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_Invention: TRI CYCLI C PYRAZOLOPYRI M DI NE DERI VATI VES Techni cal Field o

“The preSent invention relates to a conpound having a tricycl
pyrazol opyri m di ne skel eton which inhibits the effect of heammwmwwmmmmmmein
90 (HSP90). Background Art HSP90 is a major intracellular chaperone
protein. Chaperone proteins are proteins that bind to i _
assist in folding of the bound prg}eins. A g{oup of proteins whose folding
requires HSP90 are general |y cal | 8FS9SPHF ent proteins. It is

assunmed that HSP90 as well as nultiple proteins such as cochaperones,
partner proteins and .immunophilins are involved in the nmechani sm of

fol ding of rglihent, PrAtehns Jay. %%ng%oc%g R AN YA | Vel y assist in
fol ding of HSP90 client proteins n Paten cunent , however, the
det ai | s of ppeviaegkami smare still not sufficiently clear. It is
assuned that HSP90 client proteins forma conplex with HSP90, cochaperones
and the |i kecandcarertikea conformationally changed to mature proteins and
that the proteins are ubiquitinated and degraded by proteasones when they
are not fol ded fioenpkéyeby HSPOOtand theateketONancBapenhdDaetimrgts 1 to
- tricyclic pyrazolopyrimidine skeleton which inhibits the
effect of heat shock protein 90 (HSP90).
Background Art
HSP90 is a major intracellular chaperone protein.
Chaperone proteins are proteins that bind to wvarious
proteins to assist in folding of the bound proteins. A
group.of proteins whose folding requires HSP390 are
generally called HSP90 client proteins.
It is assumed that HSP90 as well as multiple
proteins such as cochaperones, partner proteins and
_immunophilihs are involved in the mechanism of folding of
client proteins by HSP90 and that they collaboratively
assist in folding of HSP90 client proteins (Non Patent
Document 1); however, the details of the mechanism are
still not sufficiently clear.
It is assumed that HSP90 client proteins.form a
complex with HSP90, cochaperones 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).
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11111112121211212121211212121121211 *@00002* 2 In recent years, HSP90
. nhibitors have been expected as candidates for therapeutic agents for

vari ous di seases (for exanple, cancer, neurodegenerative di seases such as
Al zhei nmer' s di sease, cardiovascul ar di seases, infections, autoinmune

di seases, and di seases associated with apoptotic cell injury) (Non Patent
Docunent 2). In particular, since many cancer-associ ated proteins

i ncl udi ng nol ecuyl ar_ targets for i.cancer, agents are HSP90 cli ent
pr ot ei ns, HSP9OEPnﬁFSFP r 4 Have %ggﬁ%eiﬁg&P oFS LANGi BEEEs FECARS cancer

agents. For,exanpl.e,. Jul tﬂnd)gagtr%éroteg ijé ”%\Zq?%ﬁ'tgﬂd‘g%'refvga}e@if’o;%r .esgece and s

devel opnent of cancer suc rZ,

HSP90 cli enteqyr %txgjme(l!\l%rg%rgnt eagr%g}egﬁgne'lgatil\; i assuned that these

cancer - associ at ed proteins C rom i nmrat ure proteins to mature

proteins and Aetind 'GAUSE JBd gnantyidanshoramtd o ofe el sre Sespact i vel y,
by use of HSP90 as a chaperone protein. HSP90 is a protein that exists not

only in canagfoielun® Rlitsed % ,| mmDIdiBle £81d S dited Syift@ported that the
affinity with a client protein and the ATPase activity necessary for its

chaper one agtapricttyl carce 1Hi ghgiudyn ca@reerpaEadrdts ddwmdrt mor.mal cells (Non
Patent Docunents 1 to 3). Therefore, HSP90 inhibitors are assuned to be
capabl e of i nacfnvReFfgcChlkLi pséncantenyassocicat-ed spribeieds psomelihaneous! y
in a cancer cell-specific manner, and have, been expected as candi dates for

anti cancer &encs Ohac lae i5ct e Imtd Hete an trpabantagantsy aspect rum 3
ar e conventi5et [ B w5 Hies00 Nl rOHE 1 RSB ueNt S 1 10 4).
2. bt bf SRS s SRS AN AR TR s AR BT unct Lon of
oportod | S L DS e sl o

Docunent 21de|%%tl%@>§ne99,c%@efgar%eﬂ\@%éﬁata%ptﬂe%gr%@h %and, fon Pat ent
i

Docunment 6) and a tricyclic pyrazolopyrim erivative 1s also reported

(Patent Docwlemierdse are KMIWeOWRr HsPRMElAl: pHDIH AL 19RS Rave Ferert ed the
i ntended uses of tricyclic pyrazol opyri m di ne derivatives and conpounds

having a coodensed fing Strust aseumuhi chaal shebaveahbeeeasepst htuant
het erocyclic rings,for
’ proteins are changed from immature proteins to mature

proteins and act to cause malignant transformation of
cells, respectively, by use of HSP90 as a chaperone
protein. HSP90 is a protein that exists not only in
cancer cells but also in-normal cells, and it is reported
that the affinity with a client protein and the ATPase
activity necessary for its chaperone activity are higher
in cancer éells than in normal cells (Non Patent
Documents 1 to 3). Therefore, HSP90 inhibitors are
assumed to be capable of inactivating multiple cancer-
associated proteins simultaneously in a cancer cell-
specific manner, and have been expected as candidates for

anticancer agents that are potent and have a broad

antitumor spectrum.



anti cancer purposes(Patent Docunments 5 to 9,and Non Patent Docunents 7 and
8). Citation List Patent Docunents Patent Docunent 1: WD 2005/28434 Patent
" Docuhent

Geldanamycin, herbimycin, 17-allylaminogeldanamycin
(17-AAG) and the like are conventionally known as HSP90
inhibitors (Non Patent Documents 1 to 4). These
compounds bind to the ATP biﬁding pocket at the N-
terminal of HSPY90 and inhibit binding of HSP90 to ATP in
order to inhibit the functicn éf HSP90 as a chaperone
protein. Various compounds inhibiting HSP90 are reported
in addition to the above compounds (Patent Document 1,
Patent Document 2, Patent Document 3, Non Patent Document
5 and Non Patent Document 6) and a tricyclic
pyrazolopyrimidine derivative is also reported (Patent
Document 4).

Moreo?er, several publications have reported the
intended uses of tricyclic pyrazolopyrimidine derivatives
and compounds having a condensed ring structure, which
also have three constituent heterocyclic rings, for
anticancer purposes (Patent Documents 5 to 9, and Non
Patent Documents 7 and 8).
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Summary of Invention
Problem to be solved by the Invention

Although HSP90 inhibitors have been expected to be
used as medicaments,.in particular as anticancer agents,
no compounds have been actually used as medicaments so |
far.
Means for Solving the Problem

As a result of extensive studies to solve the above
problems, the present inventors have found a novel

compound that inhibits the ATPase activity of HSP90 and

4.



WO 2008/ 035629 Pat ent Document 5: WD 2004/ 047755 Pat ent Document 6:

has antitumor activity, which is represented by formula
(1) as shown below, thereby completing present invention.
Moreover, the inventors have carried out in vivo_
antitumor activity tests, safety tests, metabolic
stability tests, metabolic enzyme inhibition tests, etc.,

on the compound of the present invention. As a result,

- they have found that the compound of the present

invention has various properties required for medicaments.

More specifically, the present invention provides:

[1] A compound represented by the formula (1) or a salt

thereof:

wherein, in formula (1),
R' represents a C;-Cg¢ alkyl group which may be
éubstituted by 1 to 3 halogen atoms, or a hydrogen atom,
R® represents a halogen atom,
R® represents a C;-C¢ alkyl group or a C;-Cg alkoxy

group,

WO



2006/ 015263 "‘Pat ent Docunent 7: WO 2005/021568 Patent Docunent 8: WD
'1998/043991

R?! represents a C;-Cg alkyl group which may be
substituted by 1 to 3 halogen atoms, a cyano group, a
halogen atom, or a hydrogen atom, and

X'represents a single bond or a methylene group.

[2] 2—{4—amino—2—[(B;Chloro—4—methoxy—54methylpyridin—2—
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8~yl}-N-methylacetamide.

[3] 2-{4-amino-2~[ (3-bromo-4-methoxy-5-methylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3, 5-
tetraazabenzo[cdlazulen-8-yl}-N-methylacetamide.

(4] 2-{4-amino-2-[(3-bromo-4-methoxy-5-methylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen—8—yl}acetamide.

[5] 2—{4—amino—2F[(3—chloro—4—methoxy—5—methylpyridin—2—
yl)methyl]-2,7-dihydro-6-thia-1,2, 3, 5-
tetraazabenzo[cd]azulen-8-yl}-N~-(2-fluoroethyl)acetamide.
[6] 4-amino-2-[(3-chloro-4-methoxypyridin-2-yl)methyl]-N-
(2,2-difluoroethyl)-2,7-dihydro-6-~-thia-1,2,3,5-
tetraazabenzo[cd]ézulen—8—carboxamide.

[7] A hyarobromide of a compound according to any one of
[2] to [6].

[8] A hydrochloride of a compound according to any one of
[2] to [6].

[9] A methanesulfonate of a compound according to any one
of [2] to [6].

[10] An ethane-1,2-disulfonate of a compound according to

any one of [2] to [6].
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Patent Docurment 1: Medicinal Research Reviews '(2006) Vol. 26, No. 3,
310- 338 Non Pat ent Docunent 2: TRENDS in Ml ecul ar Medi ci ne (2004)
Vol . 10, No. 6, 283-290 Non Patent -Docunent 3: British Journal of
Phar macol ogy (2005) 146, 769-780 Non Patent Docunment 4: TRENDS in
Bi ochem cal Sci ences (2006) Mar, 31 (3), 164-172 Non Patent Document
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[12] An agent for inhibiting the ATPase activity of HSP90,
which comprises a compound according to any one of [1l] to
[10] or a salt thereof.

[13] An agent for inhibiting the binding of HSP90 to ATP,
which comprises a compound according to any one of [1] to
.[10] or a salt thereof.

[14] A medicament, which comprises a compound according
to any one of [i] to [10] or a salt thereof as an active
ingredient.

[15] An anticancer agent/ which comprises a compound
according to any one of [1] to [10] or a salt thereof as
an active ingredient.

[16] A pharmaceutical composition, which comprises a
coﬁpound according to any one of [1] to [10] or a salt
thereof and a pharmacologically'acceptable carrier.

[17] A method for treating cancer, which comprises
administering a compound according to any one of [1l] to
[10] or a salt thereof.

[18] Use of a compound according to any one of [1] to

[10] or a salt thereof for the manufacture of a
medicament.

[19] An anticancer agent according to [15], wherein the
éancer involves the excessive expression of an HSP90

client protein(s).



Non Patent Docunent 8: Organic & Bionol ecular Chem stry (2006) Vol. 4, No.
9, 1723-1729 Summary of Invention Problemto be solved by the Invention
"Al t hough HSP90 i nhi bitors have been expected to be used as nedi caments, in
particular as anticancer agents, no conpounds have been actually used as
medi canments so far. Means for Solving the Problem As a result of
extensi ve studies to solve the above probl ens, the presentfinventorsdhage
found a novel . conmpound that inhibits the ATPase activity of HSP90 an
has antitu O]aczin})r?ﬁttkﬁﬁd W 552 biglt ¢s8ied aC oA &£ 101 By shown bel ow,
t her eby coqﬁletngtgkgsent i nvention, Ng;eover the inventors have carried
S

out in vive BRI tunBre act1iAT Y TESTES sHtetSF et e netRibol T st ity
t ests, mt@plﬂ@&p@@ﬂ@?%&éj&ﬂgests, etc., on the conmpound of the
ul't,

present invention. are ‘have found that the conpound of the

present inventi o has varHQUS Haperdd as-daapiaed; {0 | CAIENs
7] a

More specifically, the present 1 nvention provides: conpoun
represent ecdnedhe e A th it 198 to hel @efp90 client protein.

[22] A method for treating cancer according to [17],
wherein the cancer involves the mutation of an HSP90
client protein(s).

[23] An anticancer agent according to [15], wherein the
cancer involves the activation of an HSP90 élient
protein(s).

[24] A methed for treating cancer according to [17],
wherein the cancer involves the activation of an HSP90
client protein(s).

[25] An anticancer agent according to [15}; wherein the
cancer involves the activation of an intracellular
signalling pathway, to which an HSP90 client protein(s)
belongs.

[26] A method for treatiné cancer according to [17],
wherein the cancer involves the activation of an
intracellular signalling pathway, to which an HSP90
client protein(s) belongs.

[27] An anticancer agent according to [15], wherein the
cancer 1s dependent on an HSPY90 client protein(s).

[é8] A method for treating canéer according to [177,
wherein the cancer is dependent on an HSP90 client

protein{(s).



R\ (1) wherein, in fornula (1), RI- represents a Cl-C6 al kyl group which
,may be substitut ed by 1 to 3 hal ogen atons, or a hydrogen atom R2 ,
‘represents a hal ogen atom :

Advantages of the Invention

According to the present invéntion, there is
provided a novel pyrazolbpyrimidine derivative having
HSPS0 inhibitory activity, which is represented by the
above formula (1). The compound of the present invention
is useful as an antitumor agent.

Description of Embodiments

In the present invention, "heat shock protein 90" or
"HSPI90" refers to any or all of the HSP90 family unless
étherwise specifiea. The HSPS0 family includes HSP90a,
HSPO90PB, 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 HSP9O
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 HSP390 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



R3 represents a Cl-C6 al kyl group or a Cl1-C6 al koxy group, 6 R4
,represents a Cl-C6 al kyl group which may be substituted by 1 to 3 hal ogen
"atons, a cyano group, a hal ogen atom or a hydrogen atom and X represents
a S|ngle bond or a nethylene group. _[2} -

2- {4- am no- 2-[ ( 3-chl or o- 4- met hoxy- 5net hyl pyri di n- 2-

yl)ymethyl]-2, 7-di hydro-6-thia-1, 2, 3, 5-

t et r aazabenzo cd] azul en | I - N- et hyl acet am de.

2-{ 4- ami no- E{ t?rd%ﬁf“—p@”r%jtﬁdw Dt - ng% to a client
yI)rret hy1] i hydro-6-thia _
tetraazaber?zfoo[ted']nauﬁ e%méD el ﬁlm%%t%ﬁwg qG)HSP30 to co

2 4-ani no- L3 4-IEL NS 1BV RSl s b eing

tet raazaberbzlq{c@ﬁ]ga%ﬂ ey dAegtmM A& ondRlng inhibiting the ATPase
2-{4-am no-2-[ (3-chl or o- 4- net hoxy-5- net hyl pyri di n- 2-

yl) met hy1] -aZtAi-~dithy d0-HEHdU amb 2 SRapound inhibiting the
t etraazabenzo[ cd] azul en-8-y1}-N-(2-fl uor oet hyl ) acetam de. [ 6]

4- am no- 2- [oSBrfchinarta-chrate tdiexygey d fdiHEER (] ) mekhyspoN( 2n4 diiftloworaat hyl ) -2, 7

-di hydro-6-thia-1, 2, 3,5- tetraazabenzo[ cd] azul en-8-carboxam de. [7] A

hydr obr oni dee ofsedl conpounie meeortdingdentanonre dfsdje tarytid by an
effect of HSP90.

Examples of an HSP90 client protein include: gréwth
factor receptor kinases such és Her2, EGFR, c-Kit, c-Met,
KDR, Fl1t3, IGF-1R, and PDGF; intracellular kinases such
as PDK1l, Akt, Raf, S6, Cdk4, Cdk6, Chkl, PLK1l, Src,
Aurora B, Bcr-Abl, GSK3B and ERK5; steroia receptors such
as GR, ERa, PR, and AR;.and others such as HIF-1,
Survivin, Tert, Bcl-6, and pb53.
| In the present invention, examples of the "disease

caused by an effect of HSP90" include cancer,
neurodegenerative diseases such as Alzheimer's disease,
cardiovascular diseases, infections, autoimmune diseases,
and diseases associated with apoptotic cell injury. 1In
the present invention, the terms "tumor" and "cancer" can
be used exchangeably. Further, in the present invention,
tumor, malignant tumor, cancer, malignant neoplasm,
carcinoma, sarcoma, and the like may be generically
referred to as "tumor" or "cancer"

Individual substituents in the formula (1) of the

present invention will be described below.



[8] A hydrochloride of a conpound according to any one of [2] to [6]. [9]
A nethanesul fonate of a conpound according to any one of [2] to [6]. [10]
"An ethane-1,2-disul fonate of a conmpound according to any one of [2] to [6].
- 7 7 [11] An HSP90 inhibitor conprisimpg-a conpound according to any one
of [1] to [10] or a salt thereof. [12] An agent for inhibiting the ATPase
activity of HSP90, which conprises a conpound accordlng to any one of [1]

LgpgéO% or a salt %Qereofn [1%; ?%p g% H for |nhb?|g ge bi ndi ng of °
o ATP, whi ch°ROMpTI S22 a-'coipdurd ta8EorEi HE € ffe of [1] to
10) or s salpaaianl ., LidL & ved e o, sy sgn s gagpoune
i ngredi ent. Herein, the "C;-Cg¢ alkyl group which may be
substituted by 1 to 3 halogen atoms" refers to a linear,
branched, or cyclic alkyl group having 1 to 6 carbon
atoms, which is unsubstituted or is substituted by 1 to 3
halogen atoms. Examples of such an.alkyl group having 1
to 6 carbon atoms include a methyl group, aﬁ ethyl group,
a propyl group, an isopropyl group, a cyclopropyl group,
a cyclobutyl group, a cyclopentyl group and a.
cyclohexylethyl group. Examples of a haiogen atom
substitutent for such an alkyl group include a fluorine
atom, a chlorine atom, a bromine atom and an iodine atom.
Such a substituent may be positioned on any carbon atom
of the alkyl group. When the alkyl group has multiple
- substituents, the substituents may be on the same carbon
or different carbons. Such a halogen atom substituent
for the alkyl group is preferably a fluorine atom or a
bromine atom, and more preferably a fluorine atom.
R! is preferably an unsubstituted C;-C3 alkyl group,
a C;-Cs3 alkyl group having a fluorine atom as a
substituent,'or a hydrogen atom, and more preferably a
methyllgroup, an ethyl group, a fluoroethyl group, a
difluoroethyl group, or a hydrogén atom.
R? répresents a halogen atom. Examples of such a
halcgen atom include a fluorine atom, a chlorine atom, a

bromine atom and an iodine atom.



[ 15] An anticancer agent, which conprises a Conpound according to any one
of [1] to [10] or a salt thereof as an active ingredient. [16] A

"phar maceut i cal conposition, which conprises a conpound according to any one
of [1] to [10] or a salt thereof and_a;pharmacol ogically' acceptable _
carrier. [17] A nmethod for treating cancer, which conprises admnistering
a conpound according to any one of [1] to [10] or a salt thereof. [18] Use
of a compound acgording to an¥ one of [1] to [10] or a salt thereof for the
manuf acture of & rrb%li}&g%?ﬁf?b Y19] fhRCAREPcaReBr ageRtcateerdrag o6 [ 15],

wherein the cancer involves the excessﬁye gépression of an HSP90 cli ent
protein(s).2 Fmne atom, and more preferably a chlorine atom or a

bromine atom.

R® represents a.Cl—CG alkyl group or a C;-Cs alkoxy
group.

Herein, the "C;-Cy¢ alkyl group" has the same
definitions as those in R? above. The "C;~C¢ alkoxy
group" refers to a C;-Cg¢ alkoxy group having the above
described "C;-C¢ alkyl group" as an alkyl portion thereof.

R® is preferably a C;-C3; alkyl group or a C;-C; alkoxy
group, and mofé preferably a methyl group, an ethyl group
or a methoxy group.

R* represents a C;-Cg alkyl group which may be
substituted by 1 to 3lhalogen atoms, a cyano group, a
halogen atom, or a hydrogen atom.

Herein, the "C;-C¢ alkyl group which may be
'substituted_by 1 to 3 halogen atoms" has the same’
definitions as those in R! above.

R* is preferably a C;-C3; alkyl group, a cyano group,
a fluorine atom or a hydrogen atom.

X 1s preferably a single bond or a methylene group.

The compound represented by formula (1) according to
the present invention may be present as a stereocisomer or
an optical isomer derived from an asymmetric.carbon atom.
The stereoisomer, the optical isomer and a mixture

thereof are all included in the present invention.



[20] A nethod for treating cancer according to [17], wherein the cancer

i nvol ves the excessive expression of an HSP90 client protein(s). [21] An
anticancer agent according to [15], wherein the cancer involves the

nmut ation of an HSP90 client protein._ {22] A nethod for treating cancer
according to [17], wherein the cancer i1nvolves the nutation of an HSP90
client protein(s). [23] An anticancer agent according to [15], wherein the
cancer involves the activation of an HSP90 client protein(s). [24] A

met hod for treatPRgCeaReRRaEeBFaFRGtEE PI7fOrRHéreil h) t AECEEAERE ERvol ves
t he activation of an HSP90 client protein(s). 25] An anticancer agent
accor di ng %be[?%F?eﬁﬁeF@Wﬁngﬁgncéﬁcg?riﬁ§%ﬁ@é§y£ﬁ egéFﬁgéﬁiéﬁyoPnﬁn( )

i ntracel | ul i.anal_Li t N (¢ i.ch .an HSP9Q client protein(s

bel ongs. fgéfgkgﬁeﬁﬁéggF%% ?ggétrﬁﬁ ggﬁégwl§€bgﬁﬁuﬁg to [17], wherein the

. [26F"Aimerhiod for 7 PATHG to [17]. wherein the
uhi ch an' HSPS0 41| Gt bR o el RSy BeTBRg. o[ 331 AR e CaREr ERcA

according 9)hi%hy19her elaithereancehi:sdependent on an HSP9O client
protein(s). [28] A nethod for treating cancer according to [17], wherein
the cancer tesrdapepdant (e ]aruliSR9@ -¢liiient-rRR0OL keSS hmi 48 ;
2—{4—amino—2;[(3—bromo—4—methoxy—5—methylpyridin—2—
yl)methyl]-2, 7-dihydro-6-thia-1,2,3,5-
tetraézabenzo[cd]azulen—8—yl}—N—methylacetamide;
2-{4-amino-2-[ (3-bromoc-4-methoxy-5-methylpyridin-2-
yl)methyl]-2, 7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-yllacetamide;
2-{4-amino-2-[ (3-chloro-4-methoxy-5-methylpyridin-2-
yl)methyl]-2, 7-dihydro-6-thia-1,2, 3, 5-
tetraazabenzo[cd]azulen-8-yl}-N-(2-fluoroethyl)acetamide;
and
4-amino-2-[ (3-chloro-4-methoxypyridin-2-yl)methyl]-
N-(2,2-difluoroethyl)-2, 7-dihydro-6-thia-1,2, 3, 5-
tetraazabenzo[cd]ézulen—8—carboxamide.
Thg cémﬁound represented by formula (1) according to
the present invention can be converted to a
pharmacologically acceptable salt, as desired. Examples
of such salts include: halogenated hydroacid salts such
as hydrochloride or hydroiodide salts; inorganic acid
salts such as nitrates, perchloraﬁes, sulfates and
phosphates; lower alkanesulfpnates such as
methanesulfonates, trifluoromethanesulfonates or

ethanesulfonates; arylsulfonates such as



Advant ages of the Invention According to the present invention, there
is provided a novel pyrazol opyrimdine derivative having HSP90 i nhibitory
"activity, which is represented by the above fornula (1). The conpound of
the present invention is useful as ap aptitunor agent. Description of
Enbodi ment s In the present invention, "heat shock protein 90" or
"HSP90" refers to any or all of the HSP90 fam |y unl ess ot herw se
speci fied. The HSP9Q fam |y includes HSP90a, HSP9013, 94kDa .
gl ucose- r eAPEEE PHIBEIA (SGRPYF)~ FRd FGFP/ TP e YISEANS. F @ictist recept or
associ ated pr.otein (TRAPL), for exanple. In the present invention,
"HSP90 | nhislf?i]T%&r 'Surcé]f éarssRétl%)H?t&?r’rp(?&?& ScoMFoditSSn &t LAY ﬁl Iby or
conpl et el y U nhi.hi an effect of HSP90. Exanples .of the HSPIQ inhibitor
i ncl ude a 5%%%33@'%5? é%ﬁﬁEEFFVo%%ﬂ%ﬁaﬁiﬁ%{%%ﬁ % Sompl Y J’nhibits the
expressi on Qf 0 or, C I that r

a®lq @%B%% %@1§1§§¥H%'§H%P ﬁ§P§P%¥%hln eg] ﬂﬁ%éﬂ%ﬁe@léy

conpletely inhibits the function o as a chapérone protein. )

Here, "funetsipantef H4SP98rashasehanglgnenaPeat giAroheh grsat@sashunction of
HSP90 to assist folding of aclient protein to Convert the client protein to

its functi omigagiforagidrsad tfsunctel onedfe TSR0 trStakiddtze a client protein,
for exanple. Accordingly, specific exanples of the HSP90 inhibitor include
a conpound hiyairiolmihtliong deh e metpressiudf cofate o0 ethane-1, 2-disulfonate

“ is more preferred.

The compound represented by formula (1) according to
the present invention or a salt thereof may be present in
the form of a free form, or in the form of a hydrate or.a
solvate. It may be present in the free form, or in the
form of a hydrate salt or the like, as a result of the
absorption of moisture from the air. Tﬁe type of solvate
is not particularly limited, as long as it is
pharmacologically acceptable. Specifically, a hydrate,
an ethanolate or the like is preferred. Moreover, when a
nitrogen atom is present in the compound represented by
the formula (1) according to the present invention, it
may be an N-oxide form. Such solvate, hydrate, hydrate
salt, and N-oxide forms are also included in the scope of
the present invention.

Depending on the types of substituents or the
combination thereof, the compound represented by formula
(1) according to the present invention may be present as
various types of isomers including geometric isomers such
as a cis isomer or a tfans isomer, tautomers, or optical

isomers such as a d-form or an l-form. The compound of



HSP90, a conpound inhibiting binding of HSP90 to a client protein, a
conpound i nhi biting binding of HSP90 to co-chaperones or imunophilins, a
"conpound i nhi biting binding of HSP90 to ATP, a conpound inhibiting the
ATPase activity of HSP90 and a conpoungdsi nhi biting the confornational
change of HSP90. The HSP90 i nhi bitor can be used as a therapeutic agent for
a di sease caused by an effect of HSP90. Exanpl es of an HSP90 cli ent
protein |ncIude grow h factor receptor kinases such as Her2, EGFR, c-Kit,
c- Met, KDR they Py egegt. J}F?V@éﬁdopoaﬂ%wﬁeﬁa@é% Afarchasfaseemaich as PDKL,

Akt , 6C Cdk4 Cdk6, Ch PLKl Srfc Aurora B, B;?:{Ijﬁbl , GSK3P and
ERKS; sterc)'S F IS S 7s 3%1 PR CTh TP AR LS ot hers such as
H F-1, Survyj I B t he pr sent i nventl on,
exanpl es ofgtte!rgéq %sl&ee’afsse%%laa%se y an e catny QJ S inc ud)e cancer ,

neur odegengyald Mg U SgA%ES3ch as Al zheiner's d| sease cardi ovascul ar
di seases, infections, autoi mune di seases, and di seases associated with

apoptotic cell irReUEYmp bOth@eEE§§§ﬂEeUn%9nEh@nfo&ﬂ%lﬁerﬂﬁ “turmor” and
"cancer" can be used exchangeably. Further, in the present invention,

tunor, mal isgrantditngron, eengetesarml ignasit it plaas |l Larciniiise $ar cona, and
t he Iike may be generically referred to as "tunor" or "cancer".

| ndi vi dual asuiysitd tigeritope (5)t lod fooremdma n{ckje afortshel tpreeserdtdmventi on wi Il be
described below. R represents a 01-06 al kyl group which may be :
subst it ut edigyrepfi ¢ 3 ahalcogert uatedngatagro .a Rydmpdes afosuch an Herein, the
"Cl-C6 al kyI group whi ch may _be substituted gﬁ 1 to 3 halogen atons" refers
to a |ineart P diredorsr EFNYE AAegrug avn Rgitit® 6 Zhr bon at ons,

which is unsu t| t ted is substituted bM4 hal ogen at ons. Exarrpl es
of such an &l glltéc?up h&\). RGN Py on (a)to :?]er?cﬂ GFORERP YTt Sh)ﬁregroup,

an ethyl gr¢ a_pr n |so rou a cyclopro group, a
cycl obut yl %%(%ﬁlpl az% %y %ee(r?#glc g)ro p an a cyc netxsyl erhy]ielo e(%ﬁ:ps Exanpl es

of a hal o0chaf ap-SUSHtU el ol slch 2 aga'g:@él&sgr%%' dditea diuorine

atom a chlorine atom a brom ne atoma rMe atom

subst i t uenty JEt Ha RISl aned 1 amk LAY R Of, Jhe &l kyl group. Vhen
the al kyl group has nmultiple substituents, the substituents nmay be on the

same car boRewfardilfdfser erft weanhens o rSueht &H@a}i egeN ralldmaitastd tuent for the
al kyl group is preferably a fluorine atomor a brom ne atom and nore
pref er abl y corfdcuprdsne adtlomsotopiRairs pitef erfallhe aomprsidest it ut ed 01- 03
al kyl group, a Cl-C3 al kyl group having a fluorine atomas a substituent,
or a hydr od@® r&tsemt egh ¢ yndioamypylef e(rlablayaalﬂf@tﬂﬁl}dedgrmumhaarsoagwlofgroup, a
fluoroethyl group, a difluoroethyl group, or a hydrogen atom

repr esentstal%alr@ééﬁltatl@nﬁenﬁ:‘%a’@pl es of such a hal ogen atom i ncl ude a

fluorine atom a chlorine 1g}tom a brom ne atom and an i odi ne atom
Moreover, e present invention also includes a

compound that is converted to a compound (1) as an active
ingredient of a~pharmaceutical composition of the present
invention as a result of a reaction with an enzyme,
gastric acid or the like under physiological conditions
in vivo; namely, a compound that is converted to the
compound (1) as a result of enzymatic oxidation,
reduction,'hydrolysis or the like, or a
"pharmacologically acceptable prodrug compound” that is
converted to the compound.(1l) as a result of hydrolysis

or the like due to gastric acid, etc.



