Z592 - 1 - DESCRI PTI ON PURI NONE DERI VATI VE 5TECHNI CAL FI ELD [0001] The
present invention relates to conpounds represented by general fornula:él)
[C1] 10(all of the synbols in the formula have the sane definiti ohs4as

gi ven below), optical isoners thereof or-thefr nixture, salts thereof,

sol vates thereof, N-oxides thereof, and prodrugs thereof (abbreviated bel ow
as "conpounds of the present inventioppkeriprRAFKGROUND ART [0002] Bruton's
tyrosi ne ki nase (abbreviated below as "Btk") belongs to the Tec famly of

ki nases, which are non-receptor tyrosine kinases, and is selectively
20expressed in the B cell and nyelpgykenkl pEsTvBEky®! ays an inportant role
in signal transduction in B cells™and s a factor at contributes to the
survival, differentiation, proliferation, and activation of B cells.
Signaling in B cells via the B cell rgaotungen:.2precept or (BCR) i nduces a
broad range of [Rj gi cal,, responses, . and abnor mal  si gnal transduction here
causes abnornaﬂBEBi N ai??v%??%ﬁPEuﬁPY?ﬂ§¥9ﬂ'ﬁgﬁﬁﬁﬁsoFopﬁPWBBEH T

~aut oant i bodi esreBrkseatbel beveenéoal ofsinulla k)i n t he BCR-nedi at ed si gnal
transducti on p?FhT@ys 30 into B cells. Thus, X-linked agammuagl obul i nem a
(XLA) is known "to be caused by a defect in the human Btk gene that results
in the induction of abnornad leII -2-- differentiation and a drastic
decline in i munogl obwiw fi 3F dtigti on (refer to Non-patent Docunent 1). The
synptons of this diseas clude a substantial decline in Bcells in the
peri pheral blood and an ¥ncreased 5susceptibility to bacterial infections.
Btk is al so 1\

m

10 (all of the symbols in the formula have the same
‘definitions as given below), optical isomers thereof or
their mixture, salts thereof, solvates thereof, N-oxides
thereof, and prodrugs thereof (abbreviated below as
"compounds of the present invention").
15 '
BACKGROUND ART

[0002] Bruton's tyrosine kinase (abbreviated below as

"Btk") belongs to the Tec family of kinases, which are
non-receptor tyrosine kinases, and is selectively

20 expressed in the B cell and myelocyte lines. Btk plays
an important role in signal transduction in B cells and
is a factor that contributes to the survival,
differentiation, proliferation, and activation of B
cells. Signaling in B cells via the B cell antigen

25 receptor (BCR) induces‘a broad range of biclogical

‘ responses, and abnormal signal transduction here causes

abnormal B cell activation and the formation of
pathogenic autoantibodies. Btk is believed to form a
link in the BCR-mediated signal transduction pathways

30 into B cells. Thus, X-linked agammaglobulinemia (XLA) is
known to be caused by a defect in the human Btk gene that
results in the induction of abnormal B cell



known to participate in mast cell activation and in the physiol ogi cal
functions of platelets. Due to this, conpounds that have a Btk inhibitory
activity are effective for the treatnent of diseases in which B cells 10or
mast cells participate, for exanple, allerdgit diseases, autoinmmune

di seases, inflannatory di seases, thronboenbolic di seases, and cancers

(refer to Non-gp o d Q%3IciRe 4bal 1 gul g CORRRYSH LG, known

as prior art 15for t?‘le conpounds he present 1 nventTon. Corrpounds

represented byP¥RMERalon of iRASF ("A) Wlepl@ﬁ@wﬁ Recewepbubds tH® have a Btk
i nhi bitory aCté%&h;Woyﬁ§ A A0 d i dhed ambae Baﬁuﬁﬁ%x@@fﬁ 2. i NH, or

S; ArA represents substituted or, unsubstituted aryl or substituted or
unsubsti t ut ed Retetbarit ;then padpmdeaistls bdrpdsapdt frubntreatett ed from

al kyl, het er oadiyde O&@mipﬁ%ydo eienacycliagkkyh ondl vl gt RNGs hetey oaryl ;. ZA
represents CO, 25 ., NHCO,, or CS; R7-21 and_1213-A each mdependently

represent H, URRHHRtHR R GRSy mast FeLilt aEEHVRILIOA 3%yt ©
unsugstl t ut eg ﬁy@oi‘l@c_fy%@]ﬂ(ﬁ?ﬁctﬁjﬁ@wﬂ lp‘tl@de@ét@ hBlF@r’f)clé(il t‘lﬂyis, . g
unsubstitute - cl aal Ky su ltut Ccl 0a y unsubstitute
-8 het or oGy HERIRIRS it SHAIDE TR diTeDITR Ref b bLPEY Ayl or R7-A
and RBA - 3 eff)@@lthm far mlee bmuhtnamt k- AlBG&BGSGh}hSWlHLCISLB)SIe]Ilﬁ ed or
unsubstituted C ubst. t.uted o unsubst uted. C C4 het er oal kyl ,
Cl- C6 aFonyal ?(%I## %%i%ﬁ @?rzcrﬁcnlc?a%k f°§u s?m’?u%éd g%e% SUubsti t ut ed
C3- 05 5cycl oal ®yscanes s ubsteimmete @hmﬂsst ingledmatgty (dhecasfd niti ons of
t hese groups & efer n t - d 3).
[0004] n t o o Er ROl RSl ed © el eangerEe s Rk G Bt pady
formul a (B) 10@@3@]1e17\1hy% NyN O al) RB

[0003] The following compounds are known as prior art

15 for the compounds of the present invention.
Compounds represented by general formula (A} are
known as compounds that have a Btk inhibitory activity
(C 2]
L.A.-Ar“

NH;
N
L > h{)‘ )
YA A pea
e
20 (in the formula, L,* represents CH,, O, NH, or §; Ar®
répresents substituted or unsubstituted aryl or
substituted or unsubstituted hetercaryl; Y® represents any
substituent selected from alkyl, heterocalkyl, cycloalkyl,
heterocycloalkyl, aryl, and heterocaryl; Z* represents co,
25 0CO, NHCO, or CS; R™™ and R*™ each independently
represent H, unsubstituted C;~C; alkyl, substituted Ci-C4
alkyl, unsubstituted C;-C4 hetercalkyl, substituted C;-C,
heteroalkyl, unsubstituted C3-Cg cycloalkyl, substituted

C3~Cs cycloalkyl, unsubstituted C;-C¢ heterocycloalkyl, and
30 substituted C,~Cg¢ heterocycloalkyl; or R'™ and R®™



(in the formula, QLB and 2B are independently selected from CX1B, CX2B,
and nitrogen;, BB represents N or CH X1B and X2B are independently

- selected fromthe group 15consi sting of hydrogen, (Cl-05) alkyl, cyano,

hal ogen, and so forth; RIB is selected frointhe group consisting of
hydrogen and (Cl-C6) al kyl; yB represents 0 or an integer frontl to 3; R2B
and R33 are i nt f (&€1- . R413 is
sel ect ed fron??ﬁ groupf%%ﬁgigﬁgggnéﬁggl 8g§%§?§?%c§2l§?§ ary ed

het er oaryl , n@rs%ﬁ$@#$¢#tQﬁﬁﬁIQEBCMsa%bybmtﬁnbﬂﬁkﬂﬂUQﬁeogrenﬁubehst§t$%g of

al kyl , heteroqy oA he@@goéyk§§'t@}QQ Qekggggyg y! ¢the definitions of these
groups have been excerpted)) (refer to Patent %bcunent 4) are known as

conpounds t hat2hayEaBi DapLEY o ratkesite) tattest 0F090§PE§H$B®H@%(%eﬁ%esented by

general for mul @yéCdapkel Al sP ki de el or uﬂsubgtlehté@g@@ypn HeRap; rep
is selected frggithe group consi sting of hydroge hal ogen, substituted or

unsubstituted LLI0RF <o 19198 WIHASs hé‘éfﬁe ?@H ??‘6%1?17'1@)9) bupfer

consi sting of ® ﬁat@mﬂ Secdrity 1Ze 4,S a9el egted 5frontthe group consi sting
of oxygen, sul 5¢C;. Y5¢ el ect d frontt group consi sting of
hydr ogen, L@é??ﬁtedw%?1HH§JH§FVt3FﬁHﬁ Qﬁr?xawa ?@W@ﬁ (%tc, Qac and
c are independpne$gneedemyeghﬁeﬁnmtﬂu&n@ﬂaunB¢onsrstrng of hydrogen,
substit#bed orH;n§rbstituted 10al kyl, substituted or unsubstituted aryl,
and so forth c’1s selected fromthe group consisting of hydrogen and

substituted or unsubsti
definitions of these g

ut ed aIkyI and nC represents 0, 1, 2, 3, or 4 (the
ps have xcerpted)) (refer to Patent Docunent

5). 15[ 0006] Conpounds— urrnone skel eton are al so di scl osed as
formula 20 (refer t rag 0028) in Patent Docunent 6.
[ 0007] Conmpounds repréesente enera formula (D) are al so known 20[ C 5]

0" and Q% are independently selected

(in the formula,
from CX™, Cx®®, and nitrogen; Q% represents N or CH; X'
and X*® are independently selected from the group
15 consisting of hydrogen, (Ci;-Cg) alkyl, cyano, halogen, and
so forth; R'™ is selected from the group consisting of
hydrogen and (C;~Ce) alkyl; yB represents 0 or an integer
from 1 to 3; R*® and R*® are independently selected from
hydrogen and (C;-Cg) alkyl; R is selected from the group
20 consisting of alkyl, heterocyclyl, aryl, heteroaryl, and
so forth; and R®® is selected from the group consisting of
alkyl, heterocyclyl, and substituted heterocyclyl (the
definitions of these groups have been excerpted)) (refer
to Patent Document 4) are known as compounds that have a
25 purincne skeleton.
[0005] Compounds represented by general formula (C)
are also known
[C 4]

==yiC

)).c

30 (in the formula, X° is selected from the group consisting

©



(in the formula, RID represents a group selected from hydrogen, substituted
or unsubstituted alkyl, [C 6] . iclrRn 25y0 and so forth; R2D represents
substituted or unsubstituted al kyl, substituted or unsubstituted al kenyl,

or substituted or unsubstituted al kynyl;-Yb represents a group sel ected
fromO, CNXR2, and S; ZD represents a group 30selected from|[C 7] -5 wo
DOA E . km and refe c. DRxc ED, e i pbqgg%ntly
represent CRlZ,é?Nfl?g%gg?\ﬁoélﬁ%e@@Ri%eg?egggggé%g%%% ﬁ';Hej(_ieecte from

hydr ogen, hal og§eRSiaking, chyllrésggendBogene; sxbpepEeseft8ra group

sel ected from Qns&bdNRyueed SikFOD H/PILSFMTHa GFOUR seheeked Frem
substituted or unsubstituted cycloal kyl, substituted or unsubstituted

het er oal kyl, ah@d®s@bRtPt ceRe BFinhUbRi tut éddapgl LorRB/ | %(Esjilé'aﬁeéﬁ%éd
represented byrtbg €ashgdohb neorcEERantsy axldenngkalbond &hdangpby® bond;
and nD represents ag(ﬁigtgg r selected fromO0, 1, and 2?} i(“ref er to Patent
Docunent 7). [0B08FThHe % ngﬁ%dgh%fg?% FPESERELPEy Rt PEHTA9®  conpounds
that, in additsabstbthevdngr aulikeselaciddvalkyilnhahidt eoyraethyiod, e¥hi bit
an excel | ent et bald ¢ _stabili tggggg;{can J‘ZVOi GYP _.inhi bitory activity

nd. a n e ac ¢ 3?; h ou
and adverse reacti 6ns &GchSEP PP EECHEh At P S 2 Rowever, there
i S no stat enentoosistuggesti omydebgdn ngitkesttitetedchar antebesitetddat ures in

Tranal afiton” of HEF ApSrt 5t LB R ST E0450s Bar bt DBSnEar 1ot S
2008/ 121742 R*® is selected from the group consisting of hydrogen and
substituted or unsubstituted alkyl; and nC represents 0,
1, 2, 3, or 4 (the definitions of these groups have been
~excerpted)) (refer to Patent Document 5).
15 [0006] Compounds having a purinone skeleton are also
disclosed as formula 20 (refer to paragraph number 0028)
in Patent Document 6.
[0007] Compounds represented by general formula (D)
are also known
20 [C 5]
20
D

Yo @

oo

{in the formula, R”’represents a group selected from
hydrogen, substituted or unsubstituted alkyl,

[C 6]

SR
¥

25
and so forth; R?® represents substituted or unsubstituted
alkyl, substituted or unsubstituted alkenyl, or
substituted or unsubstituted alkynyl:; Y° represents a
group selected from O, C-NO;, and S; %” represents a group
30 selected from

(C 7]



Pat ent Docunent 3: WO 2010/ 009342 25Pat ent Docunent 4: WO 2008/ 060301

Pat ent Docunent 5: WO 2007/ 142755 Pat ent Docunent 6: Japanese
Transl ati on of PCT Application No. 2003-509427 Patent Docunent 7: WO

2003/ 037890 30[ 0010] Non- pat ent Document 4:5Nature, Volume 361, pp. 226-233,
1993 Non- pat ent Document 2: Anticancer Agents in Medicinal Chemstry,
Vol ume 7, Number 6, pp. gd4-632, 2007 -6 DI SCLOSURE OF THE | NVENTI ON
[0011] In order to prowidg a very safe therapeutic agent for diseases in
which B cells and/of St | s Sparticipate, an object of the present
invention is to dev conpound that, in addition to having a

Bt ksel ective inhibitory tivity, exhibits an excellent netabolic stability
and can avoid hepatotoxicity or the |like. 10[0012]In order to achieve the

above obj ect, ¥He PP eEFEhi RASifors cBrrifkd 80f Mnieardl vadereasengali ons

directed to di§§1ﬁf@§e1@@r@%@1@‘f",d9{\l,haéﬂ&gi-%}ﬁhlé';fsﬁmckéyﬁeé@@iabié Ydodrtivity
and di scovered the conpounds of the present invention as a result.

Moreover, it waSlafked 156078 XA hd2 1§88 EBHPBuUNEEIER%Y caffbunds t hat
exhi bit an excelied} Hetapaldsenast avigh-Yupnde LaP &y of ehrhepatcohoy| cahy or the
| i ke, and the presgnt inventjon was achi eved a result. .[0013] That is,
the present invénti ohSPEFEFREStD 26P4Y %P%ﬁﬁﬁﬁﬁLﬁ%opeﬁPgégﬁ%EHegyoﬁeneraI
formula (1) [GBjubsthtdted foraida,kyl, lsubepieseatisot Iins@lestiR)tedS-, (3)
oo Tornetffesp BT and YupiPiived B ufdubdt RurddaifiOGie (9
indication aD represented by the dashed line represents a
10 . single bond or a double bond; and nD represents an
integer selected from 0, 1, and 2) {refer to Patent
Document 7).
[0008] The compounds of the present invention are
compounds that, in addition to having a Btk-selective
15 inhibitory activity, exhibit an excellent metabolic
stability and can avoid a CYP inhibitory activity and
adverse reactions suéh as, for example, hepatotoxicity;
however, there is no statement or suggestion relating to
these characteristic features in any of the prior art
20 documents.
[0009] Patent Document 1: Japanese Translation of PCT
Application No. 2010-504324
Patent Document 2: WO 2008/121742
Patent Document 3: WO 2010/009342
25 Patent Document 4: WO 2008/060301
Patent Document 5: WO 2007/142755
- Patent Document 6: Japanese Translation of PCT
Application No. 2003-509427
Patent Document 7: WO 2003/037890
30 [0010] Non-patent Document 1l: Nature, Volume 361, pp.
226-233, 1993
7 Non-patent Document 2: Anticancer Agents in
Medicinal Chemistry, Volume 7, Number 6, pp. 624-632,
2007



Rl represents (1) a halogen atom (2) a Cl-4 alkyl group, (3) a Cl-4 al koxy
group, (4) a Cl_4 hal oal kyl group, or (5) a Cl-4 hal oal koxy group; 30ringl
represents a 4- to 7-nmenbered cyeclic group, which may be substituted by
fromone to five substituents each |ndep€n§ently sel ected fromthe group
consisting of (1) - 7 - halogen atons, (2) Cl-4 al kyl groups, (3) Cil-4

al koxy groups, (4) nitrile, (5 Cl 4 hanaIkyI groups, and (6) d _ 4

hal oal koxy groups, wherein when two or nore substituents are present on
ringl, these substituents may BRGHOPURE OF BSRENENWBNEHO¥yclic group

toget her wi th t[rm@moms lm birBgh t8 Bhbehad heseesphaldd wapkapaheisound;
ring2 represents a 4- to 7-nmenbered Saturated heteroc cle, mﬁlch may be

substi tuted byaﬂp8ﬁlgﬁ§ Fés?ﬁﬁgé IR ¥ich Ok Fobresen/ST FRsh BBAES (2) a
Cl- 4 al ky3 ene, p@%klc@@QXE, &) ob§eB} - 6%che(§9eséﬁk-h%vG®Qhon 8) toC(0)0-,

or (7) -S02- ( in the bond %he | ef t bound to the rlng %; R2
represents (1) ©F §|E$PP°P§§ 5 %§t4;%11é§%31093 Va0 asBEkkyny|
grgup, each OfSWﬂECth&ylhﬁlﬁmbSEyfHtEﬂgb?y,ﬂﬁdﬁﬁﬁﬁkﬁ@@.b&cﬁﬂﬂént of (1)
substituents e ndepende elected from p_consi stin 1
NRORA, (2) hal DGR RO P} LERRRRE. St Eik e TR R O g and ra

each |ndependeduk¢ represent (1) a hydrogen atom or (2) a Cl-4 al kyl group

whi ch n be s%g%&hﬁuted %Og¥d%§9ﬁ8ra99g5% 5§§36&%‘%p% E%Cgay gogether

with the nltrogen atomto whic ey ar rm a nenbered
ni trogenous saPyesesd Havenseoyel earwhedhownyimeersubst iinvesd igptannexo group

or 2nydrouy! aiouRs 2R epdcBReachladepeiantly J opnesenLotllod

hydr ogen at om rou group;
(1) a hydr ogenl@#léml@profz‘fl%l@ltn amiyqil@@@wed the compopagseséntie(1) a

hydr ogen atonlp&%beﬁtcihﬁeﬁhﬁﬁh QEOHpre§Qi§) aPhedr, gﬁQuQasoleé) a
benzotrlazolyl

ﬁg represents dr ogen at om or % a Cl-4 al kyl
group; RE and Pc@&@ﬁeﬁn&QﬁénBEﬁFPyC?@B?%%%EHaRQJCQ¥ Re&tomor (2) a
Cl_4 al kyl groeghiBim aepessentsndnmébilegeic fA@MBH0 #hd can avoid

hepatotoxicity or the like, and the present invention was

achileved as a result.

[0013] That i1s, the present invention relates to

20 [1l] a compound represented by general formula (I)
[C 8] '

f;[gm .

(in the formula,
L represents (1) -0-, (2) -8-, {3} =~S0-, {(4) -S0,- (5) -~
25 NH-, (&) -C(0)-, (7) -CHy;-0-, (8) -0O-CHp-, (9) ~CHy~, or
(10) -CH(OH)-
R' represents (1) a halogen atom, {2) a Ci-; alkyl group,
{3) a Ci-q alkoxy group, {(4) a Ci-s haloalkyl group, or (5)
a Ci-4 haloalkoxy group;
30 ringl represents a 4- to 7-membered cyclic group, which
may be substituted by from one to five substituents each

independently selected from the group consisting of (1)



mrepresents an integer fromO to 2; and when nis two or nore, the R's
may be the sanme as each - 8 - other or may differ fromone another), an
optical isomer thereof or their mxture, a salt thereof, a solvate thereof,
an N-oxide thereof, or a prodrug thereof; %[2] the conpound according to
[ 1] above, wherein R2 is a C2-4 al kenyl group or a C2-4 al kynyl group, each

of which may b i b r o su i kuen
i ndependent |y ggﬁ%@?gdggégﬁ1t¥% g?ou A gﬁ%k¥l Q%? % NR%§58§§2 hal ogen
atons, (3) . CONRSREPS¢4f4co2Ryrihad rg)( 5:1- oﬂzerloa kyl gFQ]JPﬁhea@@ Ul

aCCOleng to [l]hé&&%@%oﬁfmqfﬂdbg"NHeﬂé%nawﬁgﬁzgﬁs oF YR AheX NG i tUent s

pyridine ring, each of be substituted by fromone to five
substituents ed&h Pﬁﬁéﬁ@ﬁd%ﬂtFyn%ere%@%ﬁ?f%ﬁhﬁﬁ?ﬁ@eﬁFéuﬁaIS§@ﬁ§l%t4hgt@f (1)

hal ogen & ons, 7eabm§érédabwher@ {SetPlerd vakkOX¥eIROURS, ih 4 imyirile,
and (5) CF3; un accordrngto o [1] above, wherein ring2

is a4 to 7- nﬁﬁbgpéghnFE?BﬁeﬁgE§ LEbentat X néO8RGéycl e, which may be

substituted byrfingth eepréseRrdshs ee- -0 RPsmembered [s2kutrBeegonpound accor di ng
to [4] above, %h%re

to 7- It t t ed
het erocycle is an a?gyrg?heth§?r%$§ %r645%1§&%%§P§§ﬁ§%3Wﬁégeeto
[ 6] the conpouhdraeceKdR to [1] above, represented 25by general fornula
-1
byr i di ne 71 ng, KokeREerShRY Rt s "B S0oEL e Kired 5y LFrem S1b (60t vo
substituents eddh rﬁd@beﬁﬂentlviseﬂébtédofroniﬁhe4gﬂbﬂbwcansr§D|ﬁ@O@+ (1)
hal ogen at ons, éGQErg4n t ekﬁen@rQHp§he(f%fénls Q}b%ax¥9 thd rlg%?FpS (4)

nitrile, and ( rlgga represents a menbered nitrogenous
saturated het eRocW:EPJéESW%h V2 Ke- fs@lﬂé@iltrut 8d dyCdpom rievyto Athrigd -K- R2,

wherein the otber, sYRpaLS §ayep! heasr®r dafidy WaQN$easuBRRYBUted by

15 from one to five substituents each independently selected
from the group consisting of (1) NR’R?, (2) halogen atoms,
(3) CONR®R®, (4) CO.,R’, and (5) OR%;
R?® and R! each independently represent (1)} a hydrogen
atom, or (2) a Cy4 alkyl group which may be substituted

20 by OR? or CONRRY;
R? and R! may, together with the nitrogen atom to which
they are bound, form a 4- to 7-membered nitrogenous
saturated heterocycle, which may be substituted by an oxo
group or a hydroxyl group;

25 R®> and R® each independently represent (1) a hydrogen
atom, (2) a Ci4 alkyl group, or (3) a phenyl group;
R’ represents (1) a hydrogen atom or (2) a Ci.q alkyl
group;
R® represents (1) a hydrogen atom, (2) a Ci.q alkyl group,

30 (3) a phenyl group, or (4) a benzotriazolyl group;
R’ represents (1) a hydrogen atom or (2) a Ci-4 alkyl
group;
R' and R'" each independently represent (1) a hydrogen
atom or (2) a Ci-4 alkyl group;

35 n represeﬁts an integer from 0 to 4;
m represents an integer from 0 to 2; and

when n is two or more, the Rl's may be the same as each



5[ 7] the conpound according to [6] above, wherein R2 is a C2-4 al kenyl
group or a C2-4 al kynyl group, each of which may be substituted by from one.
to five substituents each independently selected fromthe group consisting
of (1) NR3R8, (2) halogen atons, (3) CONR8RS; (4) 002R7, and 10(5) ORS;

[8] the compound according to [1] above, which is (1)

9-(1l-acryl oyl ) -

phenoxyphenyl)ggr%g ﬁ lﬂé(% JEEpurl n-%r-' f)oﬁlee, aflﬁ))thgféhi no- 9-

{(3R)-1-[(2E)- an(gphp@ehi,rlsamrm@; -hang@heylthgir mixture, a salt

15pyrrolidi nylipds£4r phenoy @@@QW&)J?(%?d%%yﬁrgxﬁbépHEéPe§f 0hE. 5 (3)
9-[(1- acryloy14p|per|d|ny ﬁ 6-am no- 7-

(4- phenoxyphen@l‘? 7U9- B epRIP by 8H- purl n- 8-one, (4) 6-

am no- 9-(3R) - 1- ( 2- PQLY@H&l&oﬁbéﬁﬂd(Hdégfaﬁ%b %o(%l] above, wherein R?
phenoxyphenyl) -7, 9-di hydr o- 8H puri n- 8- one -9-

20{(39) - 1- [(2E}S4a(%‘ﬁ we%hlwah% @Q@@ﬁ@&yaﬂ] aékynyl groupf each of .
pyrrolidinyl)- Jhiéhm@y%mtlﬁtﬂu& Hhydoar BHePHbi A1 Be SMSsti{tlents

6-am no-7-[4 chl or i)e]%genyl -9-{(3R) - 1-

[ (2E) - 4- (di rret?li‘/‘i:}&n?%%g ys:ﬁ & f&IOF"dltH?l?r‘?u@ consisting of

di hydr o- 8H pur ( b} SNRIF, (?) Baaotyen- 9t biks ( 26 PUtCONWRY - 3¢4) CO,R?, and
25pyrro| i.di nyl% 7-(() phenoxyphenyl) -7, 9-di hydr o- 8H purin-8- one, or (8)

6- ani no28- { 12 (2E)2%-7(di met hyl ani no) - 2-

but enoy1] - 3- pyrrol i §8hytdlie 7e¢dpqlreh axpherind) +6, 91 ] dabyde p- Bk et N- 8- one,
or an opti cal her their xture; har nmaceuti cal
conposition CO#T%??EI n%j % }g%flz‘%{;ﬁfd Cyc rO SERP&a’ By ]ﬁ%&é S ornn ae Ck}
according to [4f whovk, m@:ﬂ b@wtdmtmtsmmi byhéreof ooe thefivei xture, a salt

t hereof, a solg@]ggtipgé ,ee?éh'\t ﬁ&éﬁ%rlgf’%el%t?gph?gﬁu@héﬁfcﬁ%S a2 Btk

35[10] the phar maceut | c ositl accor
i nhi bitéP; [11Fornesphag n%’%e } dwlagnipaedionisen (3¢cBr-di agkyb §oups, 10 -

above, that isg p@pghyi@g}g AOS, and/ qfic3 it Rer gpaui ke @gent for a
Btk-rel ated di sease {(12] t phar maceut i cal corrp sition according to [11]

above, wherein the 125 a@@@%%%@QQWﬁ 581 Iléd gPBouP seRereHn
aut oi mune di s-_e;aﬁgz ag anil am%éfntc&mm,tr@gbhbgabgsﬂmét@ddl sease, or a

s F R i v S
20 three -K-R%;
[5] the compound according to [4] above, wherein the
4- to 7T-membered nitrogenous saturated heterocycle is an
azetidine, pyrrolidine, or piperidine ring;
[6] the compound according to [1] above, represented
25 by general formula (I-1)

