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. insulinSeerciion

1 DESCRI PTI ON FUSED 1, 3- Dl HYDRO- | M DAZOLE RI NG
COVWPOUNDS 5 Technical Field The present invention
relates to novel conpounds havi ng DPPI V-inhibiting.
activities, and particularlVy relates to fused .

1, 3-di hydro-i m dazol e ring conpounds that are useful

as DPPIV inhibitors. 10 Background Art D pepti dyl
peptidase-1V (DPPIV) . is a kind: of serine protease that
specifically hydrol yzes ' tide-X-Pro (X may be
any am no aci d) fromth§$Wrm nus of a

pol ypepti de chain. d ucose-dependent insulinotropic

and o b PRI DR MBI UG Tob RSS2

Pol ypepti de), whi ch | S secreted post prand| ally from
testinal tract, is quickly degraded and
Tecm%jla\/at ed by this DPPI V. Suppressing this
deBfreantesenbinvettiopielales by nORPympoisls hesing RPPAVtinhibitf activities,

and parftafidly ﬂélag%g TikeBNS- @1? - %ﬁ&jazlo%%&%ﬁ% é findd B34k Vseful as DPPIV

secretiion from pantrea 0 g ucose
inhibitefs rul us. It has been shown that, as a result,

post chal | enge hyperglycema is i nproved in oral

gl ucose tol erance tests (see Non-patent 20 docunent
Ef&kg@ﬂn_d_@a?thernore it has al so been shown that GLP-1 is

| NYQEMER ?ﬁd@@t\?ﬁ@ﬁﬁ@e?&%ﬁﬁtﬁs&ﬁhﬁgﬁﬁgse ?sﬁ;@cifﬁ%lﬂ(

i nt ake al so | pr ot ect |

- hydrolyzes iaa digatideck fize (X ﬂéﬁi’ becangagning eci¢ gfremithe free N terminus of 2

polypeghaég{ﬁptl ation and growth. Therefore, DPPIV
I@Pblt s can be expected to serve_as_ usefu
P%ndgﬁums HOFERIC hpéma@eemfgetagﬁlrfsﬁ @l@éa%%dce Peptide-1

and GDPn (GQlc\é‘sé'lﬂeﬁ@hﬁ’eﬂt Iﬁ‘diﬂjin@rgfslc PH S%t?de? Qﬁﬁbﬁ 1% RO ;ﬁ?ﬁ)}eﬁﬁlaﬂy from

bel ow, relation been rep orted

the m’%?&? t=\}%ﬂv161é§ daprededand mﬁﬁmatféubdghlsa?l’afﬁ& e Supprggping tiis

degradbifhil Of GDPHI b DPPI\bbﬁIﬁh&:sQﬁ@ adtharegier&ihEsexe %ﬁ Q'HP} @nd facilitates
becone 1%rherapeutl C agﬁg for such d| seases. (1)
0® ReREreafiePependicioghiese stimprlug déhe%b@n shown that, as a

result, pmcm&@gahﬁ@fgmmla #)imptaded P 6248 BRicYR: t8lRgarch @ésmgéet Mén-patent

nt ost eo or 0 No t. doc
docum el()eic’ qu, oiﬁé} g"gén@ttgétp (gfgﬁ ﬁﬂ% g ve in supprcsswe
effects |ontappétita ahd ﬂio&%@l&é ,3ind 8R6 iMNG Reld ptREVt ol DasHHRIH its grbmotidal effect

ve nd 1 herapeut | agents for hyperlipidem a,
On pane %e[? W“&B@%‘P?‘&e Pg'%é Non- pat ent. docunents 5
afftie@fore, (IBB’PIFSI emﬂﬁtoty@najed:xpmemauwecas agefal efapeutic and

- proven§ PRGN, e e L0 OBl o] o isbes.

Patseshbwnl belone t‘elét}qnsh";’:)hap beemmpmai laa‘ndeéd‘lﬂirﬁme disesxes, mcludmg

‘dlabetegga%ﬁtﬁﬂtl%r b'iﬁv'ﬁ %ﬁ?o% con theretore ’be%%)gcte toq)ecome erapehtlc agents

~ for such diseases.

(1) Preventive and therapeutic agents for AIDS (see Non-patent document 2),
(2) preventive and therapeutic agents for osteoporosis (see Non-patent document 3),
(3) preventive and therapeutic agents for intestinal disorders (see Non-patent document
4), . 1 -
(4) preventive and therapeutic agents for hyperlipidemia, diabetes, and obesity, (see
Non-patent documents 5 and 6),
(3) preventive and therapeutic agents for angiogenesis (see Non-patent document 7),
(6) preventive and therapeutic agents for infertility (see Patent document 1),
(7) preventive and therapeutic agents for inflammatory diseases, autoimmune diseases,



10

15

20

25

30

35

2 and chronic rheumatoid arthritis (see Non-patent
docunent 8), and (8) preventive and therapeutic agents
for cancer (see Non-patent docunments 9 and 10), (9)
preventive and therapeutic agdents for nmultiple -
sclerosis (see Non-patent docunment 11) Although a
nunber of DPPIV inhibitors are known (see Patent
docunents 2-11), DPPIV 5 inhibitors conprising a

w8t UL RN BB BRI ) )

19@@r®@nuy¢\md tpanagmtlccagcmmmcaﬁqersme@fmepatmaomﬁms 9 and 10),

e

Abbeighol Bybez @6 OPPIY inhikigrs md@@wn[(ﬁmf’mtt elncuments 2- 11), DPPIV

mhlblﬁﬁl\g saliads gfﬁ %}gg‘ﬂg%ﬁg‘? %ﬂ@"% ngz%fggﬁt %1%;’% 91- 103

[Non-paigpt-dosuagrt Jdocunment 7] Agents and actions 1991, 32:
Dlabeﬂo?iégul@ggﬁgvzﬁﬁn | docurent 8] The Journal of
166 20

| mmunol o 41-2048 [ Non-patent docunent
[Non‘QTtegrdoﬁu’@ﬁ?f@ér 1999 Mar, 79(7-8): 1042-8 [ Non-patent

ScienglOIg9GETE): 304s.26s)Andr ol | 2000 Mar - Apr, 21(2): 220-6
E doatent docunent 11] The Journal of | nmunol ogy
[Non- t dogpent3d41- 48 [ Patent document 1] WD 00/ 56296 30

c1imcblﬁafeﬁﬁ§ @rrﬁ!tm%-zs!@i Pat ent Application No.
2001020 []Patent document 3] US Patent No.

[Non-gatgrg oglg@en

Endocrinology 2000, 141: 4013-4020 -
[Non-patent document 5]

Diabetes 1998, 47: 1663-1670,
[Non-patent document 6]

Life Sci 2000, 66(2): 91-103
[Non-patent document 7]

Agents and actions 1991, 32: 125-127
{Non-patent document 8] |

The Journal of Immunology 2001, 166: 2041-2048
[Non-patent document 9]

BrJ Cancer 1999 Mar, 79(7-8): 1042-8
[Non-patent document 10]

J Androl 2000 Mar-Apr, 2'1(2): 220-6
[Non-patent document 11]

The Journal of Immunology 2001, 166: 2041-48
[Patent document 1] '
WO 00/56296

[Patent document 2]

US Patent Application No. 2001020006
{Patent document 3]

US Patent No. 6,303,661

[Patent document 4]

US Patent No. 6,011,155

~ [Patent document 5]
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[ Patent docurnent 4] 35 US Patent No. 6,011, 155
[ Pat ent docunent 5] 3 US Patent No. 5,543,396 [ Patent
docurment 6] WD 02/02560 [Patent docunent 7] 5 WD.
00/ 34241 [ Pat ent docunent 8]3 WD 99/61431 [ Patent -
docunment 9] WD 99/67279 10 [Patent docunment 10] WO .
97/ 40832 [Patent docunent 11] WO 95/29691 [ Patent
docunent 121 15 WD 02/ 068420 As descri bed above,
US PATRQURAS3WoEh DPPI V-inhi biting activity useful as
pharmaceutical agents are being earnestly sought.
[Paterpygpesyraent 64 conpound with excel | ent DPPI V-i nhi bi ti ng
WO 02&bik¥hty, which is al-so very useful as a clinically
effective pharnmaceutical, has yet to be discovered.
[Patenfidgeumesy 7bbj ecti ve of the present invention is to
wo oagangh for and find conpounds 20 wi th DPPI V-inhi biting
activity that can be used as preventive or therapeutic
[Paterd dasimerft 8§ t he above- nentioned di seases (particularly
w0 9digabet es and such). Disclosure of the Invention As a
result of_ earnest investigations to achieve the
[Patent dacnemeit Al i oned obj ective, the 25 present inventors

WO 99sgepeded i n synt hesi zi ng novel fused
[ ro-imdazole ring conpounds, discovering

: 1, 3-di h
[Patenmgqmqq%gg] compounds have excel |l ent DPPI V-inhibiting

WO 9aaDgyi ti es, and thus acconplishing this invention.

; n%rgat i S ﬁrﬁ say, the present invention conprises: 30
[Patent documezt itlound represented by the general formula (1),
WO 9sp9e91salt or a hydrate thereof, 4 Ti _
{Patent document 12] '

WO 02/068420 _ _

As described above, compounds with DPPIV-inhibiting activity useful as pharmaceutical
agents are being earnestly sought. However, a compound with excellent DPPIV-inhibiting
activity, which is also very useful as a clinically effective pharmaceutical, has yet to be
discovered. Thus, an objective of the present invention is to search for and find compounds
with DPPIV-inhibiting activity that can be used as preventive or therapeutic agents for the
above-mentioned diseases (particularly diabetes and such).

Disclosure of the Invention =
_ As aresult of earnest investigations to achieve the above-mentioned objective, the
present inventors succeeded in synthesizing novel fused 1,3-dihydro-imidazole ring compounds;

.discovering that these compounds have excellent DPPIV-inhibiting activities, and thus

accomplishing this invention. -
That is to say, the present invention comprises:

(1) acompound represented by the general formula (I), or a salt or a hydrate thereof,
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NXL N Z 12 >X3 (1) ZZ3 N[wherein, T stands
for a nonocyclic or bicyclic 4 to 12-nenbered
heterocycle containing 1 or 2 nitrogen atoms in the
ring, which may have substitfients; 5 X3 denotes. an
oxygen atom sulfur atom or a group of the formula

N- X4 X4 denotes a hydrogen atom a Cl-6 al kyl group
whi ch may have substitutents, a C3.8 cycloal kyl group
ch may have substitutents, or a.C6.10 aryl Cl..6
group which 10 may have substitutents; X1
denotes a Cl-6 al kyl group which may have
dubst|tutents, a C2-6 al kenyl group which may have
subsyitutents, a C2-6 al kynyl group which may have
stitu{ents, a C6-10 aryl group which may have
ubstitftents, a 5 to 10-nenbered heteroaryl group
ggy have substitutents, a 15 C6.10 arylCl.6

z! oup whi ch may have substitutents, or a 5 to
l, nberedxhet eqParyl Cl -6 alkyl group which may
TAN sybstitutents; Z' denotes a nitrogen atom or a

group of the forrmula -CR3=; 20 Z2 and Z3 each
~indepengently denote a nitrogen atom a group of the
formula -CR =, a carbonyl group, or a group of the

[Whﬂ?lﬁfrmla-NRZ- in formula (1), thefollovvingforrmIaS

T staSiRToE 8 acRoslRuBlebROAT £fo B-
(AT oA T PR 02 SRS B8 LU oo
atoms %ZW%W@Q@ﬁubﬁ%&@ﬁ@ndently denote a nitrogen
atomor a group of the formula -CR= R, R2, R3, and
X2 each i ndepend denote a hydrogen atom a 4 to

3
£ dengles ANAYEE Hate ﬁ‘ggyéi/% or grsenp ftthe iR have
substitutents, or a group represented by the formula
ee—NA5Al -A2; 10 A denotes a single bond, or a C1.6 .
al kyl ene group that may have | to 3 substituents
sel egted fromthe fol | owing substituent group A A

R B B T By o
grrquanqﬁ gidug vfdﬁé}:[miafl hate ﬁ@sﬁt@teﬁfsobifh @E 1olabel dlgranwl @roup which

Ay Q{w‘e subsqgtutegts

VXI denotes a Cy.4 élkyl group which may have substifutent_s, a Cy.¢ alkenyl group which may
have substitutents, a C,. alkynyl group which may have substitutents, a C.1¢ aryl group which

‘may have substitutents, a 5 to 10-membered heteroaryl group which may have substitutents, a

Ce.10 aryl.Cy¢ alkyl group which may have substitutents, or a 5 to 10-membered heteroaryl C,
alkyl group which may have substitutents; |

Z! denotes a nitro gen atom, or a group of the formula -CR3=;

7% and 73 each mdependently denote a nitrogen atom, a group of the formula CR"' a carbonyl
group, or a group of the formula -NR?-; '

in formula (I), the following formula

S
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of the formula -NRA-, a group of the formula -CO NRA-,
a group of the fornmula 15 NRA-CO-, a group of the
formul a -SOZ NRA-, or a group of the formula

-NRA- SC2-; A2 and RA each independently denote a

hydr ogen aton] a cyano group, a Cl.6 al kyl group, a
C3.8 cycl oal kyl group, a C2-6 allcenyl group, a C2.6
al kenyl group; a C6.10 aryl group, a 5 to 10-nenbered

' het er earyl .grou to 8- menber ed heterocyclic
demt%srao%ﬁ@?eo Ong%égf?@legtf Cl.6 al kyl group; 20 however,

A2 and RA each independently may have 1 to 3 .
. n omthe substituent group A
mfongl S(rb (,@ glel 8@? “ﬁ? uent group A> substituent
group Arefers to a group consisting of. a hydroxyl

a nercapto group, 25 a cyano group, a hal ogen
\éggnl a d _6 alkyl group, a C3.8 cycloal kyl group, a
6 al kenyl group, a C2-6 alkenyl group, a C6-10

denoté&r 4 o&feﬁ%o%db%z %ld:fe! K é%lgqﬁgggﬁarﬁgr &1 %r o%é%g?rg% pdd'ra&%up of the

formu@@& al kyl thi o group, a group of the formila
-NRB4 RB5 (where RB4 and RB5 denote hydrogen atons or

Ik | groups), froup of the formula -CO RB6
re8< ldmdgp@delalﬂ epyteal hydirogen atpoougt toe8-8@mbered heterocyclic
group waﬁm mpgwéub&f dalggeﬁgf&g%el;}xa pOERBm AL -R%-ALA%

peri oup,
é%dﬂgﬂmsw . RBa éikw etkyleng gmupqh@ nyorieve drio dxepbeituents
a ytheformJIa-NRBS-
Eélé'ﬂtecpfrmﬁtﬁﬁ f&ﬂ@mﬂﬁ?&%@ﬁtﬁ ?Pmﬁ%

and each | énot e a hydrogen
Hfm%esc-’stm abrd, ogygsmRtomn, at@yve a@ahfmyl grgrpAsulfanyl group, a
Cgﬁr@o B KR! a Elroﬁ? Bf R 5enfla %W gerr & e fGmidla ]@O O-, a group

o0 10- nenbere

' |
oo St @phip of thgriommila GRONE mgm{n?%p he Fsaula
hRRELQOL, aGlod &Hiky/for@l -8DPMRA.; m( SPHIE%%%Ia -NR -S0y-;

rzp ept ed b the eneral “formula (1 , or a salt or
%ff éaftlh‘@ ehspdently dgnpje by drogen gtomy FCypRo. group, 9<§N6 alkyl group,

Rh & ¢ \:)chééﬂqﬁ gréup| YIS 8ikBnyl group, a Cy 5 alkynyl group, a Ce.10 aryl group, a 5
to 10-membered heteroaryl group, a 4 to 8-membered heterocyclic group, or a Cg.i0 aryl
Ci.6 alky! group; ‘

-however, AZ and R* each independently may have 1 to 3 substituents selected from the

~ substituent group A described below:

<Substituent group A> o

substituent group A refers to a group consisting of: a hydroxyl grdup, a mercapto group,
a cyano group, a halogen atom, a Cy alkyl group, a Cs_s cycloalkyl group, a C;.4 alkenyl
group, a Cy.¢ alkynyl group, a Cq.1¢ aryl group, a 5 to 10-membered heteroaryl group, a 4
to 8-membered heterocyclic group, a Cy.¢ alkoxy group, a C, ¢4 alkylthio group, a group of
the formula -NRP*-RB* (where R®* and R’ denote hydrogen atoms or C.¢ alkyl groups),
‘a group of the formula -CO-R®® (where R® denotes a 1-pyrolidjny1 group, a
1-morpholinyl group, a 1-piperazinyl group, or a 1-piperidyl group), and a group of the
formula -CO-RP-R®? (where R® denotes a single bond, an oxygen atom, or a group
represented by the formula -NR®-; RB % and R™ each independently denote a hydrogeﬁ
atom, a C¢ alkyl group, a C3g cycloalkjrl group, a Cy¢ alkenyl group, a C;4 alkynyl
group, a Ce.1 aryl group, a 5 to 10-membered heteroaryl group, a Ce.10 aryl Cy alkyl
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Z3a denotes a nitrogen atomor a group of the fornula
-CRza=; X3a denotes an oxygen atomor a sulfur atom
10 Tla stands for a nmonocyclic 4 to 8-nenbered

het erocycle containing 1 or 2 nitrogen atons in.the
ring, which may have an am no group or a Cl-6

al kyl am no group; Xl a denotes a hydrogen atom a C2.6
al kenyl group, a C2_6 al kenyl group, or a benzyl

gr D 3 _and R ach i ndependent Ly denote a
hﬁgjrlﬁg’g%rnalgpﬁ rr01rjl m§ gﬁegglgﬁer%wbﬁaﬁ]e@ﬁ-géoueﬂl)iyl group, a

cyano group, or a group represented by the formula

- ppa- : , oxygen cat o sul fur at,0

of 9 £t TRERES 19y Bt S 0 B il o) et hror,
d a hydrogen atom a -6 al kyl group, a C2.6

group, a C2.6 al kenyl group, a phenyl group,

a cy¥nophenyl group, a carbanoyl phenyl group, a benzyl
20 pyridyl methyl group, or a pyridyl group;

egtaa hydrogen atom a C2.6 al kenyl group, a
al kynyl group, a cycl ohexenyl group, a
i dimM-2-on-yl group, a
g%pgdingﬁ-on-y[ group, a Cl.6 al kyl group
have a Eup sel ected from substituent
r'a-grogp” B thscri bed bel ow, a phenyl group that may have
a group é%Lected from substituent group B descri bed
bel ow, a 3Xor 6-nenbered het eroaryl group that may
[wherdlave a group selected from substituent group B
1. . descri ped bel ow, a.phqul Cl-6 alg§&~ group that may
Z” deplga BINgReL Homdraorrawp of bmiemmda i¢Riemit group B
descri bed below, or a pyridyl C-6 7 alkyl group that
have a group selected from substituent group B

X depats - -
HRISE A BEtEep efampr 2 $t9%.uent group B> substituent

group B refers to a group consisting of a chlorine
cyano 5 group, .a Cl_6_al kyl

T stsiios A TapeSylie Rt erzoSlegoaieiayng | 057 ilpeen stoms in the

ring, whiclomey Bivealnkiting ERKP .ord C, Gl 1ah#kee¥o: oup, a
car banoyl group, a carboxyl group, and a Cl.6
al koxycar bonyl group]; (3) a conpound represented by

X' detdtes ghytkogdn dremaiCa, flkbhylgrédp, 8 53 latkyayl @oliy, b attnzy! group;
thereof, HO N Xm NN Rta/ P\N CN kZ2a %Oh%\/\here?zr{ ETOUP

TIb stands for a piperazin-l-yl group, a
R'* an®R&vanipindepsideatiynddnod a Bydogen f6mpa halo gen atom, a Cy¢ alkyl group, a
cyano gforﬁﬁt orpél g%%pnr%b;)eisglﬁé& %)Ir ﬁ{e]fo&ulg r—XbLPAIa;
A" denotes an oxygén atomn, a sulfur atom, or a group represented by the formula -NA%;
Al denotes_ a hydrogen atom, a C, alkyl group, a C,.¢ alkenyl group, a C,¢ alkynyl
. group, a phenyl group, a cyanophehyl group, a carbamoylphenyl group, a benzyl group, a
pyridylmethyl group, or a pyridyl group;
A™ denotes a hydrogen atom, or a Cy.¢ alkyl group;

X?® denotes a hydrogen atom, a Cy.¢ alkenyl group, a Cy. alkynyl group, a cyclohexenyl group, a

1H-pyridin-2-on-yl group, a 1-methyl-1H-pyridin-2-on-yl group, 2 C;.¢ alkyl group that may
have a group selected from substituent group B described below, a phenyl group that may have a
group selected from substituent group B described below, a S or 6-membered hetefoa.ryl group
that may have a group selected from substituent group B described below, a phenyl C . alkyl
group that may have a group selected from substituent group B described below, or a pyridyl Cy.s
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XIb denotes a 2-pentynyl group, a 2-butynyl group, a
3-net hyl - 2- but enyl group, a 2-butenyl group, or a
benzyl group; and 15 Rl and Xza have the sane neani-ng
as X' and X2a of (2) defined above] (4) the compound -
of (2) or (3), or a salt or a hydrate t hereof, wherein
Rla is a hydrogen atom a chlorine atom a cyano
group, a nethoxy group, an ethoxy group, an

|- hi | v
e T s s e T S e L
cyanophenyl oxy group, a carbanoylphenyloxy group, a
<S“bﬁﬁﬁﬂﬂkﬁﬁg oxy group, a (phenylmethyl)anmino group, a

y t

rid oxy group, a pyridyloxy group, an am no
Substl‘g}eéwoun ml aaammccglsaupg ofa dlulmanmgtbmna homgine afem, @rcyano

o8 FARY B 0 ey o Vo SORENT iy 46 o,
Gy

HHFWY SEPER; %@%hﬁ}m%fl @Qumﬁya@mﬂrgwlan awd b Ex.y alpowygarboay! group];
i -propyl oxy group, a 2-cyanophenyl oxy group, or a

2- carbannylphenyloxy roup; (6) the conpound of anyone

of (¥2)a qeginegyd fe@rcsan‘fﬁg by ther geneta) rauls [ oeasalt arrehidrate thereof,

8 a hydrogen atom a nethyl group, an ethyl
roup, an n-propyl group, a 2-nethyl propyl group, a
group represented by the fornula -CH2-R10 (where RO
denot es fa carbanmoyl group, a carboxyl group, a
arbonyl group, a cyano group, a cycl opropyl
or a,nmethoxy group), a 3-cyanopropyl group, an
, a 2-propionyl group, a 2-butynyl group, a
-2-propenyl group, a 2-cycl ohexynyl group, a

yl group, a methoxypyridyl group, a
t hox pyﬂSﬁFﬂ%l gr (i, a pyridyl group, a furyl
Ria: f'hi enyl group, a pyridylnethyl group, a
1H yrldlm 2-on-5-yl group, a
1- met hyl - X8 pyri di n-2-on-5-yl group, a phenyl group
ﬁﬂmxthat may have a group selected from substituent group
Y¥described bel ow, a benzyl group that may have a

- T' stapdofip apifeeatind-yil pesups 8 Bsiniho@ierighoLip] Fodg st bed

) | ow, or a. 10 group that may have a group
Hmﬂ?@?%%?é%quFHEp§E5§F¥tuent group Y described bel ow
X' degotbst Ripestyhylgrony a\2-bstyaylgrou aGomsihyl-2-bgtenft graup, a 2-butenyl
I r at o brom ne atom a nethoxy group, -a
g”“ﬁggaﬁbhéﬁ uﬁ?n%9€]nyl gr oup, and a nmethyl group; (7)
R' and B&* lpyrpesatheafieaaing o6 afd K2) oft(@) dHned absa]f t her eof
or a hydrate thereof, wherein 15 X2a is a nethyl
group, n-propyl group, allyl group, 2-propynyl group
2-(thut theyebmpoendof EYoc{3), cﬁ’racsaﬁ\ér Iaﬂgﬁfate\thexgof) wherefd R* is a
gr u h|n I Yri
hydro#ﬁ At a%}?&ntgégogﬁ (%%/1(? rﬁugf 45 eﬁiox &% up, Xn et%og)y Broup
-PTOP)QOXWEglh@PGWIBetbyIIthld groups swpllylaxye gﬂotupm Zrbpiynyhtyy SOTUPLD phenyloxy

group, BeyarkighBiiod) fods Wrartiatio HikiPloxf Bidila Brery pgetiglogy gpown.

(ph eanrh@hﬂMmm@ grauphy gyaddmethybreyqdroup, a pyndyloxy group, an amino group, a

methylamino group, a dimethylamino group, or a diethylamino group;

(5) the cOmpoupd of (2) or (3), or a salt or a hydrate thereof, wherein R'is a
hydrogen atom, a methoxy group, an ethoxy group, an i-propyloxy group, a 2-cyanophenyloxy

group, or a 2-carbamoylphenyloxy group;

(6) the compound of any one of (2) to (5), or a salt or a hydrate thereof, wherein X* is
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| cycl opg@:g

| 'me“&e?“??’%ﬁ‘“ B R T PN B2 CBES Rk eroup, o

(9) a dipeptidyl peptidase IV inhibitor conprising the

conpound of (1), a salt thereof, or a hydrate

thereof; 25 (10) a pharnaceutlcal composi tion

conprising the conpound of (8), a salt thereof, or a-

hydrate thereof, and an adjuvant for formulation; (11)

a preventive or therapeutic agent for diabetes,

obesity, hyperlipidenia AIDS' 30 ost eoporosi s,

astr.oi ntes dlsor ' oge infertiljty,

a bydBBY 4t SRy Rl &Y e doindn SRPER e3w, & 2rmeingleedby group, o
group d&;ﬂmﬁE:d b@ﬁh&ﬁlﬁm&m —GHZ-Ra‘ﬁ (whry ROt @gdte’a@aibaa@§ngroup, a carboxyl
ne r tory agent or antirheymatic agent _
group g OB AEei YRR SERHE: ©FY FABFODY] EXORR OF PEISKY Erour), a
3-cyammprapyhygrbupy an allyﬂl @ftﬁ@f 4 23hofid2yl gboupl £2 Hutyryd gfﬂhp, |

di abet es rls

2- methen-ef- ax%ﬁ%@tyg%roa ) ) gyglrggp{ynyﬁ%ﬁo&g,fa C Igao(ug amethoxypyndyl
group tdmcéoﬁypyﬁmdﬂl@rowp, rftybidgll group, tarfasyt Eﬁmb o thigrye yeib| Hn

pri gty o368 10 £ B B cRERIL RS s o

phenyt greug thapmaf havkn giosipaeelecigd ﬁopﬂ:tubelmlemt/lgtdup ¥ described below, a benzyl

s SRS AL B By AR ppotent
group mapl hate 2 grap selacted fropr mbemm‘emtrgr@fp Y @8cribedbelewn t he -
J
substiflbrR AR ¥ o Rl o %@g%tf {%@ﬁ%rﬂa&&o}f}{%gﬂag@ Moy group,
a cyangfzrqup) a vigyb gioups dngramethybgroaphydr at e t her eof f or '
producing a 10 pharmaceutical; (16) the use of (15),
wherei n the pharmaceutical is a therapeutic agent or a

préy ethei qsaélpoagda af aﬁmneaofdi)st@éé)e afsalt thekdoglordi yepate theteof, wherein

s g B R M
17853

oy, emitliareup, dqumidyt grpupli3ayerlasoup, 3-thienyl group,

IPLPY§€ RO - ﬂﬁ“&@ch used in this descrlptlon 20 In this
descrlptlon the structural formula of the conpounds
resents a certain isoner for conveni ence, however,
K pf BaamaceyiirahtqreRTisUE:the gepennd gf{blvasalt thegrod, qra hydrate
-m@mogeonetrlc i soners, optical isoners based on
asymmetric carbon, stereoisoners, and tautoners that
structurally arise fron1conpounds as well as

m(99t Ui eipeplidyl popmiase I'ARthibiforkefuptiSind &ne do!iﬁﬂo%ﬂd bP(HNEsalt thereof _

epresented for conveni ence, and may be any
Orahy%r%fmﬁ ‘m xture of isoners. Therefore, optically 25
active substances and racem c substances with

a tr|c carbo atons..in the . nolecule na [ st,
m/ 1cal CORIPOSIHAN ﬁg@pﬂgn%%ﬁtqowp&%/d ote 65, a salt thereof, or
ahydrdtemeteeflanasnaajmdmrmrﬁfnnhm13mare i ncl uded. |

| (11) apreventive or therapeutic agent for diabetes, obesity, hyperlipidemia, AIDS,
osteoporosis, gastrointestinal disorder, angiogenesis, infertility, inflammatory disease, multiple

~ sclerosis, allergic disease, or cancer, or an immunoregulatory agent, hormone regulatory agent,

or antirheumatic agent, which comprises the compound of (1), a salt thereof, or a hydrate

thereof;

(12) apreventive or therapeutic agent for diabetes, comprising the compound of (1), ‘

.salt thereof, or a hydrate thereof;
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Furt hernore, crystal polynorphi smmay exist, but

simlarly, there are no limtations, and the crystal
formmay be any one formor nay be a m xture, and nay

be an anhydride or a hydrate® The conpounds of this
invention nmay al so be sol vates that have absorbed some

ot her type of 30 solvent. Furthernore, the conpounds

of the present invention include conmpounds exhibiting

a desired activity even after being netabolized, such

as after being oxidized, reduced, hydrolyzed, or

C O(ﬂJ3DIgat1ﬁ€thd)d1fo\t itté@tmehin Br Pre@tioh of ABBAJeTOr whith deeptldyl peptxdase

udes.co nds that duce.th nds
IV inl G i SR ot etan ngﬁacﬁmmpz@as fhstog Gl ApR A Rgient vith
a pharmsicelitivally effedive@idse afttle c&ﬁp@mdfdﬁl(y)lﬁﬂalt the¥do¥,@r a Hy@rate thereof;
phrase "d _6 al kyl group” neans i near or branched
al kyl group containing 1 to 6 10 carbon atons, which

i s(1&) mitmomathed bf geatient@rprsvedtiby of @OR weersih ﬂaamssassefo@fwhich

oo RGO BT R bRREL ¢, YO ocaror

i nclude a nethyl group, an ethyl group, a 1-propyl

3. (RF o e B o of - g o1 pESRAs t%ﬂ?éﬁ%r Broducing

pharmgeantisal; a 1- pentyl group, a 2-pentyl group, a 5
3-pentyl group, a 2-nethyl-I|-butyl group, a
3-net hyl - 1-butyl group, a 2-nethyl-2-butyl group, a
3- {h) hyhe e ofi{ 1), wheram, thapirdackutiedliy & ﬂibrqpeuﬁg/ hgemt ongppreventive.

B e e e

4 nethyl-l- entyl group, a 2- nethyl 2- pentyl group, ‘a

> (193 hn* e RES lwg%rg%ﬁghe @@@@@ i¢a 8 P%ﬂélxtu%%eﬂpm rever_mve

agent@fglaé’le%t hyI -] - butyl group, a 10 3 3- d| met hyI -I - butyl

group, a 2,2-dinmethyl-I-butyl group, a 2-ethyl-I-butyl

group, a 3 3-di nmet hyl - 2-butyl. grbup, and a

2, HergingBer the ppesont ipvengiondpdestribedsipeeificaltyoy desatibisgyhie meaning of
terms, 3§9B8ls, iﬂa%ﬂéh @se‘d‘;ﬂ%ﬁE d cr1 igpiched al kenyl group

contalnlng car and speC|f|c exanpl es

i iathis éeﬁfwtlﬁ@'slth@ smwﬁlralaﬁqrrmﬂapf thgrcempounds repregsmhaypertain isomer
for coxﬁfeﬁiéﬁee Bowlvéfeﬂl@b}éébﬂ}ihv&ﬁgﬂ hcliied alp WoR W, s&lfhoéé offetric isomers,

E tenyl group, 3- buteny group, a pentenyl dgroup,
opticakigorpery asq@léb@éﬁwnw OFh BlCFSRISAEIETS; o 1 guipnesnipat structurally arise

~ from cOfPUends| ”@a@tﬁl & ﬂnﬁ)&&% OPfsoﬁEﬁnﬁﬂqg né&t %%Uéﬁﬁmgard%l l@he formula

D(gg{@l ni ng carbons, speci fi ¢ exanpl e
Teprese agoxgrﬁn@ppﬁ, ﬁ.yqi n@y&q@ny gnqorpq= Wm dyaeass. alherefore, optically

active ﬁ.ﬂﬁfaﬁ@éérb)‘lﬁ ra@hﬁé’ BubstanBek Wy hsyﬁfrﬁ’étﬁc c&b@ﬁ Blovifdyih tKH BRcule may
hex r up. The cycl oal kyl

exist, E@JII ﬂlﬁ?‘eﬁ?ﬁ ng pg{chgé? métamr %Wd# t]@q,rg & ipgjuded.
Furtheﬁmmmrmtﬂq;o@m@m&sﬁambp Bxist, BfsimAd, ﬁﬁ:@élhlfeln@) 1BXi@tehs end the

eyl 35449518 B SRR P SO K o B 5 oy

The cogtpounds cefnkis &NEﬁﬁbl@ﬁﬂ%ﬂk}Mbegbl@HﬂEs thaf heveidsabed séehe Sther type of
solven{?l kyl ene group"” neans a dival ent group derived by
enmoval of another arbitrary hydrogen atom from an

_ alFastherg@ire, nixdcdrbpoumdabRikke pedsentpnventiog i@zl coirthounds exhibiting a
desiredea)((:%% &en after being metabolized, such as after being oxidized, reduced, hydrolyzed,
or conjugated in vivo. The present invention also includes compounds that produce the

‘compounds of this invention after being metabolized, such as after being oxidized, reduced, and

hydrolyzed in vivo. .
The phrase “Cy.¢ alkyl group” means a linear or branched alkyl group containihg l1to 6
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i nclude a nethylene group, a 1, 2-ethyl ene group, a
1,1-ethylene group, a 1, 3-propylene group, -a 25
tetramet hyl ene group, a pentanethyl ene group, and a
hexanet hyl ene group. The phrHse "Cl -6 al koxy group"
means an oxygen atomto which an above-defined "Cl-6
al kyl group" is bound, and specific exanples include a
net hoxy group an ethoxy group, a 1- propyloxy group,

2- ) t hyl
carbogl aﬁygf o gr ogaﬁ@t@rgu)gf ng%:/q Bgﬁ%p fo X%'dqgg'rg%%gle hydrogen -
atomsfrdat fay Ialipihang fh@dﬁbca:@oﬁ c@ﬁﬁﬁ'lﬂ'lgoix% OERBhs, ﬁld%e(:lﬁc examples include a

I on rou a
methy gt eV PG Gy PPRLouR, 22 HrobHy Ao B pibry 1 propyl group, 2
-mei@ﬁ@l#prop&l 2roup ehy-lbu@d Braluy) DX Yu %tgm , @] entyl group, a 2—penty1 group, a
e

5 penf B e {nﬁﬁlgx} B ghouns 8 @X@p 3a5m SPAEKYiy! group, a

-metﬁylm.}hydybglng,r DUP;dideByeiphotyi grolaﬁ N Y-hexyl gI@IpQH D.rheﬁyl group, a

-hexﬁr %ﬁ%ﬁq ¥1 a2 ?eﬁg?ﬂ y#%@f E&H’Pyg g)wethyélnig %}‘/rylagrogp?nt&/ me1);(h¥rl- 1-pentyl group,
a 2-m@:h§rb2-lpyﬂxty]2g1pamtaﬂ-nmﬁly@-tzépt|ﬁtyl groirprmhuéthﬁ Ppdityll o, a

2 e o8 by PN o S GlBA P it ey
3 3~dlgredwﬂ>1-‘cmtsﬂ gBeui, aétmlhndth}butbdtﬂ@om a®pethyl-1-butyl group, a
33-difnebioE ol B o oGt Badedloly | ol 2

ZTBG glumm ‘il ¢-aBkemyt gdoopf ymgmwdmeiher rhncihisé alk€dylGroup containing 2 to

6 carbﬁhé< %%g@%ﬁgﬂ%gm% de%%lu%effka%%&gp: %B%yl %{)ou ggro\g\@ra& group, a
-metquémwf groupeéahbitienyli gredn, de-tartensd Bnmp;:aﬁ-ibutﬂylb’l grguppentenyl group,

d afd V. onyl group a 1-propyl oxycarbonyl group, a
anca ﬁﬁglpéﬁﬁoé) car bon group, a 5

TQ@PM%& [Caprabigmly m@ar Iveansla lgte@upr bramuhed alkynyl group containing 2
to 6 cﬁb&ﬁt gl%d ggcﬂﬁE%R Xﬁﬁ[&i@%l nIII ' gl gﬁﬁagﬁ?ﬂ gﬁ&lp, g 2-propyny1

group ans a sm
groupa%'@%ﬁmd &rquped petynyd greupk yhd gh@uwl groupound, and

SPECHHrhse @g%g!ﬂ%%kgf%bgfexﬁéaﬂﬁt ¥hi Qgﬂufﬂé Hg&}ofﬁﬁoﬁﬂauﬁ(

Ith|o roup 1o gr
cn'y:;, apd ppe@Fﬁq Xamplegn p:le aacyclopropyl group, a cyclobutyl

group,?a' dWIoBEﬁtKI?%ﬂ%ﬁ? %&fctﬂh@xﬁrg?&% a%%é!ia t})‘[ L%mﬂ) afd QH?clo&tynyl group.
Tlﬂfdl‘hr%et Kt %BW&%S greup3 _nwﬁ:@ g divialen gqogg 'gemgpd by removal of another

arb1tra?—y BRIrbyen-dto Woph bR hISvELRERed €C3; ﬁ}l@‘&uﬂ” B pLiBk @xamples

oup, .a 2-nmethyl -2-butylthio-

‘ r r
includga Hﬁtwnezgr%nsw 1@27?@}’5%96 BfPupeR %1 ethylene group, a 1,3-propylene group, a

tetram@th?l'eﬂd: gsa,hb,yd pérrtd}ﬁﬁtﬁyﬂsﬁé"%x@u %a%exanémsa@ﬁy }gchﬂpo group,

i%? hexyl t hi o group,

a.licyl @rﬁ@u ﬂs b@mﬁ ﬂﬁi é’p)él:rf t-cRenpMS Irféh@le&rrﬁétﬁ@x oup, an ethoxy group,
|t hio roup 3 met.h gl%uzgentylthlo

L-prop gy g0, & 2 PR PR BRI g apYIo

2-methRi- IZE}:trbmlle)Eir @ﬁﬁ}b Vd 1- Bh@lox#@r@fwuﬁrbtﬁyloxy group, a 1-pentyloxy group, a

-pent)aonéy alioﬁ/.}g,t "1"@/% nttym)glrc?qp?reggrﬁ%gl 1-Qutyloxy group, a 3-methyl-1-butyloxy
group, 3 23mekhp? byt dxyoatbyp, tafB-ﬁleﬂinQﬂzut)doxy group, a 2,2-dimethyl-1-propyloxy

- group, SRS o, 3 Dl ot Srdindd BieRuiox¥ it B ey tony

group, 2 33methyiel -pyityRxlp grotpt A nmghpluppeﬂﬁmxp fghﬁ@)?a 2hnadthgenpentyloxy

group, %P olﬁff‘thg‘?%p%qﬁlo%% Lé?(é#)n f? 83}1 < léfl-g?ﬁlhcyﬁ)gcg' ?g?ou%f a E‘mg}hyl 3-pentyloxy

group, a 3-methyl-3-pentyloxy group, a 2,3-dimethyl-1-butyloxy group, a
3,3-dimethyl-1-butyloxy group, a 2 2—d1methy1 1—butyloxy group, a 2- ethyl 1-butyloxy group, a
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15

20

25

20 The phrase "heteroatom neans a sulfur atom an
oxygen atom or .a nitrogen atom The phrase "4 to
8- menber ed heterocycle" means a non-aromatic ring, .
wherein 1) the nunber of atohls constituting the.ring -
of the cyclic group ranges from4 to 8, 2) 1to 2
het er oat ons exi st anong the atons constituting the
rlng of the cyclic group; 3) the nunber of double

t.h O0to 2; 25 4) th
3,3 %ﬂﬁ’i? }?H‘tyl@%“ ! I g alogﬁm #@Eﬁg?ﬁy |g§‘?“rpn t he rzemgee
of The phm@a “(aﬁhlk@ycmbmﬂ igh@ipl® mmmteatsdmycr groupas hxﬂ;ilah an
e etero i nc
2bov BRI 58 S gk’ B SORD BR SR RGPS Mg oRyearbons]
groupy mngbowchﬂionﬁmtdumfatﬂr—ﬁtfbpﬂoﬂg:aﬂwnlwbmﬁﬁwﬂ mem}fdfarb@yl group, a
r ine .rin ine rin
2-medly BRI IoaIEar b Gl St T e e g,
anTh@phta&aJ‘f(Exrsealk)f}fhw gmgp” medrisiagntfut atemrtd mdhichean above-defined “Ci4
i B35 0l B 8 OLZSRA DYoo v,
1-propyilthivdgrofipra Ziprapyttkigegrowy, a 2-meth@l-1-arpyliogeagt, es a
t . .
2-metiR LB epbih, a3 p NS Brotbo oo S8 B drpspdtilo groie, »
2—penwgm@ew,at33mntﬁ&ufag®lupﬁa Zdneytiyl- lgbLUﬁF;l’)lq g;lﬁmp :ph-rrmbyl ‘Mbutylthio
t |
o 1 RIS AL PR 182 O RHBLER o

groupy %h@@ml B Eroupe 21hemlﬁmo aioop.cx Trbexyilt oum atlomethyl-1-pentylthio

goup%%% qur’ghﬁ%lt I c&%ﬁhr ocare@géﬂwﬁgm C%B&lgoaﬁit %ﬂlenl ngl‘E%Iltylthio

groupy a3ty rlopanty thigrer eup.iant-methyl-4-pentylthio

o5 A O T

3,3-Gipihg T?@EH&U%EFOQP&T%?T%mPﬁthgl-@HWﬁbm wom au?rﬁthid oealtio group,

3,3~ mﬁ%&@@zkﬁﬁﬁ&&gﬁ ?'4{1@3@3 REndchND-B: utgﬁhlﬁ dgc group

armng 3. het e oa,orrs are 1 ncl SpECIfI C .
Hﬂﬁﬂqu héIOﬂaéatarrpmaaﬁ a&lupipgyatom, g ﬁlplepnfé#@m@ arbgomzac atom, or

aniodf_déra@cﬁnrl ng, a pyrrole ring, an oxazole ring,-
' zl_gllerlng, a thiazole ring, anlsothlazolerln
anthed

a5Fohatelqatqly, maansa sybigr €om, Ay OXyEep alofk o 8 nmﬁjn atomr.

a Thﬂ’pﬂﬂ‘@@ “ﬂltG B,m@nbéi'bdiﬂét%@}&e’f thEhs a%n%ﬁﬁhtﬂ?&hé? wherein
yr| aZ|ne r| yrimadilne ring

1) the Bwl "zﬁq}é qnilSn nsiuting ths gl cyaﬁcwﬁweé PPh‘th &n

) 1o mmezreatemsremgamang:!he @f&;&ecohsﬁtatm@ﬂwm@@kmyen@ Broup!

¢innoline ri g,-9,. q

i SO, Ui

' a_ring
- 3) the gumpeer 0331 E(]?P? W&}’ék’éﬁeﬁé‘l&q%& tog; napht hyri di ne

4) the fuunber of cibhyl @aupidn theithg i8 iPthelrfigreldf 0go 3gar@d er i di ne
5) the rr11|1gn %’mgnocyclic.
Specific examples of the “4 to 8-membered heterocycle” include a pyrrolidine ring, a

o pipre_rid-ine ring, an azepane ring, a tetrahydrofuran ring, a tetrahydropyran ring, a morpholine

30

ring, a thiomorpholine ring, a piperazine ring, a thiazolidine ring, a dioxane ring, an imidazoline

ring, a thiazoline ring, an azetidine ring, and a ring represented by one of the formulae:

0 “ O | |
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.. (wherg § stap

t hi enof uran ring, an inmidazothiazole ring, a
benzofuran ring, a benzothi ophene ring, a benzoxazole
ring, a benzothiazole ring, a benzothiadiazole ring, a
benzi m dazol e ring, 20 im daZopyridine ring, a _ -
pyrrol opyridine ring, a pyrrolopyrimdine ring, and a
pyridopyrimdine ring. The phrase "5 to | 0-nenbered
heteroaryl group” neans a nonoval ent group derived by
r enpv of one hydrogen atgm at a random position from
@fv@r g ursgepat! 53;129d T1 denpipnromednylane grayir 5 oXygen afom, or
grouprefit@sented by tRELRMURSRIT  (RyhkE: BY ¥dnofek athydtdgkh 4D WPa C, ¢ alkyl
ans a group in which a randon1hydrogen atom’in an
EfOUPHhove- descri bed "Cl -6 al kyl group” is substituted wth
an*m@pmsedaas ISI-I’ﬁ&ﬁber@hét@ro@ffdﬁc gr&spmﬁeans @@ﬁoxﬁ)ﬁ}ﬂemf gréup derived
b dyg}es i ncl ude a benzyl group, % hqu@hyl oup,
y remaal Bt ong hyEeoR &lom gk Baption ge-destrifed *4 to
8-menifrekhh@vegtldret eroaryl CL. 6 al kyl group” neans a group

n i,ch a. 30 r ndoq1 en ato ih a
bbb R G C B0 IF@%@H SR aEpsRatieydsetion fing ergy ppntaining 6
to 10 mborﬂimme, -atlé spddi fieekatipldsandude ﬂﬂmﬂ gdup el BaaHiNY group, and a
-nal%h o and specific exanples include a

PO g‘ﬁ. '%RII met hyl group, and a 2-thienyl met hyl group.

- ThEhgphrase's'td 10imeon bepstient@dadybiing aeats aniaﬁgnaﬁma{gSgraﬁp
con B8 B B R U BRAL B o B el gerostoms
are inadndadparel dpetific emmptss memdaa@yndmb witke s thdgpthespang fa firan rmg,
pyrol AELSEAL S USRS LP00 SRS A, f it

ring, aj ts@mbznng arpyragolearitigh Azt ning g thlaahazcﬂe)nhg,amojmdmmig ring, a

prics2e SALSERRR Ll 0y ik LRBE0L Gl M y RUDBER . ol

' ﬂﬂg, am}arqm|m 2 Quigolize rn;g( an isoditineling rigg, aa:miloanpymg,za qmnazolme nng, '

e I
o i 0% AILASRAR 0, SoBIRBRESLS) SRR M, B ine o
thienofiyalr GegAn m@hlaaolp memwmﬁirmnmg, rad:mdthmph@eamg,

T
' benz‘”@“ﬁg}? [ rgg?%lsp egrr@ g%%ﬂ&;ﬁ%%&f&gr o%f abfgﬁ‘fﬂpyrl ang,
- imidazgpyyigine §rg.4 RyTI9)anyditine ripgoyy pyrrqihayrphmﬂg, any h pgnd@gynmldme

~ ring. NM€ans a 2-furyl group, or a 3-furyl group. The phrase

th| enyI 8rou§] nmeans a 2-thienyl group or a 3-thienyl
Thgphrasg §5 -Blsrdseed: i@ma@w@c@m mepns gpnonayaiest group derived by
removalQﬁ"oﬁE‘ ﬁﬁtﬁ'@ ¥én éfoﬁra@’ H Pand@m?&ﬁ&lnqﬂﬁ?f @ﬁ‘ﬁﬂ)oveg&eggﬂ)ede‘@ t§
cy cI o) xeny group. The phrase " 1 Hpyri 2-on-yl
Io"me’&'r"%rﬁ Uzljlgrmnoval ent group derived by renoval of

OIMe rpﬁfhﬁ@ "CPM%'I)QQ}‘{Q afdy? Boup® Medns ailgﬂd'uﬁ)lﬁ WHlicB-a2affiin hydrogén

.and spec X i ncl ude grou
atom in an above dle n%eg %1 6 a]lecyl group” is substltuted with an above-described “Cg.jg aryl

group”, and specific examples include a benzyl group, a phenethyl group, and a

3-phenyl-1-propyl group.

The phrase “5 to 10-membered heteroaryl C,.¢ alkyl group™ means a group in which a
random hydrogen atom in an above-described “C, ¢ alkyl group” is substituted with an
above-described “3 to 10-membered heterdaryl group”, and specific examples include a
2-pyridylmethyl group, and a 2-thienylmethyl group. _ |

~ The phrase “5 or 6-membered heteroaryl ring” means an aromatic ring group containing

5 to 6 atoms which constitute the ring of a cyclic group among which one or more heteroatoms

are included, and specific examples include a pyridine ring, a thiophene ring, a furan ring, a
pyrrole ring, an oxazole ring, an isoxazole ring, a thiazole ring, an isothiazole ring, an imidazole



represented by the formulae: NHI NHNH OO NH O N
O 0 15 The phrase "1-nethyl-| H pyridi n-2-on-yl group"
nmeans a nonoval ent group -derived by renoval of one
random hydrogen atomfroma 13 .
"1-met hyl -1 H pyridin-2-one", and specific exanples
i ncl'ude groups represented by the fornulae: 14 CH3
CH3 a CH3 OO or NCH 3 O The phrase "phenyl Cl -6
al kyl group" nmeans a gr wher ei n .a random hydr ogen
ring, atrazrlegingan puisevle rme,s@ﬂmm‘g@oleanng aalok@dlazgiecmnm aipyridazine ring, a

. pyrinS&RS tihk U #ﬁ%ﬁhé%ngpenyl group, and specific
26 exanp gs I ncl"'ude enzyl group, a phenethyl group,
an ér hg PQIanh ehoi 6-mepgrbspe hetproarpl roupiempinsagronqyylentigioup derived by
{08 oRd Qitdin 2l EART
TEmo yél) r ggei?dar\t%% of aana%bgl\%é%gg%@ rf‘ﬂ%ﬁgﬁé &51&65 E]{éﬂf%@%ed aromatic
5 hﬁmﬂﬁFﬂdﬁg'is substituted with an above-descri bed pyr|dyl

OF QYR phrasd? c )
S o P o R it r e B oyricy o prg 4-pyidy

groupg. pyridyl methyl group. The phrase pyrl dyl net hyl

g I QUB phARATTEryd y deditd APt
r|d | me group fgﬁja 47p rldﬁﬂze%hyP group.
P R &%"‘e t{“’ﬁi}ﬁl %9% fresin é@pﬂn%ha@un opa ythienyl ayRyp.
10 %11_ L gu@ ﬁhﬁs@“o?h‘lb P< MofpOMBans 1-8 cléhel%ﬁ}ﬂ %yédg%x 20 R18Rexenyl

se rldy net hyl oxy group nmeans
gIO“PQ%%/ lelgé‘)&ip group, a 3-pyridyl met hyI OXy group,

or Tae ﬂh.rﬁ.%'f ‘flﬁlbﬁ‘iﬂlﬁéﬂl-&iiw Qbﬁlb’pmeﬂi@ alknd¥ale@BEroup derived by removal
cyangphenyl _group

rou ‘ans ) Q
of On%f%@‘%fﬂ E%%@ A a“dfl WJ% S BAyPeciogpippGinclude groups
repreﬂéhfeﬂ%?thdlﬁhﬁﬂlﬁaw phenyl group” neans a

2- car baonyl phenyl group, a 3-carbanoyl phenyl group,

a 4-car banoy | group.