- 12 - R2 is preferably a fluorine atom a chlorine atomor a brom ne
atom and nore preferably a chlorine atomor a brom ne atom R3
‘represents a 01-06 al kyl group or a 01-06 al koxy group. Herein, the
“01-06 al kyl group” has the same definitions as those in R2 above. The
"01-06 al koxy group" refers to a 01-06 al koxy group having the above
descri bed "01-06 al kyl group"” as an al kyl portion thereof. R3 is
preferably a 01-03 al kyl group or a 01-03 al koxy group, and nore preferably
a met hyl group,Eéﬁméﬂﬁﬁlogréﬁﬁ 8 o eRenfidepegr ypdrug inrdudepr esents a

01-06 al kyl group which ma substituted by 1 to 3.hal ogen atons, a cyano
group, a hﬁ%‘&éﬁP Sorﬂ%t(?r”égmjd'r Sgen Htish, REYVeI Rt 1Ny "U1- 06 al kyl group
whi ch may he substit.uted by to 3 _hal ogen atons"” has the sa Ugefinitions
as those | mRIPIEHOVE T TON O RENS FHAFREHBIRP L0103 Ca?“raﬂurlﬁg , a cyano

group, a f'&EHEf&%éﬂﬁ%@}“b&%ﬂ&ﬁﬂ&%yﬂ%éﬁfﬁgd by converting the above-

mentioned amino group to eicosanoyl, alanyl,
pentylaminocarbonyl, (5—methyl—2—oxo—1,3—dioxolen—4—.
yl)methoxycarbonyl, tetrahydrofuranyl, pyrrolidylmethyl,
pivaloyloxymethyl or tert-butyl, and other compounds) .

A prodrug of the compound of the present invention
can be produced from the compound (1) according to a
known method. In addition, a prodrug of the compound of
the present invention includes a prodrug that is
converted to the compound (1) under physiological
conditions, as described on pages 163—198 of "Iyakuhin no
Kaihatsu (Development of Medicaments)" Vol. 7, Bunshi
Sekkei (Molecular Design), Hirokawa Shoten.Cd., 1990.

Next, a typical method for producing the compound
represented by the formula (1) will be described. It is
to bg noted that an appropriate protecting group may be'
used in each reaction, as necessary, or that a desired
coﬁversion may be performed in a common organic chemical
réaction. The type of protecting group and the order of
conversion of respective substituents are not
particularly limited.
'[Main step 1]

A method for producing a compound represented by the
formula (1), wherein X is a methylene group, will be

described.



X is preferably a single bond or a nethyl ene group. The conpound
represented by fornmula (1) according to the present invention may be
"present as a stereoisomer or an optical isomer derived froman asymetric
carbon atom The stereoi soner, the optjgal isoner and a mxture thereof are
all included in the present invention. - 13 - The conmpound

represented by fornula (1) according to the present invention is
particularly preferably any one conpound selected fromthe foll ow ng gr oup:
2-{ 4- ani no- 2- [ ( 3- chl or 0- 4- net hoxy- 5°#REAG| byri di n- 2-
t et r aazabenz & ul en- S
2-{4- ani no- 2- [((6 br ono- 4- met(ijoxy 5- mef
yl ) met hyl] -2p dlhydro 6-thia-1, 2, 3 5-
4-am no- 2- [ (3- chl@®r o- 4- met hoxypyy i di n-2-yl ) met hyg] -
N- (2, 2-di fl uoroethyl)-2,7-di hydro-6-thi a- %¢;f3 5-
t et r aazabenzo[ cd] azuben- 8%c&r boxani de. )

N HO{%N o ‘ /JN\R7

A s s W R S

Compound (B)
Ri\N o) NN RY, R i
S f*wg

(13a) .

yl ) met hyl] - 2, 7-di hydro-6-thia-1, 2, 3, 5-
cet am de; ;x
 Pyridin- —
am de INJ\NH
t et raazaben
(i1

t et raazabenzofcd] azul en- §-yl | - N- net
2- 14- am no- 2- _ h y-5-nethyP
© (10) R\ ’
LRB !
RU &

2-{4-am no- -bﬁﬁm 4- Tetghoxy~5
yl ) met hyl] - 2,
N\ R
0 R‘\ 0O -N
S WR " WL ',L
“

yl ) met hy1] - 7Idga%dro @o
tetraazabenzo[@dfﬁzﬂﬁéﬂ“%“@lIa
(12) 3 / & (14)

wherein R', R?, R® and R® are as defined above,

respectively, R’ represents a methylene group which may
be substituted by 1 or 2 alkyl groups having 1 to 6
carbon atoms, R® repfesents an aryl group which may have

* a substituent(s) or a.heterocyclic group which may have a
substituent (s), R’ represents an amino group having a
protecting group, and LG' and LG? each represent a
leaving group. The leaving groups,_LGl and LG?, include a
halogen atom, a toluenesulfonyloxy group, a

methanesulfonyloxy group, a trifluoromethaﬁesulfonyloxy



The conpound represented by fornmula (1) according to the present invention
.can be converted to a pharnacol ogically acceptable salt, as desired.
Exanpl es of such salts include: hal ogenated hydroacid salts such as
hydrochl ori de or hydroiodide salts; Lnggganic acid salts such as nitrates,
perchl orates, sulfates and phosphatés; |ower al kanesul fonates such as

met hanesul fonates, trifluoromethanesul fonates or ethanesul fonates;
aryl sul fonates such as - 14 - benzenesul fonates or p-tol uenesul f onates;

or gani ¢ acidf €4 t%n%té}‘? st Kor mEtes eChdEraidSursaltated Nef RNt es,

succi nat es, citrate?hmg$rtrates oxal ates or nml eates; and amno acid salts

such as or MtHiFhats Gt SRS Y SR AE EEOW thd®E  hal ogenat ed

hydr oaci d t 0 ni idsalts are preferabl nd bronat e,

hg;dr ochl ori% é,oar}gci%éjn({e% f(%fr?a g S %eetrhze?/ne-%?oﬁpdiasn ftghea?]elq?es' mor e
preferred. - anT @qd%meeuegﬁg@@%g%ggg%geQﬁbft%&%hoae( Lk according to the

present invention or a Salt thereo resent In the formof a free

form or inrdn@dQraniaf A NYIALE HloSO| Vidd & rdde JBY, 18 RIesant in the

free form or in the formof a hydrate salt or the like, as aresult of the
absor pti on aformpiestan® ifrddnn e waidrs Tihe 4 el wihtsdy am 45 not
particularly limted, as long as it is pharmacol ogi cally accept abl e.

Speci fi cal lopmpeunddr@)e, #heetharokatlerawatheel (k¢ canpraéker bed. Moreover,
when a nitrogen atomis present in the conpound represented by the fornula
(1) accor diokg aigeacha pmes drite iadwetviden dentivesyi vge @n NrokiadéfigmardUch -
solvate, hydrate, hydrate salt, and N-oxide forns are also included in the
scope of tRK&IFELeiGienEildyl magnesidpeifiangdsn the eygedvent,

substi tuen or,.the c i nati.on thereof, the canpound represented by

formul a (1}15’_3]6961%%@& & HRE s SNSRI G HedPFe present as vari ous

types of i j ncludi_ng Q ri.c | r.s, such.as a .cis jsoner or a
%%r{[;{a% J}of'ﬁqfa% r%glpe Célll .suS_LOfrgsqsldseuc% écglea

trans isomer, adtoners, ¢ | I sonme - OI’JTﬁOI’ an 1-form

Somorsr SEaracirers P ana I i i os DY ChER  Fedrob b CARA“EIdr cof Somer s ¢ hat

are m xed @kt%%%ngLW%nCrQBHO§OO%ﬂ|%ﬁ%dQ£@fgv£f§Eé¥§%j§iS%kween -20°C
and 50°C. The reaction time is preferably between 1 hour
and 48 hours.

The alkene derivative (2) is subjected to a 1,2-

dihydroxylation, so as to obtain a triol derivative (3).
Examples dfvsuch dihydroxylation of an alkene include a
reaction using potassium permanganate, a water addition
reaction in the presence of mercury salt (Kucherov-
Deniges method), an osmium oxidation reaction using a
catalytic amount of osmium tetroxide and an amine oxide
as a co-oxidant, and a dihydroxylation reaction using
iodine (Prevoat method or Woodward method). Examples of
solvents used in these reactions include N,N-
dimethylformamide, N-methylpyrrolidone, tetrahydrofuran,

.dimethyl sulfoxide, methylene chloride, acetone, t-

butanol, water and mixtures thereof. The reaction



The conpound represented by the formula (1) according to the present

i nvention may al so conprise an atom c isotope(s) of one or nore constituent
“atons thereof in a nonnatural ratio. Exanples of such an atonic isotope

i nclude deuterium (2H), tritium (3H),. hedine-125 (1251) and carbon-14 (It).
These conpounds are useful as therapeutic or preventive agents, or reagents
used for studies such as assay reagents, and di agnostic agents such as in

vivo inege diagnostic agents. Regardl ess of whether or not they are
radi oact i vé CHRIAUINIE 18 ISYiatdpi Psfaraeht& Cofnchd 095Apoand represent ed by

formula (1) are included in the,sco f ,Lhe present inventjon.,

Nor eover,( %prfee%"easb t% el gﬁ I Egl%i E@I iLJdesﬁhe SoRFour e thdt i’ convert ed

to a conpo AaAs, L actdyve im:g_ﬁedgr%%tw)fh QPharmaceutical conposition
sul't o

of the present I nverntion as a re a reaction wth an enzyne, gastric
acid or the |ikenunden ophysirehaqiical @onditi @Rs JdodWvey raely, a conpound
that is converted to the conmpound (1) as a.result of enzymatic oxidation,
reduction, duehal s it itke (4)keny Airantmiad nacal ggical |y accept abl e
prodrug conmpound” that is converted to the conpound. (1) as a result of

hydr ol ysi s dimettthedyigke e tamdjastddtalaci i @icunt -oflGan acid iExapl es of
the af orenenti oned prodrug include conpounds obtained by acyl ation,

al kyl at i on,s@rvgstiosplidr WsatN, dr dgfmettihey 1o mmangirdsup dof t he conpound (1) (for
exanpl e, conpounds obtai ned by converting the above-nentioned am no group
t o ei cosan&AThYAPAHC L isemey| drtricdatdsoripnan et g thpvloxpr U gidieoxol-en- 4-
yl ) met hoxycar l%onyl , tetrahydrof lr%%]hyld pyrrolidyl nethyl, pival oyl oxynethyl

or tert-butdf PYartd GtHE" e & n acidy GHIGHNRF o tde ifpound of the
resent inventian can be produced from t.he co n 1) according to a
oo et hedome baatt the S0 eEd e, 1 aoTr R e £ rtn gt

i ti i r.adr that- i s v.ert t,he .conmpoun 1) under
Ipﬂygino: ggi I(:%ng%ﬁgllg?ipgnt%ﬂu%gle eug‘cfrdl@ectcjoao%nﬁ%agg’s&r%&{hl%cgpac'ﬁaglaﬁu%i n no

Kai hat su ( :Qf i.C e e i Qghlﬁﬁi (%o} ul ar
Desi gn), Higsl\g%lél\oi\cngr%%tgtlgin a@ ,ch?lggghslorl Naesxtg}%ﬂfg}pi ca rn::(_:f%fole?l %r

produci ng the GampoyRshJeriesentied Ay Ad1e f1af BUq,dh) gl EnBe1g@$@fibed- 't

is to be noted that an appropriate protecting group may be used in each

reaction, amdeeessynsfafatiRabea wdesi nedccanwessPon e he farifgpr med in a
common organi ¢ chem cal reaction. The type of protecting group and the

order of cdnver sisomreff aredpgr atevesubslt itawentssidards rrafunzarti cul arly
limted. [Main step 1]
' Compound (4) can be converted to a ketone derivative
(5) by treatment under appropriate oxidation reaction
conditions. Examples of an oxidation reaction in this
case include Mukaiyama oxidation for activating dimethyl
sulfoxide or the liké; Swern oxidation or an oxidation
reaction using as its modification
dicyclohexylcarbodiimide, trifluorocacetic anhydride,
acetic anhydride or a sulfur trioxide-pyridine complex
instead of oxalyl chloride; and an oxidation reaction
. using manganese dioxide. Examples of a solvent used

herein include dioxane, tetrahydrofuran, and methylene

chloride. The reaction temperature is preferably between



A nmet hod for producing a conmpound represented by the formula (1), wherein X
is a nethylene group, wll be described. wherein, R2, R3 and R4 are as
"defined above, respectively, R5 represents a nethyl ene group which may be
substituted by 1 or 2 al kyl groups havppg-1 to 6 carbon atons, R6
represents an aryl group which nmay have a substituent(s) or a heterocyclic
group which may have a substituent(s), R7 represents an am no group having
a protectin% gr.oup, LGL and L& each represent a | eaving group. The

S

| eavi ng gro ?.aﬂéﬂgaga'L@ﬁFEFWQQE$9QaQﬁﬂQxﬁ§1Rﬁ%ﬁﬁr%?%XﬂQﬁﬁﬂﬁﬁﬂfbnyloxy

group, a Qﬂgn%%%lugn%bgyélgroup, a trifluoronethanesul fonyloxy - 18 -
group and the like. Protecting groups for the ami no group include a

benzyloxycarbonyhegkeeeneadg%&wgu&9§{§@?g%g%'bgrggave@tgan%$lagroup and the

i ke. An al dehyde derivative ai nable as a comrercially

avai | abl e prgghieetl |($)t tRatad Mntdhahl Wh i ajde Aand iqdiypgeuders in a
sol vent to obtain.a conpound (2). The al kene "derivative (2) can al so be

obt ai ned usirigri-heat dehydepdemrd ati)ve inl)a awd verd® i goangonaagent such as
al Iyl magnesi um brom de. As a solvent, N, N-dinethylformam de,

N- met hyl pyraaal ibeo wer,o dueterda ioyd rtdfeu meerth odi ity ik fioxide 2or. teerd.i ke i s
preferred. The reaction tenperature is preferably between -70C and 100C,
and nore preicer a9 bétlieert 22208 2% 350G . Theampaesi o4 theespdvpnef erably
bet ween 1 hour and 48 hours. . The al kene derivative (2) is subjected to
a 1,2- di hydeskylattings, t$& s ao gitlaide akqqlal dersatiane (@)Lo les OF

Dot manganal g A WL SEAATt oY et CGh T HTE iR -of TREr cury Sal
(KucherovDen ges okt A0, oM umox el o0 peael on using, o, catalytic
vt 01y g R LSRG 20,4800 0008, CBReUR 95 oy, Wagher s et o)
N- et hyl pyrgl ijdonRep1teaidofiW@Ralt, an equivalent or excess of

a base relative to the salt may suitably be used. An

example of the base is triethylamine. The reaction time

is preferably between 1 hour and 48 hours.

A diol derivative (8) can be obtained by protecting

the amino group at the 6-position of compound (6) with an

appropriate protecting group such as a benzyloxycarbonyl

group or a tert-butoxycarbonyl group to convert it to a

compound (7), and then treating the acetal derivative (7)

with an acid such as sulfuric acid, hydrochloric acid or

acetic acid. Examples of the solvent used in this

reaction include alcohol, water, dioxane and mixtures

thereof. The reaction temperature is preferably between .

-10°C and 70°C, and more preferably betweeﬁ 0°C and 40°C.

The reaction time is preferably between 1 hour and 48

hours.



.di met hyl sul foxi de, nethylene chloride, acetone, t- butanol, water and

m xtures thereof. The reaction - 19 - tenperature is suitably between 0C
"and 100C, and preferably between 10C and 50C. The reaction tine is
preferably between 1 hour and 72 hours _ The triol derivative (3) can
be converted to an acetal derivative (Z} by treatnment with 2, 2-

di met hoxypropane and a catal ytic amount of an acid in a solvent such as

N, N—dlnethylfornanlde Nnethyl pyrrolidone, tetrahydrofuran or dinethyl

_sul f oxi de, §OPP8§PQEH9 wﬂﬁﬁ §8cﬁb§ﬁl@@@dbdéF&PV§Ftﬂﬁga@@ﬁone Exanpl es
of such an ac d c tal i | ude Le aci ds including p-toluenesul fonic
aci d, hydrg’é’l‘f‘ fURe d 882notoz|ancler?n‘136‘rq ¢ A tifpi cal
exanples The reacthp er ture i eferaqH% t ween 0C and 100C, and
more pref erabiy Betwdt r‘i1 ahd™80€. VP S Y i F P & abl y

bet ween 1 rfh% h %y%%uﬁaf&% oupc%@%uncq: (f]l) % Erer i rf{o%?}/ltooxya ket one

derivative (5 treat appr opri ate oxi ion teac

condi ti ons gr@@@ﬁ%r@a%r&x'ﬂactﬂ L r&gast i i d i dd ' Stkplebsr?yl r}ﬁcﬁﬁed Sner n

Mikai yama oxi dation for activating dimethyl sulfoxi'de or the

oxi dati on afolarknm@eudatdre r@addieR ,Usidithate 41 | fdroaddioe or

di cycl ohexyl carbodii mde, trifl uor oaceti c anhydri de, acetic anhydride or a
sul fur tri dxideypyrand thes neenyll feon vilnsthead: iafe axaltHe gidesydrtes ahdh an

oxi dation reaction using nmanganese di oxi de. Exanples of a solvent used
herei n i nclage, difexareantaiaathpdrect wrarsoranh retdwllesipe dhl arighnicThe
reaction tenperature is preferably between - 20 - -70C and 50C. The
reaction tiChEMiStEvef eF BBl yeBEt heBNLEMREURLHAE 48 RogEsrably The ket one
derivative (5) can be converted to a conpound treatment with a

hydr azi ne @&t™esn ve 5 Re2RS- @uﬂ&ﬁﬁz)a%%dﬁ%ﬁn@r%%yab sorsent -2 hpound
(A) can be proq%g d by the nethod descrjbed in J. Am_ Chem Soc. 1995, 117,
4228- 4239, npl &% %?a%]eo%ow%%tl%s%ﬁei%@wﬁé bebEesdn! i MRFde

al cohol , rr%trltgiyl4%n%oqlty oride, tetrahydrofuran, dioxane and m xtures thereof.
The )

Compound (10) can be obtained by reacting compound
(9) with sodium bisulfide in a solvent such as N,N-
dimethylformamide and then treating with a base.
Alternatively, compound (10) can also be obtained by
reacting compound (9) with potassium thiocacetate in a
solvent such as N,N—dimethylformamide; Examples of the
base.include potassium carbonate and potassium
bicarbonate. The base is preferably potassium carbonate.
The reaction temperature is suitably between -30°C and
100°C, and preferably between -10°C and 70°C.

‘Examples of the method for conversion of the
hydroxyl group to an oxo group (conversion of compound
(10) to compound (11)) include Mukaiyama oxidation, and
Swern Qxidation or an oxidaﬁion reaction using as its
modification DCC, trifluoroacetic anhydride, acetic

anhydride or a sulfur trioxide-pyridine complex instead



reaction tenperature is preferably between -20C and 50C, and nore
preferably between 0C and 30C. Wen conpound (A) is replaced with its salt,
"an equival ent or excess of a base relative to the salt may suitably be -
used. An exanple of the base is tri et_h¥5ar_ri ne. The reaction tinme is
preferably between 1 hour and 48 hours. A diol derivative (8) can be
obt ai ned by protecting the am no group at the 6-position of conpound (6)
with an appropriate protecting group such as a benzyl oxycarbonyl group or a
t ert - but oxylarbei L gl itde coArese metheds esspelesdripPed dmd Thisen
treating the acetal derivative (7) with an acid such as sulfuric acid,

hydr ochl or i "8 P or° Ut HeidPPatkalfifl €s of AR aefu s in this
reaction include al coh wat er . di oxane, and m xfures thereof. The reaction
t enper at ur e' 15 pret e]rrhggr)i})eorelt%btr?dl- 1% 70e, ‘Lﬁ&i Tt e P ef E2-hbl 37 bet ween

0C and 40C.,, The ti e, | r.ef erabl.y, between 1 hour and 48 hours. -
21 - )&%po%oﬁ%cj( 9@0%‘—’1nmbce %5& é}enselasasby\yco vaerrlﬁehrb 41%‘6 ‘oxyl group of
conpound (8)9d0 &} eawd ng ;group LGL such as a hal ogen atom a :
t ol uenesul f onyl oxy group, a nethanesul fonyl oxy group or a

trifluoronet hanesuliemyloxyigr esp by der8atvBRe Wiibh hinomy Ghleide,

t hi onyl brom de, toluenesul fonyl chloride, nethanesul fonyl chloride or
trifl uoromtyhanesandlomydt iohl orirt8 ddi theapreessacieaf abask, frtwexanpl e,
based on common know edge in organic chem stry. The reaction tenperature is
pref er abl y dsetateiem -078 @ aanid R@Qe ranich Iy exvprigfadylablne dwptnteere t2@dnd 10C.
The reaction tinme is preferably between 1 hour and 48 hours. Conpound (10)
can be obt dTerdsr rreacitig canmsaiided ) wirehpsvditbmtbes iettiode i n a

sol vent such as N, Ndi net hyl formam de_and then treating with a base.

Al t er nat i véISELE&dnipsund 1(10) TBanhameé cge tdbiail fe8TBY eFeRati Ag keepound (9)
W th potassium.thioacetate in a solvent such as N, N-di nethyl fornmam de.
Exanpl es of $H& 14ke dMt Mide bﬁotoé’sesiq.ﬁﬁcc%:iﬁc?ndtrb Lk SotEagaKim i zar bonat e.

Toe, beee L guea ANy amlassm AR e daneLn Lamert e 1
. Exanpl es Qfyithey TRt kod f@{enﬁ%\iersﬁcqrétcﬂ; c;ﬂquapan, Maruzen Co., .
Ltd.) "Yuki Gosei (Organic Synthesis) I: Tankasuiso,
Harogen Kagobutsu (Hydrocarbons, Halogen Compounds)", pp.
57-69.

An acetic acid amide derivative (13) can be produced
by allowing monoalkylamine to act directly on the acetic
acid ester derivative (12) in alcohol, or by hydrolyzing
the acetic acid ester derivative (12) to obtain an acetic
acid derivative and then subjecting it to a condensation
reaction with various types of amines (obtainable as
commercially available products). The eéter 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 Japan, Maruzen Co., Ltd.) "Yuki Gosei (Organic

Synthesis) IV: San, Aminosan, Peputido (Acids, Amino



hydr oxyl group to an oxo group (conversion of cOmpound (10) to conpound
(11)) include Mikai yama oxidation, and Swern oxidation or an oxidation
reaction using as its nodification DCC, trifluoroacetic anhydride, acetic
anhydride or a sulfur trioxide-pyridingsconplex instead - 22°- of oxalyl
chl oride. These nethods are descri bed |n The Chem cal Society of Japan
(ed.), "Jikken Kagaku Koza (Courses in Experinental Cheni stry) 4t h
edition, Vol. 23, Yuki,K Gosei (Organlc Synt hesis) V' (Maruzen Co., Ltd.
1992) or tH¥14%e. Peptidesiy adfti akid és f‘@thd’@rlg\%keir\?él(ylﬁ)se@aﬁsbe

roduced by a honpl ogat i i ncludin i.cal exa Wttig reaction
gf each co?/ﬁre‘?eé?talt ?/g%q]eaﬂse e tm%%li‘b')[/&?]m kb?dg?P folrbbt(kéﬁg a

desired R -_grou th the et ane rivative ( heh ggation is
preferably @ neoﬁ%a\{%rleoanctrleoanckc “and rrgCen be ohe de;E%‘)ralnig F5 K I?I?en Kagaku Koza

Co 4 Th
Cherm cal SOETeLy o a9t e adhauhaeY
Synt h T, Qgen Kagoput PARSHe
anrrpoﬁflldgg"&hlpopﬁr&g?w%d g An aac%itl C a%?%}(%@%lg&%%rlvatl)ﬁ(13§ ‘can be

produced byarald oy deroaledradd Nes ten asdn @i deohd 3= 2on 4 hee@aesd | G acid
ester derivative (12) in alcohol, or by hydrolyzing the acetic acid ester
derivati ve nfdi@)od oasobtaian wat eacetd lukalcd deakesodviatm e aaved tdhemetsudyj ecting it
to a condensation reaction with various types of am nes (obtainable as
commer ci al Iysavaidiadfiley praducig)os et @st dheppdreitysids reaction is
preferably a known al kali hydrolysis. A reference is Ji kken Kagaku Koza

( Cour ses |rij€§€b"e‘rkfefﬁén’tralM AnsHY (4 h ediftoisnamiand. diited by The

Chemi cal of Japan, Maruzen Co., Ltd. "Yuk| Gosei (Organic
Synt hesi s) qr\; %%ﬂﬂ Hﬁ% 5 $id @ACW ARtfRrsciense Acids,

Pept i des) " e ept,; thesi s net hod
may sui t abl3 be Cuastel orﬂg 2@% (Jizj ngtl on- %rhtg{n“é(anpl es of

t he peptld e |s z thod acid | ori de

met hod, a 1J(AEthecS’;S/cl 0 xer;}zlqgeaﬂr [;S;de_l%ﬁ% ?‘5)@ El)“ﬂﬁl drr;a talnor:%tc OIT\1}Oe 'est er %‘ ret hod, a

carbonyl di iy dazol & gt hof chdrthod sising @ et erssol Héoch 8 CafﬁP}QJ&éﬁ“ de and

a nmet hod usi ng di‘et hyl” cyanophosphat e. These nethods ar
Kagaku Koza (Courses in Experimental Chemistry), 4th

edition, Vol. 22, Yuki Gosei (Organic Synthesis) IV"
(Maruzén Co., Ltd., 1992) or the like. Examples of the
solvent used in the condensation reaction with various
types of amines include N,N-dimethylformamide, N-
methylpyrrolidone, pyridine, chloroform, methylene
chloride, tetrahydrofuran, dioxane, acetonitrile and
mixtures thereof. The reaction temperature is suitably
between -20°C and 50°C, and preferably between -10°C and
30°cC.

Compound (13) can be converted to a compound (13a)
by acid treatment, oxidation treatment or hydrolysis, and
the subsequent treatment performed under deprotection
reaction conditions suitable for the protecting group in

the amino group having a protecting group (R?), when its



descri bed
Synt hesi s"

in M Bondansky, Y. S. Klausner and M A. Ondetti, "Peptide

(A Wley-interscience publication, New York, 1976), G R

"Pettit, "Synthetic Peptides" (Elsevier Scientific Publication Conpany, New

York, 1976
(Cour ses

), The Chem cal Society of_J ﬁan (ed.), "Jikken Kagaku Koza
edition, Vol. 22, Yuki GCosei

n Experinmental Chem stry), 4

(Organic Synthesis) IV' (Maruzen Co., Ltd., 1992) or the |like. Exanples of
the solvent .used in the condensation reaction with various types of am nes
i ncl ude N, R dRmetdBAYROramM det O Nt HYI pIFeep | Hedle, 2pyR i € ne, chl orof orm
chl oride, tetrahydrofuran, dioxane, aietonitrile and m xtures

met hyl ene

thereof. T

preferably
conmpound (
t he subseq
suitable f
group (R4)
4- met hoxy

exanpl e, when the am no group substituted with a protecting group

& thexdProk Yilefpera ur @ FEPGRLaBiy™B
bet -10C and_30C. Co d (13). b ted t
PRRY By CHITE EPBTRER OLGHETIon S AT E Or o ol ysi 5.

eweénth8oc and 50C, and

and

%‘%%ttetcft%%;{g’}to.u%e%‘iﬁ”%% Wwadel, ;4e0r glaet) .O”EE?%&EBBl%O”di tions

r the pr ctiing group in the am no group

aving a proétecting

hWRER hiet Simino?4 R 19 QWR LSt R QhReaidg ch as a
génzyl groﬁﬁé A@ﬁﬁ&éggu exéngle of the dgirotectf%%qﬁggg#ion

condi ti ons jsuiahabheahek 1bha ey Afresld RE GOWR JWilldnibe dessrd badbel ow. For

al kanoyl amgiougr ecup bk goowRréad ke Gonwerited drewn 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 tertQ
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.