[C 9]
tR':ng

ey

(in the formula, ringl-1 represents a benzene,
cyclohexane, or pyridine ring, each of which may be
30 substituted by from one to five substituents each
independently selected from the group consisting of (1)
halogen atoms, (2) Ci-4 alkyl groups, (3) Ci-q4 alkoxy



10[ 14] the pharmaceutical conposition according to [9] above, which is an
i nhibitor of B-cell activation; _ [15] a nmethod of preventing and/or
treating a Btkrel ated di sease, conprising adm nistering to a manmal of an
effective amount of a conpound represented9by general 15formula (1)

according to [1] above, an optical |soner thereof or their mxture, a salt

t hereof, a sol her, 0X er f, r

[16] a conpoun§§ %éseg?ealgplg%heéa oréﬁf ?ﬁ? ! %%?%ﬁ%ﬁng%eﬁ%] ébove,
an optical isoﬁertphéreembereQonher¢g¢mouan&§tuxa§ehthehereoy¢1@,smmweme
thereof, an N-,gyide EGSE@Q%utgﬁ @%pffBﬁLgh%lﬁﬁl reefgk QEeWﬁﬂﬁfgg1Qﬂglor
treatlng a Btk-rel ated di sease; use of a conpoun

represent ed by O§BR&Er avbel fuhave | Yheceanelidaf ing tiPRsaBsvaboEa) bpt i cal

i somer 25 hereof or | t?']‘etﬁe”béfn}?é@mdaaé@efdfﬁlgert%o‘c [6] aeekrgat@héfl@m% an
N- oxi de thereof, or _a prodru her eof fgroduce an agenf f preventing

and/ or treatlnésaaBFkﬁePéF@HYH|%§%%% OF 09 }ﬂﬁeka@ﬂﬂ08ﬁ8§pofe@%% ¥ esent

- invention, in aaadﬁll fnh @Nbk 05 BNt Moy Be Bliky SEIRC onke thniii bkt etysecthahty,
exhi bit an excell tabgllc stabjlity and can avoi d hepatotoxicity or

the like, and §8° " SBEUERBELYrectRCHe oM &Rp 9aPEPt RBPEPBLERE @fent s
for diseases i mlv\hmef’RB qel)l siaangear agemt, ced) SCEIRP LI pat eco,Richa@g non-
35degk| 's |y OBEQ BEST MODE FOR CARRYl NG OUT THE | NVENTI ON [ 0015] The
present |nvent| I'S described in detail below In the present invention,
"having a Btk- selecﬂBWethehcbmpomyda£¢¢@mdgng-denQHQSabavengwhlfmkxselectlve
5inhibitory act C 0_ho tyrosi ne k| ases and
particularly I;%%hoc ggrggﬁfﬁcgp%o %%ﬁl fbo§¥ﬁgl£lnaség (Lck),
pr ot ei n- tyrosiﬁeenbﬁaeeehyh nyﬁ)dlbwmkmr%ﬂapuriwa@aguehl(Qarﬁeum;no 9-
viral -rel at ed ene Log, (L WnA)_ 0 erty nakes it
10possible to gsglﬁg lﬁ}n Ir?gg?c'?a 1j rég[elr%%sa?t |b(l)l-r%h§g§g g
i nhi bi tilen of @Vﬁeplﬂ9iﬁgihe7klﬁaB@%n0$¥9hQB&%ﬁm7e9"ﬁhé¥d§9€§ﬁaﬁ@é¢@ﬁ8-

retinal abnor ”Bhbté' €3)i §- lfrwmecwl&ﬂcﬂegigéﬁ@mrymeem?@?g@ﬂemﬁ/&lwe 16,

pp. 2351- 2356 é whi ch raises the possibilit adverse
15reacti ons wi I'A-BBeRGB¥BHENHLL hé Syt ?hé”b&%ﬁﬂnoﬁ Qﬁer
. amino-9-[ (3R)~1-(2-butynoyl)-3-pyrrolidinyl] - (4—

phenoxyphenyl) -7, 9-dihydro-8H-purin-8-one, (5) 6-amino-9-

20 {(38)-1-[(2E) -4~ {dimethylamino)-2-butenoyl]-3-
pyrrolidinyl}-7-{4-phenoxyphenyl) -7, 9-dihydro-8H-purin-8-
one, (6) 6—amino—7—[4—(3~chlorophenoxy)phenyl]~9*{(3R)—1;
[ (2E) -4~ (dimethylamino)~2-butenoyl]-3-pyrrolidinyl}-7, 9~
dihydro-8H~purin-8-one, (7) 6-amino-9-[1-(2-butynoyl)-3-

25 pyrrolidinyl]-7- (4-phenoxyphenyl)-7, 9-dihydro-8H-purin-8-
one, or (8) 6-amino-9-{1-{[(2E)-4-{dimethylamino)-2-
butenoyl]—3—pyrrolidinyl}—7—(4—phenoxyphenyl)—7,9~
dihydro-8H-purin-8-one, or an optical isomer thereof or
their mixture;

30 [9] a pharmaceutical composition comprising a
compound represented by general formula (I) according to
[1] above, an optical isomer thereof or their mixture, a
salt thereof, a solvate thereof, an N-oxide thereof, or a
prodrug thereof; .

35 [10] the pharmaceutical composition according to [9)
above, that is a Btk inhibitor;

[11] the pharmaceutical composition according to [9]



i nhibition of Lck. [0016]1n the present invention, the hal ogen at om denotes
fluorine, chlorine, bromne, and iodine. In the present invention, the Cl-4
al kyl group 20denotes straight-chain and branched-chain Cl-4 al kyl groups,
e.g., nmethyl, ethyl, propyl, isopropyl, bdfyt, sec-butyl, and tert-butyl.
In the present invention, the Cl-4 al kyl ene group denot es nethylene

et hyl ene, prop I !ﬁng Isk r ent

i nvention, theﬁ%ﬁ@é ?ﬁ%%jﬁgg% kﬁﬁfgg st? én é?% an %ﬁ% ed-chain
Cl-4 alkoxy grdupRt kop.a Bﬁkﬁﬁﬁéﬁtﬁﬁrﬂyéﬁasﬁropoxy, i sopropoxy, but oxy,

i sobutyl oxy, and t6[12fn%HBQ®hé¥MdEéd¥id@ﬁe%QHEOBQYfQﬁ'é%bof&Ehd:%cé al kenyl

group denotes straight-chain and branched-chain C2_4 al kenyl droups, e.g.,
et henyl, 1-propkhy|abougy dﬁewrln Fhsutddyirelatpdt dhgeasa-butadhyl , and

1, 3- but adi enylan@r% ds&esant amwtdlaﬂrunbhal%aéeal éﬁﬂ(%f]ﬁkfn@r&é&éﬁﬂe”m es
strarght chai n_ and ranch% charn -1 al kynyl groups, e.g., ethynyl,

1-propynyl, 2-PHIpRASA 2 1t Jﬁhﬁyﬁﬁﬁses BHt?n?@nC%md
1,3-butadi ynyl . - (23} t{l@@];ﬂ']dIﬁnédlﬁltﬁr(ﬁie&bmpﬂgﬁﬂib@nacécﬂﬂjﬁﬂg khal oal kyl

group denot es rovrded b ubstituting one or t or, nore hal ogen
atons into a C§1g13¥§9 998HH:J§¥J§FEWQF§e§xé Ri PPRAIRE T 1 %ior onret hy
group, a chl or bympinytha 5group, a brononet hyl group, an i odonet hyl group, a
di fl uor t hyl grou trrfluoronet Vil a. fl uoroeth ro
2-f|uor§g?hyl group,;olq]a Q%ﬁﬁﬁ%ﬁdﬁiQ%um 85%%5??u%roé?%r%’&g%u§ﬂ

1-fl uor opropyl algpoap, wmu@hchdcnnpnﬁpyhignoom Ba0611|&©MIMHKIWﬂ group, a 3-
10chl or opr opyl grou 4, i g df 1t yl
group. In thepl?gseﬁﬁﬂﬁﬁ%gﬁ%%gﬂkggﬁExh% %Rﬁ oxy oup denotes a
group provi dedr%ya%%s@wemsmg G 1S i@ admln@s‘éeham@gw atramng Intaf a Cl-4

al koxy group, &Rde€£fd-beyd oA idd ed Rypduhfl LhpPL QORI P, P22

trrchloronethoxy group a chl or onet hoxy group, a gronnnethoxy group, a

f | uor oméPhoxy HrEUpL2 ahl) ity tor , 2ROHPEF | aBr PRt FRY VI YD, a
di br omomet hoxytigs eews & 216 o mosthee, o Ul E 8hdrdo®; t§i 4 Lpgiaet hoxy

group. a thereof, an N-oxide thereof, or a prodrug thereof;
[16] a compound represented by general formula (I)

~according to [l] above, an optical isomer thereof or

20 their mixture, a salt thereof, a solvate thereof, an N-
oxide thereof, or a prodrug thereof, for preventing
and/or treating a Btk-related disease; and

[17] use of a compound represented by general

formula (I) according to [1] above, an optical isomer

25 thereof or their mixture, a salt thereof, a solvate
thereof, an N-oxide thereof, or a prodrug thereof, to
produce an agent for preventing and/or treating a Btk-
related disease,
[0014] The compounds of the present invention, in

30 addition to having a Btk-selective inhibitory activity,
exhibit an excellent metabolic stability and can avoid
hepatotoxicity or the like, and as a conseguence are
useful as very safe therapeutic agents for diseases in
which B cells and/or mast cells participate, such as non-

35 Hodgkin's lymphoma.

BEST MOBE FOR CARRYING QUT THE INVENTION




202, 2, 2-trichl oroet hoxy group, a 3-bronopropoxy group, a 3- chloropropoxy
group, a 2, 3-dichl oropropoxy group, a 1- fluorobutoxy group, a

4-fl uorobut oxy group, and a 1- chl orobutoxy group. [0018]In the present
invention, the 4- to 7-nmenbered 25cyclic dloup denotes a C4-7 carbocyclic
ring or a 4- to 7- nenbered heterocycle. In the present invention,

the C47 carbogysiss i nihdoaolas rch T8AOGUCHLECPLABNAL Gidla gy oat i C

car bocyclic ring. e aliphatic systemnay e partia Oor conp etely
saturated. Exahples- here are cycl obutane, cycl opentane, cycl ohexane,

cycl ohept ane, cycl op@nm@epr&y&lmmmﬁychfﬁaeﬂhsng BEYCs ot adiene,

cycl opent adi ene, cl ohexadi ene, cycloheptadlene and benzene. 35In the
present |nvent%%ﬂl tHer 526t ke b cyRanak &S ﬁ@vééﬁo@egtEfﬁﬁl%pﬁﬁﬁbcycI|c

aliphatig or aigNEhi€ofRr DOEYEILE Withg. relé,@%c@l Bhaéthﬁysw]Eeg&&we be
partially - 13, - or c@agletely saturate npl es here are cyclopentane
t

cycl ohexane, c§iPapRh PRyt Ghigehe, M&P@PSﬁéﬁfaﬁ?%hglcc®¥9 adi ene,
and benzene. [BQ&&iiﬂethﬁn@ﬁ@SﬁE&klf“ﬁﬁvﬂaaﬂrtybesﬂnetElﬂaﬂg edryn) ,
5het er ocycl e de gtes a 4- % nbered unsat urated_heterocycle or a 4- to
7-menbered sat WP4t BV AT Er %@%9 b Sarcomg Wﬁ&agrﬁgéﬁFe nRRMIDE the 4- to
7- menber ed uns}adbmmhcb@dﬂ;kef@rxmcycdlajrd!anot ghianpuppatuy aheked-it o 7- nenbered
nonocycli,c het e t hat cont ai ns t,o 10five hetero atons
sel ect ed bfron1§é§§%giee%oaﬁv?ﬁ nHEPb§§ﬁ3§F§ﬁ1a8H8r§%|F%?CE&%ﬁﬁ FHPThn be
exenplified bybpythalenhlbnt&anﬂmf ditticaz dlyeostietr atnheespyridzol e, pyri di ne,
pyrazi ne, pyri p d e l.azepj p:

. £h0F, PYAL UZL 062 RACRING. 0188 CBLNGL W 8To PH! Aoy

oxepl ne, t hi op I epl ne oxazo | SOXazo azol e,
i sot hi azol e, fUlflalzfalﬂ—dfbf(a@larziblI@lca)xazlqwen@xa@rpézmﬁemoxlalzepzm—

oxadi azepi ne, % #hiadi f@@éﬁ mé}%'&asé@t@@ gegggﬁlwwza%/@ead
t hi adi azepi ne. [0020 he present invention, the 4-"to /-ne ered

20sat ur &Ped he%%@fé%y%m% ‘ﬂbhbtké% GuRad il theopveoipl Bhel §vert watadd 4- to
7- menber ed nonpgNchi€idet &F oyl e that contains fromone to five hetero

atons each ind ntly selected fromthe oxygen atom nltrogen atom and
sul fur atom a ﬁgggﬁ be %&eﬁ%ﬁlﬂq%ﬁFQR/%ﬁf@PF&P% ther helpoen at

denotes fluorine, chlorine, bromine, and iodine.

In the present invention, the Ci-4 alkyl group

20 denotes straight-chain and branched-chain Cij-4 alkyl
groups, e.g., methyl, ethyl, propyl, isopropyl, butyl,
sec-butyl, and tert-butyl.

In the present invention, the Cj_4 alkylene group
denotes methylene, ethylene, propylene, butylene, and

25 their isomers. )

In the present invention, the Cij.4 alkoxy group
denotes straight-chain and branched-chain C;-4 alkoxy
groups, e.g., methoxy, ethoxy, propoxy, isopropoxy,
butoxy, isobutyloxy, and tert-butoxy.

30 In the present invention, the C;.4 alkenyl group
denotes straight-chain and branched-chain C;_; alkenyl
groups, e.g., ethenyl, l-propenyl, 2-propenyl, l-butenyl,
2-butenyl, 3-butenyl, and 1,3-butadienyl.

In the present invention, the C,;4 alkynyl group

35 denotes straight-chain and branched-chain C,_; alkynyl
groups, €.9g., ethynyl, l-propynyl, 2-propynyl, l-butynyl,
2-butynyl, 3-butynyl, and 1,3~butadiynyl.



25pyrrolidine, imdazoline, imdazolidine, triazoline, triazolidine,
tetrazoline, tetrazolidine, pyrazoline, pyrazolidine, dihydropyridine,

t et rahydropyri di ne, piperidine, dihydropyrazine, tetrahydropyrazine,

pi perazi ne,. di hydropyri m di ne, tetrahydropy i-m di ne, 30per hydropyri m di ne,
di hydropyri dazi ne, tetrahydropyridazine, perhydropyridazine,

di hydr oazepi ne, [00b8Y ahydrpa h in dhy ne,
tetrahydrodlazeplneﬁ perggdﬁgg gﬁ%%?ﬁ% %%igﬁﬁﬁﬁ' ghe E} Egﬁ%&fﬁ%ﬁ
t et r ahydr of ur a@rodprhgenopssaa, g@@m@tpa@vﬂhﬁbyna@ubﬁtthténge@m@e@r two

t et r ahydr ooxeppe r e t i h
tetrahydrothlogﬁeﬁ'gEg HX@B?%% Qt?@?a%ﬁ%g-fn? %1@%@ ﬁkgth ?@%y?%% be

d|hydrothlepln@xeﬁ§giﬁh?@rBYh@e§ @IOTQ#MWHﬁbﬁhﬂbpﬁné larageatpkazol e,

tetr ahydraooxaz@&@uboxazgkbﬁbﬁéihyﬂl @ay@lwl SAXazRlofe thlr 8RYER0I goxazol e
(i soxazol i di ne) g@rot hi azol e, tetrahydrothiazol e 5(th|azoI|d|ne)

dlhydr0|soth|a96¢éu° W?EﬁVHr%?%%@hl%ZBW%E“FF§€FHPQQOHF8PHe)a -

di hydr of ur azan flh@&b@bﬁg’loﬁﬂb@@ana 2h hiwels exadilagebep, t at pabyds pexagy azol e
(oxadlazolldlneg dthdr00ﬁa§% tem%fh drooxa2|n% di h drOOfad|a2|ne

t et r ahydr ooxadP&21Re, 2dPRY HR HOYRLRPF R ZhydroYRE2BpPREL 9roup,

per hydr ooxazepanéy- cﬁnhydpﬁopgﬁlgz@@pnea 3{ﬂﬂuﬂnawrmpyadgagepinf 3~

er hydr adi a di_hydr ot hi adi azo 0 adi azol e
Eth|§d|§§§|.d.é%§098P508V¥tﬂF%%Phe % %T% d?%fﬁ%gé %gﬁ drRYRr of WY adi azi ne,
15tetrahydrothﬂadmamphetyﬁlgydupthlazep|ne t et rahydr ot hi azepi ne,

per hydr ot hi azep e, 1l Ygr sLOLAE AzepLites of etaahvdr ob i adi gE01 Doy

per hydr ot hi adi azepi ne, I ne i ‘onor phol 1 he oxa |ane ane,
di oxane, dithi dleaﬁéeSaﬁdgupuplan@w@@cﬁd@ms]qhﬁttlﬁeltpngsene ppveweion, the 4-

to 7-nmenbered pit-EOEENA énséfz%ét eaeéocyaclz&:{y 209 thBBOégn%etO

7- menber ed saturated heferocycles at necessari aln at [east one
nltrogeﬂfhtonleEﬁQﬁ%F@éeﬁrEYa%e¥¥Hf%%0r?Wﬁﬁhﬂﬁﬁu9roﬂynr@I|d|ne i mi dazol i ne,

25i m dazol i di nerithil8z6hkBRoxl ! §ASQH] di Neh1 JRAERANGrohiBl r 820! i di ne,
pyrazoline, pyrazolidine, dlhgdro r|d|ne tetrahydropyrldlne pi peri di ne,

.d|hydropyra2|nBrOF@W?5H9HYo§§ a2 nd, ??ﬁﬁ%ﬁﬁhﬂ?y @Fﬁ%&roﬁ?rﬁﬁﬂﬂmﬁ%hoxy
t et rahydr opyri andupe apanhydw@métmﬂy r@rolfgﬂ,dlahyﬁm&mbméahbﬁ@ group, a
Lot ahydr oayepr agh BEPRO P B4-ERYNe: B ydrich HooRRee PRty aFaPBai Azepi ne,
per hydr &di azepiZpé, 2di:hydhboxazvhexyt @toabhy dr dtazsalop ropxarobirdupe)a 3-
dihydrOiSOxazOEﬁio&SbEgggg§og§gégzo£e2,3—dichloropropoxy group, a 1-
fluorobutoxy group, a 4-fluorobutoxy group, and a 1-
chlorobutoxy group.
[0018] In the present invention, the 4- to 7-membered
25 cyclic group denotes a C4-y carbocyclic ring or a 4- to 7-
membered heterocycle.

In the present invention, the C47 carbocyclic ring
denotes a Cy-7 monocyclic aliphatic or aromatic
carbocyclic ring. The aliphatic system may be partially

30 or completely saturated. Examples here are cyclobutane,
cyclopentane, cyclohexane, cycloheptane, cyclopentene,
cyclohexene, cycloheptene, cyclobutadiene,
cyclopentadiene, cyclohexadiene, cycloheptadiene, and
benzene,

35 In the present invention, the Cs.¢ carbocyclic ring
denotes a Cs-g monocyclic aliphatic or aromatic

carbocyclic ring. The aliphatic system may be partially



35(i soxazol i di ne), dihydrothiazole, tetrahydrothiazole (thiazolidine),

di hydr oi sot hi azol e, tetrahydroi sothiazole (isothiazolidine),

di hydr of urazan, tetrahydrofurazan, - 15 - di hydrooxadi azol e, :
t et rahydr ooxadi azol e (oxadi azoli di ne), di By¥drooxazi ne, tetrahydrooxazine,
di hydr ooxadi azi ne, tetrahydrooxadi azi ne, di hydrooxazepi ne,

t et rahydr ooxazgpi r i.he, I o] i piL.n
tetrahydrooxad?gzgﬁwgggﬁ%%§h§drooxé%?az§%%#§¥ggiﬁéggo ﬁ?a%ﬁé%ﬁﬁ%ﬁtan@'
t et rahydr ot hi advekohexindi adyalapdrdians,, aichpbeseneazenelopentadiene,

tetrahydr ot hi az{,pgq,n i hydEQd hi adi a7d & d et rahydr ot hi adi azi ne,
di hydr ot hi azepine tetrahégéothlazeplne, per hydr ot hi azepi ne,

10 |
di hydr ot hi adi a2@B1 8k, t TR aFRINEGHeN dZWsina onpeERe df ot BP alTeeis Rd

nor phol i Be, andetbiQ8PEPHOLdNS:es [DIR2] G femberBaNBADSE €8s dd r 0genous
saturated heterocycles can be exenplified h esent invention 15by

ied in the pr
azeti di ne, pyr?%??ﬁ%?yﬁ%?r%ﬁi%i%éjtqrﬂ?ﬂ%ﬂﬂqrﬁé,SﬁEPHéE%@i%ﬁ?ﬁﬁoqwq%%oline,

Ei_r ihaéol i di _ng_, tet{a%ﬂl ir:]iﬁl@,pi@éérgl_.zoi'ﬂ\ﬁﬂrf&onf?éftﬁéoh;Pﬁodpyﬁéﬁﬂl@éi&i ne,

i hydropyri dine, tetrahydropyridine, pjperidine, di ropyrazi ne,
tetrahydropyraE?ﬁ%Fuﬁ?E%g %?%EOQNQE%ﬁ%ﬁVFPﬁiGPnBPSQ PE?E%ﬂyﬁ?&ﬁ?thidine,
per hydr opyri m dénies r éd hystiopys 1 dazidiesrd@idlahyduepyohtdazhfetrom one to

hyd i dagzi ne,. di hyd l e, tet d I lid
i hyeir of Soxazof 608+ BF T L O Cotsbt 4] a0k ONF dPRes =" af P ot S,
t et r ahydr ot hi azobme, 2&(d hs akHhr i, adidydmnoibsoehempbdiéied by pyrrole,

t et rahydr oi sot hj (i I I i.d] i h z .o
tetrahydrofuraggﬁég%?%iﬁréégé%éié;ﬂéggggﬁqgéﬁyﬁgggégg?éggygldlne’

(oxadi azol i di neyragihgdrepkeridine t ayEvadriosxazizapindi hgie vexend azi ne,
t et r ahydr ooxadggzine, di-hydr 1 adl azql: et r.ak i adh

(t hi adi azol i di Eg)%‘lflﬂai%%%’t h%%%gé ’ tzlgltlr gﬁ%%%ét Fﬁ????%ggﬁd?ﬁ%‘%@% i'adi azi ne,

t et r ahydPot hi a8kazphe; hoeehetlae, thimrals.ofsephopiade, [ 60La8%a0in t he

present invent5Q8ai82018f €520 Yne O-oxadi@Hn,, oxQzEHne, - MikdiafdNne,
-CH2-, or -CH(OH)-. . 35R1 in the present,  invention is preferably_a hal ogen
atom or a Cl_4tBi&9¥§zgteupth o THe iadieg inemekBépéareyet i @14r oup for

ringl in thiadiazepine.
[0020] In the presént invention, the 4- to 7-membered

20 saturated heterocycle denotes a partially or completely
saturated 4- to 7-membered monocyclic heterocycle that
contains from one to five hetero atoms each independently
selected from the oxygen atom, nitrogen atom, and sulfur
atom, and can be exemplified by azetidine, pyrroline,

25 pyrrolidine, imidazoline, imidazolidine, triazoline,
triazolidine, tetrazoline, tetrazolidine, pyrazoline,
pyrazolidine, dihydropyridine, tetrahydropyridine,
piperidine, dihydropyrazine, tetrahydropyrazine,
piperazine, dihydropyrimidine, tetrahydropyrimidine,

30 perhydropyrimidine, dihydropyridazine,
tetrahydropyridazine, perhydropyridazine, dihydfoazepine,
tetrahydroazepine, perhydroazepine, dihydrodiazepine,
tetrahydrodiazepine, perhydrodiazepine, oxetane,
dihydrofuran, tetrahydrofuran, dihydropyran,

