ic) by condensation reaction
witspveliious, amirescaimgethdeydenstatly usedsas Ak opentide syntaesisoyloxy
method may be suitably used in the condensation reaction with amines.
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' | —C (dic xylcarbodiimide) method, an. .
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Vifatemsoluble carbodiimide and a method using diethyl cyanophosphate.
These methods are described in M. Bondansky, Y. S. Klausner and M. A.
Ondetti, "Peptide Synthesis"(A Wiley- interscience publication, New York,
1976), G. R. Pettit, "Synthetic Peptidgs,dElsevier Scientific Publication
Company, New York, 1976), The Chemical Society of Japan (ed.),
"Jikken Kagakui’Koza (Courses in Experimental Chemistry), 4th edition,r—r*

Vol. 22, ¥uki Gosei (Organic Synthesigy V" (Maruzen Co., Ltd., 1998y'or
the like. EXxamples of the sﬁlvénot gdyrthe condensation Feaction 7y
inclu N S N//kyzq ° 5 N/)\NH
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In each formula, R', Rz, R4, Rg, 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



dimethylformamide, N-mcthylpyrrolidone, pyridine, chloroform, methylene
chloride, tetrahydrofuran, dioxane, acetonitrile and mixed solvents
thereof. T'ne reaction temperature is suitably -20C to 50C, and preferably
-10C to 30C. As such an amine, there may be used a commerciall_y _
available compound, or a compound ﬁr%duced by a method described in
a document or a method described in Examples, or a method similar to
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an ester derivative (1-1d) by condensation reaction with v fs

(RIdOH)oRsistution eactionbuithoaiipusaalkyfinalides RAsHbE:).

condenIsatl'}ixon reaction of the carboxylic acid derivative (1-Ib) with various
n
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be suitably used. In the substitution reaction wi various a ﬁsheé ides 351
aigifation of e carbdiylugedup Foaykensplisably Zﬂebﬁ%mﬁ‘ﬂiv@ﬁ% @1¢e) may be
appr ;I)riate base in a solvent, When R' in the compound (4) is a hydroxyl
g?é’[?% YOreBlesmpiB, e atkalt pakidiriy eophpo i sheLprepera of a(bash) or

i | : clively;; by converting the hydro royp.to
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conditions suitable for the protecting group, as described in Scheme 3.
ST R PR Y disde. NoRi mroNn st ider pomiesiure Ty SR BIY pRasSium
'éa'xl\ﬂghate, sodium tert-butoxide, potassium tert-butoxide, pyridine, DBU and
diisopropylethylamine. The base is preferably sodium hydride. The reaction
temperature is suitably -80°C to 150°C, and preferably 0°C to 100°C. The reaction
time is suitably 15 minutes to 72 hours. The method is described in The Chemical
Society of Japan (ed.), "Jikken Kagaku Koza (Courses in Experimental Chemistry),
4th edition, Vol. 20, Yuki Gosei (Organic Synthesis) II" (Maruzen Co., Ltd., 1992)
or the like.

In the conversion of the hydroxyl group to a carbamoyloxy group (conversion
of the compound (4-1€) to a compound (4-1 g)), a method generally used as
carbamoylation reaction may be suitably used. Examples of the method include a
method of treating the alcohol derivative (4-1¢) with an isocyanate derivative in a
solvent and a method of treating the alcohol derivative (4-1e) with 1,1'-
carbonyldiimidazole or phosgene in a solvent and then adding an amine,

In the conversion of the hydroxyl group to an alkanoyloxy group (conversion
of the compound (4-1¢) 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.



4--1 (4-1f1(1-1f) L~R'ONB6ROpyS."vR6'dtiz (4-1¢) (-1 g)/R-R,
fR~R~ "-NO"_N SNoYtit,_ (41h)(1-1h'R-RzZRiRs N-NN-N S
N~N@4-1ii (1_- 111In each formula, R1, R, R, R9, R'RSNCO and Ring A
are as defined above, respectively, and Rt represents a hydrogen atom or

an ailcyl group having 1 to 8 35 carbortoms which may have a _
substituent(s) (wherein the alkyl group having 1 to 8 carbon atoms w_hlch
may haveagnslstituetisiis s definedsfon 8&1’1‘98%)&5}1@%&8 YGRS £roup
of the hydroxyl group to an alkoxy group (conversion of a co pound él
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thod suitably used. For example, the alcohol derivative (4-1€)
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The compounds (4-11), (4-1g), (4-1h) and (4-11) produced by the above
methods can be converted to compounds (1-11), (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 (RY).

Further, when R® in the compound (4) is an 0xo 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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temperature is suitably -80C to 150C, and preferably OC to 100C. The
reaction time is suitably 15 minutes to 72 hours. The method is described
in The Chemical Society of Japan (ed.), "Jikken Kagalcu Koza (Courses
in Experimental Chemistry), 4th edition, Vol. 20, Yuki Gosei (Organic
Synthesis) 11" (Maruzen Co., Ltd., 199% or the like. In the conversion of
the hydroxyl group to a carbamoyloxy group (conversion of the compound
(4-le) tora epmpaunda(4& 1Y), a‘msthed, _ bamoylatign
reaction may be suitaE)Iy‘ use!d. Examplegsggfgt{r?g ﬁggﬁg%gﬁlﬁgg’e%yp mceé%‘ﬁ%&’ and
oftr@atihgenTesanto Aolkdunivgtivep(41i &) with larv isosyanate denvativedn &he
sglv%r(l)t anSI a method oé%reating%the alcohol derivative f(4-1 e) with 1,1
carbonyidirhidazold 8y pROSHERRSIHERERdh PadalthehigaBingParcamine.
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otf the metgod include an azide method, an acid chloride method, a DCC
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(conversjon of the compound (4-le) to a compound (4-1 i)) include

Mukalyd A2 BB 466 R Slidriv BRightiortoR Sxiddtidol reablidm gsiitgoms,
ificati L trifluoroacetic gnhydride, tic anhydride or a
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(Courses in Experimental Chemistry), 4th edition. Vol. 23, Yuki Gosel
(Organl'gyfithibsiayine@desiazeon Gol L tahergat)ah e fiké RPhere hydrogen

SRIROHPGS G5 g A 1 () produced by the above

rogen atom, can be further chemically
modified as described in Scheme 5. For example, corresponding compounds (1-11),
(1-1m), (1-1n) and (1-10) can be obtained, respectively, by producing a compound
having an alkoxycarbonylamino group (4-11), a compound having a 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.



methods can be converted to compounds (1-1f), (1-1g), (1-1h) and (1-1i) by
treatment under deprotection reaction conditions suitable for the
protecting group in the amino group having a protecting group (R4).
Further, when R in the compound (4) is an oxo group, the ketone
derivative (4-11i) as a raw material carBe convened to an amine
derivative (4-lj) by reductive amination reaction with various amines, and
then the amine derivative (4-1j) can be converted to an amine derivative
(I -1j) by treatment under appropriate deprotection reaction conditions
suitable for the protecting group, as desstibed ih Scheme 4, for example.
Scheme 4 :ti-NCR-fi' iR-R"ZRR N-NN-N 0.~gRAN~N-sRINSNR
Rey, A/ N\R R Nu(4-1 i) (4- 1)-1 7 n-N r[u,;/R(zf 1k) 37 In each formtrya}\,/R 3

R'}.R Rlng A are as respectlvely
r(;pPe erAlt n.amino group WhICQ halve suﬁsfltue"n't(s) ein he
amino group\whlch may have a Substi uSent{s) i& as defined f&r R3 Bovéﬁm

Example$ ot the teducing agent used i tHe teductive amination reéiction )

include|sddiym borohydride, sodium cyanohorghydride and sodium
triaeetoxyborohydride. Such | & method |§l qggcﬁbed in Thel Chemical
Society|of Japan (ed.), "Ji kemJﬁ(a - $Courses in qu? I
Chemistry), 4th edition, & ¥ R
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In each formula, Rl, Rz, R* and Ring A are as defined above, respectively, RS
represents a hydrogen atom, an alkyl group having 1 to 8 carbon atoms which may
have a substituent(s), an alkenyl group having 1 to 8 carbon atoms which may have a
substituent(s), an alkynyl group having 1 to 8 carbon atoms which may have a
substituent(s), an aryl group which may have a substituent(s) or a heterocyclic group
which may have a substituent(s), R’ represents an alkyl group having 1 to 8 carbon
atoms which may have a substituent(s), R!' and R'? each independently represent a
hydrogen atom, an alkyl group having 1 to 8 carbon atoms which may have a
substituent(s), an alkenyl group having 1 to § carbon atoms which may have a
substituent(s), an alkyny! group having 1 to 8 carbon atoms which may have a
substituent(s), an aryl group which may have a substituent(s) or a heterocyclic group

which may have a substituent(s), and R"® represents a hydrogen atom, an alkyl group



Vol. 20, Yuki Gosei (Organic Synthesis) II" (Maruzen Co., Ltd., 1992) or
the like. The amine derivative (4-1j), wherein both R71 and R8 are
hydrogen atoms, can also be obtained by reducing an oxime derivative
(4-1k) which can be obtained by cond sation reaction of the ketone
derivative (4-1 i) with hydroxylamine. F rther the amine derivative (4-1j),
wherein both R7a and R8 are hydrogen atoms or any one of R7a and

R8aiisza hydiegeshalioms eandenfuitherchemigaliunmodified-a hed
in Scheme 5. For example, corresponding compounds (1-11), (1-1m),
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may have a substituent(s) in R*, R'"!, R'* and R"® is as defined for R above, and the
heterocyclic group which may have a substituent(s) in R*, R' R'? and R" is as
defined for R above).

Examples of the conversion of the amino group to an alkoxycarbonylamino
group (conversion of the amine derivative (4-1ja) to the compound having an
alkoxycarbonylamino group (4-11)) include a method of condensing the amine
derivative (4-1jb) with a carbonate derivative such as alkoxycarbonyl chloride under
basic conditions. Such a method is described in The Chemical Society of Japan
(ed.), "Jikken Kagaku Koza (Courses in Experimental Chemistry), 4th edition, Vol.
20, Yuki Gosei (Organic Synthesis) II" (Maruzen Co., Ltd., 1992) or the like.

Examples of the conversion of the amino group to a carbamoylamino group
(conversion of the amine derivative (4-1ja) to the compound having a
carbamoylamino group (4-1m)) include addition reaction of the amine derivative (4-
1ja) to cyanic acid or an isocyanate, and a method of previously treating any one of
the amine derivative (4-1ja) and an introduced amine (R''-NH-R'?) with 1,1'-
carbonyldiimidazole or phosgene in a solvent and then adding the other remaining
amine.

Examples of the conversion of the amino group to an amide (conversion of
the amine derivative (4-1ja) to the amide (4-1n)) include condensation reaction of the

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



''R~R'RiRe 0N-NON-N RRN~SAN~S~V~NH(4-1n) (1-1n) 00
N-NO,0tiN Rs9-5N (4-10) (1-1 0) In each formula, R', R2, R4 and
Ring A are as defined above, respectively, R"a represents a hydrogen
atom, an alkyl group having 1 to 8 carbon atoms which may have a
substituent(s), an alkenyl group having4loto 8 carbon atoms which may
have a substituent(s), an alkynyl group having I to 8 carbon atoms which
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or a heterocyclic group which may have a substituent(s), R9 represents
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substituent(s) in R'd, R’), R", R12 and R13 is as defined for R3 above,
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Further, when the substituent on Ring A of the compound (4) is a hydroxyl

group, a compound containing a double bond in Ring A can be produced, as shown

in Scheme 6.
Scheme 6
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In each formula, R', R* and R* are as defined above, respectively.

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



8 carbon atoms which may have a substitucnt(s) in Rs, Rl 1 and R1Y is as
defined for R3 above, the alkynyl group having | to 8 carbon atoms which
may have a substituent(s) in R8 , R" and R'2 is as defined for R3 above,
the aryl group which may have a subsfituent(s) inla, R11 R12 and R13 is
as defined for R3 above, and the hete 3)cyclic group which may have a
substituent(s) in R8', R11, R'’2 and R 13 is as defined for R3 above).
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gautidR 0f the amine derivative (4-lja) with various carboxylic acids. A
method generally used as 40 the peptide reaction described above

maybe ¥HBHRF Geti e BHag A afidRke FeamBAd (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.



Examples of the conversion of the amino group to an alkylsulfonylamino
group, an arylsulfonylamino group or a heterocyclic sulfonylamino group
(conversion of the amine derivative (4-lja) to the compound having an
alkylsulfonylamino group, an arylsulfo %/Iamlno group or a heterocyclic
sulfonylamino group (4-10)) include co densation reaction of the amine
derivative (4-lja) with various alkylsulfonyl chlorides, arylsulfonyl chlorides
or heterocyclic sulfonyl chlorides under basic conditions. Further, when
the substituent on Ring A of the compound (4) is a hydroxyl group, a
compound containing a doubled@rg in-Ring A can be produced, as
shown in Scheme 6 Scheme 6 ,F:-R2 N-N N- N N-N N-N (4c-le) (4c-1p)
(4d-1g)(id-1c) _ “5&/ R~RR-R'.R=2"015 NCR' S~tt~R" SNil
(4c- i’égg(f:z&kp) (4d I qj %q) in"each formufa )RZ and R4 are as
defined above, respectively. As described in Scheme 6, a
methanesulfonate (4c-Ip) can be obtained by treatlngan alcohol (4c- 1 e)
witht methanesulfonyl chlorid solvent in ther nce of a base, for
example. e §ohxent45/pr’efmdichlorometha »c*hdoroform
dichloroet tetrahydrofuran-er the like, and morepreferably such a
solvent d hydrétéd Thebase ig preferably a tertiary amine such as
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In each formula, R, Rz, RY, R™R%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).



compound (4d-Iq) containing a double bond in Ring A can be obtained by
treating 41 the methanesulfonate (4c-1p) with a base in a solvent. The
solvent for the reaction is preferably N,N-dimethylformamide,
N-methylpyrrolidone, toluene, dichloromethane, chloroform,
dichloroethane, tetrahydrofuran or the fike. The base is preferably
potassium carbonate, sodium tert-butoxide, potassium tort-butoxide,

pyridines RBdd: déisopropylethylaming ob e ke The LaasiNivted alkyl

temperature maybe suitably adjusted to an appropriate temperature .
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the protecting group in the amino group substituted with a protecting
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with N-fluorobenzenesul fonimide or the like in the presence of a base in the same
manner as above. Examples of the solvent include tetrahydrofuran, N,N-
dimethylformamide, N-methylpyrrolidone and dimethyl sulfoxide. The solvent is
more preferably dimethyl sulfoxide or N,N-dimethylformamide. Examples of the
base include sodium hydride, sodium tert-butoxide, potassium tert-butoxide,
potassium carbonate and sodium carbonate. The base is preferably potassium
carbonate or sodium hydride. The reaction temperature may be suitably adjusted to
an appropriate temperature according to the base used. The reaction temperature is
preferably 0°C to 80°C, and more preferably 20°C to 40°C when the base is
potassium carbonate, and is preferably -78°C to 80°C, and more preferably -10°C to
40°C when the base is sodium hydride, for example. Various derivatives can be
synthesized by treating the ketone derivative (4c-1r) in the same manner as in
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 dimethy! 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 f-ketoaldehyde equivalent to a pyridone derivative: see Journal of
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Medicinal Chemistry (1978) Vol. 21, No. 7, 623-628 for the method for converting a
P-ketoaldehyde equivalent to a pyrimidine derivative; see Journal of Heterocyclic
Chemistry (1982) Vol. 19, No. 6, 1355-1361 for the method for converting a -
ketoaldehyde equivalent to a pyrazole derivative; see Journal of Heterocyclic
Chemistry (1983), Vol. 20, No. 3, 645-648 for the method for converting a 3~
ketoaldehyde equivalent to an oxazole derivative). For example, the equivalent (4c-
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-1i) 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 diisopropyletﬁylamine. 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 1 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]dichloropalladium (II)/dichloromethane complex
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A,.NA.RAx110Nh .Ifsv’ nrN1T~hf (41-2a) (4d-2 F,; (] d-2,) In each
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represent any of the plurality of substitdénts ofR3 above, and R14
represents a vinyl group which may have a substituent(s) or an aryl group
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agrgjgg%@otg;%%gsii{?n} g?lopsrps}?a?eqcs%c%l?nt?:?afbeo.n-arx?ee or the like. The base is
preferably used in an amount of 1 to 100 molar equivalents relative to the triflate
compound (4d-1v). Examples of the additive include organophosphorus
compounds such as 1,1'-bis(diphenylphosphino)ferrocene (dppf) and
triphenylphosphine. The additive is preferably used in an amount of 0.05 to 0.2
molar equivalent relative to the triflate compound (4d-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 is 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-
I'w) by reaction under the above reaction conditions without using an organoboronic
acid derivative in an alcohol as a solvent in a carbon monoxide atmosphere. The
alcohol is preferably methanol or ethanol.

A carboxylic acid derivative (4d-2w) can be produced by hydrolysis reaction
of the ester derivative compound (4d-1w). The hydrolysis reaction is preferably a

known alkali hydrolysis. A reference is Jikken Kagaku Koza (Courses in

Experimental Chemistry) (4th edition, Vol. 22, edited by The Chemical Society of



derivative can be converted to a mono- or difluoro compound (4c-1r) by
treatment with N-fluorobenzenesulfonimide or the like in the presence of
a base in the same manner as above. Examples of the solvent include
tetrahydrofuran, N,N- dimethylformamide, N-methylpyrrolidone anq
dimethyl sulfoxide. The solvent is mor&opreferably dimethyl sulfomdg or
N,N-dimethylformamide. Examples of the base include sodium hydride,
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converting a [',-ketoaldehyde equivalent to’a pyrimidine derivative; see
JoorelaroflHeteroeyctic:cChrmistnydd 88 2hY dksteibblirb)i EREPKE L 0loza
the method for converting a (3- ketoaldehyde equivalent to a pyrazole

srvRfoen xR IR w&éﬁr&w% 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)



Chemistry (1983), Vol. 20, No. 3, 645-648 for the method for converting a
(3- ketoaldehyde equivalent to an oxazole derivative). For example, the
equivalent (4c- 1 s) can be converted to an oxazole derivative (4d-1t) by
treatment with hydroxylamine hydrochloride. The equivalent (4c-1s) can
also be converted to a pyrazole derivatitve (4d-lu) by treatment with
hydrazine. The ketone derivative (4c-li) can also be converted to a inflate
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catalyst is preferably a palladium catalyst. Examples of the palladiu
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birso(t%i%r}len Ighosphin(-,)ferroecne]dichloropalladium (11)/diehioromethane

(Pomp ex @P:l), dichlorobis(triphenylphosphine)palladium (II) and

(1) 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 (62) which is a synthetic raw material for the compound of the

general formula (1), wherein Ring A is a 7- or 8-membered ring, can be produced

according to Scheme 8, for example.



tetrakis(triphenylphosphine)palladium (0). The metal catalyst is preferably
used in an amount 0'0.01 to 0.2 molar equivalent relative to the triflate
compound (4d-1 v). Examples of the base include inorganic bases such

as tripotassium phosphate, potassium carbonate, sodium carbonate and
cesium carbonate. The base is preferéély tripotassium phosphate,

sodium carbonate or the like. The base is preferably used in an amount of
1 to 100 molar equivalents relative to the triflate compound (4d-Iv).
Examples of the additive include organophosphorus compounds such as
1,1'-bis(diphenylphosphino)fehweee (dppf) and triphenylphosphine. The
additive is preferably used 'n an amount of 0.05 to 0.2 molar equivalent
relatlvecto the triflate compo nd (4d-lv). The solvent for'the coupling

r is not particularly limi d so long as it does not iqhibitthe reaction
and ss,d]yes the starting ma ;a certain extent. P d examples™
of the solvétt include ether solv t%JQUCh as 1,4-dioxane and 112-
dimethoxyethane, amide solvénts Suchas N,N-dimethylformamid&-and
N-metHyl-2- pyrrolidone, hydrocarbén solvents such as tolugié and
benzene, alcohol solvents such as methanol and ethanol, and polar
solvents suchras’ acetonitrile and Water gLiese solvents may be used as Ay

t of two or moré\The reacfion temperature is: theN -\’
boiling popt®i the sotvent; and pre y room—temperature Xy
The react dﬂjﬁr;@ is usually about | &lhgurs The triflate compoun 1 N)\

(4d-Ilv) can he converted to an ester compound (4d 1 w) by reaction under
the above reaction conditions withblut using an organoboronic aciél 2’

derivativesiviafoaiealaokasrd spivRhbia & CRIRRA MRReXidgatmagphere.
The alcohol is preferably methanol or ethanol. A carboxylic acid derlvatlve

(4d 2wl e Brd b b e dyesetion of aﬂmebsderd@emaml 1)
nd (4 The hydrolysis rea tion is preferably a known alkali
dro y%i‘gz r&ﬁ!n é?gaeﬁ%lérllsg %J()W n Kdg¥ ueszaE(ff‘Mé§ frfhe solvent used in

thxs reaction include toluenc, benzene, diethyl ether and tetrahydrofuran. The

solvent is preferably tetrahydrofuran. The reaction temperature is suitably -78°C to
50°C, and preferably -20°C to 30°C.

The compound (10) can be converted to a ketone derivative (9) by treatment
under appropriate oxidation reaction conditions. Examples of the oxidation reaction
in that case include Mukaiyama oxidation; Swern oxidation or oxidation reaction as
its modification using DCC, trifluoroacetic anhydride, acetic anhydride or a sulfur
trioxide-pyridine complex instead of oxalyl chloride; and oxidation reaction using
manganese dioxide.

The ketone derivative (9) can be converted to a compound (8) by treatment
with 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

t0 30°C.  When R*R'-NHNH, is replaced with its salt, an equivalent or excess of a



Experimental Chemistry) (4th edition, Vol. 22, edited by The Chemical
Society of 46 Japan, Maruzen Co., Ltd.) "Yuki Gosei (Organic Synthesis)
IV: San, Aminosan, Peputido (Acids, Amino Acids, Peptides)", pp. 6-11.
An amide derivative (4d-3w) can be produced in the same manner as in
Scheme 2. An alcohol derivative (4d-3%Y can be produced by reducing the
carboxylic acid derivative (4d-2w). The reduction reaction is preferably a

KR RIREMCHIOR  KRACHAD 1A £ﬁf%d99%é§. Jikken Kagakm, Keza (Gayrses
in Experimcntal Chemistry) (3rd edition, Vol. 14, edited by The Chemical

Suetejestidapan, Maruzen Co., Ltd.) "Yuki Kagohutsu No Hannou To

Gohsei (Reaction and Synthesis of Organic Compounds) [I]", pp.
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@molo%atiﬂoﬂn %ﬁ%%%g@/ %ﬁ%ﬁggﬁ%{%ﬁ%}ﬁﬁdﬁ% be o éo escri elg% 4
inQikkem&@gakd Koezac(Gomises! i0-Exparmental Chemisty)eA4th @dition,
Vol. 22, edited by The Chemical Society of Japan, Maruzen Co., Ltd.)
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( nHal pounds)”, pp. 57-64. An acetic acid
S O R o R B B B B SCiEe S st

(Adutheyobyitbe gamefydiolsis reastianas ahovenAR acatiaactid amident of
derivative (4d-3y) can be produced in the same manner as in Scheme 2.

ASTBIm BRI (rByReariBe srodocsddytraart digeitent stactiorrtion

qI -t%(re. rboxylic acid derivative, (4d-2y), The rearrangement reaction is
prsel é%%/ng ﬁg&aﬁ}%%ﬁ%igg@éﬁ Pé%%t%ﬁt.%ﬂ Peference is Jikken Kagaku

Koza (Qeeisesder Fxpesimeniah Q@@éﬂ%ﬁ@d(ﬂ@h%@&k@&oﬂ% @3- desitask Y,
The Chemical Society of Japan, Maruzen Co., Ltd.) "Yuki Gosei (Organic

Syheiesis p 1 proiectios sarmimaiAlkuatioks] Amines)thpp 802 308 cAnggning
%%ggaag\éete%%_ﬁadgggeg%Elli(})/fjgrcoeu% and then converting its secondary hydroxyl
group to a leaving group LG? (such as a p-toluenesulfonyloxy group or a
methanesulfonyloxy group), and then the compound (5) can be converted to the
compound (4), wherein Ring A is a 7-membered ring, by subjecting the compound to
cyclization reaction.

Alternatively, the diol derivative (6a) can be converted to the compound (5)
described in Scheme 1 by selectively converting its primary hydroxyl group to a
leaving group LG (such as a p-toluenesulfonyloxy group or a methanesulfonyloxy
group), and then the compound (5) can be converted to the compound (4), wherein
Ring A is an 8-membered ring, by subjecting the compound to cyclization reaction.

In the reaction of producing the compound (10) from the compound (11) as
described in Scheme 8, the following diol derivative (6b) which is a raw material for
the compound (1), wherein Ring A is an 8-membered ring, can be obtained by
performing the same reaction using 3-butenylmagnesium bromide instead of 4-

pentenylmagnesium bromide.



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) 47 (3rd edition, Vol. 14, edied by The Chemical Society of
Japan, Maruzen Co., Ltd.) "Yuki Kagobutsu No Hannon To Gohsei
(Reaction and Synthesis of Organic Compounds) [1]", pp. 474-477. An
ethylamine derivative (4d-2b) can be produced by substitution reaction.
The subsstitution reaction is preferably a known reaction, and may be one
ibed in Jikkeh Kagaku Koza (Courses in Experimental Chemistry)
(4th edition,*v6|, ,Nedited by The Chemical Society of Japan, Maruzen
Co., Ltd.) "Yuki o§/gi QOrganic Synthesis) II: Arukoru, Amin Kagobutsu
(Alcohols, Afhine™Corfipounds)"”, pp. 284-290. The compounds (4c-Ir),
(4d-1t), (4dslu), (4d-2v), (4d-3w), (4d-3x), (4d-3y), (4d-4z) and (4d-2b) can
be converted to corresponding amine derivatives (Ic-Ir) (1d-It), (Id-lu),

(Id-lv), dRh)foganmg, Rd-R) aad ) eands(fe )] méspectivalystivyl reatment
d jate deprotect; ti iti itable for th
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below, for example, based on common knowledge in orgahic chemis
viitRhraser éntbuey ldivhandantly Felagdanl phed uctivrrohgariots dnddry hydroxyl
pyrazolo[3,4-d]pyrimidine derivatives (for example, Synthesis, Vol. 10, pp.
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synthetic raw material for the compound o
compound (4), wherein Ring A is an 8-membered ring, by subjecting the compound

to cyclization reaction.
The compound of the general formula (1), wherein Ring A is a 6- or 7-
membered ring, can be produced from a diol derivative (6c), for example. The diol

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



general formula (1), wherein Ring A is a 7- or 8-membered ring, can be
produced according to Scheme 8, for example. 48 Scheme 8 vcl C1 Ci
NN62 HO CI N'NH, CI NANH2 (11) (10) (9) N -- ~N Fio ~u CI N~MH2 Ci
a6~Ra C, N~P (8) (7) (6 a) In each formula, R', R2 and R4 are as defined
above, respectively. A compound (10) &éan be obtained by treating an
aldehyde derivative (11) with 3-butenylmagnesium bromide in a solvent.
Examples of the solvent used in this reaction include toluene, benzene,
diethyl ether and tetrahydrofuran. The solvent is preferably
tetrahydrofuran. The reaction tesepetaiure is suitably -78C to 50C, and
preferably -20C to 30C. The compound (10) can be con\égrted to a ketone
derivative (9) by treatment junder appropriate oxidatioryreaction

copaitions, Examples of the X|dat|on reaction in that e include
Mukaj m&omdatlon Sw ion or oxidation re; $ L —

modificalion” Usmg DCC, triflug agé:uc anhydride, acetlc a hy?l
sulfur tr|OX|de pyridine compIIeX ihstéid of oxalyl chloridé; ahd d¥%idation
reaction't using manganese dioxXité) The ketone derivative (9)¢an be
converted to a compound (8) by treatment with R2-R'-NIINH, in a solvent.
Examples of the solvent used | ld’] this reaction
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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



include alcohols, methylene chloride, tetrahydrofuran, dioxane and mixed
solvents thereof. The reaction temperature is suitably -20C to 50C, and
preferably -10C to 30C. When R2-R1-NHNH2 is replaced with its salt, an
equivalent or excess of a 49 base relative to the salt may be suitably

used. Examples of the base include trigthylamine. A diol derivative (6a)

can be obtained by protecting the amino group at the 6- position of the

COM i pri rotacting.group.ta canvert it to :
b () A e e A e S B S Gpygne
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HYaroRXsIcgrét® with a. bulky protecting group such as a
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ccargnbgucodq@gritg tg the gomp und (5) described in Scheme | by
séjlegtlverz]ly nver‘flneéni S 6Fiﬁ1 iy Y P6?@/I”d%up to a leaving group LG 2
(such as a p-toluenesulfonyloxy group or a methanesulfonyloxy group),
and then the compound (5) can be converted to the compound (4),
wherein Ring A is an 8-memberegl.figg. Yy subjecting the compound to
cyclization reaRptgpn.
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(6 c) (18) (6 d)

In each formula, Ri, Rz, R’ and R* 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 (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 § carbon atoms which
may have a substituent(s), an alkenyl group having 1 to 8 carbon atoms which may
have a substituent(s), an alkynyl group having 1 to 8 carbon atoms which may have a
substituent(s), an aryl group which may have a substituent(s), a heterocyclic group

which may have a substituent(s), or the like.



In the reaction of producing the compound (10) from the compound (11)

as described in Scheme 8, the following diol derivative (6b) which is a raw
material for the compound (1), wherein Ring A is an 8-membered ring,

can be obtained by performing the same reaction using
3-butenylmagnesium bromide instead 68 4- pentenylmagnesium bromide.

50 C, r4 R 6 b; In the formula, R', R2 and R4 are as defined above,
respectiyel ' Ivative (6b) can,he converte the compoun
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In each formula, Rl, Rz, 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
HSP90 can be detected using a recombinant HSP90 protein and ATP in the presence
or absence of the test compound, as described in Test Example 2 below.
Alternatively, in an ATPase assay, the method described in Analytical Biochemistry
327, 176-183 (2004) or Nature 425, 407-410 (2003) may be suitably performed, for
example.

Inhibition of the expression of HSP90 can be examined by Northern blotting,
Western blotting, ELISA or the like commonly used by a person skilled in the art.
For example, mRNA is recovered from cells cultured in the presence or absence of
the test compound to perform Northern blotting. When the amount of HSP90
mMRNA in mRNA recovered from the cells cultured in the presence of the test
compound is reduced from that in mRNA recovered from the cells cultured in the
absence of the test compound, the test compound is identified as a compound

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



1) _(161/'OCIOO0CIiC)R,Re N-~ HO~~NN~ C1V~NH2C; N
NH2 C'_ N NII, (i5) (14) (1 3)-Re C N-NR lofl Ntlu,R-R 1 N HC C1 Cl,
NR~ 1 2) (6 ¢) In each fomlula, R', R2 and R4 are as defined above,
respectively. A compound (17) can be obtained by treating the aldehyde
derivative (11) with allyl bromide and dium powder in a solvent. The
alkene derivative (17) can also be obtained by Grignard reaction using

thealdehyds! dekivativel Bsly ancinalidnagnesivmRromise: Adritknod
derivative (16) can be obtained by the aforementioned 1,2-dihydroxylation
oFthabeken e dedvadlive ¢27540he 408| M¥tVafivecidB)dan be converted to

an ace erivatiye.(15) by treatment with 2,2- d.imethoxypropane and a
cataly S AR P A 8 S SO ByAAt e Yt Y
GRS RBERIans: ExamplesPH NG ACId RS ﬁ@gg’*g}eaoﬁerson skilled in the
toluenesulfonic acid. The acetal derivative (15) can be converted to an
atetal derivatve [ 2)thwouptedsomipound {4 and b tompbanttHa) by

the same three- step treatment as in the conversion from the compound
éﬁﬁf%‘? éncyor%%uﬁﬂe(% 37, 10346-10353 (2002) may be suitably performed, for

example.

The compound inhibiting binding of HSP9O0 to co-chaperones or
immunophilins can be examined by immunoprecipitation and Western blotting
commonly used by a person skilled in the art, for example. Binding of HSP90 to
co-chaperones or immunophilins may be suitably examined in the presence or
absence of the test compound by performing the method described in Nature 425,
407-410 (2003), for example.

Inhibition of binding of HSP90 to ATP can be examined by a test for binding
of labeled ATP to HSP90, for example. Binding of HSP90 to labeled ATP may be
suitably examined in the presence or absence of the test compound by performing the
method described in J. Biol. Chem. 272, 18608-18613 (1997), for example.

Inhibition of the conformational change of HSP90 can be examined by a
conformational assay using bis-ANS (1,1'-bis(4-anilino-5-naphthalenesulfonic acid)),
for example. In the conformational assay, the method described in J. 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



52 Scheme 8 as described above. The diol derivative (6c) can be
obtained by treating the acetal derivative (12) with a catalytic amount of
an acid in an alcohol. The diol derivative (6c) can be converted to the
compound (4), wherein Ring A is a 6- or 7-membered ring, by the same
method as the aforementioned methodf converting the diol derivative
(6a) to the compound (4). wherein Ring A is a 7- or 8- membered ring. An

aleohel derivativaited)isane.qhtaingd by:further.copve rsmoﬁgtf?%%'ee

derivative (6¢) according to the method described in Scheme
adanolsaeiveniesh (8d) ican e used asitive stanting! compowng (6) WheRing an
Ring A of.the compound (1) in Scheme 1 is a 6-membered ring. Scheme
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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, capsules, granules, pills,
troches and powders. These solid formulations may contain a pharmaceutically
acceptable additive together with the compound of the present invention. Examples
of the additive include fillers, bulking agents, binders, disintegrants, solubilizers,
wetting agents and lubricants. These can be selectively mixed as necessary to
provide a formulation.

Examples of liquid formulations include solutions, elixirs, syrups,
suspensions and emulsions.  These liquid formulations may contain a
pharmaceutically acceptable additive together with the compound of the present
invention. Examples of the additive include suspending agents and emulsifiers.

These can be selectively mixed as necessary to provide a formulation.



substituent R3 is a cyano group, an alkyl group having 1 to 8 carbon
atoms which may have a substituent(s), an alkenyl group having 1, to 8
carbon atoms which may have a substituent(s), an alkynyl group having |
to 8 carbon atoms which may have a substituent(s), an aryl group which
may have a substituent(s), a heterocyclft group which may have a
substituent(s), or the like. 53 An alcohol derivative (6e) or an alcohol

derivatiyge( Q@m@tg?gsex{{eﬁ%ﬁmﬁ'xa}%@&5&%?@8&1}9%%?%56‘“
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an ATPase assagl‘,lthe method described in Analytical Biochemistry 327,
PRSI0 brnat the8naoTmd 10n2603) nagbieistitably one dose or

Q‘?}g%@glg s];%rar%%(eaérolgfl:% per day, and the administration is preferably repeated at
appropriate intervals. The daily dose may exceed the aforementioned dose if
necessary, based on the judgment of the physician.

The present invention will be specifically described with reference to
Examples shown below; however, the present invention is not limited thereto, and
they should not be construed as limitative in any sense. Reagents, solvents and

starting materials not specifically described herein are readily available from

commercial sources.

Examples
(Example 1)

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

1) 1-(2-Amino-4,6-dichloropyrimidin-5-y1)-3-buten-1-o0l



Inhibition of the expression of HSP90 can be examined by Northern

blotting, Western blotting, ELISA or the like commonly used by a person
skilled in the art. For example, mRNA is recovered from cells cultured in
the presence or absence of the test compound to perform Northern
blotting. When the amount of HSP90 MRNA in mRNA recovered from the
cells cultured in the presence of the test compound is reduced from that

in mR : I in.the absence of the test
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QW%gL%Cs) tOﬁ(IJéchaCQeronestor immunophilins can be examined by
immunoprecipiation gﬁd%e%?%%aﬁl%?ﬁf%“% %H%PH%%%OW%%’@@dﬁduced
gediadrin thenart, forexasmnle; Bindingof t&%ﬁ%@&%oﬁm&h&gﬁ%}ﬁ%&bfom%ion (1

immunophilins may he suitably examined in the presence or absence o
the tese eadapdatEbyspbrfofming thé ynetivor dediribedkinrNatr 14254

7-410 (2003), for example. Inhibition of binding of HSP90 to ATP can
ggr%u ]hm(l“(r?elg &%%&ﬁg?%iﬁ’&ﬁwﬁep&ﬁéa&lea herpths ey asFexEmple.

Bidingi afHRRE0Q [abelad- AT ynaY berpuiah] i@@@%&g 0, ver
presence or absence of the test compound by pertforming the method
debpdtved duBich!@hemd IVR2rdB8608LE86h3 (1997 iy @a@mieied to about
150 mL under reduced pressure. Hexane was added to the resulting residue,
followed by stirring.  Then, the solid was collected by filtration to obtain the title
compound (57.24 g, 74%) as a solid.

'H-NMR (CDCl3) 8: 2.46 (1H, d), 2.66 (1H, ddd), 2.82 (1H, ddd), 5.13 (1H,
d), 5.16 (1H, d), 5.27 (1H, dd), 5.33 (2H, br.s), 5.75-5.85 (1H, m).

2) 1-(2-Amino-4,6-dichloropyrimidin-5-yl)-2-(2,2-dimethyl-[ 1,3]dioxolan-4-
yl)ethan-1-ol

»LO OH Cl

0
SN

SN

17 N T,

A mixture composed of the above 1-(2-amino-4,6-dichloropyrimidin-5-yl1)-3-
buten-1-o0l (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,



Inhibition of the conformational charge of HSP90 can be examined by a
conformational assay using bis-ANS
(1,1'-bis(4-anilino-5-naphthalenesulfonic acid)), for example. In the
conformational assay, the method described in J.vled. Chem. 47,
3865-3873 (2004) may be suitably perf§rmed, for example. The
compound of the present invention can be used for treatment of various
Caneers sUshiasiURD fANEEE.UARIFINESUNARl LRI L AVALIAR SANCE i ture was
uterine cancer, breast cancer, liver cancer, head and neck cancer, blood
cancerrepdlcabeer lahd tedticuddnreaplesarefor BxaraptewcTes saturated with
pstg rmacgptic I ogmosi,jis'on com?rising the compound of the present
invention canbe SRS S ESUAIHBUL i5Eeighe fErintrasneRganic layer
inigetiana dvsamISaNaL IRISEHPR BHRCHRAGHSINIaglian ADd he Isy or
by various methods 55 such as oral administration an transderma
admieistestibm demedgcthigse s administtaionamptholisintravenous
dminijstration and oral administration using an aqueous formulation are
3?&?151 %{E?Wé%@%ﬂﬁ?n%a?ﬁ?i’éﬁe@é‘ﬁ%%r?ﬁ’éﬁ%@boﬁy@o%ﬁ‘itf?g an acid
%ﬁgﬁ%&%ﬂ@ﬁ@&%ﬁ%ﬁ%@&%p?@eré" S Eg E@?%&t?a't 1%%35‘6, and
alkali metal such as sodium. In the casé of oral administra |on,ﬁ$e

dopieousirformutatied mayoheteitherafreformena salk i ABRIRPALE
formulations can be selected according to the administration method and

DEEHRIH 5y A et bS8t Vs feriediiatibaseesiomoniiursed.
Rss Lerakiaulations,amond dosage forms of ihe anfimor agent

of the present invention include tablets, powders, granule éﬁ%%ﬁrfé

sadsitiehs;i 8y ws: atbdrmand Dilk & AaneUsEYEPeRSIERSYYIEN thgier
formulation is an injection, a stabilizer, a preservative, a solubilizer or the

k& eipnatbe BiraisstemctnsfolmiathtiorhoThdhjettionlmasbe ptovidedras
formulation t prepared befqre use by storing a solution which ma
%%)en ain g&éﬁ%%%% jl}%gﬁ)’r] “or the ‘ﬁﬁ%“(ﬁ (gbégﬁfﬁri’ﬁ’@r aﬁ&%‘fﬁ)éﬁmpltated crystals
were collected by filtration to obtain the title compound (53.88 g, 77%) as a solid.
3) 1-(2-Amino-4,6-dichloropyrimidin-5-y1)-2-(2,2-dimethyl-[ 1,3 ]dioxolan-4-

yl)ethan-1-one

Cl N NH

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-1-01 (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



converting it to a solid formulation by lyophilization or the like. One dose
maybe stored in one container, or multiple doses maybe stored in one
container. Examples of solid formulations include tablets, capsules,
granules, pills, troches and powders. These solid formulations may
contain a pharmaceutically acceptablé%dditive together with the
compound of the present invention. Examples of the additive include

fillersa Rulkingagants sbinders. disintagranss. tﬁglHﬂﬂi&@@asvxsgé@gt%gga%der

and lubricants. These can be selectively mixed as necessary to provide a
fordnatationss Exangl6s: ob liquidesrmulationsdincbiste: salutanspRIixits of the title

Syrups. sdu ﬁensionso and emulsions. These liquid formulations may
SORAR S ;Ss HFnfacBidsIf 80 prabrrattitRe comeaE Wigs diescily used for

aampoyndof thepiesentinyentiqn. Examples of the additive include

suspending agents and emulsifiers. These can be selectively mixed as
necessBB}-id prowideTa fotriljation. 56 The compound of the present
invention can be used for treating cancer of mammals, in particular
human8) THeMsRexaint tbarisatryTitErvay hragthe | dpidrepriately selelord:
based on the judgment of the physician according to the site of disease
and the body height, body weight, sex or medical history of the patient.

Wheni {Inﬂmzund of the present invention is administered to a human,
the flos rarﬁge is about 0.01 mg/kg body weight to 100 mg/kg body
Ight; preferably about 0.05 mg/kg body weight to 50 mg/kg body

weight, and ifidre preferably 0.1 mg/kg body weight to 10 mg/kg body
weight per day. When the compound is administered to a. human, the

compoandisdeselenaivasiisieres NRng H9se Bk Y0 49 50Ur SEPAIALE o o

doses per day, and the administration is preferably repeated at
appropristdidrervedsnMvd iityed566 mbyekosatltie Fdrémentionedling in
%gslgei aqg,c e?ns(fglrg ’mqgtsu%g vggstglt?nlgg %g?%gtn%fntxll‘]teesphyﬁéggr}:he ice bath was
removed and the mixture was heated with stirring at 60°C for 2.5 hours.  After
cooling to room temperature, water (1.5 L) was added to the reaction mixture, and
about 3.5 L of the solvent was evaporated under reduced pressure. A 2 N sodium
hydroxide solution (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, s), 3.98 (2H, s), 4.41 (2H, s),
8.57 (1H, s).



The present invention will be specifically described with reference to
Examples shown below; however, the present invention is not limited
thereto, and they should not be construed as limitative in any sense.
Reagents, solvents and starting materials not specifically described
herein are readily available from comifiércial sources. Examples
(Example 1) Di-tert-butyl

{2- [(4- 5 -2-yhmethyl}-7
2,3,5-te :ngga%;ilg&%}/ 4 r.l}2|3m)é|£ oglltcgr%') W PrfmehR 5
1d{2:Alnyineridi6-diehioropyrimigipybayhrd DR Jrahi@N-€: dmad N~ H 57

Indium powder (45.81 g) was added to a mixture composed of
2-amino-4,6 dichloropyrimidine-5-carboaldehyde (63.83 g) and NN-dim
ethyl form amide (500 mL). Then, sodium iodide (99.66 g) was added at
an internal temperature of 10C under cooling in an ice bath. Ally bromide
ded to the resulting mixture over 20 minutes. After
internal temperature once increased was decreased,
tg?ée bath Wais removed and the mixture was stirred for two hours. The
regction mi '[Lf\r was concentrated to about 200 mL under reduced

pre e. ¥hen, ethyl acetate (1.5 L) and a saturated sodium bicarbonate
solution (1 Y'ware added to the residue, followed by stirring. The mixture
was filtere dh% Celite and the filtrate was separated. Then, the
organic Igﬁ/er was séquentially washed with water and brine. The organic

layer dlrled over .anhydrous sodium sulfate and filtered. Then, the
filtrate \%gg 8888 PA?QEV 6“&[5‘8&{5 44 mL) in dehydrated dichloromethane was

added to a mixture composed of 1-(2-amino-4,6-dichloropyrimidin-5-y1)-2-(2,2-

confirming that

dimethyl-[1,3]dioxolan-4-yl)ethan-1-one of 3) above (1.68 g), [(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-hydrazine hydrochloride of 4) above (2.87 g) and
, ‘dehydrated dichloromethane (60 mL) under cooling in an ice bath over 20 minutes.

The ice bath was removed, followed by stirring for two hours. Then, the reaction
mixture was separated with chloroform and water. The organic layer was washed
with water and then dried over anhydrous magnesium sulfate.  After filtration, the
filtrate was concentrated under reduced pressure. The resulting residue was
purified by silica gel column chromatography (ethyl acetate-chloroform) to obtain
the title compound (1.79 g, 75%) as a solid.

'H-NMR (CDCl,) &: 1.35 (3H, s), 1.41 (3H, s), 2.22 (3H, s), 2.29 (3H, s), 3.10
(1H, dd), 3.44 (1H, dd}, 3.71-3.74 (1H, m), 3.74 (3H, s), 4.02 (1H, dd), 4.55-4.60
(1H, m), 5.21 (2H, br.s), 5.47 (2H, s), 8.15 (1H, s).

ESI-MSm/z: 433 (M + H)".

6) Di-tert-butyl {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



150 mL under reduced pressure. Hexane was added to the resulting
residue, followed by stirring. Then, the solid was collected by filtration to
obtain the title compound (57.24 g, 74%) as a solid. 1H-NMR (CDC13) 3:
2.46 (IH, d), 2.66 (IH, ddd), 2.82 (1H, ddd), 5.13 (1H, d), 5.16 (IH, d), 5.27
(IH, dd), 5.33 (2I-%, br.s), 5.75-5.85 (1¢4, m). 2)
1-(2-Amino-4,6-dichloropyrimidin-5-yl)-2-(2,2-dim ethyl -[1,3]dioxolan-4-
ylethan-I-ol I_/_O OH C1 CI 1 ;~ n A mixture composed of the above
1-(2-amino-4,6-dichloropyrimidin-5-yl)-3- buten-I-ol (57.24 g),
N-methylmorpholine-N-oxide (147.6 g). tetrahydrofuran (500 mL),
acetone (50 mL)\‘O water (500 mL) and osmium tetroxide (62 mg) was
stirred at ro mperature for two days. After confirming that the raw
material dis PP ed, 58 a saturated sodium thiosulfate solution (1 L)
Wé%dded, ang the reaction mixture was concentrated to about 1.5 L

over anhydrgus D@Zdi sylfate and filtered. Then, the filtrate was
concentrat L g pressure to evaporate the solvent. N,N-
Dimethylformamidg (500 mL), 2,2-dimethoxypropane (210 mL) and p-
toluenesulfonic acid mgnohydrate (18.61 g) were added to the resulting
residue, and the mi)ai&e was stirred at room temperature for 14 hours, A
saturated sodium bicarbonate solution (1 L) and water (1 L) were added
to the rgzbction %‘Lixture, followed by extraction with ethyl acetate. The

IR CTERORER (aSHe it waraPunb dsmeoants 63i8d &) were

organic Tayer : rwith i
O A R R 1
dioxolan-4-yl)methyl]-1-[(4-methoxy-3,5 -dimethylpyridin-2-yl)methyl]-1H-
pyrazolo[3,4-d]pyrimidin-6-yl }imidodicarbonate of 6) above (1.29 g) and dehydrated
tetrahydrofuran (50 mL), and the mixture was stirred at room temperature for 12
hours. The reaction mixture was filtered and then the filtrate was concentrated
under reduced pressure.  The resulting residue was purified by silica gel column
chromatography (ethyl acetate-hexane) to obtain the title compound (1.63 g, 86%) as
an oil.

'‘H-NMR (CDCly) 8: 1.35 (3H, s), 1.38 (3H, s), 1.42 (18H, ), 2.20 (3H, s),
2.26 (3H, 5),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



Hexane was added to the residue, followed by stirring. The precipitated
crystals were collected by filtration to obtain the title compound (53.88 g,
77%) as a solid. 3)
1-(2-Amino-4,6-dichloropyrimidin-5-y1)-2-(2,2-dimethyl-[I,3](lioxolan-4-
ylethan-l-one ~0 0 ct. y CI Nx, Triethyé@mine (5.25 mL) and a sulfur tri
oxide-pyridine complex (2.45 g) were added to a mixture composed of the
above 1-(2-amino-4,6-dichloropyrimidin-5-yl)-
2-(2,2-dimethyl-[1,3]dioxolan-4-y1)ethan-l-ol (2.32 g) and dimethyl
sulfoxide (30 ml-) under cooling in an ice bath. The ice bath was removed
and the mixtuge was stirred for two hours. The reaction mixture was

j a 0.5 N hydrochloric acid solution (300 mL), followed
by extraction'witprethyl acetate. The organic layer was sequentially

product of thgtitlg
compou :
EST-MS miz: 270 +H§'.
[(4-Methoxy-3,5-8imeghylpyridin-2-yl)methyl]-hydrazine hydrochloride
V~NH ~ Il HC. 2-( romethyl)-4-methoxy-3,5-dimethylpyridine (125.95
g) was added to a mixture of hydrazine monohydrate (360 ml) and

methanojrg 3 Lﬁ) r}de.r cooling in
p-1oluenéesultonic acid monohydrate (3.76 g) was added to a solution of di-

compouynd (2.08 g, 90%) as a solid. The resulting
%qfor the next reaction without purification.
)

tert-butyl {4-chloro-3-[(2,2-dimethyl-1,3 -dioxolan-4-ylymethyl]-1-[(4-methoxy-3,5-
dimethylpyridin—z-yl)methyl]~1H-pyrazolo[3,4~d]pyrimidin-6—y1}imidodicarbonate
of 6) above (12.52 g) in methanol (250 mL), and the mixture was stirred at room
temperature for seven hours. The reaction mixture was poured into brine, followed
by extraction with ethyl acetate. The organic layer was washed with brine, and then
dried over anhydrous sodium sulfate. A fter filtration, the filtrate was concentrated
under reduced pressure. The resulting residue was purified by silica gel column
chromatography (ethy! acetate-methanol) to obtain the title compound (9.64 g, 82%)
as an amorphous substance.

'H-NMR (CDCly) &: 1.42 (18H, s), 2.20 (3H, 5), 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-y1}imidodicarbonate



an ice bath, and the mixture was stirred for 30 minutes. Then, the ice bath
was removed and the mixture was heated with stirring at 60C for 2.5
hours. After cooling to room temperature, water (1.5 L) was added to the
reaction mixture, and about 3.5 L of the solvent was evaporated under
reduced pressure. A 2 N sodium hydréxide solution (I L) and sodium
chloride (300 g) were added to the resulting concentrated residue,
followed by extraction with dichloromethane. The organic layer was dried
over anhydrous sodium sulfate and filtered. Then, the filtrate was
concentrated under reduced pressure. The resulting residue was
dissolved in ichfb)romethane (2.5L). A 4 N solution of hydrochloric acid
in dioxane [) was added under cooling in an ice bath, and then the
[ at -2C for 13 hours. The precipitated solid was
collected by filttation, sequentially washed with dichloromethane,
isopropyl gther'and dichloromethane, and then dried to obtain the title
cbnp (112.6 g, 68%). 'H-NMR (DMSO-d5) 8: 2.32 (31-1, s), 2.38

(3H, s), 3.9812H, s),04.41 (2H, s), 8.57 (1H, s). 60 5)
4-Chlors ﬁ*d huid,3-dioxolan-4-yl)methy]].-1-[(4-methoxy-3,5

dimethyipyridln-Z-[ Omgthyl]-l H-pymazolo[3,4-d]pyrimidin-6-amine NO N
C1 N Il NH2 A 8dlution of triethylamine (3.44 mL) in dehydrated
dichloromethane was. added to a mixture composed of
1-(2-ammo-4,6-dichloropyrimidin-5-yl)-2-(2,2- dimethyl.
[1.3] dioé(gcli%lﬁﬁf)%pi%mtfaen(-ilf’%nr% gcg))f v%)a? gc(i)(\i/gd (t](-)' 2%?}2%&??2&?(%@&%%5&—tcrt—butyl
{4-chloro-3-[(2,2-dimethyl-1 ,3-dioxolan-4-yl)methyl]-1-[(4-methoxy-3,5-
dimethylpyridin-2-y1)methy1]-lH-pyrazoloD,4-d]pyrimidin~6—yl}imidodicarbonate
of 6) 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 witha 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 (CDCly) &: 1.43 (18H, s),2.21 (3H, s), 2.28 (3H, s), 3.36 (2H, 1),
3.75 (3H, s), 4.07 (2H, t), 5.66 (2H, s), 8.07 (1H, s).



dimethylpyridin-2-yl)ymethyl]-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 ®dth water and then dried over
anhydrous magnesium sulfate. After filtration, the filtrate was
concentiatedispdersed gﬁggssure. The resulting residue was purified
by silica gel column chromatography (ethyl acetate-chloroform) to obtain
the title @obn{olBid (&8 go Aa/Rbas® selith [ H-MIR(CPGIA}io1,35 £3H,
s), 1.41 i%H,, s), 2.22 (3H, s), 2.29 (3H, s), 3.10 (1H; dd), 3.44 (1H, dd),
3ty ﬁﬁ&%y@m&%ﬂ;b&-weiﬂ?dd}]mmi@emlmtm %21

( 8.15 (1H, s). ESI-MSm/z: 433 (M + H)-. 6)
&%@‘ﬁgféﬁ%ﬁ%ﬁ ghdt [(2,2-dimethyl-1,3-dioxolan-4-yl)methyl]-1-[(4-
methoxy-3,5-dim etbylpyridin-2-yl)methyl]-1 H-pyrazolo[3,4-d]pyrimidin-6-
yl}imidodicarbonate 61 O v N O o c x 4-Dimethylaminopyridine (36 mg)
and di-tert-butyl dicarbonate \(3.90 g) were added to a mixture composed
of di-tert-butyl {4-chloro-8-[(22-dimethyl-1,3-

dioxolan-4-yl)methyl]-1 ethoxy-3 , 5-dimethylpyridin-2-yl)m ethyl] -1
H- p}7azolo[3,4-d]pyri [}imidodicarbonate of 6) above (1.29 g) and
dehydrte@{\tgttgahydrofura (50 mL), and the mixture was stirred at room
tem l@ € t6r 12 N=—N

0 /

Triethylamine (0.048 mL), p-toluenesulfony! chloride (43 mg) and 4-
dimethylaminopyridine (0.7 mg) were added to a mixture composed of di-tert-butyl
{4—ch10r0-3~[(2,2—dimethyl-1,3—dioxolan-4-yl)methyl]-l—[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1H-pyrazolo[3 ,4-d]pyrimidin-6-yl}imidodicarbonate
of 6) above (64 mg) and dehydrated dichloromethane (1 mL) under cooling in an ice
bath. The ice bath was removed and the mixture was stirred for 12 hours. The
reaction mixture was diluted with ethyl acetate and sequentially washed with water
and brine. The organic layer was dried over anhydrous sodium sulfate and filtered,
and then the filtrate was concentrated under reduced pressure. The resulting residue
was purified by silica gel column chromatography (ethyl acetate-hexane) to obtain
the title compound (74 mg, 91%) as an amorphous substance.

ESI-MS m/z: 717 (M+H)".

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



hours. The reaction mixture was filtered and then the filtrate was
concentrated under reduced pressure. The resulting residue was purified
by silica gel column chromatography (ethyl acetate-hexane) to obtain the
titte compound (1.63 g, 86%) as an oil. :H-NMR (CDC15) S: 1.35 (3H, s),
1.38 (3H, s), 1.42 (18H, s), 2.20 (3H, s§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-MSmiz: 633 (N1= H)+. 7) Di-tent-butyl
{4-chloro-3-(2,3-dihydroxypropyl)-1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1 H-pyrazolo[3,4-d]pyrimidin-6-yl

}imidodi arbbnate 62 -d._NNo C1NkO 0C. p-Toluenesulfonic acid
e (3.76 g) was added to a solution of di- tert-butyl
{4-ehldro-34(2,2-dimethyi-1,3-dioxolan-4-yl)methyl]-I-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1H-p~aazolo[3,4-d]pyrimidin-6-y1,
imidodicafbonate 0' 6) above (12.52 g) in methanol (250 mL), and the
mixtyfe Wwas stirred at room temperature for seven hours, The reaction
mjxtur Wgs po re\i%g\to brine, followed by extraction with ethyl acetate.

Theg washed with brine, and then dried over anhydrous
sodium sulfge\. After filtration, the filtrate was concentrated under
reduced pressure. The resulting residue was purified by silica gel column
chromatographﬁethyl acetate-methanol) to obtain the title compound
(9.64 g, 82%) as an amorphous substance.

A mixture composed of di-tert-butyl {4-chloro-3-[(2,2-dimethyl-1,3-dioxolan-
4-ylymethyl}-1-[(4-methoxy-3,5 -dimethylpyridin-2-yl)methyl]-1H-pyrazolo[3,4-
d]pyrimidin-6-yl}imidodicarbonate of 6) 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



'H-NMR (CDC13) 6: 1.42 (18H, s), 2.20 (3H, s), 2.29 (3H, s), 2.77-2.80
(1H, m), 3.31-3,33 (2H, m), 3.51-3.54 (1H, m), 3.64-3.67 (1H, m), 3.74
(3H, s) 3.76-3.79 (1H, m) 4.24-4.30 (1H, m) 5,66 (2H, s), 8.03 (1H, s).
ESI-MSm/z: 593 (M - H)". 8) Di-tert-butyl
{4-ehloro-3-(2-hydroxyethyl)-1-[(4-metkéxy-3,5-
dimethylpyridin-2-yl)methyl]-1 H-pyrazolo[3,4-d]pyrimidin-6-1} imidodi
carbonate 63 0 N-N t[0 C: ~N r}INI'c~ O Sodium per-iodate (278 mg)
was added to a mixture composed of di-tert-butyl
{4-chloro-34(2,2-dimethyl-1,3-dioxolan-4-yt)methyl]-1-[(4-methoxy-3,5-
dimethylpvridin-2-yl)methyl]-1 H-pyrazolo[3,4-d]pyrimidin-6-vl}
imidogicarbonate of 6) above (154 mg), tetrahydrofuran (1 mL), methanol

et Nte (40 mL). The organic layer was washed with brine, and then
dtied thydrous sodium sulfate and filtered. Then, the filtrate was
congentratethynder reduced pressure. Methanol (4 mL) was added to the
resulting residue. Sodium borohydride (25 mg) was added in small

portionsrigndesceakngin@sise bath, andihe H‘H&%ﬁé"é%%%@ﬁ@off’ﬁi‘?{éﬂ-

hour. The reaction mixture was diluted with ethyl acetate and then
Jedulertiblfyweibhert it a6ty yiddnethibric:toit-Sclutibpdand Hrfehia-
ToE i e died v o sodum e nd e
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 cohcentrated 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 (CDCl3) §: 2.22 (3H,s), 2.28 (3H, s), 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-MSm/z: 343 (M + H)™.

(Example 3)

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

1) Di-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



pressure and the solvent was evaporated to obtain a crude product of the
titte compound (124 mg, 88%) as an oil. The resulting compound was
directly used for the next reaction without purification. 'H-NMR (CDC13)
6: 1.43 (18H, s), 2.21 (3H, s), 2.28 (3H, s), 3.36 (2H, t), 3.75 (3H, s), 4.07
(2H, 1), 5.66 (2H, s), 8.07 (1H, s)_ 64 ES 1-MSxn/z.: 563 (M + H)t 9)
2-{6-[Bis(tert-butoxycarbonyi)aminol-4-chloro-I-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1 H-pyrazolo [3,4-d]pyrimidin-3-yl} ethyl 4..
mcthylb enzenes ul fo hate 0 $\ N-N N O C1\N O~ 0 O, Triethylamine
(0.048 rL), p-toluenesulfonyl chloride (43 mg) and 4-
dimethylaminopyrdine (0.7 mg) were added to a mixture composed of
di-tent-but ¢chloro-.3-[(2,2-dim ethyl

-1,3-dioxolan- methyl]-1-[(4-methoxy-3,5- dimethylpyridin-2-yi)methy! |
-1 H-pyrazol g [3 ,4-d]pyrimidin-6-yl } imidodi carbonate of 6) above (64
mg) and drated dichloromethane (1 mL) under cooling in an ice bath.
Theiee ath was removed and the mixture was stirred for 12 hours. The
reactlon mixtureg wa d";gig with ethyl acetate and sequentially washed

with w rganic layer was dried over anhydrous sodium
sulfate and fllter and then the filtrate was concentrated under reduced
pressure. The résu residue was purified by silica gel column
chromatography (e% acetate-hexane) to obtain the title compound (74
mg, 91%) as an amorphous substance.

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-
yDmethyl]-1H-pyrazolo[3,4-d]pyrimidin-6-y1}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 (CDCly) &: 1.44 (18H,s),2.22 (3H, s), 2.28 (3H, s), 3.75 (3H, s),
4.21 (1H, d), 5.70 (2H, s), 8.12 (1H, s), 9.90 (1H, 1).

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 timidodicarbonate



ESI-MS m/z: 717 (M+H)". 10) Di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-yl)mefnyl]-7,8-
dihydro-21-1-6-thia-1,2,3, 5-tetraazaacenaphthylen-4-yl} imidodi
carbonate 65 01~ 'NO s N O~ C p, A mixture composed of
di-tert-butyl {4-chloro-3-[(2,2-dimethyl-$83-dioxolan-
4-yl)methyl]-1-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]- |
H-pyrazolo[3,4- d]pyrmidin-6-yl}imidodicarbonate of 6) above (74 mg),
N,N-dimethyl form amide (I mr) and potassium thioacetate (19 mg) under
cooling in an ice bath for two hours. Then, the ice bath was removed and
the mixture was %tirred for 1.5 hours. The reaction. mixture was diluted

e and sequentially washed with water and brine. The
dried over anhydrous sodium sulfate and filtered. Then,
the fily te was,concentrated under reduced pressure and the solvent was
evap rateg.tg Obtain a crude product of the title compound (59 mg) as an

| yridin-2-yl)methyl]-7, 8-dihydro-2H-6-thia-
1,2.3,5- tetraazaaﬁnapht ylen-4-amine 66 11

X

Trimethylsilyl cyanide (0.219 mL) and triethylamine (0.198 mL) were added

ST%MS miz: 543 (M+H)+. (Example 2)

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 kresulting 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)".



v-N ~~iN. 5 N~NH~ Trifluoroacetic acid (0.5 mL) was added to a mixture
composed of di-tert- butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]
-7,8-dihydro-213-6-thia-
1,2,3,5-tetraazaaeenaphthylen-4-yl}imidodicarbonate of Step 10) of
Example 1 (59 mg) and dichlorometha® (2 mL) under cooling in an ice
bath. Then, the ice bath was removed and the mixture was stirred for two
hours. reacH L trated under ced pressure.
Then, th oailing o Ve S o e o ol Aol SO 5
sdguehiialiyidiashed)with @ jsatixatedsodiymihicaraanate splutiopsaachyl 4-
brine. The organic layer was dried over anhydrous magnesium sulfate and
fifféﬁi%éﬂb?%‘?ﬂeﬁﬁ‘éfﬁﬁi‘é@ce was concentrated under reduced pressure. The
resulting residue was purified by silica gel column chromatography (ethyl
acetate-methanol) to obtain the title compound (26 mg, 85%) as a solid.
'H-NMR (CDC13) S: 2.22 (3H, s), 2.28 (3H, s), 3.12 (2H, 1), 3.43 (2H, i),
3.74 (3H, s), 5.22 (2H, \5.44 (2H, s), 8.21 (1l:1, s). ESI-MSm/z: 343
(M + H)+. (Example 3)
{7-cyano-2-[(4-methoxy~3,5dimethylpyridin-2-yl)methyl]-7,8-
dihydro-2Hy6-thia; ,2,3,”5- traazaacenaphthylen-4-yl} imidodicarbonate 1)
i ro-k[(ﬁ ethoxy-3,5-dimcthylpyridin-2-yl)methyl]-3-
l0{3,4-d]pyrimidin-6-y1) imi dodi carbonate 67 N-N

p-Toluenesulfonyl chloride (511 mg) was added to a mixture composed of the
above crude di-tert-butyl {4-chloro-3-(2-cyano-2-hydroxyethyl)-1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-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
concenirated 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 (CDCl3) 8: 1.45 (18H, s), 2.21 (3H, s), 2.28 (3H, s), 2.44 (3H, s),
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)".



CN c X Sodium periodate (1.95 g) was added to a mixture composed of
di-tert-butyl
(4-chloro-3-(2,3-dihydroxypropyl)-1-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-1H-pyrazolo[3,4-d]pyrimidin-6-yl}imidodi carbonate shown in
Step 7) of Example 1 (1.34 g), tetrahydPofuran (15 mL), methanol (15 mL)
and water (15 mL) in small portions under cooling in an ice bath. The ice

bath wag, @m&yq,%@n%t%aml)ét stlrr?dﬁowe qusfjgaq:itn %?f;[t ty )

(40 mL) was added’to the reactl m|x ur

filygudiyds stparated | @78l shetorganiciayihwas ssauaitisly-ywashad
with water and brine. The organic layer was dri ed over anhydrous
magnesium sulfate and then filtered. The filtrate was concentrated under
reduced pressure and the solvent was evaporated to obtain a crude
product of the tite compound (1.32 g, 104%) as an amorphous
substance. sulting compound was directly used for the next
reaction wighou purification. "H-NMR (CDCi3) 6: 1.44 (18H, s), 2.22 (3F1,
s), 2.28 (3 /, .75 (3H, s), 4.21 (1H, d), 5.70 (2H, s), 8.12 (1H, s),
9.90 (1F1, t) ) Di-tert-butyl

-cyano-2-hydroxyethyl)-1-[(4-methoxy-3,5-

dimet iging2.. [ymethyll-1 H- pyrazolo[3 4- d]pyrimidin-6-yl; imidodi

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-fz~y1)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) &: 1.45 (18H,s),2.22 (3H, s), 2.28 (3H, s), 3.55 (1H, dd),
3.64 (1H, dd), 3.74 (3H, s), 4.58 (1H, dd), 5.66 (2H, s), 8.16 (1H, s).
ESI-MSm/z: 568 (M + H)".