Compound (13a) can bé converted to a compound (14)
by treatment with a pyridine derivative (compound (B))
prepared by the method described in‘J. Med. Chem. 1992,

35, 438-450, etc., in a solvent in the presence of a base.

.Examples of the solvent include N,N-dimethylformamide, N-

methylpyrrolidone, tetrahydrofuran and dimethylsulfoxide.
Examples of the base include sodium hydride, sodium
ethoxide, potassium tert-butoxide, potassium hydroxide,
potassium carbonate and cesium carbonate. The reaction
temperature is suitably between 0°C and 100°C. The
reaction time is suitably between 1 and 48 hours.

On the other hand, when the R®-R°- group of compound
(13) is not a proteéting group but is a substituent of

interest, compound (14) can be obtained by treating the

is an



usi ng an aqueous solution of an aroylam no group, the am no group by
hydr ol ysi s sodi um hydr oxi de, potassium hydroxi de, amonia or the |ike.
When the amino group substituted with a protecting group is a

tertbut oxycarbonyl am no group or a di-tertbutoxycarbonyl am no group, the
group can be converted to an am no group by treatnent with an acid such as

hydrochloric acid or trifluoroacetic acid. Conmpound (13a) can be
converted to a conpound (14) by treatnment with a r|d|ne derivative

( conmpound @ﬁ?f“bﬁ%ﬁ%ﬁb&“ﬁ?”&héiﬁ%%ﬁﬁﬂ”d@%%rQ%ﬁRPl RE§T Chém 1992, 35,
438- 450, in a.,solve n the [resence of a bas Exanples of the

sol vent |n@% & ﬂqﬁﬁﬁQRﬁi%ﬂ% 0 Nt Hyt B rFBI 9 dorRS t et r ahydr of ur an
and di met hylsyl f oxide ]Exanples of t he base include sodi um hydride, sodium

et hoxi de, po aSS|un1tert but oxi de, potassi um hydroxi de, potassi um carbonate

and cesium car b@n%%hoa'heo&eg%agelhawaerc%%%n'ds %Iﬂeg@h%e@%\geen OChgnd

100C. The reaction tine is suitably between 1 and hour s

ot her hand,foMen o heL)R6-WResr 4moup 1&f canpeynd ok, iysi notpa protecting
group but is a substituent of interest, conpound (14) can be obtai ned by

treating thescri2ed. am no group haV|ng a protecting group (R7) under the
above- menti oned deprotection reaction conditions. [Main step 2]
: Scheme 2

(11) (15) (15) ) (17)

S E(P:
8 N/)\NHz Compound (B)

(172)

wherein R?, Ré, rR3, RY, R, R®, R’ and 1LG? are as
defined abové, respectively.

A ketbne derivative (11) can also be converted to a
triflate compound (15) by treatment witﬁ
trifluoromethanesulfonic anhydride in the presence of a
base. Preferred examples of the solvent include
methylene chloride, acetonitrile, tetrahydrofuran and
N,N-dimethylformamide. The solvent is more preferably
methylene chloride. Preferred examples of the base
include sodium hydride, potassium hydride, sodium
hydroxide, potassium hydroxide, potassium carbonate,
sodium tert-butoxide, potassium tert-butoxide, pyridine,

triethylamine, DBU and diisopropylethylamine. The base



A nmet hod for producing a conpound represented by formula (1), wherein X is
a single bond, will be .described. Schene 2 wherein RI, R2, R3, R4,

"R-, R6, R7 and L& are as defined above, respectively. A ket one
derivative (11) can also be converted t@ a triflate conpound (15) by
treatment with trifluoronethanesul fonic anhydride in the presence of a
base. Preferred exanples of the solvent include nethylene chloride,

acetonitrile, tetrahydrofuran and N N-di et hyl f or mam de. The sol vent is
mor e pr ef eriahBPHfe A EFE RN dhiddNyPra¥ids ed TERarFRES 160 t he base i ncl ude
sodi um hydride, potassium hydride, sodi um hydroxi de, potassium hydroxide,

pot assi um APrSs dd BRSGTER I &ﬁtd@erbo't%& arct P but dxfde,

di t th U d di | | The b - 26 -
Py e e, s WAATRe PR and i Logpr opyl gt amne. The base 20 1S
bet ween -80C an@h%5ggafﬁgge”96ﬁ Bhﬁgerggtch%twge%on%ggtgglgép The

triflate conpound (15) can be ¢ nverte an ester form by perform ng

a coupl i ng gs@aGt i fyrm (1fs) cafyb%ﬂmrfge d eddps e sence ofy a,4@t al
catal yst and a base in alcohol such an al cohol’, nethanol and et hanol

are prefer ro@dbo'FhamdmiﬁJdecatrﬁltyfet pre qureferablay n&atpﬂﬂ ladi gy cataly o -
Exanpl es of the palladiumcatalyst include a [1,1'-

bi s(di phenyasitosiphialgcherlr.oc@rekdicbhkor epabhadi, umethkehbdi ehlkdor onet hane
complex (1 : 1), dichlorobis(triphenyl phosphine)palladium(Il) and

tetraki s(titilemi pires priefenyald -adifbm ()2 lThetmeyalt dat prpseriadlpreferably
used in an anmount of 0.01 to 0.2 nolar equivalents relative to the triflate
conpound ( E5P2lPrasker @ tadaindl-esEspmPheshase thhcPadé adasRgsate liases such
as trlpotaSS|g¢%§Posqg§tq pot assi um car bonate, sodi um carbonate and cesi um
car bonat e sé fore preferably trlpota55|un1phosphate sodi um

carbonate ¢ é l%%? Iﬁ§%éﬂy% %HE% F&g%g&}%iyﬁg anDunt of 1 to 100

nol ar equi Vv anples of the

‘addi tive ingl gahoph r ds. ch as 1 1
bIS(dehen3|6ﬁg§b hi no fer&%%gﬁé%% % agd t?iﬁhenylphosphlne The additive

m[Nﬂemm%mg%m@Q%@mﬁmﬁkﬁﬁ§é%g%mMﬁp@w&@aﬂrMM|mto

the triflate conpound (15). The reaction tenperature iIs
tetrak;s(trlphenylphosphlne)palladlum (0). The metal
catalyst is preferably used in an amount of 0.01 to 0.2
molar equivalents relative to the triflate compound (15).
Preferred examples'of the base include inorganic bases
such as tripotassium phosphate, potassium carbonate,
sodium carbonate and cesium carbonate. The base is more
preferably tripotassium phosphate, sodium carbonate or
the like. The base is preferably ﬁsed in an amount of 1
to 100 molar equivalents relative to the triflate
compound (15). 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 (15). The reaction temperature is



- 27 - preferably between -10C and the boiling point of the solvent, and
nore preferably between OC and 100C. 'The reaction time is generally between
"approximately 1 hour and 50 hours. The subsequent step (the conversion
of a compound (17) to a conpound (18)) can be carried out by the sane
treatnments in the nmethod as shown in tﬁe above schene 1 (the conversion of
the conmpound (13) to the conpound (14)). Si nce t he, conpound of the
present invention or a salt thereof inhibits HSP90, it can be used as an
HSP90 i nhi Hntedreradm vaderitwefegy - IHHiCbianidn g hieh @ cATRage padinitvictfy téfe HSP90, or
an agent for inhibiting the binding of HSP90 to ATP. Thus, it can be used
as a nedi cafiendonis ey & e lorprdung oftvern g ésemd L08Rt i dfheor a salt
t hereof , and rticularly preferahly as an anticancer agent. The
ATPace. ot IVHTA 5P HAB0 AT ‘B el T DR Sea L iRl y used
by a persle§yng%%Jﬂg the art. For exanple, the ATPase activity of HSP90
can be detected using a reconbi nant HSP90 protein and ATP in the presence

or absence of tﬁ%etgﬁkséaﬁgﬁ%”@teés(@%%C%%Q§%r§Q5E¢%& Exgﬁﬂkﬁa%gfngrﬁ

Alternatively, in an ATPase assay, the neth escri be

Bi ochemi stry1 B2%o &7 &chduU004)s)0r MNat W 425;1 407541 G 2003)s Ry be

suitably perforned, for exanple. I nhibition of the expression of
HSP90 can hereexardmed iby tier arhodlnf tdmgun \estieid) 4 @td i dher 11SA or the
i ke commonly used by a person skilled in the art. - 28 - For exanple,

MRNA i s r eclder edrivegmicel If diile wraegbaund hel Pr esende: aromghsente of the

" test conpound to perform Northern blotting. Wien the anount of HSP90 nRNA
in MRNA recldférled fromthe cells cultured in the presence of the test
conmpound is reduced fromthat in nRNA recovered fromthe cells cultured in
the absence of FRBCEeshecERPBGHAC Phe thesPresspsurdvies tilgantirf fed as a

F1SP90 pr ot G iy B Suitt ATy S AMNG by BT G Rr VSR Gh ARG [ ng usi ng
he ot hod ARG L, SISS, <o 05, SOLSR L2009, T or prare e
| MIUnop eCiiiA, ! o and MRSHer) L OHING SR b RAG P A RSP SKI ] ed
ATP. Thus, it can be used as a medicament.comprising the
compound of the present invention or a salt thereof, and
particularly preferably as an anticancer agent.
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 1 below. Alﬁernatively, 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 exanple. In inmmunoprecipitation and Western blotting, the nethod
_described in J. Biol. Chem 277, 10346-10353 (2002) may be suitably
perfornmed, for exanple. The conpound i nhi biting binding of HSP90 to
co- chaperones or immnophilins can be gxani ned by i munoprecipitation and
Western blotting conmmonly used by a person skilled in the art, for exanple.
Bi ndi ng of HSP90 to co-chaperones or imunophilins nmay be suitably exam ned

in the presence or absence of the test conpound by perform ng the nethod
described iFPINGRAW 25 MBAGY -1 0F QO figiore g.culturqdihipitheon of
bi ndi ng of HSP90 to

ATP b ined b test f bi ndi f | abel ed
ATP t 0 HSPST.= FOI S i ing 16 HEPO0- QWP Il ot BEFS Y be - 29 -
i tabl ' in-.the . b f t t
per  orm ng TR Eerhad Gesald bed TR SPeBrOr i ineh 13730 tae0e: 6BLYN 1007).
for exanpl &.qcoverdd Qi 'ntg‘[E Qe tine &ﬂm%ﬁf%&ﬁﬁe %ﬂaeré%%coef J#SR3Q can be

exam ned by a conformatio assay uslng

- (1, 1" - bi s(4eaf¥l lddircarapiy hal gnesil 0 ciaed d)) bl Sl &g | e
conf or mat i onal aéggy, t he net hod described in J.Ikbd. Chem €%§:%%%£-3873

(2004) nay the sditablauipardar nmed,tHorameagd & f the (@ld Hn@Wuhd, nhi bitory
activity can be exam ned using a growh inhibition test nethod that is
commonl y usée hest pemgourskiild eédldant itthieedards arheongedundyriowtibbiitihidi ti on
activity can be determ ned by, for exanple, conparing the |evels of

cel lul ar grtdwt lexcusrs saxansife HIARfor &ékkshaitn vele, ptésenneuot alisence of a
- test compound as described in the follow ng Test Exanple 2.  The growth

| evel can BEPEaMuos®idsiNy 9 St taptemiastingd B/ meaiaamg cel | s.

Exanpl es of_ the nmethod f.or assaying living cells include a [3H]-thym dine
upt ake test"‘{esé%rndt@qr?é%tﬁﬁt? élr?c?%;n t%]ﬁ“fs@é%ﬂ descrigddvercaiGf i vo

antitunor actjvi b m usi a method for testing antitunor
Sronl 2 oy RIS s R PR e art

activity comonly ‘use y a person ‘ski For exanpl e, various

Lypes of tumor. 6ghlpi2ie,t LangphaRhed bniaeagmpuse, @ Lat of Lhe,l!ke, and

after the confirmation of e Survi f"the transplan cel'Ts;” the
conpound ofcatnh%epree@%ntnédﬁwtﬂn@dado%&@mat%tﬁr&ﬂ drfy G @il via oral
C.

adm ni stration, intravenous adm nistration, e

blotting commonly used by a person skilled in the art,
for.example. In immunoprecipitation and Western blotting,
the method described in J. Biol. Chem. 277, 10346-10353
(2002) may be suitably performed, for example.

| The compound inhibiting binding of HSP90 to co-
chaperones or immunophilins can be examined by
immunoprecipitation and Wesfern blotting commonly used by
a person skilled in the art, for example. Binding of
HSPI90 to co-chaperones or immunophilins may be suitably
examined in the presencé or absence of the test compound
by performing the method described in Nature 425, 407-410
(2003), for example.

Inhibition of binding of HSPY90 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



- 30 - Thereafter, several days to several weeks later, the growth of tunor
in an agent non-admnistration group is conpared with that in a conpound
adm ni stration group, so as to confirmthe in vivo antitunor activity of
the conpound of the present invention. ,q - The conpound of the present

i nvention can be used for treatnent of tunors or cancers, such as |ung
cancer, gastrointestinal cancer, ovarian cancer, uterine cancer, breast

cancer, liver cancer, head and neck cancer, blood cancer, renal cancer, -
testicul ar SEdRAMHIMEFAHRE et hdBresTFT iPT @bl onef ki &ifeer such
as mal i gnant_nel an sarcone, faqr, exanpl e ..Sipce the conpound of
the pr esenthmr?\fe%qoﬁ) t?aesrf%’srﬁ@d]q Sfmemf?%da&%?{%% cdh e Ris¥ld for

t r eat ment n [ ' P90 ndency is increased. Such cancers in
whi ch HSP98;hcngge;23—erdc;i%/@8anCér_é§a3ge(dl I'ncl'u eo%aenxca prhten'at depends on an HSP90
client protein( ; - i I.C P Li.e ratein inS
excessively exp?é?égg?qggnggrwpﬁ %ﬁ?gﬁqgﬁ%%§gﬁ& %%F@ﬁ% %Fo&%%ﬁ%gfaps

nut at ed, amk thenlikd NDre SREU M Pl L4 naldidey ganeeind n which Her 2,
c-Met, F1t3 or the like is excessively expressed, and cancer in which
c-kit, PDGHR,, IRafoiay (4-hen il ke ss-rmagradied. e donevein i Xl )es, afdy not
"limted thereto. Furthernore, many factor groups associated with
cancer (RASxARK e .Pl 3K, thel ooefasratebna)l aseapresért mefthad i ntracel | ul ar
signallingCPathway to which the HSP90O client protein belongs. If HSP90 is

i nhi bi t ed, desc@ihedjignal | iMeg t hsuch $act3fHE-387d s@d0hi iaede As a
result, the activation of the aforenentioned intracellular signalling :
pat hway i s S SGRInhiRstiermerhud o FeA™Hi% vi ewpoi nt as wel | -, the conpound

of the present | ggznti on t hat an HSP90 i nhi bitor can be preferably used,

IS,
for treatment ofSvar@gQ¥t yﬁ@glgﬂt8ﬁﬁcéF§FVlty “PRe PEh&FABEEEE cal
conposi tion of e nt. i.nyent.i on .conpri ses onpound of the present
i nvention élnsgnzg[ %hégnoa%?ztp S foerllccteep_ ag}ezc%coacfrtl%eﬁ@ﬂst A DE used as
various types O Jnj el ions UGN 25 30 48 rauenong i nLegtion,  an
i ntranuscul ar i njecti-on or a subcutaneous injection, of it can be

‘adm ni st er aGhHaY MAIIrP U IRENGAS SUGR ak @l ; RAMYY staat ie@{hr@flea, .
y ta carriler

per cut aneous admi ni stration. "The pharmacol ogi cal 'y ‘accep

refers to adppamireplog calvey sacrepicablg amtgidaln (ffor exanple, an
excipient, a diluent, an additive, a solvent, etc.), which is associ ated

wi th the tramspordedtlison iof tthke poeeoursd of dbdenqpeesenta igaention or a
conposition conprising the conpound of the present invention froma certain
appar at us cempogay tee dsstdrebeabpar athss forl longary Test Example 2.

The growth level can be examined using a test system
for assaying living cells. Examples of the method for
assaying living cells include a [3H]—thymidine uptake
test, a BrdU method and an MTT assay.

Moreover, in vivo antitumor activity can be examined
using a method for testing antitumor activity commonly
used by a person skilled in the art. For example,
various types of tumor cells are transplanted into a
mouse, a rat or the like, and after the confirmation of
the sprvival of the transplanted cells, the compound of
the bresent invention is administered to the animal via

cral administration, intravenous administration, etc.



As a nethod for preparing a fornulation, a suitable fornulation (for
_exanple, an oral formulation or an injection) is selected, and a commonly
used nethod for preparing various types of fornulations can be applied
.dependi ng on the adm nistration nmethadsgExanpl es of oral .fornul ations

i nclude tablets, powders, granules, capsules, pills, troches, solutions,
syrups, elixirs, enmulsions, - 32 - and.oily or aqueous suspensions. In the
case of or adm ni stration, the agent may be elther a free formor a salt
form The i{@eﬁ%{l g mi G TG 5 D prsilcert BYF 6T m g an &G d adduct

w th a phar mathC utrcnat'ﬁ%) accept abl e |d or orm a salt of an, al kali

metal such < 5o en the'y c?rgrﬁﬂ tTYh & aetc]t?rbrgroa]%tja%l lizer, a
preservat | e 30l ubied 28100 o e dddies fan aac!n%l lsetysed 4 g
formul ati on. e 1 njection nmay be provi as a or mu ]i e § prepared

before use dy &§ Qrdd¥d d SO, W %%Mtaﬁé %?omu | uvant or the

like in a contai ner and then converting It to a ation by

| yophi |'i zatdd@¥pdind her ldhke p O rfoSieh vk s St ored in one container, or
mul tiple doses may be stored in one container. Exanpl es of sol i d

formul ati ons i nGFhaedeoctablets pfpohdeps e sghanuineen tdaps daes bepiulslest and
troches. These solid fornulations may contain a pharmaceutically acceptable
addi tive tdgat Hereaginentt e dompoumc rofcarhes pry,eseanth iawdntriorzar®anpl es of
the additive include fillers, bulking agents, binders, disintegrants,

sol ubi i zer%asﬁmltfitrﬂftalg@rh Samne Ul ains Cariesn odre hie e elarstd wel y m xed
as necessar t rovi de a for mul ati on. ' Exanpl es of |iqui d formul ati ons

i ncl ude sol 8 Yips, 1é4qu|Cra§lceeﬁ7uI}§acﬁnsa%d‘e§J"eré1§%s ke liquid
formul ati ons C&y cont ai,n A har t| cal |y accept abl e add| tive together
with the cSIBUNd o He o ESent ﬁt‘f‘r‘F rl%?éﬁﬁsé‘b A HE Fdi tive

i ncl ude su%%an;LnQ MuLt3e e g_g,eerlt ?“o % Csa{nf |&r ssuc‘l;]heasse Lan bneal scel ectively

m xed as necessary to provi 1 on.
melanoma, sarcoma, for example.

Since the compound of the present invention has
HSP90 inhibitory action, it can be used for treatment of
cancer in which HSP90 dependency is increased. Such
cancers in which HSP90 dependency is increased include
cancer that depends on an HSP90 client protein(s), cancer
in which an HSP90 client protein(s) is excessively
expressed, cancer in which an HSP90 client protein(s) is
mutated, and the like. More specific examples include
cancer in which Her2, c-Met, Flt3 or the like is
excessively expressed, and cancer in which c-kit, PDGFR,
Raf or the like is mutated. However, examples are not
limited thereto.

Furthermore, many factor groups associated with
cancer (RAS-MAPK, PI3K, télomerase, etc.) are present in
an intfacellular-signalling pathway to which the HSP90

client protein belongs. If HSP90 is inhibited,



The conpound of the present invention can be used for treating cancer of
mammal s, in particular humans. The dose and the dosage interval may be
"appropriately selected based on the judgnent of the physician according to
the site of disease and the body height; body wei ght, sex or nedical
~history of the patient. When the conmpound of the present invention is
adm ni stered to a human, the dose range is about 0.01 ng/ kg body weight to
about 500 ny/k aody wei ght, and preferably about, 0.1 ng/ kg body weight to
about 100 ;%/g lﬁ&d’;? Wi %’Mc%gt\rac&éﬂf.s Weert it ICGHEOdRE 1 sA8dRi ni stered to a
human, the co und.i s _preferabl i.ni stered in .one dose or two to four
separate dégﬁgﬁgérq@f&??&ﬁ¥%%%”%&ﬁ?%@ﬁ - QQﬁmqé}ﬁﬁ%ﬁgrably repeated at
appropriate | ls...T MY cee e. e ti dose if
necessary,qﬁgggﬁkgﬁu?ﬁg Fﬁég%gﬁfj%?%%ﬂgﬁ% é%%i%%%g lﬁﬁfﬁ égboﬁggghd of
the presenteoay@mlilsOR jBY A& tU$ed et Refe Wdih AINET ANHd WRIs Agent s.
Exanpl es of such other antitunor agents include an antitunor antibiotic, an
antitunor plraritikgr ediaenti,s BRMHI¥0 agircali das pens & dmididaidp1 hor none,
vitami n, an antitunor antibody, a nol ecul ar-targeted agent, and ot her
antitunor agent for treatMemg feciafrdicald yypesan esareferan al kyl ati ng agent

i nclude: al kyl ati ng agents such as nitrogen nustard, nitrogen nustard

N- oxi de, or ‘chl éhanbbeirinacariiicdilnecapkyliationgodgéhespsashnas car boquone or
thi otepa; epoxide - 34 - alkylating agents such as di bronmomannitol or

di br onodul dNVEINL 19t COTRELES Salak PCAIIONE Ca e ttd &s Jrate s te dmvigsttiles

| onusti ne, senustine, ninustine _hydrochloride, streptozocin, chlorozotocin,
or rani nustfited BRSHIERS P%lﬁﬁﬁ&§ﬁPF&@HE%Q%%HQ%rQ%ﬁf'Daéér532iH@.

Exanpl es of_ various types %;Zanti t.abol i t.es i ncl ude: pur.ine

ant i met abol1°e’s *Suci as "6~ meFCaptopdr e, 6 hiBiamhé™ or t hi oi nosi ne;
pyri m di ne At REANAl 1485 SUCh as,f L UQnaKAGldya,! 91 Leggf ur-uracil,

car nof ur, uri broxuri'di ne, cytarabi ne, enoci tabine; and-

anti fol i cs ssueh s ARLNALHRXALS O i isethot rb@(iaatq‘?ninister@&?l%es of an

antitunmor antibiotic inclade: anthracycline antibiotic antit r agents
such as m temicuR Gethle@Mitidh aReRIrany Gidhirdawnerulircidy sacl arubi cin,

doxor ubi ci n, pirarubicin, THP-adriamnmycin, 4'-epidoxorubicin, or epirubicin;
chrononyci peA3utaneoact adartydist rfRtion. Exanphesmatoasgashitynor plant .
i ngredi ent include: vinca al kal oi ds such as vindesine, vincristine, or
vi nbl ast i necceatanés sachrias padlersaxel aophdowetcaxelgicald y
epi podophyl | ot oxi ns such as et oposi de or teniposide.
acceptable material (for example, an excipient, a diluent,
an additive, a solvent} etc.), which is associated with
the transportation of the compound of the present
invention or a composition comprising the compound of the
present invention from a certain apparatus or organ to
another apparatus or organ.

As a method for preparing a formulation, a suitable
formulation (for example, an oral formulation or an
injection) is selected, and a commonly used method for
preparing various types of formulations can be applied
depending on the administration method. Examples of oral

formulations include tablets, powders, granules, capsules,

~pills, troches, solutions, syrups, elixirs, emulsions,



Exanpl es of a BRMincludea tunor necrosis factor and i ndonet hacin.

Exanpl es of a hornone include hydrocorti sone, dexanethasone,

"net hyl predni sol one, predni sol one, prasterone, betanethasone, triantinol one,

oxymet hol one, nandrol one, nethenol one, s;hosfestrol, .ethinyl estradiol, '

chl or madi none, and nedr oxyprogesterone. - 35 - Exanples of a vitamn
include vitamn C and vitam n A - Exanples of an antitunmor antibody

and the nol ecul ar-targeted agent include trastuzumab, rituximab, cetuxi mab,
ni mot uzumaBEY EgSurED 2 BEAE ANFRST SIS xi b thengeski BInegsgilat e, f
efitinib, erl.otinib, .sunitinib, |apatinib, and sorafenib. " Exanpl es o
gt her antit TE§émts Gthe I Titfe 2GS éi”talyn,beca?r]btgtﬁ%té} TS A A5 P

tamoxi fen. canptabhect an. Lastal de.eyclaghosphagLde, el phalan

L- aspar agi nase, asecl at one, “schi zop n, “pi ci ne,

Pi pobr oman.: NEAGRY ZiNestiaf iaradd&drvg&glg;aegjrh&%w%i@mjr estin. The

present invention includes a netho eventi1 ng cancer and/or a nethod

for treatingcepic®le WHiGh LOMYSRY thesAdMJY St atiion Ofa Lonpeund of
the present invention or a salt thereof. Furt her, the present

i nvention alsseddichudewhthettsefotmalaoipound ah thgepteseant ai nvention, a
salt thereof or a solvate thereof for the production of the

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 prepafed 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. dne dose may
be stored in one container, or multiple doses may be
stored in one chtainér.

| Examples of solid formulations include tablets,
powders, granules, capsules, pills and troches. These
solid formulations may.contain a pharmaceutically
acceptable additive together with the compound of the
presént 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 ligquid formulations include solutions,
syrups, elixirs, emulsions and suspensions. These liquid
formulations may contain a pharmaceutically acceptable

additive together with the compound of the present

invention. Examples of the additive include suspending



af orement i oned nedi canent. © The present invention wll be specifically
described with reference to Exanpl es shown bel ow; however, the present
invention is not limted thereto, and they should not be construed as
limtative in any sense. Reagents, solwents and starting materials not
specifically described herein are readily available from comerci al

sources.. - 36 - Exanples (Exanple 1) (1)

1-(2- Amno46d|chloropyr|md|n5 1) - 3-but en- 1- ol I ndi um powder
(0.23 g) affFrt PRI sE B méh@ssddf@dl 2ty aser%%&tdf"éﬂé’oﬁ‘ﬁd‘seéﬁ of -
comercially avail abl e am no- Z%é:hl or o%;rl m di ne- 5- car boal dehyde
(1.92 g) ari%'S Nrf%edﬁsr?elf%%cf d?%vrﬁdoee q a%H¥teaf ter, sodi umiodi de (0. 15

g) and allyl bromde (1.73 m re added a the .mixture at roo
t enper at ur e. Thghreesct?ﬁﬁ rllléldmozzft \t%?le Wwas 5§t tr reY G 93 KSU gje Hiereafter, the

reaction miggtune was {f | 1erad thy quoh celi te, and etiwl, acetate vas then
T e result ive

addedtotheflltrate ing mxture success yvvashed wth 1

N hydrochl ar{£ fedd A @hsaldyaied sadipe ifh mé rlTJ@@epy{ gani c |ayer
was dried over anhydrous sodi umsul fate, and was then concentr

Ther eaf t er ,sdlexanal Wassaddad dre theidresndust ans ;ﬂu@iﬁ@i&htﬁé@oﬂ@§m§ hen
collected by filtration, so as to obtain the above.title conpound (1.75 Q)
‘as a solid.to the site of disease and the body height, body weight,
sex or medical history of tde patient. When the eompound
of the present invention is administered to a human, the
dose range is about 0.01 mg/kg body weight to about SOO
mg/kd body weight, and preferably about 0.1 mg/kg body
weight to about 100 mg/kg body weight pef'day. When the
compound is administered to a human, the compound is
preferably administered in one dose or two to four
separate doses per day, and the administration is
preferably repeated at appropriate intervals. The daily
dose may exceed the aforemeﬁtioned dose if necessary,
based on the judgment of the physician.

- The compound of the present invention may be used
together with other antitumor agents. Examples of such
other antitumor agents include an antitumor antibiotic,
an antitumor plant ingredient, BRM (biological response
modifier), hormone, vitamiﬁ, an antitumor antibody, a
molecular-targeted agent, and other antitumor agents.

