-1- Description Title of Invention: TR CYCLI C PYRAZOLOPYRI M DI NE

DERI VATI VES Techni cal Field The present invention relates toa———
conmpound having a tricyclic pyrazol opyrim di ne skel eton i nhi bits the
effect of heat shock protein 90 (HSP90)! Background Art Mi Hmmﬂmm
maj or intracellul ar chaperone protein. Chaperone proteins t hat
bind to various proteins to assist in folding of the-bound proteisgs. A -
group of proteins whose folding reides,#HSR90 are generally cal Fed HSP90
client proteins. It is assunmed that HSP90 as well as nultiple
proteins such as cochaperones, partner proteins and inmmunophilins are

i nvol ved in the nechani smof folding of client proteins by HSP90 and t hat

t hey col | aidrtdts vl y nassitston :n TRl Qidigl ©f P HSPROL@h Y eIt I priot ei ns (Non Pat ent

Docunent 1); homever the details of the nechanismare still not

suffici ent IRFRAVE4LVE It is assumed that HSP90.client proteins forma

conpl ex mn%h HSR9O, q perones and the like and are then confornationally

changed to ﬁﬁpﬁﬁ§a ﬁ@l and that the proteins are ub:qU|t|ag;88 ang .
an e
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tricyclic pyrazolopyrimidine skeleton which inhibits the
effect of heat shock protein 90 (HSP90)-.
Background Art

HSPS0 is a major intracellular chaperone protein.
‘Chaperone proteins are proteins that bind to various
proteins to assist in folding of the bound proteins. A
group of proteins whose folding.requires HSPY90 are
generally called HSP90 client proteiné.

It is assumed that HSP90 as well as multiple
proteins such as cochaperones, partner proteins and
immunophilins are involved in.the mechanism of folding of
client proteins by HSP90 and that they collaboratively
assist in folding of HSP90 client proteins (Non Patent
Document 1); however, the details of the mechanism are.
still not sufficiently clear.

It is assumed that HSP90_client proteins form a
complex with HSP90, cqchaperones and the like and are
then conformationally changed to mature proteins énd that
the proteins are ubiguitinated and aogradmd by
proteasomes when they are not folded normally by HSP90

and the like (Non Patent Documents 1 to 4y .
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2 In recent years, HSP90 inhibitors have been expected as candi dates
for therapeutic agents for various diseases (for exanple, cancer,

neur odegenerati ve di seases such as Al zhei mer's di sease, cardi ovascul ar

di seases, infections, autoi mmune di seases; and di seases associated with
apoptotic cell injury) (Non Patent Docunent 2) In particular, since
many cancer-associ ated proteins including nolecular targets for anticancer

agents are HSP9QrclkenhPraLeids JE9R0Q Inhifi g or ﬁ?a}h\gﬁvgb%grgp%% eeled as

candi dates for anticancer "agents. For exanple,

in the OCCuﬁfQmﬁﬁiﬁHtégﬂ&ﬂﬁ”ﬂﬁ%ﬁaﬁgu@fgcgéeﬁy%R%é?svg?{%miE§ISe§kt and

tel omerase are known as HSP90 client proteins n Paten cumenfei). I t

i s assumed (fhat d:hegd canceicass ot alete P5ot el nsyarg; shanged, fLom i mmat ure
proteins to mature proteins and act .to cause mali gnant trans?or mat 1 on of

cell's, respectiodaar,’ hydise of, HSRIN @saacechaped DHea P& o) el NrekSPIPsi s a
protein that exists not only in cancer cells but also in normal cells, and
it is reportVed®iFaet bl sffdad t yanal tdi sextéents poot #f ¢d antk-1t he ATPase
"activity necessary for. its chaperone activity are higher in cancer cells
than in nofmaPtC&NSs Non IPatEnt) Dotamem sent tRe@ymerThet ef ore, HSP90
inhibitors are ;ilssumeg.to be capable of inactivating nultiple ‘
cancer - associ at 8d PrOtaHe 28 nitDaReBESYy G50 8 Teafeac igdled spedidiins manner ,
and have b t ed ,as. candi.dates for anticancer agents that are potent
and have aﬁgl?c%%ﬁgﬁtl Ot}r%:ru%saprectta?rl?rﬁ S gor antIEARGHamASH; S FDi nyci n,

17- al 'yl anyregel danamycid) (L4 AAGL A, the liike are conventional ly known as
HSP90 i nhi bitors (Non Pap{}ent'lDd(%’(A:'\u%r{eﬁts 11%%olb4])kt.orlsh:}§aevecd?ﬁ)%nds bind to the

ATP bi ndi ngxpeckely als thedNded nal. of g—%ﬂj i nhi bit binding of HSP90
to ATP in order to inhibit the functri or{1 0 %I%?)%aiéﬁ;%haggfone pr ot ei n.

Various corpetnds,i mhilkiipilrg JHSRAA nar & dxeparded 4 naddjdd.on d4,0-4 h%)@bove
conpounds (Patent Docunent 1, Patent Docunent 2, Patent Docunent 3, Non

Pat ent DocdrErfiobmand NdncRatent sDeturBntid)2 , anth@ HHCYG!d C

pyrazol opyri mdine derivative is also reported (Patent Docunent 4).

Mor eover, §evemgrapgbkireatkinoms hav&SPepordlectithe iddeanded nusesoferdir i cyclic
pyrazol opyri m di ne derivatives and conpounds having a condensed ring

struct ure, PORPRANA| 40 -hale threesepadt thaénthhetereoyeki-assbrgatetor

anti cancer QU£gosesgPatent Docunents 5 to 9,and Non Patent Docunents 7 and
8). 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 ce;ls than in normal cells (Non Patent
Documents 1 to 3). Therefore, HSPY90 inhibitors are
assumed to be capable of inactivating multiple cancer-
associated proteins simultaneously in a cancer cell-
speéific manner, and have been expected as candidétes for

anticancer agents that are potent and have a broad

antitumor spectrum.



Citation List Patent Docunents Patent Docurrent 1. WO 2005/ 28434 Patent
Docunment 2: WD 2008/ 049105

Geldanamycin,.hefbimycin, 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 binding pocket at the N-
terminal of HSPY0 and inhibit binding of HSP90 to ATP in
order to inhibit the function of HSP90 as a chaperone
protein. Various compounds inhibiting HSP90 are reported
in addition to the above compounds (Patent Document 1,

Patent Document 2, Patent Document 3, Non Patenf Document
5 and Non Patent Document 6) and a tricyclic
pyrazolopyrimidine derivative is also reported ‘(Patent
Document 4). |
Moreover, 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 Doéuments 5 to 9, and Non
Patent Documents 7 and 8).
Citation List
Patent Documents
Patent Document 1: WO 2005/28434
Patent Document 2: WO 2008/049105
Patent Document 3: WO 2008/093075

Patent Document 4: WO 2008/035629

(8]

Patent Document WO 2004/047755

WO 2006/015263

AN

Patent Document
Patent Document 7: WO 2005/021568

Patent Document 8: WO 1998/04399]



Pat ent Docunent 3: WO 2008/093075 Patent Docunent 4: V\02008/»035629
Pat ent Document :

Patent Docﬁment 9: WO 2008/100447
Non Patent Documents:

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

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

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

Non Patent Document 4: TRENDS in Biochemical
Sciences (2006) Mar, 31 (3), 164-172

Non Patent Document 5: Journal of Medicinal
Chemistry (2005) Vol. 48, No. 13, 4212-4215

Non Patent Document 6: Journal of Medicinal
Chemistry (2006) Vol. 49, No. 1, 381-390

Non Patent Document 7: Organic & Biomolecular
Chemistry (2003) Vol. 1, No. 23, 4166—4172

Non Patent Document 8: Organic & Biomolecular
Chemistry (2006) Vol. 4, No. 9, 1723—1729
Summary of Invention
Problem to be solved by the Invention

Although HSPY9C inhibitors have been expected to be
used as medicaments, in particular as anticancer agents,

no compounds have been actually used as medicaments so

Means for Sclving the Problem
As a result of extensive studies to solve the above
- problems, the present Inventors have found a novel

compound tha:t inhibits the ATPase activity of HSP90 and
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WO

WO 2004/ 047755 Patent Docunent 6: WD 2006/ 015263 Pat ent Docunent

has antitumor activity, which is represented by formula

(1) as shown below, thereby completing pbresent invention.

Moreover, the inventors have carried out in vivo

antitﬁmor 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 oI 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:

(1)

wherein, in formula (1),
R' represents a C1-Cs alkyl group which may be

substituted by 1 to 3 halogen atoms, or a hydrogen atom,

R represents a halogen atom,

3 - - —~
R represents a C.-C¢ alkyl group or a C:-Cg alkoxy

group,

7:



2005/ 021568 Patent Docunent 8: WO 1998/043991 - - 4 - Pat ent Docunent
9: WD 2008/ 100447 Non Patent Docunents: Non Patent Docunent 1:

Medi ci nal Research Reviews (2006) Vol. 26, No. 3, 310-338 Non Pat ent
Docunment 2: TRENDS in Mol ecul ar Medi c+ne £2004) Vol. 10, No. 6, 283-290
Non Pat ent Docunment 3: British Journal of Pharnmacol ogy (2005) 146, 769-780

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—{(3—chloro—4—methoxy—5—methylpyridin—2—
yl)methyl]-2,7-dihydro-é-thia-1,2, 3,5~
tetraazabénzo[cdjazulen¥8—yl}—N—methylacetamide.

[3] 24{4—amino—2—[(3—bromo—4—methbxy—5—methylpyridin—2—
yl)methyl]—Z,7—dihydro—6—thia—l,2,3,5—
tetraazabenzo[cd]azulen—8—yl}—N—methylacetamide.-

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

[5] 2—{4—amino—2—[(3—chloro—4—methoxy—5—methylpyridin—2—
yl)methyl}-2,7-dihydre-6-thia-1,2,3, 5-

tetraazabenzoic ]azulen—B—yl}—N—(é—fluoroethyl)acetamide.
[6] 4—amino—2—[(3—chloro—4—methoxypyridin—2—yl)methyl]—N—
(2,2jdifluoroethyl)—2,7—dihydro—6—thia—1,2,3,5— |
tetraazabenzo[cd]azulen-8-carboxamide.

[7] A hydrobromide 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 [Z] to I6].

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

any one ot [2] to [6].



Non Pat ent Docunment 4: TRENDS in Bi ochem cal Sciences (2006) Mar, 31 (3)
, 164-172 Non Pat ent

(11] An HSPS0O inhibitor comprising a compound according
to any one of [1] to [10] Oor a salt thereof.

(12] An agent for inhibiting the ATPase activity of HSP90,
which éomprises a compound according to any one of [1] to
[10] or a salt thereof.

[13] An agent for inhibiting the binding of HSPY90 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 [1] 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 sal£ thereof as
an active ingredient.

[16] A pharmaceutical composition, which compriseé a
compound according to any one of [1] to [10] or a salt
thereof and a pharmaceclogically acceptable carrier.

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

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

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

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

client protein(s).



Docunment 5: Journal of Medicinal Chemstry (2005) Vol

48, No. 13,

4212- 4215 Non Patent Docunment 6: Journal of Medicinal Chemstry
(2006) Vol. 49, No. 1, 381-390 Non Pat ent Docunent 7: Organic &
Bi onol ecul ar Chemi stry (2003) Vol. 1,-Ne.-23, 4166-4172 Non Pat ent
Docunent 8: Organic & Bionol ecul ar Chemistry (2006) Vol. 4, No. 9,
1723-1729 Summary of Inventi on Probl emto bg sol ved by the inventi ont

Al t hough HSP0 izn ifel) en expected to i canent s,
parti cgl ar as ‘ant Pdcela)ljr?cer agentt 10 ConpoT %%Isa%%?/ﬁdb%%nt%c{uéﬂy used as

medi cament ;18018 the cancer involves the excessive expression of

an HSPS0 client protéin(s).

[21] An anticancer agent according to [15],

wherein

the

cancer involves the mutation of an HSP90 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 c

protein(s).

lient

[24] A method 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 treating cancer according to [17],

wherein the cancer involves the activation o

f an

intracellular signalling pathway, to which an HSP90

client protein(s) belongs.

[27] An anticancer agent according to [15], wherein the
cancer is dependent on an HSP9O client protein(s).
(28] A method for treating cancer according to (17]

wherein the cancer is dependent on an HSP90Q client

protein(s).

r
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Means for Solving the Problem As a result of extensive studies to
sol ve the above problenms, the present inventors have .found a novel
conpound that inhibits the ATPase activity of HSP90 and has antitunor
activity, which is represented by formupa-(1) as shown bel ow, thereby
conpl eting present invention. Mreover, the inventors have carried out in
vivo antitunor activity tests, safety tests, netabolic stability tests,

met abol i ¢ enzy. jnhibiti tests.. etc., on the conpound of the present
i nvention. As {?%%égﬁt%*téﬁg' %N%P?Tﬁﬂmlthat t he conpound of the present

invention has vagi LR ties r ired for. .nedicanents., Mor e
specifically, t%gbgggégﬁ?R?%véﬁiﬁﬁ%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ“%nﬂ“wﬁ%&ﬁﬁ%uﬁﬁ represented by

the formul &xchiddd & saddel hepeofo1 oWher Bl @i nd i prpl a, (1), Rl represents
a 01-06 algyfﬁzioup mhicﬁangérsuggf?tuted b§n1 to %g%aTogen gfo%s,. or a

hydrogen atiomRSRAntepriesent ssdhalogenatom is repRSsLePEESEPtspa C - C6
al kyl group or a 0,-C6 al koxy group, :
_ above formula (l). The compound of the present invention

is useful as an antitumor agentf

Description of Embodiments

In_the present invention, "heat shock protein 90" or
"HSP90" refers to any or all of the HSP90 family unless
otherwise specified. The HSP90 family includes H3P90aq,
HSP90B, 94kDa glucose-regulated protein (GRP94) and
Hsp75/tumor necrosis factor receptor associated protein 1
(TRAP1), for example.

In the present invention, "HSP90 inhibitor" refers
to a compound or composition that partially or completely
inhibits an effect of HSP90. Examples of the HSP90
inhibitor include a compound or composition that
partially or completely inhibits the expression of HSP90
and é compound or composition that partially or
completely inhibits the function of HSP9Q as a chaperone
protein.

Here, "function of HSP90 as a chaperone protein™"

refers to a function of HSP90 to assist fclding of a

client protein to convert the client protein to its

X¢]

functioning form, or a function of HSPS0 to stabilize a
client protein, for example.
Accordingly, specific examples of the HSP90

inhibitor include a compound inhibiting the expression of



6 R4 represents a G -05 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 single bond or a nethylene group. [2]

2-{4-am no- 2-[ (3-chl or o- 4- met hoxy- 5- retirtylpyri 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 acet am de. [ 3]

-{4-am no- N adoBd caliont Y .in--S o ci.ﬂn
)2/I§rretahmy2f-}§€jé7d-%i %3%?%?'[ T;%JZ?JS%%E }BEX&E.QQ 5f HSPOO t a client

t et raazabenzajdd]az W efordsyhha NeARINYE aget B‘ﬂl%fng ofHMiSPo0 to co-
2-{4-am no-2-[ (3- br onp- 4- et hoxy- 5- net hylpyri di n= 2-

yl') met hy1] -chafetidryels 0o:6-tihiendpr2i Bids, a compound inhibiting

t etraazabenzo[ cd] azul en- 8-yl | acetani de. [5] =~

2- { 4- am no-2-{qi3r¢ D riB BB treth xR 5-aret bydpyfid difh 2b1-ing the ATPase
yl )met hyl] -2, 7-di hydro-6-thia-1, 2, 3, 5- :

t et raazabe Gz lerlB2 30 |amdt (2-ddrupeeoed hih) ot ang dehe [ 6] _
4-am no- 2- [@%Qgi[l(cfﬁ? or o- 4- met hoxypyri di n- Z-él ynmethyl ] -N(2, 27di fl uoroethyl)-2,7

- di hydr o- 6- 4RI Mt Pl 1 dqrigss stfe ibof 6] az'ﬁﬂ@erii?’-%]rlbdwé{mg?ec c[agl]7] AA

hydr obrom de of a, compoynd accﬁor;di ng to any one of to .

hgdr ochl or i%(fe UsEh acsorﬁ)t)iiﬂ‘ro(aé)c‘djd‘rjtﬁ P ¢t a%?/r ohed bR ¢ufsE.by[@ A
net hanesul fonat e of a}{ﬁpﬁ)ound according to any one of [2] to [6].

Examples of an HSPY90 client protein include: growth
factor receptor kinases such as Her?2, EGFR, c-=Kit, c-Met,:
KDR, F1t3, IGF-1R, and PDGF; intracellular kinases such
as PDK1l, Akt, Raf, S6, Cdk4, Cdk6, Chkl, PLK1l, Src,
Aurora B, Bcr-Abl, GSK3p and ERK5; steroid réceptors éuch
as GR, ERa, PR, and AR; and others such as HIF-1,
Survivin, Tert, Bcl-6, and p53.

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 assoclated with apoptotic cell injury. In
the present invention, the terhs "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
rerferred to as "tumor" or "cancer".

Individual substituents in the formula (1) of the

present invention will be described below.



[10] An ethane-1,2-disul fonate of a conmpound according to any one of [2] to
[6]. - 7 - [11] An HSP90 inhibitor conprising a conpounq_apcprglng to any
one of [1] to [10] or a salt thereof. [12] An agent for inhibiting the
ATPase activity of HSP90, which conpr sés -a conpound according to any one
of [1] to [10] or a salt thereof. [13] An agent for |nh|b|t|ng t he bi ndi ng
of HSP90 to ATP, which conprises a conpound according to any one of [1] to

I - 4 di.c nt, Which conprises a conpound
ggg!)rgir ng fg ;n;wgﬁgggfs%%]“]sté\ F?OTs %ﬁ%’%aﬁ%%e"ﬁ@o 1 @B PSctive | _
ingrEdient-suﬂ§£ﬂtd¥b@”ﬁ-C@n§§r3aﬂgfg%thé?gmgpngfl§e§¥§r8§ggogggmaccordlng

to any one of [1] to [1 or a salt thereof as an active rngredient. [16]
A phar maceut i calHex@mpQsithieomc, whi cin €OIPEESES @hggﬂpﬁyydbgccordlng to any

one of [1] to [10] or a salt thereof and a pharnmacol ogi cally acceptabl e
carrier. 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, an ethyl group,
a propyl gfoup, an isopropyl group, a cyclopropyl group,
a cyclobutyl group, a cyclopentyl group and a
- cyclohexylethyl group. Examples of a halogen atom
substitutent for such an alkyl group include a fluorine
atom, a chlorine atom, a bromine atom and an iodine a‘om.
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;-Cs, alkyl group,
a C;-C3 alkyl group having a fluorine atom as a
substituent, or a hydrogen atom, and more preferably a
methyl group, an -ethyl group, a fluoroethyl group, a

difluoroethy. group, or a hydrogen atom.

[\})

2 .
R® represents a halogen atom.

Lrd

Fay
L

[y

xamples

O

&}

uch a
halogen atom include a fluorine atom, a chlorine atom, a

bromine atom and an iodine atom.



[17] A nethod for treating cancer, which conprises adm nistering a conpound
according to any one of [1] to [10] or a salt thereof. [18] Use of a
conpound according to any one of [1] [10] or a salt thereof for the

manuf acture of a medicanent. [19] An anticancer agent according to [15],
wherein the cancer involves the excessive expression of an HSP90 client
protein(s). - 8 - [20T A nmethod for treating cancer according to [17],

wherein the canger.inyol xgs he excﬁssi ve expression of an HSP90 client
protein(s). [2% AR BACTCARCEY EgdhtlCAddsr ditvg t ¢ [CHBPr iwisediom the cancer

L reat i ng cancer Seordi Ry T8 T TS T 6 REThE GaRBeP: IRGoF VER Phedr

treating cancer according to PriRvoR VeS8 Phednutati on

of an HSP9O,edian protein(s). [23] An anticancer agent according to [15],
wherein the cancer involves the activation.of an HSP90 client protein(s).

[24] A nethod fer tesatkngrsancer-accanding to,d 17].. wherein, the cancer
i nvol ves the activation of an HSP90 cl i}g}}nt ggprotE{ai n(-s&} e ["25Tl ™ Ant i cancer
agent accorgh to [15], wherein the cancer involves the activation of an
ag np . : i i
intracel lul ar signalling pathway, to which an HSP90 client protein(s)
bel ongs. [26] Aemethodther "tCrneat i nigkehngesuacCos dli fige t 9ahd 7], wherein the
cancer involves the activation of an intracellular signalling pathway, to
whi ch an HSPIO-TEIHIARS Hootelaqs)imel ongsve.  The "Ci-Cs alkoxy
group" refers to a Ci;-C¢ alkoxy group having the above
described "C;-Cg¢ alkyl group" as an alkyl portion thereof.
R® is preferably a C;-C; alkyl group or a C;-C3 alkoxy
group, and more preferably a methyl group, an ethyl group
or a methoxy group.
R represents a C;-C¢ alkyl group which may be
substituted by 1 to 3 halogen atoms, a cyano group, a
halogen atom, or a hydrogen atom.
Herein, the "C;-Cg alkyl group which may be
substituted by 1 to 3 halogen atoms" has the same
definitions as those in R! above. |
4 . ~
R" 1s preferably a C,-C; alkyl group, a cyano group,
a fluorine atom or a hydrogen atom.
X is preferably_a single bohd or a methylene group.
The compound represented by formula (1) according to
the present invention may be present as a stereoisomer or
an optical isomer derived from an asymmetric carbon atom.
The stereciscmer, the optical isomer and a mixture

thereof are all included in the present invention.



[ 27] An anticancer agent according to [15], wherein the cancer is dependent
on an HSP90 client protein(s). [28] A nethod for treating cancer according
to [17], wherein the Cancer is dependent on an HSP90 client protein(s).
Advant ages of the Invention Accoridi ng to the present invention, there
is provided a novel pyrazol opyrimdine derivative having HSP90 i nhibitory
activity, which is represented by the above formula (1). The conpound of

t he present invqnhtiocn is useful as an antitunor agent. Description of
Enbodi ment s 9 0 THE Bredemtt 57emT oy Ehesilashobk greredmaoto or
"HSP90" ref ). o] . of the HSP90 fam unl ess ot herw se

speci fi ed. t%I]ée ESH%T’ %a{r#?%/ljlfh%? udes® HEPYBAT 2 9@'??@3&%%3’ any one

gl ucose-r egtd@t e Prot el ‘ ‘tupor _necrosis factor receptor
g 1 (TR(E,&tF>€_§L§il,:§:’]?(§1fa & ??ié’fé e

associ ated protein or exanp 95%“%he present invention,
"HSP90 i nhi bi t o refri$d-0 6] r_ i td on..that part. al or
conpl et el y i nhi bi t{s an effec_?{ (g?@aglgg%.—%aanpl e§ 05:‘ %ﬂtehqaﬁﬂ&f 1 nhi )i/t or
include a conpeoitdy or-Tonposifde-d-hatipartpatly_or conpletely inhibits the
expression of HSP90 and a conpound or conposition that partially or

conpl et el y tigthids 2ab e fanicd 40rerofs -HEPOON -ase 6h ¢haRer 4Resdr ot ei n.

Here, "function of HSP90 as a chaperone protein"” refers to a function of
HSP90 to assi st 2Fdlidiafg nef 2a [diBi-emomprdteieart hoo yeGrwerth ytiihe rald ient2 pr ot ei n
to its functioning form_or a function of HSP90 to stabilize 2 ctient

protein, 'fé’rl>é‘3?§r%11é.‘2Ac7c‘djﬂdiW§4%6‘§6@cﬁﬂc2 ekanpl es of the HSP90.

tetraazabenzo[cd]azulen—8—yl}—N—methylacetamide;

2—{4—amino—2—[K3—bromo—4—methoxy—5—methylpyridin—2—
yl)methyl]—2,7—dihydro—6—thia—l,2,3,5—
tetraazabenzo[cd]azulen—S—yl}acétamide;

2—{4—amino—2—[(3—chloro—4—methoxy—S—methylpyridin—Z—
yl)methyl}—2,7—dihydro—6—thia—1,2,3,5—
tetraazabenzo[gd]azulen—B—yl}—N—(2—fluorbethyl)acetamide;_
and

4—amino—2—[(3—chloro—4—methoxypyridin—2—yl)methyl]—
N—(2,24difluoroéthyl)—2,7—dihydro—6—thia—l;2,3,5—
tetraazabenzo[cd]ézulen—8—carboxamide.