NH

or

15 .
| The phrase “l-méthyl-lH-pyridin-iz -on-yl group” means a monovalent group derived by
removal of one random hydrogen atom from a “1 methyI-IH-pyndm-2 -one”, and specnﬁc
examples include groups represented by the formulae:



The phrase "cyanophenyl oxy group" neans a
2- cyanophenyl oxy group, a 20 3-cyanophenyl oxy group,
or a 4- cyanophenyl oxy group. The phrase
car banoyl phenyl oxy group” nmgans a
2- car banoyl phenyl oxy group, a 3-carbanoyl phenyl oxy
group, or a 4-carbanoyl phenyl oxy group. The phrase
“chl oropyridy group" neans a group mherein a random
hydrogen atomin an above-described "pyridyl group”
is substituted with a chlorine atomy and specific
anples 25 inc 2-chl oropyridi ne-3-yl group, a
ropyridin-4- group, and a 6- hIoropyrldln 3-yl
" met hoxy roup” means a
erein alfrandom hydroggn at@m i an
[ [ "is substltuted wth a
Gnclude a _
: -netﬁ xypyri di ne-4-yl
grou® and a 5 6-ngthoxypyridi n{3-yl group. The phrase
"met hoxypyrimdyl group" neans a group wherein a
. random hydr ogen in an above-described "pyrim dyl
group” is subst wi th a nmethoxy group, and
specific exanp [ ude a 2-nmet hoxypyri m di n-5-yl
'grouﬁ?'and hﬁp i mi di n-4-yl group. The phrase
"nmonocyclic clic 3to 12-menbered heterocycle
containing 1 or 2410 nitrogen atons in the ring,
- which may have substltuents" means a non-aromatic
rin wherein the nunmber of atoms constltutlng t he :
ng GRIaph ¢ hég/)ch ies R0 BEO A TRAESS £ BT Avherein 2 ragdomy hisrogen atom

“of an %Wetde@&ﬂﬁd &ro| { Ero'uﬁc s%@gltﬁ@@%hta:iﬁeﬂlcg}@up, and specific

constituting the ring of the cyclic

-examples, iy afbsiay] STRw: AP @iﬂﬂ?syl gz and & e my}ré-prgpyl group.

NDITAE YRdabeCptidDl CYEAIkS! grdwy’ "\@Eaﬁm $Re&if WE&E]E@ rah&om hydro gen atom

refer tO a“ I‘OU represente y one “of
1 growp R@Zum Ryith ps 2b RéPsdfF%SIIbEF@SZJYRdyl group”,

.- - and sﬁe@lfﬁ%?xam s Niclﬁfd% &%gﬁ&y e I R4 poRd ety gro?lﬁoand a
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yng%gneégis 34 m VR42 SmRaS R Ras
4-p BEPR37 R37 R Ras R37 (where m and n each
l anﬁ@ﬁmdwtﬁyﬁdﬂmﬁ 2Pongs” nlean@em -fy¥dy M&m@mﬁg a|§3ﬂydd91methy1

- group, oragayn& ¥y gmufporm a _CI -6 al Kyl ene group.)

The phrase * pyndyloxy group” means a 2-pyridyloxy group, a 3-pyndy10xy group, ora
4-pyridyloky group.
‘ The phrase “pyridylmethyloxy group” means a 2—pyr1dy1methyloxy group, a
3-pyridylmethyloxy group, or a 4-pyridylmethyloxy group.
~ The phrase “cyanophenyl group” means a 2-cyanophenyl group, a 3~cya110pheny1 group,
or a 4-cyanophenyl group.
. The phrase “carbamoylphenyl group” means a 2- ca:baomylphenyl group, a
3-carbamoylphenyl group, or a 4-carbamoylphenyl group.
The phrase “cyanophenyloxy group” means a 2-cyanophenyloxy group, a
3-cyanophenyloxy group, or a 4-cyanophenyloxy group.
The phrase “carbamoylphenyloxy group” means a 2~carbamoylphenyloxy group, a

3~ carbamoylphenyloxy group, or a 4- carbamoylphenyloxy group.

The phrase “chloropyridyl group” means a group wherein a random hydrogen atom in
an above-described “pyridyl group™ is substituted with a chlorine atom, and specific examples -

include a 2-chloropyridine-3-yl group, a 2-chloropyridin-4-yl group, and a 6-chloropyridin-3-yt
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| nitro gIeH %n{@{

20 [Definition of Tla] T1 denotes a "nonocyclic 4 to
8- menbered heterocyclic group containing | or 2
nitrogen atons in the ring, that nmay have an am no.
group or a C-6 alkylam no g{pup”, wherein 1) the
nunber of atons constituting the ring of the cycllc
group ranges from4 to 8;, 2) 1 or 2 nitrogen atons are
i ncl uded anong the atons constituting the ring of the
cyclic group; 25 3) the ring may have an am no group
groupor @ Cl -6 al kyl am no group as a substituent; and 4)

kA%t T RIS oS T A S B e som i
an abbﬂ:—dd&cnlbbdl“p@ﬁdﬂ @buplnis salativigeddenic td&l@bxy@roup? aﬂadl Kpecific examples
exa i ncl ude

d f

imclo A Y GG ! EtEok AgtB> BT B6R 2 S b B% & no
6~me@nxyqqg¢idm—3}l—iytrgﬁolupl am no group, -a diethylam no gr oup, 16
Q‘gg Rg a.ﬁ [ ?IB¥?+1 @rpgngﬁd@ %ﬁu Fa a'gig%#ﬁp lf;{r&é ?1 Jﬁ%don'éhydmgeu atom

in an @anﬁ]debsaﬂxed étpyq]m;dyl groapdis sahstmaz@m?h artlné;thyﬂ:y gioapantiispscific

examfY b S o P BRI BB PRL o A AN S o
or The ghrage ‘ah@dcanhlm tgu:)@hp 4 ta lb-lnmbededﬁm‘hrpbyc@ﬁ cueining 1 or 2
mg gﬁéﬁt{ﬁﬁ)en%” ootk 2GRl aKh A i}, wherein

az oup no

ave an am

oup,” "an

D thegmmhgr @ﬁatam@bgﬁtmtkygl theniingofthe gmhccgromraag@(ﬁvmyﬂ to 12;

2) i OQF%F) g%ﬂ Hor{P¥e ﬂf&‘ﬁfdf? gm%ﬁ% ﬁ%ragt{rﬁérjg%nlgﬁmgngrt%eﬁ%ng of the cy;:lic group;

no group; e
eﬂé}ﬁr@@ehﬂvedulbﬂﬁhmm@ efidt he fornul ae: Rso R51 R53 R65

NNNV~NHQ—|INHorLN
4) the?@% s %ﬁ?\lﬁﬁg 08&@% enotes an am no group or
meMeyt specifisally, duisferRBIa grouREPrasentod by ent hithe iwmameh 0

group or a nethylam no group, and the other denotes a
hyohzaeg@n atom RS53 or 54 denotes either an amno

ng:fdr org¥ gﬁfhélm?"hﬁf' O s, and the ot her denaqtg\zs a .’
n .
§

ne; og®w

4
>N N-—R42 R*
: R4 or
334 VR“z 42
R™ g Las R ' R® R

R . ' R37

(where m and n each independently denote 0 or 1; any two from among R*! to R"’4 may together

form a C\.¢ alkylene group.)

[Definition of T

T denotes a “monocyclic 4 to 8-membered heterocyclic group containing 1 or 2
nitrogen atoms in the ring, that may have an amino group or a Cl_g alkylamino group”, wherein
1) the number of atoms constituting the ring of the cyclic group ranges from 4 to 8;

 2) 1 or 2 nitrogen atoms are included among the atorns constituting the ring of the cyclic group;

3) the ring may have an amino group or a C;.¢ alkylamino group as a substituent; and

. 4) the ring is a monocyclic non-aromatic ring group.

The phrase “C alkylamino group” means a nitrogen atom to which 1 or 2 of an
above-described “C.¢ alkyl groups” are bound, and specific examples include a methylamino

- group, an ethylamino group, a propylamino group, a dimethylamino group, a diethylamino group,
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R55 to R57 denotes an am no group or a nethyl am no

group, and the remaining two denote hydrogen atons.);

15 (3) even nore preferably a piperazin-l-yl group, a.

3-am no- pi peridin-I-yl groupjsor a ' .

3- et hyl ami no- pi peridin-1-yl "group; and (4) nost

preferably a piperazin-l-yl group. [Definition of

Tin] 20 Ttl' denotes a piperazin-|-yl group, a

3-am no- pi peridin-1-yl group, or a. -
and a3ipebigindno groupi PEFidi n-1 -yl group, -and espeC|aIIy

) pREEH TS Pt ST ke ety e, el Siigpanshl roup, an

azetidgiafleyi gbdpythpyr mbehalklay adindxypgs ar 2109 @hlkyl%ﬁuﬁ@@fdégll 4 hy@mblidin-1-yl1
AN N I T ST —
have gll amno gep;ecm zﬂCl yﬂlkjﬂ)amhfo%relﬁ]ﬁ lah Yizéhahwd eRgthathed hae an amino

ou u ou
eroufpr kg Rgns. o ot 5t ey By bevesgn gmino group ora

- alkyl@ninotgeoyd; group; 5 (2) nore preferably a 2-butynyl

(2) m3te e#gf;egagl{ljglg ggOQB lfl%ﬁ% 383, ﬁﬁ Oﬁfbﬁgf){“ﬁ'ﬁ?ﬁe\éﬁnop ;(ﬁb] X b

denotes a hydro%en aton] a 2-pentynyl group, g 6
2-butBhyl group¥'a 10 3- neth -2-hptenyl gr ,

p,~ especially
a 2-butenyl

' | a
Hﬂgal ogen at m a’Cl - 6 al Eﬁ:{ a cyanoygro a
roup represented by the or mul aAoa- Al a (where Aa
denotes an oxygen atom a sulfur atom or a group
represented by -NA2a-; Ala denotes a hydrogen atom a

I/S'\ﬂhﬂ.,cyl gro C2.6 al kenyl gr a C2-6

all kynyl group,fgp;ESn%I group, a cy@nopheryd group, a

yl p kw a Benzyl grbi

H‘iyrl | met hyt"g or a pyri d@gd?’
enot es a hydrogen atom or a 2% C - kyl group)",
especially (1) preferably a hydrogen atom a chlorine.

(Wher@@@melﬁtééﬁﬁ@ﬁn&f gg of'a e g‘gf&\g Ralrbrqgh 8&nbte either an amino

grou an | -propyl rou fthio'gro
groupaqr pﬂ?%&x}a@mpﬁoﬁg é]gg gg@esgzp oges atorg Rl5é or R%lpdenotes either

an amino group or a methylamino group, and the other denotes a hydrogen atom; and any one of
R* to R” denotes an amino group or a methylamino group, and the remaining two denote
hydrogen atoms.); _

(3) even more preférably a pipéraﬁn—l-yl group, a 3-amino-piperidin-1-yl group, or a
3-methylamino-piperidin-1-yl group; and

(4) most preferably a piperazin-1-yl group.

[Definition of T'?]
T'™ denotes a piperazin-1-yl group, a 3-amino-piperidin-1-yl group, or a

L3-methyla.mino-piperidin—1-yl group, and especially preferably a piperazin-1-y! group.

[Definition of X**]

X** denotes an oxygen atom or a sulfur atom, and especially preferably an oxygen atom.

" [Definition of X'*]
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phenyl oxy group, a cyanophenyl oxy group, a

car banoyl phenyl oxy group, a phenyl net hyl oxy group a

(phenyl net hyl) am no group, a pyridyl methyl oxy group, a

pyridyloxy group, an amino 25 group, a methylamno

group, adinethylam no group, or a diethylamno group;

(2) nore preferably a hydrogen atom .a nethoxy group,

an et hoxy group, an i-propyloxy group, a

2- cyanophenyl oxy group, or a 2-carbanoyl phenyl oxy

gr &I deronel o B)drepeantomraCHy Aaihblovp s Oy IR/ gL aabenzyl
met hoxy. group, an ethoxy group, or an i-propyl oxy

gn“ﬁf@ﬁﬁ [Definition of X2a] X2a denotes a hydrogen

¢)) pﬁfﬁﬂbly a h@&m@ex&hﬂéﬁﬂ}( 2. @h?,thl_m glﬁu%] a-ﬁbﬁt'yhﬁ"g?l‘bugg B GLReth§l-2-butenyl
a pyridin-2-on-yl group, a
groupl%%@pﬁlgrq%_ fﬂ/‘?# gi"%h:é] BRYR1 “group, a C -6 al kyl group
(2) mbkeapreferayy ha\Iﬁt}giybgm&p Scelaex;mdn;fl lg@dlps Bt | tuent group
group that may 35 have

h
G)ew?%nﬁgngqgggéﬁpﬁﬁgﬁﬁ§%§§¥ltuent group B mentioned

below, a 5 or 6-nenbered heteroaryl group that nmay

2 ps sel ected from substituent group B
‘[DEﬁH&%gpgﬁgﬁ Cl-6 18 alkyl group that

bel ow, a phenyl
mayK ﬁdmtgrachyﬂso@n latoot, ed-pendynys ghisip] 4 Rdotyngl gropp,R

B i rid al kyl p that
3-mefiGUo 001 285 oelt ol bt Soulipe PPt e gl o
(1) prafematilp a @ebutyingl group,(@uidsbatensd mrou;, anh B refers to a
chlorine atom a brom ne atom
(2)m8fegg§;9fe&%ﬂéé§toh§}ﬂy9%o§ 6 al kyl group, a C2.6 al kenyl
group, .a C2_6 al kynyl group, a C3.8 cycloal kyl group,
[Deﬁﬁmog%fﬁl | koxy group, a carbanpyl group, carboxyl

groyp, and a Cl-6 al koxycarbonyl group), especially
(1R pd@b’@ﬁ dhydragénaieogehalagamtom, o€ hgdky@rom;p a canno group, or a

group%%ﬁégengé'dotéﬂge Aol PABRYk g\gﬁeg'gﬁf ?es ":IE};%e aosulfur atom, or a -

U% re resent ornu

group(rm@mtﬂdllo’ yeicialos és c&nott@adaadﬂognnyﬂomg a6l alkal gtanp,ctx@li s alkenyl

groupg g g{.g Bﬂ(%n{/ﬁg%\%ﬁ%ﬁ&%? %du&% E%a%opﬁ]eng/}/ g{&ﬁp,gi &P@mnd%rlphenyl group, a.
be enzyb geopanopyrslylmethylarpup, an a@mgldyl@r@lu:p an@;@* dsnotey alydrogen atom, or a

-C agé,p nyl group, a 2-nethyl-2-propenyl
1§ glﬂ%up)a es%eé]b!l]l)}’ a chioropyridyl group,

ohexynyl group, o
(1) pr?iﬁélfﬂll? W@&Pylaﬂgnmﬁﬁﬂorawrﬁé@mo&ywp igravgpy b mgEheery ereup, an ethoxy

group P - ﬁrﬁkylgﬁjﬁg'ﬁu %ﬁ%wthlg'r%? , Img }125{)‘?%{’6\@, 5191 Bﬂlgm%l%xy group, a

P enygg(raférwgﬂ afwwg;r&u&ygr@m 5-oprbamwyiphe oxsagrphnm hegylguashyloxy
- group! zh@heﬁﬁhﬁe 21§§mﬂf0(§1‘9® agyaal ety é‘HBjﬁa )ﬁyﬁiﬁ?foxg % amino
groudp th ave grou .

ment i oped benzyl

group. ety Bging gierB. AdmetiylaRing SEAnp, v« hdisthylsmine Bensiy, or |
(2) me féf&aﬁylamlyd&rg@ﬁl @tohh 2lmdtRYky BN En, 3h QU %ﬁitulﬁcﬁr?ﬂgxfnﬁa%y group,

tituent group nti onéd bel ow (su tuen
a2- cygﬁqgggn WOXVSBIGUR O i3~ @%@@Ph@y oKy &R #1d ne atom a
(3) evédl mﬂierjﬂcf%faﬁm a l%fdi'@%elﬁ%,g{ Ridthoxy group aﬁpetﬂé)@@ouﬁ\ o¥lah YJpropyloxy
grou grqup and thyl group); '

[Definition of X**] |
X* denotes a hydrogen atom, a C, alkenyl group, a C 16 alkynyl group, a cyclohexenyl

~group, a 1H-pyridin-2-on-yl group, a I-methyl-1H-pyridin-2-on-yl group, a Cy.¢ alkyl group that

may have groups selected from substituent group B mentioned below, a phenyl group that may

“have groups selected from substituent group B mentioned below, a 5 or 6-membered heteroaryl -
~ group that may have groups selected from substituent group B mentioned below, a phenyl C1s
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20 (2) nore preferably a nethyl group, an n-propyl
group, an aryl group, a 2-propynyl group, a 2-butynyl
group, a cycl opropyl nethyl group, a phenyl group, a
3-pyridyl group, a 3-furyl grgup, a 3-thienyl group, _
a 2-nmet hoxy-5-pyrimdinyl group, a 2-nmethoxy-5-pyridyl
group, a 2-chloro-4-pyridyl group, or a
1H pyridi n-2-on-5-yl group; and (3) even nore
preferably a nmethyl group, an allyl group, a-
alkyleyaipohatapyst hf@‘éfgyéupg selegted &omr Si)ﬂzﬁﬁt'[tﬁbﬂt gro% Bfeiflonead below, or a

pync%l {}H %l%&l%&%ﬂg@ﬁ I&W @\}lﬂ?ﬁ%@/psgef%tegﬁ %Pégfmg{:ﬁ%lu B paB mentioned

belmg.r_oup, or a 1H- pyr| di n-2-on-5-yl group. Preferred

PG D5 A St Ly S B 2830, 7t o

groumzﬂml aﬁsﬂ gfouppmﬁwml&snyl rglﬁdupde S@ gmksmm@ﬁouw a\WizehclbhiRyl group, a
C.o B SLGH  HBUBE Ofon SEERY Aol GRS T S i

especsﬁlyect ed 30 groups are corrbl ned randorﬂy The phrase

1) prefB R G RHAR b b E el BT b oS AR THio R groth, a
-methorlmométgrcmp o frolip oeprésested diyitheifontslh -CRp &P (whereRé?TqH:esas a

carba.?%y gr% ﬁ,;ﬁb&}ﬁo&giag}oﬁp, %E&H%an%ﬂ%]l’ %ﬁhal Q& % ug, acyc opropyl

group, of & mﬁmmdwal) ag¥-cyauppropybgroap,gnagy grep: eﬁqnbpsdlybzroup,

2 A e LIRSl 08 S50 P 5 A0 it v,

mem@(ﬂpﬁnﬁ)ﬂlgr@mo & pretioxypyrinidyl g@"lmmpymlybgnobp,rwﬁugrgmm an thienyl

.gou;?é%?gg%%%gfgfgr%ﬂkﬂlﬁﬁayﬁﬁﬁ 3 8%%011? gﬁ} metﬁ%lgfﬁ YRFidin-2-on-5-y1

group; & phenyé groug ﬂw maydian growbaseledRil from sghstityestt proppasmattiahed below,

a ben?ﬁd g}(ﬂﬁl tf]é’crd%u 1% g&dﬂg@alec’t@d ﬁ-gfuosldgﬁt{l&g E@%ﬁﬁﬁ&@ﬁwﬂeﬁr&hw ora

a groups represente
phenetlsghproyrithat mayrhaye granpp seleeipd Gomrubstitiant gw@pﬁbmmtwed below

(subsfltwg{ﬁ FY is rﬁrﬁﬁf:}i Cﬁ@éﬁﬁg A F RAGRES gt%ﬁlt %%r&iﬁlgtaﬁ)ﬁ raomethoxy group,

hydr ogen ato group oxy
acya@mus%wlwupyan@awﬁlﬂarm)e al kenyl group, a c2 6

(2) méte ij)g%ﬂaa})glr aotﬁptguf;gr{;@? 1a naﬁr)ﬂléyl%ggp an %3/’1_’ gfoglp% gﬂ?%ﬁ-@? ?roup,

ut)gwi)awuph%% opmetaﬁhgrmp cadienylrzen ﬁéewrwl ﬁwph@%@ryl group, -

‘a 3-thikn}Ogrdup, %%Eiéﬁ)k‘%t@rﬁrﬁhﬁﬁ gdub, rzPZ‘fhl%HftﬁthSt T%Q{Hgl gfdﬁﬂpa

descri ped W, - _however, “cases i n
2-chlagp-Agryad Bbﬁ'ﬂu%l% agl-pyrndinfyen-dyk aroapc#dar e excl uded: <

(3) everiokd ﬁrHﬁdelsgﬁ ﬁiéﬁlyT group Uﬁfﬁllﬂ 'é?cﬁhg DERUGDrdpylhethyd ERIP, a 3-pyridyl

S S IRV T M LK T
_chloai,-mﬁyngyloguraup, @r @318 ﬁy&hxzaddﬁylylcjgxroq p, a C2-6 al kenyl
Bﬁrﬁgeﬁrﬁalgécaipﬁal X ny}c??e{i?llljﬁm daefuutlons otaflx or %[bo% G )t(ﬁ R'® and
X* and specific examples of compounds include compounds in which the preferred groups are
selected from a group consisting of T™ or T'®, X*%, X'® or X'®, R'® and X**, and the selected
groups are combined randomly. _ _
The phrase “may have substituents” has the same meaning as “in the substitutable sites,

may have a random combination of 1 or 3 substituents”. Speciﬁc examples of the substituents

include:

(1) a halogen atom;
(2) 2 nitro group;
- (3) acyano group;
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group, a 4 to 8-nenbered heterocyclic group, a -6

al koxy group, and a -6 allcylthio group). 20

Exanpl es of the "salts" of this invention include-
salts with inorganic acids, salts with organic_acids,.
salts with inorganic salts, salts with organic salts,
and salts with acidic or basic amno acids, and
pharmaceutically acceptable salts are particularly
favorabl e. Favorabl e exanples of salts with inorganic

 (4) a giftupsornetbylgteus al ts vvi th hydrochloric acid,

© <G AER 35 LA TR O S g g tins
groum Ry ANy genatémsa miﬁllr a@m @ahﬁ'my!/\'gnohp,ax:aﬁfouy]agmdp asuadmingl group, a
grou;%crb%e%é‘ngggﬁ%] tﬁ? ?tﬁ? nitla aCI ?r%h?s rebl%rsérgéd %}éth%cflogmﬂa %0 -0-,a
groupsgepraseatd| Hyche ioramw-NRaﬁm grotpd iepressitd nthe famiwa -CO-NR'-, a

grouﬂ:s"’l'gﬁ‘%%gjtegltﬁg.?l aloﬁwfé‘abbs Yﬁ?ﬁ‘%s r@;?ﬁe@eglfﬂédfrﬁ PR frmula S0, NR,

I nc sal t
ora @@umggnrw@dlbwhe &rmala M e301-hT rmdaR @@hmwmdfmax denote a

hydrcfg%h %{o‘rﬁnas(ﬂl ta?lcsyl %qulp?’g Cn:?ggkg?% E%")ggafl ??gcﬁkdﬁﬁ%ﬁ gﬁl%ahts § alkenyl

ammoni um sal'ts.” Favor

groups A danialyBukaraup. it ard 8178 graup, s th Mmrw:mirhqﬁ@oml group, or a 4 to
8-mef Ql'ngteb %@@hﬁ%lﬁe EFQJOW@VQIST ANORT each alrkl)cllegendenﬂng faay ha have 1 to 3

N, N -di benz ‘enedi am ne. Favor exa
substigygntssselficted a*&sam@nfaﬁmﬂwalémbmh belgwe hewees, cwsrtsnn which T* is a

smglﬁwﬂrahﬁqa%&éﬂydr@g% AbHta.cLaeid. and favorable
salts with a basic am no acid include

exanples o
'saﬁr@bﬁﬁﬂpﬁm 291t gi ni ne, |ysine, and ornithine. -
Hek@isigfehegron ]%'Ffis Aea "&:gnsﬁ& ifgasTTa ESMPAIRL gl‘oﬁp i‘@yan%froup, a halogen

productléw< hods "wi be descrl bed. Jp
X| atogy an wupamreﬁenmbﬁ 2 alghEravpe n90%0%1|%w= a Cag

abanenyl\dodd 4J3 aﬂﬁ'ﬂ?I Qohf aut g aryy ERIPSa § k10 8XAB & heteroaryl

chl ori ne  at i odi_ne at ons,

e BFRRed it gﬁm cgﬂeéﬂa@w?w BB & Eme 3loxy BB §Pd 2 Ci alkylthio |

gr $). -B(OH) 2, : .
4,4,5/5-tetranet hyl -1, 3, 2-di oxabor ane-2-yl groups, or
‘groups represented by the formula -Sn(Rz)3 (where RZ

d eEQiIﬁpleﬁgﬁhaﬁsaﬂds’EFf th@y ﬁu@%tl)on u'fﬁh%ed@[’@m iRor@atia h6ids Ralts with
ch.as a chlorine atam a hro
organfl i lE SR IRpTEdn gLisc ey ArBYER Ao 1 SR o basi
amincedofd) aril ;ﬂﬂms&suﬂml@t B ptable lsilﬁlabﬁ‘@aﬁlaﬁhﬂy f@@able MyBr,

B S e o BB T2 B sl

hydrobﬂmltmt iacn& ﬁlfﬁfh: aﬂdhﬁﬁ“fﬁ dvfd, ahd phosphordiadi@di Mo@dﬁhﬂtxzﬁ[pl& of salts

~with oggﬁnh 8@% é’?@\?ﬁpg% T hs.ggmjgl%%gﬁg gprr; ¢ lcy qlggleelc g&d tartaric

acid, qmtmalc:ﬁL lmmgtmlmdteatﬁ agidobynzof dcid) mahememifmmnydcxcg raadp,
§ anget hyl group. T2b has the sanme neani ng as T1,
tOIugéeS&goer%o?ég T that 'has a protecting group

( t Fdyotableycanmpbasyof sgitsowith a:mgamccth)sesbm]mde alnh enegal calts such as
sodiunﬁ) Eeﬁ%?&&d ﬁ)&asgﬁm{]?aﬁitsﬁdlpalée earth metal salts such as calcium salts, and

- magnesium salts; aluminum salts; and ammonium salts. Favorable examples of salts with

organic bases include salts with diethylamine, dlethanolamme meglumine, and

- N,N’-dibenzylethylenediamine.

Favorable examples of salts with an acidic amino acid include salts with aspartic acid

'_ and glutamic acid, and favorable examples of salts with a basic amino acid include salts with

é.rginine, lysine, and ornithine. _
Hereinafter, the meaning of each symbol in the production methods will be described.
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HN O X~ [Step A31 - NX~ [Step A4l N> [Step AI]T j~ N
[Step A2] N M NN-U ONNal ~Hal NO NN 1la
la-2 2a O4a 3a T A XA XI N=X N X N>=0_ :
[Ste_ p AS7 N >= [Step AG] ~Np~—~ | I,] [step A7] NG/ _.
"NHXiJ2 CC"NNOT2h C' "NNCR-M R-~NJ~-N>=0 .Sa
Sa-2 6a X2 -N- Ba X2 8a-2 X2 H9a 7a 15 [Step A ]
‘This is a step for obtaining conpound (2a) by

performng a substitution -reaction between conpound

R, RO ) xf OB abid T' hO 752 Rarfid zeang aspefited abbve: 2)U'tand U? denote leaving

ous RARESIE" GRBSE Kbt Prbihe AiRerouBh Ao TR e RazesyLfnylony eroups
p-tolemesil fayioap Igrdups, Babie 4,4 % praserdied- mzxdmaﬁmand groups, or

| grouli%]r]pé%e%x?ed(b%? it ulaa I’gd éﬁﬁb@@reﬁ %2&«3[1&9%5& (gfﬁl?@fﬁ%é uipépe Hal denotes

' a halegeolutans, suck @mt:llﬂarme; atnmdmbrdmne atoirg @e pi Gyalimeestomr M denotes a

T PN T R e

| (whemlibrims gy samemtfdmg wrdefiflehatmve), anbot yme, Ydemﬂeﬂ:ehhald)gm atom such -

b 2
s R OB OB B OSSR LB P e
indepgnerpdly slgngte an 2ninepratacing group.cmvpb ana béizy) giosp 2opivalyloxymethyl
fig) t
o b R B B o P PO e b b hlefilng s T, o
denofé&@nﬁlabhaﬁmoieé@mﬁ £IOHP &dwt@efcp@pﬁﬂrm@ 4nd sicklobaradamino group.
such as di net hyl sul foxi de, 21 ..

' N, N- di met hyl f or mam de, N-net hyl pyrrolidone, di oxane,
_'m&ﬂﬁ_mﬁ;@daguran, or toluene, in the presence of a

base such as |ithium hydroxide, sodium hydroxide,.
tassi um hydr oxj dew ['ithium rbonat e, sodi um

nate ot ar bo ate Ce,xsl umegqg]bona e, X’ [Step ]
A fihi puR R | E e,
ot yNI i tyhiyamo I|th|u \l 4 ol
bt ‘s,tdrirre{atylsilw A

. , , 4a
bi strimethylsilylan de or pei aSSI
bl%trbmethylswyla at atenp ngfzbrelntheran@

RE-M! J\
"""N/ 2 8a-2
Ga 8a 93 X

7a

XZ_L’Z CI TZb

. ﬁa@ to S’I,ESO&‘ﬂ )% caggep lshe use Of;g__lla;[gtpéﬂtll ﬁe‘s\l’ X!
. CTONT I [ _ )=o
9 5a

[Step Al] :
This is a step for obtaining compound (2a) by performing a substitution reaction _
between compound (1a) [CAS No. 1076-22-8] and compound (1a-2) to introduce a substituent to |
the amino group at position 7 of compound (1a).

When compound (1a-2) is an electrophilic reagent represented by the formula XLyt
(where X' and U! have the same meaning as defined above), or more specifically an alkyl halide
such as iodomethane, iodoethane, iodopropane, or benzyl bromide; alkenyl halide such as allyl |
bromide, or 1-bromo-3-methyl-2-butene; alkyny! halide such as propargy! bromide, or

" 1-bromo-2-butyne, or such, the reaction can be performed under the conditions below. In such -

cases, the use of 1 to 2 times the amount of compound (1a-2) relative to compound (1a) is

"_preferred.

Reaction conditions for the substitution reaction are not particularly limited, and for

example, the reaction can be performed in a solvent such as dimethylsulfoxide,
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preferred. Specifically, when the X1 that is
introduced is a C6_10 aryl group which nay have
substituents, or a 5 to 1 O-nenbered heteroaryl group
whi ch may have substituents, ;jhe reaction 10 can be
performed using aryl boronic acid, heteroaryl boronic
acid, or such for conpound (la-2). In such a case, the
use of i to 10 tinmes the anmobunt of conpound (I a-2)
relative to conpound (I @) is preferred. In this

N N—dﬂsﬁhylfdﬁmm&&cmm&hm@mrbﬂd&&r ﬂﬂoﬁﬂue@télrahfd:@ﬁl‘éfﬁ Bt oli%6 n the

presefuée ?%C%? glgqgfaaﬁ%%ﬁ@l I'Q@P{)lécocli of O({lﬂqn,%]é'drom 01)3(0t2551um hydroxide, lithium - '
carboﬁia‘d&- stidioeh haﬂibﬁﬁn‘tﬂwaéﬁumcdarbb@aﬂﬂ- Sty t4loratd, defiem Hybride, sodium

X N LRI T -

blstrmycthy&hﬂlyha,rm?; @r §o1ﬂ£1;.i).pﬁ rmm?laﬂhylsg al?éh%&:t at t@fmpsﬁmré Ilnllfhe range of 0°C -
u
to 15§i(ﬁor ] % %s?epfgmgb;ﬁ ?tl% I{{ é@lmogfl Lt]égor?mound (1a) is

prefetrh@ range of O0OC to 150C In this case the use of 0.1

congetRpy Ao B3 el pERRBGY i S B S S o ave

substmm}bs Poe 5ab i Gimwntgreidrepyong] gBap wﬂmy:hrm@chava gulastltuents the reaction -
t d.( '
T L ——

In suglt cedsertbs veaifri tnilf¢ime@shé\ahoanto$ vompanindi(tke ) wtative to compound
(1a) é\lee‘P uccinimde. The use of 1 to 4 tinmes the anount
such™ hal ogenati on reagent relative to conpound
- ( 24 thiscase.dhereaetibn qaadvetcmdmnm whents shor as diehloromethane,
g
chlor¥BHRIER: %‘idxgﬂe %%t?ahg&to tgﬁl%éa , Py 1}1’1{3 n’?ﬂe Suceﬁiﬁfo%ﬁnnde or

reacti’on
N-meﬁt}'ém)@ﬁhdqnm ia ﬂlﬂ\pmﬁqﬂmmf hb&a‘mudam tethylamine, diisopropylethylamine,

e MR N e b lane %ﬁ'tﬁdm% éncfjéc? @Ieeatélﬁstt rs@cgly%ﬁ:‘%ﬁ% 351%&@5?29&: copper

I met hoxyet a tenp ure

| (II) trﬁbor@cqtemor{pet @B CAE)]nd@'mxscoquera(Ilitc@piec alra t@nmananun ép the range of

0°C t& @W N4y, (t@dasbYin e 05 dqf‘{q ?E{ﬁ%gfﬂé%{bﬁg{ gperﬁgﬁ!‘ﬂs‘t Plative to

conditions are not partl cu

) ComP@‘éHhﬁliﬁblﬁPéﬁﬁT@e perfornmed on 35 conpound (3 a) with

phosphorus oxychl oride, phosphorus pentachloride, or a
m xture thereof, in a solvent or wthout solvent, at
[Stepézlerrperature in the range of 0C to 150C. Tol uene, 22
acehidnd 4 kkp for oBiaEhhOE &ﬁﬂ%ﬁfﬁ&d{ﬁl Yo geRathEd
‘the solvent. [Ste é)A4] Thi s 5 aeste aforoggb%al m%%i
ComPQ}B\%@nd (5a) by hydrolysis of corrpound (4a). 5 The
iR examipl A SR Hal R0 M48dR0irR IR MR u@ nimide,

I um. acet at e, tassium
N—bromosuccmum e, and N-i t? succinimide. The use of 1 to 4 times the amount of such

halogenation reagent relative to compound (2a) is preferred.
Reaction conditions for the halogenation are not particularly limited, and the reaction

- may be performed in a solvent such as acetonitrile, N,N-dimethylformamide,

N-methylpyrrolidone, 1,4-dioxane, tetrahydrofuran and dimethoxyethane, at a temperature in

~ the range of 0°C to 150°C.

[Step A3]

This is a step for obtaining compound- (4a) by chlorinating compound (3a).
Reaction conditions are not particularly limited, and the reaction can be performed on
compound (3a) with phosphorus oxychloride, phosphorus pentachloride, or a mixture thereof, in

a solvent or without solvent, at a temperature in the 'rahge of 0°C to 150°C. Toluene,
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carbonate, or sodium hydroxide, in a solvent such as
di net hyl sul foxi de (wet), N-nethylpyrrolidone (wet),
tetrahydrofuran (wet), or water, or a mxture of such
solvents, at a tenperature bh# the range of OC to
150C. The use of Ito 10 tines the anmount of base
relative to conmpound (4a) is preferred. 10 [ Step A5]
This is a step for obtaining conpound (6a) by
perform ng a substitution reaction between conpound

acetoffirile, dioblometiane mid Cher Ry bdhesd aXzhd ®lwnhydr ogen at om

this step can be omtted. 15 Wen conpound (5a-2) is
an electrophilic reagent represented by the fornmul a
[StepU2 (where X2 and U2 have the sane neanlng as

e e R R ST SRS b e o 5.

be ﬁiry:lredcnomri:aiﬁbe anriad dnﬂrmying laaiasaimCB | bodiugm aaé:th‘&l potassium
ca.rbo?la‘ﬁ% "Ear s%dlu%hhydgoxdgl 6%? Sy vgetrsbt 222 ughypsulfo e ?‘l;vkt\f,nyl

- N-methyiporadid@ab(wet); égtraby dofichy (wdst}e of satt; on mianre ef such solvents, at a

temp%gﬁﬁéé)ﬁﬂﬁxﬁraﬂgéjgf Oi(,h% I[%%E]gl :Tﬁgése? llqgrlrgl ihes Ch%%lé)}&g Bﬁgase relative

to cothberr)(4a)ak ptefareedt 0 conpound (5a) is preferred.
Reaction conditions for the substitution reaction are

not particularly limted, and for exanple, the
[StepAddcti on can be perforned in a solvent such as

di- ety b St il fining Naf}l'gx gl e&gﬁé’E ﬁm{r@%ﬁ:%fea subsntutmn reaction |

N- et hy p{g/ roll
betweep compeund (52} 2nd cREponad E13cd. oWhﬁn@ége ashudlhngas aiom, ftlhis Allep can be

omi %ydrOX|de sodi um hydr oxi de, potassi um hydr oxi de,

thium carbonate, sodium carbonate, potassium _—
e ai’s’ﬁlmalompoul@w@ra)aambdn@tt@hlhq resgegtnepsesentedby Sedormila XU

oo 0L 85T M s gy g e

such 1§@¢m¢tbm¢y10§i)¢t§14t@mqsﬁépr0@ﬂﬂq; or bmhbmmlde an alkenyl halide Such as -
allyl lngﬁﬁcfej Hlffo me?d l.”)ﬁll 1%L butBhe; acm O 1RliHE Eudfrhsgﬁlgpsfr%ﬂ%?omlde or

hIS case, e use o

-bromﬁe? blmnapr %ﬁChbTélQ éeacépapmvbe wfcmml)m theseppditipns bglgw.  In such
cases, Rﬁ@ﬁ&r Ao 2SR thdSm¥RntdFdbm E§Mﬂ55 Q?i Hﬁﬁg/e' t§ c@m@@uﬂtp(ﬁa) is

ar group which may have substituen
preferg rrerrbered het eroaryl group which may have

SUR&édtfbH%ﬁcﬁmorﬁs%f:thfe'sﬁ@dﬂh)‘tmntl%‘ctibﬁ%‘ﬁéﬁcﬁﬁiaﬁﬁﬁl limited, and for

e%gorned using aryl boronic acid, heteroaryl boronic
example, the regetion 2R be perfpBRYbinrofsat such ap dimetudpnlioxidis e, 1
N—cﬁzﬁeth?lf&ﬂxﬁ@rﬁde tlen olRloné; q&m&ﬁa detéa'igd?&fmraﬁl cﬂ'tthEné @n the
nd 5a .3 p eferably used. 1n this ¢ t.ne 7
presericg 4 ¢ Pet S&% i G sopms BYdrerits, RoiRsPivEaY droxide, lihium

carborthite; hbdlﬁ@r@fd@ﬁﬂ@; ctasstunt BArB619E) fcBliurh c4rtdh & AMBium hydride, sodium

hydridg, RtaoHgt EKFF’P%?WH?% iR e %g’ﬂﬁyﬂlﬂy@&lﬁta@ﬁ@ylﬁlbﬂ%@e sodium

 bistrinpdtieysintanidt, @@ peassiususistriattiyldigldryitienit A mperature in the range of 0°C .
. to 150(‘:'16I s&p &%pcgsle?%h%ydsgg}?%é 2 times the amount of base relative to compound (5a) is. .
30 -

preferred.

When the X” that is introduced is a Cg.10 aryl group Wh.lCh may have substituents, ora 5
to 10-membered heteroaryl group which may have substituents, specifically, the reaction can be -
performed using aryl boronic acid, heteroaryl boronic acid, or such for conipound (5a-2). Im |

such a case, 1 to 10 times the amount of compound (5a-2) relative to compound (5a) is

preferably used.
In this case, the reaction can be carried out in solvents such as dichloromethane,
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pyridine, or N, N-di nethyl am nopyridine, and a copper
catal yst such as copper (Il) acetate, copper (I1)
trifluoroacetate, copper (1) chloride, or copper (II)
iodide, at a tenperature in phe 5 range of OC to 150C. _
~In this case, the use of 0.1 to 2 tines the anpunt of

copper catalyst relative to conpound (5a) is

preferred. [Step A6] This is a step for obtaining

conmpound (8a) by reacting conpound (7a) wi th conpound
chlorbfhning b,ﬂ:diémthie‘salq,alsﬁurahhmlme, Ptidinet N N-dimemsglfédaRmide, or

N B SRR B 0 HIRBAN 8 i

pyridiee; of WIN dhﬁqthjrlamﬂo@gindlﬁe,rarﬁ)eaﬂpbﬁ cataI}&t suehck icoppes aN) deetate,

' copp?rﬁ@f) %ﬁ%qoal&tap Xb ?rm% § PR &I) é?jgﬁ o é'zgg te(mpe}ature m thé |

résence of
ra.ngEN;\fW’Gil tog 66RA. f dnl’uhimcaiie thH-usebﬂy [ py?2 tiales donepoui® bhesppks catalyst

rdaﬁggpgggﬁmou&dﬁ%g (BRe..q15 acetonitrile, toluene, or
xyl'ene,”in d?esence or absence of a base such as
triethylamne, sodium bicarbonate, or potassium

[Stepéggbonate at a tenperature in the range of 0C to
d [Step A7] This is a step for obtaining conmpound

( 9dhishiy aisteprfodielsiinipgaompostd (Raphy reattimpeinipond 27gfwitd®mpound
(6a). C gﬂ'ﬁv\ggﬂﬂg gﬁn%%ﬁncgﬁ tg%)tf_tg%{j@hg %&pﬂgﬁt%ﬁ&%@w& a%%?aq{v% ?J]compound
(ﬁﬂlesﬁﬁgyﬁ-represented by the formula R -M (where R and :

M 188¢&hctibd R ﬂotgﬁ}‘tgufaﬁ? flﬁlﬁfé%. MRRPL NG, ?j r‘]d(nje lieﬁct%on can be

def i ned above IS acce is'a co

- perfoppgd Bicmixdng %pmmnédﬁﬂu anfd comgewnd (7p) initbe presensa o alpence of a solvent

such 0§ &g Ay lﬂ)@mﬁﬁ’]@&eOan g‘?ﬁﬂﬁ%ﬁfioﬁn BREGI Eﬂhﬁmﬁsl 4-dioxane,

re?erred exanpl es’are cohol's sué
acemﬁ@iﬂﬁatﬁb!ene 19T ngpan@ the pr@wp%@aﬁb@frnce aihd bageetiel pairetiylamine,
sodiudi Ml:ar%ﬁa@eh o} ﬁoééé@ﬁin R&rbBRARG o taﬁﬁ&ﬁw lﬁxﬂl@{&g@of 0°C to 200°C.
al kyl am nés Such as anmoni a, ylamn
di met hyl am ne, and di et hyl am ne; arylan1nes such as
[Smpan%llne al kyl mer captans such as net hanet hi ol and
yl mer capt an; arylnerc%ftans such as thiophenol ;

or TB%SH%F §icB R pbigining campend (FEL by iradusing a sehstitient o position 2 of

b $y pafcknahg 2 RESRRRRIN & k 3 t
compuggﬂgfﬂf 36 corrpou%d (8a-2) na{t ﬁ%gtﬁg t?%)ee{ll ?r%gb%(g@?n%ngn&ﬁmound

(82-2)y¢ conmpound (8a), or at a weight ratio of 5 to 10
ti Cempbiat (3012) GopResuHIE §Btk fornflPREMEY (wREre {Nshd M! each

| a
Mdepggéflé}] rlfreﬁ:ﬁ(l)%éla?lﬁm %@%ﬂﬁé% y}glg ﬁlgcfﬁ%géls Qgceptagle if it is a compound that
may abt ﬁ&llh’hﬁle@)ﬁl[l@ lajeta rﬁethelpréseﬁeepa@%genc& oF BRBMSHOAEAE Bike, and specific

BSOS RS Sl T

benzybdhol; and alf&bbdilg 3&:%{@?{1}@ ﬂ@ihaiati@ylﬁlﬁgﬂ hl@lghﬁndsﬁ&ch as ammonia,
resen a ase | I.um roxi de Sodal
methyfmip, Hietylafine 28d distiamg: deemines el A A algimercaptans

such as astithanetay hod abetylmatq&m Lanylmafdapms such@e shiopheaddl; or others such as

: organﬂ%%%g%t eeBE?t y o %’Irﬁ] TEgee mgrgglicﬁ:rpn %a{gggfs pPr} Sssclals'le the use of

compound (8a-2) at I to 10 times the amount of compound (8a), or at a weight ratio of 5 to 10

times that of compound (8a), is preferred.
The reaction solvents that may be used include acetonitrile, N,N- dlmethylformarmde

_N—methylpylrohdone 1,4-dioxane, tetrahydrofuran, dimethoxyethane, methanol, and ethanol.

The reaction can be carried out in the presence or absence of a base, and when
performing the reaction in the presence of a base, lithium hydroxide, sodium hydroxide,
potassium hydroxide, lithium carbonate, sodium carbonate, potassium carbonate, cesivm
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:. lithiumbistrinmethylsilylam de, sodium

bi strimethylsilylam de, potassium

bi strinethylsilylanmde, triethylamne, and such naybe
used as the base. In this ca?g, the use of .1 to 10 )
times the anount of base relative to conpound (8a) is
preferred. The reaction can be perforned at a5
tenperature in the range of 0C to 150C. Conpound (9a)
can be obtained by reacting conmpound (8a), in the

carquamshtim&n b dedde, bodiogiliydode, @Seta&%lulﬁ&i}fdh&élbuﬁiﬂﬁﬁm rﬁ’ethylhﬂlimn,

AR T (G MO

methlytaannﬂgmaSucdﬁﬁamhﬁiu@Hmﬁie bagd. Sluahis chd?, theinse 6AB® 10 ﬁxh@s the
o B IS 3 ] 85) BTRN . HOTRRLRYabf B Rhtomed o

tempaammm the rdnge oRONE ¢b h‘ﬂfﬁyl f or mam de,
lid di t et d
o nerRer 9okt B oiafed b RS bt e T b bRpaoe of e

_ transﬂ;mh\nmal caEigahpichsas afpalidtiurmetialyst atitd oosipound (8448 in which M’ denotes

MaCh 1o SR BB Rt BB e b o e phay i such.  1n his case,

~ the usecedtlab S0 tandsdhe ymougné acepond (Bal2) aditiverto oompsurdh(8ay preferred.

b tiog] An BRI UL ARLASL N AAARRSHIO T Hf orane

or “suc e copper

- tetrahyfirafuga, dlmerlmtiwtbglet hresm}rmaytbeofsedrest the rezaatlexh jadvent.

rel}:}%}n f‘esto?thfegﬂpcgf{ﬁy?a&s% %? hid% aﬁ!lcﬁ{lﬁrd;aﬁgrsts N opFchiafils.

can pe-“carrie sence

Tetral@ﬁ@l@h@mﬁldmhlun@salﬂadgmdaalladmm apetatep dibehgylidbspétomepalladium, or
such ShPBE ﬂﬁ%lpz{% gﬁ@ﬁélfﬁﬁflﬁ‘ﬂ 529 G&Cand:o fsl?’rclgdﬁ@%r Qﬁ:hlfﬁééﬂbea&e& D€ the copper

or ganophos I gan vvhen ormng a reaction In
catalyshe Thieassene B.0dfto 3ringss gamapiiod pﬁmewé caalybt rglativle to compousd (8a) is
prefeﬂ(;-@@e the use of 1 to 5 tinmes the anmount of organic
nd relative to the nmetal catalyst is preferred.
Thed'he sxpstiomeanchencagiedyeut i thegesenca dfenmrganenbespberus ligand, and
e ion
ortho RS RRGEEpHHe, 8i r@ Fh&ﬁ@nm%cef&h .B‘E gn{cﬁlr%g,oxﬁge& seakl on

in"the "prese ,

organﬁglawsﬁmra%hgaqdwmmmﬁm@n in ﬂtemraﬁweﬁa@ﬁﬁ@rmg@oxnhowhoms
ligand® OQth s €AD@RRLEor PR 9%%9@6%@[&19{7@? éa.rﬁ@ 418 #Rtive to the metal

carbonate,” |'ithium hydride, sodiumhydride’ potassium

: Catalyﬁ%ﬁ %‘TECIeaI ci um phosphate, lithium

bi ghe teaBfidhydai eYetfhHE] in3RE TR ARE St LbJEREIW Shds¥ | AT AR

Qta%s%um bistri rrethyl si]ylamde, trjethylam ne, or
perforgipg, qen i the PaeSCReRofisehage, lithiany hyslsaxidh, sedipmpydroxide,

otassmﬁfh H.ﬂ&’)ﬁﬂieaﬁthm BABbAAE) soliRAP@EBHdfL pbtasshhﬁ chrdBiRe Absium -

SIS R I TNY DN

blstnrﬁé:hﬁlsﬂbkl&ﬁiﬁ)écﬁfdM%ish@h@(ﬁ lsﬂﬁhﬁlﬂieA oﬂa§s1litﬁ|bisﬁ\ﬁﬁ§th?fs§ﬂylarmde

' epr ot ecti.on. in he c ions for
triethy NG E PRy B8 LpebAs e hefo %rwtﬁ%?a&he H‘?‘éfgﬁ%‘%at a reaction
tempef&memlﬂﬁgaﬂg@dﬂmecnwsml ng group that 1is used, and

o%ﬁ gene & used for cleavage of %1:33}}" eavj n
MR SRR ?Omaé%%%\‘f‘ﬁa?‘&mc’v%% PREc é‘cRrP'ﬁ@ g group
such agt-bmqoxy&rlaortyi gmhpxsrcepmbdm wllogredmg deggiscobact R@garmgl theconditions

LT A TR R ¥ AR AT M—

- is used, and conditions generally used for cleavage of the leaving group can be used. For

example, when the protecting group is a t-butoxycarbonyl group, deprotection can be carried out

. "using an anhydrous methanol solution of hydrogen chloride, an anhydrous ethanol solution of
35 -

hydrogen chloride, an anhydrous dioxane solution of hydrogen chioride, trifluoroacetic acid, or

formic acid.
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‘[Step B3]

- 35 hydrogen chl oride, an anhydrous di oxane sol ution. of
hydrogen chloride, trifluoroacetic acid, or fornic
acid. 25 Production method B Cl Xt a Xt N~ XI 'N Xl
Ni N[Step BI] Ni N (Step 8%% N (Step 871 CIH G~ ~C
TzcC No ClH~ 1b(5a) 2h ' 4b 2b.2 Tzn Tt ' N~
xi N Xt [Step 847 N N CSteP B5] I N~O X2-U2 Cl~N
R-M RLINN 4b-2 5b Xz 56.2 Go X2 [Step B1l] 5. This
is a step for obtaining conpound (2b) by protecting
the amino group at position 9 of conpound (I b)
(conpouEd ba in Production nethod A). The introduction

Pro ~a protecting group can be perfornmed under
general Iy used conditions, dependi on the reagent
type used For the antno protectlhggﬁeagent a rea eﬁ%

nei‘ally used to nti‘oduce an amr %0 protecting™ ™ X
N se 4 pe[é i § aI IN ~ N [Step B3} | N
nethylpl lygE8. ~The uedeo
Z’F tinmes the annubﬂ of ot ctbmg reagentC
re1l ¥l ve to corrpour?d (1b) |£= prefefted. The reacti o
can be performed using acet®BRitrile,
N, N- di | formam de, N Ipyrrolidone
1, 4-di xaﬁ t et rahydrof ur nethoxyethane or such
as the 1 actx‘on sol vent, and tHE use of
U5 R g Nf or meldted®] i s pr 15 The reaction
A b Qf red T gghe PR of a base. Exanples

f.2 the base sed dwerein inclydeccesi um carbonate,
I'i t hi um &rbonate, sodi um carbonate, potassium 7
[Stepdi‘alr]bonate and sodi um hydride, and the use of sodium

di ,

(b ai T CERBE ol P Ed ae) B o st iR oA position

of coppetiel (18)i(comipeuudEein Rroduwiph engtierd Q). rrﬂﬁleaittr@ductmn reactton ofa
ar ef.e

protel FTSEE Harhebebifed R08F pRlerglibPo o gBiefaia cl reagens

; Wpewmdalnlng conpound (3b) by reacting conpound (2b) Wit h

%Epﬂlggn?ﬁgﬁro@c%g ac%%llltts%ée%g%gigtm'&eo (!%gurtrotd(t)tcé att]nogtretmo -

. protectmg group can be used, and specifically, chloromethylpwalate and such may be used.
‘The use of 1 to 2 times the amount of the protecting reagent relative to compound (1b) is

preferred.  The reaction can be performed using acetonitrile, N,N-dimethylformamide,
N-methylpyrrolidone, 1,4-dioxane, tetrahydrofuran, dimethoxyethane, or such as the reaction
solvent, and the use of N,N-dimethylformamide is preferred. ‘ _

The reaction can be performed in the presence of a base. Examples of the base used .
herein include cesium carbonate, lithium carbonate, sodium carbonate, potassium cat_bonate, and
sodium hydride, and the use of sodiurm hydride is preferred. Herein, the use of 1 to 5 times the
amount of the base relative to compound (1b) is i)referred. The reaction may be performed at a
temperature in the range of 0°C to 150°C, or preferably at room temperature;

[Step B2] : :
This is a step for obtaining compound (3b) by reacting compound (2b) with compound
(2b-2). Reaction conditions similar to those of Production method A [Step A6] can be used.