More specifically, examples of an alkylating agent
include: alkylating agents such as nitrogen mustard,
nitrogen mustard N-oxide, or chlorambucil; aziridine

alkylating agents such as carboqguone or thiotepa; epoxide



2.55-2.69(2H, Hz),5.67-5.77 nm), (1H, 4.95-5.09 m,7.42 (3H, (2H, M, s).
37 - (2) 1-(2-Amno-4,6-dichloropyrimdin-5-yl)-2-(2,2-
“di met hyl -[ 1, 3] di oxol an- 4-yl| )et_han 1-ol OH C

- 34 -

alkylating agents such as dibromomannitol or
dibromodulcitol; niﬁrosourea alkylating agents such as
carmustine, lomustine, semustine, nimustine.hydrochloride,
streptozocin, chlorozotocin, or ranimustiﬁe; busulphan;
improsulfan tosilate; and Dacarbazine.

Examples éf various types of antimetabolites
include: purine antimetabolites such as 6-mercaptopurine,
6-thioguanine, or thioinosine; pyrimidine antimetabolites
such as fluorouracil, tegafur, tegafur-uracil, cafmofur,
doxifluridine, broxuridine, cytarabine, or enocitabine;
and antifolics such as methotrexate or trimethotrexate.

Examples of an antitumor antibiotic include:
anthracycline antibiotic antitumor agents such as
mitomycin C, bleomycin, peplomycin, daunorubicin,
aclarubicin, doxorubicin,'pirarubicin, THP-adriamycin,
4'-epidoxorubicin, or epirubicin; chromomycin_A3; and
actinomycin D.

Examples of an antitumor plant ingredient include:
vinca alkéloids such as vindesine, vincristine, or
vinblastine; taxanes such as paclitaxel or docétaxel; and
epipodophyllotoxins such as etoposide or teniposide.

Examples of a BRM include. a tumor necrosis factor
and indomethacin.

Examples of a hormone include hydrocortisone,
dexamethasone, methylprednisolone, preanisolone,
prasterone, betamethasone, triamcinolone, oxymetholone,
nandrolone, methenolone, fosfestrol, ethinyl estradiol,

chlormadinone, and medroxyprogesterone.



0 '"11 1 Cllsr NH2 A m xture conposed of 1-(2-am no-4, 6-

di chl oropyri mdi n-5-y1)73-buten-1-0ol (57.24 g), Nnethyl norpholine-N- oxi de
"(147.6 g), tetrahydrofuran (500. m), acetone (500 m), water (500 nl) and
osmumtetroxide (62 ng) was stirred_agsroomtenperature for 2 days. After
t he di sappearance of the materials had Been confirnmed, a saturated aqueous
sodiumthiosulfate solution (1 L) wa added to the reaction solution, and
the reaction mxture_was then concentrated to approxinmately 1.5 L under

r educed pressurgxamﬁée§e§ﬁd6evﬁé§m§§t&P&ﬂé@amvﬂﬁa§6@|Gn@@ﬁlaﬁﬁé@lnfolIomed
. by extraction with tetrahydrofuran. The organic | ayer was dried over
anhydr ous dudi um sul fate. After filtration, the filtrate was concentrated

d d d rd_th I h d || ed
N, NDi néfhyffeorﬁé?iiﬂéﬁsgoa Py 5t H R RN Hade T S16° Ay e
p- t ol uenesuld,o G Ag Afoq%w&teu@&&%ﬁagwlma%t Ldhe el ting

resi due. The resul ti m xture was stirre room t'enper at ure 14
hours. A sa;lwoaet&dm@@l la@rpisqﬁ«ratwn%as&ztﬁm&p (llnﬂ-ﬂlﬁ%wvatﬂat(ﬁlta wer e
added to the reaction mixture, followed by - - ‘extraction with ethyl

acetate. The m1gaR,Cc denialinids, SHCCRSS sl ysw»alsdhedlw tihapwadieri ndhrsat ur at ed
saline in this order, and it was then dried over anhydr ous sodi um sul fate.

After f||trsunaﬁ$n1&he filtrate was concentrated to about 100 m under
reduced pressure. Hexane was added to the residue, and the precipitate was
t hen col | ect edEbympilesr atfi ohego aad ittaumght @gentte inalwle onprriet (153. 88 Q)
as a solid. 1HNWR (DVSO-DO 6: 1.22-1.32 (6H m, 1.72-2.23 (2H, m, 2.50
(1H, s), 3.BoRePH2atHd. P*@llzplaélgl HAAMOK e, GANIMRthAcitg, 06-5. 36 (2H,

m, 7.43 (2 J=12 -M5 mz: 308 (M+H) +.. (3)
1- (2- Ani no ?O@S%ﬂemeor ﬁﬁ%%fmw@wﬂefz welpfialan, L-asparaginase,
di met hyl - Jé¥ ’8%&?‘5% 12 Hyylan, p1c1banll procarbazine,

pipobroman, neocarzinostatin, hydroxyurea, ubenimex, and
krestin.

The present invention includes a method for
preventing cancer and/or a method for treating cancer,
which comprises the administration of a compound of the
present invention or a salt thereof. |

Further, the present invention also includes the use
of a compound of the present invention, a salt thereof or
'a solvate thereof for the productioh of the
aforementioned medicament.

The present invention will be specifically described
with reference to Examplés 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 speéifically
described herein are reagily available from commercial

sources.



Acetic anhydride (149 m) was added dropwi se to a m xture conposed of the
above 1-(2-am no-4, 6-

“dichl oropyrimdin-5-y1)-2.-(2, 2-di met hyl -[ 1, 3] di oxol an-4- yl)ethan-1-0
(74.70 g) and dinethyl sul foxide (600 rl) _at room tenperature over 15

m nutes under cooling in an ice bath. The reaction m xture was then stlrred
at the sane tenperature as above for 18 hours. After the - 39 -

di sappearance of the materials had been confirmed, the reaction solution
was pour ed 5SS water. The precipitated solid was col | ected by
filtration, E§o aif}%QObtaln the title conpound (68.26 g). 1H NVR (CDC13) 8:
1. 37 (3H s 2. 98- 3. 06 (1H n) 3 32 3 40 (1H, m, 3.67-3.72

, SI-MVB m
éé? ( M+H) +. 21(554) i&d(w rnoor%4 [é(léislzchfiL rll”il 4{3@%6}%51 T - 8

1- (4- met hoxybenzyl) - 1H pyr azol of 3, 4- d]pyrlnldlne 6 anlne

Triethylamne (83.68 nl) was added to a m xture conposed of the above
1-(2-am no-4, 6- dhghppr opyri m di n- 5-

y1)-2-(2, 2-digethyl 5[ 1, 3] di oxol an-4- yI)ethan | -one (61.23 g),
(4-nethoxybeﬁzy1)- yd{azi ne hydrochl oride (41.50 g) produced by the method
described in U @ No. US2003/18197, and di chl oronet hane (600 m)
over 30 m nutes und ling in an ice bath. Thereafter, while the
tenperature of the reaction solution was gradually raised, it was stirred
fot 17 hours. Thereafter, a 10%citric acid aqueous soluflon was added to
the reaction

Indium powder (0.23 g) and zinc powder (1.31 g) were

~added to a mixture composed of commercially available 2-
amino—4,6—dichloropyrimidine—5—carboaldehyde (1.92 g) and
N,N-dimethylformamide (20 ml). Thereafter, sodium iodide
(0.15 g) and allyl bromide (1.73 ml) were added to the
mixture at room température. Thé resulting mixture was
stirred for 3 hours. Thereafter, the reaction mixture
was filtered through celite, and ethyl acetate was then
added to the filtrate. The resulting mixture was
successively washed with 1 N hydrochloric acid and a
saturated saline inlthis-order. The organic layer was
dried over anhyerus-sodium sulfate, and was then
concentrated. Thereafter, hexane was added to the
residue, and a precipitate was then collected by
filtration, so as to obtain thé above title compound
(1.75 g) as a solid.

'H-NMR (DMSO-De) 8: 2.55-2.69 (2H, m), 4.95-5.09 (3H, m),
5.37 (1H, d, J=4.1 Hz), 5.67-5.77 (1H, m), 7.42 (2H, s).



- 40 - mixture, followed by extraction with dichloronethane. The organic

| ayer was dried over anhydrous sodium sul fate and was then concentrated
"under reduced pressure. A 5%citric acid aqueous solution was added to the
resulting residue, and the precipitateswas then collected by filtration.
The resultant was washed with water, so as to obtain the title conpound
(73.84 g) as a SO|Id 1H NWVR (CDC13) 8: 1.36 (3H, s), 1.43 (3H, s), 3.11
(1H, dd, J= 14 7, Hz), 3.43 (1H dd, J=14.7, 5.2 Hz 3.73- 3.78 (4H,
m, 4.08 (1H) dd; ! %r%ﬂlPOﬁ (ﬁﬂhl)ch mwm1q1m5ml TR A2H, brs), 5.22
EﬁEH)i) (g)lmetr§ldﬁ_% leJ?&H] ;ﬁ(ethan 1- ol Ft) ESI-M5 nfz: 404

Di -tert-butyl(4-chloro-3-[(2,2-dinethyl-1, 3-di oxol an4-yl ) net hyl ] - 1- (4- net ho
xybenzyl) - 1t pyrazol o[ 3, 4- d] pyri m di n-6-yl i m de di carbonate

yrodi ge (2.20 g) and di-tert-butyl dicarbonate (86.59 g)
conposed of the above

1-1, 3-di oxol an-4- - 41 -

o
N NH2

4-chl oro-3-[(2, 2-di
Cl

A mixture composed of 1-(2-amino-4, 6-
dichloropyrimidin-5-yl)-3-buten-1-0l (57.24 g), N-
methylmorpholine-N-oxide (147.6 g), tetrahydrofuran (500 .
ml), acetone (500 ml), water (500 ml) and osmium
tetroxide (62 mg) was stirred at room temperature for 2
days. After the disappearance oflthe materials had been
confirmed,.a saturated aqueocus sodium thiosulfate -
solution (1 L) was added to the reéction solution, and
the reaction mixture was then coﬁcentrated to
approximately 1.5 L-under reduéed pressufe. The residue
was saturated with sodium chloride, followed by
extraction with tetrahydrofuran. The organic layer.was
dried over anhydrous sodium sulfate. After filtrétion,
the filtrate was concentrated under reduced pressure, and
the solvent was then distilled away. N,N-

- Dimethylformamide (500 ml), 2,2-dimethoxypropane (210 ml)
and ﬁ—toluenesulfonic acid monohydrate (18.61 g) were
added to thé resulting residue. The resulting mixture.
was stirred at room temperature for 14 hours. A
saturated sodium bicarbonate solution (1 L) and water (1

L) were added to the reaction mixture, followed by



yl) met hy1] - 1- (4- met hoxybenzy1l) - 1H pyr azol o[ 3, 4- d] pyri m di ne-6-amnine (72.83

.9) and tetrahydrofuran (700 ml), and the resulting mxture was then stirred

"at r'oomtenperature for 12 hours. Thereafter, the reaction mxture was

filtered, and the filtrate was then congentrated under reduced pressure.

The resul ting residue was purified by silica gel colum chromat ography

(ethyl acetate-hexane), so as to obtain the title conpound (70.00 g) as an

anor phous substance. 1H NVR (CDC13) 8: 1.37 (3H, s), 1.40 (3H, s),

1.44-1. 46 (SEBH2GHLOm. "Qlif—hB gyl RRcenats. 48h3 53 9arHc Mryed. 74es3. 81 (4H,

m, 4.09-4.15 (1H, 'y 4 66, (lH , 5.48 (2H, dd(i J=17.3, 15.1 Hz),

6 81 (2H, FUFEPg wa wig-l it arEélS@JBl-?ﬁtze 6L IMHY.  (6)
Di-tert-but [4 c oro-3-(2, 3 di hydr oxypr 0 _1%/ ,

net hoxybenz%fl) 1% DyT’ azadicg F A P qr}ﬁ(id)’ijné)%- 6% rﬁ”&féyca]f%‘é‘? BAET  aNO

- 42 - sulfate. After filtration, the filtrate was concentrated

to about 100 ml under reduced pressure. Hexane was added

to fhe residue, and the precipitate was then collected by

filtration, so as to obtain the title compound (53.88 g)

as a solid.

'H-NMR (DMSO-D¢) &: 1.22-1.32 (6H, m), 1.72-2.23 (2H, m),

2.50 (1H, s), 3.50 (1H, td, J=14.2, 6.9 Hz), 4.22-3.92

(2H, m), 5.06-5.36 (2H, m), 7.43 (2H, d, J=12.8 Hz).

ESI-MS m/z: 308 (M+H)™

(3) 1-(2-Amino-4, 6~dichloropyrimidin-5-yl)-2-(2,2-

dimethyl-[1,3]dioxolan-4-yl)ethan-1-one

\

N NH,

Acétic anhydride (149 ml) was added dropwise to a
mixture composed of the abové 1-(2-amino-4, 6-
| dichloropyrimidin—S—yl)—2?(2,2—dimethy1—[1,3]diéxolan—4—
yl)ethan-1-o0l (74.70 g) and dimethyl sulfoxide (600 ml)
at room temperature over 15 minutes under cooling in an
ice bath. The reaction mixture was then stirred at the

same temperature as above for 18 hours. After the



The above
~di-tert-butyl(4-chloro-3-[(2,2-dinethyl-1, 3-di oxol an-4-yl)nmethyl]-1-(4-nmeth
" oxybenzyl ) - 1H pyrazol o 3, 4-d] pyri m di n-6-yl.l i ni de di carbonate (53.85 g) was
di ssolved in acetonitrile (500 m), andqgcopper(ll) chloride dihydrate
(30.39 g) was then added to the solution. The resulting m xture was stirred
~at roomtenperature for 2 hours. Thereafter, a saturated ammoni um chl oride
aqueous sol uti on was added to the reaction solution, followed by extraction
with ethyl HEEPREEIaMKE Grigdhicc Madyrerl adess Rass Rae i ¢ Sisaniacht édissal i ne, and
it was then dried overu%ggydrous sodium sul fate, fallowed by concentration

under redud€d Freds FPEUTHE MESURANG T et e Sas'a 5 fi é8by silica gel

col um chr onat Qgr.aphy (et hyl, acet at e-hexane), so .as to obtain the title
conpound (fyf%‘fd%gl)%aatédansogr%{r ﬁﬁosuscogu esci)%éendgéj.y 1%%!\%51:(%1330 g %046 (18H,

. 3. An 433 T2 3233, . 3.62-3.82 (5H, n), 4.26-4.34
??LH,%?-55'(3%|?&t2% R Lile Smgdidd dRdNyg) . (5H, m

'H-NMR (CDCl3) &: 1.37 (3H, s), 1.42 (3H, s), 2.98-3.06

(1H, m), 3.32-3.40 (1H, m), 3.67-3.72 (1H, m), 4.25-4.30
(1H, m), 4.57-4.64 (1H, m), 5.72 (2H, s).

ESI-MS m/z: 306 (M+H)*.

(4) 4-Chloro-3-[(2,2-dimethyl-1, 3-dioxolan-4-yl)methyl]-

1-(4-methoxybenzyl)-1H-pyrazolo[3,4-d]lpyrimidine-6-amine

/7

0
0] N—N
@)\
Cl \NJ\NHZ

Triethylamine (83.68 ml) was added to a mixture
composed of the above 1—(2—amino—4,6—dichlorbpyrimidin—5—
yl)—2-(2,2—dimethyl—[1,3]dioxolan—4—yl)éthan—l—bne'(61.23
g), (4-methoxybenzyl)-hydrazine hydfochloride (41.50 qg)
produced by the method described in U.S. Patent No.
US2003/18197, and dichloromethane (600 ml) over 30
minuteé under cooling in an ice bath. Thereafter, while
the temperature of the reaction solution was gradually
raised, it was stifred for 17 hours. Thereafter, a 10%

citric acid aqueous solution was added to the reaction



t,J=15.9 Hz),6.82 (2H, d, J=8.1Hz), 7.25- 7.30(2H m.
- 40 -

mixture, followed by extraction with dichloromethane.

The organic layer was dried over anhydrous sodium sulfate
and was then concentrated under reduced pressure. A 5%
citric acid aqueous solution was added to the resulting
residue, and the.precipitate was then collected by
filtration.. The resultanf was washed with water, so as
to obtain the title compound (73.84 g) as a solid.

"H-NMR (CDCl3) &: 1.36 (3H, s), 1.43 (3H, s), 3.11 (1H,
dd, J=14.7, 8.1 Hz), 3.43 (1H, dd, J=14.7, 5.2 Hz), 3.73;
3.78 (4H, m), 4.08 (1lH, dd, J=8.1, 6.0 Hz), 4.54-4.61 (1lH,
m), 4.77 (2H, brs), 5.22 (2H, s), 6.53 (2H, d, J=8.5 Hz),
7.24 (2H, d, J=8.5 Hz).

ESI-MS m/z: 404 (M+H)". -

(5) Di—tert—butyl{4—chloro—3—[(2,2—dimethyl—1,3—dioxolan—
4—yl)methyl]—1—(4—methoxybenzyl)—lH—pyrazolb[3,4—
d]pyrimidin-6-yl}imide dicarbonate

/

0

D

Q N-N
!
= “ ji
\N):E\ O/Q\
X
4-Dimethylaminopyridine (2.20 g) and di—tért—butyl

dicarbonate (86.59 g) were added to a mixture composed of

the above 4-chloro-3-[(2,2~dimethyl-1,3-dioxolan-4-



ESI-M5S mz: 564 (MtH)+. (7)

D -tert-butyl[8-hydroxy-2-(4-nmethoxybenzyl)-2,7,8, 9-
"tetrahydro-6-thia-1,2,3,5-tetraazabenzo[ cd] azul en-4- yllimi de dicarbonate

- 43 - Met hanesul f onyl chl ori_dgl-(g. 23 mM) was added dropwise to a
m xture conposed of the above

di -tertbutyl[4-chl oro-3-(2, 3-di hydr oxypropyl)-1-(4- .

met hoxybenzy1l) - 1H pyrazol o[ 3, 4-d] pyrim di n-6-yl ]i m de di carbonate (28.00
9), 2,4, 6-cdmading J(—ie. @3 mabhoandh siriidrolds i A Broldbet4rane (400 nl) under

cooling in an ice bath. The resulting mxture was then stirred at 4C for 15

hours. Theﬁdﬁﬁwld&nﬁ%—(ﬁ“‘tm% 'dci ¢ adie st S8 utd I MRS e b the

| ayer vas G dd S e s b i O e, R S W CHlerF hcant ot od
/ S | . ! esolved

NN di ot g BT 900 S Y oL e S el o Sheur Fr S L eBhony dr at e

(5.52 0) wasi then qdded 10 dier seld i1qfk UNder A0 difLan |ce bath.

Thereafter, the resulting mxture was stirre roomtenperature for 1.5
hours. Thereafdeartr PAAIHIIER ALY © b A2 NYrhwasaddednyo the reaction

m xture, and the resulting m xture was.then heated to 50C, followed by a
further stingdirpeoparsatbguoni fierd yhatrisica gel column chromatography

(ethyl acetate-hexane), so as to obtain the title

compound (70.00 g) as an amorphous substance.

'H-NMR (CDCls) &: 1.37 (3H, s), 1.40 (3H, s), 1.44-1.46

(184, m), 3.21-3.29 (1H, m), 3.48-3.55 (1H, m), 3.74-3.81

(4H, m), 4.09—4.15 (1H, m), 4.58-4.66 (1H, m), 5.48 (2H,

dd, J=17.3, 15.1 Hz), 6.81 (2H, d, J=7.8 Hz), 7.27-7.30

(2H, m). |

ESI-MS m/z: 604 (M+H)™.

~ (6) Di-tert-butyl[4-chloro-3-(2,3-dihydroxypropyl)-1-(4-

methobeenzyl)—lH—pyrazolo[3,4—d]pyrimidin—6—yl]imide

dicarbonate
/
0
HO H N-N

Q.NENED%*
X



- 44 - Subsequently, ethyl acetate was added to the reaction m xture, and
the resultant was then successively washed with a 10%citric acid agueous
"solution and then with a saturated saline. The resultant was dried over
anhydrous sodiumsulfate, and it was_tRhen_concentrated under reduced
pressure. The resulting residue was purified by silica gel colum

chromat ography (ethyl acetate-hexane), so as to obtain the title conpound
(20.59 g) as a SO|Id 1H- NWMR (CDC13) 8: 1.45 (18H, s), 2.39 (1H, brs),
3.29- 3.51 (4H aﬁogg fiptepitsputylid-chliorer34.( @225%919%@9{1?) 6. 82

EZFBlg(tért t%*V%D ﬁ95?ﬁﬁgﬁ3%”§ QHIFQ meéﬂaQ“%enzy1544 LM L9
met hoxybenzp%,lr)aZ]o,lo 9 erdg)gﬁrlgffhlﬁainl 62 yi?l} acecft raazaben 31 %%Z;ﬁ:)e %vas added

acetat e o it oS phere arhydri

dropwi se t QA ddi1& L0 Osa%%tcei the aboygy 1 1
ditert-butyl[8- ﬁydroxf 2- nethéwybenzyly %“Q’gﬁnd copper (I1)

t et r ahydr o-Gritd¥i;arel A2, ofratt%t r @az.ae nyo[yed] a@fu:,lrserb&ded tfHx e YI]imde
di carbonate (8.17 g), dinethyl squOX|de (74 m), and pyridine (12 m)

under cool issggduidmce, Tasdrtbalresyl i Rguiexivdise swas rieliea tstricbed for 30
m nutes. Thereafter, the reaction solution was further stirred at room
t emper at ur e dmgrerBy ureurtor Af therunshe Bihsappéarance saturated
ammonium chloride aqueous solution was added to the
reaction solution, followed by extraction with ethyl
acetate. The organic layer was washed with saturated
saline, and it was then dried over anhydrous sodium
sulfate, followed by concentration under reduced pressure.
The resulting residue was purified by silica gel column
chromatography (ethyl acetate-hexane), so as to obtain
the title compound (37.70 g) as an amorphous substance.
'H-NMR (CDCl;) &: 1.46 (18H, s), 3.15 (1H, d, J=3.7 Hz),
3.23-3.33 (2H, m), 3.62-3.82 (5H, m), 4.26-4.34 (1H, m),
5.49 (2H, t, J=15.9 Hz), 6.82 (2H, d, J=8.1 Hz), 7.25-
7.30 (2H, m).

ESI-MS m/z: 564 (M+H)*

(7) Di-tert-butyl[8-hydroxy-2-(4-methoxybenzyl)-2,7,8,9-
tetrahydro-6-thia-1,2, 3,5-tetraazabenzo[cdlazulen-4-

yl]limide dicarbonate



of the materials had been confirned, the reaction mxture was diluted with
ethyl acetate, and it was then washed with a saturated saline. The organic
"layer was dried over anhydrous sodium sulfate, followed by concentration
under reduced pressure. The resulting ggsidue was purified by silica gel
col um chr omat ogr aphy (et hyl acetate-hexane), so as to obtain the title
conpound (6.15 g) as an anorphous substance. 1H NMR (CDC13) 8. 1.44 (18H,
s), 2.26 (3H, s), 3.77 (3H, s), 3.88 (2H, s), 5.50 (2H, s), 6.68 (1H, s),
6.83 (2H, d, J=8.84Kz), 7.31 (2H, d, J=8.8 Hz). ESI-M5 mz: 584 (MrH)+. (9)
D -tert-butyl[2-(4-\net hoxybenzyl) - 8-o0xo0-2, 7, 8, 9- :

t et rahydro-6-thi a- .3, 5-tetraazabenzo[ cd] azul en-4- yl]im de dicarbonate
- 46 - A m xt conposed of the above _

4-[ bi s(tertbutoxycarbonyl)am no] - 2- (4- met hoxybenzyl) -2, 7-di hydr o- 6-
thia-1,2,3,5-tetr abenzo[ cd] azul en-8-y1l acetate (6.15 g), methanol (200
m ), and potasgrix bqpate (0.73 g) was stirred for 1.5 hours under
cooling in { ce baya.Jfﬁter t he di sappearance of the materials had been
‘confirmed, a sat&raledNan@oi um chl ori de agueous sol ution was added to the
reaction m xture, fo d by extraction with ethyl acetate. The organic

| ayer was washed with algaturated saline, and it was then dried over

anhydr ous sodi um sul fafe,” foll owed by concentration under reduced pressure,
.S0 as to obtain the title conmpound (5.70 g) as an anor phous substance.

1H NWR (CDC13) 8: 1.46 (18H, s), 3.84 (2H, s), 3.77 (3H, s), 4.23 (2H, s),
5.48 (2H, s), 6.83 (2H, d, J=8.6 Hz), 7.32 §2H, d, J=8.6 Hz). ESI-M5 nl z:
542 (MrH) +. (10YCEPRPESRALPRYS( FBLPIBGCOXcarbBy| yasi rePes (4-

met hoxybenzyl) -2, 7-di hydro-6-thia-1, 2, 3, b- ,
tetraazaber%&{pé’&lsfz&loer?- @ﬂﬁq%@etcﬂ“@oseds of the above di-tert-

butyl[4-chloro-3-(2,3-dihydroxypropyl)-1-(4-

methoxybenzyl)-1H-pyrazolo[3,4-d]pyrimidin-6-yl]}imide

| dicarbonate (28.00 g), 2,4, 6-collidine (16.53 ml) and
anﬂydrous dichloromethane (40d ml) under cooling in an
ice bath. The resulting mixture was then stirred at 4°C
for 15 hours. Thereafter, a 10% citric acid aqueous
solution was added to the reaction mixture, followed by
éxtraction with dichloromethane. The organic layer was
dried over anhydrous sodium sulfate, and it was then
concentrated under reduced pressure. The resulting
residue was dissolved in N,N-dimethylformamide (300 ml),
and sodium hydfogensulfide monohydrate (5.52.g) was then
added to the solution under cooling in an ice bath.
Thereafter,'the resulting mixture was stirred at room
temperature for 1.5 hours. Thereéfter, potassium
carbonate (10.29 mg) was added tb the reaction mixture,
and the resulting mixture was then heated to 50°C,

followed by a further stirring operation for 5 hours;



- 47 - A m xture conposed of the above di-tert-butyl[2-(4-
nethoxybenzyl) 8-o0x0-2,7,8,9-tetrahydro-6-thia-1, 2, 3, 5-
tetraazabenzo[cd]azulen 4-yl]im de dicarbonate (5.19 g), ethyl

(triphenyl phosphanyl i dene)acetate (3.5%,9)., and tol uene (300 m) was
stirred at 65C for 13 hours. Thereafter, the reaction m xture was
concentrated under reduced pressure, and the residue was then purified by
silica gel cqlum chronatoq{aphy (et hyl acetate-hexane), so as to obtain

the title CONpBHRETSBLY8 QHNEs &if tehic? phtis2 &Rt Ehcele reaqi avR( CDC13)

mixture, and the resultant was‘then successively washed
with a 10% citric acid aqueous solution and then with a
saturated saline. The resultant Qas dried over anhydrous
sodium sulfate, and it was then concentrated under
reduced pressure. The resulting residue wés purified by
silica gel column chromatography (ethyl acetate-hexane),
so as to obtain the title compound (20.59 g) as a solid.
'"H-NMR (CDCls) &: 1.45 (18H, s), 2.39 (1H, brs), 3.29-
3.51 (4H, m), 4.58 (1H, brs), 3.76 (3H, s), 5.42-5.49 (2H,
.m), 6.82 (2H, 4, J=8.6 Hz), 7.30 (2H, d, J=8.6 Hz).

EST-MS m/z: 544 (M+H)*?

(8) 4-[Bis(tert-butoxycarbonyl)amino]-2-(4-
methoxybenzyl)-2,7-dihydro-6-thia-1,2, 3, 5-

tetraazabenzo[cd]lazulen-8-yl acetate

L\l_
7 ¥ N
|
S‘NANEO%\
0™o

In a nitrogen atmosphere, acetic anhydride (14 ml)
was added dropwise to a mixture composed of the above di-
tert-butyl[8-hydroxy-2- (4-methoxybenzyl)-2,7,8, 9-

tetrahydro-6-thia-1,2,3,5-tetraazabenzo[cd]lazulen-4-



M, 2.37-2.40 5:1.29 (1H, m), (3Ht,J=7.1Hz), 2.46-2.52(1H n), 1.69-1.77
2.68-2.71 (1H, (2H, m), 4.20(2H q,J=7.1

- 45 -

yl]limide dicarbonate (8.17 g), dimethyl sulfoxide (74 ml),
and pyridine (12 ml) under cooling on ice, and the 
resultihg mixture was then stirred for 30 minutes.
Thereafter, the. reaction solution was further stirred at
room temperature for 15 hours. After the disappearance

of the materials had been confirmed, the reaction mixture
was diluted with ethyl acetate, and it was then washed
with a saturated saline. The organic layer was dried

over anhydrous sodium sulfate, followed by concentration
under reduced pressure. The resulting residue was
purified by silica gel column chromatography (ethyl
.acetate—hexané), so as to obtain the title'cémpound (6.15
g) as an amorphous substance. |

'H~NMR (CDCls) &: 1.44 (18H, s), 2.26 (3H, s), 3.77 (3H,
s), 3.88 (2H, s), 5.50 (2H, s), 6.68 (1lH, s), 6.83 (2H, d,
J=8.8 Hz), 7.31 (2H, d, J=8.8 Hz).

