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-1 DESCRIPTION FUSED 1,3-DIHYDRO-IMIDAZOLE RING
COMPOUNDS 5 Technical Field The present invention relates to novel
compounds having DPPIV-inhibiting activities, and particularly relates to
fused 1,3-dihydro-imidazole ring compounds that are useful as DPPN
inhibitors. 10 Back2round Art Dipeptidyl peptidase-1V (DPPIV) is a kind of
serine protease that specifically hydrolyzes the dipeptide-X-Pro (X may
be any amino acid) from the fregeRQBAFIN0SNOf a polypeptide chain.
Glucose-dependent insulinotropic hormone (incretin; GLP-I,

Glucagon-Like Peptide-1 15 and GIP; Glucose-dependent Insulinotropic
Polypeptid&)SWhidk? i §ddreted st rahidially CHENHIESENA Yract, is
quickly degraded and inactivated by this DPPIV. Suppressing this

T hnid adation of GLP-1 by DPPIV enhances the action of incretin (GLP-1 .
SERILG ), and facilitates insulin secretion from pancreatic (3-cells due to

gltisopeesthinueniichasibee ostovwhadrapcasids Fesulg pudibYanbieng activities,
and pm‘ﬁ)éﬂi%ﬁ%’&@m%@ﬂ@ fﬁ%@&%@dﬂﬂﬂﬁ@@iﬂ&%ﬁé@iﬁ%ﬁ@ﬁfﬁﬁﬁ@t RRMRHEAE DPPIV

. ... 20 document 1). Furthermore, it has also been shown that GLP-| is

lIlhib“‘?f:ﬁlolved in suppressive effects on appetite and food intake, and also in (3

cell protection based on its promotional effect on pancreatic (3 cell

Rackerdififr@ntiation and growth. Therefore, DPPIV inhibitors can be expected to

~ Serve as useful therapeutic and. preventive agents against disease

RS R e ER R R S

hydroljretothe diretationdhiprb 4% besrbreportadibe twedrfemidus iksdd sesninus of a

indjuding, diabetes, and DPPIV DPPIV inhibitors can therefore be

olype i : .
PabyP f%rjé)}ected to become therapeutic agents for such diseases. fl) Preventive
a

HFRTHPERRR SRR BIORID'S POEE RIS IPSTEHR dottimleht 85 2gpp-Like Peptide-1
and GIP[&Sientive dud:iferaprutinagesitstioly ospedpprasitiseaddaneigtenprandially from
the mfe%%%%ﬁﬂfﬁ?g% T T ing this

degradgfiined fok S}p@@%%ﬁ{,gr}}éﬁﬁg@é@ BFiePBIdIRsT SR ECNBNL fRG AT ), and facilitates
insulin deENENFom 3R $all) PRV Rtia ApththerapemtioAgentSafdieen shown that, as a
e, RS0 S NS SSD ORI o o
document 1), Furthermore, it has also been shown that GLP-1 is involved in suppressive
effects on appetite and food intake, and also in B cell protection based on its promotional effect
on pancreatic B cell differentiation and growth.

Therefore, DPPIV inhibitors can be expected to serve as useful therapeutic and
preventive agents against diseases involving GLP-1 and GIP, such as obesity and diabetes.

As shown below, a relationship has been reported between various diseases, including
diabetes, and DPPIV. DPPIV inhibitors can therefore be expected to become therapeutic 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
8,

(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,
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(7) preventive and therapeutic agents for inflammatory diseases,
autoimmune diseases, 2 and chronic rheumatoid arthritis (see Non-patent
document 8), and (8) preventive and therapeutic agents for cancer (see -
Non-patent documents 9 and 10), (9) preventive and therapeutic agents
for multiple sclerosis (see Non-patent document 11) Although a number
of DPPIV inhibitors are known (see Patent documents 2-11), DPPIV 5

and chiARIGES CRMRIISING Asf _@%@ﬁ%@@ﬁ%@@ ripg are not known.
[Rlﬁgn-paten.t d%ga ent 1] Diabetologia 1999 l?ov, 42(11): 1324-31
(NGRS E TR GG B ST95 539755 (58 B BoRH T odfeemehtnd 10).
dSQument 3 Clini cht cipemistag 4898 8)r34u 2400 LE0dsi fNsre-patentatent document 11)

dogymehH nERALHREIPEK 2080 it 203402 INanRAIE RLARRKMENS, PPV

. ....5] 15 Diabetes 1998, 47: 1663-1670, [Non-patent document 6] Life Sci
inhibitGEP BRSNS 2 1% INbALRMEN PSR eRES PRI actions 1991,

[Non-32edi2tpdigier2d [Non-patent document 8] The Journal of Immunology

Diabet%@c%ﬁa%@@@ %%%14%%@: [Nep-patent document 9] Br J Cancer 1999 Mar,
79(7-8): 1042-8 [Non-patent document 10] 25 J Androl 2000 Mar-Apr,

[Non-pafpss. dospmenigdn-patent document 11 ] The Journal of Immunology
Scienc20@P31662:2W45-2485{Patent document 1] WO 00/56296 30 [Patent

[Non- ﬁjﬁgﬂ{ﬁg%&é%fment Application No. 2001020006
Clinical chemistry 1988, 34: 2499-2501
[Non-patent document 4]

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]

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

J Androl 2000 Mar-Apr, 21(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]



[Patent document 3] US Patent No. 6,303,661 [Patent document 4] 35 US
Patent No. 6,011,155 [Patent document 5] 3 US Patent No. 5,543,396
[Patent document 6] WO 02/02560 [Patent document 7] WO 00/34241
[Patent document 8] WO 99/61431 [Patent document 9] WO 99/67279
[Patent document 10] WO 97/40§32 [Patent document 11] WO
95/29691 [Patent document 12] WO 02/068420 As described above,
compounds with DPPIV-inhibiting activity useful as pharmaceutical

US Patentagerits &g dgeing earnestly sought. However, a compound with excellent

(Patent dog)l?nliél\{g?hibiting activity, which is also very useful as a clinically effective

p arma eutical, has yet to be discovered. Thus, an objective of the

WO 02/03568sent invention is to search for and find compounds with
[Patent doRlR¢-hibiting activity that can be used as preventive or therapeutic
agents for the above- mentioned diseases (particularly diabetes and

WO 00/3 cl,h). Disclosure of the Invention As a result of earnest investigations to

[Patent doachi@uesthe above-mentioned objective, the present inventors succeeded

WO 99I,6lic?_3§ynthe_sizing novel fused 1,3-dihydro-imidazole ring compqu_n_ds,
IScovering that these compounds have excellent DPPIV-inhibiting

[Patent doguthvitie®), and thus accomplishing this invention. 3a

WO 99/67279
[Patent document 10]
WO 97/40832
[Patent document 11]
WO 95/29691
{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 excelient 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 a result of earnest investigations to achieve the above-mentioned objeciive, the
present inventors succeeded in synthesizing novel fused 1,3-dihydro-imidazole ring compounds,
discovering that these compounds have excelient DPPIV-inhibiting activities, and thus

accompiishing this invention.



In a first aspect, there is provided a compound represented by the general
formula (I), or a salt or a hydrate thereof, T1 N~ X1 | N 12 >~X3 (I)
Z~Z3N XZ wherein, Tl is a piperazin-I-yl group, a 3-ainino-piperidin- |-yl
group, or a 3-methylamino-piperidin-I-yl group; X3 denotes an oxygen
atom, sulfur atom, or a group of thedormula N-X4 } X4 denotes a
hydrogen atom, a C-6 alkyl group which may have substitutents, a C3.3
cycloalkyl group which may have substitutents, or a C6-10 aryl Q-6 alkyl
greupiimiemeRa HalersdsatAcHEPRUNg sApress e 1o Aikydegronifovhiels (1), or a
salt oAaY Havesalstitutents, a C2_6 alkenyl group which may have
stitutents, a C2-6 alkynyl group which may have substitutents, a C6.10
aryl group which may have substitutents, a 5 to | 0-membered heteroaryl
graup hich may have substitutents, a C6.10 aryl C_6 alkyl group which
may haye substitutents, or a 5 to 10-membered heteroaryl C1_6 alkyl
groupAvhich may have substitutents; Z' denotes a nitrogen atom, or a
ghbup of the formula -CR3=; Z2 and Z3 each independently denote a
nitrogen atom, a group of the formula -CR1=, a carbonyl group, or a
Z1g70 e formula -NR 2-. in formula (1), the following formula 3b
| denotes a w?bondgj a single bond; in formula (I), when the following
Zz@rw otes a doublé bond, Z2 and Z3 each independently denote a
n#rogen atom or a group of the formula -CR'=; R!, R2, R3, and X2 each
independently denote a hydrogen atom, a 4 to 8-membered heterocyclic

wherein,

T isa piperazin-1-yl group, a 3-amino-piperidin-1-yl group, or a 3-methylamino-piperidin-1-yl

group;

X denotes an oxygen atom, sulfur atom, or a group of the formula
)

%‘:N -—-—X4

hol

b

X* denotes a hydrogen atom, a Cy.¢ alkyl group which may have substitutents, a Cs 4

cycloalky! group which may have substitutents, or a C.1 aryl Cy¢ alkyl group which
may have substitutents;

X! denotes a C.q alkyl group which may have substitutents, a Cy.¢ alkenyl group which may
have substitutents, a Cy.¢ alkynyl group which may have substitutents, a Cg.10 aryl group which
may have substitutents, a 5 te 10-membered heteroaryl group which may have substitutents, a

Ce10 aryl Cy4 alkyl group which may have substitutents, or a 5 to 10-membered heteroaryl Cy
alkyl group which may have substitutents;

Z' denotes a nitrogen atom, or a group of the formula -CR*=
7% and Z° each independently denote a nitrogen atorn, a group of the formula -CR'=, a carbonyl

group, or a group of the formula -NR”-;

in formula (I}, the following formula



group which may have substitutents, or a group represented by the
formula -A-A-A2; A denotes a single bond, or a CI-6 alkylene group that
may have 1 to 3 substituents selected from the following substituent
group A; A' denotes a single bond, oxygen atom, sulfur atom, a sulfmyl
group, a sulfonyl group, a carbonyl gsoup, a group of the formula -0-CO, a
group of the formula -CO-O-, a group of the formula -NR A-, a group of

he formula -CO-NRA-, a group of the formula NRA-CO-, a group of the

S ula -SO2-NRA-, or a group of the formula -NTRA-S02-; A2 and RA

each independently denote a hydrogen atom, a cyano group, a CI-6 alkyl
group, a C3_$ cycloalkyl group, a C2_6 alkenyl group, a C26 alkynyl

denogroufpebGhoatydgraiglathrih 10-membered heteroaryl group, a 4 to

8-membered heterocyclic group, or a C6_1 aryl CI-6 alkyl group;
however, A2 and RA each independently may have 1 to 3 substituents

in foggldady Wk the felipengdargibup A described below: <Substituent

roup A> substi uent group A refers to a group consisting of: a hydroxyl

p, a C3_8 cycloallcyl group, a C2-6 alkenyl group, a C2_6 alkynyl
gfoup, a C6-i aryl group, a 5 to 10-membered heteroaryl group, a 4 to

%grzoygp, a mercapto group, a cyano group, a halogen atom, a C1-6 alkyl
ar

dencB=MeraBEKEEREETOSNEIIC @6RHRn @ Fn S AKOAYHOURI B S0 AUNINIR eroup of the

io

grouér

roup,,a group of the formula -NRD4-RBS (where RB4 and RH5 dencte

rcn%ydrogeﬁ’atoms or CI-6 alkyl groups), a group of the formula -CO-RB6

(where RB6 denotes a 1-pyrolidinyl group, a 1 -morpholinyl group, a

‘RE, HDIperazing! gron R ankRipeddylgrounk-and.aQreupof the formula heterocyclic

CO-R B-RB2 (where RB denotes a single bond, an oxygen atom, pra
o S T g b B ST e P s -4

alkenylegroesy sn@leGaikynyh groupkoal €6 dHouararaap have ot 3 substituents

10-membered-NAIEFORVHGINRs A Cf: LLRYACJ -6 alkyl group, ora s to
10-membered heteroaryl C1_6 alkyl gréup)]; wherein said 5 to '

10/méiiissred ﬁ‘é’%?o‘%ﬁ&}iig%ﬁ%%ai@f?@%? Atard SHbSHHeRp g otpuonyl group, a
refesstiana gnomngvatentgdupederiveth by remoyatafoseiy diegen atomoat 2 group
aran ‘&Pé%%%ﬂ%rﬁf‘*-? ap%ggjg] gﬁ tGs & ”i‘l'l%p-@ﬁ%@@ aalzfrl'cl)@no%?gé faormula
pyrrole ring, an oxazole rihg, an isoxazole fing, a thiazole rm%, an
isothiaz6le HAgT arPiHidee SlEHg -SQaaBle kg, spywrazdie Anguae -NRA-S0-;
furazamding cacthiadigeate:ring dan-oxadiazole:fing:a RWIAAZIBRIAG 8,  alkyl proup,
_pyrér@gince Crig 1210 B%Zinae ir_l a0, i_ do(g% rin%gn 'ﬁoinqole r?ng, ﬁ‘? [ .
indazolé ring, a chromene fifig. a quinoling Ting2an  1Eoyumdie g &Y gour. a >
cinHolif- B tiRBeehuRisEaBThETARE, Biquitoxatmerhddictenaphtiyeidivg ping Ceio aryl
a C,. alkyl group;

however, A? and R* each mdependently may have 1 to 3 substituents selected from the

substituent group A described below:

<Substituent group A>

substituent group A refers to a group consisting of: & hydroxyl group, a mercapto group,
a cyano group, a halogen atom, a Cy4 alkyl group, a Cs.g cycloalkyl group, a Cy alkenyl
group, & Cy alkynyl group, a Ce.ip aryl group, 2 5 to 10-membered heteroary] group, ad
to §-membered heterocyclic group, a Cy alkoxy group, a Ci alkylthio group, a group of
the formula -NRP- RS (where R®* and R™ denote hydrogen atoms or C, ¢ alkyl groups),
2 group of the formula -CO-R>® (where R¥ denotes a I-pyrolidiny! group, a
l-morpholinyl group, & 1-piperazinyl group, or a 1-piperidyl group), and a group of the

formula -CO-RP-R®? (where R” denotes a single bond, an exygen atom, or a group



phthalazine ring, a purine ring, a ptridine ring, a thienofuran ring, an
imidazothiazole ring, a benzofuran ring, a benzothiophene ring, a
benzoxazole ring, a benzothiazole ring, a benzothiadiazole ring, a
benzimidazole ring, an imidazopyridingsing, a pyrrolopyridine rung, a
pyrrolopyrimidine ring, or a pyridopyrimidine ring; said 5 to 10-membered

heieraant G k&ﬁ"@‘&ﬁﬁoh‘@!@ %’@lﬁaﬁ%@é}gﬁ% eI 3 oy érb"’?%ﬁléynyi

a random%y n atom ng & alk IS su stltuted with said

defiiiBe LB BRI S St i Bt -« 21
heterocyctie group-mEnpR2Jd RSc2rAZ, R aékgd Guolglituent group A

refers to a monovalent group derived by removal of one hydrogen atom at

a random position of: a_pyrrolidine ring, peridin an azepane
whergisau retfa hyaRGROPSFFH Eateaot“éwaawa%w%an% R AT RO Eg e A refers (0

a moﬂmmimt@m\hpdmg:daaplmmaza%frmg: ythiazalidios: ngrandisxaoeitifngof: a
yndﬁ'ﬂe %HQ%ZBPBE%HQ ridd! a@!}!ﬁ'ﬁl ge% @%{g ylgllp eaﬁ' 'B%a%lh e“n%% an.isoxazole ring, a

rep resénted one of the formu O N4 T4 or rems.is an

thlazmﬁéaé% & II%B%%H]& TGRS H HietHifehdgrolpIian. oaigerrieme.or farazan
ring, 3dh@buprenrgsantedbiahe fosmul @ﬂhﬂi@z;r\{&hﬁ{ iR Foeeaatesif, a pyrazine ring,

Rydrogen, atom ® Ik Ip..Ina second aspect, there is .
anin rov? ed %né%%%%%%g ééb%fsngr{]te ﬁeag%lngra? ofmata Ejluiﬁj()hne nnaitan

ISOQ‘BP‘éiﬁ?dﬁﬁeatﬁ%ﬂWI@gl\ﬁﬂ‘é}WXB&I‘QH; RigoFREaIX2m avhareithgddine tng, 2

phthﬂaﬂ@texs@ nithogien ﬂm@%@qgfﬁwﬂr@ theferofular GR2am; i 3a-d8noieR ring, a
en atom or.é Ifur atom;

benzd A3t 1op ehe Mg, 4 benzoxazole ring, a benzothiazole ring, a

benzothladlazole ring, a benzimidazole ring, an imidazopyridine ring, a pyrrolopyridine ring, a

pyrrolopyrimidine ring, or a pyridopyrimidine ring;

said 5 fo 10-membered heteroaryl C )¢ alkyl group in X', R® and R® refers to a group in which

a random hydrogen atom in Cj alkyl group 1s substituted with said defined 3 to 10-membered

heteroaryl group; and

said 4 to 8-membered heterocyclic group in R*, R*, R®, X2, A%, R* and Substituent group A refers
to a monovalent group derived by removal of one hydrogen atom at a random position of: a
pyrrolidine ring, a piperidine ring, an azepane ring, a tetrahydrofuran ring, a tetrahydropyran ring,
a morpholine ring, ¥a thiomorpholine ring, a piperazine ring, a thiazolidine ring, a disxane ring,
an imidazoline ring, a thiazoline ring, an azetidine ring, or a ring represented by one of the
formulae:

/ ™
L Or%
S s 9

, . . -4
wherein s is an integer of 1 to 3; and T" denotes a methylene group, an oxygen atom, or a



T;ais a piperazin-l-yl group, a 3-amino-piperidin-I-yl group, or a
3-methylamino-piperidin-lI-yl group; X'a denotes a hydrogen atom, a C-6
alkenyl group, a C2.6 alkynyl group, or a benzyl group; R a and Rea each
independently denote a hydrogen atom, a halogen atom, a C-6 alkyl
group, a cyano group, or a group regrésented by the formula -Aoa-Ala,
group ARAEERAES AR MWEBA RITM e SHiWMERRE %WBJ&PJ%Q ied @¥6 alkyl
the formula -NA 2a-; Ala denotes a hydrogen atom, a C1_6 alkyl group, a
group. Cz_6 alkenyl group, a C2_6 alkynyl group, a phenyl group, a
qu&wél,wauwec@ thamRdRNEY AU P ARENY Y WPedheral formula (IT),
rid Imethy rou or a pyridyl group; Ala denotes a hydrogen atom, or a
ora *a‘g‘, rEfolisTRe" denotes a hydrogen atom, a C-6 alkenyl group, a C.6
oup, a cyclohexenyl group, a 1H-pyridin-2-on-yl group, a
1-memyl- H-pyridin-2-on-yl group, a C_6 alkyl group that may have a
group selelcted from substituent group B described below, a phenyl group

[OLH y have a group selected from substituent group B described

E%Iow, ¥|d¥ 16 a | group that may have a group selected from
substitugnt group desc d below: <Substituent group B> substitaent
groupB re é‘ S to a group consisting of a chlorine atom, a bromine atom, a
cyano group,& C1.6 alkyl group, a Cc_6 alkenyl group, a C2-6 alkynyl
group, a C3__ 8 cycloalkyl group, a C1_6 alkoxy group, a carbamoyl group,

wherezdearboxyl group, and a CJ-6 alkoxycarbonyl group; wherein said 5 or

77 dBunemnhrred-heterearn groupdnXlaaiars lpgPmonovalent group
derived by Temoval of one hydrogen atom at a random position of: a
pyridine ting, a thiophene ring, a furan .mg, a pytroie ring, an oxazole

X* deindgscan istyezokoringt athidzoleming, an isothiazole ring, an imidazole

ring, a triazole ring, a pyrazole ring, a thiadiazole ring, an oxadiazole ring,
ridazine rin midine ring, oy, a pyrazine ring. In a third aspect,
T ol B et PGP B A T pggin-1 -
groupa salt or a hydrate thereof, Tab N xtb N

X' denotes a hydrogen atom, a Cag alkenyl group, a Cy.¢ alkynyl group, or a benzyl group;

R and R* each independently denote & hydrogen atom, a halogen atom, a C4 alkyl group, a
cyano group, or a group represented by the formula -A%.AM
A" denotes an oxygen atom, a sulfur atom, or a group represented by the formula -NA-;
A denotes a hydrogen atom, a Ci alkyl group, a Cy. alkenyl group, a Cy¢ alkynyl
group, a phenyl group, a cyanophenyi group, a carbamoylphenyl group, a benzyl group, a
pyridylmethyl group, or a pyridyl group;

A™ denotes a hydrogen atom, or a Cy¢ alky! group;

X* denotes a hydrogen atom, a Cy4 alkenyl group, a C,.s alkynyl group, a cyclohexenyl
group, a 1H-pyridin-2-on-yl group, a 1-methyl-1H-pyridin-2-on-vl group, a C, alkyl group

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



~ITZ~ N Rta/\N~~ O y2a wherein, T' stands for apiperazin-I-yl group, a
3-amino-piperidin-I-yl group, or a 3-mnethylainino-piperidin-1-v1 group;
X1b denotes a 2-pentynyl group, a 2-butynyl group, a 3-methyl-2-butenyl
group, a 2-butenyl group, or a benzyl group; and Rya and X2a have the
same meaning as Rin and X2a as d&tined above. 3f In a fourth aspect,

miRargisprevided arharmaceiicalcomprisingdhe aompennd as sefinednbereg
above, a salt thereof, or a hydrate h aspect, there is

1eaove, th : t%%reoé. n a fif _
IS e Epepiiagy Bapt 4S8 Bl rflli%Pn Sy TheTCom BotiRgriRed below,
pigefihed abbylegragaibthereohaora bydvatecthardoton aubixituaspactti@rescribed

bé&&{%\‘ig%%ﬁiﬁr@{%ﬁ%gﬁﬁhp%%%ﬁ9&&%&@&1@e&%ﬁ%@%ﬁ‘§em group B

defined above, a salt thereof, or a hydrate thereof, and an adjuvant for
V] f*1n a seventh aspect, there is provided a preventive or
<%h$r%a eutic_age t>for diabetes, obesity, hyperlipidemia, AIDS,

s 136%’8%5@ astrointestinal disorder, angiogenesis, infertility,

inflammatory disease, multiple sclero%is allergic disease, or cancer, or an
s BT RBAIAEaR SobRE Mormone it AGE B ArTHELIR Al & cyeno
groupgeht;athithecomprises tHscoohpoundads;-defives] above, a(&alttheredfy] group, 2
). QkaRygtate thereahiRaneigth aspesty thatesproyided aprevenive Obroup;

therapeutic agent for diabetes, comprising the compound as defined

above, a salt thereof, or a hydrate thereof. Ip a ninth aspect, there is
whemprovided ardseohtivecddmipourdl ascdefined Abdves @ saltctherelef;t oraap derived by
remd WS heIe0fLor theman lﬂ!lﬂﬁ%i)%@ﬂiﬁﬂ%%?%}?l forihe ‘é‘%ﬁ%ﬁ%%@ﬁ@ bing, a furan

idas IS

. prevention of a_disease for which dipeptidyl peptidase 1V irfhibition | .
Ting, RO, EFBOATEARLS BF thébieSeRetistissard’ arbepagide: epfazole ring an
imideasiypound reipreserited bythedeneral foritdla-d): 6ha salbesddydiaiag, a
pyﬁ&gﬁ{%olfmé, QE%Md%é%é!)or a pyrazine ring.

In a third aspect, there is provided a compound represented by the general formula (I17),

or a salt or a hyvdrate thereof]

k/
] = m

whereirn,

T'® stands for a piperazin-1-yl group, a 3-amino-piperidin-1-yl group, or a
3-methylamino-pipertdin-t-yl group;

" denotes a 2-penfynyl group, a 2-butynyl group, a 3-methyl-2-butenyl group, a 2-butenyl
group, or a benzyl group; and

1 2 : I -2 .
R '™ and X* have the same meaning as R * and X™ g5 defined above.



Z'Z3 N X2 [wherein, T' stands for a monocyclic or bicyclic 4 to
12-membered heterocycle containing 1 or 2 nitrogen atoms in the ring,
which may have substituents; 5 X3 denotes an oxygen atom, sulfur atom,
or a group of the formula -N-X' X4 denotes a hydrogen atom, a C1.6 alkyl
group which may have substitutents34 C3.8 cycloalkyl group which may
have substitutents, or a C6-lo aryl CI-6 alkyl group which 10 may have
substitutents; X1 denotes a C1.6 alkyl group which may have

Ins'af'k{%ﬂ%e&%c%‘ ‘&?w? alkenyigreup v l%}i‘a@%ﬂ%{cﬁaé’&ﬁg&%%ﬁ'wﬁé‘téoﬁ arf as

lkynyl aé up which may have substitutents, a C6-10 aryl group whic
defined al?ﬁéi?f A&t SetsshitQierhs gty fBeI?)O‘rcnembered heteroaryl group which may
I.n@?ﬁlﬁtdggﬁwt@m&, & o Rid0 ayibhépli b atefaraun whighunay dbavfising the

compoung % te t or %gafttt Ci‘iodmbe egrgetqroa CI-6 alkyl group which

1e there
Rave' &0bstittitd ehctds A hitrogen atom, or a group of the

infcrnsudén @!ﬁ@: A@E2 ianpk 7@ daEch imdepesderity dematesainiiregerpaiory, the
compounﬁl :95@%9& HB%JQ rm‘@t’h%%o'f’ 9(%%9&%}@ AL Q'S r%llpvgiﬁt & E‘gjmﬁ}llﬁion

-NR2-; in formulartﬁmthe foll owm formula 5 denotes a ora
InsihgReBEhdshAco Faiel)pwrﬁéw hié RESRATRG feFnftfersus degeneda diabetes,

obesity, 1Hlguhlgiband, AZW%&%@@%i@dwﬁ@g{MBﬂm&mI&E@g@@ﬁég@ﬁ Ri@tility,
a rou of the form x % R' R2 R3, and X2 each independently
inflammaly ety BICAIEN O3 18 HioHbei e HethSEyole ThompHERE aion

agent, h(ma;nhavgmmtmg@ntsmoaa@hewpmprwmemmhthenﬁprmmslahé\e@xlnﬁaund as
defined ai'sgf 9?&?{9&& |ng£ 98&% Al ?eﬁ:fl .6 alkylene group that may have | to 3

stituents se ecte from the following substituent group A; A’ denotes a
Ingiy 16 BB P By dBH Do nPrSYiIfgE atoMio w-ingT ghetaRcHtisulenl grounbgies,

compnm&ﬂ@@%%@kﬁ@ a8 QLA ahie TotIBRr TR 21 98euP @Etherformula

-CO-0-, a group of the formula -NRA-, a group of the formula -CO-NRA-,
Inaagﬂl agfetﬁet}ﬁg}:mﬁljamwded a use of the compound as defined above, a salt thereof,

or a hydrate thereof for the manufacture of a2 medicament for the treatment or prevention of 2
disease for which dipeptidy! peptidase [V inhibition is effective.

Embodiments of the present disciosure also provide:

(1) a compound represented by the general formula (1), or a salt or a hydrate thereof,
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15 NRA-CO-, a group of the formula -S02-NRA-, or a group of the formula
-NRA-SO2-; A2 and RA each independently denote a hydrogen atom, a
cyano group, a C1-6 alkyl group, a C3.8 cycloalkyl group, a C2.6 allcenyl
group, a C2-6 alkynyl group, a C6-10 aryl group, a 5 to 10-membered
heteroaryl group, a 4 to 8-membered heterocyclic group, or a C6_10 aryl
C1.6 alkyl group; 20 however, A2 and RA each independently may have 1
3 substituents selected from the substituent group A described below:

Ikyl group, a C3.8 cycloalkyl group, a C2_6 alkenyl group, a C2.6

| group, a C6_10 aryl group, a 5 to 10-membered heteroaryl group,
64 to 8-gpembered heterocyclic group, a Cl-6 alkoxy group, a C1-6
lkylthio group, a group of the formula -NR H4-RB5 (where RB4 and RB5

71 drogen atoms or C1.6 alkyl groups), a group of the formula
-CO[RB6 & RHG(fj)anotes a 1-pyrolidinyl group, a 30 1-morpholinyl
z?x\gr -piperazinyl group, or a 1-piperidyl group), and a group of the

#Brmula \CO-RB-RAZ (where RB denotes a single bond, an oxygen atom,

or a groupR? represented by the formula -NRB3-; RB2 and RB3 each

h independently denote a hydrogen atom, a C1.6 alkyl group, a C3.8

Lw ereé?cloalkyl group, a C2.6 alkenyl group, a C2.6 alkynyl group, a C6.10 aryl

T' stangto i, sarfos 16 inembisstih éterdaryiagrbersdd € ot ook po@thig gy b2 nitrogen

atomns $QHP riRfawhienLBpemberedihetarearyl CI-6 alkyl group)]; (2) a
compound represented by the general formula (Il), or a salt or a hydrate

thereof, Cia N N | >===x 3a (H) Rla"Z3a N X2a 5 [wherein, Z3a denotes
X dermwitrogexyatomtomasgiuppitherferrmup o€ R24ormXBa denotes an
oxygen atom or a sulfur atom; 10 T1a stands for a monocyclic 4 to
,___B-membered heterocycle containing 1 or 2 nitrogen atoms in the ring,
which may have an amino group or a ClI-6 alkylamino group; Xla denotes
a hydrogen atom, a C2.6 alkenyl group, a C2.6 alkynyl group, or a benzyl

$BOUnotes a hydro gen atom, a Cy.¢ alkyl group which may have substitutents, a Cy¢
cycloalkyl group which may have substitutents, or a Cg.10 aryl C; alkyl group which

may have substitutents;

X! denotes a C.q alkyl group which may have substitutents, a C;.4 alkenyl group which may
have substitutents, a Cy.¢ alkynyl group which may have substitutents, a Cs.1¢ aryl group which
may have substitutents, a 5 to 10-membered heteroaryl group which may have substitutents, a
Cé-10 aryl. Cy6 alkyl group which may have substitutents, or a 5 to 10-membered heteroaryt Cy.4
alkyl group which may have substitutents;

Z' denotes a nitrogen atom, or a group of the formula -CR?=;

Z* and Z° each independently denote a nitrogen atom, a group of the formula -CR'=, a carbonyl

group, or a group of the formula -NR>-;

in formula (1), the following formula

“y
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15 Rla and Rea each independently denote a hydrogen atom, a halogen
atom, a CI-6 alkyl group, a cyano group, or a group represented by the
formula -Aoa-Ala; AOa denotes an oxygen atom, a sulfur atom, or a group
represented by the formula -NA2a-; Ala denotes a hydrogen atom, a
C1_6 alkyl group, a C2.6 alkenyl group, a C2.6 alkynyl group, a phenyl
group, a cyanophenyl group, a carbamoylphenyl group, a benzyl group, a
20 pyridylmethy! group, or a pyridyl group; A 2a denotes a hydrogen atom,
denOi:egraa% \élg%gﬁ%/a 8§%u56r;lgggoélegr¥otes a hydrogen atom, a C2.6 alkenyl
group, a C2.6 alkynyl group, a cyclohexenyl group, a 1H-pyridin-2-on-yl
in forBEOH) BndreRetRMOlb R OIB2:2R-Y! group, a C1_6 alkyl group that may
25 have a group selected from substituent group B described below, a
2 phenyl group that may have a group selected from substituent group B
\gle;scribed below, a 5 or 6-membered heteroaryl group that may have a
roup selected from substituent group B described below, a phenyl C,.6
alky up that may have a group selected from substituent group B
denori oty Bt oA fy e BSOS RO RIS B Pgfgigup of the
formubelEfée from substituent group B described below: <Substituent group
B> substituent group B refers to a group consisting of a chlorine atom, a

| ~7bromine atom, a cyano 5 group, a ClI-6 alkyl group, a C2_6 alkenyl! group, )
R, R o it oA e B IR R Al N GRESD, e 5 LR Sk s ahe eroeyclic
group cdrivamoyl lgroupytasitmtboosy by acgrpugmebaeﬂaﬁe@ﬂk?mmhnn},fi gxOup'hA3)

a e .

Y (I O B R R RS 0 Bty

ststrserbrampibe i iRvieIH - 8FAR iperi din-I-yl group, or a

3aheimdaminongiperidin-dxybetcupnxibl denntes a 2:penlypdgroliulfonyl group, a

2. ..a.3-methyl- | Qrapp, a 2- l. group, o

bg%‘%ﬁgio%ﬁ‘?@# DR TS TR B 01, @ group
- xoltlet foyadanbiR ab svEpR ke dormidant O R or 4 Zyoup gitae Hraula

hydate theseghuyherginfRiadsas0,-NR*-, or a group of the formula -NR*-SO,-;

A’ and R* each independently denote a hydrogen atom, a cyano group, a C alkyl group,

a Cs.3 cycloalkyl group, a Cy4 alkenyl group, a Cy4 alkynyl group, a Cg.jp aryl group, a5
to 10-membered heteroaryl group, a 4 to 8-membered heterocyclic group, or a Ce.34 aryl
C1.6 alkyl group;

however, A® and R* each independently may have [ to 3 substituents selected from the

substituent group A described below:

<Substituent group A>

substituent group A refers to a group consisting of: a hydroxyl group, a mercapto group,
a cyano group, a halogen atom, a C;¢ alkyl group, a Cs.3 cycloalkyl group, a Cy.¢ alkenyl
group, a Cy alkynyl group, a Cs.10 aryl group, a 5 to 10-membered heteroaryl group, a 4
to 8-membered heterocyclic group, a C;. alkoxy group, a C,.s alkylthio group, a group of
the formula -NRB4-R®? (where R®* and R® denote hydrogen atoms or Cy alkyl groups),
a group of the formula -CO-R?® {(where R®® denotes a I-pyrolidinyl group, a
‘1-morpholinyl group, a 1-piperazinyl group, or a 1-piperidyl group), and a group of the
formula -CO-RB-R®? (where R® denotes a single bond, an oxygen atorn, or a group
represented by the formula -NR™-; R® and R®® each independently denote a hydrogen
atom, a C;. alkyl group, a Cs.5 cycloalkyl group, a Cy.6 alkenyl group, a C,.¢ alkynyl
group, a Cq.1g aryl group, a 5 to 10-membered heteroaryl group, a Ce.1g aryl Cyg alkyl
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hydrogen atom, a chlorine atom, a cyano group, a methoxy group, an
ethoxy group, an i-propyloxy group, a methylthio group, an allyloxy group,
a 2-butynyloxy group, a phenyloxy 20 group, a cyanophenyloxy group, a
carbamoylphenyloxy group, a phenylmethyloxy group, a ‘
(phenylmethyl)amino group, a pyridylmethyloxy group, a pyridyloxy group,
an amino group a methylamino group, a dimethylamino group, or a
I r the ound af (2 3)..or.a salt or a hydrate

}Hé egrgllr(ri aisa Eﬁfgn(t? 9'8 Cﬁrna?i rr(%)%oj;(z group, an ethoxy
group, an i-propyloxy group, a 2- cyanophenyloxy group, or a
ngpr@mmﬁeh@oy@meﬁwp@}(%@%mm BOHAALOT AN PR8N d2) 184Pic0hereof,
a salt or a hydrate thereof, wherein X2a is 8 a hydrogen atom, a methyl
roup, an ethyl group, an n-propyl group, a 2-methylpropyl group, a group
repregented by the formula -CH2-R10 (where R10 denotes a carbamoyl

;a2- propaonyl group, a 2-butynyl group a 5 2-methyl-2-propenyl
, @ 2-cyclohexynyl group, a chloropyridyl group, a methoxypyridyl
oxypyrimidyl group, a pyridyl group, a furyl group, a thienyl
[ v ggﬁﬁ a 1H-pyridin-2-on-5-yl group, a
meth |H-pyridin-2-on-5=yt group, a phenyl group that may have a
R'? grodﬁ selected from substituent group Y described below, a benzyl group
that may havg?a group selected from substituent group Y described below,
qr a phenethyl 10 group that may have a group selected from substituent
{Wheredr]oup Y described below: substituent group Y is a group consisting of: a
7> denbilormeiateen attromingratgnof ahmathaxia geeRP=;a cyano group, a vinyl
group, and a methyl group; (7) the compound of any one of (2) to (5), a
salt thereof, or a hydrate thereof, wherein 15 X2a is a methyl group,
eﬁ%‘?ﬁﬁg}@@%ﬁ?ﬁ AN @F&Fpﬂfz“ﬁ@p‘}snyl group, 2-butynyl group,
cyclopropylmethyl group, phenyl group, 3-pyridyl group, 3-furyl group,

Tla Stﬂﬁép i%pxlrgh?a%%}fcﬁcrﬂ%gjgﬂeglgé{{ég} Jo%dgpepfo%tm il/ﬁ]gog)fy 520 %brn?gsn atoms in the

. roup, 2 4-pyridyl group, or on-5-yl\group;
ng, %ﬁ‘*rﬁ*&é’ Y@aﬂ%é‘#ﬁﬁﬂﬁ?@lﬁ@ édrmp A0 S208RN thereof, or a
hydrate thereof; (9) a dipeptidyl peptidase IV inhibitor comprising the

< RO e LTl A i ARt
thereof, or
R'* and R** each independently denote a hydrogen atom, a halogen atom, a Cy¢ alky! group, a
cyano group, or a group represented by the formula -A"-A ",
A" denotes an oxygen atom, a sulfur atom, or a group represented by the formula -NA®-:
A" denotes a hydrogen atom, a C;. alkyl group, a Ca.4 alkeny! group, a Cy.4 alkynyl
group, a phenyl group, a cyanophenyl group, a carbamoylpheny! 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 Cy.¢ 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 phenyl group that may have a

group selected from substituent group B described below, a 5 or 6-membered heteroaryl group
that may have a group selected from substituent group B described below, a phenyl Cy. alkyl

group that may have a group selected from substituent group B described below, or a pyridyl C\.4
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a hydrate thereof, and an adjuvant for formulation; (11) a preventive or
therapeutic agent for diabetes, obesity, hyperlipidemia, AIDS, 30
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
alky! theipefia8midhaaduyentelartiarapeiicrgent oodiabdtesrbempising
the compound of (1), a salt thereof or a hydrate thereof; 9 - (13) a method

for treatment or prevention of a disease for which dipeptidyl peptidase IV
<SubsHiigifigreispdfrective, wherein the method comprises the step of

substiﬂﬂﬁt@i@ﬁ%@@ﬁ@@ﬁi@@@ﬁ@ﬁb &Jﬁﬁ@ﬂﬁ@@ﬁﬂ@ﬂﬁﬁrﬁﬁﬁ@iﬂ%%@@i@%tﬁt@m, a cyano
dlof 1 s‘/altt ){ orleh ate(]jtlper r&) )(the Sth f oup. 4
groupt t’rﬁgnlfy Eprevention oﬁﬁ %é’r’ern e é’“Xsé*Po which® & “@8\& Eroup;
C16 afseplicaserns |¢ﬁthﬁﬂmyl§et¢@eﬂ\i@ﬁh%ﬂkﬁféﬁ? (@s) trfélm@@rm@rbonyl group;
compound of (1), a salt thereof, or a hydrate thereof for producing a 10

ph aceutical; the use wher the aceutr |IS
e G HEOF o So G0 TAATETar TSR CL B B ot i thereor.
IV inhibition is effectrve 15 (17) the use of (15) wherein the

harmaceytical is a therapeutic agent or a preventive agent for diabetes.
Herejﬁ%tfte the present invention is described specrfrcally by descrrbrng

rlptlon the structural formula of the compounds represents a
certajn isome For convenience, however, the present invention includes
ers, glich as geometric isomers, optical isomers based on
asymmetfic carbon, stereocisomers, and tautomers that structurally arise

}grz congpou 2 well dd¥hixtures of isomers, and is not to be limited
rta~T10 rmukd represented for convenience, and may be any one or a

mixture of |so\rnzers Therefore, optically 25 active substances and racemic
substances with asymmetric carbon atoms in the molecule may exist, but
[wherttie, present invention has no particular limitations, and any of them are

T stHH‘a'éJFo?da pEHSEMoUe LE5YStal Rlymer P@&%ﬂ%yfﬁ%up%ﬁém"a”y’

here are no I|m|tat|ons and’the crystal form may be any one form or may
3- me@é@‘i‘tﬂ?ﬁ?ﬁ@e’éﬂkﬂ‘ hiad BN anhydride or a hydrate. The compounds of

X'* dtnisdnventiontyngy alsapbe Solvaied thathaye-ahsoybacbaamy gthep tydebotenyl
group, or a benzyl group; and

R'® and X* have the same meaning as R'® and X** of (2) defined above];

(4) the compound of (2) or (3), or a salt or a hydrate thereof, wherein R'*is a
hydrogen atom, a chlorine atom, a cyano group, a methoxy group, an ethoxy group, an
i-propyloxy group, a 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 pyridyloxy group, an amino group, a
methylamino group, a dimethylamino group, or a diethylamino group;

(5) the compound of (2) or (3), or a salt or a hydrate thereof, wherein R%isa

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* s
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+ 30 solvent. Furthermore, the compounds of the present invention include
compounds exhibiting a desired activity even after being metabolized,
such as after being oxidized, reducedghydrolyzed, 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 35 hydrolyzed in vivo. The phrase "CI-6 alkyl

roup’ means a linear or branched alkyl group containing 1,to 6.1Q -
B T AR RS L LA by v B apgpy! roup
group epecstuteg hydksdermatarisHed dwhdistRticihyeisoarsreontairing, 2 torboxyl
group,& %%@@aﬁc@@e@n%@msp,eéélmgﬁﬂa@gg%% | il %fleup,, AL PYRup), a

a l-prap roup, -pro oup, a Z-me -1-p roup, a
3-eyan R A B L ac Pt EE g OB 05y
2-methyflodiprepenyeatghigreubsach Bepenyyegronps ahZemestidsitignoyipg roupihaxypyridyl
group, 3 ey vl 70 %@?ﬁ@f&‘@f grbuty E%Q‘S‘Pgﬁ)u%:@%@ﬂﬁ'%%%, a
4 %%Z@Qa 2,2-dérE%tpR§-la3rgi£)y group, a 1-hexy| gro Plg_z-h_exyzﬁrog _,?

pyridy Sl G 2 d - ati-Epihey P bSO & 3mEyr ey tyicpna ! sroup, a
phenylgrmetiyki-pentikgecugro e 2aivethy ERpentytgnenpgia Serifettydrbatbtidw, a benzyl

group HAYRs RIOGBYL 2y RERBIEGHPMR, Rbaeth ]&iﬁeznﬁésg{%%&tﬁlow, or a phenethyl
yl group, a

-methﬂf»-pen yl group, ag,g-dimethg(l-l-bu |

group 1 i, ﬁw&%wg%%&e RSy R RO SR e R Eb Uty
substitgeotproap3y3chingethyl 2witithgrafiip chhdiac2aBaimeathyhidatylng rompthoxy group,
a Cng%gprgggﬂﬁ%?g@%gwla%ﬁ% meaps a linear or branched alkenyl

group containing 210 6 carbon$, and specific examples include a vinyl
group, an allyl group, a 1-propenyl group, a 1-methylvinyl group, a
1-btenbt gronpnuam@ didenyhgrofi?) acIHutesyt draupf, apehienyegteumt, wherein

sl s Fora R S oo oy OLR, KR P R

cyclopgopyiprsayispe BAceEorgrdoR iYL SreppnIgrsliBtoan-Aréxsmigroup.
2-metl@rop- B Riidiyy Dpeoi, 2 prabig-grouid Ang arpeXysybgraupyridie group, or

} ise 'C3. loalkyl group™ means a cyclic aliphatic hydrocarbon
HH p”g?(g%%e% goﬁt%r%‘% 3 to 8 carbon atoms, and specific examples include a
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl
gresIp, & ghelahentitarouRpaiRtha BYUeRetyiyd 9rqup.a The thbrase ofd 6y drate
thereofKYlENE group” means a divalent group derived by removal of another
arbitrary hydrogen atom from an above-defined "C1.b alkyl group", and
specific examples include a methylene group, a 1,2-ethylene group, a
1, iopthylenegieheptld3sPIOPHBIMEN Ot pRisE B AMEHMIENSIYIQUPs@t thereof,

or ah}%%%a{é}e%h ;ene group, and a hexamethylene group.