The compound_represented by formula (1) according to
the present invention can be converted to a
pharmacologically acceptéble salt, as desired. Examples
of such salts include: halogenated hydroacid salts such
a2s hydrochloride or hydroiodide salts; inorganic acid
salts such as nitrates, perchlorates, sulfates and
phosphates; lower alkanesul fonates such as
methanesulfonates, trifluoromethanesulfonates or

etnanesulfonates; arylsulfonates such as



inhibitor include a conpound inhibiting, the expression of - 10 - HSP90.,
a conpound i nhi biting binding of HSP90 to a client protein, a conmpound

i nhi biting binding of HSP90 to co-chaperones or inmmunCphilins, a conpound

i nhi biting binding of HSP9O to ATP, a canpound inhibiting the ATPase
activity of HSP90 and a conpound inhibiting the conformational change of
HSP90. The HSP90 i nhi bitor can' be used as a therapeutic agent for a disease

caused by HSP9 _t an HSP90 cllent pr.ot e| n
i ncl ude: graﬁf)bmﬁé%%%%orece%toorr i nases J'Esuclhg LTERT 2, CEER C ki

Fit 3, |GF.H%liﬁﬂhd%x}%s|¢ﬁfﬁgﬁgél“éﬁe%é@@éesméyghi PR 5; Raf’.S6’
Cdk4, Cdk6, Chkl, PLK1, Src, Aurora B, Bcr 3P an steroid
receptors suctasadd;, BRacrARs anth AR a a4, %£§I§t§é’0$'r31§af%z§ﬁés Survivin,
Tert, Bcl-6, and p53. In the present invention, exanples of the

"di sease calrgédanbgmara@'fd ectltof HSPOQs i ool Lidel ganee) , gnetsrsegensrative

di seases such as Al zheiner's diseae, cardiovascul ar diseases, infections,
autoinwuneQﬁﬁﬁﬁ%ﬁ%ﬁsan@fdtﬁéageshaégganﬂugﬁ\Mydrdﬂmnu(ﬁdktsxﬁddlnjury. I n

the present invention, the terns "tunor” and "cancer" can be used
exchangeabl 3£ 9Ftr% AL SR lte Pieegurml ¢ ket i omd tmatTle gzg;t bEaurmr
ancer, mal.ignant neoplasm .carcingna, sarconm, an e like

Senerlcall)}'1 (ﬁq%&F 'agﬁgﬁﬁﬁﬁs O”%%ﬁuﬁ#"?thane“}d¥mﬁy$@hé@nate _
substi t uent. |ﬂg§l1 fqrnul (1) of the present invention will be described
below. R1 represe “a 5%5 al kyl group which may be substituted by 1 to

3 hal ogen ato”BTh%rc%mB$QB89§@p§Egghted 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. The 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, hydfate
salt, and N-oxide forms are also included in the scope of
the present invention.

Depending on the types of éubstituents 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 trans isomer, tautomers, or optical

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



Herein, the "Cl1-C6 al kyl group which may be substituted by 1 to 3 hal ogen
atons" refers to a linear, branched, or cyclic alkyl group having 1 to 6
carbon atons, which is unsubstituted or is substituted by 1 to 3 hal ogen
atons. -Exanpl es of such an al kyl groupiaving 1 to 6 carbon atons include a
met hyl  group, an ethyl group, a propyl group, an isopropyl group, a
cycl opropyl group, a cyclobutyl group, a cyclopentyl group and a

cycl ohexyl et;hyl yup. Exanpl es_of hal ogen. at pm substitutent for such an
al kyl gr ouE&Péln(:Efrgédé;”lﬁélLL fﬁanoTrp?)‘nleo%t‘oIﬁ%al%g%ﬁl%ﬁ n%?aFBﬂfealBP’B?rFﬁe atom and an

i odi ne at omSuch 8, ti : D sitioned on _any carbon atom of the
al kyl group. Wen the a'kyﬁtﬂ{g?%lup hégncgftTLﬁ)?% ls%%@?ﬁu%ﬂ%s, t he

substi t uents dmys o4 he, sane-canbongos diffe J‘F’%ncf{;?%é- gHel; a hal ogen
atom substituent for the alkyl group i1s pre ef a y a uori he atontor a

brom ne at amheand sorpqrieferably a fluorine atom R- is preferably
an unsubstituted Cl-C 3 al kyl group, a Cl1-C3 al kyl group having a fluorine
atom as a subst Theenbmponnd hygregentaicomy art mMywnprLf erably a met hyl
group, an ethyl group, a fluoroethyl group, a difluoroethyl group, or a
hydr ogen at®siicrding tRR thepresemrst alrited ogem ataoym a Exanpbesr Dfe sagh a

hal ocen atominclude a fluorine atom a chlorine atom a brom ne atom and
an iodi ne &WHC 1sprore(s) 9P qne prefershlgorstlueenneatatom a chl ori ne
atomor a hrom ne atom and nore prefe,rabl;-\ér a chlorine atomor a brom ne

atom 56T €€t $ORTCTH-EE al 13 1 Yr oliF 28 L& SCRICs vtk @®y  gr oup.
Herein, the /" Cl.-| l.kyl group’, has the same definitions as those in R2
above. The%‘xc?%%cqasf%ko v grnéﬁﬁ"deree LS 6%?66 CAHIHP or Blp having the
above descrifgd .- GL=051al-kyl Qup’,. as an akkyl rtion thereof. R3
is preferably a Cl‘?z&aal kl§l aélrg%ft)éor&O%a @I%sgir koxy~ Yt oup"P A frot €
preferabl y wdretihdls greudRpaR 1€ W groun, or, A

) doxy gropp, ..o R4
represents a Cl1-C6 alkyl group which may be subs |tu%(’ed&{)y 1% %shal ogen
atoms, a cyare Fgoeuptudibkal egem aloms Ly aylpgen APMiagnostic

agents such as in vivo image diagnostic agents.

Regardless of whether or not they are radioactive

compounds, all isotopic variants of the compound

represented by formula (1) are included in the scope of

the present invention.

Moreover, the present invention also includes a
compound that is converted to a compound (1) as an active
ingredient of a pharmaceutiéal composition of the present
invention as a result of a reaction with an enzyme,
gastric acid or the like under physiological conditions
in vivo; namély, & compound that 1is converted to the
compoﬁnd (1) as a result of enzymatic oxidation,
reduction, hydrolysis or the like; or a
"pharmacologically acceptable prodrug compbund" that is
converted to the compound (1} as a result of hydrolysis

cr the like due to gastric acid, etc.



Herein, the "Cl-C6 al kyl group which May be substituted by 1 to 3 hal ogen
atons" has the sane definitions as those in R above. R4 is.
preferably a. Cl1-C3 al kyl group, a cyano group, a fluorine atomor a
hydrogen atom X is preferably a singleebend or a nethylene group. _
The conpound represented by fornmula (1) according to the present invention
may be present -as a stereoisoner or an optical isoner derived from an

asynmetri ¢ car bgn.aLom. The $Lerenl SeEr; LS GAIJ6al, | SQIRLANd a m xture

thereof are all incfuded in present inven ‘The

conpound r epfeseMRd flq{erallbay (alayuaa%%d' nagl}wlé Porl?r Pnt invention is
particularly preferably any one conpound sel ected ron1t e follow ng group:

2-{4- anln012mh@&dﬁyﬂﬁqld%fﬂﬁfﬂné/éﬁﬂﬁﬁrbﬂdU%|§fn“ﬂé compound (1)
yl)nmethyl]-2, 7-di hydro-6-thia-1, 2, 3, 5-

tetraazabedZﬁﬁc@kazmuen &qﬂﬁo@ﬁd&ﬂdﬂﬁéﬂﬁﬁdﬂbﬁkﬁonverting the above-
2-{4- ami no- 2- [ ( 3- br ono- 4- net hoxy- 5- net hyl pyri di n- 2-

yl ) net hy 1] T&nzidinggd eovigiat tdzeup, Z,8,&8-cosanoyl, alanyl,
tetraazabenzo[cd]azulen 8-yl | - N-net hyl acet am de;

2-{ 4- ani noP2HY3 ﬂ@%ﬂﬁ?aﬁhﬁﬁﬂﬁnqkiimﬁﬁhﬁﬂ1ﬁn¢%ﬁnl23 dioxolen-4-

yl ) met hyl] -thia-1, 2, 3, o
tetraazabeﬁ%ﬁfﬁ%ﬁg%ﬁpén 'ad%ﬁ%ﬁﬁQ%QrOfuranVl pyrrolidylmethyl,

plvaioyloxymethyl or tert-butyl, and other compounds).

A prodrug oif the compound of the present invention
can be produced from the compound (1) according to a
known method. 1In 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 oﬁ Medicaments)" Vol. 7, Bunshi
Sekkei (Molecular Design), Hirokawa Shoten Cc., 1990.

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

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

described.



2-{4-am no- 2-[ (3-chl or o- 4- met hoxy- 5- net hyl pyri di n- 2-
yl)ymethyl]-2, 7-di hydro-6-thia-1, 2, 3, 5-
t etraazabenzo[ cd] azul en-8-y1l - N- (2-fl uor oet hyl ) acet am de; and
4- am no- 2- 1( 3-chl or 0- 4- met hoxypyri di n- 2-yl) methyl i N- (2, 2-di fl uoroethyl)-2,7
-di hydro-6-thia-1, 2,3,5- tetraazabenzo[ cd] azul en- 8- car boxamn de. The
conpound represented by fornmula (1) according to the present invention can
be converted to a pharnacol ogically acceptable salt, as desired. Exanples
~of such salts include: hal ogenated ﬁyﬁFﬁgtﬂd salts such as hydrochl oride or
hydroi odi de salts; inorganic acid salts such as nitgates, perchlorates,
sul fates and phasphat es; [ ower al kanes® f onat es subh as met hanesul fonat es,
trifluoroneth |forrat es) of etha nates; aryPsul f¢nates such as -
14 - benzenesuM es dtO pytHl uenesyl %tes orgartiocC dcid salts such as
formates, acetates, “mal at es,~NTumar at €s ttinates, ce ®$, tartrates,
‘oxal ates or nal@®ates; and an®no acid §5I f’ﬁuch as ornitlwnates, glutamates
03c

Is

or .asparta>§ . O these, hal ogenated hy id salts and orgaﬁ ﬁ acid
salts are prefeyatl e, and mat &R— %ydroch de FRRet haneseH ate or

et hane- 1, 2-di ate IS oy ef err ed. co fr resented by
formula (1) acg gf&mwdm) pr ggpt i nvention ‘Na—sa£§ therbg y be
present in the form LTI eeCrONTTNH,Or in thet o'ﬁ?bf a hydt'at

solvate. It may U® present in tieg free form or jn the forgtp@)a hydrate
salt or the like, as a reguli of the absorﬁipon of moi stufefromthe air.
The type of solvate % particul arly ted, as | as it is'

phar macol ogieatl y, e‘*ﬁmecrfrc }Na.hydrao n;ethanolate or the
like is preferred ’Nbre vel, when a'f ' atomi s pﬁe§edt in the

conpound represented he{fornula (l)saggordrng to tiHe ent invention,
it may be an N-oxide eBLFg Such sol vat e, hydrate hydraué%f%ﬁ_q and N- oxi de
n

fornms are aIsqarncIud t he spope of,ﬁﬁ@ present invent

Dependi ng on t of subst m tsN r the conbi®at pon p-#er eof , the
conpound represe édlbf'forﬁu+a H1 wdi ng~—to™t hespr \Nrnventron may
be present as vario sNtybes of isone }ﬁ%wuding geiﬂetr' & ers such as

a cis isomer or a tré@hs isomer, tautpne®s, or opticalisongss such as a
d-formor an 1-form The conpound off ¢

1 Compound (B)
R \N o N—n R ? R
3] X
4 f i
§7 N7 N,

wherein R', R?, R® and R! are as defined above,
respectively, R’ reﬁresents a methylene group which may
be substituted by 1 or 2 alkyl groups having 1 to .6
carbon atoms, R® represents an aryl! group which may have
a substituent(s) or a heterocyclic group which may have a

-

substituent (s), R’

=

epresents- an amino group having a
protecting group, and LG' and LG? each represent a
leaving group. The leaving groups, LG' and LG?, include a

ha

—

ogen atom, a toluenesulforyloxy group, a

meth

8]

nesulforyloxy group, a trifluoromethanesulfonyloxy



- 15 - the present invention includes all of those isoners, stereoisoners,
and m xtures of such isoners and stereoi soners that are m xed at any given
rati os, unless otherw se specifi ed. The conpound represented by the
formula (1) according to the present inygention may al so conprise an atom c
i sotope(s) of one or nore constituent atons thereof in a nonnatural ratio.
Exanpl es of such an atom c isotope include deuterium (2H), tritium (3H)

i odi ne- 125 = Llgand_carbon-14 (lt)..These conpounds are useful as
therapeutic&%gé%r%égnfﬁseﬁggghtsir%?e%gé@%n?goﬁgﬁdg?Br“@?uﬂ?é@osuch as

assay reagegtsupand-di,agngstis. 8 h.as.n vivo image di agnostic
agents. F@g%rd?%ss gf mhethergoggﬁg ?%é&ngﬁegFQHPOaétFve%conpounds, al

i sot opi ¢ vamma@k§c@£b@ﬁ§lceﬁ@@ypdarg@5§§§n5§gﬁgyaggrqHLa (1), are included
in the scope of the present invention. reover,“t%e present
invention al so ixclaideshadeomound that (is copverigdLo,a gonpound (1) as
an active ingredient of a pharmaceutical conposition of the present
invention asommeesuktlpfavatbacteoprobbbranienzyaBredagtthcagid or the

| i ke under physiological conditions in vivo; nanely, a conpound that is
converted thorehedeorpoduhed{ul) mewdsresuht aokoenaymatbcopxidat kon

reduction, h drolxﬁis or Ehe like, or a "pharmacol ogically acceptable
nrodrug conpdUrd™ € hat) i s "oenverteae tde e ttompotiid ¢dr) aksa pesult of

hydr ol ysi s rtthe | i ke, due to-gastric acid, etc. - 16 - Exanpl es of
the af or ement i oHEY pr ot g ihdd YoRpoanrdEabbyai ned dydasyFaipoard |
al kyl ati on, S ylation of the am no _group of the conpound (1) (for
exanpl e, corn%{)%nds 0 aialnsgcﬁjgl lco%%%???h&“tlﬂgoﬁb Ve- fentd ot &iHi mo gr oup
to ei cosanqyly- &, am nagar bon (5-net hyl - 2- oxo- 1, 3- di oxol en- 4-
yI)nethoxycarbéﬁ&l, t%ﬁraﬁj%ﬁ%%%rgﬁy 79%%4?%§F%y% %?hyl, pi val oyl oxynet hyl
or tert-butydtrANHINSFarOMPMNIS) 1 sulfoxide or the like is

preferred. The reaction temperature is prefe;ably
between -70°C and 100°C, and more preferably between -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 ob<ain a triol derivative (3).
Examples of such 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 tetrcxide 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, tetrahydrofuraﬁ,
dimethyl sulfoxide, methylene chloride, aéetone, t-

butanol, water and mixtures therecf. The reaction



rug of the conpound of the present invention can be produced fromthe
?bggggndg(l)'accordrﬁg to a known nethod. In addition, a prodrug of the
compound of the present invention includes a prodrug that is converted to
t he conpound . (1) under physiol ogical- canditions, as_descrpbeg on pages
163- 198 of "lyakuhin no Kai hatsu (Devel opnent of Medicanents)" Vol. 7,
Bunshi Sekkei (Mol ecul ar Design), H rokawa Shoten Co., 1990. Next, a
typi cal method for producing. the conpound reggesented mpy_the formula (1)
Wi-11 be describet: it 13 $'0L bRPhotRUCYRER ArF abpF o9t e apeot ect i ng gr oup

_ _ t hat desired conversion
Ty be per rorte o b SN A RN o Theatt roht OTHE T9 65 o

may be performed 1n conmon or gani ca

i O ( i i i ts are
rotectin - and, the prderq of , conyersion, of respective substituen
ﬁot partigéggrly Ii%fted. [ Mai n s?ep %f %Pﬁethod for producing a

conpound represented rhy 1t ke fiormila (1) shensl X is..a et hyl ene group,
will be described. - 17 - Scheme 1 H N HOHO O NH, HO

acetal derivative (4) by treatment with 2,2-
dimethoxypropane and a catalytic amount of an acid in a
solvent such as N,N-dimethylformamide, N-
methylpyrrolidone, tetrahydrofuran or dimethyl sulfoxide,
or by treatment with such an acid catalyst in acetone.
Examples of such an acid catalyst include Lewis acids
including p-toluenesulfonic acid, hydrochloric acid;
sulfuric acid and zinc chloride as typical examples. ‘The
reaction temperature is preferably between 0°C and 100°C,
and more preferapbly between 10°C and 50°C. The reaction
time is preferably between 1 hour and 48 hours.

Compound (4) can be converted to a ketone derivative
(5) by treatment under appropriate oxidation reaction
conditions. Examplés of an oxidation reaction in this
case include Mukaiyama oxidation for activating dimethyl
sulfoxide or the like; Swern oxidation or an oxidation
reaction using as its modification
dicyclohexylcarbodiimide, trifluoroacetic anhydride,
acetic anhydride or a sulfur tricxide-pyridine complex
instead of oxalyl chloride; and an oxidation reaction
using manganese dioxide. txamples of a solvent used
herein include dioxane, tetrahydrofuran, and methylene -

chloride. The reaction temperature is preferably between



aNM (2) RE-Re 0 Conpound AiICl N NH2 (6) a W(9)00) fi-Re7.5--R8

- 20 -

~70°C and 50°C. The feaétion time is preferably between 1
hour and 48 hours.

The ketone derivative (5) can be converted to a
compound (6) by treatment with a hydrazine derivative
{Rﬁﬁﬁ—NHNHZ) (compound_(A)) in a solvent. Compound (A)
can be produced by the method described in J. Am. Chem.
Soc. 1995, 117, 4228-4239, etc. Examples of the solvent
used in fhis reaction include alcohol, methylene chloride,
tetrahydrofuran, dioxane and mixtures thereof. The
reaction temperature is preferably between -20°C and 50°C,
.and more preferably between 0°C and 30°C. When compound
(A) is.replaced with its salt, 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

- 1s preferably between 1 hour and 48 hours.

A diol derivative (8) can be obtained by protecting
the amino group at the 6é-position of compound (6) with an
appropriate protecting group such as a beﬁzyloxycarbonyl
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 sulfurié acid, hydrochloric acid or
acetic acid. Examples of the solvent used in this
reactiocn include alcohol, water, dioxane and mixturés
thereof. The reaction temperature is preferably between
.—-10°C and 70°C, and more preferably between 0°C and 40°C.

The reaction time is preferably between 1 hour and 48



Ft RKk OV-N N5 1 N4.L.R7 5 NR (12)03) [------a- (13a) wherein R1,

R2, R3 and R4 are as defined above, respectively, R5 represents a methylene
group which nay be substituted by 1 or 2 alkyl groups having 1 to .6 carbon
atons, R6 represents an aryl group which may have a substituent(s) or a

het erocyclic group which may have a substituent(5), R7 represents. an am no
group having a protecting group, and LGL and L& each represent a | eaving

| NG, I, QUP ' tom a
roup. The | eavi SpgLGL and L i nclude a ha&oggn a
?ol uenesul f onyl oxy Egéuoup, (’%) ngeatrha%nves%t%%%&?% Ygfr%r%,r%mg the |

trif'Uoroneﬁﬁ@9§§yif893ﬁﬁng compound (8) to a leaving group LG!
such as a halogen atom, a toluenesulfonyloxy group, a
methanesulfonyloxy group or a trifluoromethanesulfonyloxy
group. by treatment with thionyl chloride, thionyl bromide,
toluenesulfonyl chloride, methanesulfonyl chloride or
trifluoromethanesulfonyl chloride in the presence of a
base, for example, based on common knowledge in organic
chemistry. The reaction temperature is preferabiy
between -78°C and 30°C, and more preferably between -20°C

and 10°C. The reaction time is preferably between 1 hour

and 48 hours.

7

Compound (10) can’ be obtained by reacting compound
(3) 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 compoﬁnd (9) with potassium thiocacetate in a
solvent such as N,N-dimethylformamide. Exaﬁples of the
base include potassium carbonate.and potassium
bicarbonate. The base is preferably potassium carboﬁate.
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

h

o3
QL

roxyl group to an oxo group (conversion of compound
(1C) to compound (11)) include Mukaiyama cxidation, and
Swern oxidation or an oxidation reaction using as its
modification DCC, trifluoroacetic anhydride, acetic

anhydride or a sulfur trioxide-pyridine complex instead



- 18 - group and the Iike..Protecting groups for the am no group include a
benzyl oxycar bonyl group, a tertbutoxycarbonyl group, a benzyl group and the

like. _ An al dehyde derivative (1) (obtainable as a comrercially
avail abl e product) is treated with aldyj], brom de and i ndium powders in a
solvent to obtain a conmpound (2). The al kene derivative (2) can al so

be obtai ned using the al dehyde derivative (1) and a Gignard reagent such
as ally' "a,.solvent, N, N-di et hyl f or mam de,

) i de,  As
N- et hy| pg??gf?%%%?r?@?ﬁh%roﬁn@aﬁﬁ B ey 2 50 FoFERPRY thelheke is

preferred. ction: tenperature is_preferab between -70C and 100C,
and nore pr@?tg{pgﬁ?y gﬁ/\%@ﬁ 5%0%%%% 30% ?Thegﬁgéépi %ﬁgfaikﬁef(i%apr ef erabl y

bet ween 1 hotsyads 48, hORESy i ment 1 The 8l deriyative.(2) 1s.subjected
to a 1,2- dihydroxylation, so as to 0 fﬁ.!%@g?z“é Mdgfiil\% EQiDVeI\/(’é)' anpl es

of such di hydkoxybationoefan: ad kenee sngl ude aykeactiop usi pg potassi um
per manganate, a water addition reaction in the presence of merclry salt
(Kucher ovDeh? &5 oettiosl)l ilan. osmi um oxi dation reaction using a catalytic
amount of osmumtetroxide and an am ne oxide as a co-oxidant, and a

di hydr oxyl ati on frea@ctsitar wsilng sisadimeld Preataate netthodcor Y osvede-saet hod) .
Exanpl es of solvents used in these reactions include N, Ndimethylfornmam de,
N- et hyl pyr?%1§ deniee 1 a& retiyd rigfalremi ndi aet iyt ysut 4 bxeseppiret hyl eneg
chloride, acetone, tbhutanol, water and m xtures thereof. The reaction - 19
- tenperat Ure T's Sui i 3F bt D hhd aodtalbhe prederabiglbetasen 10C
and 50C. Thg reagtiaon tir .isﬁgr ferably petween 1 hour and 72 hours.

The triol derivative {3}°¢at TIVeT el 190 AP Addthaltherksianiae (4) by

treatment widbh 2,2, 4i npthoxypropane.and . a catal ytic amunt of an acid in a
sol vent such as N, N-di ietHyl fgsrrglr%m éL,OgﬁﬁéT%Ilﬁy?lprrﬁﬁed%géy ety ar of ur an

or _di met hyl: s di0xi dencdil dd QTR HhLuch 3 ach dcatalyst i

acet one. Exanples of such an ac catal yst inc ew"s udi ng

p- t ol uenesuldoani e Acid,Eedroe Qi crach st sW furi g agi g, ?ﬂ?b§j€99 ghi ori de
y

as typical exanples. The reaction tenperature is prefera et ween 0C and
100C, and rmtie qut efvermall wibketivean G and S0Cadhe, neaction ¢hne is
" preferably between 1 hour and 48 hours.