ESI-MS m/z: 584 (M+H)".

(9) Di-tert-butyl({2-(4-methoxybenzyl)-8-oxo-2,7,8,9-
tetrahydro-6-thia-1,2, 3, 5-tetraazabenzo[cd]azulen-4-
yllimide dicarbonate

—Q



Hz),5.10-5.13 (1H m,5.20 (2H, brs). ESI-M5s mz: 612 (MrH+ (11)
2-(4-am no-2, 7-di hydro-6-thia-1, 2, 3, 5-
Vtetraazabenzo[cd]azulen 8-yl)- N—nethylacetanlde trifluoroacetate - 48 -

The above et hyl

(4-[bis(tert- butoxycar@@nyl)anlno]

2- (4- met hoxybenzy1) -2, 7-di hydro-6-thia-1, 2, 3, 5-
tetraazabenzo[cd]azulen 8-yl lacetate (2. 2 g) was dissolved in a 40%

met hyl am ne/ nmet hanol solution (40 m.), and the m xed solution was then
stirred at roonf't BhpErature™Pereg ﬁSu#Qe ?ﬁ@véoﬁplgﬁﬁéﬁeéF the reaction was

confirned

and under_ r educed

h I di still
pressure. %ﬁé?é&F?éPongﬁséﬁﬁz% vgnt) Hﬁﬂ&¥$£?%b%ﬁédc '|c%§£ﬁgr€J§ M) were
added to tQﬁégegubtgngh%%%lgggabggqo Q%_res ltt%qulé%%%%te S tq%n stirred

at 65C for

hodr's

ereafter

g), methanol (200 ml), and potassium carbonate (0.73 g)

was stirred for 1.5 hours under cooling in an ice bath.

After the disappearance of the materials had been

confirmed, a saturated ammonium chloride aqueous solution

was added to the reaction mixture, followed by extraction

-with ethyl acetate. The organic layer was washed with a

saturated saline, and it was then dried over anhydrous

sodium sulfate, followed by concentration under reduced

pressure, so as to cbtain the title compound (5.70 g) as

an amorphous substance.

'H-NMR

s),

7.32

(CDCls) 6: 1.46 (18H, s), 3.84 (2H, s), 3.77 (3H,

4.23 (2H, s), 5.48 (2H, s), 6.83 (2H, d, J=8.6 Hz),

(2H, d, J=8.6 Hz).

ESI-MS m/z: 542 (M+H)*

(10)

Ethyl {4-[bis(tert-butoxycarbonyl)amino]-2-(4-

- methoxybenzyl)-2,7-dihydro-6-thia-1,2, 3, 5~

tetraazabenzo[cd]azulen-8-yl}acetate



reaction solution was concentrated under reduced pressure, and an isopropyl
et her-ether m xed solution was then added to the residue. The precipitate
"was ‘collected by filtration, so as to obtain the title conpound (1.53 g) as
a solid. ESI-Ms mz: 277 (MrH) +. (12) 3-Chl oro-4-hydroxy-6-nethyl nicotinic
acid - 49 - Commerci al ly avail abl e 4-hydroxy-6-nmethyl-nicotinic acid
(300 ng) was suspended in 3 n of acetonitrile, and N-chl orosucci ni m de
(380 ng) was then added to the suspension. The resulting m xture was
stirred at roomtenperature for 30 m nutes. Thereafter, the reaction
solution was heated tnder reflux for 45 mnutes. After the disappearance of
the materials had be confirmed, the reaction solution was cool ed on ice,
and the precipitate then collected by filtration, so as to obtain the
title conpouqd 324 ng) as a solid. 1H NWR (CD30D) 6: 2.56 (3H, s), 8.50
(1H, s). ESI- zy 88 (M+H) + (13) Methyl 4,5-dichloro-6-nethylnicotinate
Phosphorus oxyc i N1ol3, nl) was added to the above

5-chl or o- 4- hydr oxy.- dijgotinic acid (320 ng), and the resulting

m xture was then heated _under reflux for 2 hours. Thereafter, the reaction
sol uti on was concentrat®dQunder reduced pressure, and nmethanol (3 m) was
then added dropwi se to t resi due under cooling on ice. The resulting

m xture was stirred at room

A mixture composed of the above di-tert-butyl[2-(4-

methoxybenzyl)-8-oxo-2,7,8, 9-tetrahydro-6-thia-1,2, 3, 5~
tetraazabenzo[cd]aéulen—4—yl]imide dicarbonate (5.19 gd,
ethyl (triphenylphosphanylidene)acetate (3.51 gf, and
toluene (300 ml) was stirred at 65°C for 13 hours.
‘Thereafter, the reaction mixture was concentrated under
reduced pressure, and the residue was then purified by
éilica gel column chromatography (ethyl acetate-hexane),
so as to obtain the title compound (3.78 g) as an
amorphous substance.
'H-NMR (CDCl3) &: 1.29 (3H, t, J=7.1 Hz), 1.69-1.77 (1H,
m), 2.37:2.40 (lH, m), 2.46-2.52 (1H, m), 2.68-2.71 (2H,
m), 4.20 (2H, g, J=7.1 Hz), 5.10-5.13 (1H, m), 5.20 (2H,
brs).

ESI-MS m/z: 612 (M+H)®

(11) 2-(4-amino-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen—8—yl)—N—methylacqtamide

trifluorcacetate



tenperature for 30. mnutes, followed by concentration under reduced
pressure. A saturated sodi um bicarbonate - 50 - solution was added to the
‘resi'due under cooling on ice, followed by extraction with ethyl acetate.
The organic |ayer was dried over anhydygus sodiumsulfate, and the sol vent
was then distilled away, so as to obtaln a crude product of the title
conpound (436 ng) as a solid. ESI-M5 nfz: 220 (M+tH) + (14) Met hyl

5- chl or o- 4- met hoxy- 6- net hylni coti nate Crude met hyl

4, 5-di chl or g- GCﬁEthy*hICOt nate (380 ng) was dissolved in 3 nl of nethano

_ and in a niNKogendtsty edt® sBdi um met hoxi de (120 ng) was then added to the
solution under ollﬁgyon ide. The tenperature of the reaction solution was
gradual 'y rai sed I_%enperature, and it was stirred for 18 hours.
After the disappearance OF the materials had been confirnmed, a saturated
ammoni um chl ori de aqueous sol ution was added to the reaction solution under
cooling on ice, followed by extraction with chloroform The organic | ayer
was dried over anBydreys sediumgul B@qute%@dbhfa%x%'a\f%%y\&@%ml%f} distilled
away. The residue was purified by silica gel chromatography (eth

acet at e- hexang)-mead s/ ded Qht) aion t-he Hyidde eamewnd.2 (R0 ng) as a solid.

- 51 - 1HNWR (CDC13) 6: 2.67 (3H, s), 3.95 (4H, s), 4.00 (3H, s), 8.76
(1H, s). tetraazabenzo[cd]azulen-8-yl}acetate (2.2 g) was

dissolved in a 40% methylamine/methanol solution (40 ml),
and the mixed solution was then stirred at room
‘temperature for 2 houfs. The completion of the reaction
was confirmed by LC-MS, and the solvent was.then
distilled away under reduced pressure. Thereafter,
anisole (2 ml) and trifluorocacetic acid (40 ml) were
added to the resulting residue, and the resulting mixture
was then stirred at 65°C for 15 hours. Thereafter, the
reaction solution was concentrated under reduced pressure,
and an isopropyl ether-ether mixed solution was then
added to the residue. The precipitate was collected by
filtration, so as to obtain the title cbmpound (1.53 qg)
as a solid.

ESI-MS m/z: 277 (M+H)"

(12) 5-Chloro-4-hydroxy-6-methylnicotinic acid

_ IIN\
CI” ¥ “COOH -

OH



ESI-M5 mlz: 216 (M+H)+ (15) _
(5- Chl or o- 4- met hoxy- 6- net hyl pyri di n-3-yl ) nmet hanol HO,,,,-*.),,]?2C ,0

" The ‘above nethyl 5-chl oro-4-net hoxy-6- nethylnicotinate (1.0 g) was

di ssolved in 30 mM of nethanol, and sodhyum borohydride (1.75 g) was then
added to the solution. The resulting m xture was heated under reflux for 1
hour. Thereafter, a saturated amoni um chl ori de aqueous sol uti on was added

to the reaction _solution under ¢ooling on ice, followed by extraction with
chl or of or m t hr eE°TPRESL2FhE 6GaniPelPafeh YRES Xdriceedvar ~2ARPdieds sodi um

oulate, 0.sha R vt e o0 et 1 of e 20,89 Lo abtap phe (il e
4.00 (3H, Ef@—’chﬁ'o@os(u%'é’inqrnﬁ)d’e 8('3%?0 %g")" wsa?s -%%énw%égeza tlo88ch(eM+H)+ - 52 -
suspension. The resulting mixture was stirred at room
temperature for 30 minutes. Théreafte;, the reaction
solution was heated under reflux.for 45 minutes. After
the disappearance of the materials had been confirmed,
the reaction solution was cooled on ice, and the
precipitate was then collected by filtration, so as to
obtain the title compound (324 mg) as a solid.
'"H-NMR (CD3OD) &: 2.56 (3H, s), 8.50 (1H, s).

ESI-MS m/z: 188 (M+H)+

(13) Methyl 4,5¥dichloro—6—methylnicotinate

Phosphorus oxychloride (1.13 ml) was added to the
above 5-chloro-4-hydroxy-6-methylnicotinic acid (320 mg),
and the resulting mixture was then heated under reflux
for 2_ﬁours. Thereafter, the reaction solution was
concentrated under reduced pressure, and meﬁhanol (3 ml)
was then added dropwise to the residue under cooling on
ice. The resulting mixture was stirred at room
temperature for 30 minutes, followed by concentration

under reduced pressure. A saturated sodium bicarbonate



The above (5-chl oro-4-net hoxy-6-net hyl pyridi n-3- yl)nethanol (520 ng) was
dissolved in 20 m of chloroform and thionyl chloride (0.38 m) was then
"added to the solution under cooling on ice. The resulting mi xture was
stirred at the sanme tenperature as abowg for 3 hours. Thereafter, the
reaction solution was concentrated, and ethyl acetate was then added to the
concentrate. The resulting m xture was washed with saturated sodi um

bi carbonate sol ution, wate and saturated saline in thls order. The

organi c | ayi %sorﬁr‘”iaesd% d FithydtodSSFH MR T BLLHHH Thel 1 vent was

t hen distil awa The re5|due vas. urified by silic chr gmat ogr aph
(et hyl aceggﬁg' efgn SHFHHDS dbr éfn*?ﬁgwﬁ? E?%%np§G%do€§§@lﬁb) gs gny

g'_ l?)é ?ll"ﬂst q)%%gsﬁ%ml(e@?\? %\ﬂ_ré/ 11“7%|_éoc§fum suOPfa(te, asr’?d tAhe61 (2H s),
3- Chl or 0- 4-yAthgny v t@é??tﬁyétﬁwl'éﬂ %rre% %03 to obﬁ%@éfabé)v@rude
p (

3-chl oro-5-(chl oronet hyl ) - 4- met hoxy- 2 yr|d|ne ng) was

di ssol ved igrolict «f ume! hanale @bl P@?@G&l@n dQ gp1 s then added to
t he sol ution. Nornmal -pressure contact hydrogenati on was perforned on the

m xture undsSI-¢eoli/g @?d c@#mr+ 3 hours. Thereafter, the catal yst was
removed by filtration, and nethanol was then distilled away under reduced
pressure. The residue was extracted with chloroform The organic |ayer was
washed with a saturated sodi um bi carbonate solution, and it was then dri.ed
over anhydridds $&dihvmh suldhdtas o-Fhaeddlaxant6 weest i lstiddteichatway, and the
residue was purified by silica gel chromatography (ethyl acetate-hexane),
so as to obtain the title conmpound (365 ng) as an oily substance.

= O

o_ O

Cl

Crude methyl 4,5-dichloro-6-methylnicotinate (380
mg) was dissolved in 3 ml of ﬁethanol aﬁd, in a nitrogen
stream, sodium methoxide (120 mg) was then added to the
solution under cooling on ice. The temperature of the
reaction solution was graaually raised to foom
temperature, and it was stirred for 18 hours. After the
disappearance of the materials had been confirmed, a

- saturated ammonium chloride aqueous solution was added to
the reaction solution under cooling on ice, followed by
extraction with chloroform. The'organic layer was dried

. over anhydrous sodium sulfate, and the solvent was then
distilled away. The residue was purified by silica gel
chromatography (ethyl acetate-hexane), so as to obtain

the title compound (210 mg) as a solid.



1H NWR (CDC13) 8: 2.25 (3H, s), 2.59 (3H, s), 3.89 (3H, s), 8.16 (1H, s).
ESI-M5 mz: 172 (MtH)+ (18) 3-Chl oro-4-net hoxy-2, 5-di net hyl pyri di ne 1-oxide
" The ‘above 3-chl or o- 4- net hoxy- 2, 5-di net hyl pyri di ne (181 ng) was di ssolved in
5 m of dichloronethane, and urea peroxide (169 ng) and phthalic anhydride
(219 ng) were then added to the solution. The resulting m xture was stirred
at roomtenperature for 2.5 hours. - 54 - Thereafter, a saturated aqueous
sodium thiosul fate solution was added to the reaction sol ution under

cool i ng onlﬁC@MRad&WKHe résuftPhg(Plixt are wa85t héH, di) ut éd0Ri {BHehl or of or m
The wat er yer %gtra ted with chloroformtwo tines. The organic |ayer
was dried aﬁﬁid gdi um sul fate, and the solvent was then distilled

, the tifl d (181 lid. 1K NWR
(COCi3) 6: Elzﬁgbél?fl 2% A Sy 8. 67 (3 o). 8,07 (L 8). ESI- VB

mz: 188 (M+H) + (19) (3 Chloro 4- met hoxy- 5- net hyl pyri di n- 2-yl ) net hanol

(15) (5-Chloro-4-methoxy-6-methylpyridin-3-yl)methanol

N

0

The above methyl 5—chloro—4—methoxy—6—
.methylnicotinate (1.0 g) was dissolved in 30 ml of
methanol, and sodium borohydride (1.75 g) was then added
to the solution. The resulting mixture was heated under
reflux for 1 hour. Thereafter, a saturated ammonium
chloride aqueous solution was added to the reaction
solution under cooling on ice, followéd by extraction
with chloroform three times. The organic layer was dried
ovér anhydrous sodium sulfate, and the solvent was then .
distilled away, so as to obtain the title compound (0.92
g) as an oily substance.
1H-NMR (CDCls) 6: 2.63 (3H, s}, 4.00 (3H, s), 4.71 (24,
brs), 8.33 (1H, s)

ESI-MS m/z: 188 (M+H)+

(lo) 3—Chlor0v5—(chloromethyl)—4—methoxy—2—methylpyridine



The above 3-chl or o- 4- net hoxy- 2, 5-di net hyl pyri dine 1- oxide (530 ng) was
suspended in 15 m of dichloronethane, and trifluoroacetic anhydride (0.39
"m) was then added to the suspension under cooling on ice. The resulting
m xture was stirred at room tenperatur 2fqr 3 hours. The reaction solution
was diluted with chloroform and was then washed with a saturated sodi um
bi carbonate solution. The water |ayer was extracted with chloroform The
organi c |l ayer was dried over anhydrous sodium sul fate, and the Sol vent was

then distilled , SO as to obtain the title conmpound (521 ng) as an oily
subst ance. \7§i$§ylH-NNR (CDC13) 8: 2.29 (3H, s), 3.93 (3H, s), 4.29 (1H,
&

brs), 4.72-4°74 , m, 8.26 (1H, s). ESI-Ms nfz: 188 (MtH) + (20)

3- Chl or 0- 2- (chl-&t orret hyl ) - 4- net hoxy- 5- net hyl pyri di ne hydrochl ori de

The above (3-chl oro-4-net hoxy-5-net hyl pyri di n-2- yl)nethanol (530 ng) was
di ssolved in 20 m of chloroform and thionyl chloride (1.03 m) was then
added dropwi se to the solution under cooling on ice. The resulting m xture

was stirred at ﬁ%@n%®%¥r@&%ﬁf ~ 43 {ROYS S, NS 8 it %J-ﬁﬁion
sol uti on was concenf%ated} and f% was t hen ﬁ%she533§%¢?¥§lﬁpXe sol vent of

et her - hexangl,) s land 10 @R @iny )t head 1dd &ssDppoUNd 1d101 N8 @51 S SOb i,

1H- NMR (CDC13) 8: 2.47 (3H, s), 4.32 (3H, s), 5.09 (2H, s), 8.54 (1I—f, S).
and thionyl chloride (0.38 ml) was then added to the
solution under.cooling on ice. The resulting mixture was
stirred at the same temperature as above for 3 hours.
Thereafter, the reaction solution was cbncentrated, and
ethyl aceﬁate was then added to the concentrate. The
resulting mixture was washed with saturated sodium
bicarbonate solution, water, and |
saturated saline in this order. The organic layer was
dried over anhydrous sodium sulfate, and the solvent was
then distilled away. The residue was purified by silica
gel chromatography (ethyl acetate-hexane), so as to
obtain the title compound (550 mg) as an oily substance.
1H-NMR (CDC13) 6: 2.64 (3H, s), 4.05 (3H, s), 4.61 kZH, |
s), 8.35 (1H, s).

ESI-MS m/z: 206 (M+H)+

(17) 3-Chloro-4-methoxy-2,5-dimethylpyridine

/NI

O



ESI-M5 mz: 206 (MrH)+ (21)
2-{4- Am no- 2-[ (3-chl or o- 4- net hoxy- 5- net hyl pyri di n- 2-
"yl ) met hyl] - 2, 7- di hydro-6-thia-1, 2, 3, 5-
t et raazabenzo[ cd] azul en: 8-yl | - N-net hyl ggetam de - 56 -
Di ret hyl formanmide (1 m) was added to
2- (4-am no2, 7-di hydro-6-thia-1, 2, 3, 5- tetraazabenzo[cd]azulen 8- yl)

N—nethylacetam
(chl oronet hyl ) -

pot assi um
2.5 hours.

t he solven}lgggsgﬁen ghsﬁ %%@%OthXIS

resi due was
purified bypreRamnat otﬁafrragyeg§@sgbééec5l}?£§ctTh

FrhbraoaoaEs e (78 E&H%Fgé{hﬁozu R

onate. The .resul tj.n irred at 60C for
ﬁg ggyg lneﬂg%5gsgﬁublg nﬁ?@ qué§y ﬁb iltration, and

on k)

ol'ved in e (1

%%’}) ShS %a@dtd-gaie . esc%' ting
§85¥F}Q¥:1$ﬁswg55t' | | ed away

d
under reduced pressure, so as to obtain the t|? | e Compound (27.0 ngy) as a
solid. 1H NMRFCCREE3br6ithd. 24 xtdile ShdeZ &2d13hg Gn Jeb $J2)3 Hbudk.(2H,

s), 3.80
6. 70 (1H,
5- Bronpn- 2,

(2H, 's), 3.91 (3H, s), 5.21 (2H, s), 5.65 (2H, s), 5.87 (1H,

Sher@afeflHthe) cabESyNME mhz. ré46 vt bH)yt+.f i(lExanyilos,2)andl)
3-di net hyl-4-nitropyridine 1-oxide

methanol was then distilled away under reduced pressure.
The residue was extracted with chloroform. The organic
layer was Washed_with a saturated sodium bicarbonafe
solution, and it was then dried over anhydrous sodium
sulfate. The solvent was distilled away, and the residue
was purified by silica gel chromafography (ethyl.acetate—
hexane), so as to obtain the title compound (365 mg) as
an oily substance.

1H-NMR (CDCl3) &: 2.25 (3H, s), 2.59 (3H, s), 3.89 (3H,
s), 8.16 (1H, s). | |

ESI-MS m/z: 172 (M+H)+

(18) 3-Chloro-4-methoxy-2,5-dimethylpyridine l-oxide

o

1+

Nl
0

7~

The above 3-chloro-4-methoxy-2,5-dimethylpyridine
(181 mg) was dissolved in 5 ml of dichloromethane, and
urea peroxide (169 mg) and phthalic anhydrlde (219 mgj
were then added to the solution. The resultlng mixture

was stirred at room temperature for 2.5 hours.

s),



- 57 - 0- 5- Brono- 2, 3-di net hyl pyri di ne- 1-oxi de (4.61 g) produced by
_the nethod described in U S. Patent No. US5250527 was dissolved in
concentrated sulfuric acid (10 m ). Thereafter, a m xed solution of fum ng
nitric acid (24 m) and fumng sul furiggacid (13 m ) was added dropw se to
t he sol ution obtained above under stirring and cooling on ice. The
resulting mxture was stirred at the sane tenperature as above for 30

m nut es, then stirred at, 9000 for 1 hour. After |eaving to cool,

the reacti @%‘e&?la&c oG \ﬁassaﬁé’lﬁaé?@di RENGOHS \RAEMT 5 “hane was added
to the rea%tll%r%l%%l t| orécyd%ge stl rr| 9 and nd coolu%%er{lé%l&: geﬁO% tltlngl gzdwgge'

m xt ure was then neutral|z am"mmawaer

extracted \@n] chl chlof %%ter}%%l%\/let-r%?l%\/\g{lg&h c‘fﬁ%t fer s dnigd pvar. anhydrous

magnesi um s até, and t ed away un r reduce

pressure, %QMAQOE%rﬁptaTHeangQgelQQQQUQESOEXEQQCEEH|@1@9npound (4 80 g) as
a solid. (2) 5-Bronp-4-nethoxy-2,3-dinmethyl pyridine 1-oxid -

A 1 M sodi uwRirRFPde-wettharel., q@lleufdr%r{l%o my)erwaz%satéﬂq@d %@rﬁﬁ‘t hanol
(20 m) solution of the above 5- brono-2, 3-di methyl-4-nitropyridi ne 1-oxide

(4.80 g) urdérydsoolsi mgpdimmarsulde tlkeat Iaa,ncanﬂhet e Irvesitl tWakg thiext ur e was
stirred at roomtenperature overnight. Thereafter, the reaction solution
was concentigtdd leshdviehe sesiadud onebtdiiss diheed iitd edicoiponomet Hade and
wat er for I|qU| d separation. The organic |ayer was dried over anhydrous
sodi um sul f&e2Safd SR F-i [ trate was then concentrated, so as to obtain a
crude product of t he t|t e co ou nd ) as a SO|Id 'H-NR]SCDC13) 8:
2.30 (3H JF-NYRAACDSH3) 5§90 3. %IH % 3 (1, ).

s), 8.07 (1H, s).

ESI-MS m/z: 188 (M+H)+

(19) (3-Chloro-4-methoxy-5-methylpyridin-2-yl)methanol
. ’ .

The above 3-chlorc-4-methoxy-2,5-dimethylpyridine 1-
oxide (530 mg) was suspended in 15 ml of.dichloromethane,
and trifluorocacetic anhydride (0.39 ml) was then added to
the suspension under cooling on ice. The resulting
mixture was stirred at room temperature fer 3 hours. The
reaction solution was diluted with chloroform, and was
then washed with a saturated sodium bicarbonate solution.

' The Wéter layer was extracted with chloroform. The
organic layer was dried over anhydrous sodium sulfate,
and the Sleent was then distilled away, so as to obtain

the title compound (521 mg) as an oily substance.



ESI-MS mz: 232 (MtH)+ (3) (5-Brono-4-nethoxy-3-nethyl pyridin-2- yl ) met hanol

~Br 0. 5- Br ono- 4- net hoxy- 2, 3-di net hyl pyri dine 1-oxide (4.91 g) was
di ssol ved in dichloronethane (60 m ), and trifluoroacetic anhydride (20 m)
was then added to the - 59 - solutiangat_roomtenperature. The resulting

m xture was stirred overnight. Thereafter, the reaction solution was
concentrated, and the concentrated sol ution was then di ssol ved i n net hanol

(50 m). The resultiqtlcg{mxture was stirred at 50C for 1 hour. The reaction
sol uti on wad! E8Ht elftiGEtd O THe 2PediBdue Sias 3di%Ssdi3ed Sin di-@9 drldiret hane,

and was then shed, WM th a urate i bi carbonate solution. The
organi c Ia3(§)<=f‘ﬁrsvya\/(/a2l 'g7r2|_éld o%/e@%{an dr%u?oego FHJmsg)ul fate, and the filtrate was
t hen concenpty/ated. e [QSi was purified by silica gel colum
chr omat ogr aphyt‘\ﬁenﬁ(/gge-leﬁyl glget ate), so as to obtain the title conpound
(3.43 g) as a solid. HNW (CDC13) 6: 2.17 (3H, s), 3.89 (3H, s), 4.62
(2H, s), 8.50 (1H, s). .

(20) 3—Chloro—2—(chloromethyl)—4—methoxy—S—methylpyridine

hydrochloride

HCI

The above (3-chloro-4-methoxy-5-methylpyridin-2-
yl)methanol (530 mg) was dissolved in 20 ml of chloroform,
and thionyl chloride (1.03 ml) was then added dropwise to
the solﬁtion under cooling on ice. The resulting mixture
was stirred at room temperature for 3 hours. Thereafter,
the reaction.solution was concentrated, and it was then
washed with a mixed solvent of ether—hexéne, so as to
obtain the title compound (410 mg) as a solid.
1H-NMR (CDCl3) &: 2.47 (3H, s), -4.32 (3H, s), 5.09 (2H,
s}, 8.54 (1H, s).

ESI-MS m/z: 206 (M+H)+

(21) 2-{4-Amino-2-[(3-chloro-4-methoxy-5-methylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-

tetraazabenzo[cd]azulen-8-yl}-N-methylacetamide



ESI-M5S mlz: 232 (M+H) + (4)

. 5-Brono-2-(f[tert-butyl (di nethyl)silyl]oxyl met hyl) 4-

met hoxy- 3- met hyl pyri di ne The above \

(5- brono- 4- met hoxy- 3- et hyl pyri di n-2= yk) oet hanol (500 ng) was dissolved in
di chl oronet hane (10 m), and t-butyldinethylsilyl chloride (487 npg),
triethylamne (0.4.8 m), and dinethylam nopyridine (30 ng) were then added
to the solution under cooling in an - 60 - ice bath. The resulting m xture
was stirred at roo erature overnight. Thereafter, the reaction

- solution was dil ut d wi t h di chl oronmet hane, and was then washed with a
sat'urat ed sodi um bi arcﬂ)onate solution. The organic |ayer was dried over
anhydr ous s®{di®um fate, and the filtrate was then concentrated. The

resi due wasHpueffi by silica gel columm chromatography (hexane-ethyl
acetate), so as N)Jbtmi n the title conmpound (743 ng) as an oily substance.
1 HNWR (CDC13) 6: 0.07 (6H, s), 0.89 (9H, s), 2.37 (3H, s), 3.87 (3H, s),
4.77-(2H, s), 8.43 (1H, s). (5) :
2-(f[tert-butyl (di nmethyl)silyl]oxylmethyl)-5-fluoro4-nmet hoxy-3-net hyl pyridi
ne The abdimebhptonpmamffipt ¢it ml) was added to 2-(4-amino- :
but yl (di met hyI )Silyl]oxyl methyl)-4-nmethoxy-3- nethylpyridine (734 ng) was
di ssol ved i?n retihayerét-ghar—(3€ @, )0~ tatd danaddnaciiashazu 159 ¥-sdl )ut | on,
2.42 m) was then _added dropwi se to the solution at -110C. The resulting
m xture wad %tMéécﬁttaﬁ‘HéleséﬁéféW@a@ﬁ%ﬁat (%% MO, Bisdoroa@d a

t et rahydr ofu ol ut| of fl uorqbenzenesul foni m de (3.03 g) was
t hen added (Gt g‘ﬁvﬁ mthgﬁhé1 e (t,]toxt¥n S(Tﬂet’f?‘i YA ARE Sy adhseri&ieur e, The
tenperaturQB%f g@e 5%%“%%%n%sqb§F%arbonate (69 mg). The resulting

mixture was stirred at 60°C for 2.5 hours. Thereafter,
the insoluble matter was removed by filtration, and the
solvent was then distilled away in a nitrogen stream.

The resulting residue was dissblved in dimethyl sulfoxide
(1 ml), and it was then purified by preparatory reverse-
phase HPLC. The solvent was distilled away under reduced
pressure, so as to obtain the title compound (27.0 mg) as
a solid.

'H-NMR (CDCls;) &: 2.24 (4H, s), 2.82 (3H, d, J=4.9 Hz),
3.27 (2H, s), 3.80 (2H, s), 3.91 (3H, s), 5.21 (2H, s),
5.65 (2H, s), 5.87 (1H, s),.6.7O (1H, s), 8.16 (1H, s).