35 tetrahydropyran, dihydrooxepine, tetrahydrooxepine,
perhydrooxepine, thietane, dihydrothiophene,

tetrahydrothiophene, dihydrothiopyran,



- 16 - the prese

nt

invention is preferably a C5-6 carbocyclic ring or a 4-

to 7-nmenbered unsaturated heterocycle and is nore preferably a benzene,
cycl ohexane, or pyridine ring. The 4- to 7-nenbered saturated heterocycle
for ring2 5in the present invention is preférably a 4- to 7-nmenbered

ni trogenous saturated heterocycle, is nore preferably a 4- to 6-nenbered

ni t r ogenous sa%g&ggggdgﬁﬁgagﬁﬁgggan%§h§a? lﬂ?%%fggef %Qghﬁﬁggtﬁfgéigéne

pyrrolidine, or

pIp

e era

y pre

10azeti di ne orpﬁthdﬁp@hmepﬁnﬁg d@@ﬂ@ﬁ@@xa¢ok¢waqﬂﬁaaewdrpnxemolen is
preferably a bq%Qa%Bllg&QE), dlhydréﬁ%gﬁai&ﬁipﬁﬁﬁﬁﬁ dQ%?QBkﬁE %é
whi ch may

preferably a C2-4 al

kenyl grou eac

15be subst it ut ddSByarerérisne) todihV@r@E%%QZQlﬂﬂﬂﬁ?&?@bﬁdﬁﬁaépéﬁ@eﬁtIy

sel ect ed f r om t(he ig%euUR JGABS sarﬁgdeé)lé&ahlmlé teraR3Heee8oah PB01 4 3)
CONRSR8, (4) OZR7, 011

is preferably dléptPlQHHEQQHB?e pREhEdEpfyrazarp, tetrahxdyofyrBzaaLi on of
t he Indrvrduald@hgaebbgddgaeumé pt@ﬂt&%&ﬁéﬁbﬁﬁﬂﬂﬂ%d%é abeyeiand1sgl st ed
fromL, R, % mis al so preferred in.the present
venti on ' 25] BOIETCaRRBHANE r EbF EARHIEI HRF Jumar B PSPRIPELOFLAS: [ G 10]
(all of the symbakahydrbbeaﬁmazuha h@ynydfwbgﬁﬁeplne, definitions as

above) qﬁp prefe
gener al ornula

rre

FFf deBﬁ?F 1Pﬁ'g%%

and (5) 8. min the present Invention

i.n the sent 0? ention among compounds with
1z r?%ﬁ%ﬁﬂ%%ﬂﬁ 1) is preferably a

hal ogen at om odihyGtodxabkexgpgneuptetrallydrooxadiazipeneingl -1 in general
ferU|a (1-1) F%F§&§%%B§Qb¥a§e8§9é?ngiﬂ§§§5tﬂqgaf%zJT%,7 menber ed

ni trogenous satu

tetrahydrothiadiazole (thiadiazolidine), dihydrothiazine,

tetrahydrothiazine, dihydrothiadiazine,

15 tetrahydrothiadiazine, dihydrothiazepine,

tetrahydrothiazepine, perhydrothiazepine,

dihydrothiadiazepine, tetrahydrdthiadiazepine,

perhydrothiadiazepine, morpholine, thiomorpholine,

oxathiane, dioxolane, dioxane, ditﬂiolane, and dithiane.
20 [0021] In the present invention, the 4- to 7-membered

nitrogenous saturated heterocycle refers to those 4- to

7-membered saturated heterocycles that necessarily

contain at least one nitrogen atom. Examples are

azetidine, pyrroline, pyrrolidine, imidazoline,

25 imidazolidine, triazoline, triazolidine, tetrazoline,

tetrazolidine, pyrazoline, pyrazolidine, dihydropyridine,

tetrahydropyridine, piperidine, dihydropyrazine,

tetrahydropyrazine, piperazine, dihydropyrimidine,

tetrahydropyrimidine, perhydropyrimidine,

30 dihydropyridazine, tetrahydropyridazine,

perhydropyridazine, dihydroazepine, tetrahydroazepine,

perhydroazepine, dihydrodiazepine, tetrahydrodiazepine,

perhydrodiazepine, dihydrooxazole, tetrahydrooxazole

(
35 (
(
(

oxazolidine), dihydroisoxazole, tetrahydroisoxazole
isoxazolidine), dihydrothiazole, tetrahydrothiazole
thiazolidine), dihydroisothiazole, tetrahydroisothiazole

isothiazolidine), dihydrofurazan, tetrahydrofurazan,



heterocycle for ring2-1 in general formula (I-1) is 5Spreferably an
azetidine, pyrrolidine, or piperidine ring and nore preferably is an
azetidine or pyrrolidine ring. Wth regard to the -K-R2- substituent
on the ring2-1 in general formula (1-1),- K5 s preferably a bond or - 0(0)-
and R2 is preferably a C2-4 al kenyl group or C2-4 10al kynyl group, each of

whi ch may be sak?ﬁgaw& gdPé{z%emgf%gr&h Jﬂa\é%aﬁﬁg%;tgUfgkﬁﬁ%&:{%n% ogen

i ndependent |y cted from p consisting o
atons, (3) msl%dr@@ameztewwaomlne, dihydrooxagdd nimener al

formula (1-1) tétPéﬁfg&f@@ié{dPaP{nel O,Jd%gx%zeg%srabl y is 0. Any

conmbi nation of the jndividual preflerre ups provi ded as exanpl es above
is also preferF%Er@%ydﬁ@%%@é¢9¥%ﬁfﬂHQ%RH PxaZg@2BEf | soners] 20The present

i nventi o enCOHPH?é@éoﬁé&1é§é’g§'ﬁ*iéf Y 1088 3Re%hkh 6akbyné Ndi cat ed ot herwi se.
For exanple, the alkgﬁ?grou s i ncl ude both straight-chain al kyl groups and

br anched- chai nP&FRYH ZRR RV et hygnothd agdhazPger owi ng are incl uded in
the present invedtaRPdr@OQPELIRi%dLe | BHRIE alZb16anhkyyr aihpirothiazine,

configuration, s_configuratjon, ran configuration) for double bonds,
rings, and conE%h§%ﬁy?¥ﬂg§la%¢R?ta.lh%ﬁ%ﬂﬁﬁ% HEQZFBe'for exanpl e, the
presence of antasyanyﬂrbthtadimmunﬁﬁnﬂiﬂydrmih$aeepﬁhgurat|OPS a aﬂd p
positio enapt | r 0dj ast er eoner cally active forns that
exhlbltqéptlcapé#g€§Y$%% A Ls W and %QK%E%%lGGFE Shs); pol ar forns
generat ed by cHibydtoghaphizzeeies atiadnatyidgotpebdibtypioe s, Iom#polarity
forms), equil 'BékH%f&GPP%’&P&zeﬁﬂjieat 'r&’é@hoﬁ%ﬁrﬁndmcﬁﬁrﬁﬁgé 41 £ 0e

precedi ng 35in é Fr ions: and m ¢ m X present 1nvention
al so enconpassé8022] | soBee siarisi orgnedthenes NaGrogeneus sat@rated I n

addi tion, an OHété%cyéPé@rcéﬂ‘ }&__hee r@@ﬁrﬁle'dn&ﬁnftheng&%&aﬁ ﬁféemcynto the

100% pure optlcal I soner, I ncl anot h optical 1soner
| ess tha® 50% 5[@6@‘9}@@%&%&%64 AMHRALdAingn| éssdapetif¢cal |y stated

FhEVMAse andidsdhsoti@dfic} orthed e duala-shiikkhgd, | Bet Pez@ tnethe [C 11]
01 tetrazolidine, pyrazoline, pyrazolidine, dihydropyridine,
tetrahydropyridine, piperidine, dihydropyrazine,
" tetrahydropyrazine, piperazine, dihydropyrimidine,

20 tetrahydropyrimidine, perhydropyrimidine,
dihydropyridazine, tetrahydropyridazine,
perhydropyridazine, dihydrooxazole, tetrahydrooxazole
(oxazolidine), dihydroisoxazole, tetrahydroisoxazole
(isoxazolidine), dihydrothiazole, tetrahydrothiazole

25 (thiazolidine), dihydroisothiazole, tetrahydroisothiazole
(isothiazolidine), dihydrofurazan, tetrahydrofurazan,
dihydrooxadiazole, tetrahydrooxadiazole (oxadiazolidine),
dihydrooxazine, tetrahydrooxazine, dihydrooxadiazine,
tetrahydrooxadiazine, dihydrothiadiazole,

30 tetrahydrothiadiazole (thiadiazolidine), dihydrothiazine,
tetrahydrothiazine, dihydrothiadiazine,
tetrahydrothiadiazine, morpholine, and thiomorpholine.
[0023] L in the present invention is preferably -0-, -
CHy~~0-, -0-CHz~, -NH-, ~C(0)-, -CHy;-, or -CH(OH)-

35 R' in the present invention is preferably a halogen
atom or a Ci_4 alkoxy group.

[0024] The 4- to 7-membered cyclic group for ringl in



10synbol represents bonding toward the back side of the plane of the paper
(that is, the a-position); the [C 12] .0 synbol represents bondi ng toward
the front side of the 15plane of the paper (that is, the J3-position); and
[C 13] represents the a-position, 3-positliomr, or their nixture in any

proportion. 20[ 0030] The conmpounds represented by general fornula (I) are

converted intogfpe pgﬁg% Salts R t hods t.1s
preferably a materng%%ﬁfe sa.@?l ui%%ﬁﬁ%ﬂ%£%¥@yg§naﬁé %i%%%?f i'ed by the
salts with al kBENIne¥afsd( pot absneersstivmatarated hetehpcyers tand®@5vi th

al kal i ne- eart hpgBbahsc£6aLE1 Y HRINGH Uy ARHe28nEOr L) py L@ AMORgim
salt, salts with pharmaceutical ly acceptabl e organi c am nes

(t et ramet hyl anmoni uffiet # 7 et Py T ZFPRE SR tIRHERERE, haF REPRYT b Frer ring2

cycl opentyl an ng, thengytaahnei nehened i AP REe r3BRLPEr 1di B8, 7-membered
nonoet hanol am ne dlethanolanln%ﬁasrls(h roxymet hyl ) am nonet hane, Iy5|ne,‘

argi ni ne, Nnet Ry FrPPGRORANP AT ERA Pl LeandSalPEc aBBr tF P Al s

(i norgani c aci d-sabt 6-fthee Pydrocht fdrdens kydiebted Hetehydyel odi e,
sul fate, phosphate, nitrate 3§§?d so forth) and orgaElg.aC|d salts (the
acetate, trifluoroaleratRreIarate o A4 nCox RV ST 8L IA IR 228, - 19 -

mal eat e, benzopi.pertidinat eingptdhahgsattfiondize,]l yebhatesdbi pnas ean

benzenesuyl f ona nesul f onat e,. i set.hi onate, glucuronate, gluconate,
and so ﬁgrth))%gfb%§%¥$h§§ 8%%%5%’%%6Pé§%nted by general fornmula 5(1) and

their salts cah0828b be ¥ohwerthedregantsdnwanéd onThespsefentlel preflemably i s
wat er sol ubl e gﬁd_¢§é)g.lom/toxicity. Sui tabl e sol vates can be exenplified
by solvates with, for exanple, water or an alcohol solvent (for exanple,
et hanol ). 10[ 0032] ARprigdrliltp dfrescpdnpovrdtiepr esepreteibigererCatls f ornul a

(1) denotes a §§?H@R&'.ﬁdg£8§#: b8 gonverdiad, iy 3-L88¢t L9Bn! B Vi Poh Sodly ;mby an

enzynme Qr. gastric acid, into the conpound represented by general | a

(1). Prddrugs B tResEbhpbehdey wiien gitfert®l figensrlstifuenhs peach
15exenplified bydepsRASAESY | He Wdi€dY -t MIERHNQreABPBBAg i sting of (1)

NR’R*, (2) halogen atoms, (3) CONR®R®, (4) COsR’, and (5)
OR®.

m in the present invention is preferably 0 or 1 and

20 more preferably is 0.
Any combination of the individual preferred groups
- provided as examples above .and selected from L, R, ringl,

ring2, K, Rz, and m is also preferred in the present
invention.

25 [0026] Compounds represented by general formula (I-1)
[C 10]
ringl-l
g
NH;z
a-1)

ol

{all of the symbols in the formula have the same

definitions as above) are preferred in the present
30 dinvention among compounds with general formula (I).

[0027] R! in general formula (I-1) is preferably a

halogen atom or a Ci-4 alkoxy group.



represented by general formula (1) has a hydroxyl group - this hydroxyl
group is acyl ated, al kyl ated, phosphated, or borated (for exanple,
conpounds provided by the acetylation, palmtoylation, propanoylation,

20pi val oyl ation, succinylation, fumaryl atildn; al anyl ation, or

di met hyl am nomet hyl car bonyl ation of the hydroxyl group in the conpounds of

the invention); othgr %ﬁf@ﬂgroup mqu%§m ﬁng geg by t £stg |acat| on

or amidation of a carb a conpoun represente y genera
25formul a (1) ??%?elé&aW@ corrpounds provi ded by the ethyl esterifi cati on,

i sopropyl esterifiocgtson phentefRiRld fi¢3by8RousasRexyMeidy!

esterification, dinethylamnonethyl esterificatiaon, pival oyl oxyrret hyl
esterificati onPSERROXYEH? bERY | Wﬂyurbg@@@?ﬁlcépmﬁlas%ﬂ hats dyl

esterifigati Onpréﬁef@]b la?- 028 dd el qag&lr%nmﬂnw )Hﬁtbdﬂ)eﬁﬁdﬁ{é fhiGaf i on,
cycl ohexyl oxycar ho esterifijcati on, | am of a car boxyl
group in a con%%grfag?%pﬁ%%% %tal%ylsgéﬁbraéle’cfl{;llﬁﬁl q (Pﬁrgfl' cdoMfounds
can be p{ egalroed by Ilm’owvnrl é@f@d&; dHe M@Rﬁo%%ﬁ@%ﬁ@rﬂf@ﬂflt%@&ﬁﬁﬁﬁpound
represented by, general fo a rate ous. e ,
prodrug of a cOfipdTha? ]E ‘fa'f'[%d Ib% A3 PESFRGFR {’I?n’?%ncio%e_rted - 20
- under physi o ¢Q) €aknd oRdiits e fiembblihe Cpmp@ﬂr@qybp;mgnto&dcb% gener al
formul a (l), np ages 163 .tq 198 i n Vol une
7 of Dev(e)l oprre%%ggliﬁ/b(gﬁgﬁl}ge i ro&f\:;\hla C%hg'taé’n &Su£%g§t (Pﬁpggt}icfl on,

5t he conpoundsomept@sénv@dsmsgm&rraﬂs faaqlmliad(ap)andaytbg mmmﬁ vii tdm an

i sotope (for e a3N 5 0, , S
"36 F, Cl 323 ?ﬁgpéfouﬁﬂi ri6d %ng% “tiﬁe&lﬁ pz:)o el go‘ilghp(gg)ﬁds of
t he present |n‘\7@ﬁ]i<|Pom] i@Tﬁ@zléorrﬁ@alndé—) of)R%She present |nvent| on can be
produced by suitably odidydng and Gonpining E@Tﬁge@@w@ﬁ 0 fOF ﬁ’%ﬁi@' e,

t he nmet hods descri bed in” Conprehensi ve Organl C nsformations: A Quide to
Funct i oral Go‘ﬂ‘ﬁr‘F’r%%?%ﬁ*]%Hé 19dY% Edition (R chard C. 15Larock, John W] ey

& Sons Inc., 1999),nQy EéhGoIBitDss O Mk iiRdiRedexanpkeserred groups
provided as examples above is also preferred for general
formula (I-1).

[0028] [Isomers]

20 The present invention encompasses all isomers,
unless specifically indicated otherwise. For example,
the alkyl groups include both straight-chain alkyl groups
and branched-chain alkyl groups. Moreover, all of the
following are included in the present invention:

25 -geometric iscmers (E configuration, Z configuration, cis
configuration, trans configuration) for double bonds,
rings, and condensed rings; optical isomers due to, for
example, the presence of an asymmetric carbon atom (R and
S configurations, o and P positions, enantiomers,

30 diastereomers); optically active forms that exhibit
optical rotation (D, L, d, and 1 configurations); polar
forms generated by chromatographic separation (high-
polarity forms, low-polarity forms); equilibrium
compounds; rotational isomers; mixtures of the preceding

35 in any proportions; and racemic mixtures. The present

' invention also encompasses all isomers arising due to

tautomers.



[ 0034] Anbng t he conpounds represented by general formula (1), conpounds in
which the ring2 is an unsubstituted 4- to 7-nmenbered nitrogenous saturated
20het erocycle, i.e., conpounds represented by general formula (1-A) [C 14]
L-Htgl NH2M 6 0 (1-A) (in the fornula, rilig2a represents an unsubstituted
4- to 257-nmenbered nitrogenous saturated heterocycle, while the other
synbol s have the sape definitio e ing the

fol l owi ng reaction schene ﬂ%{.éﬂ’[ 8%3%?[%%%] }LSE)I%%’E ?SR%%&%%% Scheme 1 (In .
the fornmul as, TRVeRELA? eakdrs nddpendanttioy theptegdnpure pritiestli ve group for
the amino groupséfor, eXamiL, 4iMg BeNZM. GRBLNGLOYP: i dslTeligpybenzy!

group, and 3,4-Sdinethox Qﬁﬁéyl group); X1 and Xé gg%%??ggbpendggﬁfy
represent a hal®¥@ent2@®m0%4i ng2-1 represents a ring2a that has been

protected by a[@s@$pcti ven GUb RIS aRtRd tBYn T3uhlo8s exaum € cAing,
tert-butoxycarbongl (Boz%ggroup and 10benzyl oxycar bony] §b21¢%LOUD); and
the ot her synbdF3t¢RAVEERHE s3fre Kt ias tisoRdeas E%OVQQ)lQéﬂﬂﬂﬁ reaction 1
in reaction schenelddisn kitownand die carried out using a conpound w th
general formul ﬁ@# and a protected am ne derivative, i.e., a conmpound

15r epresent ed §§ 2-NH (T1 and T2 in the formula have the sane .
definitions as above)s and running the reaction in an organic solvent (for

exanpl e, dichl oromet'hane, tetrahydrofuran, dioxane, dinethylforman de,
di met hyll@cet ans geho hndedrevedrihd Hormplinrpltodand) tha bhek side of the

plane of the paper (that is, the a-position); the

[C 12]
A
symbol represents bonding toward the front side of the
15 plane of the paper (that is, the P-position); and
[C 13]
~

represents the a-position, P-position, or their mixture
in any proportion.

20 [0030] The compounds represented by general formula
(I) are converted into the corresponding salts by known
methods. The salt is preferably a water-soluble salt.
Suitable salts can be exemplified by the salts with
alkali metals (potassium, sodium, and so forth), salts

25 with alkaline-earth metals (calcium, magnesium, and so
forth), the ammonium salt, salts with pharmaceutically
acceptable organic amines (tetramethylammonium,
triethylamine, methylamine, dimethylamine,

| cyclopentylamine, benzylamine, phenethylamine,

30 piperidine, monoethanolamine, diethanolamine,
tris (hydroxymethyl)aminomethane, lysine, arginine, N-
methyl-D-glucamine, and so forth), and acid addition
salts (inorganic acid salts (the hydrochloride,
hydrobromide, hydroiodide, sulfate, phosphate, nitrate,

35 and so forth) and organic acid salts (the acetate,

trifluoroacetate, lactate, tartrate, oxalate, fumarate,



20presence of a base (for exanple, triethylamne, N N

di i sopropyl et hyl am ne, pyridine, 4-dinmethylam nopyridine, and

N- net hyl nor pholine) at a tenperature from-20C to roomtenperature

[ 0037] The reaction 2 in reaction schene 4 1% «known 25and is carried out

using a conmpound with general formula (b) and a conpound represented by

general formul an L ng ct] i ic solvent (for

exanpl e, dioxaﬁgﬁgéégfogﬁpggggg’t%iﬁ%éé%h()%ﬁhﬁﬁésﬁﬁggbﬁggfornanide,

di et hyl acet anetibangsdlfonethyl benzen@ulfqatenl itddmehesnltheapeesence of a

base (for exanpl i Bl | am di | | et.hyl api i di ne, 4-
Eghﬁbh‘é‘c% nglf[?ﬁo a3 ff&%ﬁl R 5%%’ Loyl apl RS+ RYY

di met hyl am nopyri dine, a yl nor ph at a tenperature from-20C
to 70C. 5[ 0038][PRE1decact FbA gompovedet Femresshivmsl by gerpsan dpswkacarri ed

out using a conpounddr epeesent eds by, genesdlyd l‘HdHﬂ!zlde%t(eB) iaeg yéi{;l%%@srret al

reagent (for exanple, zinc, iron, tin, tin chloride, iron chloride,

samari um i ndi B-Saf@l¥88PURTBERBRYHEY | He-H tae|Sodmbdri ey hapna alow

wat er - m sci bl ecsakventy. (f 9hi €XBIR| €01 €4 AN an MR RaRAL) iFebaabydr of uran,
and et hyl acetatg%aln t he presence or absence of an acid (for exanpl e,

hydrochi ori c aPdY2h§dr BBFBN ECRCE P Rhmiiahfictortdélcabeti 8o hEeHt and
amoni um f or ma{€prakbxamp@apeeahaiel pf 0C to 150C. 15[ 0039] The reaction 4 in
reactio che LS kno and is carried out using a c ound represented
by genega f or oﬁgb?d) aﬁgpﬁggﬁﬁgapfé%g%Qﬂp? x %ﬁﬁpg%gg by gendrar

1, 1" - car bonyl difommdazol(&) (@Phdtanda t combeagendati risaroarvganed splaent (for
exanple, tetra rofuran, 20dinmet hyl f or mam de,_ _and di net hylacetam de) in

t he presence o?gggggﬁcelgfvévgas%' Tbﬁb%x%ﬂnﬁQEyqﬁﬁqgtﬁ?ﬁgﬁ%ﬁe?Cld’

N, Ndi i sopr opyl énkipl &hienepmpynindi heprdseiinet hyt armaplr ifdirme Laadd) .

N- net hyl nor phobki o] r.e: I C i to.the
refl ux tenpera?gp§¥ugé[%g4g?$h%8ﬂ£€é%%%ggpgﬁQggg%?ﬁbﬁﬁr gﬁatﬁggpg%?eg?ive
groups P reacerefrdiiere BYaremReiawds abrl Waclbe mlenpfhehecnpehwods

described bel owepkxaenkea Bgr §eAtLal Lo ARPIP! @Ot iR LeAGH-BRS1bgssd, on
al kal i ne hydrol¥$|s (2) deprotection reactions under acidic conditions,
(3) 30deprot ectPof PY¥SEPFEhsIBAYRML DR BYHRRfEnALfilateds) PhepPBE ERE I 0N

reactions for bhRebsirhykddleup, ekopHepr @bmsdirls | ilgedspystng a netal,

and (6) ' acetylation, palmitoylation, propanocylation,

20 pivaloylation, succinylation, fumarylation, alanylation;
or dimethylaminomethylcarbonylation of the hYdroxyl group
in the compounds of the invention); other examples are
compounds provided by the esterification or amidation of
a carboxyl group in a compound represented by general

25 formula (I) (for example, compounds provided by the ethyl
esterification, isopropyl esterification, phenyl
esterification, carboxymethyl esterification,
dimethylaminomethyl esterification, pivaloyloxymethyl
esterification, ethoxycarbonyloxyethyl esterification,

30 phthalidyl esterification, (5-methyl-2-oxo-1,3-dioxolen-
4-yl)methyl esterification, cyclohexyloxycarbonylethyl
esterification, or methylamidation of a carboxyl group in
a compound represented by general formula (I)). These
compounds can be prepared by known methods. In addition,

35 the prodrug of a compound represented by general formula
(I} may be a hydrate or anhydrous. The prodrug of a

compouﬁd represented by general formula (I) is converted



deprotection reactions using a nmetal conplex. [0041] These net hods are
specifically described below. 35(1) The deprotection reaction based on

al kal i ne hydrolysis may be carried out, for exanple, in an organic sol vent
(for exanple, nethanol, tetrahydrofuran,- &@d- -23 - dioxane) at fromOCto
40C using an al kali netal hydroxide (for exanple, sodium hydroxide,

pot assi um hydr NERY h a I h nmeta

~hydr oxi de (forQéggﬁp?ﬁ£g%%}%€%#%%d%%&%éhgg%d g@&l%h%n?ﬁﬁ%ggééde) or a
carbonat e (forreragpeeted oy upererdonzimudad (fot assi dﬁSCEﬂb@ﬁl&tTE)}?aqﬂS an

agueous 50'Ut'9@30£otf§8péfQﬁgié@blé¥ 543% thVU gme[goégdﬁ el ent

deprotection reaction under acidic reactl carried out,
exanpl e, at fr6fn Yedieines o0t rekave %@@@n@@ .@r 1§B§éncel@fa@d32t120nr

trifluoraethanghe wm@@umgaﬁégré@rv@éﬁ Hyf %ren%%affphfsmgighkpf q&@} hane,

chl orof orm di oxane % acetate, methandl, isopropyl, al ¢oh
t et r ahydr of ur ah@Pahed afi &l ¥ BFIREIRE af G §&Ae ¢ r(fﬁn e%énpﬁb ‘ACetic
15aci d, trlflu5mqaéﬁ¢|éﬁ@0|ﬂo nhaRgsuliPpnisecaci @1 anthp-12tgsyl ate) or an

inorganic acid exa dr hIorlc acid and sul furic id) or their
mixture (for e;éh%fw ;ﬁﬂ%b%%g% RIULETY 5@%?@@%& -'f(%§ He
deprotecti on rpaeténn b@ﬁ@ﬂtﬁ@nQOhydrogenolyS|s nay be carrled out, for
exanple, At 0OCto 200C in a solve et her or exanple

tetrahydiof uran, di DXEANE™ Qﬁ%%ﬂ%d§§1ﬁﬁéﬁgesﬁ &P@Fﬁ§%°@tﬁ% ©an al coho
(for exanple, pebtaned hydsmﬁtﬁb&y)modnﬂymmgeaadscbmbmhlﬁéokn@m@nple

benzene and to%g?ﬂg%?bafg§kgx$g§ugf I exang ? %%ggggﬁﬁgnd net hyl et hyl

ketone), a nitTi dcet onitrine an-am %?or exanpl e,
N, N-d|nethylfoCaanrdb¢psmn¢e®rg@mhglTz&nﬂﬁﬂmm@ta@esucAaGuddeotoa m xed

solvent of two f p tal yst (for
exanple, 30 pg gg?éﬁ?%a?%gﬁb %%%ﬁgg?%%ftlacgg ?F?g ﬁ?% @?%@”ge car bon,
platlnuﬁﬁOX|deLaéﬁ@kRaﬁ@Wndek%y)&|SPQ§k@mﬁogéﬁ9§ﬂnngphbh@ @@thwﬁmal

pressure or el gyabRdiRr€sSUWLab1dd the presence of ammoni um formate.
[ 0044] (4) The §§8B§tect|on reaction for the silyl 35group may be carried

out, for exanp 1 oc ipengcthe, epmpounds representeéd by geheral
formula (I), compounds in which the ring2 is an

unsubstituted 4- to 7-membered nitrogenous saturated
20 heterocycle, i.e., compounds represented by general

formula (I-A)

[C 14]

L—ringl
NH; R},

1\ >=o (+A)

(in the formula, ring2® represents an unsubstituted 4- to
25 7T-membered nitrogenous saturated heterocycle, while the

other symbols have the same definitions as above}, can be

produced using the following reaction scheme 1.