Trimethylsilyl cyanide (0.219 mL) and triethylamine (0.198 mL) were
added to a mixture composed of the above di-tert-butyl
{4-chloro-1-[(4-methoxy-3,5- dimethyl pyridin- 2-yl)methyl]
-3-(2-oxoethyl)-1 H-pyrazolo [ 3,4-d]pyrimidin-6- yl}imidodicarbonate (796
mg) and dichloromethane (10 ml-) undét cooling in an ice bath. Then, the
ice bath was removed and the mixture was stirred for 16 hours.
QI@%Q{?@Q)(SO ml-) and a 0.5 N hydrochloric acid solution (100 mL) were
added to the reaction mixture, followed by separation. The organic layer
was drigehaneio-anitydneus magnesivatisufatriand flietedy Then.die dro-2H-6-
filtrate was concentrated under reduced pressure. The resulting residue
waEdidsoRde TR IhiE {20 mil-yarhoniriydrochloric 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 mixtyre, followed by extraction with ethyl acetate. The
organic layek was washed with brine. dried over anhydrous sodium sulfate
and then fiftered. The filtrate was concentrated under reduced pressure
and the soly S evaporated to obtain a crude product of the title
compound (788 mg, 94%). The resulting compound was directly used for
the next rgadtion without purification. ESI-MS m/z: 588 (M+H)+. 69 3)
2-{6-[13i toxycarbonvl)amino]-4-chloro-I-[(4-methoxy-3,5
Ipyfiding2-yl)methyl]-I11-I-pyrazolo[3,4-d]pyrimidin-3-yh-I-cyanoethyl
thydbenzenasul fonate Nh/ N-N NOC, NN O~1 0-1110

Trifluoroacetic acid (0.25 mL) was added to a mixture composed of di-tert-
buty! {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-de) &: 2.18 (3H, s), 2.22 (3H, s), 3.35 (2H, dd), 3.47 (1H,
dd), 3.72 (3H, s), 5.34 (1H, 1), 5.37 (2H, s), 7.16 (2H, s), 8.09 (1H, 5).
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-yl)methyl]-1H-pyrazolo[3 ,4-d]pyrimidin-6-yl}imidodicarbonate



X p-Toluenesulfonyl chloride (511 mg) was added to a mixture composed
of the above crude di-tert-butyl
{4-chloro-3-(2-cyano-2-hydroxyethyl)-1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1 H-pyrazolo [3,4-d]pyrimidin-6-yl} imidodi
carbonate (788 mg) and dehydrated diéhloromethane (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 spdium sulfate and then filtered, and the filtrate was
concentrate er reduced pressure. The resulting residue was purified
by silica g \I C n chromatography (ethyl acetate-hexane) to obtain the
title compoun (450 mg, 45%) as a solid. +H-N,MR (CDC11) 6: 1.45
(18H/s), 2,2143H, s), 2.2S (3H, s), 2.44 (3H, s), 3-68-3.80 (5H, m), 5.51
160\(21-1, d), 5.65 (11-1, d), 7.28 (2H, d), 7.67 (2H, d), 8.09
12:742 (M -+- H)-. 70 4) Di-tert-butyl

{7- cyang kﬁﬂx -dimethylpyridin )-yl)methyl]

7,8- dlhydlro 2 1 6-hia- ? 2,3,5-tetraazaacenaphthylen-4-yl}imidodicarbonat
e N-NN% O CO bisulfide monohydrate (58 mg) was added to a
mixture composed he above

2-{6- [bis(tert butoxycarbonyl)amino] -4-ehloro-I-[(4-methoxy-3,5-
dlmethyl -yl)methyl1-|H-pyrazolo

P AR R et A A R BERSRROR

dehygiatsdN é\{odé%ﬁlﬁlfé)m%ﬂ%%ﬁ l{-a-chioro- 1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-3-(2-oxoethyl)- 1H-pyrazolo[3,4-d]pyrimidin-6-

(1H, s). E

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
(30 mL). Then, the organic layer was washed with brine and dried over anhydrous
magnesium sulfate. After filtration, the filtrate was concentrated under reduced
pressure. The resulting residue was purified by silica gel thin-layer
chromatography (ethyl acetate-hexane) to obtain the title compound (52 mg, 42%) as
an oil.

ESI-MS m/z: 577 (M+H)".

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

methylbenzenesulfonate



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 wé&s 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
titte compound (277 mg, 81 %) as an oil. 'H-NMR (CDC13) S: 1.45 (18H,
s), 2.22 (3H, s), 2.28 (3H, s),'3.55 (1H, dd), 3.64 (1H, dd), 3.74 (3H, s),
4.58 (1H, dd), 5.66 (2H, 16 (1H, s)_ ESI-MSm/z: 568 (M + H)+. 71
(Example 4)
4-Amino-25[(4-methoxy-3;8-dimethylpyridin-2-yl)methyl]-7,8-dihydro-2H-.6-
thia- “teftagzaa en; hthylene-7-carbonitrile ?_~I NH2

Tr ceticoaciq (0/25 L) was added to a mixture composed of di-tert-
Z N0

{7-eyano-2-[(4-rnetho ﬁidlm,&h ridin-2-yl)methyl]-7,8-dihydro-2H-6-
thia-1,2,3,5-tetraazacécen§1pht ylen-4-Yy[limidodicarbonate of Step 4) of
Example 3 (30 mg) and dictitoramethane (1 mL). Then, the ice bath was
removed and the mixture was s#ired 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 t0 FBYERINMNG AéLRAIerrRmprYB At daS At wastoltinsd pyan oil
e | e L
B o Ty A (s A & e

2:221(385(2)h B3 2btogdl)- B-H4-Aethoxy-3,5-dimethylpyridin-2-yl)methyl}-1H-

pyrazolo[3,4-d]pyrimidin-6-yl }imidodicarbonate (52 mg) and p-toluenesulfonyl

chloride (86 mg). The resulting compound was directly used for the next reaction
without purification.

ESI-MS m/z: 731 (M+H)".

3) 2-[(4-Methoxy-3,5-dimethylpyridin-2-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-yhmethyl]-1H-pyrazolo[3,4-d]pyrimidin-3-yl}-1-methylethyl 4-



dd), 3.72 (3H, s), 5.34 (IH, t), 5.37 (211, s), 7.16 (2H, s), 8.09 (1H, s).
ESI-MSm/z: 368 (M + H)-. (Example 5)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-7-methyl-7,8-dihydro-2H-6-
thia-1,2,3,5-tetraazaacenaphthylen-4-amine 1) Di-tert-butyl
{4-chIoro-3-(2-hvdroxypropyl)-l-[(4-me’ff‘\oxy—3,5-

dimethylpyridin-2-yl)methyl] -1 H-pyrazolo[3,4-d]pyrimidin-6-y! }
IRIdAIcArRARalE A2t PR L) qu\m\ill\gﬂiﬁlgt}gdﬁx%)%ﬁlygp'ﬂl@f)dunder cooling

methylmagnesium bromide in diethyl ether (0.15 mL) was adde
dropwisebitha miktueenof witertbstyh{d -oh[@PoHHi(Rem e thitneys HGtassium

dimethylpyridin-2-yhmethyl]-3 -(2-oxoethyl)-1 H- |
SRR P Gaf o i BYSIED 101 EmApIe g o

anphdghydrated eNaRySalian L S0da! %89@&{% fy éfé@ﬁ%‘éﬁ&%ﬂﬁaﬂy

bath, and then the mixture was stirred for one hour. A saturate
amshediwithchiosidhsblition (Thab)gnas ladeedadidpmdise ¢ dhieytraatiosdium
mixture, and then the dry ice-acetone bath was removed. The reaction

rixiaieava s se pataed Wit rakesie @O aA T (Berfpssure.

en, the .organic layer was washed,with brine.and dried over.anhydrous
THen.Ne.graanis . \" q pver.anfy
ki S e A S b S e o iy g

regieadapresstie((Thenlesuiiingitesidue wam RailiedR s shied @ekwo hours.
thin-layer chromatography (ethyl acetate-hexane) to obtain the title .
CORRpBRHEP IR cAPTh Percem St d LSS dnrzdrgsenreH) 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. (CDCl3) &: 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-MSmy/z: 357 (M + H)".

(Example 6)

2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-7-prop-1-yn-1-y1-7,8-
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



2) 2-(6 -[Bis(tert-butoxycarbonyl)amino]-4-chloro-I-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1 H-pyrazolo[3,4-d]pyrimidin-3-y1}-1-methyl
ethyl 4- methylbenzenesulfonate 73 00 ?/,- No c1IN O-' 0 0/ A crude
product of the title compound (29 mg, 44%) was obtained as an oil by the
same method as in Step 3) of Exampl€’3 using the above di-tert-butyl {4-
chloro-3-(2-hydroxypropyl)-1-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
1 H- pyrazolo[3,4-d]pyrimidin-6-yl}imidodicarbonate (52 mg) and
p-toluenesulfonyl chloride (86 mg). The resulting compound was directly
used for the next reaction without purification. ESi-MS m/z: 731 (M+H)-.

3) 2-[(4-Methoxy-3 5\d|methylpyr|d|n 2-y1l)methyl]-7-methyl-7,8-dihydro-
2H-6-thi a-1,2, 3, etraazaacenaphthylen -4-amine O tirx S ~4E Sodium
bisulfide mpno yd (3.8 mg) was added to a mixture of the above 2-f
6- [@g)ls(tert/L utoxyc rbonyl)amino]-4-chloro-I-[(4-methoxy-3,5-dimethylpyridi
n- ,ZSV]Ym hylgy,__;!:/f—l pyrazolo[3,4-d]pyrimidin-3-yl}-1 -methylethyl 4 74

A 0.5 N solution of 1-propynylmagnesium 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)-1 H-pyrazolo [3,4-d]pyrimidin-6-
yl}imidodicarbonate of Step 1) of Example 3 (120 mg) and dehydrated
 tetrahydrofuran under cooling in a dry ice-acetone bath, and then the mixture was
stirred for one hour. A saturated ammonium chloride solution (1 mL) was added
dropwise to the reaction mixture, and then the dry ice-acetone bath was removed.
The reaction mixture was separated with ethyl acetate (30 mL) and water (30 mL).
Then, the organic 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 uL) 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.



methylbenzenesulfonate (29 mg) and N.,N-dimethylformamide (1 mL)
under cooling in an ice bath, and the mixture was stirred for 20 minutes.
Then, potassium carbonate (8.2 mg) was added and the ice bath was
removed, followed by stirring for 10 hours. The reaction mixture was
diluted with ethyl acetate and then sedifentially washed with water and
brine. The organic layer was dried over anhydrous sodium sulfate and

then fI|T§ q{}{g%l/th trate.was concentrated under reduced pressure.
The resu %f[fmg re&du%%vgﬁd% solved in dichloromethane (2 mL). Then,

trifluoragcetic-adiet{Ox5-mb)divas adeaddand Higernewasstirtad for-twe.

hours. The reaction mixture was concentrated under reduced pressure.
Thierirehetiesiitrg - 3Ssidisseazeaisepivbulim chisrofsrm 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

dimethylpyridin-2-yl)methyl]-1 H-pyrazolo[3,4-d]pyrimidin-3 -yl}
methy')ﬁ&@‘%%%&h}!hmﬁt?ﬁ@%g,'%%}%é obtained as a solid by the same

method as in Step 3) of Example 5 using the above 1-({6-[bis(tert-

butoxycarbonyl)amino]-4-chloro-1-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
1H-pyrazolo[3,4-d]pyrimidin-3-yl} methyl)but-2-yn-1-yl methanesulfonate (46 mg)
and sodium bisulfide monohydrate (6.5 mg).
'H-NMR (CDCl;) 8: 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



ON-N 07?:aCNot0, AO0.5 N solution of 1-propynvimagnesium bromide
in tetrahydrofuran (0.60 mL) was added dropwise to a mixture of
di-tert-butyl {4-chloro-I-[(4-mcthoxy-3,5-
dimethylpyridin-2-yl)methyll-3-(2-oxoethyl)-1 H-pyrazolo [3,4-d]pyrimidin-
6- yllimidodicarbonate of Step 1) of Example 3 (120 mg) and dehydrated
tetrahydrofuran under cooling in a dry ice-acetone bath, and then the
mixture was stirred for one hour. A saturated ammonium chloride solution
(1 mL) was added dropwise to the reaction mixture, and then the dry
ice-acetone hath was removed. The reaction mixture was separated with
ethyl acetate L) and water (30 ml). Then, the organic laver was
washed with\bring and dried over anhydrous magnesium sulfate. After
filtration, the'fittfate’was concentrated under reduced pressure, and the
resulting residye was dissolved in dichloromethane (6 mL).
Methanesylfolyyl chloride (46 L) was added under cooling in an ice bath,
ign of triethylamine (96 p.L) in dichloromethane was
agded dropyd elThe ice bath was removed and the mixture was stirred
for thifee Hours' Thél, the reaction mixture was diluted with
dichl8romethane and sequentially washed with water and brine. The
organicAawerias drisskeysr anfuydious sediyan sulfte and, fensfitered,
and the filtrate was concentrated under reduced pressure. Thé resulting
résidtieypas dpudfidihisyheilied elilyirdalEr Glinorialyfageingazaacenaphthylen-
(ghl roform-methanol) to obtain the title. compound (46 mg, 35%) as an
ygé @mg’qﬂﬁt%%%s(tﬁp _1-})|_?)f Ezi)aggalg 3 (30 mg) and concentrated

m‘ﬁﬁtﬁh@%&%ée@d’?ﬂﬂx&%@? @fgé}ﬁlypggﬁ]fZﬁ%Qﬁ%drg%lr_Xl_ ¥urs. 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) 8: 2.17 (3H, s), 2.21 (3H, s), 3.09 (1H, dd), 3.26 (1H,
dd), 3.71 (3H, s), 4.56 (1H, dd), 5.32 (2H, s), 6.94 (2H, 5), 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-2 H-6-

thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid



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

thia-1,2,3,5¢tetraazaacenaphthylene-7-carboxamide 77 UN-N /_N S\
MHz 0 A mixt{ire tomposed of di-tert-butyl {7-cyano-2-[(4-methoxy-3,5
dimethylp %/ri ¥n-2-yl)methyl ] -7, 8-dihydro-2H -6-thi a-1,2,3 ,

N[
5-tetraazaae&naphthyl en-

HO

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}imidedicarbonate 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) 8: 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, 5), 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-y)methyl]-N-methyl-7,8-

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



4-yl}imidodicarbonate of Step 4) of Example 3 (30 mg) and concentrated
hydrochloric acid (I mL) was stirred at room temperature for 1.5 hours.
The reaction mixture was diluted with water and neutralized with a
saturated sodium bicarbonate solution. The precipitate was collected by
filtration and sequentially washed with’8 saturated sodium bicarbonate
solution and water. Then, the resulting solid was dried to obtain the title
compound (18.5 mg, 91?/0). 1H-NMR (DMSO-d6) S: 2.17 (3H, s), 2.21
(3H, s), 3.09 (1H, dd), 3.26 (1H, dd), 3.71 (3H, s), 4.56 (1H, dd), 5.32 (2H,
s), 6.94 (2H, s), 7.42 (1H, s), 7.75 (11-1, s), 8.08 (IH, s). ESI-MSm/z: 386
(M+H)+. (Exa O8) 4-Amino-2-[(4-methoxy-3,

5-dimethylpy idiry -yl)methyl] -7, 8-dihydro-2H-6-
thia-1,2,3,5-tétrazaacenaphthylene-7-carboxylic acid 78 1 ~t[0 S
~VVLNiIl, 0 A mixture composed of di-tent-butyl
{7-cyano-2-j{4-inethoxy-3,5-

dimethyl w2wyl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenap
hth)ﬁ n-A-yl iql'bgicarbonate of Step 4) of Example 3 (210 mg) and
concentratéd h“i/dro%loric acid (6 mL) was stirred at room temperature for
three days. The reaction mixture was concentrated under reduced
pressurg ﬁzﬂ!&&?@c@%}}é@@éd’@%-ﬁ%ﬁﬁ&@ @:ﬂ%&@%@&%ﬁ@%@&%he
residue and the solid was powdered, followed by collection by filtration to
aiaathyhlydibcpdne 201 Hhiehiitd Sohipotmdz{d®hm)bilhecr@sudtiagylic acid

' de prod ified b d ph
PRSP BT e S TS R A P 708786 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 (CDCl3) 8: 2.23 (3H, s), 2.28 (3H, 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-MSmv/z: 400 (M + H)™.

(Example 10)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-ethyl-7,8-

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



a solid. 'H-NMR (DMSO-d6) 6: 2.17 (3H, s), 2.21 (3H, s), 3.13 (1H, dd),
3.26 (21-1, dd), 3.71 (3H, s), 4.71-4.80 (1H, m), 5.32 (21-1, s), 6.94 (2I1,
s), 8.08 (1H, s). ESI-MSm/z: 387 (M + H)-. (Example 9)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-methyl- 8-
dihydro-2H-6-thia-1,2,3,5-tetraazaacedéphthylene-7-carboxamide 79 N,
V-N HiN 5 ~N~NH-. A mixture composed of
4-amino-2-[(4-methoxy-3,5-dimethvlpyridin-2-
yl)methyl]-7,8-dihydro-2H-6-thia-l,2,3,5-tetraazaacenaphthylene-7-carboxy
lic acid hydrochloride of Example 8 (42 mg), methylarnine hydrochloride

. The solid collected by filtration was dissolved ina
mixedisolyeant blb\roform methanol, followed by purification by silica gel
thin-lay chﬁ)ma%grﬁﬁhy (chloroform-methanol) to obtain the title
compouﬂd (17.9 mg, 49%) as a solid. 'H-NMR (CDC13) 6: 2.23 (3H, s),

2.28 (3Mrhespitl. Z&ﬁﬁbﬁr@(fﬁ%émﬁ@ wasfb {dihed A9) s&ﬁ%ﬁ'ﬂ'@ Sdme
4.33 (IH, dd), 5.38-5.46 (3H, m), 6.94 (1H, d), 8.15 (1H, S).

method as in Example 9 using 4-amino-2-[(4-methoxy-3,5- dxmethylpyndm 2-
yDmethyl]-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 (CDClL) 8: 1.08 (3H, 1), 2.21 (3H, s), 2.28 (3H, s), 3.15-3.35 (2H,
m), 3.69 (2H, dd), 3.74 (3H, s), 4.29 (1H, dd), 5.38-5.46 (5H, m), 6.60 (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

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-



ESI-MSm/z: 400 (M + H)". (Example 10)
4-Amino-2-[(4-methoxy-3,5-dimethylpyri din-2-yl)methyl]-N-ethyl -7,8-
dihvdro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxanide 80 N N
N N O The title compound (16.0 mg, 42/i) was obtained as a solid by the
same method as in Example 9 using 4bmino-2-[(4-methoxy-3,5-dim
ethyipyr din-2- ~

,8-di -AH-6-4hiasl -tetraazaacenaphthylene-7-carboxy .
o B B B e
(BBdmghl o e MRE (@iRg1d 3)(62 In@Bd@Hd itheth21a(Bire Sl #2BIGIeIN6 mg).
3.15-3.35 (2H, m), 3.69 (2H, dd), 3.74 (3H, s), 4.29 (1H, dd), 5.38-5.46
(5H, m) P BHRHCERICE)) 8 1-231@Hs ) ESRME{2); 314 (W HY)3. | (ERdmple3 .23

T B4 A TS A AR N N SR R 820
81 Hihydro-21-1-6-Chia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide 0
N N g N-N .

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

(Example 12)
4-Amino-N-cyclopropyl-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
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



In. s N Nt,~ The title compound (5.9 mg, 16%) was obtained as a solid by
the same method as in Example 9 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2 81
yl)methyf]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carbox
ylic acid hydrochloride of Example 8 (42 mg) and dimethylamine
hydrochloride (16 mg). 'H-NMR (CDCl,) S: 2-22 (311, s), 2.29 (3H, s), 3.03

338 3
B B ARG R SR
(Example 12} dofiptn@d\N3EYEINON,) as a solid.
y1-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl|-

7.8-dihydrd MR- 6COKiE 182 B48-te it b2Haten ApHH TeNE@ H - carbbRartitle s152.29

I\ba%‘hlrzo 2§<€4% )871\#] féné r%?lgﬁ glgp@rldl 8 §I %}I)ﬁ?)et?wyﬁ (%% S&ﬁ%ﬁém dd),

-2H46thias) 15243, @Heg)a@za}a@%a@hghyg eng; g -carbox yl i c acid of
Example 8 (80 mg), cyclopropylamlne (0.029 mL) 1-hydroxybenzotriazole
monohyidriaddS@2znig)e (M3-dinethylaminopropyl)-3-ethyl carbodiimide
hydrochloride (80 mg) and dehydrated N,N-dimethylformamide (10 mL)
was stirred at room temperature for 16 hours. The reaction mixture was
fateg under reduced pressure. The resulting residue was diluted
with ethyl acetate and
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-prop-2-yn-1-yl-

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

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 uL).

'H-NMR (CDCl3) &: 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)".



sequentially washed with a saturated sodium bicarbonate solution and
brine. The organic layer was dried over anhydrous magnesium sulfate
and filtered. Then, the filtrate was concentrated under reduced pressure.
The resulting residue was 82 purified by NH silica gel column
chromatography (dichloromethane-metianol) to obtain the title compound
(30 mg, 34%) as a solid. 'H-NMR (CDC13) S: 0,42-0.49 (2H, m), 0.74-0.76
(fﬁk%kg' (3H, s), 2.29 (3H, s), 2.65-2.67 (1 H, m), 3.24 (1H, dd), 3.70
(1H, dd), 3.75 (3H, s), 4.24 (1H, dd), 5.24 (2H, s), 5.43 (2H, s), 6.60 (11-I,
s), 8.184hin)-EHH-MERYZy 426 dvhati)pyiaxamlerddhyl]-N-(2-
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-prop-2-yn-1-yl-
70hgugistiao- 2 hidior 22 Hshistrad daddetiaphnpembtinsdenbdxarmideamide
O N/INHN S NH, 0 The title compound (30 mg, 34%) was obtained as a
solid by the same method as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6thia’1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example 8 (80¢ng) \and propargylamine (29 L). 'H-NMR (CDC13) 6:

: .29 (3H, s), 3.26 (1H, dd), 3.76-3.79 (4H, m),
.08-4.13 (IH, m), 4.30 (1H, t), 5.24 (2H, s), 5.43 (2H,

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 (CDCls) &: 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-yDmethyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-4-amine



ESI-MSm/z: 424 (M + H)'. s3 (Example 14)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N (2-
phenylethyl)-7, 8-dihydro-2H-6-thia-1,2,3,5
-tetraazaacenaphthylene-7-carboxamide 0 N-N t[ti s ~n vi[2 The title
compound (10 mg, 16%) was obtained®as a solid by the same method as
in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yi)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example 8 (50 mg) and 2-phenylethyllamine (33 ItL). 'H-NMR (CDCI3) 6:
2.20 (3H, s), 2.30 (3
3.70-3.74 (4H, m), 423-4,25 (1H, m), 5.24 (2H, s), 5.45-5.47 (2H, m),
6.49-6.51 (1H, m), 70(2R, d), 7.22-7.28 (3H, m), 8.16 (1H, s). ESI
_MSm/z: 490 (M - &;IQ'N Example 15) 7-[(4-1soprop ylpiperazin-I

-yl)garbonyl] -2-[(4#methoxy-3,5-dimethylpyri din-
Zyiémefﬁw

2H-6-thia-1,2,3,5-tetraazaacenaphthylen-4-amin
S

\O'/I"he title compound (6 mg, 12%) was obtained as a
solid by the same’method "as in Example 12 using
4-amino-2-[(ﬁ)-methoxy-3,5-dimethylpyridin-2-yl)methyl]-

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 (CDCl3) & 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



7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example 8 (40 mg) and 1-isopropylpiperazine (43 ),tL). 'H-NMR (CDC13)

S: 1.01 (6H, d), 2.20 (3H, s), 2.27 (3H, s), 2.45-2.54 (4H, m), 2.68-2.72

(1H, m), 3.21 (1H, dd), 3.44-3.51 (3H, m), 3.71-3.73 (4H, m), 3.83 (1H,
br.s), 4.68 (1H, dd), 5.16 (2H, s), 5.43 &H, s), 8.18 (1H, s). ESI-MSm1z:
497 (M + H)-. (Example 16) 4-Amino-N-(2-chloro ethyl)-2-[(4-methoxy-3,
5 ridin=2-yl - : .

S?giﬁﬁ?oé{lgﬁ- ?hﬁ%?%%%ﬁg%%“éé‘éﬁlgﬁﬁ%ﬁ%ﬂ%‘? -2c4a%%>>’<éh1ide N-N
Chiti & Yhieddbtri O Adnistureycempesed Of 1-(3-dimethylaminopropyl)-3-
4-amino-2$(4-methoxy-3,5-dimethylpyridin-2-

yPiREsRYIRE Bods s cmhleidn 440, me)stistrademdce fphibyded esh-phrdok
ylieaci xample 8 (4 2-chlaroethylamine hydrochloride (24
mﬂgﬁ?gﬂ%%]t}gx%%%aﬁ%@t?iﬁzofgoLr%nor%ﬁ? r%%ea L rrﬁé?,mpergmre tor T8 Rolie.
13- cieneibry laminapkoRdirt-sthkearhedimide daysachieride (40mg)n,
trieth Iamingé‘M L) and dehydrated N,N-dimethylformamide (10 mL) was
s’fﬁ%‘g“’a’t"ﬁé ieehyéhativel foreteandrseq T irdhctioshatiwtite asasirated
coneent %%r ungerr uced rgssure. he resulting residue was diluted
With Bthy| SCAtATE and SeqUEBNEI) vadhie L THrA'S EXfiraRsHistnys anhydrous
bicgrhonaiessotiionandhene. Theorganie1ay arWas Qued. o nder reduced
anhydrous magnesium sulfate and filtered. Then, the filtrate was
coiseantrateld e neettreg needupressprs ithe yésdl il aesidedwwas purified
A T SRS RS g el to Obtain he e compound (10 me,

22%) as a solid.

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

(Example 17)
4-Amino-N-(3-chloropropyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide

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)".



22%) as a solid. ESI-MS m/z: 448 (M+H)'-. (Example 17) 4-Amino-N-(3
-chloropropyl)-2-[ (4-methoxy-3, 5-dimethylpyridin-2-
yl)methyll-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene- 7
-carboxamide 01-N Ct\1f" MyCS 0 The title compound (60 mg, 50%)
was obtained as a solid by the same n¥thod 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).
ESTaMSamky: 448 (M+H) . 86 (Example 18) 4-Amino-N-[2-(i sobutyl
amino)ethyl]-2-[ (4-mcthoxy3, 5-dimethypyridin-2- yl)methyl]-7,

8 dihyd‘ioAzmne i isoduisliataaizsdaden -dphthyttere-3,catvosthigeidin-2-

" HHL 0 é‘f{n re osed of
rrrrl]ejth ghlila/%rgt g_ 2 M e etzél%zaacenaphthylene 7-carboxamide
\
0
\
Nl
\( N—N
SYe¢
HN \N)\NH
2
0

A mixture composed of 4-amino-N-(2-chloroethy!)-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-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 (CDCl;) 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-
yDmethyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide



dimethylpyridin-2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,
5-tetraazaacenaphthyl ene- 7-carboxamide of Example 16 (20 mg),
isobutylamine (0.8 mL) and dioxane (3 mL) was heated under reflux for
16 hours, and then the reaction mixture was concentrated under reduced
pressure. The resulting residue was puified by reversed phase liquid
chromatography to obtain the title compound (6 mg, 28%) as a solid.
'H-NMIR (CDC13) 8: 0.86 (6H, d), 1.64-1.65 (1H, m), 2.19 (3H, s), 2.27
(3H, s), 2.32 (2H, d), 2.65-2.67 (2H, m), 3.23-3.28 (3H, m), 3.62-3.69 (4H,
m), 4.30 (1H, dd), 5.24-5.28 (2H, m), 5.41 (2H, d), 7.07 (1H, s), 8.16 (1H,
s). ESI-MSm/z: 485 (M 9 (Example 19) 4-Amino-N-[3 -(isob utyl
amino)propyl] -2-[ (4-nfethqgxy-3, 5-dim ethylpyridin-2- yl Ymethyl]
-7,8-dihydro-2H-6-thia¥%,3,5-tetraazaacenaphthylene-7-carboxamide 87
a N\I;[\% /'V HN 5 N VH. Reaction and post-treatment were performed
in"the $ame manner Example 18 using

4-amifio<N3-ehl ¥-2-[(4-methoxy-3,5-dimethylpyridin- 2-yl)m
ethyl]-7,8-dihydroi2H-fsthifi:1,2,3,5-tetraazaacenaphthylene-7-carboxami
de of ExampleTL7 (80 mY) afftkisobutylamine (2 mL), followed by
purification by NH silica gel column chromatography

(diehloremethans:methanobte-okiaip é@&éﬁﬁe&mngme@%gr 92%9)
as a solid. '"H-NMR (CDC13) 8: 0.87 (6H, d), 1.63-1.70 (3H, m), 2.20 (3

SEx21271¢ 318 u8 R 352k NI ; h 0o A6 D, (Y- rﬁeﬂfbﬁyaﬁi@ﬁnmhyﬂa?ﬁdin-
11-1,dd), 3.72 (3
(2 yl)met}zyl] 7,8 (d1hydr)o 2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide

of Example 17 (30 mg) and isobutylamine (2 mL), followed by purification by NH
silica gel column chromatography (dichloromethane-methanol) to obtain the title
compound (20 mg, 62%) as a solid.

'H-NMR (CDCl) &: 0.87 (6H, d), 1.63-1.70 (3H, m), 2.20 (34, s), 2.27 (3H,
s), 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



4.26 (11-1, 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-tetraazaacenap
hthyl ene- 7-carboxamide 88 /0 HN~~&8f~. HN, S h'N1[, O The title
compound (10 mg, 29%) was obtained as a solid by the same method as
in Example 19 using 4-amino-N-(3-chloropropyl)-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyi]-7, 8-dihydro-2H-6-thi
a-1,2,3,5-tetraazaacengphthylene- 7-carboxamide of Example 17 (30 mg)
and neopentylamine (2, 9. 'H-''MR (CDCI3) 8: 0.86 (9H, s), 1.63-1.70
(2H, m), 2.20-2.21 (4Hy m),2.27- 2.28 (4H, m), 2.64 (2H, m), 3.25 (1H,

pyridin-2-yl)methyl]-2,7,8,9-
tetrahydro-6gthia- -téh;aazabenzo[cd]azuIen-4-yl} imidodicarbonate
6-dithlofopytiidin-5-yl)pent-4-en-l-ol Ciiclc~

The title compound (10 mg, 29%) was obtained as a solid by the same method
as in Example 19 using 4-amino-N-(3-chloropropyl)-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-
7-carboxamide of Example 17 (30 mg) and neopentylamine (2.0 mL).

'H-NMR (CDCl3) 8: 0.86 (9H, s), 1.63-1.70 (2H, m), 2.20-2.21 (4H, m), 2.27-
2.28 (4H, m), 2.64 (2H, m), 3.25 (1H, dd), 3.32-3.37 (2H, m), 3.57 (1H, dd), 3.72
(3H,s), 4.25(1H, dd), 5.17 (2H, s), 5.41 (2H, s), 7.88-7.90 (1H, br), 8.17 (1H, s).

ESI-MSmv/z: 513 (M + H)".

(Example 21)
Di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl }imidodicarbonate

1) 1-(2-Amino-4,6-dichloropyrimidin-5-yl)pent-4-en-1-ol

A
1
HO SN
s
Cl N)\NH2

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



I C N NH., 4-Bromo-I|-butene (14.54 mL) was added to a mixture
composed of a magnesium piece (3.17 g) and dehydrated
tetrahydrofuran (150 mL.) in a nitrogen atmosphere over one hour. After
confirming that the internal temperature was 89 increased, the mixture
was stirred at an internal temperature 25 to 30C while cooling in an ice
bath for one hour to prepare a Grignard reagent. The Grignard reagent

mixture composed of 2-amino-4,6-dichlorp-pyrimjidine-5-
e e el f e R,
caglingzithandey ioghdeetanenbathovepihtachoutsdolawed byrstrangfan
1.5 hours. Water (100 ml,) was added to the reaction mixture, and the dry

iceagertsrs pdptias memeveenmend eftedmmmdfivhicblioridersoldioens-

0 was ed to the, reactign mixture. Then | acetate (200 ml)
\(/\%é gé%)gé §,~$§' %geg ?gné}nc%qg%%rtewaeg%}é\égpa & noﬂ‘.(a%i1 ré@ Sﬂéqg&}% ma
Was Rstractenkwith ol @esiaituand thandhs, sombingd Proanicdayerser
were washed with brine. The organic layers were dried over sodium
sUlfgrandnavfitteddad Thihe, estittratexmas, cod cbatigte detmuitoretatbedas
pressure an the solvent was eva ratgdf'[?a obtain a crude product of the

| oitd°

titfe” compotid 508" d."7895) 48 BB GRIRyREMEBR ARG the

disgestyusedifar t%&%@tf@@%%t@’%ﬁ%@j%@é@dh@&nd the organic layer
1-(2-Amino-4,6-dichloropyimidin-5-yl)pent-4-en-l -one CI VI{z O (% A

mwissLrepemposed dhtheqaboveleyade ds (-@aviod wh Gr diblplorapyrdmicinin the
ylpent-4-en-I-ol (5.06 g), 1,2-dichloroethane (300 mL) and manganese
AOMAR DB 88 ) eSS hEste o tigerreh RS 15 ReGreaRitdr Y EAfYRRfied

tB@EJESJﬂ%\% sulfate and filtered. Then, the filtrate was concentrated under reduced
pressure and the solvent was evaporated to obtain a crude product of the title
compound (5.06 g, 78%) as a solid. The resulting compound was directly used for
the next reaction without purification.

2) 1-(2-Amino-4,6-dichloropyrimidin-5-yl)pent-4-en-1-one

A mixture composed of the above crude 1-(2-amino-4,6-dichloropyrimidin-5-
yhpent-4-en-1-o0l (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) &: 2.48 (2H, dd), 2.94 (2H, t), 5.01-5.06 (1H, m), 5.10 (1H,
ddd), 5.41 (2H, s), 5.93-5.80 (1H, m).



material disappeared, the reaction solution was filtered through Celite, and
the filtrate was concentrated under reduced pressure. The resulting

residue was purified by silica gel column chromatography (ethyl
acetate-chloroform) to obtain the title compound (1.22 g, 24.3%) as a

solid. 'H-NMR (CDC13) 5: 2.48 (2H, ddf, 2.94 (2H, t), 5.01-5.06 (1H, m),
5.10 (AW ddd), 5.41 (2H, s), 5.93-5.80 (1H, m). 90 3)

3-But- 'Ik' -4-chlor. -_l [ Ih_ - j C h _! % If-%)- ars) _
H--pyrgﬁo[g%g}dﬁrgygi%igin%é@a%mli r(;{gyol?%{{@ I\leyl\eilg—i,yTH#gtitle cglrl}ngglgﬂ%lﬂﬁemyi}
(440 990, rd$pobitaided @smaisolid 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-NM (DMSO-d6) S:2.15(3H, s), 2.19 (3H, s), 2.35-2.42 (2H, m),

), 3.70 (3H, s), 4.91-4.96 (1H, m), 4.99-5.06 (111, m),

.78 (1H, m), 7.17 (2H, S), 8.02 (1H, s) 4) Di-tert-butyl

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 (DMSO0-dg) &: 2.15 (3H, s), 2.19 (3H, s), 2.35-2.42 (2H, m), 2.87-
2.93 (2H, m), 3.70 (3H, s), 4.91-4.96 (1H, m), 4.99-5.06 (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



The title compound (6.78 g, 100%) was obtained as a solid by the same
method as in Step 6) of Example 1 using the above
3-but-3-en-1-yl-4-chloro-1-[(4- rnethoxy-3,5-dimethylpyridin-2-yl)methyl] -1
H-pyrazolo[3,4-d]pyrimidin-6- amine(4,40 g) and di-tert-butyl diearbonate
(15.46 g). ESI-MS m/z: 573 (M+H)* 5) Di-tert-butyl
{4-chloro-3-(3,4-dihydroxybutyl)-1-[(4-methoxy-3,5-
dimethylpyedia-chiyhpneittyd-18 g, 100%) was obtained as a solid by the same
g}-sa%razoloﬁ ,4-d]pyrimidin-6-yl}imidodiearbonate DE HO N ci N 0 0/

R#ﬁ%éﬁéméz@f %mbfsla&m% abeiedre wohpobed-dfcierabovet-

- 1)-6- ert ar" on |no 4 r - tho y -3,
émi(ﬁ‘ %’/Ig)é |nt- - ¥f pyr {, AEHVn ?i%i)lni?{('ﬂn?g e)N
mathydmmorg)qmwgﬁﬁﬁe@éh%ﬂ%qwdmfgan (60 mL), acetone (60

mL) and water (60 mL), and the mixture was stirred at room temperature
for fiveIhdludéS Bty 5 A¢EMId1300 mL) and a 10%o sodium thiosulfate

solution (500 r ed o the ri ctlo follow by further
stirringrgf?)B °H L%fft‘gs{%'l'ﬁg&r@a%t 8n ﬂ’f% )ékéj {f(aﬁéaet A¥tHe

WA AVEINVIAS] RALAGIRG MY @C@ta}s yrit@h-# 19%@6@?&rbenate
organic layers were washed with brine. The organic Iayers were dried

over anhydrous sodium sulfate and then filtered. The filtrate was
concentrated under reduced pressure and the solvent was evaporated to
obtain a 92 crude,product of the title compound (4.60 g, 91?/0) as a solid.
The resulting \compound was directly used for the next reaction without
purification. fH-NMR (CDCI3) 6: 1.41 (18H, s), 1.98 (2H, dd), 2.20 (3H, s),
2.021? (3H, s),N—?”

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



3.08 (IH, d), 3.27 (2H, t), 3.45-3.51 ('1H, m), 3.58-3.64 (IH, m), 3.73-3.76
(411, m), 5.59-5.69 (2H, m), 8.03 (1ft, s). 6) Di-tert-butyl
{4-chloro-3-(3-hydroxypropyl)-1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-I H-pyrazg)lg[B,4-d]pyrimidin-6-yl }
imidodicarbonate 0 HO N-N C1 N N 0= 0 C, The title compound (128
mg, 60%) was obtained as an oil by the same method as in Step 8) of

Exatspledwsinoiibe abeve fodiied-6utexysashanydaidnindhe resulting
4-chloro-3-(3,4-dihydroxybutyl)-1-(4-methoxy-3,5-dimethylpyridin-2-yl)met
HIcIP Py S8t dhsgrin imeci2 28aniraridhsod v peritdate (396

5 0n2 1L IS B i ) BHeR ot S A A 2D Hs s 431 )
(3)@817{)1% ?Z r?‘gg\:‘(bh S, 3:65.§24, GH 3R 4144, 5d4 BN MS/Z3 3776 (Mt m),
{24458 i¥dky=3 é@ﬁﬁéfh)ﬂbyrldln 2-yi)methyl]-2,7,8,9-

tetrah 6-thia-1,2 traazapenzo[cd]azulen-4- |m|dod|carbonate
93 0 ég @3 I\tIeK(I blgfiocg?oro 3%3 -hydroxypropyl)-1 -ﬁ’i-met hoxy-3,5-

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

\
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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]Jpyrimidine (225 mg) and sodium periodate (396 mg) under cooling in
an ice bath.

'H-NMR (CDCl;) 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-MSmy/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



Triethylamine (0.12 mL), p-toluenesulfonyl chloride (152 mg) and 4-
dimethylaminopyridine (I mg) were added to a mixture composed of
di-tert-butyl {4-chloro-3
-(3-hydroxypropyl)-1-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyll-
IH-pyrazolo[3,4-d]pyrimidin-6-ylJimidodi&arbonate (64 mg) and dehydrated
dichloromethane (3 mL) under cooling in an ice bath. The ice bath was
removed and the mixture was stirred for 17 hours. The reaction mixture
was separated with water (30 mL) and ethyl acetate (30 mL), and the
organic layer was dried over anhydrous sodium sulfate. After filtration, the
filtrate was c%ncentrated under reduced pressure.
ylformamide (1 mL) and potassium thioacetate (25 mg) were
added tp thegwesulting residue, and the mixture was heated to 50C and
stirred for 15 minutes. After confirming that the reaction was completed,
the rqac;j n mixture was separated with water and ethyl acetate. The

er was washed with brine, and then dried over anhydrous
S dlum uI te and filtered. Then, the filtrate was concentrated under

is\ Di'g&.resulting residue was purified by silica gel column
chromatogra (ethyl acetate-hexane) to obtain the title compound (34
mg, 55%)a§a . 'H-NMR (CDC13) S: 1.39 (18H, s), 2.21 (3H, s), 2.26
(3H, s), 2.46 ( t), 3.22-3.25 (4H, m), 3.73 (3H, s), 5.62 (2H, s), 8.17
(1H, s). ESI- MSm/z 557 (M + H)-. 94 (Example 22) 2-[(4-Methoxy-3,

5-dime d|n 2- th -2,7,8,9- te thia-
1,23, S?gﬁagé meg S[e ]%Tz 1 SRR %nﬁ %{] 1487152 mg) and 4

dimethylaminopyridine (1 mg) were added to a mixture composed of di-tert-butyl

{4-chloro-3-(3-hydroxypropyl)-1-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
1H-pyrazolo[3,4-d]pyrimidin-6-yl }imidodicarbonate (64 mg) and dehydrated
dichloromethane (3 mL) under cooling in an ice bath. The ice bath was removed
and the mixture was stirred for 17 hours. The reaction mixture was separated with
water (30 mL) and ethyl acetate (30 mL), and the organic layer was dried over
anhydrous sodium sulfate. After filtration, the filtrate was concentrated under
reduced pressure. N,N-Dimethylformamide (1 mL) and potassium thioacetate (25
mg) were added to the resulting residue, and the mixture was heated to 50°C and
stirred for 15 minutes. ~ After confirming that the reaction was completed, the
reaction mixture was separated with water and ethyl acetate. The organic layer was
washed with brine, and then dried over anhydrous sodium sulfate and filtered. Then,
the filtrate was concentrated under reduced pressure. The resulting residue was
purified by silica gel column chromatography (ethyl acetate-hexane) to obtain the
title compound (34 mg, 55%) as an oil.

'H-NMR (CDCl3) &: 1.39 (18H, s), 2.21 (3H, s), 2.26 (3H, ), 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)".



N NH2 The title compound (28 mg, 62%) was obtained as a solid by the
same method as in Example 2 using di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2- yl)methyl]
-2,7,8,9-tetrahydro-6-fnia-1,2,3,5-tetraazabenzo[cd]azulen-4-
yllimidodicarbonate of Step 7) of Exanfifle 21 (71 mg) under cooling in an
ice bath. '"H-AMA (CDC13) 8: 2.22 (3H, s), 2.26 (3H, s), 2.37-2.43 (2H, m),
3.11 (2H, t), 3.18 (2H, t), 3.74 (3H, s), 5.16 (2H, s), 5.46 (2H, s), 8.20
(11-1, s). ESI-MSm/z: 357 (M + H)'. (Example 23) Di-tert-butyl
{Ezyaupbe2d(4-methoxy-3,5-dimethylpyri din 2-yl)methyl]-

2,7,8,9-tetrah dro 6-thia-1,2,3,5- tetraazabenzo[tcdlazulen -4-yl}imidodi
carbong\tgﬁ 8ﬁyb},€/p1methylpynd1n 2-yhmethyl]-2,7,8,9-tetrahydro-6-thia-

{ ler e ridin-2-yl)methyl]-3- (3 -oxopropyl)-1
f]'_%%/?a%;&%‘zlag% %4 %(X{%%I%ﬁ 6}19‘}{%%\/ idodi carb onate 95 00~r1ln G1

\N~, rAl 0 0 A crude product of the title compound (4.34 g, 100%) was
obtained by the same method as in Step 1) of Example 3 using
di-tert-buytyl {4-chloro-3-(3,4-

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, s5), 2.26 (3H, ), 2.37-2.43 (2H, m), 3.11 (2H,
t), 3.18 (2H, 1), 3.74 (3H, s), 5.16 (2H, s), 5.46 (2H, s), 8.20 (1H, s).

ESI-MSmv/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-yl }imidodicarbonate



2) Di-tort-butyl {4-chloro-3-(3-cyano-3-hydroxypropyl)-1-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-1
H-pyrazolo[3,4-d]pyrimidin-6-yl}imidodicarbonate HO N--R N C1 “t~N~G
A crude product containing the title compound (1,99 g) was obtained by
the same method as in Step 2) of Exafple 3 using the above di-tert-butyl
{4-chloro-1 96
[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-3-(3-oxopropyl)-1H-pyrazolo[
3,4- d]pyrimi(lin-.6-yl)imidodicarbonate (1.55 g) and trimethy|[silyl cyanide
(0.416 ml-) under cooling in an ice bath. The resulting compound was
directly used for the next reaction without purification. ESI-MS m/z: 602
(M+11)". 3)
3-{6-[Bis(tert

pled3 using the above crude di-tert-butyl

: xajt
{4-chloro.3 yg]n

3-hydroxypropyl)-1l (4-r$1et oxy-3,5-dimethylpyridin-2-yl)methyl]-1 H-
pyrazolo[3,4-d]pyimidin-6-yl}imidodicarbonate (1.99 g) and
p-toluenesulfonyl cphictide (945 mg). ESI-MS mlz: 756 (M+F)'. 4)
Di-tert-butyl {7-cyano-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
2,7,8,9-tetrahydro-6-thig-1,2,3,5-tetraazabenzoled]azulen-4-yl}imidodjcarb
onate }\ C é/ product o tJﬁe {igtle compoung) ?4.34[g, 100%) Was):) tained by the
same method as in Step 1) of Example 3 using di-tert-butyl {4-chloro-3-(3,4-
dihydroxybutyl)-1-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]- 1H-pyrazolo[3,4-
d]pyrimidin-6-yl }imidodicarbonate of Step 5) of Example 21 (4.60 g) and sodium
periodate (1.95 g) under cooling in an ice bath. The resulting compound was
directly used for the next reaction without purification.

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

dimethylpyridin-2-ylmethyl}-1H-pyrazolo[3,4-d]pyrimidin-6-y1}imidodicarbonate

0
\
HO N—N
A
D¢ ¥
N c1” N7 N 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-



97 01~ tiN-N N, o 0X The title compound (1.49 g, 84%) was obtained
as an oil by the same method as in Step 4) of Example 3 using the above
3- (6-[bis(tort-butoxyearbonyl)amino]-4- chloro- | -[(4-methoxy-3,
5-dimethyipyridin-2-yl)methyl]-1 H-pyrazolo{ 3,4-
dJpyrimidin-3-yl1}-1-cyanopropy! 4-metfi9lbenzenesulfonate (2.32 g) and
sodium bisulfide monohydrate (273 mg) under cooling in an ice bath.
@err%({gsdzé%%%(l ﬂp %&gﬂ% DS%%@%@ 3&7(5%( ﬁg)ﬁﬁ% (1%?%54
8]65r{2i}is)o- A it (fleld ishrbcBlatd Sz o5 BAA Mimdd))tsil (Exgmple @416 mL)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,
grotefoMiid sutitalshs s kbt s iinoRRn Aot ae SeeonRb B oot

- s N%lg : itle compound (21.6 mg. 81 %) was obtained as a
&#&%ﬁ%g}ga e;grg]geat%%% as in Example 2 using di-ten-butyl
{7-cyams-2Ni4 wnetlsory33;5H dimethylpyridin-2-yl)methyl]-2,7,
8,9-tetrahydro-6-thia-1,2,3 , 5-

3) 3-{6-[Bis(tert-butoxycarbonyl)amino]-4-chloro-1-[(4-methoxy-3,5-

dimethylpyridin-2-yl)ymethyl]-1H-pyrazolo[3,4-d]pyrimidin-3-yl}-1-cyanopropyl 4-

methylbenzenesulfonate

0
/S§O
0 N=N
i
W Z2 0
|
N
C1” N N/Lko/k\\
o)\o

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



tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Step 4) of Example 23
(53 mg). 'H-NMR (CDC13) S: 2.24 (3H, s), 2.29 (3H, s), 2.51-2.61 (1H, m),
2.75-2.85 (I H, m), 3.28-3.45 (2H, m), 3.76 (3H, s), 4.25 (1H, d), 5.34 (2H,
br.s), 5.48 (2H, s), 8.22 (1H, s). ESI-MSm/z: 382 (M + H) (Example 25)
2-[(4-Methoxy-3,5-dimethylpyridin-2-y8¥nethyl]-7-(1 H-tetrazol-5-yl)-
2,7,8,9-tetrahvdro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine O N
N-N E{S N NHI N 99 A mixture composed of di-tert-butyl
{7-cyano-2-[(4-methoxy-3,5
dimcthylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-Chia-1,2,3,5-
tetraazabenzo[gd]azulen-4-yl}limidodicarbonate of Step 4) of Example 23
dimethylformamide (1 mL), triethylamine hydrochloride
(14.5 m) &ngssedium azide (6.8 mg) was sealed in a tube and heated with
stirring at a hath temperature of 105C for 15 hours. After cooling to room
i, the reaction solution was separated with ethyl acetate and a
. hydroxide solution. The aqueous layer was made acidic
with'a 0.1 Jydr hltaar];ceacid solution, followed by extraction with ethyl

1 r was washed with water and then dried over
ampiydrous sodjum sulfate. After filtration, the filtrate was concentrated
uhder reducell préssure. Dichloromethane (2 mL) and trifluoroacetic acid
(0.5 mL) were to the resulting residue, and the mixture was stirred
at room temperature

The title compound (1.49 g, 84%) was obtained as an oil by the same method
as in Step 4) of Example 3 using the above 3-{6-[bis(tert-butoxycarbonyl)amino}-4-
chloro-1-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]- 1 H-pyrazolo[3,4-
d}pyrimidin-3-yl}-1-cyanopropyl 4-methylbenzenesulfonate (2.32 g) and sodium
bisulfide monohydrate (273 mg) under cooling in an ice bath.

'H-NMR (CDCl3) &: 1.44 (18H, s), 2.22 (3H, s), 2.28 (3H, 5), 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[cdazulene-7-carbonitrile



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
titte compound (5.6 mg, 19%) as a solid. 'H-NMR (CDC1)) 6: 2.09 (3H, s),
2.18 (3H, s), 2.64-3.13 (4H, m), 3.66 (%ﬁ, s), 4.57-4.85 (IH, m), 5.29 (2H,
S), 8.03 (1H, s). ESI-MSm/z: 425 (M + H)+. (Example 26) 4-Amino-2-[
(4-m ethoxy-3.5-dimethylpyridin-2-yi)methyl]-2,7, 8,9-tetrahydro- 6-thi
a-1,2,3,5-tetraazabenzo[ed]azulene-7-carboxamide 100 o N N N NH7
H1N A mixturg composed of di-tert-butyl {7-cyano-2-[(4-methoxy-3,5- dim
ethylp vridin-2ev1)methyl |-2, 7, 8 , 9-tetrahydro-6-thi a-1, 2, 3, 5-
tetraazalenzp[cd]azulen-4-yl}imidodicarbonate of Step 4) of Example 23
centrated hydrochloric acid (1 mL.) was stirred at room

(3H)~s) /A% ,d), 5.32 (1H, d), 5.37 (1H, d), 6.76 (2H, s), 7.32 (1H, 3),

7403 (1H, s), 8.07 (1H, s).
N

The title compound (21.6 mg, 81%) was obtained as a solid by the same
method as in Example 2 using 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 of Step 4) of Example 23 (53 mg).

'H-NMR (CDCls) 8: 2.24 (3H, s), 2.29 (3H, s), 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, s).

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

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

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



ESI-iIMSmiz: 400 (M - H)". (Example 27) 4-Amino-2-[(4-methoxy-3,
5-dimethylpyridin-2-vl)methyl ] -2, 7, 8, 9-tetrahydro-
6-thia-1,2,3,5-tetraazabenzo[ed]azulene-7-carboxylic acid 101 tirNsY
NH, HO A mixture composed of di-tert-butyl {7-cyano-2-[(4-rnethoxy-3,5-
dimethylpyridin-2-yl)methyt]-2,7,8,9-tetfahydro-6-thia-1,2,3,5-
tetraazabenzo[od]azulen-4-yl}imidodicarbonate of Step 4) of Example 23

(745 mg)sane caneepiRleg Rydsechiovc a0 ) WRsigsgat room

temperature for four days. After confirming that the raw material
disapihedreddithe-séaotidry kS wetsaloeoentiased Lider reduced
pressur%. ng residue was diluted with water and then neutralized with a

AR U DA BoAE StifarP ekl & (0 R Haw adddaee):
tmﬁ’yf%m&ﬁgc@’(?%ﬂ ,Q&ﬁ?lé?ﬁi?@ﬂ}é%c%@oﬁ“&%‘%ﬁs mea?d sodium

precipitate was collected by filtration and then dried to obtain the title
condpd6i8dn (4 20131392182 %) sasibesolith &REASE saitzidg0dt b4t )iemperature of
(Example 28) 4-Amino-N-ethyl-2 - [ (4-methox y- 3,5 -dim ethylp yri
diR22S A et 24viten copling aipame-Ermeray 3 hastassparehsmedps

33%5!3‘?5!&37\38%*8828@%9&%%&% 6'?" 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 (CDCl;) 8: 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)methyl]-2,7,8,9-tetrah ydro-

6-thia-1,2,3,5-tetraazabenzocd]azulene-7-carboxamide



I --"N'H S N Nil, 0 The title compound (22.3 g, 68%) was obtained as a
white solid by the same method as in Example 9 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulene-7-ca
rboxylic acid of Example 27 (32 mg) apg ethylamine hydrochloride (14
mg). 'H-NMR (CDC13) 6: 1.12 (3H, t), 2.22 (3H, s), 2.26 (3H, s), 2.64-2.71
(2H, m), 3.02 (IH, dt), 3.17 (1H, dt), 3.24-3.33 (2H, m), 3.75 (3I1, s), 4.05
(1H, t), 5.42 (3H, s), 7.11-7.20 (1H, m), 8.12 (IH, s). ESI-MSmIz: 428 (M +
H)+. (Example 29) 4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)mefnyl
]-N,N-dimethyl. 2d7,8,9-tetrahvdro-6-thia-1
zo[cd]azulene-7-carboxamide N-N S ~N~NII2 0 103
The title compaopnd (22.6 mg, 66%) was obtained as a solid by the same
method as iff xample 9 using
ethoxy-3,5-dimethylpyri(lin-2-
9-tetrahydro-6-Chia-1,2,3,5-tetraazabenzo[ed]azulene-7-c
arboxylic Example 27 (32 mg) and dimethylamine hydrochloride

' NJ'RQICDCB) S:2.22 (3H, s), 2.28 (3H, s), 2.51-2.63 (1H,
~5.85" (IH,'fh), 2.93-3.01 (1H, m), 3.02 (3H, s), 3.16 (3H, ),
3.23-331 (11-1, m), 3.74 (3H, s), 4.39 (1H, d), 5.27 (9H, br.s), 5.43 (1H,
d), 5.49 (111, d), 8.19 (IH, s).

A mixture composed of 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 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 (CDCl;) &: 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, s), 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: 428 (M -- H)". (Example 30) 4-Amino-N-isopropyl-2-
[(4-methoxy-3,5 -dimethylpyridin-2-yl)methyl] -
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-7-earboxanide
c n-v ?S~'~N E ( Nil, The title compb@ihd (27.1 mg, 77%) was obtained as
a solid by the same method as in Example 9 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzofcd]azulene-7-ca
rboxylic acid of Example 27 (32 mg) and isopropylamine (0.014 mL).
'H-NMR ( DCI%) a:1.12 (3H, d), 1.16 (3H, d), 2.23 (31-1, s), 2.25 (3H, s),
2.58-2.78 m), 2.96-3.08 (1H, m), 3.12-3.23 (1H, m), 3.76 (3H, s),
3.98-4.09Y2H,um), 5.42 (2H, s), 6.95 (1H, d), 8.12 (1H, s). EST-MSmiz:
442 (M H)t 104 (Example 3l) |
4-AminogN[2-(dimcthylamino)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2 -
7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulene-7-
e N h S N NHz The title compound (20.0 mg, 49%) was
das, lid by the same method as in Example 9 using
in6-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-7-ca
rboxylic

A mixture composed of 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 of Step 4) of Example 23 (745 mg)
and concentrated hydrochloric acid (30 mL) was stirred at room temperature for four
days. After confirming that the raw material disappeared, the reaction mixture was
concentrated under reduced pressure. The residue was diluted with water and then
neutralized with a saturated sodium bicarbonate solution. Acetic acid (4 mL) was
added to the mixture, followed by cooling in an ice bath for 30 minutes. The
precipitate was collected by filtration and then dried to obtain the title compound
(420 mg, 82%) as a solid.

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

(Example 28)
4-Amino-N-ethyl-2-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl}-2,7,8,9-

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



acid of Example 27 (32 mg) and N,N-diethylethylenediamine (18 ul).
'H-NMR. (CD30D) b: 2.41 (3H, s), 2.50 (3H, s), 2,70-2.82 (2H, m), 2.94
(6H, s), 3.04-3.40 (6H, m), 3.56-3.75 (2H, m), 4.14 (3H, s), 4.75 (2H, d),
5.72 (2H, s), 8.55 (IH, s). ESI-MSm,'zy471 (M = H) (Example 32)
Di-tert-butyl {8-hydroxy-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-vl}imidodicarb
onate 105 ON NN, HO~""VJNO 00 A solution of methanesulfonyl
chloride (73 L) in dehydrated dichloromethane was added dropwise to a
mixture composed of di-tert-butyl {4- chloro-3-(2,3-dihydroxypropyl)-1-[
(4-methoxy-3,5diméthylpyridin-2-yl)methyl]-
li-I-pyrazolo[3§4-d]pyrimidin-6-yl}imidodicarbonate of Step 7) of Example 1
(510 mg), 2,4,6=€ollidine (1.15 mL) and dehydrated diehloromethane (17
mL) under cggl\iI in an ice bath, and then the mixture was stirred for 15
hours, 0.5 N//hydrochloric acid was added to the reaction mixture,
followed by € yon with chloroform. The organic layer was washed
with water, a h,étq dried over anhydrous sodium sulfate and filtered.

\ fitrate was Boncentrated under reduced pressure. The resulting
resifue Yyas dissolved in N,N-dimethylformamide (10 mL). Sodium
bisulfide monohydrate (76 mg) was added under cooling in an ice

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-
yDmethyl]-2,7,8 9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cdJazulene-7-carboxylic
acid of Example 27 (32 mg) and ethylamine hydrochloride (14 mg).

'H-NMR (CDCl3) &: 1.12 (3H, 1), 2.22 (3H, s), 2.26 (3H, s5), 2.64-2.71 (2H,
m), 3.02 (1H, dt), 3.17 (1H, dt), 3.24-3.33 (2H, m), 3.75 (3H, 5), 4.05 (1H, t), 5.42
(3H, s), 7.11-7.20 (1H, m), 8.12 (1H, s).

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[cdjazulene-7-carboxamide




bath, followed by stirring for 20 minutes. Potassium carbonate (142 mg)
was added to the reaction mixture and the ice bath was removed. The
mixture was stirred for one hour, and then heated to 50C and further
heated with stirring for two hours. Watgy 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
sodiunt &eifdeecomrarung &b A mge Gt atey rab tineéatratedi diiahe same

ressure.. The resulting resi was, purifi y silica gel column
T e e L) B b el Sl Boane
{Hhdetngl] 9299, 9astadh Pllro H-NIVIR @Q@@a@z%%@{ 8 a]zﬁ%ng:;%e(%]ol{yﬁc
s), 2.25 (3H, s), 3.29-3.41 (211, m), 3.42-3.56 (2H, m), 3.73 (31-1, s),

acghof Bepprleny, B Hogl aotl, Hyneiied bihed)ydBotbltide §) 4ESHMSM/2:

o M S (IR Ay SIS IA 3 o2 (e S s
thiarl 23 5 ietraazabenzefcdlazules- ) bt Dt

gompo)ted of di-tgt-butﬁ {8-h)%]rdx}52-[%2?r%1%ﬂgg\)!x§|%3,5-%?&%@&9;%'946(3}{’

gint 39k thy13-277(98]9ktetpabydr o+ BLtkia 5142, 81 5%, d), 8.19 (1H, s).

tctraazabenzo[cd]azulen-4-yl; imidodicarbonate of Example 32 (40 mg),

dichlo m&@%@l 4 BN solution of hydrochloric acid in dioxane

(0.5 m'-) and methanol (0.5 mL) was stirred at room temperature for two

days. The reaction

(Example 30)

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

2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cdJazulene-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 (CDCl3) &: 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)".



mixture was concentrated under reduced pressure, and the resulting
residue was purified by reversed phase liquid chromatography to obtain
the title compound (12.5 mg, 48%) as a solid. 'H-NMR (CDC13) 6: 2.22
(3H, s), 2.26 (3H, s), 3.19-3.45 (4H, m)4 3.74 (3H, s), 4.49-4.50 (1H, m),
5.33 (2H, br.s), 5.44 (2H, s), 8.17 (1H, s). ESI-MSm/z: 373 (M H)-. 107
(Example 34)
8-Methoxy-2-[(4-methoxy-3,5-dimethylpyn(iin-2-yl)methyl]-2,7,8,9
grg)rfi-thia-1,2,3,5-tetraazabenzo[ed]azuIcn-4-amine N-NN sN
Nd2 Sodium hydride (6.7 mg) was added to a mixture of di-tert-butyl
{8-hydtoxyir-{Hmedha oty Babidinuetiniiilyf(dim2tydymetbyd}a2ethBpyridin-2-
9-tetrahydro-6-thia-1,2, 3, 5- tetraazabenzo[cd]azulen-4-yl)imidodi
TSP O AR S5 (A i) Ak CeRyFRgRF ol amulenc-T-
J&%Q&ggg&@ylformamide (1 mL), and then the mixture was stirred at room
temperature for one hour. Methyl iodide (6.5 L) was added to the reaction
mixture, followed by stirring for 1.5 hours. Then, water (20 mL) was
added. The resulting mixture was extracted with ethyl acetate. The
organic layer was washed with water and then dried over anhydrous
sodium sulfate. After filtration, the filtrate was concentrated under

under reduced piessure, and the resulting residue was purified by
reversed ph igtid chromatography to obtain the title compound (4.8
mg, 18%) as a sqlid. |
— S I\NJ\NHZ

NN

/

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-
yDmethyl]-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 (CD50D) &: 2.41 (3H, s), 2.50 (3H, s), 2.70-2.82 (2H, m), 2.94 (6H,
s), 3.04-3.40 (6H, m), 3.56-3.75 (2H, m), 4.14 (3H, s), 4.75 (2H, d), 5.72 (2H, s),
8.55 (1H, s).

ESI-MSm/z: 471 (M + H)".

(Example 32)
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-yl }imidodicarbonate



'H-NMR (CDC13) 6: 2.23 (311, s), 2.28 (311, s), 2.98 (3H, s), 3.18-3.25
(2H, m), 3.32 (IH, dd), 3.38-3.45 (1H, m), 3.75 (3H, s), 4.48 (1H, dt), 5.44
(1H, d), 5.50 (1H, d), 8.16 (1H, s). ESI-MSmiz: 387 (NI + H)+. 108
(Example 35) 4-[Bis(tert-butoxycarboryd)amino]
2-[(4-methoxy-3,5-dimethylpyridin-2- yl)m ethyl]
-2,7,8,9-tetrahydro-6-thia.-1,2,3,5-tetraazabenzo [cd]azulen-8-ylI
methanesuifonate 0 N N(r)NT O fN~ JOf I, 0 0 0 _ Methanesulfonyl
chloride (39 uL) was added dropwise to a mixture composed of
di-tert-buty!l \
{8-hydroxy-2<[(4methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-
tetrahydrow6-thja-1,2,3,5-tetraazabenzo[cd]azulen-4-yl}imidodicarbonate
of Examplé~32 (240 mg), dehydrated dichloromethane (6 mL) and
triethylamine{88 RL) under cooling in an ice bath. The ice bath was
remove /Na‘h: the mixture was stirred for two hours. After confirming that
the raw al di§apjired, the reaction mixture was diluted with

EhTorofor santlwasihed|with water. The organic laver was dried over
anhydréus dodiun stfifate™and then filtered, and the filtrate was
concentrated reduced pressure. Dichloromethane and hexane
were added to the xgsidue, and the precipitated solid was collected by
filtration to obtain the'title compound (253 mg, 93%). The resulting
compound was directly used for the next reaction

A solution of methanesulfonyl chloride (73 pL) in dehydrated

dichloromethane was added dropwise to a mixture composed of di-tert-butyl {4-
chloro-3-(2,3-dihydroxypropyl)-1-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
1H-pyrazolo[3,4-d]pyrimidin-6-yl }imidodicarbonate of Step 7) of Example 1 (510
mg), 2,4,6-collidine (1.15 mL) and dehydrated dichloromethane (17 mL) under
cooling in an ice bath, and then the mixture was stirred for 15 hours. 0.5 N
hydrochloric acid was added to the reaction mixture, followed by extraction with
chloroform. The organic layer was washed with water, and then dried over
anhydrous sodium sulfate and filtered. Then, the filtrate was concentrated under
reduced pressure.  The resulting residue was dissolved in N,N-dimethylformamide
(10mL). 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



without puri fication. ESI-MS m/z: 651 (M+H)". 109 (Example 36)
2-[(4-Methoxy-3,5-dimethylpvridin-2-yl)methvl]-2,7-dihydro-6-th a-i,2,3,5-
tetraazabenzo[cd]azulen-4-amine N-N f~lh S N~NH2 A mixture
composed of 4-[bis(tert-butoxycarborod)amino] -2-[(4-methoxy-
3,5-dimethylpvridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo{cd]azuIen-8-y| methanesulfonate of Example 35 (65 m
RRORRIREERN K RIAEHHRIRIIHARRIE oPHE) AR HotassiahI ¢4 éﬁage%é%
2ng) Was heated with stirring at 70C for six hours. The reaction mixture
was cooled and a saturated sodium bicarbonate solution was added,
followet NylBxtcotion withettydracetate. The, anganis {ayeswagswashied H,
with brine, and then dried over anhydrous sodium sulfate. After filtration,
Nthe fiitrateidSlcBhcd it 4888 shdet EFbragstf® (Dibilbrofething),
8(?5(?#}1){ asg]d trifluoroacetic acid (1 mL) were added to the resulting residue,
and thé mixture was stirred at room temperature for one hour. After
confimyngthatthemaumwmatgral disappeared, the reaction mixture was
concentrated under reduced pressure. A saturated sodium bicarbonate
solution was added to the residue, followed by extraction with ethyl
(ﬁ}c(:gtat% S'Ehe organic laver was washed with brine, and then dried over
sodium squate and filtered. Then, the filtrate was concentrated under

reduced pressugs thanssuliingraridievas Rurified by silicay 98l tetrahydro-

thin-layer chromatography (chloroform-methanol) to obtain the title

6dbrapelAd-(a28zayn3604) asitesdlid]

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),
dichloromethane (1 mL), a 4 N solution of hydrochloric acid in dioxane (0.5 mL) and
methanol (0.5 mL) was stirred at room temperature for two days. The reaction
mixture was concentrated under reduced pressure, and the resulting residue was
purified by reversed phase liquid chromatography to obtain the title compound (12.5
mg, 48%) as a solid.

'H-NMR (CDCls) 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)".