ESI-MS m/z: 446 (M+H)*

(Example 2)

(1) 5-Bromo-2,3-dimethyl-4-nitropyridine l-oxide



- 61 - was gradually raised to -68C over 3 hours, and the m xture was then
stirred at roomtenperature for 30 mnutes. Thereafter, a saturated
armmoni um chl ori de aqueous sol ution was added to the reaction sol ution,

foll owed by extraction w th dichloronethane. The organic |ayer was dried .
over anhydrous sodiumsulfate, and the filtrate was then concentrated. The
residue was purified by silica gel columnm chromat ography (hexane-ethyl
acetate), so as to obtain the title conmpound (353 ng) as an oily substance.
H NVR (CDC13) &- 0.06 (6H, s), 0.89 (9H, s), 2.28 (3H, s), 4.07 (3H, d,
J=3.7 Hz), 4.7%+(2H, s), 8.15 (1H, d, J=3.7 Hz). ESI-M5 mlz: 286 (MtH)+.
(6) (5-Fluorof4-net hoxy- 3-net hyl pyridi n-2-yl) nmet hanol '

Tet rabut yl i fluoride (1 Msolution, 1.49 m) was added to a
tetrahydrofurag: (10 m) solution of the above

2-(1[tert-but9l (D nethyl)silyl]oxyl methyl)-5-

fl uoro-4-nmet hbxy- 3-net hyl pyridine (353 ng) under cooling in an ice bath,
and the resulting mxture was stirred at roomtenperature for 1 hour. The
reaction solution was diluted with dichl oronethane, and was then washed
with water. TheSeBgambe2| aydimeanydpiyeddaver lankydeoug . sadigym

produced by the method described in U.S. Patent No.
US5250527 was dissolved in concentrated sulfuric acid (10
ml). Thereafter, a mixed solution of fuming nitric acid
(24 ml) and fuming sulfuric acid (13 ml) was added

_ dropwise to the solution obtained above under stirring
and cooling on ice. The resulting mixture was stirred at
the same temperature as above for 30 minutes, and was
then stirred at 90°C for 1 hour. After leaving to cool,
the reaction solution was poﬁred into ice water.
Dichloromethane was added to the reaction solution under
stirring and cooling  in an ice bath, and the mixture was
then neutralized with ammonia water. The reaction
solution was extracted with dichloromethane. The organic
layer was dried over'anhydrous magnesium sulfate, and the
solvent was then distilled away under reduce pressure, soO
as to obtain a crude product of the title compound (4.80

'g) as a solid.

(2) 5-Bromo-4-methoxy-2,3-dimethylpyridine l-oxide



- 62 - sulfate, and the filtrate was then concentrated. The residue was
_purified by silica gel colum chromatography (hexane-ethyl acetate), so as
to obtain the title compound (150 ng) as a solid. H NWVR (CDC13) 6: 2.08
(3H, s), 4.10 (3H, d, J=4.1 Hz), 4.52 §§H s), 4.61 (2H, s), 8.22 (1H, d,

J=4.1 Hz). ESI-M5 mz: 172 (M+H) +.

2- (Chl oronet hyl ) --5-f | uor o- 4- met hoxy- 3 nethylpyrldlne hydr ochl ori de Ha

The title conpound (154 ng) was obtained as a solid by the sane synthesis
met hod as in anpl e 1(20) using the above :
(5-fluoro-4-nethoxy-3-net hyl pyridi n-2- yl)methanol (135 ng). ESI-MS m z:
190 ( MtH) +. By -{4- Am no- 2-[ (5-f | uor o- 4- met hoxy- 3- net hyl pyri di n- 2-
yl)nethylj-g - hydro-6-thia-1, 2, 3,5-tetraazabenzo[ cd] azul en-8-yl | - N net hy
| acet am de - _

A1M sodium methoxide-methanol solution (30 ml) was
added to a methanol (20 ml) solution of the above 5-
bromo-2, 3-dimethyl-4-nitropyridine l-oxide (4.80-g) under
cooling in an ice bath, and the'resulting mixture was
stirred at room température overnight. Thereafter, the
reaction solution was concentrated, and the residue was
dissolved in dichloromethane and water for liquid
separation. The organic layer wés dried over anhydrous
sodium sulfate, and the filtrate was then concentrated,
SO0 as to obtain a crude product of the title compound
(4.91 g) as a solid.

"H-NMR (CDCl3) &: 2.30 (3H, s), 2.47 (3H, s), 3.84 (3H,
s), 8.36 (1H, s).

ESI-MS m/z: 232 (M+H)*

(3) (5-Bromo-4-methoxy-3-methylpyridin-2-yl)methanol

Ao
Br 7

O\

S5-Bromo-4-methoxy-2, 3-dimethylpyridine l-oxide (4.91
g) was dissolved in dichloromethane (60 ml), and

trifluoroacetic anhydride (20 ml) was then added to the



Pot assi um carbonate (85 ng) and 2-(chl oronet hyl) - 5-

fl uor o- 4- net hoxy- 3- nmet hyl pyri di ne hydrochl oride (52 ng) were added to an
"N, N-di nethyl formanmide (5 m) solution of

2- (4-am no-2, 7-di hydro-6-thia-1, 2,3,5-59 _

t etraazabenzo[ cd] azul en-8-y1) - N-net hyl acetam de trifl uoroacetate (60 ng).
The resulting mxture was stirred at 50C for 3.5 hours. Thereafter,

i nsol ubl e natter was renoved by filtration, and the filtrate was t hen
concent r at 4 ufH@“r€§|&QQmw§§m§@F@¢Pé€ byTéﬁlF@éuééFnaomaﬁﬁuéﬁrUﬁﬁtography

(chloroforn}nethano S obtaln the title c oun 0 ng
solid 1 HNWVRE &D@i’):?)r 33%,7 %F—Fagferz ghe (3EACE: 185 Oégg&)’“ §a§7 (2H,
s), 3.78 ( (3Hq 4, ) 35)( 5. 74
)i Sore) Blinsgh e (3 1ghﬁlﬁ%*% Hkacpd ﬁ%% P30 (Wi o
Anal . CalC@lss%ﬁv@%gH%o%M%%%§%l5W%% H@i S2703; rgsuﬂtgg% me%ér§6wag 4. 33,
S, 7.32. Found: C, 2.10: F, 4.44; (Exanpl e 3)
(1) 3- Bro”@t&r@e@!@%t@bic4f8ktioﬁ¥ﬁkd'nﬁhé’f@%é%ﬁoﬁ S dtion was

concentrated. The residue was dissolved in

dichloromethane, and was then washed with a saturated

sodium bicarbonate solution.' The organic layer was dried

over anhydrous sodium sulfate, and the filtrate was then

concentrated. The residue was purified by silica gel

column chromatography (hexane-ethyl acetate), so as to

obtain the title compound (3.43 g) as a solid.

'H-NMR (CDCls) &: 2.17 (3H, s), 3.89 (3H, s), 4.62 (2H,

s), 8.50 (1H, s). | |

ESI-MS m/z: 232 (M+H)"

(4) 5—Bromo—2—({[tert—butyl(dimethyl)silyljoxy}methyl)—4—

methoxy-3-methylpyridine

The above (5-bromo-4-methoxy-3-methylpyridin-2-
yl)methanol (500 mg) was dissoclved in dichloromethane (10
ml), and t-butyldimethylsilyl chloride (487 mg),
triethylamine (0.48 ml), and dimethylaminprridihe (30

mg) were then added to the solution under cooling in an



The title conpound (1.08 g) was obtained as a solid by the same synthe5|s
nmet hod as in Exanple 2(1) using comercially avail abl e

" 3-br'onp-2, 5-di met hyl pyridine 1- oxide (2.35 g). ESI-MS mlz: 247 (MrH) +. (2)
3- Br ono- 4- net hoxy- 2, 5- di met hyl pyri di.negd- oxi de A crude product of the
title conpound (990 ng) was obtained as.a solid by the sanme synthesis

nmet hod as in Exanple 2(2) using the above 3-brono-2, 5- dinethyl 4-

ni tropyri di.ne # OXIdeﬁél 08 i ESI-M5 ml z: 234 (M+H) 23

( 3- Br ono- 4-11ét EhyEBYLFANA- BIFEREL HafoP 1rrg§ at room The title

Copoint (45,00 v o 15065, BpERLb Ry, DB oogte puptnest s pethod o
1- oxi de (9%%sw%hluted with dichloromethane, and was then washed
with a saturated sodium bicarbonate solution. The
organic layer was dried over anhydrous sodium sulfate,
and the filtrate was then concentrated. The residue was
purified by silica gel column chromatography (hexane-
ethyl acetate), so as to obtain the title compound (743
mg) as an oily substance.

"H-NMR (CDCl;) &: 0.07 (6H, s), 0.89 (9H, s), 2.37 (3H,

-s), 3.87 (3H, s), 4.77 (2H, s), 8.43 (1H, s).

(5) 2—({[tert—butyl(dimethyl)silyl]oxy}methyl)—5—fluoro—

4-methoxy-3-methylpyridine

&
ST
ON
The abové S-bromo-2-({[tert- "

butyl (dimethyl)silyl]oxy}methyl) -4-methoxy-3-
methylpyridine (734 mg) was dissolved in tetrahydrofuraﬁ
(30 ml), and butyllithium (1.59 M solution, 2.42 ml) was
then added dropwise to the solution at -110°C. The
resulting mixture was stirred at the same above
temperature for 1 hour, and a tetrahydrofuran (5 ml)
solution of N-fluorobenzenesulfonimide (3.03 g) was then

added dropwise to the reaction solution at the same

temperature. The temperature of the resulting mixture



H NWVR (CDC13) 6: 2.33 (3H, s), 3.90 (3H, s), 4:38 (1H, brs), 4.69 (2H, s),
8.28 (1H, s). ESI-M5 mz: 234 (MtH) +. (4) .

" 3-Bronp- 2- (chl or onet hyl ) - 4- met hoxy- 5- pyri di ne hydrochl ori de The
title conpound (161 ng) was obtained_agja_solid by the sanme synthesis

met hod as in Exanple 1(20) usi.ng the above . ‘

( 3- br ono- 4- net hoxy- 5- net hyl pyri din-2- yl)nmethanol (150 ng). 1H NVR (CDC13)
8: 2.50 (3H,_s), 4.21 (3H,_s), 5.18 (2H s), 8.47 (1H, s). ESI-Ms miz: 250
and 252 (Nmﬁf+gragugély r@gfed.to -68°C over 3 hours, and the

2- 14- Am no- 2-[.(.3-br ano-4- net haxy- 5- net hyl pyr.i di n- 2-
yI)nethyl]F%F%&%thgﬁoﬁgﬁphﬁg}f%fg3g§-ﬁ%d%/temperature for 30

tetraazabeﬂﬁ%b%%quu%ﬁ@i§é¥kgiN‘QEEQ¥L?8%génggﬁonium chloride

aqueous solution was added to the reaction solution,
followed by extraction with dichloromethane. The organic
layer was dried over anhydrous sodium sulfate, and.the
filtrate was then concentfated. The residue waé purified
by silica gel column chromatography (hexane—ethyl
acetate), so as to obtain the title compound (353 mg) as
an oily substance.

"H-NMR (CDCl;) &: 0.06 (6H, s), 0.89 (9H, s), 2.28 (3H,
s), 4.07-(3H,.d, J=3.7 Hz), 4.75 (2H, s), 8.15 (1H, d,
J=3.7 Hz). |

ESI-MS m/z: 286 (M+H)'.

(6) (5-Fluoro-4-methoxy-3-methylpyridin-2-yl)methanol

/E:EI:\OH
FNYS
o<

Tetrabutylammonium fluoride (1 M solution, 1.49 ml)
was added to a tetrahydrofuran (10 ml) solution of the
above 2-({[tert-butyl (dimethyl)silyl]oxy}methyl)-5-
fluoro—4—methbxy—3—methylpyridine.(353 mg) under cooling
in an ice bath, and the resulting mixture was stirred at
room temperature for 1 hour. The reaction solution was
diluted with dichloromethane, and was then washed with

water. The organic layer was dried over anhydrous sodium



Pot assi um car bonate (160 ng) and 3-bor no- 2-

. (chl oronet hyl ) - 4- met hoxy-5-pyri dine hydrochloride (166 ng) were added to an
N, N-di met hyl formam de (5 m ) sol ution of

2-(4-amno-2, 7-di hydro-6-thia-1,2,3,5-¢, _

t etraazabenzo[ cd] azul en-8-y1) - N-net hyl acetam de trifl uoroacetate (150 ny).

The resulting mxture was stirred at 50C overnight. Thereafter, the

reaction solu%ti on was diluted with dichloromethane, and was then washed

with wat er SUFFE g @i HREy drl WSt iEd VD SfRTBu st Jissul fate, and
ol U chr CRECOHFag CEHr SD i FrtabIgo T S0 LT AT Y (1o O
3206 fe) e g e R R Tl e AR Sl b, (e e
(2H,s), 5. CHHIRNE) (118507 HAHS) B-sbh 1 4.

'H-NMR (CDCls) &: 2.08 (3H, s), 4.10 (3H, d,. J=4.1 Hz),

4.52 (1H, s), 4.61 (2H, s), 8.22 (1H, d, J=4.1 Hz).

ESI-MS m/z: 172 (M+H)'.

(7) 2-(Chloromethyl)-5-fluoro-4-methoxy-3-methylpyridine

hydrochloride

The title compound (154 mg) was obtained as a solid
by the same synthesis method as in Example 1(20) using
the above (5-fluoro-4-methoxy-3-methylpyridin-2-
yl)methanol (135 mg).

ESI-MS m/z: 190 (M+H)".

(8) 2—{4—AminoF2—[(5—fluoro—4—methoxy—3—methylpyridin—2—
yl)methyl]~2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo-

[cd]lazulen-8-yl}-N-methylacetamide



(1H, s). ESI-M5 mlz: 492 (MtH+. - 67 - Anal. Calcd. For _

C19H20Br N702S0. 25H200. 2 di oxane: C, 46.40; H, 4.34; N, 19.13; Br, 15.59; S.

" 6.45. Found: C, 46.21; H, 4.07; N, 19.16; Br, 15.70; 5, 6.27. (Exanple 4)
(1) Tert-butyl [8-(2-anino-2-oxoethyL)-%-Q4-

et hoxybenzy1) - 2, 7- di hydro- 6-t hi a- 1, 2, 375

t et raazabenzo[ cd] azul en-4-yl ] car bamat e

\
R o
\
N/
NN
\4‘(%)*”&
N
NS SSTNTNH,

Potassium carbonate (85 mg) and 2-(chloromethyl)-5-
fiuoro—4—methoxy—3—methylpyridine hydrochloride (52 mg)
were added to an N,N-dimethylformamide (5 ml) solution of
2- (4-amino-2, 7-dihydro-6-thia-1,2, 3, 5-
tetraazabenzo[cd]azulen-8-yl)-N-methylacetamide
trifluorcacetate (60 mg). The resulting mixture was
stirred at 50°C for 3.5 hours. Tﬂereafter, insoluble
matter was removed by filtration, énd the filtrate was
then concentrated. The residue was purified by silica
gel column chromatography (chloroform—methanol), éo as to
obtain the title compound (30 mg) as a solid.

"H-NMR (CDCls) &: 2.27 (3H, s), 2.83 (3H, d, J=4.6 Hz),
3.27 (2H, s), 3.78 (2H, s), 4.08 (3H, d, J=4.6 Hz), 5.13
(2H, s), 5.49 (2H, s), 5.74 (1H, brs), 6.70 (1H, s), 8.19
(1H, d, J=3.4 Hz).

ESI-MS m/z: 430 (M+H)".

Anal. Calcd. For CjigH;oFN;0,5-0.5H,0: C, 52.05; H, 4.82; N,
22.36; F, 4.33; s, 7.32.

Found: C, 52.27; H, 4.79; N, 22.10; ¥, 4.44; s, 7.05.

(Example 3)

(1) 3-Bromo-2,5-dimethyl-4-nitropyridine l-oxide



A 1 N sodi um hydr oxi de aqueous solution (3 nl) was added to an ethanol (5
,m) solution of ethyl {4-.

[ bi s(tert-butoxycarbonyl)an no] - 2- (4- net hoxybenzyl) -2, 7-
di hydro-6-thia-1, 2, 3, 5-tetraazabenzo[ cdlazul en- 8- yIIacetate (600 my). The
resul ting nixture was stirred at room tenperature overnight. Thereafter, 1
N hydrochloric acid (3 m) was added to the reaction solution, and the
resulting solution was then concentrated. Dichloronmethane was added to the
residue for extraction. The organic |ayer was dried over anhydrous sodi um
sulfate, .and the filtrate was then concentrated to obtain carboxylic acid
(576 ng). The(? rboxylic acid (576 ng) was dissolved in acetonitrile (10
m), and ammo un1ch|or|de (157 ng), triethylamne (0.2 nm), and

l-ethyl -3--( | 68 - di net hyl am nopropyl ) carbodiim de hydrochl ori de (282
ng) were th d to the solution. The resulting m xture was stirred at
roomtenperatt or 3 days. Thereafter, the reaction solution was diluted

W th dlchloréhephane and water was then added thereto to carry out a

i quid separation operation. The organic |ayer was washed with saturated
saline. The organic | ayer was dried over anhydrous sodium sulfate, and the
sol vent was then distilled away under reduced pressure. The residue was
purified by sil Toa gekleokompouhdorat Ogr aphwalscbbardhedmaretharalis, so as
to obtain the title conpound (252 ng) as a solid. ESI-M5 niz: 483 (M+H) +
(2) 2-(4- Afnce, Badichydmdtedib arelbiydB,855 in Example 2 (1) using
tetraazabenzo[cd]azulen 8-yl)acetam de trifluoroacetate The title
conpound ( FBZMRY)C sl Yolgtval idedb 1s Jr bysiniat Zoyb thienastdmel pymitchiesd slnet hod as
i n Exanpl e 1(11) u5|ng the above tert-butyl [8-(2-am no-2-oxoethyl)-2-(4-
- et hoxybenA)AR2, Z-dhydro- 6-t hi a- 1, 2, 3, 5-
‘tetraazabeqﬁﬂﬁﬁﬂg%S%Legﬂﬁfy&hgﬂnpanate (256 ng). ESI-M5 mz: 263 (M+H) +.

(2) 3-Bromo-4-methoxy-2,5-dimethylpyridine l-oxide

Br

O
/

A crude product of thé title compound (990 mg) was
obtained as a solid by the same synthesis method as in
Example 2(2) using the above 3-bromo-2,5-dimethyl-4-
nitropyridine l-oxide (1.08 g).

ESI-MS m/z: 234 (M+H)*

(3) (3-Bromo-4-methoxy-5-methylpyridin-2-yl)methanol



- 69 - (3) 2-{4-Am no-2-[(3-brono-4-nethoxy-5-net hyl pyri di n- 2-
 yl)nethyl] -2, 7-di hydro-6-thia-1, 2,3, 5-

tetraazabenzo[cd]azulen 8- yIIacetanlde nesil ate Pot assi um
carbonate (110 ng) and 3-brono-2- (chl geonet hyl)-4-net hoxy-5-pyridi ne
hydrochl ori de (114 ng) were added to an N, N-di net hyl formam de (5 m)
sol ution of the above :
2- (4-am no- 2, 7-di hydro-6-thial, 2, 3, 5-tetraazabenzo[ cd] azul en- 8-yl ) acet am de
trifluoroacihféijﬁégo ng). The resulting m xture was stirred at 50C

overni ght. THergaffer, the reaction solution was diluted with

di chl or onet hang, Bind was then washed with water. The organic | ayer was
dried over anHydrous sodiumsulfate, and the filtrate was then
concentrated. The residue was purified by silica gel columm chromatography
(chl orof orm net hanol ), so as to obtain

2- 14- am no- 2- [ ( 3- br onp- 4- met hoxy- 5- met hyl pyri di n2-yl) net hyl | - 2, 7- di hydr o- 6-
thia-1,2 3,5 teheaazabenzekbalazul(en-8myh! acet amde 690 jau), as1asol id.
The resultlng solid (27 ng) was dlssolve in dioxane, and a 0.2 Mnesylate
aqueous soloyt itere (R8I yHthesas hhaemadded iro Bhensiel ut ion diﬁdﬁj ol ing in
an ice bath, - 70 - followed by freeze-drying, so as to obtain the title
conpound (3avg) 3adramcidi-the t hidx:NMR , (CCAGERIt 16,1 B3 i(3H, 1 )xide 8B BH, s),
3.35 (2H, d, J=0.9 Hz), 3.92 (3H, s), 3.95 (2H, s), 5.46 (1H, brs), 5.68
(2H, s), 5M¥ -(1H, brs), 6.75 (1H, s), 8.19 (1H, s). ESI-M5 mz: 476 and
478 (MrH) +.
H-NMR (CDClj3) &: 2.33 (3H, s), 3.90 (3H, s), 4.38 (1H,

brs), 4.69 (2H, s), 8.28 (1H, s).

ESI-MS m/z: 234 (M+H)"

(4) 3—Bromo—2—(chloromethyl)—4—methoxy—5—pyridine

hydrochloride

HCI

Ny el

Br

The title compound (161 mg) was obtained as a solid
by the same'synthesis method as in Example 1(20) using
the above'k3—bromo—4—metﬁoXy—B—methYlpyridin—Z—'
yl)methanol (150 mg). |
“'H-NMR (CDCl;) &: 2.50 (3H, s), 4.21 (3H, s), 5.18 (2H,
s), 8.47 (1lH, s).

ESI-MS m/z: 250 and 252 (M+H)®



(Exampl e 5) (1)
2-[ 4- Am no- 2- (4- net hoxybenzyl) -2, 7-di hydro-6-thi al, 2, 3, 5-tetraazabenzo[ cd] a
zul en-8-y1]-N-(2- fluoroethyl)acetanm de A 1 N sodi um hydr oxi de .
aqueous solution (2.7 nm) was added to.an_ethanol ' (10 ni) solution of
ethyl {4- [bis(tert-butoxycarbonyl)am no]-2-(4-nethoxybenzyl)-2,7-
di hydro-6-thia-1, 2, 3, 5-tetraazabenzo[ cd] azul en-8- yllacetate (526 ng), and
t he resultln m xture was then stirred at roomtenperature overnight.
Ther eaf t er , (Y he ddiParnawds [didstinomead amst tax obtdiet e wodliomsal t - of
carboxyllc id. This produ was d| oIved in N Ndi met hyl f or mam de (10

and 2-YH y qH %@ WﬁD r 3
1 et hyl 3-di_nmet hyl am no p rbadi i h drochl orjde (247 ng), and
1- hydroxyb%ﬁf&@ﬁléﬁéqfo fﬁﬂ }%ﬁérg ﬁii qgﬂﬁif %?QQﬁ?Qﬁdﬂnlon under
cooling in an - 71 - ice bath. The resulting m xture was stirred at room
tenperature for 3 days. Thereafter, the reaction solution was diluted with
di chl or onet hane, and Water was then added thereto to carry out a liquid
separation operatiof. g’he organic | ayer was washed with a saturated saline.
The organic | ayer waS{dried over anhydrous sodium sul fate; and the sol vent
was then distilled ¥Yrunder reduced pressure. The residue was purified by
silica gel colum chronatography (hexane-ethyl acetate), so as to obtain
the title conpound/(119 ng) as an oily substance. ESI-M niz: 529 (MtH) +:
(2) 2-(4- Am noz2 i Bydro-6-thia-1,2,3,5-
t et raazaben2pfcd -N 8- yl1l)-N-(2- quoroethyI)acetanlde trifluoroacetate
A crude produc? of the titie conmpound (247 ng) was obtained as a solid by
t he sanme synthesis nethod as in Exanple 1(11) using thée above
2-[ 4- am no- 2- (4- met hoxybenzyl)-2, 7-di hydra-6-thia-1, 2, 3, 5-
tetraazabenzo[ch%zulen-8-¥1%6%g£%-naggr%% h%k%a%g%%ghgg2g418 ng). .

assium car
(chloromethyl)—4—methoxy—5—pyridine hydrochloride (166
mg) were added to an N,N-dimethylformamide (5 ml)
solution of 2-(4-amino-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-yl)-N-methylacetamide
trifluorocacetate (150 mg). The resulting mixture was
stirred at 50°C overnight. Thereéfter, the reaction
soiution was diluted with dichloromethane; and was then
washed with water. The organic layer was dried over
anhydrous sodium sulfate, and the filtrate was then
concentrated. The residue was purified by silica gel
column Cﬁromatbgraphy (chloroform—methanol), so és.to
obtéin the title compound (105 mg) as a solid.
"H-NMR (CDCls) &: 2.27 (3H, s), 2.83 (3H, d, J=4.6 Hz),
©3.28 (2H, s), 3.81 (2H, s), 3.88 (3H, s), 5.08-5.14 (2H,
brm), 5.66 (2H, s), 5.77 (1H, brs), 6.72 (1H, s), 8.17
(1H, s).

ESI-MS m/z: 492 (M+H)*



ESI-M5 mlz: 309 (Mr1l-1)+. " - 72 - (3)

2-14- Am no- 2-[ (3-chl or o- 4- net hoxy- 5- net hyl pyri di n- 2-

"yl )rethyl] -2, 7-di hydro- 6-t hi a-1, 2, 3, 5- _
tetraazabenzo[ cd] azul en-8-y11-N-(2-flLug goethyl)acetanide The title
compound (12 ng) was obtained as a solid by the same synthesis method as in
Exanpl e 3(5) using the above 2-(4-am no-2, 7-di hydro-6-thia-1, 2, 3, 5-

t et raazabenzo[ cd] azul en-8-y1)-N-(2-fl uoroethyl)acetam de trifl uoroacetate
(60 ng) andr3lchl@riED- ( ErrofostbbByN)05:0 2 EXy - 5- pyokdhae @ydrochl ori de

. 3).8: 2.25 (3 3,31 (2H, 3.56 (1H, dd,
Ssiomg) 5. gﬂz’\@(g‘tﬁl %31‘%-1 M, 19J~(—11 5‘3S 5. 305‘%%( S)‘E% sg( 3. 9é Egﬂ sg,
56, (1 . s),

448 (1 odit B Hae 458 (ot = 415? FE)nd e (B 8) o (M

Cal cd. For C201-121C1FN702S0. 75 di oxane: C, 50.80; H, 5.00; N, 18. 02.
Found: C, 51.18; H 4.86; N, 17.91.
(Example 4)

(1) Tert-butyl [8-(2-amino-2-oxocethyl)-2-(4-
methoxybenzyl)-2,7-dihydro-6-thia-1,2, 3, 5-

tetraazabenzo[cd]azulen—4—yl]carbamate

A 1 N sodium hydroxide agueous solution (3 ml) was
added to an ethanol (5 ml) solution of ethyl {4-
[bis(tert—butoxycarbonyl)amino]—2—(4—methoxybenzyl)—2,7—
dihydro—6—thia—l,2,3,5—tetraazabenzo[cd]azﬁlen—8—
vllacetate (600 mg). The resulting mixture was stirred
at room teﬁperature overnight. Thereafter, 1 N
hydrochloric acid (3 ml) was added td the reaction
solution,.and the resulting solution was then
concentrated. Dichloromethane Was added to the residue
fo£ extraction. The organlc layer was dried over
anhydrous sodium sulfate, and the filtrate was then
concentrated to obtain carboxylic acid (576 mg). The
carboxylic acid (576 mg) was dissolved in acetonitrile
(10‘ml), and ammonium chloride (157 mg), triethylamine

(0.2 ml), and l-ethyl-3-(3-



- 73 - (1) 3-Chloro-4-nethoxy-2-nethyl pyridine 1-oxide O- -

3-Chl oro-2-nethyl-4-nitropyridin-1-oxide (1.00 g) produced by the nethod
"described in Polish Journal of Chemistry, 1986, 59, 10-12 was dissol ved in
a 0.5 M sodi um et hoxi de- met hanol soluggon (15.9 nl), and the resulting

m xture was then stirred at roomtenperature overnight. Thereafter, a
saturated ammoni um chl ori de aqueous sol ution was added to the reaction

sol ution, and t hanql was then distilled away under reduced pressure. The
resul t ant §EEEWH§FPQQPMQH¥ mq£QQQﬁ%%HQﬁ%Q¥qqQﬁQQOfﬂﬂﬁ(ﬁ%@&ﬁﬁ@”layer was

oried over Adsgus TRENeR LU gL a0 e SOLYSHL yes Lhen dlst 1] ed
o} o T St il e S8 (Do) Sl 9273
(3- Chioro- 4ngeth@xiRyh! dilutin) MRENY: 184 AL th dithToromethane,
and water was then added thereto to carry out a liquid
separation operation. The organic layer was washed with
saturated saline. The organic layer was dried over
anhydrous sodium sulfate, and the solvent was then
distilled away under reduced pressure. The residue was
purified by silica gel column chromatography (chloroform-
methanol), so as to obtain the title compound (252 mg) as
a solid.