[0035] [C 15]



wat er - mi sci bl e organi ¢ solvent (for exanple, - 24 - tetrahydrofuran and
acetonitrile) using tetrabutyl ammonium fluoride. It nmay al so be carried
out, for exanple, at -10C to 100C in an organic acid (for exanple, acetic
acid, trifluoroacetic acid, 5nethanesul foilc-acid, and p-tosylate) or an

i norganic acid (for exanple, hydrochloric acid and sulfuric acid) or their
m xture (for exanpl.&..hydrogen bronide/acetic acid). [0045](5) The
deprotection reactlon usi 10bg garried pu for exanpl e, at

n &

OC to 40C in anlagldic s m@nt fmor e&gnple “agBtic ac a buffef*with a
pH of 4.2 to 7&&: of—ami ded -sofu of—thé re@%#ﬂb %m+ensL %%oan
organi c sol vent “stich™as ™ ™ "t et afgydr of uf alp)Tn” Sefce Of hginc
powder and as 15necessary while applyit ultra "nd [004 T(G) The y
deprotection reaction using a netal complex may e carried"out, for T
example, at OC tpt48C Lfﬁgﬂ or Ix.c sol vent,~(f.Qr exanple, dlchloronethane
N, N di net hyl f 8g; (%; ra%&%ﬁofuran @émnacetate, 20acetonitrile,

di oxane, and et hant?) %h thei r ,solutions, using a netal

conpl ex (for exaﬁﬁtﬁ;:fétra ' i pheny! hi“he) pal | adi un{0),

bi s(tri phenyl phosphi ne) pal | adi 1) dichloride, palladiun(ll) acetate, and
25tri s(triphenyl phosphi ne)rhodi 1) chloridéd) i.n the presence of a
trappi ng reagent (for exanple, tributyltin hydride, triethylsilane,

di medone, norphehi fRe ﬂb?ﬁ@Y£§”Fﬂean@n@2p&&éﬂ”iﬁﬁHﬁ@ndéﬁ%lgrQQBkES@ﬁtd a(for
exanpl e, acetic acid,  formc aci d, d 2-et hyl hexanai c acid ine and/ or an

organi ¢ acid SBFPt?FEFV%x%ﬁﬁv% f%ﬁxﬁﬁﬁn%P%%%ﬁﬁﬁ@?aﬁgaFeeéﬁﬁpb%ta

2- et hyl hzs?anoab@hzgmd(sﬂ tﬁgo@p,es&m:@ch A mﬁiw&ﬁ[ Raeqg @Bugdphﬁapbme type
reagent (for exa e osphi pe n .addi ti on

precedi ng, the agg¥ﬁ?§ ??gﬁyg g ot mada g %ﬁp ) 88%9M5|ng t he

nmet hods descri bedreaentoa kxbope, aﬂbmMVrﬁ&ﬁEnexeBmebeﬁtsve rin@8 th@toups

in C}ganlc Syn h s Wl e York 1 0048] The _protectiv rouwp for
an am no groupﬁcgnb%%n pro¥écte a'pro ectl e grLup r p]:esenf:eg'}:%/QJ!’k

{for example, the tert-butoxycarbonyl (Boc) group and

r

0

10 benzyloxycarbonyl (Cbz) group); and the other symbols
have the same definitions as above.)
[0036] The reaction 1 in reaction scheme 1 is known
and is carried out using a compound with general formula
(a) and a protected amine derivative, i.e., a compound

15 represented by T'T?-NH (T' and T? in the formula have the
same .definitions as above) and running the reaction in an
organic solvent (for example, dichloromethane,
tetrahydrofuran, dioxane, dimethylformamide,
dimethylacetamide, and l-methyl-2-pyrrolidone} in the

20 presence of a base (for example, triethylamine, N,N-
diisopropylethylamine, pyridine, 4-dimethylaminopyridine,
and N-methylmorpholine) at a temperature from -20°C to
room temperature.
[0037] The reaction 2 in reaction scheme 1 is known

25 and is carried out using a compound with general formula
{b) and a compound represented by general formula (II)
and running the reaction in an organic solvent (for
example, dioxane, acetonitrile, tetrahydrofuran,
dimethylformamide, dimethylacetamide, and l-methyl-2-



exenplified by the benzyl oxycarbonyl group, tbutoxycarbonyl group,

al I yl oxycarbonyl (Alloc) group, 1- 5nethyl-1-(4-biphenyflethoxycarbonyl
(Bpoc) group, trifluoroacetyl group, 9-fluorenyl methoxycarbonyl group, .
benzyl (Bn) group, p-nethoxybenzyl group; 2Benzyl oxynet hyl (BOM) group, and
2-(trinmethylsilyl)ethoxymethyl (SEM group. 10[0049]1n addition to the

precedi ng, the ) 9 r e oup capabl e
of a facile ana%g{) %1{)%{% ﬁ?%&%l%té%eﬁ%aﬂ%ﬂ P)g %ogH ?ﬁ%?\ﬂps%}?%xr%’cul arly
limted. For ekaﬁr@tbylamengr oW - diesorm gy lie hyl amingy eeyel dat ekt i ve

Goups in Canahﬁe§%9i%ﬁ§h§p E@gYﬂgyum&P X@%ﬁxlﬁgg hoﬂ?ﬂepe @$§d

[ 0050] The reaction reac¥| on schene nd Is carried out using
a conmpound w thegpaea’ahréofmha—l@"p a:od79°©.onpound represented by general

formul a (5I -1 era?ener 112%%11:]@014 Ié - re%r&célg \I’/lgl FQT%hf {gaﬁgﬁ#‘&p at

20fromroomte ure P HAn or ganic s or exanple
di chl or onet hanenanusaceroned:lrcpth’e)usmg e qumesence repraseased ($pr exanpl e,

i di tri K It (f
pyri . 11 Lo nec-fch NOY OO oy VL g ag)ens opper sal (1o
si eve). [0051] Axdnpleonpbufdsiywnh Genertn fchlewider| Jrogoapbentdei n whi ch

ring2 is a 4- Engrﬂﬁlﬂbeiﬁglﬁh”%%ﬁ@tb%&% gfﬁr@aeeﬁg%xgiecﬁmlde%

substituted by at least one - K- wherein K represents
30r epresénts altl:la1W@1’Fﬁ?T@h@Cb‘Pl@zﬁ@‘éﬁf}@er{ﬁO@n@%FﬂQ&ﬁ \AﬁF%ﬁn‘Pﬂay be

substituted bynBah2860, tefrah$@FPAMWS, LRl e3pRtedcbyageneial thormla
(1-B) [C 16] iy 26 - fa v m|n the formula r|22bcreare2ents a4 to

7-menber ed ni t P6GERBES gat%%%%ﬂeh%ﬁe%%% §953@?‘?I9P 8- bYY IR IR =L KD

represents -C(8rigd, RR}droepsesendSid, Ghmdordhity lcBne roteC2adebad kemyd ene
group whi ch may be substituted %%hal ogen; and the other synbols have the
same definiti oABIadMEBBYEN fRERRER) MlodudeaPesrhyrs esnBdure witdiCgener al

formul ai@E A), ybobghican ’bﬁepf@él@@ﬂﬁhbfy Treaelac@n opC BeRBmd, 1angd Ené@TPoOuNnd
represented byaggnggaéaigie Iﬁgﬁé' 19&%@%ﬁkd represented by
general formula (d) and using a reagent (for example,
1,1"~carbonyldiimidazole (CDI) and triphosgene) in an
organic solvent (for example, tetrahydrofuran,

20 dimethylformamide, and dimethylacetamide) in the presence
or absence of a base (for example, triethylamine, N,N-
diisopropylethylamine, pyridine, 4-dimethylaminopyridine,
and N-methylmorpholine) at from a temperature generated
by ice cooling to the reflux temperature.

25 [C040] The deprotection reactions for the protective
groups in reaction scheme 1 are known and can be run by
the methods desgribed below. Examples here are (1)
deprotection reactions based on alkaline hydrolysis, (2)
deprotection reactions under acidic conditions, (3)

30 deprotection reactions based on hydrogenolysis, (4)
deprotection reactions for the silyl group, (5)
deprotection reactions using a metal, and (6)
deprotection reactions using a metal complex.

[0041] These methods are specifically described below.

35 (1) The deprotection reaction based on alkaline
hydrolysis may be carried out, for example, in an organic

solvent (for example, methanol, tetrahydrofuran, and



Xb-C(0) _R2b(1-B-1) (in the formula, Xb represents a hal ogen atom and R2b
has the same definition as above) and carrying out a reaction at a
tenperature fromOC to roomtenperature in an 15organic solvent (for

exanpl e, dichl oronet hane, chloroform di-m&Bhyl f ormam de, di net hyl acet am de,
di et hyl ether, and tetrahydr ofuran) in the presence of a base (for exanple,

triethylam di l.e I t hyl am i di ne,
and N 20met nyRREFBIEL | ) R b0RS] ARDRG COFHOThaE @it GeREFRE 1 ormila (1),

(r:]otrrpoundsl in V\]l‘nyd:h?jijt_dil%becSr aezéamgipa 7- smmK&lr agidﬂbkmgpnp@&Mum at eocl( 0 .
eterocycl e subs u ne, - K-, erei ts an
R2 represents g %/I?(@I]e]ntgl %Xd§°§|lgéﬁy| 8He? S]F%Kﬁ y be =
;ubstl t ut edI bymMR%ydrc@ude:o?ﬁémmmﬂeh %»emsarml h{oroxi de (ZdncC) [C 18] -
7 - L-rikng or [N C Jepr sents a
4- to 7- r“?enberg% %Lh %%‘fcj%lds? tur{gg ernggycl e su%x?mlfp? edsc‘bd[%L b- R25
R2c represent scarlﬂlnaﬂft%llanw@mtaﬁsm &aalﬂoeaybéneogr@upaQBeWﬁ ch may be
substituted by NRR4: a&xg fﬁ&%dl%ﬂb%lrs tggyg Lhe.spoe definitions as
tin

above), can be roduced a donpound represenfed by general
formula (I- B@ﬁ%b] 10 TD?(}iﬁ-’PI(CéJeICtdiont W@a§ym@|§ndﬁrt¢@ rmula are

defined as abo%(%%ra%y%ro rq{g)énéeﬂper&iture tf rl{% IIn%Teanadg)r%ga;%}a&org‘(;lﬁ]vggt

(for exanpl e, di oxane, et Shi ti fret
di met hyhacet an desc and theT@tx@slen%e or absence of 2,2,2-

trifluorcethanol, in an organic solvent (for example,
dichloromethane, chloroform, dioxane, ethyl acetate,
methanol, isopropyl alcohol, tetrahydrofuran, and
anisole) and in an organic acid (for example, acetic
15 acid, trifluorocacetic acid, methanesulfonic acid, and p-

tosylate) or an inorganic acid (for example, hydrochloric
acid and sulfuric acid) or their mixture (for example,

" hydrogen bromide/acetic acid).

[0043] (3) The deprotecticon reaction based on
20 hydrogenolysis may be carried out, for example, at (0°C to

200°C in a solvent (for example, an ether (for example,
tetrahydrofuran, dioxane, dimethoxyethane, and diethyl
ether), an alcohol (for example, methanol and ethanol), a
benzene soclvent {(for example, benzene and toluene), a

25 ketone (for example, acetone and methyl ethyl ketone), a
nitrile (for example, acetonitrile), an amide (for
example, N,N-dimethylformamide), water, ethyl acetate,
acetic acid, or a mixed solvent of two or more of the
preceding) in the presence of a catalyst (for example,

30 palladium-carbon, palladium black, palladium hydroxide—_
carbon, platinum oxide, and Raney nickel) in a hydrogen
atmosphere at normal pressure or elevated pressure or in
the presence of ammonium formate.
[0044] (4) The deprotection reaction for the silyl

35 group may be carried out, for example, at 0°C to 40°C in a

water-miscible organic solvent (for example,



15pyrrolidone) with the conpound obtained by reacting a conpound

represented by general

formula (1-C1) [C 19] Xc-1-C (0) -R2-X2(1-C-1) 20(in the formula, X

X -2 each independently represent a hal egéA atom and R2C-1 represents a

Cl-4 al kyl ene
sol vent (for

or C2-4 al kenyl ene group) at or below OC in an organic

formula (1-A) with a conpound represented by general

and

d|nethylacetan1%9p$§Yd%%f¢4éﬂ;é§§IE%% Qfgglg Log %Lgﬁghyhffﬁgag1g§énce of

a base (for exéﬁbrebutylemmqnxumrﬁiuqnmdam nét mny*dlseomﬂcngnﬂd%quﬁ,ne

di met hyl am nop r|d|ne

b} dLagyppod Iy el mor phold ne) o [ 9983] Arong, goppounds i th

general formul
30ni trogenous

sRép bt pdadeet Br anyicl e txulfQtiorobedt by atidpast one -K—R2

4-

wher ei n repr epre en S Cl_.4 al kylene
alkenyleﬁe ﬁ%gﬁ%§e§§9 éigga& ﬁosyli e T a lno%%ﬁrﬁuted by

ene grdup

CONRSRS, COZR?aCI.ﬂl CR8y; @xaenple}orm(dnmmmh gemérahdfmlmhlalc(ladj)d [C 21]
L-ringl NH2fing,( | a
7- menber ed nltrgg%}n%gﬁ%%%e %Je]feé{agr{ r%, hg%ggg?u{)ﬁ%&g Q‘%‘Sﬁ east one

-Kb- R2d; R2d rapi@kents a Cl..4 al kyl ene, C2-4 al kenyl ene, or C2-
al kynyl ene gropgoydi ch nay, b&é%ﬁ?ﬂ&t‘@&%ﬁh@%‘@% udER 7 n%ta@%aﬁnd

t he ot her synbol s have the sane

usi ng al@onpoubd carried out, for example, at 0°C to 40°C in an acidic

solvent (for example, acetic acid, a buffer with a pH of

4.2 to 7.2, or a mixed solution of the preceding

15

20

25

solutions with an organic solvent such as
tetrahydrofuran) in the presence of zinc powder and as
necessary while applying ultrasound.

[0046] {6) The deprotection reaction using a metal

complex may be carried out, for example, at 0°C to 40°C in
an organic solvent (for example, dichloromethane, N,N-
dimethylformamide, tetrahydrofuran, ethyl acetate,
acetonitrile, dioxane, and ethanol), water, or their
mixed solutions, using a metal complex (for example,
tetrakis (triphenylphosphine)palladium(0),

bis (triphenylphosphine)palladium(II) dichloride,
palladium(II} acetate, and

tris (triphenylphosphine)rhodium(I} chloride) in the
presence of a trapping reagent (for example, tributyltin

hydride, triethylsilane, dimedone, morpholine,

- diethylamine, and pyrrolidone), an organic acid (for

30

35

example, acetic acid, formic acid, and 2-ethylhexanoic
acid), and/or an organic acid salt (for example, sodium
2-ethylhezxanoate and potassium 2-ethylhexanoate) and in
the presence or absence of a phosphine-type reagent (for
example, triphenylphosphine).

[0047] In addition to the preceding, the deprotection
reaction may also be carried out using the methods

described in, for example, T. W. Greene, Protective

definitions as above), ctan be produced



represented by general formula (l1-A) and a conpound represented by general
formula (1-0-1) [C 22] R24 co2H(1-0-1) 15(R2d in the formula is defined as
above) and carrying out a reaction at fromOC to roomtenperature using a
condensi ng agent (for exanple, 1,3- dicycldhexyl carbodiimde (DCO),
1-ethyl-3-[3- (dinmethylam no)propyl]carbodiimde (EDC), 1,1'- 20
carbonyldiimd S(GD I h d u di gand

1- propanephosp%%%%@ agﬁabggéng §%ﬁt%e§§§ %bg' ﬁ%bagbg?gag?c sol vent (for
exanpl e, chl or dP8&& di chher Bﬁetﬁaheve dq;mmﬁdxbramaﬁmdeo direrep hgddes ani de,

di ethyl ether, ,anf, gg%&ggyggoggéaggnz 0%%? gah§§g%kvegt in the

presence or absence of or ex pyri di ne,
N, Ndl|sopropyl@Pﬁ?%ﬁﬁﬁﬁbonﬁldgﬁ@@hyl@hiY&RﬁMqaﬁhﬂﬁylad&lNOCWEGH?VMDrbhol|ne)

and wi th or w kReyul1the (Ysg;ghedyl ¥9ﬁ&%%§ﬁﬁ%ﬁﬁhﬁ4@b%c§F?@Eﬁ 30[ 0054] The

conpounds used as startln material s i n ‘each the reacfions’ in this
Description, f afflékaﬁﬁpéceggﬂaegaw?or%nﬂauqr;ﬁnyl(mqt)hoxefpﬁrbwyl( group) |

(I-B-1), (I- b%ﬂzylc‘(@}l) Gkobp?) p —ﬁ@@h&i%&rﬂi) 1@rxeueltaehz§m@wm@thyﬁn be
readily prOdUCﬁg i known netg 2p £005 or. each the reictlons in this
Descri pti on, OMaéa8EPYRs &R Ah Yy Hel YHp 5 éﬂmﬁﬁhﬁ hest) can 5be
carried out usgmgug.water bath, oil bath, sand bath or mcrowaves, as wl|
be cIear(}o the 'Qghvidugl sé %ed [ t e art O|I% %hase reagent,
conprising the Pgag nt caPriad h°% Srot St AP Ae Gt P 58Fyﬁ€ f or
exanpl e, 10pol gsbypetfier pnlym¢nylgnmdp m@pﬂypﬁﬂgy@&@ep angapokyef hyl ene
glycol), may b a'éi‘.t% % i88£t9% Ojf” J%r?ftfoenacér{dorl% PQ’ tﬁgﬁ&%f%' pti on.

[ 0056] The reacti o in-eac reactions of thi SCFiption can
be purified bypﬁmelag&atly5¢mmutedat|E@Ir&xﬁmgléanthexampues dsenygilped hods

such as dlstllhatwonwatGggéHgl RLEBSHES,O ¢ Icaquﬁglgrg UhEeis

hi gh- perfornance ['i qui d chromat ogr aphy™ usi ng neS|uni
si l'i cat €l t hi nWiaper NﬁWoﬁﬁﬁﬁgragﬂQg Y} - @&dﬁﬁﬁbe resins, scavenger resins,

20col urm chr omaoegb3Phy, TWasPeREt i 6£CE YHh abdd ZAldrPBcn@d $0is known
and is carried out using a compound with general formula
(f) and a compound represented by general formula (III-1)

or general formula (III-2) and running the reaction at

20 from room temperature to 120°C in an organic solvent (for
example, dichloromethane and acetonitrile) in the
presence of a base (for example, pyridine, triethylamine,
and N,N-diisopropylethylamine), a copper salt (for
example, copper(II} acetate), and a drying agent (for

25 example, molecular sieve).

[0051] Among compounds with general formula (1),
compounds in which ring2 is a 4- to 7-membered
nitrogenous saturated heterocycle that is substituted by
at least one -K-R? wherein K represents C(0) and R?

30 represents a Ci.4 alkylene or Cs4 -alkenylene group which
may be substituted by halogen, i.e., compounds
represented by general formula (I-B)

[C 16]



forth. Purification may be carried out in each reaction or may be perforned
after the conpletion of several reactions. [0057][ Toxicity] 25The conpounds
of the present invention have an acceptably |low toxicity, for exanple, they
have al nost no CYP inhibitory activity and@tlnost no hepatotoxicity, and
thus can be safely used as an active pharnmaceutical ingredient.

30[ 0058] [ Application to r%gﬁuti cal s] The conpounds of the present
i nvention have a selecti @ Inhibitory activity and as a result are
useful as agents for ¥ erit®®g and/ or treating Btkrel ated diseases, i.e.,
di seases in which B,galls and/or 35mast cells participate, for exanple,

al l ergi c di seases, {J i nprere dgmeases, inflammtory di seases,

t hr onboenbol i ¢ di sea3¥s, Ncapcers, and graft-versus-host - 30 - diseases.
The conpounds of the pr esvgrﬂi on al so exercise a selective inhibitory
action on B cell activation~afid¥as a result are also effective as
inhibitors of BigekheagbimalapnridfP0a¥pthecakbengic € srapamdred he

present invention can be exepplifi by all ergies naphyl.axis, .4l l,grgic
ons ancti v 1 SNLAFPRRgPEST RERFFod it e Touigie S TAEPERY Dk TR o e
di seases in tha&®preseatentwent {@n-;ca®t® 10he exenpl iof Ced bykiybéhammtoyy

bowel di sease, thritis, lupus,, rheumataid arthritis soriatic arthritis,
ooteoart i1 ¢ s spebE pEdBEEin O iRy s PRatriebe S B pefadal
nyast heni a gr aths, oEhshi ppirbbist hyvei did¢ | ssmeOdE fd ntilijoosdati shoBasedow s
di sease, §j ogren'.s,.sy 1 i pl I 0S):S; il.Lakn re. sypdrone,
acute di ssem ngggdbgnggéﬁgﬁgﬁygﬁlﬁ s? %ﬂ%ﬁs@ﬁp?l &%@8&3& TR fa it
opsocl onus- nyodl entibishndeonke pnkghesd gy sseredyilont issheaat L. pipdphol i pi d
anti body syndrepe,oaRhaskhee@BRPLA, LAWOIITIANG J18RAL tirsp-§¢l i ac di sease,
Goodpast ure's 20syndrone, "1 di opat hi ¢c” t hronbocyt openi ¢ purpura, optic
neuritistO scl eﬂ@dﬁﬂﬂr&, primary biliary cirrhosis, Reiter's disease,
Takayasu's arteritigb-¢eopog2l arterigisy warm autoi nmune henol ytic anem a,
Wegener' s granyl,oma p%gri asi s, al opeci a univer SE| i s, Behget's 25dj sease,
chronic fatiguéi8yhlFokBIMHyeaut ofsRE S Bhdofe AL 8eP8, aF il i iR | apas
cystitis, nyot@hkasawel wedynliaionnds sysé e Grldipas reriyighemt asusaction

at a temperature from 0°C to room temperature in an

15 organic solvent (for example, dichloromethane,
chloroform, dimethylformamide, dimethylacetamide, diethyl
ether, and tetrahydrofuran) in the presence of a base
{for example, triethylamine, pyridine, N,N-
diisopropylethylamine, 4-dimethylaminopyridine, and N-

20 methylmorpholine),
[0052] Among compounds.with general formula (I},
compounds in which ring2 is a 4- to 7-membered
nitrogenous saturated heterocycle substituted by at least
one —-K-R? wherein K represents C(0) and R? represents a Ci-

25 a4 alkylene or Cy-4 alkenylene group which may be
substituted by NR®R?, i.e., compounds with general Formula
(I-C)
[C 18]



[ 0060] The i nflammatory di seases in the present invention can be exenplified
by asthma, appendicitis, 30blepharitis, bronchiolitis, bronchitis,
bursitis, cervicitis, cholangitis, cholecystitis, colitis, conjunctivitis,
cystitis, dacryoadenitis, dermatitis, derg@#dtenyositis, encephalitis,
endocarditis, endonetritis, enteritis, epicondylitis, epididymtis,
35fasciitis, fibrositis, strifis, gastroenteritis, hepatitis,

hi dradenitis suppurativ ryﬂgitis, mastitis, meningitis, nyelitis,
nyocarditis, nyositi dH R% nephritis, oophoritis, orchitis, osteitis,
pancreatitis, parotjtis.Npericarditis, peritonitis, pharyngitis, pleuritis,
phl ebitis, pneunoni §, pr otigqeyprostatitis, pyelonephritis, rhinitis,
sal pingitis, sinusitin, aqatitis, synovitis, tendinitis, tonsillitis,
uveitis, vaginitis, vasc N, AT vulvitis. The thronboenbolic diseases
in the present invention ca d%exenplified by nyocardial infarction,

angi na pectori sinreesctersngin aftielgEngepptasits 4 et enpSi-meabkeld
10angi opl asty, reocclusion after a rtocoronaiy bggass, rqitenosgs af ter
aor t ocor onary DYypERIENUF it unG St inGHeLosYfdRi UPHET FpHet RY ar't eRi 4

E)ccl u]si ve ﬂi som%:femprpuénﬁaaaycmrﬁ@lh’:‘_;smneanﬁc d:@ieqp a\l@:ﬁﬁy$ehérgﬁb@§k is.

0061] In.the present inventign, .t cancer ssincl ude, 15non; Ho in'

[ ynphomas,  anohaTaRi Y Bt el o o R ag i & Ky moNomiEear P par TGP L | y
suitabl e, for exeeptles Bumdkiddfinitinpisores, aBbBS) y etan ok | ygphored yar gi nal
zone B-cell |y d { nal -.cel | t r anodal
mar gi nal zone E?%g??héG%ﬁ%%ﬁ%ﬁhg%gﬂgﬁﬁgﬁﬁégfoﬁgr8%%§?§§gﬁ%“§§%£|qug

| ynphoma), difZluse large B-cell |ynphoma, primary effusion |ynphons,

| ynphomat oi d gfanghpmatosis, follicular |ynphoma, B-cell chronic

| ynphocytic | eukema, B-cell prolynphocytic | eukem a, |ynphopl asmacytic
Ieukenia/valdenstron1ﬁ 25macr ogl obul i nem a, plasnacytona, mantle cel

| ynphoma0 nedi ast i nl" TRdr g&CBlcel | | ynphoma, intravascular |arge B-cell

| ynphoma, and hairvYoeethe | £peiia. id Rrrddickingnat 9r808e HOGWKI s Sadwghonea,
the cancers in the present 1nvention include pancreatic endocrine tunors,
for 30exanpl e, at nELOM nop@l rrgatome t§ Je€dfenbrean organic solvent

(for example, tetrahydrofuran, dioxane, acetonitrile,

dimethylformamide, dimethylacetamide, and l-methyl-2-
15 pyrrolidone) with the compound obtained by reacting a
compound represented by general formula. {I-A) with a

compound represented by general formula (I-C-1)

[C 19]
x¢1-c (0) -R*1-x2 (I-C-1)
20 (in the formula, X°' and X°? each independently represent

2c-1

a halogen atom and R represents a Ci;-4 alkylene or Csy

alkenylene group) at or below 0°C in an organic solvent
{(for example, dichloromethane, chloroform,
dimethylformamide, dimethylacetamide, diethyl ether, and
25 tetrahydrofuran) in the presence of a base (for example,
triethylamine, pyridine, N,N-diisopropylethylamine, 4-
dimethylaminopyridine, and N-methylmorpholine).
[0053] Among compounds with general formula (I),
compounds in which ring2 is a 4- to 7-membered
30 nitrogenous saturated heterocycle substituted by at least
one -K-R® wherein K represents C(0) and R? represents a Ci-

g alkylene, C,4 alkenylene, or C;., alkynylene group which



somat ost ati noma, VI Poma, PPoma, and GRFoma. [0062] A conpound of the present
i nvention nmay be adm ni stered by itself or may be adm nistered as a
conbi ned preparation conbined with another drug for the 35purpose of 1)
suppl ementi ng and/ or enhanci ng the prophyRéctic and/or therapeutic effect
of the compound, - 32 - 2) inproving the pharnmacokinetics and absorption

and reducing t ose ne..compou / 83) reduein he adverse ‘
reactions of t é(gboenpsougis .lﬁq%%hggggﬁngéz%r’eﬁgr ;16% bngb “'a conpound of
t he present i mampdwrsviwithamgeneealdfogmrby bE-2dnm ni stered in the form of

a conpounded & nztl]i n which both conponents are conpounded in a single
formul ati on or may be adm ni stered as separate fornul ati ons. Adm nistration

as separate fornul ation fetriteles si nul t aneous 10adni ni stration and

adm nistration at difyye #y,mes. In the case of admi nistration at _
different tines, thelconpound of the present invention nmay be adm nistered
first foll owed by i @ti% of the other drug, or the other drug may
be adm nistered fir | owed b§/ t he 15adm ni stration of the conpound of
the present invention. T gt hod of administration may be used for
each or different nethods i ni stration may be used. [0064] There is no

particular limtation on the di seasgs that be subjected to the
preventidn andf'dt BHir ' By e 5?%’?%5{19;%{% Ghéd ?6’ i MEB BFEPar at i on,
and this conbimed @reaparatdanmmediaetisedcyweld aulysidi sease by tar Weiaeh t he
prevention and/or tmreatieniaeffect of the co nd of the present. i nvention
i's suppl enent eécpean o?{ e’nhn}{ancgtrae .]? % %t “e‘?gglréggeflgr Qﬁﬁp?g]r%reenn%]i%e’and/ or
enhanci ng t he gor dphy|albtyrey lamdy groupewapebt ingy ebé¢ estbstf i ttdieedc diypounds  of
the present inygpsgen égaflm%rabhe! ehate! F’dh%e%st%%rf:épfn%lgxﬁ%%'{ﬂeedsa{?é’e
antihistanines, el ot fi ene ant agoni sts, antiaflergrc drugs,

t hr ombokBne 30%f dideinigr amtadgoisi)st $ant keorbostaped syditase dagmiobindor s, and

steroids. [0063]ghesathel W Ul 1S¥RRLEMENT L DY) andd of &hlangiqg the
prophyl actic ancﬁ or therapeutlic effect of th?Icgn{))ounds of 'the present

i nventi on agai FRATSRAWIGARe general formula
[C 22]

R*-COH  (I-D-1)

15 (R*® in the formula is defined as above) and carrying out
a reaction at from 0°C to room temperature using a
condensing agent (for example, 1,3-
dicyclohexylcarbodiimide (DCC), 1l-ethyl-3-[3-
(dimethylamino)propyl]carbodiimide (EDC), 1,1'-

20 carbonyldiimidazole (CDI), 2-chloro~l-methylpyridinium
icdide, and l-propanephosphonic acid cyclic anhydride
(PPA)) in an organic solvent (for example, chloroform,
dichloromethane, dimethylformamide, dimethylacetamide,
diethyl ether, and tetrahydrofuran), or without a

25 solvent, in the presence or absence of a base (for
example, triethylamine, pyridine, N,N=-
diisopropylethylamine, 4-dimethylaminopyridine, and N-
methylmorpholine) and with or without the use of 1-
hydroxybenztriazole (HOBL).