This is a step for obtaining compound (4b) by deprotecting the ammo protectmg group®
at posmon 9 of compound (3b) '



25 [Step 133] This is a step for obtaining conpound
(4b) by deprotecting the am no protecting group at
position 9 of conpound (3b). 26 The reaction
conditions differ depending ?ﬁ the protecting group
used, and for exanple, when e protecting group is a ~
pi val yl oxynet hyl group, the reaction can be carried
out in nethanol, or a m xed solution of nethanol and

-tetrahydrofuran, in the presence of a base such as

S O%H %a@ﬁ&ﬂ“t%ﬂd%ns%?@ér% c# HPthe ‘Bfotectmg grcrwrﬂ) used and for exﬁmple |

7 8-di azabi cycl o[ 5 ecene,
Whenuthe Brofesing @ieyn iod pw@lymymml gmupt e ceastioe cart brosanged oit in

; methdhol, k@ n%xéd é@@mﬁhﬁ' rﬁéfﬁéifbtl %E{ Akl Yé%encte%f a base such as

conpound referre Ste

sodmfrbqnetgg}png ﬁpﬁgﬂb@ﬁg@@ﬂy l(&-g)az@ycyql\q w@degene at a temperature in

5 the raﬁg@&' diCUBN oY@ t ii‘lechﬁ'?ibﬁho thekfle BF leo altirRQShd 5Buri oPthe base relative
mpound .(4b). by performng a substitution reaction

o COIBB?%?\ )ASRISSFE. (4b) and conpound (4b-2). Reaction
conditions simlar to those of Production nmethod A
[Sﬁep A5] may be used. [Step B5] 15 This is a step

[SmPﬁﬁ obt ai ni ng conpound (6b) by introducing a

s Ulrhisii§ sledh f@tobRasink icOMpeudf (5b% ByRAEL:LS Bsub¥ituent to the amino
Qr.m a subst.it eaction_ betweén conpound

|on
10 group(% B?Slﬁ?fblg g%?ﬁwamﬂld ((”5&3 erfoRpiE A RSLBNeR FREHR BTFFAgompound
(4b) m cbipsendqtb-2n odreddtien Cﬂﬁilﬁ@&ls sinflt 18 Bhodé of PRIRCt B @Ethod A [Step
A5 3@ cquound (2b-2) containing an am no group
I mayRedSthd with a protecting group such as a
' t - but oxycarbonyl group, is introduced in [Step B2],

st %g ep B5] is followed by 20 deprotection. Deprotection
[Ste ction conditions sinilar to those of Production

15 meThisds AstESt@pbtaidihg toypbend (Eeyby Riedudhi @ RubEtatatGokition 2 of

T2 T2b Ste N
comppi (Eﬁﬁ&zpﬁf@f@bﬂgc%ﬁub%m@@n (@eﬁ'oz MEE TN O
(5b-2)32 Rdei2tidN dvitdiNoMdsindifar td\hogCo2Rroduction 4eetieyd A F5tER A 77 a2 be used.
: "T2h,T2H T1 ' "N_ X1 'N X1 'N X1 X3a
 Co ViR Sompqpungl 2ot Sarsio @ el s g < ling goup
o such as a t-butoxycarbony! group, is introduced in {Step B2], [Step B5] is followed by
20 ~deprotection. Deprotection reaction conditions similar to those of Production method A [Step -

A7] may be used.

Productio_n method C-I _
& ©
'--..N.—-

N N°2 {Step C1] NO, [Step 621 )\/[Noz [Step €31 N#Z N2 [Step C4]
P ———— g N N O ——
N hlﬂ-i

T2b

1c -.._lr:{/ ' 2.;.2 . 4c P?
(= te-2 (/;;:) 1ﬂb .
. '--..N.-— " '--..N._—‘ ?(1 "'--N—" \N/
N7 NN (Step C5]. & N [Step C8] [Step C71
- IQ‘JI >=x33 . ‘i\ ! k \F e I >=X3a
A Xy N N X2
P2 5c-2 6c P2 Te-2

25 [Step C1]
' _Thisisa step for obtalmng compound (2c) by reacting 4, 6—dlchloro S-mtropyrumdme
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| ~ [Step &3

N N XL-J1 NNNN X2-Cz NN P2 5¢-2 6¢c P2 7c H 7c-2 6¢.
X2 5¢c 25 [Step ] This is a step for obtaining
compound (2c) by reacting -

4, 6-di chl oro-5-nitropyrindip g { 27 (1c) [CAS No.
4316 93-2] with compound (lc-2). Reaction conditions
simlar to those of Production nethod A [Step A6] may
be used. [Step C2] 5 This is a step for obtaining
conpound (3c) by reacting conmpound (2c) with amne °

(lo) (C2 . haeoaovin E&npﬁ@ﬂ@ﬁd-eﬂ '&{B'aB@orfgéchdﬁionlsﬁ?ﬁldﬁ 0 those of
, the anmount o am ne (2c-2
Prodtrcgoa&e%}ogﬁ éStepr.ﬁé? Eﬁﬁi conditions are not -

particularly Ilmted, and the reaction can be

- [StepQ,ez:]for”Ed by mixing conmpound (2c) and compound (2c-2)

h or without a sol vent such as 10

N, Nhiki isetstey| fooobtainingeomponsd () by teaotihglanepoundt B vth amine

B AL e VLR T R T p—

' aminea@.th)iifedds;thblm ne, SOdI um bi carbonate or potassium

8@9 P%%ﬁml @t&:ﬁ'ﬁ éfg%ﬁoqt Ild.éu%giagly ha egi?m%g'ihg reacg ol Qan be perfonned

| by m:e;mgpmmp@u(uﬂ@c) byd eqdpmindd2¢-Bewith br mtgnmmodﬁenc sm:basl nd

N,N- {ﬁ%lhplfgﬁﬁgﬁlgﬁgfg'rrﬁ@glﬁgﬁgﬁ% gj?,alpgt?:[gn& oLy Itl'dcﬁ Y o%hé’ asetonitile,

. toluenge of xylensd and inife prasextcglor ebseateyafia hasd emchlmdng@eimnme sodlum -

bicarttniRS rtﬁﬁ% a‘:a'}btgd?fe, %\’é? ﬁegrﬂ)%f‘at&g tuﬁtat%agﬁége 3 oPRSo i Sfec.

anouht o azine.
N, N- di net hyl f or mam de, tetrahydrofuran, 20
- di met hoxyet hane, 1, 4-di oxane, water, and m xed
sofvents thereof nay be used as the solvent

Palbiads & Atep soiodainipl spmpowdoiéic ey reBuriog the ice lgrouprof compound
(3c). such may. be used as the netal catalyst. Use of the

nmetal catalyst at a mass ratio of 0.5 to 20% rel ative

t o Thorageligrcqngitions greyias patticularly limitedy aicfior example casalytic reduction
can beggérf&h@ QS]ﬁ% a%étﬁrﬂ%?ﬂﬁ& Hﬁ@er 'thfoB@n éﬁﬂ)@@né}é PG the BI]CQQJGC of2t03

his is or conver

times (g pnquet B BN NigBmol TR0 AN Gmegi NS, Bhehydrofuran,

1,2~ dlﬁﬁihoﬂ?éthérféuh ALdiYxdreMvhRH an@BixddQ1VRRGhLRH A& bP8sed as the solvent.

perfornmed_ "in a sal vent 'such as acetonitrile

 Palladiigy FARGBRIHUREROXIdE Harey nickel pRFiSh may be used s fhe metal catalyst.

Use of Bk w@Ag acaﬁ[yst ¥ 1B ratidlof NS 1P @R EAGRYOH c%}fh?}ﬁ[}.ﬁ@ (3?:5 1533referred
base su as,triethylam ne, sodium bicarhb onate

The r%‘%ﬂé’sfépfhnpeﬁfp%%%té teTRPETIRE 1 therange of AT Gy 20°C

carbonat e, carbonyl diim dazol e, triphosgene,
[Step C4] | |
This is a step for converting compound (4c) into compound (5c).
The reaction conditions are not particularly limited, and the reaction can be performed
ina solvent such as acétom'trile, tetrahydrofuran, ethanol, methanol, 1,4-dioxane, toluene, or

-xylene, in the presence or absence of a base such as triethylamine, sodium bicarbonate, or
- potassium carbonate, with N,N’-disuccinimidyl carbonate, carbonyldiimidazole, triphosgene,

thiocarbonyldiimidazele, and such, at a temperature in the range of 0°C to 150°C. The use of 1
to 10 times the amount of N,N’~disuccinimidyl carbonate is preferred.

“[Step C5]

This is a step for obtaining compound (6¢) by performing a substitution reaction
between compound (5¢) and compound (S¢-2) to introduce a substituent to the amino group at
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t hi ocar bonyl di i m-dazol e, and such, at a tenperature in
the range of 0C to 150C. The use of 1 to 10 tines the
amount of N, N -di succinimdyl carbonate. is preferred.
[Step C5] 35 This is a step § ?r obt ai ni ng conpound
(6c) by performng a substitution reaction between
conpound (5c) and conpound (5c-2) to introduce a
substituent to the am no group at 28 position 7 of
conmpound (5c). Reaction conditions simlar to those of

gmﬂﬁhddﬁ&bﬁ@ﬁmﬂ?@hpd A [Step Al] can be used. [Step C5]
iS.iIS a obt ai n onpo (,7¢
” eRROTIRG SSROTEBE PG oipeer L3rEHBS T KHe b Lbgan be used.
p05|t|on 9 of conmpound (6¢). The reaction conditions

[Step %%gd di ffer depending on the protecting group used,
for exanple, when the protecting group is a

cy dinireits Ia)&tepd‘bowlaminlgeom@ﬂ‘m@ﬂﬁd) B)’ﬂfbnéhﬁ'@ﬂbzﬁteﬁﬂﬁlg bfdup P on the
ano

i on of and

ed
amm?%opgﬁya?sgfcm@ﬂﬂ X S‘g (%ét ion of a base such as 10
s odiha meavidh conditbors isebdiffanddpgading en tied pratetﬁﬁgogbap ugel and for

150G, h
examhfé %b{h[% '}g&e&[rﬁ eg?o&%la y%l}oehﬁré tg:[)og% eth(F: gﬁ%‘??‘{f@e ciaa%e o%tamed in
meﬂla;mhm amaix¢dsyluticn cpﬁmétlﬂrroédnd tefr&heivofrdn, Bhils dcomoBa base such as

st B D1 SRR LPELBE ALTUA e . mess

case, therse oftl tq Y& tidps the amotnefitbe baseselbsvd towentpotund (Sepis preferred.

am no group at position 9 of conpound (7c). Reaction
.conditions simlar to those of Production nethod A

[Step(Blep AS] can be used. Wen conpound (1 c-2),
co I n .
o430, 0 G815, G URE L) AR P e
behNepn CPISP@pldCﬂ'/P) arfdSwgpotH (Fes)fto intmdoce byutBGtuent to the amino group at

. posmgt?? I ﬁt: %L?ﬁ Fg'?gg PRAL &G ¢ %H%llhgﬁac glm%l{ﬂ: Footﬂ%ﬁ df%g’d’%hgﬁ In?etthod A

ucti on

"[Smpﬁékgmlh&wﬁ@ctlon method CG-2 "Nz, Tzh Tzc Tzb Tt

N ep%“@ﬂ{%n@% L2 o bR, ﬁﬁ%%ﬂ#\' group

such agja txbutogspaony) expusk-isNairaduged de[Sep GOk [Step CTtisxpllawed ke _
dcpro%@tlorﬂ:z%%rét%&lon reaction conditions similar to those of Production method A [Step

A7] may be used.

Production method C-2

2b -
T () ()

I\Jj:Noz[Step C8] NJINOz [Step €9] NJINHE [Step Cw}Nﬁ: (Step C11] NJjE >=
8]
Xz-NH .
2c . 10c xZ 1ic xZ . 12¢-2 13c
[Step C8]

This is a step for‘obtahﬁng compound (10c) by reacting compound (2c) with amine (9c).
In this case, the use of 1 to 10 times the amount of amine (9¢) is desirable.
The reaction conditions are not particularly limited, and conditions similar to those of

“Production method C-1 [Step C2] may be used.

[Step C9]



10

.15

20

25

‘ [Step D2}

25 [Step C8] ‘This is a step for obtaining conpound (1
Cc) by reacting conpound (2c) with amne (9¢). In
this case, the use of Ito 10 tinmes the anmount of am ne
(9c) is desirable. The reacthgn conditions are not
particularly limted, and conditions simlar to those
of Production net hod C1l [Step C2] may be used. 30
[Step C9] 29 - This is a step for obtaining conpound
~ (1 ic) by reducing the nitro group of conpound (1Cc).
Re élﬂt{é BA sepridr shtainmgiorgoand (1d c) bpssducihg Beadté grap of compound

Ctoc) SR prt B Aot e ERHES e i b Cefbe wed

(12c). Reaction conditions simlar to those of
[SWP$%R§UCtion method C [Step C4] may be used. [Step O]
is a step for obtaining conpound (13c) by '
perfhoy iiarstgpdosedastiting tebmpoushd b)omold}chetlme{ 2« onReattidn

' cond{tl%%% %%mﬁggtoctﬁgggoolf'@goélﬂlﬁgn g?e i (IJ g efﬁgga i bsdt( ']_tzg)ent

am no group |on
Reaction conditions simlar to those of Production
[Stepr@llmool A [Step AI] may be used. When T2b contains an
0 group protected by a protecting group such as a
t - Dot potep lf@ﬁ‘@htmgmu:pmpp&épmc)m}] pérforingld oswdtibygion reaction

betwé%ﬁ@'oﬁlg)gﬁxﬁd 8.2?? agﬁQ:ro HpRGhd Pl %2& r%iet%ﬂuc I Lﬁyg{’filﬁﬁf tg@l‘?e amino group at

J

roducti
positiga 7 edmppimsidl z@m 0 Reﬁ@tdmn{iltmzbsmzbr trothoseq) P[r@ﬂ@pomn}ethod A

I NIN\\T NI N\ [Step 021 1 N\ [Ste
[Step&nkldy dé@ YNNyNYNHX[ZUZDYNNZYN[NHpH
ommga@@nmmoumtmm by, a prpfsting gooup'sheh g
t—butc[x?t:@r@otgﬁ]gdﬂpns%f[ & ﬁﬂs ov%d'%&ldek:ﬁ)técﬁon OlDlﬂ}bllote]Eltlon re'ﬁ'ctlon

UlL"Y N

| _conditions similar to those of Production method A [Step A7] may be used.

Productidn method D
TZb
[Step D'l] "--.N/ —p—
Step D2 Step D3] N
/k e L ’H:>rp i'\>—Hal
.‘--.N_»- N f'{
74
1d-2 2d-2 d X
Teb TZb T
[Step D4l N& N (Step D5} NZ N {Step D6] N N '
—— I A0 e A L
x1-u! YN N R-M"  RI"N7N
Ed x 54-2 sg X 6d-2 7d X2
[Step D1]

This is a step for obtaining compound (2d) by reacting compound (1d) with compound
(1d-2).- Reaction conditions similar to those of Production method A [Step A6] may be used.

Thisisa step for obtaining compound (3d) by performing a subst1tut10n reaction
between compound (2d) and compound (2d-2) to introduce a substituent to the amino group at

position 9 of compound (2d). Reaction conditions similar to. those of Production method A
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5d X:5d-2"fid 6d-2 7d k [Step D] 20 This is a step
for obtaining conmpound (2d) by reacting conpound (Id)
wi'th conpound (1d-2). Reaction conditions simlar to
those of Production nethod A3 Step A6] maybe used.
[Step D2] This is a step for “obtaining conmpound (3d)
- by performng a substitution reaction 25 between
compound (2d) and conpound (2d-2) to introduce a
substituent to the am no group at position 9 of

- [Step@BTRay Kt s@d) . Reaction conditions sinmilar.to. those

of "Production nethod A 30 - [Step A5] maybe used.
[Step D3] This is a step for obtaining conmpound (4d)
[Stepdy3)r eacti ng conpound (3d) with a 5 hal ogenation
tion conditions simlar to those of

reagent. Re .
Pr OO HPrEY PFEIRE corHe upG {4d) b yeasting sarpondi(d) with a
halogthatoni Bagkntt eakBén QdHdaidhs REniGe P Mo BEdud®bn method A [Step A2]

: may@/dreﬁl ysis of conpound (4d). Reaction 10 conditions

ar to those of Production nmethod A [Step A41 may
be used. [Step D5] This is a step for obtaining
gt g[%ﬁpound (6d) by introducing a substituent to the
[StepIilno  group at position 7 of conpound (5d). Reaction

c oritis is @3EpIbidbtaihidgaohtpoasd (Fd) By dgdelysios cdmporid@d). A Reaction

cond St Bt B G o kR A B b dhn oo

.introduced at position 2 of conpound (6d). This is a
[Ste uﬁp for obtaining conmpound (7d) by perform ng a 20
P stitution reaction between conpound (6d) and
cofpixind stef de2)bthiaingrbmpdune(6d) by hatddiciagt sabstituent to the amino

s s Y T G e

methoth hRtepad imaywberused.i s a hydrogen atom this step is
omtted. In [Step D1], when conpound (Ild-2) containing
an amno group protected by a protecting group such

[Step&@6la t - but oxycar bonyl group is introduced, [Step D6]

i's I .on.. r ot [ | ; '
contite D uldeen ZrO\RAEh BCL LB BRHEH SEb Rk 5AE Bllocuced
positipsE e comFundegdhe Tseid a sRpdiiuchthimmgnminpoand (Bl by petforming a
substitution reaction between compound (6d) and compound (6d-2) to introduce a substituent at
position 2 of compound (6d). Reaction conditions similar to those of Production method A ~

- [Step A7] may be used. When Y is a hydrogen atom, this step is omitted.

In [Step D1], when compound (1d-2) containing an amine group protected by a |

- protecting group such as a t-butoxycarbonyl group is introduced, [Step D6] is followed by
* deprotection. Deprotection reaction conditions similar to those of Production method A [Step

AT7] may be used.

Production method E
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N NOz - [Step ElIl Na O2 [Step E2] O NH [Step E31 " N/
N2I1/ O N Nie2e H3e H4e T1 [Step E4] X- U 1
TMEOXt 7:' E61 ESN "o/ N/ N NB8e X2 N 7e k2 X2-U2
6e k 5e 7e-2 H6e-2 [Step EE This is a step for

obt ai ni ng conmpound (2e) by réacting :
4- et hoxy-3-nitropyridine hydrochloride (I e) [CAS No.

94602-04-7] with allylam ne. In this case, the use of
1to20 5 tinmes the anount of allylamne relative to
conmpound (1le) is preferred. The reaction can be :
perfornmed at a tenperature in thg range of 20C t gl 9y
150 t hapol , et hanol er,Cbr a m xed oIv nt

N C@Q?Nﬁﬁﬁeﬁe. Qght%ew?éact on 1ge) é? £ N
[E2]l 10 TATS T8 E sﬂep f o —obralni n conﬁﬁ“ﬁd*r >:O

bjeﬁ?rng conp ﬂZE)ffb re C orlnatlon

1eTin salts such?8s t|H chl ori déemay di/aégﬁ adet he \‘\\
reducing agent. In this case, the use of 4 to 20 ] >

(/gfﬁgs the amount of reducing agent rel ative tt¥es E4 X“U
conpound (2e) is preferred. Concentrated hydrochl rlc

5 d )é1an kfﬁ uhs]?d aé:lthggfgsltt?\g)cre% | The rg(a |on ca e )(1

r f.ar med ot 151t e n he
e

N _
150C. M=% 'S rgl n un 0
: NI nt 0 /Cyeb) C 21% Reac | tions %:
Sgdm 3@ t e o ePr UC 2032 met [Step C4] 5gay
be used.729 H St ep EA] s Es2a step f r obtai ni ng

conmpound (5e) by reacting conpound (4e) with conpound
(4e-2). Reaction conditions simlar to those of :
[Stepﬁrlé)ducti on rret hod A [Step Al] maybe used. 25 [Step

Oy e T ol g PP :PB1 AL, SRIROUIT Rl

hydrocglonde (1e) [CAS No. 94602-04-7] with allylamine. In this case, the use of 1 to 20

. times the amount of allylamine relative to compound (le) is preferred.

The reaction can be performed at a temperature in the range of 20°C to 150°C.

Methanol, ethanol, water, or a mixed solvent thereof may be used as the reaction solvent.

[Step E2]
This is a step for obtaining compound (3¢) by subjecting compound (26) to reductive

‘chlorination.
Tin salts such as tin chloride may. be used as the reducing agent. In this case, the use

of 4 to 20 times the amount of reducing agent relative to compound (2€) is preferred.

“Concentrated hydrochloric acid can be used as the solvent, The reaction can be perforrﬁed ata

temperature in the range of 20°C to 150°C.

[Step E3]
This is a step for converting compound (3e) into cyclic urea (4e). . Reaction conditions

similar to those of Production method C [Step C4] may be used.

[Step BA]
This is a step for obtaining compound (5¢) by reacting compound (4¢) with compound

'(4e-2). Reaction conditions similar to those of Production method A [Step Al] may be used.

[Step ES]



-The reaction conditions are not particularly linmted,
and conpound (6e) can be obtained by the action of
‘osmic acid and sodi um periodate in a solvent such as
tetrahydrofuran, 5 1,4-dioxagz, 1, 2- di et hoxyet hane,
or water at 20C to 100C. [Stép E6] This is a step for~
obt ai ni ng.conpound (7e) by reacting conpound (6e) wth
(6e-2) to introduce a substituent to the am no group
at position 1 of conpound. (6e). Reaction conditions _ :
70 ei il ¢ : y .
Ty i ek o R onlfeRRU ) 7 B tag MR of compound
(Sﬂ-conpound (8e) by reacting conpound (7e) with compound _
( 7 et reacl8R 65 dHMrE ARIh St RART LS 05 ined -
. . Productjon, nethod A [Stepkgéf# 1§ﬁ%%£8%£d. i@ﬁﬁﬁﬂcaanObmumd
- by the agtign qf ppmic geadhandeduamBeriodalen ageheal wchas tetrahydrafran,
5 1,4-dibxesd) 1 aheelRdetncd oPhaleP el IPE @O SUch as a
t - but oxycar bonyl group, is introduced, [Step E7] is
foll owed by fF deprotection. Deprotection reaction
[Smpqgnditions simlar to those of Production nethod A

N e i 8515p g bR e SR 7o b e sl ) i (e-2) o

 introdé3e.a s@bstind8KRtoNhX@mMol droviRatidRitiod 1 dt c%f;;zblnﬁf '\gc’)’é))?.(l E%cﬁg(rﬂl-conditions

10 similge oot BB mhed 3 Tyep AT s isg

'F61 Ni | N~X3a
[Step FS] N ~X3a N\ N NT2b N2 X2 X X R2a X2 Br of
6f H5f 51-2 Step FI] This is a step for
[StepiggJ [ p Fl] p

ai ni ng conpound (2f) by reacting conpound (if) with
coffhixind sted For(dtitaiRing cd@oteh(Be) breaaind@®ngRhe (T aviti compound
(7(3—2)‘?l tlfcggggnaéo%ﬁﬁioing sithFar anﬂi%ge &f Pl%gl%t]].:o?l n%e%lgo% A [Step A6] may be used. |

15 - In [Step E7], when compound (7e-2) containing an amino group protected by a .
protecting group such as a t—butoXycarbonyl group, is introduced, [Step E?]‘is followed by |
‘deprotection.  Deprotection reactidn conditions similar to those of Production method A [Step

A7} may be used.

) -20 Production method F

- ¢ a
NO ;
»@ 2 fstep FI1 N NyNO2 [step P2l oM [Step RIS N)=x3a
Ao T Lz N _ L~ W Ay
1f X-NHp o2 H s 45 X
2 : ' -
o , : , x'-u! [Step F4]
~ N N
N~ l N>=X3a [Step F7] N= , >=X35 [Step F6] lsi/l\l[n>=xaa [Step FS] h@: >=X33
Rz X2 | g X R S N S
8f 7r | & H 5¢ :
5.2
- [Step FI]

: . This is a step for obtaining compound (2f) by reacting compound (1£) with compound
25 (1£2). ' '
o The reaction can be performed at a temperature in the range of 20°C to 150°C. . -
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20

25

 [Step F7]

30

35

33 - Methanol, ethanol, water, a m xed sol vent

t hereof, or such may be used as the reaction solvent.
In this case, the use of 5 to 100 times the anmpount of
conpound (1f-2) relative to 9npound (if) is
preferred. 5 [Step F2] This i's a step for obtaining
conpound (3f) by subjecting conmpound (2f) to reductive
chl orination. Reaction conditions simlar to those of
Production nmethod E [Step E2] may be wused. 10 [Step

MethErﬁil eﬂm;;@l lvs&te% Steped RIveaPM¥RbE, of gm@l%msmeﬁ%& lhe' reac@lon solvent.
on n@ﬁactlg condi tions simlar to
thig pasgy fo f webuteifomafg/ﬂ@élﬁgwlat{vsﬁ%ompound (19
1Spﬁﬁﬁﬂﬂ5 ThIS is a step for obtaining conpound (5f) by
i ntroducing a substituent to the amno group at

position 3 of conpound (4f). Reaction conditions
[Step$12f]ﬁ lar to those of Production nethod A[Step Al] may

R e R T P

_ chlon(u5ﬁerﬁ) ReRertat dopditheon dintil 2 06 thokd bl BbdidBioh RegoDE [Stﬁ% ]E2] may be

dProductl on nethod A [Step A6] maybe used. [Step
This is a step for obtaining conmpound (7f) by reacting
a hal ogenation reagent with 25 conpound (6f). Reaction
[Step?gfdi tions simlar to those of Production nethod A '
ep A2] may be wused. [Step 177] This is a step for
obflaisns agtep trpoundti@f tympyurde@htintogompound @dphiRdaction conditions

s 3¢ Bt o RRTBINE (e B B BEESTTS ©L

or such can be used as the nucleophlllc agent, and the
[Smpﬁﬁf of 1 to 3 tinmes the anmount of nucl eophilic agent
ative to conmpound (7f) is preferred. Cesium
calbsnai gepin cbtepingmympeunds@f) tysintrbduchasesubatitientte the amino

grouplﬁ? ﬁ,psq{mIJ 3 %g?ciinﬁdlﬁﬁ bgfgg%ﬁ%ﬁ %{%B%x%%%rg{lgﬁ g{i&éﬁé E?oductlon

-methqgloﬁgb‘a‘etcpf&l])mahb@maﬁe and 35

2,2,6,6-tetranet hyl - 3, 5- hept adi one may be used as the
catalyst, and the use of 0.001 to 0.2 tines the
[Step Edbunt of each is preferred. 1-nethyl-2-pyrrolidone,

R e g

(5£-2)¢ aﬁg@hgﬂ comtitiens simgeqo those of Productmn method A [Step A6] may be used.

[Step F6]
This is a step for obtalmng compound (7f) by reacting a halogenation reagent w1t]1

rcompound (61) Reaction conditions similar to those of Production method A [Step A2] may be

used.

* This is a step for obtaining compound (8f) by reacting a nucleophilic agent with
compound (7f) in the presence of a catalyst and a base.

* Derivatives of phenol or aniline or such can be used as the nucleophilic agent, and the -
use of 1 to 3 times the amount of nucleophilic agent relative to compound (7£) is preferred.
Cesium carbonate and such may be used as the base, and the use of 1 to 3 times the amount of

“base relative to compound (7f) is preferred. A copper catalyst such as copper (I) chloride, and

2,2,6,6-tetramethyl-3,5-heptadione may be used as the catalyst, and the use of 0.001 to 0.2 times

- the amount of each is preferred. 1-methyl-2-pyrrolidone, N,N—dimeﬂlylfonnamide, and such
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In [Step F5], when conpound (5f-2) that contains an

am no group protected by a protecting group such as a

t - but oxycar bonyl group, is introduced, [Step F7] is

foll owed by 5 deprotection. protection reaction

conditions simlar to those Producti on nmethod A

[Step A71 may be used. The nethods indicated above

are representative nethods for producing conpound (1)

of the present invention. The starting conpounds and
may ¥éide@ US tHeGRA{T SolventO© THS 8hclith tREdTRIALHEd infhe toe of 20°C to

-RAroduci ng conpounds of the present invention may be
150°gal ts or hydr at es, or sol vates dependi ng on the types.

of 1§{Sep Fﬁmh%bh@bﬁnd &eby 8at Sodtndsn éiﬁﬁlg’grgﬁrﬁﬁrkl&@ted by a

and are not limted as_long as they do not™ I nhibit
Protegling graup 5oy 78 2 o bend Erap; isdptraduced,d Stepded ifoeved by
deprd¥étibhe DYp@fectibh rétk@dd ERRitHATBRUNES thoSASEItbaudtonMethod A [Step
‘ used, or such; and are not limted as |long as they do
ATl Hgtbe usitli bi ¢ the reactions and dissol ve starting

materials to sone extent. When a conpound (I) of 15

th resent .invention i s obtained in ree far it

cartha dndigate 3bqvs ﬁ?ﬁeﬁ??‘i’eéff?éﬁm"ﬁé%lﬁg%i’ fpppraduging porgpound (T) of
the pleysht aiventio)i CThean@tipPesthd @S MdParilus kd¥@ents to be used in the methods
forpraﬁove- rréentl oned &o. oun §I . Wien co o&g%ﬁé}l ) of 1t he

SPERL FOmRRARAE P S{PLeSGRYAYSREEN i Pesalts Oy dRse SF eolvates
depersiitgiorathe pyped of btafthip fete08) w6lveRE td¥e se@OnVRIBE | @A ake not limited as

ton R0 A Byl LSS Bl ARV descl Ded comannt

of startfngtdoenporadse ndagemty enbd wad (drauclg xadptetnot ligé@dRE tdng as they do not
. 1.4 SONBrS., enant.d oner ue to asymetric car s
il 3T EkcHon® RRLH BT St mifha R o ¢ ke compound () of
the prpsemt ﬁuiveﬂimfid \:hb_mﬁirfﬂpiﬁdlﬂmg foryiitccah bﬁela?f_serfedybyi coab@itionsl methods toa
es, .of -whic ude..recrystallization - '
salt of e, Which prtigestolelprmeial e Ak duionéT comsund B,
an Whﬁiardompsunat (1) ofrhik: @g&sﬁmﬁh@anrieﬁ Emﬂﬁaiﬁéd)ﬁs a ﬁltaihfﬂiydrate, such a
' r,omat ogr e r gmat a 5.
poa L R A LT B0 PIRLOBL OB e
compoungdght i on, salts thereof, or hydrates thereof, can be
fo d i i.enal  ne ds..nto tabl ets
OB o SRS b A el LB al Wi Sheh i Blcon orexcample,
geomeitip $0less, esgntippeyrs diadohegnmetmivaladns,, rogsuEe Steranisoasys, and

. . I . . . . . ) . . :
o5 900 R0 945 BT o, P8 o i o
- recrystablizatipat disstercomer 138 nacthidsy ety ueitrge 3@ prptipu,ainddiations ng

. : | .

B85 KO i WAL 0 LG 15 By

amigﬁ@@%ﬁ@%¢$@@@ﬁts, surfactants, pH nodul ators, _
R T

S 1 ngr
'fOWUBFEé&afrC@pwmnab@@ﬂlaah@m Bbletnpewdiramartioks; Boayles, coplgf] tablets,
qapsul@éé ﬁgﬂﬂb?, rcRResD itlal 4t PRk B 1Es GRbc RGP hRAHHERS e?¥ ointmgnts, eye

c i.ni'ng a_conpound "of the present | nvention, or

 drops, PRz Arapsier deapsycribemplosions etal Suelh Eraviations ean be achieved using

typicaldiludhl Rfents bidded lubrRBsts! doldr@Qy ARBring aPid€ @hd if required, stabilizers,

] |S|q)e%¥?tbg%5agent, | ubricant, colofant, flavoring :
em“lslgﬁ’@n% SopelagiRes, Saertansy. phl medweorhBreneretives, Jatiogidants, etc., and
materifl® W68 mSnl el %g {1fPadidt 2Bt RSmadealt 8 pepatfRhe Sodofithelos

capsul es, . or . . .
_ conventlogal metlslods. - For example, an oral preparation can be produced by combining a
‘compound of the present invention, or a pharmaceutically acceptable salt thereof, with a diluting

agent, and if required, a binder, disintegrating agent, lubricant, colorant, flavoring agent, or such,
and formulating the mixture into powders, particles, granules, tablets, coated tablets, capsules, or
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 surfactgSis GRS E Sl o B a Seq i g o

‘and puexaatet.e thhlenmtre,a&mbmal@g@aﬁﬂoas of tt®, préSefEihatntidinlcan contain, as

the like, according to conventional nethods. Exanples
of the materials include, for exanple, aninmal and
vegetabl e oils such as soya bean oil, beef tallow and
synthetic glyceride;. hydrocggbons such as liquid
paraffin, squalane, and solid paraffin; ester olls
such as octyl dodecyl nyristate and isopropyl

nmyri state; higher alcohols such as cetostearyl al coho
and behenyl 5 alcohol; silicon resins; silicone oils;

the hkegrafcétstirﬂﬁ;@tt? c?x%whu@@é ﬂﬁﬁ%(ﬂﬁy eEﬁﬂl}ﬁBf—‘cl)ff tfﬁ& %ét@ﬁlsq%ﬁﬁtﬁef ffor example,
ita a cid e erol fatty acid es
enimn o0 Bl P el S e Al Feb Bl v by e glyende
hydrm{boaxymihll;mllﬁlﬁ&l ﬁbyz?i:ﬁﬂ,g@{ﬁﬂh@@ aﬁ@%@lﬁ aﬁﬁﬁﬂn ahet oﬂs such as octyldodecyl
0] axX ne ocC COo-p
wyrifile $54 LGty R e e i aik b S ciestaniil 2eel g ebeny

' alcohphlsyltcaﬂ traslinisg sidlcorst, oﬂspﬁﬁ'ﬁwmlsﬁ&ﬁ aipﬂlymthypﬁh YatywelEser, sorbitan

I I d 1 ul
sty i en gBREb B B ot 2 DB ot i e 5R Sk
polyqxyttylete hegdrapemted| c&astsﬂ@ﬂn aad p@ly}bﬁﬁtﬁﬂcn@pdlp@bly@?@yiene block

|
ST TN O
carboammgl} mupmer, polgethylane dlycotppelesinyipyablidone, andikihghdedluliose; lower

alcohaﬁcg ?lé : nc%ﬁ{gg}%& s‘fi@'t g ﬁ,plgoéfﬁ’l}irdgl& ctsoglfrﬂs 698% [gsi'l é}iyg%?l, propylene glycol, _

dlpmmﬂﬁn@g]ye@amd sg»thltﬂd);ssagamamh atscglucoss ambsttcnmp, moggamalpowder such as

anhycﬁ‘gllé :H|18§ gcxdalﬂ V%Il%l 1&%@&11%1@{( quat oqny\” ny | nCl lyca?c* AL Burle water,

Dllut@elalggmtss@ udet fw bxmlb Jhdse, cguustaacty ihite stxga@ucme,hnmtol

sorbn%F g?%slt(@ B?lg.g(% silln%Dﬁ 8}5%&3{ O@%demﬁéwd ?o ek%&% polyvinyl alcohol,

polyvmlyﬁxen ;m}qﬂe)ﬁ@ell@bgﬁcaﬂhykﬁﬂllthy,@hymha mgmkm gelatin, shellac, -

hydroﬁgg{bggyﬂ%gl @cﬂglxogg %y%@fx‘opﬂq@e‘ﬂﬂb@g rp% g)é‘)l?&lﬁﬂ'?&fd% e rpolypropylene
glycot-pyléfﬂWdthuﬁ@nedéNMOogéyrn@amd uunghlanb@ ndbisintegpatingragents include, for

cam IO RS ST SR B R

--blcarbqtiléteu@?écmmmﬂr@%ai@m Pertignay] ealsivmearboxgmethal egllulose.  Lubricants
: mcludéofdf%k&ﬁgl% nﬁa@i{e\éﬁrﬁl steathte] QR Pé‘lggthg% %g@ﬁlagﬁg% alnd hydrogenated

veget ab orants |nc eufic
Veget%-‘&% aibt a@Pléraéléﬂ lafshiﬁ% Bharmaaﬁv@pﬁlﬂﬁga%gﬁtﬂblg colomaitud l@m agents

mcludéQ:\bﬂ&{ POWRER &%Pﬁérﬁﬁnﬁﬁﬁﬂﬁh&r a:o?ﬁﬁ@%hﬁeﬂomEﬁmmt oil, 3orneo camphor,

pern1nt ol Bor neo canphor and _ci
and C“F%‘P%‘i RO gfahiels aad mrapulsemay Be sgated Mth§ug%rf or Qsher apprOPrlate

~ coatin! Bﬁ{b@rﬁﬁa@ﬁrrb@h&d C8aftibES sl hs @fm%?e o epar at ROpH:$R8ons can be

ol thﬂS sSucC as Ssyrups Ol‘ln ec | ons
form Prcomb WMO&P@W& %msmtﬁgve@t@wm@%‘@ﬂy acceptable’

salt therees &ith apmmdumfor ®%oldbiR PRk AB&R Ui @ﬂohl\ﬁmwﬂt 8P4Rh, and if
a, pH nodul at 1”1 zi_ng

|t t h
reqmrgg 7 e Bcﬂpglpﬁ]&g AgeH 2 stglpl?lggcp,r t%gll; ,,af:cordmg to conventional
method€q UME&ldds Bor tpbodRiBing W iekiedal pScplatilbioh iadd Mt 1iddRA] anduch preparations

[ or .the like or, t 0. convent | ona
can berPéP?? Q%Y FREY3ESD &e%dugp?fgg%fﬁ SYATIONS Fjat eﬁ&ﬂkﬁ&?l&#ﬂwed for
produding plikﬁhabeuﬁlcﬁle Cquaginthugs) ﬁchsnl&fti%@ &fn&tsuﬁﬂ&m ARe®es base materials for

M R G NG T

vegetabhanhmemtal ©dlk,%stef] uﬂs rwwtw Gi$ghe€ Rle BBl IBtty adids, SilieBnCails,

{ernal Lﬁ) m'” grtnelf%gaay minerals,

R I T T

 agents, prdoyifisrdud substhnaboits, Batthis-does ndtl inip ety of bast Aikterials that are to

m nerals, and pure water. Furthernore, external
preparations of the present invention can contain, as
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acid salt
lay ) _
| 7-(2-Butynyl)-3-methyl-3,7-dihydropurine-2,6-dione

35 required, pH nodul ators, antioxidants,

chel ati ng, agents, anti bacterial/antifungal agents,
coloring agents, odoriferous substances, etc. But
this - does not limt the type,of base materials that
are to 36 be used in externg preparati ons of the
present invention. |If required, the preparations may
contain differentiation inducers, blood flow inproving
agents, antimcrobial agents, antiphlogistics, cel

be useé i éé@érﬁﬂ%)reﬁélrétﬁ‘ﬂ's 4} 3 theeiﬂés@ Bt @GéHDn. NWBGHARL fhe preparations may
ker]%‘t(dg tlc a ents, etc, The anmount of base materials

contaiy iRpeinieces iplpoddipwhinaproming agents ertiRrP Al 2esRge

antlphﬁagﬁtlfzﬁ Eeiﬁa@m# 'vﬁﬂmtﬂépé:ﬁﬁllo Rt ShAdctaREL E@:ﬁﬁﬁﬁfb"h%ents etc. The
the present |Invention, or a salt

a conp
amoynf, @E sk maqugﬁqmaéwe ivrsiestpd wihin g sensrnireeEnge Heed for
proddc g pRhl dktéRilRRachiiye not |imted and a conpound can

be ven oral | ]farenterally by a onv nti gnal i

‘EP a mpwﬁﬁ% the PreseRbINERIHEL: O5H S > B §$¥¢ré%? thereofis

adm@steﬂﬁs ﬂ@eforme dh andfaipoﬁﬁd @retrﬁ:@ :hﬁhtted ReNd %mp&!irﬁl Win@e given orally or
ru | al an upposi
pareef R b SR T AT, o o Sk, S BBOSh 5 b dpinisered s o

dosagbr fofm sedy asdy t@lﬁlet p@wﬂhﬁ Qﬂanﬁlﬁdcdp@ﬁlb Ofyrup] kBcl &Qlalaﬂf sBppository,
resent . i nvention ca

t
ey BELERY o5 GHPICRh 675 DEis BEF=bFoE, o5 £GH SRBY ppg lotion. The dose
ofa Iﬁgﬂnaceetmal othg piesetanpantiod chobasel&rdd aﬂpy@mateﬁp Badellio@ symptom

di The d th
sever e Nox W ERR CamBO g 006 203 6ey R RO STANS B0 1 O
dr Uthe siusa:mmtes l‘i&:}iﬂﬂﬁmg oetthe pﬁl@h’aﬂmmml 5magﬁ'ﬁty,a@e sex, and
adm ni.st.er e S

 drog JikedeIMEMS, 00 A AT INRHISER AU yfenidrtis S Yered qpec o

severdl0ifesmy A adsd ¢f7 appyoximpeelfyed.ob tqa@rdxzmateﬁﬂm Ofghg/ddilt/dajapreferably

dul t i.nj ection |
0.1 tor%’O rggﬁgtlﬂ'@{é e %reg%ngéy @q té"é 8@ ﬁgg‘ﬁt@/ Aﬂtn Jnfeciion Can be given at _
a dosapbappxmmma‘elwl B0GPrafikgtely Tl sk, )pra‘mbbo@ppmmnytely it ‘
[ | y. 1000 g/ kg. 20 Best Mdde for Carrying Qut
appro?ﬁxgét?lﬁ\}gﬁé ﬁ%ﬁ‘gThe compounds of this invention can'be
produced, for exanple, by nethods described in the
foll owi ng Exanpl es. However, these Exanples are only

provi ded toillustrate the conpounds, and the
Best Mods fan i o Qutithe Inveniien on are not to be construed as

be'I'ﬂQ cJJﬂqlga ?of gl iﬁtv 5/3?1 dAngeh: ge@cﬁ%cc? 'f&cé‘k[giﬁfpp Al ? me-ﬁm‘ads descnbed '

hrase I.cat1 on rever ase h
in thelfoléﬂmag E@shrmgwat ofewpysr' thp:kmfﬁxaarpmesaarrs ofily préwided to 1llustrate the

. comp K, ééﬁtthxﬁ ds BFﬁﬂr BFeRASE oD bP E5{RLER Q§€en1ng limited thereto

tographic purification that uses
under 4B CoRITSRICS. vEROPLIRELT Ruzifishtiereby typrsa phasadigh peyformance liquid

chromtafd ghaphQ® ARE 8 debrsaf 'tlﬂ); deééﬁbﬁéﬁ n{egﬁé' Rvérle ﬁrﬁ@ B oﬁe‘ffonnance liquid

descri tlon Herelnater he nunber I n ront o
chronwmﬁa@ic psHicaeR daheses ad |a@%@@§ﬂﬁﬁ*@tmhale@h&wcﬁwg 0.1%

triflucRdtdedd £9d) BReHAANLYNS sﬁ&ffpﬁdesc le 1

7-(2-But th t hyl - 6- 1
JéF a ynﬁw)wgg%oggq qﬂ%ﬁ%@hh(e gér?lgéﬁlzd' indicatts the Example

number and also the compound number.

-9-methyl-6-(piperazin-1-v1}-7,9-dihydro urin'—8-0ne. trifluoroacetic
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acid salt 35 1a) ' _
7-(2-Butynyl) - 3- nethyl 3, 7-di hydr opuri ne- 2, 6-di one 37
- - OHNN ONN IC 1-Bronp-2-butyne (55.3 nL) and
anhydr ous potassi um car bonat 84 9 g) were added to a
m xt ure of 3-nethyl xant hi ne S No. 1076-22-8] (100
g) and N, N-di net hyl formam de (1000 nL), and this
reaction solution was stirred at roomtenperature for
18 hours. After 5 conpletion of the reaction, water
bloogfgg}fmas-added to the reaction.solution, this was
tirye at roomtenperature for one hour, and then
Mhite precipitate was collected by filtration.
vhi t e solid obtained was washed with water and
bdNyI methyl ether to give the title conpound (112
g) 'H NVR(DVMSO-d6) 10 S 1.82 (t, J=2.2Hz, 3H), 3.34

( S ,1 I?rblho ﬁb&?m§ 5.9 md.) b antddddus pgtagﬁuﬁl%arb%ﬁgite (849 LS were added
to 2 ol G5 TR o (SR NorbA2- 8, CFOMehgask Bptrdimethtfgmanide

- (1000dhDy end Qi MNadion soltlon Was EeMadi®om temperature for 18 hours. After

COmP&?gME'%% Q%B%%&ﬂt%ﬁ%&ﬁ g’{‘?gl% r %’%%ﬁﬁ@@ﬂ(@ @M@S was stirred

 at rooh'hteﬂlpbi'aﬁiﬁé read Gei aRd dRn W&Wﬁt@ﬂre&i@ﬁa@%@ doli@tddbsfiltration.

and,the reaction solutjo ed atf room
The Wit S ERUREES P PSR vReRRF Q“t}wf@ﬁ%ﬁgé]lt GthT tp Biverie e
commﬁmﬁMﬂlbg) wat er (2200 nL) was added to the reaction
N@%$M£$6tm8\m58t”raj at roomtenperature for
Q)A white precipitate was then col |l ected by
3 1.8 (t,| - 2Hz0BED), Bloet @3N iS106 (§OI=20210h ol etk wasHyashedbrs, 1H)
with water and t- butyl nmet hyl ether to give the title

conpound = (117 g). 'H NVR(DMSO-d6) 6 1.78 (t,
1b) J=2.OHz, 3H), 3.30 (s, 3H), 5.06 (g, J=2. OHz, 211),

7-(2 Blquyn%'f) é Shlofo- 3—m'_gthy12357 dﬁlydropunnea 6-dione

0 /

| »—ci
_ OJ\N N

7-(2-Butynyl)-3-methyi3 ,7-dihjdropurine~2,6—dione (112 g) was dissolved in
N,N-dimethylformamide (2200 mL), then N-chlorosuccinimide (75.3 g) was added to this .
mixture, and the, reaction solution was stirred at room temperature for five hours. After
completion of the reaction, water (2200 mL) was added to the reaction solution, this was stirred

at room temperature for 1.5 hours. A white precipitate was then collected by filtration. The

white solid obtained was washed with water and t—butyl methyl ether to gwe the title compound

(117 g.
'H-NMR(DMSO-d6) - -
8 1.78 (t, 1=2.0Hz, 3H), 3.30 (s, 3H), 5.06 (q, J=2.0Hz, 2H), 11.34 (brs, 1H)

1c) .
7-(2-Butyny1)—2,6,8-trichlor0—7H—puri.ue

cl /%
/,QQ [ -/>—.Cl
NN
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7-(2-Butynyl)-2,6, 8-trichloro-7Hpurine O N N Cl ~N
N 38 A m xture of :
7-(2-butynyl)-8-chl oro-3-net hyl -3, 7-di hydr opuri ne- 2, 6-
dione (2.52 g) and phosphoru%goxychlorlde (100 nL) was
stirred at 120C for 14 hours.”"The reaction solution )
was cooled to room tenperature, then phosphorus
pentachl oride (4.15 g) was added, and the reaction
solution was stirred again at 120C for 24 hours. The

r eag ti Qe .- &&yﬂﬁﬁs&ﬁ%@@ é&h&@?m éizud‘ Bione (2.52 g) and

t he solvent was distill under’ ressure

phosghaguy epeychlosidg (H0mb) wias gtmﬂeaa 1205C foétlﬂélﬁylifr of ltw gehction solution was
cooleliltb $odif Q&h}%)é?ﬁ‘tuf@ ﬁkﬁbﬁoé‘jﬁ%mﬁ%ﬁﬁ@ﬂbﬂ&@ 49 §%t\5v‘£sa§dﬁgd and ahe reaction

aqueous, sql ut.ion_of sodi umbi car ona nd extracte

801‘1%%'& sBpRg ReaB &t hEC fondd bonrai nbie r@ﬁ%ﬁ. selutigperyaspaeled to room

tempt“@.ﬁﬁ@ Ghe SAMHE Ak AlskiVledbirind@treduRd Bre3ftic! reﬁ&HQﬁ’e REIIQE was dissolved
n dried over anhydrous magnesi umsul fate. The

i tetbqhé m%gapaywsm@ﬁ%%@merwww & Wil 2pnwys ﬁ@letwn of
sodiuf Blcbﬂﬁﬁnﬁte Sel.ndlé%tr%@a& ﬁ:&iﬁg Eﬂh?ldacbbételo "I&ﬂe'db%nﬁ%rgﬁﬂ& 14¥8r was washed

seque?qtllr@ﬁ q?:egvri &E%E% ted et at ﬁﬂﬁﬁemgy drogs @Ia%gasmm sulfate.