_ 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 alcdhol, or by hydrolyzing
the acetic acid ester derivative (12) to obtain an acetic
acld derivative and then subjecting it to a condensation
reaction with various types of amines (obtainable as

commercially available products). The ester hydrolysis

reaction is preferably a known alkali hydrolysis. A

Chemistry) (4th edition, Vvol. 22, eaited by The Chemical

Society of Japan, Maruzen Co., Ltd.) "Yuki Gosei {(Organic

[

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



Conpound (4) can be converted to a ketone derivative (5) by treatnent under
appropriate oxidation reaction conditions. Exanples of an oxidation
reaction in this case include Mikai yanma oxi dation for activating dinmethyl
sul foxide or the like; Swern oxidation pf an oxidation reaction using as
its nodification dicycl ohexyl carbodiimde, trifluoroacetic anhydride,
acetic anhydride or a sulfur trioxide-pyridine conplex instead of oxalyl
chloride; angd. oxidation feaction using manganese di oxide. Exanples of a
sol vent use ph%?bi%“?%% e di%&an§,¥?etr HYAT 0P 4r SRS Bl Het BT ene
chloride.” The,&gackd on, tenperatyre, i eferably.between - .20 - -70C and
50C. The reaggibn tin%yis p%é?e#éﬁ?éabg% ng?aﬁ$¥r and°28 hBurse The

ket one derivatdaes{6)ofar be- convertgd co %&? {8) by treatment with
a hydrazine deri vativoe - (R6- R5- NHNH2 ?Itélgrrlr%(s)mdr@)? 1¢% %Ps%ﬁlVent. Conpound

(A) can be produceds py:-idhe smehbod-descrihed LR 4. 1AM Cheny Sgg-a%9§5, 117,
4228-4239, etc. Exanples of the solvent used in this reaction i'nclude

al cohol , metthydende o drddle,a tBEC ahyts pf URBxy UEQ¥BRE T #AE4H) XLEEBS 4t her eof .
The reaction tenperature is preferably between -20C and 50C, and nore

pref er abl y Hetaw@ervOC el 30C. hMhena coapoondl ¢ Ajmi Sarepkagedhwidf haits salt,
an equi val ent or excess of a base relative to the salt may suitably be
used. An eXHPIE g ine hase 95 39} e hy| @atihedi fhedeeastli anmetivedi s _
preferably between 1 haour and 48 hours. A did | derivative (8) can be
obt ai ned byt é%ﬁrﬁﬁ’ HeV SR P at HRss-ydiadomf conpound (6)

W th an appyopri.ate protectjn roup such_as_a benzyl oxycarbonyl group or a
tért-butoxg%gg%%%yfidfbbg ﬁ%) %%Rﬁiii¥'t%'aK%%ﬂi%%ﬁda@ﬁ)M-aﬁd t hen

treating thg agetal . jviat i V. 7)_with id such as sulfuric acid,
hydrochlor?%lébfd”orqﬁ%%ﬁﬁgg 5@?&#2 :ﬁ%prﬁgwgfe¥ﬁ%n§%¥%%h?nﬁ%ed inthis

reaction i psidide Aliceholye atary,, dioxane and, mxtures thereof . The reaction
t enper at urgﬁ% s preflerabl ye bet ween - 10C2 ’an%' %'C, ggﬁ%*ﬁbreg%?%?%?hﬁl y between

(2)% and 40C.pebhe deeact (mrsdvii iscRiaf ef Abl yubet ween, 1 hous.and ¢8,hours. -
' York, 1876), The Chemical Society of Japan (ed.), "Jikken
Kagaku Koza (Courses in Experimental Chemistry), 4th
edition, Vol.'22, Yuki Gosei (Organic Synthesis) IV"
(Maruzen Co., Ltd., 1992) or the like. Examples of the
solvent used in the condensation reaction with various
types of amines inélude N,N-dimethylformamide, N-
methylpyrrolidone, pyridine, chloroform, methylene
chloride, tetrahydrofuran, dioxane, acetonitrile and

+

mixtures thereof. The reaction temperature is suitably

o
t

etween -20°C and 50°C, and preferably between -10°C and

/

Compound (13) can be converted to a compound (13a)

by acid treatment, oxidation treatment or nydreclysis, an

Q.

the subsequent treatment performed under deprotection

p]

reaction conditions suitable for the protecting group in

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



Compound (9) can be obtai ned by converting the hydroxyl group of conpound
(8) to a leaving group LGL such as a hal ogen atom a tol uenesul fonyl oxy
group, a methanesul fonyl oxy group or a trifluoronmethanesul fonyl oxy group
by treatnment with thionyl.chloride, thixagnyl brom de, tol uenesul fonyl

chl oride, nethanesul fonyl chloride or trifluoromethanesulfonyl
the presence of a base, for exanple, based on common know edge in organic

chem stry. gEh ref er abl

chloride in

bet ween -78C and 30C, and

sreaction.tenperature.is
nor e preferab%& b fégé l%ZOCPéﬂéeIbt?gTﬁéoFga@HéﬁnaFiﬁe4rs pref erably

(L0) can be obtai

b 1 } £
et ween h@éﬂncﬁ%ﬂaz)g?ﬁ%lfpgal IOES/?A al ggamole QLhi

conpound - (9) wth so N

N, Ndi met hy | feas e dles and-d hen; 4.1 eat,i g w1 b Qmpggf?le%?;@géi v

(10) can al so be obtained by reacting conpound Wi

t hi oacet at @ddtectsioly/entossichi ms M Nedd oet byl f oL papi des ,Exar

base include potassi um carbonate and pot assi um bi car bonat e.

ot ass
£5 of the
e base is

pr ef er abl y wetrassicurancardonatien sﬂtﬁ%ﬂ’ietaﬁﬁé@nwi@ﬂpﬁrﬁfé‘f@c‘@n?n%g

bet ween -30C and 100C, and preferably between -10C and 70C.

ned by reacting

el y, conpound
ium

%ﬁgﬁ%g of the

met hod f or iGomyerssikemaufl anhiendhyatrooxy lo grawpa t oy Bamoxe @rowp, (€waversi on of
conpound (10) to conpound (11)) include Mikai yama oxi dation
oxi dati on GFFCAR SFdAT SIPTEdSDrF U M@EaEN$ t Srommli By claydoml POGs
trifluoroacet.i c anhydride, acetic anhydride or a sulfur trioxide-pyridine
conpl ex i nsedy an msiueous solution of sodium hydroxide, potassium

and Swern

hydroxide, ammonia or the like. When the amino group

substituted with a protecting group 1s a tert-

butoxycarbonylamino group or a di-tert-

butoxycarbonylamino group, the group can be converted to

an amino group by treatment with an acid such as

hydrochloric acid or trifluorocacetic acid.

Compound (13a) can be converted to a compound (14)

by treatment with a pyridine derivative (compound (B))

prepared by the method described in J. Med. Chemn.

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,

i ‘ . .
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 protecting group but is a substituent of

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



of oxaiyl chloride. TI-1,= se nethods are described in The Chem cal Society
of Japan (ed.), "Jikken Kagaku Koza ' (Courses in Experinental Chem stry),
4th edition, Vol. 23, Yuki Gosei (Organic Synthesis) V' (Maruzen Co., Ltd.,
1992) or the Ilike. An acetic aci ¢@=sster derivative (12) can be
produced by a honol ogation, including as a typical exanple, Wtti.g

reacti on of each comrer cially avail abl e reagent Sel ected in order to obtain

a desired R_gr vﬁ M atvhlen ket one derjvative , The honol ogation is
preferably @ lk epac 1019 ahd>ay” et bhed HR ’Br #%e’d Y0SH Kkeh Kagaku Koza

(Cour ses. i nydxper 1t act%gg ). {41 h ion, Vol. 22, edited by The
Chem cal S(r)hm ety ITtl)erfﬁad‘lla(?)'lan r%;z%é/n td) % gg%l%{u‘ﬁ@n%‘éé?ﬁf’a gani c _
Synt hesi s) [IMaitankasyispo, Harogen Kagobutsu (Hydr ocar bons, Hal ogen
Compounds) ", pp. 57-69. An acetic acid am de derivative (13) can be
produced by all va@ghmn@@|rk)b|r@@h1@ntgo Adoridiact o dde a¢efj ¢ acid
ester derivative (12) in al cohol, by hydrolyzing ‘the acetic aC| d ester
deri vati ve f(ck2)ultao dbt,alwheemalace{ ufs aci giglerd iedbhye wndl tihen subjecting it
to a condensation reaction with various types of am nes (obtainable as
commer ci al [Apsavrdidesbl e products). The ester hydrolysis reaction is
preferably a known al kali hydrolysis. A reference is Ji kken Kaaaku Koza
(Courses in Experinental Chemnistry)S¢hemeedition, Vol. 22, edited by The
Chem cal Society of Japan, Maruzen Co., Ltd.) "Yuki Gosei (Organic
Synthesis) |IV: San, Am nosan, Peputido (Acids, Amno - 23 - Acjds,
Peptides)", pp. 6-11. A nethod generally used as a peptide s h si s met hod
may suitably be used in the condensation reaction w th am nesy_{Exanpl es of
t he pept.ide synt R&Si S thod,Ri-RﬁcI ude an gz'de net hogi="an aC| d c | ori de

nmet hod, a DCC cycl ar bo i mi dg rreth. actl v met hod, a
car bonyl di | /us v%;-t-{érgs‘ iimde and
a met hod usi ngsqﬂe'?hyl cyé osphgtes e‘te et heos” e°d din M

Bondansky, Kl ausner gnd M A Betti, - ‘t”l de Synt hé |s" (A
Wley-inter SCI ence publication, New Yor k, 1976 " ynt hetic
Peptides" (Elsevier Scientific Publication Co any Ne Yor K, The
Chem cal Society of Japan (ed.), "Jikken Kagak 1 ( SE&Y

Experimental Chem stry), 4th edition, Vol. 22, Yuk‘P ,Orcggm(,g;
Synthesis) 1V' (Maruzen Co., Ltd., 1992) or the | i ke.g7xanpl es of the
sol vent used in the condensation reaction with various types of am nes

i nclude N, N-di net hyl f ornpmi de, Nnmet hyl pyrrqlidone, pyrldlne chl orof orm
met hyl ene chl or‘i”a%}:/ %%tgg(hfgroﬁur aﬂp oxeﬁ%e Rgc@@@nltrlélleeami m xt ures
t her eof . Tge reac,tl en ten*%erature is suitably between -20C and 50C, and
preferably &t &SN fﬁ‘fé an@S86EL1&6mpound (13) can be converted to a

conpound (13a) H treatnent, ox tion treatpent or hydrolysis, and
t he subsequent treg?%g%tdemr‘f%rjr‘r%ﬁ ;‘132 CGBp?dtSBCgIEeoﬁOPé(actﬂe@nté’oﬁrdl tions

suitable for; gmg gr QBﬁBBhHQ qugl)lpb'yntgledt%qento group having a protecting
group (R4), whe

tr1f¢uoromethanesulfonic anhydride in the presence of a
base. Preferred examples of the solvent include
‘methylene chloride, acetonitrile, tetrahydrofuran and
N,N—dimethylformaﬁide. The solvent is more preferably
metnylene chlo;ide. eferred 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



--24 - 6; Rgroup is a protecting group such as a 4- nmethoxybenzyl group. A
typi cal exanple of the deprotection reaction conditions suitable for the
protecting group will be described bel ow. For exanple, when the am no group
substituted with a protecting group i-s an -al kanoyl am no group or an

aroyl am no group, the group can be converted to an am no group by

hydrol ysi s using an aqueous sol ution of sodium hydroxide, potassium

hydr oxi de, a or the like. Wen ilhe am no _group substituted with a

prot ecting gf ou(glp Pat err‘-’l[b]LPt OXytRT BOhSFART no GroupEaFt ¥on

. | ted t 1
aroup by 11 nen"t”va%‘hm LRt th e RoBrochyor 6o har and
trifluoroagelic acd 1 Qq:gyg) nd, ohe converted to a conpound
(14) by treatnent V\ntrﬁaba ypybrl née)r%lderlcs/(gtlvaga{bcorrpound (B)) prepared by the

met hod descri bedhen tFitVede GaaMouk?P2;15)3%:2438s A&le:‘i‘}tced dd1 g solvent in

the presence of a base. Exanples of the solvent include

N, N- di met hyd ftormeimmie, (INTethy |gesr foth dogea ets ahygr s HEancangith

di met hyl sul f oxi de. Exarrpl es of the base include sodi um hydride, sodium

et hoxi de, pPEtEEE1 UmMteritdey Uitroxiide, o pot assé uot hy dnexs deca pol pssi 4ifa car bonat e
and cesium carbonate. The reaction tenperature is suitably between 0C and
100C. The M&R& ildh aliGfd9ls sdBt BN IBet wderohb lancheA8 drouir sand On the

ot her hand, when the R6-R5- group of conpound (13) is not a protecting
group but iR h&ES @gﬁ[fegfrqqﬂ el @t Netorpsria (vit) icamtsd solsicdimed by

above. ment Poféd GEpr Tt EONT O T eacEr oGO oRG. SR g BRI e
include a [1,1'-
bis(diphehylphosphino)ferrocene]dichloropalladium
(II)/dichloromethane complex (1 : Ly,
dichlorobis(triphenylphosphine)palladium (IT) and
tetrakis(triphenylphosphine)palladium (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 carbona;e The base is more
preferably tripotassium phosphate, sodium carbonate or
the like. The base is preferably used in an amount éf 1
to 100 molar equivalents relative to the triflate
compound (15). Examples of the additive include
organpphosphorus compounds such as.l,l‘—
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



A nmet hod for producing a conmpound represented by fornula (1), wherein Xis
a single bond, will be described. Schene 2 wherein R, R2, R3, R4, RS R6r7
R- and L& are as defined above, respectively. A ket one derivative
(11) can also be converted to a triflatyeg conpound (15) by treatnment with
trifluoronethanesul fonic anhydride in the presence of a base. Preferred
exanpl es of the solvent include -nethylene chloride, acetonitrile,

tetrahydroqungan N, N-di met hy] f ormani de. The solvent is nore preferably.
met hyl ene ¢hIOrT ' PrateiT el eXamplPest ¢ha e Wdsw inrdnide sddiaum hydri de,
pot assi um rjde, | um hydroxide,. potassi um hydroxi de, potassium

car bonat e, r%og;c}}iegﬁ% t Za(r}ldd Enucfro%(/i%%e,‘%%%%g%i Rt Y BER Oiicdéa,ndp)ﬂfq(ﬁpne, The
triethyl ammnme,-{OBY and,diisapropyl £t.hy i The base . -.26.- is nore
preferably triethyl am ne. Tﬁje)é r e*ac%%ng{“?{e%r%%rrl a?}%r?‘e&f%m?o?eejf%r%bﬁl?/uf)et ween

-80C and 1506@ mandomie preferably between -10C and 40C. The triflate
conpound (15) can be converted to an ester form (16) by performng a

coupl i ng reacti Bhewstihsegueon murexided rdie fyiesense Ofcagmtal catal yst
and a base in alcohol. As such an al cohol, nethanol and ethanol are .
preferred. (e et @l coatalyst (18 )pr efaer i year padd ash urb € atled ysime Exanpl es
of the palladiumcatalyst include a [1,1'-

bi s(di pheny 5 FRESSERIGS0 ) e r e strdhdict I Sorpain adi urhd 1d)d i chtlosromet hane
conmplex (1 :.1), dichlaropis(triphenyl phosphine)palladium(I1) and '
tetraki s(t ricpherPPIRESPRM&paNadWRAqEY (e et atheatalysind s pref erabl y
used in an(gqggnt of 0.01 to 0.2 nolar equivalents relative to the triflate
conmpound (15). 'Preferred exanples of the base include inorganic bases such

as tripotassiu phat e i um car bonat e, .sodi um ¢car bonate and cesi um
car bonat e. Then%gggéigﬁﬁn$8gggg§§rgbl%ﬁgrpﬁgfgggi&ﬁWﬁﬁS%ﬁﬁa?é,asodium

carbonate @ulthenki-ker The ibase M%E@Kﬁf%&a@é%.%ﬁﬁqﬁk%ﬁa” a”“gg%ﬁﬁi 1 to 100

mol ar equi val ents relative to the triflate conpoun §fiEE& es of the

addi tive i nehuge:erganapheepRortds GOMRAMRIS, S U sk activi £
bis(diphenylphosphino)fer%bcene (dppf) and ff?gﬁ%%??%ﬁ%gpC?ﬁ@ﬁi?hé”additive

i s preferabByo0sedri anangamaunio rofi n.103 thie .12 10t seQuicalgiis 7 €lative to

the triflate conpound (15). The reaction tenperature is
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 anticancef agent.

The ATPase activity of HSPY90 can be examined by én

ATPase assay commonly used by a person skilled in the art.
For exampie, the ATPase activity of HSPY90 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. Alternatively, in an ATPase assay, the
method described in Analytical Biochemistry 327, 176-183
(2004) or Nature 425, 407-410 (2003) may be suitably
performed, fcr example.

Inhibition ©of the expression o

Fh

HSP90 can be
examined by Northern blotting, Western blotting, ELISA or

the like commonly used by a person skilled in the art.



- 27 - preferably between -10C and the boiling point of the solvent, and
nore preferably between OC and 100C. The reaction tinme is generally between
approximately 1 hour and 50 hours. The subsequent step (the conversion
of a conmpound (17) to a conpound (18)) ogan be carried out by the sane
treatnments in the nmethod as shown in the above scheme 1 the conversion of
the conmpound (13) to the conpound (14)). Si nce the conpound of the
present iny i - sal.t, t her eof _ianhi its HSPO9O, it can be used as an
HSP90 i nhi bﬁ%re?&ér?g%%en@ or:?® ifnﬁ%%%ﬁﬁg %E%IHA%%% AetTUTEy oF HPoo, or
an agent foy.dddpbitin i noi ng. of. 90 to ATP. Thus, it can be used
as a medi c?rrrenS{HHcorrpc%’i g?%]g&lt ”erkgforfpn%ovunﬁé_%f ?%Iép%l?%dsetn? FRVERtTon or a salt
t hereof , and pafdicu asd iy ef ghahl ¥; tiga & he
ATPase activity of HSP90 cﬁl be egaﬁin%zg%%ﬁgn OA‘T%%E?OZE[?%A c*€m¥bRn£y used
by a personreskiddredt ifrdiecias tce Ry expiPtes ihe-iIRase  activity. of HSPOO
can be detected using a reconbi nant HSP90 protein and ATP in the presence
or absence tafstt henrestnd anpotnijceas tlescrited im diost Exaspte-d bebew.
Alternatively, in an ATPase assay, the nethod described in Analytical

Bi ochemni st ry*83ZF 1 15576-u183: (<2004) tdre Netsmecet2s 407 -9 (2003)umay be
suitably perfornmed, for exanple. ~_Inhibition of the expression of
HSP90 can BéSeX&AtePRP NG tiferifiepitot i i ey, 2 s temp ot timy, bELISA or the
li ke commr)alrhy used Qgsy a r{)er on skilled in the art. For exanple, nRNA is
recovered fTom<CEHE TN Gled S Y hefprELrte V6L Yabsbhcemeunthe ft est
conpound t If Qr rthern bl otting.. Wien the unt of HSP90 nMRNA in
nRNA recovglr-e' % ?%ﬁtt[!%en Elneﬁyl sbeClﬁut*L}rangW ne}iar@rbercgg%nébe%foﬁwq est conpound
i s reducedyfrem.thaty i - ;ecovered fromthe cells cultured in the _
absence of thﬁéVtggs%lcdc?%ﬁoﬁns,g‘?ﬁe\éﬁlgs?nec“ohrﬁragou&ne TRt {58 s a conpound
i nhi bi tingrhe epressiiasofs HORYE,) Aldgrnatively, the amount of HSP90
protein may be suitably exam ned by performng stern blotting using the
met hod descri bednhnbCaneer ofReSndbhg 64016408 +62Q05) ; Her examle.

can be examined by immunoprecipitation and Western
blotting commonly used by a person skilled in ﬁhe 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
immunopre;ipitation and Western blotting commonly used by
& person skilled in the art, for example. Binding of
HSP90 to co-chaperones or immunophilins may be suitably

examined in the presence or absence o

H

the test compound
by performing the method described in Nature 425, 407-410
. (2003), for example.

Inhibition of binding of 4SP90 to ATP cén be
examined by a test for binding of labeled ATP to HSPI0,

for example. Binding of HSP90 to labeled ATP may be



| nhi bition of binding of HSP90 to a client protein can be exam ned by

i nmunopr eci pitation and Western bl otting conmmonly used by a person skilled
in the art, for exanple. In inmunoprecipitation and Western blotting, the
met hod described in J. Biol. Chem 2%7,2010346-10353 (2002) may be suitably
performed, for exanple. . The conpound i nhi biting binding of HSP90 to
co- chaperones or i mmunophilins can be exam ned by i mrunoprecipitation and
West ern bl i ony ) y. a person skilled in the_a or exanpl e.
Bi ndi ng of %H%ip9%of%m§g% %%%relg]ntelcshbr&?%nsm%%%h?ﬂ %%s?@f/e b8" s%%l?ag?ﬁtexam' ned
in the pre ) ?%’ it t.C u . per. f i.ng,t he net hod
descri.bed in tlﬁg%% , 40%%11%?.%@%O%S?H?grggig%%’?%& AT }?ﬁ?'nfbi tion of
bi ndi ng of #8000 11 ATR e@N- es exam aed ,byf@rtg&gm;g]%_ bi ndi ng of | abel ed
ATP to HSP90, for exanple. Binding of I—fSP90 to | abeled ATP may be - 29 -
sui tably exam nedhimittHernpogsenee con rRbsenceef1 thedests camoind by
perform ng the nmethod described in J. Biol. Chem 272, 18608-18613 (1997),
for exanpl e examingrhidy td arorofo ket comd bramtd pnas i ehapge-ofis HSP90 can be
exam ned by a conformational assay using bis-ANS '

(1, 1' - bi s(4%ani |ihies Biriphtial dnesutfom eres d) Jon foraekanp) efotn the
conformational assay, the method described in J. Med. Chem 47, 3865-3873
(2004) may ed‘e@@i%-abﬁgﬁ HEFf 6PREGIMASH cBRdnpEISsay, the @sithagrowt h i nhibitory
activity can, be exam ne uyﬁrag %growth inhibition test nethod that is
comonl y used by- & person | 609 the attOoo THe tel 40Qt bvitdy i B bi ti on

activity c%ibcﬁd%%; erpﬂ%gﬂegjy" ffogrr £xa | e, conparing the | evels of

cel lul ar growt or exa t'urror 'ce 33' in the presence or absence of a

test conpound a%egqngbQ%g LAnt Re Lol l awng Test kxample 2. The growth
| evel can be exam ned using a test system for “assayi ngel i VIMg el I's.

Exanpl es ofudihgy .amefad f amrassanidig dd Mi ng.Geld Stﬂafw‘cg'i’sdec&mﬁ&ﬂ ; Lhymi dine

upt ake test, a BrdU nethod and an MIT assay. reover, i1n Vvivo
antitunmor actddvidy Careherexatined usi Rtha Jmt hogriolkctigstyjngtant it unor
activity commonly used by a person skilled in the art. For exanple, various
types of tumirikdelilces arce itridnys plaantoed detternai mealisey;, addtesmdhe, | i ke, and
after the confirmation of the survival of the transplanted cells, the
conpound ofc & ek émte ilswentsi of ice lddnliani stremedh t (fdhessaampied, vi a or al
adm ni stration, intravenous adm nistration, etc.
tumor cells) in the presence or absence of a test
compound as described in the following Test Example 2.
The growth level can be examined using a test sysiem
for assaying living cells. Examples of the method for
assaying living cells include a [3H]—thymidine uptake
test, & BrdU method and an MTT assay.
Moreover, in vive 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 transpianted into a

cF
O
e

mouse, & ra ter the confirmation of

o3
=

the iike, and
the survival cf the transplanted cells, the compound of
the present invention is administered to the animal via

oral administration, intravenous administration, etzc.



- 30 - Thereafter, several days to several weeks later, the growh of tunor .
in an agent non-adm nistration group is conpared with that in a conpound
adm ni stration group, so as to confirmthe in vivo antitunmor activity of
t he conpound of the present invention. 30 - The conmpound of the present
i nvention-can be used for treatnment of tunors or cancers, such as |lung

cancer, gastrointestinal cancer, ovarian cancer, uterine cancer, breast

cancer, . liyggr , head and_ neck cancer, blood cancer, renal cancer,
testicul ar %@6@%§£§§fbr%§ %f%fc%%¥%rionﬁFY?5F Wy&kenma2teki ntB&ncer such as

mal i gnant | SO B, o, f , I _ ._Since the conpound of the
present in\r;%nti on h%:@jHSPQQ?n%ir‘b?%(%?g §8 it SééﬁtbgnugégBPoFstreat nent
of cancer idomhdedd HERIO Wependengy-bsobngse . Su zancers in which
HSP90 depender#é%/ i s increased ?ﬁc%ud%ﬁ%%ﬁg&ergtaﬁg?*géggﬁgggo tanPHsSPYo
client protesn{s)cocancercia i ¢hyanakiSPOOLELI gaL ; proteLR(§) i s

excessi vely expressed, cancer in which an HSP90 client protein(s) is

mut at ed, anePrihreund ket tVoy eo:speoif | tnexatpbes i ncl ude cancer in which Her2,
c-Met, FIt3 or the like is excessively expressed, and cancer in which
c-kit, PDGFR, Rdficorcompeunidke i ¢ heutrateethn tHawexers i @xaral @se aig=dqot |imited
thereto. - Furt hernore, many factor groups associated with. cancer

( RAS- MAPK, PIBKETSaiifer &fe, LWLy @F ecpresent swuchnasniuvagethntar,
signalling pathway .to which the HSP90 client protein belongs. If Hspao is

i nhi bi t ed, 953%5%101-%%3&&&181%1 G sudh’ 3 et breansenl set¢hhidi cedcens a

result, th i.vation of .the aforenentioned intracellular signalling

pat hway i s%a]?egaf)g“l %ﬁ%%t‘éd.llfﬁfs,c%r}%erﬁ’t H?%aqd/i%%oril%‘fka%a%ﬂf, Phecdonmpound
of the presemcdnventignd I's HSP90 inhibitor can be preferably used
for treatment of 'vari ous taglfa)ctéesﬂ'oft_aé;sanlc%urglsafr_ neoP#‘?@“’ph%?%%%ﬁ?i cal

conposi ti oncpfcdd)e pnesente I 0N SOoNprises. a g@&poﬁl\mdmé) i & he present

i nvention and a pharmacol ogi cally acceptable carrier. can p&tlised as
various types aoforianj eelricens ,SUYr ascalpidit ravenous injection, an

i ntranmuscul ar injection or a subcutaneous injection, or it can be

admi ni stered bySvarkotsenmebhpdansiueli aseObale sadi NirstdALIRN Hls

per cut aneous admi ni stration. The pharmacol ogi cal |y acceptable carrier
refers to aAPEr radsbdgiocal lartdcreptiableamatenisdd (fof Examhenh: adr
excipient, a diluent, an additive, a solvent, etc.), which is associ ated
with the tFRRSS5Er £8t WoACHf HERE Oc erppeudrofy tine ipreserded nventthon or a
conposi tion _conprising the conpound of the present invention froma certain
appar at us GPU6FgEn 1o "An6thErP Fefp deaensiecoriganincreasens imasidrod f or
preparing rnulatio a_suitable fornul ation (for exanple, an oral
fornul ati o%afgr%egn tlﬁﬁjtegfépgﬁjjsi §TsENefrdd &id o tc AP (Wed Frstdrod f or

preparing varigus,type fornul ati ons can he .applied depending on the
adni ni strafion an%thh%%ﬁ ﬁlqéxggrgpr’é%eg Bfglscefl&r(rﬁsl at SFCHITAMFRde t abl et s,

powders, geabibeseqdtapaHbes: iRl Lhscnt LACREDoSY UL QNS YN UPS,, elixirs,
emul si ons,

mutated, and the like. More specific examples include

cancer in which Her2, c-Met, Flt3 or the like is

excessively expressed, and cancer in whicﬁ c-kit, PDGFR,

Raf or the like is mutated. However, examples are no£

limited thereto.