(10) a pharmaceutical composition comprising the compound of (1), a salt thereof, or

a hydrate thereof, and an adjuvant for formulation;

{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 antitheumatic 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), a

salt thereof, or a hydrate thereof}
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The phrase "CI-6 alkoxy group” means an oxygen atom to which an
above-defined "CI-6 alkyl group" is bound, and specific examples include
a methoxy group, an ethoxy group, a d.-propyloxy group, a 2-propyloxy _
group, a 2-methyl-l-propyloxy group, a 2-methyl-2-propyloxy group, a
1-butyloxy group, a 2-butyloxy group, a | -pentyloxy group, a 30
2-pentyloxy group, a 3-pentyloxy group, a 2-methyl-I-butyloxy group, a
3-methyl-I-butyloxy group, a 2-methyl-2-butyloxy group, a
3-methyl-2-butyloxy group, a 2,2-dimethyl-l-propyloxy group, a 1-hexyloxy
grélip, asxtvexydofoy Gratipeet Brivexytokymyrdupdiacasmisthylbiqiedindpsisty] peptidase

v inhg:{{%ib%ﬁ@l%&%@{%}%%'@MQ{S&BB,%%:{’lxﬁgi@ém%kél'ﬁ@ﬂ%(%%%& a patient with

-methyl-2-p oxy, group, a 3-methyl-2- ylo roup, a

o P RSSOk GR0 o SRR ISE by o, ST v drate thereof
3-methyl-3-pentyloxy group, a 2,3-dimethyl-I-butyloxy group, a :
3, 31dimetial oty U oM Brp At Y el PO GHOMR: Rsease for which

. 2-ethyl-I- utyl%xy roup, a 11_3,3-dimethyl-2-butyloxy group, and a

dipeptifyl girhid -5-6&%@%&?’@?@8&6%‘@ phitse8i-6 alkoxycarbony! group”
means a carbonyl group to which an above-defined "CI-6 alkoxy group” is
boﬂ'ﬂ’ QHQ %Qﬁfﬂﬁe k%?d”&?'éﬁ?a%éﬁ‘%ﬁ%?é%%@ﬂyéﬂ%r&ﬁ or producing a
ethoxycarbonyl group, a [-propyloxycarbonyl group, a 2-propyloxycar orﬁ)y?

pharmgegpiical; 5 2-methyl-I-propyloxycarbonyl group, and a
2-methyl-2-propyloxycarbonyl group. The phrase "CI-6 alkylthio group”

Meags 3R] fQuBIch detined 116l QLouRL i
bo%u?r%.s, aﬁd sgrg{eéf:tltfi?({:‘[3 gi&ﬁn%les ?ﬁec%:ge aametﬁy%ﬁl_sg g‘rgu , an eﬁ%ﬁﬁg % preventive
agent i disgase fopieio periisd peprdpsithiolgRekip oa B-#reiIS: propyithio

group, a 2-methyl-2-propylthio group, a I-butylthio group, a 2-butylthio

ar a.l-pentylthip-gr a 23pentylthio group,.a 3-pentylthio group ,

e e U
agent fapdéqhgies-butylthio group, a 3-methyl-2-butylthio group, a

2,2-dimethyl-I-propylthio group, a 1-hexylthio group, a 2-hexylthio group,

a 3zhexylthio group, a 2-methyl-l-pentylthio . group, a.3-methyl-l-pentylthio .

O S P G o L A RS SRt e Beaing of
terms, Zywdwyl-2npenefltiedgrolns dedcrmsiby-2-pentylthio group, a _

2-meiity3seaphdiig o1 GEaR) BSnMeUTh3-RENPILRIG; FERHReAts a certain isomer

2,3-dimethyl-I-butylthio group, a 3,3-dimethyl-I- &thlthiogrouc% a -
forcoly SR SN G GRS SR S & geometic fsomers,
opticaBigalienetagtd dnagitmimgrougarhen) sl @isimetsyul batithiooioaptritterally arise

from &%ﬁé@ﬂ&?@%&@?fﬂm %HHEE@] SR CVRNNBRIAIPM (ReFRMINE
ato ,for an iodine ator% 20 The phrase "heteroatom).. means ariEIfur call
fepfessleaﬁﬁ, OBy R AR PN RFGIEPREhE FHEPRASSOR S 8-rhhtjaredpptically
active hebstopyasiehidresernia sidstanoen avithrasymwivériginarbon atoms in the molecule may

exist, but the present invention has no particular limitations, and any of them are included.
Furthermore, crystal polymorphism may exist, but similarly, there are no limitations, and the
crystal form may be any one form or may be a mixture, and may be an anhydride or a hydrate,
The compounds of this invention may also be solvates that have absorbed some other type of
solvent.

Furthermore, the compounds of the present invention include compounds exhibiting a
desired activity even after being metabolized, such as after being oxidized, reduced, hydrolyzed,

or conjugated /n 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 “Ci.¢ alkyl group”™ means a linear or branched alky] group containing 1 to 6
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1) the number of atoms constituting the ring of the cyclic group ranges
from 4 to 8; 2) 1 to 2 heteroatoms exist among the atoms constituting the
ring of the cyclic group; 3) the numbey{f double bonds in the ring is in the
range of 0 to 2; 25 4) the number of carbonyl groups in the ring is in the
range of 0 to 3; and 5) the ring is monocyclic. Specific examples of the "4
to 8-membered heterocycle" include a pyrrolidine ring, a piperidine ring,
an azepa a tetrahydrofuran ring, a tetrahydropyran ring, a

e ring,
carbop ipmS| Cf%%-} FAnSYAHISHE ﬂf@,fﬂ? BihEFEARR AhGRa RFYotifgdrogen
atomsrfngnad i g imgiranaimidazoiinmidg fing sactihtazne)inalripg:idic azatigleeinclude a
. . t fihe. lags - -]- T a
methy B g5 e A BN eT DY I, e UM Bt ) HON Brly Throus,
2-me iyl TREY PRI A Y AtBn? GPAYG BB B &1y Rha IdrRtiheroup,
3-pentN Bbeuwhetertthdehdteslaghydrogematbsi; bbat@lgboatkyd rocthyl-Ibetyl group, a

asE 0 S rocy gl ML €
B B T b SO al & TRt beaion BN

G
0
3-hexm$é&%%¥14ifaeg%§mﬁefé§ HeeshBky crentlHE ks - resthlol pgaty! group,
a 2-meiodfe-meangangromhaticHydroeatbbarsing grouR oM aipsag btoup0a

e

3,3-difasbpt oG A A dndimsithatic TG EB0EP coAtaiAY D46yl eravents
3,3-dindetbhlcbbstitlitedins singa0f 3-ayelietgtorpamaengiphich heteroatoms are
[ ded pegific examples include.a pyridine ring, a,thiophene ring, . .
e R L R B R R e 2o
6 carhgng, 2K iERasiBe examAlys ancirddzomry rieuR, Saibib Hiagp 2 pyragptevisgup, a

1-metByHiazaproing A thiadinz g ing anexadiazelp fing-bakhPyhidariA@dHiéhy] group,
and agegﬁ)égn?idliﬂgg ring, a pyrazine ring, an indole ring, an isoindole ring, an '
indaz ring, a chromene ring, a quinoline ring, an isoquinoline ring, a

cih v Ieapih o asqliitiay birrupn geang aiHosalipebtisrs hadallbithy gdone eengaining 2
to 6 capithalazigr4ng ’Bﬁa%g' BeiHDEda ﬂ{%‘ﬂﬂ'ﬁgl rgilgmﬁ ANiSRSIYERN 4188p AW -propynyl
rou |r2 uzottilazoole gn%, nzofuran ring, a benzot |op_hene ring, a _
BIOUDLR ;8&13(2(% ?ﬁig,%%%ﬁfbﬁﬁ%%@#ﬁ&‘%‘m%lazole ring, a
béziplickszolesnycloalkyl group” means a cyclic aliphatic hydrocarbon group

containing 3 to 8 carbon atoms, and specific examples include a cyclopropyl group, a cyclobutyl
group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, and a cyclooctynyl group.

The phrase “Cy¢ alkylene group™ means a divalent group derived by removal of another
arbitrary hydrogen atom from an above-defined “Cy.4 alkyl group”, and specific examples
include a methylene group, a 1,2-ethylene group, a 1,1 -ethylene group, a 1,3-propylene group, a
tetramethylene group, a pentamethylene group, and a hexamethylene group.

The phrase “C, alkoxy group” means an oxygen atom to which an above-defined “C, 4

alkyl group” is bound, and specific examples include a methoxy group, an ethoxy group, a
1-propyloxy group, a 2-propyloxy group, a 2-methyl-1-propyloxy group, a
2-methyl-2-propyloxy group, a I-butyloxy group, a 2-butyloxy group, a [-pentyloxy group, a
2-pentyloxy group, a 3-pentyloxy group, a 2-methyl-1-butyloxy group, a 3-methyl-1-butyloxy
group,'a 2-methyl-2-butyloxy group, a 3-methyl-2-butyloxy group, a 2,2-dimethyl-1-propyloxy
group, a [-hexyloxy group, a 2-hexyloxy group, a 3-hexyloxy group, a 2-methyl-1-pentyloxy
group, a 3-methyl-1-pentyloxy group, a 4-methyl-1-pentyloxy group, a 2~methyi-2-pentyloxy
group, a 3-methyl-2-pentyloxy group, a 4-methyl-2-pentyloxy group, a 2-methyl-3-pentyloxy
group, a 3-methyl-3-pentyloxy group, a 2,3—dimethyl—1—bﬁtyloxy group, a
3,3-dimethyl-1-butyloxy group, a 2,2-dimethyl-1-butyloxy group, a 2-ethyl-1-butyloxy group, a
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20 imidazopyridine ring, a pyrrolopyridine ring, a pyrrolopyrimidine ring,
and a pyridopyrimidine ring. The phrase "5 to 10-membered heteroaryl
group” means a monovalent group defived by removal of one hydrogen
atom at a random position from an above-described "5 to 10-membered
heteroaryl ring". 25 The phrase "C6_10 aryl C16 alkyl group" means a
group in which a random hydrogen atom in an above-described "CI-6

alk substituted with an,aboye cri ed 'C6.10 aryl group”,
3,3-dime éﬁ pecl:fj?'lc e?xéfr%f)e?’ir%%v Bg SRS, § BB group, and a
3 pHerliagt O fylspigary Rirboplit asetts’ m@aﬂmmiﬂme@rwwg&h@h 60

aboveadKiRIoUD, -JHBRAS 88 UQS“BGMHIP E%@iﬂ@é%%mglycarbenyl
abov descr bed "Cl-6 a |s su s ted Wlt abqve-described
group, g S RN SP’é&rﬁ%Pe 5Y° e%?*&?ea 5‘?@%’11%1’66@%“Y group, a

2- metﬁypﬂﬁplmméwhybgl@ml @msila, 211& ie BytmthlyReprogylckiyeqpbragk s ay.

ermﬁ%@ k@tgeﬁw&ﬁmgr AARAR AP SEHOCANNBINE Y Aned “C) 4
to 6 afo |Cﬁ?§onstlt%[e the ring of a cyclic group among which one or

alky] BEGRE HERIEA AT, ke dpa i ekin srodin e gihgithio group, a
1-propyitidineroivg, a2thiophbhe groym dtancind-: bpyrdibitngegn exazole ring,
2-meBRISPREG NGB NicZe o %'?o thiaz0le fiRg. g@E‘d{)n gz hio roup, a

ring, a triazole ring, %%razole rin |ad|azo e ring, an oxadiazole rin

2-pentyiBOOMR: HA AT HM AR - byl oi R uPna Hifpaty '] Gtylthio
grouppardenierbd- beﬂﬁlbwgkgnpu@B mesind-d-hapbvialeahgroup, teitvethply 1 -propylithio
group,%@q}@y%wgr rQQ % ng(g eg%ﬁfﬁ r% I %“%Sm%tggi {-pentylthio
6- membered aro atlc eteroa I r| r| yl grou
B oL O BT, BT 5 DGO ol ke pensiti
grouppdil Giﬁ&:tﬁyrsﬂ—gmqﬂﬂim@ﬁﬁ@ 24ungtigy DD meataBd gl oub-ridieyplarasstylthio
e RPN TL AR i
3-dipngiistlo hEPRIQ B50W0-GY %%déwéwéﬂeh%%epgrm ﬁﬁrﬁ%ﬁﬁ 1-butylthio group, a
3 3-dm1é’dhp¥ﬁdbﬂt?hﬂfb)ér@f@ymmeﬁﬂﬁaﬂBQ@Dﬁab@WlﬂﬁQ@@@rlved by removal
T G T e R
an iodine atom.
The phrase “heteroatom” means a sulfur atom, an oxygen atom, or a nitrogen atom.
The phrase “4 to 8-membered heterocycle” means a non-aromatic ring, wherein
1) the number of atoms constituting the ring of the cyclic group ranges from 4 to §;
2) 1 to 2 heteroatoms exist among the atoms constituting the ring of the cyclic group;
3) the number of double bonds in the ring is in the range of 0 to 2;
4} the number of carbonyl groups in the ring is in the range of 0 to 3; and
5) the ring is monocyclic.
Specific examples of the “4 to 8-membered heterocycle” include a pyrrolidine ring, a
piperidine ring, an azepane ring, a tetrahydrofuran ring, a tetrahydropyran ring, a morpholine
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:
H o
0] N
T T4
or

\ ~
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OO NHorNO O 15 The phrase "1-methyl-1 H-pyridin-2-on-yl group"
means a monovalent group derived by removal of one random hydrogen
atom from a "1-methyl-IH-pyridin-2-one", and specific examples include _
groups represented by the formulae: 14 grvuvt, NCH N\ N 3 CH3 '~.CH3
000 NorCH3 0 The phrase "phenyl C1-6 alkyl group” means a group
wherein a random hydrogen atom of an above-described "CI-6 alkyl

roup”.is substituted with a phenylgroup, and specific examples include a

(e RS 5 A IR Sy o G0 AL Bt SRR A GHBh B8 e om,or a
group pieesentpyiicyhe faralky-Ybutvineans degrsepatiydregsmatandama Ci.¢ alkyl
group)Ijlydrogen atom of an above-described "CI-6 alkyl group” is substituted

with an above-described "pyridyl group’, and specific examples include a, |

zéf}\ff&&h%ﬁ%@m 1 GropEs, éﬁaﬁmaﬁ ﬁ&aﬁpaﬁw AIpOTic ARty up derived
by remgrealm{ Dhe phiased pyidydhatydgroppzltie disras2-pysicyttesthb g roup, a
8-meneéHmMSHpd 20 group, or a 4-pyridylmethyl group. The phrase

"pyridyloxy group" means a 2-pyridyloxy group, a 3-pyridyloxy group, ora _

4-p% gD Fh & BHPASBS T FREIRTORYGPORRPO ARG UP containing 6
to 10 @ubyricytmsthylbxyegrie pxan Sleydiddreimtenxyt group, ©f amaphthy! group, and a
2_napm¥|ggé(ﬁ@ethyloxy group. 15 The phrase "cyanophenyl group” means a

2-¢cyangphenyl group, a 3-cyanophenyl group, or a 4-cyanophenyl group.

Thﬁlﬁmlgéée--cageéﬁf&mbéﬁﬁﬂ GrATPATHIHS 2SS PR RS,
contaiaind-SacoEmoytphehidigronpitakald-cahaiaaylphe pydgrammpng which 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
ring, a triazole ring, a pyrazole ring, a furazan ring, a thiadiazole ring, an oxadiazole ring, a
pyridazine ring, a pyrimidine ring, a pyrazine ring, an indole ring, an isoindole ring, an indazole
ring, a chromene ring, a quinoline ring, an isoquinoline ring, a cinnoline ring, a quinazoiine ring,
a quinoxaline ring, a naphthyridine ring, a phthalazine ring, a purine ring, a pteridine ring, a
thienofuran ring, an imidazothiazole ring, a benzofuran ring, a benzothiophene ring, a
benzoxazole ring, a benzothiazole ring, a benzothiadiazole ring, a benzimidazole ring,
imidazopyridine ring, a pyrrolopyridine ring, a pyrrolopyrimidine ring, and a pyridopyrimidine
ring.

The phrase “5 to 10-membered heteroaryl group” means a monovalent group derived by
removal of one hydrogen atom at a random position from an above-described “5 to
10-membered heteroaryl ring”. .

The phrase “Cg.1o aryl Cy.6 alkyl group"’ means a group in which a random hydrogen
atom in an above-described “Ci¢ alkyl group” is substituted with an above-described “Cqg.1g 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 “C4 alkyl group” is substituted with an
above-described “5 to 10-membered heteroaryl 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
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The phrase "cyanophenyloxy group” means a 2-cyanophenyloxy group, a
20 3-cyanophenyloxy group, or a 4-cyanophenyloxy group. The phrase
"carbamoylphenyloxy group” means al%-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 25 include a 2-chloropyridine-3-yl group, a

ring, SHUEATSIE B MPX LGP BIO liBS oh G A0I6 BpgriRasfians e gierif Mklazine ring, a

- pyrimpdirgsénimnett axymyrithd gngup” means a group wherein a random

hydrog in Al - ribed "'pyridyl aroup™ is substituted with a .
o e B S R S ved o
remORiPIE DYegfaaeTRiaiie S gBop andiams bimctenypirtasradyromatic
heter@iqUpnghe phrase "methoxypyrimidyl group” means a group wherein a

rangom hydregen atom in.an abovesdesctibed "pyrimidyl group" is )

o e e h A EE L RT3 or 2 4-pyridy!
Eroup?-methoxypyrimidin-5-yl group, and a 2-methoxypyrimidin-4-yl group. The

phrasepimeaceyslic.es icysdsmd o karmemhered heterppyslegontaining 1

or %h%o iElri‘;[lrc{%g‘%\want msoilg the ering, v&b{%h mo?é_have suait[l%léen s" means a

non-arématic rng, WiEreh T)ﬁ%le hmber-or oM CORY ﬁﬁg%?éu?‘ing of

theldypaliergio Upy riotpesird grantd 12any & brealithoyery hgoonp.aré-ectimdedenyl

goup@mcangép@@{@)@ﬁyq%@@iﬁuting the ring of the cyclic group; 3) the ring may
have supstitugnts, and.4).the ring is monocyclic or bicyclic. 15 More
PG HEPY RS GrBUD TESTEReREE By GRPSTHFE TN KEskby removal
of onRBBIRBSBRBYERB2pem 3 FHR43 MR- NoRAS ardRaecRasexantpl¢33ncfude groups
repredPhleR6Z M RAMA3S M R36 R Raa R38 R41 R33 4 R34 36 Raz R37
R37R R38 R37 (where in and n each independently denote 0 or 1; any

two from among R3X may together
A NH l NH
O o S
X

NH or

0

The phrase “]-methyl-1H-pyridin-2-on-yl group” means a monovalent group derived by
removal of one random hydrogen atom from a “I-methyl-1H-pyridin-2-one”, and specific

examples include groups represented by the formulae:
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form a C1.6 alkylene group.) 20 [Definition of Tla] T1 denotes a
"monocyclic 4 to 8-membered heterocyclic group containing 1 or 2
nitrogen atoms in the ring, that may hq}ga an amino group ora Cl-6 i
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 atoms constituting the ring of the cyclic group; 25 3) the ring
may have an amino group or a CI-6 alkylamino group as a substituent;
and 4) the ring is a mQMic non-aromatic ring group. The phrase "CI-6
Ikylamino group” means a nitrogen atom to whigh 1 or 2 of an

scribed "C1.6 alkyl groups" are bqund, ahd specific examples

, an ethylagmin

I]'%iln- | group,.a [1.4]diazepan-I-yl
groupjia [1.5]diazocan-l4yI group; azetiffin-1-yl é} up that may have an

a 97@39 represented by one of the formulae:

Rso R51 R53 R5%5 R56 }Rsa R52 R57 r3"NVN N O /"\NH 1 NH or

ZVN 10 (where R50 defbtes an amino group or a methylamino group;

R51 or R52 denote either an amino group or a methylamino group, and
thelbthphdennbsre hydsadleri gtony” RE8rorRG4wenbteseitiendom amingen atom

of an %899—@65%@&“@%’3‘&%@%1 gg&'@g"5‘1@@dﬁ&iﬂl&%ﬂﬁlﬁﬁ‘Qtﬁﬁeﬁﬂ@{)%g?&ﬁt_%iﬂc

condS TS IS S e e e e
prefeeaitiyasefipendzine iLs-3lkgyt aupys’ Sneant rogpipp richineein-yrgndo, Iordaogen atom

of an above-described “Cy4 alkyl group” is substituted with an above-described “pyridyl group”,
and specific examples include a 2-pyridylmethyl group, a 3-pyridylmethyl group, and a
4-pyridylmethyl group.

The phrase “pyridylmethyl group” means a 2-pyridylmethyl group, a 3-pyridylmethyl
group, or a 4-pyridylmethy! group.

The phrase “pynidyloxy group” means a 2-pyridyloxy group, a 3-pyridyloxy group, or a
4-pyridyloxy group.

The phrase “pyridylmethyloxy group™ means a 2-pyridylmethyloxy group, a
3-pyridylmethyloxy group, or a 4-pyridylmethyloxy group.

The phrase “cyanophenyl group” means a 2-cyanophenyl group, a 3-cyanophenyl group,
or a 4-cyanophenyl group. ‘

The phrase “carbamoylphenyl group” means a 2-carbaomylphenyl 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—thoropyridine—3-yl group, a 2-chloropyridin-4-yl group, and a 6-chloropyridin-3-yl
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3-methylamino-piperidin-1-yl group; and (4) most preferably a
piperazin-l-yl group. [Definition of TIb] 20 Tlb denotes a piperazin-I-yl
group, a 3-amino-piperidin-I-yl group, Qra 3-methyl amino -pipe_ridiri-l-yl )
group, and especially preferably apiperazin-I-yl group. [Definition of X3 a]
X3a denotes an oxygen atom or a sulfur atom, and especially preferably
an oxygen atom. 25 [Definition of Xla] 17 Xta denotes a hydrogen atom,
a C2.6 alkenyl group, a C2.6 alkynyl group, or a benzyl group, especially
group(1) preferably a hydrogen atom, a 2-pentynyl group, a 2-butynyl group, a
3- nfrﬁ&pﬂras@ utﬁsmb;gy@yﬁdﬁ Eﬁﬂﬁiﬂ ﬁ@éﬁ@ an&@u% huiasy graHBom Birogen atom in

or a,2-but ro ten up; and
o R L L 3 COSh LDt A B Lk R exampls
mciudlqwmdgeth@tﬁmr@msém&xagﬂtgwmr@pﬁx@t}tpmyﬂgmﬁpybgmw and a
6- metgoqﬁm&%g e },glqjoup, a benzyl group, or a 2-butenyl group, espeC|aIIy

(1) Hﬁ E{ga?%bly 3 2?&/ j%{gﬁﬁ%“ o %g’ﬁb(l#%éf:%? gead (2 m hydrogen atom
in an M@Qwab@m“wm@mmm las@hsEtatkyl gibuprsbpar@yraypndspecific
examﬁé@%c[ﬁ@é%@ﬁi@%%%@ﬁ%ﬂﬁﬁ M@@rﬁ‘&ﬁ Eﬁiﬁﬁl%ﬁlgfbu i

atom, a sulfur atom, or a grou resented enotes a
e B SR h %ﬁﬁiﬁ% Boage Lor2
nitro ggn(mpgna phbaylmgoupica W@Bg@ps’émmmmmtmdug, wherein

1) taeREARLAPHRA RISV iR A copUIIE glauR; A leRptes 2

rogen atom, or a, 20 CI-6 alky up)", espécially (1 preferableéleh
21 Oh§d1w§ﬁrh%éﬂwsam%$ e<dtBmong o AR BOERSH AR K cyclic group;
3) theethgxyaghaup sasirprapyjaxg group, a methylthio group, an allyloxy group,

4) the%ﬁé% (9 Q QYRy; & fenyloxy group, a cyanophenyloxy group, a
car amo pheny oxy oup, a phenylmethyloxy group, a

rhRAFATAHYING HSTIDIo BYRIEY FRSERSTERY BF oS, of PifriBxAgiroup,

an argnno 25 group, a methylamino group, a dimethylamino group, or a

or

(where m and n each independently denote 0 or 1; any two from among R*! to R* may together
form a C 4 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 C,. alkylamino group”, wherein
1) the number of atoms constituting the ring of the cyclic group ranges from 4 to §;
2) 1 or 2 nitrogen atoms are included among the atoms 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 2 monocyclic non-aromatic ring group.

The phrase “C, 4 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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(2) more preferably a hydrogen atom, a methoxy group, an ethoxy group,

an i-propyloxy group, a 2-cyanophenyloxy group, or a

2-carbamoylphenyloxy group; and (3) even more preferably a hydrogen

atom, a methoxy group, an ethoxy group, or an i-propyloxy group.30

[Definition of X2a] X2a denotes a hydrogen atom, a C2_6 alkenyl group, a

C1.6 alkynyl group, a cyclohexenyl group, a 1H-pyridin-2-on-yl group, a

1-methyl-IH-pyridin-2-on-yl group, a C1.6 alkyl group that may have
and a giprgpy eelsreonom JUbitituent group B mentioned below, a phenyl
(1) profQeRIINAhMAY-30 NgYeaouRS SeiRcad oM duRstitient R, Ban-1-y1 group, an

. mentioned below, a § or 6-membered heteroaryl” group that may have = " .

wzetide LAY P SLI6SABRL SRS bR BB BpRehJyEplgtine -5
grouplBatatigy Haveprthatintagrbey ergrélipsiSelecté fpomsubstitédingrolgrBup that may
have 5}1%&&%%%8'% @EQM%&?@@J% QERURIRRL DAY B3y . ARS an amino

selecgl:ed%{ substituent'group B mentioned " below: (substituent group B
BrOUp RF&r S 1 % CHSISEY BT FRFBTIN S G BRBATRESAB ALY OF 2 Cie

atkyl#ngmogoowepCl-6 alkyl group, a C2-,s alkenyl group, a C2_6 alkynyl group, a
(2) m&2 HAUEBAIYE QAR R B PO WPHR R 53TRamoy! group, carboxyl

group, and a C1.6 alkoxycarbonyl group), especially (1) preferably a
hydrog{@m atom, a rrhethyl group, an ethy| group, an n-propyl ggoup, ps
2-methylpropyl group, a group represehnted by#he formula -CH2-R10

, a 3-gyanppropyl group, an ' a 2-propynyl
2-butynyl grogp, a 2< ethyl-2-prz©§én oup, a 2-cyc|5§xy reup, a
hloropyridyl group, methoxypyridyl group, a methoxypyrimidyl group, a
pyridyl group, a furyl group, an thienyl group, a pyridylmethyl group, a

1H-pyridin-2-on-5-yl group, a 1-methyl-IH-pyridin-2-on-5-yl 15 group, a
pf%/\!‘mup that e groups selected fromySubs{jtuent group Y
m nti’onﬁad below, @ benzylgroup that may havg groups‘sélected from
Nbsgiteent graup Wmentighed below, or a;phafethyl grqup that may
ave groups sae%te m substituent groul&j ntiopéd below
(substituent group Y is a group consisting of a chlorine atom, a bromine
atgem, .a methoxy group, a cyano group,.a vinyl grqup, and,a methyl ,
(e B R T el B AT IO R0l oo IR By amino
groupgroupieshelpropy syt oens! thethetydwictroapydigsiopropy Rie R Jrdemtes cither
an amfnBNEHY) GFQURe & ARYHIAYLI BN A B UHEPIRYBes 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 preferably a piperazin-1-yl group, a 3-amino-piperidin-1-yl group, or a
3-methylamino-piperidin-1-y! 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

3-methylamino-piperidin-1-yl group, and especially preferably a piperazin-1-yl 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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a 3-thienyl group, a 2-methoxy-5-pyrimidinyl group, a 2-methoxy-5-pyridyl
group, a 2-chloro-4-pyridyl group, or a 1H-pyridin-2-on-5-yl group; and (3)
even more preferably a methyl group, an allyl group, a cyclopropylmethyl
group, a 3-pyridyl 25 group, a 3-furyl group, a 2-methoxy-5-pyrimidinyl -
group, a 2-methoxy-5-pyridyl group, a 2-chloro-4-pyridyl group, or a
1H-pyridin-2-on-5-yl group. Preferred groups were indicated in the
definitions of Tla or TIb X3a, X1a or Xlb Rla and X2a, and specific
examplEstco RsbeErIsdNe d cormlisotridermmyhith dalpretareep, or a benzyl
groupdERURSAIE selected from a group consisting of T" or T1b, X3a, Xla or Xib,

ia and X2a, and the selected 30 groups are, combined randomly. The
(1) Py B AR SOt TEORAL G0 R o e EYL2-buseny]
groupsaistiritbpteusites 2 Mnbyteraxiezeorandom combination of 1 or 3
2) mSHDSHESIIE, s SPaaiicexamples QLR SHASHY %m include: (1) a halogen
(3) a%)r%; 35§é itrom%gg; FB acyano%?%up; Qé(ril&)atrifluoromethyl
3) evSRomSr I8y dgg?fpar%%’r'é%%ﬁ{ BV the formula -T2-T3 (where T2 denotes
a single bond, a CI-6 alkylene group, an oxygen atom, a sulfur atom, a

[Deﬁﬁﬂﬁﬂyﬁg@h}lp, a sulfonyl group, a carbonyl group, a groups represented
by thg formula -0;5%0-, ah%roups represented by the formula -CO-O-, a 5
Wyt

grotipsSREIEL A A OB A GRS - S50 Po AP TEHPE FRRB: By the
3-mefigyhilslant@@l- NRIp, abenoyingoepyesetédtbytherdapespeeRT-CO-, a
M pr%f@éggrggrg&?ﬂgq%ﬁé E‘Srfﬁ’ﬁﬂ':{l?eﬁ gnm T30 dOF @ groups represented

y the formula -NR 2-; T3 and RTgach’independently denote a
(2) mpiRIPEHerR Aibht-RUSIE &ieP group, a C1_6 alkoxy group, a C-8 cycloalkyl
group, a C2.6 alkenyl group, a C2.6 alkynyl group, a C6-10 aryl group, a
[Defﬁﬁ%ﬁoéﬁﬁ bered heteroaryl group, or a 4 to 10 8-membered heterocyclic
group; however, T3 and RT each independently may have 1 to 3
subktittEMsseIdvidn Hoteub akatascgBapirdeschilssbizsersvna RRReERUD; oF a
grouporgessdtadishicrisausindfeHondiand AB desohydioarPcatofoalea sulfur atom, or a -
excluded: <.Substifiientgroup T > substituent group T is,a grou
o R et SR b e Ay Grg etkemy

groupg foups PEPS EFBEL ByPheCyb S .greritnw B33 eyaivaikyidesupylaherybgroup, a

benzy @I, ATOHR Akt O1 Y| GO PRy T Brol ) AN HBUWRNBIES W hydrogen atom, or a
Crs a%(){-}mem ered helﬁioaryl group, a 4 to 8-membered heterocyclic group, a

‘FalkBky GHOUL: and a C 1-6 alkylthio
(1) preferably a hydrogen atom, a chlorine atom, a cyano group, a methoxy group, an ethoxy

group, an i-propyloxy group, a 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 pyridyloxy group, an amino
group, a methylamino group, a dimethylamino group, or a diethylamino group; -
(2) more preferably a hydrogen atom, a methoxy group, an ethoxy group, an i-propyloxy group, |
a 2-cyanophenyloxy group, or a 2-carbamoylphenyloxy group; and

(3) even more preferably a hydrogen atom, a methoxy group, an ethoxy group, or an i-propyloxy

group.

[Definition of X*]

X** denotes a hydrogen atom, a Ca. alkeny! group, a Cy¢ alkynyl group, a cyclohexenyl
group, a 1H-pyridin-2-on-yl group, a 1-methyl-1H-pyridin-2-on-yl group, a Cy.4 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 Cy.
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group). 20 Examples of the "salts" of this invention include salts with
inorganic acids, salts with organic acids, salts with inorganic bases, salts
with organic bases, and salts with acidjg or basic amino acids, and
pharmaceutically acceptable salts are particularly favorable. Favorable =~
examples of salts with inorganic acids include salts with hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, and phosphoric acid. Favorable

examples of salts 25 with organic acids include salts with acetic acid,
alkyl grpeintbansay feaviagecaeroshsaledciam subptiten aglaue B im eigittielow, or a

pyrid?ﬂd;étﬁ@k‘gﬁﬁiﬁ ,tIQQﬁiQ}%QQEngWQ %@mmgsﬁﬁgnt group. B mentioned
Vp_-toluenesulfonlc acid. Favorable examples of salts with inorganic bases
below: . : . i
include alkali metal salts such as sodium salts, and potassium salts;
(substifkannerewpth el oadterouplsensistininfi saltdoamulBtrmagnesinmatalts z cyano

grougll mmm}ﬂaé&%ﬁﬁ&'@%‘m@m%&i-f@?@@ﬁﬁ@m@e&@f_;@ﬁm&w group, a

rganic bases include salts with diethylamine, diethanolamine,
Cre TSR, A R H oDy Tt A o ALTE B hBRL gFou),
especsalls with an acidic amino acid include salts with aspartic acid and
) " raf) I \ i . .
M pl?%l?gieﬁ Its \gv%%q?%{ glr’gining,iig sine, aﬁ%}%ﬁf?ﬁ%ﬁ H%{flqgi%af?erf %%ﬁ&? :
2 e R R 7 R B RSP o P B HO A DATHEGE B eptes a

carbaRIoR Zauila %2boGh gemab, T heeiienthieshomy hgeaning gatefinac aboveopropyl

' gsn@@] i 0 I ine a0 '
grouﬂgt?)grﬁg? %%ine atorﬁ%myggﬁ%gﬂ%géfgég’g%%%tgiua?h—éggﬁl%&r:y%x} P8
2-butypsl, SEoup @iRE Y S B REEh SRR £ & SYHIORAR GRS| R oP Ry i BlRsePpRdy! group,
meth@lt@mdﬂmm@mﬁd@&fﬂﬂm@mﬂﬁ Mﬁ‘é?pwﬁ?g %ﬁﬂpdelff@?%@(ﬁb@n thienyl

ole a , Ing;aton,.

B R TP A BIEED oM A, T AR TR R 2 0n 50
BTOUDy b RIICA YD SHRSEI thAt MBGDay fteionRieier el fom svigtiresigrrpsY mertianed below,
a benR basifhbfane haeaniogRsdetnddabovedsanesgenp Y denatess below, or a

en atem such as a chlorine atom, a bromine atom, or.an iodine
P e B G S e AP b

(subsHfG PrsR i graup censiktas alrerbiprinoalom pivaivisyafesthyd methoxy group,

a cya@6QuBup, RHOKYEARRRY Qfﬁé@ypg@@»ﬁnoethyl group. T2b has the same

(2) mIE3ARA 85 T QLadgnotes T that has,a protectin Parotn, a2 1 group, a
&-%Bfoxycar)([)ony? gyogﬁ aﬁdagucﬁf%guﬁcp aﬁ*n%%"gf’ gb E’r%&ﬁ?gp{n yigroup,

2-butymetrrsaur, 0 gy en=mpyNnSeD xiluaNe ¥ixny ] Srepra B -pinidyNgSep A3duryt group,

a 3-thd¥t-draien M}nethoxy—S-pyrimidinyl group, a 2-methoxy-5-pyridyl group, a

2-chloro-4-pyridyl group, or a 1H-pyridin-2-on-5-yl group; and

(3) even more preferably a methyl group, an allyl group, a cyclopropylmethyl group, a 3-pyridyl

group, a 3-furyl group, a 2-methoxy-5-pyrimidinyl group, a 2-methoxy-5-pyridyl group, a

2-chloro-4-pyridyl group, or a 1H-pyridin-2-on-5-yl group. :

Preferred groups were indicated in the definitions of T or T'®, 32, X" or X'°, 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) a nitro group;

(3) acyano group;
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0~N N X~ U o~N N o~N N~ Hal CI ( N~ Hal - 7a 1a-2 2a //[4a 3a T2b CI
Xi T CIXi"~N"Xi-N,""XI N~O [Step A51 ~N N [Step A61 N pj~ [Step
A771j CI'NH XU ur N No T2b CI N NlIR1-M' 1~ N Ba ~0 5a 5a-2 X2 -H'
Sa X2 $a-2 R1 9a X2 7a [Step Al] 15 This is a step for obtaining
compound (2a) by performing a substitution reaction between compound
(I'a) [CAS No. 1076-22-8] and compound (la-2) to introduce a substituent
e atﬂﬂﬁmoaﬁr@mm%@up;at position 7 of compound (I a). When compound (1

a-2) is an electrophilic reagent ted hy the formula XI-UJ' (where X
B i R R L e
groupa idy R EER aEos Gctilider idgome fidheylicaoahasel fodbproparfecaborer Afoup, a
grouRIRMidRnalevihatide guch as@llyl sapmidgesented by the formula -CO-0-, a
1-bromo-3-methyl-2-butene; alkynyl halide such as propargyl bromi T
eroupy e A Rt P WA BTG O 2
groupsorpiemsdddiswhd doststie ciBestfhe aigeoupd mpresimied thethedountlef-SO-NR-,

or a fOMRLNEchRP) yelrtivenia1aQfROWI, (| 7} indreTelrpdndeBRRAIQNenote a
hvd condl%'cx)gr_l\s f%,r thq sibstltutlo reai#on are notggrtlcul%{ly1 wted, and for Jikerrvl
YArOZER AN, this re AT SRR B parbt e RIR Ut anLHigRIkY! eroup, a Co alkeny

groupdinrfethylbuifoxigoupla-0, N adirhgthyiforrhdmnldemiirhetd/ pperolidd rspup, or a 4 to

S-meﬁﬁe&%mﬁe%g;&%@yﬁé%&ﬂﬂ,}%fwtc?#éﬁzﬁ iﬁ&t@{éf @J&%ﬁ{&g&%&{g@&@ﬁ%%ﬁ to3
Iitnium roxige, soqium roxi otassiu yaroxide, lithium . 9 .

subs G T SO EROBs N GRS : RO GH P A hashich 17 is o

singldithindehgdiide adodiomerhatdritesepessitdn hydride, butyllithium,
meﬁygl&iﬁgmﬁ&p@j&? pistrimethylsilylamide, sodium 5

bistrimethylsilylamide, or potassium histrimethylsilylamide, at a

temPBPAHHFR ST rhfte BPBCCIBSIBEE R EXEE, SHE e 3ty Zoup.  halogen

timesthenadgunbotdasenaidiveatO comtipdundupar i€ prafdudityl group, a Cos
alkenyl group, a Cyp alkynyl group, a Ce.jo aryl group, a 5 to 10-membered heteroaryl
group, a 4 to 8-membered heterocyclic group, a Cj.¢ alkoxy group, and a Cy¢ alkylthio

group).

Examples of the “salts” of this invention include salts with inorganic acids, salts with
organic acids, salts with inorganic bases, salts with organic bases, and salts with acidic or basic
amino acids, and pharmaceutically acceptable salts are particularly favorable.

Favorable examples of salts with inorganic acids include salts with hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, and phosphoric acid. Favorable examples of salts
with organic acids include salts with acetic acid, succinic acid, fumaric acid, maleic acid, tartaric
acid, citric acid, lactic acid, stearic acid, benzoic acid, methanesulfonic acid, and
p-toluenesulfonic acid.

Favorable examples of salts with inorganic bases include alkali metal salts such as
sodium salts, and potassium salts; alkaline earth metal salts such as calcium salts, and
magnesium salts; aluminum salts; aﬁd ammonium salts. Favorable examples of salts with
organic bases include salts with diethylamine, diethanolamine, 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
arginine, lysine, and ornithine.

Hereinafter, the meaning of each symbol in the production methods will be described.
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Specifically, when the X1 that is introduced is a C6.10 aryl group which
may have substituents, or a 5 to 10-membered heteroaryl group which
may have substituents, the reaction Ican be performed using aryl
boronic acid, heteroaryl boronic acid, or such for compound (la-2). In such
a case, the use of | to 10 times the amount of compound (1 a-2) relative to
compound (Il a) is preferred. In this case, the reaction can be carried out

R!, rin solvehtsBughias %im%@%@%&nﬁ@%@&ffﬁeé— dhgliexang, and U? denote leaving
te&ﬁh drofu}ran oluen%%gl rlglne,.N, -dimeth ‘Ifce)rr'{lamide, or 15 o]

Brou B RGeS B Tl ss S H A BB e yiony evoups

p-tohudiisegfopylethytaonipe - Tdinet, NN-dimatistiayhih g, pydioiaboaneha-yl groups, or

sroupSYPPRLGAIYS! BUORAREORRER () (QIRIAIR CRABRS 410, I1iHusN0a68}8ie. Hal denotes
copper (I1) chloride, qr copper (1) jodide, at a temperature in the rapge. of

a halqgeniai 9B eicth this CAYAI TR T BTG F R e UHGHESF coppdrnotes a

hydrogatedystelatiderto abompauniasiiem) deopredditbuin otiBtepVeR] TikeRra-Sn(R");

(wherS'RP 195 ARIGARGROMPOUR3RPIIRRGINhANBIPIe PR L AIRT dgxmtom such
compound (2?%. Specific example_sBQf the halogerhatlon reag%ent include

1P
as & CRJEHIG ST FATAE SR A SG S AR eO ah AR RSEB Uainink gaid P cach
indep@inende ddricte Mi;nésdh)mm@tmg}gmﬁ@u shcln gﬁgg‘eaﬂtjd)tgzmg:geqﬁveialmmethyl
group CaGARRAYRL 42 ﬂm,g&an ﬁﬁé&%‘%‘g}%ﬁgl“oﬁ‘s’fﬂéﬁ% LARIERALOR as T', or

are_pot pdrticularly [in , he reaction ‘may be performedina
denotgpie el hieh HETaEtEHRIRUIN RRHiIRSHyBRYa#e 2nd such)-bound amino group.
Pro du@ﬁr(r)lehq {H&rir lidone, 1,4-dioxane, tetrahydrofuran, and dimethoxyethane,
“‘myremperraf%re in 30 the range of OC to 150C. [Step A3] This is a step
fey obtaining compougd (A\[?r) by chlorinating compound (3a). Reaction
cndiffons are not paiticularly limited, an&the séaction be perfopmne
Hion | é&dﬁﬁ@&iﬁnd"{ a) Witrypho$bhdrusy ori G hq N B
o tathlorida;torcem thereof, in_ s dfabithout sdlve rf?r gial
temperaturgip the raﬁggapf 0C to 158C. 1I'oluene 22 - - agbtoﬁftrilga
dichloroethane, and such may be used®@s the Sojvent. [Step A4] This | 2
st bfor?%btaining compognd (Ra) by hydrolysis-a§-congpound (4a). 5 Tlt{.e;) .
/&? i beegattiied l "/\gg bse lich aslso >::m acgtale N?&N?‘
am- o L s OV
¢ . A1 XU cafl\N N‘x2 @ cn)*‘N N RI-M' Rv'{“N | N:O
a

i
- 2 -
5a-2 8a X 8a-2

& H

Ta

8a

[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 x'-u!
(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; alkynyl halide such as propargyl bromide, or
1-bromo-2-butyne, or such, the reaction can be perfoxmed under the conditions below. Tn 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 limted, and for

example, the reaction can be performed in a solvent such as dimethylsulfoxide,
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carbonate, or sodium hydroxide, in a solvent such as dimethylsulfoxide

(wet), N-methylpyrrolidone (wet), tetrahydrofuran (wet), or water, or a

mixture of such solvents, at a temper?llgre in the range of OC to 150C.

The use of 1 to 10 times the amount of base relative to compound (4a) is

preferred. 10 [Step A5] This is a step for obtaining compound (6a) by

performing a substitution reaction between compound (5a) and

compound (5a-2). When X2 is a hydrogen atom, this step can be omitted.
N,N-digginefeaampoand-(Betln) iy malslettr dphiioscatjehy depresametobietiein the

presefPEBEIRRYZ: Wz H(Wdelgt? Bk YR haveithe SRMSMENINgASI8finedide, lithium
above), or more specific Ilsy.an alkyl halide such as iodomethane
R TR R

SO AN, BB of KR A Brbfn ERs 4 SRR et S drile, sodium
hydridglypsessmidehpdridpronipl8ivethyhbyllidnema dithlaymi $telticetstshy hsnide, sodium
bistriEPRALI Rresids, é&aﬂiﬁ&ﬁ@ﬁt@iﬂ&%ﬂﬁiﬁ%ﬁﬂ&@'%téﬁﬁ{&%ﬁﬁ BR range of 0°C
for egéunder e con gloné below, In such 20 cases, the use of i to 2 )
10 151 o 1REEHRBHEBY HomouoL 59 PEIRRR > SohABoR Rl f6dp feompotnd (1) s
prefeppedferred. Reaction conditions for the substitution reaction are not
pardi inisad, ragxample, tion canb ' ve
o e s e RN o et B WA e

SubSRSH e By Bt s TRAIGHE e RSP BB ARG T SRS bR tpEs, the reaction
can b@m&m&@ﬁdr@&g&b@mm Httha Iﬁeta:yot{q)iiﬁe_rcsﬁd atid, hydneotider Cf:_)mpound (1a-2).
In suddCiassiim hydroxide, HEm..Galbonals, §99&%%&§{&39%@§ ’.rQB'iﬂ?eS{H'@onr}ﬁound

b sodium’ hydr _

_carbonate, cesium carbonate, lithium hydride, ide, potassiu
(1a) ippEsferebutyllithium, methyllithium, lithium bistrimethylsilylamide, sodium
bistirgthylsi]ytanmidetion poiagstamdistume topsilylamidesalienloromethane,
nlord@inperatuge in the, range of to 150C. In this case; the f1102
eer tﬁnes’ tih’e alr%ogr?f of%aégfg%)e a%i’@%’é%%%ﬁﬁ%‘%ﬁ‘%a %2%8%?%2@?%3“ de, Or_
N-megiyrppralslyoe tiathe mesaceeliddascoanaariigrylpvinchismpyamiehylamine,

pmdﬁﬂgmgm&&tﬁﬁazﬁfi_d@ é%ﬁﬂﬁp&ﬁf@d:b@@f@@féﬂ&@;’@mwb deﬁéampaa&taze, copper
stituents, specifically, the reaction can he. performed using aryl.
D e, R e e RSP T B TP i e range of
0°C tgdéR 4 cade thizease. thsatsttnd BrhbuAtiotesoirpeuadnBy-ymetatetaipst relative to
comp6RRINQENH: @%@@5 preferably used. In this case, the reaction can be

carried out Iin solvents such as dichloromethane, 23 chloroform,

1,4-dioxane, tetrahydrofuran, toluene, pyridine, N,N-dimethylformamide,

[Step 6¢2]

This is a step for obtaining compound (3a) by reacting a halogenation reagent with
compound (2a).