110 tH-NMR (CDC13) 8: 2.23 (3H, s), 2.29 (3H, s), 3.72 (2H, d), 3.75
(313, s), 5.51 (211, s), 6.30 (11-1, dt), 6.81 (1H, d), 8.18 (1H, s).
ESI-MSru/z: 355 (M H)" (Example 37) 4-Amino-2-[(4-methoxy-3 ,
5-dimethylpyridin-2-yl)methyl] -2, 7, 8)9-tetrahydro-
6-thia-1,2,3,5-tetraazabenzofcd;azulen-8-yl methylcarbamate N N-N Il~o
II's NNH2 A mixture composed of di-tort-butyl
{8-hydroxy-2-[(4-methoxy-3,5-
(gmmglgwidin-2-y|)methy|]-2,7,8,9-tetrahydro-6-Chia—1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}limidodicarbonate of Example 32 (40 mg),
dehydr-atethcdigiid(emetthang-§, sadimpyrydiige ik MU )raad ytighGsyene
(8.7 mg) was stirred under cooling in an ice bath for three hours. A-2 N
t@&BﬁSWtﬁ‘%@rﬁﬁaﬁ?ﬁﬁ@’i%%ﬁ&ﬁ@%ﬁ%ﬂfﬁﬁﬁf 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 mi>\<ture 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 filtratey ncentrated under reduced pressure. Dichloromethane (2
mL) and tri fluoroacetic acid (0.5 mL) were added to the resulting residue,
and the mixture was stirred at room temperature for 15 hours. The
eactjon{mixture was concentrated Ill under reduced pressure, and the
regswting r\sid e was purified by reversed phase
57 N7 TN,

Sodium hydride (6.7 mg) was added to a mixture 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) and
dehydrated N,N-dimethylformamide (1 mL), and then the mixture was stirred at
room temperature for one hour. Methyl iodide (6.5 nL) 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, s), 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-MSmy/z: 387 (M + H)".



liquid chromatography to obtain the title compound (6.6 mg, 22%) as a
solid. 'H-NMR (CDCI3) 6: 2.23 (3H, s), 2.27 (3F1, s), 2.78 (3H, d)
3.27-3.40 (3H, m), 3.55 (1H, dd), 3.75 (3H, s), 4.97-5.02 (111, m), 5.19
(2H, br.s), 5.42 (111, d), 5.47 (1H, d)p8.08 (1H, s), 8.19 (1H, s).
EST-MSm%z: 430 (M + H) (Example 38) 4-Amino-2-[(4-methoxy
-3.5-dimethylpyridin-2-yl)methyl ] -2,7, 8,9-tetrahydro-
6-thin-1,2,3,5-tetraazabenzo[cd]azulen-8-yl ethyl carbamate 0 0 _,4 v yr{Z
(EQ%HH!% §95'npound (18.5 mg, 40%) was obtained as a solid by the same
method as in Example 37 using di-tert-butyl t8-hydroxy-2-[(4-methoxy-3,5-
dim eth[Bipfteidibc2oyhméingl)aRing 182 -Yttetiatiycip [ Sitirae thy2p 3idor-2-
tetraazabenzo[cd]azulen-4- I{libirrrllidodicarbonate of Example 32 éGO mgQ),
XHpHOSYéne - f3 Rt aAe P ZiNesb R ionteir exrghsrniols Memtemiorofuran

r cooling in an ice bath. 'H-NMR (CDC13) S: 1.12 (3H, t),
é(%é%gr(%gl—%}s ,%327 (3H, s), 3.16-3.24 (21-1, m), 3.28-3.37 (3H, m), 3.54
(1H, dd), 3.75 (3H, s), 5.09-5.15 (1H, m), 5.25-5.52 (4H7 m), 8.19 (1 H,
S). EST-MSrn%z: 444 (M + H)+. 112 (Example 39) 4-[B
is(tert-butoxycarbonvl) amino; -2-[(4-metnoxy-3,5-dimethvlpvridin-2-
0-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-y1 acetate

(0/No
N—-N
/
0 = IN 0
X
< S N N/U\O/k
\O )\

Methanesulfony! chloride (39 nL) was added dro>pwise to a mixture composed
of di-tert-butyl {8-hydroxy-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,5-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-yl }imidodicarbonate of Example
32 (240 mg), dehydrated dichloromethane (6 mL) and triethylamine (88 uL) under
cooling in an ice bath. The ice bath was removed and the mixture was stirred for
two hours.  After confirming that the raw material disappeared, the reaction mixture
was diluted with chloroform and washed with water. The organic layer was dried
over anhydrous sodium sulfate and then filtered, and the filtrate was concentrated
under reduced pressure. Dichloromethane and hexane were added to the residue,
and the precipitated solid was collected by filtration to obtain the title compound
(253 mg, 93%). The resulting compound was directly used for the next reaction
without purification.

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



U Q, A mixture composed of di-tert-butyl {8-hydroxy-2-[(4-methoxy-3,5-
dimethylp yridin-2 -yl)methyl | -2, 7, 8 , 9-tetrahydro-6 -thi a-1, 2, 3, 5-
tetraazabenzo[ed]azulen-4-yl}imidodicarbonate of Example 32 (778 mg),
dimethyl sulfoxide (10 mL) and acetjg@nhydride (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
(Etyheléetate and sequentially washed with water and brine. The organic
layer ried over, anhydrous sodjum, sulfat iltered, T .th
fivate o R g s e B e s
twas pdfiest &y silica gebgehemn chromatography (ethyl acetate-hexane)
to obtain the title compound (507 mg. 61%) as an oil. 'H-NMR (CDC13) 6:
1.43 (18H, s), 2.21 (3H, s), 2.25 (3H, s), 2.27 (3H, s), 3.74 (3H, s), 3.90
(2H, s), 5.67 (2H, s), 6.70 (1H, s), 8.14 (1H, s). ESI-MSmIz: 613 (M - H)-.
113 (Example 40) Di-tert-butyl

-N NOSNv o~o/ A mixture of
butoxycarbonyl)amino]-2-[(4-methoxy-3,5
yridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]
=N

A mixture composed of 4-[bis(tert-butoxycarbonyl)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 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.



yl acetate of Example 39 (507 mg), methanol (12 mL) and potassium
carbonate (57 mg) was stirred under cooling in an ice bath for 30
minutes. After confirming that the raw material disappeared, a saturated
ammonium chloride solution was addgg to the reaction mixture, followed
by extraction with ethyl acetate. The organic layer was washed with brine,
and thgn dried over anhydrous sodium sulfate. After filtration, the filtrate
was coHedMRt€dirdey: rpdaceH predsit €3 Hihe) résItiagl, idsivlas (Bas s),

rified by sili column chromatography (ethyl acetate-hexane) to
g%tla{(%gtlh téﬁ&%ﬁ%&%éﬁﬁ%@ go%fgg’aﬁ%'oil. EST-MS m/z: 571
(M+H)es1(Fample 51 -Ampjno-2-[(4-methoxy- 3
,5-dimethylpyridin-2-yl)methyl]-2, 9-dihydro-6-
thia-1,2,3,5-tetraazabenzo[cd]azulen-8(7H)-one 114 1 ~ri v-N s u~NHz

@e title compound (21.7 mg, 75%) was obtained as a solid by the same
éﬂﬁr&feayi)n Example 2 using di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyri

din-2- ) : e

yl) metﬁyﬁ%%)x%-&(?? %?&Pext)r/a%’idcr%@g-t%g{}fg 1§ , %-Fé%%%t%ge%’; bg[tgdfgtzr 61113/ F\l o
64hidlimidodiearbansiesof ample 291 (43tmaratdaMMR (CDC13) 8: 2.23
(3H, s), 2.29 (3H, s), 3.75 (3H, s), 3.80 (211, s), 4.12-4.13 (IH, m), 4.12

(IH, s), 5.24 (111, br.s), 5.48 (2H, s), 8.18 (11-1, s). ESI-MSm/z: 371 (M -
H)+. (Example 42) Di-tert-butyl

{8-[(2.4-dimeth xyb%nzyl)amino]-2-[(4-methoxy-3,5-

—

\

N D )7\
50
0 |
5 \N/kNHZ

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



dimethylpyridin-2-yl)methyl]-2,7,8,9-tetrahydr o-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate O\on,-yINO mH~ SN
N'O 01'J~0 x 115 A mixture composed of di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2; | |
yl)methyl]-8-oxo-2,7,8,9-tetra.hydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4- yl}imidodicarbonate of Example 40 (170 mg),
Wit opdeeldnectunsL jpdobticesoltdngOr08dumivpapdrified by reversed phase
4-dimethoxybenzylamine, (0,073 mL) was stirred at room temperature
Rt

1%28}“ SISt sy S SRSy HiAeN@: 28 b f9 i ded

Minutes”
and they IXIRIECHRS SIETred fonwa hours. $ediym i Yo
(63 mg) was added "?o the rea{ctién)bmixtﬁr(gcﬁ"oIéll):ﬁr\?vgc%|gal g?ﬁ)ét be?r%?ryr%%d(?o}ri
rohé AWt HMEhart (Biee) dfdps) amslajded Srop@idettosthe #eagtiani), 5.47
@%t re, and then the mixture was separated with chloroform and a 0.5 N

[

mgtﬂﬁd%lizrdsé SolGtidhlFhe agueous laver was extracted with

chlorafQimrand,thep m 1g;cw)‘rbined organic layers were washed with
brine and dried over anhydrdus sodium sulfate. After filtration, the filtrate

was concentrated under reduced pressure. The resulting residue was

Eurified b3y silica gel column chromatography (methanol-chloroform) to
(Example 38)

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 ethylcarbamate

0
—
\
N
0 |
\
S N/KNH2

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 a 2 N solution of ethylamine in tetrahydrofuran (0.25 mL) under cooling
in an ice bath.

'"H-NMR (CDCl;) 8: 1.12 (3H, 1), 2.23 (3H, s), 2.27 (3H, s), 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-MSm/z: 444 (M + H)".



obtain the title compound (108 mg, 50%) as an oil. 'H-NMR (CDC15) S:
1.43 (18H, s), 2.21 (3H, s), 2.25 (3H, s), 3.19-3.36 (4H, m), 3.43-3.48
(1H, m), 3,72 (3H, s), 3.78 (6H, s), 5.60 (2H, s), 6.41-6.44 (2H, m), 7.12
(1 H, d), 8.16 (1H, s). ESI-MSm/z: 7224{M + H)'. (Example 43) N-
{4-Amino-2-[(4-methoxy-3,5-dimefnylpyridin-2-yl)methyl]-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}acetamide 116 -'u
(R3aripi43 Acetyl chloride (18 L) was added dropwise to a mixture
comp f di-tert- buty| .
P T R R AR R v
o 9}/}'12277&1951&%”@'{1&@f9263t@'%e&a%éz§e%?&ﬂ§9ﬁ%cﬁ%@]§c€tﬁ%‘ -4-
yllimidodicarbonate of Example 42 (36 mg), pyridine (40 L) and
dehydrated dichloromethane (0.7 mL) under cooling in an ice bath. The
ice bath was removed and the mixture was stirred for three hours. The
reaction mixture was diluted with chloroform and then washed with a 0.2
N hydrochloric acighsolution. The organic layer was dried over anhydrous
sodium sulfaté. After filtration, the filtrate was concentrated under
red-aced pres ~and dichloromethane (1 mL) and 1,3-
dimethoxybenzene (12 L) were added to the resulting residue. Then,
trifluoroacetic-acid (1 ml-) was added and the mixture was stirred at room
temper 6 hours. The reaction mixture was concentrated under
N .0 . ) . :

S %;D%?%U\Itmg residue was dl_ssolved in chlor_oform and
secﬁjent Shexd'w aturated sodium bicarbonate solution and
brin€. The organngéyer was dried over anhydrous sodium sulfate and
filtered. Then, the filtrgte was

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 (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 (CDCl;) 8: 1.43 (18H, ), 2.21 (3H, s), 2.25 3H, 5), 2.27 (3H, s),
3.74 (3H, s), 3.90 (2H, s), 5.67 (2H, s), 6.70 (1H, s), 8.14 (1H, s).

ESI-MSm/z: 613 (M + H)".



concentrated under reduced pressure. The resulting residue was purified
by silica gel thin-layer chromatography (chloroform-methanol) to obtain
the title compound (15.6 mg, 76%) as a solid. 'H-NMR (CDCI3) a: 1.96
(3H, s), 2.22 (31-1, s), 2.30 (3H, s), 3;19 (1H, dd), 3.38 (IH, dd), 3.43-3.51
(211, m), 3.75 (3H, s), 4.76-4.84 (1H, m), 5.21 (21f, br.s), 5.40 (1H, d),
5.45 (IH, d), 6.37 (1H, d), 8.13 (1H, s). 117 ESI-MSm/z: 414 (M + H)'

(Eseammbtetdn) N-
{4-Amijno-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7, 8,9-
oAy HLL 54 S e DB I NS TR
£ Mg 18 eampound. (14-611a-O8R6) WAR ADIANGH,AR & SRIY X
the same method as in'Example 43 using di-tert-buty!l
{8-[(2,4-dimetboxybenzyl)amino]-2-
[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,
3,5- tetraazabgnzo[cd]azulen-4-yl}imidodicarbonate of Example 42 (36
mg) and pyopionyl chloride (0.022 mL). 'H-NMR (CDCI3) a: 1.13 (3H, 1),
2.22 (3H, s), 2.31 (3H, s), 3.21 (IH, dd), 3.36 (1H, dd), 3.44
M, dd), 3.77 (3H, s), 4.75-4.81 (1H, m), 5.18 (1H, d), 5.39

A mixture of 4-[bis(tert-butoxycarbonyl)amino]-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]Jazulen-8-
yl acetate of Example 39 (507 mg), methanol (12 mL) and potassium carbonate (57
mg) was stirred under cooling in an ice bath for 30 minutes. After confirming that
the raw material disappeared, a saturated ammonium chloride solution was added to
the reaction mixture, followed by extraction with ethyl acetate. The organic layer
was washed with brine, and then dried over anhydrous sodium sulfate. After
filtration, the filtrate was concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography (ethyl acetate-hexane) to
obtain the title compound (430 mg, 91%) as an oil.

ESI-MS mv/z: 571 (M+H)".

(Example 41)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,9-dihydro-6-

thia-1,2,3,5-tetraazabenzo[cd]azulen-8(7H)-one



118 O N N. H S wNH, The title compound (12 mg, 55%) was obtained as
a solid by the same method as in Example 43 using di-tert-butyl
{8-[(2,4-dimethoxybenzyl)amino]-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl-2,7,
8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 42 (36 mg)
and cyclopropanecarbonyl chloride (22 L). 'H-NMR (CDC13) o0: 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, 9),
3.30-3,49 (2H,'m), 3.60 (IH, dd), 3.79 (3H, s), 4.69-4.76 (1H, m), 5.36
(1H, d), 5. H, d), 7.84 (1H, d), 7.99 (1H, s). EST-MSm/z: 440 (M + H)-.
(Example\46),
2-[(4-Metﬂo y-3,5-dimethylpyridin-2-yl)methyl]-N8-methyl-2,7, 8,9-
tetrahydg,c_);N hia-1,2,3,5-tetraazabenzo[ed]azulene-4,8-diamine
ride 01~ NNHC1 NN/INHSNNH, 119 Sodium
ydride (16 mg) was added to a mixture composed of

!
\N/kNHZ

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-
yDmethyl]-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 (CDCls) 8: 2.23 (3H, ), 2.29 (3H, s), 3.75 (3H, s), 3.80 (2H, s),
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-ylymethyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-

tetraazabenzo[cd]azulen-4-yl}imidodicarbonate

ey
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\
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N
H S o/k\



di-tert-butyl (2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-oxo0-2,7,8,9-
tetrahydro-6-Chia-1,2,3,5-tetraazabenzo[ed]azulen-4-y1}imidodicarbonate
of Example 40 (28 mg), dichloroethane (0.5 mL), a 2 N solution of
methylamine in tetrahydrofuran (0.1 m ) and acetic acid (6 L), and the
mixture was stirred at room temperature for 17 hours. Methanol (three
drops) was added dropwise to the reaction mixture, and thena 0.2 N
sodiundhydttoxide sglusiahol/as taddedy fél dide th diycaxtrastidimeithl gphiyin- 2 -
acetate. The organic layer was dried over anhydrous sodium sulfate and

AIERES YRR HET the WS Coléartraterr idar Feenrcber Ipraksute.
Pichioremethane (2 k) apd dfuereaselicasiit Qe rate added 19, g
the resulting residue, and the mixture was stirred at room tem;}éra ure tor

A0 Homils) e redsntiothorixieievas eoqcenraiey wadesreduceshm
pressure, and the resulting residue was purified by reversed phase liquid

LHPORTARSGHRBHY. IBNES ol il o diyar G ptsHucarIdh didsank (2og))was
th Iting. sali thanol djethy] eth d
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e precipitate was collec y filtratio

enipasaddéd. Togh288a} @sarsetide, tbINMBI(GPRAR $i2id8 (FbnShdu 7
gH, s), 2.68 (3H, s), 3.27 (1H, dd), 3.39 (1H, dd), 3.51-3.54 (2H, m), 3.79

pihaob(theeedraps)wasouldeHdopwBSiMBMILAcER8 (xturs, (Ekamplthe
47). 2-[(4-Methoxy-3; . . . ,
Bt |tr%ré[t(ﬁﬁfp§/er‘?c?fr?¥§gywtnhe TR 8y s0fiyrg hydroxide solution.

EHealydddiial et SxeristEaadabensaletiaz Wi eéndliatiithed organic
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layers were washed with brine and dried over anhydrous sodium sulfate. After
filtration, the filtrate was concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography (methanol-chloroform) to
obtain the title compound (108 mg, 50%) as an oil.

'H-NMR (CDCls) 8: 1.43 (18H, s), 2.21 (3H, s), 2.25 (3H, ), 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-MSm/z: 722 (M + H)".

(Example 43)
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 } acetamide



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-
yI)methyl]-8-oxo-2,7,8,9-tetrahydro-6-t{1'a—l,2,3,5-tetraazabenzo[cd]azuIen
-4- yllimidodicarbonate of Example 4b 8 mg) and a 2 N solution of
dimethylamine in tetrahydrofuran (0.1 mL). 'H-NMR (CD30OD) 6: 2.24 (3H,
s), 2.25 (3H, s), 2.63 (6H, s), 3.42 (1H, d), 3.49 (1H, dd), 3.63-3.69 (1H,
m), 3.78 (3H, s), 5.45 (2H, s), 8.06 (1H, s). ESI-MSm/z: 400 (M + H)-.
(Example 48)

oxy-'),5-dimethylpyridin-2-yl)methyl}-2,7,8,9-tetr

ahydro- 6-thi&- 1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine

hydrochlorideM ANHCL NS P!1!, The title compound (2.4 mg, 11%)

was obtained as’a solid by the same method as in Example 46 using

4-difert-bugpxycarbonyl)am-ino-2-(4-methoxy-3,5 121
imethyl-pynidia=2;ylmethyl)-8-oxo-2,7,8.9-tetrahydro-6-thia-1,2,3,5-

tetra%z hen zulene of Example 40 (28 mg) and a 2 N solution of

ethylamingSin tetraldrofuran (0.1 mL). 'H-NMR (CD30D) a: 1.21 (3H, t),

2.24 (3H, s), 2.26 (3H, s), 2.81-3.00 (2H, m), 3.16 (IH, dd), 3.38-3.48 (IN,

m), 3.82868I{b+idn) 18.KB)(Bls &)dEAE¢BIisS)to 8. B {dirt, &)rinSdel Shdiztert-

o109 M BB emino-2-[(4-methoxy-3.5-dimethylpyridin-2-

(4]

yDmethyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-
yl}imidodicarbonate of Example 42 (36 mg), pyridine (40 L) and dehydrated
dichloromethane (0.7 mL) under cooling in an ice bath. The ice bath was removed
and the mixture was stirred for three hours. The reaction mixture was diluted with
chloroform and then washed with a 0.2 N hydrochloric acid solution. The organic
layer was dried over anhydrous sodium sulfate.  After filtration, the filtrate was
concentrated under reduced pressure, and dichloromethane (1 mL) and 1,3-
dimethoxybenzene (12 pL) 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 (CDCly) &: 1.96 (3H, s), 2.22 (3H, 5), 2.30 (3H, s), 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),
540 (1H, d), 5.45 (1H, d), 6.37 (1H, d), 8.13 (1H, s).



2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl] -8-pyrrolidin-I-yl-2,7, 8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine hydrochloride
0 N-N F[C1 nIN S N Nf!'z The title compound (12.1 mg, 53%) was
obtained as a solid by the same meti as in Example 44 using
di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-S-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen
-4- yl}insitdefcaibandtevof-Ekample 40 (28 mg) and pyrrolidine (8.2 L).
'H-NM.R (CD30D) S: 1.91-1.98 (4H, m), 2.24 (3H, s), 2.25 (3H, s),
2.96-3.04 (2H, m), 3.12-3.21 (2H, m), 3.33-3.38 (2H, m), 3.48 (1H, dd),
%;5 = 1@44(@H, in), 3.78 (3H, s), 5,43 (11-1, d), 5.47 (1H, d), 8.05 (IH, s).
SI-MSm/z: 426 (M + H)'. 122 (Example 50)
2-[(4-NMetHaxy: Bi5-thitiethydpyrich 5 2 dhethyl Shrbraake ¢y 227, 88)9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-amine 0 N HC1
fejrabydres (gt L Pkt ashsoantr ¢azeltod -2 Bometaidbtained as a
solid by the same method as in Example 46 using di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-
yI)methyl]-8-oxo-2,7\,8,9-tetrahydro-6-thia—l,2,3,5-tetraazabenzo[cd]azuIen
-4- 0

ety
\
0 y_N
\_‘/< ZZN
N |
S
H N/I\NHZ

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-yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 42 (36 mg) and
propionyl chloride (0.022 mL).

'H-NMR (CDCly) 8: 1.13 (3H, t), 2.20 (2H, dd), 2.22 (3H, s), 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-MSm/z: 428 (M + H)".

(Example 45)
N-{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]}-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl} cyclopropanecarboxamide



yllimidodicarbonate of Example 40 (28 mg) and morpholine (8.6 L).
'H-NMR (CD,0OD) S: 2.21 (311, s), 2.24 (3H, s), 2.53-2.59 (2H, m),
2.65-2.72 (2H, m), 3.14-3.24 (4H, m), 3.34-3.37 (2H, m), 3.64-3.69 (4H,
m), 3.77 (3H, s), 5.43 (2H, s), 8.06 (1% s). ESI-MSm/z: 442 (M + H.
(Example 51) N8-Cyclopropyl-2-[(4-methoxy-3 ,5-dimethylpyri
din-2-yl)methy'.I-2,7, 8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine
hydrochloride 123 1 NN HC: /N 'N11 S NHS The title compound (5.5
mg, 22%) was optained as a solid by the same method as in Example 46
using di-tert-but -f(4-methoxy-3,5-dimethylpyridui-2-
yl)methyl]-8-ox8-2, 4,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen
-4- yi}irnidodica‘? nate of Example 40 (28 mg) and pyrrolidine (6.8 L).
'H-NMR (CD30D)/S: 2.21 (3H, s), 2.24 (3H, s), 2.53-2.59 (21-1, m),

65-2072 (2H, M), 3.14-3.24 (4H, m), 3.34-3.37 (2H, m), 3.64-3.69 (4H,

8 (2H, s), 8.06 (1H, s). ES I-MSm/z: 412 (M + H)-.

7 3.Y7 (FH, .
(Examfle'52) s '/lkw
2'-[(4-Methox§/-3,g-dinﬁgthylpyridin-2-yl)methyl]-2',9'-dihydrospiro[ 1,3-
dioxolane-2,8'-[6]thia[ 1,2,3,5]tetraazabenzo[ed]azulen]-4'-amine O

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 uL).

'H-NMR (CDCl;) 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-MSm/z: 440 (M + H)".

(Example 46)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-N*-methyl-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulene-4,8-diamine hydrochloride



N -N p-Toluenesulfonic acid monohydrate (16 mg) was added to a mixture
composed of
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,9-dihydro 124
6-thia-1,2,3,5-tetraazabenzo[cd]azulgns8(7H)-onc of Example 41 (16 mg),
ethylene glycol (24 1) and toluene (0.5 ml), and then the mixture was
heated under reflux for 18 hours. After cooling to room temperature, a
saturatedisoditpdicatsonardrisel (tomwasaadddddsathemieaotonwmirtgreo

T AP S B Ry Sves A P Ce g GRS RS nion,
heufilateswas qonsentiated  end theiesulting rasiduewas Aiiediample

silica gel thin-layer chromatography (chloroform-methanol) to obtain the
4Rle28onmolinl §8:6thag £ 48%0inds, a Solckolkitinb/iR (REGLB)iSe 1122 (3H,

%i, %%7 (3H, sg 3.38 §2H, s), 3.39 (211, s), 3.74 (3H, s), 4.06-4.09 (41-1,
sy §roien 8. 5l @1 4ot peidi(q 1) ag IS XU e 5 AvskrEeylat room

t@ﬂﬁ&%‘?ﬁ:q’g) ?7ﬁ(éa%ethWhﬁz%ldCﬂ%}%@‘X}%b%?MBE@H?Xwase to the

-2',9'-dihydrospiro[ 1,3-

diexaner2@ui6]thid fhed, 3, 626t aadabe hzofodiaz widnlidh-anying dGK £3]16ved
NH, The title compound 5.1 mg, 28%) was obtained as a solid by the
e eRtiomuata sty e SPNGFRpnIc layer was dried over anhydrous

&'&W&’%&L@%ﬁﬁlg&?z{gg’#@{%;@l@MEQ{Q Was conngﬁrate un%e&ﬁgiuced

yl)methyl]-2,9 thia-1,2,3,5-tetraazabenzo|cd]azulen- -one

erkska@mpiE chlogbeengand inByprapairedied(cdih adrb(0H-NMRVEEIR) o
6:1.61-1.70 (111, m), 1.85-1.96 (1H, m), 2.22 (3H, s), 2.27 (311, s), 3.44
fernesutjng sssidng1ang theznixspe $ja8s06ef @D T MNBETEYRHRS)YS Foprs.
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) 8: 2.24 (3H, s), 2.27 (3H, s), 2.68 (3H, s), 3.27 (1H, dd),
3.39(1H, dd), 3.51-3.54 (2H, m), 3.79 (3H, s), 5.46 (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



(2H, s), 8.19 (IH, s). ESI-MSm/z: 429 (M + H)+ (Example 54)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-8-oxa-6-thi a-
1,2,3,5,9-pentaazabenzo[cd]cyclopenta[h]azulen-4-amine tih_N Ns NE
A mixture composed of di-tert-butyl {%-[@4-methoxy-3,5-dim ethylpyridin-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2.3,5-tetraazabenzo[ed]azulen
-4- yl}imidodicarbonate of Example 40 (40 mg),
dimethylformamide-dimethyl acetal (56 I) and toluene (0.5 ml) was heated
with stirring at 80C for one hour. After confirming that the raw material
disappeared, the reaction solution was concentrated under reduced
pressure. Bl (0,5 ml) and hydroxylamine hydrochloride (9 mg) were
added to tfie rgsulting residue, and the mixture was heated with stirri ng at
ours. The reaction solution was concentrated under
reduced pressure. Dichloromethane (2 ml) and trifluoroacetic acid (0.5
ml) were };a ed to'the resulting residue, and the mixture was stirred at

room/e yre for two hours. The reaction solution was concentrated
ufidex reduged'hressure. Then, the residue was dissolved in chloroform
and wazshed With Ysaturated sodium bicarbonate solution. The organic

layer was dried over anhydrous sodium sulfate and then filtered, and the

126 filtbsrtitipaseonsadtrhicinadd’ e duseebpriosdres Tial festhtngme
e e SR ST
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 (CD;0D) 8: 2.24 (3H, 5), 2.25 (3H, s), 2.63 (6H, s), 3.42 (1H, d),
3.49 (1H, dd), 3.63-3.69 (1H, m), 3.78 (3H, ), 5.45 (2H, s), 8.06 (1H, s).

ESI-MSm/z: 400 (M + H)",
(Example 48)

NS—Ethyl~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 hydrochloride

HCI

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-



'H-NMR (DMSO0-d6) S: 2.17 (311, s), 2.27 (3H, s), 3.73 (3H, s), 4.74 (2H,
s), 5.48 (2H, s),'7.07 (2H, s), 8.05 (11-1, s), 8.97 (1H, s). EST-MSm/z:
396 (M + H)' (Example 55) Di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-¥9‘g1ethyl]-9,9-dimethyl-
8-ox0-2,7,8,9-tetrahydro-6-thia-1 2,3,5-tetraazabenzo[ed]azulen-4-
yllimidodicarbonate R-'r 0 0/, A mixture composed of di-tert-butyl
(2] oA mhethoxir-3,51diouRihy Y227, 8, 9-tetrahydro-6-thia-1,2,3 ,5-
%/I methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen
ldrapzibraseliealiorete Of Esemapd A0 B migndretnyl solliden(88 iy} amine in
i arbonate, (83 mg) and dehydrated dimethyl sulfoxide (1 ml)
R o

was at room temperature for one hour. A saturated ammonium

chlorideiseltiorrwaspsigded 10 (the tgasthian srixtyre, fellowed bys1.3 oo (2,
extraction with ethyl acetate. The organic laver was washed with water.
The3org At fi)e? wés diiddibve,anhedt dis( Sbiciumn 3 SUIEE and Flte (e, ),
e H“? filtrate was concentrated under reduced pressure. 127 The

05 S) . o . .
resulting résidue was purified by silica gel thin-layer chromatography
(ethyl memggnhg@@e@hpmﬁin the title compound (28 mg, 31 %) as an
oil. 'H-NMR (CDC13) 6: 1.44 (18H, s), 1.63 (6H, s), 2.22 (3H, s), 2.27 (3H,
s), 3.74 (3H, s), 3.90 (2H, s), 5.67 (2H, s), 8.11 (IH, s). ESI-MSm/z: 599

&% H)+ ample 56) 4
_ W&qg-%&({l-methoxy-&&dimethylpyridin-2-yi)methyl]-9.9-dimethyl-2,9-
dihvdre-gAtashe 3.8 iekiararngNAleIRgHIG BRA 0 lidin- 1 -y1-2,7.8.9-

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

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-
yhmethyl]-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 uL).

'"H-NMR (CD;0D) 8: 1.91-1.98 (4H, m), 2.24 (3H, s), 2.25 (3H, s), 2.96-3.04
(2H, m), 3.12-3.21 (2H, m), 3.33-3.38 (2H, m), 3.48 (1H, dd), 3.56-3.64 (2H, m),
3.78 (3H, s), 5.43 (1H, d), 5.47 (1H, d), 8.05 (1H, s).

ESI-MSm/z: 426 (M + H)".



c Nn-n i0~\li~ V NH, The title compound (12.3 mg, 66%) was obtained
as a solid by the same method as in Example 2 using di-tert-butyl
{2-[(4-methoxy-3,5-dimethylp),ridin-2- yl)methyl]
-9,9-dimethyl-8-ox0-2,7,8,9-tetrahydro;6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-yl}imidodicarbonate of Example 55 (28 mg).
iH-NMR (CDCI3) 6: 1.57 (611, s), 2.23 (3I-1, s), 2.30 (3H, s), 3.75 (3H, s),
@&82m(@t®), 5.25 (2H, br.s), 5.49 (2H s), 8.17 (IH, s). ESI-MSm/z: 399
(M + H)' Example 57) Di-tert-butyl

{2 [(4 YRS di éfﬁgﬂ%vmmdz%m}smﬁl@1-@&81675@0% -4-y1-2,7.8,9-
dibyeterg ospitolcydapropane:d, S debiaLh. 2.4 fietraazabenzolcdlazule
n]-4 yl'} imidodicarbonate 128 A mixture composed of di-tert-butyl
j2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-8-oxo0-2,7,8,9-tetrahydro-6-Chia-1,2,3,5-tetraazabenzo[cd]azule
n-4- yllimidodicarbohate of Example 40 (40 mg), dibromoethane (9.1 I),
potassium carh (28.7 mg) and dimethyl sulfide (0.5 ml) was stirred
at room tempegature for 38 hours. Water was added to the reaction
mixture, follow&dfy extraction with ethyl acetate. The organic layer was
. The organic layer was

A HC1
VAR Z N

vl 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-
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 morpholine (8.6 nL).

'H-NMR (CD;0D) &: 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, s), 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-yDmethyl]-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo| cd]azulene-4,8-diamine hydrochloride



dried over anhydrous sodium sulfate and filtered. Then, the filtrate was
concentrated under reduced pressure. The resulting residue was purified
by silica gel thin-layer chromatography (ethyl acetate-hexane) to obtain
the title compound (21 mg, 50%) as an,oil. 'H-NMR (CDCI3) S: 1.45 (18H,
s), 1.77-1.81 (2H, m), 1.89-1.93 (2H, m), 2.21 (3H, s), 2.28 (3H, s), 3.74
(3H, s), 3.94 (2H, s), 5.59 (2H, s), 8.10 (IH, s). ES1 MSm/z: 597 (M - H)+
(Example 58) 4'-Amino-2'-[(4-methoxy-3,
5-dimethylpyridin-2-yl)methyl]-2'H-
spiro[cyclopropaneg-1,9'-[6]thia[l,2,3,5]tetraazabenzo[cd]azulen]-8'(7'H)-on
e 129 01~ NAOH ~ N NH, The title compound (12.0 mg, 86%) was
obtained as & soljd by the same method as in Example 2 using
di-tert-butyl {2-f{4-methoxy-3,5-dimethyipyTidin-2-
yl)methyl]-8'-0x0*7*,8;zdihydro-2'H-spiro[cyclopropene-1,9'-

[%a[l,z, }IS]F traazabenzo[cd]azulen]-4'-yl}imidodiearbonate of Example
57421 Mg)NENMR (CDC13) S: 1.70-1.73 (2H, m), 1.81-1.85 (2H. m),
2 , S),

[
22 311 (3H1 s), 3.75 (3H, s), 3.87 (211, 5), 5.26 (2H, br.s),
5.42 (2H,%), 8.16 (Ifs). ESI-MSmiz: 397 (M + H) (Example 59) N-
{4'-Amino-2'-[(4-methoxy-3, 5-dimethylpyridin-2-yl)methyl]-7',8'-dihydro-

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 uL).

'H-NMR (CD;0D) &: 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, 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

\
0

—
N/

p-Toluenesulfonic acid monohydrate (16 mg) was added to a mixture

composed of 4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,9-dihydro-



2'H-spiro[cyclopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[ed]azulen]-8'- yI
} acetamide 1) Di-tert-butyl
{8'-hydroxy-2'-[(4-methoxy-3,5-dimethylpyridin-2-
yI)methyl]-7',8'-dihydro-2'H-spiro[cycI9 ropane-1,9'- [6]thia[
1,2,3,5]tetraazabenzo [ed] azulen]-4'-yI } imidodicarbonate 130 C" N-N ~
tt ~v o Ho e'~0j, Sodium borohydride (19 mg) was added to a mixture
cetimpolsed 6ftelirbertzaupyl| cd]azulen-8(7H)-one of Example 41 (16 mg), ethylene
(2'-[(4:methoxy-3,5-dimethylpyridin-2-yl)metbyl]-8'-oxo-T,8'-dihydro-2'H-
Ehiflcrdopraparelueee (Bl 204 BiaibaBtbBg oTed feattenipger reflux for
Rimidadicar, te.of 100 m nd. methanol (4 ml),under
Tt A B R T SR e e
Waiaonaasadded do tHbecractiani ikl iolewsd byatiastnmwiti eifyin.
acetate. The organic layer was dried over anhydrous sodium sulfate and

flisreesanisday ehe fittratebihy i Bobidantpa thom decfetireca préusisreotium

obtain a crude product of the title compound (91 mg, 91%) as an olil..
s A ) S BB R R i s
Pir] Femstismey-3eb M e RUHHR graphy (chloroform-methanol) to obtain the
yi)methyl]-7',8'-dihydro-2'H-spiro[cyclopropane- | ,9' [
6likiapmeRB tetrammidizbied]aglifen]-8'-yl methanesulfonate 131

'H-NMR (CDCls) 8: 2.22 (3H, ), 2.27 (3H, s), 3.38 (2H, s), 3.39 (2H, s), 3.74
(3H, s), 4.06-4.09 (4H, m), 5.11 (2H, s), 5.44 (2H, ), 8.19 (1H, s).

ESI-MSm/z: 415 (M + H)"

(Example 53)
2'-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-2',9'-dihydrospiro[ 1,3-

dioxane-2,8'-[6]thia[1,2,3,5]tetraazabenzo[cd}azulen]-4'-amine

/
|
>
0 3 N/kNH2

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-
yhmethyl]-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 ul).



s 1~ 10l ¢ o, Methanesulfonyl chloride (14 pl) was added to a mixture
composed of the above crude di-ten-butyl
{8'-hydroxy-2'-[(4-methoxy-3,5-dimethylpyridin-2- yl)methyl]
-7',8'-dihydro-2'H-spiro[cyclopropane-1,9'-
[6]thia[1,2,3,5]tetraazabenzo[cd]azul -54'-yl)imidodicarbonate (91 m_g),
triethylamine (42 ul) and dichloromethane (4 ml) under cooling in an ice

bath. Thewvhe @ediatswasi temeved ang thesmixiyirenyasstrsedfar sc,} 2.27

)
three hours. The reaction solution was cooled in an ice bat?f again, an
frithanésdifahil Khbo?il (6 )i 4dtled), TrHem4th (6B bath wEs(2H, s), 5.44
remove he mixture was stirred for four hours. The reaction solution
oL e e

 Washed with ater, and then the organic layer was dried over

anhydmmg@mgg\glf@vp+ﬁ§er filtration, the filtrate was cpncentrated
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 ﬁ out purification. ESI-MS m/z: 677 (M+H) 3) Di-tert-butyl

f 43%8%%‘-?(4-methoxy-3,5-dimethylpyridin-2-y|)methy||-

7',8'-di et SRIPIEYS 95 [6lthi 3,9]tetraazabenzoled]
azulen%xg{%{%négéﬁfﬁlg%}%g%ﬁ Zh%ﬁlj%&é é §/ \C% %f)??l?rgxa 4% Ja
¢ohipoSedwhihebabove drudéodefiniSilacidtoxyearonyl)aminol- 2'-
[(4-methoxy-3, 5-dirmethylpyridin-2-yl)m ethyl}-7', 8'-dihydro-2'H-

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[ cd]azulen-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



spiro[cyclopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[ed]azulen]-8'-yl
methanesulfonate (33 mg), sodium azide (37 mg) and
N-methylpyrrolidone (0.5 ml) was heated with stirring at 80C for three
hours. After cooling to room temperaﬁlﬁtr , 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

titiedcowes sadivinrsulfated Afteldidmpensihe filraterywasiepneantaled
under reduced pressure to obtain a crude product of the title compound

Pa5 Hed) s s ToRd Mk disuighdiesnaputinelae ehetiihasels fompeundxt 5.1

;ci vglstho Burlflcatlon 4) Is;
“s{:f o é‘T “thethoxy-3,5-dimethylpyridin-2-yl)methyl]-7',8'-

dlhydrbkﬁthmal(gmmgg@a@qﬂ(%@}h@ﬁ g8l aazapenzolediazules),
n]-8'- yl} acetamide 133 ON H//N[ NCj~snati_ 0 Trlphenyiphosphlne
P28y whd @dd@ﬁixé)a&m&m&é sbrifdsediosthe above crude

di-tert- B%{ﬁd{g g{) ethoxy -3,5-dimethylpyridin-2-yl)methyl]-7',8'-
dihydro- Sfr/%[ e 1,9'-[6]thia[1,2,3,5]tetraazabenzo[cd]azule

nj-4'- yI)|m|dod|carbonate (35 mgq), tetrahydrofuran (0.9 ml) and water (0.1
ml), and then the mixture was heated with stirring at 50C for three hours.
ffrergooliay to room temperature, water (3 ml) and a 1 N hydrochloric
acid Si&;{]tlon (0.6, m|) were added_to the reaction mixture, followed

s R R AR AOE NG AR Ry BB SaIRTNELTS S st
@Qﬁ%dzt,?,éf@-ﬁ&ﬁéﬂy@x%fb%ﬁ&‘f?z!%@{e&%ﬁ%%ﬂzt&fcd azulen-4-

yl}imidodicarbonate

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.



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 temperafyre 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,
‘Amcirtivel nmix iesedwa sy stirethiat rop sl tenpek faituie sfer ctoes tvemash ¥ khethyl
reaction mixture was _concentrated under reduced pressure. The resulting

TERIE HAR QIS BRI IR 6P5tRY dhl @édﬁ%’rﬁib&’%ﬁ} ALY with a
saturatgchsO igarho tign [ [ I V@S
dried over sod%%ﬁfgtepgﬂﬁﬁg’redﬁ'ﬁ%ﬁ%@ﬁ tkatg%%g%c%\%?e%ﬁté)d
uAdes Feduceeo pressure.cTeHesyl8ng (@sidsie was purified by silica gel
thin-layer chromatography (chloroform-methanol) to obtain the title "
comp &/ﬁﬁé?%f%)* a solid. 134 'H-NMR (CDC13) 6:0.97-1.05
(2H, m), 1.09-1.15 (IH, m), 1.70-1.76 (11-1, m), 1.99 (3H, s), 2.22 (3H, s),
2.32 (3H, s), 3.46 (111, dd), 3.71 (1H, d), 3.76 (311, s), 3.85 (IH, 1), 5.10
(Bkhr$)16585 (1H, d), 5.43 (1H, d), 6.39 (1H, d), 8.13 (1H, s)- ESI-MSmiz:
440 (M + H)' (Example 60) N- .
{4-Amihéifia-tidtheeihes-dimetmapyhanidis Srybmy el FBedimethyl-2,9-
rﬁ}Ef?é*%ég.ds{.gx?_?ggrg%a{[sf—l%t?a&%g@é"‘nzz%?cecﬂé%?é’:]%ﬁi‘-o%e‘/ )-N-cyclopropylaceta
{8-(cyelopropylamino)-2-[(4-methoxy-3,5-dimethylpyridin-2
yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4- yl }

imidodi carbongte o N-N
0

\
N

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, s), 3.75 (3H, 5), 3.82
(2H, s), 5.25 (2H, br.s), 5.49 (2H, 5), 8.17 (1H, 9).

ESI-MSm/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[1,2,3,5tetraazabenzo[ cd]azulen]-4'-

yl}imidodicarbonate



5 NND', Sodium cyanoborohydride (1.89 g) was added to a mixture
composed of di- tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-ox0-2,7,8,9-
tetrahydro-6-thia-l,2;3,5-tetraazabené%ed]azuIen-4-y|}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 etoI acetate, and the solution was washed with a saturated
sodium bicarbgmate solution and then with brine. The organic layer was
dried ovepantiydrous sodium sulfate and filtered. Then, the filtrate was
concentrag er reduced pressure to obtain the title compound (5.91 g,
97%) as an bil. 135 'H-NMR (CDC13) 6: 0.32-0.56 (4H, m), 1.44 (18H,
(1H, m), 2.21 (3H, s), 2.26 (311, S),'3.24-143 (4H, in),
64 (] m),03.73 (3H, s), 5.62 (211, s), 8.16 (1H, s). ESI-MSmz:
H)".1p)
NINONZ-[(4<m -3,5-dimethylpyridin-2-yi)methyl]-2,7,8,9-
tetrahydro-6-thj§<;L,2,3,5-tetraazabenzo[cd]azuIen-8-y|}-N-cyclopropylacet
amide NN -5 ~{J~ NH2 Acetyl chloride (14.tL) was added to a mixture
composed of th ve di- tert-butyl
{8-(cyclopropylamino)-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]- 2;
7,8,9-@@%{9@%@@%@2@@&4@%{% benzaledlazien4-vilimide gﬂﬁ?&z-
nate (100 mg), dichloromethane (2 mL) and triethylaimine (42 L) under
gholithyilj-8rice2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-

yl}imidodicarbonate of Example 40 (40 mg), dibromoethane (9.1 ul), 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 (CDCl;3) 8: 1.45 (18H, s), 1.77-1.81 (2H, m), 1.89-1.93 (2H, m),
2.21 (3H,s),2.28 (3H, s), 3.74 (3H, s), 3.94 (2H, s), 5.59 (2H, s), 8.10 (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



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 filtereg,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 sadlution was added to the resulting residue under ice-cooling,
Paction with chloroform. The organic layer was dried over

< 15 HA314(1H d, J = 16.6 Hz), 374(3H 136 s), 3.88-3.99
(2H, mp 4.38-43%:(1M, m), 5.16 (2H, s), 5.45 (21-1, dd, J = 26.4, 15.1 Hz),
8.19 (1H s). ESI-MSm/z: 454 (M + H)+. (Example 61)
ids-Cyéleprogyompenntethdm68aim styhbyrdied2yh sty Negsame

in E}%ﬁg AP sty i Mo LR B et s v s AR A i -

DAY B cx N L S UT SICOMBRSBD HoPiatyir ytyl
(8-(eyelopropylamino)-2-[(4-methoxy-
[6]thia[1,2,3,5]tetraazabenzo[cd]azulen}-4'-yl }imidodicarbonate of Example 57 (21

me).
'"H-NMR (CDCl;) 8: 1.70-1.73 (2H, m), 1.81-1.85 (2H, m), 2.22 (3H, s), 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-yl)methyl}-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



3, 5-dim ethylp yridin-2 -yl)m ethyl] -2, 7, 8, 9-tetrahydro-6-thia-1,2,3, 5 -
tetraazabenzo[ed]azulen-4-yl}imidodicarbonate of Example 60 (400 mg),
methanol (2 mL), a 35% formalin solution (111 L), acetic acid (156 L) and
molecular sieves 3A was stirred at ?%n temperature for 40 minutes.
Then, sodium e anoborohydride (163 mg) was added, and the mixture
was stirred at room temperature for 14 hours. The molecular sieves were
separated off by filtration, and then the solvent was evaporated under
reduced pressure. The residue was dissolved in ethyl acetate, and the
solution was WQshed with a saturated sodium bicarbonate solution and
then with byine,cThe organic layer was dried over anhydrous sodium

red, and then the filtrate was concentrated under reduced
romethane (2 mL) and trifluoroacetic acid (2 mL) were

N . . . .

sidye ungder ice-cooling, followed by extraction with
ewfgamic\tayer was dried over anhydrous sodium sulfate
Or)ﬁ‘qrg)en the filtrate was concentrated under reduced
pressure. The 137 j yesulting residue was purified by silica gel column
chromatography-{chterofomi- methanol) to obtain the title compound (233
mg, 84%) as an oil. 'H-NMR (CDC13) S: 0.38-0.52 (4H, m), 1,85-1.90

(11-1,98%ir 280 By @ d€ @6 d3hinsh 2140BH: ShoBatledB0oldhl o Fiitert-
3.55-3.49 (1H, m), 3.74 (3H, s), 5.19 (2H, s), 5.42 (lli, d, 7= 15.1 Hz), 5.49

an &' d&-D5theiz), 38520 bth glp Eid VIS arofiR@ |(M1-exie) T, {Eandpbe252)
N.S-Cyclob utyl -2 - 4-methox3§- 3,5-dim ethyéi%ridin-Z -yl)methyl | -2,7,

S@,I@I%fllﬁﬂm%ﬂtfﬁ[éi@,Q}Q[E}Jt?e A4S RSNl RHE Y B diamine

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-
yDmethyl]-7',8'-dihydro-2"H-spiro[cyclopropane-1,9'-

[6]thia[1,2,3,5]tetraazabenzo|cd]azulen]-8'-yl methanesulfonate



N-N ShN NN Sodium triacetoxyborohydride (16 mg) was added to a
mixture composed of di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-ox0-2,7,8,9-
tetrahydro-6-thia-l,2,3.5-tetraazaben12301[ed]azuIen-4-y|}imidodicarbonate
of Example 40 (34 mg), dichloroethane (0.7 ml), cyclobutylamine (15 I)
and acetic acid (10 1), and the mixture was stirred at room temperature
overnight. Methanol (three drops) was added dropwise to the reaction
mixture, and then a | N sodium hydroxide solution was added, followed by
extraction with eth)(l acetate. The organic layer was dried over anhydrous
sodium sulfate\andfiltered, and then the filtrate was concentrated under
reduced presgure\ Dichloromethane (2 ml) and trifluoroacetic acid (0.5
ml) were adde e resulting residue, and the mixture was stirred at
room temperatuye for two hours. The reaction mixture was concentrated
under reducedypressure, and the resulting residue was purified by

¢ ijquid chromatography. The resulting oil was dissolved in
dioxan€, followedby lyophilization to obtain the title compound (6.3 mg,
25%) as lOoNEssam us. 138 ESI-MS in/z: 426 (M-H)' (Example
63) N -(Cycloprog;ﬂknoethyl)-Z-[(4-methoxy-3, 5-dimethylpyri din-2-yl)m
ethyl] -
2,7,8,9-tetrahydro-6-thia~1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine
N-y ~S N N Hz The title compound (6.0 mg, 24%) was obtained as an
amorphous, by the s _'Eﬂo?ﬂ@é*a?g &% Wa@éﬁﬁ%ﬁ'%%}ﬁ%ge%ﬁﬁ%?é@@f the
{2-[(4-methoxy-3,5-dimethylpyridin-2-

aymetinyl] Bloxe B, I Xetralnyclyel 6t thiandtio3 pAstdiarabepyaltidiazulen

-4-
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 ul) and dichloromethane (4 ml) under cooling in an ice bath.
Then, the ice bath was removed and the mixture was stirred for three hours. The
reaction solution was cooled in an ice bath again, and methanesulfonyl chloride (6
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 mv/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]azulen]-

4'-yl}imidodicarbonate



yl}imidodicarbonate of Example 40 (34 mg) and eyclopropylmethylamine
(17 mg), ESI-MS m/z: 426 (M+H)' (Example 64) 4-
{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7, 8,9-
tetrahydro-6-thaa-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}piperazin-2-one \
%b -N S NH, The title compound (5.21 ?@g, 19%) was obtained as an
amorphous by the same method as in Example 62 using di-tert-butyl
(2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-8-ox0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen
-4- yI}imidodica\rbonate of Example 40 (34 mg) and 2-piperidinone (18
mg). ESI-MS mfz: 455 (M-H)+ 139 (Example 65)

2-[(4-Met 3,5-dimethylpyridin-2-yl)methyl]-8-piperidin-I-yl-2,7,8,9-
tetrahydrog6-gna:1,2,3,5-tetraazabenzo[ed]azulen-4-amine NN N LJI S

-3,5- dimethylpyridin-2-yl)methyl] -8-oxo-2,7,

N6-thia-1,2,3,5-
tetra e g]%%e -yl}imidodicarbonate of Example 40 (34 mg)
and piperi dinéaé@% ).

X

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[1,2,3,5tetraazabenzo[ cd Jazulen]-8'-

yl}acetamide



'H-NMR (CD30D) 6: 1.57-1.65 (2H, m), 1.68-1.82 (4H, m), 2.93-3.07 (4H,
m), 3.38-3.45 (IH, m), 3.51 (1H, dd, J = 15.3, 7.2 Hz), 3.64-3.67 (2H, m),
3.78 (3H, s), 5.43-5.47 (2H, m), 8.06 (IH, s). ESI-MSm/z: 440 (M + H)
(Example 66)

8-Azetidin-1-yi-2-[(4-methoxy-3,5- dln]|é€’r1ylpyr|d|n 2-yi)methyil]-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine NN S N NHZ
The title compound (18.5 mg, 75%) was obtained as an amorphous by the
same method as in Example 62 using di-tert-butyl {2-[(4-methoxy-3,5-
dimethylp)zidi -2-9@methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia—1,2,3,5 140
tetraazabenz ulen-4-yl}imidodicarbonate of Example 40 (34 mg),
azetidine hydrochloride (17 mg) and triethylamine (17 I). 'F1-NMR
(CD,0D) 8: 2.2&((4H, d, J = 9.8 Hz), 2.32-2.43 (2H, m), 3.05-3.13 (1F1,
m), 3.40-3. 48 (14, m), 3.79 (3H, s), 3.88-3.97 (1H, m), 3.97-4.07 (1H, m),
5.46 ) 06 (1H, s). ESI-MSm/z: 412 (M + H)' (Example 67) I-
{4-Ami @thoxy -3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-
Qt_%%y o- 6 %HB .5-tetraazabenzoFed] azulen-8-yl}-L-prolinamide
HNY,-O N°N 2

Triphenylphosphine (22 mg) was added to a mixture composed of the above
crude di-tert-butyl {8'-azido-2'-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7',8'-
dihydro-2'H-spiro[cyclopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo{cd]azulen]-4'-
yl}imidodicarbonate (35 mg), tetrahydrofuran (0.9 ml) and water (0.1 ml), and then
the mixture was heated with stirring at 50°C for three hours.  After cooling to room
temperature, water (3 ml) and a 1 N hydrochloric acid solution (0.6 ml) were added
to the reaction mixture, followed by washing with ethyl acetate. A 1 N sodium
hydroxide solution (1.2 ml) was added to the resulting aqﬁeous 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.



N Hi The title compound (12.3 mg, 43%) was obtained as an amorphous

by the same method as in Example 62 using di-tert-butyl

{2-[(4-methoxy-3,5-
dimetnylpyridin-2-yl)methyl]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl)imidodicarbonate of Example 40 (34 mg)

and (S) pyrrolidinecarboxylic acid amide (17 mg). ESI-MS m/z: 469
(M+HJH-XBABr(BIRBE) 2-YGMARGXH3D-diri%thypyirH, m), 1.70-1.76 (1H, m),

O 33 (1 9.8 G4 g oAl D76 GH, 9, 385
s@ﬁ%a,zg%rg@icglasz%enﬁ;% , iﬂ@zléﬂﬂ,"af/é.@'&(gwdi @%’Q?z@?ﬁpound

11.0' mg, 39%) was obtained as an amorphous by the’ same method as
in ExaRfilVG2nisingoiettHityl {2-[(4-methoxy-3,5-
dimethylpyridin-2-yi)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-yl}imidodicarbonate of Example 40 (34 mg)

_ -2.methoxymethylpyrrolidine (24 1). ESI--MS m/z: 470 (M+1-1)
Bty

N-[(3S)H (A riie 22H nBeibox; 3, Bitiedetpipicin-2 e tng]7,8,9-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-y1}pyrrolidin-3
teirkedtarfidaaehl. Ri3np -tetraazabenzo[ cd]azulen-8-yl f-N-cyclopropylacetamide

1) 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 Jazulen-4-

yl}imidodicarbonate

b

£

\_/

L
0
S

Sodium cyanoborohydride (1.89 g) was added to a mixture composed of di-
tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-0x0-2,7,8,9-
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.



-N O s NNH, The title compound (22.6 mg, 78%) was obtained as an
amorphous by the same method as in Example 62 using di-tert-butyl
{2-[(4-methoxy-3,5-
dimethylpyridin-2-y1)methyl]-8-0x0-2 §§,9-tetrahydro-6-thia-.1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 40 (34 mg)
and (3S)-(-) 3-acetamidopyrrolidine (24 ). 'H-NMR (CD30D) S: 1.86-1.90
(2H, ME-NSRUOBDCLH 5nf),32:2FR (ABI(G, Ind} PL2E;2)39. (TH, 2)(1H, m),
94-3.10 (111 %3.11—3.26§1H m). 3.33-3.39 (2H, m), 3.45-3.54
ST By 1054 B RHey 50 v & b 20 Seh e, 2
ﬁ3s§§Qé’\2§ﬁv{"@3 8.07 (1H, s). 142 ESI-MSm/z: 483 (M + H) (Example
0) 2 - [(4-Methoxy- 3,5 -dimethylpyridin-2-yl)m ethyl] -Ne-[(3
R)-tetrBRjdi6tarans82 (M + H)".
yl]-2,7,8,9-tetrahydro-.6-thia-1,2,3,5-tetraazabenzo[ed]azulene-4,8-diamin

e NC NN N8N 4ROy condigerirul Py 7 gy BB wiiinig. 7,8,9-
' th thod.asin E le,62 usir
%i%}%g{lgi%%?@%&'_E%@tﬁgg%%yn%ofé‘é?a?z@een@yﬁﬁdf‘cyafé‘é‘?&p%ace R0

dimethylﬁy@din-2-y|)methy|]-8-oxo-2,7,8,9-tetrahydro-6-thin-1,2,3,5-

tetraaz zo[cd]azulen-4-yl}imidodicarbonate of Example 40 (34 mg)
and (R)-&L-) 3-pyrrolidinol (19 ).

-N
é
'8
o
0 s NJ\NHZ

Acetyl chloride (14 pL) was added to a mixture composed of the above di-
tert-butyl {8-(cyclopropylamino)-2-{(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-yl } imidodicarbonate
(100 mg), dichloromethane (2 mL) and triethylamine (42 pL) under cooling in an ice
bath, and the mixture was étirred 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 (CDCl3) 8: 0.76-1.00 (4H, m), 2.21 (3H, s), 2.22 (3H, s), 2.27 (3H,
s), 2.71-2.76 (1H, m), 2.97 (1H, d, J = 15.9 Hz), 3.14 (1H, d, ] = 16.6 Hz), 3.74 (3H,



tH-NMR (CD30D) S_ 1.87-1.96 (1H, m), 2.07-2.21 (1H, m), 3.03-3.18
(2H, m), 3.18-3.27 (1H, m), 3.32-3.40 (411, m), 3.51-3.61 (3H, m),
3.70-3.76 (1H, m), 3.78 (3H, s), 4.42-4.48 (1H, m), 5.46 (2H, s), 8.06
(11-1, s). ESI-MSm/z: 442 (M- H)+ (%@nple 71) N8-Isopropyl-2-[
(4-methoxy-3 ,5-dimethylpyridin-2-yl)methyl ] -2,7, 8, 9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine N/ -S"'

{5dpRepYIaMie, (2)5 4)I8as33ddey #0) asmixiie, composediofidi-testaiautyl 5.1

2-
%t@frﬁelt%;@s%-dimethylpyridin-2-y|)methy|]-8-oxo-2,7,8,9-tetrahydro-6-thi
a 143 ano-tetr nzeled]azulen-4-yllimidodicarbonate of Example
40 (30%%@%%3%?%2 ), tetrahydrofuran (0.2 ml) and acetic acid
(12 ul), and then the mixture was stirred at room temperature for two
hours. A solution of sodium cyanoborohydride (10 mg) in methanol (0.4
%ﬁm@éeaﬁided to the reaction mixture, followed by stirring at room
tempefature overnight. The reaction mixture was concentrated, anda 0.2
N S0 BS SRR VoS Gied Y Rialitivg Yomate roN e -
by exirastionwitls athyl1acstatehhe.praanicdayaTwas digd Aver
anhydrous sodium sulfate and filtered, and then the filtrate was
concentrated under reduced pressure. Dichloromethane (1 ml) and
trifluoro@acetic acid (0.25 ml) were added to the resulting residue, and the
mixture Was stirred at room temperature for five hours. The reaction

ixturetias concentrated under reduced pressure, and the resulting
regiduie Was purified by NH silica gel chromatography (chloroform-
methaiiol). THe resulting oil was dissolved in dioxane, followed by

lyophilization , .
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 (400 mg), methanol
(2 mL), a 35% formalin solution (111 puL), acetic acid (156 uL) 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



to obtain the title compound (6.3 mg, 29%) as an amorphous. "H-NMR
(CD30D) 6: 1.08 (3H, d, J = 4.2 Hz), 1.10 (31-1, d, J = 4.2 Hz), 2.24

(61-l, s). 2.99-3.07 (2H, m), 3.23 (1H dd, J = 16.8, 3.4 Hz), 3.32-3.38 (IH,
m), 3.52- 3.57 (IH, m), 3.78 (3H, s), 5 44 (2H, s), 8.05 (11-I, s).
ESI-MSmiz: 414 (M - FIy' (Example 72Y N8-Isobutyl-2-] (4-methoxy-3,
5-dimethylpyridin-2-yl)methyl ] -2, 7, 8,9-

tettadygresthibiaal, gudiBeleipazriagiz ol diaz vl erd SR (e HdYbMn - 1
NI I S N NH, The title compound (19.9 mg, 88%) was obtained as an
B§brpADLS Wqﬁet@éﬁ%e tRethoHad] ﬁ3E)%8n$|§Pé>)7315 @5iAg-di-tert-butyl {2-
(4-met

et B SR P8 8 S ey AR 3 GH. 9 227

(@HQ@;Q@M?Q}?@H@B.ééyd)ﬂm'%%?@@?@ﬂ@t%@f Exampledn (30 ,ng) (2H ),
and isohdtylamine (7.9 hl). 'H-NMR (CD30D) b: 0.92 (6H, dd J=6.7,2

43, A 18od1I79 1A.H Hn), 2483(113HL, 9)=2.23 3h, $RR(4B (911, dd, J =11 1
6.5 H 1.3, 7.1 Hz), 3.01-3.10 (IH, m), 3.20-3.39
(4H, r%s@\%‘%%l }‘Z)%M'z‘ é . s), 8.05 (IH, S). ESI-MSm/z: 428 (M +
H)+ (Example 73)

N8-(2,2-Dimethylpropyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl ]-
& 9lteitahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulene-4,8-diamine

NB-Cyclobutyl—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

b

B

N/

o,

Sodium triacetoxyborohydride (16 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 (34 mg), dichloroethane (0.7 ml), cyclobutylamine (15 pl) and acetic acid (10 pl),
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.



b NI $ N ANN The title compound (20.6 mg, 89%) was obtained as an
amorphous by the same method as in Example 71 using di-tert-butyl
{2-[(4-methoxy-3,5-
dimethylpyridin-2-y|)methy|]-8-oxo-2,]3%,9-tetrahydro-6-thia—1,2,3,5-
tetraazabenzo[cd]azulen-4-yl)imidodiearbonate of Example 40 (30 mg)
and neopentylamine (9.2.tl). 'H-NMR (CD,0D) b: 090 (9H, s), 2.22 (3H,
s), 2.2BYBM Ssyy/2.38q I dHJ= 11.3 Hz), 2.50 (] H, d, J = 11.0 Hz),
3.04-3.11 (IH, m), 3.19-3.40 (4H, m), 3.77 (3H, s), 5.42 (2H, s), 8.06 (11J,
s). ESI-MSm/z: 442 (M A- H)' (Example 74)

{g%%ﬁg@élé)ropyl)-z-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-
etrahydro-6-thia-1,2,3,5-tetraazabenzo|[cdlazulene-4,8-diamine 145 N \-5

NNH, Rheaitiegoopytubthyiod tran ) veas- ditathelh asdan 2yionpiioyis-
by the same method as in Example 71 using_di-tert-butgll
LR Lriveedjatsthia-1,2,3,5-tetraazabenzo[ cd Jazulene-4,8-diamine

dimethylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazahgnzo[cd]azulen-4-yllimidodicarbonate of Example 40 (30 mg)
and 1 ethylprepylamine (9.2 I). 'H-NMR (CD30D) 6: 0.82 (3H,t,J=7.5

Hz), 0.91 (3H, t, J = 7.5 Hz), 1.38- 1.53 (4H, m), 2.56 (1H, dt, J = 11.8, 5.6
Fé@& TH dd, J =16.8, 8.5 Hz), 3.19 (1H, dd, J = 16.8, 3.4 Hz),
3.2643 /kkHEn), 3.50-3.56 (IH, m), 3.78 (3H, s), 5.43
The title compound (6.0 mg, 24%) 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 cyclopropylmethylamine (17 mg).
ESI-MS m/z: 426 (M+H)"

(Example 64)
4-{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)ymethyl}-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-8-yl } piperazin-2-one

b

s

N/

Q ~
4
= N
'“‘@{%ﬁ
S” "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-
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 2-piperidinone (18 mg).

ESI-MS m/z: 455 (M+H)"



(2H, s), 8.06 (1H, s). EST-MSrn/z: 442 (M + I-:)- (Example 75)
NB-Cyclohexyl-2-[(4-methoxy-3 , 5 -dimethylpyridin-2-yl)methyl]-2,7, 8, 9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine Ni O N-N
SrN~NH2 The title compound (15.8 66%) was obtained as an
amorphous by the same method as in Example 71 using di-tert-butyl
{2-[(4-methoxy-3,5- dimethylpyridin-2-yl)m ethyl] -8-ox0-2,7,
8;9atmtrialhdro-6-thia-1,2,3,5-

tetraazabenzo[cd]azulen-4- %/I}}ymldodlcarbonate of Example 40 (30

and cyalshiM&IIRe 18 B! AR LRI B PRODY BIPFHEY 1311(%,H3)8 .
%@Qq}dy ¢4htamh 3. g%egra%za@éﬁzggédjzﬁﬁe% .86,(1Hem), 3.02 (II-], dd, J =

16.9,8.9 Hz), 3.21°(1H 2 Hz), 3.27-3.37 (2H, m),
3.55-3.62 (le m), 3 77 (3H, s), 5.43 (2H, s), 8.05 (111, S). ESI-MSm/z:

same nrthodtas in Example 71 using di-tert-butyl {2-[(4-methoxy-3,5-
dlmethylpyrldln -2-yl)methyl]-8-ox0-2,7, 8, 9-tetrahydro-6-thia-1,2, 3,5-
tetraazBlseifFofedasunsh- hlﬂmdw(ehméw&ﬁélaﬁ@&amm@wmsmg)the

geprﬁie 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
piperidine (18 pl).

'H-NMR (CD;0D) 8: 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-MSnv/z: 440 (M + H)"

(Example 66)
8-Azetidin-1-yl-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

O I

sNNH

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}-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-



cyclopentylamine (7.7 ). 'H-NMR (CD30D) 6: 1.29-1.39 (2H, m),
1.51-1.60 (2H, m), 1.67-1.75 (2H, m), 1.87-1.95 (2H, m), 2.24 (6H, s),
3.04 (1H, dd, J = 16.1, 9.9 Hz), 3.21-3.38 (4H, m), 3.44-3.50 (1H, m),
3.77 (3H, s), 5.43 (2H, s), 8.05 (1H, s), ESI-MSm/z: 440 (M + H)
(Example 77) 2- [ (4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-Ng-propyl
-2, 7, 8,9- tetrahydro-6

©mazib2i3q délraaeabenrpfediediuiehend 8 «i@vinep 1490 84 n); Nelithhe
The title compound (15.1 mg, 70%) was obtained as an amorphous by the
oufrnstinsife lgs“iﬁﬁiéérﬁiﬂg‘ylfrﬂ%}ﬁéWi#@rt-butyl (2-[(4-methoxy-3,5-

dimethylpyridin-2-y)methyl]-8-0xa-2,7,8.9: -6-Chia-1,2.3,5-
té?gazgggﬁf}é?c%gﬁ ngigy% %ﬁb d icjaﬂ%dtﬁ?zggz 52/? é)%aqr)n%%@z% (&g ?n%33 13
@B 1) EpYI3EENe 16 5 ) 3'Hs' AVIRs {CDROD) B 00336 oti-4. 571 A1), 5.46

1.48-1.59 (2H, m), 2.23 (6H, s), 2.55-2.72 (2H, m), 3.05 (1H, dd, J = 16.9,
@18 )z §-80118.43 (4H, m), 3.77 (3H, s), 5.43 (2H, s), 8.05 (1H, S).