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

client protein belongs. If HSPY90 is inhibited,



- 32 - and oily or aqueous suspensions. In the case of oral adm nistration,
the agent may be either a free formor a salt form The aqueous formulation
can be produced by forming an acid adduct with a pharmacol ogi cally
acceptable acid or formng a salt of -amjalkali netal such as sodium Wen
the fornmulation is an injection, a stabilizer, a preservative, a
solubilizer or the like can also be used in the formulation. The injection
may be provi: . g fo tion to be prepared before use by storing a

sol ution m%lﬁn%r%gén?on %ﬁ#%ﬂcﬁacatno*asdj lu%aei"n s r“f‘kﬁ?eb]r{?%' i %2 %cont ai ner and
then converidng il @ @S0l for Bi ation, by LyophiLization or the like.
One dose nmay be stored in one container, or nu |p%e doses may be stored in
one contai neftracellulfzxanl s of i spld L 9L Fuk at Loas &Hﬁhpﬁﬁe§@b|§ 35,
powders, granules, capsules, pills and troches. These solid fornulations
may cont ai rf ranpharimeceutireallty Acceptiablenaddidpyend ogether midhotpe
conpound of the present invention. Exanples of the additive include
fillers,. Bulvenigcagertas, i rederdssPodl sinttEglant scasobaibbté zersp1 pwet ting
agents and lubricants. These can be selectively m xed as necessary to
provi de a fUSeRulfat dreatmentExhplags ofs ltiypesd doreanetions i ncl ude

sol utions, syrups, elixirs, enulsions and suspensions. These liquid
formul ati ons may8oRParR2gePRaranc EGRPOSILITY odc edpttdlsl @ meddinti ve t oget her
with the cqupugd of therpresent i nvention. Exanples of the additive

i ncl ude suspending” S8BT SEgert SOARP BT fig Prafse urebel@el ectivel y

pr esent i noent FoR EEABE Mo T R T LA B rarareR PR part i cul ar
humans. Thesdesg sand 4ihe do [ rval .y be ropriately selected
based on thg judSnenglofSth pﬁygﬁiﬁg'%éccofgiﬁb(ggei e€'5ite of di sease and

t he body henghtyecbedy w&hg&kﬂ£§§Xd%'ﬂﬂﬁyéﬁﬂSgufgfﬁﬁai%cgfghfggi§nt. VWhen
0 a

t he conpound of the present invention is adm nistere uman, the dose

range is abobtu@abiomg/ ke kedy onei ght ito ARPWHe %im&&myo&wi ght, and

preferably about 0.1 Ing/kg body weight to about 100 ng/ kg body wei ght per

day. Wen tvheicospoendoids admihniast erad taeira disenttdie gonpound i's
preferably adm nistered in one dose or two to four separate doses per day,
and the adRFarstracPer iasimpnefseérabliynr.ep@ateghatmappiopticatéyi ntervals. The
daily dose may exceed the aforenentioned dose if necessary, based on the

j udgnent OFCEﬁBLBﬁ9§i€P§ﬁ}er reiers to a pharmacologically

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,



The conpound of the present invention may be used together with

ot her.antitunor agents. Exanples of such other antitunor agents include an
antitunmor antibiotic, an antitunor plant ingredient, BRM (biological
response nodifier), hornone, vitam n- &@® antitunor antibody, a

nol ecul ar-targeted agent, and other antitunor agents. Mor e
specifically, -exanpl es of an al kyl ati ng agent include: al kylating agents
such as nit - ust.ar it stard oxi.de, or chloranpucil
aziridine aalr%%ll@ngélgge %%%%cﬁgsgtger{c@a%%%amn%éq )écrhet hiotepa; %‘p%i de - 34 -
al kyl ati ng Reanissuch s, dify amurmnn y'bé’ref't#?émgdf'{c&ét%im”&}rgsourea
al kyl ati ng agents such as carnustine, Tonustine, Senustine, ninustlne
hydrochl orisda,c stdwept 0zeei Bguebher 2ehACidti & JANIHRISHNE; - dysyl bhan

i nprosul fan tosil ate; and Dacar bazi ne. Exanpl es of various types of
ant i met abolficres inarude: i purddie-tanti yret aboh s tescsU6H: @s1 By mer capt opur i ne,
6-t hi oguani ne, or thioinosine; pyrimdine antinetabolites such as

f | uor our acidccetrdgaflia ,atieyafurtamecid ,a caa hofof ,adoxi kUt i b€l such
broxuri di ne, cytarabine, or enocitabine; and antifolics such as

met hot r exat?® SPY et Hoepekhee formul apimiplies aof ian eariticrunor  anti bioti ¢
i nclude: anthracyeline antibiotic antitunor_agents such as mtonmycin C

bl eonyci n, SpERE T, dETTIDIEG Y S /acd af Ubilel hi z oxoF ubiei hikei €arubi cin,

THP- adri a in, ,4' -epidoxorybicin, ar ebirubicin; chromonycin A3; and
act i norrycimr%clliO be u%dgr?ﬁ’l etg‘eoféoéﬁ“‘;rﬁﬂ%r Thant JiSTdredl &MY iRfel ude:

vi nca al kal-ol \VA i ..vincr,i stine, or.vinplastine; taxanes
5Qb@§d%%9%sa f&y%ﬁ;%%ion ébﬁﬁ%d%%ﬂ??q%ﬁ(ﬁﬁ

such as paclitaxel or docetax and TS ULFE 4-Y et oposi de

or teniposisdering a_dexamles .ofih BRM iaGlude, & fypror, neerosi s, fagtor and
rnone 1 nclud

i ndomet naci n. Exanpl es of a ho T"'ude” hydrocortd sorne,
dexanet hasene, 1Mekhylpredninselions, HILAHSO! ONe P as] erone, Qe%@ﬂ% hasone,

trianti nol one, oxynet hol one, nandrol one, nethenol one,” fosfestrol, ethinyl
estradi ol , fohhofmedionons, lapghiedrexyRrogastefoneke. One dose may
be stored in one container, or multiple doses may be
stored in one container.
| Examples of solid formulations inciude tablets,
powders, granules, capsules, @ills and troches. These
solid formulations may contain a pharmaceutically
acceppable additive together with the compound of the
present invention. Examples of the additive include
fillers, bulking agents, binders, disintegrants,
solubilizers, wetting agents and lubricants. These can
be selectively mixed as necessary to provide a
formulation._
Examples of liquid formulations include solutions,

syrups, elixirs, emulsions and suspensi

-
1

n These

6]

iquid

-O

formulations may contain a pharmaceutical

—

V]

y acceptable
additive together with the compound of the present

invention. Examples of the additive include suspending



- 35 - Exanples of a vitamn include vitamn C and vitamn A Exanpl es
of an antitunor antibody and the nol ecul ar-targeted agent include
trastuzunab, tituximab, cetuximab, ninotuzumab, denosumab, bevacitumab,
infliximb, imatinib mesylate, gefitinidpy erlotinib, sunitinib, Iapatinib,
and sor afenib. Exanpl es of other antitunor agents include cisplatin,
carbopl atin, oxaliplatin, tanoxifen, canptothecin, ifosfam de,

' nel, phal . i , | at one, schi zophyl | an,
D1 i bant B CLafbA LD bob? DT, REOCar 1 1| 2 hJRH Do .
ubeni nex, qgg gég§§é%$% The ﬁgfﬁf@é Lny ? n.includes a nethod for

r rea

preventing cancer od for |ng “Cancer, which conprises the

adri ni st rat i on ofya compaund of the Proset 1Ayent 100 oL, apsaltogher eof.

. Further, the present invention also includes the use of a conpound of the
present i nvest i ofe a8 sl déaiher eof REmRa$8l Vahephhber eah akoh kAgproduction
of the aforenentioned nedi canent. The™ present invention wll be

speci fi cal IBheescsé badd wilid defegencecbovExanpheseshpprobeliawe1hovever, the
present invention is not limted thereto, and they should not be construed
as Iin1teui%ﬁﬂ¢¢ﬁ%myb@%ﬂ$eNiR@agehm@gmsntventSnanghgsatnangaaabednabs not
speC|f|caIIy descri bed herein are readily avail able from commerci al
sources. -t®g-he site of disease and the body height, body weight,

sex or medical history of the patient. When the compound

of the pre;ent invention is administered to a human, the

dose range is about 0.01 mg/kg body weight to about 500

mg/kg body weight, and preferably about 0.1 mg/kg body

weight to about 100 mg/kg body weight per day. When the

compound is administered to a human, the compound is

preferably administered in one dose or two to four

separate doses per day, and the administration is

preferably repeated at appropriate intervals. The daily

dcse may exceed the aforementioned dose if necessary,

based on the judgment of the physician.

The compound of the present invention may be used

together with other.antitumor aéents. Examples oZf such

other antitumor agents include an antitumor antibiotic,

an antitumor plant ingredient, BRM (biological response

modifier), hormone, vitamin, an antitumor antibody, a

molecular-targeted agent, and other antitumor agents.

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

alkylating agents such as carboquone or thiotepa; epoxide



Exanpl es (Exanple '1) (1) _

1-(2- Am no-4, 6-di chl oropyri mdin-5-yl1)-3-buten-1-0ol C'N | ndi um powder
(0.23 g) and zinc powder (1.31 g) were added to a m xture conposed of
comercial ly avail abl e 2- ami no-4, 6-di gal oropyri m di ne-5-car boal dehyde
(1.92 g) and N, N-di net hyl f or mam de (20.m 1). Thereafter, sodium i odide
(0.15 g) and allyl bromde (1.73 m) were added to the mxture at room

tenperature;, The resulting m xt stirred for hours. Thereafter, the
‘reaction mxture WY fi flqetrgr BdtH %O%thgt%¥?m%ma%?lﬂ “@thyf acetate was then

added to thefidty, ﬁglt 'I;ﬁe resul ti aﬁﬁfﬂ@fhg@cg?gg{veﬁ%ewashed with 1

N hydrochl oric aci a 'sat uraT e der organi c | ayer

was dried quemanhydr ous,sodiym suliate, ; iy 32’%3 EP?HeCBgS%'M%??dQ

Thereafter, hexane was ‘added to the resi a precipitaie was fhen

col I ected tbytrfdﬁttcfz@id* ), S0 A% 10 abtal Not h@a@ﬁ@Y@tthél%&QnP@H&d (1.75 9)
as a solid. 1H-NVR (DMSO-D6) 6: 2.55-2.69 (2H, m, 4.95-5.09 (3H m, 5.37

(1H, d, J=4nbddrul fBr6tdsillt(dH ang Dadc#od2thes). - 37 - (2)

1-(2-Am' no- 4, 6-di chl oropyri m di n-5-y1)-2-(2, 2-

di met hyl - {1, 3] dEsrobars4 oyl Vetrhams tolpeGHA ahtimetabolites
include: purine antimetabolites such as 6-mercaptopurine,
6—thioguanine,lor thioinosine; pyrimidine antimetabolites
such as fluoroﬁracil, tegafur, tegafur-uracil, carmofur,
doxifluridine, broxuridine, cytarabine, or enocitabine;
and antifolics such as methotrexate or trimethotrexate.

Exémples of an antitumor antibidtic include:
anthracycline antibiotic antitumor agents such as
mitomycin C, bleomycin, peplomycin, daunorﬁbicin,
aclarubicin, doxorubicin, pirarubicih, THP-adriamycin,
4'-epidoxorubicin, or epirubicin; chromomycin A3; and
actinomycin D.

Examples of an antitumor plant ingredient includé:
vinca alkaloids such as vindesine, vincristine, or
vinblastine; taxanes such as paclitaxel or docetaxel; 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, prednisolone,
prasterone, betamethasone, triamcinolone, oxymetholone,
nandrolone, methenolone, fosfestrol, ethinyl estraadiol,

chlormadinone, and medroxyprogesterone.



ClH A m xture conposed of.1-(2-am no-4, 6-

-di chloropyrimdin-5-yl)-3-buen-1-0ol (57.24 g), Nnethyl norpholi ne-Noxide
(147.6 g), tetrahydrofuran (500 m ), acetone (500 m), water (500 nl) and
osmumtetroxide (62 ng) was stirred_atygaoomtenperature for 2 days. After
t he di sappearance of the materials had been confirned, a saturated aqueous
sodiumthiosulfate solution (1 L) was added to the reaction solution, and
the reaction mxture was then concentrated to approximately 1.5 L under
reduced pr essuréxaﬂ?elersesﬁrdfe WSt Ut e S Th-doh umaH! of i it ol | owed
by extracti,on with tetrahydrofuran. The organic |ayer was dried over
anhydrous sodiumsul fate. After filtration, the filtrate was concentrated

under reduced pr%ﬁgl%gogélfﬂ%nheaéﬁsc%t&%{gﬁ Vghstitkpoe vdaims %%e%ﬁaal\/\eg‘%%lar—

N, NDi et hyl f or mam ( met hoxypr opane

p-t Ol uenesul .o € RGl LADNORY AL & {18 £l gl et e addedo L 0-Lhe, Faspl ting

4
-residue. The resulting m xture was stlrreléf at 'roomtenperature tor

hours. A satiatedigns) webb sarbonate, sol stkep, (Ink) ; andapat eraf i k) were
added to the reaction mxture, followed by - 38 - extraction wth ethyl

acetate. Theesyrigers c dayerimes, secresshie) ysuwashedinj t hawat efiandasat ur at ed
saline in this order, and it was then dried over anhydrous sodi um sul fate.
After filtreiadrenilihe filtrate was concentrated to about 100 ml under
reduced pressure. Hexane was added to the residue, and the precipitate was
t hen col | ect ed BB Pilletr &tfi ori-hego syt ittorobe adeerhe tntledeonpophdt {53. 88 Q)
as a solid. 14N (DMSO-D6), 8: 1.22-1.32 (6H m, 1.72-2.23 (2H, m, 2.50
(1H, s), 3.BFPHARd 21t g HAangxpben, gpanpipthgcim, 06-5. 36 ( 2H,
m, 7.43 (Zifi d? %512.8 F%%. E%%;NB mz: 308 (MtH)+. (.3)
1-(2-Anin0}, -Qﬁ ] Tﬁwﬁﬁﬁ% -Qﬁ%ﬁ -%ﬁﬁQQ-T%%@ba an, "L-asparaglinase,
d'”Ethy"[%é@é%é?%ﬁéﬁ“é%ﬁ@Qéﬁﬁvﬁkgﬁf”giéﬁééﬁ%l9 é%gtgﬁg%zine,
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 production of the
aforementioned medicament.
The present invention will be specificaliy aescribed
with reference to Examples shown below; however, the
present invention is not limited therexo, and they should
not be construed as limitative in any. sense. Reagents,
sclvents and starting materials not specifically
described herein are readily available from commercial

sources.



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

di chl oropyri m di n- 5- y1)-2-(2,2-dinethyl-[1,3]dioonan-AyI)ethan-I-oI (74.70
g) and di met hyl sulfoxide (600 m) at- rgpm tenperature over 15 m nutes
under cooling in an ice bath. The reaction mxture was then stirred at the

sane tenperature as above for 18 hours. After the - 39 - disappearance of
the material 2§gabeen confirmed, the reaction solution was poured into ice
wat er . The pre pl%ated solid was collected by filtration, so as to obtain

the title cgﬁggﬁg § 26 g). 1H NWR (CDC13) 8: 1.37 (3H s), 1.42 (3H, s),
2.98-3.06 (1H, , 3.32-3.40 (IH, m, 3.67-3.72 (1H, , 4.25-4.30 (1H, m,
4.57-4.64 (4H pi 25 2H, £8): ~ 306: (

4- Chl or o- 3- [(2 2- d|h%§%§€ {i% %%éf%%an 4- yﬁ}d 8 ?ﬁk&3 bUtln 1-ol

1- (4- met hoxybenzyl) - 1H pyrazol of 3, 4- d]pyrlnldlne 6 am ne

Triethylamne (83.68 nl) was added to a m xture conposed of the above

1- (2- am no- 4, 6- dOehlgr opyri m di n- 5-

y1)-2-(2, 2-did 1, 3] di oxol an-4-yl)e han-|-one (61.23 Qg),

(4- nethoxybenzyl) deazine hydrochl ori de (41.50 g) produced by the nethod
described in U & pNo. US2003/18197, and dichl oronethane (600 n)
over 30 minutes under coaling in an ice bat h. Thereafter, while the
tenperature of the reaction solution was gradually ralsed it was stirred
for 17 hours. Thereafter, a 10%citric acid aqueous solution was added to

the reaction 40 nlxture,,follomgd by extraction w th dichloronethane.
" Indium powder 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 temperature. The resulting mixture was
stirred for 3 hours. Thereafter, the reaction mixture
was filtered through celite, and ethyl acetate was then
added to the filﬁrate. The-resulting mixture was
successively washed with 1 N hydrochloric acid and a
saturated saline in this order. The organic layer was
dried over anhydrous 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 the above title compound
(1.75 g) as a solid.

"H-NMR (DMSO-Dg) &: 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).



The organic |ayer was dried over anhydrous sodium sul fate and was then
concentrated under reduced pressure. A 5%citric acid aqueous sol ution was
added to the resulting residue, and the precipitate was then coll ected by
filtration. The resultant was washed-wi3h water, so as to obtain the title
conmpound (73.84 g) as a solid. 1HNWR (CDC13) .5: 1.36 (3H, s), 1.43 (3H,
s), 3.11 (IH, dd, J=14.7, 8.1 Hz), 3.43 (1H, dd J=14.7, 5.2 Hz), 3.73-

3.78 (4H, 4; 08, ( 6.0 Hz 54 4. 1H 4 77 (2H,
brs), 5. 22322 §32 ;éﬂ& (‘%Hﬁ] ’“glj‘ﬁl_%r%o %m‘% 1575 (%E«} éi 2)5 ESI - VS
mz: 404 ( E j

D-tert- bu?%§%4 ¢ %2N%)%gd(OXOl%Prnn¥%ieﬁh%pdloxolan4 yl)ymet hyl]-1-(4-nmetho
xybenzyl)-lk#pyrazolo[s 4- d] pyrimdin-6-yl)imde dicarbonate

4- Di et hyl am g?yridine (2.20 g) and di-tert-butyl dicarbonate (86.59 Q)
wer e added t m Y conposed of the above :

4-chl oro- 3-[ (%5 1-1, 3-di oxol an-4- - 41 -

yl) met hy1] - 1- (4- net hoxybenzyl) - 1H pyr azol o[ 3, 4- d] pyri mi di ne-6-am ne (72.83
g) and tetrahydrofdiraN™( m), and the resulting m xture was then stirred
at roomtenperature for 12 hours. Thereafter, the reaction m xture was
filtered, and the filtrate was then concentrated under reduced pressure.
The resulting residue was purified by silica gel colum chromatography

(ethyl acetate- exah%%, so as to obtaln the t|tIe conpound (70.00 g) as an
anor phous subst &n8&* T EEENVRTPEDEEIP I5:1 123 AMEBq - 45)6~ 1. 40 (3H, s),

1.44-1.46 Q%&Hﬂoropyrimldln—S—yl)—3—buten—1—ol (57.24 g), N-

methylmorpholine-N-oxide (147.6 g), tetrahydrofuran (500
ml), acetone (500 ml), water (500 ml) and osmium
tetroxidé (62 mg) was stirred at room temperature for 2
days. After the disappearance of the materials had been
confirmed, a saturated aqueous sodium thiosulfate
solution (1 1) was added to the reaction solution, énd
-the reaction mixture was then concentrated to
approximately 1.5 L under reduced pressure. The residue
was saturated with sodium chioride, followed by
extraction with tetrahydrofuran. The organic layer was
dried over anhydrous sodium sulfate. After filtration,
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 p-toluenesulfonic acid monohydrate (18.61 g) were
added to the 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



M, 3.21-3.29 (1H 1), 3.48-3.55 (1H 1), 3.74-3.81 (4H 1), 4.09-4.15 (1H
- 38 -

extraction with ethyl acetate. The organic layer was
successively washed with water_ghd saturated saline in
this order, and it was then dried over anhydrous sodium
sulfate. After filtration, the filtrate was concentrated
to about 100 ml under reduced pressure. Hexane was added
to the residue, and the precipitate was then collected by
filtration, so as to obtain the title compound (53.88 qg)
as a solid. |

'H-NMR (DMSO-Dg) &: 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)T'.

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

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

\¥Lo o
0
_ SN

L

CI”N" NH,

Acetic anhydride (149 ml) was added dropwise to a
mixture composed of the above 1-(2-amino-4, 6-
dichloropyrimidin—5—yl)—2—(2,2—dimethyl—{l,3]dioxolanf4;
yl)ethan-1-ol (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 *h

(]



nm, 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-M5 mz: 604 (MtH)-. (6) '
Di-tert-butyl[4-chloro-3-(2, 3-di hydroxypropyl)-1-(4-

met hoxybenzyl) - 1H pyrazol o[ 3, 4-d] pyriimj n-6-yl Ji m de di carbonate - 42 -
The above _
di-tert-butyll4-chloro-3-[(2,2-dinmethyl-.1, 3-di oxol an-4-yl)nethyl]-1-(4-net
hoxybenzy1l) -.1H-F§§/razol o[ 3, 4-d] byri m di n- G_éi | i m de di carbonate g53. 85 Q)
was di ssol VB AR HE oA t97 | €% SR A3 21 andagopper ( FPRLERMEF d&DEI hydr at e
(30.39 9) s then added to the solution. The.resulting mxture was stirred
at room te\nfl%earcta Ure tort 2 Hourss P[%%?%ﬁf%%}-? écga’t"ﬁlgﬁfed H¥oni um chl ori de

Mt h et byl Taceta e e L o PP E Rt R O ared s i no. - and
it was thendrdied quer: anhydr s, sodi BER . 26 o) |

'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-dlpyrimidine-6-amine

Ve

0
Q N-N
/
_ I
Cl \NJ\NHZ

Triethylamine (83.68 ml) was added to a mixture
composed of the above 1—(2—amino—4,6—dichloropyrimidin—5—
yl)—2—(2,2—dimethyl—[1,3]dioxolan—4—yl)ethan—l—one (61.23
g), (4-methoxybenzyl)-hydrazine hydrochloride (41.50 g)
produced by the method described in U.S. Patent No.
Us2003/18197, and dichloromethane (600 ml) over 30
minutes under cocling in an ice bath. Thereafter, while
the temperature of the reaction soclution waé gradually
raised, it was stirred for 17 hours. Thereafter, é 10%

citric acid agueous solution was added to the reaction



sulfate, followed by concentration under reduced pressure. The resulting
residue was purified by silica gel columm chromat ography (ethyl

acet at e-hexane), so as to obtain the title conpound (37.70 g) as an

anor phous substance. 1H NVR (CDC13) 8:4D0.46 (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

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 resultant was washed with water, so as
to obtain the title compound (73?84 g) as a solid.

'"H-NMR (CDCl:) &: 1.36 (3H, s), 1.43 (3H, s), 3.11 le,
dd, J=14.7, 8.1 Hz), 3.43 (1lH, dd, J=14.7, 5.2 Hz), 3.73-
3.78 (4H, m), 4.08 (lH, dd, J=8.1, 6.0 Hz), 4.54-4.61 (1H,
m), 4.77 (2H, brs), 5.22 (2H, s), 6.83 (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—l,3—dioxolan—
4-yl)methyl]-1-(4-methoxybenzyl)-1H-pyrazolo[3, 4-
dlpyrimidin-6-yl}imide dicarbonate

/
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4-Dimethylaminopyridine (2.20 g) and di-tert-butyl
dicarbonate (86.59 g) were added to a mixture composed of

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



(2H, d, J=8.1Hz), 7.25- 7.30(2H, m.

yl)methyl]-1-(4-methoxybenzyl)-1H-pyrazolo[3, 4-
dlpyrimidine-6-amine (72.83 g) and tetrahydrofuran (700
ml), and the resulting mixturé was then stirred at room
temperature for 12 hours. Thereafter, the reaction
mixture.was filtered, and the filtrate was then
concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography

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

compound (70.00 g) as an amorphous substance.