Specific examples of the halogenation reagent include N-chlorosuccinimide,
N-bromosucecinimide, and N-iodosuccinimide. 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 temperatufe 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 range of 0°C to 150°C.  Toluene,
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N-methylpyrrolidone, in the presence of a base such as triethylamine,

diisopropylethylamine, pyridine, or N,N-dimethylaminopyridine, and a

copper catalyst such as copper (1) ac(?@te, copper (1) trifluoroacetate,

copper (1) chloride, or copper (1) iodide, at a temperature in the 5 range

of OC to 150C. In this case, the use of 0.1 to 2 times the amount of copper

catalyst relative to compound (5a) is preferred. [Step A6] This is a step for

obtaining compound (8a) by reacting compound (7a) with compound 10
acetopalplefiForRiBaRe S PR R b HES! detheridlYRéf compound (7a)

relative to compound (6a) is preferred. The reaction conditions are not

pe@ﬁ:cularly limited. For example, the reaction can be performed by mixing
ound (6a) and compound (7a) in the presence or absence of a

solVeht isgdkradan spiaimegRarepernshide) Ryrhediglpyin of domponmatiisaol,

ethanekeldisiQuant, dbrareianiitigs oMeNe@f AWIBBRIN e 6RRRGS B
carbo%g ee%%%o fiuamb 7 rsyx as gis;%tlr\]f%ln ming, sadiy Zic banate, or

Dot diiRT a0 aea Gt AAEABeratirs IR PSHES B 8E e Q¥de. [step
N-meAmlmyireislanstbpelor iobediriingiewm potma( sty intaodiding of sublstitiestts, at a
temp@aReSIHOML 1923 £0rIPRUINH{Ba), Di-REHQIMINY @ SYRSINLIOR FeACHPRase relative
; betwegrﬂI %%mpo%gréga) and compound (8a-2). Compound (8a-2),
0 Co?léi)or%%e a[ W & formula R*-M' (where R" and M1 each independently

have the same meaning as defined above), is acceptable if it is a
[Stepggmpound that may act as a nucleophilic agent in the presence or
absence of an %%E%priate base, and igecific 25 preferred examples are

alkyl SRR (R ER SABIHRTdPEhBY, REBHOARA SRt tution reaction
betwisenzytgioohdSajyiral cohglssuiciad phekbkmid salitytanyele palky|dhisines can be
omitS4Ch as ammonia, methylamine, dimethylamine, and diethylamine;

arylamines such as aniline; alkylmercaptans such as methanethiol and 2

t-bul T BRI L Ae e SRt TS IR LIS SR EFRIR 6P s thBY i Erla XU
(wheerfanalithit ave dgentsiGrignarg 1edglntd; dndrganaseppecifeadents alkyl halide

such LQ fg'ﬁ%ﬁ% g]?oﬂ%@tﬂ&r?eg ﬁ)%&ﬂgyé}gef(gﬁtg%%,ggﬂgé&gg oh %’ﬁ?& %gﬂ%é) *f,such as

compound (84), or at a weight'ra fimes tHat of compoun

allyl bropide pefebrmorhaneattidrpatsve s Harmnayebidasid aceargyl bromide, or

1-broagebbiitige, NNudi elbybarfioartidee Permatiyipyiaidaeeodddidix@ew. In such
cases,t%réahyed(g?fﬁ{g a’tdmé'g e )%Qn g cr(r)]z%tho%rr]l%l E?;[‘.gftqu{f\%'m-rh(? 156 Ct{f &a) is

can be carried out In the presence or absence o 456, and When 3
prefegdforming the reaction in the presence of a base, lithium hydroxide,

sodiugatdylcexide o atassiy BtyEiasidealiiumre 3hoRaiRuERE UM ited, and for

examﬁf‘er,btﬂg?%%m’?é)&acﬁﬁi rénp% g)rcr)rpe % gesgi%rllﬁ such as dimethylsulfoxide,
N,N-dimethylformamide, N-methylpyrrolidone, dioxane, tetrahydrofuran, or tolueﬁe, in the
presence of a base such as lithium hydroxide, sodium hydroxide, potassium hydroxide, lithium
carbonate, sodium carbonate, potassium carbonate, cesium carbonate, lithium hydride, sodium
hydride, potassium hydride, butytlithium, methyliithium, lithium bistrimethylsilylamide, sodium
bistrimethylsilylamide, or potassium bistrimethylsitylamide, at a temperature in the range of 0°C
to 150°C. In this case, the use of 1 to 2 times the amount of base relative to compound (5a) is
preferred. |

When the X? that is introduced is a Cg.1g aryl group which may have substituents, ora 5

to 10-membered heteroary! group which may have substituents, specifically, the reaction can be

_performed using aryl boronic acid, heteroaryl boronic acid, or such for compound (5a-2). In

such a case, i to 10 times the amount of compound (5a-2) relative to compound (54} is
preferably used.

In this case, the reaction can be carried out in solvents such as dichloromethane,
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24 carbonate, lithium hydride, sodium hydride, potassium hydride,
butyllithium, methyllithium, lithium bistrimethylsilylamide, sodium
bistrimethylsilylamide, potassium bistdmethylsilylamide, triethylamine,
and such may be used as the base. In this case, the use of 1 to 10 times
the amount of base relative to compound (8a) is preferred. The reaction
can be performed at a 5 temperature in the range of OC to 150C.

chIorcﬁ@me@tFtﬂ;@ﬁ)d;m@E}ﬂm&hﬂﬁd bﬂd@&gﬁﬂ?@i@ﬁﬁ]@,@d@(ﬂ&hﬂfdﬁﬁﬁmidﬁ, or

r i St SKC catalys u

e B e B A B B D R N i,

yridiRgeofd, Nata heAmiHg oy ddinse anaioRrpP & ‘éﬁﬁaﬁ’ﬁﬁﬁ‘{%ﬂéﬁép%@m@é@ta‘@

p

coppep{H) t@iﬂﬁdiﬁlﬁ&tﬂﬂ@ afﬁﬂphlin@{@f @iglamw eﬂc@q;ta) (:?}atiueﬁ% aomeayedBain the
is rr rejn, acetopitrile -dimethylformamide

range R T P L B e TR o of cqmper oty

relativg ferrrgeBBdSEY 14 PERETEdction solvent. Examples of the metal catalyst
include palladium catalysts or copper catalysts.

[Ste gitakistriphenylphosphine palladium, palladium acetate,
Pai nzylideneacetone palladium, or such may be used as the palladium
catbysts artepdppebtivdise emspernchizbeyusadtng ummsppd(18 with compound
(62). catahisleabbansese’? - Nte dnissesctheameuntahmeliad caiaisitelativeBround
6a) i corr&%%légd (8a) is preferred. The reaction can be carried out in the
(6a lsp‘?'esence'of an organophosphorus ligand, and ortho-tolylphosphine,
diphenhydptioaptindit muceraipetiatniady beidsbd dotivsample, the reaction can be
erforHBRBORRRSRNAsHSH igan %%ﬂ%@ﬁﬂ WaHeRGHENH B PERIEGRObF a solvent
P h awﬁa&ggjﬂ%ﬁa@usﬁgégj;n . IJ1 t is]f(ﬁa\se, ?ﬁe ﬁse?) fl o?éﬂrg S the
SUCh BRount BT OIgARTE fgHAE relSta%E HE etk Vst Nﬁgs""é‘.ﬁé redt-$iREane,
acetongbtionlesne oe pelfomiadlin thespresendesenabsbnbasofsachasdriatigylamine,
sodiu¥Y BRR RS NINSSTERGLRNIR IR EPRESENGRE £hR RASR MY 0°C to 200°C.

hydroxide, sodium hydroxide, potassium hydroxide, lithium carbonate,
sodium carbonate, potassium carbonate, cesium 25 carbonate, lithium
[Step Wyidride, sodium hydride, potassium hydride, calcium phosphate, lithium

bisirimethylsi 'ﬁi?‘iﬂﬁaiﬁ%’%%%ﬁm%ﬁay%%ﬁ%lﬂ%&g&aﬁ?&muem at position 2 of

bistrimethylsilylamide, triethylamine, or such may be used as the base.
compayne (EAHBHPERI BRIPR ASHAREECR FERfSh P EERTsR SR meC I thErAARL rpound
(8a-2)0C to 150C. When T2b in compound (8a) contains an amino group

pratectsdby Es&@?%ﬂigsgﬁ?éépo ﬁqétfsﬁmatx@um{%{é}w HAYR: Slap
A7 is followed by deprotection. &%?girdm%ﬁshe conditions for the

indepeRasrits O FasHiBR Rea 8RS fRethotis aepirimy BrisRgompound that
may aptatectinglgrphip thakrisiusbd pandeenditisnmgeatnalppsgdifoe blsayvagespecific
prefer?é&@%éﬁﬂ)‘{é@ga&r%Fﬁ@oggl§‘§§91 Esollhethanol, n-propanol, isopropanol, and
benzylalcohol; aryl alcohols such as phenol, and salicylamide; alkylamines such as ammonia,
methylamine, dimethylamine, and diethylamine; arylamines such as aniline; alkylmercaptans
such as methanethiol and t-butylmercaptan; arylmercaptans such as thiophenol; or others such as
organolithium reagents; Grignard reagents; and organocopper reagents. In this case, the use of
compound (8a-2) at 1 to 10 times the amount of compound (8a), or at a weight ratio of 5 to 100
times that of compound (8a), is preferred.

The reaction solvents that may be used include acetonitrile, N,N-dimethylformamide,
N-methylpyrrolidone, 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, Iithium carbonate, sodium carbonate, potassium carbonate, cesium
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example, when the protecting group is a t-butoxyearbonyl group,

deprotection can be carried out using an anhydrous methanol solution of

hydrogen chloride, an anhydrous ethangl solution of 35 hydrogen chloride,

an anhydrous dioxane solution of hydrogen chloride, trifluoroacetic acid,

or formic acid. 25 - Production method B Ten T7b CI X~ CI Xi N' XI N' Xt

N il N~O [Step 81]N ~O (Step 821 \I|jN O [Step 89] ~O 1'4 CIlj~NN

CINT2b CIN~CIJINN 1b (5a) 2b P 'H"3b4b N 2b2 T2h T, 'N' X1 ~N'
carboygtedilpusaByride-Tode s i Rotassynx hydride R\ ishisng metgyllithium,
11th1uﬁbb25Mﬁhi?lﬁﬂd€2 statem Bikbidbis s ﬁ}ﬂé@ﬁcﬁ@ rgaining wempeundsilylamide, -

tnetlv%%a:?nn! é{ Elkrl] N amm8 gsrgf%ﬁob at i))oj‘ﬁ 9.y e%og ng f Pc? 1 gmes the

compaoun a Il‘l UCtIOI‘l m e IntI‘OCFlJC on reactlon (0}
moup?@é&ﬁ?g@j@éwg @aqp@@@éﬁcﬁﬁﬁw prideresenefdmyreassiveaditone formed at a
temp&@@@@dmgeqaﬂ@@dp@rg@m typecused. For the amino protecting reagent, a

ent gen dt tro ce an amino 10 ng group can be
S SR (i e RS
transitjga oielateaatiress therd mpuindifah eaprorechndl reagpmine (Biva) to Whlch M’ denotes
Mgcpmusﬂ(ﬁtaz @vw&fqa%m@s@ﬁ@ﬁmag %&%ﬂ@&%@wﬁeg such. In this case,

methylformamide, yrrolidone, 1,4-
the ugg S B B B bR gy prefomed.
theH@él@INgtmdm@tﬁylféfﬁmamldéf@pﬂefmedl—mwh@:re‘ad:ttﬂ@necdrﬁbhoxane

tetrahp@FfFrmeddntheRrrsence of a.base Bxanpies efdhe.bass 436,

Examples of the metal catalyst include palladium catalysts or copper catalysts.
Tetrakistriphenylphosphine palladium, palladium acetate, dibenzylideneacetone palladium, or
such may be used as the palladium catalyst, and copper iodide or such may be used as the copper
catalyst. The use of 0.01 to 2 times the amount of metal catalyst relative to compound (8a) is
preferred.

The reaction can be carried out in the presence of an organophosphorus ligand, and
ortho-tolylphosphine, diphenylphosphinoferrocene, or such may be used as the
organophosphorus ligand when performing a reaction in the presence of an organophosphorus
ligand. In this case, the use of [ to 5 times the amount of organic ligand relative to the metal
catalyst is preferred.
| The reaction can be performed 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, cesium
carbonate, lithium hydride, sodium hydride, potassium hydride, calcium phosphate, lithium
bistrimethylsilylamide, sodium bistrimethylsilylamide, potassium bistrimethylsilylamide,
triethylamine, or such may be used as the base. The reaction can be performed at a reaction
temperature in the range of 0°C to 150°C,

When T% in compound (8a) contains an amino group protected by a protécting group
such as t-butoxycarbonyl group, Step A7 is followed by deprotection. Regarding the conditions
for the deprotection reaction, there are different methods depending on the protecting group that
1s 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

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

formic acid.
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herein include cesium carbonate, lithium carbonate, sodium carbonate,
potassium carbonate, and sodium hydride, and the use of sodium hydride
is preferred. Herein, the use of 1 to 5 tjpes the amount of the base
relative to compound (Ib) is preferred. The reaction maybe performed at a
temperature in the range of OC to 150C, or preferably at room
temperature. 20 [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 AB] can be used. 25 [Step
ProdiB8h is4s.a step for obtaining compound (4b) by deprotecting the amino
protecting group at position 9 of compound (3b). 26 - The reaction
conditions differ depending on the protecting gresp used, and for @

myple, when the prot btlng group is a plvalyi&xym@thyl group, the —N-—" 1
n cariste %ﬂérned metH solutldﬁt@fﬁmeth N
ra%ydrofura esenc Ba As >J_sc'sodlum )\ N
X|de sodlum hydn , Br 1,8-di blcyclo’['? 4.04-7- undecene”at &' H

tempe ature in 5 the range of 0Cto 1 OC In this case, the use of 0.1 to
times the amount of the base relativé fo compound (3b) is preferred.

[Step B4]g@§lt|s a step for obtaining/cemypound (5b) by introducing a
substitue ,}Q amino 10 group a tign 9 of compound (4b) by
[segrigrming f stitutiggLeagtion bef icompound (4b) and

“Tompoun 2»=Reaehqn—pondlthn§ S “&?@b those of Production
¥ethog A Ster.?’ L A5 may}bgﬁ used. [Stép 135] 15 This is a step for

ining ccﬁ‘hpound (6b) by introducing a substituent at position 2 of
[Step@mpound (5b) by performlng a substitution reaction between compound

(5b)}-and co o nd Reactlo itions similar 1o those of
ol R o O ST RE R R g o posiion

of copyandibbpatremna é&@&&é@@é@w@ﬂéﬂectm@egﬁwuguén mgadion of a
protettREQXYGAROMNY grefdpmisdintaaucadHI[SieriB3hdaten BepinfolowethbYeagent

20 deprotection. Deprotection reaction conditions similar to those of

type Brdduction method A [Step A7] may be used. Production method C-I T2n
T2 Tthe amino protecting reagent, a reagent generally used to introduce an amino

protecting group can be used, and specifically, chloromethylpivalate 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 carbonate, and
sodium hydride, and the use of sodium hydride is preferred. Herein, the use of 1 to 5 times the
amount of the base relative to compound (1b) is preferred. 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.

[Step B3]
This is a step for obtaining compound (4b) by deprotecting the amino protecting group
at position 9 of compound (3b).



CI'N"'N''N" N NO2 [Step CI] NO2 [Step C2] " m_ 02 [Step C3] N NH2

[Step C4INCI1' " ~Teo N ClI P2-NH2 N NH N NH 1c "N- 2c 2c-2 3c P2

4c P2 HT26 1c-2 T2h T26 T1 "N, H N X1'N'X1..,,,N' X1 ry N>=X38

[Step C57 * ( N~Xaa [Step CS] F | N>£ 28 [Step C71 N"'I N~X3a NN

XI-ULN NN N)2-U2 'N N 11 Sc P2 Sc-2 6¢ 7c H 7c-2 8c Xz 25 [Step Cl]

This is a step for obtaining compound (2c) by reacting

4,6-dichloro-5-nitropyrimidine 27 - (ic) [CAS No. 4316-93-2] with

Commt(m2¥@M@f&§mmth@mmm grropustidrand for example,
when TRIPRAA L% RASlmayheusenbaiePCRl> AbIR R tem 0L 9&}{%8'8& in

compound by reactlng compoun o W|th amine (2c-2) that has a
met ﬂﬁ@lp%fﬂe@eéa ity 80&85&6@@@%%& 370 5 R R Bfse such as

sodivanmiieeh(R0iR) sediigsitghledT e ichdiionconditms. &}é’mﬁa&ﬁmdﬁﬁl%mperatme in
5 the ralifiErh RN R spACtig AN AR RALIRIDGEKD B HRE CORRANEFIRWhse retasive
compound (2¢-2) with or without a solvent such as 1
to COTRPRURRER ViBiFIHife, N-methylpyrrolidone, methanol, ethanol,
1,4-dioxane, acetonitrile, toluene, or xylene, and in the presence or
ence of a base such as triethylamine, sodium bicarbonate, or

potassium carbonate, at a temperature in the range of OC to 150C. [Step
C3T 15 PSP L QteB A BB EIRIRG S U ARy Pec ERst e Hitpg he amino
10 goup?[@%@%@?@@dﬁ@oﬁﬁ@ (M?ﬁe@iﬁ@ﬂzﬁ@@d@@iﬂﬁ@ﬂ@aﬂ?&ﬂﬁfﬁﬁlﬂaﬂ%eﬂ compound
i an exam talytic reduction er
(e A e O SR L B SRR o A 5t
A3] Wé@ ﬂfﬁéchmount of hydrazine. Methanol, ethanol,
N,N-dimethylformamide, tetrahydrofuran, 20 1,2-dimethoxyethane,
[Step % -dioxane, water, and mixed solvents thereof may be used as the
_ ent. Palladium carbon, platinum oxide, Raney nickel, or such may be
15 usél&x@gq}a@tmbfgn @h’@@@g compound (6b) by introducing a substituent at position 2 of

compound (5b) by performing a substitution reaction between compound (5b) and compound

[Step

(5b-2). Reaction conditions similar to those of Production method A [Step A7] may be used.
When compound (2b-2) containing an amino group protected with a protecting group
such as a t-butoxycarbonyl 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.

Production method C-1

& = @

Cl e YEae g

NJ‘jNOZ [Stop €11 NZ N0z [Step C21_ NO; st 03] NZ e [step 04
PEEL g S

cl 20 N7 ~Cl P2 —NH, N "NH
1c —~N— 2c 2c-2 3c PZ 4c P*
H
S -— —— e - \ -

N ~N X' N N
NJIN>=X33 [Step €5} N¥ i N>=x3 [Step (8] N)I >= [Stea N /t >=x33
K‘N N X1_u1 Ii‘"N N k : )@ UZ

p? 5c-2 6 P2 7e To-2 8¢

Sc

25  [Step C1]
' This is a step for obtaining compound (2¢) by reacting 4,6-dichloro-5-nitropyrimidine
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Use of the metal catalyst at a mass ratio of 0.5 to 20% relative to
compound (3c) is preferred. The reaction can be performed at a
temperature in the range of OC to 150% 25 [Step C4] This is a step for
converting compound (4c) into compotind (5c). The reaction conditions
are not particularly limited, and the reaction can be performed in a solvent
such as acetonitrile, tetrahydrofuran, ethanol, methanol, 1,4-dioxane,
toluene, or xylene, in the presence or absence of a base such as
(o) [fridtdianind-SodiLimiticamprime (bp-3D pdtaseim cmdisnassimithr to those of
Produbkibir ghisuesdninidyp casbanates eakhonyldiimidazole, triphosgene,
thiocarbonyldiimidazole, and such, at a temperature in the range of OC to
150C. The use of 1 to 10 times the amount of N,N'-disuccinimidyl
[Step &&tbonate is preferred. [Step C5] 35 This is a step for obtaining compound
(6criy nerforming @ aubslteion s8R RETURRRLONROMDR @%@wﬂ amine
e c%m%())un (5c-2 to%{:troduce a sup uentto the amino Boup at 28
(221 58jitH # br BBIRSEUHHTEE) SRERCH SN ERIE RS ShhAdP (B the amount of
amins{EyeRictiotesitetiod A [Step Al] can be used. [Step C6] 5 This is a step for
obtgying, COMRAMAHHAS)RY I{Srfg&%%;&{@tﬁ%'ﬂ&d%ﬂﬁ%%e%fé‘f Salls) ﬁB %erfozmed

.group at positjon 9 of compound (6c¢). The reaction conditions used diffe
by T G B 4 BB 20t S 167 kA SRV I s
N,N-dnotétlfgrgroudds - oyeamdetinsd it oty teehaani patimebtandoéi ebtadneckionitrile,

 toluedPEHPAPRIOLAIMXEL SAlution of %@&%@99kaﬁﬁésg@é}yggceﬁé@m%ﬁgﬁsodmm
d hy ride, at'a

_actionof a base such as 10 sodium methoxide or sodium  at
bicarlgpatfe IBREATTHHE FATRISGHGE AdeIseatwreindbedangand fide r118°t0

times the amount of the base relative to compound (6c) is preferred.

[Step S[:%gp C7] This is a step for obtaining compound (8c) by performing a

stitution reaction 15 between compound (7c) and compound (7c-2) to
intrbdisdé astiibinabhirg o nrme Gidebatr it Bftee #TEBRIAE compound
(3c). (7c). Reaction conditions similar to those of Production method A [Step
A5].can be used. en compaound.(Ic-2), containin amino grou . .
oo e R S SR i reduction
can beripstamesd s TRepTeipl [Stely € Phstdilsirgr by teo sdiststetiiothe presence of 2 to 3
times BRURISIAT Feasiigneconditionscsimiiante Wosaiphiroductian methed Wy drofuran,

1,2-di Séﬁ%x@@h?n%y Bg-glso%{dahe, water, and mixed solvents thereof may be used as the solvent.

- Palladium carbon, platinum oxide, Raney nickel, or such may be used as the metal catalyst.

Use of the metal catalyst at a mass ratio of 0.5 to 20% relative to compound (3¢) is preferred.

The reaction can be performed at a temperature in the range of 0°C to 150°C.

{Step C4}
This is a step for converting compound (4c) into compound (5¢).
The reaction conditions are not particularly limited, and the reaction can be performed

in a solvent such as acetonitrile, 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,
thiocarbonyldiimidazole, 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 (5¢-2) to introduce a substituent to the amino group at



10

15

20

25

30

Production method C-2zb Tzn T Tzb Tzb T, 1N''N''N' X1 N/ I NOz[SteP
C81 N~ NO2[Step C91 N~ NNz[Step C10] N N [Step elll N: I N N CI
X2-NHz N NH ~N NH "N X1-U2 ~'N c 9c tOc Xz 11c Xz Xz Xz 12c
12c-2 13c 25 [Step C8] This is a step’for obtaining compound (10c) by
reacting compound (2c) with amine (9c). In this case, the use of | to 10
times the amount of amine (9c) is desirable. The reaction conditions are
not particularly limited, and conditions similar to those of Production
positipaetid¢@rppsieh(&2] may be used. 30 [Step C9] 29 - This is a step for

obtaining & eaHIENG: dig Y teglsing the aitkaeramelicompaRe dAChe used.

Reaction conditions similar to those of Production method C ep C3]
maybe used. [Step C10] 5 This is a step for converting compound (lle)
[Step fafd cyclic urea (12c). Reaction conditions similar to those of Production

m [ uhat %%W
. coerﬂﬁ%ﬁ% 2%355%%%%3%% dﬁésﬁﬁlﬁé]n%itlon 1%%2%\%%% on the

amneE %‘Hﬁ%’(‘}ﬁ 2¢-2) to introduce a substituent to the
amTrlﬂ@ mwmat:qmdsum sed doiflepdepmhdigehrRbaoticactonpditions wiediland for
exametPR6 AR LERTLCHRD mp%&ﬁ%@ﬂ hadissdy MMH&%M% obtained in

t tect a rotectln roup such as
T e UL N
sodiviDeprdteciiervreadtion hjzﬁmh:wdﬁmmsmtard@mhmsmng@asﬁdﬁﬂtton moethodin this

case, &4%5%%9?1&%&?&%?&&9%&%‘% DS Dk I:L%t%?eferred
011 INSINS'IN, N5 1N~ ".Tzb N "N\ [Step D21 N N\\ | tep Dal
N~Hal
[Step C7]

This is a step for obtaining compound (8c) by performing a substitution reaction
between compound (7c) and compound (7c-2) to introduce a substituent to the amino group at
position 9 of compound (7¢c). Reaction conditions similar to those of Production method A
[Step AS] can be used.

' When compound (1¢-2), containing an amino group protected by a protecting group
such as a t-butoxycarbonyl group, is introduced in [Step C1}, [Step C7] is followed by
deprotection. Deprotection reaction conditions similar to those of Production method A {Step

A7] may be used.

Production method C-2

() (@ =

61“‘32{3'289 cel N/ﬁ:NDE [Step CO] N’ﬁ:NHz (Step Cm]N)I Lstep 0111 N /\: .
P‘f
X 3¢

x2 -NH;
2 2
10c X e X 1262

[Step C8]
This 1s a step for obtaining compound (10c¢) by reacting compound (2¢) with amine (9¢).
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]
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I~Jam./ J/YNHH Y\WNHX2-uzYNNZ2YNN IdId-2 2d 2d-2 3d x

4d x Ten Ten T, -,N--- -.,.N,- X1 INS" X1 H [Step D4] N N~O [Step D51 N

N [Step D6] NN D61 R11 N >=Y~NJN X1-ULYLNRP-M1Nzz z 5d

k2 5d-2 6d k2 6d-2 7d X [Step D1] 20 This is a step for obtaining

compound (2d) by reacting compound (Id) with compound (id-2).

Reaction conditions similar to those of Production method A [Step A6]

maybe used. [Step D2] This is a step for obtaining compound (3d) by

peﬂ\f%%mm@ SeR BB RRIREHIS SRRER B hhtHdShEBHHSLRS Py &Hepe Of compound

(10c) coixpatind (2dd2)dasisinathice thesdsfifsedtdodherathinD@Ewp a3 pasitiba used.
9 of compound (2d). Reaction conditions similar to those of Production
method A 30 [Step A5] may be used. [Step D3] This is a step for

[Step Sﬁt%]ining compound (4d) by reacting compound (3d) with a 5
hat@hgﬁdriaﬁ@mmenhv&eﬁ;)@tiant%mdaim&}sim&adymiﬂma (?mygd Reetion
.metho e e used. [St This is a step for,obtaining

cond e S S e BT B oncitons
similar to those of Production method A [Step A4] may be used. [Step D5]

[Step ENiF]is a step for obtaining compound (6d) by introducing a substituent to

i e D A AT o b v on
betweggpompound (12¢) and compound (12¢-2) to introduce a substituent to the amino group at
position 7 of compound (12¢). Reaction conditions similar to those of Production method A
[Step Al} may be used.

When T?" contains an amino group protected by a protecting group such as a
t—butoxycarbonyi group, {Step C11] is followed by deprotection. Deprotection reaction
conditions similar to those of Production method A [Step A7] may be used.

Production method D
T2 @ T2k
j;\)IN» @ SN N\> [Step D2] JN\ )j:’“» [Step D3] )N\ @ N\>_Hal
Y \N ﬁ \ﬁ/ YJ\"‘N ﬁ XZ__Uz Y \N r‘{ 2 Y \N ?\fz
1d 1d-2 2d 2d-2 3g X ad X
: 1 I
[Step p4] N& N [Step DA] N7 N [Step D6] NF N
/L\‘- { N © 1! ){\ 1 >:0 1_xq1 /k\ I >= °
YOONTN Xy Y7 ONT TN RI-MY - RT7SN7TN
54 X 5d-2 6a < 6d-2 7d X

[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.

_ [Step D2}

This is a step for obtaining compound (3d) by performing a substitution reaction
between compound (2d) and compeund (2d-2) to introduce a substituent o the amino group at

position 9 of compound (2d). Reaction conditions similar to those of Production method A
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When Y is a halogen group such as a chlorine atom, a substituent can be

introduced at position 2 of compound (6d). This is a step for obtaining

compound (7d) by performing a 20 su%stitution reaction between

compound (6d) and compound (6d-2) Yintroduce 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 DI], when compound (Id-2) containing
[Stepadamiydgresgp. protected by a protecting group such as a

t-butoxycarbonyl group is introduced, [Step D6] is followed by 25

%% rotection. Deprotection reaction conditions similar to those of
[Step uction method A [Step A7] may be used. Production method E 31 CI

NOZ{Step BHiNIOR{Bieg &2h NGy NS dompoynd (3N) Ntk a

Tt ‘E4 -. -2 IN' X' .

e e b N, O Pl e R e a2
may 85 Be H Se 7e-2 H 6e-2 [Step El] This is a step for obtaining

compound (2e) by reacting 4-ethoxy-3-nitropyridine hydrochloride (le)
[Step[5 No. 94602-04-7] with allylamine. In this case, the use of 1 to 20 5

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

readtibhitasisR BeABHERGARAHPE fAfirRy R barg e lFrpr ¥ 6. Reaction
condiMeibaioil-ethahele warebduk aonixechse MgBtdperephmayuaesed as the

reaction solvent. [Step E2] 10 This is a step for obtaining compound (3e)

lcg subjecting compound (2e) to reductive
[Step D3]

This is a step for obtaining compound (6d) by introducing a substituent to the amino

group at position 7 of compound (5d). Reaction conditions similar to those of Production

method A [Step Al] may be used.

[Step D6]

When Y is a halogen group such as a chlorine atom, a substituent can be introduced at
position 2 of compound {6d). This is a step for obtaining compound (7d) by performing 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 amino group protected by a
protecting group such as a t-butoxycarbony! group is introduced, [Step D6] is followed by

~deprotection. Deprotection reaction conditions similar to those of Production method A {Step

AT} may be used.

Production method E




10

15

20

25

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 (2e) is preferred, ,Concentrated hydrochloric acid
can be used as the solvent. The reaction can be performed ata 15
temperature in the range of 20C to 150C. [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. 20 [Step
E4] This is a step for obtaining compound (5e) by reacting compound (4€)
with compound (4e-2). Reaction conditiong-gimilar to those of Prgtiuctign

N TRE IO A[SEp Al be NoedS25 {8tep E5) 3T hiBisaEsten

if\git&m’ningmpounhg (6e] by disseciatirgNhe gyl gfoup-ef-com ouny >=
>gHie~reaction ¢ loRg arefot particul limited-and com

1e (6e) can be obtainé by thé action of odeic aci(ﬂand sodiureeriod te\w\

O
ﬁﬁ}lvent such as tetrahydrofuran, 5 1,4-dioxane, 1,2-dimethoxyethgne, OLI;1\
4e-2

ysater at 20C to 100C. [Step E6] This is a step for obtaining @6‘??15 nd -

\g,e bé}reacting compound (6e) with compound (6e-2) to introduc(?

. . " [ 1

ent tgithesamino‘groupdt pesitian 1 oftompound,(6e). Redctionk

NA ditions-similar ig-tkasetof Produiction | hogj A [Step A5

is ig/a st pfbr:(ﬁ)taining om our)d:(Ge) by relcti
2b L . o ..

compound ( e) With compourd (7e;2). Beaction cbinditions similarto

tRBse Of Produdiion mett&d A{@tep)%@kénmay- B8 used. 15 In [Step E7],

when comﬁedan (7e-2) containing aﬁ% ino group protected by a N

protecting group such as a t-butoxycarbonyl group, is introduced, [Step

[Step ET] is followed by deprotection. Deprotection reaction conditions similar

0 iy | Rr O
me?ff\ﬁ? SI;:O(;(%? éﬁ?ﬁ%ﬁ%ﬁ%&eg%ﬁa&%\%@zﬂ%ﬁ@ %};ﬁ&%ﬁ% I?[;‘)Step ] NIII\II
hydrochloride (1e} [CAS No. 94602-04-7] with allylamine. In this case, the use of 1 to 20

times the amount of allylamine relative to compeund (1e) 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 (3e) by subjecting compound (2e} 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 (2e) is preferred.
Concentrated hydrochloric acid can be used as the solvent. The reaction can be performed ata
temperature in the range of 20°C to 150°C.

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

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

[Step E4]
This is a step for obtaining compound (5¢) by reacting compound (4e) with compound

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

[Step E5]



/| X2' X2 1/ N~X3a OEt N' if X2-NH2 2f H 3f H 4f X2 1f-2 X1-U1 [Step
F4] T1T201T2n 4f-2 'N" X1 N' X1 N' X1 CI X1 N N>=XU [Step F7] N : |
N~X3 [Step F6] N | N~X3+ [Step F51 RE~X3a N\ N N Tsb N Rea X2 Br
k2 X2 'N' 8f W 6f H 5f 5f-2 [Step F1] This is a step for obtaining
compound (21) by reacting compound (1f) with compound 25 (1f-2). The
reaction can be performed at a temperature in the range of 20C to 150C.

33 TMethanalp edhabeliniaietnpmingd &9 lvent theraah omsugtymeayupe f compound
(5¢). used as the reaction solvent. In this case, the use of 5 to 100 times the

amount of compound (If-2) relative to compound (1) is preferred. 5 [Step

17 XD racaon spadiférsid melpasirpativdirsedy dhjestpnyed Mfsbatybe obtained
by thé2ltionredugtivea sl annationnReacsinecandions shintand octhaseiRffuran,

s 1LaoRRcionmenad flSien G2l maybryused, g oten 73] This is  step
e convérting com ounge(%?fin 0 compoung(] . Reaction conditions

similar to those of Production method C [Step C4] may be used. [Step F4]

[Step BT his is a step for obtaining compound (50 by introducing a substituent

to the.amino_group.at position 3 of ¢ und (4f). Reaction conditior
St 3 S8 B BESHA T MDA A U0 Sk Gl pgpmpound
(6e-2pB ThikoiRree tepbititatitainity sovmeatndn 80 wypitucting compoaddqef) Reaction
10 condi8RsGRMPRUDhIRI-#) PRemeton sRANHNsSII i thase 9f Production

method A [Step A6] maybe used.
[Step E7]
This is a step for obtaining compound (8e) by reacting compound (7¢) with compound
{7e-2). Reaction conditions similar to those of Production method 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 E7] is followed by
deprotection. Deprotection reaction conditions similar to those of Production method A [Step

AT7] may be used.

20 Production method F

cl cl oy
UNOE [Step Fi] @NOZ [Step F2] NﬁNHz [Step F31 N N>:xaa
R ! 2 { 2 J
Z0Et e N’X P N‘X P N‘
1t X2-NH; 2f H ¥ 4 4 X2
-2 *
x-u [Step F4]
N x! TN ?(‘! N ?(1 Ci rx!
[
2 N [Step F7] = N [Step F6] = N [Step F51 - <N
N\ | >:X3a_._—_mmm_ N\ [ x38 N\ I \/:-‘Xa-ﬁ-‘- | P >:X38
" \ Ne () "
Rza ‘xz Br \xz xz \-_;/ \xz
8f 7f 6f H bf
5§-2
[Step F1]

This is a step for obtaining compound (2f) by reacting compound (1f) with compound
25 (1£2).

The reaction can be performed at a temperature in the range of 20°C to 150°C.
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[Step F6] This is a step for obtaining compound (7f) by reacting a

halogenation reagent with 25 compound (6f). Reaction conditions similar

to those of Production method A [Step,A2] maybe used. [Step F7] This is

a step for obtaining compound (80 by Péacting a nucleophilic agént with -

30 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 hucleophilic agent relative to compound :
Methqne).istpratdrisgterCenitmdciyonttectand, suctivhayapdessdias the leagegn solvent.
In thiBskdhenese:Qftls 1 3dimeadhe e mastfr BaspIeiaMe 19 FARRRYUNI Lt Round (19)
. is preferred. A copper catalyst such as copper (1) chloride, and 35
18 pre%%g,ﬁ-tetramethyle,5-heptadione may be used as the catalyst, and the

use of 0.001 to 0.2 times the amount of each is preferred.
[Step:pjpethyI-Z-pyrroli'done, N,N-dimethylformamide, and such 34. - may be

used as the reaction solyent. The reactign can be performed in the range

of 20 16 Ar5HC 0T REtERRRS P AR drth BY TS EOY SIsargRsasHg Bifo Teductive

~ chlorantino. grBepeprotecteldtbyasipridte cbinggr oulP sulthvtsartethd O Xy €8edpoRY]| may be

group, is introduced, [Step F7] is followed by 5 deprotection. Deprotection
reaction conditions similar to those of Production method A [Step A7] may
be used. The methods indicated above are representative methods for
[Step pAiducing compound (1) of the present invention. The starting

i int 10-for... .
CO"E‘BBHE‘Q%@E %wcragv?rrﬁ%g%gge&gﬁaﬁ(v ; e&%@@&g&m@ OR%MH conditions

... producing compounds of tion may be salts’or hydrates,
similag te Shnsterf Faprdinding BAtHoE fypesphrmnyinatedals, solvents to be
used, or such, and are not limited as long as they do not inhibit the
[Steprl? ctions. The types of solvents to be used depend on the types of
starting compounds, reagents to be used, or such, and are not limited as
longtas e fteibiape skt repeaerdnsihh wikesrsngta il ity iglggamino
groupSQPesRIdEtoY\aaihaueamEpUNe {habd sdhe Rsesent inves igsisopbtainedion
meth iH ‘3&&%&6}: f%r]ﬂ; i'gl can Bsee onverted by conventional methods to a salt or
%y r e,pw i H1a¥e possible forms of the above-mentioned compound (I).
When compound (1) of the present invention is obtained as a salt or
[Step Ipydrate, such a product can be converted by a conventional method to a

OTt IS ) o (48 BPACE I S B ERG C t compound

(5£-2). Reaction conditions similar to those of Production method A [Step A6] may be used.

used.

[Step F6]
This is a step for obtaining compound (7f) by reacting a halogenation reagent with
compound (6f). Reaction conditions similar to those of Production method A [Step A2] may be

used.

[Step F7]
- 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,

Dertvatives 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 (7f} 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 (7£) is preferred. A copper catalyst such as copper (1) 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-dimethylformamide, and such
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geometric isomers, enantiomers due to asymmetric carbons, retainers,
stereoisomers, and tautomers) can be purified and isolated by typical
means for isolation, examples of which include recrystallization,
diastereomer salt methods, enzyme-baSed separation, and various
chromatographic methods (for example, thin layer chromatography,
column chromatography, 25 and gas chromatography). Compounds of the
present invention, salts thereof, or-hydrates thereof, can be formulated by
may wonseehiiothal resethodwintmtablBts rpatiders;ipaeticiebngrainulds coaiedf 20°C to
150ec¢ablets, capsules, syrups, troches, inhalants, suppositories, injections,
ointments, eye ointments, eye drgzps nasal drops, ear drops, epithem,

lotiGhESERE S o RAMBIERE S Ak sreEas ARG EIERIRIRSR by 2
protecijentso xtetsadubtibatotsy eoboranitsrdigy osingragents, @iehbiFraayitsibwed by

depro%@‘gg{%e r%)eg&f@fé'&ﬁf&%@ea%%ﬁr@o%l&ﬁ?ﬁﬂ&%‘ Sufgxa %%HBSSE %Il_fi I[;Tr]oo ciju%(?é%rrsﬁethod A [Step

preservatives, antioxidants, etc., and materials commonly use
AT] m3grBRiIsSEs of pharmaceutical preparations according to conventional

methods. For example, an oral preparation can be produced by combining

a p f.the present invention, or a pharmaceutically acceptable

B L R PR D ouna 0 of
the PR dRfeRiPagdht RBHESMOBERIAAT VORI SIREEENST Kubhisaddn the methods
for prﬁz{)ﬁlnmgwwm ;ir&mﬂl Bﬁﬂ&ér%]ﬂ:ifh%tﬁ?fﬁﬁ?%a%ﬁm%%yﬁﬁﬁ{@&ao%@@ﬁ@ﬁes

tablets, gapsules, or 35 the like, according to conventional methods. -
e e e T o S R W e ne i asgunied s
long a1 adseybiBehi it seeieaiow! badysyntiewdvghisdnide;utntidoperd omshe types
of staSliieh csdiuisiparaifin s ayatane dapd sselid Raraffiin LIS QIS SHER 88 they do not

—_p ldodecyl myristate and isopropyl myristate; higher alcghols such as
it T S0 210 BORRYS IEBAn MUGR FEEAL: SNEBR Sipound (1) of
the presefadtaeniisndh eygpuidonyetraddomfattyacis estorrsutbiamwrfathyiemid methods to a
salt o£B{RkaEly GaReh faly b estshRAY By RIbYIenR Rshitan Jattw aid g ster,

po ethylene %g&etgated castor oil, and polyoxyethylene

o RS TREHES AR 6 MR ANSR SO RIBRS g Loyt such 2
produeydaoyethylvedhdlbge, palyeatoplit meitip Carhdxywibyirpefyhearbove-described
Compggﬁ@@ ylene glycol, ponvinyIpyrroIidone, and methyl cellulose; lower 10

alcohols such as ethanol and isopropanol; oltyhydrlc alcohols such as

oly LGRS RS T EBIETRIR SRPRREG o ST HiscPEotitan sy ars Qrcrample,
geomersiglisoosesanhatiornes; dnotganicposmde c stioh Qsoanhyerouscsikoinasjdnd

: i ili ' Hi ;.an re water g

s BOSTEST AIRAT  7 SATUAHSLIA BVRE i na
TECTy YRR I AARETO S B BROIIEHI St CamiTBR 285 HSSHGH Hloidey Bividfers
chroniaaigtghiomexaotl eopelariplt alsihial <t 2 ipokdigkeiher conaity thromatography,

d o5&l RT3 alVI N !Iulose, gum arabic, tragacanth, gelatin, shellac,
an ghy r:@thyl cellulose, hydroxypropyl cellulose,

roXypro
po@@ﬁ?l‘fd&'ﬁ%lﬂféﬁ% PESRBranyRieaL salts thereof, or hydrates thereof, can be

formulated by conventional methods into tablets, powders, particles, granules, coated tablets,

capsules, syrups, troches, inhalants, suppositories, injections, ointments, eye ointments, eye
drops, nasal drops, ear drops, epithern, lotions, etc. Such formulations can be achieved using
typical diluting agents, binders, lubricants, colorants, flavoring agents, and if required, stabilizers,
emulsifiers, absorbefacients, surfactants, pH modulators, preservatives, antioxidants, etc., and
materials commonly used as ingredients of pharmaceutical preparations according to
conventional methods. 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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glycol-polyoxyethylene block co-polymer, and meglumine. Disintegrating
agents include, for example, starch, agar, gelatin powder, crystalline
cellulose, calcium carbonate, sodium hicarbonate, calcium citrate, dextrin,
pectin, and calcium carboxymethyl cellilose. Lubricants 20 include, for
example, magnesium stearate, talc, polyethylene glycol, silica, and
hydrogenated vegetable oil. Colorants include pharmaceutically
acceptable colorants. Flavorin ents include cocoa powder, peppermint
the lilee, pensring Sorsie peivasl %%?fgémﬁﬁﬁaplmﬁe@ SadHSIGT inghle, for example,
animaliBRAMQRIEB AEE stableis@ncheianilesarayi Recoated ks Udptefle;

hy dm%%r £r appropri a{e c atlré% can I%e made as d?ﬁ Aﬁe éﬁsgl %O?I:]h ﬁ%ﬂﬁg%f sctyldodecyl

Syrups or |njecta%Pe p?eparatlo%s éan be

myTissYmpslitarBPRYG rpveeéammm@@méspnahﬂacemmm@mhmé tdienyl
alcohmeéﬁﬁf@ﬂ%@iﬁsPHIM@@%@@&MQ@MEE A0B AR SRIRNZ ING-RISALe QL sorbitan
£ 8 ’ nd fcreer eg,gglt e%p auxlla %uflllsz% E? é a sta zer or
atty %ﬁl RE a%gordln venti Br?gl F\ LS SERB St c‘fﬁ
polyoex@hméﬂwrbp@mmtadewmmm t@ddamwswmbrmaubmypwpbene block
co—poWC%tW&W§%%E@§ﬁEEQ§ k@@ﬁﬂ%ﬁ{})ﬁ  QAIRLS RaterRISIic acid,

ed for 39,%{1 gucm eut cals a5| drugs, cosmeltllc? |
carbo B e S A B B OBt P B o A B ARL CelLaose; Tower
alcohSpeuviflcaliyibase mdtenpispabk Mydoma&oﬁmlexachpie ghnimal arghylene glycol,
dlpr()ﬂ?ﬁﬁ@glfcg IS IReHALPILS RSLaT 0 Ss WaRRSc RGN L lrah ﬁléri%étmf AGIiSer such as

licong, ails, surfactants p osphollplds alcohals polyhydrlc alcohaols,

B8 S TRE B R S BAPHRSFRIS CHE AOReAWERETR GHifaf R gRe. Pure water.
Dﬁutmgteg&atqam;badattﬁmexﬁﬂpeepm:zem invertianicancentagr, agh&_ﬁsreeqmmedtol,
sorbitBH {[\}%@%@éﬂ(ﬁo?@%ﬁ'gﬂﬁ% ahslpding AU 1@9%%%9@%%9% rlg:ﬂgvinyl alcohol,

oloring agents, odoriferous substances, etc. But

Poimm Sy Bt heellalonseatyd tRMKIARS 18196 2F\Gs BagAcaRtbragiatin, shellac,

hydroprgpapstiensiof théiyresehy daventiopy lfcetigilired pﬁ?@?@@@ﬁ&m aylypropylene

giyco? B@?H&%ﬁﬁ%ﬁg%ﬁg&lggéﬁ lgl%gg f urﬂll@ngvmglg&?p 2 antlmlcr%ot%rl%aclludc for
ts,"an Istics, C cti ctan

S vators vitamins, amino acrds

examR a%ew@%&jér&@ A PINECTa ATEiAN oot reium eabapsie sgdium

bicartadjustedwithinareen aemﬁatlpa:mn@ﬁ&@ﬁ@h{@ﬁ 2:predyeing 1y picRi ederalbricants
r aratlon Whenacom the t inventio rasa
e e A o L Shggrosensed

vegetahle ik nrﬁi?éeraﬁél avé@mmﬁa@amwél@mmhmoipm{erﬁwbw agents

incluGORyEN RN EAGIesh it %APRIR, B GARMROMICR) }Qﬁ)ﬁ&&ﬁiﬁtséﬁf%ﬁfe@camphor,
dosage form suchla% a tablg

der nule < rup, troche, .
and ¢} aalfg)nl* supposﬁory, 199 %R inje |or¥Y0|n r%'% eye gl“#%‘ y%r(?r%ﬁr, HpLgpriate
Coaﬂrm%iaﬂlehfr Tasts, @pﬁhemdan@%ﬂ”@@nwfd%eympa Mmm@ﬂwmﬁhes can be
formPARSERY EHEPHINGREL RS SEIRWe thaPREQRIIMRNBBRCH QXM cally acceptable

salt ﬂ%?f\:/geg%tg% ﬁ%(bg\/ ?a?or}t aCS%Tu%qyzrgﬁjgfgé@ntsgg[ fg/cﬁgms 1%,9 g:gcen)(pgr g&ch and if
required, with an auxiliary solubilizing agent, a stabilizer, or the like, according to conventional
methods. Methods for producing an external preparation are not limited, and such preparations
can be produced by conventional methods.  Specifically, various materials typically used for
producing pharmaceuticals, quasi drugs, cosmetics, and such can be used as base materials for
external formulations. Specifically, base materials to be used include, for example, animal and

vegetable oils, mineral oils, ester oils, waxes, higher alcohols, fatty acids, silicone oils,

surfactants, phospholipids, alcohols, polyhydric alcohols, water-soluble potymers, clay minerals,

and pure water. Furthermore, external preparations of the present invention can contain, as

required, pH modulators, antioxidants, chelating agents, antibacterial/antifungal agents, coloring

| agents, odoriferous substances, etc. But this does not limit the type of base materials that are to
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The dose varies depending on the patient's disease, symptom severity,
age, sex, and drug susceptibility, etc. A pharmaceutical agent of this
invention is administered once or 15 s§veral times at a dose of
approximately 0.03 to approximately 1 %O mg/adult/day, preferably 0.1 to”
500 mg/adult/day, more preferably 0.1 to 100 mg/adult/day. An injection
can be given at a dose of approximately i to approximately 3000.ig/kg,
preferably approximately 3 to approximately 1000 sg/kg. 20 Best Mode
be us¢driCeriing Dapheinmirfiba Misecobmpeoniis oflthistinashtiohapatsgions may
gontaﬁf@ﬁ@&%ﬁﬁ£@6§>ﬁﬁﬂﬂ@£@ghﬂdﬂ@@@ﬂ%ﬁ§§mﬁ§qgl{hikzeaﬁglﬁﬂe&iagiﬁ&%@?@é,es-

._However, these Examples are only. provided. to illustrate the compounds,
e SRS IO BN RS o BE RSB B e, The
amoulifvifdehshereteri2B listter sy ciscuinstadodtlihe phnasettpunificatioruyyl for

prodd@NESSiPhaseHah Rerarmance liquid chromatography” that appears in
this_description T‘gﬁrﬁsf reverse phase hjgh performance liquid

chrOMERSF AR B HdRE Ghetsat HesatoragetbittileialePhidbi ndugeot is
admirfcontainihg 0rh% ofriflcorgaceticiacid), limiess thérecisnapspedifien be given orally or
parenfi€SRYRNAN LS EINHE IREAUMBET I8 frontof thename efihe %QFHHEHQQCI asa

indicates the Example 30 number and also the compound number. )
dosagg)gamb%c_{l as a tablet, powder, granule, capsule, syrup, troche, inhalant, suppository,

injectiot2 duttymyl) SendthoeyeyednypGripibarapirdndyah SedityaioaudivBoane The dose

f a pHHIHOIQAREHE ARID SRULSP ident; be selected fately based t
° ap‘7-(2-Butynyl)-%-me yl-3,7£diﬁ§/ld}%1p%ar?nee-5?6?a%ngpgo-p 6aH€|\}|/ Na>seNOI{I1 Symptom

SEVErHYRIEn - BSERE PS5 RN Krer il RSy SRIGIESLYRA REfGAMEct84.9 g)
werghaddelvasie duxtuktirof hmethyliainthineiSA Sy Mot 0 26vaR ] 4dRex, and

drug @s@%@i&h 'S’éﬁ'é?thyliogﬂaﬁ%?e i%%%%err?tl‘% %%I%IWIJ%I{&? eHo stmlégt%?ewgﬁce or
stirr at room tempe ature for ours. After completon o the

severpb BT WARsE QDX IRaaky Adtfet rpmexisriabh | SR tadnly doysproferably
0.1 tosifteghgpidiaeariemper piefe-{oryane oLy ang ihendag whiteipreeipitate be given at

was collected iltration. The whi lid pbtaine, s washed with
e oot SRS PRITRRY AP R R e Preery SOty 3 o

approximately 1000 pg/kg.