ESI-NI%%P/'M (M + H)- (Example 78)
N8-Bu yl-ﬁﬁ%é%égx&%fﬁimethylpyridin-2-yl)methyl]-2,7,

8,9-tetrahydro- 6-thia-1,2,3,5-tetraazabenzo[ed]azulene-4,8-diamine N S

N NHz

(Example 67)
1-{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-8-y1} -L-prolinamide

b
g?
HN
9’

N 7N
s ‘NJ\NH
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)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 (S)-

pyrrolidinecarboxylic acid amide (17 mg).
ESI-MS m/z: 469 (M+H)"

(Example 68)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl}-8-[(2S)-2-
(methoxymethyl)pyrrolidin-1-yl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-

tetraazabenzo[cd]azulen-4-amine



The title compound (16.7 mg, 74%) was obtained as an amorphous by the
same method as in Example 71 using di-tert-butyl (2-[(4-methoxy-3,5-
dimethylp),ridin-2-yl)methyl]-8-oxo-2,7, 8,9-tetrahydro-6-thia-1,2,3,5-
tetzaazabenzo[ed]azuIen-4-y|}imidolt\jj%qrbonate of Example 40 (30 mg)
and n butylamine (7.8 ul). 148 'H-N (CD30D) 6: 0.92 (3H,t,J=7.4
Hz), 1.31-1.41 (2H, m), 1.46-1.54 (2H, m), 2.23 (6H, s), 2.58-2.66 (1H, m),
2.68-2.75 (1H, m), 3.05 (1 H, dd, J=16.9, 8.8 Hz), 3.21.3.42 (4H, m), 3.77
42 (2H, s), 8.05 (111, s). ESI-MSm/z: 428 (M - H)+ (Example
ethoxy-3,5-dim ethylpyridin-2-yl)methyl] -N8-(2-methoxyethyl)-
ahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine
I, The title compound (17.7 mg, 78%) was obtained as an

.the same method as in Example 71 using di-tert-butyl
{2-[(4-methoxy-3,5- :
dimethiipyiit ﬁmﬁf&ﬁyl]@%&dé%)meh@m@i@s@mm@p@@by the

tetraaz e zo azule |m|d dicarpon xample 40 30 mg)
2 oxyeC# AR r{%eé(%/ 13%) ﬁ%%’&?&%ﬁ}e H, s), 2.23
&%tﬁil@ﬁﬁr&@@ﬂ&é@%l?@&%%,@U%@Bx)a 06(&fhidd, 2]3—516 8,8.7
Hz), 3.19-3.29 (2H, in), 3.32 (3H, s), 3.34-3.52 (4H, m), 3.77 (3Il, s), 5.42

@Hag)h @104 ¢d leayls)-E Sl Mt dicaB0r(Me o THx {BxbrddI€380ng) and (S)-2-
methoxymethylpyrrolidine (24 ul).

ESI-MS mv/z: 470 (M+H)"

(Example 69)
N-[(3S)-1-{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 } pyrrolidin-3-

yl]acetamide

b

\_/

o Oy
ﬂ S N NH

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-ox0-2,7,8,9-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) &: 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).



2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-N$-(3-rnethylbutyl)-2,7,
8,9- tetrahydro-6-thia-1,2,3,5-tetraazabenzo|[cd]azulene-4,8-diamine 149
N S N NH, The title compound (16.1 mg, 69%) was obtained as an
amorphous by the same method as in Example 71 using di-tert-butyl
{2-[(4-methoxy-3,5- 142
(limethylpyridin-2-yl)methyl]-8-oxo-2.7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzaied]azglen-4-m}imidodicarbonate of Example 40 (30 mg)
and isoamylamine (9.1 I). 1H-NMR (CD30D) 8: 0.88-0.94 (6H, m),
1.36-1.45 (41-1, m), 1.55-1.66 (1 H, m), 2.24 (6H, s), 2.59-2.67 (1H, m),
70-2.77.(1H, m), 3.06 (IH, dd, J = 16.8, 8.7 Hz), 3.21-3.44 (414, m), 3.77
ﬁfné’)r,e 23 (2H, s), 8.05 (1H, s). ESI-MSmiz: 442 (M + Fl)+ (Example

81) o.1(4- YT TN b i
NB.BUL S on Il o a moimethylpyridin 2y methul N (3R -tetrahydgofuran-3-
étralyRifotestiindioX) 316 t6tPadfateenzofbdiastdne dSdiaminentd S

NNH, The title compound (7.6 mg, 34%) was obtained as an amorphous

by the samebmethod as in Example 71 using di-tert-butyl
{2-[(4-methgxy-3,5-dimethylpyridin-2-

¥‘I methyl]-8roxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cdiazulen

-5 yl)imig) adicarbonate of Example 40 (30 mg) and 1-amino-3-butene

h chloxige (8.5 mg). 'H-NMR (CD3GD) 8: 123 (3H, s), 2.24 (3H, s),
2.25-2.30 (2H, ), 2.65-2.72 (IH, m), 2.75-2.84 (IH, m), 3.07 (1H, dd, J =

16.9, 8Fﬁe|_{@e @ojrr?ﬁgu%g H‘J/_'ll rrnné, %g‘;o) 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 (R)-(+)-
3-pyrrolidinol (19 pl).

'H-NMR (CD;0D) &: 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, s), 4.42-4.48 (1H, m), 5.46 (2H, s), 8.06 (1H, s).

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

(Example 71)
N8-Isopropyi-z-[(4-methoxy-3,5—dimethylpyridin-Z-yI)methyI]-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulene-4,8-diamine

b

=

N/

N-
7N

\ o M
3 A

57 NTONH,

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-



150 3.47 (3H, m), 3.78 (3H, s), 4.96-5.01 (1H, m), 5.02-5.10 (1H, m), 5.43
(2H, s), 5.80 (IH, ddt, J=17.4, 10.3, 6.9 Hz), 8.06 (1H, s). ESI-MSm/z:
426 (M + H)- (Example 82) 2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]
-NB-(3,3,3-trifluoropropyl)- 143 o
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo|[cd]azulene-4,8-diamine
The title compound (10.6 mg, 43%) was obtained as an amorphous by the
$ehleSrethod asin [Exampte -AlysingiditertHoutyt (2F [{4-metbaxy85ng),
dimethylpy idin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
f@ﬁ&é&@tféﬁ%ﬁ[‘édﬁaﬁﬂl@ﬁt THiE Sl s e REXAHDIE 4 eH@ Changhe
-t r mine _hydroghloride (11.8 mg). 1H-NM ,
e B s S S R Bty 393 01

(3ehabdr G OSdH ] deh g B £hdl i) Bi2 %64 bAd8d 1) thel@dtB2hiZhure,
3.33-3.37 (2H, m), 3.41-3.47 (1H, m), 3.78 (3H, s), 5.43 (2H, s), 8.05 (1H,

gjllcg\g:fi OISHAFNE G TG0 YRpEEatarnpiecBBEl8  The reaction mixture was

_3-({4-Amino-2-[(4-methoxy-3 5-dimethylpyridin-2-yymethyl]-2,7, 8,9-
R A L,
AFINR)FIEINE-EyeRadNom NNy Ladetdibe g CHRPOUNE LLS 3 Wed over

56%) was obtained as an amorphous by the same method as in Example

hidiagsdiott pabeityiaf2 o4 fléthokyBiBhen the filtrate was concentrated under
e e S T ot e B e s
aneb{S)-gre resulting residue, and the mixture was stirred at room temperature for
five hours. The reaction mixture was concentrated under reduced pressure, and the
resulting residue was purified by NH silica gel chromatography (chloroform-
methanol). The resulting oil was dissolved in dioxane, followed by lyophilization
to obtain the title compound (6.3 mg, 29%) as an amorphous.

'"H-NMR (CD;0D) &: 1.08 (3H, d, ] = 4.2 Hz), 1.10 3H, d, J = 4.2 Hz), 2.24
(6H, s), 2.99-3.07 (2H, m), 3.23 (1H, dd, J = 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)
Ng-Isobutyl-Z-[(4-methoxy—3,5-dimethylpyridin-Z—yl)methyl]-2,7,8 ,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine

b
gg\
,h]..
W N

ST NTONH,

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-



aminopiperidin-2-one hydrochloride (21 mg). 'H-NMR (CD30D) b:
1.55-1.71 (11-1, m), 1.77-2.01 (2H, m), 2.18-2.31 (71-1, m), 3.12-3.29
(3H, m), 3.40-3.62 (4H, m), 3.68-3.90 (4H, m), 5.44 (2H, s), 8.07 (1H, s),
8.19 (1H, brs). ESI-MSm/z: 469 (M + H)+ (Example 84) (3
S)-3-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-y1)methyl]-2,7,8,9-
tetrahydro--6-thia-1

23 btetpaadabenipfediailibeox8-fapine)mydlidio-grng N5 /B- 0 N- H 5

N NH, The title compound (183 mg, 56%) was obtained as an amorphous

6%}%%%%&%@%%% WERMeRrP R RS ditarbEgd (30 mg) and

{2544 f]é T dimethylpyridin-2-yl)methyl]-8-ox0-2,7,
8,9-te r -1,2,3,5-

tetraazébwme@la@mmwmmﬂ@@ano@atezcﬁ Exprogle 10440:ma), 2 23
and (S)-3 aminopyrrolidin-2-one hydrochloride (19 mg). 'H-NMR (CD30D)
$34, 82: 159} THS g, 40 2455 96 (61! 1), @:4211@,5235@_@ Hajd 3l £218.277.1 Hz),

B SIS G S T8 55 R i

ESI- M%BI/«M%@(M HHAL 921 (Example 85)
(3R)-3-({4-Amino-2-[(4-methoxv-3,5-dimethyipyridin-2-vl)methyl]-2,",8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-y1}
?Eygrgwé/g?)hdm-z-one
Ng-(2,2-Dimethy1propy1)-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
v
) -N
s NENH

The title compound (20.6 mg, 89%) was obtained as an amorphous by the

ﬁ

same method as in Example 71 using di-tert-butyl {2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)ymethyl}-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
neopentylamine (9.2 ul).

'H-NMR (CD;0D) 8: 0.90 (9H, s), 2.22 (3H, s), 2.23 (3H,s),2.38 (1H,d,J =
11.3 Hz), 2.50 (1H, d, J = 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)
N*-(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



"0 N-tf NH, The title compound (12.7 mg, 40%) was obtained as an
amorphous by the same method as in Example 71 using di-tert-butyl
{2-[(4-methoxv-3,5-

dimethylpyridin-2-yl)methyl]-8-oxo-2 Z 9-tetrahydro-6-thia-1,2,3,5-
tetraazahenzo[cd]azulen-4-yl}limidodicarb on ate of Example 40 (40 mg)
and (R)-3 aminopyrrolidin-2-one hydrochloride (19 mg). 'H-NMR (CD,OD)
8:1.84-1.99 (IH, m), 2.24-2.26 (6H, m), 2.44-2.53 (1H, m), 3.12-3.22

tetrahygré“6hia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}amino)-1-methylpyr
rolidin- 2-one b- Nip N NJ 1 he title compound (21.6 mg, 66%) was
obtaméaea%ﬂ&ncamb%&él Ky Hite 485 e A EIPBENES 3H EXARERATYS baikee

eth XY
%met pyrl |n )f)amgtﬁyﬂ?él Sl%dé,t?,%,g rérl%)%i rr%et%hoxyl 25 3,5153
mamq&;&nﬁa[gd}@mﬁmyﬂ-)zlblsmcmcd,lagarﬂé%ageiﬂf Examnple 48.(40 mg)
and (S)-3- amino-I-methylpyrrolidin-2-one hydrochloride (17 mg). 'H-NNIR
f ol ediszalon i) myidedicachosateld ! Fyamude 20480(1ke) i 2:84
g H, s 52%3108319%' ), 3.23-3.49 (4H, m), 3.65-3.74 (1H, m), 3.79 (3H,
g}‘yép AR s (2H, s), 8.06 (1H, brs), 8.13 (1H, s).

'"H-NMR (CD0D) &: 0.82 (3H, t, ] = 7.5 Hz), 0.91 (3H, t, J = 7.5 Hz), 1.38-
1.53 (4H, m), 2.56 (1H, dt, ] = 11.8, 5.6 Hz), 3.07 (1, dd, J = 16.8, 8.5 Hz), 3.19
(1H, dd, J = 16.8, 3.4 Hz), 3.26-3.38 (2H, m), 3.50-3.56 (1H, m), 3.78 (3H, s), 5.43
(2H, s), 8.06 (1H, s).

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

(Example 75)
NS-Cyclohexle-[(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

\5
v

S \NJ\NHz

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 Jazulen-4-yl }imidodicarbonate of Example 40 (30 mg) and

cyclohexylamine (9.0 pl).



ESI-MSm/z: 469 (M y FI)+ (Example 87) (3
R)-3-({4-Amino-2-[(4-methoxy-3,5--dimethylpyridin-2-yl)methyl]-2,7, 8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}amino)-1-methylpyr
rolidin- 2-one b -I- ~~~ NN S N NH The title compound (21.2 mg, 60%)
was obtained as an amorphous by thd*8ame method as in Example 71
using di-tert-butyl {2-[(4-methoxy-3,5-
dimethifipyridin-2-y)ms sy 1-8:0x02 48, et %W@.@r?a&ﬁ'f};ib%éégﬁ 97 (1,
e m

tetraazabenzo[cd]azulen-4-yilimidodicarbonate of Exampi

and {R§-3-afrihd, IrmetHA gy Holidin-2-00é Ii/dreeh|oride (16 ddg). 2FIANMR?2

30D).S;.1,75-1.90 (IH, m), 2.23-2.26 (6H, m), 2.37-2.46 (1H, m), 2.84
(71 S 008405 il i S Sohenes 08393 () 5079 (Bha)
s), 3.8 452, J(Zﬁjh S), 8.06 (IH, brs), 8.13 (1H, s).
ESI-MSm/z:469 (M+H)' (Example 88)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-N8-(tetrahydro-2H-pyran-4-
%—2,7,8,9-tetrahydro-6-thia-l.2,3,5-tetraazabenzo[ed]azuIene-4,8-diamine
}1/ SRS RRF N N NH,

Ng-Cyclopentyl-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

v
Cﬁ‘@hw

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]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 40 (30 mg) and
cyclopentylamine (7.7 pl).

'"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-yl)methyl]-N®-propyl-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine



The title compound (6.5 mg, 16/6) was obtained as an amorphous by the
same method as in Example 62 using di-tert-butyl {2-[(4-methoxy-3,5-dim
ethylpyridin-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thja-1,2,3,5-tetraazabenzo[ed]azulen
-4- yl}imidodicarbonate of Example 4b 50 mg), 4-aminotetrahydropyran
hydrochloride (36 mg) and triethylamine (24.tl). 'H-NMR (CDC13) 6:
1.33-1.49 (8H, m), 1.81 (2H, t, J = 12.9 Hz), 2.22 (311, s), 2.28 (4H, s),
2.79-2.88<1H, m), 3.11-3.44 (6H, m), 3.62-3.67 (1H, m), 3.74 (3H, s),
9{2H, m), 5.10 (2H, s), 5.45 (2H, s). 8.18 (1H, s). ESi-MSm/z:
) (Example 89)
y-3,5-dimethylpyridin-2-yl)methyl]-Ns-[(3
R)-tetrghydrdfuran-3-
yl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulene-4,8-diamine
0./ ti5 Nee-Nils TPRRana 6 Hpothid (9%6)11gs 2B56) ovkes btame karahy the
rphaus, hy the sam ethod as in Ex using di-tert-butyl
O S e TR A AR .
et 8i0x0-2)78:8stetsabyslm-stbiaiaR ARsetisazabenzoled]azulen
-4- yllimidodicarbonate of Example 40 (50 mg),
(Fpaehanretetianydrofurahpidedicarbendtonatex@8nieg) (aiid rigtwldmine
r§24 '91. 155 glﬁlgN!\{lR (CDCt3) 3: 1.63-1.78 (1H, m), 2.05-2.19 (IH, m), 2.22
HYS58% 3 %), 3.12-3.37 (411, m), 3.46-3.58 (3H, m), 3.74 (3H, s),
3.75-3196AR. (), 5167 5 (Ao, 543 Rhirg) I= 45 3B AT ©2H @l )
= 15.9 Hz), 8.19 (111,’s). EST-MSm/z: 442 (M + H) (Example 90)
23542 Rah (REL {43 iRt bk yd 8, 3-dihGetn§I B yHimird 2 mbtti- 2,7, 8,97 (3H, s),
%%ﬁa&\ﬁlrg%t&a} IJHZSS tetraazabenzo[cd]azulen-8-yl}amino)propane-|,3

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

(Example 78)
Ng-ButyI-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

b
5

/-N

el

ST INTINH,

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-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 n-

butylamine (7.8 ul).



HO N-N s N NP, The title compound (13.1 mg, 42%) was obtained as an
amorphous by the same method as in Example 71 using di-tert-butyl
{2-[(4-methoxy-3,5-
dimethyipyridin-2-y|)methy|]-8-oxo-2,74§,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 (CD30D) 8: 2.23 (3H, s),
2.24 (SHNSYIR(€5>2080) @:H, 90) 33110 [IH7 . dd]2) = 181, 8L 1HEZ)m3,. 23161 H; 4
J= %6.7, 3.3 Hzé, 3.34-3.41 (2H, in), 3.47-3.55 (2H, m), 3.57-3.68
T AT o 55 AR A S B e, S BT A SR M 7 12
%)
(A B b R Sy S i etnyn-27.6.0-
tetrahfidievSthia- 48 3N-teHAazabenzo[ed]azulen-8-yl}amino)cyclohexano
| 156 Ho,.aNfp kS N NH, The tittle compound (7.3 mg, 22%) was
obtained as an amorphous by the same method as in Example 71 using

(%i)-(ta%ggu;}%{z-[(4-methoxy-3,5-dim ethylpyridin-2- yl)methyl]
-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-

yllimidoegi cadinnates of- Exarslp Ad(AQ O ek 1]-N°-(2-methoxyethyl)-
trans-4-aminocyclohexanol (16 mg). 'H-NMR (CD30OD+CDC13) 6:
2711501 tenpsrrondythisd, 2. 2-(arrah 2 2d @ ulyne 66-2i89iak1-1, m),
3.10 (IH, dd, J = 16.7, 8.4 Hz), 3.20-3.40 (2H, m), 3.50-3.60 (1H, m),
3.60-3.69Y1Hl, m), 3.79 (3H, s), 5.44 (2H, s), 8.10 (11-1, s). ESI --MSm/z:
470 (M +

WO,

The title compound (17.7 mg, 78%) was obtained as an amorphous by the
same method as in Example 71 using di-tert-butyl {2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-8-0x0-2,7,8 ,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, s), 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-MSm/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



(Example 92)
2-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,"7, 8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl}amino)ethanol H9
N) s NNH, The title compound (3.6 mgg12%) was obtained as an
amorphous by the same method as in Example 71 using di-ten-butyl
{2-[(4-methoxy-3,5-dim ethylpyridin-2- yl)methyl;
-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-
yl}imidodigatbonate of Example 40 (40 mg) and 2-aminoethanol
5&(14 mg), 'H-NMR (CD30D) a: 2.24 (6H, s), 2.75-2.92 (2H,

rochl
{ill NH, dd, J = 16.9, 8.5 Hz), 3.25 (1H, dd, J = 16.9, 3.5 Hz),
3.3183(43](2lLr, m), 3.46-3.52 (1H, m), 3.66 (2H, t, J=5.6 Hz), 3.78 (3H,
s), 5.44°F2H, §T806 (1 H S). 157 ESI-MSrn/z: 416 (M - H)+. (Example

93) (| -2-({4- Amln 4 methoxy-3,5-dimethylpyridin- 2-yl)methyli-
2,7, 8 ?&; RO %té?ra%%&%{ee%(maﬁ@o PR S

mmowm §x'§%r!]>l'e"7ﬂ&§%lgtlﬁ FAMARYNE I MGnl8Y0 Yas

obtained as an amorphous by the same method as in Examp1e 71 using

Meﬁhﬁp&yﬂc{ﬁ—ﬁ‘bﬁmmwwmﬂlﬂpm@y&e 6-thia-1,2,3,5-
methyl] -8-0x0-2,7,8,9-tetra i¥?dro -6-thia-1,2,3,5- tetraazabenzogcd]c?zulen

A OBRIHEOH it O ERARIG P BReFr G F AP 40 (30 mg) an
GRARAANegyslohexanol (12 mg).

'H-NMR (CD;0D) &: 0.88-0.94 (6H, m), 1.36-1.45 (4H, m), 1.55-1.66 (1H,
m), 2.24 (6H, s), 2.59-2.67 (1H, m), 2.70-2.77 (1H, m), 3.06 (1H, dd, ] = 16.8, 8.7
Hz), 3.21-3.44 (4H, m), 3.77 (3H, s), 5.43 (2H, s), 8.05 (1H, s).

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

(Example 81)
N8-But-3-en-1-yl-2-[(4-methoxy-3,5 -dimethylpyridin-2-yl)methyl]-2,7,8,9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine

g

SNNH

5

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-
ylmethyl]-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) 8: 2.23 (3H, 5), 2.24 (3H, s), 2.25-2.30 (2H, m), 2.65-2.72
(1H, m), 2.75-2.84 (1H, m), 3.07 (1H, dd, ] = 16.9, 8.6 Hz), 3.19-3.26 (1H, m), 3.33-



'H-NMR (CDC13) 8: 1.02-1.10 (1H, m), 1.18-1.32 (3H, m), 1.67-1.82 (3H,
m), 1.96-2.11 (2H, m), 2.20-2.29 (6H, m), 2.30-2.39 (11-1, m), 3.09-3.23
(3H, m), 3.24- 3.38 (2H, m), 3.55-3.71 (1H, m), 3.74 (3H, s), 5.04-5.10

(2H, m), 5.41-5.50 (2H, m), 8.16-8.1?5(&H, m). ESI-MSm/z: 470 (M = H)
(Example 94) (1 S,2
S)-2-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-

2,478 YltetraRy i 436+ thia 41983, b tétidarngberizofetaz tlen 35D anifg)}gys! 80
Q%x OE"N-N~ HOB-N~~(~.(Y~~N H " N NH 158 The title compound

? ; f%%‘ 1 %)4\7\/5%30&% ﬁs%r(%é?phous by the same method as in

Examplg i ¢ising [gjé@bytﬁ f2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen

-4- yllimidodicarbonate of Example 40 (40 mg) and
%IS,28)-2-aminocye|ohexano] (12 mgq). ESI-MS rn/z: 470 (M-kH)
fed9k) 2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-N8-[(3

S)-tetrahydrgf SSERIPT . ) .

oo 7 A o dimehy e 2 A imet NG s uprporamd-
D11 Phettile campoind 0 4.9 taga 40%onuec PRtairac 23 amamerphous by
the same method as in Example 62 using di-tort-butyl f2-[(4-methoxy-3,5-

dimethylpyridin-2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazab??p[cd]azuIen-4-yl}imidodicarbonate of Example 40 (50 mg),

@S%i-
s \Nj\l\NHz

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-Z-yl)methyl]-8~oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5—
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate of Example 40 (30 mg) and 3,3,3-
trifluoropropylamine hydrochloride (11.8 mg).

'H-NMR (CD;0D) &: 2.24 (6H, s), 2.31-2.44 (2H, m), 2.82-2.89 (1H, m),
2.93-3.01 (1H, m), 3.09 (1H, dd, J = 16.9, 8.1 Hz),3.22 (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, s), 8.05 (1H, s).

ESI-MSmv/z: 468 (M + H)"

(Example 83)
(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[cd]azulen-8-yl} amino)piperidin-2-one



aminotetrahydrofuran p-toluenesulfonate (68 mg) and triethylamine (24
.d). 'H-NMR (CDCI3) S: 1.66-1.77 (IH, m), 2.04-2.18 (1H, m), 2.22 (3H, s),
2.27 (3H, s), 3.11-3.36 (4H, m), 3.46-3.58 (3H, m), 3.74 (6H, s), 3.75-3.96
(3H, m), 5.16 (211, brs), 5.45 (2H, s), 8,18 (1H, s), ESI-MSm/z: 442 (M +
H) (Example 96) (I R,2R)-2-(f
4-Amino-2-[(4-.methoxy-3,5-dimethylpyridin-2-yl)methyl]-

2,7,8, 9t st tahy droveethia(1,.2 Bibgtetbaarabe nkofcdihzslenatrytmin b)cyict
opentanol 159 Ho' ~. \Hr p ~N .S N'" NH, The title compound (2.1 mg, 7%)
STES IBPAIREFHE & dRRFpHOt sy RSS! drethba s Example 71

g?gé g%@r@k’ﬁgﬂlgﬁ%?@g%553953%%%9%{5}%1%@[ ﬁ)ﬁﬂ%}?yﬂ-&oxo

tetrahydro-6-thia-1,2,3,5-tetrdazabenzo[cd]azulen-4-

yieiziodicarodhatd of - Exanpld e bomgy an@xample 40 (40 mg) and (S)-3-
(IR,2R)-2-aminocyclopentanol (15 mg). 'H-NMR (CDC13) 6: 0,76-2.07
EHRPRIPTId Z1qne ydooehinide) 23 g8 03 (1H, m), 3.17-3.38 (4H, m),

15 3O P L TR i Py (b
85) (11 3,23)-BH A uno-2-H#methgxg-dHdomety pyyidin29MmetRydl (11,

2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl}amino)cycl
SpentaioH.PHD

ESI-MSm/z: 469 (M + H)"

(Example 84)
(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)pyrrolidin-2-one

N~ X
s \NJ\NHZ

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]-8-0x0-2,7,8,9-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 (CD;0D) &: 1.84-1.99 (1H, m), 2.24-2.26 (6H, m), 2.44-2.53 (1H,
m), 3.12-3.22 (1H, m), 3.26-3.39 (3H, m), 3.40-3.47 (2H, m), 3.68-3.77 (2H, m),
3.79 (3H, s), 3.90-3.97 (1H, m), 5.45 (2H, s), 8.07 (1H, s), 8.12 (1H, brs).

ESI-MSmy/z: 455 (M + H)"



N */ S~'NjI'NH z The title compound (3.4 mg, 11%) was obtained as an
amorphous by the same method as in Example 71 using di-tert-butyl
{2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyll-8-ox0-2,7,8,9-tetrahydro-6sthia-1.2,3,5-tetraazabenzo[ed]azulen
-4- yl}imidodicarbonate of Example 410 40 mg) and (1
S,2S)-2-aminocyclopentanol (15 mg). 160 'H-NMR (CDC13) 6: 0.77-2.15
(Biyrmp)e 3391 (3H, s), 2.26-2.28 (3H, m), 2.97 3.07 (1H, m), 3.19-3.41 (4H,
m), 3.55-3.72{1H, m), 3.74 (3H, s), 3.82-3.96 %{H, m), 5.11 (2H, s),

5 0. 338 o1 TN b BRSBTS (b RS-
1(4-Meth Hdin-2-yhmethvll-2.7
S S L e SN S BTN
$NH, A mixgure composed of di-tert-butyl
{2-[(4-metkoXxy-3,5-dimethylpyridin-2-

yl)methyl{-&-0xo-2,7,8,9-tetrahydro-6
}4%;@,2,3;;- tetraazabenzo[cd]azulen-4- yl}imidodicarbonate of Example 40
] ”@monium acetate (68 mg), molecular sieves 4A (50 mg) and

methahef 4.53'ml) was stirred at room temperature for four hours. Sodium
cyanoborohydride (12 mg) was added to the reaction mixture, followed by

stirringt8€ fgéhsespEratink forghfe&od ayss. dtfieiindclubsieamenndoirs thethe
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-
aminopyrrolidin-2-one hydrochloride (19 mg).
'"H-NMR (CD;0D) &: 1.84-1.99 (1H, m), 2.24-2.26 (6H, m), 2.44-2.53 (1H,
m), 3.12-3.22 (1H, m), 3.26-3.39 (3H, m), 3.40-3.47 (2H, m), 3.68-3.77 (2H, m),
3.79 (3H, s), 3.90-3.97 (1H, m), 5.45 (2H, s), 8.07 (1H, s}, 8.12 (1H, brs).
ESI-MSm/z: 455 (M + H)"

(Example 86)
(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[cd]azulen-8-yl} amino)-1-methylpyrrolidin-

2-one

b

e

N/

&f" -
L1,

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-



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 residlllg and the mixture was stirred at
room temperature for four hours. The éaction mixture was concentrated
under reduced pressure. Diethyl ether (20 ml) was placed into the
regultingdiesitidgs anchthe Blithi dascwashed. Jendhe: SRIVEDtWAsd (S)-3-
removed by decantation. The resulting residue was purified by reversed
pRYBe- ligpAd cermbberaphg o dledifetiis (ité mampound (14.1 mg, 43%)
as a sali iH- C :2.24 (3H,.5),.2.28 (3H, s), 3.25-3.33
(i, in), ?&@@@%)&3@? (?lz?gc@% rz“&%:ﬁ?é&ﬁﬁé%aé‘%z(éﬁ?éﬁ? (1H,
wJ2(H, (G Ly 86%-8.0HzY, 24 G H, 4b da 193918 PAY (KL, 9. 70 31,
15.9 Hz), 8.04 (1 H, s), 8.22 (111, brs). ESI-MSrniz: 372 (M + H)
ExafmpleSgd) H, m), 5.44 (2H, s), 8.06 (1H, brs), 8.13 (1H, s).

N-{4-A defrg;g? y: -dimethylpyridin-2-yl)methyl]-2, 7,8,9-
tetrahydro-6- |z§§1, ,3,5-tetraazabenzo[cd]azulen-8-yl}
-N-methyla.cetamide b N-. -SN NH, Sodium triacetoxyborohydride (32
mg) was added to a mixture composed of di-tert-butyl
{Z4¢4nniedibxy-3,5-dimethylpyridin-2-yl)methyil-8-oxo-2,7,8,9-

tetrahy ro-6-th'a-l.2,3,5-tetraazabenzo[§g azulen-4-yl} imidodicarbonate

of Exampi&>40 B i hiBrgaaiane YL ms iy Kidhidio sethyl]-2,7.8,9-
Gt e DRt
mixture was stirred at room temperature overnight. Methanol (one drop
Gremadded dropwise to the reaction mixture, and then a 0.2 N sodium
hydroxide solution was added, followed by extraction with ethyl

b

=

\_/

idin-

N_o
o &
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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]-8-0x0-2,7,8,9-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-MSmy/z: 469 (M + H)"

(Example 88)
2-[(4-Methoxy-3 ,5-dimethylpyridin—Q-yl)methyl}~N8—(tetrahydro—ZH-pyran-4-

y1)-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd Jazulene-4,8-diamine



acetate. The organic layer was dried over anhydrous sodium sulfate and
filtered, and then the filtrate was concentrated under reduced pressure.
Dichioromethane (2 ml) was added to the resulting residue, and pyridine
(24 pi) and acetyl chloride (14 ul) were.added dropwise under ice-cooling.
4-Dimethylaminopyridine (1 mg) was added and the mixture was stirred
under ice-cooling for 10 minutes and at room temperature for three hours.
Water was added to the reaction mixture, followed by extraction with ethyl
acetate. n, the organic layer was dried over anhydrous sodium sulfate
angl\filter , and then the filtrate was concentrated under reduced

p urev-\he resulting residue was purified by silica gel thin-layer 162
chr H@%Lr phy (ethyl acetate), and then the title compound (19 mg,

79%) gisNobtained as an oil in the same manner as in Example 2.
'H-NMR (CD30D) 6: 2.11 (3H, s), 2.23 (3H, t, J = 11.7 Hz), 2.24 (3H, s),
3.06 (3H %4118 qopennd, (92 M6l 6f%), Baaslminaddiske a8 Ephous Bz)je same

L T e s PR R
é@&@mﬂa}:@mmwéﬁe@am&yo%,tﬁf@mmyl@f%%@ewm@am%%@-

tetraRifNG Brivieate 2 B aspiazdbEhralb diazieri@aijmethanesulfonerhiride
05 SN S i compound (.1 mg, 249 wesabaned
{8-1(2, ArdinatopxRanzy ) 8RYOOLZ10H, m), 1.81 (2, t, J = 12.9 Hz), 2.22 (3H, s),
228 (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, ), 5.45 (2H, s), 8.18 (1H, s).

ESI-MSm/z: 456 (M + H)

(Example 89)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-N*-[(3 R)-tetrahydrofuran-3-

v1]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulene-4,8-diamine

b

=

\_/

g0
Q S \NJ\NHz

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]azulen-4-
yl}imidodicarbonate of Example 40 (50 mg), (R)-3-aminotetrahydrofuran p-

toluenesulfonate (68 mg) and triethylamine (24 pl).



[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3
,5- tetraazabenzo[cd]azulen-4-yilimidodicarbonate of Example 42 (47 mg),
triethylamine (36 I) and mesyl chloride (22 pl). 'H-NMR (CD30D) S: 2.23
(3H, s), 2.26 (3H, s), 3.01 (3H, s), 3.1§§§.26 (1H, m), 3.28-3.34 (IH, m),
3.44-3.47 (2H, m), 3.78 (3H, s), 4.25-4731 (1H, in), 5.40 (111, d,J=15.9
Hz), 5.47 (IH, d, J = 15.9 Hz), 8.03 (1H, s). ESI-MSm/z: 450 (M + H)'

(Exampie NOM NH4ABiN0e2-[(4methoxy;3.941M o (1H, m), 2.22 (3H, s), 2.28
ethylpyridin-2-yl)methyl].-2,7,8,9-
t@[%ﬁ oﬁréﬂs&%aﬁ%g}%?eﬁﬁaz%@o@&or@d}hzm@fﬁs@t}b@ﬁz?eﬁééamona)nﬁcw

-N a'r, 5 N~NH2 The titl und (2 65%) was obtained
L T b Rl el a1 Bl 45 LG S s
{8-[(2,4=dimetherynenzyhansino] -2-[(4-- methoxy-3.5-dim
ethylpyridin-2-y1)methyl]-2, 7, 8 9-tetrahydro-6-Chia-1,2, 3, 5-
tetraazabenzo[cd]azulen-4-yl}imidodi carbonate of Example 42 (47 mg),

triethylamine (36 1), 4-dimethylaminopyridine (0.8 mg) and
tg%%ﬁ%ge{ﬁe}ees%@ onyl chloride (25 ). 'H-NMR (DMSO-d6) 8: 2.16 (3H, s), 2.18

3H, 0 HdToh 307 3,26 v
1 22 DA AN ABINEI 00

Te88h(Rk-4; thiz- 7,5 Kz e8B4albhz0] c8]24: B2 (11} alnim)) ploSardd I Waiol
512 (Example 102) N-
{4-Amino-2€$§methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-

A

2, 2
S SNTNH,

The title compound (13.1 mg, 42%) 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}-8-0x0-2,7,8,9-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) 8: 2.23 (3H, s), 2.24 (3H, s), 2.85-2.90 (1H, m), 3.10 (1H,
dd, J = 16.7,8.7 Hz), 3.23 (1H, dd, J = 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-MSm/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



tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}-1-methyl-1
H-imidazole-4- sulfonamide o N-~ O -( C' NNHz N,,N\ The title
compound (18 mg, 60%) was obtained as a solid by the same method as
in Example 43 using di-tert-butyl {8-[(2,4-dimethoxybenzyl)amino]-2-[(4-
methoxy- 3,5-dimethyipyridin-2-yl)met‘n§ﬁ]-2,7, 8,
9-tetrahydro-6-thia-1,2,3,5-

tetraazabenzo[cg]azulen -4-yllimidodicarbonate of Example 42 (42 mg),
164 triethylapaine (41 ul), 4-dimethylaminopyridine (0.7 rng) and

1 methyllmld =4- ylsulfonyl chloride (32 1). 'H-NMR (CDC13) 6: 2.22

274311, s), 3.14-3.28 (2H, m), 3.37 (1H, d, J = 14.7 Hz), 3.44
(1H Jg%f 7.8 Hz), 3.74 (3H, s), 3.76 (3H, s), 4,19-4.1-6 (IH, m),
539(1H .7 Hz), 5.46 (I H, d, J = 15.7 Hz), 7.49 (1H, s), 7.51 (1H,

s), 8.08 (1H, s). ESI-MSin/z: 516 (M + H)T (Example 103) N-
(4- Amiﬁb@ﬁﬂﬂwemxyi$753mme2ﬂmwwm@t@ibmmhyﬂ-a%hx&lﬂaus by the same

1,2,3,5-tetraazabenzo[cd]azulen-8-yl}p
tet glhyga[?olfg a ’ %2 CJ.SI%I ~tert- buty[l {l [(4- methglxy g 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 (40 mg) and trans-4-aminocyclohexanol (16 mg).
'H-NMR (CD;0D+CDCly) 6: 1.12-1.39 (5H, m), 1.89-2.02 (4H, m), 2.26 (6H,
s), 2.60-2.69 (1H, m), 3.10 (1H, dd, ] = 16.7, 8.4 Hz), 3.20-3.40 (2H, m), 3.50-3.60
(1H, m), 3.60-3.69 (1H, m), 3.79 (3H, s), 5.44 (2H, s), 8.10 (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} amino)ethanol

HQ -

Z N

N

S ONTONH,

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[ cd]azulen-4-
yl}imidodicarbonate of Example 40 (40 mg) and 2-aminoethanol hydrochloride (14
mg).

'"H-NMR (CD;0D) &: 2.24 (6H, s), 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).



\ 5 N NH, The title compound (15 mg, 50%) was obtained as a solid by
the same method as in Example 43 using di-tert-butyl
{8-[(2,4-dimethoxybenzyl)amino]-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyh-2,7,8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-yl} imidodicarbonate of Example 42 (42 mg),
triethylamine (41 1), 4-dimethylaminopyri dine (0.7 mg) and pyridine-
1-sulforgl-shieride4Fl mg) Hht-NMR (CDC13) 8: 2.21 (3H, s), 2.25 (3H,
s), 3.14 (IH, dd, 7 =17.1, 3.7 Hz), 3.19-3.30 (2H, m), 3.43 (1H,d, 7 =
14.9 Hz), 3.75 (3H, s), 5.29 (2H, s), 5.35 (2H, s), 6.57-6.63 (1H, brm),
7%6#11@ ,J=28.1,4.9 Hz), 8.11 (1H, s), 8.13 (111, ddd, J = 8.1, 2.4,

i. zﬁ)éB (IH, dd, J =4.9, 1.8 Hz), 9.06 (IH, d, J = 2.4 HZz). EST,

MSm/ 1L (Ml =fell )3 114 i -

Amino 3.4 e thony-3 B RSS2 g metl
totr Ry detrabstiiis-6;28,5-letraazabentefedazident@nipyliraticini2senthdd@nol
N S n'~NH, A mixture composed of di-tert-butyl
{8-[(2,4-dimethoxybenzyl)amino]-2-[(4-
5idimethylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-Chia-1,2,3,5
behzo[ed]azulen-4-yl) imidodicarbonate of Example 42 (47 mg),
N'/ N(36 ), dichloromethane (1 ml) and 4-chlorobutyryl chloride
\'ﬁﬂ{md at room temperature for 12 hours. A 0.1 N sodium
hydroxide solutibn was added to the reaction mixture, followed by
extractian. with eyl acatate The, aaapic iaerwes dried over sodum, .-

y a
sulfate and filter en, the was
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 (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)
(18,28)-2-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl )methyl]-

2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-8-yl }amino)cyclohexanol

¥

/
N-
4
HO /
L
ST NTONH,



concentrated under reduced pressure. The resulting residue was
dissolved in dehydrated dichloromethane (1.5 ml).
1,3-Dimethoxybenzene (16 |) and trifluoroacetic acid (1.5 ml) was added
and the mixture was stirred at room temperature overnight. The reaction
mixture was concentrated under reduted] pressure, and a 0.1 N sodium
hydroxide solution was added to the resulting residue, followed by
extraction Wb @ihylbaseieds hBearganisslayeiuas dHed AYESRASMhe same
sulfate and filtered. Then, the filtrate was concentrated under reduced
predodres iDERetyFOrermigldiflernbuapid! pdtassiethmtert3hikbixiceh (15, i) -2-
Wfi':e &d?g | to t[k%/, regultin residue, and the mixture was stirred at room
S HirE Tt hauPE TR rSatbit mixfure R ReRralsEar R4

8l rorERRT dried. qver. sodl
e e N R 12
pressure. The resulting residue was purified by silica gel thin-layer
chromatography (chloroform-methanol) to obtain the title compound (13
mg, 4698) 25%%31dY68MHNMR (CD,0D-CDC13) 5:2.06-214 (2H. m),
2.25 (3H, s), 2.26 (311, s), 2.43 (2H, t, J- 8.4 Hz), 3.15 (1H, d, J = 14.8
Hz), 3.21 (1H, dd, J = 17.0, 3.4 Hz), 3.42 (1H, dd, J = 17.01 10.6 Hz),
BEAABpEA9DH, m), 3.68 (1H, dd, J=14.8, 8.2 Hz), 3.79 (3H, s), 4.73-4.80
(1H, m), 5.45 (2H, s), 8.10 (1H, s). ESI-MSm/z: 440 (M i H)+ (Example
105) 14{49AMFHR DY e rismRsRy By dmmE YRS -yi§Aso ey drgagn-3-

\sahydeestiiion 23 iaeaehsnToledlas n yiimidazpldn 2-one
3

e

\_/

0's
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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]-8-0x0-2,7,8,9-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 pl).

'H-NMR (CDCl5) §: 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-MSnvz: 442 (M + H)

(Example 96)
(1R,2R)-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



1D S'UN A mixture composed of di-tert-butyi
{8-[(2,4-dimethoxybenzyl)amino] -2-[(4-
methoxy-3,5-dimethvlpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-Chia-1,2,3,5
- tetraazabenzo[ed]azulen-4-yi}imidoqtiﬁ rbonate of Example 42 (47 mg),
dichloromethane (1 ml) and 2-chloroe §I isocyanate (8 |) was stirred at
room temperature for 12 hours. A 0.1 N sodium hydroxide solution was
added to the \Oreaction mixture, followed by extraction with ethyl acetate.
The organié&ayer was dried over sodium sulfate and filtered. Then, the
filtrate was-¢oncentrated under reduced pressure. The resulting residue
d in dehydrated dichloromethane (1.5 ml).
oxybenzene (16 pl) and trifluoroacetic acid (1.5 ml) was added
p ewas stirred at room temperature overnight. The reaction
mixture was concentrated under reduced pressure, and a 0.1 N sodium
hydroxide §dfutionnrasdtitiédin Me) ressliigiredidaen fotowddusyby the same

traction with ethyl tate. The organic layer was dried over sodjum,
B R e O R T R e aase drbrrSlaagdin-2-

RigseHR Rimethyifermamigs (b mhnand pewassium teid-byiexids, (42 ma)
were added to the resulting residue, and the 167 mixture was'stirred at
ndormidrdseratureefof Rxerhplers) T4emeaeatiord BRI vuas nsepacatetanil( 15
water and chloroform. Then, the organic layer was dried over sodium

te and filtered, and then the filtrate was concentrated under reduced
pressurg.. r esigue r a Aay )
Chromat o oI e ) i s s SEah 03
11ig1,34)98)18s3 A& 0Hd, th),NMRIGDBOD)H; 224 (3] ,s3) 3824 BH1E), m),
3.13-3.19&2H, m), 3.35-3.44 (3H, in), 3.48-3.60 (2H, m), 3.64 (IH, dd, J =
246818 (45, B)78 (3r0 45, @Hom)5h 38 Lf  ELABY2H, 5), 8.07 (1H, 5).

ESI-MSm/z: 456 (M + H)

(Example 97)
(18,28)-2-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-

2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo{ cd}azulen-8-yl } amino)cyclopentanol

e

N/

ol
4

HO' % PN
o
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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-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-8-0x0-2,7,8,9-tetrahydro-6-thia-1,2,3, 5-tetraazabenzo[ cdJazulen-4-
yl}imidodicarbonate of Example 40 (40 mg) and (18,2S)-2-aminocyclopentanol (15
mg).



BSI-MSmilz: 441 (M + H)+ (Example 106) 1) Mixture of di-tert-butyl
{8'-amino-2'-[(4-methoxy-3,5-dimethylpyridin-2- yl)methyl]- 7',
8'-dihydro-2'H-spiro [cyclopropane-1,9'-
[6]thia[1,2,3,5]tetraazabenzo[cd]azuIe1 -4'-yl}imidodicarbonate and

tert-butyl 18'- amino-2'-[(4-methoxy-3, 5-dimethylpyridin-2-yl)methyl] - 7',
8'-dihydro-2'H-

spiro[clelopvrpeopdly d6jthiapli2, &bitelnazabenzolpdiaguen (kfylmrb 97-
amate } N, HN H,N ~ 5 7~k O O~0O; O~O A mixture composed of
ét%:&lb{JWD{Q J[?43rﬁéﬂ4é%>n9 étéfrrfeﬂ%/[é%dm 2. ABirI]3.82-3.96 (1H, m),

[étﬁ@i{ﬁ? g‘{kyt%;%z@g{e’ ]% enE])- 2 ]}mldodlcarbonate of Example

57 (208 smg)s Ammesivm aq,@)tate (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,
d thel nggure was heated with stirring at a 168 bath temperature of 55C
Té‘%gur The insoluble matter in the reaction mixture was removed by

filtration thyougtn Gelitesanchwashed yith rg}ﬁm@{ﬁ%ﬁ%r@% EBGh PHERLE thia-

and the Washlng liquid were concentrated under reducéd pressure, and a
0,2, N5 dediamteydndrijezstintidBvidsadeded to the resulting residue,
followed by extraction with ethyl acetate. The organic layer was dried
over sodium sulfate and filtered. Then, the filtrate was concentrated under
reduced pressure. The title compound as a concentrated residue (177
mg) was pbtained as an oil. The product was directly

4
HN “)

S” N NH,

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.



used for the next reaction without further purification. 2)
N-{4'-Amino-2'-[(4-methoxy-3,5-dimethylpyridin-2-y1)methyl]-7',8'-
dihydro-2'H-spiro[cyelopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[cd]azule
n]-8'-yl}- N2-methylglycinamide Iv r "~ -~~5 NKNH; A mixture composed
of the above mixture of di-tort-butyl { é'éémino-Z'-[(4- methoxy-3,
5-dimethylpyridin-2-yl)methyl]-7', 8'-dihydro-2'H-spiro [cyclopropane-
1,9'-[611@6;{11514%@E@Wﬁi@%%@i@,@gzﬁlﬁéﬁbﬁyﬂl@.‘99-‘3'.%%‘@‘%%%,%?&’0-3.50
tert-butyl {8'-amino-2'-[(4-methoxy-3,5-dim
¢yl pyridin 26 misthiyH-175,8'-Bibyidirp -2 7R §dirofoyeldpfbidade J1=9'J6 ] z),

2, etraazabenzo[cd]azulen]-4'-yl } carbamate (35 mq),
é—éﬁﬁ%&ﬁ% (%.}é%[»h|§;‘ﬁ-@é?t-‘éru’¥o‘“x§zéa?r68ﬁzﬁ)9é|Wéﬂ%nél%ihb‘?z‘eﬁ)
mg), 1gympgwt(@zglﬁ)monohydrate (11 mgq),
1-(3-dimethylaminopropyl)-3- ‘ethylcarbodiimide hydrochloride (27 mg) and
diisopropylethylamine (36 |) was stirred at room temperature overnight.
The reaction mixture was concentrated under reduced pressure, and a

. aiith hydroxide solution was added to the resulting residue,
follow i ith.at cetate. The organic layer wa
conceigrgé%ﬁ%%r? F@%@Sﬁ%&%@ ?@?ﬁ r%rr?\% %r?gt&em ﬁa%ggg
tifhabroacetithiadid (Q5teah anssenadiierdaitbe segultingneesidua andithe
mixture was stirred at room 169 temperature for four hours. The reaction
mixture waswsconcentrated under reduced pressure. A saturated sodium
bicarbonaté solution was placed into the resulting residue, followed by
extraction With chloroform. The organic layer was dried over sodium
sulfate aiid filtered. Then, the filtrate was concentrated under reduced
pressyre fgﬁ% resulting residue was purified by silica gel thin-layer
chromafograpﬁy (chloroform-methanol). The resulting oil was dissolved in

dioxang'odium 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 pl), 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 pl) 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



followed by lyophilization to obtain the title compound (4.8 mg, 15%) as an
amorphous. "H-NMR (CDC13) 6: 0.99-1.06 (211, m), 1.09-1.16 (IH, m),
1.69-1.75 (IH, m), 2.22 (3H, s), 2.29 (3H. s), 2.38 (3H, s), 3.33 (2H, s),
3.45 (IH, dd, J= 14.5, 8.2 Hz), :
3.72(IH,d,J=145Hz),3.74(3H,s),3.87(2€t,J=7.9Hz),5.19(2H,s),5.39 (2H,
s), 7.92 (111, d, J = 7.8 Hz), 8.13 (IH, s). ESI-MSm/z: 469 (M + H)+

1010 Nt ARG 2nd{4n0e oY Bcompound (19 mg, 79%) was
5-dimethylpyridin-2-yl)methyl] -7', 8'-dihydro-

orpspidoie yoloprophneat e 'deijthtaf2is BltetelaZabenzo[ed]azulen]-8'-yl}-
1c2,N2_di hylglycinamide N- .'v 5 N NH, The title compound (12 mg,

3550) WHS B e SOt U 1%, 6ot o e ESnle
106 Drsing the mixture of di4aiputvsBraminor2-{els Methexy; 3,75 (11, ad,
5-dimethylpyri din-2-yl)methyl] -7',"8'-dihydro-2'H-spiro [ cyclopropane-
1,9'{6Jthia[ 12,3 Slietiziazahério{eHlaguben]-4 98 nlid odicarbbdate @iy m),
tert-butyl
{%%H%oﬁé'-[@-methoxy-s,5-dimethy|pyridin-2-y|)methy|]-7',8'-dihydro-2'H

170 s@gq[gg@ggr:%n@q +9é§6]thia[i,2;
3,5]tetraazahenzo[cd]azulen]-4'-yl}earbamate of Example 106-1) (35 mg)

and N,N-dimethylglycine (11 mg). 'H -NMR (CD30D) 8: 0.96-1.15 (311,
m), 1.61-1.71 (1H: m), 2.24-2.28 (12H, ni), 3.05 (2H, s), 3.53 (IH, dd, J =
iampls 1Y) 3.74-3.83 (4H, m), 5.37 (1H, d, J = 15.6 Hz), 5.45 (1H, d, J

= 15.612), & 04ty &) FANCTZa 83 Mo iy ymethyl]-2,7.8.0-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd}azulen-8-yl } methanesulfonamide

4

ZN
o M
S N*NH

O\?én
oo\

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 (CD;0D) 8: 2.23 (3H, ), 2.26 (3H, s), 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 =159 Hz), 8.03 (1H, s).

ESI-MSm/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



(Example 108) N- (4'-Amino-2'-[(4-methoxy-3,5-dim
efnylpyridin-2-yl)methyl]-7', 8'-dihydro-
2'H-spiro[cyclopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[cd]azulen]-8'-y1}
azetidine- 3-carhoxamide HN N p S NH, The title compound (1.9 mg, 6%)
was obtained as an amorphous by thé%hme method as in Example
106-2) using the mixture of di-tert-butyl {8'-amino-2'-[(4- methoxy-3
,5-dimethylpyridin-2-y1)methyl]-7', 8'-dihydro-2'i-1-spiro [cyclopropane-
1,9'-[6]thiafk;2,3,5]tetraazabenzo[cd]azulen]-4'-yl}imidodicarbonate and
t&{?utyl amino-2'-[ (4-methoxy-3, 5-dimethylpyridin-2-yl)methyl] -7',
8'-dihydrs

H-
sp()l?g opane-1,9'-[6]thia[1,2,3,5]tetraazabcnzo[ed]azulen]-4'-yl}carb
amate E&ample 106-1) (35 mg) and
tert-butoxycarbonylazetidine-3-carboxylic acid (21 mg). 1H-NMR (CDC13)
8: 0.961 14t itedrmppub B Q22 g, (A5 My 2R @RA(Bkdlass),sB1R1b{IhekaB)e method
3.35-3.45 R(#H in),,3.51é111, dd, J 14.6, 8.3 Hz), 3.61-3.78 (6H, m), 3.78-
397 Ez'mm 5,5 o8ipai drEyoetah (Gt simphabyng damimon 23 445 4

4 (H; = 47h_ 1.5) - 7: 481 (M "d71
lﬁ'}@hoqy ‘%g H rged]z}?I dﬂ?)z §I%e@gﬂ? ’AI;:SSJ M%%&l_ TQ t}(11ﬁ1;f/-[?__,|3r’5]5

(Example 109) 2'-[(4-M ethoxy-3, 5-dimethylp yridin-2-y1)me
B1dimairorditbd |azulen-4-yl}imidodicarbonate of Example 42 (47 mg),
spiro[cyclopropane-1,9'-[6lthia[l,2,3,5]tetraazabenzo[cd]azulen]-4',8'-diami

CHHYRRIDe () Y, A dinatind wotnpogidingg (-Senand benzenesulfonyl
@{ﬂ@d%@%}/-&5-dimethylpyridin-2-
'"H-NMR (DMSO-de) 8: 2.16 (3H, s), 2.18 (3H, 5), 2.90-3.01 (2H, m), 3.07-
3.16 (1H, m), 3.29-3.44 (2H, m), 3.70 (3H, s), 3.71-3.79 (1H, m), 5.30 (2H, s), 6.78
(2H, s), 7.57-7.69 (3H, m), 7.85 (2H, d, J = 7.6 Hz), 8.04 (1H, s), 8.24-8.29 (1H, m).
ESI-MSm/z: 512

(Example 102)
N-{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9-
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl} -1-methyl-1 H-imidazole-4-

sulfonamide

\ b

e

\_/

of
3

NN

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),



yl)methyl]-8'-oxo-T,8'-dihydro-2'H-spiro[cyclopropane-1,9'-
[6]thia[l,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 mixtuﬂé‘l’followed by stirring at room
temperature for four hours. Sodium cyanoborohydride (6.4 mg) was

futtheradded andithe. mixturevas Hatad with7 stibjng & 496 thies, -4-

hours and at 55C for five hours. The reaction mixture was concentrated

uthtidforad sbbaigeeddsud, and a 0.5 N sodium hydroxide solution was

added; esulting.resid lowed by extraction with ethyl acetate.

e, oI oh G et bt et ard b daFir o e H. .
filtzate was) coneenirated jundgrsredyeed pressyie. Hishigremetyangd2 ¢

ml) and trifluoroacetic acid (0.5 ml) were added to the resulting residue,
dhtthe, ixdUrewas!stifred Blizdobrt téhpdratarie folfour HOursITHe7.51 (1H,
reaction mixture was concentrated under reduced pressure. A saturated
§3¥0§u§% %[%g?g'onate solution was placed into the resulting residue,
followegdywexdraction yih,hleroform. 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
chromaio raphy (chloroform-methanol). The resulting oil was dissolved in
f fved by lyophilization to obtain the title compound (8.7 mg,

1001 06 (i o TGy S SA T2 G 5 P
detdzh¥dBoktz)hid-240 (35 - titkad Za bk JdGaddEh-3-4T) Pt Ehe3 7QibiRardidl =

14.8 Hz), 5.35 (1H, d, J = 15.5 Hz), 5.41 (1H, d, J 15.5 Hz), 8.03 (IH, s).
ESI-MSmIz398 (M + H)_ (Example 110)

N/
o}
N-
N\§=O /N

4 AN
o
S NJ\NHZ
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The title compound (15 mg, 50%) was obtained as a solid by the same method
as in Example 43 using di-tert-butyl {8-[(2,4-dimethoxybenzyl)amino]-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)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 pul), 4-dimethylaminopyridine (0.7 mg) and pyridine-3-sulfonyl
chloride (31 mg).

'H-NMR (CDCly) 8: 2.21 (3H, s), 2.25 (3H, s), 3.14 (1H, dd, J = 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, s), 5.35 (2H, s),
6.57-6.63 (1H, brm), 7.36 (1H, dd, J = 8.1, 4.9 Hz), 8.11 (1H, s), 8.13 (1H, ddd, J =
8.1,2.4,1.8Hz), 8.74 (1H, dd, J = 4.9, 1.8 Hz), 9.06 (1H, d,] = 2.4 Hz).

ESI-MSm/z: 513 (M + H)”



4
_A-mino-2'-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-T,8'-dihydro-2'H-
spiro[cyelopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[cd]azulen]-8'-ol (Nf
HOv N Ls "IN, NH, Sodium borohydride (6 mg) was added to a mixture
composed of 4-di-tert- butyl 165
{2'-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8'-oxo-T,8'-dihydro-2'H-
qpixefeyeiapagpane-1,9'-[6]thia[l,2,3,5]tetraazabenzo[ed]azulen]-4'-
yl}imidodicarbonate of Example 57 (29 mg) and methanol (2 ml) under
ice-cooling; Aanidahel thaeHirture Wwasrstitrelh ut OG- foy 3O ettinlites], Byater
was added tg th tion mixture, followed by extraction with ethyl

R A S G080 St SR L e
Then, the fil%:ate was concentrated under reduced pressure.

Dichloro ane (2 ml) and trifluoroacetic acid (0.5 ml) were added to the
resulting@mue, and the mixture was stirred at room temperature for two
days. Theweaction mixture was concentrated under reduced pressure. A
sdt f‘%%dium bicarbonate solution was placed into the resulting

r(ggu sfolfowed by extraction with chloroform. The organic layer was
dried over sodium sulfate and filtered. Then, the filtrate was concentrated

under reduiced pressuredidfeliresuliingl residoer wasqnsifigeby, Silieangeh -[(4-
thin-layer chromatography (chloroform- methanol) to obtain the title
SRS R B o) A BB 3. HRANR fodoriaisad Byes-

s 1.56'.63(1H A 3H, s), 2.27
OB A BTG,
1A 2)3i68(14 Ligl, d5h RIrth &S0 1) 2B BB dHoebdbida Ot Rid 11411

H, d, J=15.4 Hz), 8.06 (111, s). EST-MSm/z: 399 (M + H)'

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 resultihg 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 alt 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.



(Example 111) Methyl {4-[bis(tert-butoxycarbonyl)amino]
-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo|cd]a
zulen-8- yl} acetate N-N) 0 11 N 5 NN pit 1) A mixture composed of
di-tert-butyl {2-[(4-methoxy-3,5-dimet éyridin-
2-yl)methyl]-8-oxo-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azul
en-4- ylfimidori earbomaieof Exanplesd? (152ma)) methybH ) 226 (3HL s),
tripheni/lphosphan lideneacetate (617 mg) and toluene (14 ml) was

HehtddWith! Stifring 2t 0E (10 hourd. Bt Addtatéined Addsttcthélz),

Rl T o8t R G e e ©2 12,
Qneetiadpd undegogducesh psessurg, sThe 1qppgqp§§ated residue was

purified by silica gel column chromatography (ethyl acetate-chloroform) to
obtain el AjemEmpbiuid 275 mg, 33%) as an oil. 'H-NMR (CDC13) 6:
1.43 (1 8H, s), 2.21 (311, s), 2.27 (3H, s), 3.39 (2H, s), 3.73 (3H, s), 3.74
(3H, s), 3.86 (2H, s), 5.67 (2H, s), 6.80 (IH, s), 8.14 (1H, s). ESI-MSm/z:
GREANbIe 105174 2) . .
{4-[Bis(tert-butoxycarbonyl)amino]-2-[(4-methoxy-3,5-dimethylpyridin-2

yI)metHyI]@{W{dﬁwélrdfﬁ@iﬁmﬂya& & edirelcdlaauieniisyllacetic
?gtll%h?/d;lgél%{;ll\lﬂﬁ ,3-tetraazabenzo[cd]azulen-8-yl }imidazolidin-2-one

b

=

\_/
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o
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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[cd]azulen-4-yl }imidodicarbonate of Example 42 (47 mg),
dichloromethane (1 ml) and 2-chloroethyl isocyanate (8 pl) was stirred at room
temperature for 12 hours. A 0.1 N sodium hydroxide solution was added to the
reaction mixture, followed by extraction with ethyl acetate. The organic layer was
dried over sodium sulfate and filtered. Then, the filtrate was concentrated under
reduced pressure. The resulting residue was dissolved in dehydrated
dichloromethane (1.5 ml). 1,3-Dimethoxybenzene (16 pl) and trifluoroacetic acid
(1.5 ml) was added and the mixture was stirred at room temperature overnight. The
reaction mixture was concentrated under reduced pressure, and a 0.1 N sodium
hydroxide solution was added to the resulting residue, followed by extraction with
ethyl acetate. The organic layer was dried over sodium sulfate and filtered. Then,
the filtrate was concentrated under reduced pressure. Dimethylformamide (1 ml)

and potassium tert-butoxide (15 mg) were added to the resulting residue, and the



np \-SN NO A mixture composed of the above methyl {4-[bis(tert
butoxycarbonyl) amino] -2-[ (4-methoxy- 3,5
-dimethylpyridin-2-yl)methyl]-2,7-
dihydro-6-Chia—l.2,3,5-tetraazabenzo£ed]azuIen-8-y|}acetate (69 mgq),
methanol (2 ml) and a I N sodium hy Pdxide solution (0.22 ml) was stirred
at room temperature for 16 hours. A 1 N sodium hydroxide solution (0.5

mbkwiaswagldedrdellowrthbyrsiringdanthvesHiows. Ther:2doN Sediut v as

hydroxide solution (0.3 ml) was further added, followed by stirring for
fivrEasung thawia e lipd rddhiofioracid Botutiore (rganiljayesveddirtkd over
dropwise tp the reaction mixture. Thep, water was added, followed by
SR e teath i BT B e o G R o e
puatac andilierady I hen; doe Bisaiewas sonecataiedynder reduced
pressure. An oil (60 mg, 89%) was obtained as a residue. Although the
phoduetcaman échimtofopreduttaibiyas ditectlyhused tomtheunexoreactions) as
without further purification. ESI-MS miz: 613 (M+H)* 3) Di-tert-butyl.

{BBS@‘ ydroxyethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-

yl)methy] IydrarS-thia- -tety nzolcdle 4- vl i}
imidodigﬂalr%r(\)zn%jt{e 1?@%%2#3%{5 st”%g@i’oszkl £ N%?ﬁy#r% gbrglh(}){#ﬁg '624323 A4
B 1), was3adiiad to(atmingutesaaniposed ef thes abaviez 4 1i8i (3H, s), 4.45-4.52
sftert-butoxvcarbonygaming] -2-[(4-methoxy-3,5-dimethylp yridin-2-
§')ﬁ|é’iﬁyﬁ‘-‘§'ﬁ-2&ﬁn§br (A =f,)2,3,5-tetraazabenzo[cd]azuIen-8-vl}acetic

acid (6051 MSmy/z: 441 (M + HY'

(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}tetraaiabenzo[cd}azulen]-4’-y1}imidodicarbonate and tert-butyl {8'-
amino-2'-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7',8'-dihydro-2H-

spiro[cyclopropane-1,9'-[6]thia[1,2,3,5)tetraazabenzo cd]azulen]-4"-yl} carbamate

\ -
- NN
=
HN =0 HN z j"\
STNTN S7 SN NH
o o‘% oo

| A mixture composed of di-tert-butyl {2'-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-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



mg) and tetrahydrofuran (2 ml). Then, isobutyl chloroformate (39 I) was
added and the mixture was stirred at OC for one hour.
N-Methylmorpholine (44 I) and isobutyl chloroformate (39 PI) were added
to the reaction mixture, and the mixture was farther stirred at OC for 30
minutes. Water was added to the reaét%n mixture, followed by extraction
with ethyl acetate. The organic layer was dried over sodium sulfate and

filtehadmphenthef fliratdovas aonsentreiechundeld atee drMRSRion mixture
Tetrahydrofuran (2 ml) and water (0.4 ml) were added to the resulting

re3iEIoTRe Ry ShbiATIGRORg iR [ STngpwies addet eheer iCEgobling he
il A A G G R G MINIEON

ropwise to eaction mixture. € mixtur

teo oo tedrpatatitrand shisradidorcldbaus: atai naseadedd® e raction

reaction mixture, followed by extraction with ethyl acetate. The organic
&8 SH8 feakted Whh oigae]cdatiethensdhitd over satliumsiifatendridtered.

filtered, Then, the filtrate was concentrated under reduced pressure. The
L U K B G PG Eh EnroHIE g ABgpounc o

(haxangasindacriaie) ia shiaindbe;tile scomnau ”dxﬁl@?ﬁ%u@ ?@sacﬁr@&H
oil. 'H-NMR (CDC13) 8: 1,43 (18H, s), 2.21 (3H, ), 2.27 (3H, s), 2.62 (2H,

e {@. 0rpIyx BrF@ (BH yayhouT SuBher $)rEiBR@H, t, J = 6.0 Hz), 5.66 (2H,
s), 6.76 (11-1, s), 8.15 (1H, s). ESI-MSm/z: 599 (M + H) 176 4 .
o AT B R o R R RS e -

5 J Aed) s aedy - - 1 t nzg - "' -
e e e e Byl
iNétestyy @ Fdimettylpyridin-2-yl)methyl]-2, 7-dihydro-6-thia-1,2,3,5-

S8
N\ Z N
H/x s \N/lLNHZ

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-butoxycarbony!)-N-methylglycine (20 mg),
1-hydroxybenzotriazole monohydrate (11 mg), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochlon'de (27 mg) and diisopropylethylamine (36 pl) was
stirred at room temperature overnight. The reaction mixture was concentrated
under reduced pressure, and a 0.2 N sodium hydroxide solution was added to the
resulting residue, followed by extraction with ethyl acetate. The organic layer was
concentrated under reduced pressure. Dichloromethane (2 ml) and trifluoroacetic

acid (0.5 ml) were added to the resulting residue, and the mixture was stirred at room



tetraazabenzo[ed]azulen-4-yl}imidodicarbonate (16 mg), dichloromethane
(2 ml) and trifluoroacetic acid (0.5 ml) was stirred at room temperature for
four hours. The reaction mixture was concentrated under reduced
pressure. A saturated sodium bicarbq :éue solution was placed into the
resulting residue, followed by extractic}% with chloroform. The organic
layer was dried over sodium sulfate and filtered. Then, the filtrate was

cengenitatedunseneduced i essien Hhauesuiinedesiduawasdurifiedeq
by NH silica gel chromatography (chloroform-methanol). The resulting oll

WES 8830l dritgiekaneivellowatdm iy sphtication 1 osthintthbditisulting

compound,(8.3 mg, 78%) as an amorphous, 'H-NMR (CDC13) 6: 2.22
S SR B AT, o7 TR s ta o g over
SR BHulale 2 Gilzs D 18 Kh] e D1l bonb B84 dd bhad) r 813 Qed
(1H, s). EST-MSn3/z: 399 (M + H)+ (Example 112) Di-tert-butyl
{Breemwinometh dpti4- meithoxy-8, budifidthypyridige? thin-layer

L
D PO TR 501
tetragdaivenzo[cd]azulen-8-yllacetateof Example 111 (121 mg),
diphenylppespon. azde 64 D wigtlaming (69) and benzene G i
222 (3H,5),2.29 (3H, 5), 2.38 (3H, 5), 3.33 (2H, s5), 3.45 (1H, dd, ] = 14.5, 8.2 Hz),
3.72(1H,d,J=14.5 Hz), 3.74 (3H, s), 3.87 (1H, t, ] = 7.9 Hz), 5.19 (2H, s), 5.39
(2H, 5), 7.92 (1H, d, ] = 7.8 Hz), 8.13 (1H, 3).