'H-NMR (CDCl3) &: 1.37 (3H, s), 1.40 (3H, s), 1.44-1.46
(18H, 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-

methoxybenzyl)—lH—pyraZolo[3,4—d]pyrimidin—6—yl]imide

dicarbonate
/
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ESI-M5S mlz: 564 (MtH)+. (7)

D -tert-butyl(8-hydroxy-2-(4-nethoxybenzyl)-2,7,8, 9-

tetrahydro-6-thia-1, 2, 3,5-tetraazabenzo[ cdl azul en-4- yl]im de dicarbonate
- 43 - NOHOSNNOO,/ ~ Met hanasul-fonyl chloride (4.23 m) was
added dropwi se to a m xture conposed of the above

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

met hoxybenzyl) - p | af.3,.4-d] pyrim din-6-yl]im i carb nate_(28;00
9. 2 4 6-co|IiéFi_ﬁeg%%%%lm’t)%ra“n%%étﬁ/hTf §§gc}li4ch{no[?@rf$ﬁ§ﬁbeo°(w M) under
cool i ng_i n 13n-i5e :Rath- The Jresuylfing I Xt e, wes them stigred at 4C for 15
hours. Thereafter, aalo%ﬂc;yiat)ri [o ayE:li]d ag]uéortgs&qsoluﬁ_o %/\/)Zsi%dded to the

reaction mpgtrarze,l S0l lsoweeh oy reve ihracd 1 o withe d&%—l&s&@ié‘aﬁa .gegprgani c

| ayer was dried over anhydrous sodium'sulfate, and it was then concentrated
under reducet priessurved Bhe gesidiiang resisue was, dssadomskd nr1)

N, N- di net hyl f ormam de (300 ml ), and sodi um hydrogensul fi de nonohydr at e
(5.32 g) wadliheneaddéd dra ttehel Folift icon winderheoaddided i1b athd ce bat h.
Thereafter, the resulting mxture was stirred at roomtenperature for 1.5
hours. Theré@dftérn -pofBSsraAtdéarbonat &t(r®. 2¢sny)t iwasdadded oo t he reaction
m xture, and the resulting m xture was then heated to 50C, followed by a
further stitFrPng3operatiodn 4 d1°% Shour §ereatigr, a saturated

ammonium chloride agueous 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 concentrétion under reduced pressure.
The resulting residue was purifiéd by silica gel column.
chromatography (ethyl acetate-hexane), so as to obtain
the title compound (37.70 g) as an amorphous substance.
'"H-NMR (CDCls) &: 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 (1E, m),
5ﬂ49 (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-tetraazabenzolcdlazulen-4-

vllimide dicarbonate



Subsequently, ethyl acetate was added to the reaction m xture, and the
resul tant was then successively washed with a 10%citric acid agueous
solution and then with a .saturated saline. The resultant was dried over
anhydrous sodium sulfate, and it was-then-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 solid. 1HNWR (CDC13) 6: 1.45 (18H, s), 2.39 (IH, brs),
3.29- 3.51 (4H, mMo74.58 (1H, brs)', 3.76 (3H, s), 5,42-5.49 (2H, n), 6.82
(2H, d, J=8.6 Hz), 30 (2H, d, J=8.6 Hz). ESI-M5 mZ: 544 (MtH)+. (8)
4-[Bi s(tert-but ox onyI ) am no] - 2- (4-

met hoxybenzyl ) -2, 7-6f hydro-6-thi a-1, 2, 3,5- tetraazabenzo[cd]azul en-8-yl
acetate In nitrogen atnosphere, acetic anhydride (14 m) was
added dropw se t yﬁﬂnixture conposed of the above

ditert-butyl [ 8/hy -2y (4- et hoxybenzyl)-2,7, 8, 9-

t et rahydro-621tXi a;lq, X 3.6-tlet raazabeni o[ cd] azul en-4- - 45 - yllimide
di carbonate (8.19 ¢), WinBthyl sulfoxide (74 m), and pyridine (12 m)
under cooling on icep”and the resulting m xture was then stirred for 30
m nutes. Thereafter, tbé(}eaction solution was further stirred at room
tenperature for 15 hours. After the di sappearance

Methanesulfonyl chioride (4.23 ml) was added
dropwise to a mixture composed of the above di-tert-
butyl [4-chlore-3-(2,3-dihydroxypropyl)-1-(4-
methoXybenzyl)—lH—pyrazolo[B,4—d]pyrimidin—6—yl]imide
dicarbonate (28.00 g), 2,4, 6-collidine (16.53 ml) and
anhydrous dicﬁloromethane (400 ml) under cooling in an
ice bath.  The resulting mixture was then stirred at 4°C
for 15 hours. Thereafter, a 10% citric acid agueous

‘solutioh was added to the reaction mixture, followed by
extractioﬁ 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 hydrogensulfide monohydrate (5.32 g) was then
added to the solution under cooling in an ice bath.
Thereafter, the resulting mixtﬁre was stirred at room
temperature for 1.5 hours. Thereafter, potassium
carbonate (10.29 mg) was added to the reaction mixture,
and the resulting mixture was then heated to 50°C,

followed by a further stirring operation for 5 hours.



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
| ayer was dried over anhydrous sodium sulfate, foll owed by concentration
under reduced pressure. The resulting raesi-due was purified by silica gel
col um chromat ography (ethyl acetate-hexane), so as to obtain the title
conpound (6.15 g) as an anor phous substance 1H NWVR (CDC13) 6: 1.44 (18H,

, 2.26 7.(3 3. 88 5 50 6,68 (IH,
Z) 83 (2H, ( ,"b% ﬁé‘ { J‘iﬂﬁ% _%é% %Eﬁ* (%)%én}’%acfséan(wm +S)(9)
Di -tert-buty; 4 enzy, 7
tetr:Lydrglyliﬁﬁé.1m%&20§M%etr§§§§%gg§6 %d]%gﬁl%%c essz?%¥d5a%|%grbonate

N-N N sSNNXQOch Y4 1035 46 A t he. abgy
4- [b|s(tertbutoxycarbonylgéﬁni&ﬁ ﬁ%ﬁ%fhgﬁﬂﬁgﬁ§€1§gd gﬁd?h§d?%

thia-1, 2, 3, &tetd ey abenao] Cd]TaléUh%@uﬁ't)él.lta%tsatcﬁ‘l(e@ 137 ,arr@Jmocl (200
m), and pot assi um carbonate (0.73 g) was stirred for 1.5 hours under
cooling in sodiwe hatfetaAf taard tite wh s appear ance=10f r 4 hed neh@stal s ‘had been
confirmed, a saturated ammoni um chl ori de aqueous sol ution was added to the
reaction misadieed frold e by Téxt rastildn ng triesétdug wacetratre. £ iEhe or gani ¢

| ayer was washed wth a saturated saline, and it was then dried over
anhydr ous sodiiff dRY¥ m%uW%IQ%WWMnththm@md@¥eT@@x@@@) pressure,

so as to obtaln the title c?ppound (5.70 g) as an anor phous substance.
SO as to obtain the title compound (20.59 g) as a solid.

‘H-NMR (CDCl;) &: 1.45 (18H, s), 2.39 (iH, brs), 3.29-
3.51 (4H, m), 4.58 (1lH, brs), 3.76 (3H, s), 5.42-5.49 (2H,
m), 6.82 (2H, d, J=8.6 Hz), 7.30 (2H, d, J=8.6 Hz).

ESI-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}azulen—B—yl acetate

cetic anhydride (14 ml)

|
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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[cdlazulen-4-



1H- NVR (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 nt z:
542 (M+H)+. (10) Ethyl (4-[bis(tert-butoxycarbonyl)am no]-2-(4-

met hoxybenzy1l) -2, 7-di hydro-6-thia-1, 2, 3ih-- _
tetraazabenzo[ cd] azul en-8-yl | acetate - 47 - NO S 00 A m xture
conposed of the above di-tert-butyl[2-(4-

met hoxybenzyl) - 8- 0x05 2, 7,.8, 9-1 ety ah ro-6-thia-% v 3,5 .
tetraazaben%%%‘c (géz(uﬁl%cnardf%ﬁ%]‘%“rn dg' %?c%? boR&r'a" g.%lﬁugf,okéfiﬁyl(m ml),
(triphenylQﬂQ§Hﬂﬁﬂ%ﬁbﬂ?n@k?QQ%ﬁt@hégr5&081'n&ngntQEgengnQBQRen1) was
stirred at 65C for 13 hours. Thereafter, the’reactioh mxturée was

concent r at ege it nd UGG PIESSUF € aRd: Lheyr esidye ywag,then purified by
silica gel columm chromat ography (ethyl acetate-hexane), so as to obtain

the title chmpountkd3. %hg)rascaiomnds phousn suhst aneene Hs NVR-£GDEL3) 6:
1.29 (3H, t, J=7.1 Hz), 1.69-1.77 (1H m, 2.37-2.40 (1H m), 2.46-2.52

(1H, nm), 2.88R. T7dngHtuys Zo20§ 2burns. J2EteH)he Mildsmpddr{dds M, 5.20
(2H, brs). ESI-M5 mlz: 612 (M+H) +
of the materials had been confirmed, the reaction mixture
was diluted with ethyl acetate, and it was then washed
with a saturated saline. The orgaric layer was dried
over anhydrous sodium sulfate, followed by concentration
under reduced preésure. ‘The resulting residue was.
purified by silica gel column chromatography (ethyl
acetate-hexane), so aslto obtain the title compound (6.15
g) as an- amorphous substance.
'H-NMR (CDC1;) &: 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=8.8 Hz), 7.31 (2H, d; J=8.8 Hz).

ESI-MS m/z: 584 (M+H)™'.

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

0



(11) 2-(4-amno-2,7-di hydro-6-thia-1,2, 3, 5-

t et raazabenzo[ cd] azul en-8-y1) - N-net hyl acetam de trifluoroacetate - 48 -
The above ethyl {4-[bis(tert-butoxycarbonyl)am noj-

2- (4met hoxybenzyl) -2, 7-di hydro-6-t hia-4¢2+3, 5-
tetraazabenzo[ cd] azul en-8-yl}acetate (2.2 g) was dissolved in a 40%

nmet hyl am ne/ net hanol solution (40 m ), and the m xed sol ution was then

stirred at roomt rature for hours. The conpletion of the reaction was
confirnmed by Lgéﬁﬁj g%a~t%§mg§ eén?‘méget gﬁvgigPﬁﬁﬁggtéﬁéy under reduced

_ the solyen el _ u .
pressure Et}%g%g%on@m%ﬁl%ogzg- é)fl—-En%qntorﬁa{ﬂe%%rdﬂﬁf%t,hf—ﬁ%ﬁ%— ) were

added to the resulting residue, and the resultin en stirred

-at 65C forthdahoupss, Theeeaklbenphbe LegGlior sSql-uti o Mas Loncen rat ed
under reduced pressure, and an isopropyl ether-ether m xed sol ution was

t hen addedgt ¢ hbeheasidueooThe)pr eadpidioatse sias eeldeeiad by fi3 tgjation, so
as to obtain the title conpound (1.53 g) as a solid. ESI-M5s mz: 277
(MF1-1) +. ¢&2) sbiChkdr do4- Aydr axyr6- metleylmicedtiimg d nacird ice 4fhith.
-Comrercially avail abl e 4- hydroxy-6-nmethyl -nicotinic acid (300 ng) was
suspended RAt8rnthef daceprprierainke, odndhN- allterdsuccihgidritge( 380 ng) was

t hen added to the suspension. The resulting m xture was stirred at room

t enper at ur E°PSFIBOi AuFES U ITREFeafer i Whe@ddideomrqueous 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 obtain the title compound (5.70 g) as
an amorphous substance.

‘H-NMR (CDCls) &: 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-MS m/z: 542 (M+H) " .

(10) Ethyl {4-[bis(tert-butoxycarbonyl)amino]-2-(4-
methoxybenzyl)—2,7—dihydrp—6—thia—1,2,3;5—

tetraazabenzo[cd]azulen—B—yl}acetate



solution was heated under reflux for 45 mnutes. After the disappearance of
‘the materials had been confirned, the reaction solution was cool ed on ice,
and the precipitate was then collected by filtration, so as to obtain the
title conpound (324 ng) as a solid. H4NMR (CD30D) 6: 2.56 (3H, s), 8.50
(1H, s). ESI-M5 nlz: 188 (MtrH) + (13) Methyl 4, 5-dichl oro-6-nethyl nicotinate
cl 0 Phosphorus oxychioride (1.13 m) was added to the above

5-chl or o- 4- hydr oxy-6-net hyl nicotinic acid (320 ng); and the resulting

m xture was then heaped under reflux for 2 hours. Thereafter, the redction
sol ution was concentriat ed under reduced pressure, and nethanol (3 m) was

t hen added dropw se §{o/the residue under cooling on ice. The resulting

m xture was stirred at{ roomtenperature for 30 m nutes, followed by
concentration ugder \rgtuced pressure. A saturated sodi um bicarbonate - 50
- solution added 10 the residue under cooling on ice, followed by
extraction with ’/ﬁgiggf . The organic |ayer was dried over anhydrous
sodi um sul fate., nt was then distilled away, so as to obtain a
crude product of the tbkL conpound (436 ng) as a solid. ESI7TM5 mz: 220 (M
H) + (14) Methyl 5-chl oro-4-nethoy-6-nethylnicotinate Crude net hyl
4,5-di chl oro-6-nethyl nicotrnate (380 ng) was dissolved in 3 m of nethanol
and, in a nitrogen stream sodi um nethoxide (120 ng) was then added to the
- sol ution under,cooling.on_ice The tenperature of th reactiﬂﬁ_aﬁ]ution

. : compose —C -
was gradual |y rai sed to roo ove di-tert-butyl

methoxybenzyl)—B—oxo-Z,7,8,9—tetrahydro—6—thia—1,2,3,5f

tetraazabenzo[cdlazulen-4-yl]limide dicarbonate (5.19 g).,
ethyl (triphenylphosphanylidene)acetate (3.51 g), 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
silica 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 (1H, m), 2.46-2.52 (1H, m), 2.68-2.71 (ZH,
m), 4.20 (2H, q, J=7.1 Hz), 5.10-5.13 (1H, m), 5.20 (2H,
brs) . |

ESI-MS m/z: 612 (M+H)"

(11) 2-(4-aminc-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzol[cdlazulen-8~-yl)-N-methylacetamide

trifiuorocacetate



tenperature, and it. was stirred for 18 hours. After the disappearance of
the materials had been confirned, a saturated anmoni um chl ori de aqueous
sol ution was added to the reaction solution under cooling on ice, followed
by extraction wth chloroform The erdgani-c | ayer was dried over anhydrous
sodium sul fate, and the solvent was then distilled away. The residue was
purified by silica gel chromatography (ethyl acetate-hexane), so as to

obtain the title coqﬁﬁund 210 nmg) as a solid. -.51 - 11-1-NWR (CDC13) 6:
2.67 (3H, s),_® 95 FOO (3H, s), 8.76 (1H, s). ESI-MS mlz: 216
(MtH) + (15) H - met hoXy- 6- net hyl pyri di n- 3-yl ) met hanol The
above net hyl \/ﬁﬁgfthoxy 6- methylnicotinate (1.0 g) was dissol ved
in 30 mM of neth N“ameh, sodi um borohydride (1.75 g) was then added to the

solution. The resulting m xture was heated under reflux for 1 hour.
Thereafter, a saturated anmoni um chl ori de aqueous sol uti on was added to the
reaction solutlon under cooling on ice, followed by extraction with
chloroforn1thre€h€|ﬁ@@veTﬁéh&ﬂgdﬁrdduﬁmﬂeanbuﬂqutaﬂhﬁnyﬂwgmwmms—sodlum
sulfate, and the solvent was then distilled away, so as to obtain the title

conpound (G 92 &)e%?xé’r?eéiziy)l )SbstzHdey dngs NVR {ZTD013) 365-2. 63 (3H, s),

4.00 (3H, sc)e’traazab(ﬁznljz'o br azu 33 1'1 S)atEaS»é;NB .ng)lgass.(Mﬂ'D"‘ - 92 -

dissolved in a 40% methylamine/methanol solution (40 ml),
and the mixed solutioﬁ was then stirred at room
temperature for 2 hours. The completion of the reaction
was confirmed by LC-MS, and the solvent was then
distilled away under réduced 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 compound (1.53-g)
as a solid.

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

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

| Ny
CI” > “CcooH

OH



a The above (5-chl oro-4-nethoxy-6-nethyl pyridin-3- yl)nmethanol (520
ng) was dissolved in 20 ml of chloroform and thionyl chloride (0.38 nl)
was then added to the solution under cooling on ice. The resulting m xture
was stirred at the sane tenperature as4&weve 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 carbonat e sol ubhBycyat ey, 13d 1saur ated saline in this arder. The
organi c | ayer was dried over anhydrous sodium sul fate, “and 'the solvent was
then distilled away. mEhe waesidug s purd f agh byr siddicd, geli chr oy ogr aphy
(ethyl acetate-hexane), so as to obtain the title conpound (550. ng) as an
0i | y subst aircalottshvRipEREHE) @Rk (W SHen dadPed 3 e 4.61 (2H s),
8.35 (1H, s). ESI-M5 miz: 206 (MA-H)+ (17) .

3- Chl or o- 4smePkogyo2,.5- dhaerhghpyindi nextureb3as stirrebhetakove

3-chl oro-5-(chl oronet hyl ) - 4- net hoxy- 2- net hyl byri dine (550 ng) was

di ssol ved tRMPEIACUSE mettharolmirartdst0%lbe rearflben , ( 50engkrawas onhen added to
the solution. Normal -pressure contact hydrogenati on was performed on the

m xture underUCaelhi H§SoRSiete S oNIP el L THe o af 1 SR NUTRS caP4llyst was
renoved by hglhgggiona and net ang] was t hen q%i%illed away. under reduced
pressure. The FasfBREMRES “ExCact¥d ™A T i DritDriR S THE o gafit | ayer was
washed wit d i bi carbonat e, solution, and.it was then dried
over anhyd?ggs%%g{tgrkﬁgsS?Jggttérg%ﬁqg%scﬁovoglmd vas distid1%d Hnay, and the
resi due was pukbfk8deby sl kinca %%I&l((é@'t%r@t f@ipihcyra(t%]téw' cefates hexane)

so as to obtain the title conpoun 365 ny) as an oily 'substadnce. 1H NWR
(CDC13) 6: 0Bcd5n(8He €)kt12 2¥mk3fdnaS)(33 8§)(3E S)s08:db (1H s).
'H-NMR (CD;0D) &: 2.56 (3H, s), 8.50 (1H, s).

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

(13) Methyl 4,5-dichlorc-6-methylnicotinate

Phosphorus oxychloride (1.13 ml) was added to the
above S5-chloro-4-hydroxy-6-methylnicotinic acid (320 mg),
and the resulting mixture was then heated under reflux
fqr 2 hours. Thereafter, the reaction solution was
concentrated under reduced pressure, and methancl (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



ESI-M5S mlz: 172 (M+H)+ (18) 3-Chl oro-4-net hoxy- 25-di net hyl pyri di ne 1-oxi de

The above 3-chl or o- 4- net hoxy- 2, 5-di net hyl pyridine (181 ng) was dissolved in
5 m of dichloronethane, and urea peroxide (169 ng) and phthalic anhydride

(219 ng) were then added to the sol uti éA. ~The resulting mxture was stirred
at roomtenperature for 2.5 hours. - 54 - Thereafter, a saturated aqueous

sodi um t hi osul fate sol ution was added to the reaction sol ution under

cool i ng on sioae: 1ard wdhe Jeal g HE Xtdy gyyas, fdhen é@él%ﬁ# W tfpghloroform
- The water |ayer was extracted with chloroformtwo tines. The organic |ayer

was dried dvenoambydnous: seditdmrs wifral estafid dde 5ol venhewas gbhen distill ed
away, So as to obtain the title conpound (181 ng) as a solid. 1H NWR
(CDC13) 6: l2y24 (3H, d)iedR.B2r 3Mhya)rod &bodidhh )L f&H7 rkH,trsd. ESI - MS
mz: 188 (MtH)+ (19) (3-Chl oro-4-net hoxy-5-nethyl pyridi n-2-yl) net hanol

The above 3odRkEditovgsmativox -2 5 1diemetawd pyrédiawe toxiate {15806 myudadas
suspended in 15 m of dichloronmethane, and trifluoroacetic anhydride (0.39
) was theR°4dded o Htife tliidFessew irtterd Todd )nggore issElidthe resul ting

m Xture wa tirred at roomtenperature for 3 hours. The reaction solution
was dilute S&Fhﬁ @KFOrg?g%ﬁfhﬁﬁd'mas t hen washed with a saturated sodi um

bi carbonat e sol ution. The water | ayer was extracted wth chl oroform The

(14) Methyl 5-chloro-4-methoxy-6-methylnicotinate

Crude méthyl 4,5-dichloro-6-methylnicotinate (380
mg) was dissolved in 3 ml of methanol and, in a nitrogen
stream, sodium methoxide (120 mg) was then addéd to the
'solution under cooling on ice. The temperature of the
reaction solution was gradually raised to room
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 acetaté—hexane), so as ‘to obtain

the title compound (210 mg) as a solid.



organic |l ayer was dried over anhydrous sodium sulfate, and the solvent was
then distilled away, so as to obtain the title conmpound (521 ng) as an oily
substance. - 55 - 1H NWR (CDC13) 5: 2.29 (3H, s), 3.93 (3H, s), 4.29 (IH,

brs), 4.72-4.74 (2H, m, 8.26 (1H, 's). 5ES-M5S mz: 188 (M+H)+ (20)

3- Chl oro- 2- (chl or onet hyl ) - 4- met hoxy- 5- net hyl pyri di ne hydrochl ori de

The above (3 chl oro 4- met hoxy- 5- net hyl pyri di n- 2- yI)met hanol (530 ng) was

di ssol ved in g\R’[Rm 153())I groEogm ggd(;%g:'pﬁybé grel g?h(e]‘];‘gz)ul(tg)l* was t hen

added dr OpWI s | ution un i'mg m xture
was stirredat gomn@le(rpesrature for 3 hours. Thereafter the reaction

sol ution Was ‘concentrated, and it was then washed with a nixed sol vent of
et her - hexanmessI -8 as/4:0 08 aimyhhe title conpound (410 ng) as a solid.

1H NWVR (CDC13) 5: 2.47 (3H' 4.32 (3H, s), 5.09 (2H, s), 8.54 (1H, s).
ESI-M5 nmfz: 206 (M+H) + (21)

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

yl ) met hy1] -(2,57- didnydrles-téhirethoXy3;6methylpyridin-3-yl)methanol

t etraazabenzo[ cd] azul en- 8-yl | - N- net hyl acet am de

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'ender
reflux for 1 hour. Thereafter, a saturated ammonium
‘chloride aqueous solution was added to the reaction
solution-under cooling on ice, followed by extraction
with chloroform three times. The organic layer was dried
over anhydrous sodium sulfate, and the solvent was then
distilled away, so as to obtain the title.compound (0.92
g) as an oily substance.

IH-NMR (CDC1lj) S: 2.63 (3H, s), 4.00 (34, s), 4.71 (2H,
brs), 8.33 (1H, s) |

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

(16) 3—Chloro—5—(chloromethyl)—4—methoxy—2—methylpyridine



- 56 - D nethyl formam de (1 m) was added to

2- (4-am no2, 7-di hydro-6-thia-1, 2, 3, 5-t et raazabenzo[ cdl azul en-8-y1) -

N- net hyl acet ami de trifl uoroacetate (28 ng), 3-chloro-2-

(chl or onet hyl ) - 4- met hoxy- 5- net hyl pyr idisrze -hydr ochl ori de (36 ng), and

pot assi um carbonate (69 ng). The resulting m xture was stirred at 60C for
2.5 hours. Thereafter, the insoluble matter was renoved by filtration, and
the solvent was then distilled away in a nitrogen stream The resulting

resi due was di ed in dinethyl sulfoxide (1 m), and it was then
purified bycipr tory reverse-phase HPLC. The solvent was distilled away

under reduced. pressure, so as to obtain the title conpound (27.0 ng) as a
solid. 1H NWR (CDClS) 6: 2.24 (4H, s), 2.82 (3H, d, J=4.9 Hz), 3.27 (2H,
s), 3.80 (2H, s), 3.91 5.65 (2H, s), 5.87 (1H, s), 6.70 ESI-M5 m z: 446
(MtH) +. (Example 2) (1) 5-Brono-2, 3-dinmethyl-4-nitropyridine 1-oxide - 57
) The above (5-chloro-4-methoxy-6-methylpyridin-3-

yl)methanol (520 mg) was dissolved in 20 ml of chloroform,

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 concentrated, and

ethyl acetate 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 (CDClj3) &: 2.64 (3H, s), 4.05 (3H, s), 4.61 (2H,

s), 8.35 (1H, s).