30 [0054] The compounds used as starting materials in
each of the reactions in this Description, for example,
general formula (a), (I1), (III-1), {(I1I-2), {(I-B-1), (I-



35di seases can be exenplified by i nmmunosuppressants; steroids; -
di sease-nodi fying anti-rheumati c drugs; el astase inhibitors; cannabi noid-2

receptor agonists; - 33 - prostaglandins; prostaglandin synthase
‘inhi bitors; phosphodi esterase inhibitors; 2petal | oprotease inhibitors;
adhesi on nol ecul e inhibitors; anti-cytokine protein agents such as

anti-Tiff-a a S, ti-J.L-1 agent nd 5anti-|L-6 agents; cytokine

i nhi bi tors; ng§££%¢oﬁ@é#*éntFFﬁgﬂgﬁﬁﬁﬁgrié§? %ﬁﬁh%ﬁt$@%fh6”%ﬁ?%bgﬁies.

[ 0066] The ot herealtiiny frrodigeal éendinong aedhodsenhanci ng the prophyl actic
and/ or therapeptd ffect. of the ounds 0f Ihe. present_ inventi.on agai nst
10i nf | ammat or yt%(?%se]:sescﬁf:oarn e[?é:qlefgtorrp%ief irggcg§/0}51? elrI(E))it sl,S eqeassctra?e l%n’

i nhi bitors, carmabiewittichs ecepigandgonioyt she paosi acpiandl nsf, hEadstagl andi n
synt haseci nhibito ; §th jestera i_nhj bitor | apr,

i nhi bi tofr)s, a%ées(%%rnrlfr%?ecu ceaslein 5i %%rtgt} g%ﬁ"—l%ﬂ o?ér@e'ne%n%a%{%is@’

15chol i ner gi ¢ @gantsrovdwesvb@eand 142 beecdptor tantlagoimdi el duair erkiddade
synthase inhibjfqng xanthine derivatives, expectorants, antibacterials,
anti hi stam nes, anticytokine protein agents, cytokine inhibitors, forskolin
agents, mediator rée3eldriiiana giesgeand AOMBY e bhdalhe0w@adenif | anmat ori es.

[0067] The ot hegaehe gy fi ém@rpm@dag_a%n%%h@nﬁapﬁh&g {f& Ri:QRfyleact i ¢
and/or therapeutjc effect of the conpounds of the present invention against
t hr omboéfbol i P EHAEEN aP B ERIHFI e dPBYYPSPRY o VA1E agent s,

heparin, heparpdDjdishylee ple@)ar mag et ubegass Ngpp M tid), i Rhebin
inhibitors, factor_ Ka inhihitors, ADP receptor antagonists, and

cycl ooxygenase"SHAFHRDAD Todedienrd \BEHEP drug for suppl ementing and/ or
30enhanci ng t hpo@B®phyl akttd read/ion thedapeuinceethest idie trenadrpeunds of

1 Kyl 100 ageht S BT AR A0 ToS TRt SAREE! aneY ol Bt | Bl ant
al kal oi #85, horpwniesi cql &in maarconfouneésanant| - C&0g methods such as
distillation at normal pressure or under reduced
préssure, high-performance liquid chromatography using
silica gel or magnesium silicate, thin-layer
chromatography, ion-exchange resins, scavenger resins,
20 column chromatography, washing, recrystallization, and so
forth. Purification may be carried out in each reaction

or may be performed after the completion of several

reactions.
[0057] [Toxicity]
25 The compounds of the present invention have an

acceptably low toxicity, for example, they have almost no
CYP inhibitory activity and almost no hepatotoxicity, and
thus can be safely used as an active pharmaceutical
ingredient.
30 [0058] [Application to pharmaceuticals]
~ The compounds of the present invention have a
selective Btk inhibitory activity and as a result are
useful as agents for preventing and/or treating Btk-
related diseases, 1.e., diseases in which B cells and/or
35 mast cells participate, for example, allergic diseases,
autoimmune diseases, inflammatory diseases,

thromboembolic diseases, cancers, and graft-versus-host



35anti bodi es, and other anticancer agents. [0069] The anti hi stam nes can be
exenplified by azel asti ne hydrochl ori de, ebastine, epinastine - 34 -
hydrochl ori de, enedastine fumarate, auranofin, oxatom de, ol opatadine

hydr ochl ori de, dl-chl orpheniram ne nal eat 0 ¢l emastine funarate, ketotifen
fumarate, cinetidine, dinmenhydrinate, di phenhydram ne hydrochl oride,

5cyprohept adi ne hydrochl orjde, cetirizin drochl ori de, desl orat adi ne,
t er f enadi ne, fgﬁﬁéﬁaFﬁe, &b?o?%ﬁ%ﬁ??@?kl réﬁ%ﬂﬁﬁ%ﬁﬁ?P BBﬁSFE&?Pn&&SO
bepot asti ne beskkatésenbzekasttiee heleihiaztnactiomebasanesiur oat e,
rani tidine, rani%kgége hy chloride or at adi.ne %%gnEthazine

irde.

d ,
10hydroch|orid8? ﬁ8ﬂnéh$o?%y@l?%§% tH@%ﬁégﬁPoF' c fﬁﬁ?@fThe

| eukotri ene antabohiisvsscafi becekenptifvadidy. pranl ukast hydrate,
mont el ukast SOCi!bB%b;_Zaf' &t&kﬁﬂerﬁ@f “{f‘é asd¥Pll] yias re%%b%k?ﬁ?(n%r&k“ka“
al'u : onel ukast,;

sodi um verlukast, fitol ukast, ci as pt rodomast, and
doqual ast. [0072hThe aneinnliéigichbyiralgbesirede conphpliakied bylangexanox,
azel astine hydegpslabkdescst apel ads ol UALAY,. bl L 9dagt csodi um
ebastine, epinastine hydrochloride, “enedastine fumarate, oxatom de, ozagr el
20hydr ochl or i déerBpéphiadi ne hydrochl oride, cronpglicic acid, sodium

cronmoglicate, ketotirhenafiufeh@tige éf%@éé@@@ﬁ%¢jﬁ??&%%éhﬂeiﬂ¥Q59£8ﬁ0&£He1
supl atast_tosi|ate, tazanolast, terfenadine, dom troban cal cium hydrate,

trani | ast® nedB&r SHFEMPLEELBHRY i HEl amma et &Pa@ilnd iFpar6ehprBERBEC LS,

pem rol ast pot assLeM rABGMAEAZHNSrthATBL S ORMbr k@Rl kRaskitagd | oratadi ne.
[ 0072] The t hronmboxane ﬁ%égeceptor ant agoni sts can be exeggllfled b

seratrodast, dOf-FPBbL F87 urthitr 2t €L SSiRP r INTERIBEN2TSBTRhELE hrb¥B®xane

synt hase i nhi birt diabeaashemgxetpénia eglrdyid MHasedastoseditprandi pzagr el

o e o ST LeL s B0 R, AP, o0 Bl BT e,

met hyl prlédni sohohéipddi amlsucsinat@illain-Barré syndrome, acute
disseminated encephalomyelitis, Addison's disease,
opsoclonus—-myoclonus syndrome, ankylosing spondylitis,
anti-phospholipid antibody syndrome, aplastic anemia,
autoimmune hepatitis, celiac disease, Goodpasture's

20 syndrome, idiopathic thrombocytopenic purpura, optic
neuritis, scleroderma, primary biliary cirrhosis,
Reiter's disease, Takayasu's arteritis, temporal
arteritis, warm autoimmune hemolytic anemia, Wegener's
granuloma, psoriasis, alopecia universalis, Behcget's

25 disease, chronic fatigue syndrome, dysautonomia,
endometriosis, interstitial cystitis, myotonia,
vulvodynia, and systemic lupus erythematosus.

[0060] The inflammatory diseases in the present
invention can be exemplified by asthma, appendicitis,

30 blepharitis, bronchiolitis, bronchitis, bursitis,
cervicitis, cholangitis, cholecystitis, colitis,
conjunctivitis, cystitis, dacryoadenitis, dermatitis,
dermatomyositis, encephalitis, endocarditis,
endometritis, enteritis, epicondylitis, epididymitis,

35 fasciitis, fibrositis, gastritis, gastroenteritis,
hepatitis, hidradenitis suppurativa, laryngitis,

mastitis, meningitis, myelitis, myocarditis, myositis,



ci cl esoni de, difluprednate, betanethasone propionate, dexanethasone,

defl azacort, trianctinolone, triancinolone - 35 - acetonide, hal cinonide, .
dexamnet hasone pal mtate, hydrocortisone, flumetasone pival ate, prednisolone
butyl acet ate, budesoni de, prasterone sulfgte- nonetasone furoate, .

fl uoci noni de, fluocinol one acetoni de, 5fludroxycortide, flunisolide,

pr edni sol one, al c] opet asone propi onate, cl obetasol ,E[opi onate, .

dexanet hasone B?BBFth?e,O‘d@%’ PHGHIGASE e OSERULT Rase i tdriat e,
beclholrret azone ]}S&@@ﬁﬂﬂ?&ﬂp@ﬁ@dﬁi@&ﬂ' ,EQ)'emgh}iltmiéedﬁh@%@@ﬁis,

met hyl pr edni sol one_sul ept anat.e, 10net r edni sol ope, sodi um succi nat e,
dexanet hasone BUGHERT bhoSHRGTE: & Hyd IBESTRNIgne PEBEF bt phoRpHt:: 12,
predni sol one spdéuon@blosphbs £, rididiticyr tsalipiagyal ey as enusexagnet hasone

val erate, beta hasone_val erate,. predni sol.one val erate. acetate,..corti sone
heetate. Sdifl of KRG ALt at Lr O e et IO na Sac bPAP L L T st T o

acet ate, paranethasonisaceraseyl talppreedbneladcetiate, fl udrocorti sone

acet ate, prednisol \ .edni_sql one e I t asone
butyrate, hydrocor ?@%ﬁgﬁ%ﬁbﬁ?eaﬁ%l%%%%%%ﬂ%gsgﬁetﬁgt {}?%1 eengolgggeﬁ}a%lr?a e,
and bet anet haseae bat yxemel pf bpd dnateyocdrdd74] Théarahuoons uppsessant s can be

exenplified by,azabhi Opr i HEec ASSAUW 'fbere\é%p%pﬂ%lét ,Sakgz,@éﬁéfaoyarﬂég@e,
cycl osparine, cycl ophospham de, sirolinus, tacro |m§js, uci [ Tam ne,
net hot r é¥at e, ARAL PR} FSRHN HROCEBIPETS e IdPOEESEORPERTY i PigPaH i - r heumat i c

drugs can be exgspbhbied byl penicdddAHNS, _b? habi t st AYkANOf i dhsient
sal azosul fapyri di he, , hydroxychl oroqui ne,, huci [ am ne, nmethotrexate,

| ef | unoni de, ~ | bBERSE+Rt RSB RIS T HurtttRiid@luesse v saRE HHPLHTERN ot hi omal at e.

30[ 0076] The el pal@asearfhétibd DI S Cathd IR RRhblisedhbymEdEx 5046, ONO- 6818,
MR- 889, PHI - 11% BP! - HNE 4, B 665, 2D-0892 7D 8];%%1, GN 311616 777,
L- 659286, L- 686838 |- 685848 RicF KB ATt 6877  Fhe PP oSt At it

" (abbrevilat ed bebowvliadgkPG's Bimshones exarplky Wwheédhbp-P&EL donrgsodExian es:

al prostadil al p tadil). P32 dr xappl.e; raprost sodium, -
PG recept or ag%ﬁﬁgﬁglpgéénégé rxé%ﬁe%%loar%lx ng%-%bgﬁf aggﬁi %%‘%ﬁpﬁ%’e PG recept or
can be exenpl i Buekiby' PGEympleept orsl FERE LaERZ, 1FRRhomad ®PAYinPExarerept or s

E'II?E) CRTH) , PEE.LeePlASohdPlnold 2nd &RGR0OLSnE! BLee®Dd1 K &REPL OF S
- extranodal marginal zone B-cell lymphoma, and splenic

20 marginal zone B-cell lymphoma), diffuse large B-cell
lymphoma, primary effusion lymphoma, lymphomatoid
granulomatosis, follicular lymphoma, B-cell chronic
lymphocytic leukemia, B-cell prolymphocytic leukemia,
lymphoplasmacytic leukemia/Waldenstrom's

25 macroglobulinemia, plasmacytoma, mantle cell lymphoma,
mediastinal large B-cell lymphoma, intravascular large B- -
cell lymphoma, and hairy cell leukemia. In addition to
non-Hodgkin's lymphoma, the cancers in the present
invention include pancreatic endocrine tumors, for

30 example, insulinoma, gastrinoma, glucagonoma,
somatostatinoma, VIPoma, PPoma, and GRFoma.
[0062] A compound of the present invention may be
administered by itself or may be administered as a
combined preparation combined with another drug for the
35 purpose of
1) supplementing and/or enhancing the prophylactic and/or

therapeutic effect of the compound,



5[ 0078] The prostagl andin synthase inhibitors can be exenplified by

sal azosul fapyri di ne, nesal azi ne, ol sal azine, 4-am nosalicylic acid,
JTE-522, auranofin, carprofen, diphenpyram de, flunoxaprofen, flurbiprofen,
i ndonet aci n, ketoprofen, |ornoxicam | oxoppofen, 10nel oxi cam oxaprozin,
par sal m de, piproxen, piroxicam piroxicam cinnamate, zaltoprofen, and
pranoprofen. [0079 The phosphodi est erase inhibitors can be exenpllfled by
rolipram ciloml Qﬁ)(ﬂlarﬂﬂaﬁ"é‘i@et%?l s | 2RI qEE-Om P

ci panfylline (J_BRHu(ﬁﬂrQﬁa:)he aids@roa‘:mth@( @Bmﬁ@ﬁﬁa) aﬂi@uﬁlZG SCH- 351591,

YM 976, V- 11294f 1687 D- 4396, and The adhesi on

mol ecul e i nhi bt t e D &%’qrf‘sieeaeﬁ'}?taﬁn?n?ggﬁ‘% SAEYYist . [ 0080] The
anti-TNF-a agep@@63an beltex enpikifneed pyppa@ant on TOE- a mn&pd:mnﬂ ed, tdeal ubl e

TNF-a re geptor ant| -TNF a_.r.ecept.or anti bodi and ol ub TNE- ndi ng
protein and pap]fl JInvebntlor?fl |l>cg°|h 5%8%55%% ac{m%‘ te%e%{ -1L-1

agents can be ertdpi IJTQIEEIZI d:ﬁ/ aaruqmplolmmwnagbnm e, wlsmmmwzh L-1 receptor

anti-1L-1Ra antj ;QE%JLI nraw/égmp?:%'dedt Eeéﬂ?g% f‘&&h

particularly by ents ca e exerrplmafyl ed by
anti-1L-6 antiboddeinisylatdd dd -Bprecdst éprmahdtam$—l LAcﬁnlrracséptad?rlon

anti bodi es and, @agépﬂa@éIffomﬂa%drﬁszm@udég[g%igmcgyg oki ne i nhi bitors
can be exenplified by suplatast to , SR-31747, and sonati nod.

The ant £0chol | #ERER 65 aerERtan G @@“@Wlfﬁfliléﬂ By €iffrsgiphdrimgd., In

tri hexypheni dythdyehQc i ord feinhitherdiden atang r bk pent demdy draehl ori de.
35The xant hine derivatives can be exenplified by am nophy] 1i ne,

t heophyl | i ne, - SIRAYIY | He, thg REASBAY iimyention7ziay b pysHhATShe.
[ 0082] The expefips@antsl afed & exemlnifdtedthynf eentryl atesk atmmy) aspirit,

sodi um bi carbo ate br omhexi ne hydr ochl,or.i ar.bocyst ej ne r-gxol
5hydr ochl ori de (ﬁeq’mﬁ% Y ﬁ‘?%é@ré‘@{gﬂ reg EPRSY %gifo%c?'ﬁf’y Hhe

15 admlnlstration of the compound of the present invention.

The same method of administration may be used for each or
different methods of administration may be used.

[0064] There is no particular limitation on the
diseases that may be subjected to the prevention and/or

20 treatment by the aforementioned combined preparation, and
this combined preparation may be used with any disease
with which the prevention and/or treatment effect of the
compound of the present invention is supplemented and/or
enhanced.

25 This other drug for supplementing and/or enhancing
the prophylactic and/or therapeutic effect of the
compounds of the present invention against allergic
diseases can be exemplified by antihistamines,
leukotriene antagonists, antiallergic drugs, thromboxane

30 A2 receptor antagonists, thromboxane synthase inhibitors,
and stercids.

[0065] The other drug for supplementing and/or
enhancing the prophylactic and/or therapeutic effect of
the compounds of the present invention against auvtoimmune

35 diseases can be exemplified by immunosuppressants;
steroids; diseasewmodifying anti-rheumatic drugs;

elastase inhibitors; cannabinoid-2 receptor agonists;



acetyl cysteine, ethyl L-cysteine hydrochloride, and tyl oxapol. The
anti bacterials can be exenplified by sodi um cefuroxi ne, neropenem
trihydrate, netilmcin sulfate, 10sisomcin sulfate, ceftibuten, PA-1806,

| B-367, tobramycin, PA-1420, doxorubicin, 3astrom cin sulfate, and cefetanet
pi voxi | hydrochloride [ 0083] The medi ator release inhibitors can be

exenplified by tr sodi um cro glrcate anl exano 15rep|r|nast
i budi | ast, daﬂ%ﬁ%?%@qf-%ﬁﬁpiﬂﬂﬁQQﬂ aﬁ@ﬂ&sgyﬂﬁ?ase in Prionbol yti ¢

agents can be pﬁ@ﬁ@ﬁcbdie&ﬂt@yas’ﬁ tiepliase ol o}ﬁreﬂawopi:w@é@éraﬁrmlmet@armpl ase,

: | t- PA t Ki
ggts'?lroegtsgkr nas@ h%)am er%flgse F&Hr%&g%gn rﬁggigﬁiﬁga%l?%(f’%?tefjﬂhdaparr nux.

The | ow nol eCUi@ént/\@' Qﬂih W%ﬂﬂ&mlob%g@&ﬁﬁﬁw bhtedibyl d@g@ﬁ.@g Oighgsodi um
enoxapari.n (SOdI qur arin 25cal cium arin (sodiu reviparin
r ‘ggﬁ

(sodium ? and ¥ jurfjytokine 1?Hébﬂﬁgﬁﬁbr%P??ﬁﬁ¥ﬁ%4ﬁ can be
exenplified bya@rgmrmmtdmr@ a@aicrd aamtlnegalaaﬁaﬁbodif@ gatran,

bi val i rudi n, i ru a i.rudin, 30[0085] The, ADP receptor
ant agoni st's caﬁg%égﬂxenp ga“%& rdﬁﬁgpﬁﬁﬁ? Eh?%r? “nd cl opi dogr el
sul fate. The cqmmamnqmgsmase;prﬂpﬂyﬂam%accandberekhermpémtﬁhtnfﬁﬁﬁmrufn The
al kyl ati ng agept s lified b nrtroggpb35nustard N- oxi de

hydr ochl ori de, cyc osp th%ﬂ%% S anv Ral Ah ?%ﬁotepa
car boquaAfe, busmfl@mmamwmmsdJSEadgahaaﬂﬁb@redempﬂaﬁae@abyrmxennmﬂs,

raninustne. * o1 38 ;o] OBBENTIE AD IBLAPAL 83, oA DS SXCIBLLIed by
net hot r exat e, nercapt opurine, dbrca ptopurineri uorouracr
t egaf ur, tegafmﬁoiﬁﬁﬁﬁ¢gdxﬁﬁrnﬁnﬂstaﬂi@nﬂlurﬁanhéaseyx%@E%n¢E¥Senocrtabrne,

tegafur gi mestgl, 0085t P A8 Sit Mo 1GVT, T ARLAS1 BYASLEHL OT i e, 10, &r,abi ne

adhesion molecule inhibitors, anti-leukotrienes, anti-

15 cholinergic agents, thromboxane A2 receptor antagonists,
thromboxane synthase inhibitors, xanthine derivatives,
expectorants, antibacterials, antihistamines, anti-
cytokine protein agents, cytokine inhibitors, forskolin
agents, mediator release inhibitors, and nonsteroidal

20 antiinflammatories.
[0067] The other drug for supplementing and/or
enhancing the prophylactic and/or therapeutic effect of
the compounds of the present invention against
thromboembolic diseases can be exemplified by

25 thrombolytic agents, heparin, heparinoids, low molecular
weight heparins, warfarin, thrombin inhibitors, factor Xa
inhibitors, ADP receptor antagonists, and cyclooxygenase
inhibitors.
[0068] The other drug for supplementing and/or

30 enhancing the prophylactic and/ox therapeutic effect of
the compounds of the present invention against non-
Hodgkin's lymphomas can be exemplified by alkylating
agents, antimetabolites, anticancer antibiotics, plant
alkaloids, hormones, platinum compounds, anti-CD20

35 antibodies, and other anticancer agents.
[0069] The antihistamines can be exemplified by

azelastine hydrochloride, ebastine, epinastine



ocfosfate, procarbazi ne hydrochl oride, and hydroxycarbam de. [0087] The
anticancer antibiotics can be exenplified by actinonycin D, mtomycin C,
daunor ubi ci n 10hydr ochl ori de, doxorubicin hydrochl oride, aclarubicin

hydr ochl ori de, neocarzi nostatin, pirarubi 8dn-hydrochl oride, epirubicin
(hydrochl oride), idarubicin hydrochloride, chronmonycin A3, bleonycin
(hydrochl ori de), .pepl cin sulfate, therarubicin, and zinostatin.

158t 1 mal aner . FOOBSTTHE Bt U o s TR BESex hpr ] B By AHREC St i ne
sul fate, vincroktpaieadinié digjroahidesides sliik-taferphenincdreicen riaidradehl ori de,
etoposide, flu ] VLT jne tartrat 0 I h te _and
paclitaxel . Zo%g%g%ﬁe%%é %ﬁ%e% ’cé% tﬁﬁ&%&%}lﬁ??@ﬁgby@%ﬂg@ﬁ?&s ‘i ne
phosphat e sodi dhmemepitinstanalidpinhyostraiok, hydserkl onidaeet ate, fosfestrol
(diethylgtilbeg ' @g@ i.fien ci  Loremfens Hiitd-at e,

f adrozol e hydr o%%f%rrl%gé_ ydr gr%yec%rt WEQ;‘E?IC]){%?%I’ olgteeésg%ﬁéga@%%t e, iﬁlltc{e'

25bi cal ut am dedes beprior@ing destimradiggastpagdieinandi exefrrsidiie [ 0090] The

pl ati num comwwﬁo&@mpfqreﬁ,é%dﬁaﬁqn%y, peppeRLaihd p&é Pl n, and

nedapl ati n. anti-CD-20 anti bodi es_can be exenplified by

30ri tuxi mab, iBFFelARREES ditABGERAINAmEmetasone ThareR Her ATt tickimeer
agents can be exeipldinethPrdcASRAIRY N3TALaB8EhE PObLsiRcBCLiale, porfimer

Sodium (BT LA SXE0LEpre, et e Jie oL ncd BrevRralLon SOy 5 nd 2
t he conbi ned prepa0ht i orsh«li Saouen ki sdabgonbetsatso bhdacduhgsl icidal ned
preparations tQ€Ip£§%&£§%sE ﬁ%ﬁfaég,s%gxl%S%kggttQ8d£g$yr§3firlukast,
ablukast, pobilukast, sulukast, iralukast sodium,
verlukast, ritolukast, cinalukast, pirodomast,

15 tomelukast, and doqualast.

[0071] The antiallergic drugs can be exemplified by
amlexanox, azelastine hydrochloride, israpafant,
ibudilast, imitrodast sodium, ebastine, epinastine
hydrochloride, emedastine fumarate, oxatomide, ozagrel

20 hydrochloride, olopatadine hydrochloride, cromoglicic
acid, sodium cromoglicate, ketotifen fumarate,
seratrodast, cetirizine hydrochloride, suplatast
tosilate, tazanolast, terfenadine, domitroban calcium
hydrate, tranilast, nedocromil, fexofenadine,

25 fexofenadine hydrochloride, pemirolast potassium,
mequitazine, ramatroban, repirinast, and loratadine,
[0072] The thromboxane A2 receptor antagonists can be
exemplified by seratrodast, domitroban calcium hydrate,
and ramatroban.

30 . The thromboxane synthase inhibitors can be
exemplified by imitrodast sodium and ozagrel
hydrochloride.

[0073] The steroids can be exemplified by amcinonide,

hydrocortisone sodium succinate, prednisolone sodium

4
!