Best Mode for Carrying Out the Invention

The compounds of this invention can'be produced, for example, by methods described
in the following Examples. However, these Examples are only provided to illustrate the
compounds, and the compounds of this invention are not to be construed as being limited thereto
under any circumstance. - The phrase “purification by reverse phase high performance liquid
chromatography” that appears in this description means reverse phase high performance liquid
chromatographic purification that uses an acetonitrile-water mobile phase {containing 0.1%
trifluoroacetic acid), unless there is a specific description.

Hereinafter, the number in front of the name of the compound indicates the Example

number and also the compound number.

Example 1
7-(2-Butynyl)-2-methoxy-9-methvl-6-{piperazin-1-y1}-7 9-dihydropurin-8-one trifluoroacetic

acid salt
ia)
7-(2-Butynyl)-3-methyl-3,7-dihydropurine-2,6-dione
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compound (112 g). 'H-NMR(DMSO-d6) 10 S 1.82 (t, J=2.2Hz, 3H), 3.34
(s, 3H), 5.06 (q, J=2.2Hz, 2H), 8.12 (s, 1H), 11.16 (br.s, 1H) 1b)
7-(2-Butynyl)-8-chloro-3-methyl-3,7-dihydropurine-2,6-dione O HN N
i>-Cl O N N 15 7-(2-Butynyl)-3-methyt3,7-dihydropurine-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 ion, water (2200 mL) was added to the reaction solution, this
as gtirred at room temperature for 1.5 hours. A white precipitate was
HIN thgn cpllected by filtration. The 20 white solid obtained was washed with
and t-butyl methyl ether to give the title compound (117 g).
LH-NMR(DMSO-d6) 6 1.78 (t, J=2.0Hz, 3H), 3.30 (s, 3H), 5.06 (q,

I=2.81%250, AH? @ﬁny‘; %Igﬁl%drous Rlo}assiurr_l Cc::ar%a}ff (§§ 9 ﬁ) were added

7-(2- But nyI) 2, ,8 -trichloro
to & mphgral %[Gﬁfér 3 Hdthgh-$ 7N araptiAhbidiseibrirmanide

(1000@B2 ;g)dahﬂ; pmﬁ@hcml&@eyem@snﬁiea@mmhﬁ wapstited i 1206 far 14 frer
Sy n ooled I tem ratur hen
comp It%fcwigj!’slp g)ggére%%%%gch Ol’ldg ad?agnlﬁ was adde C?GP and the %8%8t|or£10§ldlﬁlfls yas stirred

at roow&wm%%rrsgfawa@ Povt T ﬁwrh&whrﬁ@réﬁ@ﬁ@ﬁ siEteHeREs Byditiartion.

The wisittomdoteanpel atus ey dbiecsalvent was aistilind o findnderireusadve the title
comp b ugggw%ﬁjnd the residue was dissolved in tetrahydrofuran. This reaction

. oured into a saturated aqueous solution of sodium
H-NMREMDERAE0ANd extracted using ethyl acetate. The obtained organic layer

3 1.82waswashedispauentialyithogaterand gatunated bying.1andthes dhigd1H)
over anhydrous magnesium sulfate. The organic layer was concentrated

under reduced pressure, and the residue was purified by
1b) :

7-(2—Butynyl)¥8—chloro~3 -methyl-3,7-dihydropurine-2,6-dione
o /%

N
HN
J\I »—Cl
0~ "N” N

7-(2-Butynyl)-3-methyl3,7-dihydropurine-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-buty! methyl ether to give the title compound
(117 g).
'H-NMR(DMSO-d6)
6 1.78 {t, J=2.0Hz, 3H), 3.30 (s, 3H), 5.06 (g, J=2.0Hz, 2H), 11.34 (br.s, 1H)

le)
7-(2-Butynyl)-2,6,8-trichloro-7H-purine

Cl /%
/’]’jI:)—CI

Cl N
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10 silica gel column chromatography (ethyl acetate:hexane= 1:3), to give
the title compound (2.40 g). 'H-NMR(CDC13) S 1.82 (t, J=2.4Hz, 3H),
5.21 (q, J=2.4Hz, 2H) 15 1d) '
7-(2-Butynyl)-2,6-dichloro-7,9-dihydropirin-8-one CI N/ N)=O CI'NNH -
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 20 mixture. This reaction solution

wad suixeHeeddarbeimpelaturbifop B2mbrd; ahd tetrdp ot -dduéions (2.52 g) and
phosIRAEHRCRIAEERRE SUYHRN) (R4 Biinand Bralf welfweregfdest (hiSolution was

reaction solution was stirred at room temperature for one hour,

nd then _
cooled g BRIBHERL e CoNEEAEHO B RIS ECBI Bl e reation
solutiwasvsasthred withnaetB2 (indfob i onesthy Tethemtol gives | thimtitkeas cooled to room

temp&GAMROUNA(BO0,MEDs AR MR (RMPRAABY Btttk J78 HdZedhe %4Odissolved
AHz, 2H). 12.95.(br.s, IH) MS mle (ESI) 257(MH) 1e) 30

. (9, J=2 2H), :

n te“ﬁ}ﬁ%ﬁ’;‘}ﬁ%l)-?éﬁf&ﬁ%@'%&%ﬁ?@ﬂ‘iﬁ% (SRR R gg ey SRfufion of

sodiumﬁai@rl@hd%h,?a@-Myng_dai-ﬁsﬁagieﬂﬂragétﬂedihﬁdrmpmmsdmgaﬁﬂaﬁam}vas washed

seque%l%%%\@gtép aﬁh@éﬂﬂ@@ﬁ%@%'&%é&%gv%%%e gﬂgg sulfate.
158 ere added to the

(1581) and anhydrous potassium carbonate (468 m{%ﬁﬁ ) ]
The gy PhPeERGRIESRtiBRARHE Ltfrd @Bt addhs getitis ey Aified by

silicalpelicshand themwaienth (ethylvasaddeckatter tyriogdterd@mitle compound (2.40
9). temperature for one hour, a white precipitate was collected by filtration.

) The white solid obtained was washed with water and t-butyl methyl ether
H-NMRiG&tHe)title compound (355 mg). 1H-NMR(DMSO-d6)

8 1.82 (t, J=2.4Hz, 3H), 5.21 (g, J=2.4Hz, 2H)

1d)
7-(2-Butyny!)-2,6-dichloro-7,9-dihydropurin-8-one

Cl %
N7 N
BN | =0
ci” "N N
H
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 reaction
solution was stirred at room temperature for cne hour, and then a white precipitate was collected
by filtration. The white solid obtained was washed with water and t-butyl methyl ether to give
the title compound (800 mg).
'H-NMR(DMS0-d6) _
8 1.79 (¢, I=2.4Hz, 3H), 4.70 (q, J=2.4Hz, ZH), 12.95 (brs, 1H)
MS m/e (ESI) 257(MH"

ie)
7-(2-Butynyl)-2,6-dichloro-9-methyl-7,9-dihydropurin-8-one
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S 1.78 (t, J=2.4Hz, 3H), 3.33 (s, 3H), 4.76 (q, J=2.4Hz, 2H) 10 MS mle
(ESI) 271(MH") if)
4-[7-(2-Butynyl)-2-chloro-9-methyl-8-0x0-8,9-dihydro-7H-purin-6-yl]piperaz
ine-I-carboxylic acid t-butyl ester OVO¥CND N N~IN~O CI'N 15 i
7-(2-Butynyl)-2,6-dichloro-9-methyl-7,9-dihydropurin-8-one (334 mg) was
dissolved in acetonitrile (5 mL), piperazin-I-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
reéaction; hydrochloric acid (3 mL) and water (10 mL) were added to
N 20nreaction solution, and this was extracted with ethyl acetate. The
)gbt ineferganic layer was washed sequentially with water and saturated
¢~ bxine; ®nd dried over anhydrous magnesium sulfate. The resulting
organic layer was concentrated under reduced pressure, and the residue
was T&urified by silica gel column chromatography (ethyl acetate:hexane=

a
137 15 MO - BoPipiound-Gahagr2s SN HADMS Ot 2olve! i
N N-dirhéth5i Rhhatnitié (4,0)m2 #HEd Sth £:858 36100 (4 18 A SadPdrous potassium
arbosa 6@6%01'& ' 4e|_r| ' Aélc?e%g ’tH]:2'14HZ’ 2%1}15?#5 1 " 1
© 9?5 u yn)%- -methoxy- -meeiHnypé)-?pipera eﬁf-ﬁﬁﬁ??é?&%&%spﬁ%%%ﬁoom
temp@gftioatitiouecinddhan N Ox==0 #idef. | After stirring at room
temperature for one hour, a white precipitate was collected by filtration. The white solid
obtained was washed with water and t-butyl methy! ether to give the title compound {355 mg).
'H-NMR(DMSO0-d6)
o 1.78 (t, I=2.4Hz, 3H), 3.33 (s, 3H), 4.76 (g, I=2.4Hz, 2H)
MS m/e (EST) 271(MH")

1)
4-[7-(2-Butynyl)-2-chloro-9-methyl-8-0x0-8,9-dihydro-7H-purin-6-yl [piperazine- 1 -carboxylic
acid t-butyl ester

OYOX

N
()
N e
NﬁNg
CI/K\N 1\{

7-(2-Butynyl)-2,6-dichloro-9-methyl-7,9-dihydropurin-8-one (334 mg) was dissolved in
acetonitrile (5 mL), piperazin-1-carboxylic acid t-butyl ester (300 mg) and triethylamine (190
p.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 sulfate.

- 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).
'H-NMR(DMSO-d6)
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4-[7-(2-Butynyl)-2-chloro-9-methyl-8-o0x0-8,9-dihydro-7H-purin-6-yl]piperaz
ine-I-carb oxylic acid t-butyl ester (8mg) was dissolved in methanol (0.5
mL), and then sodium hydride 10 (60-72%, in oil) (5 mg) was added to this-
solution. After stirring at 80C 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

§ LATonCcHEAlyAted (audHelresidyes \Wass disgalyad)irs Hifl qorianelis @cid0 This4H), 4.63 (q,

1=2 4igactigh solution was stirred at room temperature for five minutes, and
then concentrated. The residue was purified by reverse phase high
performance liquid 15 chromatography to give the title compound (4.26

1g) mg). 'H-NMR(CD30D) S 1.78 (t, J=2.4Hz, 3H), 3.37 (s, 3H), 3.41-3.45

7-(2-%@%?{-%&%%%%%%2%&-e%%ﬁ;ta%@'ﬁy?j%@Ldﬂfy%égﬁfuzlmé\ﬁes trq}ll%oroacetic

acid saltButynyl)-2-chloro-9-methyl-6-(piperazin-I-yl-7~
9-dihydropurin-8-onetrifluoroacetic acid saltH1 CND NO NOHOF CI
N;WF 25
4@7-@-Butynyl)-2-chIoro-9-methyl-8-oxo-8,9-dihydro-7H-purin-6-yl]piperaz
ineéd-carb—e%iic acid t-butyl ester (compound if) (15 mg) was dissolved in
trifliqroggetic acidf1 mL). 41 - This reaction solution was stirred at room
tempégratyredogfiverminutes, and then concentrated. The residue was

MeOPUTied Ny reverse pkaSe high performance liquid chromatography to give
the title (\,ompound (11.07 mg). MS m/e (ESI) 321(M+H)+ 5

4-[7-(2-Butynyh)-2-chloro-9-methyl-8-ox0-8 ,9-dilrydro-7H-purin-6-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)
& 1.78 (t, J=2.4Hz, 3H), 3.37 (s, 3H), 3.41-3.45 (m, 4H), 3.60-3.64 (m, 4H), 3.97 (s, 3H), 4.66 (q,
J=2.4Hz, 2H)
MS m/e (ESI) 317(M+H)"

Example 2
7-(2-Butynyl)-2-chloro-9-methyl-6-(piperazin-1-v1)-7.9-dihvdropurin-8-one trifluoroacetic acid
salt

H
N
)
e
N/
Ci/k‘N/H\;\\;\FO HO/LH(i

F

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 1£) (15 mg) was dissolved in trifluoroacetic acid (1 mL).



Example 3
7-(2-Butynyl)-2-diethylamino-9-methyl-6-(piperazin-1-yl)-7,9-dihydropurin-
8-one trifluoroacetic acid saltH NCNJO N NINN~=OHOFF J10
4-[7-(2-Butynyl)-2-chloro-9-methyl-8-0%3-8,9-dihydro-7H-purin-6-yl]piperaz
ine-I-carb oxylic acid t-butyl ester (compound If) (4 mg) was dissolved in
1-methyl-2-pyrrolidone (0.3 mL), and then diethyl amine (50 L) was added
to this solution. The reaction solution was stirred at 80C for four hours,

This ﬁ!&@t{&@ Botensetiaiercing Fesisluavasaiss ey el dnntHiaraagelisra®feentrated.

thls reac ution was stirred .at room temperature, for five minutes,
The B R R R R e BT By ST U et the
title q@@nmérﬁéé @iﬁm@) chromatography to give the title compound (0.63 mg).

MS aYe BSHA38(M+H)+ Example 4 20
7-(2-Butynyl)-2- dlmethylamlno -9-methyl-6-(piperazin-I-yl)-7,9-dihydropurin

3 -8-one trifluoroacetic acid saltH N CN O N >=0 HOIYF N Using
Examblg@ 4 2-butynyl)-2-chloro-9-methyl-8-0x0-8,9-dihydro-7H-purin-6-yl]piperaz
7-(2- I8 eArb oG 1 47i A6 19- Ryl @SIEI0-Ma) and/dimethylaming ¢30.L)

. Instead of the diethylamine in Example 3, the Title compound (5.96 mg)
friflu %treatment similar to that of Example 3. 42 MS mle (ESI)

330(M+H)+

f[ o
/\N

10 4- [7~(2-Butynyl)-2—chlor0~9~methy1-8-oxo«8 ,9-dihydro-7H-purin-6-ylipiperazine-1-carb
oxylic acid t-butyl ester (compound 1f) (4 mg) was dissolved in 1-methyl-2-pyrrolidone (0.3

ml}, and then diethyl amine {50 pL) 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,
15  and then concentrated. The residue was purified by reverse phase high performance liquid

chromatography to give the title compound (0.63 mg).

MS m/e (ESI) 358(M+H)"

_ Example 4
20 . 7-(2-ButynyD-2-dimethylamine-9-methyl-6-(piperazin-1-v1)-7.9-dihydropurin-8-one

trifluoroacetic acid sait

E]/
\*/I\FOHO&

_ Using
4-[7-(2-butynyl)-2-chloro-9-methyl-8-0x0-8,9-dihydro-7H-purin-6-yl]piperazine-1-carboxylic

25 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 freatment similar to that of Example 3.
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Example 5 7-(2-Butynyl -9-methyl-2-methylamino-6-(piperazin-1-yl -7
9-dihydropurin-8-one 5 trifluoroacetic acid saltH N CNJ N O NN ~O
HOyF N F F H Using methylamine (40% methanol solution) (50 L) -
instead of the diethylamine in ExampléZ, the title compound (4:35 mg)
was obtained by treatment similar to that of Example 4, MS mle (ESI)
316(M+H)+ 10 Example 6
2-Amino-7-(2-butynyl)-9-methyl-6-(piperazin-I-yl)-7 9-dihydropurin-8-one
MS riffl@E8DaFEnALY saltH N CND O | >=0 HO F H2N N N F 15 Using
agueous ammonia (28%-30%) (30 L) instead of the diethylamine in
Example 4, the title compound (0.84 mg) was obtained by treatment
Examglaifar to that of Example 4. Example 7 7-(2-Butyn

7-(2- Bngvlﬁﬂp'@ﬁ%vgmﬁﬁﬂbﬂfﬁlﬁ@ﬂﬂe@a( i rrshind- D-einy a3 eNes -one

trlfluoroacegcago acidsaltH NCND O IN>=OHO F
trifluorodacetic acl

H
N

N /
N Na: HO/LH<
N N7 N
H \

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 fo that of Example 4.
MS m/e (ESI) 316(M+H)"

Example 6
2-Amine-7-(2-butynyD}-9-methyl-6-( Diperazin—l-Vl)—7,9~dihvdropurin-8uone trifluoroacetic acid

salt

N /
N 0]
N7
NI =0 w0t
N F
HaN™ NN F

Using aqueous ammonia (28%-30%) (30 uL) instead of the diethylamine in Example 4,

Pz

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

Example 7
7-(2-Butynyl)-2-isopropoxy-9-methyl-6-(piperazin- 1 -y1)-7.9-dihvdropurin-8-one trifluoroacetic

acid salt

CJ

/[\ )\ﬁ =0 HO F
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ONNF43--4-
[7-(2-Butynyl)-2-chloro-9-methyl-8-0x0-8,9-dihydro-7H-purin-6-yl]piperazin
e-l -carb oxylic acid t-butyl ester (comagund 1 f) (5 mg) was dissolved in
isopropanol (0.5 mL), and then sodiuni hydride (60%-72%, in oil) (5 mg)
was added to this solution. The reaction solution was stirred at 80C for
four hours, saturated aqueous ammonium chloride solution was added to
the 5 reaction solution, and this was extracted with ethyl acetate. The

obtalded-dteanid ) erlves cantehtbated; Y Fositoe Wap gisSoépinsrazine-1 -carb
oxylidHfiioroasaticreidoidhtnis reastian)seistianwiasd $Hke@@ba8NT0.5 mL), and then

. temperature for flye minytes, and then concentrated. The residue was .
sodiu U B L RS oGPt g sotuon wa
stirredoigt&f thiwtiflercbmparati(aiSbagng)rd enviSmien EIS Dr B¢ SMuidiwvas added to the

reacti&X @RI afrd 2Bty bk d-bydr Qv e tyd B niparagipel b ddrganic layer was
urin:8-one triflu r%%cetlc. cid saltH (NNNJO )=O HOF HO

conce%{r%l{?édé?%rgmduc was dissolved 1in trifluoroacetic atid, and this reaction solution was
stirredjaf Za@aBlatypgtiRreHior6 @ methigk Sand th8roeditryd ez - p iin-Geitipiperapurified
R ey R TR R R ol
mg). and sodium hydride (60%-72%, in oil) (5 mg) were added to this solution.
MS nilth@ REpdtoaveatition was stirred at 80C for four hours, saturated 20

agueous ammonium chloride solution was added to the reaction solution,

and this was extracted with ethyl acetate. The obtained organic layer was
E@E&cuéentrated, the residue was dissolved in trifluoroacetic acid, and this
7-(2-BeactidpShlddionywasstiindd dbinomiemhpbrdtoreifiodfiverrnirises:, tafidoroacetic
acid ngfen concentrated. The residue was purified by reverse phase high
—performance liquid chromatography to obtain the title compound (1.56

rrilgy). 25 MS mle (ESI) 303(M+H)+

ol
// o
[ a T,
HO™ N N FF
- 4-[7-(2-Butynyl)-2-chloro-9-methyl-8-ox0-8,9-dihydro-7H-purin-6-yl]piperazine-1 -carb
oxylic acid t-butyl ester (compound 1£) (5 mg) was dissolved in 1-methyl-2-pyrrolidone (0.3

mlL), and then 4-methoxybenzyl 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

aqueous ammonium chloride solution was added to the reaction solution, and this was extracted
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 (EST) 303(M+H)"

-2-methvisulfanyl-9-methyl-6-(piperazin-1-y1)-7.9-dihvdropurin-8-one

‘trifluoroacetic acid salt
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Example 9 7-(2-Butynyl
-2-methyisulfanyl-9-meth}1-6-(piperazin-Il-yl)-7,9-dihvdropurin-8-one
trifluoroacetic acid salt44--HN NO il-lC)-=0 HOF SNNF
4-[7-(2-Butynyl)-2-chloro-9-methyl-8- oX0-8,9- -dihydro-7H-purin-6-yl]piperaz
ine- | -carb oxylic acid t-butyl ester (compound If) (5 mg) was dissolved in
1-methyl-2-pyrrolidone (0.3 mL), and then methyl mercaptan (30%,
methanol solution) (50 L) and anhydrous potassium 5 carbonate (5 mg)
were added to this solution. The reaction solution was stirred at 60C for
i hours, saturated aqueous ammonium chloride solution was added to
E&ar actlorl/solutlon and this was extracted with ethyl acetate. The
obfaine nic layer was concentrated, the residue was dissolved in
cetic aci and this reaction solution was stirred at room
’Hm raj;ence) fan fiv |nutes and then concentrated. The residue was
~s i |ed\‘by reverse p:ha{:se high 10 performance liquid chromatography to
give the titte compound (1.87 mg). MS m/e (ESI) 333(M+H)+ Example 10

7- wu(ynﬂh@ngtmoxyh&:m@thuaﬁ}ﬂp&o@iamwhy&%ﬂhmgﬁﬁﬁw@tﬁs@a@azme-1-carb

fl |
o e S s S et sl ©
mL), méim@arme&wlmm%(ﬂ%éwmedmm@tmﬁ%@)m dibzdivas patassium

carboﬁamqﬂmg%wfécdmaec(%s Mliand mgéhﬁaﬂls@@@oﬁ@@s%ﬁegimeoc for four
car onat were adde to. |30§olut|on Th ﬁ? aﬁactlon solutign

hourswsaas S rre ut 98 or 51 OUI’S Déln 188[’%%%1% ’f%ascfau%@v utlon and
this mgﬁtr@aemmﬂwkwé@eg@ac|d,l"hﬁdhmmém@wslﬂmmwwagmﬁmeated the residue

was diQUNEEMPeIAtFR I8k ic 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 (1.87 mg).

MS m/e (EST) 333(M+H)"

Example 10
7-(2-Butyny)-2-ethoxy-9-methyl-6-(piperazin-1-v1)-7.9-dihvdropurin-8-one trifluoroacetic acid

salt

ZT

N =
// 0
NT N . F
BN Nl
F
NN F
\
4-[7-(2-Butynyl)-2-chloro-9-methyl-8-0x0-8,9-dihydro-7H-purin-6-yljpiperazine-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 give the title compound (8.50 mg).

TH-NMR(CD;0D)

8 1.44 (t, J=7.0Hz, 3H), 1.82 (t, J=2.4Hz, 3H), 3.40 (s, 3H), 3.47 (m, 4H), 3.65 (m, 4H), 4.44
(2H, J=7.0Hz, 2H), 4.70 (q, J=2.4Hz, 2H)
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five minutes and then concentrated. This residue was purified by reverse
phase high performance liquid chromatography to give the title compound
(8.50 mg). 'H-NMR(CD30D) 25 8 1.44 (t, J=7.0Hz, 3H), 1.82 (t, J=2.4Hz,
3H), 3.40 (s, 3H), 3.47 (m, 4H), 3.65 (T, 4H), 4.44 (2H, J=7.0Hz, 2H),
4.70 (q, J=2.4Hz, 2H) 45 MS mle (ESI) 331(M+H)+ Example 11
2-Benzylox -77-(2-butynyl)-9-methyl-6-(piperazin-I-mi)-7
9-dihydropurin-8-one trifluoroacetic 5 acid salt H N CND O \ O~N N>=0
MS mAQRH) B3 Usinglbenzylalcohol (30 L) instead of the ethanol in Example
10, the title compound (11.28 mg) was obtained by treatment similar to
- that of Example 10. MS mle (ESI) 393(M+H)+ 10 Example 12
Ex utynyl)-9-methyl-2-phenoxy-6-(piperazin-1-yl)-7,9-dihydropurin-8-one
2-Berriflisono da@tioutanid s iddtN BN Medazin - ByD-HO Ry Qrbbih - Sokbsirfiuoroacetic
acid SQﬁ)(enol (20 mg) instead of ethanol in Example 10, the title compound
.83 mg) was obtained by the treatment similar to that of Example 10.
MS mle (ESI) 379(M+H)+ Example 13 20 2-[7-(2-Butynyl

-9-met oxo -6-(piperazin-l-yl -8)
9- d|hy pWoxylbenzomtnle
fI om0~k
Cro

Using benzylalcoho! (30 pl) instead of the ethanol in Example 10, the title compound

(11.28 mg) was obtained by treatment similar to that of Example 10.

‘MS me (EST) 393(M+H)

Example 12

iperazin-1-v1)-7.9-dihvdropurin-8-one trifluoroacetic

acid salt

Z I

e
N / o)
N)\”;N>:O HO)KKF
/K\N N [
\
Using phenol (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)"

Example 13
2-17-(2-ButynyD-9-methyl-8-0xo0-6-(piperazin-1-v1}-8.9-dihvdro-7H-

frifluoroacetic acid salt
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trifluoroacetic acid salt 46 - - HN N O ~cA N>=0O HOYF F CN Using
2-cyanophenol (10 mg) instead of the ethanol in Example 10, the title
compound (11.83 mg) was obtained by treatment similar to that of -
Example 10. MS mle (ESI) 404(M+H)+#65 Example 14 ]
2-[7-(2-Butynyl)-9-methyl-8-ox0-6-(piperazin-1-yl)-8,9-dihydro-7H
purin-2-yloxylbenzamide trifluoroacetic acid saltH N CND O >=O HO F
N-lyFON HZN O 10
4-[7-(2HButynyl)-2-chloro-9-methyl-8-0x0-8,9-dihydro-7H-purin-6-yl]piperaz
ine-I- oxylic acid t-butyl ester (compound If) (8 mg) was dissolved in
1-methyl-2-pyrrolidone (0.3 mL), and then salicylamide (10 mg) and
cesiumi¥carb (10 mg) were added to this solution. The reaction
solutj stirred at 8)C for 14 hours, saturated aqueous ammonium
hloge olytiof Wag) to the reaction solution, and this was
ex@ractsd with ethyl acetaﬁe.FI'he 15 obtained organic layer was
CNconcentrated, the residue was dissolved in trifluoroacetic acid, and this

reagtipfy §%9%bﬁ%§t¥&ﬁ§tﬁ8%t8mﬁé e fer Bveminuesiandie compound

then concentrated. The residue was purified by reverse phase high
(L8 R M AR RIS ERBLABHY 6 ! FEBRE Bmpound (154
MS mitegEST) 404(M+H)"

Example 14
2-17-(2-ButynvD)-9-methvl-8-ox0-6-{piperazin-1-y-8.9-dihvdro-7H-purin-2-vloxy]benzamide

trifluorcacetic acid salt

H
N
S
N™ =
N)\/E[N/\FO/)C‘)KKF
O/RN ,\{ HO NG

HNT 0

4-[7-(2-Butyny!)-2-chloro-9-methyl-8-0x0-8,9-dihydro-7TH-purin-6-yl ] piperazine- 1 -carb
oxylic acid t-butyl ester (compound 1£f) (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 agueous ammonium chloride
solution was added to the reaction solution, and this was extracted 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 liguid chromatography to obtain the
title cormpound (1.54 mg).
MS mle (ESI) 422(M+H)"

Example 15
2-Allvlioxy-7-(2-butynv]}-9-methvl-6-(piperazin-1-y1)-7.9-dihydropurin-8-one trifluoroacetic

acid salt
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MS m/e (ESI) 422(M+H)+ 20 Example 15
2-Allyloxy-7-(2-butynyl)-9-methyl-6-(piperazin-I-yl)-7,9-dihydropurin-8-one
trifluoroacetic acid salt 47 - H N CNJ Q,/- \N NOHO F O N F Using |
allylalcohol (30 L) instead of the salicylamide in Example 14, the title
compound (1.20 mg) was obtained by treatment similar to that of Example
14. MS mle (ESI) 343(M+H)+ 5 Example 16
(2-Butynyl)-2-(2-butynyloxy)-9-methyl-6-(piperazin-
I-y1)-7¥-dihydropurin-8-one trifluoroacetic acid saltH N CNDON'F O
HO N F 10 Using 2-butyn-I-ol (30 L) instead of the salicylamide in
Example 114, the title compound (1.20 mg) was obtained by treatment
similarfo that© xargple 14. MS mle (ESI) 355(M+H)+ Example 17 15
2-Bag \no-7-(2-blutynyl)-9-methyl-6-(piperazin-I-yl)-7.9-dihydropurin-8

. _~one trifl oroaTetRCAc tH N

N7 N N F

Using allylalcohol (30 pL) instead of the salicylamide in Example 14, the title
compound (1.20 mg) was obtained by treatment similar to that of Example 14.
MS m/e (EST) 343(M+H)"

Example 16
7-(2-ButynyD-2-(Z-butvnyloxy)-8-methyl-6-(piperazin-1-y1)-7.9-dihvdropurin-8-one

trifluoroacetic acid salt

H
N

. E,“ : ~ o
/ o’ti\/IEN\FO HO}%E
Z \

Using 2-butyn-1-ol (30 pL) instead of the salicylamide in Example 14, the title

compound (1.20 mg) was obtained by treatment similar to that of Example 14.
MS m/e (ESI) 355(M+H)"

- Example 17

2-Benzyviaming-7-( 2-butvnvl§~9~methyl—6-( piperazin-1-vD-7.9-dihvdropurin-8-one

frifluoroacetic acid salt

H
N

] ~ o
Cr bmelies
_ 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 if) (15 mg) was dissolved in 1-methyl-2-pyrrolidone 0.3 mL,

and then benzylamine (50 pl.) was added to this solution. The reaction solution was stirred at
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CND O >=OHO)YF NNF H
4-[7-(2-Butynyl)-2-chloro-9-methyl-8-o0x0-8,9-dihydro-7H-purin-6-yl]piperaz
in-I-carbo xylic acid t-butyl ester (compound if) (15 mg) was dissolved in
1-methyl-2-pyrrolidone 0.3 mL, 20 anf&hen benzylamine (50 .tL) was
added to this solution. The reaction solution was stirred at 48 70C for 12
hours, and then the reaction solution was concentrated. The residue was
dissolved in trifluoroacetic acid, and this reaction solution was stirred at

70°C fooi? lesape taiditkefotlitve avdioutesiutne Waer aeneeatediedT b eckasiguess dissolved

.. - vas purifie I g se high,performance, liguid _chromatogra o .
e B S T e oo R R e i
and theg concentrated. The residue was purified by reverse phase high performance liquid

chror@rGREsRyAMeibYh H2enoniyatyb-& finggzin--y)-7,9-dihydropurin-8-on

trifluQr ic.agid salt 10 18a)
MS m%@%ﬁllg%- rin-6-yl)piperazine-1-carboxylic acid t-butyl ester OVO
(N) N> CI N N 2,6-Dichloropurine [CAS No. 5451-40-1] (5.0 g) was

stirred at room temperature for one hour, and then the white precipitate

was collected by filtration. The white solid obtained was washed with

water and hexane to give the title compound (8.5 g). 20

4-(2-CHINMBK DM S D58 B n3ite; Diddris8PlinacitH)yb8tdbeépar 4H), 8.16 (s,
1H), 13.21 (br.s, 1H)

18a)

2,6-Dichloropurine [CAS No. 5451-40-1] (5.0 g) was dissolved in acetonitrile (70 mL),
and then pipérazine~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, aﬁd this was stirred at room temperature for
one hour, and then the white precipitate 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, 9H), 3.32 (m, 4H), 3.46 (m, 4H), 8.16 (s, 1H), 13.21 (brs, 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-methyl-9H-purin-6-yl)piperazine-1-carboxylic acid
t-butyl ester 49 Ot0O (N) NN CI-N N
4-(2-Chloro-9H-purin-6-yl)piperazine-I-carboxylic acid t-butyl ester (6.62 g)
was dissolved in N,N-dimethylformam‘i@e (66 mL), methyl iodide (1.34
mL) and anhydrous potassium carbonate (3.51 g) were added to this
solution cooled in an ice bath. After stirring 5 the reaction solution at room
temperature for five hours, 1 N hydrochloric acid (5 mL) and water (200
mL) were added to this reaction solution, which was then extracted using
ethyl tate. The obtained organic layer was washed sequentially with

€r and then saturated brine, and then dried over anhydrous

gnesium sulfate. The organic layer was concentrated under reduced
pregsure to give the title compound as a solid (7.40 g). 10

MR(DMSO-d6) S 1.43 (s, 9H), 3.32 (m, 4H), 3.46 (m, 4H), 3.71 (s,

3H), 8.18 (s, IH) 18c)
-(2;8-Richloro-9-methyl-9H-purin-6-yl)piperazine-1-carboxylic acid t-butyl
10(N) N N'IN>-CICI~-NN 15

4-(2-Chloro-9-methyl-9H-purin-6-yl)piperazine-I-carboxylic acid t-butyl

ester (7.3 g) was dissolved in N,N-dimethylformamide (70 mL), and then
N-chiGrésuetmbtiidarin-6-4) piasraatited-cortris Yol uoht-Taiy restetith 62 g) was
dissoBRIgERMNWAg sliedatrRaMItamP araiurs-iaL P23 Maurs. 3WateS {288dMdrous

was added to the_reaction solution, and this was stjrred at roo ..
Pt SPEREPR P ot R e S O R BT G e s
the refiictetiosnlThenvehite sotidrpbtainediwdsy alashed Withydaidrl arid degahenio) and water
(200 B1Y§ {8 ditieicoMRRALNGAS: 6.0 HNMRIDMBLHE) extracted using ethyl acetate.

The obtained organic layer was washed sequentially with water and then saturated brine, and

Ci

then dried over anhydrous magnesium sulfate. The organic layer was concentrated under
reduced pressure to give the title compound as a solid (7.40 g).

'H-NMR(DMSO-d6)

0 1.43 (s, 9H), 3.32 (m, 4H), 3.46 (m, 4H), 3.71 (s, 3H), 8.18 (s, 1H)

18¢c)
4-(2,8-Dichlorc-9-methyl-SH-purin-6-ylpiperazine- 1 -carboxylic acid t-butyl ester

L

0.0

Y

N

o
= N
Jgus
.
cl” °NT N
\
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(DMSO0-d6)
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50 S 1.43 (s, 9H), 3.16 (m, 4H), 3.47 (m, 4H), 3.64 (s, 3H) 18d)
4-(2-Chloro-9-methyl-8-0x0-8,9-dihydro-7H-purin-6-yl)piperazine-i- carboxy
lic acid t-butyl 5esterO10C) NH NO NJ,,CINN
4-(2,8-Dichloro-9-methyl-9H-purin-6- yl§|9|perazme [-carboxylic acid t-butyl -
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 stirring the reaction solution at 120C 10 for 22 hours, I N
3 L4aqueshs hydiechislic Adit((,. 01N L) .andswaker (80 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,
8d) and dried over anhydrous magnesium sulfate. The organic layer was then
4-(2-Canhgeriratetyigiek sekioetbydresreudndinD pesidumwas: pudleddueid t-butyl
silica gel column chromatography to give the title compound (200 mg). 15
'H-NMR(DMSO-dG) S 1.44 (s, 9H), 3.22 (s, 3H), 3.42 (m, 4H), 3.54 (m,
4H), 11..20 (br.s, 11-1) 18e)
2 C -9-methyl-7-(2-pentynyl)-6-(piperazin-I-yl)-7,9-dihydropurin-8-one
uoroacetlc acid 20saltH N CNJON>=OHOF CINNF
i&%b Chloro-9-methyl-8-0x0-8,9-dihydro-7H-purin-6-yl)piperazine-I-carboxy
ic

ester

id t-butyl ester (5 mg) was dissolved in N,N-dimethylformamide (0.2
and then 1-bromo-2-pentyne (15 L) and anhydrous potassium
c rbo te (5 mg) were added to this

CI)\N \>:O

4-(2,8-Dichloro-9-methyl-9H-purin-6-yl)piperazine-1-carboxylic acid t-butyl 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 stirring the reaction solution at 120°C
for 22 hours., I N aqueous hydrochloric acid (5.0 mL) and water (80 mL) were added to the
reaction solation, and this was extracted with ethyl 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
silica gel column chromatography to gwe the title compound (200 mg).
'H-NMR(DMSO-d6)
& 1.44 (s, SH), 3.22 (5, 3H), 3.42 (m, 4H), 3.54 (m, 4H), 11.20 (brs, 1H)

~ 18e)

2-Chloro-9-methyl-7-(2-pentynyl)-6-(piperazin-1-y1)-7,9-dihydropurin-8-one trifluoroacetic acid

E]//

/;\ /\——-o Ho/lH<F

N \ F

4-(2-Chloro-9-methyl-8-0x0-8,9-dihydro-7H-purin-6-yl)piperazine-1-carboxylic acid
t-butyl ester (5 mg) was dissolved in N,N-dimethylformamide (0.2 mL), and then

Cl

1-bromo-2-pentyne (15 puL) and anhydrous potassium carbonate (5 mg) were added to this
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51 - solution. The reaction solution was stirred at room temperature for 12
hours. Saturated aqueous ammonium chloride solution was added to the
reaction solution, and this was extracted with ethyl acetate. The organic
layer was concentrated, the residue wak dissolved in trifluoroacetic acid, -
and after stirring this reaction solution at room temperature for five
minutes, 5 it was concentrated. The residue was purified by reverse phase
high performance liquid chromatography to give the title compound (1.93

solutiaig). ’Hré\leBﬁGﬁJ&ﬁQdoﬁ WA krekE ot 6bbin Iehhpr2fhfbra, 12-HobHzZ, E'aﬁlrated
aqueog’ll__sﬂro B 31 Io rr}soi‘uHx)diséx@als g@deﬁ?} ée reag%;ro% 520|1_| 1%91 Msd S was extracted
with @Uhmﬁa@mé& |07gealmmlv@bﬁ@éﬁmte§bﬁémmdy@/m@smw&u
tnﬂuéﬂa;a%&ﬁ%clﬂﬂb!ﬂ[%&%téﬁﬁﬁig ﬁ@é&@@ctﬁm%dﬂf@lﬁn@ﬂ gﬁomﬁe%éﬁﬂﬁl@ for five minutes,
ethyl-2-butene ad of the 1-bro eln
vt RR). Lo L pOUAL o2 i 1A DB oy ey s
chmrsmmnbytﬁagw theditiplectgwnnd (WHREED30D) 20 6 1.71 (br.s, 3H),
'H-NI8dbrem3H), 3.35 (m, 4H), 3.39 (s, 3H) 3.57 (m, 4H), 4.56 (br.s, 2H),

3 os@smg: o RT e it B AR. Ry D oschh gl Bl 450, 472
(br.s,#fllioroacetic acid salt52 H CND N O
MS m/e (EST) 335(M+H)"

Exampie 19 _
2-Chloro-9-methyl-7-(3-methyl-2-butenvD-6-(piperazin-1-yD)-7.9-dihvdropurin-8-one

trifluoroacetic acid salt

5y

J o)
N7 F
il =0 HO)-KK

Using 1-bromo-3-methyl-2-butene (15 pl) instead of the I-bromo-2-pentyne in

Cl

Example 18¢), the title compound (1.25 mg) was obtained by treatment similar to that of
Example 18e).

'H-NMR(CD:0D)

& 1.71 (brs, 3H), 1.80 (br.s, 3H), 3.35 (m, 4H), 3.39 (s, 3H), 3.57 (m, 4H), 4.56 (br.s, 2H), 5.23
(br.s, 1H)

MS m/e (ESI) 337(M+H)"

Example 20
7-(2-Butenvl}-2-chloro-9-methvl-6-(piperazin-1-y1)-7.9-dihvdropurin-8-one trifluoroacetic acid

galt
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j ~OHOF CIN N F Using 1-bromo-2-butene (15 AL) instead of the
1-bromo-2-pentyne in Example 18e), the title compound (1.84 mg) was
obtained by treatment similar to that of Example 18e). MS mle (ESI)
323(M+H)+ 5 Example 21 52
7-Benzyl-2-chloro-9-methyl-6-(piperazin-1-yl)-7,9-dihydropurin-8-one
trifluoroacetic acid salt HNCIJN\O NN'11>==0 HO F CIN N F Using
benzyl bromide (15 p.L) instead of the 1-bromo-2-pentyne in Example
I8e), the 10 title compound (2.91 mg) was obtained by treatment similar to
C of Example 18e) MS mIe (ESI) 359(M+H)r Example 22

loro-9-methyl § 0Xx0-8,9-dihydro-7H-purin-6-yl)piperazine-I-carboxy

I|c cid »t=loutybsst Eompound 18d) (10 mg) was dissolved in

Cl ethylformamide (0.3 mL), and then iodomethane (25 p1) and
anhydrous potassium carbonate (15 mg) were added to this solution.

Afterssiirngshereaationgokition @gf%mﬁqmge@éﬁis @p@fﬁﬂﬁeqﬁ%xamp;e 18¢),

aturated 2 eous ammaoniu so utlo dde
the ti t?e g Lomipoun so(ip ?(;g# vagsmgtx ra”&tﬁ 511111 A 50 that xamgle 18e).
MS m/e (EST) 323(M-+H)"
Example 21

7-Benzv1—2—chloro—9—methvi—6—(nipera.zin~14v1)-7.9—dihvdronurin—8~one trifluoroacetic acid salt

U@

)\ >:o Ho& e

N \ F

Using benzyl bromide (15 uL) instead of the 1-bromo-2-pentyne in Example 18e), the

Cl

title compound (2.91 mg) was obtained by treatment similar to that of Example 18e).
MS m/e (EST) 359(M+H)"

Example 22
2-Chloro-7 9-dimethvl-6-(piperazin-1-y1)-7.9-dihydropurin-8-one trifluoroacetic acid salt

M
N

N i\; o
N~ F
Ko wdc
N~ N F
\
4-(2-Chloro-9-methyl-8-ox0-8,9-dihydro-7H-purin-6-yl)piperazine-1-carboxylic acid
t-butyl ester (compound 18d) (10 mg) was dissolved in N,N-dimethylformamide (0.3 mlL.), and

then iodomethane (25 ul) and anhydrous jpotassium carbonate (15 mg) were 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 extracted

with ethyl acetate, and the obtained organic layer was concentrated. The residue was dissolved
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with ethyl acetate, and the obtained organic layer was concentrated. The
residue was dissolved 53 in trifluoroacetic acid. This reaction solution was .
stirred at room temperature for five minutes, and then concentrated. The
residue was purified by reverse phase ﬁlgh performance liquid - -
chromatography to give the title compound (10.01 mg). 'H-NMR(CD30OD)
58S 3.44 (s, 3H), 3.45 (m, 4H), 3.59 (s, 3H), 3.64 (m, 4H) MS m/e (ESI)
283(M+H)+ Example 23 7 9-Dimethyl-8-oxo-6-(piperazin-1-yl)-8
in triQudibyetrde dkiduriiibzs canbomi sttt atcatetielatithobd walpbtGRe BN minutes,
R A s S SIS Res Ard v
C}Hoqt%t‘a%ﬁ%l’ktyﬁﬂtﬁt‘é’st’é? EEBWBBW’? P@bmgg) was dissolved in
EH-N1‘«[[&{(1]11313621mgIformamlde (0.5 mL). lodomethane (30 L) and anhydrous

53 4‘9{? U%Baécnon )zo%un rﬂsg)jtﬁgrfé‘%gmp ed to this 15 solution. After

the re a ture for 12 hours, saturated

MS ”H@]&E&&ﬁ&?ﬁ%ﬁﬂlhm chloride solution was added to the reaction solution.