- The drgamd El?zeﬂﬁis co'iﬂ&ntra@ec?&ld(eﬂreddc&i Iﬂ'h'!%urezbﬁd thé Pedidhe was punﬁed by

silica gqi ccrl &lﬂ}/c&xato grgp}%l chgly? acetate exanez q 38 tlél rglnl;]e t%e tlnle compound (2. 40

g). 7-(2-Butynyl)-2,6,8-trichloro-7Hpurine (1.0 g) was
I gﬂ i n di methylsul foxide (20 nL), and then
) etate (595 ng) and sodi um bi carbonate (366

- algm)_wmmzasdﬂgeﬂzwqtmmm pixt ure. This .reaction

15

- 20

25

30

solution was stirred at roomtenperature for 12 hours,
and then 1 N of aqueous hydrochloric acid solution
1d) (5.0 nL) and 80 m. of water were added. This reaction

ol ut § roo t enperature for one hour,
2 éﬁtgnﬂ)lg%ﬁia Z p‘?‘g%‘?rﬁpfrﬁ “W&s collected by
bﬂtr?ngﬁ/'The white solid obtained was washed with
ter/fand t-butyl methyl ether to give the title
NCO nd (800 ng). 25 "H NMR(DMSO-d6) S 1.79 (t,
){1= O3H), 4.70 (g, J=2.4Hz, 2H), 12.95 (br.s, 1H)
Cl m&(Esn 257(MH ) | e)
7-(2-Butynyl)-2,6,8-trichloro-7H-purine (1.0 g) was dissolved in dimethylsulfoxide (20
mL), and then sodium acetate (595 mg) and sodium bicarbonate (366 mg) were added to the |

mixture. This reaction solution was stirred at room temperature for 12 hours, and then 1 N of

~ aqueous hydrochloric acid solution (5.0 mL) and 80 mL of water were added. This reacﬁolzl'

- solution was stirred at room temperature for one hour, and then a white precipitate was collected

‘by filtration. The white solid obtamed was washed with water and t-butyl rnethyl ether to gwe

., _ the title compound (800 mg).

H-NMR(DMSO-d6)
5 1.79 (t, I=2.4Hz, 3H), 4.70 (q, J=2.4Hz, 2H), 12.95 (brs, 1H)

MS m/e (ESI) 257(MH")

_ 7-(2-Butyny1)—2,6~dich10ro-9-methy1—7,9fdihydropu1i;1-8—61_16
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ol "{

300 - -
7-(2-Butynyl).-2, 6-dichl oro-9-nethyl -7, 9-di hydropurin-8
-one 39 _ C N~ N=0 CIN )
7-(2-But)nyl)-2,6-dichloro-7 ?-dihydropurin-S-one (435
‘ng) was dissolved in NN-dinBthyl fornanide (10 ni),
and then nethyl iodide (158 L) and anhydrous potassi um
carbonate (468 ng) were added to the solution. This
reaction solution was stirred at room5 tenperature
for 12 hours, and then water (50 nmL) was added. After
séﬂr;%ngfaf'roon1 tenperature for one hour, a white
ipitate was collected by filtration. The white
' obt ai ned was washed with water and t-butyl
ether to give the title conmpound (355 ng).
, (DVMBO-d6) S 1.78 (t, J=2.4Hz, 31-1), 3.33 (s,
3H), 4.76 (q, J=2.4Hz, 2H) 10 Ms me (ESI) 271( MH)

i f . . . . .

4 %7iz(@%tﬂéﬁlkﬁyﬁé@lfé@f@h%%ﬂ&l)@!%%iﬁgﬁ -ope (46 m)ovagidispalved in
N,N-dﬂxz?ﬂfynﬂ?nﬁamijdkmlmﬁﬂg,zdng&hg lfﬁ@al{ll?pf@iﬁsdecusmﬁi,ﬂaﬂ& Pubdlous potassium

es . . . . .
carbogiie FS e 29t B peliiiars S pctipngoltioparas stirFheigoom
temperaxes {0332 howg, ﬂ%ﬁhﬂil watet Qﬁegn%ﬁ\ga%cﬁk o8 g.gi Afcieﬂ %ﬁ%ﬁg Eﬂ-r))orrl]ld

| perazli n-J -car X | C. aCl - . .

tempdp B BF b ot ¥ O piefinfite v satieei L RenarbS, LB afY Sotid

obtairsed|wiisi veshevdbiwith twatar @dd abutyd oietiyt sther wigdiveethe oitle 86mpouids(355 mg).
Ty N letion of the reaction, 1 N hydrochloric
HN@@#@M@%@) and water (10 nL) were added to the 20

N §

3 1.7% @ABDI4Y, SH),B3DE, 3E)d. 16igsIvasHegact ed with et hyl

c Jhe obt ai ned organic | ayer was washed
MS ’"Z%%@u?{lmwth wat er and saturated brine, and dried
over anhydrous magnesium sul fate. The resulting. :
1) organi ¢ |l ayer was concentrated under reduced pressure,

and the residue was  purified by silica gel colum
4-[7-(2 B wiymylpZchlohy-9¢retthyll-8-ax @8 Ht-dh oo bplriB -1t ipipirazind-hearboxylic
acid tti_gdt}qes&prrpound (312 ng). 25 ' H NVR(DMSO-d6) 40

°Y°><

N

: 7-(2-Butynyl)-2,6—dichloro-9-methyl—7,9-dihydr0purin—8¥one (334 mg) was dissolved in

- acetonitrile (5 mL), piperazin-1-carboxylic acid t-butyl ester (300 mg) and triethylamine (190

L) were added, and this reaction solution was stirred at room temperature for 96 hours. After
completion of the reaction, 1 N hydrochloric acid (3 mL) and water (10 mL) were added to the
reaction solution, and this was extracted with ethyl acetate. The obtained organic layer was

washed sequentially with water and saturated brine, and dried over anhydrous magnesium suifate. -

*The resulting organic layer was concentrated under reduced pressure, and the residue was
‘purified by silica gel column chromatography (ethyl acetate:hexane= 1:3) to give the title
“compound (312 mg). o |
'H-NMR(DMSO0-d6)
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S 1.47 (s, 9H), 1.77 (t, J=2.4Hz, 3H), 3.33-3.36 (m
411), 3.41 (s, 3H), 3.56-3.60 (m 4H), 4.63 (q,
J=2.4Hz, 2H) Ig) 5

7-(2-Butynyl) - thoxy 9- ma4 - 6- (pi perazin- I-yI) 7
9d|hydropur|n80netr|fluor acetic acid salt’ N
CND O N>OHAOYFF MONNF

4-[7-(2-Butynyl) - Zchloro 9- et hyl - 8- oxo- 8, 9-di hydro-7

H purin-6-yl] pi perazme- ~-carb oxylic acid t-butyl C
0
ssmlonlil o o1 S 5B Yot .

I=2.48wéit o this sol utlon After stirring at 80C for four
hours, saturated aqueous anmoni um chl oride was added
to the reaction sol ution, and this was extracted wth

1g) et hyl acetate. The obt ai ned organi c Iayer was

- 1
7-2 BQ’@%?I) a1 ﬁ%ﬁgxy-gfi:gethﬂeﬁj_ﬁlﬁlﬁ%ﬂ%ig;g?lﬁ g(nb 21%? 'Srbne trifluoroacetic

trifluoroacetic acid
acid gt [ regd at room tenperature for five ninut es and
. thep concentrated. The residue was purified by reverse
p e high performance liquid 15 chromat ography to '
gi ve the title conpound (4.26 nmg). 'H NVR(CD3OD) S
4Hz "3H), 3.37 (s, 3H), 3.41-3.45 (m

6zb(m 4H), 3.97 (s, 3H), 4.66 (q,
nt:e (ESI) 317(MrH) + 20 Exanple 2
ﬂylﬂf)’ 2Tepl or o- 9- net hyl - 6- (pi perazin-1-y -7)
MEOQ opur| n- 8’-one trifluoroacetic acid salt H CN1
ND_O >0 HO F 'J~! : '
| 4-[7-(2—Butynyl)-2—chloro—9—methy1-8-oxo-8,9—dihydro-’?H—pur'm-é-yl]piperazine— 1-carb

oxylic acid t-butyl ester (8mg) was dissolved in methanol (0.5 mL), and then sodium hydride
(60-72%, in oil) (5 mg) was added to this solution. After stirring at 80°C for four hours,
saturated aqueous ammonium chloride was added to the reaction solution, and this was extracted
with ethyl acetate. The obtained organic layer was concentrated, and the residue was dissolved -
in trifluoroacetic acid: This reaction solution was stirred at room temperature for five minutes,
and then concentrated. The residue was purified by reverse phase high performance liquid
chromatography to give the title compound (4.26 mg).

'H-NMR(CD;0D) |
8 1.78 (t, I=2.4Hz, 3H) 337(s 3H), 3.41-3.45 (m, 4H), 3.60-3. 64(111 4H), 3.97 (s, 3H), 466(q,
J=2.4Hz, 2H)

MS mle (EST) 317(M+H)"

Example 2

, 7-[2-‘Butvnvl)Q—chloro-Q-rhethvl-’é-( pipérazin~1-Vl)-7,9-di11vdrot)u1‘in;8-one trifluoroacetic acid

salt

—
N
.N/_ N ’ E
Py =0 HO
X F

¢ N f‘{ F

4-[7—(2-Butynyl)—2—chloro-9—meﬂ1yl-8—0xo-8,9—dihydro~7H—purin—6—y1]piperazine—' I=carb

oxylic acid t-butyl ester (compound 1f) (15 mg) was dissolved in trifluoroacetic acid (1 mL)..
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4-[7-(2-Butynyl)-2-chl oro-9-net hyl - 8- oxo- 8, 9-di hydro-7
H purin-6-yl ] pi perazine-l=carb oxylic acid t-butyl
ester (conpound 1f) (15 nu) s dissolved in ‘
trifluoroacetic acid (1 nL). 41 This reaction
~solution was stirred at roomtenperature for five

m nutes, and then concentrated. The residue was
-purlfled by reverse phase high perfornmance |iquid

This Eéﬁﬁt%ﬁo@ﬂfoﬁ%é shﬁ'e@ Laf’:%oH‘t% Eg@ﬂahir@ FEHR YR e, ]aglldq}zed%centrated '
me (ESI

The rmhze Wi P yl- -rgveéﬁqmaawﬁbpgﬁmmt Liguidwhrasmaiograplty i give the

.uﬂeddhm%u&j@uhwqﬁ urin-8-one trifluoroacetic acid salt H

/I-NNNNOHOF J 1 F 10
MS”A/‘?@SI@QQ'HMWI) 2-chl or o- 9- et hyl - 8- oxo- 8, 9-di hydro-7
H purin-6-yl ] pi perazine-l-carb oxylic acid t-butyl

e?tg (conpound 1f) (4 ng) was dissolved in
t hyl - 2-pyrrolidone (0.3 nL) and then di et hyl

7 ion was .
ﬁﬂiﬁg@ﬁ@@ﬁﬁﬂéﬁ%@. The resi due was. di ssol ved in

trif]uoroacetic acid, and this reaction solution was
St d at - roomtenperature for five mnutes, 15 and

then ¢oncentrated. The residue was purified by reverse
phade hyghﬂﬁgffornance l'iquid chromatography to give

t i t{ye conpdund (0.63 ng). M5 me (ESI) 358(M+H) +
rrp] e %=304d But ynyi . .
T tihyl am no-9Fnet hyl - 6- (pi perazin-1-yl)-7

' //9 li hydiopurin-8-one trifluoroacetic acid salt H (NN)

4-[7-(2-Butynyl)-2-chloro-9-methyl-8-ox0-8,9-dihydro-7H-purin-6-ylJpiperazine-1-carb

‘oxylic acid t-butyl ester (compound 1£) (4 mg) was dissolved in 1-methyl-2-pyrrolidone (0.3

'_ mL), and then diethyl amine (50 puL) was added to this solution. The reaction solution was

stirred at 80°C for four hours, and then concentrated. The residue was dissolved in
trifluoroacetic acid, and this reaction solution Was stirred at room temperature for five minutes,
and then concentrated. The residue was purified by reverse phase high performance liquid

.chromatography to give the title compound (0.63 mg).

MS mle (ESI) 358(M+H)*

‘;Ex ple 4 :
, 7-(2-Butvnv1)-2-dimethvlamiuo-9-methvl-6~(ninerazin—1-Vl)-7,9-dﬂ1vdropurin-8-one

trifluoroacetic acid salt

O H

N

N —
Ny >=0H0Jﬁ<£
N7 N7 N F
l A

Using

'4—[7—(2-butyny1)—2-chlofo—9—methy1-8'-oxo-8,9-djhydrb—7H—purin—6—yl]piperazine—1-carboxylic
 acid t-butyl ester (10 mg) and dimethylamine (30 uL) instead of the diethylamine in Example 3,
+ the title compound (5.96 mg) was obtained by treatment similar to that of Example 3. |
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NO >=0O0HOF NNNF Using
4-[7-(2-butynyl)-2-chl oro-9-net hyl - 8- oxo- 8,
9-di hydro-7H puri n-6-yl ] pi perazine- | -carboxylic 25
- ~acid t-butyl ester (10 ng) a g di met hyl am ne (30 L)
instead of the diethylamne i'i Exanple 3, the title
conpound (5.96 ng) was obtained by treatnent simlar
to that of ExarrpIeS 42 M5 me (ESI) 330(M+H) +
Exanpl é 5 '

Msﬂ/eggsﬁlggg puhn9- met hyl - 2- et hyl ani no- 6- ( pi per azi n- I - vi
. -7 9 dlhydropurln 8-one 5 trifluoroacetic acid salt

H NCNNO NNNOHOF HF Using nethylamne (40%

‘ ggﬁg Banol solution) (50 L) instead of the diethylam ne

q o_- 4

mﬂul&ﬁa&/&u:(aEﬁls\alt316(M*H)+ 10 Exarfpl e 6

no- 7- (2- butynyi ) - 9- net hyl - 6- (pi perazin-1-vl)-7
I hydropurin-8-one trifluoroacetic acid salt H N
O >=0 HOF HZN N N F 15 Usi ng. aqueous ammoni a

30%/ L). instead of the diethylanm ne in
7, igff;ltle compound (0.84 ng) was obt ai ned

the t| Ie co ound 4. 35 was
t Y rrp 1( 7 75_.',7- X ‘f

imlar to that of Exan'ple 4.
-

Using methylamine (40% methanol Solution) (50 pL) instead of the diethylamine in

- Example 4, the title compound (4.35 mg) was obtained by treatment similar to that of Exampie 4.

MS m/e (ESI) 316(M+H)

-7,9-dihydropurin-8-one trifluoroacetic acid

~ Using aqueous ammonia (28%-3'0%) (30 pL) instead of the diethylamine in Example 4,

 the title compound (0.84 mg) was obtained by treatment similar to that of Example 4.

Example 7

"~ 7-(2-Bu i i yin-1- -7.9-dihydropurin-8-one triﬂuoroécetic
acid salt ' : '

G =
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acid salt

Exan'pl e 7 7- 2- Bu -
~tynyl)-2-i sopt opoxv-9-net hyl - 6- (pi perazin-1-vl)-7
9-di hydropurin-8-one trifluoroacetic 20 acid salt H
NNO NONN>=0HOF F 4343 . .
- 4-[7-(2-Butynyl)-2-chl oro-9- et hyl - 8- oxo- 8, 9- di hydro-7
H purin-6-yl ] pi perazine-l-carb oxylic acid t-butyl
ester (conpound 1 f) (5 ng) was dissolved in
i sopropanol (0.5 mL), and-then sodium hydride
( 6@%W(Z%utynyl)aﬂJrc)llo(rﬁ-%rg&thy\la&-oad(ﬂéﬁdmpdmlfﬂ}ﬁ-psm-ﬁtylhmperazme—1 carb

ol u tirged,at,.80C for

oxlig 89 LOGL bR COpBbROA el bt SR ol o, s hen
sodiunslsydaidd €a0%-G284) én bily Gang) was aiidbdhto thiz, sohmidnt hTke mastion solutlon was

t t ani_c '
s AP 00 5 BB A SR EUBRE, ARt o
reactipm sélution, ead €1is waacktcictednwith ethgl acetats, i d‘rhe&btannad@mgamslayer was
con BBt B BGAR A L DB v
stirreg hiagemitemherpnd tor e ceinhiiesyand thﬂmrcxonedm@tedp h{fhé¢ cesolueavas purified

by re%eg%(pf\}}i‘ra% @gﬁ Exgxgﬂnﬁ%cé ﬂlqéiﬁ chf@ﬂatc]‘&a%' 3 BediERb kitle compound (1.56

mg). 7- (2- But ynyl ) - 2- hydr oxy-9-net hyl - 6- ( pi perazi n-1-xl -7)

' 5 £ ixA- 8-one trifluoroacetic acid salt H1
M g AR

=OHOF HONNF 15
4-[7-(2-Butynyl)-2-chl oro-9-net hyl - 8-oxo- 8, 9-di hydro-7
Examﬂa%” n- 6-yl ] pi perazine-l-carb oxylic acid t-butyl

conpound [f) (5 ng) was dissolved in.
Dirgthydro A v rae N-7.9-dihyvdropurin-§-one trifluoroacetic

_ P
NT N i F
o M =0 Ho
F
o” °N~ N |
4-[7-(2-Butynyl)-2-chloro-9-methyl-8-0x0-8,9-dihydro-7H-purin-6-yl]piperazine-1-carb
oxylic acid t-butyl ester (compound 1f) (5 mg) was dissolved in 1-methyl-2-pyrrolidone (0.3
mL), and men“t!--methoxybenzﬂ'alcohol (30 pL) and sodium hydride (60%-72%, in oil) (5 mg)
were added to this solution. The reaction solution was stirred at 80°C for four hours, saturated
agueous ammox_ﬁ_u.m chloride solution was added to the reaction solution, and this was extra_oted
with ethyl acetate. The obtained organic layer was concentrated, the residue was dissolved in -
trifluoroacetic acid, and this reaction solution was stirred at room temperature for five minutes,
and then concentrated. The residue was purified by reverse phase high performance liquid

chromatography to obtain the title compound (1.56 mg).
MS m/e (ESI) 303(M+H)

 Example 9

. 7-(2- Butvnyl)—Z—methvlsulfanvl 9-methv1 6-(plperaz1n— -y1}-7.9- dxhvdropunn—S—one

trifluoroacetic amd salt
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mL), and then 4-nethoxybenzyl alcohol (30 L) and
sodi um hydride (60% 72% in oil) (5 ng) were added to
this solution. The reaction solution was stirred at '
80C for four hours, saturateq 20 agueous anmoni um
chloride solution was added té the reaction sol ution,
and this was extracted wth ethyl acetate. The
obt ai ned organi c |ayer was concentrated, the residue
was di ssolved in trifluoroacetic acid, and this
reﬁction solution was stirred at room tenperature for
fine mnutes, and then concentrated. The resi due was
EE i ed by reverse phase high performance |iquid

nato y to obtain the title conpound (1.56 ng).
25 ME e (ESb) 303(MtH) + Exanple 9

t nvI) 2- et hyl sul fanyl - 9- met hyl - 6- ( pi per azi n-
/i\ ®H hy@v@purin-8-one trifluoroacetic acid
saNt 4 HNCWMO \ N( N>= OHIYF S N\ F

4-[7-(2-Butynyl)-2-chl oro-9- net hyl - 8- oxo- 8, 9-di hydro-7

H mumz-ﬁutyhjlpapmoawumcﬂh x:subho sqxaih &ro - guﬁnlﬁu;i}ﬂlpemzmeq ~carb

WA NN R
mlL), aad ﬁaptnaa“nhy(l Sﬁlﬁ‘aapmi (B&VEQ kneﬂﬁ!ndlt dodjoni &0 11D) @ﬁdmhydrous potassium

- carbof XS B PERR e Bl SF o et v SR sonC for four

hoursg gx@utitzd afjoerus ahmmsumscblondaﬁddn@qmmiedwﬂﬁlramnon solution, and

. oLl he r.e tlon sol uti o
this W RUEhtEn Wit Wl PR SR Sd GfpaiE Bt e R, the rosidue
was digsokved edtrrﬂugmacmd ayk andvids eacierdohaioa dvaststiered esiodtetemperature

S rifluor etlc aci d this .
for SRS AR L b T FRGEIATe PR MR n Bl Grepbape et
perfoﬁnme manmeangtapIt}eﬂm gnzmkhe mﬂa abvredourih@.87asgdue was
verse phase high 10 performance |iquid
hds”pﬁp%%gﬁﬁﬁﬂgéﬁb to give the title conpound (1.87 ng).
MS me (ESI) 333(M+H) + Exanple. 10

-Ex*mnél_e(dﬁhBUtvnyl) 2- et hoxy- 9- net hyl - 6- (pi perazin-1-yl)-7

dropurin-8-one trifluoroacetic acid 15 salt H :
-2-eth0x -9-methyl-6-(piperazin-1-y1)-7.9-dihydropurin-8-one trifluoroacetic acid

4—[7-(2-Butynyl)-2-chloro—9-methy1—8-oprS,9'-dihydro-7H-purin-6-yl]piperazine-1-carB
oxylic acid t-butylester (compound 1f) (15 mg) was dissolved in 1-methyl-2-pyrrolidone (0.3
mL), and then ethanol (300 pL) and cesium carbonate (15 mg) were added to this solution. The

. reaction solution was stirred at 70°C for 12 hours, and then concentrated. The residue was

dissolved in trifluoroacetic acid, and this reaction solution was stirred at room temperature for

five minutes and then concentrated. This residue was purified by reverse phase high

- performance liquid chromatography to gwe the title compound (8.50 mg).
H-NMR(CD;0D)

5 1.44 (t; 7=7.0Hz, 3H), 1.82 (1, J=2.4H, 3H), 340(5 3H), 3.47 (m, 4H) 3.65 (m, 4H), 4.4
(2H, J=7.0Hz, 28D, 4.70 (g, J=2.4tiz, 2H)
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4 -(2 But ynyl ) - 2- chl or o- 9- nethyl 8- 0x0-8, 9-di hydro-7
rin-6-yl]piperazine- | -carb oxylic acid
tyl ester (conmpound 1f) (£§ my) was di ssol ved in
1 met hyl - 2-pyrrolidone (0.3 ".L), and then ethano
(300 L) and cesium carbonate (15 ng) were added to
this solution. The 20 reaction solution was stirred at
70C for 12 hours, and then concentrated. The residue
MS m@IESDI3gS@VIEY in trifluoroacetic acid, and this
reaction solution was stirred at roomtenperature for
~ five mnutes and then concentrated. This residue was
gg@géﬁ fied by reverse phase high perfornmance quuid
h ve _the t|tIe ) ny)
ALY AN ) -k iy - 8Qne trifluoroacetic
acid sk?. 4Hz, SFD 3.40 (s, 31-1), 3. 47 (n1 4FD 3. 65 (m
T 4H), 4.44 (2H, J=7.0Hz, 2H), 4.70 (q, J=2.4Hz, 2H) 45
M5 e HES) 331( M+H) + Exmnﬂe 11

1- YDIPET

2- Ben y-7-(2-butynyl)-9-net hyl - 6- (pi perazin-1-vl)-
7 9- d%%j(opurln 8-one trifluoroacetic 5 acid salt H
CND O F ~oHOF Using benzyl al cohol (30 L)

i nst ea he ethanol in Exanple 10, the title
conpo nd S obtained by treatnent simlar
¢ ¥ an‘SelF VS e (ESI) 393(MeH)+ 10

anpl €12 V- ( 2- But ynyl
- 9- et hyl - 2- phenoxy- 6- (plpera2|n l-yl)-7
9-di hydropurin-8-one trifl uoroacetic acid salt H NN
O Using benzylalcohol (30 uL) instead of the ethano! in Example 10, the title compound

(11.28 mg) was obtained by treatment similar to that of Example 10.
‘MS m/e (EST) 393(M+H)" -

Example 12

: 7¥(2-Butynvl)—9-methv1—2—uhenoxv-6-(niberazin—l-vl)-7,9—dihvdiomirix1—8—0ne n‘iﬂuoroacetic ,

rac_id salt

N P et
,//-o
T oot
Y o NG

Using phenot (20 mg) instead of ethanol in Example 10, the title compound (11.83 mg)

-

was obtained by the treatment similar to that of Example 10.
MS m/e (EST) 379(M+H)"

Exam ple 13

- 2- {7-(2-Butvnv1) 9—methv1—8-oxo~6 (Dmerazm— -y1)-8.9- dlhvdro-’iH-nunn 2—vloxv1benzomtnle
trifluoroacetic acid salt
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aO N N~O HF N F. 15 Using phenol (20 ng) instead of
ethanol in Exanple 10, the title conpound (11.83 ny)
was obtained by the treatnment simlar to that of
Exanple 10. M5 nle (ES1) 379 H) + Exanple 13 20
2-17-(2-Butvnyl)-9-net hyl - o6(p|pera2|nl-yl) 8

9-di hydr o- 7H yuri n- 2- yl oxyj benzonl trile
et hanei in Exanple 10, the title conpound (11.83 ng)
_ - 9- et hyl - 8- 0x0- 6- ( pi perazi n-|
-_y!) -

jri fNT uo

F/I\\H 10 HO
esttgﬁng(zze HRghol {10 h8) iREikad\GSthd 'eﬁﬁm%l\éﬁ@xhﬂple 10, the title compound
~stirred at 80C for 14 hours, saturated agueous

ated,, the

~trifluoroacetic acid salt 46 HN N OO9tt= HOF NF
F . CN Usi ng 2-cyanophenol (10 ng) instead of the
bltal ned by treatnent simlar to that of Exarrple
w)ne (ESI) 404(MiH)+ 5 Exanple 14
i hydro- @+ purin- 2-yl oxyl benzam de
efic agid palt H N \ I I | NN=OHOF ON
4-%7-82-Bytynyl ) - 2- &hl or o- 9- et hyl - 8- oxo- 8, 9-di hydro-7
NH-purl n-6-yl ] pi perazine-l-carb oxylic acid t-butyl
rrolldone (0
(1. Sigﬁeﬁégm@gﬁ %W@éé‘?ﬂ%%ﬁ@’%@?&? ég(lo ng) were
MS nitel (ES) Bo4 (MM IS)" sol ut| on. The reaction solution was
amoni um chl ori de solution was added to the reaction
Exandd 14 ion, and this was extracted with ethyl acetate.
‘ i puiin-2-y1gxylbenzamide

.
Q)
N7 N 7 e
- >=0'HOJ*F
07 N “{ =

. 4-[7-(2-Butynyl)-2-chloro-9-methyl-8-0x0-8,9-dihydro-7H-purin-6-yl]piperazine-1-carb
oxylic acid t-butyl ester (compound 1f) (8 mg) was dissolved in 1-methyl-2-pyrrolidone (0.3

- mL), and then salicylamide (10 mg) and cesium carbonate (10 mg) were added to this solution.

The reaction solution was stirred at 80°C for 14 hours, saturated aqueous ammonium chloride
solution was added to the reaction solution, and this was extracted with ethyl acetate. The B
obtained organic layer was concentrated, the residue was dissolved in triﬂuoroacetic- acid, and
this reaction solution was stirred at room témperature for five minutes, and then concentrated.

The residue was puriﬁed by reverse phase high performance liquid chromatography to obtain the

- tifle compound (1.54 mg).
MS mle (ESI) 422(M+H)"

-7.9-dihydropurin-8-one trifluoroacetic

“acid salt



this reaction solution was stirred at roomtenperature .
for five minutes, and then concentrated. The residue
was purified by reverse phase high performance liquid
chromat ography to obtain theystitle conpound (1,54
ng). Ms me (ESI) 422( MtH) + %0 Exanpl e 15
2- Al l yl oxy-7-(2-butynyl)-9-nethyl -6-(piperazin-1-yl)- 7
9-di hydropurin-8-one trifluoroacetic acid salt 47 H1
CNDO '\ NOHOF ONN-F Usi ng al Iyl al cohol (30 L)
instead of the salicylanide in Exanple 14, the title
conp (1.20 ng) was obtai ned by treatnent simlar
to thig]of Exanple 14. MS me (ESI) 343(MtH)+ 5°
-ButynyL 1 -2-(2-butynylox )-9-nmethy~
I-6 y I perazin- -yI -7 9-di hydropuri n-8-one
trlﬂiuq oagceti c salt H N CNDONOHOF - ON
S ! ,d\ 27 B'Qtyn gol (30 fr) instead of the
sd?lcylan\de in Eﬂénple 14, the title conpound (1.20
ng) was obt ai ned by treatnent simlar to that of

, Ex dhspigaliytalcaiBl (30euI() Eﬂ@amhévﬁdﬁ)ﬁﬁanmmm% 14 the title
comp%n}]??gziéj xﬁgj 00s gbt&:ﬁe(gw YDt PHRLI R RLRELAAD- T VI

: dropurin oroacet salt H
- MS m/e (ESI) 343(M+H)
5
ample 16
' 7-(2-Butynyl)-2-(2-butynyloxy)- 9-mf:thv1 6-(piperazin-1-yl)-7.9-dihydropurin-8-one
trifluoroacetic acid salt
W
N
)\)I o o' g
IO Usmg 2- butyn -1-01 (30 uL) instead of the sahcylan:ude in Example 14 the title
' compound (1.20 mg) was obtained by treatment similar to that of Example 14,

MS mi/e (ESD) 355(M+H)"

' ample 17
15 2-Benzylamino-7-(2- butvnvl)—Q methyl 6-(piperazin-1-vy1)-7.9-dihydropurin-8-one
' trifluoroacetic acid salt

H
N

. " B
N7 N o . F
. s Il  >=0 Ho
F
SRR
H \
4-[7-(2-Butynyl)-2-chloro-9-methyl-8-ox0-8,9-dihydro-7H-purin-6-yl[piperazin-1-carbo

xylic acid t-butyl ester (compound 1f) (15 mg) was dissolved in 1-methyl-2-pyrrolidone 0.3 mL,
20 and then benzylamine (50 pL) was added to this solution. © The reaction solution was stirred at
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N NJ/ Ol NOHOF N\NNFF .0-~~

H4-[ 7- (2- But yuyl ) - 2- chl or o- 9- net hyl - 8- oxo- 8, 9- di hydr o-
.7H purin-6-yl]pi perazin-1-carbo xylic acid t-butyl
ester (conpound It) (15 ng) s dissolved in

1-net hyl - 2-pyrrol i done 0.3 ., 20 and then
benzylam ne (50 L) was added to this solution. The
reaction solution was stirred at 48 70C for 12 hours,
and then the reaction sol-ution was concentrated. The

70°C F6S1 htfardasd fhes S &dion! sBldtioh fkad QB&%ﬁﬁﬁﬂs@ a®hdresflE was dissolved

tihls react i on solutign was stirred roomtenperature
in triflygrogeetjeagid. iod s reaghien ﬁcﬂé%mwm:ﬁmed@t gpm tEmeparatyiedaefive minutes,

~ and tl\’%scoﬁéhrnhﬁ!eﬁd Tﬂe eBMRE $fs %hﬁﬁ@d By el ﬁz%@, 'ﬁ?%f@erkdrﬂ&éh& liquid

chro tograp glve t e title conp
c OWW Y(iESre %@Eﬁ Ieg)1.8
MS nde RO thyl - 7- (2 pentynyl) 6- (pi oerazin-i-yl)-7
-ggﬂgdrégﬁ?ﬁn 8-one trifluoroacetic acid salt 10
18a) 4-(2-Chl.oro- 9H- puri n-6-yl ) pi perazi ne-1
Ex gn_lpcaargmxyl ic acid t-butyl ester OyO 1. CNN) Cl NN H
6;Di ch Iri ne, [ 4 : :

) was
spone tnﬂuoroacenc acid

salt pi pera2| ne-I -carboxyl ic acid t-butyl ester (4. 93 Q)
.and triethylamne (4.1 nL) were added to this
solution, and the reaction solution was stirred at

18a) roomtenperature for 22 hours. Water (200 niL) was

th action adthsvvas stirred
4-Q2- PE%%@V#)E{‘EFF%ZW% %?éyﬂ%ﬁfﬂ& B‘HH t%n the white
preC| pitate was collected by filtration. The white
sol ij{gbt ained was washed with water and hexane to
Ogj the title conpound (8.5 g). 20 ' H NVR(DMSO d6) S
.43 (s, 9H), 3.32 (in, 4H), 3.46 (m 4H), 8.16 (s,
(1’1-6 13.21 (br.s, 1H

N ,

):I‘>- |

cl” °N” N '
' H

2,6-Dichloropurine [CAS No. 5451-40-11 (5.0 g) was dissolved in acetonitrile (70 mL),
and then piperazine-1-carboxylic acid t-butyl ester (4.93 g) and triethylamine (4.1 mL) were
added to this solution, and the reaction solution was stirred at room temperature for 22 hours.
Water (200 mL} was added to the reaction solution, and this was stirred at room temperature for
one hour, and then the white brecipitate was collected by filtration. The white solid obtained
was washed with water and hexane to give the title compound (8.5 g).

'H-NMR(DMSO-d6) | |
& 1.43 (s, SH), 3.32 (m, 4H), 3.46 (m, 4H), 8.16 (s, 1H), 13.21 (br.s, 1H)

18b)

4-(2-Chloro-9-methyl-9H-purin-6-yl)piperazine-1-carboxylic acid t-butyl ester-
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18b) 4- (2 Chloro 9- nethyl 9FLpur|n 6-yl ) pi perazi ne- 1
-carboxylic acid t-butyl ester 49 -OYO(N)- N C N> CI
N N 4-(2-Chl oro-9H purin-6-yl)pi perazi ne-|-carboxylic
acid t-butyl ester (6.62 g) wgs dissolved in
N, N- di met hyl f or manmi de (66 ni); nethyl iodide (1.34 niL)~
.and anhydrous potassium carbonate (3.51 g) were added
to this solution cooled in an ice bath. After stirring
5 the reaction solution at roomtenperature for five
hours, 1 N hydrochloric acid (5 nL) and water (200
L) e added to this reaction solution, which was
q%%an extracted using ethyl acetate. The obtained"
0 ganlc | ayer was washed sequentially with water and
saturated brine, and then dried over anhydrous
@agﬁe3|un1sulfate The organic | ayer was concentrat ed
reduced pressure to give the title conmpound as
solyd (7.40 g). 10 "H- NVR(DVMSO-d6) S 1.43 (s, 9H),
Aq Wn 4H, 3.46 (m 4H), 3.71 (s, 3H), 8.18 (s, 1H
4§(2 8- Di chl or o- 9- met hyl.- 9H puri n- 6-yl ) pi perazine- 1
-carboxylic acid t-butyl ester  OyQJ CD1 NN N 15
Cl 4N2PChloro-9H-purin-6-yl)piperazine-1-carboxylic acid t-butyl ester (6.62 g) was

s S0 9 A B Bt A BAE B Ty 534201

potaanm-aitrbmHh}(B 5o @m&iaic{eﬁ@o this solutivek dobid in an ice bath. After stirring

*the e R R Ik o Y T B drBliOLE g G anc water

(200 wépperaadded td this 28ctinusoltion\Wibieh wal @@nrexjravted usidgl eyt avetate.
The- ot’o&?nerdetﬁ &ﬁ@ﬁyép&v%\%%ﬁkl&d gquleﬁ \4 V%V\ﬁf’ w%%e' Lo d efll g%t(rgpa%@ brine, and

ure
then dri@mvcoﬂmhefdm@d mipgnésith salfiten. THhergaiic ﬂzares Was conzbitatebohder

reduc\é@ es%%%?% %&h%%t%%ﬁ%ﬁ%@%; 54@ ggISVi t42e( g it lga) |

NMRI@ M3Q-d6}), 3.47 (m 4H), 3.64 (s, 3H) 18d)

81.43 (s, 9H), 3.32 (m, 4H), 3.46 (m, 4H), 3.71 (s, 3H), 8.18 (s, 1H)

180)
. 4~(2,8-Dichloro-9-methyl- 9H—pur111 -0-yD)piperazine-1-carboxylic acid t-buty! ester

M

0.0

Y

N

: N _'
e
CI/RN h{ o |

4-(2-Chloro+9-methyl-9H-purin-6-yl)piperazine- 1-carboxylic acid t-butyl ester (7.3 g)

* was dissolved in N,N—dimethylformamide (70 mL), and then N-chlorosuccinimide (2.9 g) was

added to this solution. The reaction solution was stirred at room temperature for 23 hours.

‘ Water (260 mL) was added to the reaction solution, and this was stirred at room temperature for
‘one hour. A white precipitate was then collected by filtration. The white solid obtained was

washed with water and hexane to give the title compound (8.6 g).
'H-NMR(DMSOQ-d6) - '
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- Cl

4- (2 ChIoro 9- nethyl 8- 0x0- 8, 9-di hydr o- 7FLpur|n 6- yl)p
i perazi ne- I-carboxyllc acid t-butyl 5 ester OO Y
CN JI N)-==0 CdN
- 4-(2, 8-Di chloro 9- net hyl - ﬁrln-6-yt)piperazine-t-ca :
rboxylic acid t-butyl ester % 0 g) was dissolved in ~
di met hyl sul foxide (10 nL), and then sodium acetate
(425 ng) and sodi um bicarbonate (326 ng) were added
to this solution. After stirring the reaction solution
. 0 I us hydrochloric acid
814?g%§@ﬁfélgg%fﬂ%fgﬂhq EQ:3@£ Slggded to the reaction
solution, and this was extracted with ethyl acetate.

f]gd The obtalned organic | ayer was washed sequentially

wat er and saturated brine, and dried over
4-(2- \émhf?yaﬁdae Rty AsliayAte A purimbey srpmanaies- | wpwoxylissacid t-butyl
estert hen concentrated under reduced pressure, and the
residue was purified by silica gel colum
chromat ography to give the title conmpound (200 ng). 15
"H- DVSO-d6) S 1.44 (s, 911), 3.22 (s, 3H), 3.42
Gyf 4H), 3.54 (m 4H), 11.20 (br.s, 1H) 18e)
2nChl or 0- 9- net hyl - 7- (2- pentynyl ) - 6- (pi perazin-1-yl)-7,
9-dj hydropurin-8-one trifluoroacetic acid 20 salt H
CND O N>0HO-F C' "N; pF
4 (2 KChil or 0- 9- met hyl - 8- oxo- 8, 9- di hydr o- 7H purin-6-yl)p
I ne-1-carboxylic acid t-butyl ester (5 ng) was

J\Islol in NN-di methylformam de (0.2 nL), and then
cl d&m 2-pentyne (15 gL) and anhydrous potassi um
carbonate (5 ng) were added to this 51 - - solution.

f o% @?ﬁ) c ogo §O| tﬁdrprg Rin —yﬁ{)l%gragltne~rloga¥%oxy amgtltl)utyl ester (1.0
g) was dissolved in dimethylsulfoxide (10 ml), and then sodium acetate (425 mg) and sodium .
bicarbonate (326 mg) were added to this solution. After stm'mg the reaction solution at 12_0°C :
for 22 hours; I N aqueous hydrochloric acid (5.0 mL) and water (80 mL) were added to the
reaction solution, and this was extracted with ethyt acetate. The obtained organic layer was

- washed sequentially with water and saturated brine, and dried over anhydrous magnesium sulfate.

The organic layer was then concentrated under reduced pressure, and the residue was purified by
sﬂlca gel column chromatography to glve the title compound (200 mg).

H-NMR(DMSO0-d6)
8 1.44 (s, 9H), 3.22 (s, 3H), 3.42 (m, 4H), 3.54 (m, 4H), 11.20 (brs, 1H)

2-Chloro- 9—~methy1—7 (2-pentynyl) 6~(piperazin-1-yl)- -7,9- dihydmpunn -8-one trifluoroacetic acid

_salt

O /
ey

N \ F

4-(24Ch10r0-9-rttethy1-8-0xo-8,9—'dihydro-7H~pt1rin—6 -yl)piperazine-1-carboxylic acid

- t-butyl ester (5 mg) was dissolved in N,N-dimethylformamide (0.2 mL), and then
-1-bromo-2-pentyne (15 L) and anhydrous potassium carbonate (5 mg) were added to this
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agqueous ammoni um . chl ori de sol ution was added to the
reaction solution, and this was extracted wth ethyl
acetate. The organic |ayer was concentrated, the
residue was dissolved in trifluoroacetic acid, and-
after stirring this reaction™solution at room
tenperature for five mnutes, 5 it was concentrat ed.
The residue was purified by reverse phase hi gh
performance liquid chromatography to give the title

- solutibﬁ”’p@'ﬁélfbaétiongs%hﬂﬁh W&SMW&%@IH Saftrdfr(D hods/ - Shkated

aque%q)amxgo%lfne ong@_ﬁolugowgas %Céig)déo cglgn ﬁ;g}_%né aﬁégm was extracted

with &Bﬁ(%ﬁd}e"‘ Tﬁ&@fgﬁhﬁ 13:fer was concentrated the res1due was chssolved in
butenyl) 6- (pi per

- Chl .or 0-.9- 3-.ret h .
mﬂwif%?ﬁ)ﬂcwé %q%¥ Finb A8 FegREon £31HOn i et ccfor Hve minutes

it wa§ﬂidcettﬂliﬁebd3N@'he gbsﬁuewﬂaﬂ puﬁ%@b \}(Eissegﬁl)zéﬂ lﬁgl{f &gorir%n;:% liquid
rono- ne I nNstead O e
Chmf&a‘fﬁgfgﬂ%v @%WP? ge %‘%P%@ﬁg the title conpound

was obt ai ned by treatment simlar to that of

s O S  AD o5 i M by s, a7

(br.s,2H), 4.56 (br.s, 2H), 5.23 (br.s, 1H M5 nle (ESI)
., 33 £, anple 20 25 ‘
MS"% Z%E%S-g% -2-chl or 0-9- rrethyl 6- (pi perazin-1-yl)-7,9

-dlhydropurln 8-one trifluoroacetic acid salt 52 Hl

Examplt 14

2-Chloro-9-methyl-7-(3-methyl-2-butenvl
trlﬂuoroacetic acid salt

E]j

)\ /Eo HO

N \ . F

Using 1-bromo-3-methyl-2-butene (15 L) instead of the 1-bromo-2-pentyne in

Cl

| Example 186) the title compound (1.25 rng) was obtained by treatment similar to that of
_ Example 18e). -

H-NMR(CD;0D)

8 1.71 (brs, 3H), 1.80 (brs, 3HD), 3.35 (m, 4H), 339(3,3H) 3.57 (m, 4H) 4.56 (brs, 2H) 5.23

(br.s, 1H)
MS mfe (EST) 337(M+H)"

Example 20
7-(2-Butenyl
salf.

-2_-chlor0-9-m_eth 1-6- _i erazin-1-vyI)-7.9-dihydropurin-8-one trifluoroacetic acid
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HOF Ar F Using 1-brono-2-butene (15 L) instead. of
the 1-brono-2-pentyne in Exanple 18e), the title '
conpound (1.84 ng) was obtained by treatnment siml ar :
to that of Exanple 18e). M5 gie (ESI) 323(M+H) + 5
Exanpl e 21 ) :
7-Benzyl - 2-chl or o- 9--net hyl - 6- (pi perazin-1-yl -7
9-di hydropurin-8-one trifluoroacetic acid salt H 1
CN) NN>= ~OHOC' "NNFF Using benzyl brom de
(45 L) instead of the 1-brono-2-pentyne in Exanple
the 10 title conpound (2.91 ng) was obtained by
[ir% e simlar to that of Exanple 18e). MsS nie :
6§ES?N“FD + Exanple 22
2 Chl ro-7 9(n|nethyl 6- (pi perazin-1-yl)-7,9-di hydropu
Lone proacetic acid salt HCl N DO C
/le é:r%r'—'*ls NNFF
(2- | or o- 9- fret hyl - 8- oxo- 8, 9- di hydr o- 7H purin-6-yl)p
i perazine-|-carboxylic acid t-butyl ester (conmpound

18@)singliChriapo-Waatett SO VEEsteal o the dibrahipl eﬁtﬁt@rﬂt Heample 13e),

s T A e O T

MS rgo(HRI) 32BMAEDES stlrrlng the reaction solution at room
tenperature for 12 hours, saturated 20 aqueous :
ammoni um chl ori de solution was added to the reaction

Examplpl A1 tion. This was extracted wth ethyl acetate, and

n(ﬁent 1 a§ -Dne tntlfueoroacetic acid salt

Using benzyl bromide (15 [.LL) mstead of the 1-bromo-2-pentyne in Example 18e), the
tttie compound (2.91 mg) was obtained by treatment similar to that of Example ISe)
MS m/e (ESI) 359(M+H)"

. Example 22

2—Chloroj7,9—dimethvl~6~( piperazin-1-y1)-7.9-dihydropurin-8-one trifluoroacetic acid salt’

H
N

N ' .
oo
N~ ' F
I T o v
¢~ N7 N F
\ . _
4-(2-Chloro~9-methyl-8-oxo—8,9—dihydto-7H—purin—6-yl)piperazine—l -carboxylic acid
t-butyl ester (compound 18d) (10 mg) was dissolved in N,N-dimethylformamide (0.3 mL), and

" then iodomethane (25 pL) and anhydrous botassium carbonate (15 mg) were added to this

20

“solution.  After stirring the reaction solution at room temperature for 12 hours, saturated

aqueous ammonium chloride solution was added to the reaction solution. This was extracted
with ethyl acetate, and the obtained organic layer was concentrated. The residue was dissolved
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in trifluoroacetic acid. This reaction solution was

stirred at roomtenperature for five mnutes, and-

then concentrated. The residue was purified by reverse

phase hi gh performance quuig chr omat ogr aphy ‘to give

the title conpound 10.01 mi ? g '"HNW(CD3OD) 5 S °

3.44 (s, 3H), 3.45 (m 4H), 3.59 (s, 3H), 3.64 (m 4H)

MS me (ESI) 283(M-H) + Exanpl e 23

7, 9- Di net hyl - 8- oxo- 6- ( pi perazi n-1-y1-8, 9-di hydro-7H pu
in triflidtodcetiabdiani Thisli@ddtibh kotefiOPHed ithredGk hond RnfRtdhuk Yorlfive minutes,

NO/I\I\N%P@I—G_/N‘N_F . o
and then Goneeitisted. o Thererjduegvaspsrifed by revyese shasahigh poifosmpngediquid
chrothiftegraghy®-dive e )oipoatd d0.0t gt yI ester (conpound
IHN'E‘QQ [ig%ng) was di ssolved in N, Ndinmethylformam de
) (§ ) "1 odonet hane (30 p.L) and anhydrous

5 3.490, asl_;im g@,rﬁt}mgg_ts_g (§,_]35{),n'_gg4 ne! A1) _hen added_ to this 15
MS S/O:H%%I:)g? Ai]%’f stirring the reaction solution at room

e UMHEEr 12 hours, saturated aqueous amonium

chloride solution was added to the reaction sol ution.
Ex This, was then extracted with ethyl acetate, and the

ned organic |ayer was concentrated. Half of the

1,9-Dint thiyh & ax o &sipiheearias - dj-8.9 ditveleh-TH-siriel -Barbsaitrile xd M@ roacetic acid
salt (0.3 nmL), and then sodium cyanide (15 ng) was added
= to this solution. After stirring the reaction solution

atH100C for 14 hours, water was 20 added to the
refdction solution. This was.then extracted wth ethyl
ate, and the resulting organic |ayer was

C

qpCentrated. The residue was dissolved in.
trf flyoroacetfx acid. This reaction solution was

0o
Bt gﬁzgi MEnperature for five mnutes, and then
P rated.- Ther residue was purified. by reverse
NZ pH\ése \hi gh perf Br mance | i qui d chromat ography to give
the title conmpound (3.43 ng). 25 'H NVR(CD3CD) 8 3.48 ,

- ( m-(319hlore-Xmetly]-83tx0, 8, 3-ditydfes TH3hiyin- 63y 15t pérazindtcartdylic acid
t-butyTbfer Eothpodnd {8 Bo'me) was dissolved in N,N-dimethylformamide (0.5 mL).
lIodomethane (30 pL) and anhydrous potassium carbonate (15 mg) were then added to this
solution.  After stirring the reaction solution at room temperature for 12 hours, saturated
aqueous ammonium chloride solution was added to the reaction solution. This was then
extracted with ethyl acetate, and the obtained organic layer was concentrated. Half of the
obtained residue was dissolved in dimethylsulfoxide (0.3 mL), and then sodium cyanide (15 mg)
was added to this solution. After stirring the reaction solution at 100°C for 14 hours, water was
added to the reaction solution. This was then extracted with ethyl acetate, and the resulting
organic layer was concentrated. The residue was dissolved in trifluoroacetic acid. This
reaction solution was stirred at room temperature for five minutes, and then concentrated. The .
residue was puﬁﬁed by reverse phase high performance liquid chromatography to give the title

-compound (3.43 mg). :

'H-NMR(CD;0D) | _
8 3.48 (m, 4H), 3.49 (s, 3H), 3.65 (s, 3H), 3.66 (m, 4H)
MS mle (EST) 274M+H)* ' :

Example 24

2-Chloro-9-methyl-6-( biperazin—1-Vl)—’L9-dihvdropﬁrin—8-one trifluoroacetic acid salt
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20
- concentrated, and water (200 mL) was added to this fesidue, which was then extracted with -

-~ 25

Exanpl e 24 30 2-Chl or 0-9-net hyl - 6- (pi perazin-1-yl)-7
9-di hydropurin-8-one trifluoroacetic acid salt 54 H
CNL JHO NIl >>=0HOYF CIl NNFF _ _ '
4- (2- Chl or o- 9- net hyl - 8- 0x0- 85@- di hydro-7H purin-6-yl)p
i perazine-|-carboxylic acid t-butyl ester (conmpound
18d) (8 ng) was dissolved in trifluoroacetic -acid.
This reaction solution was stirred at room
" tenperature for five mnutes, and then concentrated.
The residue 5 was purified by reverse phase high
ormance |iquid chromatography to give the title
[z EEound (5.08 mg). Ms - nle (ESI) 269(M-H)+ Exanple 25
i peridin-3-yl carbamic acid t-butyl ester 25a)
t oxycar onylan1nop|per|d|n | - carboxylic acid
% ﬁ F QUN-N~Ck O H Benzyl chloroformate-
t Bn | g oluene) (88 g) was added dropw se
o er éﬁ?15 mindtes an ice-cooled a mxture of
pi peridin-3-carboxylic acid ethyl ester (24.3 g),
t r ideZhyhlara-Hrenetl{;2E- oo} 8, 9-ditty ded- MM -pugieed - A Sipérd@ite TLoarboxylic acid

oo BREEONL DY b9 GRSt Bt R, IR

solutionewas stirediattroor températaregfet fivamimitése and then C&tﬂeﬁﬁ&tedi The residue

Lum h ‘
was gapRR 8l L2 ot B nSH BTN RR S BB ER G B e e
compphid (Selsmg).i rred at room tenperature overnight. The
) et on was concentrated, and water (200
Msn{dfg’éév%gg%@g% to this residue, which was then
‘extracted, with t-butyl methyl ether. 5M aqueous
ExampYed chloric acid was added to the aqueous | ayer,

._I mas then extracted with ethyl acetate. The
bamisracidalsbuidlsstsr] wi t h wat er and sat ur at ed

then dri ed over anhydrous magnesi um sul f at e

25a) br| ne,
and concentrated to glve an oily residue (30.9 ).