35 succinate, methylprednisolone sodium succinate,
ciclesonide, difluprednate, betamethasone propionate,

dexamethasone, deflazacort, triamcinolone, triamcinolone



[ 0091] The conpounds of the present invention are generally adm nistered
systemcally or locally as a pharmaceutically effective conponent in an
oral or 5parenteral form The oral formulations can be exenplified by
liquids for oral administration (for exanpber elixirs, syrups,
pharmaceutically acceptabl e water-based fornmul ati ons, suspensions, and

enmul si ons) an i.ds, for_oral 1 Ni st i ) tabl ets

10(i ncl udi ng gab %Anrgluda%’ thaa:)ﬁlcgjtnsoqgrr?g’o?gﬁgbegﬁasﬂﬁéegﬁéﬁﬂgaﬁedbl ets), pills,
capsul es (i nclhgimgrdraricaeps Ul lesietssbnecppsal @se, geredniscapsul es, and

m er ocapsul oS RAMIG S Of A 300 L2ER0S)e JNECRAl CHlcRiAlsone
formul ati ons can ‘be exenpl' fi ed y ‘sol'utions or exanple, 1nject agl es
15(for exanpl efusadicut afesusiniajisstalfileocinal pag ererison ¥wct abl es,

| ntramsgul ar FE ARl S 1 dd! ARALILANER) bREGL AN S%e, A Wil asone

fornmul ations), eye drops (for example, aqueous eye drops (for exanple,
aqueous eye drRFPiGHicdDUCIGReTHEI PIOPaABRbAs, IGXFRIUREINE dr ops, 20and

sol ubi i zed eyer&ls Onsdt ANHIINRBIRO BT oRYBndE 8PS £ { hO1 cLXMP | rogionagesous
eye drops and nhonaqueous eye drop suspensi ons %, topicals (for exanple,
oi ntment's (f orPYKELR P SYPhtHARE B 5ient REREEFYD28PR ear drops). These

formul ations naycibelwesdn tdd eshd ehRAse 1heeauiablons sutdpihasd,api d rel ease
f ormul ati.ons, suts%gi' ned. rel ease fornul ati ons nd 30 forth. These

for mul at-Pons CEAHHERT SHUCEY B KR WPHS&E?Q?M SXENPHESBY HE B hods
descri bed i n Thieoskapaines enRhascmaapasica.sofd0f2pAbephatrl dsrddirisarlane

adri ni strat i on WALy nthe sQsphere-oforal far pul atloos ganbe pradiced,
“for exanple, by FSS TV THY, SUspending,” of “ermul sTTying the eftective
conponent in avzbewamidy ksandilamme (iaderekanppesdpusd ol waltsarateet hanol ,
or a mxture theteald, Jneseddauddpubathgns.opy absg.contain, for
exanpl e, a 35wefting ‘agent, 'suspendi ng agent, enulsifying adent, sweetener,
fl avoraRd, fradgtancethpieneracatate, pufifacinghangoa¢efabe, - 90 - [0093] The

solids for or aﬂ)afé}ﬁ@ﬂilgg(g@té(%\:%é’hiﬂéltolgﬁeaghgr §cofapsal fornulations can
be prepared by mxing the effective conponent wth, for exanple, a vehicle

(for exanple, fhEAHREOTrHFME ACCtHifoosEcIRiEPOERGsEEFF R 5cel | ul ose, and

starch), a bi ndeen{Ire@XB8®l dhe @O eppbetabbib 0BGy rate,
pol yvi nyl pyrrol i done, and nmagnesi um netasjilicate al un nat e%, a di si ntegrant
(for exanple, R¥ ’F%q’%’é%l%%‘?%ig‘iﬁﬁ@%l YN OCQILLBPPE AR L YF DY e exanpl e,

magnesi @ st eapadE)ondt St and i Zetame Hiisssel bukonatOadyuybsatd or exanpl e,

glutam c acid ?8972fpart+ﬁéEgﬁﬁﬂﬂosuppressants can be exemplified by
azathioprine, ascomycin, everolimus, salazosulfapyridine,
cyclosporine, cyclophosphamide, sirolimus, tacrolimus,
bucillamine, methotrexate, and leflunomide.

25 [00751] The disease-modifying anti-rheumatic drugs can
be exemplified by D-penicillamine, actarit, auranofin,
salazosulfapyridine, hydroxychloroquine, bucillamine,
methotrexate, leflunomide, lobenzarit sodium,
aurothioglucose, and sodium aurothiomalate.

30 . [0076] The elastase inhibitors can be exemplified by
ONO~-5046, ONO-6818, MR-889, PBI-1101, EPI-HNE-4, R-665,
ZD-0892, ZD-8321, GW-3116l16, DMP-777, L-659286, L-680833,"
L-683845, and AE-3763..

[0077] The prostaglandins (abbreviated below as "PG")

35 can be exemplified by PGEl drugs (examples: alprostadil
alfadex, alprostadil), PGI2 drugs (example: beraprost

sodium), PG receptor agonists, and PG receptor



and so forth, and fornul ating according to standard nethods. As necessary,
coating may be carried out with a coating agent (for exanple, sugar

gel atin, hydroxypropyl cellul ose, and hydroxypropyl nethyl cellul ose
pht hal ate) 15and two or nore | ayers may-bggapplied. [0094]Wthin the sphere
of parenteral formulations, a topical may be produced using a known nethod
or a fornmulation in common use. For exanpl e, oi nt nent repared by
i ncor porati ng %ﬁ¥QﬁﬂQ%§mftlufh?fP@c?@?@PﬁﬁEoﬁﬁ%H%%te4?ﬂ %ﬁﬂ%ﬁ%g %

oi nt nent base recsei@st edHlr, omplzr)om3ol AhgenP4 PASESD Ofec¥ptinat NP, base in

of T or ror 1B i Gt RGNS REE) 0wl g B Used HrgReR PRty

aci ds and hi ghsscd@tdns adrd .25esters (for exanple, adipic acid, nyristic

acid, palmtic st r| i t r ristate
esters, %aln1t%ggaégter§ﬁl r%%&% estersggng%aggég éS%s é%%%ﬁna%kes (for
exanpl e, beeswssguspielirat dtyi sadrdosaléspryidiue f antemtaz iifegr exanpl e,
pol yoxyet hyl e Oetjh S ), gﬁgg 5 (for
exanpl e, cetagﬁvﬁké%%%ﬁyl46%%8%%%%82% ﬁégt%g %arJr‘FE h%hﬁglsllléone oils
(for exanple, Qﬁmm@ﬂrpoIcvme@pafrx@)nldﬁydrfbumb@moiemr febveripac feypdr ophi | i ¢
pet rol atum whi @ mRatd olAl Uil dioirbhied 1baRgkl Bap Anthild i paral fin)
35g|yco|s (for exanple, et hyl ene glyéol, di et hyl‘'ene ‘gi'ycol, 'propyl ene
gl ycol , %olyeﬂ$®4Qﬁﬁ?%ﬂquﬂﬂapﬁﬂﬂinwa@ﬁéééﬂwld%iaﬁ%P%ﬁx%ﬁ(fR%IQ§é%@ﬂhe cast or
oil, F'lve 0L| piaBEatin C1ﬁﬁbmaﬂ@| za@ﬂ@p&HE@ﬁntéﬁ@ #&Aﬁo ﬁﬂﬁiﬁﬂ O'LS (f?r
exanple, nmn egyg vy yal ane, al ene), water, absorption
pronoters, d&:\dﬁ?ll rrlr'ﬁ%?ntpg‘os,&h‘r? éﬁ:&ﬁﬁsep?‘%}%gﬁw%‘?ﬁlézarbt%l lizer,
?85 Is;gi(ll dant, Lé';a@m@nﬂﬁ,ecaw mlafp@btnhf Efﬁ)loﬁhli@sb,le BAEOFBURL, eWIK-616,
njecta withint re Q rentera enco ass
sol utions, suspe qh Gﬁf%ﬂﬁ |oﬁ§p§§%Mi?Fn%s %%ﬁ %H#ﬂ%ebt ed by
dissolulBon Of(GﬂEﬁﬂﬁﬁﬁ(ﬂ1ON®ﬁ£k§@|VSEH—SBIEBE t YMeo o, TOUISER S 47qr Hﬂ%anple
an injectable T8y, @f q§%ﬂﬁkp cllctictq%5effect|ve conponent is dissolved,
suspended, or enuIS|T|ed i’ ‘a “§61 vent'.” “For exanple, distilled water for
i nj ection, physiol djicadisaliiore redlegtilen inhiplbots ofdn pr opsdmgnig fglegcol |
polyethylene I cq% n. al.cohal__ 15 .such as ethanol, or a combination of
t he preceding e Fort% 9% ent . The injectable may al so contain
a stabilizer, EOGEGFCHLHTHE]ahﬁﬂAMNM;a(%@bneﬁaﬂﬁhEbegéx@ﬁﬁﬂifﬁﬁﬂiﬁy aspartic
acid, and Polysorbate 80 (registered trade nmark)), a suspending agent, an
emul si f$Png ag@h’ftl % gotthinnsligsentso labbef TNF - Careeered vatave, — A% 0
forth. The injg terill i he e
manuf act ur ed u5|n aseg%¥€9%¥%§%§saﬁée%?%gbﬁﬁ E@%a@lbfﬁ&%hilggﬁﬁgg
manuf act ur ed a@néﬁ@amﬂlduiamﬂy(bﬁ(ymﬁlrkomabxanpleta@et¢@@Ee dried pr oduct ,
and may be used aft tsLhol Ul o Rodi gL gl{&]qﬁg rmlecItL 9n or
|s Y [

anot her sol vent, wh terile or ster to use
[ 0096] The doseawp@l%mﬁﬂmlﬁ Ilhd messphpr, anti- IL 1Ra antibodies

25 and/or anti-IL-1 receptor antibodies and particularly by

anakinra.

The anti-IL-6 agents can be exemplified by anti-IL-6
antibodies, soluble IL-6 receptor, and anti-IL-6 receptor
antibodies and particularly by tocilizumab.

30 [0081] The cytokine inhibitors can be exemplified by
suplatast tosylate, T-614, SR-31747, and sonatimod.

The anti-cholinergic agents can be exemplified by
trihexyphenidyl, trihexyphenidyl hydrochloride,

.biperiden, and biperiden hydrochloride.
35 The xanthine derivatives can be exemplified by

aminophylliine, theophylline, doxofylline, sipamphylline,



invention is used as an effective conponent in a drug may 30be sel ected as
appropri ate dependi ng upon, for exanple, the synptons, age, type of
formulation, and so forth. In the case of an oral formnulation, preferably
from1l ng to 100 ng and nore preferably~f8énT5 ny to 30 ng nay be

adm nistered fromone to several tines per day (for 35exanple, one to three

times). In theale;@s&i{g;oﬁy%lpir&p_& fromone to several drops per
adm ni stration_of an ophthal mc solution having a concentration of

preferably - K%082% 0000tRLoBARS HRTERLP) CaRdPrDEESRPEEErethIRY 0. 00001% t o

0. 05% (W' V) negodei dnsdtdd edufdtm Fﬁrti(%ﬁ@&ﬁéiﬁﬂn bisesodertday (for
exanple, fromone to e%r}% tines). In the case of ,an ophthal m ¢ oi ntnent,

an opht hal mi ¢ oF AR NS ¥ L0 THindd e aPERO6Y ShF &Rer aBIRr BP00001% t o 5%
(ww) and@ nor ehydedet Bt ydd, QRN tRi108Yn (wkvihNayide, applied from one
to several tings day (for anple, one.to foyr tines), O course, as
not ed above, t%%eﬁ%i%y%%n%epegtﬁﬂ’qﬁﬁﬁﬁyfﬁ\?é%oﬁggﬁ%ﬁtﬂf‘%}ﬁ%’ A as a result
cases will occuyloxapdil ch an anmount | ess than the af orenmenti oned dosage

| evel s will be suffj.cien r.i.n whi.ch these ranges. pust .be exceeded.
ISEXAVPLES [ 0097] TH pr et ThAaft S0 s PaeS AP MBokE Bef dtd USHhg Texanp es,
but the presentefuwentien nsromindn rintidgdoypteheset tkahglressulfwesol vent s

gi ven iRgpar e“éfseé;ﬁﬁc%&e”seéﬁ'-é%@é‘d é#t&%%t%ﬂseﬁhi—g?geso n[%—kbré)fmt ogr aphi ¢

separation indicate t utiorf sol'vents of devel ophrent sol'vents used, and
t he proporti onsokFamyelund?dat4dds. doxorublsliinssaspeenidival syl fatdi,c amsd

otherw se, the.NMRgada pSedlalir HiRfroHi1MYRye25The sol vent used in the

measurenent is_given in qparent heses in_the NWVR section. [0098] The conpound
names used in E9P83bescriBf itfigfteogevdeasey 1phiRstgehetat &F based on | UPAC

nam ng rul es Oéxém%ﬁiﬁﬁéﬂlb@iﬁﬁhd¥ﬂg%mﬁn%oﬁﬁgﬂiék@ﬁ@gliééﬁgﬂnﬁﬂ®exdﬁox,
30C0npuagr prOgégqgiﬂgg%f“%ﬁﬂg¥¥£égrﬂga%%%%lg§¥?lgggﬁgémirolast
potassium.

The thrombolytic agents can be exemplified by
alteplase, urokinase, tisckinase, nasaruplase, nateplase,
t-PA, pamiteplase, monteplase, prourokinase, and

20 streptokinase.
[0084] The heparinoids can be exemplified by
fondaparinux.

The low molecular weight heparins can be exemplified
by danaparoid sodium, enoxaparin (sodium}, nadroparin

25 calcium, bemiparin {(sodium), reviparin ({(sodium), and
tinzaparin (sodium).

The thrombin inhibitor can be exemplified by
argatroban, xzimelagatran, melagatran, dabigatran,
bivalirudin, lepirudin, hirudin, and desirudin.

30 [0085] The ADP receptor antagonists can be exemplified
by ticlopidine hydrochloride and clopidogrel sulfate.

The cyclooxygenase inhibitors can be exemplified by
aspirin.

The alkylating agents can be exemplified by nitrogen

35 mustard N-oxide hydrochloride, cyclophosphamide,
ifosfamide, melphalan, thiotepa, carbogquone, busulfan,

nimustine hydrochloride, dacarbazine, and ranimustine.



Inc., that perforns nam ng based on | UPAC rul es. [0099] Exanple 1

N, N- di benzy1-6-chl oro-5-nitropyri m di ne-4-am ne D benzylamne (10.2 g) in a
di chl oronet hane (30 nL) 35sol uti on was added dropwi se on an ice bath to a

di chl oronet hane (70 nL) solution of 4, 6-di3®hioro-5- nitropyrinmidine (10 g)."
This was followed by the - 43 - addition of triethylamne (14.4 nlL) and

stirring for 1rboye; Vﬁt@ﬁewaﬁtm@@a@@ﬁdest ahNBel %Q%Mq)@@fﬂé&t]b'ye and the

organic layer was subsequently washed with saturated agueous sodi um
chl ori de sol ut Mhhahacdrted BoEraRMN W oW BsB¢irgarsapraiee THeosslaent was

concentrated uprdgprhadHESH pf@&éf'di@ L QDA R LRE 1T E!agmsﬁapound (19.2 g)
havi ng t he phyS|caI properfy val ue indicated below’ 50 (hexane

et hyl acetat e 9o71flyyidingoofEkarpb e Qﬂﬂﬂéﬁ@béﬂﬁyltegafur glmGStat
3- ([ 6- (dishenzybagiknal- §oﬂh§§9@ﬁ{“c§%rﬁ’¢ﬂtéblmé| h@@r@@h@é@idél neydacasoxyl ate

The conpound (10, repared In and tert- f

3- anlnoazetldlﬂgf?sgéFgox F%?%r?%zhpﬁ) ﬁé%ng$9§§§?ve8npn di oxane (58 nl);
triethylam ne h@dioﬁytamaamiéadded and stirring was then carried out for 5
hours at 50C. acti ure was ref d to roo t t he
sol vent was thlﬁsaﬁitillgg o?? TORRET T VRIS %é 3 SSafig"e g%rﬁgg ﬂ'téﬁg
performed withbgt hgkiaoeyaise. DThﬂltmmynun:d aylennwasbwashed with saturated

20aqueoyy sodi HILEBERTHILSO! HLLORANG: SURREAMGALLY AT T &fly o¥gh, iy dr ous

sodi um sul fat e €S0 vén € res
purified by si hwdaogbﬂomﬁarmnetm:@miwmyl t piobrabacihe title corrpound

(1089, havi nayhBecRysiag! poRabiysyalimipsheated) ek Qg BRI R 0. 40

(hexane : eth acetate =
3-1[ 5- ani no- 6- P&Iﬁﬁ@ﬁ%ﬂméiﬁiﬂo) Wr@mﬁ)wwm A3yrf lodoryFa ret hMﬁﬁ@Clll@?é#CEﬁﬁ)oyl ate

An ethyl acet apepf3RQcih) s§OENEE ON Il -4 AgicamOURd 3061Z:5¢g) prepared in
Exanpl e 2 was added_dropwi se to a mxture of zinc (23.3 g) and a 3.0 M

aqueous ni §mimalamer.
[0088] The plant alkaloids can be exemplified by

vinblastine sulfate, vincristine sulfate, vindesine
sulfate, irinotecan hydrochloride, etoposide, flutamide,
vinorelbine tartrate, docetaxel hydrate, and paclitaxel.
20 [0089] The hormones can be exemplified by estramustine
phosphate sodium, mepitiostane, epitiostanol, goserelin
acetate, fosfestrol (diethylstilbestrol phosphate),
tamoxifen citrate, toremifene citrate, fadrozole
hydrochloride'hydrate,'medroxyprogesterone acetate,
25 bicalutamide, leuprorelin acetate, anastrozole, and
exemestane.
[0090] The platinum compounds can be exemplified by
carboplatin, cisplatin, and nedaplatin.
The anti-CD-20 antibodies can be exemplified by
30 rituximab, ibritumomab, and ocrelizumab.

The other anti-cancer agents can be exemplified by
L-asparaginase, octreotide acetate, porfimer sodium, and
mitoxantrone acetate.

The combined preparation comprising a combination

35 with a compound of the present invention not only
includes the combined preparations discovered to date,

but also includes combined preparations that may be



chloride solution (11.4 g) on an ice bath and the tenperature was

imedi ately raised to roomtenperature. After stirring for 2 hours, the
reaction mxture was 35filtered on Celite (trade nane) and the sol vent was
then distilled off. The residue was purifi3@d-by silica gel colum

chromat ography to obtain the title conmpound (12.4 - 44 - g) having the

physi cal prOpeHEXcM@ék‘@d'Dﬁ'ﬂé’éeﬂJ@?ﬂ@W TLC R 0.69 (hexane : ethyl
acetate = anpl e tert-butyl

3-[6- (di benzyl iﬂP%E 8 ohee F‘@%FNW @f the present invention are

S9H- puri n- 9- y|héﬁ@kéﬂl?eaamfﬁi§E@®@&“§%st6mlcélﬁ? 69”PQHQ§1§Sa§wQ) prepared
in Exanple 3 and 1,1 - carbonyl diim dazol e g were dissolved in

tetrahydrofuraﬁheilﬁacwjl%ﬂbv%ﬁfwﬂs‘ﬁ rQOFWP@nfaB iB ABUPERhtCBOC. After
t he sol vent hagabeﬁﬂeﬁlwtfd)md fren i hergr@@ac ki @BnB1 ¥hHree Water was added

‘and extraction with.e acet at e, was_ perfor.ne The organi c, | ayer was
washed with sa?ﬁ?ﬁ?%ﬁ%ééﬂ { %§;§4%(ﬂﬁq&e g@FBF?Bﬁa hﬂndF% over

anhydr ous sodleﬁnmpléatelﬁﬁﬂréImsymnpgynphMrmabbaﬂ1da$1yIé@@b@ﬁébldﬁe

resi due was purlg ied bg éSf qﬁ col um chronatog ? QX Lo obtaln he

title conpound 78 g1 RAvT Ay %gb i CAISBSPSHEPEy TR L T H R e PTISEI ow.

TLC. Rf 0.28 (heiade foethyala&dmfnxstxéilonl)fokOéﬁamﬁXanpt&bIbts

20tert- ?tyl Qﬁcgﬁhfﬁ% S&%flﬁg&%#1€9%¥é{ 8%” E§1§¥ disintegrati

yl)azetidi ne-I-car e Conpourn pr épar é |nIE&aane 4
was di ssol ved tﬁbhetﬁhnopl%kﬂn ¢ﬂgsw&ﬂﬁ(ﬁﬂmﬂlUQGBGaherQSOamﬁgle$Kmﬁoft

Pear | man''s cat abyshy (PA(CL 2L0) 40, 0e 100t rB5p23900P o ol aporront

wi th hydrogen was carrie st1rring urs at
60C. The react BEANHLRE ur @k F¢09%sled &heomrte@t(eﬂraédéomwbthtw

sol vent was di gti bkedp0{fit@ WPt Tudhend i tflo% %QERB!H@d {R38:8dph@ying the

physi cal propertg val ue 30i ndicat ed bel ow. 0. 50 O (ethyl acetate).
[0104]E§§np|e éf r example, subcutaneous 1njectables, intravenous

injectables, 1ntramuscular injectables, intraperitoneal
injectables, and drip formulations), eye drops (for
example,raqueous eye drops (for example, agueous eye
 drops, aqueous eye drop suspensions, viscous eye drops,
20 and solubilized eye drops) and nonaqueous eye drops (for
example, nonaqueous eye drops and nonagueous eye drop
suspensions)}), topicals (for example, ointments (for
example, ophthalmic ointments))}, and ear drops). These
formulations may be controlled release formulations such
25 as rapid release formulations, sustained release
formulations, and so forth. These formulations can be
produced by known methods, for example, by the methods
described in The Japanese Pharmacopoeia.
{0092] The liquids for oral administration within the
30 sphere of oral formulations can be produced, for example,
by dissolving, suspending, or emulsifying the effective
compeonent in a commonly used diluent {(for example,
purified water, ethanol, or a mixture thereof). These
liquid formulations may also contain, for example, a
35 wetting agent, suspending agent, emulsifying agent,
sweetener, flavorant, fragrance, preservative, buffer,

and so forth.



tert-butyl 3-[6-am no-8-oxo-7-(4-phenoxyphenyl)-7, 8-

dihydro 9H purin-9-yl]azetidine-I-carboxylate 35 p-phenoxyphenyl boric acid
(2.1 g), copper(ll) acetate (1.48 g), nolecular sieve 4A (2.5 g), and
pyridine (0.82 nL) were added at roonltenﬂérature toa - 45 -

di chl oronmet hane (200 nL) suspension of the conpound (2.5 g) prepared in

Exanpl e 5, fol F@M] by stid rddig e Al AU adnTALs £ LACLA DR SH Y 1t Was

filtered on Celite (trade nane) and the residue was purified by silica gel
5col unm chr onefBYREPMYL t - dbt i Huled ions eapohpoRFEPINeB By MHavingg thiee

physi cal pr Opeéffec\z’@i‘k@ ¢<51ﬁbccrfarﬁﬁ WelOW oL Exaib1 §; 18 fdiexane (rsat hyl
acetate = X 0105 Exanple 7

6- ani no- 9- azet? 12y 113G KOG SRR RNy ) 17088 IHF R G i n- 8- one
dlhydrocblorldeellulo&é Narty dyteddtor,i & %ﬁhdé@lQX@ﬁeeiéﬁbI@) was added at

room t enper at e to a sus nsi i n met hanol, 3 t he co und (1.3
0, 2 76 mol, 15 et SO TRk AP B Bt rithg

carried out fomagnémnmm méﬁﬁmnkmﬂaﬁyﬂabmminhhem,dasai$iﬁxbgﬁénﬂ(Xﬂﬁﬁzﬂ n the

titl d havj t he _ph cal v ndi,cat.ed below
TLC R 050 (BT L oret F S sl A YBBORER et IS, L B
0.1). 20[0106]@3@m@ﬂ@mEmagne31um9dtbanatploya Staizelizenyld d&&ﬂnhuiibﬂ(4-

henoxypReny1l) y 8 2 i 1)
aas addgg to a?% Sﬁ%ﬁgl ré%rgil % %g%§ %%%dnggé $§$%é§g%2%ou d (1.5
g) prepared |naE&aﬁ®lﬁoﬂthwuﬁQﬂcﬁQﬂMUdmaamUhane0(Q0n9130s&ﬂandammiof acryl oyl

; |
chloride (0.32,mi)oy@s the rréjf OQ\Ma]%FLO%ga% be e adldecpeof@ WAGH was

distilled fromthe reactlon m xt ur € '30f o ti on of mater and

extraction w t ROHeIMY| ¥FRNEh( st ®xampde, opydnie g%&@?lﬁashmﬁﬁﬂﬂﬂpﬁmnMi a -
46 - saturat edcaNUEDHSe S Osh M Uy pg,ql ﬂbtﬁgla@gmﬁl@& gsmhaqr&wrous
ue

sodlunliglfate and the sol vent. was distilled o The resi was purified

by sili gel T TP P dMREED NS T8 YobeapRPLhedtitl e compound (0.8 g)

[0094] Within the sphere of parenteral formulations, a
topical may be produced using a known method or a
formulation in common use. For example, an ointment may
be prepared by incorporating or melting the effective

20 component into a base. The ointment base is selected
from known ointment bases or an ointment base in common
use. For example, a single selection from the following
or a mixture of two or more selections from the following
may be used: higher fatty acids and higher fatty acid

25 esters (for example, adipic acid, myristic acid, palmitic
acid, stearic acid, oleic acid, adipate esters, myristate
esters, palmitate esters, stearate esters, and oleate
esters), waxes (for example, beeswax, spermaceti, and
ceresin), surfactants (for example, polyoxyethylene alkyl

30 ether phosphate esters), higher alcohols {(for example,
cetanol, stearyl alcchol, and cetostearyl alcchol),
silicone oils (for example, dimethylpolysiloxane),
hydrocarbons (for example, hydrophilic petrolatum, white
petrolatum, purified lanolin, and liquid paraffin),

35 glycols (for example, ethylene glycol, diethylene glycol,
propylene glycol, polyethylene glycol, and macrogol),

plant oils (for example, castor oil, olive oil, sesame



5havi ng the physical property values indicated below. TLC Rf 0.43 (ethyl
acetate); 1H- NWR (CDC13): 8 4.47-4.61, 4.83-4.88, 5.06-5.11, 5.37- 5.47,
5.70-5.74, 6.21-6.30, 6.36-6.43, 7.07-7.23, 7.35- 7.44, 8.24.