This was then extracted with ethyl acetate, and the obtained organic layer
Exam f\szc.oncentrated Half of the obtained residue was dissolved in
yIsquOX|de (O 3 mL) and then sodlum cyanlde (15 mg) was added .

- L 3 ] 1 o

salt water was 20 added to the reactlon solutlon ThIS was then extracted W|th

ethyl acetate, and the resulting organic layer was concentrated. The

reg/due was dissolved in trifluoroacetic acid. This reaction solution was

ﬁrrﬁ at room temperature for five minutes, and then concentrated. The

e was purified by reverse phase high performance liquid
ch omatbgraphy tﬁ)glve the title compound (3.43 mg). 25

o)
//I{\ N7 N F F

N7 \

4-(2-Chloro-9-methyl-8-ox0-8,9-diltydro-7H-purin-6-yl)piperazine-1-carboxylic acid
t-butyl ester (compeund 18d) (20 mg) was disselved in N,N-dimethylformamide (0.5 mL).
Todomethane (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 selution 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 purified by reverse phase high performance liquid chromatography to give the title
compound (3.43 mg).
'H-NMR(CD;0D)
6 3.48 (m, 4H), 3.49 (s, 3H), 3.65 (s, 3H), 3.66 (m, 4H)
MS mie (EST) 274(M+H)"

Example 24
2-Chloro-9-methyl-6-(piperazin-1-v1)-7.9-dihvdropurin-8-one trifluoroacetic acid salt
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5 3.48 (m, 4H), 3.49 (s, 3H), 3.65 (s, 3H), 3.66 (m, 4H) MS mle (ESI)
274(M+H)+ Example 24 30 2-Chloro-9-methyl-6-(piperazin-I-yl)-7
9-dihydropurin-8-one trifluoroacetic acgg salt54 H(N) N O N>~O HO F
CINNF
4-(2-Chloro-9-methyl-8-0x0-8,9-dihydro-7H-purin-6-yl)piperazine-I-carboxy
lic acid t-butyl ester (compound 18d) (8 mg) was dissolved in
trifluoroacetic acid. This reaction solution was stirred at room temperature
fot five minutes, and then concentrated. The residue 5 was purified by
rse phase high performance liquid chromatography to give the title
comgpound (5.08 mg). MS mle (ESI) 269(M+H)+ Example 25 10
erigin-3-yl carpamic acid t-butyl ester 25a)
toxycarbon Iampoplperldln -I-carboxylic acid benzyl ester O
/@u N~B=0k zyl chloroformate (30% solution in toluene) (88 g)
wWéis addded dropwis€ over 30 15 minutes an ice-cooled a mixture of
piperidin-3-carboxylic acid ethyl ester (24.3 g), triethylamine (26 mL), and
~ ethyl@c€atec 30D athly)- 8|'b&d@&ﬂﬂ@éﬁdm@mtﬁﬂjﬂﬁi@éﬂiﬁ&mqvearboxyﬁc acid
ehugfPAHBiRsHRsHANGaS @At Ne, (gl 81%51{"@%9 }Qgg%%ha% ahameunty,

of silica gel, and the entrate Ethano agueous

50 ut’é‘é‘dﬂiﬁ%ﬁ%ﬂo%ﬂ@%ﬁﬂ&?‘@éfﬁ@ fheraimeey ﬁ@dzbeme%a@@teand’ihpsremdue

was pudSatibeebatraghaterhity ptuferovacsiiitid berseactonsioliionwalse title
com % gt@gt %aand water (200 mL) was added to this residue, which was

xtracted with t-butyl methyl ether. 5M agueous hydrochloric acid
M)aqueous layer, which was

Example 25
Piperidin-3-v] carbamic acid t-butyl ester

252)

3-t—ButoxycarbonylaminopipeﬁdimI-carboxylic acid benzyl ester
Do L J
O s
0 H

Benzyl chloroformate (30% solution in toluene) (88 g) was added dropwise over 30

minutes an ice-cooled a mixture of piperidin-3-carboxylic acid ethyl ester (24.3 g), triethylamine
(26 mL), and ethy! acetate (300 mL). The reaction solution was filtered to remove insoluble
substances, and the filtrate was filtered through a small amount of silica gel, and then |
concentrated. . |

Ethanol (200 mL) and 5M aqueous sodium hydroxide solution (40 mL) were added to
the residue, and this was stirred at room temperature overnight. The reaction solution was
concentrated, and water (200 mL) was added to this residue, which was then extracted with
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), diphenylphosphory! azide (24.5 mL), triethylamine

(15.9 mL), and t-butanol (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 ethyl 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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30

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 residléj% (30.9 g). 25 A mixture of this

residue (30 g), diphenylphosphoryl azite (24.5 mL), triethylamine (15.9 ~

mL), and t-butanol (250 mL) was stirred at room temperature for 1.5

hours, and then in an oil bath at 100C for 20 hours. The reaction solution

was concentrated, the residue was extracted using ethyl acetate and
magnpmter, sabidithendrgemictayed waswashiddewitis gitutBeddueperfosediginilica gel-
colun%C@r{RQfE’fE%é phfiea.antomen Wit sairated iingalwar themddepaver

anhydrous 55 - magnesium sulfate and concentrated. The residue was
recry i ﬁ@&qw BCEHEg8 PEGHRMY BRFBIRaEHFImPaEHG 4 b9esb

'H-NRO%EHE acetate/hexane, and a subsequent recrystallization using ethyl

h t v ti u oy R(
N SR St T e b DR T
SH) 513 (s, 2H), 7.26-7.40(m, 5H) 25b) Piperidin-3-yl-carbainic acid t-butyl
ester O HNKN11~Ok 10 H A mixture of
b) 3-t-butoxycarbonylaminopiperidine- 1 -carboxylic acid benzyl ester (10 g),
10% palladium on carbon (500 mg), and ethanol (100 mL) was stirred
Pl?efiﬂ%ﬂ@rl‘kﬁ%ﬁ@ﬁ WP@%‘F{mom temperature overnight. The catalyst
S regmved by filtration, and the filtrate was concentrated to dryness to
H[\%h titl mpound (6.0 g). 15 'H-NMR(CDCI3) 6 1.44 (s, 9H),
4 m;-4H), 2.45-2.60 (m, 1H), 2.60-2.75 (m, IH), 2.75-2.90 (m,
1H)18.05 (dd, J=3Hz, 12Hz, 1H), 3.57 (br.s, 1H), 4.83 (br.s, 1H) Example
26 20:hxmeshyisN- mﬂagﬁ@urbsnylh@aﬁagm&aﬁla-u Qufubﬁﬁtﬂfa@d%ﬁmﬂ ledtdr (10 g),
10% %\{Y er bath at roo (#83) gfrat ure, sodi 3% in was
* BadEdto 8" mixtare of 3t %nxycaaf)lon mlnoé)lperl fi-ca oxch agél
atmo ey laé Sty EUNReEAINE 25erieB o) hnettslvisdive x(@rwmm)y &fieption, and the
filtrafy W€l dpetbyfomatem €20t Bkl aind this Was-Siikedas o).
'H-NMR(CDCly) -
S 1.44 (s, 9H), 1.47-1.80 (m, 4I), 2.45-2.60 (m, 1H), 2.60-2.75 (m, 1H), 2.75-2.90 (m, 1H), 3.05
(dd, J=3Hz, 12Hz, 1H), 3.57 (br.s, 1H), 4.83 (br.s, 1H)

Example 26
N-methyl-N-(pipendin-3-y1) carbamic acid t-butyl ester

R

|
In a water bath at room temperature, sodivm hydride (60% in oil) (0.4 g) was added toa

mixture of 3-t-butoxycarbonylaminopiperidin-1-carboxylic acid benzyl ester (compound 25a)
(3.3 g), methyl 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 magnesiuzri sulfate, and concentrated. The residue was purified by silica gel column
chromatography using 10% to 20% ethy! acetate/ hexane to give an oily substance (3.04 g). A
mixture of ali 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 concentrated to give the title compound (1.82 g).
"H-NMR(CDCly)



25 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 magnesium sulfate,
and concentrated. The residue was pt?ﬁfied 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 30 stirred under hydrogen

6 1.4@fm8shherSdlt.0ddm, tepératur S4omfivihoirs Theleathtyd0Was! Flteted (t,

=128, ﬁh%fégrét@%wcﬁ@%ﬂ{[@&qg t0ggy6: 04 fif}e compound (1.82 g).
'H-NMR(CDC13) 56 - S 1.46 (s, 9H), 1.48-1.64 (m, 2H), 1.72-1.84 (m,
2H), 2.43 (dt, J=3Hz, 12Hz, 1H), 2.60 (t, J=12Hz, 1H), 2.75 (s, 3H),

Exan®Jé4'8.02 (m, 2H), 3.86 (br.s, 1H) Example 27 5 6-(3-Amino-piperidin-1-yl

5 6-(3mé%}tﬂﬁé@/%}é%f%ﬁﬁ19{&’)19:'@?6%%8291%&%%‘-%@1%9939155111%%88198998?%‘3

trifluargacetioaeidsal o _chioro-9-methyl-8-oxo-8,9-dihydro-7H-purin-6-yl]piperaz
27a) in-3-yl]carbamic acid t-butyl ester H ~I( O NJIN CI"N 10 '

7 -2,6-di l759:dibyd rn-8- compo I .
1-[74{A% }WB— iahlaresdrpefby| a(.% oY 8- ng
{ .{7 ((100‘%% asg}ﬁ%sﬁ:/e(%%?acgggitgﬁe gxﬁ%{%ﬁ?ﬁg?nf% -%Iagﬁnl%nn%gﬁ)cwbmm
acid 18U ester (compound 25b) (111 mg) and triethylamine (77 .sL)

wererthen added to this solution. After stirring the reaction solution at

T:;ature for 24 hours, water (6 mL) was added. After stirring this

>]/15 eaction solution at room temperature for 30 minutes, the precipitate
was filterad, an white solid obtained was washed with water and
hexane tg-giveythe title compound (88 mg). 1 H-NMR(DMSO-d6) S 1.37
(s, 9H),N1.5 -1.9&m, 4H), 1.76 (t, J= 2.3Hz, 311), 2.72 (m, IH), 2.87 (m,
111y3°2%4(S,"8H), 3.50-3.63 (m, 3H), 4.55 (dd, J=18.0, 2.3Hz, 1H), 4.64
10 (dd, J=18.0, 2.3Hz, 1H), 6.97 (d, 20 J=7.5Hz, 1H) 27b)

7-(2-Butynyl)-2,6-dichloro-9-methyl-7,9-dihydropurin-8-one {(compound 1e) (100 mg)
was dissolved in acetonitrile (1.3 mL). Piperidin-3-yl-carbamic acid t-butyl ester (compound
25b) (111 mg) and triethylamine (77 pL.) were then added to this solution.  After stirring the
reaction solution at room temperature for 24 hours, water (6 mL) was added. Afier stirring this
15 reaction solution at room temperature for 30 minutes, the preéipitate was filtered, and the white
solid obtained was washed with water and hexane to give the title compound (88 mg).
1 H-NMR(DMSO-d6) '
8 1.37 (s, 9H), 1.57-1.91 (m, 4H), 1.76 (t, J= 2.3Hz, 3H), 2.72 (m, 1H), 2.87 (m, 1H), 3.26 (s,
3H), 3.50-3.63 (m, 3H), 4.55 (dd, J=18.0, 2.3Hz, 1H), 4.64 (dd, J=18.0, 2.3Hz, 1H), 6.97 (d,
20 J=7.5Hz, 1H) '

27b)
6-(3-Amino-piperidin-1-yD)-7-(2-butynyl)-2-chloro-9-methyl-7,9-dihydropurin-8-one

trifluoroacetic acid salt

)
N = |
N/ 0

N/‘

BNy N>:0 HOJ\Ki

Cl N
25 \ " ' -
[1-{7-(2-Butynyl)-2-chioro-9-methyl-8-ox0-8,9-dihydro-7H-purin-6-yl}piperazin-3-yljc

arbamic acid t-butyl ester (15 mg) was dissolved in trifluoroacetic acid. This reaction solution
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6-(3 -Amino-piperidin- | -yl)-7-(2-butynyl)-2-chl oro-9-methyl-7,
9-dihydropurin-8-one trifluoroacetic acid salt HZN\N O F NO HOI|I< CIN
F 25
[1-[7-(2-Butynyl)-2- chloro-9- methyl-8-dxb-8,9-dihydro-7H-purin-6- yI]plpera
zin-3-yllc arbamic acid t-butyl ester (15 mg) was dissolved in
trifluoroacetic acid. This reaction solution 57 was stirred at room
temperature for five minutes, and then concentrated. The residue was
was m&ﬁeﬁ Riohevarse-ehasedighnariormance david.chramatadraphy J&&wgwas
titte compound. (7.23 mg). MS m/e (ESI) 335(M+H)+ 5 Example 28 7
purifi LB PR BB AT IBRES: HUTHY R D R5aRItdo giyerthe title compound
(7.23G9xgdihydropurin-8-one trifluoroacetic acid salt| HN\N O N F CI- N N>=0
MS H9ES 3§9 Msipgrmethyl(piperidin-3-yl)carbamic acid t-butyl ester
c%mpound &6) %ggtead of the (piperidin-3-yl)carbamic acid t-butyl ester in
Example 27a, the title compound (4.16 mg) was obtained by treatment
ExansgiinifEg to that of Example 27. MS mle (ESI) 349(M+H)+ 15 Example 29

1yd
tmﬂuoroacetxc acid salt

!
HN

/(t# HO

Using methyl(piperidin~3 -yl)carbamic acid t-butyl ester (compound 26) instead of the
(piperidin-3-yljcarbamic acid t-butyl ester in Example 27a, the title compound (4.16 mg) was -
obtained by treatment similar to that of Example 27.

MS m/e (ESI) 349(M+H)"

Example 29
2-[7-(2-ButynyD)-2-chioro-8-oxo-6-(piperazin- 1-v1)-7.8-dihydropurin-9-ylmethyi]benzonitrile

trifluoroacetic acid salt
29a)
2,2-Dimethylpropionic acid {7-(2- butynyl)—2 6-dichloro-8-oxo- 7,8-dihydropurin-9-yl]methyl

ester

NE: ! N>:
0
CI/K\N N\\ '

7-(2-Butynyl)-2,6-dichloro-7,9-dihydropurin-8-one (compound 1d) (193 mg) was
dissolved in N N-dimethylformamide (2 mL), and then 2,2-dimethylpropionic acid chloromethy!

ester (163 pL) 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 extracted with ethyl
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29a) 2,2-Dimethylpropionic acid
[7-(2-butynyl)-2,6-dichloro-8-oxo-7,8-dihydropurin-9-ylmethyl- 20 ester CI
N\- I N~O CI 'NO 01 7-(2-Butynyl)-2,6-dichloro-7,9-dihydropurin-8-one
(compound Id) (193 mg) was dissolved# N,N-dimethylformamide (2 mL),-
and then 2,2-dimethylpropionic acid chloromethyl ester (163 L) and
anhydrous potassium carbonate (156 mg) were added to this solution.
After 25 stirring the reaction solution at room temperature for 18 hours,

acctabAUrBEe b RAHRAUT E,n&@'&!ru;@M&@l@@%&%&%ﬂv@%@ﬁ&%ﬁ%ﬁ@ﬁmrated

. reaction solution. Thi§ was then extracted with ethyl 58 - acetate. The
brine, Ah0 ISR SRRy 5P R ARG Gt BBy Wil D7 R s concentrated
undesatdvatddorbsines bngl thehediikcompoantyditdusgnagnesium sulfate. The

1H_hgpg§@9@g}er was concentrated under reduced pressure to give the title
comgoun 434 mg). '"H-NMR(CDC13) 5 8 1.20 (s, 9H), 1.81 (t, J=2.4Hz,
o 128, ﬁézl(é} ﬁéém%ﬁf‘z‘,{éﬁ)‘?ls. A{8aplrp-49) 2H). 5.94 (s, 2H)
4-[7-(2-Butynyl)-2-chloro-9-(2,2-dimethylpropionyloxymethyl)-8-oxo-8,9-di
ng)hydro-7H-purin-6-y I]piperazine-l_-carboxylic _acigl t-bt_JtyI ester O\ /Olj< N
CN/ N N>==0_ CIN Co_ 10 2,2-Dimethylpropionic acid
177 -BbmnychleraieribroBRsBy R By oy &t dag A 1-purin-6-y
lpipenginvab-clissolyid aidcbioylitiker(4 mL). Piperazine-I-carboxylic acid
t-butyl ester (325 mg) and triethylamine (243 L) were then added to this
Oc,olu(tji The reaction solution was stirred at room temperature for '

Q‘/

0 -
c;/{ﬁ;%ﬁf ’
_ O)\ﬁ _

2,2-Dimethylpropionic acid

: [77(2-butynyl)-2,6—dichioro~8—0X0—7,8-dihydrop_uri.n—9-y1]methyl ester (434 mg) was dissolved in

acetonitrile (4 mL). Piperazine-1-carboxylic acid t-butyl ester (325 mg) and triethylamine (243
uL) 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 ethyl acetate. The obtained organic 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 give the title
compound (660 mg).

"H-NMR(CDCl)

5 1.20 (s, 9H), 1.44 (s, 9H), 1.79 (t, I=2.4Hz, 3H), 3.40 (m, 4H), 3.60 (m, 4H), 4.64 (q, I=2.4Hz,
2H), 5.88 (s, 2H)

29c¢)
4-[7-(2-Butynyl)-2-chloro-8-oxo-8,9-dihydro-7H-purin-6-yl]piperazine-1-carboxylic acid t-butyl

ester
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15 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
ethyl acetate. The obtained organic la r$/er was washed sequentially Wlth
water and then saturated brine, and t en dried over anhydrous
magnesium sulfate. The organic layer was concentrated under reduced
pressure to give the title compound (660 mg). 20 'H-NMR(CDCI3) 6 1.20
(s, 9H), 1.44 (s, 9H), 1.79 (t, J=2.4Hz, 3H), 3.40 (m, 4H), 3.60 (m, 4H),
4.64%1:2.4Hz, 2H), 5.88 (s, 2H) 29¢c) 25
-[(2-Butynyl)-2-chloro-8-o0xo0-8,9-dihydro-7H-purin-6-yl]piperazine-I-carb
okylic acid t-butyl ester59 ~JN NIN>=0 CINH
-(2-Butynyl)-2-chloro-9-(2,2-dimethylpropionyloxymethyl)-8-o0xo-8,9-di
hydro-7H-_purin-6-yl|piperazine-I-carboxylic acid t-butyl ester (665 mg)
S dipﬁuél?n a mixed solvent of methanol (5 mL) and tetrahydrofuran
N X and then sodium hydride (60-72% in oil) (61 5 mg) was added to
l\hié SO . The reaction solution was stirred at room temperature for
three Hwours 1 N aqueous hydrochloric acid (3 mL) was then added to the

re I t|on r ethyl acet eobt

orgﬁ] F:\ger}(/vgs)vv\%qagﬁm(?—sé li%ﬁ %%ﬁ(%v 1OX aﬁ%ﬁgj%{g(gr Q%thdm 7H-
putindnyl Ipiegr arieer brarniidra hb&%ﬁr@h{@ﬁﬁfaté) Wh@%ﬁg@lﬁ&dm@mw&@ solvent
of memmmrmgﬂaﬂlﬂde&mg&@ﬁdrmswm, antkhe geaiduﬁhwsdét[ﬂbedz%/m oil) (61

SI|IC .chromatogra Iacetat ane=1:
mg) Y S B RSB M R A A7 S Tieh el BIn epip e for three
hours7=2 WHgugaus hyziegiduz aeidApmB)segtbon addad o ahege(@tlmzdu{zon which

was eftcidl %gﬁx)g?etﬂ?y(%c%tﬂ)ényn”@e%ﬂﬁeg &é@r@c(@?&r%@Wﬂea sequentially with
water anci gglrr%. e %tg}/eulbdex?ezf Qxlrtéll"l gnltlr)lff ue%so ?rfa%trll%s?%g sstﬁttaie The organic Iayer
was concentrated under reduccd pressure, and the residue was purified by silica gel column
chromatography (ethyl acetate: hexane— 1:3) to give the title compound (294 mg).
*H-NMR(CDCl3)

6 1.50 (5, 9H), 1.81 (t, J=2.4Hz, 3H), 3.38-3.42 {m, 4H), 3.59-3.62 (m, 4H), 463 (g, I=2.4Hz,
2H)

294d)
2-[7-(2-Butynyl)-2-chloro-8- ox0~6 -(piperazin-1-y1)-7,8- dlhydmpunn~9 ylmethyl}benzommle

trifluoroacetic acid salt

H

N

N /% o
cl”” NT N F

NC

4-[7-(2-Butynyl)-2-chloro-8-0x0-8,9-dihydro-7H-purin-6-yl]piperazine-1~carboxylic

“acid t-butyl ester (8 mg) was dissolved in N,N-dimethylformamide (0.5 mL)}, and then

2-(bromomethylbenzonitrile (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
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ND CN o N>=p HO F CI N N'F NC 4-[7-(2-Butynyl)-2-chloro-8-oxo-8,
9-dihydro-7H-purin-6-yl] piperazine- | -carboxylic 20 acid t-butyl ester (8
mg) was dissolved in N,N-dimethylformamide (0.5 mL), and then
2-(bromomethyl)benzonitrile (8 mg) arfy 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 ethyltacetfie. onmg@mmayebmmmaMe@@ddhmeﬁ@u&waﬁ

rifTuSHSEAMEDdy, ””i?iv proacels agid: k%ars action i‘%’é’&"’@%"@%xﬁ%ﬂe%@f’ve Tinutes,

temperature for flve minutes, an en concen rate resiaue was
and R RSB ARRrsd bﬁé&@ﬁf‘gﬁ%\e&%ém@ﬁa@m ehasmhagb graprrresghliquid
chrorﬁ‘a&)gi’@ﬁ@mwm%aﬁé oaroMI e (H!) 422(M+H)+ Example 30

MS /ﬁ(ﬁ 4 loro-6-(piperazin-1-yl)-9-propel-7 9-dihydropurin-8-one
"t acecac satHCND NO CI'' N~=OHOF NFF 10 Using

3-iodopropane (20 L) instead of the 2-(bromomethyl)benzonitrile in
Ex%@@mple 29d, the title compound (3.71 mg) was obtained by treatment

7- Q"I_ I?‘ |.v t Of—— 1 862(?- § mle F’?B 1- tt; .a ﬁ. tic. acid
salt acid trifluoroacetic aC|d salt H

H

N

/N N/% 9
L:IC ot

Using 3-iodopropane (20 uL) instead of the 2-(bromomethyl)benzonitrile in Example
29d, the title compound (3.71 mg) was obtained by treatment similar to that of Example 29d.

'MS m/e (ESI) 349(M+H)"

Example 31
[7-(2-Butynyl)-2-chloro-8-ox0-6-(piperazin-1-v1)-7.8-dihydropurin-9-yllacetic acid

trifluoroacetic acid salt

H
N
.
)*‘Nf N/\E;O HO/IKFKF

OH
Using bromoacetic acid t-butyl ester (20 pL) instead of the 2-(bromomethyl)benzonitrile
in Example 29d, the title compound (3.55 mg) was obtained by treatment similar to that of
Example 29d.
MS mie (EST) 365(M+H)"

Example 32
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ND1 NCO N>>==0OHOF CIN~F OOH Using bromoacetic acid
t-butyl ester (20 L) 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 mig& (ESI) 365(M+H)+ Example 32 61
[7-(2-Butynyl)-2-chloro-8-oxo-6-(piperazin-1-yl)-7.8-dih
dropurin-9-yllacetonitrile trifluoroacetic acid saltH1 CD N O N I>=0
HO F Cl N N F CN Usmg bromoacetonltrlle (20L) lnstead of the

ﬂumtg\gﬁsaggtgéﬁed by treatment S|m|Iar to that of Example 29d MS mle
+H)+ Example 33 10
[7-(2-Butynyl)-2-chloro-8-oxo-6-(piperazin-I-yl)-7,8-dihydropurin-9-yllacet
amige trlfluoroacetlc acid salt H

‘Ie—o .

Using bromoacetomtrﬂe (20 pL) instead of the 2-(bromomethyl)benzonitrile in

Example 294, the title compound (4.74 mg) was obtained by treatment similar to that of Example
29d.
MS m/e (EST) 346(M+H)"

Example 33 .
2-[7-(2-ButynvD-2-chloro-8-ox0-6-(piperazin-1-yD)-7.8-dihydropurin-9-yllacetamide

trifluoroacetic acid salt

H
N
. N /
J 0
NT E
/J\:K/IE >:O HO&F
¢l °N” N F
\(o

NHz
Using 2-bromoacetamide (5 mg) instead of the 2-(bromomethyl)benzonitrile in Example
294, the title compound (4.71 mg) was obtained by treatment similar to that of Example 29d.
MS m/e (ESI) 364(M+H)"

Example 34
7-(2-Butynyl)-2-chloro-9-(2-phenylethy}-6-(piperazin- 1-yD-7.9-dihydropurin-§-one

trifluoroacetic acid salt
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1CND NO NJ,,IN>=0HOF CIN~F ONH2 Using
2-bromoacetamide (5 mg) instead of the 2-(bromomethyl)benzonitrile in
Example 29d, the title compound (4.71 mg) was obtained by treatment
similar to that of Example 29d. 15 MS #dle (ESI) 364(M+H)+ Example 34-
7-(2-Butynyl)-2-chloro-9-(2-phenylethyl)-6-(piperazin-I-y '
-7,9-dihydropurin-8-one - trifluoroacetic acid salt 62 H CN NJ O ~=0 HO
IF CINNY F Using (2-bromoethyl)benzene (20 L) instead of the
2 bromomethyl)benzonitrile in Example 29d, the title compound (5.12
was obtained by treatment similar to that of Example 29d. 5 MS mle
ESl) 411(M+H)+ Example 35
9lF2-(4-Bromophgnyl)-ethyll-7-(2-butynyl)-2-chloro-6-(piperazin-l-yl -7
ihydlropurin-8-gne trifluoroacetic acid salt H (N) ND
=0 HO

N g P

Using (2-bromoethyl)benzene (20 pL) instead of the 2-(bromomethyDbenzonitrile in
Example 29, the title compound (5.12 mg) was obtained by treatment similar to that of Example
29d.

MS m/e (ESI) 411(M+H)"

Example 35
9-[2-(4-Bromophenyl)-ethyl]-7-(2-butynyl)-2-chloro-6-(piperazin-1-y1)-7.9-dihydropurin-8-one

trifluoroacetic acid salt

H
N

sy
Lo ol

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 mie (EST) 491(M+H)"

Example 36 .
9-Benzyl-7-(2-butynyl)-2-chloro-6-(piperazin-1-y)-7.9-dihvdropurin-8-one trifluoroacetic acid

salt
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O >=0 HOIYF CIN N F 10 Br Using methanesulfonic acid

- 2-(4-bromophenyl)ethylester (10 mg) instead of the
2-(bromomethyl)benzonitrile in Examplg 29d, the title compound (1.56 mg)
was obtained by treatment similar to that of Example 29d. MS mle (ESI) ~
491(M+H)+ 15 Example 36
9-Benzyl-7-(2-butynvl)-2-chloro-6-(piperazin-I-yl)-7 9-dihvdropurin-8-one
trifluoroacetic acid salt63-HNCD NO >==0OHOF CINNF ,~ C
Using benzyl bromide (20 ML) instead of the 2-(bromomethyl)benzonitrile
i Example 29d, the title compound (1.23 mg) was obtained by treatment
@njlar to that of Example 29d. MS m/e (ESI) 397(M+H)+ 5 Example 37

N7-(2-Bt#nvl)-2-chloro-8-oxo-6-(piperazin-l-yl)-7
3i:dihydropurin-9-y but)gonitrile trifluoroaceticacid HND 1 N C O >=0
/l\Hoi =0 HO F
o .
c” N7 N F
Using benzyl bromide (20 pL) instead of the 2-(bromomethyl)benzonitrile in Example

29d, the title compound (.23 mg) was obtained by treatment similar to that of Example 29d.
MS m/e (ESI) 397(M+H)"

Example 37
4-[7-(2-ButynyD)-2-chloro-8-0x0-6-(piperazin-1-y1)-7.8-dihvdropurin-9-vilbutvronitrile

trifluoroacetic acid

H
N

(/Nj ~
Ct)i:INﬁo HO)\;};
\CN

Using 4-chlorobutyronitrile (20 pL) instead of the 2-(bromomethyl)benzonitrile in

Example 294, the title compound (5.80 mg) was obtained by treatment similar to that of Example
29d. : '
MS m/e (EST) 374(M+H)"

Example 38
7-(2-Butynyh)-2-chloro-9-cyclopropvlmethvl-6-(piperazin-1-vh-7.9-dihvdropurin-8-one

trifluorcacetic acid salt
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CIN N CN 10 Using 4-chlorobutyronitrile (20 L) instead of the
2-(bromomethyl)benzonitrile in Example 29d, the title compound (5.80
mg) was obtained by treatment similar to that of Example 29d. MS mle
(ESI) 374(M+H)+ 15 Example 38 64 _ i
7-(2-Butynyl)-2-chloro-9-cyclopropylmethyl-6-(piperazin-I-yl)-7
9-dihydropurin-8-one trifluoroacetic acid salt 64 H (N) J C O >==
HOIYF CI N F Using bromomethylcyclopropane (20 L) instead of the
2¢(bromomethyl)benzonitrile in Example 29d, the title compound (0.83
was obtained by treatment similar to that of Example 29d. 5 MS m/e

@%) 361(M+H)" Example 39

N7-(2-B -2-chloro-8-oxo-6-(piperazin-I-yl)-7,8-dihydropurin-9- ly

thyllbenzamidg trifluoroacetic acid salt H N CND O N N>=0 HO AF F
Cl- Sizps 2100
Ci)ﬁl‘[ utynyl)-2-th5ro-8-oxo-8,9-dihydro-7H-purin-6-yl]piperazine-l-carb
oxylic acid t;butyl ester (compound 29c) (8 mg) was dissolved in
N,N-dimethylformamide (0.5 mL),
Using bromomethylcyclopropane (20 pL) instead of the 2-(bromomethyl)benzonitrile in
Example 29d, the title compound (0.83 mg) was obtained by treatment similar to that of Example

254.
MS m/e (ESI) 361{M+H)"

Example 39
2-17-(2-Butynyl)-2-chioro-8-0x0-6-(piperazin-1-y-7.8-dihvdropurin-9-vimethvllbenzamide

influoroacetic acid salt

H
)
N / o
NZ N &F
JensTa
¢l N7 N F
HyN

0

4-{7-(2-Butynyl)-2-chloro-8-oxo-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),
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 agueous ammonium chloride solution was then added to the reaction solution, and this
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 at 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 phaée high performance liquid chromatography to give the title compound (1.15 mg).
MS m/e (ESI) 440(M+H)"
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and then 2-bromomethylbenzonitrile (20 L) and anhydrous potassium
carbonate (8 mg) were added to this solution. The reaction solution was
stirred at room temperature for 48 hours. 15 Saturated aqueous
ammonium chloride solution was then @tded to the reaction solution, and-
this 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%
agueous hydrogen peroxide (0.3 rnL) were added to this solution. The
Exan reﬁcil{?n solution was stirred at room temperature for 12 hours, and the
n solution was then 20 concentrated The residue was dissolved in
sablargds-op §ipsH dlafidndrydrepisrad By aoptic acid methyl ester
tnﬂuﬁ@ﬂé.@@t@t&tfﬁ{ f@qtflve mlnutes and then concentrated. The residue was
purified by reverse phase high performance liquid chromatography to give
the title compound (1.15 mg). MS mle (ESI) 440(M+H)+ 65 - Example 40
7-(2-Butynyl)-2-chloro-8-ox0-6-(piperazin-l-yl)-7 8-dihydropurin-9-yllacetic
' m?)@sfer trifluoroacetic acid saltH N CD N O N>= O HOF CIN

(}X 0-8-0x0-8,9-dihydro-7H-purin-6-yl]piperazine-I-carb
t- utyI €r (compound 29c) (8 mg) was dissolved in

N,N-di ormamide (0.5 mL), and then bromoacetonitrile (20 L) and

anhydrou tassium carbonate (8 mg) were added to this solution. The

reaction soltitfon was stirred at room temperature for 18 hours. Saturated

10 deflle@uBEmmyldivrin allSrce sh Rty dras7iqnddded lpi phezeretiearboxylic
acid tsetﬂypet anddhisonrs z@é}@%@ with syl acetate N he g @&%%&a@ '§o 5 mL),

layer was concentrated, the re5|due was dissolved in methanol (O
and thep HREPEERIRRHTES SHAke 110 2RBY RIS RIS RRS RoeiR R m&ttéwre added to.
this sefiring. th@kemHMIsehhﬂmna?Mﬁ&ﬂ kBroouf sethirraantitir $8ILbION. Wdsturated

aqueSNGRRtERteH: cm%mmgmﬁag Qi‘éﬁﬂe'&‘ fgitioro %%%C <Bflflo andému was

reaction solution was stirred at room temperature ive mlnu’tes

- extraiech veish it afs e he e RA WA S THaRTTEI sy Fevrerarcppiagisd; the Feside 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 chromatography to give the title compound (2.85 mg).

MS m/e (EST) 3790M+H)"

Example 41
7-(2-Butynyl)-2-chloro-9-phenvyl-6-(piperazin-1-y1}-7.9-dihydropurin-8-one trifluoroacetic acid
salt

N7 F
/RN | N\/—":o HO)H;?

4-[7-(2-Butynyl)-2-chloro-8-0x0-8,9-dihydro-7H-purin-6-yl|piperazine- 1 -carboxylic
acid t-butyl ester {compound 29¢) (8 mg) was dissolved in N,N-dimethylformamide (0.3 mL).

Z L
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high performance liquid chromatography to give the title compound (2.85
mg). MS mle (ESI) 379(M+H)+ Example 41. 20 7-
2-Butynyl)-2-chloro-9-phenyl-6-(piperazin-I-yl)-7 9-dihydropurin-8-one
trifluoroacetic acid saltH (N) N OICN~=OHOF CINNF 6
4-[7-(2-Butynyl)-2-chloro-8-ox0-8,9-dihydro-7H-purin-6-yl]piperazine- |
-carboxylic acid t-butyl ester (compound 29c) (8 mg) was dissolved in
N,N-dimethylformamide (0.3 mL). 66 Phenylboronic acid (10 mg),

Phenydbpinaia oit6tAtes ARppearid pyriain 650, 1and ersidien (380ed-tovatdghen added to

this selakigion. ThertgastioRIeISioNWasRIT RGOS I HRuROUIS: A8Rated aqueous
satura d agueou Oammogéjergtoq}gn olutlo was a

dto
ANIMCESETGN Softtion: and this Was extracte ‘hﬁ%@é’éﬁ&‘&ﬁﬁﬂg SR Wit
ethyl aegiatiic |&r{)l@’%%mﬁMt@deHWéﬁh@mﬂﬂbdNasddmqumﬁs dissolved in

tnﬂudflﬂi?@ﬁ@%?&'tc agigs %‘%ﬁl&%@ﬂ'@tﬁbﬁ%@%ﬂ#@é%&&ﬂ &P %&{ff‘é%&gfﬁﬁ‘ﬁ%nmes
or 1ive minute en concen e resi was Purifi

and 0 A A N R I B Pt AR e liuid
chrongspgpepinal {348 ﬁxg}zﬂlﬂmmﬁq@@@l@ 16g).87 (t, J=2.0Hz, 3H), 3.52 (m,

YN C:“B@ m 4H), 483 (q, J=2.0Hz, 2H), 7.53-7.65 (m, 5H) 10 MS mle

le 42
51. 8’/(%7} ﬁ} A0 (5oL -3y =205z, 2H), 7.53-7.65 (m, SH)
MS m‘/g&lﬁﬁlﬁ)/agéﬁuriﬁﬁ -yllbenzonitrile trifluoroacetic acid saltH1 CND N N
-0

Example 42
4-[7-(2-Butynyl)-2-chloro-8-ox0-6-(piperazin-1-y1)-7.8-dihvdropurin-9-vllbenzonitrile

~ trifluoroacetic acid salt

H
N
N /%
J 0
N/
BN | =0 HOJ\I(E
ci” N7 N

CN
Using 4-cyanophenylboronic 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 Example 41.
MS m/e (EST) 408(M+H)"

Example 43
7-(2-Butynyl)-2-chloro-9-(4-methoxyphenyl}-6-(piperazin-1-y1}-7.9-dihydropurin-8 -one

triflugroacetic acid sajt



10

15

>=0 HO'I YF CI N N F 15 CN Using 4-cyanophenylboronic acid (10 mg)
instead of the phenylboronic acid in Example 41, the title compound (1.57
mg) was obtained by treatment similar 170 that of Example 41. MS mle
(ESI) 408(M+H)+ 20 Example 43
7-(2-Butynyl)-2-chloro-9-(4-methoxyphenyl)-6-(piperazin-I-vl)-7
-Y1)-7,9-dihYdroj)urin-8 -one trifluoroacetic acid salt 67 H1 CND N O |
N>=0O HO F CIN N F F "OMe Using 4-methoxyphenylboronic acid (10
) instead of the phenylboronic acid in Example 41, the title compound
Gn 30 mg) was obtained by treatment similar to that of Example 41.5 MS
e’(

ELASI)}.E%M+H)+ Example 44
7 (2 Butynnyl)-2-ghloro-9-(furan-3-yl)-6-(piperazin-I-yl)-7
NI-dihk onurln -8Jqne frifluoroacetic acidsaltH N) ciNO >==OHOF F

0 U@fﬁg ganboronic acid (10 mg) instead of the
p'Henonronlc acid in Example 41, the

OMe
Using 4-methoxyphenylboronic acid (10 mg) instead of the phenylboronic acid in
Example 41, the title compound (3.00 mg) was obtained by treatment similar to that of Example
41.
MS mie (ESI) 413(M+H)"

Example 44
7-(2-Butynvl)-2-chloro-9-(furan-3-y-6-( piperazin—1wvl)-7,9-dih?dr0;3urin—8-one triflucroacetic
acid salt

H
N

N N/% 5
calj:f*):o HO/UYF

8
Using 3-furanboronic acid (10 mg) instead of the phenylboronic acid in Example 41, the

title compound (1.23 mg) was obtained by treatment similar to that of Example 41.
MS m/e (ESI) 373(M+H)"

Example 45 .
7-(2-Butynyl)-2-chloro-6-(piperazin-1-v1)-9-(thiophen-3-vD)-7.9-dihvdropurin-8-one

triflucroacetic acid salt




title compound (1.23 mg) was obtained by treatment similar to that of
Example 41. MS mle (ESI) 373(M+H)+ 15 Example 45
7-(2-Butynyl)-2-chloro-6-(piperazin-I-yl) 9-(thiophen-3-yl
-yl)-7,9-dihydrol)urin-8 -one trifluoroaddtic acid salt 68 - H (N) JC O
N~OHOFF CI\N ~ F Using 3-thiopheneboronic acid (10 mg) instead of
the phenylboronic acid in Example 41, the title compound (3.57 mg) was
obtained by treatment similar to that of Example 41. MS mle (ESI)
3’89(M+H)+ 5 Example 46 7-(2-Butynyl)-2-chloro-6-(piperazin-I-
(pyrldln -3-yl-7,9-dihydropurin-8-one trifluoroacetic acid salt H ND 1
I—p E- Cl A:o F 010 Using pyridine-3-boronic acid (10 mg)
the ph@nylboronlc acid in Example 41, the title compound (3.44
as obtalne by ;;reatment similar to that of Example 41. MS mle
(Eé 35EM pIe 47 15
NAIIyIN7 (2 butynyl):z methoxy-6-(piperazin-I-yl)-7,9-dihydropurin-8-one
trlfluor%\ﬁetlc acid salt

S .
Using 3-thiopheneboronic acid (10 mg) instead of the phenylboronic acid in Example

41, the title compound (3.57 mg) was obtained by treatment similar to that of Example 41.
MS mfe (ESD) 389(M+H)"

Example 46
7-(2-Butynyl)-2-chloro-6-(piperazin-1-v1)-9-(pyridin-3-y1}-7.9-dithvdropurin-8-one

triflucroacetic acid salt

H
N

NN E
| =0 HO
mAN N FF
.

-

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 similar to that of Example 41.
MS mie (ESI) 384(M+H)"

Example 47
9-Allyl-7-(2-butynyD-2-methoxv-6-(piperazin-1-y1}-7.9-dihvdropurin-8-one trifluoroacetic acid
salt
H
N
N ==
N// 0
N =0 )J\<F
|
= HO

N
4-{7-(2-Butynyl)-2-chioro-8-0x0-8,9-dihydro~7H-purin-6-yl]piperazine-1-carboxylic
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HNCNDNO O~-NN~OHOFF
4-[7-(2-Butynyl)-2-chloro-8-0x0-8,9-dihydro-7H-purin-6-yl]piperazine-I
-carboxylic 69 - - acid t-butyl ester (compound 29c) (8 mg) was dissolved
in N,N-dimethylformamide (0.3 mL). A1 bromide (20 L) and anhydrous -
potassium carbonate (8 mg) were then added to this solution. The
reaction solution was stirred at room temperature for 18 hours, then
saturated aqueous ammonium chloride solution was added to the

acid réatyiontsolutiomoand 9is) (s gxtivactieh bl wathi ey adetkate/ foh@amide (0.3 mL).

as di oIv
o S NS T RS .
50 u%uua“ﬁw,&%mgh?ﬁ R YRREHBRASEIERRIA W‘W TgrHdurguihehen saurated
aquedeaationcsdivitionlyvide congnrate Addbbro GxdecYuUaRs DISSRINEShINthis was extracted

with Ert'iflr%{ J@e"%&%ﬂc ?‘F}ed Ot?ﬂgngw% reactl?n &P wglsocno\rllvas St rr{fe:‘h aet {gsg&]m Was dissolved in
perature for five minutes an n concenfrarfe% e resi

metharplBed By revars & HhasaurD IRGeRERO as s e aitdehto m@giam toAfter

Stim@wﬁdh&?ﬂs@j}mu% 14°C2rmmaR ﬁgﬂrN M}—IR @%ﬁb@tﬁ&a‘fs&gﬁc@ﬁ?&te& The

N

resia g e 0 e ST s e poom

temp@r@ered@r fjvq Bigutes, asdGH@ wsca@wtsim/éf (E S13idusras FyH e dphpsieerse phase

high #érfb@nRtide tubinlozmesnesy ol pipetae e\ fheiydropuil-8-one

1 cacidsalt HN N \ Nr*,-- O -10)=-O HOIYF F 20 Usmg
H- N}%@B@gutyne (20 L) instead of the allyl bromide in Example 47, the

3 1.8%tb EotrBdurid)1097ng) W&k distalned By, tdiisehtisirhifar (W, thet.o6f 1.6Hz, 2H),
4.71 Examier4 nHYS mlRitk 3D 1358 1) amplerdd 61z, 1H), 6.00 (ddt, J=16.8, 9.6,

5.6Hz, 1H)
MS m/e (EST) 343(M+H)"

Example 48 _
7.9-Di-(2-butynyl}-2-methoxy-6-{piperazin-1-v1}-7.9-dihvdropurin-8 -one trifluoroacetic acid salt

H
N

N =
. N/[TN;:/ O
\O/i\N/ N\\HO LF

e
T

Using 1-bromo-2-butyne (20 uL) instead of the allyl bromide in Exmﬁple 47, the title
compound {1.99 mg) was obtained by treatment similar to that of Example 47.
MS m/e (ESI) 355(M+H)"

Example 49
4-[7-(2-Butynvyl)-2-methoxy-8-0x0-6-(piperazin-1-v1)-7.8-dihvdropurin-9-ylmethvlibenzonitrile

trifluoroacetic acid salt
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25 4-[7-(2-Butynyl)-2-methoxy-8-oxo-6-(piperazin-I-y)-7 8-dihydropurin-9-
. Imethyl)benzonitrile trifluoroacetic acid salt 70-HN CND N O O~N |
>=0O HO F N F N Using 4-cyano-benzylbromide (15 mg) instead of the
allyl bromide in Example 47, the title ddmpound (5.36 mg) was obtained -
by treatment similar to that of Example 47. MS mle (ESI) 418(M+H)+ 5
Example 50 2-(7-(2-Butynnyl)-2-methoxy-8-0xo-6-(piperazin-I
-yI)-7,8-dihydropurin-9-ylmethyllbenzonitrile trifluoroacetic acid salt H N
CNDOF iONI)==OHOF NF N 10 Using 2-cyano-benzylbromide (15
instead of the allyl bromide in Example 47, the title compound (5.51
E@ as obtained by treatment similar to that of Example 47. MS mle
)+ 1H-NMR(CD30OD) S 1.83 (t, J=2.4Hz, 313), 3.47 (m,
3 8(m 4HY, 397(s 3H), 4.72 (q, J=2.4Hz, 2H), 5.32 (s, 15 2H),

8%‘(‘0

~ F

b\F
\\\\N

Using 4-cyano-benzylbromide (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 (BST) 418(M+H)"

Example 50
2-17-(2-Butynvh)-2-methoxy-8-0x0-6-(piperazin-1 -y1)-7.8-dihvdropurin-9-vimethvlTbenzonitrile

trifluoroacetic acid salt

H
N

' F
\o/k\w 1 N>=0 HO)H(F

N~ _ _
Using 2-cyano-benzylbromide (15 mg) instead of the allyl bromide in Example 47, the

title compound (5.51 mg) was obtained by treatment similar to that of Example 47.