ESI-MSm/z: 469 (M + H)"

(Example 107)

N-{4'-Amino-2'-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-7',8'-dihydro-
2'H-spiro[cyclopropane-1,9'-[6]thia[1,2,3,5]tetraazabenzo[cd]azulen]-8'-y1}-N* N2-
dimethylglycinamide

b

=

Y

WL
T/K; s \NENHE

The title compound (12 mg, 85%) was obtained as an amorphous by the same

N\

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-



bath temperature of 55C for two hours. The reaction mixture was
concentrated under reduced pressure. Tetrahydrofuran (8 ml) and a | N
sodium hydroxide solution (4 ml) were added to the resulting residue, and
the mixture was heated with stirring at a bath temperature of 55C for one
hour. A 0.2 N sodium hydroxide solutldf was added, followed by
extraction with ethyl acetate. The organic layer was dried over sodium

siffate pnebilisiad.1 nea) e fitiratewas.copcerirales, yader Idueed e of

pressure. The concentrated residue was purified by silica gel column

chrémritotfaphy {EhterofofmiNethastbly i witaigithentitle compound (41

mg) as; own ail. Although the product contained impurities, it was
directly %Iég}rgﬁér@}éﬂé targ)a%{l* n%\/(tﬁyéufrfhnlh@}'ﬁu??ﬁ Hiom) ES-f88 (12H,
iy DB EVHEN B ) (11, dd, T = 14.6, 8.3 Hz), 3.74-3. =
8-(Amino(?n%:rlib/)l)-z[(gl-methoxy-s,5-dimethz))/ipByzéir%-%%yqé)"rlr{]’ewyﬁiij/f-lH’ d.J
dibydr6 Hia {112, 3, S-tefraazdbe A e[ ¢dfzsilen-4-amine ~\J N-N H,N N
NN2 The title compound (2.6 mg) was obtained as an amorphous by
synthegglbvstﬁgzsé"ﬁ?e(ﬁ‘?eﬂ@d as in Example 111 using the above
di-tert-butyl {8-(aminomethyl) 178
2-[(4-methoxy-3,5-dimethylpyridin-2-yl)mcthyl]-2,7-dihydro-6-thia-1,2,3,5-
t6traazabeafdp[ed]azulen-4-yllimidodiearbonate (8.6 mg). 'H-NMR

(CDClZg) v: 2.22 (3H, s), 2.29 (3H, s%, 3.55 (2H, s), 3.73 (2H, s), 3.74 (3H,
s), 5.1 M@)\?B:%ﬂ%meél}%w% Wimsshglngriding sy Es b4y dro-

(M{tsﬂ}ﬁcyclopropane_l ,9'-[6]thia[1,2,3,5]tetraazabenzo[cd]azulen]-8'-yl } azetidine-

3-carboxamide

b

=

N_/

5\1-
HN N /JN\
S7 SN NH

The title compound (1.9 mg, 6%) was obtained as an amorphous by the same
method as in Example 106-2) using the mixture of di-tert-butyl {8'-arnino-2'-[(4-
methoxy-3 ,5-dimethylpyn’din-2~yl)methyl]—7',8‘-dihydro-Z‘H-spiro[cyclopropane—
1,9-[6]thia[1,2,3,5]tetraazabenzo[cd]azulen]-4'-yl } imidodicarbonate and tert-butyl
{8'-amino-Z’—{(4-methoxy—3,5-dimethylpyridin—.’z-yl)methyl]-7’,8’-dihydro-Z'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, ), 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, ] = 15.4 Hz), 5.43 (1H, d, ] = 15.4 Hz),
6.74 (1H, d, J = 5.9 Hz), 8.11 (1H, s).

ESI-MSmv/z: 481 (M + H)"



(Example 113) 2-[(4-Methoxy-3 ,
5-dimethylpyridin-2-yl)methyl]-8-(morpholin-4-ylmethyl)-
2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-amine N-( N "SNhi2
A mixture composed of di-tort-butyl (8-(aminomethyl)-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7-dihydfol6-Chia-1,2,3,5-tetraazabenzo[ed]
azulen-4-. yllimidodicarbonate of Example 112 (20 mg), 90%
k{ggﬁkpﬁgm@ hyl) ether (10 I), potassium carbonate (9.5 mg) and
acetonitrile (0.3 ml) was heated with stirring at 55C for 24 hours. Water
was addd@d/ttibrendtivbdimbdyteyfolawed  extraction avtychoroform.
The organic laver was dried over sodium sulfate and filtered. Then, the
FRFERECVrARPLRRR S A8 HHAdr e eflicegsrabstre | pilmd rométR adiarzne
ml) and trifluoroacetic acid (0.5 ml) were added to the resulting residue,
and the ture was stirred at room temperature for four hours, The
reactionvmixture was concentrated under reduced pressure. A saturated

sodiug, icarbonate solution was placed into the resulting residue,

fallo / @( extraction with chloroform. The organic laver was dried over
sodi ate and filtered. Then, the filtrate was concentrated under
reduced pressure. The resulting residue was purified by NH silica gel

chromatogiaphy dshigsedararmeshanal)s The resHltinggikwas dissoivadidin-o.-

179 in dioxane, followed by lyophilization to obtain the title compound (5.6

gyatah-SGmerphSudi M R(DDCI8Yy Sor@8H, %), 2.30 (3H, s),

?gﬁf&f E‘f%%%%&é%%%%?fﬁﬁ%ﬁé éﬂ%ﬂfﬁgﬁ?ﬁ%aﬂbzgﬁgggf 55 20
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.



ESI .MSm/z: 454 (M + H)- (Example 114)
N-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)mcthyl]-2, 7-dihydro-
6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}methyl)acetamide 071 N ~S
r4 NH, A mixture composed of di-tert-butyl
{8-(aminomethyl)-2-[(4-methoxy-3,5- 172
dimethyipyridin-2-yi)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]a

zulen-41yBimidedisasbgrate of Example Prr'}?(l(émna%’(E’ﬁé{i%?gé(§131'?67 (1H,

acetic anhydride (5°1) and dichloromethané (0.5 mi) was stirréd at room
ternpgetatiiie, for 20-Guiss)T R I Bldtidnmisgtard ayas Bogidendgted under s
Irﬁduced pressure. Dichioromethane (2 ml) and trifluoroacetic acid (0.5

(
§wird Stdeth 1o 1R resdithg résidie) and iHElntixiurd SwaBekirdd &, d. J

rogm {empegiurpfor) 20 hours. The reaction mixture was concentrated
under reduced pressure. A saturated sodium bicarbonate solution was -
placed b Ntnresalhgviesidyle, 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

X ligief%‘))y silica gel thin-layer chromatography
?ﬁo%orm-methanol) to obtain the title compound (3.7 mg) as a solid.

180 "HINMRACD BRI} 3- 2043y shiR-24 (hbis)h R2 8 @Hy&h-2'H-
3.68 (2H, s), 3.76 (3H, s), 4.09 (2H, d, J = 4.8 Hz), 5.48 (2H, s); 6.62 (1H,
Spimby¢rrrepency L, %46 khiy 82.4. fitatra)zesnanSiazutad -@\ot H)'
(Example \0115)

-N
i/
Z N
HO%%:L
s” N7 NH,

Sodium borohydride (6 mg) was added to a mixture composed of 4-di-tert-
butyl {2‘—[(4-methoxy-3,5-dimethylpyridin-z-yl)methyl]~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) 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.



2- {4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyt]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl}acetamide H,N-pe LS*-N~NH,
A mixture composed of {4-[bis(tert-butoxyearbonyl)amino]-2-[(4-methoxy-
3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo|[cd]azulen-8-yl } acetic'aGid of Example 111 (24 mg),
dimethylformamide (0.7 ml), ammonium chloride (13 mg),

1-hydroygy I
1-(3- dlﬂwﬁemm%%%?o%?%%ﬁgzﬁg%odum%de hyc)jroc?ﬂorld %Il% m)g) and

du@bprblpyﬂf)m;aan(rme (B4 Hwasistired azopmidemperaiures farhses (1H, d,
s. The solvent in the reaction mixture was evaporated by spraying, and

a{O %I’@ HBbiuf b HrakitE Solutioh Wi @dbied fo'thé Pdsdithig redidire, 5-41
f(qli@v&e(jl by 5%%5 |§Q)6\g tﬁ ethyl acetate. The organic layer was

concentrated er reduced pressure. Dichloromethane (2 ml) and
trifluorGgetis acid 1095 mi}-wete 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
zg: rbopaf? olution was placed into the resulting residue, followed by
m
fraction with chloroform. The organic layer was dried over sodium

sulfatengeghfilteresis (e buthe, iltrata ypsmeance i) tagithides rduced

pressure. The resulting residue was 181 purified by silica gel thin- -layer

drrsiiatogrdphy-(diterdioini-mdihadrontithihiah et ctitte mbmpolmatet-3-
? 700/ as a solid. 'H-NMR (CDC13+CD30D) 6: 2.24 (3H, s), 2.27 (3H,

n}% H, s), 3.77 (3H, s), 3.82 (2H, s), 5.48 (2H, s), 6.67 (1 H, s), 8.13

(111, s). SL—MSm/z: 412 (M + 1-1)' (Example 116)

}) 0

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[ cdJazulen-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 (CDCl3) &: 1.43 (18H, 5), 2.21 (3H, 5), 2.27 (3H, 5), 3.39 (2H, ),
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)"



2- (4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-y1)methyl]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl}-N-methylacetamide N N-N O
'S N NH, The title compound (12.5 mg, 75%) was obtained as a solid by
synthesis by the same method as in Example 115 using
{4-[bis(tert-butoxycarbonyi)amino]-2-[t44 methoxy-3,
5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3 , 5-

te”aazﬂbﬁﬂfﬁl&‘ﬂ%%‘?&gg @%&%&ﬁ%\%i mBiEk L (24 9%9?7211.%2@-2-

methylamine hydrochlori CDC13-CD30D

(B s)y2}257(3Hhys)o 257816312, 305 Jett dhhbbiT)o B2tk ARbn 5).yB, 1E(BHCS),
3.80 (2H, ), 5.49 (2H, s), 6.59-6.64 (1H, m), 6.66 (1H, s), 8.14 (1H, s).

ESI-MSmi{z;%26 (M + H)' (Example 117) 2-
4-Amino-é?j(A-methoxy-S,5-dimethylpyridin-2-y|)methyl]-2,7-dihydro-6-
thia—%,2.3ﬂ§ tetraazabenzo[cd]azulen-8-yl}-N,N-dimethylacetamide 182 b}
~Ee¥- /\,;S N' NN2 The title compound (8.7 mg, 50%) was obtained as
a solid by \gyr;‘tﬁesis by the same method as in Example 115 using

{4-[bi5(t6ft-lgult-g¥carbonyi)amino]-2-[(4-

A mixture composed of the above methyl {4-[bis(tert-
butoxycarbonyl)amino]-2-[ (4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-
dihydro-6-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-
yhmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-

yl}imidodicarbonate



methoxy-3,5-dimethylpyridin-2-y1)me'thyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-8-yl}acetic acid of Example 111 (24 mg) and
dimethylamine hydrochloride (20 mg). iH-NMR (i DC13) S: 2.22 (3H, s),
2.28 (3H, s), 2.97 (3H, s), 3.05 (3H, s), 3,41 (2H,s), 3.74 (3H, s), 3.81
(211, s), 5.13 (2H1 brs), 5.50 (2H, s), 681 (IH, s), 8.19 (1H, s).
ESI-MSm/z: 440 (M + H)_ (Example 118) (4-[ (tart-Butoxycarbonyl)
amino] -2 - [(4-methoxy-3,5 -dimethylpyridin-2-

vl)methyl -dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl}acetic
acid HO =N ry SAN NHQ 1) A mixture composed of methyl

{ﬂc-)[bis(te txputoxycarbonyl)amino]-2-[(4- methoxy-3,5-dimethylpyri din-
2-me£ﬁam -dihydro-6-thia-1,2,3,5-

tetraa Jazulen-8-yl}acetate of Example 111 (218 mg), methanol
(8 ml) and atdN-sodium hydroxide solution (0.22 ml) was stirred at room
temperature foreight hours. A 1 N hydrochloric acid solution (2.5 ml) was
added dropwise to the reaction mixture under ice-cooling, and methanol

in the rdaktmhyinixiple ies(1B 3] evapaddtedt v adeixteducedpreasifteiefbove
0.5 N.hydrochloric acid solution was added to the resulting residue,
AR R s A et

ORREIe IS IS oo R ADIB IR I SHE IR S c gcig 60

compound (173 mg, 97%) as an amorphous. E
2af-dedrinieay [(A-fneth (8, 5-JieethypytidiohZyd forathd 4 1r0ibxdredded

O e itire s ateted A VG oy one hout. N Medhyimarpha
. yimorpholine (44 ul) and

isobutyl chloroformate (39 ul) 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. Methano! (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) &: 1.43 (18H, s), 2.21 (3H,s),2.27 (3H, 8),2.62 2H, t, ] =
6.0 Hz), 3.73 (3H, s), 3.79 (2H, 5), 3.89 (2H, t, J = 6.0 Hz), 5.66 (2H, s), 6.76 (1H, s),
8.15 (1H, s).

ESI-MSm/z: 599 (M + H)"



N /b o F!'' SAN~NH, The title compound (8.3 mg, 46%) was obtained as a
solid by synthesis by the same method as in Example 115 using the
above {4-[(tert-butoxycarbonyl)aminol-2-
[(4-methoxy-3,5-dimethylpyridin-2-yl)methylJ ?,7-dihydro-6-thia-i.2,3,5-
tetraazabenzo[cd]azulen-8-y1}acetic acifl (21 mg) and ethylamine
hydrochloride (I 1 mg). 'H-NMR (CDCI3+CD30D) 3: 1.13 (3H,t,J=7.4

Hz), 2.2343H. 5).2.29 (3H 5 @H, 8),,3,29 (2H, dt, J = 13.0, 7.4 ]
Hz;, 3%2 i(sﬁégmé%g gﬂmfi‘%%%%%s%? i%%yn@%%ﬁéfdf%%}‘éf%é&ﬁ‘ydm
(Hhim), BBB (EHB)> &6 (A Sk ESMEmAZ51440 (M + H)' (Example

119) 2- {4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]
-2-dihydro:6+4
thia-1,2,3¢5-tetraazabenzo[ed]azulen-8-yl)-N-[(3R)-tetrahydrofuran-3-yllac
etamide cIN 5 N Nh, 184 The title compound (9.7 mg, 49%) was

offtained;as a solid by synthesis by the same method as in Example 115
using {4- toit-butoxyearbonyl)amino]-2-[(4-
methox§-3,S-ﬁfmethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia—1,2,3,5-

b d len-8-yl ti id of Example 118 (21 mg) and
()3 O ATt OB e G o SRR (¢
(GREIR$-C RIS 1 A8t 86 (Hibu)) 2.20:7: 28 £, 223 £3H,

tetraazabenzo[cd]azulen-4-yl}imidodicarbonate (16 mg), dichloromethane (2 ml) and

trifluoroacetic acid (0.5 ml) was stirred at room temperature for four hours. The
reaction mixture was concentrated under reduced pressure. A saturated sodium
bicarbonate solution was placed into the resulting residue, followed by extraction
with chloroform. The organic layer was dried over sodium sulfate and filtered.
Then, the filtrate was concentrated under reduced pressure. The resulting residue
was purified by NH silica gel chromatography (chloroform-methanol). The
resulting oil was dissolved in dioxane, followed by lyophilization to obtain the title
compound (8.3 mg, 78%) as an amorphous.

'H-NMR (CDCl3) 8: 2.22 (3H,s),2.28 (3H, 5), 2.59 (2H, t, ] = 6.0 Hz), 3.72
(2H, s), 3.74 (3H, ), 3.87 (2H, t, J = 6.0 Hz), 5.18 (2H, brs), 5.50 (2H, s), 6.64 (1H,
s), 8.19 (1H, s).

ESI-MSm/z: 399 (M + H)"

(Example 112)
Di-tert-butyl {8-(aminomethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
ylmethyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-

yl}imidodicarbonate



S), 2.28 (3H, s), 3.23 (2H, s), 3.66 (1H, dd, J = 9.4, 2.6 Hz), 3.73-3.84 (3H,
m), 3.76 (3H, s), 3.80 (2H, s), 3.91 (111, q, J = 7.8 Hz), 4.45-4.53 (IH, m),
5.40 (2H, brs), 5.49 (2H, s), 6.66 (1H, s), 6.80 (L H,d, J=7.1 Hz), 8.15
(IH, s). ESI-MSm'z: 482 (M + I-I)t (Example 120) 2-[(4-Methoxy-3,
5-dimethylpyridin-2-yl)methyl]-8-(2-mdrpholin-4-yl-2-
oxoethyl)-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine
N-N N N', NH, The title compound (7.2 mg, 36%) was obtained as a solid

by synthesis by the same method as in Example 115 using
{4-[(tert- ycarbonyl)amino]-2-[(4-

methox dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia- | ,2,3,5-
tgﬁaﬁmz [cd]azulen-8-yl} acetic acid of Example 118 (21 mg) and

morp NT3 ul). 'H-NMR (CDCI3) 6: 2.23 (3H, s), 2.29 (3H, s), 3.42
(2H,d, J -Of:?%rz), 3.48- 3.52 (2H, m), 3.62-3.70 (6H, m), 3.75 (3H, s),
3.81 (2H, s), 5.24 (2H, s), 5.50 (2H, s), 6.62 (1H,t, J = 1.2 Hz), 8.19 (IH,

S). ESI-MSm/z: 482 (M + H)' 185 (Example 121)
2-[(4- M&W@&@Wépﬁmﬁyyliﬁw&mﬂp@ -ptoxge2rpipetzime]-2-[(4-

R S AR, ST SO o8 7690 ol Sbtaimed as
@e%ﬁgalg}érﬁ)ﬁﬂb?&'ﬁpdﬁ&yl}acetate of Example 111 (121 mg), diphenylphosphoryl
azide (64 pl), triethylamine (69 pl) 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 mvz: 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

N
N~
H,N !
/YN
5 SNTNH,

The title compound (2.6 mg) was obtained as an amorphous by synthesis by

the same method as in Example 111 using the above di-tert-butyl {8-(aminomethyl)-



the same method as in Example 115 using
14-[(tert-butoxvcarbonyl)amino]-2-[(4- methoxy-3
,5-dimethylpyridia-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5- tetraazabenzoi
cd]azulen-8-yl}acetic acid of Example 118 (21 mg) and N-(tert-
butoxycarbonyl)-piperazine (23 mg). HINMR (CDC13) 5: 2.22 (3H, s),
2.29 (3H, s), 2.84 (4H, dd, J = 10.1, 5.0 Hz), 3.42 (2H, s), 3.46 (2H, t,J =

.0 H 2H = o : 8) _brs),
B S AR R e
{Examplen1d2) R {ideArhinio Rr{ddmethoxyt3(S-aimpthylpyridin-2
-yl)me%géggdro-&
thia-1, 28! &her: 3édietineh- 8 3M R FANS WA Ny eyAshExsh 2 74
i : o itl 7.1 mg, 34%) was
g%ﬁ%ﬁéj%e }ijg'g%’o%?d’\g)\é g§%%1g%g§?ﬁeﬁ ’s?ﬁiéérﬂr%}ogﬁg%);s in Examplé 115
using {@sfiitersrautoxyearoensiyamino]-2-[(4-
methoxy-3,5-dirnethylpyridin-2-yl)methyl]-2,7-dihydro-6-thin- 1 ,2,3,5 186
tetraazahenzo[cd]azulen-8-yl}acetic acid of Example 118 (21 mg) and

?:]%[15-4-ea{q' ocyclohexanol (14 mg). 'H-NMR (CDCI3) 6: 1.14-1.25 (2H,
AL 0 (9H, m), 1.92-2.00 (4H, m), 2.23 (3H, s), 2.29 (3H, s), 3.23

(2H, s) 3¢20:RB84H, 50Oy AL L M 3146) -Btinshp b I8- {24 et hyl)-
5.49 (2H, s), 6.21 (1H, d, J = 8.1 Hz), 6.66 (1H, s), 8.15 (1H, s).

EStdS itz 65h0-(M2-8 H)eiEseahpleolahpzulen-4-amine
o

\_ A

o
1S
7Y {\J
S \NJ\NHQ

A mixture composed of di-tert-butyl {8-(aminomethyl)-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd] azulén-4-
yl}imidodicarbonate of Example 112 (20 mg), 90% bis(2-bromoethyl) ether (10 ul),
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



8-(2-Azetidin-1-yl-2-oxoethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine ¢
N N N S N1NF, The title compound (9.2 mg, 42%) was obtained as a
solid by synthesis by the same method as in Example 115 using
{4-[(tert-butoxycarbonyl)amino]-2-[(4- ImM2&thoxy-3 , 5 -dim
ethylpyridin-2-yl)methyl] -2, 7- dihydro 6 thia-1,2,3,5 -

tetr zabe a

e Rl Fe%”?ﬁ%%%%%%%ﬁ% 350
@hbrghods?8 (1H, a, 3 = 7.7 Hz) 3 15 (2H s), 3.72 (1H, q, J = 7.7 Hz),
3.75 (3H, s), 3.83 (2H, s), 4.05 (2H, t, J = 7.7 Hz), 4.20 (2H,t, J = 7.7 Hz)

5.34 (2‘I1ilI DR 5HGRHO s), 28, @H&H 2P B (DHZ - E4H Mlérﬂz): 453 (R/H
A SRR 304 GHL s 53 35 R0 D R s . 8:20

thig;LR,3,5- tetraazabenzo[cd]azulen -8- yI}aeetyI)azetldln -2-ylmethanol

187 1 e Ho N~ 1 5N.~'NHr The title compound (11.2 mg, 48%) was

obtaindthad/s wetiddsy SyhthBsis by the same method as in Example 115

using {4-[(tert-butoxycarbonyl)amino, -2-[(4- metho xy-3,

5-dimethylpyridin-2-yl)methyl]-2, 7-dihydro-6-thia-1, 2, 3; 5-

Lg;gé Qqn;p[ed]azulen -8-yl}acetic acid of Example 118 (25 mg) and
S)-azetidin-

N-({4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-

6-thia-1,2,3,5-tetraazabenzo| cd]azulen-8-ylymethyl)acetamide

A mixture composed of di-tert-butyl {8-(aminomethyl)-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-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.



2-ylmethanol oxalate (26 mg). 'H-NMR (CDC13) S: 2.23 (3H, s), 2.25-2.34
(114, m), 2.29 (3H, s), 3.17 (2H, s), 3.68-3.80 (3H, m), 3.75 (3H, s), 3.82
(2H, s), 4.04-4.19 (2H, m), 4.60-4.68 (1H, m), 5.29 (1H, s), 5.50 (2H, s),
6.63 (1H, s), 8.20 (1H, s). ESI-MSm/z: 482 (M + H)+ (Example 125) 2-
{4-Amino-2-[(4-methoxy-3,5-dimethylpyfidin-2-yl)methyl]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[ed]azulen-8-yl}-N-[(3S)-tetrahydrofuran-3-yljac

etamid . Theli , 12. % ine
a solid %@%%%@%@ﬁ?@ﬁ%ﬁ%ﬁr? Ig?a 35fgl’es 31\%?2;%9’ Q) qgg
{@(1tert-hutoprcashanyd) @mino] 24@Hz), 5.48 (2H, s), 6.62 (1H, s), 6.92 (1H, t,

methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
teffdad alientéfed]zslen-8-yl}acetic acid of Example 118 (25 mg) and
(R)-3- amingtetrahydrohi -toluenesulfonate (38 mg). 1H-NMR
(CDCﬁ?g@%‘%& é%l)wﬁl}g% (1H, m), 2.19-2.27 (1H, m), 2.23 (3H, s),
2.29 (3H, s), 3.23 (2H, s), 3.66 (1H, dd, J = 9.6, 2.6 Hz), 3.73-3.84 (3H,
m), 3.76 188 (311, s), 3.79 (2H, s), 3.91 (IH, q, J = 7.8 Hz), 4.46-4.53 (IH,

i x5189¢2H)brs), 5.50 (2H, s), 6.66 (1H, s), 8.16 (IH, s). ESI-MSm/z:
482 (M_+ H)' (E le 126) 2- . . ,
(it R Gy AN B e b gy 6
thia-1,2,3 S-igtrasnabenzoledlazulen8uiNAdR 2R)-2-

hydroxycyelopentyl] acetamide O

K

7 INTONH,

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



HOB O "-S NNH2 The title compound (9.1 mg, 38%) was obtained as a
solid by synthesis by the same method as in Example 115 using
{4-[(tert-butoxycarbonyl)amino]-2-[(4- methoxy-3,
5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3, 5-
tetraazabenzo[cd]azulen-8-yl}acetic d of Example 118 (25 mg) and
(1R,2R)-2- aminocyclopentanol hydrochloride (14 mg). 'H-NMR

(B3 HCRBEDYH 1B Tadef fHilbin AW g kSIS Lehlo@bbrn i a0l 8¢ Wehin the
m), 1.91-2.01 (IH, m), 2.07-2.17 (IH, m), 2.23 (3H, s), 2.29 (3H, s), 3.26

(14, B3 Y8, 79 {PHs $)5@i80-3.88 (IH, m), 3.95 (1H, dd, J =
12.7, 5,9 Hz), .5, 11,.8),.5.49 (2H, s), 6.62 (L d, J = 4,9 Hz), 6.67
sy e B LRI Fek R Ry AET 7 2 S 3.7
@ﬁf,"ﬂ}]@i@ﬂ@f'ﬁ)@}h?&%@z@r@{[‘@@kﬁﬂ@ -2 )methyl]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo|[cd]azulen-8-yl}-N-[(1R,2R)-2-
hydrox§éycitpertytldc@tamide 189 'o HO =p-~iO i N 'INH, The title

compound (7.4 mg, 31%) was obtained as a solid by synthesis by the
same method as in Example 115 using

(ELaerbyteyycaroonyl)amino]-2-[(4-
methoxy-3,5-(limethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazaliénzoled]azijlem8dyilacicaniding b xadiple-3 06 25/ mg) 7adithydro-6-

(tIS_,ZS%-Z- aminocyclopentanol hydrochloride (14 mg).
hia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl } -N-methylacetamide

b

(o

s \N/‘kNHz

The title compound (12.5 mg, 75%) was obtained as a solid by synthesis by
the same method as in Example 115 using {4-[bis(tert-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) and methylamine
hydrochloride (17 mg).

'H-NMR (CDCl;+CD50D) 8: 2.24 (3H, s), 2.28 (3H, 5), 2.79 (3H, d, J = 4.7
Hz), 3.24 (2H, s), 3.76 (3H, s), 3.80 (2H, s), 5.49 (2H, s), 6.59-6.64 (1H, m), 6.66
(1H, s), 8.14 (1H, s).

ESI-MSm/z: 426 (M + H)"

(Example 117)
2-{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-

thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl }-N,N-dimethylacetamide



'H-NMR. (CDC13+CD30D) 6: 1.37-1.47 (1H, m), 1.59-1.71 (2H, m), 1.74-
1.84 (IH, m), 1.92-2.02 (11-1, m), 2.07-2.17 (IH, m), 2.23 (3H, s), 2.29
(3H, s), 3.26 (2H, s), 3.76 (3H, s), 3.80 (2H, s). 3.82-3.87 (IH, m), 3.95
(1H; dd, J =12.7, 5.9 Hz), 5.49 (2H, s), 6.61 (1H, d, J =4.9 Hz), 6.67 (1H,
s), 8.15 (IH, s). ESI-MSm'z: 496 (M + K+ (Example 128) 2-
{4-Amino-2-[(4-methoxy-3,5-dimethylpyri din-2-yl)methyl]-2,7-dihydro-6-
thia- 1,2,3,5-tetraazabenzo[cd]azulen-8-yl}-N-cyclopropylacetamide -N h~
NH2 The tjtlet compound (11.8 mg, 53%) was obtained as a solid by

i he same method as in Example 115 using

{4Xl(t§rt- xycarbonyl)amino]-2-[(4-

metho -dimethylpyridin-2-yl)_mcthyl]-2,7-dihydro-6-thia-1,2,3, 5-
wzq[cd]azulen-8-yl}acetic acid of Example 118 (25 mg) and
cyclopropylamiﬁe (10 1). 190 'FI-NMR (CDC13 +-CD30D) o: 0.47-0.53
(21-1, rrrh&ﬁ%—%ﬁ%&%hh [’@)’7 %1%,35@%)]“'% B2BhEdHs 950%@%&25;%&1:55 by the
m), 3.21 (2H, s), 3.76 (3H, s), 3.79 (2H, s), 5.49 (2H, s), 6.63 (111, S),
8 (thiethe)l BSh-MSmide 453 (Mng 1) [{Ekarmpled@@)rbonyl)amino]-2-[(4-

T R

Wt\“d'&zabenzo[cd]azulen-&yl}acetic acid of Example 111 (24 mg) and

dimethylamine hydrochloride (20 mg).

'H-NMR (CDCl3) 8: 2.22 (3H, s), 2.28 (3H, s), 2.97 (3H, s), 3.05 (3H, s), 3.41
(2H, s), 3.74 (3H, s), 3.81 (2H, s), 5.13 (2H, brs), 5.50 (2H, s), 6.61 (1H, s), 8.19 (1H,
S).

ESI-MSm/z: 440 (M + H)"

(Example 118)
{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-yl }acetic acid

1) A mixture composed of methyl {4-[bis(tert-butoxycarbonyl)amino}-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]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



The title compound (10.2 mg, 42%) was obtained as a solid by synthesis
by the same method as in Example 115 using
{4-[(tert-butoxycarbonyl)amino] -2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-8-yl}acetic acsd of Example 118 (25 mg) and
piperidin-4-ol (15 mg). 'H-NMR (CDC13+CD30D) S: 1.45-1.57 (2H, m),

1.79-1.92 (2H , 2.23 (3H, s), 2.28 (3H, s),.3.19-3.30 (2H, rn), 3.44 (2H
G T e R R p R L T e R
g%‘gk)l%%e@)ﬁ%&%l@&ﬂ?f@ﬁo(\;‘édjbyséx%m%cﬂ%&%ﬁrﬁ) fﬁé@@%@c layer

{#aawinos2Hf{tdrie thoxys3, Badimetinydpyindims2ey honathut]-& tdlhydropdund
thig-1,2,3,5-tetraazabenzo[cd]azulen-8-yl)-N,N-diethylacetamide 191 N-N/
\(é%\'%,_l%r/ 25t ABIAFBOHS (8.2 mg, 32%) was obtained as a solid by

synthesis byhg,/sene methgd as in Example 115 using
{4-[(tert-butoxycarbonyl)amino]-2-[(4-

methox3)-3;$4dimetiy pyfidine2:yRynsthndin thsd i orS-thiankiR;3]5*, 7-dihydro-
tetraazabenzo[cd]azuIen-8-yl]}acetic acid of Example 118 (28 mg) and
didtHisndrnine-teitrepprbensolir tetrersyd: Nighgacetayide 1 Hz), 1.20
(3H,t,J=7.1 Hz), 2.22 (311, s), 2.28 (3H, s), 3.31-3.41 (4H, m), 3.39

(2H, s), 3.74. QH, s), 3.84 (2H, s), 5.20 (2H, brs), 5.50 (2H, s), 6.62 (1H,
s), 8.20 (I ~ESI-MSm/z: 468 (M + H) (Example 131)

Z-T(ﬁ%i% -3,5-dimethylpyridin-2-yl)methyl]-8-(2-oxo-2-pyrrolidin-I -
yle C=Aihydro-6-thia-1,2,3.5-tetraazabenzo[ed]azulen-4-amine
s \N/.kNHZ

The title compound (8.3 mg, 46%) was obtained as a solid by synthesis by the
same method as in Example 115 using the above {4-[(tert-butoxycarbonyl)amino]-2-
[(4-methoxy-3,5-dimethylpyridin-2-yl)ymethyl]-2,7-dihydro-6-thia-1,2,3,5- »
tetraazabenzo[cd]azulen-8-yl}acetic acid (21 mg) and ethylamine hydrochloride (11
mg).

'H-NMR (CDCl;+CD50D) &: 1.13 (3H, t, ] = 7.4 Hz), 2.23 (3H, s), 2.29 (3H,
s), 3.25 (2H, s), 3.29 (2H, dt, J = 13.0, 7.4 Hz), 3.75 (3H, s), 3.78 (2H, s), 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-MSm/z: 440 (M + H)"

(Example 119)
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-[(3R )-tetrahydrofuran-3-yl]jacetamide

&

O
‘% /O /Z/\I N\\
7NN
‘<_—<\SINJ\NH2



O N-N The title compound (7.0 mg, 27%) was obtained as a solid by
synthesis by the same method as in Example 115 using
{4-[(tertt-butoxycarbonyl)amino]-2-[(4- methoxy-3, 5-dimethylpyri
din-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5 -
tctraazabcnzo[cd]azulcn-8-yl}acetic atied of Example 118 (28 mg) and
pyrrolidine (14 1). 192 'H-NMR (CDC13) S: 1.82-1.89 (2H, ni), 1.92-1.98

(2H, m),.2.22 (3H, s), 2.28.(3H, s), 3,35 (2H, s), 3.48 (4H,.1d,J = 6.7, 4.
e e S R SR R S
& e(Hahsh B3 Momae466 (Maf Hi-|((Ex8mBle da38)Rg1)amino]-2-[(4-
{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-
thiatlio2y3} 5 éimaaiz Alpenzoficdfalimehs8ly, 7-dihydro-6-thia-1,2,3,5-
}-N-(2-methoxyethyl)-N-methylacetamide. O N S N NH, The title

i ] Gt

CEHHSB R AL B ATy A SuR) A S BEAH ACHRISIH By MBLEY ) the

SAMEPEIR0E 8848 X ANRIEL P NSNS 2 mg).
{4-[(tort-butoxycarbonyl)amino]-2-[(4-

metho?@l—B{E@Rﬁm@kpﬁtdjmmm)mémyl};a,(A—Hi.hyadr@:ﬁ@tmaglmﬁ,ﬁr), 2.23 (3H,
tetraazabenzo[c%zulen-& nI%acetic acid of Example 118 (28 mgi) and
FhretidRyinDm §?éihaha¥ e FLssidyy RN (Eﬁcﬁ(}ﬁ:%‘. tam)-9), 76
- ) 3. Sy 2 485348k (S
PSSP B S I Sl S s i by
(Exampleds33H, s), 6.80 (1H, d, ] =7.1 Hz), 8.15 (1H, s).
ESI-MSm/z: 482 (M + H)"

(Example 120)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl}-8-(2-morpholin-4-yl-2-

oxoethyl)-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd}jazulen-4-amine

N
X

57 NN,

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 pl).

'H-NMR (CDCl3) 8: 2.23 (3H, s), 2.29 (3H, s), 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 =1.2 Hz), 8.19 (1H, s).

ESI-MSm/z: 482 (M + H)"



2- {4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-
thia-1,2,3,5-teettraazabenzo[cd]a-zulen-8-yl}-N-isopropylacetamide n N 5
N'NH 193 The title compound (8.9 mg, 36%) was obtained as a solid by
synthesis by the same method as in Example 115 using
{4-[(tert-butoxycarbonyl)amino]-2-[(4- 185
methoxy-3,5-dimethylpyiidin-2-y1)methyl] -2,7-dihydro-6-Chia-1,2,3,5-
t@@g@ﬁgﬁgq@g[cd]azuIen-8-y1}acetic acid of Example 118 (28 mg) and
isopropylamine (14 I). 'H-NMR (CDC13) 6: 1.14 (3H, s), 1.15 (3H, s), 2.22

(3H, s) 22 3INBthog)-3, 24l iRithyspy B din-BH)SktByT L {2 o%h-4-Hdedadth-1-
(IH, mi 5.23 (2H, brs), 5.51 (2H, s), 5.60 (lli, d, J = 7.8 Hz), 6.70 (1H, s),
gy BE SN 88 (MictiayzalErantpidarsiony-torButy|
(8-(2-hydroxyethyl)-2-[(4-methoxy-3,5-dimethyipyridin-2-
yl)methyl]-2,73dikydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-yl}
carbamate S N ~NH 00 Lithium borohydride (67 mg) was added to

a mixture composed of methyl {4- [bis(tert-butoxycarbonyl)amino]
-QWQ, 5-dimethylpyridi n-2-yl)methyl] -

2,7-dihyd -Seénﬁa,;@,2,3,5-tetraazabenzo[cd]azuIen-8-y|}acetate of
Example 111 (957 mg) and dehydrated tetrahydrofaran (18 ml) under

ice-coofiRgtiflBeJriybe (15.3 mg, 78%) 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 N-(tert-
butoxycarbonyl)-piperazine (23 mg).

'H-NMR (CDCly) 8: 2.22 (3H, ), 2.29 (3H, ), 2.84 (4H, dd, ] = 10.1, 5.0 Hz),
3.42 (2H, s),3.46 (2H, t, ] = 5.0 Hz), 3.60 (2H, t, ] = 5.0 Hz), 3.74 (3H, s), 3.81 (2H,
s), 5.24 (2H, brs), 5.50 (2H, s), 6.62 (1H, s), 8.19 (1H, s).

ESI-MSmy/z: 481 (M + H)”

(Example 122)
2-{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2 ,7-dihydro-6-

thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl} -N-(trans-4-hydroxycyclohexyl)acetamide

2:,> 0O ~N
4 L
S” N7 UNH,

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-



was stirred at OC for two hours, and then returned to room temperature
and stirred overnight. The mixture was ice-cooled again and lithium
borohydri de (33 mg) was added, followed by stirring at OC for two hours.
Methanol (6 ml) and a I N sodium hydroxide solution (6 ml) were added to
the reaction mixture. Then, the mixturé%as returned to room temperature
and stirred for four hours. The organic solvent in the reaction mixture was

exaperates i eakcRd presauss;dT HeR af 2. 194 %5‘1'% Oﬁ‘%ﬂi‘%{&%&%@

solution was added, followed by extraction with chloroform. “The organic
|ayEnorasiaestadl withmbgine, and then dried over magnesium sulfate and
filtered, the filtrate was concentrated under reduced pressure. The
concen%@%@éu@%%élph‘hﬁe?ds By 'SiitR geP doldth e Ehrema Sgraghy (4H, m),
(ehlorafar- o tq. i1y the fitlec 1.mg,-A0%) as

o HNMIR (CDCTD) € 1 23 Clak o), S0 e 8 s et 5 b7
t(IE s6.3. HeJ2 8, 24 BH), QH3s7,5(2H( 5), 3L.8B«2H, 9)) 5668 (@AM, §), 6.79 (11, ).
(1H, s), 7,42 (1H, s), 8.18 (1H, s). ESI-MSm/z: 499 (M + H)+ 2) tert-Butyl
{8-(2-a§§6‘$ﬂ%ﬁ¥-22'-f)(@9@éth%-3,5-dimethy|pyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-yl}carbam

ate N N- N, N S~-N-N U Mesyl chloride (5 |) was added dropwise to a
rifixtare eo@ppsed of the above tert-butyl
{8-(2-hydroxyethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-

yI)metr?%ﬂf_zzgza‘i b8-theaaetng sdirharetbery diédlaratbridyyiicabam

%Iﬁr{%g]yl]-2,7-dihydr0-6—thia—1 ,2,3,5-tetraazabenzo[cd]azulen-4-amine

N
Ll

sNNH2

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 (CDCl3) 8: 2.23 (3H, s), 2.28 (3H, ), 2.28 (1H, g, J = 7.7 Hz), 3.15
(2H, s), 3.72(1H, q, ] = 7.7 Hz), 3.75 (3H, ), 3.83 (2H, 5), 4.05 QH, t, 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)

[(28)-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-y1} acetyl)azetidin-2-ylJmethanol



mgq), triethylamine (15 1) and dehydrated dichloromethane (0.5 ml) under
ice- cooling, and the mixture was stirred at OC 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 filti&te was evaporated under reduced
pressure. Sodium azide (5.3 mg) and dehydrated dimethylformamide (0.5
ml) were added to the resulting residue, and the mixture was stirred at a
bath temperature of 55C for 16 hours. The solvent was evaporated and
then a 0.2 Njsgdium hydroxide solution (4 ml) was added, followed by

HO, . . . . .
extractign with ethyl acetate. The organic layer was dried over sodium
sulfate(195< d concentrated. The title compound (31 mg) was obtained
as an oil. Afaduct was directly used for the next reaction. EST-MS;
m/z: 524 (M+H)". 3) tert-Butyl {8-(2-aminoethyl)-2-[(4-methoxy-3,5-dim
ethylpyridingzs 17~ 0Oy thia- tetr n :
e A S K T e ey v 0
torpused afitHesibdieateridh Uity {812- &ridoetiyl)e2f(4rmetyiguytino]-2-[(4-
3,5-dimethi%din-2-yl)methyll-2,7-dihydro-6-Chia—1 2.3,5-

{BFAS3 e o AR R YOG ST (S e wishenydAcsphine (23

(. A t I .r - idin-
e e
Zadnadtecbto thkre@tion:) mixture, followed by extraction with ethyl

acetate. The organic layer was dried
H-NMR (CDCl3)'d: 2.23 (3H, s5), 2.25-2.34 (1H, m), 2.29 (3H, s), 3.17 (2H,

s), 3.68-3.80 (3H, m), 3.75 (3H, s), 3.82 (2H, s), 4.04-4.19 (2H, m), 4.60-4.68 (1H,
m), 5.29 (1H, s), 5.50 (2H, s), 6.63 (1H, s5), 8.20 (1H, s).
ESI-MSm/z: 482 (M + H)"

(Example 125)
2-{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[ cd}azulen-8-y1 }-N-[(3S)-tetrahydrofuran-3-yljacetamide

(o
% o) /-N
/YN
o |
S NJ\NHZ

The title compound (12.6 mg, 54%) 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 (R)-3-
aminotetrahydrofuran p-toluenesulfonate (38 mg).

'H-NMR (CDCl3+CD50D) §: 1.77-1.86 (1H, m), 2.19-2.27 (1H, m), 2.23 (3H,
s), 2.29 (3H, s), 3.23 (2H, s), 3.66 (1H, dd, J = 9.6, 2.6 Hz), 3.73-3.84 (3H, m), 3.76



over sodium sulfate and filtered, and then the solvent in the filtrate was
evaporated under reduced pressure. The resulting residue was purified
by silica gel column chromatography (NH silica used, ethyl
acetate-chloroform) to obtain the title compound (17 mg) as an oil.
'H-NMR (CDC13) 6: 1.53 (9H, s), 2.21883H, s). 2.31 (3H, s), 2.49 (2H, t, J
= 6.5 Hz), 2.96 (2H, t, J = 6.5 Hz), 3.71 (2H, s), 3.74 (3H, s), 5.63 (2H, s),

6.66 (IH, s), 7.52 (1H,brs), 8.18 (1H, s). EST-MS; m|z: 49 +H). -
Gt s Tl ) 3, S ARBTG5 e 5.5
%ﬁygljoﬁ%miﬁql,b%,?@ﬁgqt{p{aggbenzo[cd]azuIen-4-amine 196 NN N sN

H: Trifluoroacetic acid (0.5 ml) was added to a mixture composed of the
aboveErvsityk: 482 (M + H)"
{8-(2-aminoethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-
dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulcn-4-yl}carbamate (17 mg)

f@&%&@lﬁ&methane (2 ml), and then the mixture was stirred at room
emperature for six hours. The solvent in the reaction mixture was

evapoatadaafifloa0] 2 Nnsaighium3 Pydiraxitel spfidior wasraddet 17 théydro-6-
resulting residue, followed by extraction with chloroform. The organic

thifet wids desaraveIzstrditatste UndYillded Rartt then the solvent in

%h%filtracteC agn%ﬁﬁ&ra%end gnder reduced pressure. The resulting residue

V\yasfop%( ] |e8%y sﬁ?ca gel column chromatography (chloroform-

methanol) to ohtain an oil. The oil was dissolved in dioxane (0.5 ml),

followed by hilization to obtain the title compound (9.4 mg) as an

anﬁzghous.‘ “NMR (CDCI3) S: 2.22 (3H, s), 2.29 (3H, s), 2.47 (2H,t,J =
ot

& p2.9
7 Y |N
s \N*NHZ

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-ylymethyl]-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) 8: 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, 5), 3.80-3.88 (1H, m), 3.95 (1H, dd, J = 12.7, 5.9 Hz),
5.40 (2H, s), 5.49 (2H, ), 6.62 (1H, d, ] = 4.9 Hz), 6.67 (1H, s), 8.15 (1H, s).

ESI-MSmvz: 496 (M + H)”

(Example 127)
2-{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo|cd]azulen-8-y1 }-N-[(1R,2R)-2-



(2H,t,J =6.4 Hz), 3.68 (2H, s), 3.74 (3H, s), 5.19 (2H, brs), 5.50 (2H, s),
6.61 (1H, s), 8.19 (IH, s). ESI-MS; miz: 398 (M + H)+. (Example 135) 1)
tent-Butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-(2-
morpholin-4-ylethyl)-2,7-dihydro-6-thia-1,2,3,5 -tetraazabenzoFed]
azulen-4- yl } carbamatc 197 ,{1, N©N95NH CSC Mesyl chloride (5 1)
was added dropwise to a mixture composed of tert-butyl { 8 -(2-hydro
xyethyl)-2- [ (4-m etho xy-3, 5 -dim ethyl pyridin-2 -y1-)methyl ] -2,
7-dihydro- 6-Chja-1,2,3,5-tetraazabenzo[cd]azulen-4-yi}carbamate of
Example 1 5 mg), dehydrated dichloromethane (0.5 ml) and
tng@ﬂamin 5 1) under ice-cooling, and the mixture was stirred at 0C
fost 1Qyﬁin . After confirming that the raw material disappeared, the
solventm th /rjéaction mixture was evaporated by spraying. Dioxane (0.2
ml) and mdrpholfffe (44 1) as an amine were added to the residue, and

e I e PO on S s T AR GRS by e

conce ssur sodium hydroxide

QLN Was . added ta the neswiing {mﬂmbmuav@abbﬁﬁma@w(m

ethyl acetate. The organic layer was concentrated, and the resulting

resttioeyvias giorifiey iy iNid- %t%@@byﬂoﬁﬂmwwfa@@dp%? >

e e e s Mg s o
%%8 69 lﬁé;{tafm J03i6346'h4me$. 74 (3H, 5), 5.62 (2H '), 6.65 (1H,
1,s), 8.18 (1H1

IH-NMR (CDC13+CD3OD) 8: 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, 5), 2.29 (3H, s), 3.26
(2H, ), 3.76 (3H, s), 3.80 (2H, s), 3.82-3.87 (1H, m), 3.95 (1H, dd, ] =12.7, 5.9 Hz),
5.49 (2H, 5), 6.61 (1H, d, ] = 4.9 Hz), 6.67 (1H, s), 8.15 (1H, ).

ESI-MSm/z: 496 (M + HY

(Example 128)
2- {4-Amino-2-{(4-methoxy-3,5-dimethylpyridin—z-yl)methyl]-2,7 -dihydro-6-

thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl }-N-cyclopropylacetamide

o
z O N-N
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7 YN
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The title compound (11.8 mg, 53%) was obtained as a solid by synthesis by

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

cyclopropylamine (10 pl).



s). ESI-MSm/z: 568 (M + H)+ 2)
2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-(2-morpholin-4-
ylethyl)-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine
~$~N~NH2 198 The title compound (11.6 mg, 68%) was obtained as an
amorphous by synthesis by the samel gtethod as in Example 111 using
the above tent-butyl {2-[(4- methoxy-3, 5-dimethylpyri din-2-yl)m ethyl]

thint D e oD Ny e R T3P R 23 GEL

2 78) 3 24 {52 ; 7
Sl s e

ESENESMiz; 468 (M(HH}). (Example 136) 1) tert-Butyl

{8-[2-(dimet |a\m|n()%#| JI] 2-[(4-methoxy-3,5-
dlrneth&:/%M% Yz é}f{ Pé 7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]a

zulen-4- yl}carbamate N_N" N "Sh NN The title compound (17 mg, 60%)
was obtained as an oil by synthesis by the same method as in Example
18Lausing 1tegi-butyl {8-(2-hydroxyethyl)-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1
tetraazbtﬁéﬁi’e‘f@ﬁ]ﬁ%d@n@%%&r%%@e&@ﬁ?ﬁﬁ}@lﬁm EWHQ% erfH}%i@O -6-

?&51%%8%?% S A 80 2 o (ari. o)
s

The title compound (10.2 mg, 42%) was obtained as a solid by synthesis by
the same method as in Example 115 using {4-[(tert-butoxycarbonyl)amino]-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-yl} acetic acid of Example 118 (25 mg) and piperidin-4-ol
(15 mg).

'"H-NMR (CDCl3+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, 5), 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-yl}-N,N-diethylacetamide



(2H, s), 3.72-3.75 (5H, m), 5.62 (2H, s), 6.65 (1H, s), 7.46 (1H, s), 8.18
(1H, S). ESI-MSm/z: 526 (M + H)* 2)
8-[2-(Dimethylamino)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl).nethyl]-2,7-dihydro-6-tlda-1,2,3.5-tetraazabenzo[cd]azulen-4-amine 199
N S N ~NH, The title compound (7.9 Wé, 57%) was obtained as an
amorphous by synthesis by the same method as in Example 111 using
the above tertt-;)utyl {8-[2- (dimethylamino) ethyl] -2-[(4-methoxy-3,5-dim

ethylpyridi m ethyl] -2,7-
dihydro-6-thini=1,2,3,5-tetraazabenzo[cd]azulen-4-yl}carbamate (17 mg).
'HAMR (GRC13) S: 2.22 (3H, s), 2.26 (6H, s), 2.28 (3H, s), 2.47-2.51

(4H, my (2H, s), 3.74 (3H, s), 5.14 (2H, brs), 5.49 (2H, s), 6.60 (1H,

Ss), 8.19 (& N%)NH,‘ESI-MSm/z: 426 (M + H)' (Example 137) 1) tert-Buty!l
{8-[2-(1H-imidazol-1-yl)ethyl]-2-[(4-methoxy-3,5-
dimeth¥lpytiittre@nddmeti§IR 202; dibfid re6-thiaihcd, 3s5 tetidarabertzefcda the
zulen-4- yl} earbamate N SNNH C"J o The title compound (11 mg, 37%)

A IBBMAG I S Bl Lymities Ayl tire- Rumre rishepal enmekdiipre

T¥using 5‘?8%99@1% A 19@-593%%@%13Zg,’&(ﬂi}gi/dro-é-thia—1,2,3,5-

methoxy-3,5-dimethyipyridin-2-yl)methyij-2, 7-dihydro-6-thia-1,2,3,5-
tetrazabbenyd ofidatlarulanydrytearhaihateEebipderiple 2341(@rampdiatidlamine
imidazole (37 mg) as an amine.
(17 ul).

'H-NMR (CDCls) 8: 1.13 (3H, 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, s), 3.84 (2H, 5), 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-yl)methyl}-8-(2-0x0-2-pyrrolidin-1-

ylethyl)-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine

b

o
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o
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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).



1H-NMR (CDC13) 6: 1.53 (9H, s), 2.22 (3H, s), 231 (3H, s), 2.80 (2H, t, J
7.1 Hz), 3.67 (21-1, s), 3.75 (3H, s), 4.19 (2H, t, J = 7.1 Hz), 5.61 (2H, s),
6.58-6.58 200 (IH, m), 6.95 (IH, t,J =1.2 Hz), 7.04 (IH, t, J = 1.2 HZz),

7.45 (1H, s), 7.49-7.52 (IH, m), 8.17 (1H, s). ESI _MSm/z: 549 (M + H)' 2)
8-[2-(1 H-Imidazol-I -yl)ethyl]-2-[(4-m t??oxy-B,5-dimethylpyridin-2-
yl)methyll-2,7-dihydro-6-thia-1,2,3,5-teti aazabenzo[cd]azulen-4-amine

R~~ NUINGIRN (FoThg Stle gampoynd (B4 men 68%6) yvas,obtained asgm og

amorphous by synthesis by the same method as in Exampfe 111 using

thE ahotd IéAtibbiyd {8 (Bt ImitidzdH Hz), 3.74 (4H, 5), 3.85 (2H, 5), 5.19

-ylethyl]:2-[(4:me -3,5-dimethylpyridin-2-yl)methyl]-2,7-
%ﬁy%?géfﬁéa@%éhg%%rg a%e%g)os[%%zﬂIen-4-y|}carbamate (11 mg).
'H-NMBS(OIREAB) &2R23H7s), 2.29 (3H, s), 2.78 (2H, t, J = 7.0 H2),
3.65 (2H. s), 3.74 (3H, s), 4.18 (2H, t, J = 7.0 Hz), 5.16 (2H, brs), 5.49

(2H, s), 6.52 (1H, S), 6.95-6.96 (1H, m),7,.04-7.04 (IH, m), 7.51 (1H, s),
19 (1H, s). ESI-MSm/z: 449 (M + H)" (Example 138) 1) tert-Butyl
%gﬁﬁll?ge{?&yﬁ,5-dimethylpyridin-2-yl)methyl]-8-[2..

(meth%ﬂ{wiﬂﬂlﬁ%@ﬂ}\{]%ﬁrﬂf@%%@%%E%%t%%ﬁ%ﬁ@%ﬁ‘)%%ﬂ}[?-‘%],@}?&ﬁ?yr}{%l6«

yi } carbamate N 5
thia-1,2,3,5-tetraazabenzo[cd]azulen-8-yl } -N-(2-methoxyethyl)-N-methylacetamide

e
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—Z-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 ul).

'H-NMR (CDCl;) 8: 8.19 (1H, ), 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

b
WA

ST N NH,



201 The title compound (9 mg, 33%) was obtained as an oil by synthesis

by the same method as in Example 135 using tert-butyl
{8-(2-hydroxyethyl)-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3, 5-
tetraazabenzo[cd]azulen-4-yl}carbamate of Example 134 (27 mg) and a 2

N solution of methylamine in tetrahydrofuran (0.2 ml) as an amine.
'H-NMRHGRE B clB(94ns), B3 (3ds bb@hndd3s @M&i@b?@é&%’s’%y the
254 (2H,t,J=6.7 Hz), 2.83 (2H, t, J = 6.7 Hz), 3.72 (2H, s), 174 (3H, s),
%rz eeihey, a@e@@mp@) 17:505(11E bis)((8:18u(LKySybESINUSMGZ: B1A{M

dim -2-yl 8-[2-
Qﬁ& |§o%rﬂn%1 drhidﬁ}rg#iy m y) 7 gilﬁk?e[h%o?[e%]azulen 4-
w@%@aﬂ\éﬂﬂéf@d}&é&@ﬂ@@&E@@Qm@%wm&%ﬂimq@k@@ gxyobtained

as an amorphous by synthesis by the same method as in Example 111
veirgrieabove 4arbbutyl {2-[(4- methoxy 3,

LA T TR A R
(GPGLI) B 3A2 3%*517 HZ 94%'145 4%@7 SBF? %S%?%ng( l—?\fbr g’%‘)

Hz), 2.82 (2H, t, 69 (21-1, s

580(2H d §)=6781H2t]—|6§)o 81]:9 §LH, X). (E%ISI)/ISm/z: 412 (M + H)+
(Example 139) 1) ter- Butyl

{8-[2-(EPYMATmE) St MT(@%ethoxy 3,5-dimethylpyridin-2-
yl)methyl]-2..7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl)
earbamate 202

(Example 134)

1) 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

HO yo

/mNH
%

Lithium borohydride (67 mg) was added to a mixture composed of methyl {4-

S7N

[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)and a 1 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



N S N~ NH o~ The title compound (17 mg, 56%) was obtained as an oil
by synthesis by the same method as in Example 135 using tert-butyl
{8-(2-hydroxyethyl)-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-yl}carbamaté of Example 134 (29 mg) and a 2
N solution of ethylamine in tetrahydrofuran (0.5 ml) as an amine. ESI-MS

M RSB Hcid) solution was added, followed by extraction with chloroform.

8-[2-(Ethylamino)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-

A Tedirgraie l6Betiensl y2ushedtetithdrate nzd[tujaduleh o4amingnSynthesifte and

s performed by the same method as in Example 111 using the _above

?é?&%gﬁw {ﬁ?fﬁz (‘2&%E}l}éfﬁ%ﬁﬁfétﬁ%@?ffeﬁ?&%&y@%f& RtSyiSyriciRe2-

vometlled fediiiadsthizeh pPtalapeahenz Aladlaz ety YRR

ate (17 mg), followed by trituration with diethyl ether to obtain the title

cottipoabdq4ktamgh 3t o} as e sadid3 OHNMROGCDE 23)06: 1.31 (3H, t, J =

7.2 Hz), 2.21 (3H 5&2.28 (3H, s), 2.75 éZH, t,J=7.6 Hzggz.97 (2H, q, J

= 7.2 HE W3 (BRGLY%: 1B ﬁkgﬁsﬁégz( HOHYL 9, 243B15)95 2680611 t. T =
r 4 ) 6. Sh & ' S), r -MSmyz:

0 o oo 140750 1) et o) CH PO BRI (1t

£8; RAE&yclophopylamino)ethyl]-2-[(4-methoxy-3,5

dimethéléjl)/ridin-z-yl methyl]-2,"7-dihydro-6-thia-1,2,3,5-tetraazabenzo [cd]
azulenERIYSEmH AR ISNENH

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

Mesyl chloride (5 ul) 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]Jazulen-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



Ul~1 The title compound (16 mg, 51 %) was obtained as an oil by
synthesis by the same method as in Example 135 using tert-butyl
{8-(2-hydroxyethyl)-2-[(4-

methoxy-3,5-dimethylpyridin-2- yl)methy% 2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}carbam bte of Example 134 (29 mg),
cyclopropylamine (20 I) as an amine and tetrahydrofuran (0.5 ml) as an

amihatipreastion spvent. c&%&d\ﬂ% 4 rg M-BB£:2d as an oil, The
8-[2- (Cyclopropylamlno)eth [(4- methoxy -3,5-dimethylpyridin-2-

Vet 2 dirgitilidrece-thidht, 2¢315<mtramzabenzo[ed]azulen-4-amine N

5 N~ NI% 'mgstltle a nd 6.3 mg, 48%) was obtained as an _
amorphous by’ Isny h%gsn e same method as in Example 111 using

the ab@gqgﬁrgmju kécacmﬁ%ebﬂ@mw&%ﬂ,@%yh@ MR R
ethylpyridin-2 -yl)m ethy

dihyeirds61Ria-diey8r6- fetkaazabe,ﬁzmgcﬁqmﬂﬁm{lc&]}mxb@.m@d%l@amgbe
"H-NMR (CDCI3) 6: 0.60-0.66 (2H, m), 0.69-0.74 (2H, m), 2.22 (3H, s),
2.29 (3H, .32-2.38 (1H, im), 2.66 (2H, t, J = 7.5 Hz), 3.09 (21-1,t,J =
7.5 Hz), 3@%2& s), 3.75 (3H, s), 5.33 (2H, brs), 5.49 (21-1, s), 6.62 (1H,

s),8-19 (L s), 8.26 (1H, brs). ESI sMSm/z: 438 (M + H)+ 204 (Example
141) Butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-(2-
pyrrolich lethyl)-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-
yl}carbamatge N N[ N

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) wés 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 (OH, s), 2.21 (3H, s), 2.31 (3H,'5), 2.49 (2H, t, ] =
6.5 Hz), 2.96 (2H, t, ] = 6.5 Hz), 3.71 (2H, s), 3.74 (3H, s), 5.63 (2H, s), 6.66 (1H, s),
7.52 (1H, brs), 8.18 (1H, s).

ESI-MS; m/z: 498 (M + H)".

4) 8-(2-Aminoethy1)-2-[(4-methoxy—3,S—dimethylpyridin—?_-yl)methyl]-2,7-

dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine



\-s NJ" N H -p The title compound (11 mg, 34%) was obtained as an oil by
synthesis by the same method as in Example 135 using tert-butyl
(8-(2-hydroxyethyl)-2-[(4- methoxy-3 , 5-dimethylpyridin-2-yl)methyl]-2,
7-dihydro-6-thi a-1,2,3, 5 - tetraazabenzo[cd]azulen-4-yl}carbamate of
Example 134 (29 mg), pyrrolidine (241%6as 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-I-

ylethyl)-2 Edihydro--6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-amine "Sh

I N*"NHz itle compound (4.8 mg, 53%) was obtained as an
arnorpho by synthesis by the same method as in Example | | 1 using
the : t-butyl {2-[(4- methoxy-3,5-dimethylpyridin-2-yl)methyl]

-8-(2-pyrolidin=.| -ylethyl)-2,7-dihydro-6- thia-i
2,3,5-tetraazabenzoled]azulen-4-yl}carbamate(11 mg). 205 'FI-NMR
(CDC138)ifudres:ai03dH). min . @2s(4ddeds)y 2.20x(8H, ®InB&320T 2o ve

06- ,m), 3.73 (2H, s), 3.74 f3H, s), 5.19 (2H, brs), 5,49 (2H,
B8 (S S ) Gty by BN ey -

@Fﬂ%ﬂ'@&ﬁ?—l ,:Q),§%&'%%a@ﬁ%f§ﬁgﬁpéﬂmc)§rgyﬂate (17 mg) and

(4-methoxy-3,5-
dinhdohnyipstiidite 2yt etiny/theh Fadinyisror6thiasii2ed, - tetraazabenzeletis six

%gluerrs]_ 4 }ll}ecgorlg%rrpc i?lt?hte) rel:\elt-cﬁon 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 (CDCl3) 8: 2.22 (3H, s), 2.29 (3H, s),2.47 (2H,t,J = 6.4 Hz), 2.96
(2H,t, J= 6.4 Hz), 3.68 (2H, s), 3.74 (3H, s), 5.19 (2H, brs), 5.50 (2H, s), 6.61 (14,
s), 8.19 (1H, s).

ESI-MS; m/z: 398 (M + H)".

(Example 135)
1) tert-Butyl {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-

yl}carbamate



"N S~NK NH O)O The title compound (16 mg, 51 %) was obtained as
an oil by synthesis by the same method as in Example 134 using
tert-butyl {8-(2-hydroxyethyl)-2-[(4- methoxy-3 , 5-dimethylp yridin-2
-yl)methyl]-2,7-dihydro-6-thia-1,2,3, 5-
tetraazabenzo[cd]azuIen-4-yl}carbam<1:1?g of Example 134 (29 mg),
isopropylarnine (25 l) as an amine and tetrahydrofuran (0.5 ml) as an
amination reactjon solvent. ESI-MS m/z: 540 (M+H)' 2)
8-[2-(Isopro. mino)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yI)methyl]-Z?%hydro-G-thia-l,2,3,5-tetraazabenzo[cd]azuIen-4-amine N

S N'-NMN¥The title compound (4.4 mg, 36%) was obtained as an
amorphdaUs Py} synthesis by the same method as in Example 111 using
the above terh-iityl (8-[2 206 (isopropytamino) ethyl]
-2-[(4-methoxy:3%-dim ethylpyridin-2-yl)methyl]-2,7-
dihydro-6-thia-1,2,3,5-tetraazahenzolcd]azulcn-4-yl}carbamate (16 mg).
'H-NMR (CDC13).8: 1,07 (6H, d, J = 6.1 Hz), 2.22 (3H, s), 2.30 (3H, ),
2154 (Y STRR9F) B2 PO St DUy v &
(AR hrex3RHAN? B2 $)5 - BitRAdyTh ) a ) -Mamtay 440 AMin Jdko.-

(Example 143) 1) tert-Butyl
{842« dveibbeiytampie)etiypll2z(emeyioxyBimate of Example 134 (25 mg),

d %11231{%/%%/_ rlgégf%bxgg?heggg IJ(_)% 7r;ﬁi)l ha};l%r?ﬁggﬁgllg;r}l’gé%1%1?1?%252? i%rc;i?oolin g,
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 resi&ue, 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 (CDCl3) 8: 1.53 (9H, s), 2.22 (3H, s), 2.31 (3H, s), 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)methy1]-8-(2-morpholin-4-
ylethyl)-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-amine



yl }carbamate 051 N\ N N INH OJ*~ The title compound (20 mg, 62%)
was obtained as an oil by synthesis by the same method as in Example
134 using tert-butyl {8-(2-hydroxyethyl)-2-[(4- methoxy-3,
5-dimethylpyridin-2-vl)methyl]-2,7-dih g 0-6-thia-1,2, 3, 5-
tetraazabenzo[cd]azulen-4-yl}carbamaté of Example 134 (29 mg),
cyclobutylar ine (25 1) and tetrahydrofitran (0.5 ml) as a reaction solvent.

ESI-M31e/g11668npbit)l (2) .6 mg, 68%) was obtained as an amorphous by
8-[2-(Cvclobutylamino)etnyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yhnteeriike heditparasheded in B:amntadzaehzoled avie red-bittih 24 4-

S~N'NH ._The title.compound (8. 49%) was obtaine .

TR S B g T B R s gD ugyero s
&Bﬂl@@@ﬂ%tﬂfwwe{&&dg azulen-4-yl} carbamate (17 m_%P_ :
(cyclobutylamino)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-yl) _methyl]-2,

7- dihydedVBHIaN(2;3 B-tettatdtaben2 sle djak e R-44/2dariéate, (200-3.73
.'H-NMR (CDCh) S: 1.74-1.59 (4H, m), 2.19-2.23 (2H, m), 2.22 (31-1,

LR Ces b el bt i w )

3.24-3 33 (kA0 36@9(1@'311}1’?’ 3.74 (3H, s), 5.15 (2H. brs), 5.50 (2H, s),

6.61 (TH, s), 8.19 (IH, s). E-SI-MSm/z: 452 (M + H)" (Example 144)

(Example 136)
1) 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
b
»
N )
e
3 \NJ\NH

The title compound (17 mg, 60%) was obtained as an oil by synthesis by the
same method as in Example 135 using tert-butyl {8-(2-hydroxyethyl)-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[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 (CDCl) 8: 1.53 (9H, s), 2.21 (3H, s), 2.26 (6H, s), 2.30 (3H, s), 2.51
(ZH, s), 3.72-3.75 (5H, m), 5.62 (2H, s), 6.65 (1H, s), 7.46 (1H, ), 8.18 (1H, s).