10[ 0107] Exanpl e 8(1) to Exanple 8(22) ~ 41 The exenplary conpounds given
bel ow were obtained by foll owi ng the sanme process tenpl ate as in Exanmple 1
-* Exanple 2 -3 Examph e drpe Pl S 13 - an@ﬁgﬂpb§l§ 1Fo el milpanpl e 7
-* Exanpl e 8, u5|ng 4, 6- dlchloro 5-""15ni t ropyri m di ne, usin tert butyI
3-ami noazet i di P&l 1-eEGr Boky |l crauHencor paSpeaERhgNaN atderi vati ve in

its place, usizgsaeptylOylprdhddide Qnd hetgairespanpding Achthadterd,de-in
its place, and u3|ngﬁ¥ phenoxyphenylborlc acid or the correspondlng borlc

acidinits plﬁf%se k}gﬁgb antioxidant, fragrance, and 35
9-[(3R) - %- acryf@yﬂhan@ypﬂwlwlﬂmﬁ;@amEa (4-

phenoxyphenyl) i hydy o: 8F+ 3 (et acetate);
1H NVR ( CDC13) [3%3_.1964 (htectals éb Sg%er% 9H-pa rz%l%er?%
3.63-3.74, 3.9PedndPat dodd- emc&ﬁupadssmoq,u&zpns 66usped2iofs 26fl 31,

6.53-6.65, 7.07- {4 22 7. 36- 4 Q109 le 8
9- (1- acryl oy1- FVRHEt 7T n@ﬁ)w%ﬁarﬁsndsoilfill@elctgéfgg S84 3y
chIorophenoxy)dQsa@lex ysh] spgrdsidinhyicr @- 8B pant na8-ti3domignell& Rf 0. 25

(oL S S T LIS it g B a8 12

7.08-7.13, 7. zqfﬁeczt,)lm QP FBYICH 116 @a@mpllefeawyiusx)ended, or

9-(1-acryloyl- ém@l@ff%Q&nYH)af%6M9éH% 7- Gr_exafh dls il e?
phenoxyphenyl) -7 dro- 8H purin-8-one TLC: % acetate)
for 1nject10n, physiological saline solutlon, a plant

oil, propylene glycocl, polyethylene glycol, an alcohol

15 such as ethanol, or a combination of the preceding may be
used for the solvent. The injectable may also contain a
stabilizer, a dissolution adjuvant (for example, glutamic
acid} aspartic acid, and Polysorbate 80 (registered trade
mark)), a suspending agent, an emulsifying agent, a

20 soothing agent, a buffer, a preservative, and so forth.
The injectable may be sterilized in the final step or may
be manufactured using aseptic processing. The injectable
may also be manufactured as a sterile solid form, for
example, a freeze-dried product, and may be used after

25 dissolution in distilled water for injection or another
solvent, which is either sterile or sterilized prior to
use.
[0096] The dose when a compound of the present
invention is used as an effective component in a drug may

30 be selected as appropriate depending upon, for example,
the symptoms, age, type of formulation, and so forth. 1In
the case of an oral formulation, preferably from 1 mg to
100 mg and more preferably from 5 mg to 30 mg may be
administered from one to several times per day {(for

35 example, one to three times). In the case of eye drops,
from one to several drops per administration of an

ophthalmic solution having a concentration of preferably



1H NVA (CDC13): 8 1.88-1.96, 2.59-2.80, 3.15-3.27, 4.13- 4.22, 4.48,
4.58-4.69, 4.85-4.95, 5.69-5.73, 6.27-6.34, 56.59-6.68, 7.07-7.15,
7.17-7.22, 7.34-7.44, 8.21. [0111] Exanpl e 8(4)

9-[(3R)-1-acryl oyl-3-pyrrolidinyl]-6-annd27=(4-

phenoxyphenyl) 7, 9-di hydr o- 8H puri n- 8- one TLC. Rf 0.60 (chloroform

© et hanol fdm@p 1 2.21-2. 46,
5. 8o- 3a8§ 3, o PURATRISY 9’16/%4 a6 %°§8 g’ﬁe%{t%(wls" %
6.34-6.58, 7.0%-0%% aw/vr Jupy7 169 1rg5t1818d26rof 0ae] BX appier B B)ines

159-[(39)-1-a é’f %y?’(‘ﬁlpeé}!a‘iidﬂ)él] f@o?nmoﬂg go(élght times). In the
phenoxyphenyl) hydro 8H-purin-8-one C 71 (chl oroform

met hanol : aquédiR Wmlcl@lnt@ﬁntil-ﬁ]f\lw}émc @ ntment] 8o,

1.88-2.1%, 2.5lith 8&‘1cé’néé7ritraaﬁo% %@ e&%rgbfﬁ 0 3e0dodh sl 6o 45,38(1.,4}/”33,
4.66-4.90, 5.61- _5.80, 6.21- 72 03-7. %2Wh7 33-7.50 23.

[0113] Exanpl 24 gyore Pref@a[‘C(la/S)O Poz%)rlw 691030%yr iR 129%6- ani no- 7- ( 4-
phenoxyphenyl)aﬁp&@ta hmm die rw lsta;v%x@rletZﬁEbCpeRfd@y SQfdletéaadmpq%et ate :
met hanol = 19 : 9# (r%3 .23-2.43, 2.84-3.04, 3.55-3.73,
3.91- 4.08, 4‘1%e £Q gt OYE J6esyy 447449 513527 5.66- 5.73,
6.35-6.54, 7.03-7. 28 doB33sd, &3 ndhit20 8hdRe, [ﬁﬂé%&an@iﬂ Siebend upon

309-(1- | t 1) - 6- 7 -
ohi O§Op§§rn¥x§)y‘%% TEe Lo ARl ﬁe%u%ﬁecari%s B EFYAior of or m -
met hanol : aquebish amameurt Qlessl thaf @hg; afekaivint CDCIB)doshagk 46- 4. 61,

4.85, 5. 08, 5. flegchPs 7‘%’81516 B st An P 0301 n wllBen tidsd - ddhgels s’ 42

8.24. [0115] Exa
be exceeded.

15 EXAMPLES
[0097] The present invention is described below using
examples, but the present invention is not limited by
these examples.
The solvents given in parentheses for TLC and in the
20 sections on chromatographic éeparation indicate the
elution solvents or development solvents used, and the
proportions are volume ratios.
Unless specifically indicated otherwise, the NMR
data is data for 'H-NMR.
25 The solvent used in the measurement is given in
parentheses in the NMR section.

[0098] The compound names used in this Description are

generally names generated based on ITUPAC naming rules or

generated using ACD/Name (registered trademark), a

30 computer program from Advanced Chemistry Development,

Inc., that performs naming based on IUPAC rules.

[0099] Example 1
N,N-dibenzyl-6-chloro-5-nitropyrimidine-4-amine
Dibenzylamine (10.2 g) in a dichloromethane (30 mL)

35 °  solution was added dropwise on an ice bath to a
dichloromethane (70 mL) solution of 4,6-dichloro-5-
. nitropyrimidine (10 g). This was followed by the



- 48 - 9-(1-acryloyl-3-azetidinyl)-6-am no-7-(3-nmethoxy-4-
phenoxyphenyl) -7, 9-di hydr o- 8H purin-8-one TLC. Rf 0.18 (ethyl acetate);
11-1-NWMR (CDC13): 8 3.90, 4.45-4.65, 4.80-4.90, 5.05-5.15, 55.35-5. 45,
5.72, 6.26, 6.39, 6.90-7.40, 8.25. [0116] £&anple 8(9)

9- (1-acryl oyl-3-azetidinyl)-6-am no-7-(3-fluoro-4-

phenoxyphenyl)gc?d:@cfgrh)(ﬁr %ﬁ@tﬂ?l‘aﬁuﬁeogﬂu-(fnmmargi %Ytl(rertlrﬁéj f@?etlat e)
101H NMR ( CDC13): 5-5.15 .

6.25, 6.40, 7. fmslll? 4Z“af@xzeva5[ Ghen Bddrgl Bogih@)reaction mlxture and

9- (1-acryl oyl-ghazetdH iy DafrafiaR0slibkénlidntty washed with saturated
dlchlorophenOE%% 3- net hoxyphen dr o- %kaurln 8- 150ne TLC Rf

1] -7, 9- dlh

0.20 (ethyl acEfHt®s %Q§3§§DF'%@rédﬁzso&uﬁ7°n4a dyiegp ovgry pnhygsous, oo-
20?81112] g.()-S. Fﬁ)dﬁlﬁkul&a& S'I%% s@lQ%ntha%Q caﬁéﬁltﬂaiﬁ Wdkt [4-(3

anpl e -(1-acrylo azetidi -
fl uorophenog)lb%cg% -pffegisd%rﬁy&%opgﬁaéﬂr ?é% egty eﬂ‘@lgclg nq ¢ 3? ?ef—I
acetate : netHanalng ﬁHéeﬁﬂnéumﬁln@r@p%rtylval@eljndiﬁﬁMédWM%lbﬁD013) 8
4.50. .50, 480 B0 & 428,00, Gfhy 8208750 H, 17 733
9-(1-acryl oyl- EDkQQﬁldld&ﬁ@EQ_J@ no-7-[4- (3, 5-
di f | uor gghenoxy) pher!lé’x]d b tﬁ/ {ﬁ%o J%H'beH%fyfarg x%‘ =SNG o 10 8 nlathy!

acetate : nethanol t'Fiet
yl}amlno}azetldlne l-carboxylate

The compound (10.3 g) prepared in Example 1 and
tert-butyl 3-aminocazetidine-l-carboxylate (5.0 g} were
- dissolved in dioxane (58 mL); triethylamine (8.1 mL) was

15 added; and stirring was then carried out for 5 hours at

50°C. The reaction mixture was returned to room
temperature; the solvent was then distilled off; water
was added; and extraction was performed with ethyl
acetate. The organic layer was washed with saturated
20 aqueous sodium chloride solution and subsequently dried
over anhydrous sodium sulfate and the solvent was then
distilled off. The residue was purified by =silica gel
column chromatocgraphy to obtain the title compound {10.8
- g) having the physical property value indicated below.
25 TLC: RE 0.40 (hexane : ethyl acetate =4 : 1).
- [0101] Exanple 3
tert-butyl 3-{[5~amino-6-(dibenzylamino)pyrimidin-4-
yl]aminolazetidine-l-carboxylate
An ethyl acetate (360 mL) scolution of the compound
30 (17.5 g) prepared in Example 2 was added dropwise to a
mixture of zinc (23.3 ¢g) and a 3.0 M agueous ammonium
chloride solution (11.4 g) on an ice bath and the
temperature was immediately raised to room temperature.
After stirring for 2 hours, the reaction mixture was
35 filtered on Celite (trade name) and the solvent was then
distilled off. The residue was purified by silica gel

column chromatography to obtain the title compound (12.4



111-NMR (CDC13): 8 4.50, 4.59, 4.85, 5.08, 5.42, 5.71, 6.25, 6.39,
6.57-6.62, 7.19, 7.45, 8.26. [0120] Exanpl e 8(13)

359-(1-acryl oyl- 3-azetidi nyl)-6-am no-7-(2-fl uoro-4-

phenoxypheny1) - 7, 9- di hydr o- 8H puri n-8-one44--49 - TLC. Rf 0.47 (nethanol :
ethyl acetate = 1 : 19); 1H NWR (CDCl3): 8 4.40-4.60, 4.80-4.90, 5.00-5.10,
5,35 5,95, S.qRindyidhy hhnyB1807 o500eBr 24val (4 24 karmlee vRE ).

59-[ (1-acryl oyl Pﬂqperldl n%‘ -6-ammno-7-(4
phenoxypheny 1)t Piiﬁﬁlﬁrl neﬁhﬁﬂaea‘{:@:@?ﬁ TFLG IRf- 0.50 (ethyl
acetate : nEthEUKHZ}— 19EmaﬁpleIQ1H-NNR (CDC13) 8 1.27-1.44, 1.72-1. 86,

2.18-2.37, 2.66, 3.04, QE?U*“é;U 66, 6. 24, 6,56, 7. 03-
7.24, 7.32-7.46, 8.5 CTOAD ﬁp|§l§695¥13mlno)‘ -oxo-7,8-dihydro-
6- anmi no-9-[ 1- (QHHpHﬁMﬁHﬂﬂMD]a&ealahhdkny&hrﬁoﬁﬁlate

15phenoxypheny1) 7 -di h dro SH %UI’I n-8-one_ TL %th filcg[t,ate :
§)3P8ReATES. iny Tpnpiss S b, 15

nmet hanol = X 13)
4.80- 4.87, ESdeHbﬁMidﬂimmﬂdio4& (B..054g7. ﬁére7dfﬁhdavﬁﬁ it 24 [0123]

(Ei(lagﬁlaﬁo%éﬁ)eny%ﬂ@rg}%u%d:‘%%gaopﬂ@ﬁElf gﬁ‘ggéryké} %f p%rr iy et hi/il ¥ a(7:et ate :
met hanol =.19 Houpg &HEWR. ( CRELE): tBe 2s@Brehtdhad?2 bé8n3d0$£ 13168 Br&s,
CEAAS 10 - the reaction mixture, water was added and extraction with
ethyl acetate was performed., The organic layer was
washed with saturated aqueous sodium chloride solution
and dried over anhydrous sodium sulfate and the solvent
was then distilled off. The residue was purified by
15 silica gel column chromatography to obtain the title
compound (7.8 g} having the physical property value
indicated below. ,
TLC: Rf 0.28 (hexane : ethyl acetate = 2 : 1).
[0103]  Example 5
20 . tert-butyl 3-(6-amino-8-oxo-7,8-dihydro-9H-purin-9-
yl)azetidine-l-carboxylate
The compound (7.8 g) prepared in Example 4 was
dissoclved in methanol (240 mL) and ethyl acetate (50 mlL);
20% Pearlman's catalyst (Pd(OH)./C) (8.0 g, 100 wt%) was
25 added; replacement with hydrogen was carried out; and
stirring was performed for 7.5 hours at 60°C. The
reaction mixture was filtered on Celite (trade name) and
the solvent was distilled off to obtain the title
compound (5.0'g) having the physical property value
30 indicated below.
TLC: Rf 0.50 (ethyl acetate).
[0104] Example ©
tert-butyl 3-[6-amino-8-oxo-7-(4-phenoxyphenyl)-7,8-
dihydro-9H-purin-9-yllazetidine~1l-carboxylate
35 p-phenoxyphenylboric acid (2.1 g}, copper(II)
acetate (1.48 g), molecular sieve 4A (2.5 g), and

pyridine (0.82 mlL) were added at room temperature to a



3.81, 3.90-4.19, 4.26-4.36, 4.51, 5.14-5.32, 7.02-7.26, 257.27-7.46, 8.21.

[ 0124] Exanpl e 8(17)

6-am no-9-{(3R)-1-[ (2E) - 2- but enoyl] - 3-pyrrol i di nyll-

7- (4- phenoxyphenyl) - 7, 9-di hydr o- 8H puri n=8%me TLC. Rf 0.41 (ethyl acetate
met hanol = 19 : 1); 301H NWR (CDC13): 8 1.88, 2.19-2.43, 2.82-3.05,

3.50-3. 74, as&-iehagmﬂneagsﬁ 0206 rﬂfg, %o%n%ﬂo@l & 18e BofBouda 08,4 23,

7.34-7.46, 8.22. 7750 -
6- am no- 9- ([ 1- GehPécpasety in- ﬂxympbe.@; Jheetetely Py- stirring for 21

7-(4. phenoxypheoulh: 7. Bndl budeos 87 purirdk e ByGecRbglofieletby! acetate
: nethanol = 19 : 1); -1 87, 2.19-2.37,

2.65, 3.10, 3. éir§d95na§e©16n@ 9@6 Hﬁ§ﬁﬁuﬁlWﬁﬁu@UGSfl¢dOB¥752%lC¢ gl 7. 46,

8. 25. [OEQG]EX%@QhQnBEEQbmatography to obtaln the title compound (1.3
9-[(1-acryl oyl eridin

l
10ami no- 7- ( 4- pﬁéng%yﬁﬁ€n§ﬁg gsﬁ?ﬁidgﬁp HJHW%4u§ dREiPRECARPeRO%S (et hyl
acetate : nethamgl: Rf90:.18); hekhh@ﬁ{(élxyiﬂacéiakel5 11:3731. 85, 3.21-3.50,

g:ZQTBig?blg%?éQiﬁéﬁe S(EZ-ﬁng,75.64, 6.24, 6.56, 6.97-7.23, 7.31- 7.50,

6-am no-9-{1-[ (2E) - Brbmn6069i¢zétﬁdﬁm+BHWW{H—@F@&ﬁnoxyphenyl) -7,9-

prenphEn) ) s e B B bR Ty T 63 (et scstate

205. 39, 5.94, 6.93, 47NORy@reohlgrie, aGid%ﬁﬂbXﬁhe 8123mLDOm28]E§dﬂ@I£t8(21)

|9h{y L(3R) - 1-act Yookl rdnpytbelid! eyl A "Bhiydds P dlehidnBhenexyRipryd) - 7. 9~ d
the compound (1.3 g, 2.76 mmol, 1.0 equivalent} prepared
in Example 6 and stirring was carried out for 1 hour.

15 The solvent was then distilled off to obtain the title
Compound (1.5 g) having the physical property value
indicated below.

TLC: Rf 0.50 (dichloromethane : methanol : 28% agqueous
ammonia = 9 : 1 : 0.1}.
20 [0106] Example 8
9-{l-acryloyl-3~azetidinyl)~6-amino-7-(4-
phenoXyphenyl)—?,9—dihydro—8H—purin—8—one
[C 23]

0

25 Triethylamine (1.1 mL) was added to a suspension in
dichloromethane (16 mL) of the compound (1.5 g} prepared
in Example 7 and a dichloromethane (10 mL) solution of
acryloyl chloride (0.32 mL) was then added dropwise at -
10°C. The solvent was distilled from the reaction mixture

30 followed by'the addition of water and extraction with

methylene chloride. The organic layer was washed with a



TLC. Rf 0.49 (dichloronethane : nethanol : aqueous 25ammpnia = 9 : 1 :
0.1); 31-1-NWR (CDC13): 8 1.77-1.97, 2.02-2.19, 2.83-3.01, 3.38- 3. 62,
3.66-3.83, 3.98-4.11, 4.42-4.54, 5.61-5.70, 6 30- 6.45, 7.04-7.23,
7.36-7.43, 8.23. [0129] Exanpl e 8(22) - 46

309-{[(2S)-1-acryl oyl-2-pyrrolidinyl]nethyll-6-am no-

7- (4- phenoxyphgRyh)a ¥ ed- dhh¥GL9- S5h AW | Shi8ARe gb@utﬁgn aﬁé dried quer

(di chl oronet hane : nethandl : aqueous ammonia = 1); 1HN
(CDC13): 8 1.8znbydgous. ggdiumgsubfae: Fmh the 991vent5was 40380 Bl e 9

tert-butyl (3R%f§ [[@hédeQD&Néaﬁéémﬁuﬁ%fled by silica gel column
nitropyrimdin-4-yl]am nol pi peridi ne-1- carbOXﬁIate The title conpound (1.44

g) having the 5H§§W€5Pgr§P%Yob%r?9x%%ﬂlﬁﬁﬁy epePBReRas 6Bt &ided by

fol l owi ng t he h’éﬂ‘@n@r Q§é5§h§r§1@£ﬁt1@r@§eﬁﬁy Bsamelse i 2dushbgdt kel spnpound (1.5
g) produced in EéanB 3 ? using tert-butyl (3R)-

3- anlnoplperldF Pb% y %f%yikﬁ%ﬁﬁiﬁ €)in" place of the tert-butyl

3-ami noazeti di h@—ﬁm@a(@myg atg. 4 197 L 6 R 0.2 4(exaneos-6thyl acgjate =

: 1). [0131] Exanmple 10

6- am no- 7- (4- pReAdxyphéhy) 19 [ ¢ 38 =%i Hor idide—5-¢8y-7.07-7.23, 7.35-

7, 9- dlhydro 8H7puni ng820ne di hydrochl oride The title conpound (155 nm)

haV|ng QF phyiéiﬁé 15pr gpert | e given b LOA 1S obt ai ned by follow ng
the sane proce ﬁplat ) ' e 4 -* Exanple 5 -
Exanpl e 6 - Exanpl eTHe usemglahye @@fmunﬂs @ﬁ.@@lmCﬁélbﬂ s agpbiet M eedl wasi ng
p- phenoxyphenylborlc acid (154 ng). 20TLC. Rf 0.68 (nethanol _:

di chl or onet hané®! aaaeaughfanﬁ%rﬁmpmws tryplake apoiBoEEsupbt el 1

6- am no- 9- {(3R)3xém{)iéEi $(1§(¥a{ﬁgﬁl®|3a'l‘->n9}arﬁ%le7 9- d| ﬁilgamgle 5 = Example

but enoy11- 3- pi peridi nyl)-7 henoxyphen
6 — Example 7 —» Example 8, using 4,6-dichloro-5-

15 nitropyrimidine, using tert-butyl 3-aminoazetidine-1-
carboxylate or the corresponding amine derivative in its
place, using acryloyl chloride or the corresponding acid
chloride in its place, and using p-phenoxyphenylboric
acid or the corresponding boric acid in its place;

20 [0108] Example 8 (1)

-[{3R)-1-acryloyl-3-piperidinyl]-6-amino-7- (4-

phenoxyphenyl) -7, 9-dihydro-8H~-purin~8-one

TLC: Rf 0.33 (ethyl acetate);

'H-NMR (CDCls): & 1.64-1.78, 1.90-2.12, 2.55-2.80, 3.10-
25 3.22, 3.63-3.74, 3.99-4.12, 4.40-4.55, 4.73-4.82, 5.66-

5.72, 6.26-6.31, 6.53-6.65, 7.07-7.22, 7.36-7.44, 8.23.

[0109] Example 8(2)

9-(l-acryloyl-3-azetidinyl)-6~amino-7-~{4-{3-
chlorophenoxy) -3-methoxyphenyl] -7, 9-dihydro-8H-purin-8-

30 one
TLC: REf 0.25 (ethyl acetate);
'H-NMR (CDCls): & 3.88, 4.47-4.62, 4.83-4.89, 5.07-5.12,
5.39-5.48, 5.70-5.74, 6.21-6.30, 6.37-6.43, 6.87-6.91,
6.95-7.00, 7.08-7.13, 7.24-7.29, 8.21.
35 [0110] Example 8(3)
9-(l-acryloyl-4~piperidinyl)-6-amino-7- (4~




258H purin-8-one [C 25] Triethylamne (1.40 nL) was added to a

di chl oronet hane (6 nL) solution of the conpound (1.20 g) 30produced in
Exanpl e 10. 4-bronocrotonyl chloride (0.5 Mdichl oroethane solution, 5.04
m.) was added on an ice bath and the reactd/om m xture was stirred for 30

mnutes - 52 - on an ice bath. After concentration a saturated aqueous
sodi um bi car bopgt.g L 1) WaSg & l. age e extraction was
per f or med. TheBobtggggg o?gaﬁ?c | ay fﬁg%%l g Bﬁéa sat urat ed agueous

sodi um chl ori d&L&sl BEi Bn38ahetinak QﬁétﬁF%WEr sodlun1sulfate filtered, and

concentrated. Tgty R ans( ) loam ne, €250

t et rahydr of ur an s&@Q fgégl ﬁnﬁ)g%e%gggﬁg%gﬁ%gy@ﬁé ?e%%duezz%d4h%%tlng was
carried out fo#. 22hoﬂré8at45B&I4T®@5 45 F401950Wed 6By 51 VB r @t 2616 a3vt, t hen
10concentg ati og. ghg ggsu#t%@g7rf§ldperyafzﬁprbflgd b¥45|é %9 gel colum

chronatography&géexan acetate = t hyl " acefate -* et hyl

acetate : nethdRéLl] trléimmbmﬁhé‘l): 18: 2 : 1) to yleldthetltle
conpound (0.66 g) hayi { be_ Sgl d(5bel ow. 20
The exenpl ary conpogné@gRlvgnQ(Eyfiﬁli f§¥ﬁ§§5g? Fﬁ%ﬁ?ﬁg the sane

process tenplaPBe§§XVﬁhE&thT%r@rdihzﬁﬁﬁaﬁﬁﬂﬂyr}O‘B*OEﬁanpIe 11, using the
conpound produged:i RrE5aD! eclioHSEREn t erfethidil : agueous ammonia =
(3R) - 3- anlnoplgerldlne 1carboxy|ate or the correspondi ng am ne derivative
inits ace ang B ph oxyphenylborlc acid or the correspondi ng boric

acid in its plageym@nEciisi, gg 609' Q‘El@}’!lé‘mﬂeazof:a loke eokkespepdi Bggqni ne

derivative in its place. n% mpl e 11(1)
6- am no- 9- { 1- [ ¢2Ep- 44(69 tﬁ%}aﬁ1hba5:ﬁ2nuiwﬁﬁﬁﬂ 73, 6.34-6.58, 7.04-
azetidinyll-7-G4sphenoxyphenyl)g 71§=4li syydr o- 8H purin-8- 35one TLC: Rf 0.21

et hyl acetate hanol : trleth | am ne =
( y [01?55 Example B g

15 9-[(38)-1l-acryloyl-3-piperidinyl]-6-amino~7~ (4-
phenoxyphenyl) -7, 9-dihydro-8H-purin-8-one
TLC: REf 0.71 ({(chloroform : methanol : aqueous ammonia =
80 : 10 : 1); _
H-NMR (CDCls): & 1.52-1.80, 1.88-2.17, 2.51-2.84, 3.07-
20 3.26, 3.59-3.76, 3.94-4.16, 4.38-4.63, 4.66-4.90, 5.61-
5.80, 6.21-6.40, 6.48-6.72, 7.03-7.25, 7.33-7.50, 8.23.
[0113] Example 8 (6)
9-[(38)—-l-acryloyl-3-pyrrolidinyl]-6-amino-7- (4-

phenoxyphenyl) -7, 9~dihydro-8H-purin-8-one

25 TLC: RE 0.50 (ethyl acetate : methanol 19 : 1)
'H-NMR (CDCl3): & 2.23-2.43, 2.84-3.04, 3.55-3.73, 3.91-
4.08, 4.12-4.19, 4.26-4.32, 4.47-4.49, 5.13-5.27, 5.66-
5.73, 6.35-6.54, 7.03-7.28, 7.33-7.43, 8.20-8.22,
[0114] Example 8(7)

30 9-(l-acryloyl-3-azetidinyl)-6-amino-7-[4- (3-

I

chlorophenoxy)phenyl] -7, 9-dihydro-8H-purin-8-one

TLC: Rf 0.53 (chloroform : methanol : aqueous ammonia = 9
1 : 0.01};
'H-NMR (CDC13): & 4.46-4.61, 4.85, 5.08, 5.42, 5.71, 6.24,
35 6.38, 6.96, 7.08, 7.13-7.18, 7.32, 7.42, 8.24.