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

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

)jl

0O



5- Brono- 2, 3-di net hyl pyri di ne 1-oxide (4.61 g) produced by the nmethod
described in U S. Patent No. US5250527 was di ssolved in concentrated _
sulfuric acid (10 m). Thereafter, a m xed solution of fumng nitric acid
(24 M) and fum ng sulfuric acid (13-nbp was added dropw se to the solution
obt ai ned above under stirring and cooling on ice. The resulting m xture was
stirred at the sane tenperature as above for 30 m nutes, and was then

stirred at 90C ¢ar lohour s Abher Leaying La coal, Lhe reaction sol ution vas.

poured into ice water. chl or omet hane was a 0 the Te4cti‘on sol ution

under SUI [ hicR@3¢ :40Qhn 99D &yl G2 DAL s AL NG Ml g as L hen

neutralized w th amoni a wat er e reaction solution was extracted with

di chl or onemgananclihe aougamisc Hayerpdes dd ety OMels anhydr Qus Aragnesi um
sul fate, and the solvent was then distilled away under reduce pressure, so

" as to obtaismlatérude Poodattpebstheet tbhe acanpodrdgebadlog) was a solid. (2)
- 5-Brono-47met hoxy- 2, 3-di net hyl pyri dine 1-oxide - 58 - A 1 M sodium
met hoxi de- Refrianokds ohuttihen i3 ure) unak: raddedl troy ametdwntdr (20hot)s .
solution of the above 5- brono-2, 3-di methyl-4-nitropyridine 1-oxide (4.80
g) under cA8FFRGIFRTanthEe AF4tEH Y sandache amesiad iy i Kinatelavas stdrred at
roon1tenperaggre ?vernig t. Thereafter, the reaction solution was
concent r at 8§ “"8RG 't W8 Sr &8Edué iwas 1diess Wiped Untledi o Bresfe (s Wivl wat er
for liquidiseparation. The organic |ayer dri ed over anhydrous sodi um
sulfate, and-the fiter 4Fe ﬁé§%ﬁﬁ§ﬁdcCﬁgéhgﬁih%ﬁfoﬁﬁ“as*PS GbP&ATACa crude
product of jthe titlLe u ?_ 4.9 solj.d. H NVR ( 13) 6: 2.30
(3H, s), 2747 (3K oy SoEEg, v §|(‘3, as%?%‘%g% ﬁ,"ds‘)u.m %QWOM%%C@ 232 (MH) +

(3) (5-Bromeid:mBhNOXYy31RELAY I%Ylléindh'}"%'dylc)x%e} hy r -
5-Bronn-4-nethoxy-2,3-dinethylpyridinell-oxi e. ?Qgg%cbs\ﬁﬁgﬁwgsolved in

di chl or oneshafiet£60 mhe , sandehti fhyogoacet ieqanhygri daq( 28k swag et hen
added to the
was purified by silica gel chromatcgraphy (ethyl acetate-
hexane), so as to obtain the title cdmpound (365 mg) as
an oily substance.
1H-NMR (CDCls) &: 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

0

Yl

The above 3-chloro-4-methoxy-2,5-dimethylpyridine
(181 mg) was dissolved ir 5 ml of dichloromethane, and
urea peroxide (169 mg) and phthalic anhydride (219 mg)
wére then added to the solution. The resulting mixture

was stirred at room temperature for 2.5 hours.



- 59 - solution at roomtenperature. The resulting m xture was stirred
overni ght. Thereafter, the reaction solution was concentrated, and the
concentrated solution was then dissolved in nmethanol (50 m ). The resulting
m xture was stirred at 50C for 1 hour. 5Fhe reaction sol ution was
concentrated. The residue was dissolved in dichloronethane, and was then
washed with a saturated sodi um bi carbonate solution. The organic | ayer was

dried over raphydrous- sodilm sulfat %’qu;él%ilé gﬁcﬁidrﬁ ré-}leo Se 1 hen

concentrated. The residue was purifie I ca gel colum chromat ography

(hexane- et hyll LaGetatl)s SRIARS O toR! aidh ditod | 4d BiCOPAUML £ 3-431 g as a
solid. HNWR (CDC13) 5: 2.17 (3H s), 3.89 (3H, s), 4.62 (2H, s), 8. 50

(1H, s). ESh-Noem znd23hd Maddufit(id)y mixture was then diluted with
5-Brono-2-(f[tert-butyl (di methyl)silyl]oxylmethyl)-4-

met hoxy- 3- metllylogymindi nEhesyahsr layerThesakoteacted with

(5- br onmo- 4- et hoxy- 3- et hyl pyri din-2- yl)nmethanol (500 ng) was dissolved in
di chl or onmetthare ofPFmMitwo gnghas. by dinestrhyd sid yar ofd orddieed 487 ) ,
triethylamne (0.48 m), and di nmethyl am nopyridine (30 ng) were then added
to the sol GPERTGHTerSEEoM fytlifaten” and theé solvent was then

distilled away, so as to obtain the title compound (181
mg) as a solid.

1H-NMR (CDCl13) o6: 2.24 (3H, s), 2.62 (3H, s), 3.87 (3H,
s), 8.07 (1H, s).

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

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

The abové 3—chioro—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 for 3 hours. The
reaction solution was diluted with chloroform, and was

then washed with a saturated sodium bicarbonate solution.

0]

The water layer was extracted wiith chloroform. Th
organic layer was dried over anhydrous sodium sulfate,
and the solvent was then distilled away, so as to obtain

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



- 60 - ice bath. The resulting m xture was stirred at roomtenperature
overnight. Thereafter, the reaction solution was diluted with

di chl oronet hane, and was: then washed with a saturated sodi um bi carbonate
solution. The organic |ayer was dried a@wer- anhydrous sodi um sul fate, and
the filtrate was then concentrated. The residue was purified by silica gel
col umm chr omat ogr aphy (hexane- et hyl acetate) So as to obtain the titIe

d t CDC13) 8: 0,07
o 85 (o sy, R0 Y S B M (B ) Tt (16 ) Y ()
2-(f[tert- Qggyl(d4ngthytj§| zﬁ:l%xx}m?tgglleS ;Iuoro4 met hoxy- 3- net hyl pyrid

i ne he above

5- br ono- 2- (Efs[tt-EMEt baityd (i gretd ))ssi |yl ] oxyl met hyl) - 4- met hoxy- 3-
met hyl pyri di ne (734 ng) was dlssolved in tetrahydrofuran (30 m), and

butyllithium(1.59 Msolution, 2.42 ml) was then added dropw se to the
solution at -110C. The resulting m xture was stirred at the sanme .above

t enper at ur & Fr 3-Grolurso-ed( ch ltcetanadyiely DS 14 afle € Do Y )5Sk ghy@pygidlne

N-f |l uor obenzenesul fonim de (3.03 g) was then added dropwi se to the reaction
sol ution atwhedumridnperature. The tenperature of the resulting mxture
- 61 - was ‘gradually raised to -68C over 3 hours, and the m xture was then
stirred at roomtenperature for 30 m nutes. Thereafter, a saturated
amoni um chl ori de ggueous solution was added to the reaction solution,

foll owed by exgraction with dichloromethane. The organic |ayer was dried
over anhydreg%ii?ﬂﬂuntsulfate, and the filtrate was then concentrated. The
d

resi due was jed by silica gel colum chronat ography (hexane-ethyl
acetate), so as_to obtain the title conpound (353 ng) as an oily substance.
1H NWR (CDC13) 6: 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 nliz: 286 (M+H)'

The above (3—chloro—4—methoxy—S—methylpyridin—Z—
yl)methanol (530 mg) was dissolved in 20 ml of chloroform,
and thionyl chloride (1.03 ml) was then added dropwise to
the solution 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-hexane, SO'ae to
obtain the title compound (410 mg) as a solid.
1H-NMR (CDCl3) 6: 2.47 (3H, s), 4.32 (3H, s), 5.09 (ZH;
s), 8.54»(1H, s).

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

(213 2—{4—Amino—2—[(3—chloro—4—methoxy—5—methylpyri&in—2—
yl)methyl]-2,7-dihydro-6-thia-1,2,3, 5-

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



(6) (5-Fluoro-4-nethoxy-3-nethyl byridi n-2-yl)net hanol
Tet rabut yl anmoni um fluoride (1 Msolution, 1.49 m) was added to a
tetrahydrofuran (10 m) solution of the above

2-(f[tert-butyl (di methyl)silyl]oxyl met gl }-5-
f1 uor o- 4- met hoxy- 3- net hyl pyri di ne (333 ng) under coollng in an ice bath,
and the resulting mxture was stirred at roomtenperature for 1 hour. The
reaction sol ution s diluted wi th dichl oronethane, and was then washed
with water. The or i%. | ayer was dried over anhydrous sodium - 62 -

sul fate, and the fNl#rate was then concentrated. The residue was purified
by silica deI CO|H chromat ogr aphy (hexane-ethyl acetate), so as to obtain

the title CG 150 ng) as a solid. HNWR (CDC1l3) 6: 2.08 (3H, s),
4.10 (3H, d 52 (1H, s),. 4.61 (2H, s) 8.22 (1H d, J=4.1 Hz).
ESI-M5 m/z: 17 s
2- (Chl oronet hyl ) - 5- quoro 4 nethoxy 3- nethylpyrldlne hydrochlorlde HC 1
r\LC I The title conpound (154 ng) was obtained as a-$olid by the sane
synthesis nethod as in_Exanple 1(20) u5|ng t he above .
(5-f 1 uor o- 4- met RERGEBY HEPKYRBYARdi(A- 2L )y Maretsaesl YA PS5 (yRmiES~ M nf z:
190 ( MtH) +
(M-H) 2,7—d1hydro—6—th1a—1,2,3,5—tetraazabenzo[cd]azulen—B—yl)—
N-methylacetamide trifluoroacetate (28 mg), 3-chloro-2-
(chloromethyl)-4-methoxy-5-methylpyridine hydrochioride
(36 mg), and potassium carbonate (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 dissolved 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 (CDCl;) &: 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 (lH, s), 6.70 (1H, s), 8.16 (1lH, s).

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

(Example 2)

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



(8) 2-{4-Am no-2-[(5-fluoro-4-nethoxy-3-nethyl pyridin-2-

yl )ymet hyl] -2, 7-di hydro-6-thia-1, 2, 3, 5-tetraazabenzo[ cd] azul en-8-yl | - N- et hy
| acetam de - 63 - Pot assi um car bonate (85 ng) and
2-(ch:oronet hyl )-5- fluoro-4-net hoxy-3smet-hyl pyri di ne hydrochl oride (52 np)
were added to an N, N-di nethyl formam de (5 nl) solution of

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

t etraazabenzo[ cd] azul en-8-y1) - N-net hyl acet am de trifl uoroacetate (60 ng).
The resulting pmxture was stirred at 5000 for 3.5 hours. Thereafter,

i nsol ubl e natté\ s renoved by filtration, and the filtrate wasthen
concentrated. || The residue was purified by silica gel colum chronatography
(chl or of or B ol), so as to obtain the title compound (30 ng) as a

solid. H'NNBT QPCIB) 5: 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 (IH, s), 819 (1H, d, J=3.4 Hz). ESI-M5 mz: 430 (M+H)-.
Anal . Cal cd. For Cl19H20FN702S0.5H20: 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; F, 4.44; S, 7.05. (Exanple 3)
(1) 3-Brono- 2, 520PREPAYZ- 4-AilMe6PpYrPdiielincoRigeide (4.61 g)

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 poured 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 extractgd with dichloromethane. The organic’

layer was dried over anhydrous magnesium sulfate, and the

solvent was then distilled away under reduce pressure, so

as to obtain a crude product of the title compound (4.80

g) as a solid.

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



64 -

The title conpound (1.08 g) was obtained as a solid by the

same Synthesis nmethod as in Exanple 2(1) using conmercially avail abl e

~ 3-brono-2, 5-di nethyl pyridine 1- oxide (2.35 g). ESI-M niz: 247 (MtH) +.
3- Br ono- 4- et hoxy- 2, 5- di et hyl pyri di re58- exi de 9:

(2)

A crude product of

the title compound (990 ng) was obtained as a solid by the same synthesis
nmet hod as in Exanple 2(2) using the above 3-brono-2, 5-di net hyl74-
nitropyridine 1-oxide (1.08 g). ESI-M5s mlz: 234 (MtH)+. (3)
(3-Bronn-4-netQ@xy-S-nethylpyridin-2-y|)nethano| - 65 - ;1\H

N . .

| N
BKIQ;I:

O

/

A 1 M sodium methoxide-methancl solution (30 ml) was

added to a methanol (20 ml) solution of the above 5-
bfomo—2,3—dimethyl—4—nitropyridine l-oxide (4.80 g) under
cooling in an ice bath, and the resulting mixture was
stirred at room temperature overnight. Thereafter, the
reaction solution was concentrated, and the residue was
dissolved in dichloromethane and water for liquid
separation. The organic layer was dried over anhydrous
sodium sulfate, and the filtrate was then cdncehtrated,
S0 as to obtain a crude product of the title compound

(4.91 g) as a solid.

"H-NMR (CDCl;3) &: 2.30 (3H, s), 2.47 (3H, s), 3.84 (3H,

B.36 (1H, s).

ESI-MS m/z: 232 (M+H)®

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

Br =

N

S-Bromc-4-methoxy-2,3-dimethylpyridine l-oxide. (4.91

was dissolved in dichlorcmethane (60 ml), and

trifluoroacetic anhydride (20 ml) was then added to the



Br O, The title conmpound (931 ng) was Obtained as a solid by the sane
synthesis nethod as in Exanple 2(3) using the above

3- br oMo- 4- net hoxy- 2, 5-di et hvl pyri dine 1-oxide (990 ng). 1 H NWR (CDCl3) 6:
2.33 (3H, s), 3.90 (3H s), 4.38 (1H- bPsy, 4.69 (2H s), 8.28 (1H s).
ESI-M5 mz: 234 (MtH) +. (4) 3-Brono-2-(chl oronet hyl) -4- et hoxy-5-pyri di ne
hydr ochl ori de The title conmpound (161 ng) was obtained as a solid by

the sane s hesi t Examle 1 ) i -
( 3- br ono- 4%$étf§>%$f g%ner}?%ﬁ%ﬁf&dl n-2- yl )(rfrétghé:%%u%ﬁ%e"é)g‘%ef NVR ( coc13)

6: 2.30 (3Bti%red odkr3ghts), Thet8alZbr,Skne8rdbckidn $o1 ESIoMaay z: 250
and 252 (MtH)-"'.

concentrated, and the concentrated solution was then
dissolved in methanol (50 ml). The resulting mixture was
stirred at 50°C for 1 hour. The reaction solution was
concentrated. The residue was diésolved'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 (CDCl;) &: 2.17 (3H, s), 3.89 (3H, s), 4.62 (2H,
s), 8.50 (1H, s).

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

(4) S5-Bromo-2-({[tert-butyl (dimethyl)silyl]oxy}methyl)-4-

methoxy-3-methylpyridine

si”

N So”
Bﬁj%;[j\ }<

O\

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

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



- 66 - (5) 2-{4-Am no-2-[(3-brono-4-nethoxy-5-nethyl pyridin-2-

yl ) met hyl]

t et raazabenzo[ cd] azul en-8-yi | - N- net hyl acet am de

(160 ng) and 3-bor no- 2- (chIoronethyk)6@-ﬁethoxy-5-pyridine hydr ochl ori de

-2,7-di hydro-6-thia-1, 2, 3, 5-

(166 ng) were added to an N, N-dinethyl formam de (5 nml) solution of
2-(4-am no-2, 7-di hydro-6-thia-1, 2, 3, 5- . .
tet raazabenzal gdkazul ene8yillabag! hylacetag.de Lo flupraaceigie (150 o).

The resulting mxture was stirred at 50C overni ght.

ereafter, t

reaction saleipeentias divieitrgdnid t htdechierayet hane,r and was den (washed

with water.

The organic |ayer was dried over anhydrous sodi um sul fate,

Pot assi um car bonat e

and

the filtrateswed lthen edncenrtiratledonBithdresi dued Wass ptidd i edsiyqsilica gel
col um chr omat ogr aphy (chl orof orm net hanol), so as to obtain the ti

conpound ( ¥35hng) saguaageld d.oddunVR i(

J=4.6 Hz),
(2H, s),

3.28 (2H, s),3.81 (2H s),3.88(3H,s),5.08-5.14(2H, brm,

organic layer was dried over anhydrous sodium sulfate,
and.the filtrate was then concentrated. The residue was
purifieq by silica gel column chromatography (hexane-
ethyl acetate), so as to obtain the title compound (743
mg) as an oily substance. |

1H-NMR (CDC1ls3) &: 0.07 (6H, s), 0.89 (9H, s), 2.37 (3H,

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

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

4-methoxy-3-methylpyridine

|
N\ O,SI
Foads
O\

The above 5-bromo-2-({ [tert-
butyl (dimethyl)silyl]oxylmethyl)-4-methoxy-3-
methy;pyridine (734 mg) was dissolved in tetrahydrofuran
(30 ml), and butyllithium (1.59 M solution, 2.42 ml) was
then added dropwise to the solution at -110°C. The
resuiting mixture was stirred at the same .above
temperature Zor I hour, and a tetrahydrofuran (5 ml)
solution of N-fluorobenzenesulfonimide (3.03 g) was then
adaed dropwise to the reaction solution at the same

temperature. The temperature of the resulting mixture

tle

5. 66

ate DT {@H Fhe 2.83 (3H, d,



5.77(1H,brs), 6. 72(1H,s),8.17 (1H, s). ESI-M5 mz: 492 (MtH)' - 67 - Anal.
Cal cd. For C19H20Br N702S0. 25H20. 0. 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; S, 6.27.
(Example 4) (1) Tert-butyl [8-(2-amn@l2-oxoethyl)-2-(4-

met hoxybenzyl) -2, 7-di hydro-6-thia-1, 2, 3, 5-

t et raazabenzo[ cd] azul en-4-yl i car bamat e A 1 N sodi um hydr oxi de aqueous
solution (3,34 ), MR8 Q .et h_argﬂ 5 m ), solution o thyl :14-
[bis(tert-but o.xgycaﬁb%gl | ;jragrrllsno (Rt (t%’xeyrbeBn;ly )™=, f-nJ the

di hydr o- 6- tlhaulke? W H-tretd apzabeny lcdl azil €hnSsr Y hACeF 3F €34 600 ny). The
resulting mxture was stirred at roomtenperature overnight. Thereafter, 1

N hydrochl arine:taci.d (Bemkhrwas,added tio e reaetiiom $1WHiien and the
resulting solution was then concentrated. D chloronethane was added to the

resi due foraeouactsicdnit e varganided ayertvasreldetdonvesl @nhydy ous sodi um
sulfate, and the filtrate was then concentrated to obtain carboxylic acid
(576 ng). 'Ifh"éi@étfle@om i< T @t YOBY .wWa. ting ) d vets! off et tvastke | n Tacetonjdrrid e (10
m ), and ammoni um chl ori de (157 rr%) triethylamne (0.2 m), and
_ethvl - _l§yer was dried over anhydrous sodium sulfate, and the
1-et hyl -3-( _

filtrate was then concentrated. The residue was 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 (34,

sy, 4.07 (3E, d, Jé3.7 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

N oH
FY

ON

Tetrabutylammonium fluoride (1 M solution, 1.49 ml)
was added to a tetrahydrcfuran (10 ml) solution of the
above 2-({{tert-butyl (dimethyl)sily’]oxy)methyl)-5-
fluoro—4—methoxy—3—methylpyridins (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 anhyarous sodium



- 68 - dinethylam nopropyl)carbodiimde hydrochloride (282 ng) were then
added to the solution. The resulting m xture was stitred at room '
tenperature for 3 days. Thereafter, the reaction solution was diluted with
di chl oronet hane, and water was then added-thereto to carry out a liquid
separation operation. The organic |ayer was washed with saturated saline.
The organic | ayer was dried over anhydrous sodium sulfate, and the sol vent

was, Lhet fstiicdia auey ader reduaed, USRI e odlie Lestye vae Pul Ll ed B

silica gel columm ‘chromatograp chl or of or m net'hano S0 as to obtain the

title conpound d25%:dW)paS & SPIH -sﬁ%ﬂéﬁfﬁédZéof@ﬁ%(éﬁfgﬂéﬁgéraphy
2-(4- Am no- 2, 7-di hydro-6-thia-1, 2, 3, 5- i

t et r aazabenze{xedjamdgn- 8radtacst,andesd ridlsorpacet@l eritie The title
conpound (162 ng) was obtained as a solid by the same synthesis nmethod as

i n Exanpl e chrbburngsi g & hey)akeve teritidutyl [ 8-(2-am no-2- oxoet hyl) - 2-(4-
nmet hoxybenzyl) -2, 7-di hydrc-6-thia-1, .2, 3, 5- -

t et r aazabeZaew aZlilcEn) 48yl 2 cas baknt es(256 .mg) .(3ES| VB Izl 263 ,( MHH) - .

4.52 (1H, s), 4.61 (2H, s), 8.22 (1H, 4, 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-Amino-2-[ (5-fluoro~4-methoxy-3-methylpyridin-2-
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-tetraazabenzo-

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



- 69 - (3) 2-{4-Am no-2-[(3-brono-4-nethoxy-5-net hyl pyri di n- 2-

yl )met hyl] -2, 7-di hydro-6-thi a-1, 2, 3, 5-

t etraazabenzo[ cd] azul en-8-yl | acet am de nesil ate Pot assi um car bonat e
(110 ng) and 3-brono-2- (chloronethyl) -¢ net hoxy-5-pyridi ne hydrochl ori de
(114 nmg) were added to an N, N-dinethylformam de (5 m) solution of the
above o

2- (4-am no- 2, 7-di hydro-6-thial, 2, 3, 5-tetraazabenzo[ cd] azul en- 8-yl ) acet am de
trifluoroacetate (100 yrg). The resulting mxture was stirred at 50C

overni ght. Thereaftes( the reaction solution was diluted with

di chl or onet hane, a S then washed with water. The organic |ayer was

dri ed over anhydrous )sodium sulfate, and the filtrate was then
concentrated. The p&6i due was purified by silica gel columm chromatography
(chloroforngfe n N SO as to obtain

2-{4-am no- (3 gﬁ*ﬁ-nethoxy-S-nethylpyridin2-y|)nethy1]-2,7—dihydro-6-
thia-1,2,3,5 Pet raazabehzo[ cd] azul en- 8-yl )acetam de (90 ng) as a solid.
The resulting solid (27 ng) was dissolved in dioxane, and a 0.2 M nesyl ate
aqueous solution (0.283 m) was then added to the solution under cooling in
an ice bath, - 70 - followed by freeze-drying, so as to obtain the title
conpound (32 ngFC&$sS&iedl icd rPoRaNvR (6EDER) ard £-3C-H3H omathyl )86+ 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.@#%rm4ﬁw%t)ho>@—ﬁ5rf(%qﬁ}y yrigdyne (hyfreghlesidaspd Zn9476 and
478 (MtH) +.  (Exa e 1) e ,
2-[4-Aninoyf?%ﬂfhé#ﬁ%g%béﬁEﬁﬁQNfﬁ%mTﬁW%&ﬁ?ﬁ?éTﬁg%lf%,%}B-?%}?%hﬁ%b%ﬁzo[cd]a

zul en- 8-y 1]y NA 2t oy oetfiyl ) acetamde, |, 5 5.
tetraazabénzo[cd]azulen—8—yl)—N—methylacetamide
trifluoroacetate (60 mg)f The resulting mixture was
stirred at 50°C for 3.5 hours._ Thereafter, insoluble
matter was removed by filtration,_and the filtrate was
then concentrated. The residue was purified by silica
gel column chromatography (chloroform-methanol), so 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 (14, s), 8.19
(1H, d, J=3.4 Hz).

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

Anal. Calcd. For CigHygFN,0,5-0.5H,0: é, 52.05; H, 4.82; N,
22.36; F, 4.33; S, 7.32.

Found: C, 52.27; H, 4.79; N, 22.1C; F, 4.44; s, 7.05.