MS mfe (ESI) 418(M+H)"

'H-NMR(CD;0D)

& 1.83 (t, J=2.4Hz, 3H), 3.47 (m, 4H), 3.68 (m, 4H), 3.97 (s, 3H), 4.72 (q, J=2.4Hz, 2H), 5.32 (s,
2H), 7.46-7.81 (m, 4H)

Example 51
7-(2-Butyny-9-cyclopropylmethyl-2-methoxy-6-(piperazin-1-y1)-7.9-dihvdropurin-8-one

trifluoroacetic acid salt
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Example 51 7-(2-Butynyl)-9-cyclopropylmethyl-2-methoxy-6-(
erazin-l-yl)-7,9-dihydropurin-8-one trifluoroacetic acid salt 71 - H N CND
N O N~0 HO O N F F Using bromomethylcyclopropane (25 .tL).instead of
the allyl bromide in Example 47, the title compound (2.46 mg) was
obtained by treatment similar to that of Example 47. MS m/e (ESI)
357(M+H)+ 5 Example 52 7-(2-Butynyl)-2-methoxy-6-(piperazin-I
-yl)-9-propyl-7,9-dihydropuurin-8-one trifluoroacetic acid saltH N CN D N
OMNOHOF OFF 10 Using 1-iodopropane (25 L) instead of the allyl
ﬁrﬁtm?e in Example 47, the title compound (3.90 mg) was obtained by

a

eatment similar to that of Example 47. MS mle (ESI) 345(M+H)+
Example 5315
N= nyl)-2-mgthoxy-6-(piperazin-1-yl)-7,9-dihydropurin-8-one
rifluaroatefic,ast HNCNJNO
\o/t\m N LF

Using bromormethyleyclopropane (25 pL) instead of the allyl bromide in Example 47,
the title compound (2.46 mg) was obtained by treatment similar to that of Example 47.
MS mie (ESD) 357(M+H)"

Exampie 52
7-(2-Butynyl)-2-methoxy-6-(piperazin-1 —YD_—Q—propvi—?,9¥di§:1vdropurixl-8~0ne trifluoroacetic

acid salt

H
N

D

NN
\O/“\JNJ:I\F:O HOJ\(i
\ 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 m/e (ESI) 345(M+H)"

Example 53
7-(2-ButynyD-2-methox

H
N

-6-{piperazin-1-y1}-7.9-dihvdropurin-8-one trifluoroacetic acid salt

)
[)I/
N
\O/H\N/ m>:O HO.JT;Z

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 mfe (EST) 303(M+H)"
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>==0 HO F 'O N H F Using propargyl bromide (25 L) 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 mle (ESI) 303(M+H)+ 72 -
Example 54 7-(2-Butynyl)-2-methoxv-9Zphenyl-6-(piperazin-I-yl)-7
9-dihvdronurin-8-one trifluoroacetic acid saltH NCND N O ON ~O HO F
NFF 5
4-[7-(2-Butynyl)-2-chloro-8-o0x0-8,9-dihydro-7H-purin-6-yl]piperazine- |
-carboxylic acid t-butyl ester (compound 29c) (10 mg) was dissolved in

Exarrl}\l,lN-ggmethylformamide (0.3 mL). Phenylboronic acid (10 mg), copper(ll)

(5 mg), and pyridine (100 L) were then added to this solution. The

7-(2-Buiwtiph-2ofuttbowds miimedatpl 6G don 18 b (13- divetrsatuiatRd @oufduscacetic

acid gE@tammonium chloride solution was added to the reaction solution, and
th| was extracted with ethyl acetate. The obtained organic layer was
d{i Rcentrated, the residue was dissolved in methanol (0.5 mL), and then

esiu

carbonate (10 mg) was added to the solution. The reaction
|rred at 70C for 18 hours, and then concentrated. The
re due as dlssodyed in trifluoroacetic acid. This was then stirred at room
mp ra for five miputes, and 15 concentrated. The residue was

~0 edrby rev'é%e phase high performance liquid chromatography to give

the tltle sampound (£.88 mg). MS mie (ESI) 379(M+H)' Example 55 20
7-(2- Bty )-2-methoxv-6-(piperazin-I -vl)-9-(pyridin-3-yl)-7
-yl)-7,9-d#vdropurin-8 -one trifluoroacetic acid salt H

4-{7-(2-Butynyl)-2-chloro-8-0x0-8,9-dihydro-7H-purin-6-ylpiperazine-1-carboxylic
acid t-butyl ester (compound 29¢) (10 mg) was dissolved in N,N-dimethylformamide (0.3 mL).
Phenylboronic acid (10 mg), copper(1l) acetate (5 mg), and pyridine (100 L) 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 layer was concentrated, the residue was dissolved in
methanol (O.S 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
trifluoroacetic 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 (EST) 379(M+H)"

Example 55
7-(2-Butynyl}-2-methoxv-6-(piperazin-1-y1)-9-(pyridin-3-y1)-7.9-dihvdropurin-8-one

trifluoroacetic acid salt

H
N
N /%
N%:N}:o i F
i/ J'H<
\OAN N HO e
2
__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.



N CND N O >~0O HOF N ON F t\N F Using pyridine-3-boronic acid (10
mgq) instead of the phenylboronic acid in Example 54, the title compound
(2.29 mg) was obtained by treatment ginilar to that of Example 54. 73 MS
m/e (ESI) 380(M+H)+ Example 56 7-(2-Butte
1Y)-9-(furan-3-yl)-2-methoxy-6-(piperazin-I-yl)-7 9-dihydropurin-8-one 5
trifluoroacetic acid saltH N N~ N O ONN~O HO F F O Using
furan-3- nic_acid (10 mg) instead of the phenylboronic acid in Example
MS @4@}?@ %@M ound (2.19 mg) was obtained by treatment similar to that
of Example 54. MS mle (ESI) 369(M+H)+ 10 Example 57 '
Fxam Ié?ggiutynyl) -9-(thiophen-3-vl)-2-methoxy-6-(piperazin-I-yl-7)
-dihydropurin-8-one _trifluoroacetic acid saltH N CNJN O O N N N~O
T-{2- BJ@@E}& -(furan-3-yD)-2-methoxy-6-(piperazin-1-v1}-7.9-dihvdropurin-8-one

5 trifluoroacetic acid salt

H
N
N /%
o)
NN
')I\/:OHO&F
~o7 N N F
F.‘
7]
o

Using furan-3-boronic acid (10 mg) instead of the phenyiboronic acid in Example 54,
the title compound (2.19 mg) was obtained by treatment similar to that of Example 54.
MS mie (ESI) 369(M+H)"
10

Example 57
7-(2-Butynyh-9-(thiophen-3-v1)-2-methoxy-6-(piperazin-1-v1)-7.9-dihvdropurin-8-one

trifluoroacetic acid salt

H
N

N /
0
N SN
g/j =0 &F
\OJ\N N HO e

9
S _ .
15 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 (ESI) 385(M+H)"

Example 58
20 7-(2-Butynyl-2-methoxy-6-{piperazin-1-v1)-9-(4-vinyl-phenv-7.9-dihvdropurin-8-one

trifivoroacetic acid salt
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15 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 (ESI) 385(M+H)+
Example 58 20 74
7-(2-Butynyl)-2-methoxy-6-(piperazin-l-yl)-9-(4-vinyl-phenyl)-7,9- d|hydropu
rin-8-one trifluoroacetic acid salt 74 HN CND NO \ONN>=OHOF F
Using 4-vinylphenylboronic acid (10 mg) instead of the phenylboronic acid
Iﬁxampl‘e 54, the title compound (3.12 mg) was obtained by treatment
31: itar to that of Example 54. MS mle (ESI) 405(M+H)+ 5 Example 59
Allyl-7-(2-

at}LLynyl)-Z-ethoxy-6-(piperazin-I-yI)-7,9-dihydropurin-8-’one

orogcetic acid_saltH NCND O N-"ONN~OHOF F 10
utynyl)-2;5chloro-8-oxo-8,9-dihydro-7H-purin-6-yl|piperazine-I-carb

Xyl peyte (compound 29c) (8 mg) was dissolved in
0N, N-dimethylformangidE (0.5 mL). Allyl bromide (20 p1) and anhydrous
potass;} arbonate (8 mg) were then added to this solution. The
reactio ution was stirred at room temperature for 12 hours, then

saturated aqueous ammonium chloride solution was added. This reaction
solution wasthén extracted 15 with ethyl acetate. The obtained organic
laydfsipgstconamwaréen e esid (Edwes) distsided the phenylboronic acid in Example

54, the title compound (3.12 mg) was obtained by treatment similar to that of Example 54.
MS mie (EST) 405(M-+H)"

Example 59
9-Allvl-7-(2-butynvl)-2-ethoxy-6-(piperazin-1-v1)-7,.9-dihydropurin-8-one trifluoroacetic acid

salt

H
N
e .
N~ F
I =0 Ho’uﬁ<

N\

4-{7-(2-Butynyl)-2-chloro-8-o0x0-8,9-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 potassium 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 howuss, 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 (4.21 mg).

MS m/e (EST) 356(M+H)"

Example 60
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N NO2
U .

ethanol (0.5 mL), and then cesium carbonate (10 mg) was added to this
solution. The reaction solution was stirred at 80C for 14 hours, and then
concentrated. The residue was dissolyed 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 20 chromatography to give the title compound (4.21
mg) MS mle (ESI) 356(M+H)+ Example 60 75 -

mﬂudﬁﬁ@gmgi@ St,ﬂfluoroacetlc aC|d salt H N CND O N ~ ~O HO F O N N F

H2N O
4-[7-(2-Bptynyl)-2-chloro-8-oxo-8,9-dihydro-7H-purin-6-yl]piperazine- |
-carboxylic |5 acid t-butyl ester (compound 29c) (8 mg) was dissolved in
N,N-di Q/If%m@m“e (0.5 mL). Allyl bromide (20 L) and anhydrous
potassium carbonate (8 mg) were then added to this solution. The

actioN So S st room temperature for 12 hours, then

ous aﬁ%mo m chloride solution was added. This reaction

olutlon was then extracted: with ethyl acetate. The obtained organic layer

as concentratedy, and the residue was dissolved 10 in
1-methyl-2-pyrrolidone (0.5 mL). Salicylamide (10 mg) and cesium
cam@ﬁaieﬁd@m@)ﬁh@[@raeﬁﬂeﬂot@ JfhillsohutiGhl -Finenréadiippsetution weaboxylic
acid t%l[ﬁgdeﬁELS 5&14(1%}5(5? Sh@a& @19&91@@& ﬂ‘?@NT@f?n@ﬁﬁ%ﬂﬁﬁxde (0.5 mL).

dissolved in trlf uoroacetic acid. This reaction solution was stirred at room

Ally! prppidieatehdor FrbaRTEESYS RRESHIR Comosatid R encredignadsad to this
soluupmrlflé“ﬁe byacevarse phase/ i ghirpel tanmancerdigeisheferimatographyhta giveated

aqueo'i!f& : utynﬁ?é)gh%%gié% ?d%\[q%v& :—M@e 'e”ﬁﬁ‘r)@@eé‘ltf 53" fRORE O tracted

plpera2| )-9-(pyridi dropurln- -one
with Qﬁﬁéé%ﬁ’é“étlc%&gﬁp RFIBC ayer was concentrate and the residue was dissolved

in 1-rde(ByChigrardiiadiio-ysimidin-4Syl)piheniddne d-eathax/liesheid dathuybie g6y 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).
MS mie (EST) 448(M+H)" |

Example 61

7-(2-Butynyl)-6-(piperazin-1-y[}-9-(pyridin-3-y1)-7,9-diliydropurin-8-one trifluoroacetic acid salt
61a)

4-(6-Chloro-5-nitro-pyrimidin-4-ylpiperazine-1 carboxyhc acid t-butyl ester

L

)

N° °Ci
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



O\ /O (N) N N~NOz N CI 4,6-Dichloro-5-nitropyrimidine [CAS No.
4316-93-2] (2.0 g) was dissolved in acetonitrile (30 mL), and then
piperazine-I-carboxylic acid t-butyl esteg (1.92 g) and triethylamine (2.1
mL) were added to this solution. The reaction solution was stirred at room
76 temperature for 14 hours, and then water (30 mL) was added. The
reaction solution was stirred at room temperature for 30 minutes, and

then t recipitate was collected by filtration. The obtained solid was .
e PR REAHE 5 QNP U bimp IR ARES g on was tmed
at oo IRMR{EDE I8) B dnintB{su8Hh5he B Lifr1ai81Ha8 3difsidipyFiltodtion. The
obtairftd SdRaCYANSARY AR e O HRYAIRIC Ay HRIRRIAZINE L ERINVAS),
IH—NW@W ester OVO_(I\_I)_ N I NQ2 -N~"H 10 _ _ ' '

-(6- })-S-n|tro-pyr|m|d|n-4-y|)plperazme-l-carboxyllc acid t-butyl ester
5 0§ 1.48.0gyHyasdissol\ed BiHadeionirilélf30 mL), and then
3-aminopropionitrile (0.71 mL) and triethylamine (1.58 mL) were added to
this solution. After stirring the reaction solution at room temperature for 14
) hours, water (60 mL) was added. The reaction solution was stirred at
4-[6-(DoQyurterthelatine ¥or dGsahyrites] iand tpiptepretipieie-whs aolledied] ester
bé%i;t:’ation. The obtained 15 yellow solid was washed with water and

h e to give the title compound (1.97 g). 61c)

O (2-Cyano-ethyl)-8-0x0-8,9-dihydro-7H-purin-6-yl]piperazine-I-carboxyl

a-[
Tic acid t-butyl ester O\/O1 N
)

N)TNOZJ X
| _
k < N/\//

N
H

10 4-(6-Chloro-5-nitro-pyrimidin-4-yl)piperazine-1-carboxylic acid t-butyl ester (3.0 g)
was dissolved in acetonitrile (30 mL), and then 3-aminopropionitrile (0.71 mL) and
triethylamine (1.58 mL) were added to this solution.  After stirring the reaction solution at room
temperature for 14 hours, water (60 mL) was added.  The reaction solution was stirred at room
temperature for 30 minutes, and then the precipitate was collected by filtration. The obtained

15 yellow solid was washed with water and hexane to give the title compound (1.97 g).

61c)
4-[9-(2-Cyano-ethyl)-8-0x0-8,9-dihydro-7H-purin-6-yl]piperazine-1-carboxylic acid t-butyl ester

X

O

ﬁf

N

o)
(Lo
N\

N
20 4-{6-(2-Cyano-ethylamino)-5-nitro-pyrimidin-4-yl]piperazine-1-carboxylic acid t-butyl
ester (1.0 g) was dissolv_e:d in tetrahydrofuran (12 mlL), and then 10% palladium on carbon
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"8 1.5] c(%t - 8&/ e
- 1H), (0®indbk. £ 0Mssium carbonate 20 (300 mg) and 1-bromo-2-butyne (0.18

H N>=0O N NN 20
4-[6-(2-Cyano-ethylamino)-5-nitro-pyrimidin-4-yl]piperazine-l-carboxylic
acid t-butyl ester (1.0 g) was dissolved in tetrahydrofuran (12 mL), and
then 10% palladium on carbon 77 - poWder (wet type) (200 mg) was
added to this solution. The reaction solution was stirred under a hydrogen
atmosphere at room temperature for 20 hours. Insoluble substances were
then removed by filtration, and the obtained filtrate was concentrated

powdléﬁ@ﬁétr%'é?@.!?bﬂriﬁﬁ§W% dhrdabtanedikesidue yas-dissalves ifon was sﬁrred under

aceton itrile and then NN imidyl carhonate 5 (1.13
o b b B PR Y2 CHoA COREn I S et B A ere then
removemb:e@m&omrmd/&h@btsmmbﬁmtmamfowatenmddedre?ﬂmks:daaesmme The

obtaiRUUHGRWASthER6ARAEAALEshHRRET 3@%9142%@%@&%%%&%&%1 carbonate
precglt %a IIe ted by fi tlon The optained solid was washed with

(113 it £ B Ethe Ui 65 BB ORE B33 ey A GRSRB Hpperature for
five hoptainkehcmpoohd aterswpurifidd oy Shcaregsttomlwointchromatbgraphyefarated under

| reduc@ﬁ%f@sm%mis Fgléﬁ%%&@@%l@lke&eﬁloﬁ REQIO% 97’1@@ obt?med solid

8Hz, 2H), 3.61 (m, 4 H), 4
was \ﬁﬁb}&:ﬁ%d\f% fbartg T}q)héffaﬂlf jg give the title compound mg) A portion of the

obtaidefi7e(aButynyhrOpi-Cipdrio- eitiyd) diiaxdud 8 -clihydane #Hpbyror6xyd [ pevEZ ianal ysis.
1. NNﬁ‘(' @g@%yllc acid t-butyl ester OVO~ C N) NDN>=0 NNN -
4-[9-(2- C ano- et QS 0Xx0-8,9-dihydro-7H-purin-6-yl plperazme I-carbox

o vl e ot o et S, 8.27 (s,

mL) were then added to this solution. The reaction solution was stirred at
room temperature for 19 hours, then water (20 mL) and 1 N hydrochloric
1d) acid (5 mL) were added. This was then twice extracted with ethyl acetate,

4-[7-@rdiheph@i(ledyano-ethyl)-8-0xo-8,9-dihydro-7H-purin-6-yl]piperazine- 1-carboxylic
acid t-butyl ester

OYOX

N

N /

o

P
N

N
4-[9-(2-Cyano-ethyl)-8-0x0-8,9-dihydro-7H-purin-6-yl}piperazine-1-carboxylic acid
t-buty! ester (623 mg) was dissolved in N,N-dimethylformamide (10 ml.). Potassium carbonate
(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 hours, 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

“purified by silica gel column chromatography to give the title compound (484 mg).

TH-NMR(CDCL3)
8 1.51 (s, 9H), 1.81 (t, J=2.4Hz, 3H), 2.96 (t, J=7.2Hz, 2H), 3.36 (m, 4H), 3.62 (m, 4H), 4.27 (x,
J=7.2Hz, 2H), 4.70 (q, J=2.4Hz, 2H), 8.37 (s, 1F)
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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). 'H-NMR(CDCI3) 6
1.51 (s, 9H), 1.81 (t, J=2.4Hz, 3H), 2.96 (t, J=7.2Hz, 2H), 3.36 (m, 4H),
3.62 (m, 4H), 4.27 (t, J=7.2Hz, 2H), 4.70 (q, J=2.4Hz, 2H), 8.37 (s, 1H) 78
6le) ' .
4-[7-(2-Butynyl)-8-0x0-8,9-dihydro-7H-purin-6-yl]piperazine-I-carboxylic

6le) acid t-butyl ester otx NCD NNN H 5

7 B[R W% (2-¢: =€ Ip __-ﬁﬁﬁ%r_—?_H-urin-G-!{]i“rz'

T e Cha oLtey (52 o) e LR SRR coe
mehi/Sodium hydride (60%, in oil) (344 mg) was then added slowly to this

OY&NU ion. After stirring the reaction solution at room temperature for 72

N _hours, water (50 mL) and I N hydrochloric acid (10 mL) were added to the

reaction solution, and this was extracted using ethyl acetate. The obtained

N-organi r 10 was washed with water and saturated brine. The

ined organic layer was then dried over magnesium sulfate, and

ated under reduced pressure to give the title compound (1.25 g).

R(CDC13) 6 1.51 (s, 9H), 1.81 (t, J=2.4Hz, 3H), 3.36 (m, 4H), 3.63

(mt4H), 4.70 (q, J=2.4Hz, 2H), 8.38 (s, Ill) 15 61f)

7-(2-BRigrglton(RIRBYaZinanyl= A DYBIdIRoR W) i3 Ay ORI 8/ 0BBerazine-1-carb
oxyli eroRGele A S NP SN R cRanol 20 mr).  Sodium hydride (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 soiution, 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
magnesium sulfate, and concentrated under reduced pressure to give the title compound (1.25 g).
'H-NMR(CDCl5)

8 1.51 (s, 9H), 1.81 (t, I=2.4Hz, 3H), 3.36 (m, 4H), 3.63 (m, 4H), 4.70 (g, J=2.4Hz, 2H), 8.38 (s,
1H)

61f)
7-(2-Butynyl)-6-(piperazin-1-yl)-9-(pyridin-3-y1)-7,9-dihydropurin-8-one trifluoroacetic acid salt

4-{7-(2-Butynyl)-8-0x0-8,9-dihydro-7H-purin-6-yl]piperazine-1-carboxylic acid t-butyl
ester (12 mg) was dissolved in N,N-dimethylformamide (0.5 mL). Pyridine-3-boronic acid (10
mg), copper(1l) 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 solution 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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kKi~F NNe,)HOF NF
4-[7-(2-Butynyl)-8-0x0-8,9-dihydro-7H-purin-6-yl]piperazine-l-carboxylic
acid t-butyl 20 ester (12 mg) was disspjved in N,N-dimethylformamide _
(0.5 mL). Pyridine-3-boronic acid (10 mg), copper(ll) acetate (5 mg), and
pyridine (50 L) were then added to this solution. The reaction solution
was stirred at room temperature for 120 hours, and then water was added.
This.reaction solution was then extracted with ethy] acetate., The organic .
then o R I R L R T DR ISR oo
by revgesd rhass Poalke tsrieanaton Naasdrduerpiegrapire toagivechs titaperapermdd6.71 mg).
MS niiveasinggnenditoncentrated. The residue was purified by reverse
phase high performance liquid chromatography to give the title compound
(6.71 mg). MS mle (ESI) 350(M+H)+ 5 Example 62
Exampi¢6Butynyl)-9-phenyl-6-(piperazin-l-yl -7) 9-dihydropurin-8-one ,
7-(2- BRI eHE AEIE- B3l e AnGIND) NINHnENOHRNBIOWE Bifrdd8iBGetic acid salt
y Phenylboronic acid (10 mg) instead of the pyridine-3-boronic acid in
N_Example 61f, the title compound (6.94 mg) was obtained by treatment
[ }imilar to that of Example 61f. 10 MS mle (ESI) 349(M+H)+ Example 63
N 742- y)-9-(furan-3-yl)-6-(piperazin-I-yl -7~ydropurin-8-one
)\t/rif oroacetic acid salt H C N

N
lN”LN\FO Ho)J\(F

LF

Using phenylboronic acid (10 mg) instead of the pyridine;?)—boronic acid in Example
611, the title compound (6.94 mg) was obtained by treatment similar to that of Example 61f.
MS m/e (EST) 349(M+H)"

Example 63
7-(2-ButvnyD-8-(furan-3-yD-6-(piperazin-1-v1-7.9-dihydropurin-8-one trifluoroacetic acid salt
H
)
N //
N> N . @]
KJI =0 )KKF
N© N HO .
"
O

Using furan-3-boronic acid (10 mg) instead of the pyridine-3-boronic acid in Example
61f, the title compound (1.28 mg) was obtained by treatment similar to that of Example 611, but
at a reaction temperature of 50°C. |
MS m/e (ESI) 339(M+H)"

Example 64
7-(2-Butyny)-9-(2-methoxy-pyrimidin-5-y1)-6-(piperazin-1-y1)-7.9-dihvdropurin-8-one

trifluoroacetic acid salt
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J NNO ONNHOF FF Ol 15 Using furan-3-boronic acid (10 mg)
instead of the pyridine-3-boronic acid in Example 61f, the title compound
(1.28 mg) was obtained by treatment similar to that of Example 61f, but at
a reaction temperature of 50C. MS mI8{ESI) 339(M+H)+ 20 Example 64
7-(2-Butynyl)-9-(2-methoxy-pyrimidin-5-y1)-6-(piperazin-1 -y1 -7)
9-dihydropurin-8-one trifluoroacetic acid salt 80-H (N) N N/IINO
>==0F NNHOFFF NO Using 2-methoxy-5-pyrimidineboronic acid
H (10 mg) instead of the pyridine-3-boronic acid in Example 61f, the title
N ompound (2.52 mg) was obtained by treatment similar to that of
}xamme f, but at a reaction temperature of 50C and over a reaction
N tim 8 hours. 5 'H-NMR(CD30D) 6 1.87 (t, J=2.0Hz, 3H) 3.53 (m, 4H)
N~ 239 (m, 4H) 413 (s, 3H) 4.87 (g, J=2.0Hz, 2H) 8.45 (s, IH) 8.95 (s, 2H)
4 S}Fﬂ@(ESI 81@+H)+ 10 Example 65
N 7- -Butyl’iﬁ)-Q- -ehloro-pyridin-4-yl)-6-(piperazin-I-yl
-y 7,9-dihvdropurin-8 -one

N N

i |

Using 2-methoxy-5-pyrimidineboronic acid (10 mg) instead of the pyridine-3-boronic
acid in Example 61f, the title compound (2.52 mg) was obtained by treatment similar to that of
Example 61f, but at a reaction temperature of 50°C and over a reaction time of 48 hours.
"H-NMR(CD30D)
5 1.87 (t, J=2.0Hz, 3H) 3.53 (m, 4H) 3.70 (m, 4}) 4.13 (s, 3H) 4.87 (q, J=2.0Hz, 2H) 8.45 (s,
1H) 8.95 (s, 2H)
MS m/e (EST) 381(M+H)"

Example 65
7-(2-Butynv)-9-(2-chloro-pyridin-4-y-6-(piperazin-1-vy1}-7.9-dihvdropurin-8-one

trifluoroacetic acid salt

M

)

N /%

N N C

s I

N N HO F
2 \ F
SV

Using 2-chloropyridine-4-boronic acid (10 mg) instead of the pyridine-3-boronic acid in
Example 61f, the title compound (4.48 mg) was obtained by treatment similar to that of Example
61, 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 (g, 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 mie (ESI) 384(M+H)"

Example 66
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trifluoroacetic acid salt H CNNJF NNHO F F N\ Cl Using
2-chloropyridine-4-boronic acid (10 mg) instead of the pyridine-3-boronic
acid in 15 Example 61f, the title compound (4.48 mg) was obtained by
treatment similar to that of Example 64f, but at a reaction temperature of-
90C and over a reaction time of 48 hours. 'H-NMR(CD30OD) 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, IH) 8.27 (d, J=2.0 Hz, IH) 8.53 (s, 1H) 8.54 (d, J=5.6Hz, 1H)
7-(2-BAMS Y8 dERkh38¢ M- s EXamphe 608 81 1 -y1)-7,9-dihydropurin-8-one
.. (-(2-Butyny])-9-(6-methoxy-pyridin-3-
triflugsoge Riky1)-7,9-dihydrouurin-8-one trifluoroacetic acid salt 66a)
66a) 4- [7 (2-Butynyl)-9-(6-methoxy-pyridin-3-yl)-8-0x0-8,9-dihydro-7H-purin-6-y
4-(7-(PIRsIagNer6ah DY RGP Sal O YR (M- p i oy Dbbetfine-1-car
sing, 5-methoxy-2-amindpyriding instead of the 3-aminopropioni
boxyls i 8¥hestfe title compound was obtained by treatment similar to
that of Examples 61 b-d. 'H-NMR(CDC13) 10 8 1.50 (s, 9H), 1.82 (t,
Y 4Hz, 3H), 3.36 (M, 4H), 3.64 (m, 4H), 3.97 (s, 31-1), 4.78 (q, J=2.4Hz,

*r\,:o

0

Using 5-methoxy-2-aminopyridine instead of the 3-aminopropionitrile in Example 615,
the title compound was obtained by treatment similar to that of Examples 61b-d.
'H-NMR{(CDCl:)

5 1.50 (s, 9H), 1.82 (t, J=2.4Hz, 3H), 3.36 (m, 4H), 3.64 (m, 4H), 3.97 (s, 3, 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, 1H), 8.44 (d, J=2.8Hz, 1H)

66b) _
7-(2-Butynyl}-9-(6-methoxy-pyridin-3-y1)-6-(piperazin-1-yl)-7,9-dihydropurin-8-one
trifluoroacetic acid salt

H
N
N /
N SN 0
&)I\/:O F
N N HO
LF
7
__N
O

4-[7-(2-Butynyl)-9-(6-methoxy-pyridin-3-yl)-8-0x0-8,9-dibydro-7H-purin-6-yl)piperazi
ne-1-carboxylic acid t-butyl ester (60 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 reverse phase high performance liquid chromatography to give the title
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2H), 6.87 (d, J=8.8Hz, 111), 7.83 (dd, J=8.8, 2.8Hz, 1H), 8.36 (S, 1H),
8.44 (d, J=2.8Hz, 1H) 66b) 7-(2-B utynyl)-9-(6-methoxy-pyridin-3
-yl)-6-(piperazin- | -yl)-7, 9-dihydropurin-8-one 15 trifluoroacetic aC|d salt
H(N)J NI:N'OOF NNHOFF F & 0-.
4-[7-(2-Butynyl)-9-(6-methoxy-pyridin-3
-yl)-8-0x0-8,9-dihydro-7H-purin-6-yl|piperazi ne-1-carboxylic acid t-butyl
ester (60 mg) was dissolved in trifluoroacetic acid, and this reaction
commkmi(ymwas@tjrred at room temperature for five minutes, and then
'H- d. The residue 20 was purified by reverse phase high
n13an liquid chromatography to give the title 82 - - compound
3 1. 8(43 F52g. BRNMRCD38ID) 3669.67.(#10-2.4M, 3H), 8.83 (qn=a-HH3,691), 7.00
(dd, J(=H8 A8 HD2KG, Bo. ABG48.8)228H71 12118 408 (de) 4=B8408M%, i D 1m)
MS i %ﬁ@g @M@BHZ iH), 8.42 (S, 1H), 8.43 (d, J=2'8, 0.8Hz, 1H) 5 MS
i 3 H)+ Example 67 7-(2- Butynyl) 9 -(6-oxo-
16-dihydro-pyridin-3-vil-6-(piperazin-1-vl)-7 -yO-7,9-dihYdropurin-8 -one
Exantpftugroacetic acid salt H1 CND NNINrOF NNHOF

7-(2-Butynyl)-9-(6-0x0-1.6-dihvdro-pyridin-3-yD)-6-(piperazin-1-y)-7.9-dihvdropurin-8-one

trifluoroacetic acid salt

H
N

& m&

\NH

0

4-[7-(2-Butynyl)-9-(6-methoxy-pyridin-3-y1)-8-0x0-8,9-dihydro-7H-purin-6-yl|piperazi
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 mL) 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 liquid chromatography to give the title compound (17.58 mg).
'H-NMR(CD;0D) ,
0 1.86 (1, J=2.4Hz, 3H), 3.52 (m, 4H), 3.68 (i, 4H), 4.84 (g, J=2.4Hz, 2H), 6.70 (d, J=10.4Hz,
1H), 7.83-7.86 (m, 2H), 8.43 (s, 1H)
MS m/e (ESI) 366(M-+H)"

Example 68
7-(2-Butynyl)-9-(1-methyl-6-0x0-1,6-dihvdro-pyridin-3-yD-6-(piperazin-1-y1)-7.9-dihydropurin-
8-one trifluoroacetic acid

68a)

4«[7-(2—Bufynyl)—9-(1-methyl~6-0xo-1,6-dihydr0-pyridi1_1—3 -yl}-8-0x0-8,9-dihydro-7H-purin-6-yl

piperazine-1-carboxylic acid t-butyl ester



F NH100
4-[7-(2-Butynyl)-9-(6-methoxy-pyridin-3-yl)-8-0x0-8,9-dihydro-7H-purin-6-y
[lpiperazi ne-l-carboxylic acid t-butyl ggter (compound 66a) (40 mg) was
dissolved in ethanol (0.2 mL), and then 4 N hydrochloric acid/dioxane (0.2
mL) was added to this solution. The reaction solution was stirred at 90C
overnight, and then concentrated. The residue was purified by 15 reverse
phase high performance liquid chromatography to give the title compound
( 8 mg). 'H-NMR(CD30D) 6 1.86 (t, J=2.4Hz, 3H), 3.52 (m, 4H), 3.68
0._0nH), 4.84 (q, J=2.4Hz, 2H), 6.70 (d, J=10.4Hz, 114), 7.83-7.86 (m,
YZH), 8.43 (s, 1H) MS mle (ESI) 366(M+H)+ 20 Example 68
N-7-(2-Butynyl)-9-(1-methyl-6-ox0-1
[ -dihydro-pyridin-3-yl)-6-(piperazin-1-yl)-7 9-dihydropurin- 8-one
N triflyoroacetic acid 68a) 25
N~ 4-[-(2-Butynyl)-9-(1-methyl-6-oxo0-1,6-dihydro-pyridin-3-yl)-8-o0x0-8,9-dihy
[ _Mro-7A%urin-6-yl ]piperazine-I-carboxylic acid t-butyl ester 83 _ O\ 0
N'CND N >=0O N N N- O Using 5-amino-I-methyl-IH-pyridin-2-one instead of
thg”3=aminopropionitrile in Example 6lb, the title compound was obtained
\tre nt similar to that of Examples 61b-d. 5 68b) '
7-(2-Butynyl)-9-(1-methyl-6-oxo-1,6-dihydro-pyridin-3-yl)-6-(piperazin-I-yl)-
7,9-dfﬂydropurin 8-one trifluoroacetic acid salt H
Using 5-amino-1-methyl-1H-pyridin-2-one instead of the 3-aminopropionitrile in

Example 61b, the title compound was obtained by treatment similar to that of Examples 61b-d.

5 68b) :
7-(2-Butynyl)-9-(1 -methyl-6-0x0-1,6-dihydro-pyridin-3-yl)-6-(piperazin-1-y1)-7,9-dihydropurin-

8-one triffuorcacetic acid salt

H
N
oI
O
'Eij:ﬁc Ho/u\,(g
£
\'\N\
0

4-[7-(2-Butyny)-9-(1-methyl-6-ox0-1,6-dihydro-pyridin-3-yl)-8-0x0-8,9-dihydro-7H-p

10 urin-6-yl]piperazine-1-carboxylic acid t-buty! 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 reverse phase high performance liquid chromatography to give the
title compound (10.52 mg).
'H-NMR(CD;0D) :

15 & 1.88 (t, J=2.4Hz, 3H), 2.74 (s, 3H), 3.52 (m, 4H), 3.68 (m, 4H), 4.72 (q, J=2.4Hz, 2H), 6.70 (d,
J=9.6Hz, 1H), 7.77 (dd, J=9.6, 2.8Hz, 1H), 8.09 (d, J=2.8Hz, 1H), 8.43 (S, 1H)

- MS m/e (ESI) 380(M+H)"

Example 69
20 9-Allyl-7-(2-butynyl}-6-(piperazin-1-yD-7.9-dihvdropurin-8-one trifluoroacetic acid salt
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CNC NN O C~OHONNFF N- O 4-[7-(2-Butynyl)-9-(1-methyl-6-oxo-|
,6-dihydro-pyridin-3 -yl)-8-o0x0-8,9-dihydro-7H-p 10
urin-6-yl]piperazine-I-carboxylic acid t-putyl ester (15 mg) was dissolved i 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 (10.52 mg). 'H-NMR(CD30D) 15 S 1.88 (t, J=2.4Hz,
H 3H), 2.74 (s, 3H), 3.52 (m, 4H), 3.68 (m, 4H), 4.72 (q, J=2.4Hz, 2H), 6.70
N d, J=9.61-1z, 1H), 7.77 (dd, J=9.6, 2.8Hz, 1H), 8.09 (d, J=2.8Hz, 1H),
[ 43 (S..1H) MS mle (ESI) 380(M+H)+ Example 69 20
AleVI%(ibutyny)-&(piperazin-l-vl -7~ydropurin-8-one trifluoroacetic
alt84 BCN) N NO~-OF NNHOF F
-8+x0-8,9-dihydro-7H-purin-6-yl]piperazine-1-carboxylic
t- bth@é ster(eompound 61 e) (15 mg) was dissolved in
ethylfon%amlde (0.5 mL), and then allyl bromide (25 L) and
anhydrous potassium carbonate (10 mg) were added to this solution. 5

After[sfthzimtt@&grrﬁwm8591511@31@?@9@1@1@%@&%%@-4 RSN t-buty]

as added.to the.rea t|on luti n an IS, wa. racted.wit
ester céI%g?e tl Eailne or a%rﬁc aP er wzgl\lstpg;%dnce%f}ﬁ%égl an h@ rs‘)%?.l gnd then
allyl mgxdsé'biwefd) mldlmi@rémémp@e@ﬁ;umm@'beaemﬁ Solghicreveasidgtete this solution,
After SHEFRG A QAP IGMPEIALA @tfﬁfoﬂ’{@eﬁiﬂ&%ﬁs@@ﬂﬁ cOnearirafed: 16 added to the

.residue. was purified . .
reaction sonon arPdJ tlius was extracted with ethyl acetate. The obtained organic layer was

concentrated, and the residue was dissolved in trifluoroacetic acid. This reaction 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 mi/e (ESI) 313(M+H)"

Example 70

7-(2-Butvny)-6-(piperazin-1-y1)-9-(2-propynyl)-7.9-dihvdropurin-8-one trifluoroacetic acid salt

N 0
N
| =0 ]
I\N/ N HO/J\;(F
F
=== F

Using propargyl bromide (25 pl) instead of the allyl bromide in Example 69, the title
compound (3.71 mg) was obtained by treatment similar to that of Example 69.
MS mie (EST) 311(M+H)"

Example 71
2-[7-(2-ButynyD-8-oxo-6-(piperazin-1-v1)-7.8-dihvdropurin-9-vllacetamide trifluoroacetic acid

salt



by reverse phase high performance liquid chromatography to give the title
- compound (8.00 mg). 10 MS mle (ESI) 313(M+H)+ Example 70
7-(2-Butynnyl)-6-(piperazin-I- I-9-(2-pr%t%ynyl)-7,9-dihydropurin-8-one'
trifluoroacetic acid salt H(N)J NN'O">=0NNHOF F F 15 Using
propargyl bromide (25 L) instead of the allyl bromide in Example 69, the
title compound (3.71 mg) was obtained by treatment similar to that of
Example 69. MS mle (ESI) 311(M+H)+ Example 71 20
H 2-[7-(2-Butynyl)-8-ox0-6- piperazin-I-yl)-7,8-dihydropurin-9-yllacetamide
|quoroacet|c acid salt85 H(ND N NOO NNOHOF FNH2 Using
bro tamide (20 mg) instead of the allyl bromide in Example 69, the
tltle compound (7.55 mg) was obtained by treatment similar to that of
ple 69. MSdmle (ESI) 330(M+H)+ 5 Example 72

lﬁvnyl -9-eyclopropylmethy-6-(piperazin-1-yl)-7
purln 8 -onerrifluoroacetic
NH,
Using 2-bromoacetamide (20 mg) instead of the allyl bromide in Example 69, the title

compound (7.53 mg) was obtained by treatrnent similar to that of Example 69.
MS m/e (ESI) 330(M-+H)"

Example 72
7-(2-Butynyh-9-cvclopropvlmethvl-6-(piperazin-1-yN-7.9-dihvdropurin-8-one trifluoroacetic

acid salt

H
N

N /
N SN O
e K
N N HO e
\\q F
10 Using bromomethyleyclopropane (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 mfe (EST) 327(M+H)"*

Example 73
15 4-{7-(2-ButynvD-8-ox0-6-(piperazin-1-yh)-7.8-dihydropurin-9-vimethyllbenzonitrile

irifluoroacetic acid salt

H
N

N /%
NN i
& s >:O HO/LKKF
- N N. F F
MN

Using 4-cyano-benzylbromide (20 mg) instead of the allyl bromide in Example 69, the
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acidsaltH(N) NNN'O ICNNHOF F 10 Using
bromomethylcyclopropane (25 L) instead of the allyl bromide in Example
69, the title compound (7.28 mg) was gptained by treatment similar to that
of Example 69. MS mie (ESI) 327(M+$—%+ Example 73 15 )
4-[7-(2-Butynyl)-8-ox0-6-(piperazin-I-yl -7)
8-dihvdropurin-9- yImetthIbenzonitriIe trifluoroacetic acid salt H N CND N
O CN~O HOF N F ~N Using 4-cyano-benzylbromide (20 mg) instead of
title coRPRMAdIOATdRSh R ahiglasdtives daam sisaiap buhatof Semmmioss
MS »obt@spdBy(veatyient similar to that of Example 69. MS mle (ESI)
388(M+H)+ Example 74 5
7-(2-Butynyl)-9-phenethyl-6-(piperazin-l-yl)-7,9-dihydropurin-8-one
Exampiglsroacetic acid salt HCND N NO~OHOF NNF
7-(2-Butynyl)-9-phenethyl-6-(piperazin-1-y1)-7,9-dihvdropurin-8-one trifluoroacetic acid salt

H
N

N /%
0
N RN
"/j: =0 otk
L PN HO <

Using phenethylbromide (25 uL} 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)"

Example 75
7-(2-Butynv])-6-(piperazin-1-vl)-7.9-dihvdropurin-8-one trifluoroacetic acid salt

H
N

N /%
N~ SN i £
U __»=o HO/U\K
N

4—[7—(2-Butynyi)~8~oxo-8,9~dihydro—7H—puri11-6-yl]piperazine—1 -carboxylic acid t-butyl

ester {compound 61¢€) (12 mg) 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 (8.86 mg).
MS m/e (BSE) 273(M+H)"

Example 76
7-(2-Butynyh-9-methyl-6-(piperazin-1-v1-7.9-dihydropurin-8-one trifluoroacetic acid salt

76a)
4-(9H-purin-6-yl)-piperazine-1-carboxylic acid t-butyl ester
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Using phenethylbromide (25 L) instead of the allyl bromide in Example 69,
the titte compound (7.14 mg) was obtained by treatment similar to that of
Example 69 MS mle (ESI) 377(M+H)+-10 Example 75
7-(2-Butynyl)-6-(piperazin-I-yl)-7.9-dihydropurin-8-one trifluoroacetic acid -
sat HN NJCiO NCN>=0OHOF -IY NFF H
4-[7-(2-Butynyl)-8-ox0-8,9-dihydro-7H-purin-6-yl]piperazine-I-carboxylic
acid t-butyl 15 ester (compound 61e) (12 mg) was dissolved in
roacetic acid. This reaction solution was stirred at room temperature
Ltﬁge minutes, and then concentrated. The residue was purified by
verse phase high performance liquid chromatography to give the title
ompound (8.86 mg). MS m/e (ESI) 273(M+H)+ 20 Example 76

(2-Butynyl)-9-methyl-6-(piperazin-1-yl-7,9-dihydropurin-8-one
J\/’IE oroacetic acid salt 76a) 4-(9H-purin-6-yl)-piperazine-I-carboxylic acid

yI ester 87 0OYO~CD NN NN H

To a solution of 6-chloropurine [CAS No. 87-42-3] (7.73 g) in ethanol (100 mL),
diisopropylethylamine (26.1 mL) and piperazine-1-carboxylic acid t-butylester (11.16 g) were
added, and this was heated under reflux for 16 hours. The solvent was removed under reduced
pressure, and the residue was suspended in water (200 mL). The precipitate was collected by
filtration, and then washed twice with 50 mL of water and twice with 50 mL of t-butyl methyl
ether to give the title compound (13.99 g).

'HNMR(CDCL) |
1.50 (s, 9H), 3.58-3.62 (m, 4H), 4.29-4.37 (m, 411,), 7.90 (s, IH) 8.35 (s, 1H)

76b)

4-(9-Methyl-9H-purin-6-y1)-piperazine-1-carboxylic acid t-butyl ester
Y°

[T

r/

N
NN
P

N

Potassium carbonate (1.52 g) and methyl iodide (0.94 mL) were added to a soiutibn of
4-(9H-purin-6-yl)-piperazine- -carboxylic acid t-butyl ester (3.04 g) in N,N-dimethylformarmide
(100 mL), and this was stirred at room temperature for 16 hours. Ethyl acetate (300 mL) and
water (100 mlL) were added, the organic layer was washed twice with 100 mL of water and then

once with 100 mL of saturated aqueous sodium chloride solution, and then dried over anhydrous

)

magnesium sulfate. The organic layer was filtered, and concentrated under reduced pressure to
give the title compound (2.70 g).