ESI-MS m/z: 483 (M+H)"

(2) 2-(4-Bmino-2, 7-dihydro-6-thia-1,2,3,5-

tetraazabenzo[cd]azulen-8-yl)acetamide trifluorocacetate

{ F
~
. 4 ~ jiHo I
2 s~ N” °NH

The title compound (162 mg) was obtained as a solid
by the same synthesis method as in Example 1(11) using
the above tert-butyl [8—(2—aminb—2—oxoethyl)—2—(4—
methoxybenzyl) -2, 7-dihydro-6-thia-1,2, 3, 5-
tetraazabenzo[cd]azulen-4-yl]carbamate (256 mg).

ESI-MS m/z: 263 (M+H)®*.



The above 3-chl or o- 4- net hoxy- 2- et hyl pyri di n- 1- oxi de (890 ng) was di ssol ved
_in acetic anhydride (12 nL), and the resulting solution was then heated
under reflux for 30 minutes. After leaving to cool to roomtenperature, the
reaction solution was concentrated undgg reduced pressure, and the residue
~was then purified by silica gel chromatography (hexane-ethyl acetate), so
as to obtain the title corrpound (576 ng) as an oily substance. 1H NMWR
(CDC13) 5: 2.17 (3H,. s), 97 (3H, s), 5.33 (2H, s), 6.83 (1H d, J=5.6
Hz), 8.39 ((BH 2d{4I'95“161CI—Tz%‘ BSP1gg S 4-mete vy thylgyridin-2-
3- Chl oro- 4- t hoxypyr The above
§3 chl or o- 4- ﬁeﬁm A?gé@ﬂ%ﬁg&t{ E@\laac]e't?at% X570 ng) was dissol ved in
met hanol , ta Si_u carb e (731 ng)_ was then added to the
sol uti on. %%écrpra)gsu%{é%nzr% Ojtauzruem RS ot rarcee&aéql‘%@ef Sla§(? ni nut es.
Thereafter, methanol was distilled away under reduced pressure, and water
was t hen added to thelyresidue, followed by extraction with chloroformthree
times. The organic er was dried over anhydrous magnesi um sul fate, and
the solvent was th Pstilled - 75 - away under reduced pressure, so as
to obtain the tlt|$ onpound (437 ng) as an oily substance. 1H NVR ( CDC13)
8: 3.98 (3H s), 9 (Mbhy t, J=4.4 Hz), 4.76 (2H, d, J=4.4 Hz), 6.84 (1H,
d, J56Hz') 37(]1’[5 d, J=5.6 Hz). ESI-M5 mz: 174 (MH) +.

N $7 N ONH,

Potassium carbonate-(llo mg) and 3-bromo-2-
(chloromethyl)-4-methoxy-5-pyridine hydrochioride (114
mg) were added to an N,N—dimethylformamide (5 ml)
solution cf the above 2-(4-amino-2,7-dihydro-6-thia-
1,2,3,5-tetraazabenzo[cd]lazulen-8-yl)acetamide
trifluoroacetate (100 mg). The resulting mixture was
stirred at 50°C overnight. Théreafter, the reaction
solution was diluted with dichloromethane, and was then
washed with water. The organic layer was dried over
adhydrous sodium sulfate, and the filtrate was then
concentrated. The residue was purified by silica gel
column chromatography (chloroform—methanol), so as to
obtain 2-{4-amino-2-[(3-bromo-4-methoxy-5-methylpyridin-
2-yl)methyl] -2, 7-dihydro-6-thia-1,2,3, 5~
.tetraazabenzo[Cd]azulen—8—yl}écétamide (90 mg) as a solid.
The resulting solid (27 mg) was dissolved in dioxane, and
a 0;2 M mesylate aqueous dolution (0.283 ml) was then

added to the solution under cooling in an ice bath,



(4) 3-Chloro-4-methoxy-2-(chloronethyl)pyridine hydrochl oride The
title conpound (558 ng) was obtained as a solid by the sanme synthesis
"nethod as in Exanple 1(20) using the above

(3-chl or 0- 4- et hoxypyri di n- 2-yl ) net h@nglo (437 ng). 1H NWR (CDC13) 8: 4.26
‘(3H, s), 5.17 (2H, s), 7.48 (1H, d, J=6.8 Hz), 8.77 (1H, d, J=6.8 Hz).
ESI-M5 mz: 192 (MtH)+. (5)

4- Am no- 2-[ ( 3-chl or o- 4- et hoxgp&yr.i di n-2-yl)nmethyl] -N(2, 2-di fl uoroethyl)-2,7
- di hydr o- 6-4Hi e D by Fracaga2dbehz sl dadin ehiBidarboxdritdee  C NH,

compound (32 mg) as a solid.

'H-NMR (CDCls) &: 2.30 (3H, s), 2.84 (3H, s), 3.35 (2H, d,
J=0.9 Hz), 3.92 (3H, s), 3.95 (2H, s), 5.46 (1H, brs),
5.68 (2H, s), 5.97 (1H, brs), 6.75 (1H, s), 8.19 (1H, s).

ESI-MS m/z: 476 and 478 (M+H)*.

(Example 5)
(1) 2-[4-Amino-2- (4-methoxybenzyl)-2,7-dihydro-6-thia-
1,2,3,5-tetraazabenzo[cd]azulen-8-yl1]-N-(2-

fluoroethyl)acetamide .

A 1 N sodium hydroxide aqueous solution (2.7 mL) was
added to an ethanol (10 mL) solution of ethyl {4-
[bis (tert-butoxycarbonyl)amino]-2-(4-methoxybenzyl)-2,7-
dihydro-6-thia-1, 2,3, 5-tetraazabenzo[cd]azulen-8-
vllacetate (526 mg), and the resulting mixture was then
stirred-at room temperature overnight. Thereafter, the
sblvent was diétilled away to obtain the sodium.salt of
carboxylic.acid. This product was dissolved in N,N-
dimethylformamide (10 mL), and 2-fluoroethylamine (i71
mg), l-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (247 mg), and l-hydroxybenzotriazole (10

mg) were then added to the solution under cooling in an



The title conpound (48 ng) was obtained as a solid by the sane synthesis
. method as in Exanple 2(8) using 4-

am no-N- (2, 2-di fluoroethyl)-2,7-di hydro-6-thia-1, 2,3, 5-
t et raazabenzo[ cd] azul en- 8- carboxanlde gglfluoroacetate (50 nmg) and
3-chl oro-2-(chl oromet hyl ) - 4- nmet hoxypyridine (35 ng). 1H NVR (DVSO D6) 8:
3.55-3.63 (2H, m, 3.96 (3H, s), 4.09 (2H, s), 5.60 (2H, s), 5.95-6.19 (1H,
m, 7.06 (2H, brs), 7.16 (1H _d, J=5.73 Hz), 7.49 (1H, s), 8.25 (1H, d,
J=5.73 Hz) 198 $RtH, The jesuigipg) mlxtesp wssmszlr@@sl ef-Hpem Anal . Cal cd.
For Cl8H16 1F2N70 SO 25 20 .5 dloxang 51; H 4.00; N, 18.99; d,
6.86; F, 7. FaYE - 46! &6eaﬁte§ 75henregstion o, 6.93; F,

7.29; S,6.19.

2-{4- Ani nojsfj[u%% Z%hlw(‘)arso oy IR B RNS rreafr}%/l‘“]atf 7 “&ﬁsnydro 6-t
hia-1, 2, 3, t d]

rr:)ﬁohydr ob?con%trggr ?g%r&%[t%o}%ﬁy Bﬁo%d’léc a!;t:lrigilﬁtdh u 1 on (204 0.505
ol ) was Qgﬂﬁﬁnﬁgnﬁn @ﬁ@teﬂghﬁhhelg95¥twgg Q%égeﬁihlgk saturat

2-(4-am no (3-chl or o- 4-nmet hoxy- 5- et hyl pyri di n2-yl) rret hyl]-2, 7-di hydro-6
-thia-1, 2, &aalrteetraaéabegaa&edhagzulremag vk e as%&ybaﬁ@aaem@e (250 nm,

0. 561 mml) at roomtenperature. The resulting m xture was stirred for 3
“hours, and sdue yor esilffisttat, echrsblting: wasl wdrem vwend |wndrediilyt flillda atwon. Et hanol
(3 rri) was added to the resulting solid, and the resulting m xture was then
stirred fornndegayedivecdeaftegsuntche Ebki dewasueolbecpediliyeti byrati on. The
solid was then dried under reduced pressure at roomtenperature for 2 days,
so as to obtldifa Wl iqalendo it tomanhy, (ezenanadiyl acetate),

so as to obtain the title compound (419 mg) as an oily
substance.

ESI-MS m/z: 529 (M+H)"

(2) 2-(4-Amino-2,7-dihydro-6-thia-1,2,3, 5~
tetraazabenzo[cd]lazulen-8-yl)-N-(2-fluoroethyl)acetamide

trifluoroacetate

A crude product of tﬁe title compound (247 mg) was
obtained as a solid by the same synthesis.method as in
Example 1(11)-using the above 2-[4-amino-2-(4-
methoxybenzyl)—2,7—dihydr0r6—£hia—1,2,3,5—
tetraazabenzo[cd]azulen—8—yl]—N—(2—fonroethyl)acetamide
(418 mg) .

ESI-MS m/z: 309 (M+H)*



Anal . Cal cd. For C19H211\1702SC1Br0.4H20: C, 42.91; H, 4.01; 0, 7.13; N,

18.57; d, 6.68;, Br, 15.03; S, 6.08. Found: C, 42.73; H 4.11; 0, 7.

'18.36; O, 6.64; Br, 14.96; S, 6.00. (Exanple 8)

2- 14- Am no- 2- [ (3- chl or o- 4- met hoxy- 5- met byl pyri di n- 2-
yl)nmethyl]-2, 7-di hydro-6-thia-1, 2, 3, 5-

t et raazabenzo[ cd] azul en- 8-yl | - N- net hyl acet am de nonohydr ochl ori de

19; N,

3 N

hydrochloric acid (0.786 m, 2.358 nmol) was added to an ethanol (30 m)

suspensi on of the above 2-{4-
am no- 2-[ ( 3-¢hl.or.o- 4- net hgxy- 5- net_hyl pyri di n- 2- o
yl)nEthyE§J§S7gdﬁﬁY§Fﬂ- ;%ﬁ%égf,,%égﬁgﬁ—methoxy—S—methylpyrldln—2—

tet b | en-8-yl | - N net hyl, tam.d 527.52 - 78 -
nﬁn{??Zah?&é?%%gkgﬁﬂjggﬂ_féeydﬁﬁ?aﬂg- %gﬁngnk$§¥ﬁre was stirred Pgr

1.183
1 hour. .

The preci pitg%g%gﬁggghggg@ é%izlutl%rrﬁ—%’— g%iwglﬁfgiru%goo%n%%ygﬁe%get(a%ﬂe) , and

was then drie pressure at 40
obtain the title conpound (531.09 ny, 1.101 mmol). Anal. Cal cd. For
Cl 2N702S: C, 47.31; H, 4.39; N, 20.33; 0, 6.63; d, 14.70; S, 6.65.

SO as to

Cl19H21
Found:

C, 47.29; H, 4.40; N, ,20.02; 0, 6.87, O, 14.99; S, 6.83. (Exanple 9)

2-{4- Am no-2-[ (3-chlo
yl ) met hy1] - 2, 7- di hydr
tetraazabenzo[ cd] a
di ethyl ether sol ufi,
was added aty 5C ¢
chl or 0- 4- me€ hgwet 5-Jefhy! pyri di n- 2-yl ) met hy1] - 2, 7-
di hydr o- 6- t i
ng, 0.339 mol

- 4- met hoxy- 5- net hyl pyri di n- 2-
-6-thia-1, 2,3, 5- :

. The resul ting

.The title compound (12 mg) was obtained as a solid
by the same synthesis method as in Example 3(5) using the
above 2-(4-amino-2, 7-dihydro-6-thia-1,2, 3, 5-
tetraazabenzo[cd]azulen—8—yl)—N—(2—fluoroethyl)acetamide
trifluoroacetate (60 mg) and 3—chloro—2—(chloromethyl)—4—
methoxy-5-pyridine hydrochloride (52 mg).

'H-NMR (CDC13) 6; 2.25 (3H, s), 3.31 (2H, s), 3.56 (1H,
dd, J=10.5, 5.0 Hz), 3.63 (1H, dd, J=10.5, 5.0 Hz), 3.81
(2H, s), 3.91 (3H, s), 4.44 (1H, t, J=4.8 Hz), 4.56 (1H,
t, J=4.8 Hz), 5.11 (2H, s), 5.65 (2H, s), 6.09 (1H, brs),
6.73 (1H, 's), 8.17 (1H, s).

ESI-MS m/z: 478 (M+H)'.

Anal. Calcd. For CpoHzClFN;0,S:0.75 dioxane: C, 50.80; H,
- 5.00; N, 18.02.

Found: C, 51.18; H, 4.86; N, 17.91.

(Example 6)

eﬁ38-ylI-N—nethylacetanide nononet hanesul f onat e
n (50 mM) of nethanesulfonic acid (32 ng, 0.302 mmol)
acetonitrile solution (150 m) of 2-{4-am no-2-[(3-

A

- 13 NHet raazabenzo[ cd] azul en- 8-yl | - Nnmet hyl acet ani de (151



m xture was stirred at 5C for 25 mnutes. Thereafter, the solvent was
_distilled away under reduced pressure, an appropriate anmount of diethyl

et her was then added to the residue, and a solid was then collected by
filtration. Thereafter, ethanol (1 nl)-;was added to the resulting solid,
and the resulting m xture was then stirred at room - 7.9 - tenperature for
approxi mately 1 day. Thereafter, a solid was collected by filtration, and

it was then _dri.e nder reduced pressure at roomtenperature for 1 day, so
as to obtait tﬁé%ﬁ qa?7ﬁﬂﬁﬁﬁhﬂ¥%%?ﬂ?@ﬁfykPXHﬁﬁ%ﬂﬁﬂ%To%ﬁﬂﬁ . Cal cd. For

. C20H24N705S2C10. 3H20: C, 44.71; H, 4.69; 0, 15.45; N, 17.81; d, 6.54; S
11.56. Found: C, 43.88; H 4.53; 0, 15.49; N, 17.91; d, 6.48; S, 11.71
(Exanpl e 10) o2- { 4- Ami no- 2- [ ( 3-chl or o- 4- net hoxy- 5- net hyl pyri di n- 2-

yl ) nmet hyl] - 2p7- di hydro-6-thi a-1, 2, 3, 5- .

t etraazabengo[fcd] azul en- 8-yl | - N- net hyl acet am de nonoet hane- 1, 2-di sul fonate
An acet one tion (50 mM) of ethane-1,2- disulfonate (70 ng, 0.368 mmol)
was added at OQC to an acetone solution (50 m) of

2-(4-am no-2-[(3-chl oro-4-

met hoxy- 5- met hyl pyri di n-2-yl ) net hyl ]-2, 7-di hydro-6-thial, 2, 3,5-tetraazabenz
o[ cd] azul en- 8-yl | - N-net hyl acetam de (164 ngy, 0.368 mml). The resulting

m xture was stiBréblaros5e-ferh20-ArnutespyTheieafitexidehdlr.®ackilon sol ution
was |eft at rest at 5C for 18 hours, and it was then stirred at room

t enper at ur ®PGHCEHh N SheTHerdert sles adgst edl Flaldtsdd Jsoitrg west col | ect ed

Cerer at ur EPPB Ao ol 11 1082 S5 RS 1o 143 1% compound

(119 o, 0S%%Edgﬂ%é%hoxide—methanol solution (15.9 mL), and the
resulting mixture was then stirred at room temperature
overnight. Thereafter, a saturated ammonium chloride
aqueous solution was added to the reaction solution, and
methanol was then distilled away under reduced pressure.
The resultant was extractéd with chloroform three times.
The organic layer was dried over anhydrous magnesium
sulfate, and fhe solvent was then distilled away under
reduced pressure, so as to obtain the title compound (897
mg) as a solid.
'"H-NMR (CDC1;) 8: 2.68 (3H, s), 3.96 (3H, s), 6.73 (1H, d,
J=7.3 Hz), 8.20 (1H, d, J=7.3 Hz).

ESI-MS m/z: 174 (M+H)".

(2) (3-Chloro-4-methoxypyridin-2-yl)methyl acetate
OJ\

Cl



- 80 - Anal. Calcd. For C211-126N708S3C11.4H20: C, 38.06; H, 4.68; O, .
. 22.29; N, 14.92; A, 5.25; S, 13.83. Found: C, 38.14; H 4.39; 0, 22.74; N
14.83; O, 5.36; S, 14.55. (Test Exanple 1: Hsp90 ATPase Assay) An
Hsp90 ATPase assay was perfornmed usingyg reconbi nant yeast Hsp90 protein
(hereinafter called rHsp90). Yeast Hsp90 DNA was cl oned from a yeast
genom c DNA library according to a conventional nethod. The cl oned yeast
Hsp90 DNA was incorporated into a plasmd for expression in Escherichia
coil, and the plasm d was expressed in Escherichia coli to obtain r Hsp90.

| ' | ved d t
w5 diTuted w thEVEBOS fad GORGSEFRTSRY 1Whgﬂavfyg e S°T3. | 8{‘ed
I 0- d wit 0 ris,
2 20 m RS ﬁéf%ﬁ%lﬁ’é#éé%é%.%ﬁ%@é@?% et T Mo Sol ut on:
100 pal and R0 rewltqvgosqmptel@rr a&asorkhew@eated uddSP90. Mg, di gsol ved in

a TE buffer (20 MM Tris, pH 7.4, to a concentratlon of 2.531

mg/ mL. The3ﬂﬂmﬂddﬂbdﬁsA@tb@tQ@aﬂhh@ %@ %%%QYtQUEB%h‘E%m%%@a&h%@”L and
di spensed to a 96-wel| assay plate at 40 ' AL per well (final concentration:

100 p. g/ mL)the reachhert estl utonrpowah Soridd oy Aasd dirspensesheded ! I L per
well, and then the solutions in the respective wells were m xed using a
pl ate m xemrekFIneM ATR (tSiegmeesiChtaalvors Ndien purified by silica gel
| | chromatography (hexane-ethyl acetate), so as to obtain

the title compound (576 mg) as an oily substance.

'H-NMR (CDCls) &: 2.17 (3H, s), 3.97 (3H, s), 5.33 (2H,

~s), 6.83 (1H, d, J=5.6 Hz), 8.39 (1H, d, J=5.6 Hz).

ESI-MS m/z: 216 (M+H)"

(3) (3—Chloro—4—methoxypyridin—Z—yl)methanol

The above (3—chloro—4—methoxypyridin—2—yl)methyl
acetate (570 mg) was dissolved in methanol (13 mL), and
potassium carbonate (731 mg) was then added to the
solution. The resulting mixture was stirred at 50°C for
30 minutes. Thereafter, methanol was distilled away
under reduced pressufe, and water‘was then added to the
residue, followed by extraction with chloroform three
times. The organic layer was dried over anhydrous

magnesium sulfate, and the solvent was then distilled



- 81 - A-7699) was diluted with an assay buffer to 1 nmM and di spensed at 5
. RL per well (final concentration: 100 RM. The solutions in the respective
well's were m xed using a plate m xer, and then the assay plate was al |l owed
to stand in an incubator set at 37C forctwo hours. BI-OMOL GREEN
Reagent (BIOMOL, Catal og No. AK-111) was dispensed at 100 RL per well, and
the reaction was term nated. The solutions in the respective wells were

m xed using a plate m xer, and then 34% sodiumcitrate was di spensed at 10
RL per wel [2¥ajhdN§RTuthess S RIS Seshectd A& vigl 1Pt thsdditust ng a pl ate

m xer, and then the a |l ate was |left to stand at roomtenperature for
30 m nut es.CofF}?@ué‘éjso(?%Zn%@Rata%W ot BRI ARIT was neasured using

Spect r amaxRk|,U | ar. Devi ces The ratio of the absorbance of.
the test cohﬁ&j%'c\i/?!éﬁgga) droup 1% Z% abisorbaite! U the {25t? ddFpound-free

group (T/Cyal determ by t | oW n at i o] | a,
based on tﬁle'aiaésjg()112r$l\lp>l'z31 ?idn%:—%d[@ t he ’ab%o%a{]lglé cgy t%eE)C'\?\éfelq]Lg)t’o %_{:hhtqﬁe t est
conpound angd rjE3pQ0 ware added was A, the absorbance of the well to which
only rHsp90 was added was B, and the absorbance of the well to which
nei t her thedrests eprpound nor+H)Fsp90 was added was C. The cal cul ati on was
carried out using Softmax Pro 4.6 (Ml ecul ar Devices). Furthernore, an
inhibition rate (%9 was cal cul ated using the foll ow ng cal cul ati on formul a:

TC=(AQ/(B-C - 82- The conpounds of Exanples 1 to 6 each
exhi bi ted art) APP&dE cnehidbintedmyp xactd-viahl axforsd%yor) pyoriediate a concentrati on
of 2 [tM (kg/est Exanpl e 2: cell growth inhibition assay) A cell
growt h i nhiido6h 18448 was perforned using two types of cells (human
breast cancer cell line SK-BR-3 and huran | ung cancer cell |ine NC -H460).

HCI ¢

|N\

7 >l

N

The title compound (558 mg) was obtained as é solid
by the same synthesis method as in Example 1(20) using
the above (3—chloro—4—methoxypyridin—Z—yl)methanol (437
mg) .

'H-NMR (CDC1l3) &: 4.26 (3H, s), 5.17 (2H, s), 7.48 (1H, d,
J=6.8 Hz), 8.77 (1H, d, J=6.8 Hz).

ESI-MS m/z: 192 (M+H)™.

(5) 4-Amino-2-[ (3-chloro-4-methoxypyridin-2-yl)methyl]-N-
(2,2-difluoroethyl) -2, 7-dihydro-6-thia-1,2,3, 5-

tetraazabenzo[cd]azulen—8—carboxamide



Cells of each type were suspended in a nmedi um and seeded into a 96-wel |
.multi-well plate at 2000 cells/150 [di/well in the case of SK-BR-3 and at
500 cells/150 [Udwell in the case of NCl-H460. The test conpound was
di ssolved in DMBO, and this was dilutegdswith nediumto prepare a sanple
solution (DNS concentration: 0.5%or less). On the day follow ng the
seeding, 50 [tl, of DMSO- containing nediumto which the test conpound was
not added (hereinafter called DVSO diluted solution; DWVSO concentration:
0.5%or less) or 50 [d,, of the sanple solution was further added to the

cells. An MIT assay Operformed imediately after and 72 hours after

addi ng the sanple sdf upign or the DVMSO diluted solution to the cells. The
MIT assay was performgd as fol |l ows. 5 mg/ nL of an MIT

(3-(4, 5-dinet thyl t hi az | -2-y1)-2,5- diphenyltetrazolium brom de) sol ution
was added at—% [ & N wel | . Thereafter the plate was incubated at 37C in

5% CO2 for four urg. AThe pl ate was centrlfuged at 1200 rpmfor five
mi nutes, and tKen tTheNc ure supernatant was renoved by suction using a
di spenser. DVMSO was added - 83 - at 150 tAL per well, and the generated
formazan was dissolved. The plate was stirred using a plate mxer to
uniformy color the respective wells. The absorbance of each well was
measur ed usi ng @hel i eleeadepoandand®Omgf 46 nbtwitbhdaaseheseidcd of 660
nm T/ C &% for each concentration was determ ned by the foll ow ng
cal cul ati oRYf §PRuIS&TENE YA thesSe-sr e1§|§<1.‘iﬁ>§e a@url\me E\K@@pdrea\&d 8o usdinguldat e t he
50% growt h i nhi bitory concentration g , based on the assurrptl on

that the OB™FRPGE- ﬁ@a@uﬁéélluﬁﬁ@é’&tgtyé f7t‘ lhé’ o7 tthe asdnpl €961 uti on was
S, the OD aluerresure 7 fter addi ng, the sanple solution was T,
and the OD \‘?élrﬁ‘@ ﬁ"@géﬁf’g&dﬁf _% afe&PoZaaihyg e & %M?éod’lclel}ﬁe& sol ution
was C. T/C_%%)mg (gné) L%h%%ré—%QQcﬁq%r%%%%%Bﬁ ane SQ%oxypyrfglne

(35 mg) .

'"H-NMR (DMSO-Dg) &: 3.55-3.63 (2H, m), 3.96 (3H, s), 4.09

(28, s), 5.60 (2H, s), 5.95-6.19 (1H, m), 7.06 (2H, brs),

7.16 (1H, d, J=5.73 Hz), 7.49 (1H, s), 8.25 (1H, d,

J=5.73 Hz), 8.82 (1H, t, J=5.73 Hz).

ESI-MS m/z, 468 (M+H)"

Anal. Calcd. For CigH1¢C1lF,;N70,5-0.25H,0-0.5 dioxane: C,

46.51; H, 4.00; N, 18.99; Cl, 6.86; F, 7.36; S, 6.21.

Found:_C, 46.40; H, 3.72; N, 19.10; Cl, 6.93; F, 7.29; s,

6.19.

(Example 7) _

2-{4-Amino-2-[ (3-chloro-4-methoxy-5-methylpyridin-2-
yl)methyl]-2, 7-dihydro-6-thia-1,2,3, 5-
tetraazabenzo[cd]azulen-8-yl}-N-methylacetamide

monohydrobromide



G 50 value(nM SK-BR-3 NCl -H460 Conmpound 1 13 26 Conpound 2 39 90

A 20% hydrobromic acid-ethanol solution (204 ul,
0.505 mmol) was added to an acetonitrile solution (350
ml) of 2-{4-amino-2-[(3-chloro-4-methoxy-5-methylpyridin-
2-yl)methyl]-2,7-dihydro-6~thia-1,2, 3, 5-
tetraazabenzo[cd]azulen-8-yl}-N-methylacetamide (250 mg,
0.561 mmol) at room temperature. The resulting mixture
was stirred for 3 hours, and the precipitated solid was
then collected by filtration. Ethanol (3 ml) was added

lto the resulting solid, and the resulting mixture- was
then stirred for 1 day. Thereafter, the solid was
collected by filtration. The solid was then dried under
reduced pressure at room temperature for 2 days, so as to
obtain the title compound (128 mg, 0.243 mmol).

Anal. Calcd. For C;9H»N;0,SC1Br-0.4H,0: C, 42.91; H, 4.01;
o, 7.13; N, 18.57; Cl, 6.68; Br, 15.03; S, 6.08.

Found: C, 42.73; H, 4.11; O, 7.19; N, 18.36; Cl, 6.64; Br,

14.96; S, 6.00.

(Example 8)
2—{4—Amino—2—[(3—chloro—4—methoxy—5—methylpyridin—2—
yl)méthyl]—2,7—dihydro—6—thia—1,2,3,5—
ltetraazabenzo[cd]azulen—8—yl}—N—methylacetamide
monohydrochloride

3 N hydrochloric acid (0.786 ml, 2.358 mmol) was
added to an ethanol (30 ml) suspension of the above 2-{4-
amino—é—[(3—chloro—4—methoxy—5—methylpyridin—2—'
yl)methyll]-2,7-dihydro-6-thia-1,2, 3, 5-

tetraazabenzo[cdlazulen-8-yl}-N-methylacetamide (527.52



Compound 3 14 30 Conpound 4 11 22 Conpound 5 16 36 Conpound 6 45

mg, 1.183 mmol), while stirring at 25°C. The resulting
mixture was stirred for 1 hour. The precipitated solid
was filtefed, was washed with ethanol (6 ml), and was
then dried uﬁder reduced pressure at 40°C for 30 minutes,
so as to obtain the title compound (531.09 mg, 1.101
mmol>. |

Anal; Calcd. For CjioH,1C1,N40,S: C, 47.31; H, 4.39; N,
20.33; O, 6.63; Cl, 14.70; S, 6.65.

Found: C, 47.29; H, 4.40; N, 20.02; O, 6.87; Cl, 14.99; S,
- 6.83.

(Example 9)
2-{4-Amino-2-[ (3-chloro-4-methoxy-5-methylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3, 5-
'tetraazabenzo[cd]azulen—8—yl}—N—methylacetamide
monomethanesulfonate

A diethyl ether solution (50 ml) of methanesulfonic
acid (32 mg, 0.302 mmol) was added at 5°C to an
acetonitrile solution (150 ml) of 2-{4-amino-2-[(3-
chloro—4—methoxy—5—methylpyridin—2—yl)methyl]—2,7;
dihydro—6—thiaf1,2,3,5~tetraazabenzo[cd]azulen—8—yl}—N—
methylacetamide (151 mg, 0.339 mmol). The resulting
mixture was stirred at 5°C for 25 minutes. Thereafter,
the solvent was distilled away under reduced pressure, an
appropriate amount of diethyl ether was then added to the
residue, and a solid was then coliected by filtration.