(Example- 3)

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



A 1 N sodi.um hydroxi de aqueous solution (2.7 nL) was added to an ethanol
(10 nm.) solution of ethyl (4-

[bis(tert- butoxycarbonyl)anlno] 2- (4- met hoxybenzyl)-2, 7-

di hydro-6-thia-1, 2, 3, 5-tetraazabenzof cd}azul en- 8- yl}acetate (526 ng), and
the resulting nlxture was then stirred at roomtenperature overnight.
Thereafter, the solvent was distilled away to obtain the sodiumsalt of
carboxylic acid. This product was dissolved in N, Ndinmethyl formam de (10
m,), and 2-fluoroethylamne (171 ng),

1- et hyl - 3- (3-di met hyl am nopr opyl ) car bodi i mi de hydrochl oride (247 ng), and
1- hydroxybenzgtriazole (10 ng) were then added to the solution under
cooling in apN_--71 - ice bath. The resulting mxture was stirred at room
tenperature flor] 3 days. Thereafter, the reaction solution was diluted with
dichloronetﬁg%%?;and wat er was then added thereto to carry out a liquid
separati on qﬁﬁggtion. The organic | ayer was washed with a saturated saline.
The organic layer was dried over anhydrous sodium sul fate, and the sol vent
was then distilled away under reduced pressure. The residue was purified by
silica gel columm chromat ography (hexane-ethyl acetate), so as to obtain
the title conmpound (419 ng) as an 0|Ig substance ESI-M5 mz: 529 (MtH) +.
(2) 2-(4-Ani no-219-ti hi@ir 0°BPPHRG- 11208, §) was obtained as a solid

tet b d 8- | t.h t d trifl t at
A crode pr BAaCkCoF TR H E %&s&&n%saﬁe‘é?%%? ) %%%ﬁol?%'t Aled USRSl 1 d by

the sane s e h Exa oLO1L)_ _

2-[ 4- anlnoxgh? §k§a x%géﬁﬁ %?e 7ggjﬁldgd%% (ﬁ#ﬁ;&gﬂ%@g@ 1
tetraazabegﬁghgdlngge878 y1] - N—(2 fluoroethyl)acetanlde (418 ny). ESI-NM5
mz: 309 (M+H) + (3)

2-(4- AnlnoEgipﬁs ﬁhh@r944 nmetHoxy- 5- met hylpyri di n- 2-

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

tetraazabenzo[ cd] azul en-8-yl | -N-(2-fl uoroethyl)acetan de

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

-0

+

r

A crude product of the 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->-methyipyridin-2-yl)methanol



The title conpound (12 ng) was obtained as a solid by the sane synthesis

met hod as

in Exanpl e 3(5) using the above

2- (4-am no-2, 7-di hydro-6-thia-1, 2, 3, 5-
t etraazabenzo[ cd] azul en-8-y1)- N (2-ftuéboet hyl ) acetam de trifl uoroacetate
(60 mg) and 3-chl oro-2-(chl oronet hyl)-4- nethoxy-5-pyridi ne hydrochl oride

(52 ng).
J=10.5, 5.
4.44 (1H
6. 09 (1H,
Cal cd. For
Found: C,

H NVR (CDC13) 5: 2.25 (3H, s), 3.31 (2H, s), 3.56 (1H dd,
0
t,
br

C201- 121C1FN70250. 75 di oxane: C, 50.80; H 5.00; N, 18.02.
51.187 H, 4.86; N, 17.91. - 73 - (1)

3- Chl or 0- 4- net hoxy- 2- net hyl pyri di ne 1-oxi de

The titlé compound (931 mg) was.Obtained as a solid
by the same synthesis method as in Example 2(3) using the
above 3—bromo—4—methogy—2,5—dimethylpy;idine l-oxide (990
mg) . |
"H-NMR (CDCls) &: 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

HCT

N el
Br

The title'compound (161 mg) was obtained as a solid
by the same synthesis method as in Examplé 1(20) using
the above (3-bromo-4-methoxy-5-methylpyridin-2-

yl)methanol (150 mg).

"H-NMR (CDC1s;) &: 2.50 (3H, s), 4.21 (34, s), 5.18 (2H,
s), 8.47 (1H, s).

EST-MS m/z: 250 and 252 (M+H)".

3.63 (1H, dd, J=10.5, 5.0 Hz), 3.81 (2H, s), 3.91 (3H
“BOHz), 4.56 (1H, t, J=4.8 Hz), 5.11 (2H, s), 5.65 (2H,
73 (IH, s), 8.17 (1H, s). ESI-Ms mz: 478 (MrH)-. Anal.

s),

s),



0 3-Chloro-2-nmethyl -4-nitropyridin-Il-oxide (1.00 g) produced by the
nmet hod descri bed in Polish Journal of Chem stry, 1986, 59, 10-12 was

di ssolved in a 0.5 M sodi um net hoxi de- net hanol solution (15.9 nlL), and the
resulting mxture was then stirred at w@om t enperature overni ght.
Thereafter, a saturated ammoni um chl ori de aqueous sol ution was added to the
reaction solution, and nethanol was then distilled away under reduced

pressure. Thg rgasuql_tlzgr{lt,1 MBS etk Zyvlrﬁ‘hu%ll}prof u%t;ﬂa%{egyﬁéiﬁef_ The

organic Iayer was dried over anhydr ous” maghesi-um s and t he sol vent

was then digtindied 1away undelydeduced, pessire, s so as to obtain the title:
conpound ( 7 my) ‘as a solid.” 1H NWR (CDC13)’ 6: 2.68 (3H, s), 3.96 (3H, s),

6.73 (1H, detzaaZdanz dié&l4£u1edi8~&dhihiﬁ@th§¥ﬂcé@%ﬁd@e 174 (M-H. (2)
(3- Chl or 0- 4- net hoxypyridi n-2-yl)nmethyl acetate - The above

3-chl or o- 4- met hoxy- 2- net hyl pyri di n-1-oxi de (890 np) mas di ssolved in acetic
anhydride (12 nlL), and the resulting solution was then heated under refl ux
for 30 mnutes. After \leaving to cool to roomtenperature, the reaction
sol uti on was concentrgt ed under reduced pressure, and the residue was then
purified by silica‘ge)ghronmat ography (hexane-ethyl acetate), so as to
obtain the title conmpound (576 ng) as an oily substance. 1H NMR (00013) 6:
2.17 (3H, s), 3.97n(3H, s), 5.33 (2H, s),.6.83 (1H, d, J=3.6 Hz), 8.39 (1H
d, J=5.6 Hz). ES) D\ Z: 216 (M+H). (3) .
(3-Chl oro- 4y Xy, %ﬂjdin-z-yl)nethano

H S NH,

Potassium carbonate (160 mg) and 3-bormo-2-
(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. ‘Thereafter; the reaction
solution 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 chromatography (chloroform—methanol),.so as to
obtain the title compound (105 mg) as a solid.

"H-NMR (CDCl;) &: 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)™.



The above (3-chl oro-4- et hoxypyridin-2-yl)nethyl acetate (570 ng) was

di ssol ved in nethanol (13 nlL), and potassium carbonate (731 ng) was then
added to the solution. The resulting m xture was stirred at 50C for 30

m nutes. Thereafter, methanol was distidl ed away under reduced pressure,

and water was then added to the residue, followed by extraction with _
chloroformthree tinmes The organic | ayer was dried over anhydrous magnesi um

sul f at e, aqgu;he(ﬁﬂj%pnt %?hgl%ZEP9N§£EJ%U%%H%ﬁé5zﬁﬁgggé ggdggrreduced

pressure, so as to obt ai n y subst ance.
"H NMVR (CDQ3)4 B H3. 98 Aa3HN,S)10 4. B9 KdH 14 ,597454 kiz)s 4.76 (2H d, J=4.4
Hz), 6.84 (1H, d, J=5.6 Hz), 8.37 (1H d, J=5.6 Hz). ESi-Ms mlz: 174
(MtH) +. ( &)owBrChlaor a-ed-amet hoxye Z}‘(Chdl,orpmldsly|§pyr151l.m@, hydrechbori de
The title conpound (558 ng) was obtained as a solid by the sane synthesis
met hod as in Exanple 1(20) using the above
(3-chl oro-4- nethoxypyrldln 2-yl)nmethanol (437 ng). 1H NVR (CDC13) 5: 4.26
(3H, s), 5.@FxqEHe &), 7.48 (1H, d, J=6.8 Hz), 8.77 (1H, d, J=6.8 Hz).
(1) Tert-butyl [8-(2-amino-2-oxoethyl)-2-(4-
methoxybenzyl) -2, 7-dihydro-6-thia-1,2, 3, 5~

tetraazabenzo[cd]azulen-4-yl]carbamate

A 1 N sodium hydfoxide aqueous 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-1,2,3,5-tetraazabenzo[cd]azulen-8-
yllacetate (600 mg). The resulting mixture was stirred
at room temperature overnight. Thereafter, 1 N
hydfochloric acid (3 ml) was added to the reaction
solution, and the resulting solution was then
concentrated. Dichloromethane was added to the residue
for extraction. The organic layer was dried over
anhydrous sodium sulfate, and the filtrate was then
concentrated to obtain carboxylic acid (576 mg). The
carbexylic acid (576 mg) was dissolved in acetonitrile
(10 ml), and ammonium chloride (157 mg), triethylamine

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



ESI-M5 Mz: 192 (MtH)+. (5) _

4- Am no- 2- [ (3- chl or o- 4- et hoxypyridin-2-yl)methyl ]| - N(2, 2-di f| uor oet hyl)-2,7
-di hydro-6-thia-1,2,3,5- tetraazabenzo[cd] azul en-8-carboxam de - 76 -

The title conmpound (48 ng) was obtainedgsas a solid by the same synthesis
met hod as in Exanple 2(8) using 4-

am no- N- (2, 2-di fl uoroet hyl)-2, 7-di hydro-6-thia-1, 2, 3, 5- -
tetraazabenp l i acet-ate.

ot azzabens el aei o amonsalde 1) ey pnsel LS S D6) 6.

3.55-3. 63 (2be Hhen3a9BeiBko She 4y S)p5 H_.S)..5.95 6. 19 (1H
M. 7.06 ((éH bf?je ?%%66(1|3$%? %’Q%%%ﬁz) kye @%fﬁ% Wgs)“éxg%l%(m d,

J=5.73 Hz) wa8. 82i¢1Hd kit i@@ﬂ?%cﬁékraﬁﬁk%wﬁkﬂizScﬁgﬁ;(NWHkrea%mél Cal cd.
For CleH16ClF2N702S0. 25H200.5 di oxane: C, 46.51; H~ 4.00; N, 18 é a,

6.86; F, 7tB6; rSacBi2b. skdundionCwa4634Qutdd ik dicHMbﬁHhoﬁHamﬁ 93; F
7.29; S, 6.19. (Exanple 7)

2. 14 Ani no2pd[ F3tell brs- ATwet hokipds timstriefopyrd diaws: out a liguid
yl)methyl]-2, 7-di hydro-6-thia-1, 2, 3, 5-
tetraazabeﬁ?BFééfaiﬁl@ﬁﬁgﬁﬁﬁPTN-ﬁEhﬁyPé@éﬂaﬁléQYﬁénwh§dW@§h@ﬁldeth— 77 -

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 (chlorofqrm—
methanol), so as to obtain the title compound (252 mg) as
a solid.

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

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

tetraazabenzoflcd]lazulen-8-yl)acetamide trifluorocacetate

N-N 0
{ F
/Y TN HO
H_N NN Fr
2 o 8§~ 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-butyil [8-(2-amino-2-oxoethyl) -2~ (4-
methoxybenzyl)—2,7—di5ydrc-6—thia—l/2,3,5—
tetraazabenzoLcd]aéulen—é-yl]carbamate {256 mg) .

ESI-MS m/z: 263 (M+B)".



A 20% hydr obrom ¢ aci d-et hanol solution (204 0.505 mmol) was added to an
acetonitrile solution (350 m) of

2-{4-am no- 2-[ (3-chl oro- 4- met hoxy- 5- net hyl pyri di n2-yl ) met hyl] - 2, 7- di hydro- 6
-thia-1, 2, 3,5- tetraazabenzo[ cd] azul en€8-yl | - N- net hyl acet am de (250 ng,
0.561 mml ) at roomtenperature. The resulting m xture was stirred for 3
hours, and the precipitated solid was then collected by filtration. Ethanol

(3 m) was (@?dezd {tQ %J_%s_u[l tj Sl 41 c}él?ec%%d&%é)ﬁ?@ﬁy e was then

stirred for day. T reafter e solid ion. The

solid was themedead _%dﬂdlrﬁw_mﬁw, ag foomtenperature for 2 days,
so as to obtain the title conpound (128 ny, 0.243 mol).

Anal . Cal cd tearr@=HUdBERNZbN2SGCHBNA rAHE20; G #he Odnmi & TmdSi Nhd8. 57, 0, 6. 68;
Br, 15.03;S,6.08. Found: C,42.73;H,4.11;0,7.19;N.,18.36;C, 14.96;S, 6. 00.
H, 4.01; 6.64;Br, (Exanpl e 8)
.-{4- Am no- 2- [ ( 3- chl or 0- 4- met hoxy- 5- net hyl pyri di n- 2-
yl ) met hyl ] -2, 7- di hydr -6-thia-1,2,3,5- .
t et r aazabenzo[ cd] aZtfen- 8-yl | - N- net hyl acet ani de nonohydr ochl ori de 3 N
hydrochl oric acid &Qj. 786 m, 2.358 mml) was added to an ethanol (30 m)
suspensi on of th NeV'SQH{M am no- 2-[ ( 3-
hl or o- 4- et | pyridin-2- yl)nmethyl]-2,7- dlhydro 6-t hi a- 1 2,3,5-
t et raazabenﬁo[@d] éu” eﬁ—28 yl | - N-net hyl acet ami de (527. 52

Potassium carbonate (110 mg) and 3-bromo-2-
(chloromethyl)-4-methoxy-5-pyridine hydrochloride (114
mg) were added to an N,N—dimefhylformamide (5 ml)
solution of the above 2-(4-amino-2,7-dihydro-6-thia-
1,2,3,5-tetraazabenzo[cd]azulen-8-yl)acetamide
trifluorocacetate (100 mg). The resulting mixture was
stirred at 50°C overnight. Thereafter, the reaction
solution was diluted with dichloromethane, and was then
washed with water. The organic layer was dried over
ahhydrou; sodium sulfate, and the filtrate was then
concentrated. The residue was purified by silica gel
column chromatography (chloroform—methanol), SC as to
cbtain 2-{4—amino—2—[(3¥bromo—4—methoxy—S—methylpyridin—
2-yl)methyl]-2,7-dihydro-6-thia-1,2,3, 5~
tetraazabenzo[cd}azulen—8—yl}acetamide (90 mg) as a solid.
The resulting solid (27 mg)'was dissolved in dioxane, and
a 0.2 M mesylate agueous solution (0.283 ml) was then

added to the solution under cooling in an ice bath,



- 78 - ng, 1.183 mol ), while stirring at 25C. The resulting m xture was
stirred for 1 hour. The precipitated solid was filtered, was washed with
~ethanol (6 m), and was then dried under reduced pressure at 40C for 30

m nutes, so as to obtain the title cenpourd (531.09 ng, 1.101 mol). Anal.
Cal cd. For O 9H21C12N702S: C, 47.31; H, 4.39; N, 20.33; 0, 6.63; d, 14.70;
S, 6.65. Found: C, 47.29; H, 4.40; N, 20.02; 0, 6.87; Cd, 14.99; S, 6.83.
(Exanpl e 9) ( r.o- 4- et hoxy- I i

yl) net hy1] fﬁ’%?l{oﬁﬂér?{/néj}p e{ehz%aqy’%’% Tt 0o S EL ! PUL B e 2

t et r aazabenrzaffdirz Wl BN 1@nylds M neihyd acet am de nononet hanesul f onat e A
di ethyl ether solution ( 0 m ) of methanesul fonic acid (32 ng, 0.302 nmol)
was added ay-5®R o@riacesonpt ol @ 330! whi oy (81450(73”11) of, 23(4sammo-2;- [ (3-
chl or o- 4- met hoxy- 5- et hyl pyri di n- 2- yl)ne "hy1]

di hydr o- 6- t/hiCa-91 ,H2,)3, 5-.t% r(@azakenza celj azzd ens 8- yd) 4 Nethy |l seet ami de (151
ng, 0.339 mmol). The resulting. mxture was stirred at 5C for 25 m nutes.
Ther eaf t er > -to¥e Sl vent. Wad di St/ Ikeos Jawa§- UnderH r esluced. p? esBr es) an
appropri ate anount of diethyl ether was then added to the residue, and a

solid was tRemMoln/ect éd Soyna 1478t (M) Thereafter, ethanol (1 nl) was
added to the resulting solid, and the resultlng mxture was then stirred at
room - 79 - tenperature for approximately 1 day. Thereafter, a solid was

col | ected q flltratlon and it was then dried under reduced pressure at
roomtenpera uréﬂTor 1 day, so as to obtain the title conpound (145 ny,

0. 268 ”nnl) A@m' J%ﬂfH$J§H<4Z%§kﬁg¥§ﬂgﬁgy¥¥u£L%ﬂQEEYé}oﬂé:QHiart 4. 69;
1,2,3,5—tetraazabenzo[cd]azulen—8—yl}—N—(2—

fluoroethyl)acetamide

A 1 N sodium hydroxide agueous 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{cdlazulen-8-
yllacetate (526 mg), and the resulting mixture was then
stirred at room temperature overnight. Thereafter, the
solvent was distilled away to obtain the sodium salt of
carboxylic acid. This product was dissolved in N,N-
dimethylformamide (10 mL), and 2-fluorcethylamine (171
mg), 1—ethyl—3—(3;dimethylaminopropyl)carbodiimide
hydrochloride (247 mg), and l-hydroxybenzotriazole (10

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



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. (Exanple 10)

2-f4- Am no- 2-[ ( 3- chl or o- 4- met hoxy- 5- nethylpyrldln-z-

yl')met hyl] -2, 7-di hydro-6-thia-1,2,3,5-71 -

t etraazabenzo[ cd] azul en-8-y1}- N net hyl acet am de nonoet hane- 1, 2-di sul fonate
An acetone solution (50 m) of ethane-1,2- disulfonate (70 ng, 0.368 mmol)

gﬁ?4agg$ﬁo 5 [?g%ch?nTﬁge£9931§9k8th?Qt&?g ) Qhirred at room

met hoxy- 5- wekbyh-ayhirdi Bog- %‘kﬁﬁkﬁylkh%rZaQ%QXerh@ &@5@%&%n3 5>-tetraazabenz
o[ cd] azul en- 8-yl | - N-net hyl acet am de (164 ng, 0.368mmvl). The resul ting

m Xt ure wasostickbadwak aeth@mﬂ&ﬂﬂﬂﬂdfﬁhl6H5ﬂéﬁﬁéﬁﬁﬂ drhe wLact i@ sol ution
was |left at rest at 5C for 18 hours, and it was then stirred at room

t enper at ur e hkor addedutsereher eaf tcarrryt hertpreedi pidiad esksotdtdi avas col | ect ed
by filtration, and it was then dried under reduced pressure at room

t enper at ur @rkgrtapproxThat ekyatidayayso asst vacheai witche at isklteresmgound

(119 ng, 0.187 mmol). - 80 - Anal. Calcd.For C211-126N-08S3Cl11. 4H20: C,
'38.06; H, #2368nep, Ppe2orgfnigalegercwassdgsedsoves, gahyFgend: C, 38.14; H,
4.39; 0, 22.74; N, %% 83; A, 5.36; S, 14.55. (Test Exanple 1: Hsp90 ATPase
Assay) sodium sulfate’, and the 'solvent was then distilled away

under reduced pressure. The residue was purified by
silica gel column chromatography (hexane-ethyl acetate),
so as to obtain the title compound (419 mg) as an oily
substance.

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

(2) 2-(4-Bmino-2,7-dihydro—6-thia-1,2,3,5-
tetraazabenzo[cd]azulen-8-yl)-N- (2-fluoroethyl)acetamide

trifluoroacetate

A crude product of the title compound (247 mg) was
obtained as a solid by the same synthesis method as in
Example 1(11l) using the above 2-[4-amino-2- (4-
methoxybenzyl)—2,7—dihydro—6—thia—1,2,3;5—
tet:aazabenzo[cd]azulen;B—yl}—N—(2—fluoroethyl)acetamide
(418 mg) .

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



An Hsp90 ATPase assay was perforned using a reconbi nant yeast Hsp90 protein
(hereinafter called rHsp90). Yeast Hsp90 DNA was cloned from a yeast
genom c DNA |ibrary according to a conventional nethod. The cl oned yeast
Hsp90 DNA was incorporated into a plas.7m d for expression in Escherichia
coli, and the plasm d was expressed in Escherichia coil to obtain rHsp90.
The test conpound was dissolved in DMSOto 10 mM The di ssol ved sol ution
was diluted with DMSO to two concentrations, 1 nMand 0.2 mM Each dil uted
solution was further 10-fold diluted with an assay buffer (100-mM Tris, pH
7.4, 20 mM KG1, \ _ ) t ) C ; ch_test: nd sol ution
KGL.2 6 SMAGE2) _ ( eoncent fa *18@3?"30?9 @rr,ggb@%fggg%g 5

100 pl and 20 11 DVS0 concentrati on: issolved in a

TE buffer (20 mEMnRis.2 PH Ji#yddo M EDTA) 1 19, 3asconcentrati on of 2. 531
my/ mL. The solution was diluted with an assay buffer to 125 lig/mL and

di spensed tteeta RE-amddz ass@ya plede-aty A0-Nt ko peruyebdek§inabc€oncgpt rati on

100 wg/ m.) . The test conpound -solution was dispensed at 5 ktl, per
wel |, and then the solutions in the respective wells were m xed using a
plate mxer. 100 mM ATP (Sigma, Catalog No. - 81 - A-7699) was diluted
with an assay buffer tvo 1 nmM and dispensed at 5 tiru per well (final
concentration: 100 . The solutions in the respective wells were m xed
using a plate m xer then the assay plate was allowed to stand in an
i ncubat or set at 3 for two hours. Bl OMOL GREEN Reagent (Bl OvVOL,

Cat al og No.fr AK- 111N-
was term nated.

s dispensed at 100 i.LL per well, and the reaction
lutions in the respective wells were nixed using a
plate m xer ), t hen134% sodium citrate was di spensed at 10 WJ per well
The sol utions % n theNr é¥pective wells were nixed using a plate. m xer, and
then the assay plate was left to stand at roomtenperature for 30 m nutes.
The absorbance at 650 nm of each well was neasured using SpectramaxPLUS
(Mol ecul ar Devi ces). The ratio of the absorbance of the test
conpound- added gheupitaet hemphsoubancengf) the @St iGrPeUNd: fyge group (T/C
val ue) was determned by the follow ng cal culation fornula, based on the
assunpt i on bvhathet rerebsorbance ofndthedwedd 1o mhimbl 4 he(3 esis ogporad and
rHsp90 were added was A, the absorbance of the well to which only rHsp90
was added WERSVB, Zand -t radosiorbatideydofotdheciwed 1 t, Wi-€h nei ther the test
conmpound nor rHsp90 was added was C. The cal cul ati on was carried out using
Sof t max Pr &4 X6 2@RIeEcH (& IBea lees)8 - vRurthet 4rof eio mae imhi bicd oamidg e (9

was cal cul ated_using the foll owi ng cal cul ation fornul a:
tritluorocacetate (60 mg) and 3-chloro-2-(chloromethyl)-4-

methoxy-5-pyridine hydrochloride (32 mg).

'H-NMR (CDCls) 8: 2.25 (3H, s), 3.31 (2H, s}, 3.56 (1H,
dd, J=10.5, 5.0 Hz), 3.63 (1lH, dd, J=10.5, 5.0 Hz), 3.81
(2H, s); 3.91 (3H, s), 4.44 (14, 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 (1lH, s).

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

Anal. Calcd. For CygH,;ClFN70,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)



TC=(AQ/(B-C - 82 - The conpounds of Exanples 1 to 6 each
exhi bited an ATPase inhibitory activity of 50% or nore at a concentration

of 2 M (Test Exanple 2: cell growh inhibition assay) A cell growh
i nhi bition assay was perforned using-twg types of cells (human. breast
cancer cell line SK-BR-3 and human | ung cancer cell |ine NCl -H460).

Cells of each type were suspended in a nediun1and seeded into a 96-wel |

mul ti-well plat )00, cell,s/ 113/ wel | . case of SK-BR-3 and at
500 cel | s/ 150 éﬁ/m@1 in %hé*%h Téa hfe§f ‘onpound was

di ssolved in DMSO and this was dlluted mnth nedlun1to prepare a sanple
sol ution (DVBO concentration: 0.5%or less). On the day follow ng the
seeding, 50 W of DMSO- containing nmediumto which the test conpound was
not added (heteinafter called DVSO dil uted sol ution; DVBO concentration:
0.5%or lesg) por 50 ill, of the sanple solution was further added to the
cells. An aSsay was perfornmed i mediately after and 72 hours after
addi ng the s&nple solution or the DMSO diluted solution to the cells. The
MIT assay was perforned as. follows. 5 nmg/mL of an MIT
(3-(4,5-dinethylthiazol-2-yl1)-2,5- di phenyltetrazolium brom de) solution
was added at 20 |II per wel | Thereafter the plate was incubated at 37C
in 5% C02 for foaF: HS&PSZ Tﬁéhﬁﬂaéen&é§®@éﬁﬂﬁﬂ@u6edxa@elﬁéoCﬁbﬁhfor five

m nut es, and hen t he | tur er nat ant sre db suctlon usi ng a
dlspenser ﬁﬁi Xd me dpdescfa in Po 1;% ghrnal of 9

Chemistry, 1986, 59, 10-12 was dissolved in a 0.5 M
sodium methoxide—methano} solution (15.9 mL), and the
resulting mixture was then stirred at room temperature
overnight. Thereafter, a saturated ammonium chloride
agqueous selution was added to the reaction solution, and
methanol was then distilled away under -reduced pressure,
The resultant was extracted with chloroform three times.
The organic layer was dried over anhydrous magnesium
sulfate, and the solvent was then distilled away under
reduced pressure, sc as to obtain the title compound (897
mg) as a solid.

"H-NMR (CDCls) &: 2.68 (3H, s), 3.96 (3H, s), 6.73 (lH, 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



- 83 - at 150 'AL per well,

wel | s.