3-t-Bytorycarhpny laﬁﬁﬂqnwﬂjldﬂle icapexylB0acid bemaybdstany | phosphor yI
2|de( trlethylamne (15.9 nm), and
butan | 25 was stirred at roomtenperature for
in an :

Benzyl chloroformate (30% solution in toluene) (88 g) was added dropw1se over 30

* minutes an ice-cooled a mixture of piperidin-3 -carboxyhc acid ethyl ester (24.3 g), triethylamine

(26 mL), and ethyl acetate (300 mL) The reaction solution was filtered to remove insoluble
substances, and the ﬁltrat_e was filtered through a srnall amount of silica gel, and then

. concentrated,

- Ethanol (200 mL) and 5M aqueous sodium hydrox.xde solution (40 mL) were added to

the residue, and this was stirred at room temperature overnight. The reaction solution was

t-butyl methyl ether. 5M aqueous hydrochloric acid was added to the aqueous layer, which was
then extracted with ethyl acetate. The organic layer was washed with water and saturated brine;

. then dried over anhydrous magnesium sulfate, and concentrated to give an oily residue (30.9 g).

A mixture of this residue (30 g), diphenylphosphoryl azide (24.5 mL), triethylamine
(15 9 mL), and t-butano! (250 mL) was stirred at room temperature for 1.5 hours, and then in an

* - oil bath at 100°C for 20 hours. The reaction solution was concentrated, the residue was

extracted using ethy! acetate and water, and the organic layer was washed with dilute aqueous. '
sodium bicarbonate solution and then with saturated brine. It was then dried over anhydrous: -
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ot oA Bt R AR TLAR SR

oil bath at 100C for 20 hours. The reaction solution
- was concentrated, the residue was extracted using
ethyl acetate and water, and the organic |ayer was|
washed with dilute aqueous .sedium bicarbonate
solution and then with saturated brine. It was then
dried over anhydrous 55 nagnesium sulfate, and
concentrated. The residue was purified by performng
silica gel colum chromatography using 10%to 20%
magrebit sutfar! alded/onexantd. aMie fesiiiRSRE Yarted (bjy erforming silica gel
acetate an Eex%ge to
ebggausng

recrydtalliZafién ustty) ethyll ad&@atk.a8d hétine 4dive TaclBiedodipouid (AH g).
‘HN§)§IZ§CI§@£'S’ 1H), 5.13 (s, 21-1), 7.26-7.40(m 5H)
; )peridi n-3-yl-carbamc acid t-butyl ester O :
3 1.4BRENEY 1.481 90 A, BLFD-DRO (m, SH), 4.58 (br.s, 1H), 5.13 (s, 2H), 7.26-7.40(m,
SH) 3-'t - but oxycar bonyl ani nopi peri di ne-1-carboxylic acid
“.benzyl ester (10 g), 10% palladium on carbon (500
nmg), and ethanol (100 nL) was stirred under hydrogen

25b)at nosphere at roomtenperature overni ght. The catal yst
was renoved by filtration, and the filtrate was

PiperibmSeyitcadiamit 40dd tbytgbsstert 0 gi ve the title conpound

6.0 g). 15 'H- NVR(CDC13) 3 1.44 (s, 91-1),1.47-1.80
Cm zﬂ) 2.45-2.60 (m 11-1),2.60-2.75 (m 11-1),
HN. 2425 S (m 1H), 3.05 (dd, J=3Hz, 12Hz, 111), 3.57
H

- (brygs, "1H), 4.83 (br.s, 1H) Exanple 26 20
N-net hyl - N-(pi peridin-3-yl) carbamc acid t-butyl .
es temixt@eldRaitbutoxgkarbondamabpipehiding: L atarboagliv acid benzyl ester (10 g),
10% g%ggggﬁi‘?éﬁ' gﬁ‘b%f' (}‘tég ?xgé)g%./n%r e'ﬂga%of ﬁ%%/onlﬂfb \92'15' slm‘(ag 'uﬁdeq)hyﬁlrao%en _
atmospheretnt resry tesporatyk avemight: p eFhiediatalyst vas baxoMed by diliration, and the
, . .(3 I iodid .
Flrad 5 Lon b L RIRALRE R el bomellog BEO BY) ' 200 Chi s

'H-NKR(CBGlred at 25 room tenperature for four hours. The

5 LK) SRy Ol N 05169, S DAL 8D o 1,205

(dd, Jaadzt &z, W), B.55dbus, df04.B3 (e, 1Y i ed over anhydrous
magnesi um sul fate, and concentrated. The residue was
purified by silica gel colum chromatography using

Example2& 0 20% et hyl .acetate/ hexane to give an oily

-N-me - {33 4 y (ggjno A adli XbUkeeQE, al |- of the resulting

materral w nd 10% pal | adi um on

> |
In a water bath af room temperature, sodium hydride (60% in oil) (0.4 g) was added to a -
mixture of 3-t-butoxycarbonylaminopiperidin-1-carboxylic acid benzyl ester (compound 25a)
(GB3g), methj(l iodide (0.75 mL), and N ,N-dimethylformamide (20 mL}), and this was stirred at
room temperature for four hours. The reaction solution was extracted using ethyl acetate and
water, the organic layer was washed with water, and then with saturated brine, dried over
anhydrous magnesiuni sulfate, and concentrated. The residue was purified by silica gel column
chromatography using 10% to 20% ethyl acetate/ hexane to give an oily substance (3.04 g). A

- mixture of all of the resulting material with ethanol (20 mL) and 10% palladium on carbon was
‘stirred under hydrogen atmosphere at room temperature for five hours. The catalyst was

filtered off, and the filtrate was concentfated to give the title compound (1.82 g).’
'H-NMR(CDCly) |
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30 stirred under hydrogen atnosphere at room -
tenperature for five hours. The catalyst was filtered
off, and the filtrate was concentrated to give the - -
title conpound (1.82 g). . 'H-é\ll\/R(CDClB) 56 8 1.46 (s,
911), 1.48-1.64 (m 2H), 1.721.84 (m 2H), 2.43 (dt, -
J=3Hz, . 12Hz, 1H), 2.60 (t, J=12Hz, 1H), 2.75 (s, 3H),
274302(m 2H), 3.86 (br.s, 1H Exanple 27 5

6- ( 3- Am no- pi perldln l-vl)-7- (2 but vnvl) - 2- chl or o- 9- ne

5 1.45%@)}[}, 1251 BY QOPHS, 11781 8 fm, B, HUYQRORAY), G288 S Hebr,

J=12Hz{ 1) 27B(% gRiM 3. 743 ORI(ow 8HY-3nt (bys,-18Doxo- 8, 9- di hydro- 7
H purin-6-yl ] pi perazin-3-yl] crbbamc acid t-butyl
-ester H QUOI N~If " NJI NC NN 10

Example 37 But ynyl ) - 2, 6- di chl or o- 9- net hyl - 7, 9- di hydropurln 8

: ORFL .,E, BIQne

triflupropeatig acidgalsr ‘(conpound  25b) (111 rTg) and

27a)triethyl am ne (77 L) were then added to this solution.
reacti on solutigon at room

[1- [ﬂ%@p&)&&hg%r etk x-SRy s Ty Relsy Hpgeazin-3-yllcarbamic

acid thdtgresgt i rring this 15 reaction solution at room

tenperature for 30 mnutes, the precipitate was .
iltered, and the white solid obtained was washed

>|/' ter and hexane to give the title conpound- (88
o IH-NIVR(D/VD d6) 8 1.37 (s, 9H), 1.57-1.91 (m

186 (1 23Hz, 311), 2.72 (m 1H), 2.87 (m

311), 3.50-3.63 (m 3H), 4.55 (dd,
J 18 0111) 4.64 (dd, J=18.0, 2.3Hz, 111_),
- 111) 27b)
6 (3 Amno blperldln I-yI) 7-(2- butynyl) 2-chloro-9-me. - .
Lo B Y B RR o BB 7, o dibd- SR R2E She co?é’ﬁoﬂmf 24100 mg)
was dissolved in acetonitrile (1.5 mL). Piperidin-3-yl-carbamic acid t-butyl ester (compound
25b) (111 mg) and triethylamine (77 uL) were then added to this solution. After stirring the

“reaction solution at room temperature for 24 hours, water (6 mL) was added.  After stirring this

reaction solution at room temperature for 30 minutes, the precipitate was filtered, and the white
sohd obtained was washed with water and hexane to give the utle compound (88 mg).

1H NMR(DMSO d6) .

8 1.37 (s, 9H), 1.57-1.91 (m, 4H), 1.76 (¢, J=2.3Hz, 3H), 272(m, lH) 2.87 (m, 1H), 3.26 (s,
3H), 3.50-3.63 (m, 3H), 4.55 (d¢1—180 2.3Hz, 1H), 464(dd J=18.0, 2.3Hz, 1H), 697(d
J=7.5Hz, 1H)

27b)
6-(3-Amino-piperidin-1 —yl) -7-(2-butynyl)-2-chloro-9-methyl-7,9-dihydropurin-8-one

trifluoroacetic acid salt
HZN

/I\JI >=0 HO

- [1-{7- (2—Butynyl) 2-chloro- 9-methy1—8 -0X0-8 9-d1hydr0—7I—I -purin- 6—yl]p1perazm 3- yl]c
arbamic acid t-butyl ester (15 mg) was dissolved in trifluoroacetic acid. This reaction solution
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O NOHOF 25 C NF | ‘ , -
1-[7-(2-Butynyl)-2-chl oro-9-net hyl - 8- oxo- 8, 9-di hydro-7
H purin-6-yl]piperazin-3 -ylj ¢ arbamc acid t-butyl
ester (15 ng) was dissolved in trifluoroacetic acid.
Thi s reaction solution 57 mé stirred at room’™
tenperature for five mnutes, and then concentrat ed.
The residue was purified by reverse phase high

- performance |iquid chromatography to give the title

“was s‘ﬁ?x‘é’@%ﬁ‘fb@m ferhperant® Yor VB H¥hfiel, BRInARB0M NG, STRAANRILE was

pmfrpd b2 xeisespripeye bigh perdorarageaiiquig rhromegraphiiyo give thee-titlepaempound
(72ydﬂ9n [ -yl)- 7 9 dlhydropurln 8-one "trifluoroacetic -
cid salt ‘N | =OHOF d NNF F 10 Using
MS ”ﬁé(w}@éﬁ%fﬂbl n- 3- yI )car banmi ¢ acid t-butyl ester
(conpound 26) instead of the (piperidin-3-yl)carbamc
acid t-butyl ester in Exanple 27a, the title conpound
Ex . ng) was obtained by treatnent simlar to that

7-(2-Bf:
2

triflugroggef 'ééﬁln 9- yhnethyllbenzonltrlle
| trifluoroacetic acid salt 29a) 2,2-Di nethylproplonlc

HN d
' ﬁz but ynyl) - 26dlchloro8oxo78d|hydropur|n9y

thyL/’ ester Cl N N>=0 ICNC~NO

JI)ZO HO

Using methyl(piperidin-3-y})carbamic acid t-butyi ester (compdund 26) instead of the _

(piperidin-3- yl)carbamlc acid t-butyl ester in Example 27a, the title compound (4.16 mg) was

obtained by treatment similar to that of Example 27. -
MS mi/e (ESI) 349M+H)"

- Example 29

2-[7-(2-Butynyl)- 2-chloro 8-0x0-6-(piperazin-1-y1)-7.8- dxhvdropurm 9- vlmethvl]benzomtn}e

 trifluoroacetic ac1d salt -

259a)
2,2-Dimethylpropionic acid [7 (2-butynyl)—2 6—dlch10ro 8-0x0 7,8- dxhydropunn 9-y1]methy1

ester

cl =
: N)\[N/):/
PPN Nvand

7-(2-Butynyl)-2,6-dichloro-7,9-dihydropurin-8-one (compound 1d) (193 mg) was

'dlssolved in N,N-dimethylformamide (2 mL), and then 2,2- dmemylproplomc acid chioromethyl
_'ester (163 uL) and anhydrous potassium carbonate (156 mg) were added to this solution. After

stirring the reaction solution at room temperature for 18 hours, saturated aqueous ammonium
chloride solution (5 mL) was added to the reaction solution. This was then ektracted with ethyl
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‘ester

O 7-(2-Butynyl)-2,6-dichl oro-7,9-di hydropurin-8-one

(conmpound 1d) (193 ng) was dissol ved

~in. N, Ndimethyl formam de (2 nmL), and then :

2, 2-di net hyl propi oni ¢ acid chl oronmethyl ester (163 L)

and anhydr ous potassiun1carbéﬁate (156 ng) were added -

to this solution. After 25 stirring the reaction

solution at roomtenperature for 18 hours, saturated
- aqueous anmoni-um chloride solution (5 nL) was added _

ot ' ' Thi ' n.extracted, Wt -
a°?t&2?-h%?%s%?@ﬁ%&%?%@@#%@%o FEe8 sREr B B R Mhurtea
bringygd S deiqd everianhydrows mbgnssiver sulfatt. t fba ogaticlatee dvas concentrated

n;.dr magnesi um _

;mdeg aﬁﬁg?de&@ §%Ilﬁ&eehg :%évg:ntlh% gﬁ%%@?pﬁv\%? @%‘E@g}ﬁt rated under
H-NMB(feladlspr essure to give the title conpound (434 ng). -

L T

4-[7-(2-Butynyl)-2-chl oro-9-(2, 2-di net hyl propi onyl oxym
29b)et hyl ) - 8- oxo- 8, 9- di hydro- 7H puri n-6-y
1] pi ?er azine-|-carboxylic acid t-butyl ester (N) -
4—[7-@\5:: sy N-2eshlemo-9-(A2-dimethyylpyopiony Rixgetnyl) pi-opi-8.8F dihydrp T H-purin-6-y
1]pipErZzi§12c1bdﬁ66&tyAia ackd Boycbdgr 0- 8- oxo-7, 8-di hydropurin-9-y -
[ ]met hyl ester (434 fg) was dissolved in acetonitrile
(4 n;% Pi perazi ne-|-carboxylic acid t-butyl ester.

Q. ‘my) and triethylamne (243 L) were then added to
I's solution. The reaction solution was stirred at
tenperature for 15 22 hours, then 1 N aqueous

gpgchtgri acid (3 nm.) and water (10 nL) were added
th action solution. This was then extracted
z?ﬁiFficetate. The obt ai ned organic | ayer was

Nva ed=sgquentially with water and then saturated
[ and then dried over anhydrous mnagnhesium

sulfakgb The organic | ayer was concentrated under

reducedipressure to give the title conpound (660 ng). =~
20 'H~§&R353013) 31.20 (s, 9H), 1.44 (s, 9H), 1.79 .
(t, J=2.4Hz, 3H), 3.40 (m 4H), 3.60 (m 4H), 4.64 (q;,
J=2,ABmeth@dphopidniSid s, 2H) 29c) o

: [7,-(2-butyny1)~2,6-dichloro-‘8'—oxo-7,8—dihydr0p_urin—9-y1]niethyl ester (434 iﬁg) was dissolved in

acetonitrile (4 mL). Piperazine-1-carboxylic acid t-butyl ester (325 mg) and triethylamine (243
‘pL) were then added to this solution.  The reaction solution was stirred at room temperature for
22 hours, then 1 N aqueous hydrochloric acid (3 mL) and water (10 mL) were added to the
reaction solution. This was then extracted with ethy] acetate. The obtained brg%mic layer was
washed sequentially with water and then saturated brine, and then dried over anhydrous _ |
magnesium sulfate. The organic layer was concentrated under reduced pressure to givé the title
compound {660 mg). _ o '
'H-NMR(CDCls) .

© 81.20 (s, 9H), 1.44 (s, 9H), 1.79 (t, J=2.4Hz, 3H), 3.40 (m, 4H), 3.60 (m, 4H), 4.64 (q, ]=2.4Hz,

2H), 5.88 (s, 2H)

29¢c)

7 4-[7-(2-Butynyl)-2-chloro-8—on-S,9-dihydro—'7H-purin—6-y1]pij:>erazineéI-ca:b_oxylic acid t—bﬁtyl
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[7-(2- But ynyl ) - 2- chloro 8- oxo0- 8, 9- di hydr o- 7FLpur|n 6
yI]plperaZ|ne I-carboxyllc acid t-butyl ester 59 0 .
k ~NBC CI"NH :
4-[7-(2-Butynyl)-2-chl oro-9- ?% 2- dlnethylproplonyloxym
et hyl) - 8- oxo- 8, 9- di hydro- 7H _
purin-6-yl]pi perazine-|-carboxylic acid t- butyl ester
(665 ng) was dissolved in.a mxed solvent of methano
(5 ) _and tetrahydrofuran (3 n), -and then sodi um
Ohyq;ﬁﬂé (60-72% in oil) (61 5 ng) was added to this
ution. The reaction solution was stirred at room
tRnperature for three hours. 1 N aqueous hydrochloric
acid (3 nmL) was then added to the reaction sol ution,
ch xtracted using ethyl acetate. The obtai ned.
0 ganrﬁg?i;gr was washed sequentially with water and
N %%gﬁwbrlne and then dried over anhydrous
/Jga e sul fate. The organic |ayer was concentrated
uNder reduced pressure, and the residue was purified

| 10 { h |
SQTQM%%MEOMQ 2l pethy SR oo oy dibydro-THL
fﬂigl]pi erﬁ%c%%?ﬁc Sid t- Eﬁ)tyf @ster%@S mé) Was diksolveddn 4'iixed solvent
ofme?ha?oh ) ot m§g§‘)ul) Lh(3 i ant thin o bdride (20-72% in oil) (61

mg) vzas[aadédztoaqats wmham 2- ThY RAAIA-seNBivd wap btReddd irforh tdthperdtufk for three
hoursaCI gcr&}oe 1lilqr_f1 lqrge et@? 3] rﬂﬁﬁégq%gégg Nt) ?h{e];-_rlegq%ogasg u!cllon, which

2
4-
)

© was e&tr{ﬂcc( &rﬁgﬂtﬁﬁwcéta&— c |T1h6 obtaBred h@gaﬁlcga ir Ryad s ddt s@qﬁd::mraﬁy with

_Waterl%\jl ]sg%%?eg] i ne c%lgvazf ﬁ]@:{y %g%rmgtg?ﬁ?@t@%l T ﬁi’l}é organic layer
was caidntriied under (rélﬁﬁﬂ@ﬁmsiwé rhé ﬂmem&lid W ;(L&ﬂéﬁ)by%ﬂﬁba gel column

o PRSP DR RBELPRDR it el chiourt S el

NMBGEDIGtyyper ature for 12 hours then saturated aqueous

51. soaﬁ‘?ﬁjq‘f;?lvggf@?ﬁaﬁﬁgﬁ%dfﬁz b2 Aes 563%) &N 48! h‘%& ?c?,’J=2.4Hz,

29d)
2-[7-(2-Butynyl)-2-chloro- 8—0x0 6—(p1perazm— —yl) -7,8- d1hydr0pur111—9 ylmethyl]benzommle
trifluoroacetic acid salt

H
N
N == |
N;\/I[N/: HOJO\KF
/k\N N F F

NC

4—[7—(2-Butynyl)-2-chloro-8-0x0-8,9~dihydro-7H—purin—6;yl]piperazihe- 1-carboxylic

“acid t-butyl ester (8 mg) was dissolved in N,N-dimethylformamide (0.5 mL), and then
2-(bromomethyl)benzonitrile (8 mg) and anhydrous potassium carbonate (5 mg) were added to
. this solution. The reaction solution was stirred at room temperature for 12 hours, then saturated

aqueous ammonium chloride was added to the reaction solution, and this was extracted with'



60 ethyl acetate. The organic |ayer was concentrated,
and the residue was dissolved in "trifluoroacetic
acid. This reaction solution was stirred at room
| tenperature for five mnutes and t hen concentrated
- ' The residue was purified by F%verse phase high -

_ performance liquid chromatography to give the title -
conpound (4.36 ny). 5 M5 nie (ESI) 422(M+H) + Exanpl e
30

ethyl%gétgfeBU ttwe fél@a.m% 164Hr Qa9 c@nc(aﬂﬂrﬁ@(f a4l B reéihﬂe %a@&@ﬂvedﬁ 9

i hvdropurin-8-onetrifluoroacetic acid
triflugpoacetiq agid. Tfgiq repptionisofmtion was gtireed #igon rcmamfﬁafﬁéﬁ(ezmutes,
and thén d:d’ix%&xﬁ?&@ecpf T%@@es@d&hﬁaﬂ'ﬁﬁﬁﬁte@w }é%%f?s% %ﬁésterﬂlélﬁpérﬁ)rmance liquid

le 29d, the title Cconpound
chroraﬁtpawaﬁhﬂt%gw% ﬂ@&tﬂ?@ﬁwgmﬁ (36 me)- that of Exarrpl e 29d.

5 MS %(Eﬁl)(4§ﬂl\)[+ﬁgr9(l\/l+l'|)+ 15 Exanpl e 31
f7-(2-Butynyl)-2-chl or o- 8- oxo-6-(pi perazin-I1-yl)-7,8-d

I hydropurin-9-yllacetic acid trifluoroacetic acid
Exangé80H ND 1 N CO N ~o HOF .C N NF OH Using

7.0 r oNDA etl cC a _z._-_- ter (}?90 L) |nsted of

salt tltle conpound (3.55. ng) was obtalned by treatnent
sl_lmlar to that of _

N

: | N /% .
o ol
Ci/l\!l N<O HO)H;F

Using 3-iodopropane (20 pL) instead of the 2-(bromomethyl)benzonitrile in Exaxﬁple |
29d, the title compound (3.71 mg) was obtained by treatment similar to that of Example 29d.
MS mle (ESD 349(M+H)

il roacetlc acid

10

15

1lacetic acid

OH _ _ _
_ - Using bromoacetic acid t-butyl ester (20 uL) instead of the 2- (bromomethyl)benzonitrile
20  in Example 29d, the title compound (3.55 mg) was obtained by treatment similar to that of |
- Example 29d.
MS mfe (ESI) 365(M+ED)*

Example 32
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‘ Exanple 29d. M5 W (ESI) 365(N%FD+ . Exanple 3232 61
[7-(2-Butynyl)-2- chl or o- 8- ox0- 6- ( pi perazi n-1-y1)-7
8-dih purin-9-yl]acetonitrile trifiuoroacetic acid

salt H /N N NCO HO YF Cl_g NFF CN Uslng '
bronpacetonitrile (20 L) i nsPead of the
2- (brononet hyl ) benzonitrile in 5 Exanpl e 29d, the
" title conmpound (4.74 ng) was obtai ned by treatnment
'simlar to that of Exanple 29d. NB nie (ESI)

SCRXBIRLE.

~ triflu i |n 9- yIIacetam de trifluoroacetic acid

SHlt HND1 NCOC>=0HOF C NNF ONH Using

ronpacet anmi de (5 ng) instead of the
2 (brormrrethyl)benzonltrlle in Exanple 29d, the title

4.71 nmg) was obtained by treatnent simlar
xanpl e 29d. 15 Ms me (ESI) 364(MH)+
Nl:-(X n'p F -
/Iﬂ ut ynyP) -“¢hl or o- 9- ( 2- phenyl et hyl ) - 6- ( pi per azi n-
M1 - ( 9 di hy ropuri n-8-one trifluoroacetic aci d
sal t
Using bromoacetomtrﬂe (20 pL) instead of the 2- (bromomethyl)benzommle in

Example 294, the title compound (4 74 mg) was obtained by treatment similar to that of Example -
29d.
MS mfe (ESI)'346(M+H)+

t of

Example 33 | _ _
-2-chloro-8-0x0-6-(piperazin-1-y1)-7.8-dihvdropurin-9-yilacetamide

trifluoroacetic acid salt

" H
N
o J 0
N/
PNy >=0.HOJLT<£
¢l °N” N F
K(o

 NHy . §
Using 2-bromoacetamide (5 mg) instead of the 2-(bromoinethy1)benzonitrile in Example
29d, the title compound (4.71 mg) was obtained by treatment similar to that of Example 29d,
MS mle (EST) 364(M-HH)" -

. Example 34 _ |
7-(2-Bu henylethyl)-6-(piperazin-1-y1)-7.9-dihydropurin-8-one

trifluoroacetic acid salt



62 HND1 NCON=OHOF NI C-1y C NN FF
Usi ng (2-bronoethyl)benzene (20 L) instead of the :
2- (brononet hyl ) benzonitrile i'n Exanple 29d, the title
conmpound (5.12 ng). was. obtakggd by treatnment simlar
to that of Exanple 29d. 5 me (ESI) 411(N%kb+ -
Exanpl e 35
9- ( 2- (4- Bronmopheny! ) -et hyl | - 7- (2- but ynyl ) - 2- chloro 6- (
pi perazin-1 -yl)-7,9-di hydropurin-8-one
t Hi fl uoroacetic aC|d salt H NCNJ O N>=0O HOF N 1)
N NF 10 Br Using methanesul fonic acid
iwgb bronophenyl ) et hyl.ester (10 ng) instead of the
N yI)benzonltrlle in Exanple 29d, the title
ng) was obtained by treatnment simlar
Fe 29d. Ms me (ESI) 491 (MtH) + 15

9NBengyl - 7- (2- Bhtynyl) 2-chl or 0- 6- ( pi perazin-1-yl)- 7
9-di hytkx opuri n-8-one trifluoroacetic acid salt 63

~ Using (2-bromoethyl)benzene (20 pL) instead of the 2-(bromomethyl)benzonitrile in
Example 29d, the title compound (5.12 mg) was obtained by treatment similar to that of Example |
29d. . o
MS m/e (EST) 411(M+H)"

Example 35

-2-chloro-6-(piperazin-1-y1)-7.9-dihydropurin-8-one

trifluoroacetic acid salt

"H
N

N~ =

N
/L;%ﬂ: >=0-H0JLT<F

ct” "NT N F

Br - . .

Using methanesulfonic acid 2-(4-bromophenyl)ethylester (10 mg) instead of the
2-(bromomethyl)benzonitrile in Example 294, the title compound (1.56 mg) was obtained by
treatment similar to that of Example 29d
MS m/e (ESI) 491(M+H)*

- Example 36

-7,9-dihydro urin%8-one trifluoroacetic acid




10

15 .

_Cl/Lgﬁ N4 H1

HNCND O OHO-JYF C NNF Using benzyl bronide
(20 L) instead of the 2-(brononethyl)benzonitrile in
" Exanple 29d, the title conpound (1.23 ng) was
obt ai ned by treatnment sinilag,to that of Exanple 29d.
MG W (ESI) 397(MtH) + 5 Exan%?e 37 4-[7-
2-Butynyl ) -2-chl oro- 8- oxo- 6- (pi perazin-1-y)-7
8- di hydropurin-9-yl | butyronitrile trifluoroacetic
acid H(N) NO N>=0HOF C NNGOCN 10 Using
4- chlorobutyronltrlle (20 L) |nstead of the
oH (bronnnethyl)benzonltrlIe in Exanple 29d, the title
ound (5.80 ng) was obtained by treatnment simlar
E Tfhatfgf ample 29d. Ms me (ESI) 374(MtH) + 15

o]
utvnyl )- -chl oro- 9- cycl opr opyl net hvl - 6- ( pi per azi
I yl»-—-CY H |:opurl n- 8- one trlfl uor oacetic acid
CN NO N

Usmg benzyl bromide (20 pL) instead of the 2- (bromomethyl)benzommle in Example
29d, the title compound (123 mg) was obtamed by treatment similar to that of Example 29d.
MS mife (EST) 397(M+H)* |

Using 4—chlorobutyromtnle (20 pL) instead of the 2-(bromomethyl)benzommle in-
Example 294, the title compou.nd (5-80 mg) was obtained by treatment similar to that of Example -
29d.

MS mfe (EST) 374(M+H)"

Example 38
7-(2-Butyny])-2-chloro-9-cyclopropylmethyl-6-(piperazin-1 ~y1)-7.9-dihydropurin-8-one

trifluoroacetic acid salt




10

15

20

. mﬂuaiiaecehgabﬁlggkwas 'purl f| ed by reverse phasehl gh

~Cl'" "N N>==0 HO F 'Usi ng brononret hyl cycl opropane (20 L)

~instead of the 2-(bronmonethyl)benzonitrile in Exanple
29d, the title conpound (0.83 ng) was obtained by
treatnment simlar to that of Exanple 29d. 5‘NB nie
(ESI) 361(M+H)+ Exanple 39 64 -
2-[7-(2-Butynyl)-2-chl oro- 8- oxo- 6- (plpera2|n | -yl)-78-
di hydropurin-9-yl met hyl | benzam de trifluoroacetic

acid salt HND 1 NCOl'N‘~I N>=O HOCF F- AS\NNF
N 10 O
HE[? (2-Butynyl)-2-chl or o- 8- oxo- 8, 9 di hydro- 7H purin- 6

Eyglglpera2|ne | -carboxylic acid t-butyl ester
ound. 29¢) (8 ng) was dissolved in:
N-di yligpormam de (0.5 nlL), .- and then
nmet hyllbengzonitrile (20 L) and anhydrous
_/igod sSiFEMHEAT B ete (8 ng) were added to this
¢t~ SRFution.. The Feaction solution was stirred at room
t enpe e for 48 hours. 15 Saturated aqueous
amoni um/chl ori de solution was then added to the
“reaction solution, and this was extracted with ethyI

ac éimgebrom@eabﬂeﬁcmwmn@@& ul)limspend afdlee 2-(rromomegtyienzonitrile in

| Exmn-BT@chP i c iﬁ%ﬁw’a@o Q@Qfﬁeéﬁeﬁ@sﬂ)ﬂr ﬁ'?ﬂat of Exampie | |

tetrahydrofura and then "aqueous anmoni a
(O 5 rrL) and 30% aqueous hydrogen peroxi de (0.3 nl)
MS ,,yp@(@gl? @'this solution. The reaction solution
|rred at roomtenperature for 12 hours, and the
reaction solution was then 20 concentr at ed. The

Exanfpgsiglue was di ssolved in trifluoroacetic acid, and
Stll rred at '

gdbenzamide

- pgrfornance l i qui d chromat ography to give the title

- ¢cqnmpound (1.15 ng). MS me (ESI) 440(M+H) + 65
Exanmpl e 40 _ ,

(2-B | )-2-chl oro- 8- oxo- 6-(pi perazin-l-yl)-7,8-d

ydr purl n- SIJyI | acetic acid nmethyl ester :

OaﬁS amd sal t

s
f

4-[7-(2-Butynyl)—2—chloro_—8-oxo-8,9'-dihYdro-7H-pu1in—6-y1]piperazi1;e-1-carboxylic '
acid t-butyl ester (compound 29¢) (8 mg) was dissolved in N,N-dimethylformamide (0.5 mL),
and then 2-bromomethylbenzonitrile (20 pL) and anhydrous potassium carbonate (8 mg) were
added to this solution. The reaction solution was stirred at room temperature for 48 hours.
Saturated aqueous ammonium chloride solution was then added to the reaction solution, and thjsl
was extracted with ethyl acetate. The obtained organic layer was concentrated. The residue
was dissolved in methanol (0.25 mL) and tetrahydrofuran (0.25 mL), and then aqueous ammonia
(0.5 'mL) and 30% aqueous hydrogen peroxide (0.3 mL) were added to this solution. The .
reaction solution was stirred a room temperature for 12 hours, and the reaction solution was then

~ concentrated. The residue was dissolved in trifluoroacetic acid, and this reaction solution was

‘stirred at room temperature for five minutes, and then concentrated. The residue was purified

by reverse phase high performance liquid chmmatography to give the title compound (1.15 mg)
MS m/e (ESI) 440(M+H) :
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H(N NO N/ ICN>=OHOF CI NOF 5 Ow

4-17-(2- Butynyl) 2- chl or o- 8- oxo- 8, 9- di hydro- 7H puri n- 6
yl] pi perazine-1-carboxylic acid t-butyl ester .

(conpound 29c) (8 ng) was dissolved in

N, N- di et hyl f ormani de (0.5 nf, and then

bronpacetonitrile (20 L) and anhydrous potassi um

carbonate (8 ng) were added to this solution. The

reaction solution was stirred at roomtenperature for

18 hours. Saturated 10 aqueous amoni um chl ori de ‘

solution was then added to the reaction solution, and

mﬁz& was extracted with ethyl acet ate. The obt ai ned

15 etic acid methyl ester

1 TOPUTin- 7-1
_uamanczmsu_lto rrg) was added to thls solution. After.

rring the reaction solution at 70C for 18 hours,
t%& reaction solution was concentrated. The residue
Wwas) di ssolved in trifluoroacetic acid, and this
U;m;ﬂﬁu“onvmsstwredatroomlStemmrMUre
r fi/ve mnwes, and then concentrated. The residue
E i fiedloy peverse phase high perfornance |iquid
@Hﬁbhy e give the title conpound (2.85 ng)

¢h rl
m)m m% ( 3?‘9(M+H)+ Exanpl e 41. 20

7-(2- I) 2-chl oro-9-1) henyl -6erazin-|-vl)-7
9 dlhydqgmyrln 8- one trlfluoroacetlc acid salt HCNL
-lY it o>== F
- (L6 Bty ychinre frooc dne B-mringGy Bpipragiae reagporstic
acid r-Mh:}Pés&% g&ﬁéﬁ%nh 29@)f(@%1<g>5 e dls’asﬂvgd In R XY m RSB rmamide (0.5 mL),

conmpoun &@ was di ssolved in

and thpq\brgmq@qqﬁm% rH @.m(l @nlyrdgeys potassium carbonate (8 mg) were added to

this solution. - The reaction solution was stirred at room temperature for 18 hours. Saturated

aqueous ammonium chloride solution was then added to th_é reaction solution, and this was

. extracted with ethyl acetate. The obtained organic layer was concentrated, the residue was

dissolved in methanol (0.5 mL), and then cesium carbonate (10 mg) was added to this solution.

~ After stirring the reaction solution at 70°C for 18 hours, the reaction solution was concentrated. '

The residue was dissolved in trifluoroacetic acid, and this reaction solution was stirred at room

temperature for five minutes, and then concentrated. The residue was purified by reverse phase

high performance liquid chromato graphy to give the title compound (2.85 mg).
MS m/e (ESI) 379(M+H)" :

Exémple 41

4-[7—(2-Butyny1)~2—chloro-8-oxo-8,9-dihydro-7H—purin-6-yl]piperazine—1—cérbbky1ic '
acid t-butyl ester (compound 29c¢) (8 mg) was dissolved in N,N-dimethylformamide (0.3 mb).
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66 Phenyl boronic acid (10 ng), copper(ll) acetate (5
ng), and pyridine (100 L) werethen added to this
solution. The reaction solution was stirred at 50C for
18 hours, then saturated-aqu&g amoni um chl ori de -
solution was added to the red¢tion solution, and this-
was extracted with ethyl acetate. The’ obtalned 7
- organic layer was concentrated, and the residue was -
di ssolved in 5 trifluoroacetic acid. This reaction :
Phenf}]%f&ﬂc%d’@ﬁ 8-?4)11 Jﬁﬁgr(gﬂi e“éc%:?a? @E}’ %cgﬁ}ki{e@?é @bo ‘éi%vere then added to
this splutipf.i eBherpactionsplibionwas stitedgt S04¢ farlfous, theq shtrated aqueous

| m&%ﬁ%@%o%%&?%ﬁﬁm%@ig %%d%zittg Elf 5&4&_& Q&gﬁ%ﬁ QH% &gi&% g@f HSed with

cthyl 3oetae( nThepiaine] g@ayiq laype yagroncemgfed, Fndthe Feddne(was dsgplved in

|
mﬂu&%flé\é@? %bﬁut( ﬁs)rez%ggﬁ %lnor on g_é%ifg{- g f?ologle trea erature f r)ﬁve minutes, -
and thengogenjigicdp uﬁ% regidyp e puBhed by 1ewerse phase bishdquse %tm@nce liquid

| chrorﬁ‘ﬁb%ﬁlﬂ)ﬂofﬂe%ﬁlﬂgco i 343md HOF G NN F 0 15

cyanopheny boronlc aC|d (10 ng) instead of
| boronic acid in Exanple 41, the title
51.8F np%}@z(z 5_375 390(A mﬂgm I RAlOTBNOHS] 11538165 (m, 5
tg’that ofﬂ%x ), B3 TR, IRE 4R )(El408(M+H)H§ (mm, 2
LdSngR
' 7 (2 Butynvl) 2-chl oro- 9- (4- net hoxyphenyl ) - 6- (pi peraz
- -yI) 7,9-di hydropurin-8 -one trifluoroacetic acid

——am-QQ&_(a? H1 CND N

4-[7( 2-Butynvl) 2-chlorg-8-0x0-6- (mperazm— -vh)-7.8- dlhvdronunn 9- vlTbenzomtnle

" trifluoroacetic amd salt

H
N
N %
8]
NN .
PN | =0 HOJ\<

CN ‘ ) .
Using 4-cyanophenylberonic acid (10 mg) instead of the phenylboronic acid in Example

41, the title compound (1.57 mg) was obtained by treatment similar to that of Exafnple 41.

MS mle (ESD) 408(M+H)*

Example 43

7-(2-Butynyl

trifluoroacetic acid salt
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_4- et hoxyphenyl boroni-c acid (10 ng) instead of the
phenyl -boronic acid in Exanple 41, the title conpound
(3.00 ng) was obtai ned by trgzxtmant simlar to that of:
Exanple 41. 5 M5 me (ESI) 3(M+H) + Exanple 44
7-(2-Butynyl)-2-chl oro-9-(furan-3-yl)-6-(piperazin-1-y

' .I) 7 9-di hydropurin-8-onetrifluoroacetic acid salt H
J Oi NNOHOF. O N.NF F 10 bo~ Using
3Hfuranboron| c acid (10 ng) instead. of the :

Q:Eyl boronic acid in Exanple 41, the title corrpound

3 nmg) was obtained by treatnent simlar to that of
M mie (ESI) 373(MrH) + 15 Exanpl e 45

utxnyl )& 2- chl or o- 6- ( pi perazin-1-yl)-9-(thiophen-
7%&51 drepurin-8-one trifluoroacetic acid
(%N) f oNN N\OHOF CINNF Using 3

h| ophenebor ofi c acid (10 ng) instead of the
phen ronic acid in Exanple 41, the title conpound

(3.5 ) was obtai ned by treatment simlar to that of
Exanpl & 41. '
OMe

Using 4-methoxyphenylboronic acid (10 mg) instead of the phenylboronic acidin
Example 41, the title compound (3.00 mg) was obtained by treatment similar to that of Example
41, ' '
MS m/e (EST) 413(M-+H)"

Ex ple 44 .

_ 7-(2-Butynyl)- 2-chloro-9-(furan-3 3-y1)-6- (pmeramn 1-y1)-7.9- dlhvdropurm 8-one tnﬂuoroacenc o

acid salt

Usmg 3-furanboronic acid (10 mg) instead of the phenylboromc acid in Example 41, the

title compound (1.23 mg) was obtained by treatment similar to that of Example 41.

MS m/e (EST) 373 (M+H)*

Example 45 o
7-(2-Butynyl iperazi ' -7.9-dihydropurin-8-one

_triﬂuoroacetic acid salt
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_NB me (ESI) 389(N%FD+ f-5 Exanple 46
7-(2-Butynyl)-2-chl oro-6-(pi perazin-|-yl)-9- (pyrldln 3
-y -7,9-di hydropurin-8-one trifluoroacetic acid salt o
"H (N J ~ON NOHOF C NNF N 10 Using '
pyri di ne-3-boronic acid (10 ﬁﬁ) i nstead of the
phenyl boronic acid in Exanple 41, the title conpound .
(3.44 ny) was obtained by treatment simlar to that of - -
Exanple 41. MS me (ESI) 384(MtH)+ Exanple 47 15
9HAI Iyl - 7- (2- but ynyl ) - 2- met hoxy- 6- ( pi perazin-l-yl)'—7,9
-ell hydropurln 8-one trifluoroacetic acid salt (N) N
NO 'O N>==OHO F F
( ynyl) 2-chl or o- 8- oxo- 8, 9-di hydr o- 7H-pur|n 6

I]plpera2| -carboxylic 69 acid t-butyl ester
u & ng) was dissolved in
CI or pide (0.3 m.). A lyl bromde (20 L)

a d a hydrous fot assi um carbonate (8 ng) were then
adde this solution. The reaction solution was
stirr at roomtenperature for 18 hours, then

saturated . aqueous amopni um chl ori de sol uti on was

addésing Frthipphepebarenis goid 4 Q msd instead @f theiphenkorenic egidtn @xample "
41,18 tmeté&nﬁjohudl (BSELBY Gas JMEintRbRRAR! ﬁﬁ‘aﬂhﬁtoltﬁét%TEyé@ﬁple 41,

concentrated, .the residue was dissolved in -nethanol
MS ”(/6(%8913)39(1\%%)then cesi um carbonate (10 ng) was added
to this solution. After stirring the reaction

Sg| X%l on at 70C for 18 hours, the reaction sol ution
oncentrated. The residue was dissolved in
7-(2-Blriyhy V0" 86616-Grind@hsAia-1 A (B r8dif 82811 17 QUiERIrbhirROS-WAS

stirred at yoom
triflucroacetic act saft

H
N

B _
N /-o
~_-N
Jau TR v
S F
ct” °NT N F
o

Using pyridine-3-boronic acid (10 mg) instead of the phenylboronic acid in Example 41,
the title compound (3.44 mg) was obtained by treatment sn:mlar to that of Example 41.
MS mie (ESI) 384(M+H)" ' '

Ex ample 47

-9-Allyl-7-(2-butynyl)-2-methoxy-6-(piperazin-1-y1)-7.9-dihvdropurin-8-one trifluoroacetic acid

o osalt

N /
o)
SN
bf/i/EOHo’U\KF
SO NT TN - DF

\ .
4—[7-(2-Butyny1)~24chloro-8-0);0—8,9-dihydm-'_iH-purin—G—yI]piperaz,ine-l-carbpxyﬁc |
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20

25

| Allylrh;a%iﬁd 9 H hm&@hﬁ/fhwﬁ petestieB L
solutign. * O rddedion ﬁnhztﬂ)n%ésr@irr%d Qf 088 t%mgbgaf@@fog‘q@ hh).lrs then saturated

. Ex ample 49

tenperature for five mnutes, and then concentrated. .
The residue was purified by reverse phase 10 hi gh
performance |iquid chromatography to give the title
conmpound (4.72 ng). 'H NWR( D) S 1.83 (t, J=2.4Hz,
3H), 3.47 (m 4H), 3.67 (m , 4.00 (s, 3H, 4.52 -~
(dt, J=5.6, 1.6Hz, 2H), 4.71 (g, J=2.4Hz, 2H), 5.20
(dm J=16.8Hz, 1M 5.24 (dm J= 9. 6Hz, 1H), 6.00 (ddt,
J=16.8, 9.6, 5.6Hz, 1H) 15I\/Sn1e(ESI) 343( M+H) +

acid s&rfeompound 29¢
ﬂm g&b u% vnyl )9 )(8 m “(’)afvd-lsszgg? gelﬁgﬂlrﬁr}eﬂ?ﬂifo)mmchdﬁo 3 mL)

opgie (B ma) wererﬁlmdd@mtq\tms

i nstead .of the a romde in e tit

BqUEQUS ARSRPRIILL dﬁgyﬁ/%% vigbaddedde ﬂwefeqtl@awgh@n @pﬁqﬂnl&was extracted
with Elﬁyl fatatedf Tﬁé@ﬁ%&d%?gmﬁ@la%ﬁwﬁs@%h&en%ﬁéﬁ MEL Tastdue was dissolved i in

' lLe
meth%lq? %) ?ﬂé f!gﬂftwl} coitmR FHOAIB(10wBRIsYisdpet tehis-splufiop. 7After
stirrid @he Eé‘cﬁﬁ@xﬁ) sdlintilorOat YOPE vyl 8 Rigiag ey x{eﬁtﬂoﬁ solutlon wa:ls\lgonéerliil:roated The .

residye g S ?‘r@%?ﬂtrf%ﬁ'@a%zﬁ@%ﬂ&nsém Ws%qﬁ%tgwelrs%wd at room

températiesd dﬁ% rrhﬂﬁe@ah& khehrc@ig&.eﬁ&aﬂeg Emlsﬁué’r%as pthleﬁedl bt feQerse phase
OOUI’] was, obtal n treat ar

high FRERARS oI BT EBAPINED BVE R0 OmPRUNA ) 1 )

'H-NFR(OD:0150

5 1.83 (t, J=2.4Hz, 3H), 3.47 (m, 4H), 3.67 (m, 4H), 4.00 (s, 3H), 4.52 (dt, J=5.6, 1.6Hz, 2I—I)

4.71 (q, J=2.4Hz, 2H), 5.20 (dm, J=16.8Hz, 1H), 5.24 (dm J=9.6Hz, 1H), 6.00 (ddt, 1=16.8, 9.6,

. 5.6Hz, 1H)

MS m/e (EST) 343(M+H)"

-6-(piperazin-1-y1)-7.9-dihydropurin-8-one trifluoroacetic acid salt

Using 1-bromo-2-butyne (20 pL) instead of the allyl bromide in Exaxdple 47, the title
compound (1.99 mg) was obtained by treatment similar to that of Example 47.