Thereafter, ethanol (1 ml) was added to the resulting

solid, and the resulting mixture was then stirred at room



110 (Test Exanple 3: in vivo antitunor activity test) An anti t unor

activity test was carried out using NCI-H1975 (human non-small cell |ung
“cancer cell line). - 84 - On Day 0, the aforenentioned cells were

subcut aneously transplanted into the_right flank region O each male nude

mouse (4 x 106 cells per nouse). On Day 10, the body weight and the

di aneter of tunor were neasured. The mice were then randomy divided into
groups, such that the %roups did not have statistically significant
di f f er ence UCAPEERHBLEf LOfe ABEFRPXMERGISH Yardd dtYe eSheiaeE8Stundr SPékdne (the

estimated tunor |l unme = the . long dianeter qf the tunor the short
dianeter_oVthgoﬁgﬁﬁFeg Pﬁé%§ﬁ%F%th§ﬁeF@F af- e Fﬁﬁﬂ%ﬁg?@d'underCn Day
11, the dianeter of the tumor was n%asured, andj;he adm ni stratiqgn of the
test compodid &S PRESSHARt iPdt &¢°™ TEPSFRE WS ForpSiivd ﬁééaﬁrgﬁhred to a

concent [ at 906, 113 FULTL A" Y Ald,Y AYBMIakaned to the mce at a

dosage of 1
Anal. Calcd. For C,oH24N7058,C1:0.3H,0: C, 44.71; H, 4.69;

0, 15.45; N, 17.81; Cl, 6.54; s, 11.56.
Found: C, 43.88; H, 4.53; O, 15.49; N, 17.91; Cl, 6.48; S,

11.71.

(Example 10)
2-{4-Amino-2-[ (3-chloro-4-methoxy-5-methylpyridin-2-
yl)methyl]-2,7-dihydro~-6-thia-1,2, 3, 5-
tetraazabenzo[cd]lazulen-8-yl}-N-methylacetamide
monoethane—l,2—disulfonate

An acetone solution (50 ml) of ethane-1,2-
disulfonate (70 mg, 0.368 mmol) was added at 5°C'£o an.
acetone solution (50 ml) of 2-{4-amino-2-[(3-chloro-4-
methoxy—Sfmethylpyridin—Z—yl)methyl]—2,7—dihydro—6—thia—
1,2,3,5-tetraazabenzo[cd]azulen-8-yl}-N-methylacetamide
(164 mg, 0.368 mmol). The resulting mixture was stirred
at 5°C for 20 minutes. Theréafter, the reaction solution
was left at ﬁest at 5°C for 18 hours, and it was then
stirred at room temperature for 7 hours. Thereafter, the
precipitated solid was collected by filtration, and it
was then dried under reduced pressure at room temperaturé
for approximately 1 day,.so as to obtain the title-

" compound (119 mg, 0.187 mmol).



Such admi nistration was carried out once a day during the period from Day
11 to Day 14, and the dianeter of the tunor was neasured during the period
fromDay 11 to Day 14 and on Day 17. On Day 17, the tunor was

exci sed, and the wet weight of the tungp was then neasured. The
initial weight of the tunor was cal cul ated fromthe tunor vol une neasured
on Day 11, defining the gravity as 1. The i ncreased wei ght of the
tumor was cal cul ated by subtracting the initial weight of the tunor from
the wet wePgietl -ofCatliesl t urer Fedise€dSonl Day@Hr?: C, 88.06; H, Fhes8tunor

grow h inhibition rate (G %= ]C(qg@ C (99). of each test conpound was

cal cul at ed Of’rgr%'[}l'?é ﬁ\’atilg-(gﬁ/'c )SOTI‘/S['heS(i nctdased tumor wei ght ET) 011: tEe
test conmpound admni stration group to t increased, tyunor. wei [ of the
control. gr gg)ﬁm s’olc?le%t8 2lcfrh E‘l’st[lr';k%’og)’g%p 4C %" eMr‘hB?T’gnglﬂi f%g'(t%%c?'t est

between thg caenrtrol group and the test conpound administration group was
carried out according to Dunnett's nultiple conparison test using EXSAS
ver. 7.5.2.2 (Arm Corp). The conpounds of Exanples 1 to 6 each
exhibited a significant tunor growmh inhibitory activity of 50% or nore.
(Test Exanpires4: EQ¥RPA%4 inhigddconTresie Usidg,)human hepatic m crosomne)

M dazol am (a substrate; Wako Pure Chem cal

An Hsp90 ATPase assay was performed using a
recombinant yeast Hsp90 protein (hereinafter called
rHsp90). Yeast Hsp90 DNA was cloned from a yeast genomic
DNA library according to a conventional method. The
cloned yeast Hsp90 DNA was incorporated into a plasmid
for expression in Escherichia coli, and the plasmid was
expressed in Escherichia coli to obtain rHsp90.

The test compound was dissolved in DMSO to 10 mM.
The dissolved solution was diluted with DMSO to two
concentrations, 1 mM and 0.2 mM. Each diluted solution
was further 10-fold diluted with an assay buffer (100 mM
Tris, pH 7.4, 20 mM KCl, 6 mM_MgClz) (concentration of
each test compounq solution: 100 uM and 20 uM; DMSO
concentration: 10%).

rHsp90 was dissolved in a TE buffer (20 mM Tris, pH
7.4, 1 mM EDTA) to a concentration of 2.531 mg/mL. The
solution was diluted with an assay buffer to 125 pg/mL
and dispensed to a 96-well assay plate at 40 uL per well
(final concentratibn: 100 pg/mL) . |

_.:The test cbmpound solutipn-was dispensed a£'5 HL pei

well, and then the solutions in the respective wells were

mixed using a plate mixer. 100 mM ATP (Sigma, Catalog No.



I ndustries, Ltd.), |'-Hydroxym dazolam (a target to be neasured; Becton,

- Di cki nson and Conpany, Japan), Ketoconazole (a positive control; Sigma
Chenical Co.), NADPH Regeneration System (Solution A and Sol ution B
(Becton, Dickinson and Conpany, Japan)kqwere used. Appropriate anmpunts of
such test conpound, substrate, target to be neasured, and positive control
were wei ghed. They were dissol ved |n DVBO, and were then diluted with
acetonitrile, as appropriate. - 180 pl of a reaction solution
prepared by rﬁ@a%g “afe Folutsn rﬂjt(hl)art FIBHY tﬁﬂf%’revti%dslrS}Mb%én war med at
37C for 10 minutes: (1) Potassium_phosphate buffer (pH 7.4;_ final

concent r at id@ﬁpeggserﬁwat 2 MPREH ived lwat na‘1( SOW%zliﬂtaﬂfﬁr(‘h]r% HM

concentrati n 5 (.4 est_co und ( goncentration 0 pM
lutpll\gns SR r%)qi/ con‘?roﬁ VKet dréjo’na‘%df lngtl hal

negative co no COITp unas,

trat 0. trati :
st e ity ﬁn@)t%m%%}?%aéﬁe%eﬁﬁﬁé%stem Stution
Al sol ution aqltgl i eaq] wal&lhat aﬁj Y4 é/s@%ﬁ@d% “Ewtoh'h%ur actl on sol uti on,

and the reaction was Initiate The m xture was i ncubateéed for 10 m nutes.

Thereafter, 50 plrosbit he@EE&aRERGRNSO!(WIOMOIAS aSaMRIENo .ank-1t11was then
added to 200 pl of acetonitrile, followed by the term nation of the

reaction. Rad ktrspdisqal 0f 10 agetoe twdllle solditdlon weond@idi ngain i nt er nal
standard substance was added to the reaction solution.

terminated. The solutions in the respective wells were

mixed using a plate mixer, and then 34% sodium citrate

was dispensed at 10.pL per well. The solutions in.the

respective wells were mixed using a plate mixer, and then

the assay plate was left to stand at room temperature for

30 minutes. The absorbance at 650 nm of each‘well was

measured using SpectramaxPLUS (Molecular Devices).

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 formulé, based on the assumption that the
absorbance of the well to which the test compound and
rHsp90 were added was A, the absorbance of the well to
which only rHsp90 was added was B, and the absorbance of
the well to which neither the test compound nor rHsp90
was added was C. The calculation was carried out using
Softmax Pro 4.6 (Molecular Devices). Furthermore, an
inhibition rate (%) was calculated using the following

"calculation formulé: | |

T/C = (A-C)/(B-C)



In order to renove proteins.fromthis sanple, the reaction solution was
transferred to a 96-Well Collection Plate (Waters) using Captiva
(registered trademark) (G. Sciences). This sanple solution was defined as a
sanpl e used for the assay of LC-MS/Ms. g, _  Sanples of |'-Hydroxynidazol am
havi ng known concentrations (final concentrations: 0 to 5 pM total 5 - 87
- points) were prepared, separately. A calibration curve used for assay was
prepared, and the concentration of |'- Hydroxym dazolam in the sanple was
assayed. This r a8t CORPRESASaPE EF 38R &5 la tRuf iccatte@xbdideed an ™ The
anount of | -Hydroxymn dazol am generated_in fhe negative control was defined
as 100% and the rattd o the GrotmtY o‘?ftﬂ?% %H%%ﬁ%@be%erat ed by addition
of each cor‘g)ound tvva}S.t henefc? CLM ated. Thus, the inhibition value of CYP3A4
was obt ai ned " TS D esui tH the inhibition rate of conpound 1 was 15%
that of conpound 2 was 58% that of compound 3 was 5% that of conpound 4
was 43% that of conpound 5 was 66% and that of conpound 6 was -18% The

positive contdd \EXBHACONAZAIL,1 el eﬂlfa{bimrpigé%)r ate of 82% (Test

Exanple 5: In vivo antitunor activity test) An antitunor activity test
is carried out Bsiceg1INGlrolt650 nhHiTaA dMoRs lwagelde dAtehetancancel |
l'ine). The af orenentioned cells are subcutaneously transplanted into

the right filvankypeg @t afeldac h(hmaan rudes sousEnddr xcd D tild SSHPEAR+ADUSE) .
Thirty-nine days later, the tunor is excised, and a small section having
each side ¢fnQ hupadh nmnaspreparesl Thensml1-B&ed)i on i s subcut aneously

transplanted into_the right flank region of each male nude nouse (Day O0).
Cells of each type were suspended in' a medium and

seeded into a 96-well multi-well plate at 2000 cells/150
uL/well in the case of SK-BR-3 and at 500 cells/150

uL/well in the case of NCI-H460. 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 pL of DMSO-
containing medium to which the test compound was not
added (hereinafter called DMSO diluted solution; DMSO
concentration: 0.5% or less) or 50 puL of the sample
solution was further added to the cells. An MTT assay
‘was performed immediately after and 72 hours after adding
the sample solution or the DMSO diluted solutibn to the
cells. The MTT assay was performed as follows. -

5 mg/mL of an MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) solution waé added at 20 pL

per well. Thereafter, the plate was incubated at 37°C in
% CO, for four hours. The plate was centrifuged at 1200
rpm for five minutes, and then the culture supérnatant

was removed by suction using a dispenser. DMSO was added



On Day 14, the body weight and the dianeter of tunor are neasured.- The
mce are then randomy divided into - 88 - groups, such that the groups do
not have statistically significant difference in ternms of the body wei ght
and the estimated tunor volume (the esggmated tunor volume = the | ong
di ameter of the tunor x the short diameter of the tunor x the short
di aneter of the tunor/2). On Day 14, the admnistration of the test
conmpound was then initiated. The test conpounds are prepared to
concent r at i3dns 2¢f KL @65 weglg, Al thes gagrarateshd 9umgzro#d y adnmi ni st er ed
to the mce, .at dgﬁag?Hng%O nL/kg adm nistration is_ _carried

€

dissolve ate w 'st'rre%u%h'n a i%t i o)
out once a day uring eriod Fronlbay 40 ﬁay Bra-gndthé dPanet er of

the tumor s IRAHIRL A0 Dahclbe P clibe DAV AL, BRY 2080 Ba¥ g8ocand Day

31. On Day 31, the tunor is the wet weight o e tunor

~is then nmeasedie1l wasThRdNddAluweight Bfadde-ddqmr 4 Galgulated from
the tunor volune neasured on Day 14, defining the gravity as 1. The

i ncreased weIioghim ofi thhe: My rdrcccalfcWat egh by subtracting the initial
wei ght of the tunor fromthe wet weight of the tunor neasured on Day 31
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 (GIsp value), based on the assumption that
the OD value measured immediately after adding the sample
solution was S, the OD value measured 72 hours after
adding the sample solution was T, and the OD value
measured 72 hours after adding the DMSO diluted solution
was C.
T/C (%) = (T-S)/(C-S) x 100

The results are shown below.

GIsg value (nM)
SK-BR-3 NCI-H460
Compound 1 13 26
Compound 2 39 ' 90
Compound 3 14 30
Compound 4 11 22
Compound 5 16 36
Compound 6 45 110

(Test Example 3: in vivo antitumor activity test)
An antitumor activity test was carried out using

NCI-H1975 (human non-small cell lung cancer cell line).



The tunor growth inhibition rate (%= 100 - T/C (%) of each test
conpound is calculated fromthe ratio (T/C (%) of the increased tunor

wei ght (T) of the test conpound adninistration group to the increased tunor
wei-ght (C) of the control group (solvegy admnistration ,group). - 89 -
The. si gnificance test between the control group and the test conpound

adm nistration group is carried out according to Dunnett's nultiple
conparison test using EXSAS ver. 7.5.2.2 (ArmCorp). - 90 - dainms [Caim
1] A conmpodRdPrEpPesthtediByeFBRALPESELIFEdL SaW8EPt t her eof :

subcutaneously transplanted into the right flank region
of each male nude mouse (4 x 10° cells per mouse).

On Day 10, the body wéight and the diameter of tumor
were measured. The mice were then randomly divided into
groups, such that the groups did not have statistically
significant difference in terms of the body weight and
the estimated tumor volume (the estimated tumor volume =
the long diameter of the tumor x the short diameter of

the tumor x the short diameter of the tumor/2).

On Day 11, the diameter of the tumor was measured,
and the administration of the test compound was then
initiated.

The: test compound was prepared to a concentration of
1.5 mg/mL, and it was orally administered to the mice at
a dosage of 15 mg/10 mL/kg.

Such administration was carried out once a day
during the period'from Day 11 to Day 14, and the diameter
of the tumor was measured during the period from Day 11
to Day 14 and on Day 17.

On Day 17, the tumor was excised, and the wet weight
of the tumor was then measured.

The initial weight éf the tumor was calculated from
the tumor volume measured on Day 11, defining the gravity
as.l. |

- The increased weight_of-the tumor was calculatéd by
subtracting the initial weight of the tumor from the wet

weight of the tumor measured on Day 17.



“wherein, in formula (1), R - represents a Cl1-C6 al kyl group which may be

, Substituted by 1 to 3 halogen atons, or a hydrogen atom R2 represents a
hal ogen at om R3 represents a Cl-C6 al kyl group or a Cl-C6 al koxy
group, R4 represents a Cl-C6 al kygsgroup which may be substituted by 1
to 3 hal ogen atons, a cyano group, a halogen atom or a hydrogen atom and
X represents a single bond or a nethyl ene groug [CI aim 2]

2- 14-am no- 2-[ ( 3-chl or o- 4-'met hoxy- 5- et hyl pyri di n- 2 "

yl ) met hy1] - 2, 7- dPRy dHBO6- RPYTR, 2n§l§ltlon rate (GI%$ = 100 - T/C

tet raazaben(z’q[ C%]fazelélc es¥:] lc_olr\nl_p%%nc}/lwaealcsetc%qcuelated from the ratio

(T/C (%))of the increased tumor weight (T) of the test
compound administration group to the increased tumor
weight (C) of the control group (solvent administration
group) .
| The significance test between the contrel group and
the test compound administration group was carried out
according to Dunnett's multiple comparison test using
EXSAS ver. 7.5.2.2 (Arm Corp).

The compounds of Examples 1 to 6 each exhibited a
significant tumor growth inhibitory activity of 50%. or

more.

(Test Examble 4: CYP3A4 inhibition test using human
hépatic microsome)

Midazolam (a substrate; Wako Pure Chemical
Indust;ies, Ltd.), 1'-Hydroxymidazolam (a target to be
measured; Becton, Dickinson and Company, Japan),
Ketoconazole (a positive control; Sigma Chemical Co.),
NADPH Regeneration System (Solution A and Solution B
(Becton, Dickinson and Company, Japan)) were used.
Appropriate amounts of such test compound,'substraté,
target to be measured, and positive control were weighed.
They were dissolved in DMSO, and were then diluted with

acetonitrile, as apprbpriate.



[Claim3] - 91 - 2- (4-am no- 2- [ ( 3- br onp- 4- net hoxy- 5- net hyl pyri di n- 2-
 yl)methyl]-2,7-di hydro-6-thia-1, 2, 3, 5- _

t etraazabenzo[ cd] azul en- 8-yl | - N-net hyl acet anmi de. [C ai m 4]

2-{4-am no- 2- [ ( 3- br ono- 4- met hoxy- 5- net gl pyri di n- 2-

yl)nmet hyl] -2, 7-di hydro-6-thia-1, 2, 3, 5-

t et raazabenzo[ cd] azul en- 8-yl | acetam de. [C ai m 5]

2- {4- am no- 2-[ ( 3-chl or 0- 4- met hoxy- 5- et hyl pyri di n- 2- o _

y|)nEthyl]-Z,7-&?9y&#09§-?hF§§fF29§1§plutlon prepared by mixing the

el o £ B A ST et A g, 1 A
l\}eg rzafizgiofelnflzejgir g@]t g[yzlt u-etﬁeisé: g;?%g;g;nsaéhl ?Olalzmg)?f A hydrobrom de of a
conpound acear didid 43 ARG LI E2 11 6. 4; final
concentration: 50 mM)
(2) Purified water
(3) Midazolam (final concentration: 2.5 uM)
(4) Tesf compound (final éoncentration: 10 uM; negative
control: no compounds; positive contrél: Ketoconazole,
final concentration: O;l M)
(5) Human hepatic microsome (final concentration: 0.05
mg-P/ml)

20 pl of the NADPH Regeneration System (solution
A/solution B/purified water = 5/1/4) was added to this
reaction soluticn, and the reaction was initiated. The
mixture was incubated for 10 minutes. Thereafter, 50 ul
of the reaction solution was sampled, and it was then
added to 200 pl of acetonitrile, folléwed by the
termination of the reaction. Further,'SO pl of an
acetonitrile solution. containing an internal standard
substance was added to the reaction solution.

In order to remove proteins from this sample, the
reactibn solution was transferred to a 96-Well Collection
Plate'(Waters) using Captiva (registered trademark) (GL
Sciences). This sample solution was defined as a sample
used for the assay of LC-MS/MS..

Samples of 1'-Hydroxymidazolam having known

concentrations (final concentrations: 0 to 5 pM; total 5



[ C ai m 8] A hydrochl oride of a conpound according to any one of clains

,2to 6. [Claim9] A net hanesul fonate of a conpound according to any
one of clainms 2 to 6. [Caim10] An et hane-1, 2-di sul fonate of a
conpound according to any one of claing,2_to 6. [Caim1l]. - 92 - An

HSP90 i nhi bitor conprising a conpound according to any one of clains 1 to
10 or a salt thereof.

points) were prepared, separately. A calibration curve
used for assay was prepared, and the concentration of 1'-
Hydroxymidazolam in the sample was assayed. This
reaction was carried out in a duplicated manner.

The amount of 1'-Hydroxymidazolam generated in the
negative control was defined as 100%, and the ratio of
the amount of this compound generated by addition of each
compound was then calculated. Thus, the inhibition value
of CYP3A4 was obtained.

As a result, the inhibition rate of compound i was
15%, that of compound 2 was 58%, that of compound 3 was
5%, that of compound 4 was 43%, that of compound 5 was
66%, and that of compound 6-was -18%. The positive
control, Ketoconazole, exhibited an inhibition rate of

82%.

(Teét Example 5: in vivo antitumor activity test)

An antitumor activity test is carried out using NCI-
H1650 (human non-small cell lung cancer cell line).

The aforementioned célls are subcutaneously
transplanted into the right flank region of each male
nude mouse (1 x 10’ ceils per mouse).

Thirty-nine days later, the tumor is excised, and a
small section having each side of 2 to 3 mm was prepared.
The small section 1is subcutaneously transplanted into the
right flank region of each male nude mouse (Day 0).

On Day 14, the body weight and the diameter of tumor.

are measured. The mice are then randomly divided into



[Aaim12] An -agent for inhibiting the ATPase activity of HSP90,
whi ch conprises a conpound according to any one of clains .1 to 10 or a
"salt thereof. [Claim13] ' An agent for inhibiting the binding of HSP90
to ATP, which conprises a conpound accggdiing to any one of clains 1 to 10
or a salt thereof.- [ aim 14] A medi canent which conprises a conpound
according to any one of clains 1 to 10 or a salt thereof as an active
ingredient. [d aim15] An anticancer agent which conprises a conmpound

accor di ng tF ARF oSt {1t fhel 3 WRF gto dialta thertertl slsl @l ket i ve
ingredient. [C.ai.m16] .. A phar.maceutical . c sition which conprises a
conpound acsgft%IH]'afrfgcatrbg chﬁf@r&e dnaitr?sr“is jtcbf 1@‘%%@%&?%%%’5? and a
phar macol OQ:Ih%afle,!é(ti%acteeDé aé{lmeorcyorfu%{é Jtc%ealens]tli7 ated tumor volume =

the long diameter of the tumor x the short diameter of

the tumor x the short diameter of the tumor/2).

On Day 14, the administration of the test compound
was then initiated.

The test compounds are prepared to concentrations of .
0.65, 0.9, and 1.3 mg/mL, and it is orally administered
fo the mice at a dosage of 10 mL/kg.

Such administration is carried out once a day during
the period from Day 14 to Day 31, and the diameter of the
tumor is measured on Day 14, Day 17, Day 21, Day 24, Day
28, and Day 31.

On Day 31, the tumor is excised, and the wet weight
of the tumor is then measured.

The initial weight of the tumor is calculated from
the tumor volume measured on Day 14, defining the gravity
as 1.

The increased weight of the tumor is calculated by
subtracting the initial weight of the tumor from the wet
weight of 'the tumor measured on Day 31.

The tumor growth inhibition rate (GI%$ = 100 - T/C
(%)) of each test compound is calculated from the ratio
(T/C (%)) of the increased tumor weight (T) of the test
compound administration group to the increased tumor

~weight (C) of the control group (solvent administration

}gfoup).



A nmethod for treating cancer which conprises adm nistering a conpound

,according to any one of clainms 1 to 10 or a salt thereof. [Claim18] - 93
- Use of a conpound according to any one of claims 1 to 10 or a salt
thereof for the manufacture of a nedicggent. [C aim 19] An anti cancer
agent according to claim 15, wherein the cancer involves the excessive
expression of an HSP90 client protein(s). [C aim 20] A net hod for

‘treating cancer acconding,to claim 17, wherein the cancer involves the
excessive expreSEPoR 18P TakCRABPS0 tEFTeRE HFGPeithEs FoNtardi mrepp and

the test compound administration group is carried out
according to Dunnett's multiple comparison test using

EXSAS ver. 7.5.2.2 (Arm Corp).



An anticancer agent according to claim 15, wherein the cancer involves the

mut ati on of an HSP90 client protein (s).. [Caim22] A net hod for
treating cancer according to claim17, wherein the cancer involves the
mut ati on of an HSP90 . cli ent protein(s%@ [C aim23] An anti cancer

- agent according to claim15, wherein the cancer involves the activation of
an HSP90 client protein(s). [Caim 24] A nethod for treating cancer
according tqQ claim 17, wherein the cancer involves the activation of an
HSP90 cl i eftl33FStein(s). [Claim25] - 94 - An anticancer agent

accordi ng %g cLaiﬁ115, wherein the cancer involves the activation of an
i ntracel | ull&*dfgridl 1'i ng pat hway to whi ch an HSP90 client protein(s)

bel ongs. A compound represented by formula (1) or a salt

thereof:

(1)

wherein, in formula (1),

R' represents a C;-Cg alkyl group which may be
substitutea by 1 to 3 halogen atoms, or a hydrogen atom,

R? represents a halogen atom,

R® represents a C;-Cg¢ alkyl group or a C;-C¢ alkoxy
group, |

R? represents a C1-C¢ alkyl group which may be
substituted by 1 to 3 halogen atoms, a cyano group, a
halogen atom, or a hydrogen atom, ahd

X represents a single bond or a methylene group.
[Claim 2]

2—{4—amino—2—[(3—chl§ro—4—methoxy—5—methylpyridin—2—
yl)methyl]-2,7-dihydro-6-thia-1,2, 3, 5-
tetraazabenzO[cd]azulen—B—yl}—N—methylacetamide.

[Claim 3]



[ C ai m 26] A nethod for treating cancer according to claim117, wherein -
. the cancer involves the activation of an intracellular signalling pathmay

"to which an HSP90 client protein (s) bel ongs. [C|a|n127] An anti cancer
agent according to clairm15, wherein_the cancer is dependent on an HSP90
client protein(s). [CO aim 28] A nethod for treating cancer according

to claim17, wherein the cancer I s dependent on an HSP90 cli ent

protein(s). ,
2-{4-amino-2-[ (3-bromo-4-methoxy-5-methylpyridin-2-

yl)methyl]-2,7-dihydro-6-thia-1,2, 3, 5-
tetraazabenzo[cd]azulen—8;yl}—N—methylacefamide.
[Claim 4]
2—{4—amino—2—[(3—bromo—4—methoxy—5—methylpyridin—2—
yl)methyl]-2,7-dihydro-6-thia-1,2,3, 5-
tetraazabenzo[cd]azulen-8-yllacetamide.
[Claim 5] |
2-{4-amino-2-[(3-chloro-4-methoxy-5-methylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2, 3, 5- .
tetraazabenzo[cd]azulen—8—yl}—N—(2—fluoroethyl)acetamiéé.
[Claim 6]
4-amino-2-[ (3-chloro-4-methoxypyridin-2-yl)methyl]-
N—(2,2—difluoroethyl)—2(7—dihydro—6—thia—1,2,3,5—
tetraazabenzo[cd]azulen-8~carboxamide.
[Claim 7]
A hydrobromide of a compound according to any one of
claims 2 to 6.
[Claim 8]
A hydrochloride of a compound according to any one
of claims 2 to 6.
[Claim 9]
A methanesulfonate éf a compound according to any
one of claims 2 to 6.
[Claim 10]
An ethane-1,2-disulfonate of a compound accordiﬁg té
-any one of claims 2 to 6f

[Claim 11]



An HSP90 inhibitor comprising a compound according
to any one of claims 1 to 10 or a salt thereof.
[Claim 12]

An agent for inhibiting the ATPase activity of HSP90,
which comprisesﬁg.cémpound according to any one of claims
.1 to 10 or a salt thereof.

[Claim 13]

An agent for inhibiting.the binding of HSP90 to ATP,
which comprises a compound according to any one of claims
1 to 10 or a salt thereof.-

[Claim 14]

A medicament which comprises a compound according to
any one of claims 1 to 10 or a salt thereof as an active
ingredient.

[Claim 15]

An anticancer agent which comprises a compound
according to any one of claims 1 to 10 or a salt thereof
as an active ingredient.

[Claim 16]

A pharmaceutical composition which comprises a
compound according to any one of claims 1 to 10 or a salt
thereof and a pharmacologically acceptable carrier.
[Claim 17]

A method for treating-caﬁcer which comprises
administering a compoﬁnd accord%ng to any one of claims 1
to 10 or a salt thereof.

(Claim 18]



Use of a compound according to any one of claims 1
to 10 or a salt thereof for the manufacture of a
medicament. |
[Claim 19]

An anticancer agent according to claim 15, wherein
the cancer involves the excessive expression of an HSP90
client protein(s). |
[Claim 20] ‘

A method for treating cancer according to claim 17,
wherein the cancer involves the excessive expression of
an HSPY90 client protein(s). |
[Claim 21]

An anticancer agent according to claim 15, wherein
the cancer involves the mutation of an HSP90 client
protein(s)..

[Claim 22]

A method for treating cancer according to claim 17,
wherein the cancér involves the mutation of an HSP90
~client protein(s).

[Claim 23]

An anticancer agent according to claim 15, wherein
the cancer involves the activation of an HSP90 client
protein(s).

[Claim 24]

A method for treating cancer according to claim 17,
wherein the cancer involves the activation of an HSP90
client protein(s).

[Claim 25]



- 04 -

An anticancer agent according to claim'15, wherein
the cancer involﬁes the activation of an intracellular
signalling pathway to which an HSP90 client protein(s)
belongs. |
[Claim 26]

A method for treating cancer according to claim 17,
wherein the cancer involves the activation of an
intracellular signalling pathway to which an HSP90 client
protein(s) belongs.

[Claim 27]

An anticancer agent according to claim 15, wherein
the cancer is dependent on an HSP90 client protein(s).
[Claim 28]

A method for treating cancer according to claim 17,
wherein the cancer is dependent on an HSP90 ciient

protein(s).