The absor bance of each well

QD of 540 nmwith a reference of 660-nm4 - T/C (9% for each

concentration was determined by the follow ng cal culation fornula and a
dose-response curve was drawn to calculate the 50% growth inhibitory
based on the assunption that the OD val ue

t he OD val ue

(ﬁéﬁh thon masd%;$géégival—

concentration (Ad 50 val ue), _
measured i medi ately after adding the sanple sol ution mas S,

measured 72 hourg akier cadding fhe samle, sel
measured 72 hours after addi ng the DVSO dllute

(T-9)/(C 9) (800 0y The: I e S @ ShoMBe bek Odhhy @ D VahyefhniM 2SK-BR-3

NCI - H460 Conpound 1 13

the resulting solution was then heated under reflux for
30 minutes. After leaving to cool to room temperature,

the reaction solution was concentrated under reduced

pressure, and the residue was then purified by silica gel

chromatography (hexane-ethyl acetate), so as to obtain
the title compound (576 mg) as an oily substance.
"H-NMR (CDC1l;) &: 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-2-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 pressure, and water was then added to the

residue, followed by extraction with chlorofcrm three

times. The organic layer was - -dried over anhydrous

magnesium sulfate, and the solvent was then distilled

and the generated formazan was di ssolved. The
plate was stirred using a plate mxer to uniformy color the respective
was neasured using a plate reader at an

ue



26 Conpound 2 39 90 Conpound 3 14 30 Compound 4 11 22 Conpound 5 16

- 75 -

away under reduced pressure, so as to obtain the title
compound (437 mg) as an oily substance.

“H-NMR (CDCls) &: 3.98 (3H, s), 4.39 (1H, t, J=4.4 Hz),
4.76 (ZH( d, J=4.4 Hz), 6.84 (lH, d, J=5.6 Hz), 8.37 (1H,
d, J=5.6 Hz). |

CEST-MS m/z: 174 (M+H)®.

(4) 3-Chloro-4-methoxy-2-(chloromethyl)pyridine

hydrochloride

HCI ¢

Cl

The title compound (558 mg) was obtained as a solid
by the same synthesis method as in Example 1(20) using
the above.(3—chloro—4—methoxypyridin—2-yl)methanol (437
mg). -
'"H-NMR (CDClj3) &: 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



36 Conpound 6-45 110 (Test Exanple 3: in vivo antitunor activity test)
An antitunor activity test was carried out using NCl-H1975 (human non-snal

cell lung cancer cell line). - 84 - On Day O, -the aforenentioned
cells were subcutaneously transpl anted7iento the right flank region of each
mal e nude nouse (4 x 106 cells per nouse). On Day 10, the body wei ght

-and the dianmeter of tunor were neasured. The m ce were then randomy

di vided into groups, such that the groups did not have statistically
significant difference yn terms of the body weight and the estimated tunor
volume (the estinmate unor volune = the long dianmeter of the tunmor x the
short dianeter of th oor x the short dianeter of the tunor/2). On
Day 11, the d;aneter of the tunmor was neasured, and the adm nistration of

t he test cqag;mnd Nthen initiated. The test conpound was prepared
to a concentratN o N5 ng/nm, and it was orally admnistered to the mce

at a dosage of l Nt/ kg.

The title compound (48 mg) was obtained as a solid

by the same synthesis method as in Example 2(8) using 4-
amino—N—(2;2—difluoroethyl)—2;7—dihydro—6—thia—l,2,3,5—
tetraazabenzolcdlazulen-8-carboxamide trifluorocacetate
- (50 mg) and 3—chloro—2—(chloromethyl)—4—methoxypyridine
(35 mg) .

"H-NMR (DMSO-Dg) &: 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 (1lH, d,
J=5.73 Hz), 8.82 (1lH, t, J=5.73 Hz). |

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

Anzl. Calcd. For CieH1¢C1F,N70,5-0.25H,0-0.5 dioxane: C,
46.51; H, 4.00; N, 18.99; C1, 6.86; F, 7.36; S, 6.21.
Found: C, 46.40; H, 3.72; N, 19.10; Cl1, 6.93; ¥, 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[cdlazulen-8~-yl}-N-methylacetamide

monohydrobromide



Such admi nistration was carried out once a day during the period from Day
11 to Day 14, and the dianmeter 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 tunom was then neasured. The
initial weight of the tumor was cal cul ated fromthe tunmor vol ume neasured
on Day 11, defining the gravity as 1. The i ncreased wei ght of the

R R L e e A
growt h i nhigdistoisonfate =@ 9 / c St GO nd was
g@dé&uyé ﬂ-§%ét@Ql£41f@'Qo &8 Eoﬁ 9@

cal cul ated fromthe ratlo (T/C( of the 1 ncreased tunor Welg (T) of the
test conpownd QﬁmZ“{S(It—raa{ﬂr@l@”o(l@-ékpléf@—4%5@§1§>@§j—$%ﬁ@fhy@ff>ﬁbidh@ of the
control group (solvent adm nistration group) The significance test

bet ween t he@-gdnteaihygriown 7aad Hylkl d-66t £ ie0apDUNA3 agki ni stration group was
carried out according to Dunnett's nultiple conparison test using EXSAS
ver. 7.5. 212 trAmma0emzp. [ cd] azulleecorpblridsnet h Exaopt @sidet 0260 eagh
exhibited a nificant tunor growth inhibitory activity of 50% or nore.
( Test Exan19| @61911 TeYR3AL Y FRIOBI thep arestursi nd Heur@s tHdpatd enivitorosonme)
M dazol am Eﬁa substrate; Wako Pure Chem cal Industries, Ltd.

- Hydr oxy a&af&l%ﬁﬁe@a fodr get g e ar‘fé%sﬁ%c?”%‘eb@b%atﬁ ckP ls@nw%lﬁd

Conmpany, J a t ocon oI e (a gsitive ntr ma Chem cal |
NADPH Rege | 6t el% éj% 'Sttt &Fl@%md gon( 3B“t et%nh, adﬁ%jm nson and
Conpany, Japa r prl ,amount s of such_test corrpound
substrat e, %F)a?)n)e b %bl%slngrasséﬁg gﬁ posi ter\/seul(:%l?? oTl)\fv%Lrlreewe‘—ia%hed They
wer e dISSOE%%q @Qﬂ@“@é ﬁgyjﬂW£ﬁ/th?ﬂéyeéﬁﬁgqm%%% acatopifydle, as

appropri ate.
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 CigH,N70,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; 5, 6.00.

(EXample 8)
2-{4-Amino-2-[(3-chloro-4-methoxy-5-methylpyridin-2-
ylimethyl]-2,7-dihydro-6-thia-1,2,3,5-
tefraazabenzo[cd]azulen—8—yl}—N—methylacetamide
monohydrochloride

3 N hydrochleoric acid (C.786 ml, 2.358 mmol) was
added to an ethanol (30 ml) suspension of the above 2-{4-
amino-2-[ (3-chloro-4- mﬂthoxy S-methylpyridin-2-
yl)methyl]—2,7-dihydro—6—thia—l,2,3,5—

tetraazabenzo[cdjazulen-8-yl}-N-methylacetamide (527.52



- 86 - 180 111 of a reaction solution prepared by mixing the
followng (1) to (5 had previously been warned at 37C for 10 mnutes: (1)
Pot assi um phosphate buffer (pH 7.4; final concentration: 50 mM (2)
Purified water (3) Mdazol am (final —cdficentration: 2.5 [IM (4) Test
conmpound (final concentration: 10 ii M negative control: no conpounds;
positive control: Ketoconazole, final concentration: 0.1 piM (5) Human

hepatic m S [ congent ion:. 0 05 lm - ' al of the
NADPH Regeﬁr{edr)’a?lin‘glnﬁw“g@elr%’( ek ggnﬂ%%%r?%t%bn@%/c’fdur?Pfede\ﬁ’éﬁgﬁng 5/ 1/ 4)
was added toidthire meactdtanrsal uidonm g i herHeqotd Oip was ddiddiated. The

m xture was incubated for 10 m nutes. Thereafter, 50 'al of the reaction
sol uti on wassanplted,edgndvds weashdden addeth4wo2006ihl ) pfamcetonitril e,
followed by the term nation of the reaction. Further, 50 1,11 of an

acet oni t ri |téhesoldrtiicah wold@irddigcah prdesuad st aher d suliEt ancertwas, added
to the reaction solution. i In order to renpve proteins fromthis

sanpl e, thé% Ssctirr A idre valst 19 afRTReied o3 h- 8%-%1 |1chPlection Plate
(Waters) using Captiva (registered trademark) (G- Sciences). This sanple
sol ution wé“é“ogléf’i ned as a sanple used for the assay of LC M5/ M.

Sanpl es of I'-Hygf id | am hayi 0 cgncentratigns  (f.nal
concent rat | GRS atci)ogya{;lgé;9 t%o%kg"lﬁgﬁ\%dég'%’ SR 300N
20.33; 0, 6.63; Cl1, 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]—Z,7—dihydro—6—thia—l,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~
éhloro—4—methoxy—5—methylpyridin—2—yl)methyl}—2,7—
dihydro—6—thia—l,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 éther was then added to the
residue, and a solid was then collected by filtration.
Thereafter, ethanol (1 ml) was added to the resulting

solid, and the resulting mixture was then stirred at room



- 87 - points) were prepared, separately. A calibration curve used for

assay was prepared, and the concentration of |'- Hydroxym dazolamin the
sanpl e was assayed. This reaction was carried out in a duplicated manner.
The anount of |'-Hydroxym dazol am generé@ted in the negative control was

defined as 100% and the ratio of the anmpbunt of this conpound generated by
addi tion of each conpound was then Cal cul ated. Thus, the inhibition val ue

of CYP3A4 wampebhaipedror aop@%xanh@%Hk;].Qﬂﬁ/'nﬁhg'ga@mepat% Qb ;ggnpound 1
was 15% that of conpound 2 was 58% that of “conpoun was 5% fhat of

conpound 4waas c43%cthat pgf raarpewAdny was 66%wand Hdiatyofe cameund 6 was
-18% The positive control, Ketoconazole, exhibited an inhibition rate of

82% (Test rExanpbHepbesisnre wa awvbhnt Webipeactiwdd yrd®est )Jday, sdAmantd t unor
activity test is carried out using NCl -H1650 (human non-small cell |ung
cancer cel bblipag) the titTke cabpoament(ildiiedareld . & ensuibcut aneousl y
transplanted into the right flank region of each nmal e nude nouse (1 x 107
cells per Abade)Calcd. Tﬁ@rtglaorfﬂizﬁé’“d%\;@l PaBér):tBe #4ndDE: i 8, ekcb8ed, and a
smal | section_havi Lng, ea iide of 2 to 3 nmwas prepared. The small section
IS subcut aﬁeoaé’lé trQnsgqaﬁtled %mtg t5ﬁ1e ﬂ'gth f5l6§nk regi on of each nale

?E(rjrgrnglrjzeneasureé '?’ﬁegr%oc-:leD?r/ejst%he&)heiﬁd \/\g\hg\k’f Zd(}Ld tﬁ‘{ld déa@t esl’groups

such t hat %Iﬂeﬂroups do not have statisti caIIy significant difference in
terms of the body wei ght and the estimated tunor volune (the estinmated
tunor volunme = the long dianeter of the tunor x the short dianmeter of the
tunmor x the short dianeter of the tunor/2).

(Example 10)

2—{4—Amino—2—[(3—chloro—4—methoxy—5—methylpy£idin—2—
yl)methyl]-2,7-dihydro-6-thia-1,2,3,5-
tetraazabenzo[cdlazulen-8-yl}-N-methylacetamide
monoethane-1,2-disulfonate

An acetone solution (50 ml) of ethane-1,2-
disulfonate (70 mg, 0.368 mmol) was added at 5°C to an
acetone solution (50 ml) of 2—{4;amino—2—[(3—chloro—4—
methoxy—5—methyipyridin—2—yl)methy}]—2,7—dihydro—6—thia—
1,2,3,5—tetraazabenzo[cd]azuleh—8—yl}—N—methylacetamide
(1lo4 ﬁg, 0.368 mmol). The resulting mixture was stirred
at 5°C for 20 minutes. Thereafter, the react-ion solution
was left at rest aﬁ 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 temperature
for apprexi mately 1l day, so as to obtain the title

compound (119 mg, 0.187 mmol).



On Day 14, the adm nistration of the test conmpound was then initiated..

The test conpounds are prepared to concentrations of 0.65, 0.9, and 1.3
ng/nL, and it is orally admnistered to the mice at a dosage of 10 nl/Kkg.
Such administration is carried out oncé€la-day during the period from Day 14
to Day 31, and the diameter of the tunmor is measured on Day 14, Day 17, Day
21, Day 24, Day 28, and Day 31. On Day 31, the tunor is eXC|sed and

the wet weinghti .ofcaihes t umsk ks, @Q@J@&@%W edi,0. ¢, IBeokni ki al; wei ght of
the tunor is calculated fromthe tunor vol'une neasured Oh DAy i4, ‘defi ning

the gravity,ag2L..29; N, The dncrdased i ght 0f.4he tunor is cal cul at ed by
subtracting the initial weight of the tunor fromthe wet weight of the
runor neasudicgdcon MWayBIL4: H, 4ATES;t Unpr2hrod Wi nd i anlrat e3¢ % = 100
- T/C (%) of each test conpound is calculated fromthe ratio (T/C (%) of
t he increasédd Sunor weight (T) of the test conpound administration group to
the increased tunor weight (C of the control group (solvent adm nistration
group). - 89 - The significance test between the control group and

(he LSt COMANG, Ll L 9D TR S, cafed ow aecording to
90 - An Hsp90 ATPase assay was performed using a
recombinant yeast Hsp90 protein (hereinafter calléd
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 éoli 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 MgCl,) (concentration of
each test compound solution: 100 uM and 20 uM; DMSO
concentraticn: 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
sclution was diluted with an assay buffer to 125 pg/mL
and dispensed to-a 96-well assay plate at 40 uL per well
(Zinal concentration: 100 pug/mL).

The test compound solution was dispensed at 5 pL per
well, and then the solutions in the respective wells were

mixed using a plate mixer. 100 mM ATP (Sigma, Catalog No.



Clainms [Caimi]

t her eof :

wherein, in fornmula (1), R represents a Cl-C6 al kyl

whi ch nmay be substituted by 1 to 3 hal ogen atons, or a hydrogen atom

represents a hal ogen at om R3 reprédsents a Cl-C6 al kyl group or a

A conpound represenfed by formula (1) or a salt

group
R2

Cl1- C6 al koxy group, R4 represents a Cl-C6 al kyl group which may be

substituted by 1 to 3 hal ogen atons,

hydrogen atom¢add a5 diluted with an assay buffer to 1 mM and

dispensed at 5 pL per well (final concentration: 100 uM).
The solutions in the respective wells were mixed using a
plate mixer, and then the assay plate was allowed to
stand in an incubator set at 37°C for th hours.

BIOMOL GREEN Reagent (BIOMOL, Catalog.No. AK-111)
was dispensed‘at 100 pL per well, and the reaction was
terminated. The solutions in the respective wells were
mixed 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 formula, based on the assumption that the
absorbance of the well.to which the test compound and
rHsp90 were added was A, the absorbance of the well to
which only rHsp90 was added was B, and the absorbance of
the well to which neither the test compound nor rHsp90
was added was C. The calculation was carried out using
Softmax Pro 4.6 (Molecular Devices). Furthermore, an
inhibition rate (%) was calculated using the following
calculation formula:

"T/C = (A-C)/(B-C)

a cyano group, a halogen atom or a



X represents a single bond or a nethylene group. [C aim?2]
2-{4-am no- 2-[ (3-chl oro- 4- mer _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 &€etanmide- [Claim3] - 91 -
2- {4- am no- 2- [ ( 3- br ono- 4- net hoxy- 5- net hyl pyri di n- 2-

'yl )ymet hyl] - 2, 7-di hydro-6-thia-1, 2, 3, 5- .

t et r aazabenzo[ cghazub@po8nik! oM mRGRYIacehanide JQmidadlbited an

2- {4- am no- 2- [ ( 3- br ono- 4- net hoxy- 5- net hyl pyri di n- 2-

yl) met hy1l] AZ,PAs@i Aythio 6oty ack i2;i3,y6-0f 50% or more at a

t et raazabenzo[ cd] azul en- 8-yl | acetam de. [C ai m 5]

2- f 4- am no-rdedrtahltawo- 4-fmet hoxy- 5- met hyl pyri di n- 2-

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

t etraazabenzo[ cd] azul en-8-yl | - N-(2-fl uoroet hyl )acetam de. [C ai m 6]

4-am no- 2-[ ( 3-chl or o- 4- met hoxypyri di n-2-yl ) net hyl | - ' :

N- (2, 2- di f 1F6Ssetigmple, 2-didfldr LMt aliih B Hon assay)

tetraazabenzo[cg]géyﬁegighggrggﬁﬁggggbn[g;@;y'7as performed using
two types of cells (human breast cancer cell line SK-BR-3
and human lung cancer cell line NCI-H460).

Cells of each typé were suspended in a medium and
seeded info a 96-well multi-well plate at 2000 cells/150
uL/well in the case of SK-BR-3 and at 500 cells/150
pL/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 uL of DMSO-
containing medium to which the test compound was not
added (hereinafter called DMSO diluted solution; DMSO
concentration: 0.5% or less) or 50 uL 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 solution 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 was added at 20 uL
per well. Thereafter, the plate was incubated at 37°C in
5% CO; for four hours. The plate was centrifuged at 1200

rpm for five minutes, and then the culture supernatant

was removed by suction using a dispenser. DMSO was added



A hydrobrom de of a conpound according to any one of clains 2 to 6. [Claim
8] A hydrochloride of _a conpound according to any one of clains 2 to 6.
[Claim9] A nethanesul fonate of a conpound according to any one of clainms 2
to 6. [C aim10] " An et hane-1, 2-di 84l fonate of a conpound according to
any one of clains 2 to 6. [Caim1l] - 92 -

at 150 pL per well, and thé generated formazan was
dissolved. ' The plate was stirred using a plate mixer to
uniformly color the reépective wells. The absorbance of
each well was measured using a plate reader at an.QD of
540 nm with a reference of 660 nm.

T/C (%) for each concentration was determined by.the
following calculation formula and a dose-response curve
was drawn to calculate the 50% growth inhibitory
concentration (GIw value), based on the aséumption that
the OD value measured immediately after adding the sample
solution Qas S, the OD value measured 72 hours after
adding tﬁe sample solution was T, and the OD value
measﬁred 72 hours after adding the DMSO diluted solution
was C.

T/C (%) = (T—S)/(CQS) 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 i 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).



An HSP9O0 i nhi bitor conprising a conpound according to any one of clains 1
to 10 or a salt thereof. [Claim12] An agent for inhibiting the ATPase
activity of HSP90, which conprises a conpound according to any one of
clainms 1 to 10 or a salt thereof. [CraBrh 13] An agent for inhibiting
t he bi nding of HSP90 to ATP, which conprises a conpound according to any
one of clains 1 to 10 or a salt thereof. [ aim 14] A nedi canent

whi ch conpri sesog ggw@un@h@cs%gefagnttqo%% Qe 19f (haims 1 to 10 or a salt
thereof as an active'ingredient. [C ai m 15] An anticancer agent which

conpri ses gubemReAWRGIRAGO MG A rARE one: Oftied al fpnhd fparl}@ pég§o§a| t
thereof as an active |ngred|ent
of each male nude mouse (4 x 10° cells per mouse).

On Day 1C, the body weight 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 of the tumor was calculated from
the tumor volume measured on Day 11, defining the cravity
as 1. |

The increased weight of the tumor was calculated by
subtracting the inipial weight of the tumor from the wet

weight of the tumor measured on Day 17.



[C aim16] A pharmaceutical conposition which conprises a Conpound
according to any one of clains 1 to 10 or a salt thereof and a

phar macol ogi cal |y acceptable carrier. [Caim 17] A et hod for
treating cancer which conprises admini §bering a conpound according to any
one of clainms 1 to 10 or a salt thereof. [Claim181 93 - Use of a

conpound according to any one of clains 1 to 10 or a salt thereof for the

manuf acture of enmedigaregtowtd ahmibkion roAR amiriscanceyo agenic according
to claim15, wherein the cancer involves the excessive expression of an

HSP90 cl i enty)pr effeicds) tels€l alompdnd was Adeidag dorftseathagrLanser
according to claim 17, wherein the cancer involves the excessive expression
of an HSPOQTYIG ent) )prfotteien(iscreased tumor weight (T) of the test

coﬁpound administration group to the increased tumor

weight (C) of the confrol group (solvent administration

group) .

The significaﬁce test between the control 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 Example 4: CYP3A4 inhibition test using human
hepatic microsome)

Midazolam (a substrate; Wako Pure Chemical
Industries, 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, substrate,
target to be measured, and positive control were weighed.
They wefe dissolved in DMSO, and were then diluted with

acetonitrile, as appropriate.



[C ai m 21]

anti cancer agent according to claim15, wherein the cancer

- An anticancer agent according to claim 15, wherein the
cancer involves the nutation of an HSP90 client protein(s). [COaim22]
A nmethod for treating cancer according to claim 17, wherein the cancer

i nvol ves the nutation of an HSP90 cl et protein(s). [C aim 23]

An

i nvol ves t he

activation of an HSP90 client protein(s). [C aim 24] A net hod for

treating cancer ;agc
activation of an HS

O clrent protein
following (1) to (5) had previously been warmed at 37°C

for 10 minutes:

(1) Potassium phosphate buffer (pH 7.4; final
concentration: 50 mM)

(2) Purified water

(3) Midazolam (final concentration: 2.5 uM)

(4) Test compound (final concentration: 10 UM; negative
control: no compounds; positive control: Ketoconazole,
final concentration: 0.1 uM)

(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 solution, and the reaction was initiated. The
mixture was incubated for 10 minutes. Thereafter, 50 pnl
of the reaction solution was sampled, and it was then
added to 200 pul of acetonitrile, followed by the
termination of the reaction. Further, 50 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

reaction solution was transferred to a 96-Well Collection

Plate (Waters) usinc 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 uM; total 5

ggdgggatge%E%EghiéF§$ﬂ%%%ig?%ggg%gp%%gﬂhgﬁgky%ﬁm;he



An anticancer agent according to claim 15, wherein the cancer involves the
activation of an intracellular signalling pathway to which an HSP90 cli ent
protein(s) belongs. [C ai m26] A nmethod for treating cancer according
to claim 17, wherein the cancer invotves the activation of an intracellular
signalling pathway to which an HSP90 client protein(s) belongs. [Caim27]
An anticancer agent according to claim 15, wherein the cancer is dependent

on an HSPngglnit%r}t W %rré re Cls%iprg dely. A % %%Q%QJ @ cﬁ;rr%ti ng
cancer according to claim17, erern e cancér 1s ependent” on an HSP90
client proi,gkB($br 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 generate& in the
negativé control was defined as 100%, and the ratio of
the amount of this compound generated by éddition of each
compound was then calculated. Thus, the inhibition wvalue
of CYP3A4 was obtained.
As a result, the inhibition rate of compound 1 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%.

(Test Example 5: 1in vivo antitumor activity test)
" An antitumor acti%ity test 1s carried out using NCI-
H1650 (human non-small cell lung cancer cell line).

The aforementioned cells are subcutaneously
transplanted into the right flank region of each male
nude mouse (1 x 107 cells 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 is subcutaneously transplanted into the
fight 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



groups, such that the groups do not have statistically
significant difference in terms of the body weight and
the estimated tumor volume (ihe 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 14, the administration of the test compound
was then initiated.

The test compounds afe prepared to concentrations of
0.65, 0.9, and 1.3 mg/mL, and it is orally administeréd
to the mice at a dosage of 10 mi/kg.

Such administration 1is 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.én 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 |

oo

t

€]

)) of the increased tumor weight (T) of the te
compound administration group to the increased tumor
weight (C) of the control group (solvent administration

group) .



the test compound administration group is carried out
according to Dunnett's multiple comparison test using

EXSAS ver. 7.5.2.2 (Arm Corp).



- Claims
[Claim 1]
A compound represented by formula (1) or a salt

thereof:

wherein, in formula (1),

R! represents a C;-Cqg alkyl group which may be
substituted 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;-C¢ alkoxy
group,

R? represents a C;-C¢ 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.
[Claim 2]

2-{4-amino-2-[ (3-chloro-4-methoxy-5-methylpyridin-2-
ylimethyl}-2,7-dihydrc-€é-thia-1,2, 3, 5-
tetraazabenzo[cdlazulen-8-yl}-N-methylacetamide.

[Claim 3]



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-methylacetamide.
[Claim 4] |

2—{4—ahino—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.
[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)acetamide.
[Claim 6]

4—amino—2—[(3—chloro—4—methoxypyridin—Z—yi)methyl]-
N-(2,2-difluorcethyl)-2,7-dihydro-6-thia-1,2,3, 5-
tetraézabenzo[cd]azulen—é—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 of a compound according to any
one of claims 2 to 6.
[Claim 10]

An ethane-1,2-disulfonate of a compound according to
any one of claiﬁs 2 to 6.

[Claim 11]



An HSPS0 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 comprises é compound 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 thefeof
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 Ior treating cancer which comprises
administering a compound according to any one of claims 1
to 10 or a salt therecf.

[Claim 18]



Use of a compouﬁd 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 HSPS0 client protein(s);

[Claim 21] -

An anticancer agent according to claim 15, wherein
the cancer involves the mutation of an HSPS0 client
protein(s).

[Claim 22]

A method for treating cancer according to claim 17,
wherein the cancer involves fhe mutation of an HSPS0
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]

or treating cancer according <o claim 17,

th

A method
wherein the cancer involves the activation of an HSP90
client protein(s).

[Claim 25]



An anticancer agent according to claim 15, wherein
the cancer involves 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
infracellular 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 client

protein(s).