'MS mle (ESD) 355(M+H)"

-2-methoxy-8-0x0-6-(pi erazm—l N-7 8 dibvdro unn-9~

trifluoroacetic acid salt



2-17-( 2- But ynyf 42-nethoxy-8-oxo46-(p|pera2|n 1- yI) 7,
8- di hydropurin-9 ylmethyl]benzonitrile .
“trifluoroacetic acid salt H1 CNDi N O NF pN-O-
HOYF NF N 10 Using 2-cy%$o benzyl brom de (15 ng)
‘instead of the allyl brom de’in Exanple 47, the title
conpound (5.51 ng) was obtained by treatnent simlar
to that of Exanple 47. Ms me (ESI) 418( MtH) +
"H-NVR(CD3OD) S 1.83 (t,.J=2.4Hz, 3H), 3.47 (m 4H),
3..68 (m 4H), 3.97 (s, SFD 4.72 (q, J=2.4Hz, 2H),
582 (s, 15 2H), 7.46-7.81 (m 4H) Exanple‘51 ,

-Butynyl)-9-cyc|opropy|nethyl-2-nethoU—67(prperaz

v1) - Z=9=di hydropuri n-8-one . trifluoroacetic acid

t 74 H NEND NO \O>=0 HOF INNF J\ / F Using

thyl cyml Oopr opane (25 L) instead of the allyl

- i dg—ihH e 47, the title conpound (2.46 ng)
O"weté” OBt ai ned byrlFreatmant simlar to that of Exanple
(ESI) 357(MH—|)+ 5 Exanple 52

Usmg 4- cyano-benzylbrormde (15 mg) instead of the allyl bromide in Example 47 the
- title compound (5.36 mg) was obtained by treatment similar to that of Example 47.
MS m/e (ESI) 418(M+H)

Example 50

-8-0x0-6-(piperazin-1-y1)-7.8-dih droy urin-9-ylmethyl]benzonitrile

trifluoroacetic acid salt

H
N

) N //
o o
N™. - F
| 0 oo
WY halle
/4\ :

N
10 Using 2- cyano—benzylbrouude (15 mg) instead of the allyl bromide in Example 47, the ‘
“title compound (5.5 mg) was obtamed by treatment similar to that of Example 47.
MS mfe (EST) 418(M+H)"
H-NMR(CD;0D} -
. 3 1.83 (t, J=2.4Hz, 3H), 347(m 4H),3 68 (m, 4H),397(s 3H), 4.72 (g, J=2.4Hz, 2H) 5.32 (s,
15 2H), 7.46-7.81 (m, 4H) :

-6-(piperazin-1-y1)-7.9-dihvdropurin-8-one

trifluoroacetic acid salt




o

15

7-(2-Butynyl ).- 2- met hoxy-6- ( pi perazin-1-yl)-9-propel -7,
9-di hydropurin-8-one trifluoroacetic - acid salt NN H
NI NO '"OL N>=0 HOF 10 Usi ng 1-iodopropane (25 L)
instead of the allyl bromide_jn Exanple 47, the title
- compound (3.90 ng) was obtai hkd by treatnment simlar -~
to that of Exarrple 47. M5 me (ESI) 345(MtH) + Exarrple
53 15
7-(2- Butynyl) 2- msthoxy 6- (pi perazin-1-yl)-7,9-di hydro‘
purln 8 one trifluoroacetic acid salt HOCNL NDN -0-
'O N NHF Using propargyl bromde (25 p.L).
ead of the allyl bromde in Exanple 47, the title
E]nBound 63 ng) was obtained by treatnment sinilar
t Nt hap—of Exan'ple 47. MB mie (ESI) 303(MH)+ 72 -

Ne 54
: E- §-BQ#¥Nég}ﬂ2ﬁ?%thoxy 9- phenyl - 6- (plpera2|n-l---yl)-
~o ~diNydr opur i 08- one trlfluoroacetlc N acid salt- H
CND N N N >==0 ~O HOF 5 :
4-17-(2- tynyI) 2- chl or o- 8- 0xo0- 8, 9- di hydr o- 7FLpur|n 6
-yl ]pi perazine- | -carboxylic acid t- bUtY ester
(c gmegeihylcyglopgppan@al SdHlegpiteaskofithe allyl bromide in Example 47,

the um\b&iﬁﬁmxﬁ e %b{aﬂlea b@ﬁtﬁeamﬁiﬂ SR @At Gf@&"ahﬂalé 4P
(1) acetate ) | and pyri di ne (100

MS ma@sw ﬁgﬁh@%)ed to

Exam'ple 52

1-7.9-dihydropurin-8-one triflucroacetic

N’ / '
' O
|/t[ =0 JJ\<F

Using 1-iodopropane (25 pL) instead of the allyl bromide in Example 47, the title

© compound (3.90 mg) was obtained by treatment similar to that of Example 47

MS mle (ESD 345(M+H)"

Ex ample 53 _
-7.9-dihvdro urin-8-one trifluoroacetic acid salt -

Using propargyl bromide (25 pL) instead of the allyl bromide in Example 47, the title

‘ compound (2.63 mg) was obtained by treatment similar to that of Example 47.
MS m/e (ESI) 303(M+H)" ' ‘
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this solution. The reaction solution was stirred at

40C for 18 hours, then saturated aqueous 10 -amoni um

chl oride solution was added to the reaction sol ution,

and this was extracted with _ethyl acetate. The '

obt ai ned organic layer was cdhcentrated, the residue

was di ssolved in nethanol (0.5 nl), and then cesium

carbonate (10 ng) was added.to the solution. The

reaction solution was stirred at 70C for 18 hours,

and then concentrated. The residue was di ssolved in

trifluoroacetic acid. This was then stirred at room
Mrature for five mnutes, and 15 concentrated. The :
7-(2- B SR %-M%aW@ hLEA. 6b(¥31156?3/z|% i—evll]mﬂ 95&@&@6;& %—fg@og lt%%reoacetid

Ul d romat ograpn me— Tl

q
Mﬁ 88 rrg) MS nle (ESI) 379(M+|—|)+ Exanpl e 55 20
7-§ 2- But ynyl ) - 2- met hoxy- 6- ( pi perazi n-1-yl)-9-(pyridin-
E:yj) -7 9-di hydropurin-8-one trifluoroacetic aci d
a
p

H(N NIl NO '0NNOHOF FF e' DN Using

di -boronic acid (10 ng) instead of the
nyl/oroni cgacid in Exanple 54, the title conpound
wasj| obt-ai ned by treatnment simlar to that of

~0 4HO73 me (ESI) 380(M+H) + Exanple 56
7 utynyl)-% (furan-3 -yl)-2-nmet hoxv-6-(pi perazin-
-l 9-di hydropurin-8-one 5 trifluoroacetic acid
salt N o CNDN ~N NOHOF / O Using
ur.an- 3- boroni ¢ aci )._instead of th :
& G0 e hlara- o iy dim: T pran £ réoesesipoinsarboxyli

acid t(bZtty?]l %stﬁﬂ%coﬁ@%uﬂmgib PRANBY whé BRIt in N, KidiRkthl Roldahide 0.3 mL).
‘Phenylborggllceamd (10 mg), copper(Il) acetate (5 mg), ‘and pyridine (100 uL) were then added to
this solution. The reaction solution was stirred at 40°C for 18 hours, then saturated aqueous
ammonium chloride solution was added to the reaction solution, and this was extracted with -
ethyl acetate.. The obtained organic laye:r was concentrated, the residue was dissolved in
methanol. (0.5 mL), and then cesium carbonate (10 mg) was added to the solution. The reaction

- solution was stirred at 70°C for 18 hours, and then concentrated. . The residue was dissolved in

triﬂuorpé.cetic acid. "This was then stirred at room temperature for five minutes, and
concentrated. The residue was purified by reverse phase high performance liquid

. chromatography to give the title compound (2.88 mg)

MS m/e (ESI) 379(M+H)*

' Example 55

7-(2-Butynyl

trifluoroacetic acid salt

H
N

| N /%
5 '
_\O/kN N HO e

O
~_ N

Using pyridine-3-boronic acid (10 mg) instead of the phenylboronic acid in Example 54,
the title compound (2.29 mg) was obtained by treatment similar to that of Example 54.



M5 me (ESI) 369(N%FD+ 10 Exanpl e 57
7-(2-Butynyl)-9-(thi ophen-3-vl)-2-net hoxy-6-(pi perazin
-1 -yl)-7,9-di hydropurin-8-one trlfluoroacetlc acid
salt H NN NNO ~-Q-N>=0_HOF F F 15 Using '
thlophene 3-boronic acid (10 %g) i nstead of the
phenyl boronic acid in Exanple 54, the title conpound
(3.18 ng) was obtained by treatnent simlar to that of
Exanple 54. M5 nmle (ESI) 385(MtH) + Exanple 58 20 7-
: t hoxy- 6- (pi perazin-1-vl)-9-(4-vinhen
hde%%f%@%?ﬁ@%?o urin-8¥one(ptfifluoroacet?c'agid salt ¥4)
--HNCNDNO ONN=OHOF -":CF Using

: _Exmnlygylphenylboronlc acid (10 ng) instead of the

10

15

20

yl boronic acid in Exanple 54, the t|tIe conpound
7-(2-Batyny)fyffurgmd - h2 anatkekyng-(piperari dyD)-Fi%

if] gg_&%fg S, VS Mie (ESI) 405(MrH)+ 5 Exarrple 59
HE —H ~E ﬁ-butynyl) 2- et hoxy-6- (pi perazin-1-yl)-7
9- @lhydropurln 8-one trifluoroacetic acid salt k H N

)\ﬁi#OHo

l
o) - . ,
Using furan-3 ~boronic acid (10 mg) instead of the phenylboronic acid in Example 54,

* the title cornpound (2.19 mg) was obtained by treatment similar to that of Example 54

MS m/e (ESI) 369(M-+H)"

Ex ple 57

~ 7-(2-Butynyl)-9-(thiophen- 3-v1) 2~meth0xv 6-(piperazin-1- Vl) 7, 9 dihydropurin- 8 -one

trifluoroacetic acid salt

H
N
N ==
)IN/O
Lot
I/
’\o’L‘N N HO e
7]
3

Using thiophene-3-boronic acid (10 mg) instead of the phenylboronic acid in Example
54, the title compound (3.18 mg) was obtained by treatment similar to that of Example 54.
MS m/e (EST) 385(M+H)"

Example 58

 trifluoroacetic acid salt
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20

CNDi O ~o Ni NNOHOF '"t-t --1Y F 10
4-[7-(2-Butynyl)-2-chl or o- 8- oxo- 8, 9 di hydr o- 7H puri n- 6'
-yl ] pi perazi ne- I-carboxyllc acid t-butyl ester _
(conpound 29c) (8 ng) was dl% olved in .
N, N- di et hy! f or mami de (0.5 ? ‘Allyl bromide (20 L)
and anhydrous potassium carbonate (8 ng) were then
added to this solution. The reaction sol ution was
stirred at roomtenperature for 12 hours, then
salurated aqueous ammoni um chl ori de solutlon was

Med. This reaction solution was then extracted 15
izth ethyl acetate. The obtained organic |ayer was
comcen d, the residue was dissolved in- ethano

5 ), andpt hen cesi um carbonate (10 ng) was added
/§g [ | ut llon.g The reaction solution was stirred
for HPA R s, and then concentrated. The

e was diskolved in trifluoroacetic acid. This
solution was stirred at roomtenperature for
five mpates, and then concentrated. The residue was
purified by reverse phase high performance liquid 20
chr omat ogfaphy to give the title compound (4.21 ng).
I\/S Unsirgg 4-ialy)phaAbddohic-actdaophs iffeadDf the phenylboromc ac1d in Example

54, the tle cgn@XW%golﬁdn%ﬁ%?gtﬁnﬁg é}' HQ%H(H‘ t%grr&ﬁqz.rl g that of Example 54.

MSm/e(EMMi)it(M&D c acid salt H N JI p NNN HO F ccXttN
~ FF HZN O
4-17-( 2- Butynyl) 2- chI or o- 8- oxo- 8, 9- di hydr o- 7H puri n- 6
Exampid Jdi perazi ne-1-carboxylic 5 acid t-butyl ester
9—A11£f19'?-.??.- A0 wl'?a chégf-élggénerwmq-ﬁ§ 9'9-%@%%%@%@_&@1-

N, NFU e ot mmal ]
salt and anhydrous pot assi um car bonate (8 nmy) were then
add tothis solution. The reaction solution was
Stl&fed at roomtenperature for 12 hours, then
ur ted aqueous anmoni um chl ori de " sol ution was
Th| action solution was then extracted wth-.
eth a et ate. olhe obtai ned organic |ayer was
Mated /gg?iﬁhe resi due was dissol ved

OHo

\ |
4-[7-(2-Butynyl)-2~chloro-8-ox0-8,9-dihydro-7H-purin-6-yl]piperazine-1-carboxylic
acid t-butyl ester (compound 29¢) (8 mg) was dissolved in N,N-dimethylformamide (0.5 mL)
Allyl bromide (20 pL) and -anhydrous potassinm carbonate (8 mg) were then added to this _
solution. The reaction solution was stirred at room temperature for 12 hours, then saturated
aqueous ammonium chloride solution was added.  This reaction solution was then extracted
with ethyl acetate. The obtained organic layer was concentrated, the residue was dissolved in
ethanol (0.5 mL), and then cesium carbonate (10 mg) was added to this solution. The reaction
solution was stirred at 80°C for 14 hours, and then concentrated. The residue was dissolved in
trifluoroacetic acid. This reaction solution was stirred at room temperature for five miﬁutés
and then concentrated. The residue was purified by reverse phase high perfoxmance 11qu1d B

_ chromatography to give the title compound (4 21 mg).
‘MS mle (ESI) 356(M+H)"

" Example 60



10 in | -methyl-2-pyrrolidone (0.5 nmL). Salicylam de
(10 mg) and cesium carbonate (10 ng) were added to
this solution. The reaction solution was stirred at -
80C for 14 hours and then cgncentrated. The residue
was dissolved in trifluoroacetic acid. This reaction
solution was stirred at roomtenperature for five
m nutes, and then concentrated. The residue was
_purlfled by reverse phase hi gh perfornance Iqu|d

triflugrpgaeti acid salt y| ) - 9- (pvrldln 3- yI) 7,9- di hydropurln 8- on
etriflugroacetic acid salt 61a) 20 -
4- (6-CbhNQro-5-nitro-pyrimdin-4-yl)pi perazme-l-carbox
yIic% t-butyl ester OO () 1 NNNX NOC
4, 6- Diefy or/o}%r‘tropyrlmm ne [ CAS No. 4316-93-2]
(2.0 g) | was/dissolged in acetonitrile (30 nL), and
Fen m/p i ne-1-darhkoxylic acid t-butyl ester (1.92
and 1 HOM NEC(2. 1 nl) were added to this
50l G i oM. V\Qexreactlan solution was stirred at room 76

erature~or 14 hours; and then water (30 nL) was
ed The reaction solution was stirred at room :
raturefo 30 .m nut es t hen the ecipi.tate )
2P Eseed)-pyhiore SR R R AR R T b
5 acid t%@ﬁ %é’teﬂ\(cbﬂlp\ﬂ&i@wcﬁ'ﬂgj a8 8iskdlva N, NlindetHyl@®rmamide (0.5 mL).
npQun IVR( CDC13) (% 1.48 _

Allyl grcgqug (?@lul(),ﬁndgp&ycgog@pqtgsmuiq_ﬁarbfg@@ mg) were ?hen alg)ded to this
solutifn,[ M&e%ﬁ@om&m vaRisREYG BrBbh temparature i 12 ﬁouds,] thérDSaturated
aquéo%g k}%%lolnﬁ%(r: or1 e 50 ut%:r{ v(?rast ad%ué y! Tﬁf‘? ge?ur:tlonos\(() ution was t{'}len exfracted
with ethyl acetate. The obtained organic layer was concentrated, and the residue was d1ssolved
100 in l-methyl—Z—p‘yno]idone (0.5mL). Salicylamide (10 mg) and cesium carbonate (10 mg) were
- added to this solution. The reaction solution was stirred at 80°C for 14 hours and then
concentrated. The residue was dissolved in trifluoroacetic acid. This reaction solution was
stirred at room temperature for five minutes, and then concentrated. The residue was purified
by reverse phase high performance liquid chromatography to give the title compound (1.69 mg).

15 MS mle (ESI) 448(M+H)*

Example 61 , _ .
7-(2-Butynyl)-6-( pinerazin— 1-yD-9-( Dvridin—3-v1)—7,9-dithropurin-8-one' trifluoroacetic acid salt

. 61la)
- 20 4-(6-Chloro- S-mtro-pymmdm 4-yl)piperazine- l—carboxyhc acid t-butyl ester

0 0J<

e

NN
.m/

N~ Cl
4,6-Dichloro-5-nitropyrimidine [CAS No. 4316-93-2] (2.0 g) was dissolved in
acetonitrile (30 mL), and then piperazine-1-carboxylic acid t-butyl ester (1.92 g) and
- triethylamine (2.1 mL) were added to this solution. The reaction solution was stirred at room



.10 S : S _
4-(6-Chl oro-5-nitro-pyri mdin-4-yl)pi perazi ne-|-carbox
ylic acid t-butyl ester (3.0 g). was dissolved in
acetonitrile (30 nL), and theg 3-am nopropionitrile
(0.71 nlL) and triethylamne ?1.58 niL) were added to -
this solution. After stirring the reaction solution at
room tenperature for 14 hours, water (60 nlL) was
added. The reaction solution was stirred at room

tempérefiRefodl 4 heurk Odnd3ed Wviket €9 ad dHABd. I NEhIEGi R -
P s col | ect.ed, by f?ltratlgorﬁl%e, obt ai nhphéd f5 iOgll.sltdﬁgtﬁnW&SStllTed

wa ) | ) oW _
al ToOL, fmPerfiEe defs oA as nangien the meeciiiRienuas aoligrtod by fidiration.  The
obtaifiddisoRd GRERALY With YdteHand h&khfd t Ogiw: the title compound (g.94 ).
1 Nﬁggﬁggﬁ-cyano-ethyl)-8-oxo-8,9- I hydro- 7H puri-n- -yI%p'
H- { . .
He-1 -car boxylic acid t-butyl ester 0OYOOD NH
5 & 1KBRY, oN)BI53A(3.61 (m, 8H) 8.39 (s, 1 , _
4-[ 6- ( 2- Cyano- (et hyIPam ngj }5D ni tro-pyrim di n-4-yl]pi per
azine-1l-carboxylic acid t-butyl ester (1.0 g) was
61b) di ssol ved in tetrahydrofuran (12 nm), and then 10%

' | adi on _carbon 77. er. (wet.type) (200 ng) was
-6 o el AT oS S o R Fasin L Db YA e -ty eser
stirred under a hydrogen atnosphere at room.
t;ggerature for 20 hours. Insol ubl e substances were
h

OY removed by filtration, and the obtained filtrate
- was concentrated under reduced pressure. The obtained

[:N:Iesidue was di ssolved in acetonitrile (30 nL), and
N The reaction sol uti on was

hen N, N -di succini m dyl carbonate 5 (1.13 g) was -
- "N added to this solution.
N~ XSHHPxr ed at roomtenperature for five hours, then 40
L, of waper was added. This reaction solution was then
N°C e at ed under reduced pressure to 40 .nL. The -

| 5 prieci pitate was col lected by filtration. The obtai ned
- solid was washed with water and hexane to give the _
- 10  ti $H(e-ChinmpSurito (ri2itnidin)4-yPpipemtinen -afboxlylc adbt-ditybdster (3.0 g)

s SEBRUIBENTAS bt B4 L L5848ogFBL 0.7 )
o triethylganineil . 6DEILY)were 8ddedsd thissol@tdn) , Afted Ftifring tHe-feaBiitm solution at room
- tempe%fgr’e fgr. Ig%hcé.lgg, W ﬁ;ﬁ\@%ﬁ %Q"(agcﬁ'é?ps ’I%ﬁééag&éx} 30]@@0118 s stired at room
temperptyrg forA0gninytap) Jndohémthe peesepitatenyas coledixd bg firationy dbe Bbtained
15 yellovk oM vheoild PARSHATNE hbrB PN i Anthohinl U 41 )

ester

6lc) L | | |
-4-[9—(2-Cyanerthy1)~8;—0xo—8,9-dihydro-7H-purin«6—yl] piperazine-1-carboxylic acid t-butyl ester

| OYOX

N

&
| N“\’N\jf:ﬁo |
N\

N ‘ , . _
20 4-[6-(2-Cyano-ethylamin0)~5-nitro—p)'fl‘ilnidm—4~yi]piperazine-I-c:arbOXyIic acid t-butyl
ester (1.0 g) was dissolvg:d in tetrahydrofuran ( 12_mL), and then 10% palladium on carbon '



Il N\~ rO N NN : '

4-[9-(2- Cyano- et hyl ) - 8- oxo- 8, 9- dlhydro 7FLpur|n 6-yl]p
| perazine-|-carboxylic acid t-butyl ester (623 ng)
was dissolved in N, N-dinethyLformam de (10 ni)._

Pot assi um car bonate 20 (300 fg) and 1- brono- 2- butyne
(0.18 nL) were then added to this solution. The
reaction solution was stirred at roomtenperature for
19 hours, then water (20 nmL) and 1 N hydrochloric

powd@? (v?et Qﬁ)eﬁ"t—jooviﬁ a0fad toTtBis%omgnt h'?ﬂe fe‘%tﬁﬁ SR NS gtﬁed under

ace at e, and the obtail ned ani c 1ayer

ah %ﬂ%@?ﬁ@éﬁr\w oomplcmipernire Sorbrhouesd Brsoleble Thstances were then

remo{r&ﬂb&l filtRHo® raﬁ@ ‘ﬁ&e%ﬂtﬁﬂ&f MRS Wi, 'c%ﬂcen@r‘é?eﬁ Aﬂﬁ&g@ ressure. The -
fate, and then concent rated unaer pressure.

Obmﬂﬁ’efeﬂé%q i} W&é‘feésﬂ pertomiirde (IymE). lané ﬁlegéwf NElisupginimidyl carbonate

5 (1.13 %E%ﬁﬁ&d&ﬂrt@ By sd1QtiEH. VeIHeri@achbﬁ Eﬁuﬁ&ﬁ?ﬁyﬁg&eﬁiaﬁgodﬁgiemfemMe for

| five h@u§6f¥?§ gD%hBoté\szt:ch g'%ﬁ adsdgd 3'(3‘ ]@ﬁ\rea,;qlgn solutgm Ve mqrpgoncentrated under

- reducéd Bresdure to fﬂFxﬁLZ HThe plebipitatt- wid coflectdd By fittatiodH) Thebidined solid
was il V50 ey g ot odie Sneiteyamporl (03 19e)s. OB oRERT the
obtalﬁhtll d@ﬁrpbnﬁc&ﬁvb@fimiﬁs’d Wcdilieat gePedIiinn @BFdRiatodhpty for ()in NMR analysis.

QD&JQ\I N H 5
NM“'{( 3)Butynyl) 9- (2-cyano- et hyl ) - 8- oxo- 8, 9- di hydro 7
~+8 1.5 Hsp9H), 2:9-(y, | JFpispR] 2H), 3651 (nt; aHD, PXyLmCA,HPMQSt(t kg ¥ Hz, 2H), 827 (s,
1H), g;%fﬁﬁ$ 2 g) was dissolved in ethanol (20 ni).
ride (60% in oil) (344 ng) was then added
slowy to this solution. After stirring the reaction

61d)solut|on at roomtenperature for 72 hours, water (50
7 m.) and 1 N hydrochloric acid (10 nL.) were added to
15 4-7- (ler&ltym):ﬁ4(%yam-¢thy1¢48-omnﬂj9¢dﬂjyﬁmNaH ;ﬁuxﬂnr&lglt]p@emnmma:boxyhc
acid 18 Elﬁ ;acetate. The obtai ned organic |ayer 10 was
&8“Wi th water and saturated brine. The obt ai ned

nic |ayer was then dried over magnesium sulfate,
Q :;qaconcentrat ed under reduced pressure to give the
title conpound (1.25 g). 1H NVWR(CDC13) 6 1.51 (s,
NO9H), 1.81 (t, 1=2.4Hz, 3H), 3.36 (m 411), 3.63 (m
[ H. 4.70 (q. J=2.4Hz. 2H), 8.38 (s, | |

//

>=o
N

N\

N : ,
4-[9-(2-Cyano-ethyl)-8-0x0-8,9-dihydro-7H-purin-6-yllpiperazine-1-carboxylic acid _
- t-butyl ester (623 mg) was dissolved in N,N-dimethylformamide (10 mL) Potassium carbonate -
20 (300 mg) and 1-bromo-2-butyne (0.18 mL) were then added to this solution. The reaction _
 solution was stirred at 'room temperature for 19 hburs, then water (20 mL) and 1 N hydrochloric
acid (5 mL) were added. This was then twice extracted with ethyl acetate, and the obtained
organic layer was Washed with water and saturated brine. The resulting organic layer was dried
over magnesium sulfate, and then concentrated under reduced pressure. The residue was
25  purified by silica gel column chromatography to give the title compound (484 mg).
TH-NMR(CDCly)
- 8 1.51 (s, 9H), 1.81 (t, J=2.4Hz, 3H), 2.96 (t, J*72Hz 2H) 3.36 (m, 4H), 362(m 4H), 4.27 (t,
J=7.2Hz, 2H), 4.70 (q, J=2.4Hz, 2H), 8. 37 (s, 1H). ' :
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15

20

15 61) _ _
7-(2-Butynyl) - 6- (plpera2|n 1-yl)-9-(pyridin-3- I)-7,9-
dlhydropurln 8-one trifluoroacetic acid salt H (N J
- NNHO z NF FF
4- [7 (2- Butynyl ) - 8- oxo- 8, 9- dlﬁydro 7H purin- 6- yI]plper
azi ne-l-carboxylic acid t-butyl 20 ester (12 ng) was
di ssol ved in N, N-di net hyl formanm de (0.5 nL).
Pyri di ne-3-boronic acid (10 ng), copper(ll). acetate (5
ng), and pyridine (50 L) were then added to this
solution. The reaction solution was stirred at-room
61)tenperature for 120 hours, and then water was added.
4-[7-ThBatyneBE-6:0518 SQiMerHA@&d-JSL? &%Ire{zﬁfétlegar%ﬁy'ﬁc %&Hxlbutyl ester
etate. The organic layer was concentrated
é&gﬂue was di ssolved in trifluoroacetic aC|d Thls
o tion solution was 79 then stirred at room
ytenperature for five mnutes, and concentrated. The
[: Ee3|due was purified by reverse phase high

erfor e liquid chromatography to give the title
np%gnfﬁ 71 rrg) MS mie (ESI) 350(M+H) + 5 Exanpl e
N7- (2-Butnyl ) 9-phenyl - 6-(pi perazin-I-yl)-7 -
[\ £ dbhgﬂropurln 8-one trifluoroacetic acid salt H (N)
NN-N O N:N>=0 HOF F Using phenyl boronic acid
(1(*.)i ng) instead of the pyridine-3-boronic acid in

Ex dnfi+@-Buthnyl)-Be2tdyhhmethphroennds, 0 Glidirarg H-piai- &Pl pipe@dine- 1 -carb
OX}’H%{C&H %%g{y)r{fg%%rg@l I_%!)iraé)glﬁ?lga({l of EX?% mL?lfSOdmm h}b@de (60%,in
0il) (344 mg) was then added slowly to this solution. After stirring the reaction solution at
room temperature for 72 hours, water (50 mL) and 1 N hydrochloric acid (10 mL) were added to |

the reaction solution, and this was extracted using ethyl acetate. The obtained organic layer

~ was washed with water and saturated brine. The obtained organic layer was then dried over

magnesmm sulfate, and concentrated under reduced pressure to give the title compound (1.25 g
H-NMR(CDCl:) .

8 1.51 (s, 9H), 1.81 (t, J=2.4Hz, 3H), 3.36 (m, 4H), 3.63 (m, 4H), 4.70 (q, J=2.4Hz, 2H), 8.38 (s,

1H) | | |

61f) _
7-(2-Butyny!)-6-(piperazin-1-y1)-9-(pyridin-3 —yl)-7,9?dihydrop1_1rin—8-one trifluoroacetic acid salt

N

N N O '
l/ >:O )‘KKF
N N, HQ E
F
7
e N

4-[7-(2-Butynyl)-8-o0x0-8,9-dihydro-7H-purin-6-yl |piperazine-1-carboxylic acid t-butyl
ester (12 mg) was disselved in N,N-dimethylformamide (0.5 mL). Pyridine-3-boromnic acid (io -

‘ mg) copper(lI) acetate (5 mg), and pyridine (50 pL) were then added to this solution. -The
reaction solution was stirred at room temperature for 120 hours, and then water was added.

This reaction selution was then extracted with ethyl acetate. The organic layer was

_concentrated, and the residue was dissolved in trifluoroacetic acid. This reaction solution was
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N o]
| ENISO HOJK‘(F

7-(2-Butynyl)-9-(furan-3-yl)-6-(piperazin-1-vl)-7,9-di
hydr opurin-8-one trifluoroacetic acid salt H 1 CND N

/" NNO.- 1 I NNNOHOF a F O 15 Using ' '
furan-3-boronic acid (10 ng) spnstead of the )

pyri di ne-3-boronic acid in Exan'ple 61f, the title

conpound- (1.28 ng) was obtai ned by treatnent

simlar.to that of Exanple 61f, but at a reaction
tenperature of 50C. M5 me (ESI) 339(MrH)+ 20 Exanple

then G#red at room temperature for five minutes, and concentrated. The residue was purified

oy o B i B U 5l BERS 671 mo

MSns/aI(ESBG50(}MN{)(I\I) NOOF NNHOF F Ol Using
2- met hoxy- 5- pyri m di nebor oni ¢ aci d (10 ng) instead of
the pyridine-3-boronic acid in Exanple 61 f, the
Exa.nigld:ﬁZe corrpound (2.52 ng) was obtai ned by treat ment
z of . I f, :

Hhours 5 H-NI\/R(CDBCD) 8 1. 87 (t J= 2 OHz, 3I—I) 3.53
m 4H) 3.70 (m 4H) 4.13 (s, 3H) 4.87 (q, J=2. OHz,
(s, 1H) 8.95 (s, 2H ' :

LF

Using phenylboronic acid (10 mg) instead of the pyridine-3-boronic acid in Example
61f, the title compound (6.94 mg) was obtained by teatment sumla.r to that of Example 61£.
MS mle (EST) 349(M+H)"

Example 63 _ :
7-(2-Butyny[}-9-( f11ran-3 -yD)-6-(piperazin-1-y1)-7,9-dihydropurin-8-one trifluoroacetic acid salt .

H
N

N /
'N\N -_ O
1JI>=0
kN/ " HO)J\KF

- DF

¢ ' 1

@]

Using furan-3-boronic acid (10 mg) instead of the pyridine-3-boronic acxd in Example
61f, the title compound (1.28 mg) was obtamed by treatment similar. to that of Example 61f, but
at a reaction temperature of 50°C.

MS m/e (ESI) 339(M+H)*

Ex ple 64

- 7-(2-Butynyl)-9-(2-methoxy- nvnzmdm— -yD)-6- (mperazm~ -y1)-7 9—d1hvdronur1n 8-one

itnﬂuoroacetxc acid salt
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(ESI) 381( M+H) ' 10 Exanpl e 65
-Butynyl )-9-(2-chl oro-pyridin-4-yl)-6-(pi pera2|n I
-7 9-di hydropurin-8-one trifluoroacetic acid salt
HN(N)NO N~ HO-F F C i ng
2-chl oropyri di ne-4-boronic agl d (10 ng) instead of .the
pyri dine-3-boronic acid in 15 Exanple 61f, the title
conpound (4.48 ng) was obtained by treatnent simlar
to that of Exanple 61f, but at a reaction tenperature
Hof 90C and over a reaction tinme of 48 hours.
NOH NVR(CD3OD) 6 1.86 (t, J=2.4Hz, 3H) 3.53 (m .4H)
E 69(m4H)4.86(q,J24Hz 2H)819(dd J=5.6,
.27 (d; J=2.0 Hz, 111) 8.53 (s 111) 8.54

J\f J= 5 6H6 1H) 20 MBS W (ESI) 384(MtH)®  Exanple 66

3:§u f9- (6- rret hoxv- pyri di n-3-vl)-6-(pi perazi n-
-7 9-di yﬁjropurin-S-one trifluoroac‘etic acid
t v6a)

Z-N2-But ynyl ) - 9- (6- met hoxy- pyrldln 3-yl)-8-0x0-8, 9-
d| h\éro 7H purin-6-yl] pi perazine-l-car 5 boxylic acid-
tbuPy+ester O< OYON.NNN/ ~ONNN /0 Using -
5 ﬁﬁltgﬂ(-meﬂm&mmﬁjﬂﬁldﬁiebsrdn&sdc&ﬁg 0@hg)tih@ead of the pyridine-3-boronic

ioni.trile i

- acid i E%iamp%) ; l%pthe trile compounrgi %%g) was ol%tamed by treatment similar to that of

Example 61f, but at a reaction temperature of 50°C and over a reaction time of 48 hours.
IH-NMR(CD;0D) | " |

§ 1.87 {t, I=2.0Hz, 3H) 3.53 (m, 4H)3 70 (m, 4H) 4.13 (s, 31—1)487(q,]——20Hz 2H)845(s
1H) 8.95 (5, 2H) '

MS m/e (EST) 381(M+H)"

D-6-(piperazin-1-y)-7.9-dihydropurin-8-one

N 0
N
L J_ =0 _F
N N HO
L F
7
SN

- Using 2- chIoropyndme-4-boromc acid (10 mg) instead of the pyndme-3-boromc acid in
Example 611, the title compound (4.48 mg) was obtained by treatment similar to that of Example
61f, but at a reaction temperature of 90°C and over a reaction time of 48 hours
'H-NMR(CD;0D)

6 1.86 (t, J=2.4Hz, 3H) 3.53 (m, 4H) 3.69 (m, 4H)4 86 (q, J=2.4Hz, 2H) 8.19 (dd, J=5.6,

 2.0Hz, 1H) 8.27 (d; J=2.0 Hz, 1H) 8.53 (s, 1H) 8.54 (d, J=5.6Hz, 1H)

MS m/e (EST) 384(M+H)"

Example 66



the titl'e conpound was obtained by treatnent simlar
to that of Exanples 61b-d. 'H NMR(CDCl13) 10 6 1.50
(s, 9H), 1.82 (t, J=2.4Hz, 3H), 3.36 (m 4H), 3.64 (m
4H), 3.97 (s, 311), 4.78 (q, ,J=2.4Hz, 2H), 6.87 (d,
J=8.8Hz, 1H), 7.83 (dd, J=8.8! 2.8Hz, 1H), 8.36 (S, -
114), 8.44 (d, J=2.8Hz, 1H) 66b)
7-(2-Butynyl)-9-(6-nmethoxy-pyridin-3-yl)-6-(piperazin-
| -yl)-7,9-di hydropurin-8-one 15 trlfluoroacetlc aC|d

7-(2- Eédvhvlhisﬁ(sﬁ;

tﬂﬂ“ urin-6-yl] pi perazi ne-1-car boxyl ic acid
.66&)t butyl ester (60 -ng) was dissolved in.trifluoroacetic
cid, and this reaction_ solution was stirred at room _
4-[7- &%ﬁ%ﬁﬂ%ﬁr(éﬂ%hﬂ#yrmlmﬁubtl)sg-oxaﬁ@ﬂ ﬂlh&dm&&ﬁ@mﬁaﬁhwerazme Icar
5 boxleJ‘&ndlﬁ%ht?}Jt%te%O was purified by reverse phase high
: performance liquid chromatography to give the title 82
c ound (48.25 ng). 'H NVR(CD3CD) 8 1.87 (t,-
@=A 4Hz, 3H), 3.-53 (n] 4H), 3.69 (rn, 4H), 4.02 (s,
QT/ -4.86 (q, J=2.4Hz, 2H), 7.00 (dd, J=8.8, 0.8Hz,
[: j. : 7 95 (dd, J=8.8, 2.8Hz, 111), 8.42 (S, 1H), 8.43
d,

: 0.8Hz, 1H) 5 Ms mie (ESI) 380(MtH) +
67 7- 2- Bu n 1l -9- 6-o0x0-1 6-dih dro- ridin-3-

erazin-1- 1 -7 9-dih dro urin-8-one
L, rlﬁkgoroacetlc acid salt H N CNJ NI N'" O
N
2\
\N
‘/o

'Using 5-methoxy-2-aminopyridine instead of the 3-aminopropionitrile in Example 61b,
the title compound was obtained by treatment similar to that of Examples 61b-d.
'H-NMR(CDCl,)
10 8 1.50 (s, 9H), 1.82 (t, I=2.4Hz, 3H), 336(m,4H) 3.64 (m, 4H), 3.97 (s, 3H), 4.78 (q,J"‘24Hz |
2H), 6.87 (d, ]=8.8Hz, 1H), 7.83 (dd, J=8.8, 2.8Hz, 1H), 8.36 (S, 1H), 8.44 (d, J=2.8Hz, 1H)

66b)
- 7-(2- Butynyl)-9 (6-methoxy—pynd1n— -yl) 6- (plperazm l-yl) -1,9- dﬂlydropunn—S-one
15 trifluoroacetic acid salt

N .

| =0
kN’ N HOJH(i
| F
2
N
O—

4-[7—(2—Butynyl)—9—(6—meﬂ10xy—pjr_idin—3 -y1)-8-0x0-8,9-dihydro-7H-purin-6-yl]piperazi
ne-1-carboxylic acid t-butyl ester (60 mg) was dissolved in triflucroacetic acid, and this reaction
solution was stirred at room temperature for five minutes, and then concentrated. The residue

20 was purified by reverse phase high performance liquid chromatography to give the title
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[1~~OF NHOYF F NH 10 O. ' '
4-[7-(2-Butynyl)-9-(6-nmet hoxy-pyridin-3-yl)- 8 0Xx0-8, 9- -
di hydr o- 7H puri n- 6-yl ] pi perazi - ne-1-carboxylic acid
t-butyl ester (conpound 66a) 540 mg) was dissolved in
ethanol (0.2 nL),” and then N hydrochloric B
aci d/ di oxane (0.2 nL) was added to this solution. The
reaction solution was stirred at 90C overnight, and
then concentrated. The residue was purified by 15

compoRMe (42 phgpe hi gh per formance |iquid chronat ography
" H NIVR( CD30D)

1 e the title conpound (17.58 np).
HN@E&%* J=2.4Hz, 3H), 352(m 4w '3.68 (m 4H),

§1. 84(184~1 iz J_aﬂ% %B(mﬂd)l) 36697Eh, 4 ) 1=2 4Hz, 2H) 7.00°
(dd, é§68( Mﬁﬁﬁ*lﬁr% %& =8. 95@(88}12 ﬁH? 8 42 (snﬁg(s 43 (d, I=2.8, 0.8Hz, 1H):

MS rlfe (BSBGRIMNHY)'9- (1- met hyl - 6- ox0-1
6- di hydro-pyridin-3-yl)-6-(piperazin-l-yl)-7
9- dlhydropurln- 8-one trifluoroacetic acid 68a) -

mg@é (2 Butynyl) .9- (1 nethyl 6- oxo- 1, 6- di hydr o- pyrldln
8% - d .

- 0 DD o
| gmcemcumdlshl N AN >= o N O USI ng

H ©-ami no-1-nethyl -i H pyridin- 2-one instead of the
N 3-am nopropionitrile in Exanple 61b, the title
[j onpound was obtained by treatnent simlar to that of

61b-d. 5 68b) _
6- oxo- 1, 6-dihydro-pyridin-3

( -Butynyl)-9-(1-net hyl -
ﬁ%ﬁlﬁ -6 (pLﬁf;?zln 1-yl)-7,9-di hydropurin-
F _ o

 4-[7-(2-Butynyl)-9-(6-methoxy-pyridin-3-y1)-8-oxo-8,9-dihydro-7H-purin-6-ylJpiperazi
ne-1-carboxylic acid t-butyl ester (compound 66a) (40 mg) was dissolved in ethanol (0.2 mL),
and then 4 N hydrochloric acid/dioxane (0.2 mlL}was added to this solution. The reaction

- solution was stirred at 90°C overnight, and then concentrated. The residue was purified by

reverse phase high performance hquld chromato graphy to give the title compound (17.58 mg)
'"H-NMR(CD;0D) : .

-+ 81.86 (t, J=2.4Hz, 3H), 3.52 (m, 4H), 3.68 (m 4H), 484 (g, =2 4, 2H),67o (d, I=10.4Hz,

1H), 7.83-7.86 (m, 2H), 8.43 (s, 1H)

MS m/e (EST) 366(M+H)

- Example 68
. 7~(2 Butynyl)-9-( l-methvl 6-0x0-1 6—d1hydro—pvr1dmn3-vl) 6-(Dmerazm- -yi}-7.9-dihydropurin-

8-one trifluoroacetic acid

68a) : _
4-[7-(2-Butynyh)-9-( 1-methyl—6 -0x0-1,6- thydro-pyndm- -y1)-8-0x0-8,9-dihydro- 7H—punn- ~y1

- Ipiperazine-1-carboxylic acid t-butyl ester



8- one trlfluoroacetlc acid salt H (N N N O NO HOF
N, 0
4-17-( 2- Butynyl) 9- (1- net hyl - 6-oxo-1,6-d|hydro-perd!n
-3-yl ) - 8-o0x0-8, 9-di hydro-7H g3 10 , S
urin-6-yl]piperazine-I-carboxylic acid t-butyl ester
(15 ng) was dissolved in trifluoroacetic acid, and
this reaction solution. was stored at roon1tenperatUre
for five mnutes and then.concentrated. The residue
S purified by reverse phase high performance |iquid
o. onmat ography to give the title conmpound (10.52 ny).
*T” H NVR(CD30OD) 15 S'1.88 (t, J=2.4Hz, 3H), 2.74 (s,
N3H), 3.52 (m 41-1),3.68 (m 4H), 4. 72 (g, J=2.4Hz,
|-1) 6.70 (d, J=9.6Hz, 1H), 7.77 (dd, J=9.6, 2.8Hz,
m (d, J=2.8Hz, 1H), 8.43 (S, 1H) NBn1e(E$)
W+ Dmmﬂe6920
ly-7-(2-butynyl)-6-(pi perazin-1-yl
L\ hydr opurin-8-one trifluoroacetic acid salt 84
HNN) N Nfl NOF NNHOF |
4- (2-Butynyl ) - 8- oxo- 8, 9-di hydro- 7H purin-6-yl ] pi per .
azj neyl- carboxylic acid t-butyl ester (conpound 61 e)
(1 ) was dissolved in N, Ndinethylformam de (0.5
m.), ocand then -allyl bromide (25 L) and anhydrous
pot assi um car bonate (10 ng) were added to this

solUstigghamBoArmethyb pyrrc@nﬂmle isteatliod theshmiriopropaenitrile in
{ P
Erar RSN SRR Sul POt bl y bl BRI B s cios.

- acetate. The obtained organic | ayer was concentr at ed,
5 ng)and the residue was-dissolved in trlfluoroacetlc aci d.
his reaction solution was then stirred at.

7-(2~ B@M@é) St 6- axqfé,ﬁrﬁlhmr@@mdm%b%e@amm1 yt},éﬂ dlhyd.ropunn \
—onertﬁﬁh&‘éﬁce‘ﬁ@%mﬂléﬁl'tf i ed | '

H
N
N /% _

' 0

K/JI =0 HOJ\|<F
NN F
F
VO ON—
0

4-[7-(2-Butynyl)-9-(1-methyl-6-ox0-1,6-dihydro-pyridin-3 -yl)—8-0x0-'8,9-dihydr0-7H-p
10 urin-6-yl]piperazine-1-carboxylic acid t-butyl ester (15 mg) was dissolved in trifluoroacetic acid,
and this reaction solution was stirred at room temperature for five minutes and then concentrated.
The residue was purified by reyerée phase high performance liquid chromatography to give the
title compound (10.52 mg). :
'H-NMR(CD;0D)

15 §1.88 (t, 7=2.4Hz, 3H), 2.74 (s, 3H), 3.52 (m, 4H), 3.68 (m, 4H), 4.72 (g, =2.4Hz, 2H), 6.70 (d,

1=9.6Hz, 1H), 7.77 (dd, 1=9.6, 2.8Hz, LH), 8.09 (¢, J=2.8Hz, 1H), 8.43 (8, 1H)
M8 mle (ESI) 380QM+H)"

- Example 69 -
9-Allyl-7-(2-bu

20 1 -7.9-dihydropurin-8-one trifluoroacetic acid salt



10

15

20

by reverse phase hlgh performance |iquid
chr omat ography to give the title conpound (8.00 ng).
10 Ms me (ESI) 313(M+H)+ Exanple 70
7-(2-Butynyl)-6-(pi perazin-1gyl)-9-(2-propynyi)-7, 9- di
hydr opurin-8-one trifluoroacetic acid salt H (N J
NNO I ONHOYF F 15 Using propargyl brom de (25
L) instead of the allyl brom de in Exanple 69, the
title conmpound (3.71 ng) was obtained by treatnent
k|S|n1Iar to that of . Exanple 69. Ms mie (ESI) 311(M+H)+
anple 71 20 2-[7-(2-Butynyl)-8-o0xo-6-(pi perazin-|-yl
8- di hydropurin-9-yll acetam-de trifluoroacetic acid
HINN.O NN>= NOIYF F NH Using
ronoacetan1de (20 mg) instead of the allyl br oni de
ﬁg nple 69, the title conmpound (7.55 ng) was
I\/Eﬁal negd eatment simlar to that of Exanple 69.
Me(EI) O(MtH)+ 5 Exanple 72
utynyl) 9-cycl opropyl net hyl - 6- (pi perazin-1-vl)-7
9 d|h dropurin-8-one trifluoroacetic acid salt H CND
N 2.[7-(AButfAylfB-ox0-8,9-dihydro-7H-purin-6-ylpiperazine- 1 -carboxylic acid t-butyl
ester (compound 61e) (15 mg) was dissolved in N,N-dimethylformamide (0.5 mL), and then '
allyl bromide (25 pL) and anhydrous potassium carbonate (10 mg) were added to this solution.”
After stirring the reaction solution at room temperature for 14 hours, water was added to the
reaction solution, and this was extracted with ethyl acetate. -The obtained organic layer was
concentrated, and the residue was dissolved in trifluoroacetic acid. This rgaction solution was

then stirred at room temperature for five minutes and concentrated. The residue was puriﬁed

- by reverse phase high performance liquid chromatography to give the title compound (8 00 mg).

MS mfe (ESD) 313(M+H)

Example 70 o
7-(2-Butynyl)-6-(piperazin-1-y1}-9-(2-propyny])-7.9-dihvdropurin-§-one trifluoroacetic acid salt

H
N

+ & Ho»*

Usmg propargyl bromide (25 p.L) mstead of the allyl brormde in Example 69, the title
compound (3.71 mg) was obtained by treatment similar to that of Example 69.

MS m/e (ESI) 311(M+H)"

Example 71 _
2-[7-(2-Butynyl)-8-ox0-6-(piperazin-1-v1)-7.8-dihydrovurin-9-ylJacetamide trifluoroacetic acid

salt



"N NHOF FF F 10 Using brononethyl cycl opr opane (25

L) instead of the-allyl bromde in Exanple 69, the
~title conpound (7.28 ng) was obtained by treatnent

simlar to that of Exanple 685 M5 nfe (ESI) 327( MkH) +

Exanple 73 15

4-(7-(2- Butynvl)-8-oxo-6-(p| perazin-l-yl)-7

8- di hydr opuri n-9-yl nmet hyl | benzonitrile

trifluoroacetic acid salt H(NN) N~ NOII"N~OHN I
HO F F Using 4-cyano-benzyl broni de (20 ng) instead of

he allyl bromde in Exarrple 69, the 86 title

[ jorrpound (9.56 ng) was obtained by treatnment simlar -

Nto of Exanple 69. M5 me (ESI) 388(MHH) + Exanple

74N5 7-(2- Bugyn ['Y) - 9- phenet.hyl - 6- (pi perazin-1-vl)- :

f‘f -d):l&bdronur n-8-one trifluoroacetic acid salt H(j
kN N N N qua{lgqgo F  F Using phenethyl brom de (25 L)
‘aofthe,:aﬂlyl bromi de in Exanple 69, the title
ound (7.14 ng) was obtained by treatnent
S|ml 2to that of Exarrple 69l\/ISrr1e(ESI) 377( M+H) +
r@?@ Sl I
I hydr op urlﬁ -o %Sjéer%og)?e |c ac&élagHEgaﬁ%GQ the title
comp()N}d (7.55 mg) was obtamed by treatment similar to that of Example 69. _
MS mle (ESI) 330(M-+H)* |

Example 72 .
- 7-(2-Butyny}-9-cyelopropylmethyl-6- (mnerazm« -vl) 7.9- dlhvdropunn-S -one tnﬂuoroacenc

acid salt

H
N

N /

(o A

N Ho NE
[

IF

10 Using bromometh}?lcyclopropane (25 pL) instead of the allyl bromide in Example 69,
the title compound (7.28 mg) was obtained by treatment similar to that of Example 69.
~ MS m/e (ESI) 327(M+H)

Example 73 _
15 1)-8-0x0-6-(piperazin-1-y1)-7.8-dihvdropurin-9-vlmethyllbenzonitrile

triﬂuoroace_tic acid salt

H
N

N%N i F
| kN/ _N>: HO i
:::_N

Using 4-cyano-benzylbromide (20 mg) instead of the allyl bromide in Example 69, the
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"N O kN N) =OHOF HF
4-[7-(2-Butynyl)- 8- 0xo0- 8, 9- dlhydro 7H—pur|n 6-yl ] pi per
azi ne-1-carboxylic acid t-butyl 15 ester (conpound
6le) (12 ng) was dissolved iggtrifluoroacetic acid..
. This reaction solution was stirred at room
- tenperature for five nminutes, and then concentr at ed.
The residue was purified by reverse phase high
performance |iquid chromatography to give the title
title coopponh(®. {BmBHwanbtainddbyrireathER mPA#36 Mt Eﬁ&nﬁé@%ﬂ e

: 7,6 [)-9-nethyl -6-(piperazin-1-yl- _
M3 ”53 &‘?%‘%?ﬁ%w 8-one trifluoroacetic acid sal t 76a)

4- (9H puri n-6-yl) - pi perazi ne-1-carboxylic acid t-butyl

'Exggﬁﬁgﬁ 87 OONN NN H To a solution of
OVODU“ ne [ CAS No. 8742 31 (7.73 g) in ethanol
7111 1 " ‘

kit 8-bn@ftfluoroacetic acid salt

H plpera2|ne I-carboxyllc aC|d t- butylester (11.16 g)

N.were added, and this was heated under reflux for 16
[ J;ou-rs. The soI vent was renoved under reduced 5

N

and the residue was suspended in water (200
The pbeC|p|tate was collected by filtration, and
w ce With 50 mL of water and twice with
9ty methyl ether to give the title
ound (13; 9 g). 'HNWR(CDC13) 1.50 (s, 9H)
3.62 (m 411) 4.29-4.37 (m 4H,), 7.90 (s,

8.35 (s, 1H). 10 76b)
-9H purin-6-yl) - plpera2|ne- 1 -carboxylic.

ester O\/O(N) NN NN
. Using phenethylbromide (25 p.L) instead of the allyl bromide in Example 69, the title

compound (7.14 mg) was obtained by treatment similar to that of Example 69
MS m/e (EST) 377(M+H)

-7.9-dihydropurin-8-one trifluoroacetic acid salt

4~[7—(2—Butyny1)—8-oxo-8,9—-dihydro-7H-pmi11~6-yl]ﬁiperazine-I—carboxylic acid t-butyl

ester (compound 61e) (12 mg) was dissolved in triflucroacetic acid. This reaction solution was

stirred at room temperature for five minutes, and then concentrated. The residue was purified

by reverse phase high performance liquid chromatography to give the title compound (8.86 mg).
MS mle (EST) 273(M+H)* :

ample 76

i 7-(2-Butynyl}-9-methyl- 6-(piperazin- I-VI 7.9- dlhvdropunn 8-one tnﬂuoroacetlc acid salt
762) -

4-(9H-purin-6-yl)-piperazine-1-carboxylic acid t.-butyl'ester
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Pot assi um carbonate (1.52.g) and nethyl i odide (O 94
m.) were added to a solution of 15
-~ 4-(9H puri n- 6- yl) - pi'per azi ne-1I-carboxylic acid t- butyl
~ester (3.04 g) in N, Ndinethgyformam de (100 nL) and
this was stirred at roomtenperature for 16 hours.
Et hyl acetate (300 nmL) and water (100 nL) were added,
the organic | ayer was washed twice with 100 nL of
wat er and then once with-100 nL of saturated aqueous
o gpdluntchlorlde solution, and then dried over
dr ous nagne3|untsulfate The organic | ayer was
Nfi tered, and concentrated under reduced pressure to
[ 0 give the title compound (2.70 g). ' H NVR(CDC13)
.50 (s, 9H), 3.56-3.61 (m 4H), 3.83 (s, 311), :
26-4.34 (m 4H), 7.73 (s, 1H), 8.36 (s, 1H) 76c¢c) a8
)ii; - Chl or 0- 9- net hyl - 9K puri n- 6-yl ) - pi per azi ne- 1- car bo
1§ c acid t-butyl ester O10 (N NNN _ C NN
hIorosu00|n|ntde (1.25 g) was added to a sol ution
4- (9-met-hyl - 9H puri n- 6-yl) - pi per azi ne-1 - carboxylic

| ?crrg alspRby gf s%het%&a ggg;s ert 5743 %fn(?tﬂ%er at}&;dgﬂﬁoqﬁ)
duso;ggp)ﬁgthylgmn@t @il mb};@ﬂanper@:ﬁ@@lfﬁ@)boamhh zvad ebutysdten{Nl.16 g) were

added@ﬁ@ﬂﬁ’sdgﬂleatéaﬁgﬁéﬂéﬂﬁf fc!r%ﬁtrou.ﬁas nﬁ&eg}tt\%ﬁs ngg‘irédgmﬁgr reduced -

water a then once wt sat ur
pressigg, ag e msidue wap sesperdsdiin watn (210 b). aFhe pfedipitate sageollected by

h
ﬁltratﬁﬁ Yot meéwgﬁeawc%%ﬁyid RALSf g%é & gmae u?e()grﬁLWf‘?butyl methyl

filtered and then concentrat
ether iy gig theditle rpepperd dad%N@s puri f | ed by SI I i ca gel
ﬁ{}nqmqgnnﬁggraphy, and the et hyl 10 acetate hexane 4:1
fraction gave the title conmpound S %ﬁ
1.50 (s4HnRO EBcRAy0, AHB oA @%4 3§1(m, 4Hp), 380 1s, ééi)( 54111 3.76
(s, 31-1), 4.18-4.25 (m 411), 8.34 (s, 111) 76d) 15
4- (9 Met hyl - 8- oxo- 8, 9-di hydr o- 7H puri n- 6-yl ) - pi perazin
76b) ¢ -carboxylic acid t-butyl ‘ester: OYO(N NH
4-(9- Methyl-9H-pur‘in—6—y1)-piperazine-1-carboxylic acid t-butyl ester

OTOK
()

N
NS N
o
I\N" |\{>

Potassium carbonate (1.52 g) and methyl iodide (0.94 mL) were added to a solution of

4-(SH-purin-6-yl)-piperazine-1-carboxylic acid t-butyl ester (3.04 g) in N,N-dimethylformamide

(10_0 mL}), and this was stirred at room tetnperature for 16 hours.  Ethyl acetate (300 mL) and
water (100 mL) were added, the organic layer wasrwashed_t'wi_ce with 100 mL of water and then
once with 100 mL of saturated aqueous sodium chioride solution, and then dried over arthydrous
magnesium sulfate. The organic layer was ﬁ_ltered, and concentrated under reduced pressure to
give the title compound (2.70 g). |
'H-NMR(CDCly)

1.50 (s, 9H), 3.56-3.61 (m, 4H), 3.83 (s, 3H), 4.26-4.34 (m, 4H), 7.73 (s, 1H), 8.36 (s, 1H)

76¢c)
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N Il >=0O N N Sodi um acetate (0.168 g) and sodi um

bi carbonate (0. 100 g) were added to a sol ution of

4- (8- chl oro-9- net hyl - 9H puri n- 6-yl ) - pi per azi ne- I-carbo
xylic acid t-butyl ester (O. § 3 9g) in

di met hyl sul foxide (5 nL). Thi'sS was then heated at 135C
for 64 hours. The reaction solution 20 was filtered,
and was directly | oaded onto a colum for purification
by reverse phase hi gh performance |iquid :

-(8-Chloasratagh L
o | H NI\/R( CDC,fl bglégtg}ap %’E%'e 147(?%?%?6 t(sbg E&elg)

3. 72 3.77 (m 411) 8.33 (s, 1H), 1
10187- 10 92 (br.s, 111) 89 76e)
2-Butynyl)-9- nethyl 6- (pi perazin-1-yl)-7,9-di hydrop

I: érln 8-one trifluoroacetic acid HN1 CN thOOHNF
Pot assi um carbonate (6 ng) and 1-brono-2-butyne (4
were added to a solution of

F t hyl - 8- oxo0- 8; 9-di hydr o- 7H puri n-6-yl ) - pi perazin
-carboxylic acid t-butyl ester (10 ng) in

NN-\di met hyl forrnam de (0.5 nL). This was stirred at

roomtenperature for 15 hours. Ethyl acetate (1 ni)

anN—mlﬂbmSuc(dm.ﬂﬁde Mﬂﬁ)aﬁd%ddecﬁﬂdl dohgio@arogani c | ayer was

N

v GRS PR M| <alRnfe SRC e s 220 kim0, 5

N-ditrjethyTorraamitia (M@ mI9) andrtid Wasstitredatrountemparatukddr 20 hours.  Ethyl

eI e SRR eSS S SR s s

of watap agd thentoluee wiith|5€ oo nf)mu[rdted Qq @1 sgjtion &ﬁolﬂtm ¢HhSfide, and dried

over St FNGENS S8 TR gt v v et o theg qonespted unde

- reduced gickyude. o plhei nesiuowas pmﬁddllg'rsdmagel ch:amaﬁbgr@hptanﬁlﬂ(d\ethyl

acetathexane 4:1 fraction gave the title compound (1.97 g).
'H-NMR(CDCls) , :
1.50 (s, 9H), 3.56-3.60 (m, 4H), 3.76 (s, 3H), 4.18-4.25 (m, 4H), 8.34 (s, 1H)

76d) :
4-(9-Methyl-8-0xo0-8 ,9- dlh}’dI‘O -7H-purin-6-yl)-piperazine-1 carboxyhc acid t-butyl ester

: OTO\l<
()

N _
pus
L

Sodium acetate (0.168 g) and sodium bicarbonate (0.100 g) were added to a solution of

4-(8-chloro-9-methyl-9H-purin-6-yl)-piperazine-1-carboxylic acid t-butyl ester (0.353 g) in

dimethylsulfoxide (5 mL). This was then heated at 135°C for 64 hours. The reaction solution

“was filtered, and was directly loaded onto a column for purification by reverse phase high

performance liquid chromatography to give the title compound (0.179 g).