ESI-MSm/z: 526 (M + H)"

2) 8-[2-(Dimethylamino)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-

vl)ymethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo{cd]azulen-4-amine



1) tert-Butyl (2-[(4-methoxy-3,5-dim ethylpyridin-2-yl)methyl]-8-{2-[(3R)-
tetrahydrofuran-3-yiamino] ethyl }-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl)carbamate o-, N "SAN o O Tl The title
compound (10 mg, 30%) was obtaineﬂ%%s 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-
tetraazabenzbo[cd]azuIen-4-y|}carbamate of Example 134 (29 mg), (R)-3-
aminotetr&%%grofuran p-toluenesulfonate (91 mg) and
diisopropytéthylamine (50 ) as amines and dehydrated

amide (0.5 ml) as an amination reaction solvent. ESI-MS

digethyl
m/z:\568 lH)+ 208 2)
2-[(4- 6xy43,5-dimethylpyridin-2-yl)methyl]-8-{2-[(3R)

tetrahydrofuran-3-ylamino]ethyl}-2,7-dihydro-6-thia-1,2,3,5-
tetraazabeHs[eezpenan-@-Amiaes TN was Nt dhes titleucomppountly(6.0

AR LA BIaS Y SIS S 1,
raethaxyrGrdpetylpyisingnime il 23Rty anydralyen-8-
dihydro-6-thia-1,2,3,5-tetraazabenzo[cdJazulen-4-yl } carbamate (17 mg).
'H-NMR (CDCl;) 8: 2.22 (3H, 5), 2.26 (6H, s), 2.28 (3H, s), 2.47-2.51 (4H,
m), 3.70 (2H, s), 3.74 (3H, s), 5.14 (2H, brs), 5.49 (2H, s), 6.60 (1H, s), 8.19 (1H, s).
ESI-MSm/z: 426 (M + H)"

(Example 137)
1) tert-Butyl {8-[2-(1H-imidazol-1-yl)ethyl]-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd Jazulen-4-

yl}carbamate
b
N
/YN
SN N
o
T

The title compound (11 mg, 37%) was obtained as an oil by synthesis by the
same method as in Example 135 using tert-butyl {8-(2-hydroxyethyl)-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl}-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl} carbamate of Example 134 (27 mg) and imidazole (37
mg) as an amine.

'H-NMR (CDCls) §: 1.53 (SH, s), 2.22 (3H, s), 2.31 (3H, s),2.80 2H, t,J =
7.1 Hz), 3.67 (2H, s), 3.75 (3H, 5), 4.19 (2H, t, ] = 7.1 Hz), 5.61 (2H, s), 6.58-6.58



ylaminojcthyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-yl)car
bamate (10 mg). 'H-NMR (CDCI3) S: 1.68-1.76 (IH, m), 2.04-2.14 (1H,
m), 2.22 (3H, s), 2.30 (3H, s), 2.53 (2H, t, J = 6.5 Hz), 2.80-2.88 (2H, m),
3.37-3.43 (1H, m), 3.57 (1H, dd, J =8.9, 4.0 Hz), 3.70 (2H, d, J = 3.7 Hz),
3.74 (3H, s), 3.75-3.84 (2H, m), 3.87-3293 (1H, m), 5-14 (214, brs), 5.50
(2H, s), 6.62 (1H, s), 8.19 (1H, s). ESI-MSmIz: 468 (M + H)' (Example

2 IhteryB {2-1(4- xy-3,5-dimethylpyridin:2-y yl]-8-(2-
g)(ﬁ)e’ridi)ﬁ-l-yleggy .é,%-dﬁé%ﬁ«?ﬁ%.@g, -tgtr%g%&bééggfég]é;zﬁré’%-‘lﬁ;%“H’
}oarbameate \e).~~"N -SioNNH a-1j 0 209 The title compound (25 mg,

75%) was obtained as an oil by synthesis by the same method as in

ExampfeS134msiag ettty - (2-hydroxyethyl)-2-[(4-
thoxy-3.5-dimeth idin-2- []-2,7-dihydro-6-Chia-1,2,3,5-
ot S SR At b e TS0 g o2

pipertding (29-ianadetrahydrofuran Q.5 b3 _RIBaGHANSglveRt.
ESI-MS m/z: 566 (M+H)| 2)

2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-(2-pip eridin-l-ylethhyl)-

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 jcarbamate (11 mg).

'"H-NMR (CDCl) §: 2.22 (3H, s), 2.29 (3H, s), 2.78 (2H, t, J = 7.0 Hz), 3.65
(2H, s), 3.74 (3H, 5), 4.18 (2H, t, ] = 7.0 Hz), 5.16 (2H, brs), 5.49 (2H, s), 6.52 (1H,
$), 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 ,3-dimethylpyridin-2-yl)methyl]-8-[2-
(methylamino)ethyl]-2,7-dihydro-6-thia-1,2,3 ,5-tetraazabenzo[cd]azulen-4-

yl}carbamate

o]

s

\_/

"
~s7 N E\H
.



0}11 ! S NJ'NH_ The title compound (16.8 mg, 83%) was obtained as an
amorphous by synthesis by the same method as in Example Ill using the
above tert-butyl {2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-(2-piperidin-l-ylethyl)-2,7-dihyd
ro-6- thia-1,2,3,5-tetraazabenzo[cd]azi¥én-4-yl}carbamate (25 mg).
1H-NMR (CDC13) S: 1.46-1.47 (2H, m), 1.56-1.62 (4H m) 2 21 (3H, s),

2.28 ( 4 $),3.74(3
s), 5. 2?}35 H§)£ i@b?é%éo ?13"@%3)3%8‘(%5 %% ‘gl@)& V’%ﬁ}ées sz(4g%
(@ebrie heth $E xanmplis dAp)e I3 tsBUtdrt-butyl {8-(2- hydroxyethyl) 2-[(4-

{8 -i2-(3-fluoroazetidin-I-yl)ethyl]-2-[(4-methoxy-3,5-

rdimnesoyipethpti o hoareiiddole” @madlcz%@%eltr%,éz%rbenzo[ed]

a ate, 2 b F N e ti
e S o e Dl eadonle ) & R B dion
mﬂw@mm&m&w&aﬁ%&mg@@%ﬁ)wmﬂwdroxyethyl) -2-[(4-
methoxy -3,5-dimethylpyri din-2-yl)methyl]-2,7-dihydro-6-Chia-I ,2,3,5-

tetraazébéfMB{d@]@Q&iéﬁ 4- §l}éafbaﬁh@tébffkamﬁlé 18429, hg); (3H, s), 2.54

o ey i 4 Of - e e (36 8) B 2ied AdSH. 9. 5.62 211, 9,

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]azulen-4-amine

S7SNTONH,

The title compound (7.4 mg, 100%) was obtained as an amorphous by
synthesis by the same method as in Example 111 using the above tert-butyl {2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-[2-(methylamino)ethyl]-2, 7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl } carbamate (9 mg).

'H-NMR (CDCl;) : 2.22 (3H, s), 2.29 (3H, s), 2.45 (3H, 5), 2.53 (2H,t,J=
6.5 Hz),2.82 (2H, t, ] = 6.5 Hz), 3.69 (2H, s), 3.74 (3H, 5), 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-

yDmethyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl} carbamate



dehydrated dimethyl sulfoxide (0.5 ml) as an amination reaction solvent.
EST-MS m/z: 556 (M+H)t 2)
8-[2-(3-Fluoroazetidin-1-yl)ethyl]-2-[(4-methoxy-3,5-dimethylpvridin-2-
yl)methvl]-2,7-dihydro-6-thia-i,2,3,5-tetraazabenzo[ed]azulen-4-amine ~
N-N) r'S NNH, The title compound @& mg, 65%) was obtained as an
amorphous by synthesis by the same method as in Example 11 | using
the above tert-butyl {8-[2-(3-

fluoroazetic -})l-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).
'HﬂEMR (GRC13) S: 2.22 (311, s), 2.29 (3H, s), 2.37 (2H, t, I =7.3 H2),
2.7 jﬁ@é\y: 7.3 Hz), 3.09-3.19 (2H. in), 3.65-3.75 (2H, m), 3.68 (2H,
s), 3.74 5,00-5.20 (11-1, rn), 5.11 (2H, s), 5.50 (2H, s), 6.58
(11-1, s), 8.1%, s). ESI-MSm/z: 456 (M + H)" (Example 147) 211 1)
tert-Butyl {8-[2-((lfethylamino)ethyl]-2-[(4-methoxy3,5-dimethylpyri(lin
2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed] azulen-4-yl
Jcarbarh2géitle KRAmBoNm-( IR0 Phe tiths ebiripeting iy auvbesiaby the

SHRNEUAS 0 A oS b tie s REURIAS DRATRIRSS
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)methyl]-

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

N
X

2,
S NTONH,

Synthesis was performed by the same method as in Example 111 using the
above tert-butyl {8-[2-(ethylamino)ethyl]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-yl} carbamate (17
mg), followed by trituration with diethyl ether to obtain the title compound (4.4 mg,
31%) as a solid.

'H-NMR (CDCl;) 8: 1.31 (3H, t, ] = 7.2 Hz), 2.21 (3H, s), 2.28 (3H, s), 2.75
(2H, t,J=7.6 Hz), 2.97 (2H, q, ] = 7.2 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)



methoxy-3,5-dimethylpyridin-2-yi)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-yl}carbamate of Example 134 (29 mg),
diethylamine (90 I) and tetrahydrofuran (0.5 ml) as a reaction solvent.
ESI-MS m/z: 554 (M -H)' 2)
8-[2-(Diethylamino)ethyl]-2-{(4-methoX$3,5-dimethylpyndin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo [ed]azulen-4-amtne
N-N N 1 h The ditle compound (8. . £%) was obtained as an
amorpﬁ%%ésy%%\tl@)}n{t%%éf CB/)C/ eogg?%ren(‘rrﬁét?%%ll&é ”iﬁﬁr?zfr%l 8@’191%‘ using
thienapoye, tertnbuityl (8tRy1(di etk aminaxiathylb-2 5 4rmethexys 34 azulen-4-
5-dimethylpyridin-2-yl)methyl] -2,7-dihydro-

slikibrP A5 tetraazabenzo[ed]azulen-4-yl}carbamate (14 mg). 1H-NMR
(CDC13) b: 1,03 (6H, t; J = 7.2 Hz), 2.22 (3H, s), 2,28 (3H, s), 2,47 (2H,
dd, J = 9.2);;52ﬁ Hz), 2.56 (4H, g, J = 7.2 Hz), 2.68 (2H, dd, J =9.2, 6.2

, 3.70{2¥s), 3.74 (3H, s), 5.15 (2H, s), 5.49 (2H, s), 6.58 (1H, s),
8.20 (1H, g)¢ ESI-MSm/z: 454 (M - H)~ 212 (Example 148) 1) tent-Butyl
{8- icin;l-ylethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-

yl)meth #\,dihydro-6-thia-1,2,3,5-tetraazabenzo[edIazulen-4-yl}earbam
ate NN N Ny O-11

/I\

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)methyl]-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

X

S NTONH,

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-y1 } carbamate (16 mg).

'H-NMR (CDCl3) 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, ] = 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)"



The title compound (10 mg, 31%) was obtained as an oil by synthesis by
the same method as in Example 135 using tert-butyl
(8-(2-hydroxyethyl)-2-[(4- methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,
7-dihydro-6-thia-1,2,3,5- tetraazabenzo[cd]azulen-4-yl}carbamate of
Example 134 (29 mg), azetidine hydrackloride (27 mg) and
1,8-diazabicyclo[5.4.0]-7-undecene (39 1) as amines and dehydrated
dimethyl sulfoxide (0.5 ml) as an amination reaction solvent. ESI-MS m/z:
538 (MH)+ 2)
&ﬁ&ﬁ;@gqmr}-ylethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyi]-
2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo|[cd]azulen-4-amine V/ °S N~, NH,
The title combumtl {07 [T4amgstE69%) Wfad inhthiyiegirad an-gMasuha s oy -

S g;’gcgtss by the same method as in Example 111 using the above

t -

1780 ey Bhid Ariby it on e b Arietisiapagabenniphcd] azulen-4-
ejhyipyridinz2-yl)methyl]-2.7-dihydro-6-
thia-1,2,3,5-tetraazabenzo|[cd]azuien-4-yl}carbamate (10 mg). 'H-NMR
(CDC13) S: 2.03-2.10 (2H, m), 2.22 (3H, s), 2.28 (311, s), 2.33 (2H, t, I =
7.6 Hz), 2. H:t, J=7.4Hz),3.20 (4H, t, J = 7.0 Hz), 3.68 (2H, s), 3.74
(3H, s), 5.1142I-Z, s), 5.49 (211, s), 6.57 (1H, s), 8.19 (1H, s). 213
SIS/ 488 (M + 14) (Example 149)

2-[(4- ho&J“?,S-dimethylpyridin-2-yl)methvl]-7,9,10,11-tetrahydro-2H-8-
oxa—6-Ch|§-1’?%&“,’5-tetraazadibenzo[ed,h]azulen-4-amine N-Nb-N SN
NH,

The title compound (11 mg, 34%) was obtained as an oil by synthesis by the
same method as in Example 135 using tert-butyl {8-(2-hydroxyethyl)-2-[(4-
methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl} carbamate of Example 134 (29 mg), pyrrolidine (24
ul) 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[ cdJazulen-4-amine

4 =

It

$TNTONH,

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-yl)methyl}-8-(2-pyrrolidin-1-ylethyl)-2,7-dihydro-6-

thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl } carbamate (11 mg).



A mixture composed of 4-di-(tert-butoxycarbonyl)amino-2-(4-methoxy-3,5-
dimethyl-pyridin-2-ylmethyl)-8-oxo0-2,7, 8,9-tetrahydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulene of Example 40 (40 mg), 1,3-dibromopropane
(11 1), potassium carbonate (19 mg) and dimethyl sulfoxide (0.5 ml) was
stirred at room temperature for 20 hoitks. Water was added to the
reaction mixture, followed by extraction with ethyl acetate. The organic

layer waswasheebwith BrinecThes ergamig layer was dried oyai anhydiys;q

sodium sulfate and filtered. Then, the filtrate was concentrated under
tetussd préssure(dienlbrometAine) (2./) AHd sirifluérGadetic adid {931, s),

dded to the resulting residue, and the mixture was stirred at
rggggrgigm%egalt%r@]%Ersghlgegh@%’rs}?lﬁe reaction mixture was concentrated
under feducedhpressurg,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
AL by silica gel thin-layer chromatography

(chloroform:l Hto. | tit ogynd (13,3 mg, 46%) as a
Solic L AN DTS S T LS BBt DS o), 2 00
(Bie a1 RS {2Hy hrdethG1# N2)diBs80o(B1hi 5):, 3,7 8 (BtlaSatbdR (@Hatuldn-4-
= 5,0 Hz), 5.41 (2H, brs), 5.48 (2H, s), 8.19 (1H, s). 214 ESI-MSmiz: 411
M <eh§T@kample 150) 1) Di-tert-butyl
{9.9-difluoro-2-[(4-methoxy-3,5-dimethvipyridin-2-

yl)methyl-i-&< >9<o-2,7.8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azule
n-4- yltimi rbonate FF IN

- -N
4
\’-{‘?/\
s7N NH

N
N
0™0

The title compound (16 mg, 51%) was obtained‘as an o1l 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

b

==

N/

_ﬂj -
4 /ﬂ!

5" NTNH,

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-



N '-S N~ N10 0™o- 60% sodium hydride (8 mg) was added to a mixture
composed of 4-di-(tert butoxyearb onyl)amino-2 -(4-methoxy-3, 5 -dim
ethyl-pyridin-2-ylmethvl)-8-o0xo-
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene of Example 40
(57 mg) and dehydrated dimethyl for@mide (1.5 ml) under ice-cooling,
and the mixture was stirred at OC for 15 minutes. Then a solution of

e (63 m)ndeh dr, ted
o ts s Dl TS e M oagr 2
mmyttﬁss\/trﬁ&er wassadd@&iza@ém reaghan-mixtinearfolowed bygxtraction
with ethyl acetate. Then, the organic layer was washed with water. The

organic EVBYR4S Bidg Bvei0adaRind. sufdtd &R, ftedAHT oA, I3 Frate. 54

T e v Sh i 8 Aol the et egntage -5

|mgy§|jje,$@2twg§sglgepglmq§eg.for the next reaction. 2)
4-Amino-9,9-difluoro-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
2,7,8, 908Nyl 84hiaML ;218 5-tetraazabenzo[cd]azulen-8-ol 215 a 0" F
-NHO JJJ3JJJ...... N N'NH, Sodium borohydride (6 mg) was added to a
mixture composed of the above dI-tert-butyl

@gégjg}éolr@g-[m-methoxy-fs,5-dimethylpyridin-2-yl)methyl]-8-oxo-
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
%

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]azulen-4-yl} carbamate of Example 134 (29 mg), cyclobutylamine
(25 ul) and tetrahydrofuran (0.5 ml) as a reaction solvent.

ESI-MS m/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



2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yl}limidodicarb
onate (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, followed by extraction with ethyl acetate. The organic layer was
washed with water. The organic layerdNas dried over sodium sulfate and
filtered. Then, the filtrate was concentrated under reduced pressure.

Dichl flu m r dde to the
sl T s S T M AR

fouriheiv .y the seactionbaiduie Basgaeqaentiaiad wedebvedeeashtyl {8-[2-
pressure, and the resulting residue was purified by reversed phase liquid
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4.59-4.66. WML 1534 @H,73) 5561112k, Sh Bl (i, s Eﬁiﬂ\ﬂﬁfm% 2.30
409 (M + H)+ (Example 151) 1)

138- A}Tﬁnﬁlﬂéid’ichIﬁﬁ)ﬁ)ﬁﬂhlalﬁ@{%ptob?ééhﬂ@l TGR6ff. H2NIN 8), 3.69 (2H,

T P g e

bromldggm_l\;g@gydggf lvan {2200 g) was added dropwise under
ice-cooling. After compﬂetion 16 of the dropwise addition, the mixture

was stirred under ice-cooling for two hours. Water (2000 ml) was added
he r actlo solution, and the solution was made acidic witha 1 N
r% %Illé cid solution (2500 ml), followed by extraction with

1) tert-Butyl (2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-{2-[(3R)-
tetrahydrofuran-3-ylaminojethyl}-2,7-dihydro-6-thia-1,2,3,5-

tetraazabenzo[cd]azulen-4-yl)carbamate

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-ylymethyl}-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)"



ethyl acetate. The organic layer was dried over sodium sulfate and
filtered, followed by concentration. Methanol was added to the resulting
residue, followed by stirring for one hour. The insoluble matter was
filtered off, and the filtrate was concentrated under reduced pressure. The
resulting residue was purified by silic&§el column chromatography (ethyl
acetate-chloroform) to obtain the title compound (50 g, 49%) as a solid.

ESI-MS\m/z;,2 +H)+ o

o TN S ety R SR s B S 2 AR
tetrahydadenaphiiyendamineil - dhhed 8-18AN, NHz-The title
compound was synthesized using the same method as in Example 1- 7),
ESEERsTReB 20 [Ed mpta-$5BHacE xample 36 for the above 1-(2-arnino-4,6-
dichloropyrimi din- 5-yl)prop-2-en-1 -ol. ESI-MS m/z: 341 (M+H)+.
'H-N'MR (€DT13) 6: 8.22 (1H, s), 7.06 (1H, d, J =9.8 Hz), 6.72 (1H, d, J =
9.8 Hz), 5 21-1, s), 5.15 (2H, brs), 3.74 (3H, s), 2.29 (3H, s), 2.23 (3H,
Example 152) 1)

lope<34{(2,2-dimethyi-1,3-dioxolan-4-yl)methyll-I-(4- methoxybenzyl)-1
Qgg]pyrimidin-&amine 217 CO9NNN CIN"NH2

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 (CDCl3) 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-MSm/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
N/
O
e
87 INTNH



A solution of triethylamine (29.1 ml) in dichloromethane (100 ml) was
added to a mixture composed of
1-(2-amino-4,6-dichloropyrimidin-5-yl)-2-(2,2-dimethyl-
[1,3]dioxolan-4-yl)ethan-l-one (16 g), (4-methoxybenzyl)-hydrazine
hydrochloride (14.1 g) and dichloromgtisane (400 ml) under cooling in an
ice bath over 15 minutes. After stirring under cooling in an ice bath for 1.5

hours, 8.0.2. N hydrochlaric acid solution (1000 ml) was added to the
reactioﬁr }rlﬁigéﬂfrg%{m%‘wgoe%@rgﬁt%’c{f&h” fittP AR RToRS At st Ry the

Thserdanislay s maswrshedwith Ring,(90%mb_and. Juied, averr 4
anhydrous magnesium\e'lsulfate.u Aft%r filtratign?tﬂze filt?atgqv%%a%gzz:gﬁtrated
undéoretbtetimetsspyeidihe -y suting residiie was-putified by silica gel
column chromatography (ethyl acetate-chloroform) to obtain the title

dSHSGaRRI P e g la oty b g Rato N EGKAR PEDC 4 37 6 me3e s dé)e (29 1)

> ( = - 8 3.43 (1H,dd, J=14.6,5.4
]ﬁ%%tg%h%ﬁ%‘gg? 36:‘5 833@,) g%ﬂ%&?‘%@gﬁﬁtsx 4.07 (111, dd, J = 8.3,

5.9 Hz)FaI84SAmE: (366, (M)+B 22 (2H, s), 5.30 (2H, s), 6.82 (2H, d, J=8.5

Hz), 7.24 (2H, d, J = 8.5 Hz). ESI-MSm/z: 404 (M - H)+. 2) Di-tert-butyl

{4-chlora-3{(x Bsihretnis 1amabrénrdioyrretstiulicd-(2-piperidin-1-ylethyl)-

-1H~pyrazaolo[ 3.4-d]pyrimidin-6-yllimidodicarbonate o Cz,
2? 2617t N ‘%%ég ﬁ%ﬂﬁf %é%rigﬁé “%%ﬁ@%%ﬁ@ﬁ%‘ﬁxﬁ%’&&?idine (500 mg) and
di-tort-butyl dicgrbonate (53.59)

N/
N
4
Q“{%w
s \NJ\NHZ

The title compound (16.8 mg, 83%) 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-piperidin-1-ylethyl)-2,7-dihydro-6-
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, 5), 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-MSnv/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]azulen-4-

yl}carbamate



were added to a mixture composed of the above
4-chloro-3-[(2,2-dimethyl-1,3-
dioxolan-4-yl)methyl]-1-(4-methoxybenzyl)-1H-pyrazolo”,
4-d]pyrimidin-6-amine (16.5 g) and tetrahydrofuran (400 mL), and then
the mixture was stirred at room temperature for 12 hours. The reaction
mixture was filtered and then the filtrate was concentrated under reduced
pressure. The resulting residue was purified by silica gel column
chromatogr (ethyl acetate-hexane) to obtain the titte compound (22
g, 89%) as fl. 'H-NMR (CDCI3) S: 1.37 (3H, s), 1.40 (3H, s), 1.45

(18H, s), 3.25(1H, dd, j 15.1, 7.1 Hz), 3.52 (IH, dd, J = 15.1, 5.0 Hz),
3.73- gﬁ%w), 3.77 (3H, s),4.12 (1 H,t,J=7.1Hz), 4.58-4.66 (I H,
m), 5.46\4 A4y = 15.1 Hz), 5.51 (1 H, d, J = 15.1 Hz), 6.81 (2H, d, J =
7.8 Hz), 7.28 (@4 d, J = 7.8 Hz). ESI-MSm/z: 604 (M + H)'". 3} Di-tert-butyl
{4-chloro-3-(2,3-dihydroxvpropyl)-1-(4- ethoxybenzyl)-1H- pyrazolo[3
,4-d]pyrimidin-6-yl ) imidodicarbonate ¢ HC pH NN CI~N" The above
di-tert-Dheyti(4-chiopordd (B, 2:diMErhhwiad GeiexdlanAr-oil by synthesis by the

yl)methyl]-1-(4-methoxybenzyl)- | H-pyrazolo [3,4-d]pyrimidin-6-

yARMRoARGH oM &R ] Ivads e Seveutin i%éwgr@zmetwyrz—[<4-
tol te (10 ed and the mixture was

e e R A e

cancentaiad canpdwater- (100 miinarso feded R e resulling Iesidieizetidine
followed by extraction with ethyl acetate (500 ml). The organic layer was

Wwadredlavite bihe ariadnefr diietb st l Ay Brdlestsdinn (24 9 sadfareines and
AR aRom, 408 M AS BT P Al ated inger redused Rrgssure to
ESI-MS m/z: 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[cd]azulen-4-amine

h§

3,
S” N7 NH,

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 (CDCls) &: 2.22 (3H, 5), 2.29 (3H, ), 2.37 (2H, t, J = 7.3 Hz), 2.72
(2H, t,J = 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)



obtain the title compound (19.5 g, 95%) as an amorphous. ESI-MS m/z:
564 (M-H)+ 4) Di-tert-butyl
{4-chloro-3-(2-hydroxyethyl)-1-(4-methoxybenzyl)-1H-
pyrazolo[3,4-d]pyrimidin-6-yl} imidodicarbonate 0 OH N N C!"A'NNO'~
Oe Sodium periodate (19 g) was added to a mixture composed of the
above di- tert-butyl

{4-chlorg-3-(2,3-dihydroxypropyl)-1-(4-me enzyl)-1H-pyrazolo[3,4- . ..
YT R o O A L0 B 0y REICrak: LoD oo
métharaly((L00rabhand water (100 mhuinderroolinginanice batk B8R e
the mixture was stirred at room temperature for one hour. Thé reaction
mixture was, separated with water (600 mL) and ethyl acetate (400 mL).

The organi¢ layer was washed with brine, and then dried over anhydrous
s;i)ijum sultate and filtered. Then, the filtrate was concentrated under
r

é/ sure. Methanol (200 mL) was added to the resulting residue.
Sodium bso %ﬁy&ride (1000 mg) was added under cooling in an ice bath,
and the mixturg.was stirred for one hour. Water (400 ml) was added to the
reaction mixtur llowed by extraction with ethyl acetate (300 ml) twice.
Then, the organic layers were washed with brine. The organic layers
were di [ e filtered. Then, the filtrate
s SO I e prLeeire S AEs, A8 SRR, i
evaporatbodtesibtBimthe ditlasonsipoend(8:B 8-QORMIaS PGl ESEMS
m/z; 534 (M+11)+. 5) Di-tort-butyl
PEAMRStho BEBIDY  dindtnybreetiylb Airiihpdeost-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-

yDmethyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo| cd}azulen-4-amine

N
S

57N NH,

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, ] = 7.2 Hz), 2.22 (3H, s), 2.28 (3H, s), 2.47
(2H, dd,J=9.2,6.2 Hz), 2.56 (4H, q, ] = 7.2 Hz), 2.68 (2H, dd, ] = 9.2, 6.2 Hz),
3.70 (2H, 5),3.74 (3H, 5), 5.15 (2H, s), 5.49 (2H, s), 6.58 (1H, s), 8.20 (1H, s).

ESI-MSnv/z: 454 (M + H)"



tetraazaacenaphthylen-4-yl } imidodicarbonate 220 ONN~O SNe O
(1~ The above di-tent-butyl
{4-chloro-3-(2-hydroxyethyl)-I-(4-methoxVnenzyl)-
IH-pyrazolo[3,4-d]pyrimidin-6-yl}imidodicarbonate (8.5 g) was dissolved in
dichloromethane (100 ml), triethylamiA&2(4.5 ml) was added.
Methanesulfonyl chloride (1.9 ml) was added under cooling in an ice bath,
Qam lg'ufg}%ére was stirred at room temperature for two hours, The
reactlon solution was diluted with dichloromethane and ethyl acetate and

washed )with Biaier; stz dhiei organiemiayer [ was dhedyover apysyeHsidin-2-

sodium sulfate and filtered, and then the filtrate was concentrated under
rdnedy predstify droné-teiuiting festtaesahes dibedivatan fN}-carbamate
dimethylformamide (100 mL), and sodium bisulfide monohydrate (1.5 g)
was added% der cooling in an ice bath. Then, the ice bath was removed

and the mi was stirred for one hour. Potassium carbonate (3.3 g)
addedg, the reaction mixture, followed by further stirring for 16

hour (1000 ml) was added to the reaction mixture, followed by

extracti ithwdichloromethane (500 ml) twice. The organic laver was

washed with &stine, and then dried over anhydrous sodium sulfate. After
filtration, the fiﬂf‘%ﬂe was concentrated under reduced pressure. The
resulting residue was purified by silica gel column chromatography (ethyl
acetaté-hesdneptopobtadifi thegith Yompowhthiit:0 g atdet) mssantbisis by the
"H-NMR (C Clg)ES‘ 1.46 18H s), 3,23 (2H, t, J = 6.1 Hz), 3.50 (2H, t, J =
BT EID) RO e )ar%pha GHSE BN (R seh et ot m).

methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl} carbamate of Example 134 (29 mg), azetidine
hydrochloride (27 mg) and 1,8-diazabicyclo[5.4.0]-7-undecene (39 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)methyl]-

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

b
\_/
C\N /.N
7NN

\s SN SNH

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) &: 2.03-2.10 (2H, m), 2.22 (3H, s), 2.28 (3H, 5), 2.33 (2H, ,
J=7.6 Hz), 2.60 (2H, t,J = 7.4 Hz), 3.20 (4H, t,J = 7.0 Hz), 3.68 (2H, s), 3.74 (3H,
s), 5.11 (2H, s), 5.49 (2H, s), 6.57 (1H, s), 8.19 (1H, s).



ESI-MSm/z: 514 (M + H. 6)
7,8-Dihydro-2H-6-thia-1,1,3,5-tetraazaacenaphthylen-4-amine 221 NN 5

N NHS Anisole (2.5 ml) and trifluoroacetic acid (30 ml) were added to the
above di- tert-butyl {2-(4-methoxybenzyl)-7,8-dihydro-2H-6-thin-1,2,3,5-
tetraazaacenaphthylen-4-yl}imidodicangon Lite (6.0 g). The mixture was
stirred at room temperature for 16 hours and then stirred at 55C for six
hours. reaction solution was concentrated under reduced pressure.
Ethyl a%gl% \ﬁgg éj‘é%élyflgm resulting residue, followed by stirring. The
precipitated solid was filtered off and washed with ethyl acetate to obtain
the title compound (1.75 g, 78%) as a solid. 'H-NMR (DMSO-D,) 8: 3.06
(@:taspi8. BO[2H, s). EST-MSm/z: 194 (M + H)-. 7)
2-(Quinolin-2-yhnetnyl)-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraaz%ﬁ&%%‘?ﬁhwréréZéﬁ?ﬁi‘ikﬂédﬁwmﬁrg\‘lyn\%nRFWH“FA%ﬁ&MréeE@m@é@@é{'g‘
?é%g;gz%ffc\g%gb%?r%&)é%%%%é@gg}@%jéﬁﬁ%lrr(l)emethyi)quinoline
hydroc Ior{'}de (51 mg), potassium carbonate (98 mg) and
dimethylfghnamide (1 mL) was stirred at 60C overnight. The insoluble
matter Wes separated off by filtration, and then the solvent was

A mixture composed of 4-di-(tert-butoxycarbonyl)amino-2-(4-methoxy-3,5-
dimethyl-pyridin-2-ylmethyl)-8-0x0-2,7,8,9-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, 5), 3.76 (3H, 5), 4.10 (2H, t, ] = 5.0 Hz), 5.41 (2H,
brs), 5.48 (2H, s), 8.19 (1H, s).



phase liquid chromatography (acetonitrile-formic acid) to obtain the title
compound. (19 mg, 35%) as an amorphous. 'H-NMR (CDC13) 8: 3.15
(2H,t,J =6.1 Hz), 3.46 (2H, t,J = 6.1 Hz), 5.44 (2H, s), 5.68 (2H, s), 7.17
(1H,d,J=851-lz),7.52 (111, dd, J=7.6, 7.6 Hz), 7.69- 7.78 (211, m),
8.11-8.07 (2H, m). ESI-MSm/z: 335 (#H) 222 (Example 153)
2-(Isoquinolin-2-ylmethyl)-7,8-dihydro-2H-6-thia-1,2,3,5-

tetraazaacenaphth 4-amine NN--N N NH2 The title compound (19
mg, 35&%?%2%%&%23%5 ;B amorphous by the same method as in

Example 152-7) using 7,8-dihydro-2H-6-Chia-1,2,3,5-
tetraazaaeenaphthylen-4-amine of Example 152-6) (30 mg) and 2-
(ErrerertetAPhisoquinoline hydrochloride (49 mg). 'H-NMR (CDCI3) 6:

3.16 (2H,t.J=6.1H 47 (2H,1,.)=6.1Hz),5.42 (2H, s), 5.65 (2H, s),
7.45 (1&,12 '??%%“&Xh%d%ﬁjﬂég‘gﬁbéSf.]@ﬂk%t,h??%?(fé‘ %E@@,negﬁo Hz),
@A@ﬁx&&@l}‘;@-\gf@&-g ,@,@)-t&r%y@%»@th]ia:- ﬁé?ﬁ%',’kz—ze@aggageﬁoﬁd} azulen-4-
ESI-MSm/z: 335 (M + H)'. (Example 154)
24[(BrBlodrmarBeettioxypyridin-2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine N N-N

N/

o 7N
s \Nj\iio

070

+

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 dimethyl 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 Jazulen-8-ol



A/'N S N NH, The title compound (2 mg, 4%) was obtained as an
amorphous by the same method as in Example 152-7) using
7,8-dihydro-2H-6-thia-i,2,3,5- tetraazaacenaphthylen-4-amine of Example
152-6) (25 mg) and 3-bromo-2- bromomethyl-6-ethoxypyridine
hydrobromide (59 mg). 223 ~Ii-NMR (@QBRC13) 8: 1.41 (3H, t, J = 7.0 Hz),
3.19-3.13 (1H, m), 3.48-3.45 (IH, m), 3.79 (1H, g, J = 7.0 HZz), 4.00 (1H,
brs), 4.38 (2H, q, J = 7.0 Hz), 4.67 (2H, .
s),6.58(1Hd,J=8.6Hz),7.68(1H,d,J=8.6Hz). EST-MSmJz: 407 (M -i- H.
(Example 155) |

2-[(5;Met yIpyridin-2-yI)methyl]-7,8-dihydro-2II-6-th|n-1,2,3,_5-

tetr '/g]enaphthylen-4-amine N-N> ~N S Th NH, The title compOL_md
(@O 4%0).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-

tetraaz -d-am| a 152-6) (25 mqg) an
L AT O B S5 EE  ve hov

(CDELBYE: D 3BABHos), B4 (Rholx -3, §-dildah 3ARif2H2 1y rr‘re%%ﬂ- Zdxo-
5.47 (2H, s), 7.00 (IH, d, J = 7.8 Hz), 7.44 (IH, d, J = 7.8 Hz), 8.24 (IH, s),
é’._,[(iS( ﬁﬁt@b}@g};m%ﬁé@ggwprgbeggymﬂg@@e)ﬁl}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 chromato graphy 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, ), 3.47 (2H, dd, T = 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
HZN’U\N/)\CI

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



2-[(5-Bromopyridin-2-yl)mefnyl]-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine Br N-N N S N~ w, 224 The title
compound (8 mg, 16%) was obtained as an amorphous by the same
method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-canine of Exaraple 152-6) (25 mg) and
2-ehloromethyl-5- hromopyridine hydrochloride (38 mg). 'H-NMR (CDCI3)
6:3,15.(2H,1, J=6.0 , 3.46 (2H,t, J = 6.0 Hz), 5.20 (2H, s), 5.45 (2H,
s}, .BEQEM%?, aﬁ‘%‘%‘.’§@3ﬁ%fﬁ Mgy etands Perggobagior two hours.
(Wr@-ﬂ)@)@lﬂ?)) v&%§£‘cl\d§mé;th%§§a@wo'ﬁ wﬁtléﬁ,@m% %glzx)%on w%s made
2-[(5-Bromo-3-methylpyridin-2-yl)methylj-7,8-dihydro-2H-6-thia-1,2,3,5-
tettdazasgbenaphilyitenkdoaminel Bo Nt doN2 5@ M) NI b2 T Ive @ action with

compound (4 mg, 8%) was obtained as an amorphous by the same
H e E&%W@&@éﬁmﬁ%ﬁfmddmgroﬁ%dzmn@sﬁﬁ@q@zés%tered,

t%fﬁ)@?@ﬂaﬁ?@@19%}4\%%}6'aw&ﬁa%fogé%@gd%és‘éé e(rzessumg’}garggidue, followed

2-chlorométhyl-3- methyl-5-bromopyridine
by stirring for one hour.  The insoluble matter was filtered off, and the filtrate was

concentrated under reduced pressure.  The resulting residue was purified by silica
gel column chromatography (ethyl acetate-chloroform) to obtain the title compound
(50 g, 49%) as a solid.
ESI-MS m/z: 220 (M+H)".
2) 2-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methyl]-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine
b
4
N—N
’ =

N
IN

: S7SNTNH,
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 (CDCl;) &: 8.22 (1H,s), 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, s), 2.29 (3H, 5), 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



'H-NMR (CDCI3) 8: 2.38 (3H, s), 3.12 (21-1, t, J = 6.1 Hz), 3.44 (2H, 1, J =
6.1 Hz), 5.23 (2H, s), 5.43 (2H, s), 7.63 (1H, s), 8.45 (1H, s). ESI-MSm/z:
377 (M - H)-. (Example 158)
2-[(3,4-Dimethoxy7yridin-2-yl)methyll-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine 225 31N'NH, The title compound (4 mg,
9%) was obtained as an amorphous by the same method as in Example
152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazadcenaphthylen-4-amine of Example 152-6) (25 mg) and
2-ch|oro%thyl-3,4- dimethoxypvridine hydrochloride (35 mg). H-NMR

(gﬁ 1%)-»: :3.12 (2H,t,J=6.1Hz), 3.43 (2H,t,J =6.1 Hz), 3.84 (3H, s),
3. »S), 5.51 (2H, s), 6.79 (1H, d, J = 5.4 Hz), 8.03 (IH, s), 8.18 (1H,
d, J=p¢qHz). ESI-MSrn/z: 345 (M + H)+. (Example 159) 2-(1,3-B
enzothiazol-2-ylmethyi)-7,8-dihydro-2H-6-thin-1,2,3,5-

tetraazaaeanaphtyigadamine NoN ﬁ»ﬁ)NS'ﬂléﬁ%@&ﬁi&%a%%’mfg‘%@ i(h%gs added

mg, 34%) was obtained as an amorphous by the same me

E&ampi@ungﬁjmbmo?,B{dhmmzm‘ﬁiﬂmmbﬁyﬁrﬁidm—5-y1)-2-(2,2-dimethy1—
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and 2- .
kf:lo lﬁ{iﬁﬁﬁ‘i?rééﬁ% BZ6RE59 Grig) (HRNIR Y ep el B BdrzseRpirpchleride

QlJé%'Tl%)} ahé zﬁ%rbn‘}eﬁlgn% Héb gﬂ%@mder cooling in an ice bath over 15 minutes.

After stirring under cooling in an ice bath for 1.5 hours, 2 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 (CDCly) &: 1.36 (4H, s), 1.43 (3H, ), 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=
8.5Hz), 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-yl)methyl]-1-(4-

methoxybenzyl)-1H-pyrazolo[3,4-d]pyrimidin-6-y1 }imidodicarbonate



(2H, s), 5.78 (2H, s), 7.38-7.37 (IH, m), 7.47-7.45 (IH, m), 7.81 (1H, d, J =
8.0 Hz), 8.03 (IH, d, J = 8.3 Hz). ESI-MSm/z: 341 (M - H. 226 (Example
160) 2-[(3,5-Dimethylpyridhr2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaaeenaphthylen-4-amine N r( s N NH, The title compound (5 mg,
12%) was obtained as an amorphous By&he same method as in Example
152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-

h -4- |ne 52-6
oo B B AP AT (50 Py CPRNIGARS S 9
(GBe13) & 2. 263§ )0dBdstaH s She I 62 k1015-8- %‘(f@)dl%n%% 2H3
J=6.1Hz), 5.15-5.10 (2H, m), 5.45 (2H, s), 7.18 (IH, s), 824(1H

E@W%ﬁfzygﬁgt@ml'}ﬂ)(%mpbéﬂmm 1H-pyrazolo[3,4- d]pynmldm 6 -amine

t eth yi] hydro-2H-6-thia-1,2,3,5-
Zétraaggrcqélr?%%&myf rﬁna{#&ué’é Iang\f PF RPKTIRG MREFLTISS fifjgoom
cempaunddomm A% WasORIINGH A% AR aNAIRARUS N NG SARE flirate
method as in Example 152-7) using 7,8-dihydro-2H-6-Chia-1,2,3,5

was concentrated under reduced pressure.  The resulting residue was purified by
silica gel column chromatography (ethyl acetate-hexane) to obtain the title
compound (22 g, 89%) as an oil.

'H-NMR (CDCly) &: 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, ] = 15.1, 5.0 Hz), 3.73-3.81 (1H, m), 3.77 (3H, s), 4.12
(1H, t,J=7.1 Hz), 4.58-4.66 (1H, m), 5.46 (1H, d, J = 15.1 Hz), 5.51 (14, d,J =
15.1 Hz), 6.81 (2H, d, ] = 7.8 Hz), 7.28 (2H, d, ] = 7.8 Hz).

ESI-MSmy/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

/

\)\j)\J‘\
i

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



traazaacenaphthylen-4-amine of Example 152-6) (25 mg) and
t1e-chloro-4- chlgror?l/ethyl -2-triluoromethylbenzene (60 mg). 227 H-NMR
(CDC13) 6: 3.13 (2H, t, J = 6.1 Hz), 3.45 (2H, t, J = 6.1 Hz), 5.1§ (2H, s),
5.35 (2H, s), 7.46-7.43 (2H, m), 7.68-7,68 (1H, m). EST-MSm/z: 386 (M +
H. (Example 162) 2-[2-Methyl-5-(trifluagrgmethyl)benzyl, _
-7,8-dihydro- 211 6 thia-1,2,3,5- tetraazaacen aphthyl en-4-amine XF F N

om (5 mg, 10%) was obtained as an
amof\#hous'é\igkt1 t etrse%tlr% pgﬁe?fﬂt&f%‘ﬁﬁ %ﬁﬁﬂé@%@?}%@ﬁgwd pressure lto
7, C Ien 4-amine of Example
155%?3{%@2%%)'?n gugirﬁo?fr%g%%an%t%pﬁ uoromethylbenzene (56
mg). 'H-BNHRIECD ISy 8(81H)2H, t, J = 6.1 Hz), 3.46 (2H, t, J = 6.1 Hz),
5.17 (2H, 8), 5. (tH s)729 IHdJ 8.0 Hz), 7.38 (1H, s), 7.44 (1H,
d. J= 8 iterlg%f rq%hﬁﬁ]éﬂfﬁwﬁthoxybenzyl) 1H-

2-;(;%,;5]2&5{@@ @H)%]l &'E 8- 9 l?%gf&’o@ g}{a e1 2,3,5-tetraazaacenaphthyle

n- 4-amine CI

OH@?

)2

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)-1 H-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 ethyl acetate (300 ml) twice. Then,
the organic layers were washed with brine. The organic layers were dried over
anhydrous sodium sulfate and filtered. Then, the filtrate was concentrated under

reduced pressure and the solvent was evaporated to obtain the title compound (8.5 g,

90%,) as an oil.
ESI-MS m/z: 534 (M+H)",
5) Di-tert-butyl {2-(4-methoxybcnzy1)-7,8~dihydro-2H-6-thia—1,2,3,5=

tetraazaacenaphthylen-4-y1}imidodicarbonate



r S N-NH, The title compound (5 mg, 10%) was obtained asp an
amorphous by the same method as in Example 152-7) using
7.8-dihydro-2H-6-thia-1,2,3,5 228 tetraazaacenaphthylen-4-amine of
Example 152-6) (25 me) and 1,2-dichloro-4- chloromethyl-benzene (51
mg). 'H-NMR (CDCI3) 8: 3.14 (21-I, t, 326 6.1 Hz), 3.45 (2H, t, J = 6.1 Hz),
5.17 (2H, s), 5.29 (2H, s), 7.15 (1H, dd, J = 8.2, 2.1 Hz), 7.40-7.38 (2H,
m). ESI-MSm/z: 352 (M + H. (Example 164)

/

2-[(4*Methoxy-3-methylpyridin-2-yl)methyl] -7,8-dihydro-2H-6-thia-1,2,3,5-
tetra%acenaphthyl en-4-ami ne 0- IN N 5 NH, The title compound (5
mg,NlN %) was obtained as an amorphous _by the same method as in

E Lg %52-7) using 7,8-dihydro-2H-6-thia-1,2,3,5.-

tetgazag phthylen-4-amine of Example 152-6) (25 mg) and
2-chlorgmgthyl-4- methoxy-3-methyl-pyridine hydrochloride (45 mg).
'H-NMR CI3) 6: 2.23 (3H, s), 3.12 (2H,t,J =6.1 Hz), 3.43 (2H, t,J =

6.1 Hz), 3.86 (3H, s), 5.46 (2H, s), 6.71 (1H, d, J = 5.6 Hz), 8.30 (1H, d, J

= 5.6 Hihe ESKMSmMIz:-B29!(M-thibro(Exampleok98hy!)-1-(4-methoxybenzyl)-

31-[:&4-Amin10-7,8-dihydro;Z‘H-6-Chia;1,2{3,5-tetraazaacenaphthylen- -
-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
atroom 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,s),3.23 2H,t,J=6.1 Hz), 3.50 2H, t, ] =
6.1 Hz),3.77 (3H, 5), 5.44 (2H, 5), 6.82-6.84 (2H, m), 7.28-7.31 (2H, m).
ESI-MSm/z: 514 (M + H)".

6) 7,8-Dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylen-4-amine



yl)methy]]-I -methylquinolin-2(I H)-one N-N s~N~NH. 229 The title
compound (5 mg, 18%) was obtained as an amorphous by the same
method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (15 mg) and
3-chloromethyl-I- methyi-1H-quinolin-2one (33 mg). 3'H-NMR (CDCL13) S:
18 (2H,t,J =6.2 Hz), 3.48 (2H, t, J = 6.2 Hz), 3.75 (3H, s), 5.30 (2H, s),
5.4Q(2H,s), 7.20 (L H, dd, J=7.8, 7.8 Hz), 7.32 (1H, s), 7.35 (1H,d,J=
8, ), 7.48 (IH, dd, J = 7.8, 1.4 Hz), 7.57-7.52 (IH, m). ESI-MSm/z: 365
(M#H)*-((Example 166) _ _
2-(2,3-Dihydro-1,4-benzodioxin-6-ylmethyl)-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenabthyldrdarifinerdadeNc Ui NI Tivey title.aaBaneuRs Bove di-

0 btained h by the same method as in
I 3% ORGPy oD R 6T 1 2.5 d

- ine,of Exampl -6) (15 mg) an )
B R 05 [ NI [ eyt o

6o Gnl B2hdrdrutef6rQ dizdus 43d( Hednbtde® £ 58 4241808 H TR reaction
5.22 (2H, s), 6.82-6.81 (3H, m).
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 (DMSO0-Dg) 8: 3.06 (2H, s), 3.52 (2H, s).
ESI-MSm/z: 194 (M + H)".
7) 2-(Quinolin-2-yimethyl)-7,8-dihydro-2H-6-thia-1 ,2,3,5-

tetraazaacenaphthylen-4-amine

N

N-N
4
=

N
S \N)\NHZ

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 (CDCl) §: 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, J = 7.6, 7.6 Hz), 7.69-
7.78 (2H, m), 8.11-8.07 (2H, m).

ESI-MSm/z: 335 (M + H)",



BSI-MSm/z: 342 (M + H. (Example 167)

2-(1,3-Benzodioon-5-yImethyI)-7,8-dihydro-2H-6-thin-1,2,3,5-

tetraazaacenaphthylen-4-amine 230 o”c N S~N NH, The title compognd

(5 mg, 20%) was obtained as an amorphous by the same method as in

Example 152-7) using 7,8-dihydro-2H-6zthia-1,2,3,5-

tetraazaacenaphthylen-4-amine of Example 152-6) (15 mg) and 5-

chloromethylbenzo[1,3]dioxole (27 mg). 'H-NMR (CDCI3) 8: 3.13 (2H, t, J

=6.2 Hz), 3.44 (2H, t, J = 6.2 Hz), 5.19 (2H, s), 5.25 (2H, s), 5.92 (21-I,

S)E@afdp(d 7, J = 7.8 Hz), 6.84-6.82 (2H, m). EST-MSm/z: 328 (M + H)-.

(Example 168)

6-[(4-Ardiflec7 8ndilyArglRleti6 R 8L I3 drdetraazaacanaphthylen-2-
ymeth 3 methyl-1,3-benzoxazol-2(3 H)-one N N-N N S 'N: NH The

ti %ér%:%z apgﬂ?ﬁflt%yﬂﬁﬁ Iﬁ‘%ﬁ"?/vas obtained as an amorphous by the same

methqd as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-

tetr acenaphthylen-4-amine of Example 152-6) (20 mg) and

6-chl ethyl-3.. methyl-3H-benzoxazol-2-one (39 mg).

NN

L

SNNH

The title compound (19 mg, 35%) was obtained as an amorphous by the same
method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (30 mg) and 2-
(chloromethyl)isoquinoline hydrochloride (49 mg).

'H-NMR (CDCl;) 8:3.16 (2H, t, J = 6.1 Hz), 3.47 (2H, , ] = 6.1 Hz), 5.42
(2H, s), 5.65 (2H, 5), 7.45 (1H, s), 7.57 (1H, dd, ] = 8.0, 8.0 Hz), 7.66 (1H, dd, J =
8.0,8.0Hz),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

'ﬁo / Br

/_
Co
S \NJ\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).



'H-NMR (CDC13) 8: 3.13 (2H, t, J = 6.1 Hz), 3.39 (3H, s), 3,46 (2H, t,J =
6.1 Hz), 5.36 (2H, s), 6.94 (1H, d, J = 8.1 Hz), 7.23-7.21 (2H, m).
ESI-MSrn/z: 355 (M + H. 231 (Example 169)
2-(1,3-Benzothiazol-6-ylmethyl)-7,8-dihydro-2H-6-thia-1,2,3 5-
tetraa.zaacenaphthylen-4-amine N /I M33dN S N1NH, The title compound
(5 mg, 14%) was obtained as an amorphous by the same method as in

(vt 2K RVADHIoP & b S Eschmpl 155, 02 b B 3.45-3
L ey 341 r ) B, S0 o ) Tad ks 3 28 GHAT OH

759 (AH(18), 8.07 RLEHd) 768 A HZ), 9:0%.6litk)s). ESI-MSm/z: 341 (M ,-
H)". (Example 170) @3-Fluoro;2,4-dimethylbe, 3.12(2H,t,J=6.1
Hz)nzyl %IMﬁ%rﬁ I-@é-“tﬁfé-i,2,3,5-tetraazaacenaphthylen-4-amine
N-Nr sN'NH-1 The title compound (10 mg, 29%) was obtained as an
amorphous by the same method as in Example 152-7) using
7(Bxdihptlr653-6-thia-1,2,3,5- tetraazaacenaphthylen-4-amine of Example
152-6) 820 mg) and |-chloromethyl-3-
-[(5-Methylpyridin-2-yl)methyl]-7,8-dihydro-2 H-6-thia-1 ,2,3,5-

tetraazaacenaphthylen-4-amine

N

N-N
y

Y

ST ONTONH,

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-5-
methylpyridine hydrochloride (38 mg).

'H-NMR (CDCly) 6: 2.38 (3H, 5), 3.14 (2H, t, ] = 6.1 Hz), 3.45 (2H,t,J=6.1
Hz), 5.47(2H, s), 7.00 (1H, d, ] = 7.8 Hz), 7.44 (1H, d, J = 7.8 Hz), 8.24 (1H, s),
8.41 (1H, s).

ESI-MSm/z: 299 (M + H)".

(Example 156)

2-[(5-Bromopyridin-2-yl)methyl]-7,8-dihydro-2 H-6-thia- 1 ,2,3,5-
tetraazaacenaphthylen-4-amine
Br

C%



fluoro-2,4-dimethylbenzene (36 mg). tH-NMR (CDC13) S: 222 (3H, s),
2.29 (3H, s), 3.44 (2H, t, J = 6.1 Hz), 5.17 (2H, s), 5.30 (2H, s), 6.81 (1H,
d, J=7.8 Hz), 6.95 (1H, m). 232 ESI-MSm/z: 330 (M + H)-. (Example
171) _
2-[(7-Bromo-2,3-dihydro-1,4-benzodiozimn:6-yl)methyl]-7,8-dihydro-2H-6-
thia-1,2,3,5-tetraazaacenaphthylen-4-amine d/or N-N r|1 S NNH, The

title compound (5 mg. 12%) was optained as an amorphous by the same
methoél’qzia%se f#l E&gmﬁ?élﬂ%ggﬁ%éiﬁé)b%@ﬂfﬂifa‘r%@éﬂs@ﬁrﬁﬁ@}ﬁ}S%by the same

tetiansaacanarityiensd-aming of %@MFF{%‘?A@ 1(”53599 and

6-bromo-7- chloromethyl-2.3-dihydrobernzo ioxin (55°mg). 'H-NMR

(COSIBREBABH Pl -#-dmibeloF2Xathgk (33,6) 025 ) Had, AHbrirk&hyl-5-
(4H, m), 5.16 (2H, s), 5.35 (2H, s), 6.40 (IH, s), 7.09 (1H, s). ESI-MSmiz:
ADGTPYIgRe RrdserplerideAP8 mEB-Dihydro] |
1,4]dioxig[R3ns]RyAgin-7=vimethyl)-7, 8-di -2H-6-thja- =~
1,2?3,5-@5&%%%2?&? é%hg%%-( -a’nzfine é%%@?‘ﬁg@?ﬁmwo Hz), 5.20
(2H, 5), 5.45 (2H, 5), 7.01 (1H, d, J = 8.3 Hz), 7.75 (1H, dd, J = 8.3, 2.2 Hz), 8.63

(1H, d,J =2.2 Hz).
ESI-MSmy/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

Yy
s \NJ\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-2 H-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 (CDCly) 8: 2.38 (3H,s),3.12 (2H, t, ] = 6.1 Hz), 3.44 (2H, t, ] = 6.1
Hz), 5.23 (2H, s), 5.43 (2H, s), 7.63 (1H, s), 8.45 (1H, s).

ESI-MSm/z: 377 (M + H)".

(Example 158)

2-[(3,4-Dimethoxypyridin-2-yl)methyl}-7 ,8-dihydro-2H-6-thia-1,2,3,5-

tetraazaacenaphthylen-4-amine



The title compound (2 mg, 5.7%) was obtained as an amorphous by the
same method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (20 mg) and
6-chloromethyl-2,3- dihydro-benzo[1,4]dioxin (39 mg). 233 'H _NMR
(CDCI3) 6: 3.15 (2H, t, J = 6.1 Hz), 3.45£11, t, J = 6.1 Hz), 4.29 4.25
(4H, m), 5.32 (2H, s), 5.37 (2H, s), 6.61 (1H, s), 8.13 (1H, s). ESI-MSm/z:
343 (M + H)~. (Example 173) 2-
{[5-(L.3-Benzodioxol-5-yl)-1,3-thiazol-2-yllmcthyl}-7,8-dihydro-2H-6-
thiayl,2;3,5-tetraazaacenaphthylen-4-amine O a ~-()s N-N N S NNH;
Thefitle compound (5 mg, 12%) was obtained as an amorphous by the
smethod as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
te &ae.gnaphthylen-4-amine of Example 152-6) (20 mg) and
5-benzo[1,3]dioxol- 5-y1-2-chloromethylthiazole (53 mg). 'H-NMR

(CDC13)15:43 = 3.48 (211,t,J=6.1 Hz), 5.7

(2195 500 & R A s 2N S S P b i g same

7039MddHg i, Exarfp3s 152 Hp)sing i MImia 4 1AM )i fBxample 174)

2-[(7-Chloro-Il,3-benzothiazol-2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and 2-chloromethyl-3,4-

dimethoxypyridine hydrochloride (35 mg).
'H-NMR (CDCL3) 8:3.12 (2H, t, J = 6.1 Hz), 3.43 (2H, t,] = 6.1 Hz), 3.84

(3H, 5), 3.91 (3H, 5), 5.51 (2H, 5), 6.79 (1H, d, T = 5.4 Hz), 8.03 (1H, 5), 8.18 (1HL, d
]=5.4Hz).

b

ESI-MSm/z: 345 (M + H)".

(Example 159)

2-(1 ,3-Benzothiazol-2-ylmethy1)—7,8-dihydro-2H-6-thia—1 ,2,3,5-

tetraazaacenaphthylen-4-amine

3

Z N
1
S \N*NHZ

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 (CDClLy) 8: 3.18 (2H, t, T = 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, J = 8.0 Hz),
8.03 (1H, d,J = 8.3 Hz).

ESI-MSmv/z: 341 (M + H)",



tetraazaacenaphthylen-4-amine ci N=j N-N S~aN~NH, 234 The title
compound (2 mg, 10%) was obtained as an amorphous by the same
method as in Example 152-7) using 7,8-dllrydro-2H-6-Chia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (10 mg) and
2-bromomethyl-7- chlorobenzothiazolexz$ mg). 'H-NMR (CDC13) 6: 3.19
(2H,t,J=6.1 Hz), 3.49 (2H, t, J =6.1 Hz), 5.24 (2H, s), 5.77 (2H, s), 7.37
(AH,d, J=7.8 Hz), 7.42 (1H, dd, J = 7.8, 7.8 Hz), 7.93 (1H,d,J=7.8H2z).
ESI-MSm/z: 375 (M + H)'. (Example 175) 2-[(4-Chloro-3,
5(9;[@1%&51@@g(j}iin-Z-yl)methyl]J, 8-dihydro-2H-6-thia-
1,2,3,5-tetraazaacenaphthylen-4-amine a N-N N S~N~NE The title

compouh{( 13- DingstifiS6)ivias onfaiead Bs;an 4maAmigys Ry ihe same
method as in Example 152-7) using7,8-dihydro-2H-6-thia-1,2,3,5- "’

ARz AaRRP RS RsA-andAtine of Example 152-6) (25 mg) and
4-chloro-2- chloromethyl-3,5-dimethylpyridine (44 mg). 'H-NMR (CDC13)
b: 2@_(31-1, s), 2.43 (3H, s), 3.12 (2H, t, J = 6.1 Hz), 3.43

W,

N~

4
4

S \N’lNLNHz

The title compound (5 mg, 12%) was obtained as an amorphous by the same
method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and 2-chloromethyl-3,5-
dimethyl-pyridine hydrochloride (50 mg).

'H-NMR (CDCl3) 8: 2.26 (3H, 5), 2.34 (3H, s), 3.12 (2H, t,J=6.1 Hz), 3.42
(2H,t,J=6.1 Hz), 5.15-5.10 (2H, m), 5.45 (2H, ), 7.18 (1H, s), 8.24 (1H, s).
ESI-MSm/z: 313 (M + H)".

(Example 161)

2-[4-Chloro-3-(tﬁﬂuoromethyl)benzyl] -7,8-dihydro-2H-6-thia-1,2,3,5-

tetraazaacenaphthylen-4-amine

F
Cl ;;F
N-
4
a9
3 =N J\NHZ

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).



(2H, t, J = 6.1 Hz), 5.20 (2H, brs), 5.49 (2H, s), 8.25 (1H, s). ESI-MSmiz:
347 (M + H)--. (Example 176)
2-[(4-Ethyl-3,5-dimethylpyridin-2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3, 5-
tetraazaacenaphthyl_en-4-amine 2 35 Jy'~I /~N-N /~N 5 W~NH, The
title compound (9.1 mg, 21 %) was obtamed as an amorphous by the
same method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-

tetraaz len-4-amine of Example 152-6) (25 mg) and
2-ch|or§%9§{$@ﬁz-g§tﬂw§§§-dﬁr@fﬁyﬁp{ﬁ neltRpe FothIghée dlstainetam 5.18
eferense Example 145 mohiHNVRACDEI3),S: 1,0 (3H, 1, 1= 7.6
Ez), 2925 (BI—{I(%E;, %.31 (3H, s)@, 2.65"(2H, q, J =a7.6 Vj%), 3.12 (2H,t,J =
6.1 Hz)ES1483at4;,: 13868 1 HJ), 5.34 (2H, s), 5.47 (2H, s), 8.17 (1H, s).
ESI-MSm/z: 341 (M + H)'. (Example 177) .
2-[(3,4-Dichloro-5-rnethylpyridin-2-yl)methyl]-7,8-dihydro-2H-6-thi a-
Z2:3mplgligazaacenaphthylen-4-amine ja N~a NN'N S 'N'NH2
2-[2-Methyl-5-(trifluoromethyl)benzyl]-7,8-dihydro-2H-6-thia-1 ,2,3,5-

tetraazaacenaphthylen-4-amine

-N
Z N

NS h

S7NTONH,

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 (CDCl3) &: 3.14 (2H, t, ] = 6.1 Hz), 3.46 (2H, t, ] = 6.1 Hz), 5.17
(2H, s), 5.36 (2H, 5), 7.29 (1H, d, ] = 8.0 Hz), 7.38 (1H, 5), 7.44 (1H, d, J = 8.0 Hz).

ESI-MSmv/z: 366 (M + H)".

(Example 163)
2-(3,4-Dichlorobenzy!)-7,8-dihydro-2H-6-thia-1,2,3 ,5-tetraazaacenaphthylen-
4-amine

[

¥

N-N

89

STONTNH,

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-



The title compound (8.0 mg, 17%) was obtained as an amorphous by the
same method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and
2-chloromethyl-3,4- dichloro-5-rnethylpyridine hydrochloride obtained in
Reference Example 2 (57 mg). 'H-NMBR(CDCI3) S: 2.36 (311, s), 3.14
(2H7t,J = 6.1 Hz), 3.45 (2H, t, J = 6.1 Hz), 5.22 (211, s), 5.61 (2H, s),

8,25 (1H, s). ESI-MSm/z: 367 (M + H)+. 236 (Example 178)
zg%fﬁﬁ%ﬁ?SFéf‘Hﬁ-?ﬂu‘é’rﬁBﬁi%%’é‘it%ﬁBfiﬁﬂml?lﬁ LAY, Bdibgodisidpres-
tk&i@&&&tgy{%@%ﬁ@@pg@thylen-4-amine NCI N-N N 5N'LNH, The title
compound {16 mg, 34%) was obtained as an amorphous by the same

method BSNIVIR:EMl: 1623 TMUSIHG 7 18-y Eirg; 2Hr6 Hra-1 2:365r 12), 5.17
t%%rﬁ%zpaacena%hthylen-4-amine of Example 152-5) (25 mg) and .
Aehictometty 'SS')CHlbﬁ&w%ﬂﬁ%ﬁk@%ﬁ@é@m% aH
obtainedq e 3 (56 mg). 'H-NM ;2. ,
s), 312%%@@262%1%@?% 5(2H,t,J=6.1 Hz), 3.90 (3H, s), 5.26 (2H,
S), 5.58 (2H, s), 8.20 (1H, s). ESI-MSm/z: 363 (M + H)+. (Example 179)
2-[(5-Chloro-4-methoxy-3-methylpyridin-2-yl)methyl]-7, 8-dihydro-2H-6-
tﬁ%dﬁ ) ,@,ééf@traazaacenaphthylen-4-amine

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

&
N
N~
4
=~

$38
4 |

57 NTONH,

The title compound (5 mg, 12%) was obtained as an amorphous by the same .
method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and 2-chloromethyl-4-
methoxy-3-methyl-pyridine hydrochloride (45 mg).

'H-NMR (CDCl3) 6:2.23 (3H, 5), 3.12 (2H, t, ] = 6.1 Hz), 3.43 (2H, t, ] = 6.1
Hz), 3.86 (3H, s), 5.46 (2H, 5), 6.71 (1H, d, ] = 5.6 Hz), 8.30 (1H, d, ] = 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

2N
IS

S7INTNH,



C, N N-NJ 5N Nh, The title compound (16 mg, 34%) was obtained as an
amorphous by the same method as in Example 152-7) using
7,8-dihydro-2H-6-thia-1,2,3,5- tetraazaacenaphthylen-4-amine of Example
152-6) (25 mg) and 2-chloromethyl-5- chloro-4-methoxy-3-methylpyridine
hydrochloride obtained in Reference Example 4 (56 mg). 237 'H-NMR
(CDC13) S: 2.33 (3H, s), 3.13 (2H, t, J = 6.1 Hz), 3.44 (2H, t, J = 6.1 HZ),

3.89 (3%5), ]5|.19 (2H,%r,1(15.44 (2H, s), 8.35 (1H, s). ESI-MSn31z: 363 (M
“H). (E erﬁxéeémo 1 %ntagz_{éﬁ{%gﬁw_@qeg_@ﬁmn amorphous by the same

ethuiR i meY S IOR 2\ a0 -2 16 thia-
7,8-dihydro-2H-6-thia-1,2,3,5-te aézaé%}é&}{gp t 9|§H8- -2é?é’r%onitrile N'

NB{raazaacenaphthylen-4-amine of Example 152-6) (15 mg) and 3-chloromethyl-1-
4-A iqo-z-[(4,-me,thoxy-3,5-dimethylpyridin-2-y|)methyl]-7,8-dihydro_2f
1619t 9insling e Edemaphthyiene-7-carbonitrile of Example 4 (50

mg) was; dissel i tetrahydr n (5 ml). sojution of lithium

diisopro%{y?gﬁ%géﬂ)?gfghig%%%ﬁt’ T)glg r!r%%v\géga ddt=BeHahd 75

tigrmixtareowal sfired @{2he sgame temneraiure for/lminutes. Theg 7 15
bromide (0.015 ml) was added and the mixture was stirred at

propargyl
tﬁ’(—:]%éiwéﬁérﬁ perhtlrEBfotthese roldrs. Waler)was7stsdl o, the. reaction

solution; @ngd the ‘t{? ixture was heated to room temperature, followed
by extrac%g]l{rjlI %vnﬁ@'e §§m5t§é The organic layer was dried over

magnesium sulfate and filtered, and the filtrate was concentrated. The

resultin
(Example 166)

2-(2,3-Dihydro-1 ,4-benzodioxin-6-ylmethyl)-7,8-dihydro-2H-6-thia-1,2,3,5-

tetraazaacenaphthylen-4-amine

N..i

4

)
\NJ‘th

X,

The title compound (5 mg, 19%) was obtained as an amorphous by the same
method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1 ,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (15 mg) and 6-chloromethyl-2,3-
dihydro-benzo[1,4]dioxin (29 mg).

'H-NMR (CDCl3) 8: 3.13 (2H, t, J = 6.0 Hz), 3.43 (2H, t, ] = 6.0 Hz), 4.24-
4.22 (4H, m), 5.22 (2H, s), 6.82-6.81 (3H, m).