'H-NMR(CDCls)

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, 1)

76¢)
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To a solution of 6-chloropurine [CAS No. 87-42-3] (7.73 g) in ethanol (100
mL), diisopropylethylamine (26.1 mL) and piperazine-I-carboxylic acid
t-butylester (11.16 g) were added, and this was heated under reflux for 16
hours. The solvent was removed undet'reduced 5 pressure, and the
residue was suspended in water (200 mL). The precipitate was collected
by filtration, and then washed twice with 50 mL of water and twice with 50
mL of t-butyl methyl ether to give the title compound (13.99 g).
4-(8-UiHernRIC DB 18) - 1uB0-(5yOHYip8r 888 8 2carhokilic 4@ 9 Uy (IwstaH,),
7.90 (s, 1H), 8.35 (s, 1H) 10 76b)
ng_ “Methyl-9H-purin-6-yl)-piperazine-I-carboxylic acid t-butyl ester 0V0-j<
N N IN'N N N Potassium carbonate (1.52 g) and methyl iodide (0.94 mL)
ere added to a solution of 15 4-(9H-purin-6-yl)-piperazine-I-carboxylic
n-acid t-butyl ester (3.04 g) in N,N-dimethylformamide (100 mL), and this
was stirred at room temperature for 16 hours. Ethyl acetate (300 mL) and
f‘§ oS atguépo mL) were added, the organic layer was washed twice with 100
kN/ of water and then once with 100 mL of saturated aqueous sodium
chlaride solution, and then dried over anhydrous magnesium sulfate. The
organic layer was filtered, and concentrated under reduced pressure to

20 Ve RSB R oD @ 8 fAtRL AVIREEBIEID 1.50 (s, OH),
4-(9-13e80/ BB it by 383 (9281d) | 426434k _(mid4%i=t)ut_?{17e3té§ (117D, 8.36 (S_,
NN%%%’@E)@%% %.?Efg‘g-é\d}]gi %&8&%%%5@%%@%‘@68{ REERRNERCAPO N s, Ethyt
acetate (200 mL,) and water (50 mL) were added, the organic layer was washed twice with 50 mL
of water and then once with 50 mL of saturated aqueous solution of sodium chioride, and dried
over anhydrous magnesium sulfate. The organic layer was filtered and then concentrated under
reduced pressure. The residue was purified by silica gel chromatography, and the ethyl
acetate:hexane 4:1 fraction gave the title compound (1.97 g).

'H-NMR(CDCL) |

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-ox0-8,9-dihydro-7H-purin-6-yl)-piperazine-1-carboxylic acid t-butyl ester

0, 0O
%
.
H
(Lo
\

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).
THNMR(CDCl;)

1.50 (s, 9H), 3.47(s, 3H), 3.58-3.62 (m, 4H), 3.72-3.77 (m, 4H), 8.33 (s, 1H), 10.87-10.92 (br.s,
1H)
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N-chlorosuccinimide (1.25 g) was added to a solution of
4-(9-methyl-9H-purin-6-yl)-piperazine-I-carboxylic acid t-butyl ester (2.70
g) in 5 N,N-dimethylformamide (30 mL%) and this was stirred at room
temperature for 20 hours. Ethyl acet eg (200 niL) and water (50 mL) were
added, the organic layer was washed twice with 50 mL of water and then
once with 50 mL of saturated aqueous solution of sodium chloride, and
dried over anhydrous magnesium sulfate. The organic layer was filtered
and then concentrated under reduced pressure: The residue was purified
76¢) by S|I|ca gel chromatography, and the ethyl 10 acetate:hexane 4:1 fraction

7o BRSEETPANS .91 o) JANRICOCAS L0 1), 356.30

ﬂ 4-(9-Methyl-8-0x0-8,9-dihydro-7H-purin-6- yI) plperazme 1-carboxylic acid
butyl ester OVO (N) NH N N N Sodium acetate (0.168 g) and sodium
[ icarbo (0.100 g) were added to a solution of
N 4-(8rchioro-9-methyl-9H-purin-6-yl)-piperazine-l-carboxylic acid t-butyl
N (O.353Fg)=i dimethylsulfoxide (5 mL). This was then heated at 135C
U jor urs. Tpe reaction solution 20 was filtered, and was directly loaded
N ontq a columnfor purification by reverse phase high performance liquid
chromatography to give the title compound (0.179 g). 'H-NMR(CDCI3)

1.5Pcfas S, Subbist3kh) ni’g‘,BBna 62 iomcAbhodyhd-8 (1 {rvedd Hd &3 2(8 solution of
4-(9- rll'éﬁryé%tg%ﬁg &%h d‘?‘o 9‘ ge%rgilﬁ-]?- ;sbp %Z]él%y dcf?)rp Sﬁxhé: ac;d t-butyl ester (10
mg) 13&%&3% he g{g@a}qlﬁe Thus was stirred at room temperature for 15 hours.
Ethyl acetate (1 mL) and water (1 mL) were added, and the organic layer was concentrated.
The residue was dissolved in dichloromethane (0.5 mL) and trifluoroacetic acid (0.5 mL). This
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 mle (ESI) 287.20 (M+H)"

Example 77
9-Methyl-7-(3-methyl-2-butenyl}-6-(piperazin-1-v1)-7.9-dihvdropurin-8-one trifluoroacetic acid

salt

[ ) j
k >:O F\i/LkOH

\ F

Using 1-bromo-3-methyl-2-butene (5 pL) 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-Benzyl-9-methyl-6-(piperazin-1-y1)-7.9-dihydropurin-8-one trifluorcacetic acid salt
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N FO 60FOH F 5 Potassium carbonate (6 mg) and 1- bromo 2-butyne (4
L) were added to a solution of
4-(9-methyl-8-0x0-8,9-dihydro-7H-purin-6-yl)-piperazine-I-carboxylic acid
t-butyl ester (10 mg) in N,N-dimethylformamide (O.5mL). This was stirred
at room temperature for 15 hours. Ethyl acetate (1 mL) and water (1 mL)
were added, and the organic layer was concentrated. The residue was
dissolved in dichloromethane (0.5 mL) and trifluoroacetic acid (0.5 mL).

H This 10 was stirred for two hours, and the solvent was then removed. The

[N esidue was purified by reverse phase high performance liquid

Example 76e, the title compound (4.3 mg) was obtained by treatment
siniilaintobieatydbioxaip{é 168 i2feMS e (ESHE803-Batidd H)Exdxpimpte, the title
comp Z@n@l @Legl M%Bﬂlﬁewméﬂlg&x&agWﬂﬁqg'ﬂmﬁﬁ%’f@%e

tr| fluoroacefi c ac:ld sat F NN-~O ~
MS m/e (EST) 325.2

Example 79
2-[7-(2-Butynvl)-8-0x0-6-piperazin-1-yl-7.8-dihydropurin-9-yimethyl]benzonitrile

trifluoroacetic acid salt
79a)
4-19-2-Cyanobenzyl)-9H-purin-6-yl}-piperazine-1-carboxylic acid t-butyl ester

OTO\]<
)

NN
N&)Y\ I\

N

Potassium carbonate (0.76 g) and (2-bromomethyl)benzonitrile (1.08 g) were added to a
solution of 4-(9H-purin-6-yl)-piperazine-1-carboxylic acid t-butyl ester (compound 76a) (1.52 g}
in N,N-dimethylformamide (100 mIL). This was then stirred at rocom 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 twice 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 sequentially with 5% aqueous
solution of sodium bicarbonate (200 ml) and water (200 mL), combined with the ethy! 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 (br.s, 4H), 5.58 (s, 2H), 7.37 (d, J=7.5Hz, 1H), 7.42 (1,



N N F Using benzyl bromide (5 L) instead of the 1-bromo-2-butyne in
Example 76e, the title compound (4.8 mg) was obtained by treatment
similar to that of Example 76e. MS mi%ifESI) 325.23 (M+H)~ 5 Example
79 2-17-(2-Butynyl)-8-ox0-6-piperazin-l*-yl-7, ’ ;
8-dihydropuurin-9-ylmethyllbenzonitrile trifluoroacetic acid salt 79a) 10
4-[9-(2-Cyanobenzyl)-9H-purin-6-y1]-piperazine-l-carboxylic acid t-butyl
ester O0"(N) NNN NN Potassium carbonate (0.76 g) and _
J=T7.5zbidhdméttiylsenknittile (1/0d4)wbréladbEy 163 (soldtibrs ap (s, 11H)
4-(9H-purin-6-yl)-piperazine-l-carboxylic acid t-butyl ester (compound 76a)
(1.52 g) in N,N-dimethylformamide (100 mL). This was then stirred at
79b) room temperature for 16 hours. 15 Ethyl acetate (500 mL) and water (500
4-{ 8- Ghlyrerér€adidedbionthd) réHeponmsbtytiom panaditied wabdiligredcid heoutyl ester
o grganic layer was washed twice with 200 mL of water and then once with
Y mL of saturated aqueous sodium chloride solution. The solid
N_collected by filtration was dissolved in dichloromethane (500 mL). This
[ olution was then washed sequentially with 5% aqueous solution of
N“Sodium bicarbonate (200 mL) and water (200 mL), combined with the
\etl‘wl acetate 20 organic layer, and then dried over anhydrous magnesium
L ulfgted'he organic layer was filtered, concentrated under reduced
n-pressure, and the residue was recrystallized from toluene to give the title
2.04 g). 'H-NMR(CDCI3) 1.50 (s, 9H), 3.53-3.61 (m, 4H),
r.s, 4H), 5.58 (s, 2H), 7.37 (d, J=7.5Hz, 1H), 7.42 (t, 91
z, 1H), 7.54 (t, J=7.5Hz, 1H), 7.70 (d, J=7.5Hz, 1H), 7.89 (s, 1H),
8.38 (s, 1H) 79b)

4-[9-(2-Cyanobenzyl}-9H-purin-6-yl}-piperazine-1-carboxylic acid t-butyl ester (0.419
g) was suspended in N,N-dimethylformamide (80 mL.), and then N-chlorosuccinimide (0.160 g)

was added. This was stirred at room temperature for 72 hours. N-chlorosuccinimide (0.160 g)
was added again, and this was then heated at 60°C for 18 hours. Ethy! acetate (200 mL) 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 sulfate, 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).

"TH-NMR(CDCl3)

1.50 (s, 9H), 3.53-3.60 (m, 4H), 4.18-4.27 (br.s, 4H), 5.62 (5, 2H), 6.99 (d, J=7.4Hz, 1H), 7.40 (8,
J=7.4Hz, 1H), 7.49 (1, }=7.4Hz, 1H), 7.71 (d, ]=7.4Hz, 1H), 8.31 (s, 1H) ' |

79¢)
4-19-(2-Cyanobenzyl)-8-0x0-8,9-dihydro-7H-purin-6-yl j-piperazine- I -carboxylic acid t-butyl

ester
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4-[8-Chloro-9-(2-cyanobenzyl)-9H-purin-6-yl]-piperazine-I-carboxylic acid
t-butyl ester CDNNCN }-CI NND 5N
4-[9-(2-Cyanobenzyl)-9H-purin-6-yl]-piperazine-I-carboxylic acid t-butyl
ester (0.419 g) was suspended in N,N-dimethylformamide (80 mL), and
then N-chlorosuccinimide (0.160 g) was added. This was stirred at room
temperature for 72 hours. N-chlorosuccinimide (0.160 g) was added
again, and this was then heated at 60C for 18 hours. Ethyl acetate (200
OYﬁi.gmd 10 water (100 mL) were then added, and the organic layer was
N W ed twice with 50 mL of water and then once with 5 mL of saturated
[ Eﬂqueous sodium chloride solution. This was then dried over anhydrous
N agnesium sulfate, filtered and concentrated under reduced pressure,
and then the residue was purified by silica gel chromatography. The

N ichloromethane:ethyl acetate 7:3 fraction gave the title compound (0.100
U PI-NMR(CDCL’B) 1.50 (s, 9H), 3.53-3.60 (m, 4H), 4.18-4.27 (br.s,
N"4H)\ 5.62x(s, 2H), 6.99 (d, J=7.4Hz, 1H), 7.40 (t, J=7.4Hz, 1H), 7.49 (t,

1), 7.71 (d, J=7.4Hz, 1H), 8.31 (s, 1H) 79c) 20
“yanobenzyl)-8-oxo-8,9-dihydro-7H-purin-6-yl]-piperazine-l-carbox
yliggcid t-butyl ester 92 OVO C) NH N N-1-C NN N Sodium acetate
(0.168 g) and sodium bicarbonate (0.100 g) were added to a solution of

4-[Shilsrorceistecifahobehand) oiynhiceryiingip éPabifez)-varbesgie toidsolution of
4-[8-dhipstyl e ster kR zy1)-9H-purin-6-yl]-piperazine-1 -carboxylic acid t-butyl ester (0.100
g) in dimethylsulfoxide (3 mL). This was then heated at 135°C for 45 hours. The reaction
solution was filtered, and then directly loaded onto a column for purification by reverse phase
high performance liquid chromatography to give the title compound (0.044 g).
THANMR(CDCL)
1.50 (s, 9H), 3.53-3.57 (m, 4H), 3.65-3.70 (m, 4H), 5.34 (s, 2H), 7.38 (d, J=7.5Hz, 1H), 7.39 (1,
J=7.5Hz, 1H), 7.53 (d, J=7.5Hz, 1H), 7.70 (d, J=7.5Hz, 1H), 8.25 (s, 1H), 10.87 (s, 1H)

79d)
2-[7-(2-Butynyl-8-oxo0-6-piperazin-1-yl-7,8-dihydropurin-9-ylmethyl]benzonitrile trifluoroacetic
acid salt -

H
N

[Nj /%
N/%;%:O e
L= -

@\F
=N

Potassium carbonate (0.017 g) and 1-bromo-2-butyne (0.011 mL) were added to a

OH

solution of 4-[5-(2-cyanobenzyl)-8-ox0-8,9-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
organic layer was dried over anhydrous magnesium sulfate, filtered, and then concentrated under
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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g) in dimethylsulfoxide (3 mL). This was then heated at 135C for 45 hours.
The reaction 5 solution was filtered, and then directly loaded onto a
column for purification by reverse phagi high performance liquid
chromatography to give the title compodund (0.044 g). 'H-NMR(CDC13) -
1.50 (s, 9H), 3.53-3.57 (m, 4H), 3.65-3.70 (m, 4H), 5.34 (s, 21-1),7.38 (d,
J=7.5Hz, 1H), 7.39 (t, J=7.5Hz, 111), 7.53 (d, J=7.5Hz, 11-1), 7.70 (d,
J=7.5Hz, 1H), 8.25 (s, 114), 10.87 (s, 1H) 10 79d)

then ujze@-Bedyndesrosecedpirsearm- 1 ShenSidng shiaaumiodymetriip dhashiizh

perfoifilgtifigaroaetimAsidisall [ &iGNR: Mhblcorddutd WNIBOH F N 15

1. Pot I(Lé carbonate (0.017 g) and 1-bromo-2-butyne (0.011 mL) were

t solution of

1.80 {4;[PH(R T §ariobeiizyd) Bl B B dihjore-FH)pdiif-6.\ Fpigetadinelitsarbox 41 (m,

2H), Yo agid-tRupyl asien 6 Qa4ray isry,Nigmetyl{oymamide (3 mL). This
was then stirred at ropm temperature for 72 hours. Ethyl acetate (10 mL)

MS ”Eﬁé%gtéﬁﬁl BL re added, and the organic layer was dried over
anhydrous magnesium sulfate, filtered, and then concentrated under 20

Exm{?g%ed pressure. The residue was dissolved in dichloromethane (3 mL)
nd trifluoroacetic acid (3 m 2 u

A H A ; & ylmethylibenzonitrile
80a) reduced pressure. The residue was purified by reverse phase hig

Allyl gg_rgggg 8igL '%ﬁg{g@atography to give the title compound (0.0162 g).
H-NMR(CDC13)1.80 (s, 3H), 3.30-3.45 (br.s, 4H), 3.63-3.75 (br.s, 4H),

N4, 2H), 5.35 (s, 2H), 7.30-7.41 (m, 5 2H), 7.52 (d, J=7.5Hz, 1H),
L 834d, J=75Hz, 1H), 8.39 (5, IH) MS mle (ESI) 388.18 (M+H)+

H
Allyl amine (40 mL) was added to a solution of 4-ethoxy-3-nitropyridine hydrochloride
[CAS No. 94602-04-7] (18.0 g) in ethanol (400 m1), and this was heated under reflux for eight

hours. The reaction solution was concentrated under reduced pressure, and the residue was

purified by silica gel column chromatography. The fraction eluted by ethyl acetate-hexane
(1:1) gave the title compound (13.6 g).

'H-NMR(CDCl3) |

5 4.00 (m, 2H), 5.29-5.35 (m, 2H), 5.87-5.98 (m, 1H), 6.63 (d, J=6.5Hz, 1H), 8.30 (d, J=6.5Hz,
1H), 8.31 (brs, 1H), 9.23 (s, 1H)

80b)
N*4*-Allyl-2-chloropyridin-3,4-diamine
Ci
@N%—h -
; = N/\/ .
H .

35% Hydrochloric acid (55 mL) was added to allyl(3-nitropyridin-4-y1) 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



10

13

20

25

Example 80 2-(3-Benzyl-2-oxo0-4-piperazin-l-yl-2,3-dihydroimidazo f
4.5-c]pyridin-1 -ylmethyi)benzonitrile 10 80a) Allyl-(3
-nitropyridin-4-yl)amine N NO2 Nom/ g4 Allyl amine (40 mL) was added to
a solution of 4-ethoxy-3-nitropyridine hydrochloride [CAS No. 94602-04-7]
(18.0 g) in ethanol (400 mL), and this was heated under reflux for eight 15
hours. The reaction solution was concentrated under reduced pressure,

.and the, resi was purified by silica gel column chromatogr, . The
b SOt AESAtaL B (1) Qe R i Sl
H-N¥B(6€5¥:12H-NMR(CDC13) 6 4.00 (m, 2H), 5.29-5.35 (m, 2H), 5.87-5.98
5 3.2918,58H)r 6.681{%h 4365z 3H), 8130 {Dslza-Phizs A4 R 8 3L MO St i 1), 5.29
. J_gézgés, @ ?%%) V§*4 *(-fl%d— : hll()r(ép%;"%%-sl’t%-dlﬁml &f CINNH2 N H
(4, 335 gt flroRhnonts S (58 Gy e My Ry i 06
J=6.5HminE)3.02 g) and this was heated to 90C. Tin chloride (19.1 g) was
added, and this was reacted at 90C for 30 minutes. The reaction solution
was cooled on iced water, and 250 mL of iced water was added. The
80¢) reaction solution was concentrated under reduced pressure, and then a
1-Allgladuchte- $Slutibydodiadtmor b Smédtyaidal-(2560emL) was added, and this
oy Was stirred for 20 hours. Ethyl 30 acetate (750 mL) was then added, and
thisiwas filtered through celite, and then concentrated under reduced
N7 sure. The residue was purified by silica gel column chromatography,
L &94 fraction eluted by ethyl acetate-hexane (1: 1) gave the title
compound (2.88 g). 'H-NMR(CDC13) 6 3.29-3.58 (br.s, 2H), 3.84 (d,
J=6.3Ngz, 2H), 4.26-4.37 (br.s, 1H), 5.24 (d, J=11.0Hz, 1H), 5.29 (d,
J=16.0Hz, 1H), 5.85-5.98 (ddt, J=16.0, 11.0, 6.3Hz, 1H), 6.43 (d, J=6.5Hz,
1HN ob@iteh of N,N’-disuccinimidyl carbonate (4.46 g) in acetonitrile (400 mL.) was
added to a solution of N*4*-allyl-2-chloropyridine-3,4-diamine (2.88 g) in acetonitrile. This
was then heated under reflux for 70 hours. The solvent was removed under reduced pressure,
the residue was dissolved in ethyl acetate (500 mL) and water (300 mL). The organic layer was
then washed twice with 100 mL of 1 N hydrochloric acid and then once with 100 mL of saturated
aqueous sodium chloride solution. This was then dried over magnesium sulfate, and concentrated
under reduced pressure.  The residue was purified by silica gel column chromatography, and the
fraction eluted by ethyl acetate-dichloromethane (1:1) gave the title compound (2.30 g).
'H-NMR(CDCl3)
8 4.51 (d, J=5.7Hz, 2H), 5.25 (d, J=16.0Hz, 1H), 5.30 (d, J=10.9Hz, IH), 5.85-5.95 (ddt, J=16.0,
10.9, 5.7Hz, 1H), 6.91 (d, J=6.9Hz, 1H), 8.10 (d, I=6.9Hz, 1H), 8.99 (br.s, 1H)

80d)
1-Allyl-3-benzyl-4-chioro-1,3-dihydroimidazof4.5-c]pyridin-2-one

Cl @
e
N
S

Potassium carbonate (0.76 g) and benzylbromide {0.94 g) were added to a solution of

1-allyl-4-chloro-1,3-dikydroimidazo[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
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5J=6.5Hz, 1H) 80c) 1-Allyl-4-chloro-1,3-dihydroimidazo
[4.5-c]pyridin-2-one CIHN N j N >=0 10 A solution of
N,N'-disuccinimidyl carbonate (4.46 g),in acetonitrile (400 mL) was added
to a solution ofN*4*-allyl-2-chloropyridine-3,4-diamine (2.88 g) in ‘
acetonitrile. This was then heated under reflux for 70 hours. The solvent
was removed under reduced pressure, the residue was dissolved in ethyl

acetate (500 mL) and water (300 mL(g. The organic layer was then
acetatwﬁ&%@i«wérmmmthﬁ QU RHydrEeh s webedribresdimsn ol 90 mL of

 water 308 min@hsatwmiq@a&gw@%amaqm@maﬁiﬁp&mwg Sia@s theR was dried

over dri %esoixer nesium sulgg%e acp onceptrated under reduc&gr? ssure d
fesidue was purn‘c eacby sl 56%%103 RFSIRATO Y EpiTy & thedmpoun

(1.57 ﬁrhctlon eluted by ethyl acetate- dlchloromethane (1:1) gave the title

\H-NPEEREng (2.30 g). "H-NMR(CDCI3) 6 4.51 (d, J=5.7Hz, 2H), 5.25 (d,

1H),.5,30 ( 5-5.95 (ddt, J=16.0, 20 10.9,
54565 ?%526‘?%% S SELb Gk B Do 10 e o, BB dsadi. 35-5.95
(ddt, B0@)011AIK1537Ben 2¥46chldrb I8 Qﬁ%wdﬁé]nﬂ%z@%&m}@ﬁlm&@@me}:@wm 1H),
8.99 (5Q, Nf)y >==C 25 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
80e} N,N-dimethylformamide (50 mL). This was stirred at room temperature for
3-BertIOUERNIRIEIR00 Al QDY BV B9 aeial 300 mL) were added,
and the organic layer was washed three times with 100 mL of water and
then opreewith 100 mL of saturated aqueous sodium chloride solution,
Lwas diied over magnesium sulfate, and concentrated under reduced
)\lp/ suréto give the title compound (1.57 g). 5 1H-NMR(CDCI3)
N™ ™ >—‘:O

Water (1.5 mL), 4-methylmorpholin-N-oxide (1.06 g), 2% aqueous osmic acid solution
(3 mL}), and a solution of sodium pericdate (1.94 g) in water (6 mL) were added to a solution of
1-allyl-3-benzyl-4-chloro-1,3-dihydroimidazo[4.5-¢c]pyridin-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)

8 5.44 (s, 2I0), 7.01 (4, J=6.5Hz, 1H), 7.30-7.38 (m, SH), 8.08 (d, J=6.5Hz, 1H), 9.18 (s, 1H)

801
2-(3-Benzy!-4-chlora-2-0x0-2,3-dihydroimidazo[4.5-c]pyridin-1-ylmethyl)benzonitrile
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6 4.56 (d, J=5.7Hz, 2H), 5.23 (d, J=16.0Hz, 11-1), 5.30 (d, J=10.9Hz, 1H),
5.44 (s, 211), 5.85-5.95 (ddt, J=16.0, 10.9, 5.7Hz, 111), 6.91 (d, J=6.9Hz,
11-1), 7.25-7.34 (m, 511), 8.08 (d, J=§Hz, 1H), 8.99 (br.s, 1H) 10 80e)
3-Benzyl-4-chloro-1,3-dihydroimidazo[4.5-c]pyridin-2-one CI\/N ~C N H
Water (1.5 mL), 4-methylmorpholin-N-oxide (1.06 g), 2% aqueous osmic

acid solution (3 mL), and a solution of sodium periodate (1.94 g) in water

o A S TR R b RaRI BB (R 1468 s added
to a sclytiatiotanbelts | Hhich] Tinis, Wit sHenheatedaf 606 fidiia-oaurd. Watsrin
N,N-digR% Mk nasadded,and thigwas s‘?ﬁﬁcﬁ‘?ﬁ’o‘é’ﬂﬁhﬁ}%@rﬁ%&a{‘& @%%H?E) Ethyl

The obtained organic Ia%s};was washed twice with mL of water and
acetatg{Sh Brhod IRt istadiatAEsLb e Saram R s Stanpi twice with 30
mlL ofdﬂﬁdr@mdromagﬂﬁsmﬂuﬁﬁtettﬁﬁddhqm@eﬂifmﬁedﬂmmﬁﬁrsfﬁdmmd This was

then d IS , an l %ﬁ@?tr:.gggm?ﬂ y %Qb @ llg é%‘@& filtered an concentrated

romatogr p tion eluted tate exane
under @%R}@%H@rﬁw@eﬁaﬁo@ﬁd%dge yps' mm@@@mhs%g&hcégomsogr@by Tee
ethyl {ektdmthbhizeBH), [adford @8/ ¢MheTit): &85 E(dnd<6.5642¢LH), 9.18 (s, 1H)

HN é:n I-4-chloro-2-oxo-2,3-dihydroimidazo[4.5-c]pyridin-I-ylmethyl)be
2 e o2 S e ARG 52 i 11D, 744

(t, J=12ibromomesniberzoniile (0216 @) wereraddad) e acalutien sifiz, 1H)
3-benzyl-4-chlorol,3-dihydroimidazo[4.5-c]pyridin-2-one (0.259 g) in
N,N-dimethylformamide (5 mL). This was stirred at room temperature for

80g) 16 hours. Ethyl acetate (60 mL) and water (30 mL) were added, and the

2-(3-BUGANIC- BYLE WasWash ed TSI 30nidazo[4.5-¢|pyridin-1-yimethyl)benzonitrile

Under a nitrogen atmosphere,
2—(3-bemyi-4—cMor0—2-oxo~2,3~dihydroimidazo{4‘5-c]pyridin—i—ylmethyl)benzonitn"le (0.364 g)
and piperazine-I-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:methanol 98:2 gave the title
compound (0.150 g).

"H-NMR{CDCl5)

2.96-3.00 (m, 4H), 3.01-3.06 (m, 4H), 5.28 (s, 2H), 5.40 (s, 2H), 6.74 (d, J=5.6Hz, 1H),
7.21-7.33 (m, 6H), 7.39 (t, }=7.4Hz, 1H), 7.49 (t J=7.4Hz, 1H), 7.68 (d, J=7.4Hz, 1H), 8.02 (d,
J=5.6Hz, 1H)

Example 81
2-13-Benzvl-1-(2-cvanobenzyl)-2-0x0-4-piperazin-1-vl-2.3-dihydro-1H-imidazo[4.5 ~clpyridin-7-

vloxy]-benzamide trifluoroacetic acid salt
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5 ml, of water and once with 30 mL of saturated aqueous sodium chloride
solution. This was then dried over anhydrous magnesium sulfate. The
organic layer was filtered and concengm}lted under reduced pres_suré, and
the residue was then purified by silica gel chromatography. The ethyl
acetate:hexane 3:2 fraction gave the title compound (0.364 g).
'H-NMR(CDC13) 105.35 (s, 2H), 5.49 (s, 2H), 6.96 (d, J=5.6Hz, 1H),
7.24-7.35 (m, 5H), 7.41 (d, J=7.4Hz, 1H), 7.44 (t, J=7.4Hz, 1H), 7.57 (t,
$la) =7, 4Hz, 1H), 7.73 (d, J=7.4Hz, 1H), 8.06 (d, J=5.6Hz, 1H) 80g) 2-(3 -B
4-[3-Femzyl-2-(xovh:p tpara)it-bxy- 23ndihyd (9. Frittazild-5-y¢]-pypsidinie- 1 -carboxylic
acid ty@%@ () benzonitrile H (NN) /- N -"N N >--O 15 0 N Under a nitrogen
osphere,
O enzyl-4-chloro-2-oxo-2,3-dihydroimidazo[4.5-c]pyridin-1-ylmethyl)be
itrile (0.364 g) and piperazine-I-carboxylic acid t-butyl ester (0.543 g)
re -.-'. ed at 170C for 12 hours. The residue was cooled, and then
r‘lfl(‘snica gel chromatography using amine-treated silica. 20 The
fra ion€luted by ethyl acetate:hexane 4:1 to ethyl acetate:methanol 98:2
Ne the titte compound (0.150 g). 'H-NMR(CDC13) 2.96-3.00 (m, 4H),
!/ D6 (m, 4H), 5.28 (s, 2H), 5.40 (s, 2H), 6.74 (d, J=5.6Hz, 1H),
(m, 6H), 7.39 (t, J=7.4Hz, 1H), 7.49 (t, J=7.4Hz, 1H), 7.68 (d,
) 8.02 (d, 25 J=5.6Hz, 1H) Example 81 2
-(2-cyanobenzyl)-2-oxo-4_piperazin-l-yl-2,3-dihydro-IH-imidazo
4. EN pyridin-7- yloxy]-benzamide trifluoroacetic acid salt 97 81a) 4- [3

-Benzyl-1-(2-cyanobenzyl)-2-oxo-1 H-imidazo [4.5
-c]Pyridintal il piperatzife-OPdcarbostytie thad i (9l @teniQ\i@scadded to a solution

of 2-(3-benzyl-2-ox0-4-piperazin-1-yl-2,3-dihydroimidazo{4.5-c]pyridin- 1 -ylmethyi)benzonitrile

{compound 80g) (0.146 g) in dichloromethane (10 mL). This was stirred at room temperature
for 15 hours. The solvent was removed under reduced pressure, and the residue was purified by
silica gel chromatography. The hexane:ethyl acetate 7:3 fraction gave the title compound
(0.121 g).

'H-NMR(CDCl5)

1.46 (s, SH}, 2.95-3.00 (m, 4H), 3.41-3.53 (br.s, 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, IH) 7.51 (t, J=7.5Hz, 1H), 7.69
(d, J=7.5Hz, 1H), 8.02 (d, J=5.6Hz, 1H)

81b)

4-[3-Benzyl-7-bromo-1-(2-cyanobenzyl)-2-oxo-1H-imidazo[4.5-c]pyridin-4-yl]-piperazine-1-car
boxylic acid t-butyl ester

Sodium bicarbonate (0.029 g) and N-bromosuccinimide (0.044 g) were added to a
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NrO CN)N N>==0 N 5 Di-t-butyl dicarbonate (0.094 g) and
triethylamine (0.050 mL) were added to a solution of
2-(3-benzyl-2-oxo-4-piperazin-l-yl-2,3-dihydroimidazo[4.5-c]pyridin-1-ylmet
hyl)benzonitrile (compound 80g) (0.146 g) in dichloromethane (10 mL). -
This was stirred at room temperature for 15 hours. The solvent was
removed under reduced pressure, and the residue was purified by silica
gel chromatography. The hexane:ethyl acetate 7:3 fraction gave the title
solutiggrpound 10 (0.121 g). 'H-NMR(CDC13) 1.46 (s, 9H), 2.95-3.00 (m,

4-[3-¥eiryB AL 3P HRESAND- 530! f%axﬁﬁ@az%[ﬁoj(%ﬂ%l(ﬁt%%gigﬁaﬁﬂf% .—galrboxylic

. H), /.20-7 ~oH), 7.31 (d, J=7. ) ), ,
wid PG AT B e A S s Akt ympersc for
15 hons[3-Bethr hetatofidd ni2-cyethwlotm £§1) 1RIoxedk-amidd zand the organic layer was

dried ldver ﬂaﬁ%ﬁé@ﬁﬁﬂéﬂﬁéﬁcﬁftep@fﬂg agid Lhutvhester %@@%%@Ipressur&.
N >=0 r\ﬁl@{é%%odlu bicarbonate (0.029 g) and N-bromosuccinimide

The rfé%xz&v&s Béd oy c%qﬁi%ﬂgsafphy, and the hexane:ethyl acetate 7:3 fraction

- gave f3iblenayipby@icYantibenzyl)-2-oxo-IH-imidazo[4.5-c]pyridin-4-yl]-piperaz

1H_de[ﬁ9@9xylic acid t-butyl ester (0.121 g) in acetonitrile (5 mL). This was

then stirred at room temperature for 15 hours. Ethyl acetate (100 mL)] and ‘
146 (et (B0 oL Wi HAUEcE Brch HeTGrole e erwHD 5 b oo 075 (& J=7 51z
1H), aapydBousantadinésian siHfatelfiltefp d. 4, tieh ddncaiirated (fde?.5Hz, 1H), 8.03
s, Hﬁaduced pressure.

8lc)
4-{3-Benzyl-7-(2-carbamoylphenoxy)-1-(2-cyanobenzyl)-2-oxo-2,3-dihydro-1H-imidazo[4.5-c]p
yridin-4-yll-piperazine-1-carboxylic acid t-butyl ester

Salicylamide (0.056 g), cesium carbonate (0.130 g), :
2,2,6,6-tetramethyl-3,5-heptanedione (0.005 mL), and copper(I) 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}pyridin-4-yl]-piperazine-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 solution was cooled, t-butyl

- methyl ether was added, and this was filtered through celite. The celite was washed with ethyl

acetate (25 mL), and the organic layers were combined, and then washed sequentially' with2 N
hydrochloric acid (10 mlL), 0.5 N hydrochloric acid (10 mL), 1 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 purified by reverse phase high performance liquid chromatography to give the title
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The residue was purified by silica gel chromatography, and the
hexane:ethyl acetate 7:3 fraction gave the title compound (0.148 g).
"H-NMR(CDCI3) 1.46 (s, 9H), 2.97-37.% (m, 4H), 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, J=7.5Hz, 1H), 7.69 (d, J=7.5Hz, 1H), 8.03
(s, 1H) 81c)
4-[3-Benzyl-7-(2-carbamoylphenoxy)-1-(2-cyanobenzyl)-2-oxo-2,3-dihydro
compapnsihiiEbf:5-clp 15 yridin-4-yl]-piperazine-I-carboxylic acid t-butyl ester
'H-NQR@OD N NN 1>=0 N O NH2~~/ N O Salicylamide (0.056 g),

esi 0. ) 2+2:8,6-tetramethyl-3,5:heptanedione (0.0Q5
L O T 73070 By ol Adedtts A Lot a1 b
J=7.3b113 5Bn oot blomhdHA2LEDark Weizy e be AHINid6z6M. bat) Mo s 2-41)J=7.3Hz,
1H), 7Pipeaazetkean topxylic ack-1-butyl B3ies. (X239 53 (brs, 1H)
1-methyl-2-pyrolidone (2 mL). This was then heated at 130C for 22 hours
under a nitrogen atmosphere. The reaction solution was cooled, t-butyl
81d) methyl ether was added, and this was filtered through celite. The celite
2-[3-Basyvashedwilhetbyh.acetate-(Ap-mkh-and 18 _arganic aysrs S-c]pyridin-7-
1[ Ak %L%rthé&nﬂxgshe‘d se %gentially AR %ﬁd%ﬁ%ﬁi{? e D slpyrdin-?
Yioxy, (Eejnﬁagxﬂeﬁg %%ﬁ%:r%l%éi‘dd(i mL), 1 N aqueous sodium hydroxide
sojution (10 mL), and saturated aqueous sodium chloride solution (10
N This was then dried over anhydrous magnesium sulfate, filtered, and
@;e(}ntrat sader reduced pressure. The residue was purified by
rewsrse ph
~ad

igh performance liquid chromatography to give the title 99

4-[3-Benzyl-7-(2-carbamoylphenoxy)-1-(2-cyanobenzyl)-2-0x0-2,3-dihydro-1 H-imidaz
o[4.5-c]pyridin-4-yl]-piperazine-1-carboxylic acid t-butyl ester (0.023 g) was dissolved in
dichloromethane and trifluoroacetic acid (1 mL). After stirring this at room temperature for
two hours, then toluene (5 mL) was added, and this was concenﬁated under reduced pressure.
‘The residue was purified by reverse phase high performance liquid chromatography to give the
title compound (0.016 g). |
MS m/e (ESI) 560.15 (M+H)”

Example 82
3-(2-Butynyl-1-methyl-4-piperazin-1-vi-1,3-dihydroimidazo[4.5-¢lpyridin-2-one
82a)

Methyl-(3-nitro-pyridin-4-ylamine

N7 NO»

H
4-Ethoxy-3-nitropyridine (10.0 g) was dissolved in a 40% methanol solution of methy!

amine {100 mL), and this was heated at 80°C for 60 hours. The solution was cooled, ethyi

acetate (500 mL) was added, and the organic layer was washed twice with 300 mL of water and
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1H-NMR(CDCI3) 1.46 (s, 9H), 2.99-3.07 (br.s, 4H), 3.27-3.55 (br.s, 4H),

5.43 (s, 2H), 5.45 (s, 2H), 6.75 (t, J=7.3Hz, 1H), 6.95 (t, J=7.IHz, 1H),

7.20 (d, J=6.9Hz, 2H), 7.26-7.35 (m, Gk, 7.39 (t, J=7.3Hz, 5 1H), 7.40 (d,

J=7.1Hz, 1H), 7.46 (t, J=7.3Hz, 1H), 8.10 (s, 1H), 8.53 (br.s, 1H) 81 d)

2-[3-Benzyl-I-(2-cyanobenzyl)-2-oxo-4-piperazin-1-yl-2,3-dihydro-IH-imida

z0[4.5-c]pyridin-7- yloxy]-benzamide trifluoroacetic acid saltH ) Ni N/ N

OO0 FFOH F NHz//100 K o ) o
once wifs Bl o e ATBYIpre ARy bRE s obRiRsy)- 32 3ras dtamgeird over
anhydiblzinnid gze 0fdnSrdfiateri diTde wipiptper azin élkaad) axylm acidttdedyheltereduced
pressﬁpqu%gg Yﬁ%%%’sé%’yf&% Ey% omethane and trifluoroacetic acid (1
) mL). After stirring this at room terfiperature for two hours, then toluene (5
H'NMBfwaglahded, and this was concentrated under reduced pressure, 15 :
3.06 (Bhe=residuesWas paritied=vysieversy, thase higthperiennancefiorsd . 6Hz, 1H), 9.22 (s,
1H) chromatography to give the title compound (0.016 g). MS mle (ESI)

560.15 (M+H)+ Example 82 20

3-(2-Butynyl-I-methyl-4-piperazin-1-yl-1,3-dihydroimidazo[4.5-c]pyridin-2-0
82b) ne 82a) Methyl-(3 -nitro-pyridin-4-yl) amine N NO2 N H

-Et -3-nitropyridine (10.0 g).was dissolved in a 40% methanol
2-Ch1§)cr) u ior?éo' r%efﬁé){%gl%?ﬁl%g ﬁlag%urlﬁL), and this was heated at 80C for 60
Clhours. The solution was cooled, ethyl acetate (500 mL) was added, and

N beganic layer was washed twice with 300 mL of water and

I/N/

H

A solution of methyl-(3-nitro-pyridin-4-yl)amine (7.00 g} in concentrated hydrochloric
acid (150 mL) was heated to 90°C. Tin(ll) chloride dihydrate (52.2 g} was then added, and this
was heated at 90°C for 30 minutes. The reaction solution was cooled to 0°C, iced water (700
ml.) was added, and this was stirred for 30 minutes. The solution was concentrated under
reduced pressure, and then ammonia-saturated methanol solution (700 mL) was added to the
residue, and this was stirred at 5°C for 15 hours. The 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 suspended material were washed five times with 250
mkL of ethyl acetate, then the organic layers were combined, and this was concentrated under |
reduced pressure to give the title compound (7.22 g).
"TH-NMR(CDCly)
2.91 (d, J=4.5Hz, 3H), 3.31-3.50 (br.s, 2H), 4.16-4.23 (brs, 1H), 6.40 (d, J=5.8Hz, 1H), 7.67 (d,
J=5.8Hz, 1H) |

82¢)
4-Chloro-1-methyl-1,3-dihydroimidazo [4.5~c]pyridin—2—one

cl oy
1 =0
-

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’-disuccinimidyl carbonate (3.035
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100 once with 300 mL of saturated aqueous sodium chloride solution.
This was then dried over anhydrous magnesium sulfate. The solution was
filtered, and concentrated under reduggd pressure to give the title
compound (7.00 g). ' H-NMR(CDCI3) 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, 1H), 9.22 (s, IH)
82b) 2-Chloro-N* 4 *-methylpyridine-3,4-diamine CI N:NH2 N 10HA
solution of methyl-(3-nitro-pyridin-4-yl)amine (7.0Q g) in concentrated
2) WAy HB EUACi BSHTH ) wWhi HEarH G one. TitRSANGHEaIsyRR%Ed bY
concefbAtdbglnks thémtaﬁﬂ&dstalad\«ﬂatsr (fas hdaiethat@0Q, farBGimimiesiridted four
times Lﬁﬂ?ﬂ?&ﬁ%‘fﬂ & gﬂl\,(\éalt%fe{rz(&%r@cl‘c}n\%aﬁ %da%(? o%gzgntratéd

this was stirred for 30 minutes. T e SC%UUOI’] as concentrated
under F@@Wﬁ&%ﬁre,%@%%WBH@%QM%%%H&W&EMX?W the
dichiomhieﬂmaelﬁi@dmﬁfte IredidugoanevibisanasestirgshaidQ gLy hours.
IH-N ﬁ: ent was removed by concentration under reduced pressure. The
res e s suspended in ethyl acetate (500 mL), and this was filtered
3.45 (shibligh-2@litk théiéauﬂé{érﬁil%édsésééﬁ&ed HatePkibwer&wathed five
times with 250 mL of ethyl acetate, then the organic layers were
$2d) combined, and this was concentrated under 20 reduced pressure to give
the title compound (7.22 g). 'H-NMR(CDC13) 2.91 (d, J=4.5Hz, 31-1),
3-(2-Byynid)sb qhlosy-2Hyetiiiel 4 alypirsimidize 40 (el pyEsigtizond), 7.67 (d,

el JW) 25 82c) 4-Chloro-
I- thyI 1,3-dihydroimidazo[4.5-c]pyridin-2-one CI H N N>=C

N7 >NN'-disuccinimidyl carbonate (3.035 g) was added to a solution of
L -Q 0|%-N*4*-methylpyridine-3,4-diamine (1.38 g) in acetonitrile (300 mL).
The solution was 30 stirred at room temperature for 48 hours, then

nal N,N nimjdyl carbqn
adggltgss?um ca.rgé%lél.gscé Irl]]}d agl lf rg;[r?o(% %utyne (0.742 mL) were added to a

solution of 4-chloro-1-methyl-1,3 -dihydrmmldazo[4.57~c]pyr1d1n-2—one in
N,N-dimethylformamide (50 mL). This was then stirred at room temperature for 16 hours.

Ethyl acetate (300 mL) and water (200 mL) were added, and the organic layer was washed twice

with 200 mL of water and then once with 200 mL of saturated aqueous sodium chloride solution,

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 (0.980 g).
'TH-NMR(CDCl3) |
1.79 (t, J=2.4Hz, 3H), 3.45 (s, 3H), 4.81 (q, J=2.4Hz, 2H), 6.90 (d, J=5.7Hz, 1H), 8.11 (d,
I=5.7Hz, 1H)

82¢)
3-(2-Butynyl)-1-methyl-4-piperazin-1-yl-1,3-dihydroimidazo[4.5-c]pyridin-2-one

H
N

o
N N/ i . 0
NS %OH
O
- T
\
3+(2-butynyl}-4-chloro-1-methyl-1,3-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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101 g) was added, and this was heated at 50C for eight hours. The

solvent was removed by concentration under reduced pressure, Water

(500 mL) was added, and this was exir(z)aycted four times with

dichloromethane (200 mL). The organiclayers were combined and

concentrated under reduced pressure. The residue was purified by silica

gel chromatography, and the 5 dichloromethane:ethyl acetate 1:1 fraction

gave the title compound (1.038 g). 'H-NMR(CDC13) 3.45 (s, 3H), 6.90 (d,
nitroggasITREPhFT, 8 AgqHionabrperazipg; l8re:5di¢siciHybepd psier (0.200 g) was then

adde@ﬂ&%@%@i&ﬁ@@ﬁ@ﬂm%ﬂ@ -Rihydronmidazglfocipyidineg- &efetse phase
I%I |um carb él 17 %) and 1-bromo- %%9/ e (0.742
high I%n{_ {Nnéarzécg 556‘ K aonsz% O&IER f 1ve the'title compound (0
'H- NMBﬁ%Qlﬁiethyl 1,3-dihydroimidazo[4.5-c]pyridin-2-one in
1.78 (- Pelinppthyiformpamide 9 Quroh ko This wars tbﬂg siigredh ajLo0m, s,
=5, 7@\%mz ature for 16 hours 15 Ethyl acetate (300 mL) and water (20
Y ded, and the organlc layer was washed twice with 200 mL of
MS mis(ESEBthER dRtEWith 200 mL of saturated aqueous sodium chloride
solution, then was dried over anhydrous magnesium sulfate. The organic
E I%%eg was filtered and concentrated under reduced pressure, and the
£ idete was purified by silica gel chromatography. The ethyl .
-[3-(@eBta -fractioh gaven tie- titld-2dmiowird (BB dRz 0. 5-¢c Jpyridin-7-vlox
ubeﬂawlra@rg@&r@m%r 41§ 44z, 3H), 3.45 (5, 3H), 481 (q, =24+,
= 1 (d, J=5.7Hz, 1H) 82e) 25
83a) 3. (2 Butynyl) -1- methyl -4- plperazm -I-yl-1,3-dihydroimidazo[4.5-c]pyridin-2-
4-[3-@nButsiy )N JHEthY N N=O 3R BH-imidazo[4.5-c]pyridin-4-y1]-piperazine-1-carb

nyligé@a@%)gééghIoro-I-methyI-l,3-dihydroimidazo[4.5-C]pyridin-2-one

)
N %
NN
| o
ZN
Y

A solution of 3-(2-butynyl)-4-chloro-1-methyl-1,3-dihydroimidazo[4.5~c]pyridin-2-one
(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 organic
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(CDCl)

8 1.50 (s, 9H), 1.78 (4, I=2.4Hz, 3H), 3.10-3.17 (m, 4H), 3.40 (s, 3H), 3.59-3.60 (m, 4H), 4.92 (q,

1=2.4Hz, 2H), 6.68 (d, J=5.7Hz, 1H), 8.08 (d, J=5.7Hz, 1H)

83b)
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piperazine-I-carboxylic acid t-butyl ester (0.200 g) were heated at 175C for
four hours under 102 nitrogen atmosphere. Additional
piperazine-l-carboxylic acid t-butyl es{gr (0.200 g) was then added, and
this was heated at 175C for 16 hours. The residue was purified by reverse
phase high performance liquid chromatography to give the title compound
(0.032 g). 'H-NMR(CD30D) 5 1.78 (t, J=2.4Hz, 3H), 3.36 (s, 3H), 4.92 (q,
4~[7~B]z§%1§ %&-@%ﬁy@é%ﬁt&%%%%@ﬁE—Bdﬁgfcggo— HierlHd%.z%[tll)S'Ycl:]Sp}r/rrllgir(lEt%Ir ]-piperazi .
ne-1-Q@sRRHB uyidydtyheshayl-2-ox0-4-piperazin-I-vl-2 3-dihydro-IH-imidazo[4
5-c]pyridin-7-ylox y]-benzamide trifluoroacetic acid salt 83a)
4-[3<(2-Butynyl)-1-methyl-2-ox0-2,3-dihydro-IH-imidazo[4.5-c]pyridin-4-yl]-
Oﬁ/(ﬁ)iperazine-l-carb oxylic acid t-butyl ester 0OYO, < ND CNN N>-O N 15
N_ A solution of
[ -(2-butynyl)-4-chloro-I-methyl-1,3-dihydroimidazo[4.5-c]pyridin-2-one
coswjpd 82d) (0.865 g) and piperazine-I-carboxylic acid t-butyl ester
(4.37 g) in 1-methyl-2-pyrrolidone (2 mL) was heated at 180C for two
N~ s under a nitrogen atmosphere. Piperazine- | -carboxylic acid t-butyl
L~ r (5.00 g) was then added again, and this was heated at 20 180C for
five\ hours. Ethyl acetate (400 mL) and water (200 mL) were added, and
BT the organic layer was washed twice with 200 mL of water and then once
WitRod0EicefteaiisiedanneidsNsodivial GRlatigesqluien, Rt aR@s a

-.driefl over anhydrous magnesium sulfate. The organic layer was filtered
solution g . e
and concentrated under reduced pressure, and the residue was purified

4 [-(Bpsiicallgerehohaogaphylinisceiiyiinsdanihéxineain fadiogevene-1-carb
oxylidheidieeempesnd QASYiIAN R HMMRIGRESI: 628.50.(S, UMk J8Kbn stirred at
room gezngﬁggﬁkg Ifgf 50119631‘3'.7 %Eaﬁﬂ? ’b%égr%gh%%biiég@?’égg %rgg%’sﬁé%gnﬁ%ide (0.432
g) were added again, and this was stirred at room temperature for 15 hours. Ethyl acetate (100
ml) and water (50 mL) were then added, and the organic layer was washed twice with 50 mL of
water and then once with 50 mL of saturated aqueous sodium chloride solution, then was dried
over anhydrous magnesium sulfate, filtered, and concentrated under reduced pressure. The
residue was purified by silica gel chromatography, and the hexane:ethyl acetate 1:1 fraction gave
the title compound (0.201 g).