~ 'E-NMR(CDCly) |
150 s, KD, 347(5, 3HD), 3.58-3.62 (m, 4H), 3.72-3.77 (m, 48D, 8.33 (3, 1H), 10.87-10.92 (brs,

. i
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" 7-Benzyl-9-methyl-6-(piperazin-1-yl

INNNFF O "N'cN~OOF F Using ;
1-brono-3-nethyl -2-butene (5 L) instead of the
1- brono- 2-butyne in Exanple 76e, the title conpound
(4.3 ng) was obtai ned by tre%%mant simlar to that of
Exampl e 76e. 20 M5 me (ESI) 303.26 (MrH) + Exanple 78"
7- Benzyl - 9- met hyl - 6- (pi perazin-1-yl)-7,9-di hydropuri n-
8-one trifluoroacetic acid salt 90 H(N N NOi N .
=0 F OH N F Using benzyl-.bronmde (5 L) instead of the
1- bromo- 2-butyne in Exanple 76e, the title compound
76e)(4 8 ng) was obtained by treatnent sinilar to that of
Exanple 76e. M5 mie (ESI) 325.23 (MtM+ 5 Exanple 79
7-(2-Bufyhy)B-RBethy h g pip8racinot-6) i, Paihgdiopudin Rloné 181 6brbxdeie peid
Hi n-9-yl met hyl I benzonitrile trifl uoroac-eti c acid salt
N79a) 10
( [9-(2- Q/anobenzyl) 9H purin-6-yl ] - pi perazi ne-1-carbo
lic +d t-butyl ester O/O CND N !CNL Potassium
car jonat e (O 6 g) and (2-brononethyl)benzonitrile

Bﬁi added to a solution of
% H) - pi perazi ne-|-carboxylic acid t- butyl

Nest (conp und 76a) (1.52 g) in
_ N N-d| met hyl f ormam de (100 nL). This was then stirred

(0O AR A0 00 Rt St Y wRE S Bhle papfutonof

4- (9“@Qﬁlﬁd Bewxo- 3&9TdﬁUﬁI057H@gnnfﬁ-j/ID-@r;ethzm'Ehbcan@adm(acidaty{mtyl ester (10

- mg) nggﬂﬁ'{ﬁ)%?ﬁd@“{@ 9 g@o FT"lnso\]‘vas\’@i&r% a?&gmhtgﬁﬂ rgﬂﬁ'g for 15 hours.

sat ur: d agueous SO Lum cC
Ethylperiagte (L) rnd veastri (@ ndol wese taéd;bdbyncf fhk org@aticdmyenaes concentrated.

The rgélé&okéfsecﬂssoﬂ%dgﬁ ﬁi&hf&é}ﬂ@th%%% @ﬁ?g@)‘%ﬂu&&'&é&tﬁ%&g ﬂOOJnmL) This

en washed sequentri a ueo
was stirred for two hours, and the solvent was then removed. The residue was purified by

reverse phase high performance liquid chromatography to give the title compound {0.0012 g) |
MS m/e (BSD 287 20 (M+H)" :

Example 77’

- 9-Methvl-7-(3 -methvl—Z—butenyl)-&( piperazin-1 -VI)-7.9-dihvdr0ﬁurin-8-one trifluoroacetic acid

salt

E]j

LN \4)1\0H

\ F

Using 1- bromo~3-methyl 2-butene (5 uL) instead of the 1-bromo-2-butyne in Example
76e, the title compound (4.3 mg) was obtained by treatment similar to that of Example 76e.
MS m/e (ESI) 303.26 (M+H)"

Example 78

~7.9-dihydropurin-8-one trifluoroacetic acid salt
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sol ution of sodi um bi carbonat e (200 m.) and water
(200 ni), conbined with the ethyl acetate 20 organic
| ayer, and then dried over anhydrous magnesi um
sul fate. The organic | ayer filtered, concentrated
under reduced pressure, and the residue was - S
recrystallized fromtoluene to give the title
conpound (2.04 g). 'H NMR(CDC13) 1.50 (s, 9H),
3.53-3.61 (in, 4H), 4.04-4.15 (br.s, 4H), 5.58 (s,

H 2H) 7.37 (d, J=7.5Hz, 1H), 7.42 (t, 1 91 J=7.5Hz,

7.54 (t J=7.5Hz, 11-1), 7.70 (d, J=7. 5Hz, _1I—I),

:Z -8.36 (s, 1H) 79b)

[8- ro 9- (2-cyanobenzyl ) - 9H puri n-6-yl ] - pi perazin

/j xylbc acid t-butyl ester O/ON J CNN ~
zyI) 9H purin-6-yl ] - pi perazi ne-1-carbo

|c aC| d;:t butyl ester (0.419 g) was suspended in
Nl\l-dlrrethylforrramde(SO m.), and then -
N- éhlingr‘tmm;dcbmmme & uY irk6Ad g theviabroaddbtutyddisExmsple 76e, the title

consBpAd PS50 SRR SIBT 2461857 L Bmae 7

MS m/n(ESHAZ5.2hévd+Heat ed at 60C for 18 hours. Et hyI
acetate (200 nL) and 10 water (100 nlL) were then
added, and the organic |ayer was washed twi ce with 50

Miﬁ vvater and t hen once W|th 5 nL of saturated

GHA0MA). 8 Qb WRIEDLANL Ao Y ity R bt
triflugreapetinpeidsdt under reduced presshre and then the

79a) residue was purified by silica gel chromatography. The
di chl or omet hane: ethyl acetate 7:3 fraction gave the
4-[9-@Gyaao b Ihdp -4 00]-piperazise- 1 HarbaRy BD@IES §-butyh esters
;,353360(m4|—|) 4.18-4.27 (br.s, 4H), 5.62 (s,
\\I/ % 6.99 (d, J=7.4Hz, |H), 7.40 (t, J=7.4Hz, 1H),
J=7.4Hz, 11-1), 7.71 (d, J=7.4Hz, 11-f), 8.31

E 1 1H) 79c) 20
[ 9- (2- Cyanobenzyl ) - 8- oxo- 8, 9-di hydro- 7H purin-6-yl ] -
p| pera2| ne-1-carboxylic acid t- butyl ester 92 oTo

k \>\\

Potassium carbonate (0.76 g) and (2-bromomethyl)benzonitrile (1.08 g) were addéd toa
solution of 4-(9H—purin—6-y1)-piperazine-1-carboxylic acid t-butyl ester {compound 76a) (1.52 g)
in N,N-dimethylformamide (100 mL). This was then stirred at room temperature for 16 hours.
Ethyl acetate (500 mL) and water (500 mL) were added to the reaction solution, and this was |
filtered. The organic layer was washed twic_e'with 200 mL of water and then once with 200 mL
of saturated aqueous sodium chloride solution. The solid collected by filtration was dissolved
in dichloromethane (500 mL). This solution was then washed seciuentially with 5% aqueous
solution of sodium bicarbonate (200 mL) and water (200 mL), combined with the ethyl acetate
organic layer, and then dried over anhydrous magnesium sulfate. The organic layer was filtered,

concentrated under reduced pressure, and the residue was recrystallized from toluene to give the

title compound (2.04 g).

*H-NMR(CDCls)
1.50 (s, 9H), 3.53-3.61 (m 4H), 4.04-4.15 (brs, 4H),558(s 2H), 737(d,J—75Hz 1), 7.42 (¢
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(NN NN H NNON Sodiumacetate (0.168 g) and
sodi um bi carbonate (0.100 g) were added to a solutlon
of
4-[8-chl oro-9-(2- cyanobenzylgngkpurln-6-y|]sp| perazin
e-1-carboxylic acid t-butyl ester (0.100 g) in B
di net hyl sul foxide (3 nL). This was then heated at 135C
for 45 hours. The reaction 5 solution was filtered,
and then directly | oaded onto a colum for
J=7.5plaf L), Geidi (=5 Hze VMY, 6700, SH, gH) IRsd @ tEN @34 (saund
chromat ography to-give the title conpound (0.044 q)..
"H NMR(CDC13) 1.50 (s, 9H), 3.53-3.57 (m 4H),
799) 3.65-3.70 (m 4H), 5.34 (s, 2H), 7..38 (d, J=7.5Hz,

+-Gllhy-{ 7 oen Vot Yol e itdd o Vi e
Q

éo 79d)
- (2- Butynyl - 8- oxo- 6- pi perazin-I-yl-7, 8- dlhydropurl
-yl net hyl ] benzonitrile trifluoroacetic acid salt H
{: NDN °~ >=0 FO N!N FAAOH F ~N 15 Pot assi um '
N Carbonate (0.017 g) and 1-brono-2- butyne (0.011 nl)

e added to a solution of
ﬁgﬁfég cyanobenzyl ) - 8- oxo- 8, 9- di hydr o- 7H-puri n- 6-yl ] -
i ne-1-carboxylic acid t-butyl ester (0.044 g)
|n N, dj met hyl fornmanmide (3 nmL). This was then-stirred
) tenperature for 72 hours. Ethyl acetate (10
nL) . ater. (10 nL) were added, and the organic
Ia ¢r was dried over anhydrous magnesi um sul f at e,
tered, and then concentrated under 20 reduced .

prg %ﬁ ﬁgﬁtrl Zor cetlgﬂhiéggﬁﬁg nE?ﬂhgmlg%@FE&pﬁaﬁﬂ(04lg
g) Waﬂ'ﬁﬁ@m@@é i Nl rddgyethfondraide §0 mb), aad thep 20 chioyosueginimide (0.160 g)
was ad@ded T hﬁr\gastslﬁhﬁd‘&@ﬁno%%temperature for 72 hours. N—chlorosuccmmude (0.160 g)

- was added again, and this was then heated at 60°C for 18 hours Ethyl acetate (200 m1L) and -

water (100 mL) were then added, and the organic layer was washed twice with 50 mL of water .
and then once with 5 mL of saturated aqueous sodium chloride solution. This was then dried

over anhydrous magnesium sﬁlfate, filtered and concentrated under reduced pressure, and then

 the residue was purified by silica gel chromatography. The dichloromethane:ethyl acetate 7:3
- fraction gave the title compound (0.100 g). '

'"H-NMR(CDCl,) ,
1.50 (s, 9H), 3.53-3.60 (m, 4H), 4.18- 4.27 (brs, 4H), 5.62 (s, 2H), 6.99 (d, J—74Hz 11—1),740 (t,
J=7.4Hz, 1H), 7.49 (t, }=7.4Hz, 1H), 7.71 (d, I=7.4Hz, 1H), 8.31 (s 1H)

79¢)
4-[9-(2- Cyanobenzyl)—S -0x0-8, 9 dlhydro—'?H—punn 6- yl]—plperazme I-carboxylic acid t -butyl

ester
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then concentrated under reduced pressure. The residue -
was purified by reverse phase high- performance liquid
chrorrat ography to give the title conmpound (0.0162 g)
"H NVR(CDC13) 1.80 (s, 3H), 5230 3.45 (br.s, 41-1),
3.63-3.75 (br.s, 4H), 4.70 (S8, 2H), 5.35 (s, 2H), -
7.30-7.41 (m 5 2H), 7.52 (d, J=7.5Hz, 111), 7.63 (d,
J=7.5Hz, 1H), 8.39 (s, II-I) M5 mie (ESI) 388. 18 (MMt
Exanpl e 80

- o. & (3-Benzyl - 2- oxo- 4- pi per azin- 1-v1- 2, 3-di hydr oi m dazo[

*rh cl pyridin-I|-ylnmethyl)benzonitrile 10 80a) . -

NA 'yl -(3-nitropyridin-4-yl)amne Na NOy H AIIyI
[: mne (40 nL) was added to a sol ution of

- et-hoxy-3-ni tropyridine hydrochloride [CAS No.
94602-04-7] (18.0 g) in ethanol (400 nL), and this was

N ed under reflux for eight 15 hours. The reaction
ion was concentrated under reduced pressure, and
N'the residue was purified by silica gel colum '
chr ong raphy. The fraction eluted by ethyl

acet afjre-fiexane (1:1) gave the title conpound (13.6
9).# H NVR(CDC13) 8 4. OO (n1 2H), 5.29-5.35 (m 2H),
5@'7598(m 113), 6.63 (d, J=6.5Hz, 1H) ,830 d,

e 2P0 gietle (sl po lﬁm%i%rl%?ﬂ&m EACRE DY

4-[8- dhlm@&!? @S%ahybhwym%-pmm&-lyﬂ -f{ip&razihg- Imsboaglﬁeabmi obutyl ester (0 100

 oin G AR REORHNT Tyt bl AR SR Bl S Racion

~ solutiph s Wdtsred cauct theh datecﬂﬂ ®dded ont3G: quluvmt &5 puﬂiﬁeatroaénftremse phase

high ;%g#o%hx?& 1Rk d%ﬂg&gf%ﬁlgig hi &5 @Vé’\ﬁlteq{t B g)om?cp gd‘ﬁ44°f | Ced

: er Wwas ToRed utl
“H-NMR{E&Milnat ed under reduced pressure, and then a

1.50 ég}d}gyaé‘ts@%dsﬁﬁh %}\%E‘ 62{3ﬁ@?%@,§‘%@5&b %%ﬁ“—? PIm), 7.39 ¢,
J=1.5He etk &. 56 180T AHANAED) BN dadieledElz,dbD, 8.85 ¢, UES, lfaa’ft(e,rlelﬂ) |
through celite, and then concentrated under reduced

pressure. The residue was purified by silica gel
79d) col urm chr omat ogr aphy, and the 94

2-[7-(2-Butyny!-8-oxo0-6-piperazin-1-yl-7, 8-dlhydropunn-9-ylmethy1]benzomtnle tnﬂuoroacetlc‘
“acid salt '
y
N

N /%
N XN
l/‘j:>:0 FFO'
N” TN \]AOH
d\ F

Potassium carbonate (0.017 g) and 1-bromo-2-butyne (0.011 mL) were added to a

' squtioh of 4-[9-(2-cyanobenzyl)-8-oxo-8,9-dihydro-7H-purin-6-yl]-piperazine-1-carboxylic acid

t-butyl ester (0.044 g) in N,N-dimethylformamide (3 mL). This was then stirred at room

: ‘temperature for 72 hours.  Ethyl acetate (10 mL) and water (10 mL} were added, and the

20

" organic layer was dried over anhydrous magnesium sulfate, filtered, and then concentrated l_mder

reduced pressure. The residue was dissolved in dichloromethane (3 mL) and trifluoroacetic
acid (3 mL) was added. This was stirred for 2 hours, toluene (10 mL) was added, and this was
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fraction eluted by ethyl acetate-hexane (1:1) gave the
title conpound (2.88 g). 'H NWR(CDC13) 3 3.29-3.58
(br.s, 2H), 3.84 (d, J=6.3Hz, 2H), 4.26-4.37 (br.s,
1H), 5.24 (d, J=11.0Hz, 1H),¢H.29 (d, J=16. OHz, 1H)
5.85-5.98 (ddt, J=16.0, 11.0, 6.3Hz, 1H), 643(d
J=6.5Hz, 1H), 7.66 (d, 5 J=6.5Hz, 1H) 800)1'
-Allyl-4-chloro-1,3 -di hydroim dazo
[4.5-c]pyridin-2-one C HN NN>010Asqut|onof ,
then d¥nbenteiteslutidemediody presaurbo n'ihere(st’ﬁ.ué Gvag putifeddisyeteoeist phdse high

perfolifges Batic Prom ariohsf YRR £l et Q162888 g) i

TH-NMRCBDU) i le. This was then heat ed under. reflux for

180 G 3P A RS AT B SELORPR) ol frleyt Gog 2 T

2H), ’(SEOd =Y. SHadl Mgy 66 (d?ﬂ@ﬂﬂﬁz),lHj’t&%EtSbfsgBBi) c layer was
with 100 nL of 1 N hydrochloric acid
MS '"a{e Img@g@@wa 100 nmL of saturated 15 aqueous :
sodi um chl oride solution. This was then dried over
gtesi um sul fate, and concentrated under reduced
%ssure. The resi due was purified by silica gel N
x hvdlepiperag; 0 aridin:it-wldoeyyl)benzonitrile
)et hyI acetate di chI oromet hane (1: 1) gave the title :
compound (2.30 g). 'H NWMR(CDC13) 3 4.51 (d, J=5.7Hz,
AllylgHpitrapyp8inedty)@mme. OHz, 1H), 5.30 (d, J=10.9Hz, 1H),
5 88; 5. 95 (ddt, J=16.0, 20 10.9, 5.7Hz, 1H), 6.91 (d,
J=6. 79Hz 114), 8.10 (d, J=6.9Hz, 1H), 8.99 (br.s, 1H)
'yl -3- benzyl 4-chl or o- 1, 3- di hydr oi mi dazo[ 4. 5- c] pyr
in-2-one CL NN >=C N 25 Pot assi um car bonat e

( 0.ty aepinarid0) 560 795 Brids 10 sobion of -ofikane-mige B idinahydrochloride

p »
[CASSI% % ?Z‘ 104! 7 1 OSrOOg) in ethéa.nﬁl (gpg | r%)daz 3 is I vyas Ch]e%t;:? Fgﬁleg_rezf}%xnfor eight
hOHISe (The @E@C’@QD sqmtmnwaéucﬁe@matedmdm r@éuce@ DOPSHHIY,, anpfheTeqidye was

f £388-h

purifigd ;ﬁ tia gél cbR?HR Jh?ac 2 gﬁf "Pl{e ﬂfcﬂ?\g Fg%gd%ﬂl sodtzte ] é:‘xane
(1:1) 6%‘-@511‘? @ﬂft %@I@W%é@%ghed t hr ee times with 100 ni of
'y-Nvaiebay)d then once with 100 m_ of sat urated. aqueous -

sodi um ¢hl ori de sol uti on, ed
8 4.00 (m, 2H), 5.29-5.35 (m, 2H), 587598(m,1H) 663(d J—-65Hz 1H),830(d J=6.5Hz,

1H), 8.31 (brs, 1H), 923 (s, LH)

80b)
N*4*-Allyl-2- chloropyndm -3 4—dtam1ne
Cl
rsﬁNH2 E
I O N/\,/ o
35% Hydrochloric acid (55 mL) was addet_i to allyl(3-nitropyridin-4-yl) amine (3.02 g)
and this was heated to 90°C.  Tin chloride (19.1 g) was added, and this was reacted at 90°C for

30 minutes. The reaction solution was cooled on iced water, and 250 mL of iced water was

added. The reaction solution was concentrated under reduced pressure, and then a saturated

‘solution of ammonia-methanol (250 mL) was added, and this was stirred for 20 hours. Ethyl

acetate (750 mL) was then added, and this was filtered through celite, and then concentrated
under reduced pressure.  The residue was purified by silica gel column chromatography, and the
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over magnesium sul fate, and concentrated under reduced

pressure to give the title conpound (1.57 g). 5

"H NMR(CDC13) 5 4.56 (d, J=5.7Hz, 2H), 5.23 (d, N

J=16. OHz, 111), 5.30 (d, J= 1949Hz 1H), 5.44 (s, 2H),

5.85-5.95 (ddt, J=16.0, 10.9, 5.7Hz, 1H), 6.91 (d,

J=6.9Hz, 1H), 7.25-7.34 (m 5H), 8. 08 (d, J=6.9Hz,

114), 8.99 (br.s, 1H) 10 80e)

3-Benzyl - 4-chl oro-1, 3-di hydr oi mi dazo[ 4. 5-c] pyridin-2-0 °
fractipe eluggd by ammacamtemexm @r1) eavSthetiyle compound (2.88 g).

IH.Nﬂ/ﬂi{?DLtM')”m pholin-Noxide (1.06 g), 2% aqueous osm C’
aci d sof’ution (3 nm), and a solution of sodium - = -
5 3.293r58(bes, 8H), B.84(dg J=6.BEnpXIS), 426- mwmrlénaﬁawd,uemonz 1H), 5.29

[t f
(&, 5380 P, S50 (e 6 kO R D48 (o 41 106
J—5~5|H§Fi: -one (0.75 g) in 1, 4-dioxane (15 rrL) Thi's was
then heated at 60C for 18 hours. Water (200 nL) was
added, and this was extracted wth ethyl acetate (100
80c) ). The obtained organic |ayer was washed twice wth
1-AI504-cRlbrf 3 %8Rk oifidazb 9@{3&&&% ¢ 50 ni of saturated
aqueous sodi um chl ori tion, dried over
Clmagnesi um sul fate, and then concentrated under reduced
ressure. The residue was purified by 20 silica gel
ol chr omat ogr aphy, and the fraction el uted by
~etRyl acetate-hexane (1:1) gave the title compound
(0A38 g). "H-NWVR(CDC13) 5 5.44 (s, 2H), 7.01 (d,
J=6. , 1H), 7.30-7.38 (m 5H), 8.08 (d, J=6.5Hz,
1H), 9.18 (s, 1H 25 80)
2- ﬁ%oﬁ@xﬂﬁbe%ICBisﬁ&dimﬁn@y‘{%ﬁ)oﬁatg I(Me;iﬁphrﬂca@ﬁﬁm (%mﬂnmy was

adde b%ggﬁtla%pgﬁggyéyléfzglgit ey )%eéqﬁmmne (2.883g)in acetomtnle This

was tl(eil -Hebtedrai®ir hyflu:RA 70 Rbtis | Thé Cold waid ré%@d%ﬂ%e&&eé pressure,

N

the re3 o sspbverin P aseinth (00T i oerter GOR P | Fhsomame laer wes
then \&sh&i ﬂﬁ& @i)th 160 n:m, MﬁN@Hfﬁtbfo@iﬁ: HBidi 8 tHeh drkd withnios nass saturated
({ roorP raturt(fEt 8nd16 hours. Eth]}ﬁf

aqueous Sodiin orlde ution. 1his was then dried over magnesium salfate, and concentrated .
under reduced pressure.  The residue was purified by silica gel column chromatography, and the
fraction eluted by ethyl acetate- dlchloromethane (1:1) gave the title compound (2.30 g).
'H-NMR(CDCl;)

8 4.51 (d, J=5.7Hz, 2H), 5.25 (d, J=16.0Hz, 1H), 5.30 (d, J=10.9Hz, TH), 5.85—5.95 (ddt, J=16.0,

10.9, 5.7Hz, 1H), 6.91 (d, J=6.9Hz, 1H), 8.10 (d, }=6.9Hz, 1H), 8.99 (brs, 1H)

80d)
1-Allyl-3-benzyl-4-chloro-1,3-dihydroimidazo[4.5-c]pyridin-2-one

cl //O
'@\’N):o
N
I\

* Potassium carbonate (0.76 g) and benzylbromide (0.94 g) were added to a solution of -
1-allyl-4-chloro-1,3-dihydroimidazo[4.5-c]pyridin-2-one (1.05 g) in N,N-dimethylformamide
(50 mL) This was stirred at room temperature for 14 hours. Water (300 mL) and ethyl



10

- 13

20

25

acetate (60 nL) and- wat er (30 nL) wer.e added and the
organi c | ayer was washed twice with 305 nL of water
and once with 30 nL of saturated aqueous sodi um '
chloride solution. This was g4 hen dried over anhydrous
magnesi um sul fate. The organic |ayer was filtered and
concentrated under reduced pressure, and the residue
was then purified by silica gel chromatography. The

et hyl acetate: hexane 3:2 fraction gave the title

acetate (pfom byl wetk 8ldd.gind thd-briyhR @@éﬁ@)s widheS t13ce (imes ¥ifh,100 mL of

, water%ﬁ?%m%«sogig{\%m 1?0%&@53@% d aq,ueg}ts gc'%d}mn jﬁﬁ}ngwau%%‘)then was dried

over iagEsi(itn, sulfaz, didzconteftratdd Lifﬂel( bdudkd prebstrre td gk, th8tilbeompound
(157gd J=5.6Hz, 1H) 80g)
( 3- Benzyl - 2- oxo- 4- pi perazi n-1 -yl -2, 3-di hydr oi m dazo[
H-NMERECPhyr i di n- 1-yl et hyl ) benzonitrile H CND N N >=0

1 t -

845000 B4 b 5 20 R 008 RSB D QORI 5 44 3, 5 85-595
(ddt, Hlél%lwyﬁ ﬁﬁtzhyfﬂ); 6OALB,619Eze 11D 7%47 &} (masid), 8.08 (d, J=6.9Hz, 1H),
e-l-carboxylic lic acid t-butyl | ester 0.543
899(8{§q}§y ty ( g) were heated at 170C for 12 hours. The
resi due was cool ed, and then purified by silica ge

g0e) Chromat ography using am ne-treated silica. 20 The
fraction eluted by ethyl acetate: hexane 4:1 to ethyl

3- Beﬂéﬁle%ﬁﬂ@r%ﬁl'ﬁbhﬂm%d@ Jelnmidint2ore  conpound (0. 150
g). ' HNWR(CDCL3) 2.96-3.00 (m 4H), 3.01-3.06 (m
4H), /5728 (s, 2H), 5.40 (s, 2H), 6.74 (d, J=5.6Hz,

H)- 1-7.33 (in, 6H), 7.39 (t, J=7.4Hz, 11T), 7.49

NN J=7.4Hz, 1H), 7.68 (d, J=7.4Hz, 1H), 8.02 (d, 25.

1l =S=bbiz, 1FD Exanpl e 81 2-[3- Benzyl-

Z (- cyanobenzyl ) - 2- oxo- 4- pi perazi n-1-yl -2, 3- dlhydro IH

- il dazo[ 4. 5-cl pyri di n-7- onxy] benzan1de
trlfluoroacetlc acid salt, 97 3 -Benzyl - 1

- ( 2285y She mel;z $yetbylgprpholingN-pRidg &L ge g 2@6 aqueots osmic acid solution

(3 mL? ,GnRYsbRitdn f ¥édiumRjeAAAL | (1% g)]m‘v%rk{g ¥t)iveere @884Y to a solution of

ester
1-allyi-3 t]?)f:nzyl-éi chloro-1,3-dihydroimidazo{4.5- c]pyndm 2-one (0.75 g) in 1,4-dioxane (15 -

-.mL). This was then heated at 60°C for 18 hours. 'Water (200 mL) was added, and this was

extracted with ethyl acetate (100 mL). The obtained organic layer was washed twice with 50

" mL of water and then once with 50 mL of saturated aqueous sodium chloride solution, dried over

magnesium sulfate, and then concentrated under reduced pressure. The residue was purified by
silica gel column chromatography, and the fraction eluted by ethyl acetate-hexane (1:1) gave the
title compound (0.38 g). | -

'H-NMR(CDCl3)

- 6544 (s,2H), 7.01 (d J=6.5Hz, 1H), 7.30- 738(m 5H), 8.08 (d, J—GSHZ 1H), 9.18 (s, 1H)

80f)

2-(3-Benzyl-4-chloro-2-0x0-2,3-dihydroimidazo[4.5-c]pyridin-1-ylmethyl)benzonitrile

NN
|

P >=O
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AExample 81

O/0 (N J N N/ ~ONN [ 5 D -t-butyl dicarbonate.
(0.094 g) and trlethylan1ne (0.050 nL) were added to a

sol ution

of t-(3- benzyl-2-oxo-4-p|peragén-l-yI-Z,B-dlhydr0|n1daz

o[ 4.5-c] pyridin-I-ylnmethyl)benzonitrile (conpound B

80g) (0.146 g) in dichloronethane (10 nm.). This was

stirred at roomtenperature for 15 hours. The sol vent

was renoved under reduced pressure, and the residue
waPopissinhi oaﬂaohyte (8 152 gﬁ:@lﬁ(ﬂ&ﬁ%@lﬁ&&@ﬁb&&bmmfém& 216 g) were added

T SLREE S AN RN D

N,N-@nefhyBoffarfite (& B)L). 3THik-whs58rédat womAkperatuB®for 16 hatds, Ethyl

aceta '_(6%) u:ig}ﬁ ﬁg ?)&Ter ?3: (l?pl%ﬁ_l%{erelarg}i%?g -fmﬂ (She(l qlrgl hl;a@g{%gfas \fi.%eé Tice with 30

mL ofwster fud onte Wﬂﬂﬂl mLidf satidra6ed aqﬁébus&G&iuﬁHﬂﬂoridd)s,ohﬁmﬁZ This was

then érf(jeg o‘cl:()?xg sl r?%ly agﬂgsbSlgﬁlifatél_ [ﬂ?eaoa{g%mg ayer was ﬁRereél and concentrated

under{rédifsed ppassireli and4he/tehidps pes teh perified by siliboxslichtonaatogtaphy. The
20 Sodi

ethyl Cégég% ona?ge%%%g% gmﬁl-cgmgﬁ%%sdu@J |6§i%)ﬁ de (0. 84|4ugr3n)

'"H-NWR(ED&dged to a 98 sol ution of 4-[3 -benzyl - |

5.35 ? 42%@03%,6 ?%E—Eyb ngﬁ)‘%ﬁg&Hﬁ%zpﬁ e D AL (8 15T 4 1HD), 7.44

(t =148t %é? €6 JE04H211H) 778 (el dhiz t1),&. q55(dni_=)5. GH'ihllﬁ) |

was then stirred at roomtenperature for 15 hours.
Et hyl acetate (100 nmL) and water (50 ni) wer e added,

- 80g) and the organic |ayer was

2- (3 ~Benzy1—2-oxo—4-p1perazm—1~y1-2 3- d1hydr01m1dazo[4 S-C]pyndm- |-ylmethyl)benzonitrile
[N )

. —N
N —

[
=N
<::§if3N

Under a nitrogen atmospheré, :
2-(3-benzyl-4-chloro-2-0x0-2,3-dihydroimidazo[4.5-c]pyridin-1-ylmethyl)benzonitrile (0.364 g)
and piperazine-1-carboxylic acid t-butyl ester (0.543 g) were heated at 170°C for 12 hours. The
residue was cooled, and then purified by silica gel chromatography using amine-treated silica.
The fraction eluted by ethyl acetate:hexane 4:1 to ethyl acetate:methénol 98:2 gave the title
compound (0.150 g). '

HNMR(CDCly)

2.96-3.00 (m, 4H), 3.01-3.06 (m, 4H), 5.28 (s, 2H), 5.40 (s, 2H), 6.74 (d, ]=5.6Hz, 1H),
7.21-7.33 (m, 6H), 7.39 (t J=7.4Hz, 1H), 7.49 (t J=7.4Hz, 1H), 7.68 (d, 1=7.4Hz, 1H), 8.02 (d,

- I=5.6Hz, 1H)

iperazin-1-v1-2.3-dihydro-1 H-imidazo[4.5-c]pyridin-

" vloxyl-benzamide trifluoroacetic acid salt
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' (d, I=7.5Hz, 1H), 8.02 (d, J=5.6Hz, 1H)
15

5 dried over anhydrous magnesium sul fate, filtered,
and then concentrated under reduced pressure. The
resi due was purified by silica gel chromatography, and -
t he hexane: ethyl acetate 7:3gfraction gave the title
conpound (0.148 g). " H NWR( 13) 1.46 (s, 9H), -
2.97-3.01 (m 411), 3.28-3.69 (br.s, 4H), 5.42 (s,
2H), 5.70 (s, 2H), 6.75 (d, J=7.5Hz, 10 1H),
7.22-7.31 (m 5H), 7.36 (t, J=7.5Hz, 1H), 7.43 (t,
81a) J=7.5Hz, 1H), 7.69 (d, J=7.5Hz, 1H), 8.03 (s, 1H):

1lc .. - . . N
4‘[3‘%‘12%1'é‘é%‘fwd??wl)e%%%ﬁwﬂaﬁ%%&§)Clpfné§1:‘évélnﬁi%rﬁ%lw-)l_:cgrboxyhc
acid t-baxyd-€BteB- di hydro-1 H i mi dazo[4.5-c]p 15 yridin-4-yl]

- pi perazine- 1 -carboxylic acid t-butyl ester oto CD
Oﬁ/ﬂ Nj >0 NNHZ N O Salicylamnide (0.056 g),
cobr

N ceplum carbonate (0.130 g), _
, 2, 66~ etranet hyl - 3, 5- hept anedi one (0.005 nL), and-
[Njo chloride (0.010 g) were added to a solution
of 20:
N 4-H3- benzyl - 7- br ono- | - (2- cyanobenzyl ) - 2- oxo- | H-i m dazo
] 4.%=0] pyri di n-4-yl ] -pi perazine-1-car boxylic acid
“t-Butyl ester (0.123 g) in 1-nethyl-2-pyrolidone (2
M)\ Fhs was then heated at 130C for 22 hours under
gen at nosphere. The reaction sol ution was
‘coolLgd,”t-butyl nethyl ether was added, and this was
fi Ntered through celite. The celite was washed with
ethyl acetate (25 nlL), and the organic |ayers were
coRbit-he] disadrondie (0.0R% pethdds qhphatriied (0y050ih) ®edd aded to a solution

of BRI A ol T ol ol AL P Sl lconici

(compewad $8g)(Pdtee) axlichlomwnstitingitl ¢ Lo+ i Teis ks stiirehal(bOm temperature
for 15 I s. 1AipS fs?ﬁlgénttwghg’qeﬂfﬂr 42y Fé'du@%ag%g%n 22}1&&?@% ?gs'icg_@was purified by -

~“sultate, ter and concentra educe

silica pelebmatograply. lbs haxanewilsyl postite i7ekifryiongaes the titleasmpound
(0_121%)gh performance |iquid chromatography to give the

) title 99 conmpound (0.023 g). 'H NVR(CDd 3)

H-NMR(CDCl3) ' ' ' _

1.46 (s, 9H), 2.95-3.00 (m, 4H), 3.41-3.53 (brs, 4H), 5.30 (s, 2H), 5.40 (s, 2H), 6.78 (d, J=5.6Hz,
1H), 7.20-7.25 (m, 5H), 7.31 (d, J=7.5Hz, 1H), 7.40 (t, J=7.5Hz, 1H), 7.51 (t, J=7.5Hz, 1H), 7.69

81b)

~ 4-[3-Benzyl-7-bromo- 1 —(2—cyanobenzy1)«2—bxo-IH—imidaZO [4.5-c]pyridin-4-yl]-piperazine-1-car
- boxylic acid t-butyl ester |

o O\‘<

r =0
Br
/: :
. N/ _

Sodium bicarbonate (0.029 g) and N-bromosuccinimide (0.044 g) were added to a
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- 1.46 (s, 9H), 2.99-3.07 (br.s, 4H), 3.27-3.55 (br.s,
- 411), 5.43 (s, 2H), 5.45 (s, 2H), 6.75 (t, J=7.3Hz,
1H), 6.95 (t, J=7.1Hz, 1H), 7.20 (d, J=6.9Hz, 211),
7.26-7.35 (m 6H), 7.39 (t, dg73Hz, 5 111), 7.40 (d,
J=7.1Hz, 1H), 7.46 (t, J=7.3Hz, 1H), 8. 10 (s, 1H),
8.53 (br.s, IH) 81d) 2-[3-Benzyl- |
-(2- cyanobenzyl) 2- 0X0- 4- pi perazi n-1-yl -2,3 - di hydr o-
| H-imdazo [4.5-c]pyridin-7- yloxy]-benzanm de
solutichicf! uor oaceti ¢ acid salt H CJ NN NF ~-OFOM™

-3 b oD e R Ty Brsiesanig oo lic

acid Hmtﬂ edteB (i d@ﬁﬁ abdtbhifild@ZmL). This was then stirred at room temperature for

15h sou?%;}p);l é!.ge(t@rp ( 4@%%11.:&%)' peg%élrgﬁbv:véré? S?f{ )fls.lncli %heaocl:'lgamc layer was

dnedditveﬁxﬂaym fapeesai siifatd, Ifm@featamtmgn &ﬁicten&é%mﬁﬁder Akibedd pressure.
SLILIrin I 00 erat u WO
The Ej e bt PR B O DR P, anq e Beseesiby bets 73 fracton

. gave tdile cosguaRti(Qpr48sgur e. 15 The resi due was purified by

the title conpound (0.016 g). Ms mie (ESI)
1.46 @EGETY, 3.9(7 N304+ (m, EX &P 128-3360 @R, 4H), 5.42 (s, 2H), 5.70 (s, 2H), 6.75 (d, J=7. 5Hz,

1, igﬁ:ag“(g{g.ﬁ),l IAAR A @gﬁeﬁ?f MY ot 18 4 By ¢ L ﬂﬁ% 1H), 8.03

(s, 1INt hyl - (3-ni tro- pyri di n- 4- yl)am ne NNO2Z2 N H
4- Et hoxy-3-nitropyridine (10.0 g) was dissolved in a
40% net hanol sol ution of nmethyl 25 amne (100 ni), and
8ic)this was heated at 80C for 60 hours. The solution was

4-[3-882) £9:2- 850y phenoxy)-1-(2-cyanobenzyl)- 2-0x0-2,3-dihydro- 1H—11mdazo[4 Sclp
yridin-4-yl]-piperazine-1-carboxylic acid t- butyl gster : '

1H_N§@¥m3)phase hi gh performance |iquid chromatography

Salicylamide (0.056 g), cesium carbonate (0.130 g),

- 2,2,6,6-tetramethyl-3 S—heptanedlone (0.005 mL), and coppcr([) chloride (0 010 g) were added to

a solution of
4-[3-benzyl-7-bromo-1-(2-cyanobenzyl})-2-oxo-1H-imidazo[4. 5-c]pyr1d1n-4 yl]-p1perazme—1~car
boxylic acid t-butyl ester (0.123 g) in 1-methyl-2-pyrolidone (2 ml.). This was then heated at

- 130°C for 22 hours under a nitrogen atmosphere. The reaction solutior_l was cooled, t-butyl

- me_thyl ether was added, and this was filtered through celite. ~ The celite was washed with ethyl

25

acetate (25 mL), and the organic layers were combined, and then washed sequentially with 2 N
hydrochloric acid (10 mL), 0.5 N hydrochloric acid (10 mL), I N aqueous sodium hydroxide

“solution (10 mL), and saturated aqueous sodium chloride solution (10 mL). This was then dried

over anhydrous magnesium sulfate, filtered, and concentrated under reduced pressure. The

residue was pux_"iﬁed by reverse phase high performance liquid chromatography to give the title
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~acetate (500 nL) was added, and the organic |ayer was
washed twice with 300 nL of water and 100 once w th
300 nL of saturated aqueous sodium chl oride sol ution.
This was then dried over anpydrous magnesi um sul f at e.
The solution was filtered, anhd concentrated under
reduced pressure to give the title conmpound (7.00 g).
"H-NVR(CDC13) 5 3.06 (d, J=4.3Hz, 3H), 6.72 (d,
J=5.6Hz, 1H), 8.11-8.21 (br.s, 1H), 8 23 (d, J=5.6Hz,

compbbi)ld ((BOQZ%Zg)(S 1H) 82b)
~N‘§/8£ﬂ§[%5® N*4*-met hyl pyridine-3,4-diamine Cl NNHz N
ol ution of nethyl-(3-nitro-pyridin-4-yl)am ne
1.46 (s79HY) 2)9-3.07 (eRcan), Bat7eds hiudk o4H), Srdi3qs, ?zagg 846 1H0HY14.75 (1,

N N TN

1H), fi40(d,d57. 1 Hzel Hp dot6 (oi=3 8t 1 Ky) SWeis(sCIH), ed3t(brHT).i ced

water (700 nL) was added, and this was stirred for 30
m nutes. The solution was concentrated under 15
81d)reduced pressure, and then anmoni a- sat ur at ed net hanol

[ t.0 ,t si,due,. .and t hi -
2-3- B e B YRR R 8 i BB BREb Sctpidia -
yloxyl éenzeeddbirifborpeetia aid st under reduced pressure. The _
reS|due was suspended in ethyl acetate (500 niL), and
|s was filtered through celite. The celite and the
ended material were washed five tinmes with 250 nL
f t hyl ‘tate then the organic |ayers were
cdﬁbln-- 3 d this was concentrated under 20 reduced
ssyre to give the title conmpound (7.22 g)
,H— NR&G@ClS) 2.91 (d, J=4.5Hz, 311), 3.31-3.50 (br.s
. 16- 4 23: r s , 111), 6.40 (d, J=5. SFE 1H),

25 82c) 4-Chloro-|
rre d|hy r0|mdazo[450]pyr|d|n20ne Cl HN
—ON dlsu00|n|n1dyl carbonate (3.035 g) was
aooed mo a sol ution of ' '

2<&hl or o- N*4*- net hyl pyri di ne- 3, 4-di am ne (1. 38 g) in

acetonitrile (300 nmL). The sol ution was '
4-[3-Benzyl-7-(2-carbamoylphenoxy)-1- (2~cyanobenzyl)-2-oxo-2 3-dihydro- lH-nmdaz

o[4.5-c]pyridin-4-yl]-piperazine-1-carboxylic acid t-butyl ester (0.023 g) was dissolved in
dichloromethane and trifluorcacetic acid (1 mL). After stirring this at room temperature for -

* two hours, then toluene (5 mL) was added, and this was concentrated under reduced pressure.

The residue was purified by reverse phase high performance liquid chromatdgraphy to give the
title compound (0.016 g). o _
MS m/e (ESI) 560.15 (M+H)"

Example 82

3-(2-Butynyl-1-methyl-4-pi

82a)

Methyl-(3-nitro-pyridin-4 -yl)amme

S N/

H _ R
4-Ethoxy-3-nitropyridine (10.0 g) was dissolved in a 40% methanol solution of methyl

amine (100 mL), and this was heated at 80°C for 60 hours. The solution was cooled, ethyl
acetate (500 mL) was added, and the organic layer was washed twice with 300 mL of water and
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30 -

30 stirred at roomtenperature for 48 hours, then
addi tional N, N -disuccinimdyl carbonate (3.035 101
g) was added, and this was heated at 50C for eight
hours. The solvent was rehDVﬁ% by concentration under

- reduced pressure, water (500 m.) was added, and this
was extracted four tinmes with d|chloronethane (200
m.). The organic | ayers were conbi ned and concentrated
under reduced pressure. The residue was purified by

once $Withi 308 rgle bf &hﬁ@t&&h@@o@@ bydiumngidride sBlution.  This was then dried over

: anhygxi i chl or onet h%ﬂf Sg;:etogtf%g . fractl on ngrgtegémgerreduced

pressaﬂe]t)),gn@@@uﬂdcorﬁﬁ&‘nzglfﬂméll) 8.12 (d, J 5. THz,

1 9 2d) 10
HN@H%@[%EJ@WW )-4-chloro-1|-nmethyl -1, 3-di hydr oi m dazo[ 4.5

3.06 (& TpY.BHdi 3H)26.09¢d, JEb. 6leL\|1H) . =521 RolsABiS), 81P3aS BOGHL 1H), 922 s

1H) (1.17 g) and 1- brom) - butyne (O 742 rTL) were added to

a solution of

4-chl oro-1-net hyl -1, 3-di hydroi m dazo[ 4. 5-c] pyridin-2-0

82b)ne in N, N-dinmethyl formam de (50 nmL). This was then
stirred at roomtenperature for 16 hours. 15 Ethyl

2-Chieehdte-n(diddpyridinabd-diahme (200 nmL) were added, and
cithe organic layer was washed twice wth 200 nL of

'8 gr and then once with 200 ni L of saturated aqueous
ium chl ori de solution, then was dried over
nhydrous magnesi um sul fate The organic | ayer was
fllﬁtered and concentrat ed under reduced pressure, and
the residue was purified by silica gel chronmat ography

o 5013 B RSE R S (P BBH bl o
acid (36 ml3 w5 heated BHY0°C4. Jin({Iy chigzide diydrapH(p?.267) $Gis tlakn added and this
was h%??% ZE% ) %&n%t d'Th ‘l‘ea%t%}rf%%llllﬁgglwg.%&)flegztg Calced water (700 |
mL) wesasidad, End }lpWﬁ@IStm %n 80 mmM:t_s ke sﬁlrmommmmtemunder
reduckd Fressbure and ﬂ:sen jmm néar-(s)atl.lrated 1'ﬁetPariol golbltl%y rOg |mr% s ztdg %to the
remduee f.tp%/tﬁusdy%-sgrrgd; et % Hais qursan dhe solvent was removed by concentration
under reduced pressure.  The residue was suspended in ethyl acetate (500 mL), and this was
filtered through celite. . The celite and the suépended material were washed five times with 250 |
mL of ethyl acetate, then the organic layers were combined, and this was concentrated under |
reduced pressure to give the title compound (7.22 g).. |
'H-NMR(CDCl) |
2.91 (d, J=4.5Hz, 3H), 3.31-3.50 (br:s, 2H), 4.16-4.23 (br.s, 1H), 6.40 (d, I=5. 8Hz 1H), 7.67 (d,
J=5.8Hz, 1H) :

820)
4-Chloro- l-methyl 1,3- dlhyd.roumdazo[4 5- c]pyndm -2-ome

cl q

N,N’-disuccinimidyl carbonate (3.035 g) was added to a solution of
2-chloro-N*4*-methylpyridine-3,4-diamine (1.38 g) in acetonitrile (300 mL). The solution was.
stirred at room temperature for 48 hours, then additional N,N’-disuccinimidy! carbonate (3.035
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.__l/N\F !
: A\

pi perazi ne-1-carboxylic acid t-butyl ester (0.200 g)
were heated at 175C for four hours under 102 nitrogen
at nosphere. Additional piperazine-|-carboxylic acid
t-butyl ester (0.200 g) wasippen added, and this was
heated at 175C for 16 hours. The residue was purified”
by reverse phase high performance |iquid
.chronatography to give the title conmpound (0.032 Q).