ESI-MSm/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



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 solighwas washed with ether to obtain
the title compound (2 mg, 99%) as a solid. 'H-NMR (CDCI3) 6: 2.22 (31-1,
s), 2.28 (3H, s), 3.34 (IH5 dd, J = 16.6, 8.5 Hz), 3.44 (1H, dd, J = 16.6,
4.6, 3.74 (3H, s), 3.78 (2H, s), 4.49 (IH, dd, J = 8.5, 4.6 Hz), 5.20 (2H,
s), 84b (211, d, J = 3.2 Hz), 8.20 (1H, s). 238 EST-MS; m/z: 406 (M - H)'
(Example 181) 1) Di-tert-butyl

{8- lopropyl(trifluoroacetyl)amino]-2-[(4-methoxy-3,5- dim

et ylspyhg,m -2-yl)methyl] -2,,7, 8,9-tetrahydro-6-thia-1,2, 3,5-
tetraazabenzo[cd]azulen -4-yltimidodicarbonate 7 (((N- N~~~~ NN esS
NNO F | tri acetic anh rlde (1.55
dichlorcunethane, (38 ol o ied .4 i1 mg@ ous by the same

distehbbutyld 8 ayg/RPrepyIRming)72- d1hydr0 2H-6-thia-1
3$4 methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,8,9- tetrahydro -6-thia-1,2,

%f%é%bﬁ%f@dammmf@r}m@dw@mnbﬁemg) Bxdiple 60 (3.0 g)

a@ﬁlo% meth % der ice-cooling, and the mixture was
stirr r |81é‘?ofp (3 for \K/% s The reaction mixture was poured

into ice watmﬁqlm@g)lay serdragtion ity ethyl aceta g"he;‘”%ai‘#? layer,

was dried over magnesium sulfate” and filtered; and t tfate was

dBheéntiated 2 The) résUtiag!resid s Wias, plrified. BYHz), 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(3 H)-one

s}

(}-N/
5\3?
(L
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 (CDClLy) 8: 3.13 (2H, t, J = 6.1 Hz), 3.39 (3H, s),3.46 2H, t,J=6.1
Hz), 5.36 (2H, s), 6.94 (1H, d, ] = 8.1 Hz), 7.23-7.21 (2H, m).
ESI-MSm/z: 355 (M + H)™.



silica gel column chromatography (ethyl acetate:n-hexane; 1:1, v/v) to
obtain the title compound (2.9 g, 84%) as a colorless solid. ESI-MS; miz:
708 (M+H) 2) Di-tert-butyl
(8-(S)-[cyclopropyl(trifluoroacetyl)amino]-2-[(4-methoxy-
3,S-dimethylpyridin-2-yl)methyl]-2,7,8 9stetrahydro-6-thia-1,2,3,5-
tetraazabenzo[ed]azulen-4-yl}imidodicarbonate Di-tert-butyl {

S-éRg;{[‘c cl éjropyl(trifluoroacetyl)amino]-2-[(4-methoxy--3,5-

dﬁl-)r(]e erFpé) %in-2-y|)methy|]-2,7,8,9-tetrahydro-6-thin-1,2,3,5-

tetraaz lenr4-ylilimidodicagbonate 2 '0.N N Q N-N 4q
NN pp VR o E TN e R Fr eSS e
[tstctoprapyifth fiydroacetylhamino] -2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-2,7,8,9-tetrahydro-6-Chia-1,2,3,5-
tetrg@zabenzo[ed]azulen-4-yl}limidodicarbonate (1.0 g) was dissolved in
etha (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 abajn di-tert-butyl {8-(S)- [cyel

opy frifluoroacetyl)amino]-2-[(4-methoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulen-4-

yllimidgdicarbonate (RT = 70 min) (1.3 g, 43%) and di-tert-butyl {8-(R)-
[cyclop?g‘ﬁ;ﬁ t ‘ffﬁ%?ég%{:‘éit%g‘r%iriézjf(“él-r(&%ﬂw}aﬁg}-%ﬁ B FRETRPR el 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 (CDCly) 6: 3.14 (2H, t,J = 6.1 Hz), 3.47 (ZH, t,J = 6.1 Hz), 5.50

(2H, 5), 7.52 (1H, d, J = 8.3 Hz), 7.91 (1H, s), 8.07 (1H, d, ] = 8.3 Hz), 9.01 (1H, s).
ESI-MSm/z: 341 (M + H)".

(Example 170)
2-(3-Fluoro-2,4-dimethylbe, 3.12 (2H, t, J = 6.1 Hz)nzyl)-7,8-dihydro-2H-6-
thia-1,2,3,5-tetraazaacenaphthylen-4-amine
cx
>
“ "N
BN

S7SNTONH,

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 (CDCLy) 6:2.22 (3H, s), 2.29 (3H, s), 3.44 (ZH,t,J=6.1 Hz), 5.17
(2H, ), 5.30 (2H, 5), 6.81 (1H, d,J = 7.8 Hz), 6.95 (1H, m).



yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-
yl}imidodicarbonate (RT = 130 min) (1.0 g, 33%). 3)
NS-(S)-Cyclopropyl-2-[(4-methoxy-3,5-dimethylpyri din-2-yl)methyl] -
2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4,8-diamine ¢
Q II-N CS 5 Di-tert-butyl {8-(S)-[cyclopmpyl(tri fluoroacetyl)amino]
-2-[(4-methoxy-3,5-
dimeth )fr}&%% I%g})ehwurﬁZ,8,9-tetrahydro-6-thia—1,2,3,5-
tetraazabenzolLatazutenyimidodicarbonate (400 mg) was dissolved in
hydrochloric acid-methanol (50 ml). The internal atmosphere was replaced
with nitrogen, followed by sealing. 'Inc reaction solution was stirred at 65C
fOEswoptay8l )The reaction solution was concentrated, diluted with ethyl
acetate ( ml) 240 and separated with 30 ml of a 0.5 N sodium
hydroxiai%%}ﬁ]ﬁ&? U eI R0 irRpnaaskiew i -ahusstid Jak8rdivasiro-2H-6-
q&g@@}g’@’wgg{ﬁg}xh%@% Q.ml), The organic layers were combined,
dried over magnesium sulfate and filtered, and then the filtrate was
coneeatrated under reduced pressure. The resulting residue was purified
by ilica gel chromatography (chloroform) to obtain the title compound
(150 nvg;865%) as an amorphous. 'H-NMR (CDC13) 8: 0.37-0.48 (4H, m),
2.22-(AH, s), 2.26 (3H, s), 3.16-3.32 (4H, m), 3.58-3.60 (1H, brm), 3.73
(3@%&#5.02 (2H, s), 5.45 (2H, s), 8.19 (1H, S). (Example 182)
Nss(RY-CVelopropyl-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7,
8,9- tetrahydr o-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-4, 8-diamine N
The title compound (5 mg, 12%) was obtained as an amorphous by the same

method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (20 mg) and 6-bromo-7-

chloromethyl-2,3-dihydrobenzo[1,4]dioxin (55 mg).

'H-NMR (CDCl;) 8:3.16 (2H, t,J = 6.1 Hz), 3.46 (2H, t, ] = 6.1 Hz), 4.20-
4.18 (4H, m), 5.16 (2H, s), 5.35 (2H, 5), 6.40 (1H, s), 7.09 (1H, s).
ESI-MSm/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
7o
N A
N-
7

4
N
LS \NJ\NHz

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). |



~g N"NH The title compound (150 mg, 57%) was obtained as an
amorphous by synthesis by the same method as in Example 181 from
di-tert-butyl {8-(R)- [cyclopropyl(tri fluoroacetyl) amino] -2- [
(4-methoxy-3,5-dimethylp yridin-2 -
yl)methyl]-2,7,8,9-tetrahydro-6-thia-1,2,3;5-tetraazabenzo[cd]azulen-4-
yl}imidodicarbonate (450 mg). 'H-NMR (CDC13) 6: 0.35-0.51 (4H, m),

2.19 (4H, s 227 3H, s }% 3.15-3.32 (4H, m), 3.58-3.62 (IH, m), 3.74 (3H,
s), 5.01 {2 é)lé@{glws)ﬁ (EXamiptes 188) t, J = 6.1 Hz), 4.29-

4 y I I [ y %gu %gl -yl)methyl]-7,
84%?;1%?0 gG%?I?(%.{ 2.3 5(45 aat aggeGn??) ;f}ggep rBoxamide 241
N HN NESI- MS)&#zNMﬂ(MM@tompound (6 mg, 10%) was obtained as a
solid by the same method as in Example 12 using
4 -amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
X%¥%rg7?j -6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic aC|d of
amp 0 mg) and cyclohexylamine (0.030 ml). 'H-NMR (CDC13) 8:

1.11-". 27{(3H1 MBdnAb3A-Rbh) M 61(8 )
2.29 (3H {g)ws 27 (IH, dd, J = 1217 ?ghl—%&sg%%t@d}?gﬁs §!’7872H 6

Higp- 89 émﬂﬂam)lasm@y(@&rztmm (114, dd, J = 7.7, 4.3 Hz), 5.47
(2H, d, J = 3.5 Hz), 6.62 (1H, brs), 8.22 (1H, s). ESI-MSm/z: 468 (M - H)".
(Example 184)

73

N-

4
8
s \NJ\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) (20 mg) and S-benzo[1,3]dioxol-
5-yl-2-chloromethylthiazole (53 mg).

'H-NMR (CDClL;) 8: 3.18 (2H, t, J = 6.1 Hz), 3.48 (2H, t, ] = 6.1 Hz), 5.70
(2H, 5), 5.99 (2H, 5), 6.85 (1H, d, ] = 8.3 Hz), 7.27 (1H, s), 7.35 (1H, d,J = 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



4-Amino-N-cyclohexyl-2-[(4-methoxy-3,5-dimethylp);idin-2-yl)methyl]-N-
methyl-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-earboxam
ide N S~NNH, The title compound (6 mg, 10%) was obtained as a solid

by the same method as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimefnylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example 8 (40 mg) and N-methylcyclohexylamine (0.030 ml). 'H-NMR
(CDC13)8 DB DI, ey, é?‘%é-‘ﬁ?z? 15 psan amorghey byflie same

2@ P (R ?e%%ﬁ@%ém' f@@ﬁ%ﬁ% "%%@fﬁ%%_%g (IH,

m), 3.73 (3H, s), 4.65-4.72 (IN. )’ 5. H, brm), 8.19

(tetrsizdddehdpBhMGmIzirdBe QYExp(EX80p)€ 118B)) and 2-bromomethyl-7-
N-Allyl-4-amino-N-cyclohexyl-2-[(4-methoxy-3, 5-dimethylpyridin-2-
yIHeEaRAZ Blam ik 802 Pgs--thia-1.2,3,5-tetraazaacenaphthylene-7-carbo

xamide: NN RIS T [ compaund (3 g 53f) W= oPIAnsdas,

a solid by the sa od ‘as'in Example 120Sing

Aamino2+ (e meshoxy3 bredimethylpyrdins2ylymetavlls = 7.8, 7.8 Hz), 7.93
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
ExBmplé =8/ @dimg) and N-allylcyclohexylamine (0.038 ml). 'H-NMR

(CDC13).S; 1.07-2 H._m), 2.24 (3H, s), 2.27 (3H, d, J = 6.8 Hz),
3.11-3.?5%’&?,“%3; ?&X%%TW?H, m), 3.77-3.77 (3H, bsm), 3.90-4.04 (2H,
m), 4.41 (1H, brs), 4.53 (1H, dd, J = 10.7, 3.9 Hz), 4.74-4.75 (1H, m),

5.08-5.18 (2H. m), 5.28 (2H, s), 5.48-5.49 (2H, m), 5.80 (IH, brs), 8.25
((Example 175)

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

&
N

N-N
4

Z N
.
s N)\NHZ

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 (CDCly) &: 2.32 (3H, s), 2.43 (3H, s), 3.12 (2H, t, ] = 6.1 Hz), 3.43
(2H, t, 7 =6.1 Hz), 5.20 (2H, brs), 5.49 (2H, s), 8.25 (1H, s).

ESI-MSm/z: 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: 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-?-carquam|de N
~~ HN S'IN'L'NH, The title compound (10 mg, 20%) was obtained as a
solid by the same method as in Exampig 12 using
4-amino-2-[(4-methoxy-3,5-dimethylp),ridin-2-y1)methyl] 243 _ -
7,8-dihydro-2H-6-Chia—1,2,3,5-tetraazaacenaphthylene-7-carbo3<y||c acid
of Example 8 (40 mg) and 2-(2-thienyl)ethanamine (0.024 ml). '"H-NMR
(CDCL3] 6: 2.22 (3H, s), 2.27 (31-1, s), 2.91-2.94 (2H, m), 3.22 (1H,
dd,J=16.7,4.8Hz),3.40(1H,dd,J=13.3,6.2Hz),3.52(1H,dd,J=13.3,6.2Hz),
3.70 H,dd, J=16.7, 6.2 Hz), 3.75 (3H, s), 4.26-4.28 (1H, m).5.31 (1H,
brs) Q.(2H, d, J = 3.4 Hz), 6.62 (1H, d, J=2.4 Hz), 6.71 (1H, brs), 6.86
(1H, dd, J 5.1, 3.4 Hz), 7.09 (1H, dd, J = 5.1, ;.2 Hz), 8.20 (1H, s).
ESI-M ézt:iff% M+H f<ample0187) 4-Amino-N-(1,

3-benzodions 5 ,ﬁg&’ﬁ%‘% _ _[Eﬁgﬂ@tﬁ@)&g@p@;alfled as an amorphous by the same
direeity tpyiridinanpkmethtl oSty drg a6 thia-1,2,3 5 1etraazaacenap
hthylene- 7-carboxamide N-M1 r HN -r5 N~N-;z ‘
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and 2-chloromethyl-4-
ethyl-3,5-dimethylpyridine hydrochloride obtained in Reference Example 1 (51 mg).

'H-NMR (CDCl3) 8: 1.09 (3H, t, J = 7.6 Hz), 2.25 (3H, s), 2.31 (3H, s), 2.65
(2H, q,7=7.6 Hz), 3.12 (2H, t, ] = 6.1 Hz), 3.43 (2H, t,J = 6.1 Hz), 5.34 (2H, s),
547 (2ZH, s), 8.17 (1H, s).

ESI-MSm/z: 341 (M + H)".

(Example 177)

2-[(3 ,4—Dichloro-5—methylpyridin-Z-yl)methyl} -7,8-dihydro-2H-6-thia-

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

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 (CDCLy) 8:2.36 (3H, 5), 3.14 (2H, t, ] = 6.1 Hz),3.45 (2H,t,J = 6.1
Hz), 5.22 (2H, s), 5.61 (2H, s), 8.25 (1H, s).

ESI-MSm/z: 367 (M + H)".



The title compound (20 mg, 30%) was obtained as a solid by the same
method as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]- 7,8-dihydre
"H-6-Chia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example 8
(50 mg) and 1-(1,3-benzodioxol-5-yl)mefaanamine (0.038 ml). 'H-NMR
(DMSO-d6) 6: 2.16 (3H, s), 2.20 (3H, s), 3.10-3.25 (211, m), 3.70 (3H, s),
4.18-4.20 (2H, m), 4.59 (1H, dd, J = 8.8, 4.4 Hz), 5.31 (2H, s), 5.97 (2H,
sJE¥ B8 Y180H, m), 6.79 (IH, d, 3= 1.7 Hz), 6.82 (1 H, d, J = 7.8 H2),

6.93 (2H,s), 8.07(1H.s),8.75(1H,t, J=5.8Hz). ESI-MSmJz: 520 (M + H)+.
244 (Elz‘a@plcﬁi f%r ) %ﬂ%ﬁ%’é’-ﬂ' ?%éﬁhﬂé’ i”f&fé(H@?Wé?k&ﬂﬁng}[dro-ZH"@
(4naet !X F-Betrbaiinetbyloyii Gi-B:2zyimethyl] -7, 8-dihydro-2H-6-thi a-1,
2, 3, 5-tetraazaacenaphthylene-7-carbo xamide 4 N , HN (~ 9~N NH,
The titl cgmpound (20 mg, 32%) was obtained as a solid by the same -
meth S in Example 12 using
4-am?r€);gg[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8ifydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
E le, 8 (50 mg) and 1-(5-methyl-2-furyl)mcthanamine (29 mg).

'H-NMR (DMSO-d6) 6: 2.16 (311, s), 2.20 (3H, s), 2.21 (3H, S), 3.14-3.22
(2H, m&,hB.Zg (3H, s), 4.20-4.23 (2H, m), 4.56 (1H, dd, J = 9.1, 4.4 Hz),
5.30 (2H"§1U8 SFBYNA GHE eI reTo O 49 2) STORHRMSS)y B0 Bame

(3190 8sift Eibndieh 5227 Ptk 7,8-dinydro-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,J =6.1

Hz), 3.90 (3H, s), 5.26 (2H, s), 5.58 (2H, s), 8.20 (1H, s).

ESI-MSm/z: 363 (M + H)".

(Example 179)

2—[(5-Chloro-4-methoxy—3-methylpyridin-2—yl)methyl]-7,8~dihydro-2H-6-

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

N

N-N
4
Z N

s ‘NJ\

|
NH,

The title compound (16 mg, 34%) was obtained as an amorphous by the same
method as in Example 152-7) using 7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylen-4-amine of Example 152-6) (25 mg) and 2-chloromethyl-5-

chloro-4-methoxy-3-methylpyridine hydrochloride obtained in Reference Example 4
(56 mg).



ESI-MSm/z: 480 (M - H)'. (Example 189)
4-Amino-N-(2-furylmethyl)-2-[(4-methoxy-3, 5-dimethylpyridin-2-
yI)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphtherne-?-carbox
amide HN b N*NHz 0 The title compound (20 mg, 33%) was obtained as

a solid by the same method as in Exagygle 12 using
4-amino-2-[(4-methoxy-3,5-dimetnylpyridin-2-yl)methyl] - _ -
7,8-dihydro-2H-6-thia-1.2,3,5-tetraazaaccnaphthylene-7-carboxylic acid of
Exampleg\B& tigpahd & 2Bty meiiaiathihe (25 mMoH243 H-MNR J = 6.1

-d6), 6 2. .3,10-3.18 (2H, m), 3.70 OH, s),
S B e bR SRS N A %0 o, o5 .25 (.
dd, J =Es2NskizR . 38 (Lhydd, J = 3.2, 2.0 Hz), 6.94 (2H, s), 7.57-7.57

(11-1, m), 8.07 (1H,s).8.79(1H,t,J=5.5Hz) ESI-MSm/z: 466 (M - H)+.
(Example 190) 4-Amino-2-[ (4-methoxy-3,5 -dimethylpyridin-2-yl)methyl]

-N=(2-
tm%%ﬁ/rf)rﬁleﬁr11)§827,8-dihydro-2H-6-thia-l,2,3,5-tetraazaaeenaphthylene-?-ca

rboxamigl@ 1@ n .- %MEN@—g,lggdgM%tﬁ??ﬁ?@%é%%}%ﬁjgﬁ%%%i-yn-1-yl-

obtained as a solid by the same method

Al drirodrq(aHvethoxy3 b dimetmdpysidish 2ydmetydibonitrile

O

4—Amino-2-[(4~mcthoxy-3,5-dimethylpyridin-Z-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 ml) was added at -78°C, and the mixture was stirred at the
same temperature for 15 minutes. Then, propargy! 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 (CDCl) 8: 2.22 (3H, 5), 2.28 (3H, 5), 3.34 (1H, dd, J = 16.6, 8.5 Hz),
3.44 (1H, dd, ] = 16.6, 4.6 Hz), 3.74 (3H, s), 3.78 (2H, 5), 4.49 (1H, dd, J = 8.5,4.6
Hz), 5.20 (2H, s), 5.45 (2H, d, ] = 3.2 Hz), 8.20 (1H, s).



7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example 8 (50 mg) and 1-(2-thienyl)methanamine (29 mg). 'H-NMR
(DMSO-d6) 8: 2.16 (3H, s), 2.20 (3H, s), 3.11-3.18 (2H, m), 3.70 (3H, s),
4.44-4.46 (2H, m), 4.57 (IH, dd, J = 8.9, 4.5 Hz), 5.31 (2H, s), 6.94-6,95
(4H, m), 7.38 (1H, dd, J = 4.7, 1.7 Hz), 07 (1H, s), 8.94 (1H,t, I =5.5
Hz) ESI-MSm/z: 482 (M H)T. (Example 191)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-(1,3-thiazol-2-
yl)-7,8-diWdYS2n -3 B tetraazaacenaphthylene-7-carboxamide
246 rrrllN' 5 -NZNH, The title compound (20 mg, 33%) was obtained as a
solid by the same method as in Example 12 using
Acamingié-{gdynethoxy-3,5-dimethylpyridin-2-yl)methyl]- _ -
7,8-dihydro-2H-6-Chia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid
of ExamlrjI@ise(sblmg){ﬁﬁdybﬁﬁﬁpﬂtg&l&mh&é@gﬁﬁhd?ﬂéﬂ?&?g&oxy)_3, 5.
MSQO-d6) 8:.2.19 (3H, s), 122 (3H, s), 3.28-3.36 , m), 3. , S),
557@%?%{? i ,e@%ﬁ-@zh,géyf%rg&yézprﬁsshwzzz@ﬁ; d, J=3.4 Hz),
7 = )4 ST-MSm/z: 469 (M Il)'. (Example
1@%%%%%%&%%%#%(&% M’tﬁ%aaz%o)ﬁ%gﬁ)-z[(4-methoxv-3,5-
dimethyl[%éiiqm-zyl)methyl]-?, 8-dihydro-2H-6-thia-1,2,3,

5-tetraaz /enaphthylene- 7-carboxamide N 11

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-ylymethyl]-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)methyl]-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]azulen-4-yl}imidodicarbonate



(SYtJ | S~N'NH: The title compound (16 mg, 26%) was obtained as a solid
by the same method as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example 8 (50 mg) and 4,5-dihydro- 12?9th|azol -2-amine (36 mg). 'H-NMR
(DMSO-d5) 8: 2.18 (3H, s), 2.22 (3H, s), 3.08 (1H, dd, J= 16.8, 9.4 Hz),
3.22-3.27 (31-1, m), 3.62 (2H, t, J = 8.1 Hz), 3.71 (3H, s), 4.68 (1H, dd, J =
94, 4.4 z)};5 31 (2H, s), 6.90 2|-g, s), 8.09 (I H, s) 247 ESI-MSmJz: 471
(M -r H) (Example 193)
4 Amino- 5 (4-methoxy-3,5- dim ylpyridin-2-yl)methyl]-N-1,3,4-

hia | - I 7.8-dihydr672H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-ca

|d NﬁN CY5N z hg tﬁe compound (25 mg, 41 %) was
ed as al\so by the’sanie Phe hod as in Example 12 using

4 -amino-2- [ nthoxy -3, dlmeth‘il idin-2-y1)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxyiic acid of

Examp ) 4-thi oI 2-ainine (26

(Dmsohgdsg)%%’q%g @QQ)}%% Sﬁygﬂ “S"%aﬁgt%ﬁéi ?Tgm[)(‘*sr%“ﬂ‘?ﬁﬁ%)
Adghofityifyd b 6yE) e BhBd- 1218, 8)ieB:29/ (261 65hi8- 10 @KL, S), 9.16 (1H, 9)
ESI-MSmIz: 470 (M + H)' béExampIe 194) 4-Amato-2-[(4-methoxy-3 ,

5@?%6%9{59&%%&2%% yirdediongpnate (3-Oglaweb digaplyed in ethanol (20
S SR Rk 2u B0 AT 892008 P AP LN Lo APOXIMIAS e 50.0

ml/min). This operation was repeated three times to obtain di-tert-butyl {8-(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-
yl)methyl}-2,7,8,9-tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd}azulen-4-
yl}imidodicarbonate (RT = 130 min) (1.0 g, 33%).

3) NS—(S)—Cyclopropyl-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

[0

=

\_/

40
S N/)\NHz

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 ethyl acetate (300 ml)



N N-N) S'N'NH, N The title compound (20 mg, 32%) was obtained as a

solid by the same method as in Example 12 using

4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yi)methyl]-

7,8-dihydro-2H-6-this-1,2,3,5-tetraazaacenaphthylene- 7-carboxylic acid

of Example 8 (50 mg) and 5-methyl-I, @lazol -2-amine (30 mg). 248

H-NMR (DMSO-d6) S: 2.18 (3H, s), 2. % (311, s), 2.33 (311, s), 3.24 (211,

dd, J = 16.8, 7.0 Hz), 3.72 (3H, s), 4.76 (111, dd, J = 7.0, 4.7 Hz), 5.33

(zmi se)pw@d(@m %), 17 15 { DH, )5 @10 bk o)EdS sMSiofzud@ (M-tdd)ing.
le 195)

4 Fﬁm %%%%%H%fh\vﬁaxgiﬁeé T4 sE bR S ity pTheiprzmic

e SR b A SRR A ARG a0

xamide N-~S1iN HN s N~INH tle compoun Was

oftained ascarsetick fydhe cameaiethndsasdn Exampleldrausiigue was
4-amino-2-[(4-m. ethog -3,5-dimethylpyridin-2-yl)methyl]-
gt ﬁ é% ~°6hﬂﬁé'> hpmataesENAtEReIhtyIHEoPiearuxiilic aciinsfund

EI(_) %) and nzothlazol 2-amine (24 mg). 'H-NMR
( MSO d616 ‘523 (31-1, s), 3.35-3.38 (2H, m), 3.72 (31-1,

s), 4. 84‘{1HMRJ(€I5(51}7|8)O@350(&'(»4§L £:96 @Hus), 5@%[&1}% %171@ -3.32
%743(1H t,j=7.6Hz),7.75 (1 H, d, 3= 7.6 Hz), 7.94 (1 H
78 Hm). 8 6-A160 (1H, brm), 3.73 3H, s), 5.02 (2H, 5), 5.45 (2H, 5), 8.19 (1H, 5).

(Example 182)
Ng-(R)—Cyclopropyl—Z-[(4~methoxy-3,5—dimethylpyridin-Z-yl)methyl]-2,7,8,9~
tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulene-4,8-diamine

e

N

e
S N’)\NHz

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 (CDCl;) &: 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, s), 5.45 (2H, 5), 8.19 (1H, s).

(Example 183)
4-Amino-N-cyclohexyl-2-[(4-methoxy-3,5-dimethylpyridin-2-ylymethyl]-7

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



S), 8.28 (1H, s). ESI-MSm/z: 519 (M + H)'. (Example 196)
4-Amino-2-[(4-methoxy-3, 5-dimethylpyri din-2-yl)methyl]-N-pyridin-2-yl-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxainide 249
N N ~I\N NN IS N'NHz The title compound (15 mg, 25%) was obtained
as a solid by the same method as in-&ample 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyP-
7,8-dihydro-2H-6-Chia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid

of Ex e 8 (50 mg) and 3-aminopyridine (24 mg). "H-NMR (CDC13) 8:
2.21 (8H4S), 2.27 (3H, s), 3.35 (IH, dd, J = 16.7, 4.4 Hz), 3.69-3.73 (4H,
4.454.48 (IH, m), 5.45 (4H, s), 7.05 (1H, dd, J = 7.4, 4.9 Hz),

7 ~}=8.0Hz),8.11 (1H,d,J=8.0Hz),8.16(1H,s),8.28(1H,d,J=3.9 Hz),
PR3 Tr»%%‘.NESl _MSm/z: 463 (M + H)t. (Example 197) 4-Amino-2- |
(4-methoxy-3 , 5-dimethylp yridi n-2 -yl )methyl ] -N-phenyl-7, 8-

dnydrg FLSetQé?n%o%é”d?é?ﬁ?}%%%@?%@f%%‘ S SR O Wethod
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 (40 mg) and cyclohexylamine (0.030 ml).

'H-NMR (CDCl;) &: 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, s), 3.27 (1H, dd, ] = 16.7,4.3 Hz), 3.60 (1H, dd, ] = 16.7, 7.7
Hz), 3.69-3.70 (1H, m), 3.80 (3H, s), 4.34 (1H,dd, ] = 7.7, 4.3 Hz), 547 (2H, d,J =
3.5 Hz), 6.62 (1H, brs), 8.22 (1H, s).

ESI-MSm/z: 468 (M + H)".

(Example 184)
4-Amino-N-cyclohexyl-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-N-
methyl-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide

(ol

N/

N~
[ 4
N ~ 0
9
g S)\NANHZ

The title compound (6 mg, 10%) was obtained as a solid by the same method
as in Example 12 using 4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example
8 (40 mg) and N-methylcyclohexylamine (0.030 ml).

'H-NMR (CDCl) 8: 1.07-1.81 (10H, m), 2.19-2.22 (6H, m), 2.27-2.28 (3H,
m), 2.59-2.60 (3H, m), 3.15-3.20 (1H, m}, 3.45-3.51 (1H, m), 3.67-3.69 (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).



/N NL SN NH$ The title compound (15 mg, 25%) was obtained as a
solid by the same method as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl] -
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example 8 (50 mg) and aniline (0.0254ml). 'H-NMR (CDC13) 8: 2.23 (3H,
s), 2.28 (3H, s), 3.35 (1H, dd, J = 16.7, 4.2 Hz), 3.62 (1H, dd, J = 16.7,
8.8 Hz%ﬁ .76 (3H, 4—% 4.58 (IH, dd, J = 8.8, 4.2 Hz), 5.43 (2H, 250

d,J-=4 DY A S w43 MM7HAR) 7.32(1H,t,J=7.4Hz),7.53-7.55(2H,m), 8.12
(1H, s) ESI-MSm/z: 462 (M + H)+. (Example 198)
4-Amino-N-isoxazol-3-yl-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)rnethyl]- 7,
Beihydea-@5H-6-thi a- |, 2, 3, 5-tetraazaac enaphthylene-7-carbox amide
N -N 6 N NH, The title compound (10 mg, 17%) was obtained as a solid
by the Nafdbhietnodods-ry Eberplel 42 4umiagoxy-3,5-dimethylpyridin-2-

R SR D R SR A G s

Example 8 50 mg) and 1,2-oxazol-3-amine (0.019 ml). 'H- NMR (CDC13)

6: 2.21 (3H\s), 2.28 (3H, s), 3.34 (1H, dd, J = 16.2, 4.6 Hz), 3.74-3.78
(4H, m), 44Y (1H, t; J = 5.4 Hz), 5.27 (2H, s), 5.45 (2H, d, J = 4.6 Hz),
6.99 .17(1H,s),8.27(1H,d,J=1.7Hz),9.60(1H,s) ESI-MSm/z: 453 (M
+ ) K

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
€ (40 mg) and N—allylcyclohexylaminé (0.038 ml).

'H-NMR (CDCls) 8: 1.07-2.06 (10H, m), 2.24 (3H, s), 2.27 (3H, d, T = 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

2%

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)methyl]-



(Example 199) 4-Amino-2-[(4-methoxy-3

,5-dimethylpyridin-2-yl)methyl]-N-pyridin-3-yl- 7, 8-dihydro-2H-6-thia- |

2,3, 5-tetraazaacenaphthylene-7-carboxamide N-N H/N “vY 5~N~NH.

251 The title compound (10 mg, 17%) was obtained as a solid by the

same method as in Example 12 using 43

4-amino-2-[(4-methoxy-3,5-(limethylpyridin-2-yl)methyl]-

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

EXafiipter @ 1Heomte ) dne B atniropyidine (T teeg: 7 FRIUMR {CDE1E) Brample
.24 (311, s),.2,28.(3H, 5),.3.37-3.38 (14, m), 3.53 (1H, dd, J=16.5, 8.9

é&‘%‘?ﬁ% %ﬁ,ﬁé ,'E{%?y(@??"fa %‘Ph‘l%%(.b?ﬁ.ﬁ‘ 7), 5.44 (2H, s), 7.29-
21 82400 xd; 1 83HA)8 206U, B IFHOHZ) 856 (|

7.32(1HaR ChGs), 8- 240038 177 85H3 .1-J.4=F‘z,,. H,

H, S). ESI-MSm%/&z: 45% M H)I{I(. (Ex)z;mpﬁl:tzod)%f-Amino-Z- (4-n§r()a)thoxy- ,

8cdimetifyTipyfz2-y it ethl )i dNFpy Bidin 6 YHB; dilhpdD2 A6 dthid 132 82 Hz),

S-fetra cenaphthylene-7-carboxamide \ _~0o-N=( iN SNNH_ Ni

O T B (oS 2598 e BtaTEti i ot by A ). 5 4

PeNed = 3 4 11z), 6.62 (11, d, J = 2.4 Hz), 6.71 (1H, brs), 6.86 (1H, dd, T =5.1, 3.4

Hz), 7.09 (1H, dd, J = 5.1, 1.2 Hz), 8.20 (1H, s).

ESI-MSm/z: 496 (M + H)".

(Example 187)
4-Amino-N-(1,3-benzodioxol-5-ylmethyl)-2-[(4-methoxy-3,5-
dimethylpyridin-2-yhmethyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-

7-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-yl)methyl]-
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-dy) 8: 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, J = 8.8, 4.4 Hz), 5.31 (2H, s), 5.97 (2H, s),
6.69-6.71 (1H, m), 6.79 (1H, d, ] = 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-MSm/z: 520 (M + H)".



as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example 8 (50 mg) and 4-aminopyridine (24 mg). 'I-NMR (CDC13) S:
2.24 (3H, s), 2.29 (3H, d, J = 5.6 Hz), 3,34 (1H, dd, j = 16.7, 4.2 Hz), 3.53
(IH, dd, J = 16.7, 8.8 Hz), 3.77 (3H, s), 4.59 (1H, dd, J = 8.8, 4.2 Hz), 5.44
(2H, d, J = 4.2 Hz), 7.56 (2H, dd, J = 4.9, 1.5 Hz), 8.12 (1H, s), 8.43 (2H,
déxarepked 88)5 Hz). ESI-MSm/z: 463 (M+H)'. 252 (Example 201)

-AMiNo-2-[(A- 3.5-dimethylpyridin-2-yl -N:(5- .
S R B s et hgicin-
41 e I9XRMRAE Oy N NN 117l B N NHLEThe, M@WM—@- Dokl

was obtained as a solid by the same method as in Example 12 using
4-amino-2x[(4methoxy-3,5-dimethylpyridin-2-y1)methyl]-

7,8-dihydr 6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
E 50 mg) and 5-methyl-1,2-oxazol-3-amine (25 mg). 'H-NMR

( .38-2.41 (9H, m), 3.13 (2H, g, J = 7.1 Hz), 4.01 (3H, s), 4.70
(111 \5.8 2H, s), 6.61 (1H, s), 8.48 (1H, s). ESI-MSrn z: 467 (M = H)-.

(Exar Ie .202) Ethyl
A Ehipound (Y0 e 33%%) WX abtained 24 & sofld by the samme 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)methanamine (29 mg).

'H-NMR (DMSO0-dg) &: 2.16 (3H, s), 2.20 (3H, s), 2.21 (3H, s), 3.14-3.22 (2H,
m), 3.70 (3H, s), 4.20-4.23 (2H, m), 4.56 (1H, dd, J = 9.1, 4.4 Hz), 5.30 (2H, s),
5.97-5.97 (1H, m), 6.09 (1H, d, ] = 2.9 Hz), 6.93 (2H, s), 8.07 (1H, s), 8.74 (1H, t, J
= 5.5 Hz)

ESI-MSm/z: 480 (M + H)™.

(Example 189)
4-Amino-N-(2-furylmethyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide

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 1-(2-furyl)methanamine (25 mg).



dihydro-2H-6-thin-1,2,3,5-tetraazaacenaphthylen-7-yl } carbon
yl)amino]-4-methyl- 1,3-thiazoie-5-carboxylate c- N-N i N o~ NH, The title
compound (20 mg, 32%) was obtained as a solid by the same method as
in Example 12 using 4-amino -2-[(4-methoxy-3,5-dim
ethylpyridin-2-yl)methyl] - 7,8-dihydro,2ki-6-thia-1.2,3,5-tetraazaacenapht
ylene-7-carboxylic acid of Example 8 (50 mg) and

2- amlno -4-methylthiazole-5-carboxylic acid ethyl ester (48 mg). 253
H-NMREEDER $PRIS03¢: (912, 16 135, mzrez) (2I28)3HI &3 2820 BH)sF,. 70

(i 3 8 B 6505 T r ekt by S AL S Rl

H2) 32501213 & Js &l kie)y 825 ¢l ﬁ)z)EéSMV@H‘/é) 955 (Mst HH1, m), 8.07
(Example 203) Ethyl 2-[({4-amino- -2- [(4-methoxy-3,

BidinmsetBylpyiitin. 2-y1yrhéthyl]-7, 8-

dihydr M -thia- ]% 3 5-tetr zaacenaphthylen -7-yl'}

carbor%g é] Mol &5 -carboxylate N N 0" $ NJ'NHa The title
compound (20 mg, 29%) was obtained as a solid by the same method as
in Example 12 using
{EamingeZ-Y-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7- carbox |IC acid of
Examplé sAmino-2- [(4-methoxy-3,5-dimethylpyridin-2-yD)methyl}-N

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

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 1-(2-thienyl)methanamine (29 mg).

'H-NMR (DMSO-dg) 8: 2.16 (3H, ), 2.20 (3H, 5), 3.11-3.18 (2H, m), 3.70
(3H, s), 4.44-4.46 (2H, m), 4.57 (1H, dd, J = 8.9, 4.5 Hz), 5.31 (2H, s), 6.94-6.95 (4H,
m), 7.38 (1H, dd, J = 4.7, 1.7 Hz), 8.07 (1H, s), 8.94 (1H, t,J = 5.5 Hz)

ESI-MSm/z: 482 (M + H)".

(Example 191)
4-Amino-2-[(4-methoxy-3, 5—dimethylpyridin-ﬁz—yl)mefhyl] -N-(1,3-thiazol-2-
y1)-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide



8 (50 mg) and 2-aminothiazole-5-carboxylic acid ethyl ester (45 mg).
'H-NMR (CDC13) 8: 1.39 (3H, t, J = 7.1 Hz), 2.25 (3H, s), 2.27 (3H, s),
3.36- 3.41 (1H, m), 3.55 (1H, dd, J=16.8, 7.5 Hz), 3.77 (3H, s), 4.39 (2H,
q,J=7.5Hz), 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, fExample 204)
N-(5-Acetyl-4-methyl- |,3-thiazol-2-yl)-4-amino-2-[(4-methoxy-3,5-
dimethylpyTidin-2-y1)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaaeena
phthylenex 7fcarboxamide 254 ti sv d N NH2 The title compound (20 mg,
30%) wasy ined as a solid by the same method as in Example 12
using 4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methylj-
H-6-Chia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid
Ng\(@p mg) and 1-(2-amino-4-methylthiazol-5-yl)ethanone (40

. 'H-NMR (CDC13) 8: 2.30 (6H, s), 2.49 (3H, s), 2.64 (3H, s),
3.37-3.40 (1H, m), 3.53 %111, dd, J=16.7, 7.4 Hz), 3.85 (3H, s), 4.68 (1H,
dd, J = 72 il gcampaad (38 mey 33 e 05128086 ¢4 Se)des)t > method

3 ( + HY e Et |_ W IPT e )
QR e & sy SRy oy
diftyditoy2td-BHatli 2 12B e traaraasamaphthylenc 7-¢b boxylic acid of Example

carbonylgaminol-l,3-thiazo|- 4-yl)acetate SvH /N
8 (50 mg) and 1,3-thiazol-2-amine (26 mg).

'"H-NMR (DMSO-d) 8: 2.19 (3H, s), 2.22 (3H, s), 3.28-3.36 (2H, m), 3.72
(3H, s), 4.79 (1H, t, ] = 5.6 Hz), 5.34 (2H, s), 6.97 (2H, 5), 7.23 (1H, d, ] = 3.4 Hz),
7.48 (1H, d,J = 3.4 Hz), 8.10 (1H, s)

ESI-MSmv/z: 469 (M + H)".

(Example 192)
4-Amino-N-(4,5-dihydro-1,3-thiazol-2-y1)-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl}]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-

7-carboxamide

Qsjh/ﬁ s \N/”\NHQ

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) &: 2.18 (3H, ), 2.22 (3H, s), 3.08 (1H, dd, J = 16.8, 9.4
Hz), 3.22-3.27 (3H, m), 3.62 (2H, t,J = 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)



~~ N S The title compound (20 mg, 28%) was obtained as a solid by the
same method as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaaeenaphthylen: -7-carboxylic acid of
Example 8 (50 mg) and (2-arninothiazgl-4-yl)acetic acid ethyl ester (48
mg). 'H-NMR (CDC13) 8: 1.27 (3H, t, J = 7.1 Hz), 2.30 (3H, s), 2.32 (3H,
s), 3.37 (IH, dd, J =16.7, 4.5 Hz), 3.55 (1H, dd, J 16.7, 7.7 Hz), 3.69 (2H,
s), 3.8 (381 a)/2547 U(M8<2H, . J = 7.2 liz), 4.67 (1H,dd, J = 7.7, 4.5
Hz), 5.54 (2H, d, J = 6.6 Hz), 6.82 (1H, s), 8.32 (111, s). ESI-MSm/z: 555
(M 3.1x_. (Example 206) 4 -Amino-2-[(4-methoxy-3,5-dimethylpyri

Pfk%ﬁﬂ)@‘ﬁ} []-N-(5-ni ro-1,3-
thiazol-2-yl)-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carb
oxamide Ahidbt S[(KHdthEx W 3T bettitleteampating (Z20nReh 30%6)1 veas-
obtained as a solid by the same method as in Example 12 using
Ao o2 rid-hd by re: S itnEtypyridinrommrapRAphthylene-7-carboxamide
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example B850 mg) and 5-nitrothiazol-2-amine (38 mg). 'H-NMR (CDC13)
S: 2.27 (3M4s), 2.28 (3H, s), 3.37 (1H, dd, J = 16.7, 4.5 Hz), 3.52 (IH, dd,
J=16.7, ¥ Hz), 3.81 (3H, s), 4.68 (IH, dd, J = 7.1, 4.5 Hz), 5.47 (2H, s),
8.17 m?{,%ﬂ,\ﬁ& (1H, s)_ ESI-MSm/z: 514 (M + H)-. (Example 207)

%1\7 S7 N7 NH,

The title compound (25 mg, 41%) was obtained as a solid by the same method
as in Example 12 using 4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-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 (DMSO-de) 8: 2.18 (3H, s), 2.22 (3H, s), 3.28-3.31 (2H, m), 3.72
(3H, ), 4.81 (1H, t, ] = 5.6 Hz), 5.34 (2H, s), 6.99 (2H, s), 8.10 (1H, s), 9.16 (1H, 5)

ESI-MSmv/z: 470 (M + H)".

(Example 194)
4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-(5-methyl-1,3-
thiazol-2-y1)-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide

O

\i_7

P

-N
ZN
s N i
\&jl\]/ S /\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 5-methyl-1,3-thiazol-2-amine (30 mg).



4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-[ 4-(2-
morpholin-4-yl-2-oxoethyl)-1,3-thiazol-2-yl]-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylene.-7-carboxamide 256 4- N-N" FI| N 1J"NH, C
OT Ol The title compound (30 mg, 39%) was obtained as a solid by the
same method as in Example 12 using, ,
4-ainino-2-[(4-methoxy-3,5-dimethylpyrid%n-Z-yl)methyI]-
7,8-dih){dro-ZH-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example1-88B. tg)lafdds) &: 2.18 (3H, s), 2.22 (3H, s), 2.33 (3H, s), 3.24 (21, dd,
-(2-ami _tgi z I-4-ylg-l-mor halin-4-yl-ethanone (59 mg). tH-NMR
( D&a‘i%)ng? .%49?37&( ﬁ’ibﬁ&ﬁ{lé& 438380, (h{iHa), 3862626199 (2H,
ng), 3.-1757((%'5)3)84@@1(&'?) dd, J=7.8,4.4Hz),5.43 (2H, d, 7 = 2.0 Hz),
6.77 (IH,s), 8.13 (1H,s). ESI _MSmJz: 596 (10.1+H)+. (Example 208)
4-Amin83-Emethddys1, -SHiimethylpyridin-2-yl)methyl]-N-[ 5-(morpholin-
4-ylmethyl)-1,3-thiazol-2-yl]-7,8-dihydro-2H-6-thia-1,2.,3,5-tetraazaacenap
hthylene- 7-carboxamide N-N (, S 3 N Nz The title compound (20 mg,
ined as a solid by the same method as in Example 12

using 4-amino-2-[(4-methoxy-3,5-dim ethylpyri din-2-yl)methyl]-

4-Amino-N-1,3-benzothiazol-2-yl-2-[(4-methoxy-3 ,5-dimethylpyridin-2-

yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5 -tetraazaacenaphthylene-7-carboxamide

O__
\—/
5:% N-
¥ AN
\
HN \NJ\NHZ

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-carboxyiic acid of Example
8 (50 mg) and benzothiazol-2-amine (24 mg).

'H-NMR (DMSO-de) 6: 2.19 (3H, ), 2.23 (3H, 5), 3.35-3.38 (2H, m), 3.72
(3H,s), 484 (1H, t, J = 5.5 Hz), 5.35 (2H, 5), 6.96 (2H, 5), 7.30 (1H, t, J= 7.6 Hz),
7.43 (1H,t,J=7.6 Hz), 7.75 (1H, d,J = 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-ylymethyl]-N-pyridin-2-yl-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide



7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example 8 (50 mg) and 5-(momholin-4-yl)-1,3-thiazol-2-amine (52 mg).
257 'H-NMR (CDCI3) S: 2.24 (3H, s), 2.28 (3H, s), 2.48 (411, s), 3.38
(11-1,d,J=3.9 Hz), 3,53 (IH, dd, J = 16.5, 7.7 Hz), 3.70 (4H, t,J = 4.5
Hz), 3.77 (3H, s), 4.65 (1H, dd, J = 7.544.5 Hz), 5.44 (2H, d, J = 2.7 Hz),
7.22 (1H, s), 8.14 (1 H, s). ESI-MSmM/Z:'568 (M -- H)' (Example 209) 4
-Amino-N-(3-carbamoyl-4-methyl-2-thienyl)-2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenap
hthyleng%ggarboxamide N-N> b s N NH2 NH, The title compound (10
mg.15%) was obtained as a solid by the same method as in Example 12
u 2l ino-2-[(4-methoxy-3,5-dimethylpyridin- 2-yl)methyl] -
7,8diydrd-2H-6-thia-1,2,3,5-tetraazaacenaphthyiene-7-carboxylic acid of
Example 8 (50 mg) and 2-amino-4-methyl-thiophene-3-earboxamide (40
mg). 'H-NMR (CDC13) 8: 2.23 (3H, s), 2.25 (3H, s), 2.44 (31-1, s),
3.35-3.409 1 sommeT(( e, 3206185 @B 4zl 377 (8H, Is) te67nikHnethod
dd,J £.6.3,. 4.6 Hz), 5.42 (2H, d, J= 3.4 Hz), 6.53 (1H, d, J = 1.2 Hz).
A IR S e R T e 2oyt -
47 BrainodZo [ raatiaxy 332scisnathy iRy ndintRsybmaetillz f1H-PYAZOk Rz mpl e
yl-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxamide
2560 mg) and 3-aminopyridine (24 mg).

'H-NMR (CDCly) &: 2.21 (3H,s), 2.27 (3H, s), 3.35 (1H, dd, ] = 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, J = 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, J = 3.9
Hz), 9.23 (1H, s).

ESI-MSm/z: 463 (M + H)".

(Example 197)
4-Amino-2-[(4-methoxy-3 ,5-dimethylpyridin-2-yl)methyl]-N-phenyl-7,8-

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

O

-N
4
=

@’ N s \N"NLNHZ
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 (CDCls) §: 2.23 (3H, s), 2.28 (3H, s), 3.35 (1H, dd, T = 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,



Cly-~n Y~ S NH, The title compound (8 mg, 14%) was obtained as a

solid by the same method as in Example 12 using
4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-y1)methyl)-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of
Example 8 (50 mg) and 5-aminopyra § (22 mg). 'H-NMR (CDC13) 8:
2.24 (3H, s), 2.25 (3H, s), 3.40-3.45 (2H, m), 3.76 (3H, s),.5,44 (2H, s),
5.55(1H, t,J=5.4 Hz), 5.98 (1H, d, J = 3.2 Hz), 7.93 (IH, d, J = 2.9 H2z),
8416 TH- By EBI-MSHYE: 452 Ntz R3S (EXanipter2Lmys-Amines2 ¢iH, m),
(%-%Wx - 3,5 -dimethylpyridin-2-yl)methyl]-N- { 5 -[ (4-

me ipérazin-1-yl)methyl]-1,3-thiazol-2-yl}-7,8-dihydro-2H-6-Chia-1,2,3,
5- tetraggmggggh&@l%Qleﬂﬁgarboxamide 0- N-N ~Y b 5'~N~'NHz The
titte 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(, -amWré-ﬁﬁ-6-thia—1,2,3,5-tetraazaacenaphthylene-?-carboxylic acid of
Example A8.(30 A : gy
5-((4-mlgti%/ré%?p§r%gz%%%rjnglth%/lggzi—g}%%zxc}iii’-%’r%rﬁlgt@g) Pﬁtj&‘?ﬁzwwfhﬂ%
(CBEiBydo22564iHa118)3 2 -L8rfbhashra Atk 26 ad Sdafiilicdd, J =
16.8, 4.4 Hz), 3.54 (1H, dd, J 16.8, 8.1 Hz), 3.66 (2H, s), 3.77 (3H" s),

4.65 (11, §dfJI =8.1, 4.4 Hz), 5.44 (2H, d, J = 2.9 Hz), 7.22 (IH, s), 8.15
(1H,s). 2%%’

PN
KL K

The title compound (10 mg, 17%) was obtained as a solid by the same method
as in Example 12 using 4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8—dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example
8 (50 mg) and 1,2-oxazol-3-amine (0.019 ml).

'H-NMR (CDCl3) §: 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, ] = 5.4 Hz), 5.27 (2H, 5), 5.45 2H, d, T = 4.6 Hz),
6.99 (1H, s), 8.17 (1H, 5), 8.27 (1H, d, J = 1.7 Hz), 9.60 (1H, s)

ESI-MSmy/z: 453 (M + H)™.

(Example 199)

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



ESI-MSm/z: 581 (M+H)+. (Example 212)
4-Amino-N-[5-(hydroxymethyl)-1,3-thiazol-2-yl]-2-[(4-methoxy-3,)-dimethvl
pyridin-2-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene
- 7-carboxamide N - N~~N~Il HQ g 1 N ~~ S N NHz The title compound
(15 mg, 23%) was obtained as a solithlgy the same method as in Example
12 using 4 amino-2- [(4 methoxy -3,5-dimethylpyridin-2-yl)methyl]-

7,8- d|h i% 6-thia- 3 5- tetraazaacenaphthylene -7-carboxylic acid of
Examp "FH@B’% (30 manb ¥ Yfﬁé@@fﬂ%ﬂ@)ﬁm@ﬁ@aﬁ&xwrﬁ@m method
E-NMR 341

(3H.s). 457 2H. d %5]411ﬁl é%l[ 7%%%9? %2% 25”:1,3“(‘? yi-

{7.3-dibBirtA2}{ .98 421D, 3)5 - Ye&ia@%cknsﬂ)hﬁ@(bﬁé” @)rb%%d{\é §&M2of4§>?ample
(%/{ H)+. (Example 213) 1) 4- [Bls(tert butoxycarbonyl)amino]

| P(Q;fﬁ&}tmﬁf B RAMEFAD AL Sy
e AR ARSI, 55

de{st{te@tsomewemwmmr@»n@kﬂ([(ﬂfraathexxe M-ﬂmgﬂ@y&@xm' 7.29-
methyl]-2,9-dihydro-6-thia-1,2,3,5- tetraazabenzo[cd]azulen -8-one (3}0
ﬁ] s Soldeld bh tlefyidr &t didriofGribthdhed (8 Fil)luhdet. eGatng 5
{# e bath, followed by addition of triethylamine (146 I). Then,
tr uo?bmethanesulfonic

ESI-MSm/z: 463 (M + H)".

(Example 200)
4-Amino-2-[(4-methoxy-3 ,5-dimethylpyridin-2-yl)methyl] -N-pyridin-4-yl-

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

O—

W,
/_
_1
@’ SN NH,

The title compound (15 mg, 25%) was obtained as a solid by the same method
as in Example 12 using 4-amino-2-[(4—methoxy-3,5-dimethylpyridin-Z—yl)methyl]-
7,8-dihydro-2H-6—thia~l,2,3,5-tetraazaacenaphthyieneﬂ-carboxylic acid of Example
8 (50 mg) and 4-aminopyridine (24 mg).

'H-NMR (CDCl3) 8:2.24 (3H, 5), 2.29 (3H, d,J = 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, 5), 4.59 (1H, dd,J =8.8,4.2
Hz), 544 (2H, d, ] = 4.2 Hz), 7.56 (2H, dd, J = 4.9, 1.5 Hz), 8.12 (1H, s), 8.43 (2H,
dd,J =4.9, 1.5 Hz).

ESI-MSm/z: 463 (M + H)".,



anhydride (106 I) was added and the mixture was stirred at OC 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 agsulting residue was purified by
silica gel column chromatography (hexane-ethyl acetate) to obtain the
ti > CO E%H d as a solid (255 mg, 69%). BSI-MS m/z: 703 (M+H)+, 2)
aanLgE i (tert-butoxycarbonyl)amino] -2-[(4-methoxy-3,5-
dimethylpyridin-2-yhr 2a/ =] H-thin-1,2,3,5-tetragzabenzoled]
azulene- 8-c§?b%?£§?ﬂg¥&fﬁsg§%%ﬁp%&% 2 %? mg{k}fﬁé@"&
is(esattisbrtonySarbehyaiyidol-2H(4-thrthoxy; 3, EndineiedByidipre. 7-
ylmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cdlazulen-8-yl
t?ﬁ%Bf‘é’fﬂ&ﬁanesulfonate (25 mg) was dissolved in ethanol (2 ml).
Triethylamine 46 al) and bis(triphenylphosphine)palladium (1]) dichloride
(2.5 mg) werg\added at room temperature, and the mixture was stirred in
a carbon méroxide atmosphere at 40C for three hours. The reaction
solution wag-toncentrated, and the resulting residue was purified by silica
gel colmﬁ%pmatography (hexane-ethyl acetate) to obtain the title
cﬁ@ou d®as‘ansil (14 mg, 62%). 261 'H-NMR (CDCI3) S: 1.35 (3H, t, J
=7.19 Hz), 1.44 (18H, s), 2.22 (3H, s), 2.30 (3H, s), 3.75 (311, s), 4.18
(2H, s)TA IR nthobmd (S mE2)3 Gy w4255 &192 a(bdhaDy Gt b rfdthod
ES1-MSm/z: 627 (M - H)+. 3)
A9 treFrrasibx ) anem g traninec]- 2 famateoned: B Brakth thylgimidiyi gmethyl -

7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example
8 (50 mg) and 5-methyl-1,2-0xazol-3-amine (25 mg).

'H-NMR (CDCl3) §: 2.38-2.41 (9H, m), 3.13 (2H, q, ] = 7.1 Hz), 4.01 (3H, s),
4.70 (1H, s), 5.63 (2H, s), 6.61 (1H, s), 8.48 (1H, s).

ESI-MSm/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-tetraazaacenaphthyl en-7-yl}carbonyl)amino]-4-methyl-

1,3-thiazole-5-carboxylate

d s HLXY
O}__i\;g $7SN7ONH,

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]-
758'dihydro-2H—6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxyhc acid of Example

8 (50 mg) and 2-amino-4-methylthiazole-5-carboxylic acid ethyl ester (48 mg).



yl)methyl]-2,7-dihydro-6-Chia-1
2,3,5-tetraazabenzo[cdiazulen-8-carboxylic acid N L HO N s Kr' Ethyl
4-[bis(tert-butoxycarbonyl)amino]-2-[ (4-methoxy-3, 5-dimethylpyridin-
2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo
[ed]azulene-8-carboxylate (0.92 g) wagdissolved in methanol (10 ml)
under cooling in an ice bath. A 1 N sodium hydroxide solution (10 ml) was
added, ,and the mixture was stirred for 16 hours while gradually returning

to roomw&éﬁ}?&@ﬁé tebctidh Solutidr Was hastalzed Rith BBLSN2.62
yeraghiotie aetdaoltion, andshen) Bssolieniavas cencentialsds hesm, ),

resulting residue was diluted wit roform’and washed w

cit?ie @eidolutinn Far)d4ies orgrmic, layer wasdrer ower sedium sufatg,) g 25
The solvent was evaporated, and the resulting residue was recrystallized
ﬁexane and ethyl acetate to obtain the title compound as a solid

(0.68 1.%). 'H- D30D) S: 1.54 (9H, s), 2.25 (3H, s). 232 (3H,
s), 3.8%%%%’}%%%2%%78 (2H, s), 7.81 (1H, s), 8.07 (1H, s).
ESI-MSm/z: 499 (M + H)1. 4) 4-Amine-2-[(4-mefnoxy-35-dim ethylpyri

din-2-yl)methyl] -2,7-dihydro-6-
fhisamplg Hliatraazabenzo[cd]azulen-8-carboxylic acid 262 NHO /N S

w-1-N he. title compou as qgbtained as a solid (15 mg, 63%) b
eyntho By tha AR el L e EeS WG et 7.5
4illyersbutosysathonyarinal-ed i pRInA%Y-7-y1) carbonyl)amino]-1,3-thiazole-

S-carboxylate

O}_@J\;n s \N/”\NHZ

The title compound (20 mg, 29%) was obtained as a solid by the same method
as in Example 12 using 4-amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-
7,8-dihydro-2H-6-thia-1,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example
8 (50 mg) and 2-aminothiazole-5-carboxylic acid ethyl ester (45 mg).

'H-NMR (CDCly) 8: 1.39 (3H,t,J=7.1 Hz), 2.25 (3H, s), 2.27 (3H, 5), 3.36~
3.41 (1H, m), 3.55 (1H, dd, T = 16.8, 7.5 Hz), 3.77 (3H, s), 4.39 (2H, g, ] = 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-yl)methyl]-7,8-dihydro-2H-6-thia-1,2,3 ,5-tetraazaacenaphthylene-

7-carboxamide



3, 5-dimethylpyridin-2-yl)methyl]-2, 7-dihydro-6-thia-1,2, 3, 5
tetraazabenzo[cd] azulen-8-carboxylic acid (30 mg). 'H-NMR (DMSO-D6)
S:2.17 (3H, s), 2.26 (3H, s), 3.73 (3H, s), 4.09 (2H, s), 5.50 (211, s), 7.05
(2H, brs), 7.61 (1H, s), 8.05 (1H, s). BSI-MSmiz: 399 (M + H)-. (Example
214) 1) tert-Butyl {8-(hydroxymethyl)-2:{4-methoxy-3,5-dimethylpyridin-2-
yi)methyl]-2,7- dihydro -6-thia-1,2,3,5-tetraazabenzo[cd] azulen-4-yl}
carbamate N~ zl-- N-~Heo "sN"'poT

4-[(tert-Buto rbonyl)amlno] -2-[(4-methoxy-3 , 5-dimethylpyridin-2-
yl)methyl]-2, |hydro -6-thin-1,2,3,5- tetraazabenzo[cdlazulen -8-carboxylic

acid (50 mg)'was dissolved in tetrahydrofuran (1 ml) under cooling in an
ic b%thn etl yImorphollne (13 1) and ethyl ehloroformate (12 I) were

Tfoliowed byﬂzstlrrmg for two hours. Subsequently, sodium
boro ydrlde (12 mg) and methanol (1 ml) were added to the reaction

solutio mixture stlr d for three hours while gradually
returnlgg%%g%%t Ol|5e(ri'a 6. A F{Q)/ g S g&%a‘g%ﬁﬁl%ﬁ%géyataaéms method

the reagtianisoltiem Jallewrd by eXHASHOR WIS B ACEIANGITHS 1) methyl]-

resulting organic layer was sequentlally washed with a saturated sodium
b?@%%b@t@-@ézﬁ -Sorfich3ahtehAre v aristlybser 2nhgtdroyis sotiwn Example

Iv nt was ed, and the resultln residue was
egl B{; séca el cé)lu gﬁ?’fﬁ?f&?@ %WMBP& thf8ethanol) to
obtam the-Rtlercoamoune. assn &l SO MY 31, 5), 2.64 (3H, ), 3.37-3.40 (1H,
m), 3.53 (1H, dd, I = 16.7, 7.4 Hz), 3.85 (3H, s), 4.68 (1H, dd, J = 7.4, 4.4 Hz), 5.51
(2H, d,J =8.6 Hz), 8.26 (1H, s).
ESI-MSm/z: 525 (M + H)".

(Example 205)
Ethyl {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} carbonyljamino]-1,3-thiazol-

4-yl}acetate

A LTY
p\m SN NH

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-ylymethyl]-
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 mg).

1H—NMR (CDCl3) 8: 1.27 (3H, t, ] = 7.1 Hz), 2.30 (3H, 5), 2.32 (3H, 5), 3.37
(1H,dd,J=16.7, 4.5 Hz), 3.55 (1H, dd, ] = 16.7, 7.7 Hz), 3.69 (2H, s), 3.88 (3H, s),



72%). 'H-NMR (CDCI3) 6: 1.53 (911, s), 2.22 (3H, s), 2.31 (3H, s), 3.74

(3H, s), 3.75 (2H, s), 4.32-4.35 (2H, m), 5.64 (2H, s), 6.85 (1H, t, J = 1.38
Flz), 7.43 (IH, s), 8.17 (IH, s). ESI-MSm/z: 485 (M + H)+. 2)
{4-Amino-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[cd]azulen-8yfmethanol N-N1HY 1° N ~s

nr'NH, The title compound was obtained as a solid (15 mg, 54%) by

sg :? sis by the same method as in Example 2 using tert-butyl

{ I} s ety B4k4Hne i Bxylds)s=dinethd Bidinid Ghméthyt 620 Hz), 6.82
7(gjhysti{(g¢§2'igﬁrls)2,3,5- tetraazabenzo[ed)azulen-4-yl}carbamate (35

mg). 1H-NMR (CDCI3) 6: 2.22 (3H, s), 2.27 (3H, s), 3.71 (2H, s), 3.74 (3H,
s), 4.31EQH 8imlz= 2538\ 5119 (2H, bra), 5.51 (2H, s), 6.78-6.79 (1H,

m), 8.19 (1H, S). ESI-MSm/z: 385 (M + H)+. (Example 215) 1) tert-Butyl
{8-[butyl(methyl)earnamoyl]-2-[(4-methoxy-3,5-
dd'%tllg%i@g&ip-Z-yl)methyl]-Z,7-dihydro-6-thia—1,2,3,5-tetraazabenzo[cd]
azulen-4- yl } carbamate 264 N-N The title compound was obtained as a
solid (54-Pagi5%] (aynmIesis DY thansHadmetnodAsinIFxanele S | 5.
using 4-[(tert-butoxycarbonyl)amino]-2-[(4-methoxy

thiazol- -yl)-7,8—dihydro-2H—6~thia—1,2,3,5-tetraazaacenaphthylene-7~car‘ooxamide

O

\,_/

N-

i

~ )
ON SYH S ‘NJ‘NH2
o Lk

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 -dimethylpyn'din-Z—yl)methyl]-
7,8-dihydro-2H~6-thia-1,2,3,5-tetraazaacenaphthylene~7-carboxylic acid of Example
8 (50 mg) and S-nitrothiazol-2-amine (38 mg).

'H-NMR (CDCl) &: 2.27 (3H,'s), 2.28 (3H, s), 3.37 (1H, dd, J = 16.7, 4.5 Hz),
3.52(1H,dd, J=16.7, 7.1 Hz), 3.81 (3H, 5), 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-yl)methyl]-N-[4-(2-
morpholin-4-yl-2-oxoethyl)-1,3-thiazol-2-y1]-7,8-dihydro-2H-6-thia-1 ,2,3,5-

tetraazaacenaphthylene-7-carboxamide



3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5
tetraazabenzo[ed]azulen-8-carboxylic acid (50 mg) and
n-methyl-n-butylamine (23 1). ESI-MS m/z: 568 (M+H)+ 2)
4-Amino-N-butyl-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-N-
methyl-2,7-dihydro-6-thia-1,2,3,5-tetragzgbenzo[cdlazulene-8-carboxamid

e The title compound was obtained as a solid (22 mg, 50%) by synthesis

by the same method as in Example 2 using tert-butyl
{8-[butyl(methyRcarbamoyl]-2-[(4-

methoxy-3,5-difnethylpyridin-2-yl)methyl] -2,7--dihydro-6-thia-1,2,3,5-
tetraazabenzpicd]azulen-4-yl}carbamate (54 mg). 'H-NMR (CDC13) S:

), 1.26-1.36 (2H, m), 1.54-1.61 (2H, m), 2.23 (3H, s),
2.30Y3H 4s)53:06N8H, brs), 3.47 (2H, t, J = 7.57 Hz), 3.75 (3H, s), 3,94

(2H,s) 5.19 (2H, s), 5.54 (2H, s), 6.89 (1H, s), 8.19 (1H, s). ESI-MSm/z:

468" M + H)+. 265 (Example 216) 1) tert-Butyl {2.-[(4-methoxy-3;
S-dimethylpyridin-2-yl)methyl]-8- [mcthyl(phenyl)carbamoyl]

-2,7-di «Bsthia- Z edlazulen-4- yl }.carbamate ¢ N
NN phzgﬁ%ggo%%ﬁ%ﬁgn%un \ efé% (L)lggé??ﬁré??aass g)é%lﬁ% E3h g BaSRshod
byssyrithesisl by Ahsingatreniettrod AmRHox BRI sy yridin-2-y1)methyl]-
4-[(tert-butoxycarbonyl)amino]-2-[(4--methoxy 3,5-dim

efr %&#&rﬁzﬁfﬁyﬁm@wnz.é,#:aqﬁya%eaemahﬂ}zl,sr,lsﬁ-carboxyuc 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, ), 2.27 (3H, s), 3.38-3.39 (1H, m), 3.56-3.62
(OH, m), 3.77 (3H, ), 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-ylymethyl}-N-[ 5-(morpholin-
4-ylmethyl)-1,3-thiazol-2-y1]-7,8-dihydro-2H-6-thia-1,2,3 ,5-tetraazaacenaphthylene-

7-carboxamide

y ~ N
}\’\_1\3/ s \NLNHz
N
o

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-Z-yI)methyl]-
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).



tetraazabenzo[cd]azulen-8-carboxylic acid (50 mg) and N-mcthylaniline
(21 1). 'H-NMR (CDC13) 6: 1.51 (9H, s), 2.21 (3H, s), 2.28 (3H, s), 3.41
(3H,s), 3.74 (3H, s), 3.79 (2H, s), 5.59 (211, s), 7.03 (1H, s), 7.16-7.24
(3H, m), 7.32-7.39 (3H, m), 8.15 (1H, S). ESI-MSmlz: 588 (M + H. 2)
4-Amino-2-[(4-methoxy-3,5-dimethylpysiehn-2-yl)methyl]-N-methyl-N- _
phenyl-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ed]azulene-8-carboxamid

e N-NrCN S NNH, The title compound was obtained as a solid (23 mg,

44%) by ByNBsIE B thed: Sabde Hikthod. 28 (AHExMpié Ritisisg Ians-butyld, J =

T B T R AL it b 13 G 9, 4.65

tetreiazaberzofcdlazulgnsdsylisarbamate €63 9/223??}1"@!\%\4'3 ﬁﬁ?%ﬁ)

6:2.23 (3H, s), 2.25 (311, s), 3.41 (3H, s), 3.75 (311, 5), 3.77 (2H, 9),5.15

(21:1, bES-5188(2+5,08) (BL97H)H, s), 7.16-7.24 (3H, m), 7.34 (2H, 1, J =
7.79 Hz), 8.19 (1 IL s). ESI-MSm/z: 488 (M H)-. (Example 217) _1)_
tert-Butyl {8-(dimethylcarbamoyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
y@s&fﬁyj}-g@})dihydro-6-thia—1,2,3,5-tetraazabenzo[ec_i]azulen-4-yl}earbam
ate IN OC" The title compound was obtained as a solid (53 mg, quant.) by
synthesilsf]gydno—N-G-carbamoyl-4-methyl~2-thienyl)—Q—[(4-methoxy-3,5-

dimethylpyridin-2-ylymethyl]-7,8-dihydro-2H-6-thia-1 »2,3,5-tetraazaacenaphthylene-

7-carboxamide

(o

4
R LN
% S \NJ\NHZ

The title compound (10 mg, 15%) was obtained as a solid by the same method
as in Example 12 using 4—amino«2-[(4—methoxy-3,5—dimethylpyridin—Z—yl)methyl]-
7,8-dihydro-2H-6-thia-1 ,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example
§ (50 mg) and 2-amino-4-methyl-thiophene-3-carboxamide (40 mg).