"H-NMR(CDCly)

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 (q,
J=2.4Hz, 2H), 8.06 (s, 1H)

83c)
2-[3-(2-Butynyl)-1-methyl-2-oxo-4-piperazin-1-yl-2,3-dihydro-1 H-imidazo[4.5-c]pyridin-7-ylox

yl-benzamide trifiuoroacetic acid salt



J=2.4Hz, 2H), 6.68 (d, J=5.7Hz, 1H), 8.08 (d, J=5.7Hz, 1H) 83b) 103
4-[7-Bromo-3-(2-butynyl)-1-methyl-2-ox0-2,3-dihydro-IH-imidazo[4.5-c]pyri
din-4-yl]-piperazi ne-I-carboxylic acid;;hutyl ester 0YO N CND NN >=0
N Br Sodium bicarbonate (0.146 g) and N-bromosuccinimide (0.288 g)
were added to a 5 solution of
4-[3-(2-butynyl)-1-methyl-2-ox0-2,3-dihydro-IH-imidazo[4.5-c]pyridin-4-yl]-
piperazine-l -carb oxylic acid t-butyl ester (0.447 g) in
NN-dimethylformamide (20 mL). This was then stirred at room
szerature for 60 hours. Sodium bicarbonate (0.219 g) and
E bromosuccinimide (0.432 g) were added again, and this was stirred at
ropm tefn‘pe”r/alt-'ljjrne for 15 hours. Ethyl acetate (100 10 mL) and water (50
' e then added, and the organic layer was washed twice with 50 mL
then once with 50 mL of saturated aqueous sodium chloride
SO utlo then Was@drled over anhydrous magnesium sulfate, filtered, and
centrate r reduced pressure. The residue was purified by silica
i el romatogr phyoﬁnd the hexane: ethyl acetate 1:1 fraction gave the
ti compound {0.201 g). 15 'H-NMR(CDC13) 1.49 (s, 9H), 1.77 (t,
Ja8#4Hz, 3H), 3.05-3.02 (m, 4H), 3.38-3.72 (br.s, 4H), 3.75 (s, 3H), 4.95
(9, J=2.4Hz, 2H), 8.06 (s, 1H) 83c
2- [§a(12cﬁawwg¢|iﬂm${éﬁiyp@mw%qgéﬁaﬁﬂaDiflygz 3-dihydro-IH-imidazol[4.

2,2,6,6-clpyrdinyl-yoxyl-henzamidetifuonnaseticgsid Salbode (-0GMNNWre added to

a solution of

5  4-[7-bromo-3-(2-butynyl)-1-methyl-2-0x0-2,3-dihydro-1H-imidazo[4.5-c}pyridin-4-yl]-piperazi
ne-1-carboxylic acid t-butyl ester (0.050 g) in 1-methyl-2-pyrrolidone (1 mL). This was heated
under nitrogen atmosphere at 130°C for 14 hours. The reaction solution was cooled,
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

10 purified by reverse phase high performance liquid chromatography to give the title compound
(0.007 g).
MS m/e (EST) 421.17 (M-+H)"

Examp. le 84 _

15 7-(2-Butynyl)-9-methyl-6-(piperazin-1-y1)-7.9-dihydropurin-8-thione triflucroacetic acid salt
84a)
4-(5-Amino-6-methylamino-pyrimidin-4-yl)piperazine-1-carboxylic acid t-butyl ester

<

OTO
.
i\(jmz

N I!\JH

4-(6-Chloro-5-nitro-pyrimidin-4-yl)piperazine-1-carboxylic acid t-butyl! ester
20 (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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Nj~=O NFfOH F NH2 Salicylamide (0.030 g), cesium carbonate
(0.071 g), 2,2,6,6-tetramethyl-3,5-heptanedione (0.003 mL), and copper(l)
chloride (0.006 g) were added to a sojution of 5 -
4-[7-bromo-3-(2-butynyl)-1-methyl-2-0x0-2,3-dihydro-IH-imidazo[4.5-c]pyri
din-4-yl]-piperazi ne-l-carboxylic acid t-butyl ester (0.050 g) in
1-methyl-2-pyrrolidone (I mL). This was heated under nitrogen
atmosphere at 130C for 14 hours. The reaction solution was cooled,

room ¢REHBRSHeHANE P2 hL) el (lhdorddceticasider(3 My WesEdurdatigmyyas stirred at

room Wispaassifedforiwe, hautsed he salvpavasdernived bycanegniratiorhe
. under,reduced pressure, and.the residye was 10 purified by rever -
b T e T e e e A Tl s et

the olyioey ¥§}laws it YESH wevad ipwiayolEx8mple 84 4% palladium on carbon powder

(wet) ZZS@'&%W%&)tﬁemd@dﬁbi’ii@é:iﬂiﬁesf@l&iﬂibhy|)'ﬂl@ﬁi&&fﬂfﬁ RS GrHaNGirred at room
rifluorpacetic acid s a .

tempef R R BB AT A ETBer iR aceiibis Sl esgs vere

removteditylfdsmwion /9d ©F NothapHEreNFRs concentrated under reduced pressure to give

the titfe @rhlQrR-ponitrepyrimidin-4-yl)piperazine-I-carboxylic acid t-butyl ester

Iy Nm%nd 61a) (5.0 g) was dissolved in acetonitrile (50 mL), and then

) tne (40%, methanol solution) (2.83 mL) was added to this

& 1.4%0ILAHh. Wi tetdstirindihiS Hastibh(soldtarB at 5108, 480w tehipesablis foi S (s, 1H)
17 hours, water (150 mL) was added. The reaction solution was stirred at
room temperature for one hour, and then the precipitate was collected by

84b) filtration. The obtained yellow solid was washed with water and hexane to

4-[5-(ghiagy yeldovinsdlid (4105 ghnidogpofithid iobthinE diyeliainsdlidavras dissaivedbutyl

in ethanol (20 mL). 10% palladium on carbon powder

e

esier

' OYO

N

[Nj /
J\\rNH
N//\‘r]qs«;

N
l

4-(5-Amino-6-methylamino-pyrimidin-4-yl)piperazine-1-carboxylic acid t-butyl ester
(200 mg) was dissolved in N,N-dimethylformamide (5.0 mL), and then 1-bromo-2-butyne (57 -
pL) and anhydrous potassium carbonate (107 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. [t 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(CDCl3)
& 1.46 (s, 9H), 1.80 (t, J=2.4Hz, 3H), 2.99 (d, J=4.8Hz, 3H), 3.16 (m, 4H), 3.53 (m, 4H), 3.60
(br.d, I=2.4Hz, 2H), 4.48 (br.d, J=4.8Hz, 1H), 8.18 (5, 1H) |

84c)
7-(2-Butyny!)-9-methyl-6-(piperazin-1-y1)-7,9-dihydropurin-8-thione trifluoroacetic acid salt
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5 (wet) (200 mg) was then added to this solution. The reaction solution
was stirred at room temperature for 15 hours under a hydrogen
atmosphere. The insoluble substances were removed by filtration, and
the obtained filtrate was concentrated Yhder reduced pressure to give thé
titte compound (920 mg). 1H-NMR(CDCI3) 10 6 1.48 (s, 9H), 3.05 (d,
J=4.8Hz, 3H), 3.07 (m, 41-1), 3.55 (m, 4H), 4.48 (br.s, 2H), 8.15 (s, 1H)
84b) ‘ _

H 4-[5-(2-Butynylamino)-6-methylamino-pyrimidine-4-yl)piperazine-l-carboxyl

[Njif acid t-butyl ester OtO~CD N NI(/NH I\' NNH 151

~ester (200 mg) was dissolved in N,N-dimethylformamide (5.0 mL),

then 1-br mo(-jl_z-butyne (57 ML) and anhydrous potassium carbonate

ed to this solution. The reaction solution was stirred at

N~ rédm temperature for 20 hours, and then poured into a saturated aqueous
20 ammonium chloride solution. It was then extracted with ethyl acetate,

and-{se Diptained engenic-layerwaswashad iwitwalsipand satyraeisbxylic acid

oo O SR S SRR 100 ], SIS DOBIES o
, pressurfe. The residue wa

(100 pglifiag asifediiatielsodniion chrBATaRSHPADIY HbogiVetEliRe Bothpedprts hours,
and tHL 8 By dibcNMR (6IRGHD) 1d8el & 46: (82 n TAHEnI =2 R 2y BHd)122Q6d with
ethyl %9:’ (gtt:(% ;ﬁ%@%‘&gf_@%ﬂéﬁ_ﬁrp@gﬁ% (1313?3&) néﬁ(g Hc)i‘n%faqu (Pz{d%t ‘gg c?uéé_cﬁzprglsi)ire. The
residup-(2a BprgHi- Dyrdiey Be- qolpara AhreyntoEcEiny efbp e sterhskanc=3:7).  The
obtaideilWonaacelig 208 salh 08 adiodNtid acid, and this solution was stirred at room
ternperature for five minutes, and then concentrated.  The residue was purified by reverse phase
high performance liquid chromatography to give the title compound (13.05 me).
'H-NMR(CD;0D) B
5 1.85 (t, I=2.4Hz, 3H), 3.52 (m, 4H), 3.70 (m, 4H), 3.76 (s, 3H), 5.21 (g, J=2.4Hz, 2H), 8.53 (s,
1H)
MS m/e (BSD) 303(M+H)"

[Experiment 1]
Control compound (NVP DPP728)
The following compound, described in U.S. Patent No. 6011155, was synthesized

according to the Examples.

N
= ™~
P

N

Measurement of DPPIV-inhibiting activity (in vitro experiment
DPP-IV obtained from pig kidney was dissolved in & reaction buffer (50 mM Tris-HCI
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 ul of a 2 mM solution of Gly-Pro-p-nitroanilide (final concentration
0.33 mM) was added to start the enzymatic reaction. The reaction time was 20 minutes, and 1
N phosphoric acid solution (25 L) was added to stop the reaction. The absorbance of this



/ONNF SHOF NN
4-[5-(2-Butynylamino)-6-methylamino-pyrimidin-4-yl|piperazine-l-carboxyli
c acid t-butyl ester (18 mg) was dissoL\é(zd in acetonitrile (0.5 mL), and
then thiocarbonyldiimidazole (100 mg)‘Was added to this solution. The
reaction solution was stirred at 80C for 48 hours, 5 and then | N
hydrochloric acid was added to the reaction solution. This was extracted
with ethyl acetate, and the obtained organic layer was concentrated
mategigde fdusetiagrasstieedT e Tagidieiwasi ponified psirtergehedlandrthe 1Cs; was
calcuGiitematograRhy«(sthyaastaterhgxane= 3:7). The obtained solid was
dissolved in trifluoroacetic acid, and this solution was stirred at room
temperature for five minutes, and then concentrated. The residue was
[Tablpddified by reverse phase 10 high performance liquid chromatography to
give the title compound (13.05 mg). 'H-NMR(CD30D) S 1.85 (t, J=2.4Hz,

3H)352 \..., A3 PO 41 D3-76-{8;-3H)5-21 (G- I=2-4Hz, 2H). 8.53
Harigly e ey B akrepie e iBener® 1) Gonmoledisppuids ()
(NVPL DPP7¢28) The following cappound, descgibed! in U.S. g&atent No. 0.119
o 20 o A ot DB lbiig A0 y lom it expediment) 00619
DPPAV obtajned fr8i2gigikidneywas dissolvédté reactiosi2buffer; (50  0.139
MM Tris-HCL pH7 34 [:o_ BSAYsat 10 mU/m. Ig 10,4L.:%f3thlslw?i,ge 0.146
3. and this wa¥ &u)bated at’room temperhti for 25 66 mrnazesug 0.0325
and then 25|L of a .43 solutiongof Gly-Pro p-pitreanilide (dral 0.0167
concgniration 4 199 39 0.0323 66 0.0593
8 1.16 40 0.0896 67 0.0498
9 0214 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 0.130 72 - 0141
14 0.124 46 0.0426 73 0.0484
15 0.319 47 0.167 74 ' 0.0140
16 0.364 48 0.0716] 75 | 0.921
17 0.263 49 0.0400 76 106
18 0.972 50 0.00365| | 77 8.13
19 5.41 51 0.130 78 3.80
20 0.642 52 0.175 79 (.0042
21 2.45 53 1.37 80 3.01
27 ' 3.14 54 (.0888 81 0.409
28 ' 89.5 55 0.0372 82 5.23
29 0.00292 56 0.0964 83 .13
30 0.132 57 0.0775 84 13.6
31 0.259 58 0.0156| | Control compound 226
32 0.212 5% 0.119
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- 0.33 mM) was added to start the enzymatic reaction. The reaction time
was 20 minutes, and | N phosphoric acid solution (25 L) was added to
stop the reaction. The absorbance of U@i 107 - - material at 405 not was
measured, the enzyme inhibition rate wWas determined, and the IC50 was ~
calculated. The results are shown in Table 1. [Table 1] 5 Example No.
IC50 (ItM) Example No. IC50 (M) Example No. IC50 (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

[Expegias4t34d 0.0807 63 0.146 50.172 37 0.149 64 0.0325 6 0.450 38 0.150

e A L 0.17045
Animglye o Mals §§éi’§§f§%4@m "ﬁ‘?éoﬂ BEYCRAT S OBHFIS 0.130 72
Methodsa1 14 0.124 46 0.0426 73 0.0484 15 0.319 47 0.167 74 0.0140 16
[Prep@ra@sh 43 O LLBi/r 00 ik Qo%gg%ﬂr?d%moo 76 1.06 18 0.972 50

0.00365 77 8.13 19 541 51 0.130 78 3.80. 20 0.642 52 0.175 79 0.0042

21 2 BEPBPUHS BETDFUEPEAYEA H15dR8 ‘S5 oty eBylgee s ME hsohytion at the
dosesgad528A280:00292t36 D.0JBL B3 BHAKRAET AORXP LI (U.S. Patent No.

6011155) suspension, or the 0.5% MC solution (the solvent control group), were administered

orally at a dose of 10 mL/kg. 30 minutes later, a glucose solution was orally administered at a
dose of 10 mLL/kg.  Glucose was orally administered at a dose of 2 g/kg.
{Blood collection and measurement of blood glucose level]

The tail vain of unanesthetized mice was cut with a razor blade to cause a small amount
of bleeding immediately before administering the test substances or NVP DPP728, and
immediately before, as well as 30, 60, and 120 minutes after, administration of the glucose
solution. 10 pL of blood was collected, and this was mixed immediately with 0.6 M perchloric
acid (140 puL). 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. 12 for the 0.5% MC solutibn—administered group as 100%, and the AUC.129 for the NVP
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 tolerénce (%) = (AUCq.120 of the test compound — AUCq.150 of
the NVP DPP728 (10 mg/kg)-administered group)/( AUCq_1z0 of the 0.5% MC
solution-administered group - AUCq. 139 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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31 0.259 58 0.0156 Control compound 226 32 0.212 59 0.119 108 -
[Experiment 2] Effects on glucose tolerance in normal mice (in vivo
experiment) Animals: Male C57BL/6!§§B|ce (purchased from Japan
Charles River) Methods: 5 [Preparati nd administration of test
compounds] The test compounds were suspended in a 0.5%
methylcellulose (MC) solution at the doses indicated below in Table 2.

These-te and-the NVP_DPP728 (11.S. Patent.No._6011155)
suspension, or the O 5% MC solution (the solvent contrpl group), were
admini & of 10 m /kg. 30 minutes |R¢e#es Blucose
solutipeai tmiristened:at a 13 slesmeaf 10 mL kgpﬁékc&ﬁéﬁt was
orally 184959 2.9l g %(% ii/collectlo

mea g 8 ucoge ﬁeve] % % ain of unglrlllé:gtsﬁ t{ﬂer & iice

de to cause a maII amount of ftekding
immiediateh-be W ances or NVRP.DRPP728

and Epﬁﬁﬂé%ﬁalt@lil bef}&é as well as BO;E%naﬂd 51§2®)m| fiids after,
admmjgaﬁg the gngcose 15 solutlcﬁlxz_;lrgﬂtecgfﬁlﬁod w@s collected, and

this was-mixed-immediatehy-with-0-6-M-perehloric—atid{140-L)-Glucose
preséftipisd @pertidtdnt obtained bv%‘éﬁﬂ Wortidh (1864 g, 10

minutssnls refligeratesl centrifuge G‘E%ggpigggkman)i was measured
using, GIUCOSE. CII T Wako(Wako Rure Chie Sy ResultsTimeach o
the (%F?%Wﬁ@ ni? |)‘h (/%%I;% MC solution %’faé é((;the test 20
comﬁaam;lﬁe\méfé)adﬁﬂnistered the areﬁxunﬂﬂe ﬂ?ﬁelc)ur\el bftblood glucose
VS. t @/& tleld over 0 to 120 @lnutﬁf Té%w thegygne of glucose

ﬂ\ r\nflnlnlg 'H’ fnr fhn 0.5%-MC

c‘
ad ot uuun \I_\U\./ _LL\J

solu f@ﬁlaﬂ}mﬁﬁéiéreébﬁoup as 100%, |SrarapeeAOCH-1#6 for the NVP
DPP728 (10 mg/kg) -administered group as 0%, the degree of
improvemen ﬁ%set erance due to the test compound was

calcutstgd e AR G B RKTRRCE A TH TGV es R Tere discovered
amorxgi@m@sewﬁléuaﬂbé,l%ﬁm(mu;ﬁoiammmemspm}mﬂpoﬁﬁds -Au@ta?atafally

admilf@MNVRIREFAAS (10 MAkPyasministeics, grauRyi Ay 910\2:]:)%%% ent.

0.5% MC solution-administered group -AUCo0-120 of the NVP DPP /28
(10 mg/kg)-administered group) x 100 The lower the % value, the better
IndustherldegrBesbilimprovement in glucose tolerance. 30 Table 2 shows the

resyls(RifesiR e %94%%?&818(&\%&&&‘ ?,@Uﬁlh%?g)immazole 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,

hyperlipidemnia, AIDS, osteoporosis, gastrointestinal disorder, angiogenesis, and infertility, and

as anti-inflammatory agents, anti-allergic agents, immunoregulatory agents, hormone regulatory

agents, anti-rheumatic agents, and therapeutic agents for cancer.
To confirm their drug efficacy when orally administered, examinations were carried out
using improvement in glucose tolerance as the indicator. Their oral effectiveness was

confirmed, and their usefulness as drugs was discovered.
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[Table 2] 109 - -- Degree of Degree of Specimen improvement in
Specimen improvement in (mg/kg) glucose tolerance (mg/kg) glucose
tolerance (%) (%) Example 1(1) 19.81E&ample 51(1) 59.3 Example 7(1)
19.8 Example 52(1) 29.7 Example 10(1) 17.3 Example 54(1) 24.4
Example 13(1) 33.5 Example 56(1) 11.3 Example 15(1) 46 Example
61(1) 9.4 Example 46(I) 37 Example 64(1) -11.4 Example 47(1) 11.6
Example 65(1) 9.5 Example 48(1) 3¢ ghlpcample 69(1) 44.1 Compounds
with clear effects on glucose tolerance in normal mice were discovered
among the novel fused 1,3-dihydro-imidazole ring compounds of this
1. Anvengiomdatepradyntad ninistemdrdoemofal(ip 404 nadkgh bsihgtthdereof,
ve-mentioned in vivo experiment. 5 Industrial Applicability This
invention was able to provide fused 1,3-dihydro-imidazole ring compounds
t}fat show DPPIV-inhibiting activity. Therefore, the fused
1,3-dihydroimidazole ring compounds of this invention are useful 10 as
eutic and preventive agents, such as therapeutic agents for
Mbetes, gbesity, hyperlipidemia, AIDS, osteoporosis, gastrointestinal
disorder, Angiogenesis, and infertility, and as anti-inflammatory agents,

Yic agents, immunoregulatory agents, hormone regulatory
{ agen ar}:fhexﬁﬂatic ents, and therapeutic agents for cancer. To
Z%\co3 i ir drug efficacy when orally administered, examinations were
carried out 15 using improvement in glucose tolerance as the indicator.
Their oral ¥ffectiveness was confirmed, and their usefulness as drugs
was discovered. 20 110 CLAIMS 1. A compound represented by the

h
W er%%heral formula (1), or a salt or a hydrate thereof,

T' is a piperazin-1-yl group, a 3-amino-piperidin-1-yl group, or a 3-methylamino-piperidin-1 -y}
group;

X denotes an oxygen atom, sulfur atom, or a group of the formula

L x?
X* denotes a hydrogen atom, a Cy.¢ alkyl group which may have substitutents, a Cy4

cycloalkyl group which may have substitutents, or a Cq.1p aryl C¢ alkyl group which
may have substitutents;

X' denotes a Cy. alkyl group which may have substitutents, a C;.; alkenyl group which may
have substitutents, a Cs.4 alkynyl group which may have substitutents, a Cq.19 aryl group which
may have substitutents, a 5 to 10-membered heteroaryl group which may have substitutents, a
Cs.10 aryl Cy6 alky! group which may have substitutents, or a 5 to 10-membered heteroaryl C, 4

alkyl group which may have substitutents;
Z' denotes a nitrogen atom, or a group of the formula -CR*=;
7% and Z* each independently denote a nitrogen atom, a group of the formula -CR'=, a carbonyt

group, or a group of the formula -NR*-;

in formula (1), the following formula
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of Zi N 12 >=X3 ~l) Z-,Z3 N XZ 5 wherein, T'is a piperazin-1-yl group, a
3-amino-piperidin-1-yl group, or a 3-methylamino-pipeaidin-1-yl group; X3
denotes an oxygen atom, sulfur atom, or a group of the formula N -X4 10
X4 denotes a hydrogen atom, a C1,6 %ﬁyl group which may have
substitutents, a C3.8 cycloalkyl group which may have substitutents, or a
C6_lp aryl CK alkyl group which may have substitutents; 15 XI denotes a
CI.6 alkyl group which may have substitutents, a C2_6 alkenyl group
Swhich may have substitutents, a C2.6 alkynyl group which may have
titutents, a C6_10 aryl group which may have substitutents, a 5 to
18-membered heteroaryl group which may have substitutents, a Chao
aryl CI-(, alkyl group which may have substitutents, or a 5 to
denotg¢Dardenhbebedhetersagik ®16d;alkyl group which may have substitutents;
2072 denotes a nitrogen atom, or a group of the formula -CR3=; Z2 and
Z3e ep nitrogen atom, a group of the formula
in fon% 5&# gﬁ)% ’é{r@a\l Bup of the formula -NR2-; 25 in formula
1), the followmg formula 111 - - 7 denotes a double bond or a single
X ond; in formula (1), when the following formula 5 denotes a double bond,
\%Efnd Z3 each independently denote a nitrogen atom or a group of the
ormula -CR1=; R1, R2, R3, and X2 each independently denote a
denothyd rzﬁgmheaimd a24atm1 gneechbﬂdeﬁelnémgcylehctewxgtmgemm oraygroup of the
fomd]gyefguigstltutents or a group represented by the formula -A-Al-A2;

RY, R% R® and X2 each independently denote a hydrogen atom, a 4 to 8-membered heterocyclic

group which may have substitutents, or a group represented by the formula -A%-A-AZ%;
A denotes a single bond, ora Cy4 aticylene group that may have 1 to 3 substituents
selected from the following substituent group A; |
Al denotes a single bond, oxygen atom, sulfur atom, a sulfinyl group, a sulfonyl group, a
carbonyl group, a group of the formula -O-CO, a group of the formula -CO-O-, a group
of the formula -NR*-, a group of the formula -CO-NR*-, a group of the formula
NR*-CO-, a group of the formula -SO,-NR*-, or a group of the formula -NR*-SO,-; -
A? and R* each independently denote a hydrogen atom, a cyano group, a Cy alkyl group,
a Cig cycloalkyl group, a Cy alkenyl group, a Cy.6 alkynyl group, a Cs. o aryl group, a 5
to 10-membered heteroaryl group, a 4 to 8-membered heterocyclic group, or a Cs.1q aryl
Ci.s alkyl group;
however, A® and R* each independently may have 1 to 3 substituents selected from the

substituent group A described below:

<Substituent group A>

substituent group A refers to a group consisting of: a hydroxy! group, a merc'apto group,
4 cyano group, a halogen atom, a C,. alkyl group, a Cs3 cycloalkyl group, a Co¢ alkenyl
group, a Cy6 alkynyl group, a Ce.19 aryl group, a 5 to 10-membered heteroaryl group, a4
to 8-membered heterocyclic group, a Cy4 atkoxy group, a Cy.4 alkylthio group, a group of
the formula -NR®-R®? (where R™ and R®’ denote hydrogen atoms or C; alkyl groups),
a group of the formula -CO-RP® (where R®® denotes a 1-pyrolidinyl group, a
1-morpholinyl group, a I-piperazinyl group, or a I-piperidyl group), and a group of the

formula ~<CO-RE-R®* (where R® denotes a single bond, an oxygen atom, or a group



10

15

20

25

A denotes a single bond, or a C1.6 alkylene group that may have 1 to 3
substituents selected from the following substituent group A; A' denotes a
single bond, oxygen atom, sulfur atom }2 sulfmyl group, a sulfonyl group,
a carbonyl group, a group of the formula -0-CO, a group of the formula
-CO-0O-, a group 15 of the formula -NRA-, a group of the formula
-CO-NRA-, a group of the formula NRA-CO-, a group of the formula

-SR2NRA: AR Of the, W&M‘&yﬁkﬁ&ﬁ@@ é%@%l%%&ﬁ%cz ¢ alkynyl

S s YL s s G el

Carmﬁmqﬂ Egﬁdnﬂ,(hlﬁemﬁm@dﬂmmﬂ@neieihw)@rgupm]p a4to
8-membered heterocyclic group, or a C6_10 aryl 20 C1.6 alkyl group;

howe |nde ndently may have, 1 to 3 substituents
whereli tod ot eGSR @Oﬂpd’@s?éﬁbfé'?ﬁz\aw Sy Girnoup A refers to

a morgreal pAgr@Epsidsted énrtrglmuptlﬁof@ﬁméydra@m af@eoxsistingoot. posividroxfyla
pyridHOHRz 2. 1S gﬁ@ﬁg HH%JB ﬁﬁ'ﬂﬂﬂ Q@H‘P@l@ Hﬁ@%’bé&%ﬁ?e ?11%' anugﬂazoie ring, a

roup, a C3. cyc oalkyl group, alkenyl group, a C2_6
thfawﬂmb% A a#&ana@?a@éerﬂamér@a%@%mgﬁga& w fofurazan
ring, 8tmambetedingtencoycliegieumm Glytdatkaxyrigumaitidnalkidihopyrazine ring,

an m&{@%ga g{%&ﬁoz@ﬁﬁgrmﬂ@aﬂlﬁmg%%M}%% 5@% 353}%%%%@%@5%

ydrogen atoms or CI-6 alkyl groups 0 a group of thé fo Ho
fsoqumﬂ%@%fﬁseao%ﬁ%?@g%@wamm AU 2 SHBIHOINGAIBRoapaphthyridine ring, a
phthalapiperazinybgrioeniog, a ptpiknicybgrauhletsil-amgrogpof ithrldamdiale ring, a

o R A IR O P
benzoaikéﬁgﬂﬁe nﬁgaa@zr@w@w fidapain af@zawﬁm%ﬂﬂgaamweiopyndme ring, a

yrrolipyriemtigeathbete ropiyl iioupmalaé rih@;aryl CI-6 alkyl group, ora5to
10-membered heteroaryl CI-6 alkyl group)]; 5 wherein said 5 to

10-membered heteroaryl group in Xi, A2, RA ndF§ubst| uent group A
said §gchd-menhersddvisemighsup abilemny ferioval oreshR hyafersdn agspvain which
a randoANGOMDFRASIIN B (3 PIKAIREHPGs AtioRRaN® NG id fdmkdingde a0-membered
h (g)&/ le rlng 5 an oxazole ring, an isoxazole ring, a thiazole ring, an

eter E% %
zol€ ring, an imidazole ring, a triazole ring, a pyrazole ring, a

furazan ring, a thiadiazole ring, an oxadiazole ring, a pyridazine ring, a

said Py BBl ERG 1R RYSaZINR HRApLS RN, RUQE g AANRSIRd YleulitheAigroup A refers
in hro erin inoline ring, an__isoquinoli e rin

o B TS A KR omot =
pyrrofiHih@aRing Hingridipanne rimgeaepieriting aiﬁ@rﬁmdi@rﬁwammgtmhydmpyran ring,
a motphigiazotigzelankiogh@pholine ring, a piperazine ring, a thiazolidine ring, a disxane ring,
an imidazoline ring, a thiazoline ring, an azetidine ring, or a ring represented by one of the

formulae:

0 N 0 |
. or
G Gk

wherein s is an integer of [ to 3; and T" denotes a methylene group, an oxygen atom, or a
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benzofuran ring, a benzothiophene ring, a benzoxazole ring, a
benzothiazole ring, a benzothiadiazole ring, a benzimidazole ring, an
imidazopyridine ring, a pyrrolopyrididéZing, a 15 pyrrolopyrimidine ring, or
a pyridopyrimidine ring; said 5 to 10-membered heteroaryl C I-6 alkyl group
in X', Rae and RB3 refers to a group in which a random hydrogen atom in
ClI -6 alkyl group is substituted with said defined 5 to 10-membered
group REARERATN GLOUR;feRA 2R AirRsmemheied Neneyehc.arouBIA &)y alkyl
R2, R3, X2, A2, RA and Substituent group A refers to a monovalent
gmmp‘group derived by removal of one hydrogen atom at a random position of. a
pyrrolidine ring, a piperidine ring, an azepane ring, a tetrahydrofuran ring,
2. AdJepahydrepmarnEngy ;maRhali gt AN YING fiRghehercof,
piperazine ring, a thiazolidine ring, a disxane ring, 25 an imidazoline ring,
a'thiazotpe ring, an azetidine ring, or a ring represented by one of the
formylae:YOHO N T4 T4 orss O wherein s is an integer of | to 3; and
T4 denotes a methylene group, an oxygen atom, or a 112a group
epresented by the formula-NT5-, wherein T5 denotes a hydrogen atom,
orapC1.6 alkyl,group. 2. A compound represented by the general formula
(1), pr a salt pr a hydrate thereof, ,hla N x,1a N N ~\ (I >~x3a () Rta/
N 5 Xiza wherein, Zia denotes a nitrogen atom or a group of the

\
/Emula/ﬁil??}élg&a derﬁ;ﬁzs an oxygen atom or a sulfur atom; 10
R‘ia \233 N\

XZa

wherein,

Z** denotes a nitrogen atom or a group of the formula -CR*=:
X denotes an oxygen atom or a sulfur atom;

T is a piperazin-1-y! group, a 3-amino-piperidin-1-yi group, or a 3-methylamino-piperidin-1-yl

group;

X'* denotes a hydrogen atom, a Cs.¢ alkenyl group, a Ca.4 alkynyl group, or a benzyl group;

R™ and R™ each independently denote a hydrogen atom, a halogen atom, a C4 alkyl group, a
cyano group, or a group represented by the formula -A%-A";
A denotes an oxygen atom, a sulfur atom, or a group represented by the formula “NA®-:
A'? denotes a hydrogen atom, a C,¢ alkyl group, a Co¢ alkenyl group, a Cy¢ alkynyl
group, a phenyl group, a cyanophenyl group, a carbamoylpheny! 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 Cy4 alkynyl group, a cyclohexenyl
group, a 1H-pyridin-2-on-yl group, a 1-methyl-1H-pyridin-2-on-vyl group, a Ci_s altkyl group
that may have a group selected from substituent group B described below, a phenyl group that
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Tla is a piperazin-l-yl group, a 3-amino-piperidin-I-yl group, or a
3-methylamino-piperidin-lI-yl group; Xla denotes a hydrogen atom, a C2-6
alkenyl group, a C2.6 alkynyl group, ofl& benzyl group; 15 Rla and R2a
each independently denote a hydrogen atom, a halogen atom, a CI-6 alkyl
group, a cyano group, or a group represented by the formula -Aoa-Ala;
Aoa denotes an oxygen atom, a sulfur atom, or a group represented by

m&pzalégar?;ga)rfﬁ@emd /@‘ébzﬂiﬂﬁff&@iﬂﬁlgf&ﬂﬁfs @@Hﬁit@éﬁde@o@wlﬁp Whn@mbered

enyl grou alkyn , a phenyl group, :

e AN LS VSR ROVBHENGH O HOA LRERGTBABLp f deserbed belos, 2
phegribiGiraaiiyl grouptlet arpyfidye grewppAklaténblesrashshiveen aom bdescribed
befehd @y @raypC X 2A1ERIRES thBYSIAIRN 810 Moyl alke o SEOkRudnt group B
q CZ.g %Igyrgl group, a cyclohexenyl group, a 1H-pyridin-2-on-yl group, a

“FRhEthy Wpyridin-z-on-yl group, a CI-6 alkyl group 25 that may have a
roup selected from substituent group B described below, a phenyl group
<%}:§#§T§n{rﬁr§)§? %ga\%a a group selected from substituent group B described
- be roaryl group that may have a grou
s e R Ll i SR B AR g o cyane

groupyiblipaREDheyHa e a- oSt Yetserdd Hlom slibsttuentpredp B aekeiseleroup, a
C1. AEdQY o0 Ry Edyhabol alled g rouptbalinayupaveda arokRiReeetREdHo b roup;

substituent group B 5 described below: <Substituent group B> substituent

group B refers to a group consisting of a chlorine atom, a bromine atom, a
whereiaifiQy Pobip? eI BeEtRyIReAs Y haD e il Reny e s (ip 2aropos alikyjrgpup derived by
remo@iPHPoRcGIBopiel aalkyhorauRddmGbsi MYy JFRWRIAGRIDAMAN QWA a furan
rin carbr%yl ‘%OUE“ g)rggzo Czljg agl%ox carb?ngl roup, 10iwherein said 5 oot
' g’ %-prﬁer_n ered eterqarf/ﬁ grgth i §<j§a‘zore elrf1 da ﬁ%?lg\}gfgh%}% 1azole Ting, an
imidagetivetshy trerdvaing enefaydlo gos. atdimdicarsntiamapoesitdnsfieaing, a
pyridRYdiRA FINg@ihieRkens; 'eith ByiAR: HAg, a pyrrole ring, an oxazole

ring, an isoxazole ring, a thiazole ring, an isothiazole ring, an imidazole

ring, a triazole ring, a pyrazole ring, a thiadiazole ring, an oxadiazole ring,

3. Auaspyrddzirecseged pyimiginersingronk plllazime saitoBa Axsuaptunebt,

re ted by the general formula (111), or a salt or a hydrate thereof, .flb
X1b
'v
N/ ¥ 1o

/
NT N
/L | >:o (11T
R1a \N N
.
wherein,
T'™ stands for a piperazin-1-yl group, a 3-amino-piperidin-1-yl group, or a
3-methylamino-~piperidin-1-yl group;
X denotes a 2-pentynyl group, a 2-butynyl group, a 3-methyl-2-butenyl group, a 2-butenyl
group, or a benzyl group; and

R' and X* have the same meaning as R'® and X* of claim 2 defined above.

4. The compound of claim 2 or 3, or a salt or a hydrate thereof, wherein R'® is a hydrogen atom,

a chlorine atom, a cyano group, a methoxy group, an ethoxy group, an i-propyloxy group, a



N R1a" N N CN x2a wherein, 20 TIb stands fora piperazin-1-yl group, a
3-amino-piperidin-I-yl group, or a 3-methylamino-piperidin-l-yl group; Xrb
denotes a 2-pentynyl group, a 2-buty/hid group, a 3-methyl-2-butenyl
group, a 2-butenyl group, or a benzyl group; and Rla and X2' have the
same meaning as Rla and X2a of claim 2 defined above. 25 4. The
compound of claim 2 or 3, or a salt or a hydrate thereof, wherein Rla is a

methy IRY@reaRM. AAA1yR LRIAE0E, ADMBuR EYRRY GFOUP, BoREHIXY GFOMP, AN

tho roup, an i-propylo roup, a 113a methylthio group, an allyloxy
crmo B S ARSI R e Ay AR ARy
{(phenyrstibyldassisagnoip henyidlyngovio; s pley st idsygeou, 4o amino group, a
methyRRBRYSRIN)EMINDWRLR SrByfdymatbynireUReaRYridyloxy group,

an amino group, a methylamino group, a dimethylamino group, or a
diethylamino group. 5 5. The compound of claim 2 or 3, or a salt or a

5. Thsyerateothstebtlvimelein Ria issalhydrogehatiolre fnetivosip §oupadrydrogen atom,
a methBHIOXR6GHOUR AR LPHRANIOXN Qg?&rﬂyléﬁ@féﬁﬁﬁl‘;ﬁ@ﬁ@%ﬁéﬁyﬁyx%ﬁo% dora
2-carbamoylphenyloxy group. 6. The compound of any one of claims 2 to
5, or a salt or a hydrate thereof, wherein X2a is a hydrogen atom, a
methyl group, an ethyl group, an n-propyl group, a 2-methylpropyl group,
a 5 group represented by the formula -CH2-R10 (where Rio denotes a
carbamoyl group, a carboxyl group, a 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 10 pyridylmethyl group, a
IH-pyridin-2-on-5-yl group, a 1-methyl-]H-pyridin-2-on-5-yl 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:



10

15

20

25

30

35

substituent group Y is a group consisting of. a chlorine atom, a bromine
atom, a methoxy group, 15 a cyano group, a vinyl group, and a methyl
group. 7. The compound of any one dflélaims 2 to 5, a salt thereof, or a
hydrate thereof, wherein X2a is a methyl group, n-propyl group, allyl
group, 2-propynyl group, 2-butynyl group, cyelopropylmethyl group,
phenyl group, 3-pyridyl group, 3-furyl group, 3-thienyl group, 20

2-carZameihericryrEridinyl group, 2-methoxy-5-pyridyl group,
2-chloro-4-pyridyl group, or | H-pyridin-2-on-5-yl group. 8. A
pharmaceutical comprising the compound of claim 1, a salt thereof, or a

6. Thpdempeerbef ap5oae Afdisepsayiobsicestitvrinhisirercbrippingarn X is a
hydro@éﬂ"@t@bm@ afcetainbug, %@'Emﬁrgﬂfuﬁ’reﬁl nysdea heteoh Aadhylpropyl group, a

armaceytical,co itio t {c mp und of clalm 1, a salt
& Ouppﬁ &reo n(t)? z} BHyhc?ra(fl%ﬂiere “and in%%Juvan FOF formutation: %lé;rff Ppd carboxyl

groupp FevsHitive o tieod ecitic ageémﬁcgr@i@b@t@:scbbwvﬂ dipperiidemiboxy group), a

3-cyafdPr3p P LROROTAS A1y DA-IHRINHOSHY: S0 I ehuARUI0NRDRN S U HIILY

5. }g‘%’_%]mato disease, ultflﬂ?scle Sis, aIIe(r; dlsea or canceréﬁ(r)gn didvl
B A TTITLtATd é%ﬂ}‘%gae " 6‘%85’%8#&%0?;/ éﬂ% rﬁ{ﬂ%‘é’aﬁ%‘t‘? ypynay

groupagenttiwohiahy onthlisesthe pormbownout alfimyligrawalt thesadfzong, a

pyrid PsEate %%ﬁiﬁrz?@ﬁ—%%ﬁdﬁfg%%ﬂl'ﬁyﬁgﬁ o Ne{ARGUIIaFRNECS - on-5-y] group, a

| cLabete? comprijsing the co{r)sn&fz% éi% aim 1, astaltthereof or ygdrate b i

pheny}, grawp thaf R e EEHRRSURRIEC A EPRMT P SH WSt SHIbE, OFSGRAfHRRO™: a benzy

groupthiereokfohdhe a panpfsdteteddienmeditdneanfonthe deatihethbdow, or a phenethyl

orouﬁoﬂi?é{%ﬂé'%a%aa %&%%@%%1&%[&6%%%%%% RERLICaSE N RRIRIERR, S

ffective. 14, Use of claim 13, wherein the disease for which dipeptidyl

Subs%‘é?ﬁ ISRV ASHRISHOR fonsHdes i ol B‘é?é‘satﬁ?gl @é’é"&f“ﬂ?f‘ea&‘gﬂw ﬁdﬂﬁ@oxy £roup,

a cyaondh gainp.ls asdlgthepeafdor mdthgratethereof for producing a
pharmaceutical. 16. The use of claim 15, wherein the pharmaceutical is a
therapeutic agent or a preventive a%ent for a disease for which dlpeptld)r/ll

- Thedirmmeannd mhiptioreie iiietve (4 7; $rgiubersrbiai helwidRsivahaherein X
is a nphaymacepticalip sl thewapelltic agent Bpopreye ptive, gkt diabetes.
cyclo{v}cﬁ)ylmethyl group, phenyl group, 3-pyridyl group, 3-furyl group, 3-thienyl group,
2-methoxy-5-pyrimidinyl group, 2-methoxy-5-pyridyl group, 2-chloro-4-pyridyl group, or
1 H-pyridin-2-on-5-yi group.

8. A pharmaceutical comprising the compound of claim 1, a salt thereof, or a hydrate thereof.

9. A dipeptidyl peptidase IV inhibitor comprising the compound of claim 1, a salt thereof, or a
hydrate thercof.

10. A pharmaceutical composition comprising the compound of claim 1, a salt thereof, or a

hydrate thereof, and an adjuvant for formulation.

11. A preventive 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

antitheumatic agent, which comprises the compound of c¢laim 1, a salt thereof, or a hydrate
thereof.



ABSTRACT The objective of this invention is to provide novel compounds
that show excellent DPPIV-inhibiting activity. The present invention

provides compounds represented by the 5 general formula (1), salts

thereof, or hydrates thereof, oll kiIx3 {})s Z3 N X2 [wherein, T' stands for a
monocyclic or bicyclic 4 to 12-membered heterocycle having 1 or 2

nitrogen atoms in the ring, which may have substituents; in formula (1),

ithe followingderavwianl@jeriesantsa davhle Dond.QASINAS RN ¥Bctaim 1,
dgln tes an oxygen atom or a sulfur atom; X1 denotes a C2-6 alkynyl
Figsrotutpe\g\? |Cﬂrﬁ§§§ﬁé§/§€§ﬁ stituents; Z' denotes a nitrogen atom or the
formula -CR3=; Z2 and Z3 each independently denote a nitrogen atom,

1@“_9 fO'iB@U'Gf %'%Dglpg@gﬁo(g}y lcgﬁg}'l@; Qr EQE f@)@%ﬂ? (')lr\l g%ﬁy&tﬁ&reﬁ%}f for the

and X2 each independently denote a CI-6 alkyl 15 group which may have
ngﬁlagzmt&éfméa &?F&*ﬁi’:‘@ﬁ‘]‘.t for the treatment or prevention of a disease for which dipeptidyl

peptidase IV inhibition is effective.

14, Use of claim 13, wherein the disease for which dipeptidyl peptidase IV inhibition is

effective is diabetes.

15. Use of the compound of claim 1, a salt thereof, or a hydrate thercof for producing a
pharmaceutical.
3 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.

17. The use of claim 15, wherein the pharmaceutical is a therapeutic agent or a preventive

agent for diabetes.