"H- NVR(CD30D) 5 1.78 (t, J=2.4Hz, 3H), 3.36 (s, 3H),

g) wada®@Zd( and tAisvad Meated W) 50°T. f38eigHt, hobeb. The sdldgnt \easaembded by

*conce3f st R SIS orer GO0 B0 e e R s St four

tirnes M‘]&ﬂhd}ld)ﬂdmathadam()lmﬁ} C]’Kly:rdrghnﬂb [Ayath oxre ombissy ad Gﬂﬁcentrated

under Eec} e# grre%ﬁfg Ly ear%lm 9.? p\.}%‘g%g&yfﬂg:a &eh%?xaarfgraphy, and the
d1chldrbmaﬁ1d:&zﬂhj{rléh95tam] oy fackon ghvy e-titlepengaiunde¢1.038c@) b
NﬁﬁqbpﬁﬁﬁCId t-butyl ester yO (N J NjNN>=0 15 A
SO

3.45 (8-31D; .90 yayyi) /#zc iy Bd-2(dnEtStifHz, 1 HR-3 R §.30 ¢s,tiHjazo[ 4. 5
-c] pyridin-2-one (conpound 82d) (0.865 g) and
pi perazi ne-|-carboxylic acid t-butyl ester (4.57 g) in
82d) 1- et hyl - 2- pyrrolidone (2 mL) was heated at 180C for

32 EM%] aijf’ﬁlé’ cartg}cr)xylgl c ac:lL%S({sE‘g[Et ﬁsgs?lgf "(5.00 g)

cl was added again, and this was heated at 20 180C
f five hours. Ethyl acetate (400 nlL) and water (200
N ™= ver e added, and the organic |ayer was washed

' i/Ce”wi th 200 mL of water and then once with 200 nL

of\saturated aqueous sodium chloride solution, and
then was dried over anhydrous. nagne3|un1sulfate The

or Betasstum rahenataels! 7 ) andrlebromed-beise it 742 el) wetteadded to a
[ rdf-i;ed b
sl R i Y e

N,N- dgnzthﬂf@z@t%ﬁe EBLY. hethis v then et roan dermpegpture fg 16 hours.

Ethyl Agl_%@o%ﬁ)% ?{ 1615@06 %_LL)%G a&deESaxfdtst%e 3rgé16ﬂ|'[§yer 3k washed twice

with 2@0 ml @ﬁwater\]argi thep oncgpmth %OQ;[gL(o@ satg:-agad-,aggeoq H})dlugl ¢goride solution,
then wed dridd8vefahydkblls 83Besium sulfate. The organic layer was filtered and

concentrated under reduced pressure, and the residue was purified by silica gel chromatography.
The ethyi acetate:hexane 3:2 fraction géve the. title compound (0.980 g).

'H-NMR(CDCls) o . |

1.79 (t, I=2.4Hz, 3H), 3.45 (s, 3H), 4.81 (q, =2.4Hz, 2H), 6.90 (d, J=5.7Hz, 1H), 8.11 (d,
J=5.7Hz, 1H) : o

82&:)
3-(2- Butynyl) 1-methyi-4-piperazin-1-yl-1,3- d1hydr0nmdazo[4 5- c}pyndm—Z one

H
N

3-(2—butyny1)-4—ch10ro-1-methyl—l,B -dihydroimidazo[4.5-c]pyridin-2-one (0.041 g) and
piperazine-1-carboxylic acid t-butyl ester (0.200 g) were heated at 175°C for four hours under
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103 4- [7-Bronp-3 -(2-butynyl)- 1~ -

- met hyl - 2- oxo- 2, 3-di hydro- 1 -1-im dazo

[4.5-c] pyridin-4-yl]-piperazi ne-l-carboxylic acid

t-butyl ester @O~ (N N N Sodi um bi carbonate

(0.146 g) and N-bronosucci nimde (0.288 Q) vvere added -

to a 5 solution of

4-3-(2-butynyl)-1-net hyl - 2- oxo- 2, 3-di hydr o- | H i nmidazo.

[4.5-c] pyridin-4-yl]-piperazine-l-carb oxylic acid
nitrogenbirbydphest e A ddQiohdl/piggratife- NNaﬂioﬂ?IﬁdTa‘dld pbuBiede (0200 g) was then

addear;rL 6%]31 %h-E hlgng?ﬂ%ﬁdﬁqggﬁ ‘ﬁ%f%tlg ?1@ Brsoq gﬁg 5e51tégﬁgpweafs %Elr%ied Ly reverse phase
high pérbormaneigidelrbaietogthphd o glg): thealtk oadgsgdnagmm gyand

1H_Nm]j/\@§) stirred at roomtenperature r 15 hours.
étate (100 10 m ). and water (50 nL) were then
1.78 @deRdiHa8H), 1336 @1 §A) ko2l (ayX2 . Abs 2R shzsi(d, W= 8wt H, &I (d,
j=5. 7?& wat er and then once with 50 nL of saturated

U

s sodium chl oride solution, then was dried over
MS rea e 086 1 Tr@gnERT um sul fate, fil t_ered, and
concentrat ed under reduced pressure. The residue was
purified by silica gel chromatography, and the hexane:
MIJL acetate 1 1 fractlon gave t.he t|tIe compound
1.l

V1~bezlzdmld8trﬁﬁlof®cet31-301dsa1195 (g, J=2. Az, 2H) 8. 06 (s, I

3-(2-Butynyl)-1-net hyl - 2- oxo- 4- pi perazin-1-yl-2,3-d

4-[3- 02 ymyl)-Hnatiyl oz ofat2 3-dhypiroildi-mmidazd65-c pgridiefzdpigerazine-1-car

oxyli édlg&gtﬁ,p%@%; CNla—llg_l d salt 104. H N CND N >-‘-‘O N O O

_ A solution of 3-(2-butynyl)-4-chioro-1-methyl-1,3 —djhydroinﬁdazo[4.5-c]pyridi11-2—ene _
(compound 82d) (0.865 g) and piperazine-1-carboxylic acid t-butyl ester (4.57 g) in

- 1-methyl-2-pyrrolidone (2 mL) was heated at 180°C for two hours under a nitrogen atmosphere.

Piperazine- 1 -carboxylic acid t-butyl ester (5.00 g) was then added again, and this was heated at
180°C for five hours. Ethyl acetate (400 mL) and water (200 mL) ‘were added, and the organie
layer was washed twice with 200 mL of water and then once with 200 mL of saturated aqueous
sodium chloride solution, and then was dried over anhydrous magnesium sulfate. The organic

- layer was filtered and concentrated under reduced pressure, and the residue was purified by silica

gel chromatography.  The ethyl acetate:hexane 3:2 fraction gave the title compound (0.447 g)..
'H-NMR(CDCl3) |
8 1.50 (s, 9H), 1.78 (t, J=2.4Hz, 3H), 3.10-3.17 (m, 4H), 3.40 (s, 3H), 3.59- 360(m 4H) 492(q,

I=2.4Hz, 2H), 6.68 (d, J=5.7Hz, 1H), 8.08 (d, 1=5.7Hz, 1H)

83b)
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Sal i cyl am de -(0.030 g), cesium carbonate (0.071 g),
2,2,6,6-tetranet hyl - 3, 5- hept anedi one (0.003 nlL), and
copper (1) chloride (0.006 g) were added to a solution
of 5

4-[7-brono- 3-(2- butynyl)-l-#g?hyl 2- 0x0- 2, 3-di hydro-IH
-imdazo[4.5-c]pyridin-4-yl]-piperazi ne-I-carboxylic
acid t-butyl ester (0.050 g) in 1-nethyl-2-pyrrolidone -
(1 m). This was heated. 'under nitrogen atnosphere at

4-[7-BRe0-3-02-binji rmethFhe oxe &ct-dibpdoel HHmblazod S - @pmﬁd-4~y1]—p1peraz1
m)

m.) and trifluoroacetic acid (3
ne-1 %g@g&ﬁ%g&g&qﬁﬁ@ %%fs was stirred for two hours. The
sol vent was renoved by concentration under reduced
ure, and the residue was 10 purified by reverse
*T’ hase hi gh performance |iquid chromatography to give
the title compound (0.007 g). Ms me (ESI') 421.17
M+H) + Exanpl e 84 15 7-(2-Butynyl
N QVEFLB¥+-6 (pi perazin-l-vl)-7 9-di hydropurin-8-thione
trifTUoroacetic acid salt 84a)
N~ 4-05- Am no- 6- net hyl am no- pyri m di n-4-yl ) pi perazine-1-c
| LNb}rxsilic acid t-butyl ester OyO 11 ()’ NNNH2 1[I~ N
N _ o
Br4- (6 Chl oro-5-nitro-pyrimdin-4-yl)pi perazi ne- I-carbox
ylic acid t-butyl ester 20 (conpound 61 a) % g) wa _
di Sednmducarponaii0odote iand Neomesyceinimirle (A@38 g) were added 0 a
Sohmgﬁgpylan1ne (40% et hanol solution) (2.83 nL) was
to this solution, After stirring this reaction

4-[3- @ththHiYBril -methyb8-oxodsinditydipe Hatimidazo r5-clpyridinr &yl uenesszine- 1-carb
oxyho(élaﬁpt—ﬁl{}l NRS (QdaEg) m-'l_‘li‘ N«&lﬁéﬁiﬁlﬁ%&ﬁl&é he HlL\r?aSTﬁfSIVGE{S @k n stirred at

room tenperature for one hour

room WFW@ Sordlboury o Jodiura gicarbopate (9. aiy ghandﬂﬂ@rommuavmde (0.432

g) wedkaldderaged, iadd YIRS w\é@&k}%ﬂi éMuSJin Y&Eﬁaﬁfé%h EXBREst Ojlaﬁyiva%etate (100

a.yellaq olid (4. t he obt ai ned -
L) agg Iater Rl Iéx%q t@é@aqiqgﬁ eﬂdat%waaw lptey was ouAshed (Piesi Wik 50 mLof
water @id §ef BR: RRMNEE bﬁoﬂé&ﬁﬁ’ite& 29 oIBodi@n chideiRe 36ld8sh, tﬂ%n was dried

reaction solution was stirred

this sol ution.
over aflgllﬂf??% %ﬁ%@ﬁl&ﬂﬁ“éf%% filtensdpdrcgnenniraicdandsiae direr préssure.  The

| residudABRSIRREEDY Filiea £ SRtoAt Qorp IS ARTHRE Be V¥R thyl 8FRMEd: 10¥action gavé |

15

20

B filtra the obtained filtrate was concentrated
ﬂmtﬁ@ﬁﬂ@WOW%§@E%ﬁfﬁressure to give the title conpound

'H-NMRADOD) -

1.49 (s, 9H), 1.77 (t, J=2.4Hz, 3H), 3.05-3.02 (m, 4H), 3.38-3.72 (br.s, 4H), 3.75 (s, 3H), 4.95 (g,

J=2.4Hz, 2H), 8.06 (s, 1H)

83¢c)
2-[3-(2-Butynyl)-1-methyl-2-0xo-4-piperazin-1-yl-2,3 —dihydro~1H—inﬁdazo[4.5¥c]p)qidin¥7-ylox

y}-benzamide trifluoroacetic acid salt
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. 1-(2-Butynyl)-9-methyl-6-(piperazin-1-yl
84a)

N NH2
Ll

'"H- NVR(CDC13) 10 5 1.48 (s, 9H), 3. 05 (d, J=4.8Hz,
3IT), 3.07 (m 4H), 3.55 (m 4H), 4.48 (br.s, 2H
8.15 (s, 1H) 84b) _
4-[5-(2-Butynyl ami no) - 6- met hyd4ani no- pyri m di ne- 4- yl]plm
perazi ne-1-carboxylic acid t-butyl ester OO0O"D1 N
C N-NH N NH 15
4- (5- Am no- 6- et hyl am no- pyri m di n- 4- yI)plperaZ|ne 1l-c
arboxylic acid t-butyl ester (200 ng) was dissol ved
i HN, N-di net hyl formami de (5.0 nlL), and then
onn-2-butyne (57 L) and anhydrous potassium
té; onate (107 ng) were added to this solution. The
Ctign==s0lution was stirred at roomtenperature for
20l hoyrs, and then poured into a saturated aqueous 20
[ hl'oride solution. It was then extracted with
cetate, and the obtained organic |ayer was
wa hed\mﬁth er and saturated brine. The obtained
Qanic | s dried over anhydrous nmgnesi um
ul fate, an co Bentrated under reduced pressure. The
i due was F purified by silica gel colum
chmqpatography to give the title conpound (118 ng)
"H NMR(CDC13) 25 3 1.46 (s,. 9H), .1.80 (t, J=2.4Hz,
3HBalidd28ide d0. 03&@) &bﬁum%hbbon&e 1601, 4H), 3.53 (m

2,2,6,%#;%&1@5_%%9 ,g—-&lb rt%le Z(D%H§ m]%H?mcl cop%gr Llogi’de %0:6068 5 were added to
a solufioh2fBut ) nyl ) - 9- met hyl - 6- (pi perazi n-1-yl) -7, 9-di hydrop

4-[7- %B#{}rdé%!ﬁ?n% rl'[g}lddl}gloi 8)%: SISI éih? I I-fgllntdazl ?9 5- c]p)(n[\c?m~4-yl]~p1pera21
ne-1-carboxylic acid t-butyl ester (0.050 g) in 1-methyl-2-pyrrolidone (1 mL). ThlS was heated
under nitrogen atmosphere at 130°C for 14 hours. The reaction solutlon was cooled, o
dichloromethane (2 mL) and trifluoroacetic acid (3 mL) were added and this was stirred for two ) ‘

- hours. The solvent was removed by concentration under reduced pressure, and the residue was

punﬁed by reverse phase high performance liquid chrcmatography to give the tltle compound
(0.007 g).
MS mfe (EST) 421.17 (M+H)"

Examp- le 84

-7.9-dihydro urin—8—_thione ﬁ‘iﬂuoroacetic apid salt

4-(5-Amino-6-methylamino-pyrimidin-4-yl)piperazine-1-carboxylic acid t—butyl ester

J

0.0

)

4-(6-Chloro-5-nitro-pyrimidin-4-yl)piperazine-1-carboxylic acid t-butyl ester
(compound 61a) (5.0 g) was dissolved in acetonitrile (50 mL), and then methylamine (40%,
methanol solution) (2.83 mL) was added to this solution. -~ After stirring this reaction solution at
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4-[5-(2-Butynyl ani no) - 6- met'hyl ami no- pyri m di n-4-yl ] pip

erazine-1-carboxylic acid t-butyl ester (18 ng) was

di ssolved in acetonitrile (0.5 nL), and then

t hi ocarbonyl di i mi dazole (10{sng) was added to th| s

solution. The reaction solution was stirred at 80C for

48 hours, 5 and then 1 N hydrochloric acid was added

to the reaction solution. This was extracted with

ethyl acetate, and the obtained organic layer was.
roomdemp@aturafoed? hm@te,rwattad(dé ednlpressadded. The reactioh doketivasvas stirred at

room b, BY oL RSl ALY SILOIRLQALAPIN, GRLIE. The
obtaintidsedbwesdlid was miathedoridaweter cndibixine wrgive dysllenbeltd (GrDS g). 1gof
the oliﬁﬁﬁlﬁé &él[cfv? gotlﬁthis Jeﬁ%’%%% r(f() mié f 1@6/6 g%n]l"l%y I e’n c%rri)on powder

oncen rate e residue “was pur | verse
(wet)ihebmel oanthgh agdsdto tirmsaletion. q T redvtiomselogomphy stirced at room

copfbi ?%W SR 5 0, o A T

remogediy lgratlgH)and gxegzbtz(mpd flaatesis, copedntraBd 3@d¢rsreduckE)preédure to give
thenmgong tH) + 15 [Experinent 1] Contr ol _
conpo I\I\/P >P728) The fol |l owi ng conpound,
@D(Bﬁd in US. Patent No. 6011155, was synthesized
[ ogf@{ﬁ
® L4g§/§§12ﬁge3gn {)f4 DPPI™ V-1 nﬁ‘fél ti n@@asgt [ v%ﬁ/|21 482&)”’ 2%) 8.15 (s, 1)
experinent) DPP-1V obtained from pig kidney was
84b) d| ssolved in a reaction buffer (50 mM Tris-HCL pH7. 4,
1% BSA). at 10 mMJ nl, and 110 L of this was used. 15
4-[5- (B Bitypylaminelr§-erhdrnaw-rymsidinsyHpipparaat eweqrylic acid t-butyl
ester Exanpl es was added, and this was incubated at room
tenperature for 25 20 mnutes, and then 25 L of a 2 nM
sOl gtion of Ay-Pro-p-nitroanilide (final :
ntration 0.33 mMVM) was added to start the
énzymatic reaction.. The reaction tinme was 20 m nutes,
N.and | N phosphoric acid solution (25 L) was added to
E top the reaction. The absorbance of this 107
at 405 nm was neasured, the enzyne inhibition
e was determ ned, and the 1C50 was cal cul ated. The
ults are shown in Table 1. [Table 1]

4-(5-Amino-6-methylamino-pyrimidin-4-yl)piperazine-1-carboxylic acid t-buty] ester
(200 mg) was dissolved in N,N—dirnethylfonnmnide'(S.O mlL), and then l-biomo-Z-butyne (57 -
uL) and anhydrous potassium carbonate (iO?-mg) were added to this solution. The reaction
solution was stirred at room temperature for 20 hours, and then poured into a saturated aqueous
ammonium chloride solution. It was then extracted with ethyl acetate, and the obtained organic
layer was washed with water and saturated brine. The obtained organic layer was dried over
anhydrous magnesium sulfate, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography to give the title compound (118 mg).
'H-NMR(CDCls)

5 1.46 (s, 9H), 1.80 (t, J=2.4Hz, 3H), 2.99 (d, I=4.8Hz, 3H), 3.16 (m, 41D, 3.53 (m,4H) 3.60
(brd, J=2.4Hz, 2H), 4.48 (brd, }=4.8Hz, 1H), 8.18 (s, 1H)

84c)
'7 ~(2-Butynyl)-9-methyl-6-(piperazin-1-y1)-7,9-dihydropurin-8-thione trifluoroacetic acid salt
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5 Exanple No. I1C50 (n'1) Exanple No. 1C50 (M Exanple
No. 1C50 (M 1 0.240 33 0.163 60 0.119 2 0.0864 34
0.0148 61 0.0619 3 0.325 35 0.0266 62 0.139 4 0.334 .
36 0.0807 63 0.146 5 0.172 @g 0.149 64 0.0325 6 . -
0. 450 38 0.150 65 0.0167 7 0.199 39 0.0323 66 0.0593 "
8 1.16 40 0.0896 67 0.0498 9 0.214 41 0.0917 68 0.187
10 0.251 42 0.0425 69 0.224 11 0.179 43 0.0678 70
0.0948 12 0.0474 44 0.132 71 0.260 13 0.0247 45
H 0.130 72 0.141 14 0.124 46 0.0426 73 0.0484 15 0.319
N47 .0.167 74 0.0140 .16 0.364 48.0.0716 75 0.921 17
E I 263 49 0. 0400 76 1.06 18 0.972 50 0.00365 77 8.13
9/%51 0.130 78 3.80 20 0.642 52 0.175 79 0.0042
21 2.45 58 1.37 80 3.01 27 3.14 54 0.0888 81 0.409
N“X28N89. 5 55Ji0. 0872 82 5.23 29 0.00292 56 0.0964 83
. 1%2 3¢, 1¥2-57 0.0775 84 13.6 31 0.259 58 0.0156
N Coﬂtrol conpbund 226 32 0.212 59 0.119 108
[ Experinent 2] Effects on glucose tolerance in nornal

m @6[5((BIBufynydhxﬁle)%Emmhylmwﬁﬁm&n-%l]@péﬁlﬁﬂelBbﬁrbm:gdﬂc acid
t- buty(l é{grcﬂg mg was ssoﬁrp 3h ace om e (%l Svmf,a an%enqglocarbonyldnmﬁazole
(100 mg) was added to this solution. The reaction solution was stirred at 80°C for 48 hours
and then 1 N hydrochloric acid was added to the reaction solution. This was extracted with
ethyl acetate, and the obtained organic layer was concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (ethyl acetate:hexane=3:7). The
obtained solid was dissolved in trifluoroacetic acid, and this solution was stirred at room
temperafure for five minutes, and then concentrated. The residue was purified by reverse phase B
high performance 11qu1d chromatography to give the title compound (13 05 mg).- |
'H-NMR(CD;0D)
8 1.85 (t, I=2.4Hz, 3H), 3.52 (m, 4H), 370(111 4H),376(s 3H),521 (q,J"'24Hz ZH) 853 (s '
15
MS m/e (ESD) ?>()3M—1—H)+

'[Experiment 1]
Control compound (NVP DPP728) ,
The following compound, described in U.S. Patent No. 6011155, was synthesized

according to the Examples.

N

Measurement of DPPIV-inhibiting activity {in vitro experiment)
DPP-IV obtained from pig kidney was dissolved in a reaction buffer (50 mM Tns—HCl

- pH7.4, 0.1% BSA) at 10 mU/mL, and 110 pL of this was used. 15 pL of the drug obtained
_from the aforementioned Examples was added, and this was incubated at room temperature for

20 minutes, and then 25 pL of a 2 mM solution of Gly-Pro-p-nitroanilide (final concentration

0.33 mM) was added to start the enzymatic reﬁci_:ion. " The reaction time was 20 minutes, and 1
N phosphoric acid solution (25 pL) was added to stop the reaction. The absorbance of this



5 [Preparatl on and admi nistration of test conpounds]
The test conpounds were suspended in a 0.5%
met hyl cel | ul ose (MC) solution at the ~doses indicat ed
bel ow i n Table 2. These test qpnpounds and t he NVP
DPP728 (U.S. Patent No. 601!L 55) suspension, or the

© 0.5% MC solution (the solvent control group), were
adm ni stered orally at a dose of 10 nlL/kg. 30 m nutes
| ater, a glucose solution-was orally adm nistered at a

matefio] 21486 nﬁw?@maasﬁ]i@ thelcHems ﬁmmlstluﬁﬁteta Was&@gérﬁhﬁéde&?djmle ICsowas -
se 0 col l ection an :
Calcufalr%tg‘iur ﬁ?‘ﬂréfm% g’d“BILIBEnge | evel ] ‘The tail vain of '

unanesthetized mce was cut with a razor blade to
[Tabféa se a small amount of bleeding i mediately before
ni stering the test substances or NvVP DPP728, .and
i medi ately before, as well as 30, 60, and 120 m nutes

T Pt P B L

withi0.6 Mperoidoric agid (140 Lp.je8 Lcosggpr esent 0.119

m the sapern | obtarmed—by bCIILII‘UgaLIUII 15006
10 ‘i put & i %é fetri ge¥at ed| cenPPilfbigh GSHMKR - 0.0619
. Beclkjran) Nas mea3yr €d usysng G ucogm@;l Testgy V\ak:) 0.139
—(Wako—Pure—Cheni-cal s)—Resttts—Frnr—eaghref—the—grpups
to vthich 0.5% #B34p[ uti 38, NvP DPPP8B7| and tRe tekt 20 0.146
conp_punds wer eogdgfri Ni st egr7ed [ he ag ¢agjunder gyhe clirve ;5345

£ lal =N 3
of—btoeod—ptucose—v tH-re—wasi-cal-etl-at over—0

120 &vi nut bs frBmlhe ti @8 of pl uco&seldni ni $6r at i pn ~ 0.0167

S e
h d
Al 120) Def t he ,gAUCo} 120 the 0..5%
Sobteronbam nbgpg{? 3 e nd L n8Balce] 12 00593
for & he NVP DPRY@8| (10 4fy/ kg '-adm'()ﬁ%ter ed 6@roup| as 0.0498| -
i S
d
v

0% ¢ he degree I hprovenent e [OI rance
9t ‘ai4rr oun ?\AHQ al (‘ﬁ‘ogﬁ: ﬁ 0.187 ,

f ol dw ng| equab.Bh: | 25 Degre'e of o,mx emsntsgl n 0224
gl ucpse t0| era (Pg—= OCoF120_Tqf te uuuwd— '
~ALEL_120 VAZOINE DB78 (10 P& adni’Ai st el ed  0-0948

gr oup) / ( AUCo (m@'m:f t he4ﬂ). 5% I\/C S(plgg ijon-agm ni st ered 260
gr o] ATC f FtheNvPBPP728—1f _
ny! ) - adi d_grofp) x | 100 %k¥|ijover 7Zhe % 0.141
val ue, the bet(j er4tihe dggr ee |of |(§rg4225\ gment 74 n gljucoseq g4g84|
totErance: Fahl fe—2—shows—jt-he—+est t|s (cffcuto o1t ‘ :
al tbbse tol er dhaBiln_nofial i ce) .0.167a4 e 274109 0.0140
Degrge of Degrge%4f Spe@g rren [ n’pr(pqy et i npepeciimen g9
rprovergnt—n AOe Hregse—tolerfinee—{alkgi— -
gl udose tlol er (/ u)45ij°/() Exangl.@400( 1) 1976 E;Zarrpl e 1.06
S51(1%) 59.3  Bxpempl € 7(130 19. § EX@%ES \_2(1)7729 7 8.13
19 - 541 51 0.130 78 3.80
20 0.642 52 0.175 79 0.0042|
21 2.45 53 1.37 80 3.01
- 27 3.14 54 0.0888| 81 - 0.409
28 89.5 55 0.0372} 82 5.23
29 0.00292 56 0.0964 - 83 1.13
30 0.132 57 0.0775 - 84 13.6]
31 - 0.259 58 0.0156] | Control compound 226
32 0.212 59 - 0.119
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Exanpl e 10(1) 17.3 Exanple 54(1) 24.4 Exanple 13(1)
-33.5 Exanple 56(1) 11.3 [ Exanple 15(1) 46 Exanple
' 61(1) 9.4 Exanple 46(1) 37 Exanple 64(1) -11.4
Exanmpl e 47(1) 11.6 Exanple 6p{gl) 9.5 Exanple 48(1)
37.4 Exanple 69(1) 44.1 Conpounds with clear effects
on glucose tolerance in normal mce were discovered
- anong the novel fused 1, 3-di hydro-i m dazole ring
conpounds of this invention, at orally admnistered
[Experdmest 9f | to 10 (ng/kg) using the above-nmentioned in

|vo -exertl ment 5 Inustrlal Appllcabltllty Thi s
011 ol L1010 %0, £

Auinil3- VIhly SOBL/EN] ﬁﬂﬁd @ufc:hmodq‘oﬁ@ €hbhdd Rivefiow
Me ClPIV|nh|b|t|ng activity. Therefore, the fused
thf - di hydroi m dazol e ring corrpounds of this invention

{Preparation aad adinﬂniﬂraaenbﬁfestammpbhﬁdsand pr eventive agent S,
su s.therapeutic agents.for eS|t
my olhe sy EERARIE el A5GHIES it 0 P el nBRRT UL splytion at the
dosedfindivnice rbelcamgl Tagkiks I'Ehesemeet doﬁf;ﬁhhdid aridythe aNP DRB728 (U.S. Patent No.
ar al | er ge
6011 03 b B IT I 0 AR OB b 8o Bl e B B Pl yre ecmnistered
orallyaatta dost efJ hfhlniuﬁk@g Sbtsinuze thterm plapeddtsotuting evfs ©rilBradministered at a
ef.fic n,orally
dose 89{15:1%5“11? %Hes%(yr% tr?zlktff ¥ ordg11 reedcagF%P%dOWgw usi ng
[Bloqdm@ilmlemanﬂ measgemewsyd bﬁcmidegimmseleasi]t he indicator.
t hei r -
TSt 81 8o S LSLANDES 8308 SOOI B QL DI et v
of blmd@lgmmmmtqhe bt@Mswng e tgerebsthnden bNNVA I.'QH’B?Zszmd
A I
imm. 1&@%‘)#\% égs bydr $§§ Eﬁdfﬁ;r(}ozpm%%rsm a%ig%yc F]ést(r)ar%log og A gl%cose |
solutign o101 L. néhbed ks heldmerdcyroi thisowast raixed mgmkdiatelP with 0 6 M perchloric
acid (@4(5 [:LP€"Glucose present in the supernatant obtained by centrifugation (1500 g, 10
minutes, 4°C, refrigerated centrifuge GS-6KR, Beckman) was measured using Glucose CII Test
Wako (Wako Pure Chemicals).
Results:  In each of the groups to which 0.5% MC solution, NVP DPP728, and the test
compounds were administered, the area under the curve of blood glucose vs. time was calculated
over 0 to 120 minutes from the time of glucose administration (AUCq.120). Defining the

AUCq.129 for the 0.5% MC solution-administered group as 100%, and the AUCq.z9 for the NVP 7

DPP728 (10 mg/kg)—administered group as 0%, the degree of improvement in glucose tolerance

due to the test compound was calculated by the following equation:
Degree of improvement in glucose tolerance (%) = (AUCy.1¢ of the test compound —AUCq.120 of
the NVP DPP728 (10 mg/kg)-administered group)/( AUCq.120 of the 0.5% MC
solution-administered group —~ AUCq.1z9 of the NVP DPP728 (10 mg/kg)-administered group) x
100 - .

* The lower the % value, the better the degree of improvement in glucose tolerance.

Table 2 shows the results (effects on glucose tolerance in normal mice).

[Table 2]
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atonms in the ring, which may have substituents; X3
- denotes an oxygen atom sulfur atom or a group of the .
formula. N-X4 10 X4 denotes a hydrogen atom a ClA. '
al kyl group which may have syfpstitutents, a C3.8
.cycl oal kyl group which may have substitutents, or a
C6.10 aryl Cl-6 alkyl group which nmay have
substitutents; 15 X1 denotes a Cl-6 al kyl group which _
may ve-substitutents a C2 6 alkenyl group which may @ =~ -
have substitutefts, a C2 6 alkynyl group |which may
have substit ut efdegreesnflC6-10 aryl group V\hDegreenﬁy have

sub nts, = et erodr rou
vihi CFT%HE% ave grggrs(%‘fl%tr%ﬁelﬁfs, I{f%g%%- 10 arm?{pr&% r'gﬂ(yl
gr ol(pradks %Ch may |gheoess olastcet (elks, or a §1ut0:sc tolerance
10- menber ed het E.r/ogaryl Cl-6 |al kyl group g@'ﬂch may
“have substitute 20 Z' demotes a nitrg atom or

ag the formuta—CR3=Z22—and—23—each
indLﬁéié‘Wg‘h}f(lu/ défAdt e a nitrog o (1h g#Bdp of the
for Egaﬁlpiiﬁf qgcgar bonyl grﬁé&plé’éz@)grféjf‘ of the _

£ A
fOf J III IUI IIUIu CTIIrC—TOT n”

f or fAnegIPlq 1001} |17denot es a diramplosHd) or24d si ngI e
bonitxaddid BT B36!) . when The fohl eynpa[fofmra A

denptes—a—deub! Bond,—Z2 andl -2 rea?] ndspendent | y

ooy

denitxenmlerﬂﬁ(l)ogéﬁ atom or a @hauplofl(@he 9.4orml a

- -CRE=, R , ., and XZ eagh independent denote a
hyd%&wl%ém 4 to 8, nenhPEPREOH heydide 10
gr o[BxamiplecdV(1ay|ihgve substit E:@iipts 63(1) @ |g5oup

© repfesen e"By 2 formuta =i Ar-AZ2, A denotes a

si n2 B8 (Lor B4%c1- 6._al kyl 21} hatd-hmy have 1
toSsubstituents sel ected fromthe foll ow ng

A L LR -

_ among thé:ﬂj\fwmébd g,BQﬂEydr@-uﬂEd&HﬂlengtcB& befdedrahis BrveRiord at orally '

g8 B 35 TR S Lot b epment.
o

: group of the formila NRA— , a group of the formula
Iﬁdus?nsa% l\ﬁ:\a{bdior a group of the fornula - NRA- SO2-; |

- This invention was able to provide fused 1,3-dihydro-imidazole ring compounds that
Show DPPIV-inhibiting activity.

Therefore, the fused 1,3-dihydroimidazole ring compounds of this invention are useful

_ as therapeutic and preventive agents, such as therapeutic agents for diabetes, obesity,
hyperlipidemia, AIDS, osteoporosis, gastrointestinal disorder, angiogenesis, and infertility, aud

as anti-inflammatory agents, anti-allergic agents, meunoregulatory agents, hormone regulatory
agents, anti-rheumatic agents, and therapeutic agents for cancer.

To confirm their drug efficacy when orally admu:ustered examinations were carned out

usmg improvement in glucose tolerance as the indicator. Their oral effectiveness was

confnmed, and their usefulness as drugs was discovered.
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A2 and RA each independently denote a hydrogen atom a
cyano group, a Cl-6 al kyl group, a C3-8 cycloal kyl
group, a C2-6 al kenyl group, a C2.6 al kynyl group, a -
Cé-10 aryl group, a 5 to 10ppgenbered heteroary]
‘group, a 4 to 8-nenbered heterocyclic group, or a
C6.10 aryl 20 d-6 al kyl group; however, A2 and RA
each i ndependently may have | to 3 substituents
selected fromthe substituent group A described

- bel ow. <Substituent group AeARASsubstituent group A
refers to a group consisting of: a hydroxyl group, a
mercapto group, a cyano group, a halogen atom a Cl_6

- 1. fabdgpound oeppreseate@dy8he yeleed libalul 9D WP 2 st 62a By@hieamrbof,

oup, a C2.6 al kynyl group, a Co6-l1o aryl group, a 5
to -menbered heteroaryl group, a 4 to 8-nenbered
het erpcyclic group, a Cl-6 al koxy group, a Cl.6

al'kyl thio group, a group of the fornula -NRB4-RB

RB4 and RB5 denote hydrogen atons or Cl.6 al kyl
ps), . 30 a group of the fornmula -CO RB6 (where RB6"
not es X4 1-pyrolidinyl group, a 1-norpholinyl group,
1-pipéraziny| group, or a 1-piperidyl group), and a
the fornmula -CO RB-RH2 (where RB denotes a

| sin beadx® an qfygen atom or a group 112

2&!% ted by the formula -NR B3-; RB2 and RB3 each
ifidependent |y denote a hydrogen atom a Cl.6 al ky
group,ﬁgZCS.S cycl oal kyl group, a C2-6 al kenyl group, -

a C2_6 al kynyl group, a C6.10 aryl group, a 5to
[wherem, nenber ed heteroaryl group, a C6_10 aryl C1.6 al kyl

T et g S B B 2w

| -Vatomsflﬁﬁm, (Whioh may hayessabstituentyy hydrate thereof, )la { N

Xla NN/ |1 >=X3a (I~ Rla/ 3a NJ - Xza [wherein,
3 , Z3a denotes a nitrogen atomor a group of the formla
X derytoman oxypen x@m, delfistatemaer aogrpuenf the fonoorla a sul f ur

atom Tla stands for a nonocyclic 4 to 8-nenbered

ﬁg&fJocycle containing 1 or 2 nitrogen atonms in the

x* denotes a hydrogen atom, a C) . alkyl group which may bave Substituténts, aCsg
cycloalkyl group which may have substitutents, or a Cg.10 aryl C;.¢ alkyl group which -

. may have substitutents;

X! denotes a Cy.¢ alkyl group which may have substitutents, a Cg.g'aikeﬂyl group which may

have substitutents, a C.¢ alkynyl group which inay have substitutents, a Cg.1p aryl group which

- may have substitutents, a 5 to 10-membered heteroaryl group which may have substitutents, a

Cﬁ-m arylr Ci.6 alkyl group which may have substitutents, or a 5 to 10-membered heteroaryl Cy4

- alkyl group which may have substitutents;

Z! denotes a nitro gen atom, or a group of the formula -CR>=;

_ 7% and 7° each independenﬂy denote a nitrogen atom, a group of the formula -CR'=, a carbony!
group, or a group of the formula -NR2-; '

in formula (), the following formula



ring, which may have an am no group or a Cl1_6

al kyl am no group; 15 Xl a denotes a hydrogen atom a
C2_6 allcenyl group, a C2_6 al kynyl group, or a }
benzy]. group; R a and RzZa gach i ndependently denote _
a hydrogen atom a halogen atom a Cl_6 al kyl group, a.
cyano group, or a group represented by the fornula -A
OCa- Ala 20 Aa denotes an oxygen atom a sul fur atom or -
a group represented by the formula -NA2a Al a denotes

hydrogen atom a Cl1_6 al kyl group, a C2_6 al kenyl
group, a C2_6 al kynyl group, a phenyl group, a-:
\jgghophenyl group, a carbamoyl phenyl “group, a benzyl
oup, a pyridylnethyl group, or a pyridyl group; Al a
hydr oge or a C1_6 al kyl group; 25
¢ﬂw%§§%éen8 %%y%xﬁﬁﬁagggwygtonl a C2_6 al kenyl group, a
C24 al kynyl group, a cycl ohexenyl group, a
q S
mfor@ﬁf%vﬂlﬁﬁp@ﬂp% g%ﬁl yl group, a Cl1 6 al kyl group
hat may have a group selected from substituent group
scri bed bel ow, a phenyl group that may have a 113

e
\ggghp sel ected from substituent group B descri bed.
| ow, a 5 or 6-nenbered heteroaryl group that may -

" der Y8 $ 1 f; [
ero Y8 ORI Ehe0! Sl IMLAUAN, AT kAR o oy roup ot
fbﬂmﬂaﬂgRasgroup sel ected from substituent group B
descri bed bel ow, or a pyridyl Cl.6 al kyl group that

" Era have, a group sel ected from substituent group B
R, c#ldog teash inslgpersloatiy Bendte abydrogeraipmpa4 soBsnémbsaed heterocyclic
10 gmup%fﬁeﬂnﬁ %ﬁ@@éﬁsﬁﬁt&tﬁ bPY g@éﬁééeh{%g b?fth%ﬁo‘ifgxlu%r AT A%, L
o romne atom a group

| g PAO Eiﬁnofias -goingledordmria @mﬁﬂ@dera’: goursthat wey vl :;a‘utatltuenfs

@d@ct@&’%ﬂﬂhgfdﬂo%ﬁ Qubsﬂtuefijgg oﬁ‘hkoxy group, a

canbanmoyl group ar box up, and a C1.6
alx sRpeias HERgle b@ﬂémqygeq@toga sylfis gtasanrulfingd geayens @dﬂwl group, a

S -t Bg};gg;?%’%@l&ﬁ%fdﬁﬂl\'ﬁ tﬁRé7chn)nu1a°b éosékfou of ﬂ:@%% eCO 0-, a group
15 _ sf’gﬂ’é mgHa gﬂﬁ, -pé,ggy.}mﬂthg,for@pbugo ﬁ&l -, a group of the formula -

Sbmfteg ol 6 &1 the FoulSISBUNREL, ofa grodp of the formula -NR*-SO,-;
&IAam no-.pi peri zin-1-yl_ group;
d each mdependently denote a hydrogen atom, a cyano group, a C,.¢ alkyl group,
a (33 s cycloalkyl group, a Cy.4 alkenyl group, a Ca.g alkynyl group, a Cs. 10 aryl group, a 5
S to 10-membered heteroaryl group, 2 4 to 8- membered heterocychc group, or a C.s 10 aryl
20 - Cy alkyl group; .
‘ ' however, A> and R* each independently may have 1 to 3 substituents selected from the

substituent group A described below:

_ <Subst1tucnt group A>
- 25  substituent group A refers to a group consisting oft a hydroxyl g:roup, a mercapto group,
a cyano group, a halogen atom, a Cy¢ alkyl group, a Csg cycloalkyl group, a Ca atkenyl
- group, a Cy. alkynyl group, a Cq.jq aryl group, a 5 to 10-membered heteroéryl group, ad
to 8-membered heterocyclic group, a Cy.6 alkoxy group, a Cy¢ alkylthio group, a group of
' the formula -I_\IRB“-RE’5 (where R and RS denote hydro gen atoms or Cy4 alkyl groups),
30 a group of the formula -CO-R5® {where R® denotes a 1-pyrolidinyl group, a
1-morpholinyl group, a 1-piperazinyl group, or a 1-piperidyl group), and a groﬁp of the
formula ~CO-RB-RB? (where R® denotes a single bond, an oxygen atom; or a group



|

S _‘10'.

- 20

25

7% depetgs 2 RipepR e meOTg Eapp obthe fomutile fGRA

X1b denotes a 2-pentynyl group, a 2-butynyl group, a
3-net hyl - 2- but enyl group, a 2-butenyl group, or a

benzyl group; and Rla and X2' have the sane neani ng as

Xl a and X2a of claim2 defingd above]. 20 4. The S
conmpound of claim2 or 3, or 'a salt or. a hydrate

thereof, wherein Ra is a hydrogen atom a chlorine

.atom a cyano group, a methoxy group, an ethoxy group,

‘an i-propyloxy group, a mnethylthio group, an allyloxy
grreprpsented byl Sorpux WRIF QR5? and RPesyh e p&Hdebfdy déhote a hydrogen

cyanophenyl.oxy . grou a car.banoyl phenyl oxy group, a
RS PSRRI i & 4o R Bl ey OB oy vy
pyarowgdy b et futy Oarpuplra08p, 1 08mBibEdN hebatll Geip, AT, HBAPC, ¢ alkyl

orré%éaﬁéllcre? T%yqt gﬁr%b F%ﬂ}f‘&%mr. }ufi%s @&*{%‘5}% -of. (r:]I ai rm; or
o
3

or a salt or a hydrate thereof, wherein Rl is a

2. AU e T D0 OLUB GBI oL, 20,

ar banoyl phenyl oxy group. 6. The conpound of
f clains 2 to 5, or a salt or a hydrate
wherein X2a is a hydrogen atom a nethyl
et hyl -group, an n-propyl group, a
propyl group, a 5 group represented by the -
formil a CH#R10 (where R O denotes a carbanoyl group,
a cgrboxyly group, a nethoxycarbonyl -group, a cyano
gycl opropyl group, or a nethoxy group), a
- cyanfpr opyl _goup,_an allyl group, a 2-propionyl
a giyl up, a 2-nethyl-2-propeny
Rr12-70royp” a~®R-cycl ohexynyl group, -a chioropyridyl group,
- a nethoxyﬁzgidyl group, a nethoxypyrimdyl group, a
pyridyl grdup, a furyl group, a thienyl group, a 10
[wher@y! | dyl methyl group, a 1H pyridin-2-on-5-yl group, a
1- et hyl - I H pyri di n- 2- on- 5-yl group, a phenyl group.
"subst it uent group
Y descri bed below, a benzyl group that may have a
5a , group selected from substituent group Y described
X depetes an 0¥¥een 2fomeare BIfur afprup t hat nay have a group
sel ected from substituent group Y described bel ow
12 . Sybstituent group Y is a group consisting of. a
T stag Pﬁ@ﬂaﬁﬂ%c %tOkﬁr@mnh@egﬂﬁsWrocach@ph@mggl ouP nitropn gtoms in the
ring, WG Q2 PhHMRin adhiMd 1 28R/ L group. 7. The
e conpod%d_of any %%ﬁhggﬁgﬁgfns 2 togg%ﬂﬁ’salt t her eof
» or a hydrate thereof, wherein X2a is a nethyl group, :
X" defoty ORYdro e, ALk 2 Ip;
X defotpe OBydro @i, &CLY MG Roe? 0 R SR G68kDx o benzyl group;
group,. 3-pyridyl group, 3-furyl group, 3-thienyl
R'® andyRBuach &Geﬁenﬂ&itl}ﬁd%o’é‘@ﬂfdr@% | A, DRDSED atom, a Cy.¢ alkyl group, a.

' 2- met hoxy-5- pyri dyl . grqup -chlgro&4-pyr|dy1 gr oup,
Cyano %r.roup’ﬂil-a_p%?‘fpo‘%%ﬁr-eﬁ@%?ﬂ %Y &e igrRda -Ag:AA phar maceutical
ofiperictdsng dxpgercQOROY BAIfiaTatérh 3brR ghouPrepBdstntbd BY @R forAiila -NAZ:;
@ﬁhﬁdagte thereof. 25 9. di peptidyl peptidase [V ‘ :
“hhPBIYSR 1@5{%?@%% % i 4!@4;% R a6 @lePit Broup, aegq alkynyl
tghmpeaphenyt g@uphy dyaabphdoye gmf;,. a carbamoylphenyl group, a benzyl group, a
| pyridylmethyl group, or a pyridyl group;
A™ denotes a hydrogen atom, or a C, ¢ alkyl group;

: X* denotes a hydrogen atom, a Cz. alkenyl group, a Cy4 alkynyl group, a cyclohexenyl group, a
1H-pyridin-2-on-yl group, a 1-methyl-1H-pyridin-2-on-yl group, a Cy¢ alkyl group that may =~
have a group selected from substituent group B described below, a pheny! group-that may have a
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10. A pharnaceutical conposition conprising the
compound of claiml, a salt thereof, or a hydrate
thereof, and an adjuvant for formulation. 30 11. A -
preventive or therapeutic aggiat for diabetes, obesity,
hyperlipi dem a, AlIDS, osteoporosis, gastrointestina

di sorder, angi ogenesis, infertility, inflamatory

di sease, nmultiple sclerosis, allergic disease, or
cancer, or an |nnunoregulatory agent, hornone

group ﬁ@cttaﬂtfﬁfny sitgeifient @oup BickErkiRd MBI 28GR 'U—mefﬁbéféﬂ heteroaryl group

i ses the compound .of. claim 1 ereo
that %Yﬁ{%&? roupseleg 1 subptuentygzroupB &%&r@ﬁ? ib§lovea p eny? Cr alkyl
grouyt thetr xﬁ@t%hﬁweca g’i@@;ﬁlﬁelédﬂéd fidbra Eﬁlﬁs@ﬁuenﬁ SrivRp BSdd3eribddhelow, or a pyndyl ClLé

of, claim1l r.eof
alley! GBI et e frore a@%awnwow Bierin eiovs
di sease for which dipeptidyl peptidaselV 5 inhibition
ef fectiye, wherein the nethod conprises the step of
<Sub§§W?ﬁ ng a patient wwith a pharmaceutically
substmie‘ne g:tolup@ Kéﬁsetcoei giiohg cclmimmgrmﬁaeﬁloﬁhamnﬂ,a baodiletatom, a cyano

group, 124 Rlioyt SlguB {6TE Akl BERB0E Go st il =120 Shioaliy group, &

C1.6 atlioxg @smipf orarbamoyl grdupephitadyy! gropd, iaddad, l\dlkioxhedrbéryd group].
is effective is diabetes. 10 15. The use of the ,
conpound of claim1l1, a salt thereof, or a hydrate '

3. Advmmeohd foprespniod by |tlmggeazeraﬁ) Farmmbec@ll), ioc alsalt dba hjfdreteuh@eof

ai m 15, wherein the pharmaceutical is a .

tic agent or a preventive 15 agent for a

or which dipeptidyl peptidase IV inhibition

is &ffective. 17. The use of claim 15, wherein the

harmacgutical is a therapeutic agent or a preventlve

or d| abetes. 20

D

xz a

[wherein,
T'® stands for a piperazin-1-yl group, a 3- ammo-plpenzm—l—yl group, or a

3-methylamino-piperizin-1-yl group; .

X'® denotes a 2-pentynyl group, a 2-butynyl group, a 3-methyl-2 butenyl group, & 2-butenyl
group, or a benzyl group; and

R' and X* have the same meaning as X'* and X** of claim 2 deﬁned above]

4. The compound of claim 2 or 3, or a salt or a hydrate thereof, wherein Rl_"l 1s a hydrogen atom,
a chlorine atom, a cyano group, a methoxy group, an ethoxy group, an i-propyloxy group, _aQ
methylthio group, an allyloxy group, a 2-butynyloxy group, a phenyloxy group, a

" cyanophenyloxy group, a carbamoylphenyloxy group, a phenylmethyloxy group, a

(phenylmethyl)amino group, a pyridylmethyloxy group, a pyndyloxy group, an amino group,

~methylamino group, a dimethylamino group, or a diethylamino group.

5. The compound of claim 2 or 3, or a salt or a hydrate thereof, wherein R®is a hYdrogeﬁ atoz;h.,

a methoxy group, an ethoxy group, an i-prop'ylcjxy group, a 2-cyanophenyloxy group, ora
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- 2-carbamoylphenyloxy group.

6. The compound of any one of claims 2 to 5, or a salt or a hydrate thereof, wherein X%*is a
hydrogen atom, a methy! group, an ethyl group, an n-propy! group, a 2-methylpropyl grbup, a
group represented by the formula -CH,-R*? (where R'? denotes a carbamoyl group, a carboxyl
group, 3 methoxycarbonyl group, a cyano group, a cyclopropyl group, or a methoxy group), a

- 3-cyanopropyl group, an allyl group, a 2-propionyl group, a 2-butynyl group, a
- 2-methyl-2-propenyl group, a 2-cyclohexynyl group, a chloropyridyl group, a methoxypyridyl
- group, a methoxypyrimidyl group, a pyridyl group, a furyl group, a thienyl group, a

pyridylmethyl group, a 1H-pyridin-2-on-5-yl group, a 1-methyl-1H-pyridin-2-on-5-y! group, a
phenyl group that may have a group selected from substituent group Y described below, a benzyl

- group that may have a group selected from substituent group Y described below, or a phenethyl

group that may have a group selected from substituent group Y described below:
substituent group Y is a group consisting of: a chlorine atom, a bromine atom, a methoxy group,

a cyano group, a vmyl group, and a methyl group.

7. The compound of any one of claims 2 to 5, a salt thereof, or a hydrate thereof, wherein X**

is a methyl group, n-propyl group, allyl group, 2-propynyl group, 2-butynyl group,

cyclopropylmethyl group, phenyl group, 3-pyridyl group, 3-furyl group, 3-thienyl group,
-methoxy—S-pynnudmyl group, 2-methoxy-5-pyridyl group, 2- chloro- -4-pyridyl group, or

1H-pyridin-2-on-5-y! group. :

8. A pharmaceutical comprising the compound of claim 1, a salt thereof, or a hydraté thereof.

9. Adipeptidy! pept1dase IV inhibitor comprising the compound of claim 1, a salt thereof ora
hydrate thereof. '

10. A pharmaceutical composition comprising the compound of claim 1, a salt thereof, or a

hydrate thereof, and an adjuvant for formulation.

11. A prevéntive or therapeutic agent for diabetes, obesity, hyperlipidemia, AIDS, osteoporosis,
gastrointestinal disorder, angiogenesis, infertility, inflammatory disease, multiple sclerosis,

- allergic disease, or cancer, or an immunoregulatory agent, hormone regulatory agent or

antirheumatic agent, which comprises the compound of claim 1, a salt thereof, or a hydrate

thereof
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12, A preventive or therapeutic agent for diabetes, comprising the compound of claim 1, a salt

thereof, or a hydrate thereof.

13.  Amethod for treatment or prevention of a disease for which dipeptidyl peptidase IV

4nhibition is effective, wherein the method comprises the step of administering a patient with a
-pharmaceutically effective dose of the compound of claim 1, a salt thereof, or a hydrate thereof.

14.  The method of treatment or prevention of claim 13, wherein the disease for which

dipeptidyl peptidase [V inhibition is effective is diabetes.

15.  The use of the compound of claim 1, a salt thereof, or a hydrate thereof for producing a

phannaceuticéﬁ.

16. The use of claim 15, wherein the pharmaceutical is a therapeutic agent or a preventive

agent for a disease- for which dipeptidyl peptidase IV inhibition is effective.

7. The use of claim 15, wherein the pharmaceutical is a therapeutic égent or a preventive

agent for diabetes.