'H-NMR (CDCl3) 8: 2.23 (3H, 5), 2.25 (3H, s), 2.44 (3H, 3), 3.35-3.40 (1H,
m), 3.67 (1H, dd, J = 16.6, 6.3 Hz), 3.77 (3H, s), 4.67 (1H, dd, J = 6.3, 4.6 Hz), 5.42
(2H, d,J =3.4 Hz), 6.53 (1H, d, ] = 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-
yl-7,8-dihydro-2H-6-thia-1,2,3 ,5-tetraazaacenaphthylene-7-carboxamide



the same method as in Example 9 using

4-[(tent-butoxycarbonyl)aminol-2-[(4-

methoxy-3,5-dimethyipyridin-2-yl)methyl]-2,7-dihydro-6-thin-1,2,3,5

tetraazabenzo[cd]azulen-8-carboxylic acid (50 mg) and dimethylamine

hydrochloride (16 mg). 'H-NMR (CDC136: 1.53 (9H, s), 2.22 (3H, s), 2.34

(311, s), 3.10 (6H, brs), 3.75 (3H, s), 3.97 (21-1, s), 5.67 (211, s), 6.97

(1H, s), 7.46 (1H, s), 8.17 (111. S). ESI-MSmiz: 526 (M +H)'. 2)

4-Amino- -methoxy-3,5-dimethylpyridin-2-yl)methyl]-N,N-dimethyl-

2,7- dihydzg;%:thia 1,2,3,5-tetraazabenzo|[cd]azulene-8-carboxamide N-N
_N(I'N NYNH2 The title compound was obtained as a solid (17 mg, 40%)

yﬂth the same method as in Example 2 using tert-butyl
&E b*amoyl)--z [(4 267
methoxy -3,5- dlmethylpyrldln 2 yl)methyl] -2,7-dihydro-6-thia-1,2,3,5-

tet uIe ate . 1H-NMR (CDCI3) o:
223 (G2 gL S B HE i Lo GRS amghod

(BrinSpxarBAI{ bl uSh @gnﬁd'é» 5)s 6, (M. H)
(Exampl%%ﬂ{lS) 1)’utert§ Butyl Q[(ﬁ &%M 345 %%M%ﬂ}%(ﬁﬁgf%me yl]-

{8 f(ﬂ@%’ﬁﬂ]%éﬂ?@héhﬁ&%tﬁt&ﬂxmyﬁrﬁﬂﬁ&imeﬁh%y@bﬁxyhc acid of Example

yr| in-2-yl)methyl]-2, dlhydro -6-Chia-1,2,3,5-tetraazabenzo[ed]
aer% caigrbg}/n%a ayzi% ?\Z

IH NMR (CDCly) 8: 2.24 (3H, 5), 2.25 (3H, s), 3.40-3.45 (2H, m), 3.76 (3H,
5), 5.44 (2H, 5), 5.55 (1H, t, ] = 5.4 Hz), 5.98 (1H, d, ] = 3.2 Hz), 7.93 (1H, d, J = 2.9
Hz), 8.16 (1H, s).

ESI-MSm/z: 452 (M + H)".

(Example 211)

4-Amino-2-[(4-methoxy-3 ;5-dimethylpyridin-2-yl)methyl]-N- {5-[(4-
methylpiperazin-1-yl)methyl]-1 ,3-thiazol-2-y1}-7,8-dihydro-2H-6-thia-1,2,3,5-
tetraazaacenaphthylene-7-carboxamide

O

N\

Qo ﬁfw

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-dimethyipyridin—Z-yl)methyl}—
7 ,8-dihydr0-2H-6—thia—1,2,3,5-tetraazaacenaphthylenc-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=8.1,4.4Hz), 544 (2H, d, J=2.9 Hz), 7.22 (1H, s), 8.15 (1H, s).



Fri N es Np NN o The title compound was obtained as a solid (60 mg,
quant.) by synthesis by the same method as in Example 9 using
4-[(tert-butoxycarbonyl)amino]-2..[(4-
methoxy-3.5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-carboxylic agigl (50 mg) and
3,3-difluoropyrrolidine hydrochloride (29 mg). iH-NMR (CDCI3) S:
1.54-1.57 (9H, m), 2.23 (31-1, s), 2.35 (3H, s), 2.37-2.44 (214, m), 3.76
(31-1, s el M 6 88" Hz), 3.94 (21-1, t, J = 12.61 Hz), 4.02 (2H,
s), 5.67 (214, s), 7.10 (1H, s), 7.46 (114, s), 8.18 (IH, s). ESI-MSm/z: 588
(M + H)'. 2) 8-[(3,3-Difluoropyrrolidin-I-yl)carbonyl]-2-[(4-methoxy-3,5-
dimetimgpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1.2.3,5-tetraezabenzo[ ed,
ilazuien-4- amine 268 b F~ 14-m N The title compound was obtained as a

solid (231 asds) by yinhesisthythe, sdmedhethday dmmample, 2-
idin-I- ylcarb
R e s

172:35detrm@gabenzoled]azulen-4-y1}carbamate (60 mg). 'H-NMR
(DMSO-D6) 6: 2.17 (3H, s), 2.25 (3H, s), 2.38-2.47 (2H, m), 3.31- 334
(2H, m), 3.72\(4F; s), 3.78-3.88 (2H, m), 3.81 (2I-1, s), 5.47 (21-1, s), 7.01
(1H, s), »

-N
2N
HOK—\\SJ\{“@/(S/[:LNH

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,S-dimethylpyridin-Z-yl)methyl]-
7,8-dihydro-2H-6-thia-1 ,2,3,5-tetraazaacenaphthylene-7-carboxylic acid of Example
8 (50 mg) and (2-amino-1,3-thiazol-5-y1)-methanol (34 mg).

"H-NMR (DMSO-de) 6: 2.18 (3H, 5), 2.21 (3H, s), 3.27-3.29 (2H, m), 3.72
(3H,s),4.57 (2H, d, T = 5.1 Hz), 4.78-4.79 (1H, m), 5.34 (2H, s), 538 (1H, 1,7 =5.6
Hz), 6.98 (2H, s), 7.31 (1H, s), 8.10 (1H, s).

ESI-MSm/z: 499 (M + H)".

(Example 213)

1) 4-[Bis(tert-butoxycarbonyljamino] -2-[(4-methoxy-3,5-dimethylpyridin-2-
yDmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo [cd]azulen-8-yl

trifluoromethanesulfonate



7.03 (2H, brs), 8.06 (1H, s). EST-MSm/z: 488 (M + H. (Example 219) 1)
tert-Butyl {8-(butylcarbarnoyl)-2-[(4-methoxy-3,5-dimethylpyridin-2-
yI)methyl]-2,7-dihydro-6-thin-l,2,3,5-tetraazabenzq[cd]azuIen-4_—y|}carbam
ate b N p s”N~'gxo The title compound was obtained as a solid (53 mg,
95%) by synthesis by the same methodgs in Examp_le 9 using
4-[(tert-butoxycarbonyl)amino] -2-[(4-methoxy- 3,5-dimethylpy

idin-2- yI)b ethyl]-2 7 -dihydro-6-thin-1,2.3,5-

tetraaza Eﬁ? fed] ‘ﬂ%}ﬁcgﬂ&‘%\%’diﬂiéoé@d[(ﬁmﬁ@))w A-bumdyimeiR0-2-

7.34.H2), 1.35-1.04 3H, m
o R kb fen P oo wes
7diSsHryd37Sel3kdas}d dididd@etBhn5 BTrfBHnekr 296 QFﬁ)er%%('
flﬂqMS (1H, s), 8.18 (1H, 5). EST-MSm/Z: 554 (M - HY. 269 2
A

msdrl?bb%ﬁgmzof(@frﬁmmm@ahﬁfemylpyﬂmn M)m&ﬂmyth&@wlfomc

3 5-t benzoled]azulene-8-carboxamide N-ff N
!\?[N&i}lﬁ'lt' & tifle %%%%‘?r?iz ; &8 ’E?é@%ségﬁﬁd(?ﬁn%f%é%ﬁwum

Syﬂﬁhﬁ@& ytheisanesl ReIbes @k inVERAINE HURINGIeRRUty tlﬁn followed
{8 (butylcarbamoyl)-2-[(4-methoxy- );S-dimcthyipyridin-2-yl)met

207 EMAGHSIB i attp Bas e twitraaF b ergfcdlazul envisydieatbamate &8 with

nge}ter 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 nmvz: 703 (M+H)".

2) Ethyl 4-[bis(tert~butoxycarbony1)amino]-2-[(4-—methoxy—3,5—
dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1 ,2,3,5-tetraazabenzo[cd]azulene-

8-carboxylate

4—[Bis(tert-butoxycarbonyl)amino}-2-[(4-methoxy-3,S-dimethylpyridin-Z-
yDmethyl}-2,7-dihydro-6-thia-1,2,3 ,5-tetraazabenzo[cdlazulen-8-yl
trifluoromethanesulfonate (25 mg) was dissolved in ethanol (2ml). 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 chromato graphy (hexane-ethyl acetate) to

obtain the title compound as an oil (14 mg, 62%).



'H-NMR (DMSO-D6) 8: 0.88 (3H, t, J = 7.34 Hz), 1.25-1.34 (2H, m), 1.42-
1.49 (2H, m), 2.17 (3H, s), 2.24 (3H, s), 3.17 (2H, g, j = 6.42 Hz), 3.72
(3H, s), 4.06 (2H7 s), 5.47 (2H, s), 7.02 (211, brs), 7.39 (1 H, s), 8.07 (1
H, s), 8.40 (114, t, J = 5,50 Hz). ESI-MSmiz: 454 (M + H)". (Exa_mple 220)
1) tert-Butyl {8-(anilinocarbonyl)-2-[(4-mgthoxy-3,5-dimethylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,),5-tetraazabenzo[cd] azult_an-4-yl} _
carbamate N~ N-N) CS rllerl The title compound was obtained as a solid

(56 mg, §78) By &5 b3 sarhe méthida)as i Exdinple22asiil, s),

4 u raqnylamy -[(4- - ) 5
R DI s, 57

tétridagnBerizd[Edlazulen-8-carboxylic acid (50 ing) and aniline (18 I). 270
'H.NMR (CDC]) 8: 1.57 (9H, 5), 2.23 (3H, 5), 2.34 (3H, 5), 3.76 (3H, 5),
4.19 2HSHMS BT 1718 (1H, t, J = 7.34 Hz), 7.36 (2H, 1, J = 7.79

= . 1H, s).
et oz 6 TSR ARl R RO Bty in o

AyBminioy-H(4-diataexs 3badimstbylavsiding 2 o tvlN-phemd:2(s acid

dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulene-8-carboxamide e NT
The title coimpound was obtained as a solid (25 mg, 54%) by synthesis by
the g%

-
HO / <N
z—{ﬁ%ﬁmk

Ethyl 4-{bis(tert-butoxycarbonyl)amino]-2—[(4—methoxy-3 ,5-dimethylpyridin-
2-ylymethyl}-2,7-dihydro-6-thia-1,2,3,5-tetraazab enzo[cd]azulene-8-carboxylate
(0.92 g) was dissolved in methano! (10 ml) under cooling in an ice bath. A I N
sodium hydroxide solution (10 ml) was added, and the mixture was stirred for 16
hours while gradually returning to room temperature. The reaction solution was
neutralized with a 0.5 N hydrochloric acid solution, and then the solvent was
concentrated. The resulting residue was diluted with chloroform and washed with a
10% citric acid solution, and the organic layer was dried over sodium sulfate. The
solvent was evaporated, and the resulting residue was recrystallized from hexane and
ethyl acetate to obtain the title compound as a solid (0.68 g, 91%)).

'H-NMR (CD;0D) 6: 1.54 (9H, 5), 2.25 (3H, 5), 2.32 (3H, s), 3.81 (3H, s),
4.18 (2H, s), 5.78 (2H, s), 7.81 (1H, s), 8.07 (1H, s).

ESI-MSm/z: 499 (M + H)".

4) 4-Amino-2—[(4—methoxy-3,S-dimethylpyridin—Z-yl)methyl]—2,7-dihydr0-6-

thia-1,2,3 ,5-tetraazabenzo[ cdjazulen-8-carboxylic acid



same method as in Example 2 using tert-butyl
{8-(anilinocarbonyt)-2-[(4-methoxy-
3,5-dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazaberzo[cd]azulen-4-yl}carbamate (56 mg). 'H-NMR (DMSO-D6) o:
2.18 (3H, s), 2.26 (3H, s), 3.73 (3H, s)p415 (2H, s), 5.51 (2H, s),
7.06-7.11 (3H, m), 7.33 (2H, t, J = 7.79 Hz), 7.61 (1H, s), 7.71\(2H, dJ =
7.79 Hz), 8.08 (1H, s), 10.24 (1H, s). ESI-MSmiz: 474 (M + H)". (Example
221) 1) tep-Butyl
(8-{[2-(difnetnylamino)-2-oxoethyl]carbamoyl}-2-[(4-methoxy-

3,5- dlmeth Ipyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-

te@aﬁ?nzo[cd]azulen -4-yl)carbamate a t- 'N~ N-N -S*N "Nx01 271
T d ound was obtained as a solid (2) mg. 38%) by synthesis by

the same metHod as in Example 9 using

g gﬁﬁ%%{?ﬁ%%%%mﬂ%o ﬁfﬂ%“ 3”‘6”‘0 Shd s g §1%) by synthesis by the

tetraazatibo aleid] azulepr82caRXy/ @t@i@lgL(l%Q}m&):) Jamino]-2-[(4-methoxy-
glycmedlmethylamlde acetate (81 mg). 'H-NMR (CDC13) 8: 1.53 [(%H S),

2 dupethylmmidinglyylmaiol (B H-d&hyemes (Bk; k), 3,3-2414 (4H58rg)(M
, .49 9 (IH, s). ESI-MSmiz: +
a‘)% %%e C%?Kﬁ'; f( eR grlﬁfn%%’%él 6’é¥l>iyl] 2-[(4-methoxy-3,5-
dimethvmmmma@tbgu@ 20191 QOB 3R 3, PASYRRZPED om, ),
[cd] azulene- 8-carboxamide
5.50 (2H, s), 7.05 (2H, brs), 7.61 (1H, s), 8.05 (1H, s).

ESI-MSmv/z: 399 (M + H)".

(Example 214)
1) tert-Butyl {8-(hydroxymethyi)-Z-[(4-methoxy-3,5-dimethylpyridin-2—
yDmethyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo [cd]azulen-4-yl} carbamate
b

e

\
N

&{i@

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 ul) and ethyl chloroformate (12 ul) were added, followed by
stirring for two hours.  Subsequently, sodium borohydride (12 mg) and methano! (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



N p Ni "N "g N NH, The title compound was obtained as a solid (10 mg,
60%) by synthesis by the same method as in Example 2 using tert-butyl
(8-{[2-(dimethylamino)-2-
oxoethyi]carbamoyi}-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]
~,7-dihydro- 6-thia-1,2,3,5-tetraazabengg{cd]azulen-4-yl)carbamate (20
mg). 'H-NMR (DMSO-D6) S: 2.17 (31-1, s), 2.25 (3H, s), 2.83 (3H, s). 2.99
(3H, s), 329 (2H, s), 4.01 (2H, d, J =5.96 Hz), 4.08 (2H, s), 5.49 (3H, s),
750178 2pryrneand fred P erniyirosy @6 il fag.= 5106 sdient was

5 ; + H)+ nple 222 i-tert-buty
e SRS e STt ¥ cotumr

pytrnonidito grafib? (Chttihythionbrietianbi? 3.5btatraazaenzolediazulen;4- v &5 mg
imidodicarbonate 272 N} s N N e4 0~p 4-[Bis(tert-butoxycarbonyl) amino] ’

-7 @-'methoxy-3,5-dimethylpyridin-z-

yl)methyl}-2.7-gli -6-thia;1,2,3,5-tetraazabenzo[cd]azulen-8-yl

trifluoroyn%}e%hhé{r}?e%%@rf’gté (1‘26]3.#%‘«/&%5 oWedi f,ﬂlféiﬁxéhé-(lﬂ L 5), 3.75

Rytimsglinesb-hesqnig, agid {13 me), 8 ZNsspdium carb lytion (2 ml

and bis(triphenylcg)hospr)]ine)pglzl’?éjiﬁ}m (1)) g?#l?rfﬂe ?S%Enqg)%)\/sv(Zr%%gE éél)’ %_17
&lttié mixture was stirred at 40C for two hours. Water was placed into

the reactign solution f&UéJW by extraction with ethyl acetate. The
resulting organ%}ﬁa?/é? s+?% :

2) {4-Amino~2—[(4-methoxy-3,5-dimethylpyridin-Z~y1)methy1]-2,7-dihydr0—6—

thia-1,2,3,5-tetraazabenzo[cd] azulen-8-yl }methanol

S N NH,

The title compound was obtained as a solid (15 mg, 54%) by synthesis by the
same method as in Example 2 using tert-butyl {8-(hydroxymethyl)-2-[(4-methoxy-
3,5-dimethylpyridin-2-ylymethyl]-2,7-dihydro-6-thia-1 ,253,5-
tetraazabenzo[cd]azulen-4-yl} carbamate (35 mg).

'H-NMR (CDCly) 8: 2.22 (3H, 5), 2.27 (3H, s), 3.71 (2H, s), 3.74 (3H, s), 4.31
(2H, d,J =138 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 ,>-tetraazabenzo[cd]azulen-4-

yl}carbamate



sequentially washed with water and brine and dried over anhydrous
sodium sulfate. The solvent was evaporated, and the resulting residue
was purified by silica gel column chromatography (chloroform-methanol)
to obtain the title compound as an oil (45 mg). iH-NivMR (CDC13) 5: 1.45
(9H, s), 1.56 (9H, s), 2.22 (3H, s), 2.32£3H, s), 3.75 (3H, s), 4.21 (2H, s),
5.73 (2H, s), 7.26 (1H, s), 8.15 (1H, s), 8.90 (2H, s), 9.21 (1H, S),
ESI-MSm/z: 633 (M 4- H)+. 2)
2-[(4-Mefnoxy-35-dimethylpyridin-2-yl)methyl]-8-pyrimidin-5-y1-2,7-
2,3,5-tetraazabenzo[ed]azulen-4-amine NN ~~NH' The

title compoundwas obtained as a solid (8 mg, 26%) by synthesis by the

as in Example 2 using di-ter-butyl {2-[(4-methoxy-3,5 273
il -ilgnk}\ethyl&pyrimidin-5-y|-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate (45 mg). 'H-NMR

(DMS 6. 2418 (3H,,s), 2.25 (3H, s), 3.73 (3H, s), 4.32 (211, s), 5.48
(oh, ), 704 e LR Y e G T B i ostatsms o e
Shike S1eMGMZiA3% (MpHd)s §E?sa<rrge!@m2@§)>} SN no1-2-7(4- ]
{2- (47methox,/-_§,_5-dimejsthyI§yri(ﬁn- -yl)methy %%S)ridin-%no} 2-{(4-methoxy
33-5%=é{%h%6£b%i&’h{@?@}5&éf&dﬂabbwmth®ﬁazﬂ1@[5-4-yl}imidodicarbon
ag‘:‘%rzate)lz'élt_)lglnzo[cd]azulen-8-<:a.rboxylic acid (50 mg) and n-methyl-n-butylamine (23

pl).

ESI-MS m/z: 568 (M+H)",
2) 4-Amino-N-butyl-2-[(4-methoxy-3 ,5-dimethylpyridin-2-yl)methyl]-N-

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

g

4 I\)N\

S NTNH,

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 (CDCl;) 8: 0.89-0.96 (3H, m), 1.26-1.36 (2H, m), 1.54-1.61 (2H, m),
2.23 (3H, ), 2.30 (3H, s), 3.06 (3H, brs), 3.47 (2H, t, J = 7.57 Hz), 3.75 (3H, s), 3.94
(2H, s), 5.19 (2H, s), 5.54 (2H, s), 6.89 (1H, 5), 8.19 (1H, s).

ESI-MSmy/z: 468 (M + H)".



N, 0 N*NAC Q OL1 co The title compound was obtained as a solid (48
mg, quant.) by synthesis by the same method as in Example 222 using
4-[bis(tert-butoxycarbonyl)amino]-2-[(4.. methoxy-3 , 5 -dimethylpyridin-2
-yl)methyl] -2, 7-dihydro-6-thria-12, 3 , 5 - tetraazabenzo[cd]azulen-8-yl
trifluoromethanesulfonate (50 mg) andgyridine-3- boronic acid neopentyl
glycol ester (21 mg). 'H-NMR (CDC13) 6: 1.45 (18H, s), 2.22 (3H, s), 2.31
%S) 3.75 (3H, s), 4.21 (2H, s), 5.72 (2H, s), 7.21 (1H, s), 7.65-7.81
1H, s), 8.60 (1H, dd, J =4.58, .38 Hz), 8.79 (1H, d, J =
1.83H
Mehofg)/%}ézdlmet yl[pg4 idir thgxﬁl e iy ymethyl]-8-
diimytirok(GithiaJ2:Babnistienzahenaeiosdiazuien-4-amine, NN 214, Lél?za-
title compound was obtained as a solid (12 mg, 36%) by synthe5|s byt
SAnfEThIBIRK as in Example -2 using di-tert -butyl {2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyl]-8-pyridin-3-y1-2, 7-dihydro-6-thia-1,2,3,5-
tetraazabenz Jazulen-4-yljimidodi carbonate (49 mg). 'I-1-NMR
(DMSO-D6) %ﬁm (31-1, s), 2.25 (313, s), 3.73 (3H, s), 4.29 (2H, 9),
5.47 (2H s)N_ 98 (2H brs), 7.13 (1H, s), 7.43 (IH, dd, J = 8.02, 4.81 Hz),
. v 8.54 (1H, dd, J = 4.81, 1.60 Hz), 8.86 (1H, d, J = 2.29
(M + H)'. (Example 224)

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-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-carboxylic acid (50 mg) and N-methylaniline (21 ul).

'H-NMR (CDCly) &: 1.51 (9H, s), 2.21 (3H, s), 2.28 (3H, s),3.41 (3H, s), 3.74
(3H, s),3.79 (2H, s), 5.59 (2H, 5), 7.03 (1H, s), 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-methoxym3,5-dimethylpyridin-Z-yl)methyl]«N-methyl—N-

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

\g” NP ONH,

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—y1)methy1]—8~[methyl(phenyl)carbamoyl]-2,7-dihydro-6-thia~1,2,3,5«

tetraazabenzo[cd]azulen-4-yl} carbamate (63 mg).



1) Di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-phenyl-
2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-yllimidodicarbonate

/b Nd LN 0'1- o The title compound was obtained as a solid (S2 mg, 71%)

by synthesis by the same method as in Example 222 using
4-[bis(tert-butoxycarbonyl)amino]-2-[(4s6
znethoxy-3,5-dimcfnylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo e(aazulen-s-gl trifluoromefnanesulfonate (50 mg) and
phenbeB{r“(m}@La( iH €12 Phg)y 2 HIvR &) 8), .45 (A8Hs)s, 25A3K3K), 3.77

P DRGSR D

7.35-7.52 (5H, m), 8.17 (I

ZL[(2-N 180y 3 13- djmethylpyridin-2-yl)methyl]-8-phenyl-2,7-dihydro-6-
thia-1,2,3,5-tetraazabenzo[ed]azulen-4-amine 275 N-N) "-g N NH, The

title corﬁé%ﬂ@%s‘%%%“éd{ s a solid (12 mg, 55%) by synthesis by the
same methed as in Example 2 using di-tert-butyl (2-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methyii]-8-phenyl-2,7-dihydro-6-thia-1,2,3, 5-
teiraazsbenzp[ed)azulen-4-yllimidodicarbonate (32 rng). 'H-NMR
(DMSO-D6) S: 2.18 (3H, s), 2.25 (3H, s), 3.73 (3H, s), 4.26 (2H, s), 5.46
(2H, s) 1596 By by dmoohyiead)am@d) 7.4 4 bkt imyy 73 40 dindd {2ty itdin-2.-

gfﬁr%'e&i}%? —&%ﬂi@;&%’%@tﬁ@-’fg ,3,5-tetraazabenzo[ cdazulen-4-yl }carbamate

(o
&
FOIA A

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-yl)methyl]-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) &: 1.53 (9H, 5), 2.22 (3H, s), 2.34 (3H, s), 3.10 (6H, brs),
3.75 (3H, 5), 3.97 (2H, 5), 5.67 (2H, 5), 6.97 (1H, 5), 7.46 (1H, s), 8.17 (1H, s).

ESI-MSmv/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[ cdjJazulene-8-carboxamide

N
/
NH,

37N

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-



ESI-MSm/z: 431 (Ni + H)'. (Reference Example 1) 1)
4-Ethyl-2,3,5-trimethylpyri dine 1-oxide A mixture composed of
4-bromo-2,3,5-trimethylpyridine 1-oxide (5.76 g), tetrahydrofuran (60 mL),
a 15% solution of triethylaluminum in toluene (40 mL) and
tetrakis(riphenylphosphine)palladium (£11.54 g) was heated under refiux
for six hours. After leaving to cool to room temperature, toluene (60 mL),

meég%nolélz ,m%b@afnd subsequently a saturated ammonium chloride
SBIEHSR (P8 AT D Bidae - Wi ey ke rdhwdis Hettiad luhder reflex for

%%ﬁ%%e&ﬂ,ﬁf{d?&\ﬁﬁ@gmﬁggir@aég%%%( ﬁtﬁrré]\[%?rature, the insoluble matter

was separated off by filtration, an was dried over anhydrous
magneéMmmﬂf&m@@p&@m%@@@?ﬁl@wﬁ@?@)PE‘Q@V(GQC,’H%gﬁ@%‘éﬁ’f,es),

and the resulting residue was purified by silica gel column 276

chiohhatbgraply (@Riosdfér-MBNn®92d Bhbtaln&HE GiE.compound (3.84
g, 87%)-as,an.0il. HNMR.(CDC13) 6: 1.10 (3H, t, j = 7.6 Hz), 2.22 (3H,
s), 2.2%%?&@)@2%’5%%%?3%?2.62 (2H, g, J = 7.6 Il2), 8.01 (111, 5).
ESI-MSmIz: 166 (M+H)" 2) (4-Ethyl-3,5-dimethylpyridin-2-yl)methyl
acetate I~ A mixture composed of the above

ARxapned 53rimethylpyridine 1-oxide (3.84 g) and acetic anhydride (50

mL) was, heated under reflux for 30 minutes.. After leaving to cool to room
tempera JFe’% uet;;:leg8 I’éﬁgéﬁlﬂ%’f?moméﬂ%@@%ﬁ et HettREgoxY-3,5-
RiassUigp TG esihie s chssolver b shioiofors sndeanaslien il o
a saturated sodium bicarbonate solution. The organic layer was dried over
arthgetsusatnagnesium sulfate, and then the solvent was evaporated

under reduced

e

\ s

F
4 SN
Ao d

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 (CDCl3) &: 1.54-1.57 (OH, 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,
$), 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-tetraazab enzo[cd]azulen-4-

amine



pressure. The resulting residue was purified by silica gel column
chromatography (ethyl acetate-hexane) to obtain the title compound (3.64
g, 76%) as an oil. 'H-NMR (CDC13) 6: 1.12 (3H, t, J = 7.6 Hz), 2.12 (3H,
s), 2.29 (3H, s), 2.29 (3H, s), 2.68 (2H, q, J = 7.6 Hz), 5.22 (2H, s), 8.21
(1H, s). ESI-MSmIz: 208 (M + H)t. 3) 745
2-Chloromethyl-4-ethyl-3,5-dimethylpyridine ‘hydrochloride Hci A mixture
composed of the above (4-ethyl-3,5-dimethylpyridin-2-yl)methyl acetate
(415 mg), methanol (5 mL) and potassium carbonate (553 mg) was stirred
at 50C for 0yminutes. After leaving to cool to room temperature, the
reactlon sol tlon was concentrated under reduced pressure. The residue
W& d in 277 chloroform and then washed with water. The

orga r;uas dried over anhydrous magnesium sulfate, and then the
solvent was evapiorated under reduced pressure. The resulting residue

was dlfglv&q in %rlﬂ%rof?rm Thionyl chloride ﬁ(1n(mL) was added under
ice-cooling, and the s AL TRbASA $0ib %érﬁﬁ’er%ﬁu%bf’o?m%ws by the

hauis nidigogaly enEwas SuarQiale L MRge! d prasswe, and
residue was washed WIItﬁh toluen% by%qel?:{g% gﬁtoao%?ém%ﬂ? il

ddmmmllzzagmeam@ BS-diswlioy IHAMR(GREIBY $21728HRdd. & thia-
é tZSO%SH 5),2.85 (3H, 9), 290 (2H, g, =7.7 Ha), 5.16 (2H, 5
g‘}azég A2 len (i\?ly Har?ﬁéPé?éﬁ@éIBkample 2) 1)

3- Chlor@amr@@m'@y e 2onde M SRl o YA 1

(1 10 g) was dissolved in dichlorome
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, s)

7.03 (2H, brs), 8.06 (1H, s).

b

ESI-MSm/z: 488 (M + H)".

(Example 219)
1) tert-Butyl {8-(butylcarbamoyl)-2-[(4-methoxy-3,5 -dimethylpyridin-2-
yDmethyl]-2,7-dihydro-6-thia-1,2,3 ,>-tetraazabenzo|cd]azulen-4-yl} carbamate
5

==

N/

\*\—
toh

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)methyl]-2,7-dihydro-6-thia-1 ,2,3,5-
tetraazabenzo[cd]azulen-8-carboxylic acid (50 mg) and n-butylamine (20 pl).

"H-NMR (CDCl;) 8: 0.95 (3H, t, J = 7.34 Hz), 1.35-1.44 (3H, m), 1.50-1.56
(17H, m), 2.22 (3H, s), 2.33 (3H, s), 3.37 3H, dd, ] = 12.61,7.11 Hz), 3.75 (3H, s),
4.14 (2H, ), 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)".



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 | N sodium hydroxide, and the
organic layer dried over anhydrous magnesium sulfate. The solvent was
evaporated under reduced pressure t@ghtain the title compound (1.21 g,
99%) as a solid. 'H-NMR (CDC13) 8 2.27 (3H s), 2.59 (3H, s), 7.13 (1H,

s), 8.0 élﬁlé“&.%h tﬁ MSm/z; 158 -H)~. 2
3-Chlor ;j?%yﬁ ?réb%/mﬁ &Yééérém@frméfrydmbmmﬁefl ]-2,7-
al! i e was dissolved in
cor?ggﬁrgjtg%gg%éng E;égg’é %%%Hgdiagégg&?ﬁée ) Umrlrrll(f]l nitric acid (9.5
mL) and fuming sulfuric acid (5.5 mL) was added dropwise over 25
minutes. Afterstirring in that state for 30 minutes, the mixture was stirred
at 90C for t ours. The reaction solution was left to cool, and then
inttadyced iRtd ice water and neutralized with ammonium carbonate with
stirrin;hc rogm’temperature. The insoluble matter was separated off by
filtration, HO\Ned*by extraction with chloroform. The organic layer was
dried over anhydrous magnesium sulfate. The solvent was evaporated
under rebfiEEy prevsred 38 thiviesidye wabl[diifreg, 69%iba gelthedisbiy the
E?l%ﬁlth ?ﬁlorof -methan )%t gg in the title compound (1.11
% as a soli f&ﬁ&f&%’ Y S4Topme 3 147 -matoxy-
(1 e BSPMSIIZ. 205t B B3 Dichipra-2,5-dimethylpyridine

1l-oxide e
tetraazabenzo[ cdjazulen-4-yl} carbamate (53 mg).

'"H-NMR (DMSO-Dg) 5: 0.88 (3H,t,J =7.34 Hz), 1.25-1.34 (2H, m), 1.42-
1.49 (2H, m), 2.17 (3H, s), 2.24 (3H, s), 3.17 (2H, q, ] = 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 (IH,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

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| cd}azulen-8-carboxylic acid (50 mg) and aniline (18 ub.



¢ N 6 The above 3-chloro-2,5-dimethyl-4-nitropyridine 1-oxide (405 mg)
was dissolved in dichloromethane (5 mL), and phosphorus oxychloride
(915 L) was added with stirring under ice-cooling. After stirring at room
temperature overnight, the reaction solution was introduced into ice water
and neutralized with 5 N sodium hydra@sigle and a saturated sodium
bicarbonate solution with stirring under ice- cooling. The mixture was

' , ic | dried
o e R e e St aH U GH, ), 4.19
reglucerl prssSwesto DPEAINHNE fitle,compound (387;mg; quans ) gs %.ﬁ%gﬁ, ),

'H-NMR (CDC13) S: 2.34 (3H,'s), 2.66 (31, s), 8.12 (IH, s). ESI 2MS
192 qNRH, 1) #)13 UHDIcM Gt SEMt /Py (itih-2-yl)methyl acetate 279 C;

The titl ound mg, 33%) was obtained as an oil by the same
methoﬁggwiréﬁggﬁi%ﬁ?ple 1-2) using the above 3,4-dichloro-2,5-
dimethyipytiging, J-oxide tH- 3) 6:.2. s), 2.

(3. 5) £33 (055 9 B8 (s E SISy S iy BT Bl 7
Aihlordmibiingl 3 Ysdichiaratbineitypyuicireshydteshlaride c ci N Hci

N-
O A

STONTNH,

The title compound was obtained as a solid (25 mg, 54%) by synthesis by the
same method as in Example 2 using tert-butyl { 8-(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-Dg) 8: 2.18 (3H, 5), 2.26 (3H, s), 3.73 (3H, s), 4.15 (2H, s),
5.51 (2H,s),7.06-7.11 (3H, m), 7.33 (2H, t, J = 7.79 Hz), 7.61 (1H, 5), 7.71 (2H,d,J
=7.79 Hz), 8.08 (1H, s), 10.24 (1H, 5).

ESI-MSm/z: 474 (M + H)".

(Example 221)
1) tert-Butyl (8- {[2-(dimethylamino)-2-oxoethyl]carbamoyl} -2-[(4-methoxy-
3,5-dimethylpyridin-2-ylymethyl]-2,7-dihydro-6-thia-1,2,3,5-

tetraazabenzo[cd]azulen-4-yl)carbamate

b
»
MW
/YN o
s N’)\Mio’!\\



The title compound (141 mg, 89%) was obtained as a solid by the same
method as in Reference Example 1-3) using the above (3,4-dichloro-5-
methylpyridin-2-y1)methyl acetate (150 mg). 'H-NNIR (CDC13) a: 2.60
(3H, s), 5.13 (211, s), 8.56 (1H, s). ESI-MSm/z: 210 (M + H)T. (Reference
Example 3) 1) 3-Chloro-4-methoxy-2,2@imethylpyridine 1-oxide N'6
3-Chloro-2.5-dimethyl-4-nitropyridine 1-oxide obtained in Reference

Examplf 263?1470%0 m \évas added é%g 0.59 M solution og sodium .
methoxide it MethAno and the HIAe 88 Sirrel i 26vargesynthesis by the

Al mesphersiakreeRx iapREFAIRE 49718 BAWS Jh8, u%@ﬁ%gg%ﬁ%g%%ﬁoxy

concentrated and a saturated armnorium chlofride so
félioweecty extidotidryWitre thlddfodin yihe Gigenic 286- layer was dried

over anhydrous magnesium sulfate, and then the solvent was evaporated
S éﬁé%@?j%é‘iﬂi'egIBaEWﬁéYﬁl‘fr?élﬁitI@%&Fﬁbéﬁﬁdlmm@,egﬁd@m@ea

t
nderte
sggqatg—k«g\jl\(@)(CDCB) d: 2.24 (3H, s), 2.62 (3H, s), 3.87 (3H, s), 8.07
(1H, s). ES1 .MSm/z: 188 (M+H)+. 2)
(3-ChlofiG-aiR iRy hettiAnyEiisy; 2 pinmsthy) azetate rc 'y el Vi (612G, 3.76
Th}e{ title comfound 460 m%, 61%) was obtained as an oil by the same
3H,'s), 4.12-4.14 (4H, m), 5.08 (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)-z-oxoethyl}-2-[(4-methoxy—3 ,5-
dimethylpyridin-2-yl)methyl]-2,7-dihydro-6-thia-1,2,3 ,5-tetraazabenzo[cd]azulene-

8-carboxamide

4 |\)N\

57 ONTONH,

The title compound was obtained as a solid (10 mg, 60%) by synthesis by the
same method as in Example 2 using tert-buty! (8- {[2-(dimethylamino)-2-
oxoethyi]carbamoyi}-2-[(4—methoxy~3,5-dimethylpyridin—Z-yl)methyl}—.’z,7-dihydro—
6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-yl)carbamate (20 mg).

'H-NMR (DMSO-Dg) 8: 2.17 (3H, 5), 2.25 (3H, 5), 2.83 (3H, 5), 2.99 (3H, s),
3.29 (2H, s),4.01 (2H, d, J = 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-MSm/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]azulen-4-

yl}imidodicarbonate



method as in Reference Example 1-2) using the above
3-chloro-4-methoxy-2,5- dimethylpyridine 1-oxide (620 mg). 'H-NMR
(CDC13) S: 2.16 (3H, s), 2.29 (3H, s), 3.92 (311, s), 5.30 (2H, s), 8.29 (1
H, s). ESI-MSmiz: 230 (M + H)'. 3) _
2-Chloromethyl-3-chloro-4-methoxv-5-#i@thylpyridine hydrochloride c'ci |
I N~ 61 HU The title compound (118 mg, 79%) was obtained as a solid by
the same method as in Reference Example 1-3) using the above
(3-chloro-4imethoxy-5- methylpyridin-2-yl)m ethyl acetate (450 mg).
'H-NMR ( 3) S: 2.45 (3H, s), 4.29 (3H, s), 5.15 (2H, s), 8.43 (1H, s).

ESI MSm/gz: 206 (M + H)+. (Reference Example 4) 1)
%@I ethylpyn dine 1-oxide 281 6 The title compound (1.92 g,
as a solid by the same method as in Reference
Example 2-1p g 5-chloro-2,3-dimethylpyridine (1.72 g). 'H-NMR
(CDCI3) 6: 2.341%3I-1, s), 2.46 (3H, s), 7.08 (1H, s), 8.20 (111, s). _
ESI-MSm/z: 158 (M+H)_. 2) S-Chloro-2,3-dimethyl-4-nitropyridine | -oxide
4-[Bis(tert-butoxycarbonyl)amino]-2-[(4-methoxy-3 ,5-dimethylpyridin-2-

yDmethyl]-2,7-dihydro-6-thia-1,2,3, S-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 (CDCl) &: 1.45 (OH, s), 1.56 (94, s), 2.22 (3H, 5), 2.32 (3H, 5), 3.75
(3H, 5), 421 (2H, 5), 5.73 (2H, 5), 7.26 (1H, s), 8.15 (1H, 5), 8.90 (2H, 5), 9.21 (1H,
s).

ESI-MSmv/z: 633 (M + H)™.

2) 2-[(4~Methoxy~3,5—dimethylpyridin-2-y1)methyl]-8-pyn'midin-5-y1—2,7-

dihydro-6-thia-1,2,3,5-tetraazabenzo[cd]azulen-4-amine

b

S

N/
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4
ARV AR
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-



No, N The title compound (1.94 g, 79%) was obtained as a solid by the
same method as in Reference Example 2-2) using the above
5-chloro-2,3-dimethvlpyridine 1-oxide (1.90 g). 'H-NMR (CDC13) S: 2.33
(3H, s), 2.51 (311, s), 8.29 (1H, s). ESI-MSm/z: 203 (M + H)". 3)
5-Chloro-4-methoxy-2.3-dimethylpyrid#@ 1-oxide The title compound (405
mg, 96%) was obtained as a solid by the same method as in Reference

e s R S TN R T e
(BirgaspbBid [t as) cESIMSMEs 88 M a4 A)).

(5-Chloro-4-methoxy-3-methylpyridin-2-yl)methyl acetate ci IAN" 0V 282

The titlefEOMH IRY IS M 21166§3as oBtamEdias) ah Bil Bylhe, daitid2H, s),

i ference -2) ysi e abo
S N e a2 B By R Lo (S0b g BRI .
(CDC18p6M2shy43kh35)02.28)(3H, s), 3.92 (3H, s), 5.19 (2H, s), 8.39 (1H,
s). ESI-MSmfz: 230 (M + H)~. 5)
2-Chloromethyl-5-chloro-4-methoxv-3-methvlpyridine hydrochloride o'

(Example 223)
1) Di-tert-butyl {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl}-8-pyridin-
3-y}-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd)azulen-4-y1 }imidodicarbonate

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 acid neopentyl glycol ester (21 mg).

'H-NMR (CDCl,) &: 1.45 (18H, s), 2.22 (3H, s), 2.31 (3H, ), 3.75 (3H, s),
4.21 (2H, 5),5.72 (2H, s), 7.21 (1H, s), 7.65-7.81 (2H, m), 8.16 (1H, s), 8.60 (1H, dd,
J=4.58,138 Hz), 8.79 (1H, d, J = 1.83 Hz).

2) 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-amine



INS ¢ HG The title compound (326 mg, 91 %) was obtained as a solid by
the same method as in Reference Example 1-3) using the above
(5-chloro-4-methoxv-3- methvlpyridin-2-ylymethyl acetate (340 mg).
'H-NMR (CDC13) 6: 2.47 (3H, s), 4.32 (3H, s), 5.09 (2H, s), 8.54 (IH, s).
BSI-MSm/z: 206 (M + H)+ (Test Exarplé 1: cell growth inhibition assay) A
cell growth inhibition assay was performed using two types of cells

(humarribreast eancrr,eel ing, Rl RRS A neer gellin
NCI-H460). Cells o earé:h type were s%éégﬁggm a ué](ﬁ)d;?n an gggs %gy the
intona @6theelhsmulicare ) piatsiag 300:eehsi S Liwalh A festscompound
was dissolved in DMSO, and this was diluted with medium to prepare a

mpi SsitfenisNpeh drcertidionyb b i bhidse)s Oratelday-
f%{%meﬁ}%?ﬂﬁ%ﬁ% %?A\ééga}t?&n”‘c%;?i% dium to which the test
S e

compound w ot a (hereinafter callé diluted solution;

DMSO ‘connertrations 5% nriess)er H)?Z%nglﬁ,%(?,'l#i@ﬁ‘ (aspdded B9y )
me

the cells. An MTT assay was performed im iately after and 72 hours

after &ddink S samdiessolutibhl B the’BMEE dildité - Soldtigrs toHhp S6Hs8.08
f | /mL aof IT
I?—%%J%ﬁ@ﬁ%%g%@g?;gﬁéﬁ g%\/ﬁsétffgolamgérné_%oﬁéa)}n sl\(gllution

was adderatafA per well. fl;?'rereafter, the plate was incubated at 37C in
5% COc for four hours. The plate was centrifuged at 1200 rpm for five

minutes, and then the culture supernatant was removed by suction using
ispenser., DMSO was added at 150 L per well, and the generated
?E)lsfjr)%a‘glz%ﬁ gvégg dissolved.

1) Di-tert-buty! {2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]-8-phenyl-

2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo[ cd]azulen-4-yl }imidodicarbonate

\b

N-N

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-y! trifluoromethanesulfonate (50 mg) and phenylboronic
acid (13 mg).

'"H-NMR (CDCl3) &: 1.45 (18H, s),2.22 (3H, s), 2.30 (3H, s), 3.74 (3H, s),
4.22 (2H,s),5.71 2H, s), 7.17 (1H, s), 7.35-7.52 (5H, m), 8.17 (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



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 caiGulate the 50% growth inhibitory
concentration (GI50 value), based on the assumption that the OD value
measured immediately after adding the sample solution was S, the OD
value me ed 72 hours after adding the sample solution was T, and the

OD value! sured 72 hours after adding the DMSO diluted solution was
C. T/C (%), (T-S)/(C-S) x 100 The results are shown below. 284 [Table
Gl ue (nM) SK-BR-3 NCI-H460 Compound of Example 2 148
ZQ_CmW of Example 4 44 9 Compound of Example 9 137 159

Compound of Example 12 150 460 Compound of Example 36 52 86

Compauiadiat cxamplie B 3WbdidedGompennd of Exassple ¥dsynthdl 263 the
Compound of Example 51 58 150 Compound of Example 67 130 300

SorRpoetihedoER AperdD2320n850- e ComipbdAd Gf Ex@apie $11 49 94
dimethylpyridin-2-yl)methyl}-8-phenyl-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-4-yl}imidodicarbonate (32 mg). .

'H-NMR (DMSO-Dy) 8: 2.18 (3H, s), 2.25 (3H, s), 3.73 (3H, s), 4.26 (2H, s),
5.46 (2H, s), 6.96 (2H, brs), 7.00 (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-MSmv/z: 431 (M + H)".

(Reference Example 1)
1) 4-Ethyl-2,3,5-trimethylpyridine 1-oxide

Y

C=Z,

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)palladiﬁm (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



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 153 260@%900 Compound of Example 164
410 760 Compound of Example 165 6800 16000 Compound of Example

d of le 172 Not ined N .
R Sl eorillaae ™o

Gompgaund of Example 175 Not determined Not determined Compound of
Example 176 Not determined Not determined Compound of Example 181

45 76 CompBUfdI¥FEXanple (31, 20 577.Coinpauti(dHERatM P (EH94) 17,52
C f Example 21 st e Comp uno
g%%éi%%j@gsﬁfiﬁ?%%%zgé?zé@?ﬁ)est Example 2: Hsp90 ATPase

assay)m_wg}gQAEQQ%@pgay was performed using a recombinant
yeast Hsp90

2) (4-Ethyl-3,5-dimethylpyridin-2-yl)methyl acetate

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 (CDCl;) &: 1.12 (3H, t, T = 7.6 Hz), 2.12 (3H, s), 2.29 (3H, s), 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

N\

HCI

A mixture composed of the above (4-ethyl-3,5-dimethylpyridin-2-yl)methyl
acetate (415 mg), methanol (5 mL) and potassium carbonate (553 mg) was stirred at
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



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 wa&’dissolved in DMSO to 10 mM. The
dissolved solution was diluted with DMSO to eight concentrations ranging

iRgesfold, Ly 4 ch dijuted solution was further 10-fold
diluted with Egﬂl %%“333%*3%?@?’%% Titllfsl? DH 74 8RR ,e§ P

MgDi2)(comegnesatiansafaeaahdestcamponpd: sehdtion, 400:dMnd33 eeed
44 .4.tM, 14.8 M, 4.94.sM, 1.65 uM, 0.549 uM, 0.183 uM; DMSO

JOEBHiatiche 1A ESE T W asHiissoived in ehivEobutfer (Z0mid Klisompét (1
7.4, concentration, of 2.531 mg/mL. The dissolved
e B R o LR PR dertpegaure

SB:welh assay piate ﬁl%ﬂ%&%ﬂﬂ@rﬁﬁé@hn@@??@dﬁ&@g%égsgpey HKe residue
The test compound solution was dispensed at 5 uL per well, and then the

SHRTHEHER thihrdpentibe drshstatire mixediusing it lateixet (200 wlI68%)
ATP g%i(gma. Catalog No. A-7699) was diluted with assay buffer to | mM
an(?élspénsed at 5 uL per well (final concentration: 100 uM). The

solutiongrinthe r@%@g(tise 1Wells were mixedysingg @ﬁgesp%%'@?fw%l?%

the assay plate was allowed to stand in an incubator set a

Kbkt BIOMOH 25 REE KL Regg8rid(BIBMPDL, Catalog No. AK-111) was
dispen 100 FiL per well,.and the reaction was terminated. The
SO|uti0r?Z§?‘ﬁ1?¢1sér¥éSB) %ﬁ%ﬂki@lls were mixed by pipetting (three times),
and then 34% sodium citrate was dispensed at 10 uL per well. The
solutions in the respective wells were mixed by pipetting (three times),
aRdftencthBxasgdy Plate was left to stand at room temperature 286

1) 3-Chloro-2,5-dimethylpyridine 1-oxide
e
T
6

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 (CDCl3) 8: 2.27 (3H, 5), 2.59 (3H, s), 7.13 (1H, s), 8.07 (1H, $).
ESI-MSm/z: 158 (M + H)".

2) 3-Chloro-2,5-dimethyl-4-nitropyridine 1-oxide

NO,
|
>
o)



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 f_ormula,
based on the assumption that the absdnsance of the well to which the test
compound and rHsp90 were added was A the absorbance of the well to

hich e the absorbance of the well to
ah:gh ﬂéer tﬁe tem%lcrgrr? %oélh g ??% HXE‘ %\}v%’zg&dédz%ék‘@sﬁfelved in
Ao B Funthes, dha iR %rabik| ity
élCSggalue) was calculgé%gﬁ?mg GraphtPad Prism kg(qGr éaﬁ 3‘9 )

r&lfHEg aTid Testis) aves shbainiigioive 2872 Pableu2ld C50 v Y6rring

f Example 2 - 1.0 Compound of Example 4 0.87
O%EOSG%PO% SQ%LWE;%:@’ |t}ieimc’f8ﬁ?p\86ﬁéﬂétfeé>?éﬁfbcl@ for v Mpoaﬂﬂd

ot RmplnAB0AL Campond AL EARIR AT, Compound of xame

water nsut hz d
43 1.4 Compound of Example 51 2.4 Compound xam raize

CothpounehoiEsainpleto 9 0182iGogyauns efEyample. 11’1&-&]501%& matter
was separated off by filtration, followed by extraction with chloroform. The

organic layer was dried over anhydrous magnesium sulfate. The solvent was

evaporated under reduced pressure, and the residue was purified by silica gel column
chromatography (chloroform-methanol) to obtain the title compound (1.11 g, 72%)
as a solid.

'H-NMR (CDCl3) 6: 2.29 (3H, s), 2.63 (3H, s), 8.13 (1H, s).

ESI-MSm/z: 203 (M + H)".

3) 3,4-Dichloro-2,5-dimethylpyridine 1-oxide

The above 3-chloro-2,5-dimethyl-4-nitropyridine 1-oxide (405 mg) was
dissolved in dichloromethane (5 mL), and phosphorus oxychloride (915 pL) 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 (CDCl) 8:2.34 (3H, 5), 2.66 (3H, s), 8.12 (1H, 5).

ESI-MSm/z: 192 (M + H)".

4) (3,4-Dichlor0w5-methylpyﬁdin~2-yl)methyl acetate



Compound of Example 115 0.74 Compound of Example 116 1.1
Compound of Example 1 8 0.61 Compound of Example 123 0.63
Compound of Example 137 0.95 Compound of Example 141 1.0
Compound of Example 145 0.89 Compound of Example 151 0.89
Compound of Example 153 1.9 Compg@nd 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
eind of Example 175 1.2 Compound of Example 176 0.89
nd of Example 181 3.1 Compound of Example 191 LS
Compo of Example 194 1.8 Compound of Example 214 0.76
Compound of Example 21.8 2.3 Compound of Ex?male 223 I% 1f fﬁS
a salt of the
Compert S EROR D e 5754

compouna, ora

method as in Reference Example 1-2) using the above 3,4-dichloro-2,5-

dimethylpyridine 1-oxide (384 mg).
'H-NMR (CDCl3) 8: 2.16 (3H, s), 2.40 (3H, s), 5.32 (2H, ), 8.33 (1H, s).
ESI-MSm/z: 234 (M + H)".

5) 2-Ch10romethyl~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)methy! acetate (150 mg).

'H-NMR (CDCly) 6: 2.60 (3H, 5), 5.13 (2H, s), 8.56 (1H, s).

ESI-MSm/z: 210 (M + H)".

(Reference Example 3)

1) 3-Chloro-4-methoxy-2,5-dimethylpyridine 1-oxide

3-Chloro-2,5-dimethyl-4-nitropyridine 1-oxide obtained in Reference
Example 2-2) (700 mg) was added to a 0.59 M solution of sodium methoxide in
methanol, and the mixture was stirred in an argon atmosphere at room temperature
for 18 hours. The reaction solution was concentrated and a saturated ammonium

chloride solution was added, followed by extraction with chloroform. The organic



/R"R2 R'L-a0) Nz wherein in the formula (1), R' represents a
methylene group, an ethylene group or a propenylene group which may
be substituted with 1 or 2 alkyl groups having 1 to 8 carbon atoms, R-
represents an aryl group which may have a substituent(s) or a
heterocyclic group which may have a38bstituent(s), Ring A represents a
5- to 8-membered ring (wherein the ring constituent atoms of Ring A

o/ » r t the 6-position are carbon atoms), and R’
rggﬁskg%s&ggﬁ%%gae%%%sﬁigfxogﬂ%rgrﬁ%ﬁéf%iﬁé?éh‘f%ﬁl?s%ﬁb’éﬁfs%&h

whigivRing vhde:stdastitdteeswiersinh tas: sana R different sybstifuents,
each independently represents a substituent selegtedE from ?he%%%ig %$/> e

sting of a halogen atom, a hydroxy group, a carboxy group, an alkyl

group h@y_’ on atoms which may have a substituent(s), an
alkenyl gl’(l)l(l}J%[ ;Q/:l%é’cﬁ%g ‘élér@(}% sato?f‘r@\ﬁ%kr?)r’r%§%% &), 8.07 (1H, s).
substituesTt{gls anallgmploraup having 1 to 8 carbon atoms which may
have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which

may ha¥e(& Shissttdengdiansatketydabatiyl prapdiavingelato 8 carbon

atoms which may have a substituent(s), an alkanoyloxy group having 1 to

8 n atoms 289 which may have a substituent(s), a carbamoyl group
wh ay have a substituent(s), a carbamoyloxy group which may have

a subs Lgent(s), an alkylsulfonyloxy group having 1 to 8 carbon atoms
which may have a substituent(s), an amino group which may have a
substityent(s), a cyano group, an aryl group which may have a

Lﬁe g}t?e comipoun (468 mg, 61%? was obtained as an oil by the same
method as in Reference Example 1-2) using the above 3-chloro-4-methoxy-2,5-
dimethylpyridine 1-oxide (620 mg).

i

H-NMR (CDCly) &: 2.16 (3H, s), 2.29 (3H, s), 3.92 (3H, s), 5.30 (2H, s), 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).

1
H-NMR (CDCly) 8: 2.45 (3H, ), 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



substituent(s), a heterocyclic group which may have a substituent(s), an
oxo group and =NOR31 (wherein R31 represents a hydrogen atom or an
alkyl group having 1 to 8 carbon atoms which may have a substituent(s)),
and when there is a plurality of the same or different substituents, any two
substituents of the same or different skibstituents together with the carbon
atom(s) on which they are substituted may form a saturated or
uasaturated, fused or Spiro 3- to 8-membered ring which may have a
suﬁi@ﬁnt(s). 7.. The compound according to claim 1, a salt of the
compound, or a hydrate of the compound or the salt, wherein R1 in the
formula (1) is a methylene group which may be substituted with | or 2
alkyl grotpé tHacomprind @D en-atoms vas Theowhpoundlatsontingioc
nd ogszih S Ilt of t cg}rﬁ‘oound, or a hydrate of the compound or the

salt. wherein RZ 1 the formoia 11 i8S ersigeyrie g roms twer g (1. 72 o).

have a'substitueni()i4 sThe cerppaund aceerding tg Qg ré’fz%'zgﬁ,s 3

to 3, a salt of the compound, or a hydrate of the’compound Gr the

whereiltH-Ni$ i fobith (W4 {15 a pyridyl group which may have a

substituent(s), 5. The compound according to any one of claims 1 to 4, a
l?r?e Cc u?r1§'g

salt of %8 P }ﬁ';ll"cff'é’t’ér%ﬂ’ﬁ‘é‘%ﬁfﬁééﬁfd or the salt, wherein

Rinq‘g\ in the formula (1) is a 6- or 7-membered ring (wherein the ring
{ituent atoms of Ring A other than the sulfur atom at the 6-position
ar 'g bon atoms). 6. The compound according to any one of claims 1 to
5, a&alt of the compound, or a hydrate of the compound or the salt,
wherein R3 in the formula (1) is a hydrogen atom or 1 to 4 same or

diﬁereﬁtﬁ%%h%i%%%édﬂﬁ*} 1%3%] %%3 @al.g o utgisr'{let('ij 1éesdei s\cl)vlri](? %e;r%h%gs%n;[ginethod

same or different substituents
as in Reference Example 2-2) using the above 5-chloro-2,3-dimethylpyridine 1-oxide

(1.90 g).

'H-NMR (CDCLy) &: 2.33 (3H, s), 2.51 (3H, s), 8.29 (1H, s).
ESI-MSmv/z: 203 (M + H)".

3) 5-Chloro-4-methoxy-2,3-dimethylpyridine 1-oxide

The title compound (405 mg, 96%) was obtained as a solid by the same
method as in Reference Example 3-1) using the above 5-chloro-2,3-dimethyl-4-
nitropyridine 1-oxide (455 mg).

'H-NMR (CDCl3) &: 2.28 (3H, 5), 2.48 (3H, s), 3.86 (3H, s), 8.24 (1H, s).

ESI-MSm/z: 188 (M + H)".

4) (5-Chloro-4-methoxy-3-methylpyridin-Z-yl)methyl acetate



are each independently a substituent selected from the group consisting
of a hydroxy group, a carboxy group, an alkyl group having | to 8 carbon
atoms which may have a substituent(s), an alkynyl group having 1 to 8
carbon atoms which may have a substituent(s), an alkoxy group having |
to 8 carbon atoms which may have a Zibstituent(s), a carbamoyl group
which may have a substituent(s), a carbamoyloxy group which may have

a subs alk Ifonylo to 8 carbon atoms
which ntggg%g}éoa 18 EX)’ ?é](%?nwr% g?ﬁ%‘g \%(/ﬁ?c?flrﬂg hifResgme
wmm%ﬁsme&w@gweam@%%%%%B Whigh may )?Zaz 3-

substituent(s) and an oxo group, and when there is a plurality of the same
SHaRtaY titq&rie (4P mgd substituents of the same or different

substlt §/ éS% bon atom Li(%g{on which they are

substitu ed ma ﬁ)rm afutat Fh@s%l% e frded YE.Spird 1B @, 5), 8.39
g1mesmbered ring which may have a substituent(s). 7. The compound
according to claim I, a salt of the compound, or a hydrate of the

compoﬁﬁ&Mﬁm@‘s&}@ Wieréi'the formula (1) is the following formula (la):

R, R R %J}—’ﬂ RIX Z wherein in the formula (Ia), R1, R2 and R3 are
as defln%d HORE R A fbfﬁ?ﬁlo’%%&?ﬁ%@mdfﬁﬁ@ﬁmmdﬂ

accorﬁmg to claim 1, a salt of the compound, or a hydrate of the
ound or the salt, wherein the formula (1) is the following formula (1
;d)a%%qp_m N-N 11 (1b)
|

HCI
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 (CDClLy) 8: 2.47 (3H, s), 4.32 (3H, s), 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 uL/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 uL of DMSO-
containing medium to which the test compound was not added (hereinafter called
DMSO diluted solution; DMSO concentration: 0.5% or less) or the sample solution

was added to the cells.  An MTT assay was performed immediately after and 72

The MTT assay was performed as follows.



wherein in the formula (ib), R', R2 and R3 are as defir_led for R, 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 formula (1c): R_R2 N --N_ R (Ic7 \-'SKHz
wherein in the formula (1c), R', R2 anthR3 are as defln_ed for R . R2 and
R3in claim 1, respectively. 10. The compound according to claim 1, a salt

fth d, or a hydrate of the compound or the salt, wherein the
?0 rtmle,llgg(r%?s#{ﬂé) f??ﬂb%%ﬁ fé"rfﬁq_ﬁéh(l'&eéll}y Ip - RN () - EpbehtEtrazolium

iAol : I '-R and R3 are as defined for R, R2 and R3
:ﬁmggﬁ;ge %ﬂs B:ﬁe%slgé%g}eaﬁ/@igf%zgﬁ?p arn‘ge?e{'pre lé?ffé’%tﬁﬂ’/ Prenattins ipgubated

a6 allt 61 thé Hontpotedoor ieaydratreofiing GRoRouDEeLdhe S5 292 ¢y

krznyx‘%ltNes,l :elinlél tﬁae\:rll 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 DM SO diluted solution was C.

T/C (%) = (T-S)/(C-S) x 100

The results are shown below.,



31 (2) S'~N R4 6 5 wherein in the formula (2). R’ represents a methylene
group, an ethylene group or a propenylene group which may be
substituted with 1 or 2 alkyl groups having 1 to 8 carbon atoms, R"
represents an aryl group which may have a. substituent_(s) ora
heterocyclic group which may have aZi stituent(s), Ring A represents a
5- to 8-membered ring (wherein the ring constituent atoms of Ring A

St

the sulfur atom at the 6-position are carbon atoms), R3 .
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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




substituent(s), a heterocyclic group which may have a substituent(s), an
oxo group and =NOR" (wherein R31 represents a hydrogen atqm 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 stbstituents together with the carbon
atom(s) on which they are substituted may form a saturated or

ng@tgg@d@%lglgsepgg()sgi@%btgss§wembered ring which may have a

substituent(s), and R4 represents ah amino group having a protecting

group. A2 Hsp¥myibRmd representeet tythe fanmula-hmavsalhofdhe HSCE)QO

compound, or a hydrate of the compound or the salt: H ~N zN R3 A (

FEORR SAsareiisisthedrarsrid) (3) YRAH S PARrEdRh W as Sloees -fembered

| in the.ri ituent atoms of Rin other than the sulfur
i A SR SRR D

awdih ok tacbgame:ondiferaisubsitueptsswith iWhICh RIBG A and the
substituted, wherein the same or different substituents each
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oA R R AT AR S,
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alkenyl group having 1 to 8 carbon atoms

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
1M, 0.549 uM, 0.183 pM; DMSO concentration: 10%).

rHsp90 was dissolved in a TE buffer (20 mM Tris, pH 7.4, 1 mM EDTA) to a
concentration of 2.531 mg/mL. The dissolved solution was diluted with assay
buffer to 125 pg/mL and dispensed to a 96-well assay plate at 40 pL per well (final
concentration: 100 pg/mL).

The test compound solution was dispensed at 5 pL 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 ] mM and dispensed
at 5 uL per well (final concentration: 100 uM). The solutions in the respective
wells were mixed using a plate mixer, and then the assay plate was allowed to stand
in an incubator set at 37°C for two hours.

BIOMOL GREEN Reagent (BIOMOL, Catalog No. AK-11 1) was dispensed
at 100 L 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 puL 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



which may have a substituent(s), an alkoxy group having | to 8 carbon
atoms which may have a substituent(s), an alkoxycarbonyl group having |
to 8 carbon atoms 294 which may have a substituent(s), an alkanovloxy
group having 1 to 8 carbon atoms which may have a substituent(s), a
carbamoyl group which may have a sébstituent(s), a carbamoyloxy group
which may have a substituent(s), an alkylsulfonyloxy group having 1 to 8
caihonaioms WHEE A DALE & SYBSIUERIEL anamine dioup whic
may have a substituent(s), a cyano group, an aryl group which ma Ve
anisuhystiteent{s), a heterocyclic group which may have a substituent(s), an
oxo group and=NOR31 (wherein R31 represents a hydrogen atom or an
alkyl grotfr iR gh a8 E cRasss afdhsaitiemnranhadded substitadhe(s)),

t i lurality of the same ifferent substituents, any two
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10 or a salt thereof, or a solvate thereof. 15. An inhibitor of binding of
HSPod'te ATR-E0f1iSing the compound according to any one of claims
1lto 1OP a ﬁalt f the compound, or a hydrate of the compound or the salt,
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the salt as an active ingredient. anticancer agent comprising e

gompdwiovaccording to any one of claims



1to 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 | to 10, a salt of the compound,
or a hydrate of the compound or the salt and a pharmaceuticall_y_
acceptable carrier. 295 19. A method4®f treating cancer comprising
administering the compound according to any one of claims | to 10, a salt
qf[tmef:@]npound, or a hydrate of the compound or the salt. 20. Use of the

ompound-accordina to.anv on
TTOUO G OUT O r IU < J

o of claims 110 12.as

It of the compound,

CUOTT IPUM

or a hydrate of the compound ar thdGaltfdndlieMianufacture of a

medani®tind 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
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
Compound of Example 123 0.63
Compound of Example 137 0.95
Compound of Example 141 1.0
Compound of Example 145 0.89
Compound of Example 151 0.89
Compound of Example 153 1.9
Compound of Example 164 0.97
Compound of Example 165 2.0
Compound of Example 167 5.4
Compound of Example 172 1.5
Compound of Example 174 34
Compound of Example 175 1.2
Compound of Example 176 0.89
Compound of Example 181 3.1
Compound of Example 191 1.5
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

L. 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 1 to 8§ carbon
atoms which may have a substituent(s), an alkynyl group having 1 to 8 carbon atoms
which may have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which
may have a substituent(s), an alkoxycarbonyl group having 1 to 8 carbon atoms

which may have a substituent(s), an alkanoyloxy group having 1 to 8 carbon atoms
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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 to gether 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) 1s 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).
S. 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 § carbon atoms which
may have a substituent(s), an alkynyl group having 1 to 8 carbon atoms which may
have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which may have a
substituent(s), a carbamoyl group which may have a substituent(s), a carbamoyloxy
group which may have a substituent(s), an alkylsulfonyloxy group having 1 to 8
carbon atoms which may have a substituent(s), an amino group which may have a
substituent(s), 2 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):

R—R
Nl—"“N
RMN (1a)
S N/J\Nﬁz
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

s N7 O,
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 (1c):

(lc)

wherein in the formula (1c), 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):

1
JR—R
N——N
. I
R | \/rr\ (1d)
P
s7 N

wherein in the formula (1d), R!, R? and R® are as defined for Rl, 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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(2)

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 § 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 1 to 8 carbon
atoms which may have a substituent(s), an alkynyl group having 1 to 8 carbon atoms
which may have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which
may have a substituent(s), an alkoxycarbonyl group having 1 to 8 carbon atoms
which may have a substituent(s), an alkanoyloxy group having 1 to 8 carbon atoms
which may have a substituent(s), a carbamoyl group which may have a substituent(s),
a carbamoyloxy group which may have a substituent(s), an alkylsulfonyloxy group
having 1 to 8 carbon atoms which may have a substituent(s), an amino group which

may have a substituent(s), a cyano group, an aryl group which may have a
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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 1 to 8 carbon
atoms which may have a substituent(s), an alkynyl group having 1 to 8 carbon atoms
which may have a substituent(s), an alkoxy group having 1 to 8 carbon atoms which

may have a substituent(s), an alkoxycarbony! 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 alky! 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
1to 10, a salt of the compound, or a hydrate of the compound or the salt.
14, An inhibitor of the ATPase activity of HSP90 comprising the compound
according to any one of claims 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
1to 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. A method for treating cancer comprising administering 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.

20.  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.