[0115] Example 8(8)




-53-9:1: 0.5, 1HNW (CDC13): 8 2.27, 3.08-3.10, 4.45-4.60,
4.80-4.86, 5.05-5.10, 5.36-5.44, 6.06-6.12, 6.87-6.96, 7.07-7.15,
7.17-7.23, 7.35-7.44, 8.24. [0135] Exanple 11(2)

6- ami no- 9-{1-[ ( 2E) - 4- (4- nor phol i ny1) - 2- but{énoy1] - 3-
azetidinyll-7-(4-phenoxyphenyl)-7, 9-di hydro-8H purin-8- one TLC

0,48 (ot acetatos: o3 bapslyi {1l SlAIE cahless 1 Gl TR
5.36-5. 46, 6. 0BheNaBYPEeBAL b~ B~ dilorirn-B-pRrin-9-ope 7.34.7.42. 8.23

[ 0136] Exanpl e 3¢ 3) re 1661 81 &0s Ir {{BRrtks)l;( 2E) - 4- (dI met hyl ani no) - 2-
but enoyl | - 3-pyrrolidinyll-7-(4-phenoxyphenyl)-7,9- di hydro-8H purin-8-one

[C 26] 2.20-2. 42NMR 8164 8. 529G, 76, 430054 442044530, 551055 25,

6.20-6.38, 6.88:34.8734; 46,78, 20:5% 2% .39, 6.90-7.40, 8.25.
- [0116] Example 8(9)
9-(l-acryloyl-3-azetidinyl)-6-amino-7-(3-fluoro-4-
phenoxyphenyl) -7, 9-dihydro~8H-purin-8-one
TLC: Rf 0.27 (ethyl acetate); ,
10 '"H-NMR (CDCls): & 4.45-4.65, 4.80-4.90, 5.05-5.15, 5.35-
5.45, 5.72, 6.25, 6.40, 7.05-7.42, 8.26.
[0117]  Example 8(10)
9-(l-acryloyl-3-azetidinyl)-6-amino~-7-[4-(3,4~
dichlorophenoxy)-3-methoxyphenyl]-7, 9-dihydro-8H-purin-8-
15 one
TLC: Rf 0.20 (ethyl acetate);

H-NMR (CDsOD): & 3.82, 4.47, 4.59, 4.72, 4.77-4.95, 5.00-
5.09, 5.40-5.53, 5.77, 6.28, 6.41, 6.91, 7.09, 7.28,
7.43, 8.17.
20 [0118] Example 8{11)
9-(l-acryloyl-3-azetidinyl)-6-amino-7-[4-(3-
fluorophenoxy)phenyl]—?,9—dihydro—8H—purin—8~one
TLC: Rf 0.73 (ethyl acetate : methanol : triethylamine =
9 : 1+ 0.1); _
25 'H-NMR (CDC13): & 4.50, 4.59, 4.85, 5.08, 5.42, 5.72,
~ 6.25, 6.40, 6.78-6.93, 7.17, 7.33, 7.43, 8.26.
[0119] Example 8(12}
9-{l-acryloyl-3-azetidinyl)-6-amino-7-[4-(3, 5-

difluorophenoxy)phenyl]-7, 9-dihydro-8H-purin-8-one

30 TLC: Rf 0.78 (ethyl acetate : methanol : triethylamine =
9 : 1 : 0.1);
'H-NMR (CDCls3): & 4.50, 4.59, 4.85, 5.08, 5.42, 5.71,
6.25, 6.39, 6.57-6.62, 7.19, 7.45, 8.26.
[0120] Example 8(13)

35 9-(l-acryloyl-3-azetidinyl)-6-amino-7- (2-fluoro-4-
phenoxyphenyl)—?,9—dihydro—8H—purin—8—one




[0137] Exanpl e 11(4) 256-am no- 7- (4- phenoxyphenyl)-9-{1-[(2E)-4-(1-

pi peridi nyl)-2-butenoyl ] -3-azetidinyll-7,9-di hydro-8Hpurin-8-one TLC. Rf
0.48 (ethyl acetate : methanol : triethylamne =9 : 1 : 0.5); 301H NWR
(CDC13): 8 3.14, 4.44-4.60, - 54 - 6.1T, 48.89-6.99, 7.07-7.15, 7.17-7.23,
7.35-7.44, 8.24. [0138] Exanpl e 11(5)

6- ani no- 7- (4- phenoxymhenyi) mMd12E) w4h(4- acetate = 9).;

t hi ormor phol i ny1) - 2- butenoyl -3-azetidinyll-7,9- dlhydr08H-pur|n 8-one TLC
Rf 0.58 (ethyl Fad@Rat(€DClakt Marbl40-4rG0st HyBQnﬂn@O- 9.0015:1®@. 5,354 NMVR
(CDC13): 8 2. 7 1 7, 4 80. 86, 5.04-5.09,
5.36-5.44, 6. (63553 4251% 732 563251 0 ?9817641% 1§0 81447.23, 7.35-7.44, 8.24.
[ 0139] Exanpl e hQ¥%3] Xampkﬂn&ﬁiﬁg 11-[ ( 2E) - 4- ( 3- ox0- 1- pi per azi ny1) - 2-
but enoylk- 3- azeti di qwyldy 7 qgﬂg X) 4%ﬂ$ - §4Qne
15TLC. Rf 0.16 (et hyl[gi-:eg%célﬁ/e VANPRRERN A rf1 PP T PRl ol 5) :
11- 1- NMR ( CDCIgyen@ yphenyl )7, Q?QE@Y@§OZQH3P221H3 G%W% 40 4.45-4.59,
4.81-4.87, 5.08=5%4p0, 5.37-5.47, 6.05, 6.10- 6.16, 6.84-6.93, 7.07-7.15,
7.17-7.23, 7.36-7.44, 8.24, 20[0140]Exanp|e 11(7)

6- am no- 7- ( 4- phenoxyph -{1-[(2E)-4-(1-
pyrrolidinyl)-2- buteno azetl di nyl | -7, 9-di hydr o- 8Hpuri n- 8-one
TLC. Rf 0.39 (et hyI . nmethanol : triethylamne 259 : 1 : 0.5);

B

TLC: Rf 0.50 (ethyl acetate : methanol = 19 : 1};

10 'H-NMR (CDCls): & 1.27-1.44, 1.72-1.86, 2.18-2.37, 2.66,
3.04, 3.90, 4.00, 4.51, 4.67, 5.66, 6.24, 6.56, 7.03-
7.24, 7.32-7.46, 8.25.
[0122] Example 8 (15)
6-amino-9-[1-(chloroacetyl}-3-azetidinyl]-7-(4-
15 phenoxyphenyl) -7, 9-dihydro-8H-purin-8-one
TLC: Rf 0.41 (ethyl acetate : methanol = 19 : 1);
'H-NMR (CDCl3): & 3.96-4.05, 4.44-4.53, 4.62-4.72, 4.80-
4,87, 5.08~5.16, 5.38-5.48, 7.05-7.24, 7.35-7.43, 8.24.
[0123] Exanmnple 8(16)
20 6-amino-9-[ (3R) -1- (chlorocacetyl) -3-pyrrolidinyl]-7-
(4-phenoxyphenyl) -7, 9-dihydro~8H-purin-8-one
TLC: Rf 0.49 (ethyl acetate : methanol = 19 : 1);
'H-NMR (CDC13): 8 2.20-2.48, 2.78-3.01, 3.50-3.63, 3.64-
3.81, 3.90-4.19, 4.26-4.36, 4.51, 5.14-5.32, 7.02-7.26,
25 7.27-7.46, 8.21.
[0124] Example 8(17)
6-amino-=9-{ (3R) ~1~[ (2E)-2~-butenoyl] -3-pyrrolidinyl}-
- (4-phenoxyphenyl) -7, 9-dihydro-8H-purin-8-one
- TLC: Rf 0.41 (ethyl acetate : methanol = 19 : 1);
30 'H-NMR (CDCl13): & 1.88, 2.19-2.43, 2.82-3.05, 3.50-3.74,
3.88-4.18, 4.20-4.30, 4.48, 5.08-5.16, 6.13, 6.95, 7.05-
7.23, 7.34-7.46, 8.22.




1H NWVR (dDC13): 8 1.79-1.83, 2.50-2.65, 3.28-3.31, 4.44- 4.60, 4.80-4.85,
5.04-5.09, 5.35-5.45, 6.10-6.15, 6.90- 6.99, 7.06-7.14, 7.16-7.22,
7.35-7.43, 8.23. [0141] Exanple 11(8) 306-am no-9-(1-{(2E)-4-[(2-

hydr oxyet hyl ) (met hyl)amni no] - 2-but enoyl)-38Qazeti di nyl) - 7-

(4- phenoxyphenyl) -7, 9-di hydro-8H purin-8-one TLC. Rf 0.40 (clichloronethane

. methanol : a amm = %(18 : 0.1); 351H NMR (CDC13): 8 2.29,
2.57-2.61, 3.23-3.26, 3. 4-4.59, 4.80-4.86, 5.04-5.09,
5.36-5.46, 6.06-6. JﬁramLHQﬁﬁ -{ [8.-86:08.0992 c7 LY} 74115 per by 1d@e thyds 7. 42,
8.24. [0142] Expnpl 8, henyl) =1, 9-d3 h dro-8H-~ -8~

6-am no- 7- ( 4- phenox hen J’S y (3R) - E) o4 1}':-)urln one

pyrrolidinyl) -2ehutEhdy134 leolaiC@ltﬁ fl 7mgt]@|@ myHro-8H-: Spuri n- 8- one TLC:

Rf 0.42 ¢chlor Lhan 9 £DbCl 3 7

2.15-2.4 25?31(@0(035%815?030%143]3]2:)9323 é 9?191?2%7 ?% 436
4.51, 5. 10- 5. 28106. %-631'63 Pp,7. ?0491,7 406467 24507 %75?—%3,8 RLS-T7.23,

10[ 0143] Exanpl ¢ 44(10s, g

6- ami no- 7- ( 4- phen %ﬁpheq¥l) 9 {(3R) - 1 [ (2E) - 4- (1-

pi peridinyl)- 2L Qg oyI] )nyl | -7, 9-di hydr o- 8Hpuri n-8-one TLC. Rf
0. 39 (chI orof orm : gret hpnoly - etk 1&@%&@3&% 1) i@ thy35-%-50,

1.51- ?g 2.20-2.48 2 82- %3%? 3.12, §3 52 75 8-4. 1§a§4 21- 4. 33,
4.51, 51Bo- 5 .3Bing by{4-Phsmnorymheny o577 9291 hydro-gHizpurigFyone

[ 0144] Exanpl e Md¢119f 6580 et (@R)catel (Z@tﬂalﬁ&l nerpholinyl) - 2-

20but enoyl1] - 3-pyrrolidin phenox phenyl)-7,9- di hydro 8H pur| n- 8- one
TLC. Rf 0.51 (chiRof( }nvéhh LS %

3. 21 3.50, 3.70-3.99,
4.03-4.23, 4.52-4.73, 5.64, 6.24, 6.56, 6.97-7.23, 7.31-
7.50, 8.21.

15 [0127] Example 8(20)

‘6—amino-9-{1-[ (2E}-2-butenoyl] ~-3-azetidinyl}-7- {4~
phenoxyphenyl)~7, 9-dihydro-8H-purin-8-one
TLC: Rf 0.63 (ethyl acetate : methanol = 9 : 1);
'H-NMR (CDCl;): & 1.89, 4.46, 4.51, 4.79, 5.03, 5.20,
20 5.39, 5.94, 6.93, 7.07-7.10, 7.19, 7.36-7.43, 8.23.
[0128] Example 8(21)
9—{[(3R)~1l-acryloyl-3-pyrrolidinyllmethyl}-6-amino-

7—-{4-phenoxyphenyl) -7, 9~dihydro-8H-8-one
TLC: Rf 0.49 (dichlorcmethane : methanol : agueous

25 ammonia = 9 : 1 : 0.1);
'H-NMR (CDCli): & 1.77-1.97, 2.02-2.19, 2.83-3.01, 3.38-
3.62, 3.66-3.83, 3.98-4.11, 4.42-4.54, 5.61-5.70, 6.30-
6.45, 7.04-7.23, 7.36-7.43, 8.23.
[0129] Example 8(22)

30 9-{[(2S)-1-acryloyl-2-pyrrolidinyl]methyl}-6-amino-

7—(4—phenoxyphenyl)—7,9~d1hydro—8H—purln~8-one

TLC: Rf 0.44 (dichloromethane : methanol : aqueous

ammonia = 9 : 1 : 0.1);

'H-NMR (CDCl3): & 1.87-2.28, 3.46-3.78, 3.86-3.96, 3.99-
35 4.10, 4.15-4.23, 4.40, 4.45-4.60, 4.81-4.91, 5.54-5.72,

6.16-6.44, 6.86-6.97, 7.04-7.22, 7.36-7.45, 8.21-8.26.



1H- NWR (CDC13): 8 2.19-2.54, 2.83-3.05, 3.14, 3.51-3.77, 3.89-4.19,
4.21-4.32, 4.57, 5.10-5.28, 6.31, 6.87-6.99, 257.04-7.23, 7.34-7.46, 8.21.

[ 0145] Exanpl e 11(12)

6- anmi no- 7- (4- phenoxypheny1) - 9- {(3R) - 1- [ 28} -4- (4-

t hi onor phol i ny1) - 2- but enoy1] - 3- pyrrolidi nyl)-7, 9-di hydr o8H puri n-8-one
30TLC. Rf 0.5 or of hanol = 9 : 1); 1HNWR (00013): 8
2.10-2.43, 2. g%:ﬁﬂy g%%@gi%g@.3 15, 3.51-3.74, 3.89-4.19, 4.22-4.33,
4.51, 5.00-5.28, 6.tBrt-bugels (38)-3-0467 (QEberzBRmEm) -5, 22. [ 0146] Exanpl e

11(13) 356- afjina- 1Rk %L%EhaﬁlhgﬁEiﬁéffﬁfﬁggf”EdYﬂoﬁ%late

but enoyl1- 3-pyrroli |ny1] 7- (4-phenox L

di hydr o- 8H pur i n- 8-Ti%e ttde RPmQOB@d( h?ﬂ ek ehaitiany the waysical
triethylgnm ne gz ert an.u@ ﬂﬁénNMBlGQDQéé)obLSaﬂnébﬁb& 1>118wdfy2¢4d, 2. 35,
2.59, 2.82- 53.0 8 3. 77, 23-4.33, 4.50, 5.10- 5.28,

6.38. 6.88-6. ST Hﬁ?cfﬁsfstewpéét? @é 19 %&amffb%@?]%eéwplt@elfem?und
g am no- ia 1(350}%[%Z@ro@id@dmhﬂmkampm@)ﬂ%d using tert-butyl (3R)-
utenoyl] -3-pyyrol.idinyll eno -%, - .
L0 hyfir o- 315 BTSSR (NSl FECOORY IOt aH {1 5 1 or retlAsheOf FBEhanol -
aqueous annnnimert{butyﬂ B3-@minpatretHIMVR-{ CEEAR)xy18B.64. 20, 4.24-4.32, 7.00,
7.05-7.2 .
G o ot 11 (OIE) B Careh iARPSo) - 51BUt eAB51ES" ©
20azet|d|ny1) -[0Y3 phendrapipéry 10- 7, 9- di hydr o- 811- puri n- 8-
6—amino—~7~ (4-phenoxyphenyl)-9-{ (3R) -piperidin-3-yl}-
7, 9~dihydro-8H-purin-8-one dihydrochloride
The title compound (155 mg) having the physical
15 property value given below was obtained by following the

same process template as in Example 3 — Example 4 —

Example 5 — Example 6 — Example 7, using the compound
produced in Example 9 and using p-phenoxyphenylboric acid
(154 mg).
20 TLC: Rf 0.68 (methanol : dichloromethane : aqueous
ammonia = 80 : 20 : 4).
[0132] Example 11
6-amino-9-{ (3R} ~1-[ (2E)-4- (dimethylamino)-2-
butenoyl]-3-piperidinyl}-7-(4-phenoxyphenyl)-7, 9-dihydro~
25 8H-purin-8-one
[C 25]"

Triethylamine (1.40 mL) was added to a
dichloromethane (6 mL) solution of the compound (1.20 g)
30 produced in Example 10. 4-bromocrotonyl chloride (0.5 M
dichlorcethane solution, 5.04 mL) was added on an ice

bath and the reaction mixture was stirred for 30 minutes



one TLC. Rf 0.47 (ethyl acetate : nethanol : triethylamne =9 : 1 : 0.5);
1H NWVR (CDC13): 8 1.01-1.06, 2.51-2.58, 3.25-3.27, 4.44- 254.59, 4.81-4. 86,
5.04-5.09, 5.36-5.46, 6.07-6.13, 6.91- 7.00, 7.07-7.15, 7.17-7.23,
7.36-7.44, 8.24. [0149] Exanple 11(16) - 52 -

6- am no-9- (1-{(2E) - 4-[ et hyl (net hyl ) am no] - 2-

but enoyl) - 3- azet i {4-p i hyd 9%{8&% r ne
TLC. Rf 0. 50 (%hg?n%%éet%? 2T T angz’%éﬁfét%ﬁ d e REEud]e
0.5); 1H NMWR (@3@1139 bigmchome Zdatipniyag, asdee axsd 3e11la/l ALK,

4.80-4.86, 5.0425r0%i5h 3&@3§;§’é§f cﬁ‘rt%'éi’fs ¥Re gbgglﬁeg%ggagﬁc? l]a':_j»er whb 7. 23,
7.36-7.44, 8.24. 5[0150] Exanple 11

2-{[(2E)-4-(3- T@ﬁgﬁﬁrﬁ;@hdyd&#ﬂp&ﬂﬁﬁ%ﬁ@&@@ﬁgnygglum chloride solution

7, 8-di hydr o- ObhRaINids 9d35’ﬂeld loxaezxe'[ddjil'iﬁ‘nl%uifﬁiée Zny%.@f@chylaﬂmet hyl) am no) ace
tam de TLC. Rf 0.30 (et th acetate : anol : triethylamne = 109
: ey . B

© 1 : 0.5); 1HNMEER yoyogprag, é§ @Lt5an@t Fetipyamangl - 4. 87,
5.04-5.09, 5.37250 47, tétﬁhycﬁrc(ﬁnﬁanlhol@tgén@ 843 ALPWwere Gddadlio

7.17-7.23, 7.35-7.44 . 24, Ie 11(18
156- ani no- 9- { ( ﬁ??%éﬁﬁ qp{ %h§1 aﬁofa§$1eé out for 2 hours at
but enoy1] - 3- pys Q. dithiklwérs( FonhenedyBhenyld ros fon ddy dhen8H purin- 8-one

TLC. Rf _Q.52 (chl oroform met hanol =9 1); 1HNWR (CDC1l3): 8.0.96-1.11,
2.21-2. AQ 2 4%p@p%@ rat %Qp The resulting residue was purified by

silica gel column chromatography (hexane : ethyl acetate

=1 : 1 — ethyl acetate — ethyl acetate : methanol :

triethylamine = 18 : 2 : 1) to yield the title compound

{0.66 g) having the physical property values indicated
15 below. .

TLC: Rf 0.40 (ethyl acetate : methanol : triethylamine =

18 :+ 2 : 1); _

TH-NMR (CDC13): 8 1.52-1.77, 1.87-2.00, 2.00-2.12, 2.18-
2.35, 2.53-2.85, 2.93-3.22, 3.57-3.74, 3.97-4.17, 4.36-
6

20 4.60, 4.66-4.89, 6.35-6.55, 6.76-6.94, 7.03-7.30, 7.32-
7.48, 8.21.
[0133] Examples 11(1) to 11(26)

The exemplary compounds given below were obtained by
following the same process template as in Example 9 —

25 Example 10 — Example 11, using the compound produced in
Example 1, using tert-butyl (3R)-3-aminopiperidine-1-
carboxylate or the corresponding amine derivative in its
place, using p-phenoxyphenylboric acid or the

corresponding boric acid in its place, and using

30 dimethylamine or the corresponding amine derivative in
its place.
[0134] Example 11 (1)

6-amino~-9-{1~[ (2E)-4-{(dimethylamino)-2-butenoyl] -3~
azetidinyl}-7- (4-phenoxyphenyl) -7, 9-dihydro-8H-purin-8-
35 one

TLC: Rf 0.21 (ethyl acetate : methanol : triethylamine =



203.05, 3.29, 3.52-3.78, 3.90-4.20, 4.22-4.33, 4.49, 5.10- 5.28, 6.33,
6.90-7.04, 7.05-7.23, 7.34-7.47, 8.21. [0152]Exanp|e 11(19)

6-am no-9-[ (3R)-1-{(2E) -4-[ ( 2- hydroxyeth

(met hyl ) am no] - 2- but enoy1) - 3- pyrrol i di nyl 3 -

257-(4-phen0xypheny1) 7, 9-di hydr o- 8H puri n-8-one TLC. Rf 0.18 (et hyl
acetate : nethanol |g§t.hyl am ne = 1 : 0.5; 1HNWR (CDC13): 8
2.21-2.62, 2. 85 3. 08 3 28, 3. 52 3.74, 3.92-4.17, 4.25-4. 33,
4.61-4. 63, 5. 13-5MO, C@C:lé} 3&)623277,, &8.98-6.98, 7.0%-7, QCB,5 &. B5-17..844,

8.19-8.22. [0L )

6- am no- 9- 11- [?'2(%5%@”%64 oxy% ‘pi pé)r6| 121)62§7 6.96, 1.07-7.15,

but enoy1] - 3- az’étl’éhﬁy&% ﬂ(%*pﬂwélrﬂoxﬁpﬁényl) 7, 9-di hydr o8H- puri n- 8- one

- 35TLC. Rf 0. 3054 Ior @r&e 11 (%t hanol : triet hylamine =9 : 1 : 0.1);
- 58 - 11 1- NN& ( 1.82-1.97, 2.10-2.24, 2.65- 2.82,

. 3.05-3.20, 3.61-3. 7@‘51@%“%{@0'[(42@8’44' 86m05pt»01115y11)1—2€>133153y46 -3-

6.02-6.12, 6. 'j 344 e o11(21
6- am no- 7- [ 4- %%%%%lhgﬁ%xyﬁpﬁ‘gﬁﬁ@ph&ﬁh 8, 3 a1 P ddeddiERmine g11(21)

[ (2E) - 4- (di met Py ani no) - 2- but enoy1] - 3-pyrrol i d| nyl1-7, 9-

di hydro 8H purTmS N [43 Z@Ht 11Qcetbk®: :Rhefni8ol Chl@ffgiﬂ{gmaénlgﬁ%t bcgn% =-

9 : NgR (CDC%i) 7-2.43, 2. 25 2. 83-
3. 91 , 4.22-14 B3 5@0 5 10-5.18, 6.29, 6.88- 7.01, 7.09, 7.10-7.20,
7.33, 7. 42 81213~NMR (CDC13): & 2.48, 3.14-3.16, 3.71-3.73, 4.44-4.59,
4.80-4.86, 5.04-5.09, 5.36-5.46, 6.08-6.13, 6.86-6.95,
7.07-7.15, 7.17-7.22, 7.34-7.42, 8.23.
[0136] Example 11(3)
15 6~amino-9-{ (3R) -1-[ (2E) -4~ (dimethylamino) ~2~
butenoyl}-3-pyrrolidinyl}-7-{(4-phenoxyphenyl}-7, 9-

dihydro~-8H~purin-8-one
[C 26]

{0

3’\/\r—
20 TLC: Rf 0.21 (dichloromethane : methanol = 17 : 3);
'H-NMR (CDCl3): § 2.20-2.42, 2.84-3.14, 3.52-3.76, 3.90-
4.20, 4.22-4.34, 4.42-4.51, 5.10-5.29, 6.20-6.38, 6.86-
7.01, 7.03-7.24, 7.37-7.46, 8.20-8.23.
[0137] Example 11(4)
25 6-amino~7- (4-phenoxyphenyl) -9-{1-[ (2E)-4-(1-

piperidinyl)-2-butenoyl]-3-azetidinyl}-7, 9-dihydro-8H-
purin-8-one
TLC: Rf 0.48 (ethyl acetate : methanol : triethylamine =
9 : 1 : 0.5);

30 'H-NMR (CDCl3): & 1.32-1.47, 1.57-1.64, 2.38-2.44, 3.13-
3.14, 4.44-4.60, 4.80-4.86, 5.04-5.09, 5.35-5.46, 6.05-



15[ 0155] Exanpl e 11(22) 6-amno-9-[(3S)-1-((2E)-4-[ethyl (methyl)am no]-2-
but enoyl}- 3-pyrrolidinyll-7-(4-phenoxyphenyl)-7,9- dihydro-8H purin-8-one
TLC. Rf 0.44 (ethyl acetate : nethanol : triethylamne = 2018 : 2 : 1);
1H-NVR (CDC13): 8 1.00-1.14, 2.18-2.32, -2532-2.53, 2.82- 3.06, 3.10-3.23,
3.50-3.77, 3.86-4.09, 4.09-4.35, 4.37- 4.58, 5.06-5.32, 6.20-6.41,

6.87-7.03, 7.08:7 7 2% 361 9d97 51007&71‘&58 301725[931561 Exanpl gy, LY %%)

6amn09{(38E $(2E I'et hyl anmi'noy -
but enoy11- 3- pyF9H3 my]E-l%dﬂé@xyphenyl) 7,9- di hydr o- 84 puri n- 8- one

TLC. Rf 0.44 t hyl { L 2 1);
11- 1- NVR (ooo(lg) Y gt e 4%;%%%57}16&3&? ?ézfi%gl(@%@@ 59 - 3.05,

3.21-3.35, 3. S@h%OWP}BO]S@BZl 0% -ategoy1333-azgbidungkl ~ 5 Jrotihyego-
6.21-6.48, 6. 88T @Pin73-05re. 24, 7.34- 7.48, -8.17-8.27.

TLC: Rf 0.58 (ethyl acetate : methanol : triethylamine =
9 : 1 : 0.5);
"H-NMR (CDCl3): & 2.66-2.75, 3.15-3.17, 4.44-4.59, 4.80-
4.86, 5.04-5.09, 5.36-5.44, 6.05-6.11, 6.85-6.94, 7.07-
10 7.15, 7.17-7.23, 7.35-7.44, 8.24, '
[0139] Example 11(6)
6-amino-9-{1-[ (2E) -4~ (3-oxo-1l-piperazinyl)-2-

butenoyl]-3-azetidinyl}~7-(4-phenoxyphenyl}-7, 9-dihydro-
8H-purin—-8-one °
15 TLC: Rf 0.16 (ethyl acetate : methanol : triethylamine =
9 : 1 : 0.5); |
'H-NMR (CDCl3): & 2.67-2.71, 3.19, 3.22-3.24, 3.36-3.40,
4.45-4.59, 4.81-4.87, 5.05-5.10, 5.37-5.47, 6.05, 6.10-
6.16, 6.84-6.93, 7.07-7.15, 7.17-7.23, 7.36-7.44, 8.24,
20 [0140] Example 11(7)
- 6-amino-7- (4-phenoxyphenyl) -9-{1-[(2E)-4-(1-

pyrrolidinyl)-2-butenoyl] -3-azetidinyl}-7, 9-dihydro-8H-
purin-8-one
TLC: Rf 0.39 (ethyl acetate : methanol : triethylamine =
25 9 :1: 0.5);
'H-NMR (CDCls): & 1.79-1.83, 2.50-2.65, 3.28-3.31, 4.44-
4.60, 4.80-4.85, 5.04-5.09, 5.35-5.45, 6.10-6.15, 6.90-
6.99, 7.06-7.14, 7.16-7.22, 7.35-7.43, 8.23.
[0141] Example 11 (8) |
30 6—amino-9-(1-{ (2E)-4-[ (2~
hydroxyethyl) (methyl)aminol-2-butenoyl}-3-azetidinyl)-7-

(4-phenoxyphenyl) -7, 9-dihydro~-8H-purin-8-one
TLC: Rf 0.40 (dichloromethane : methanol : aqueous
ammonia = 9 : 1 : 0.1);

35 '"H-NMR (CDCls): & 2.29, 2.57-2.61, 3.23-3.26, 3.59-3.63,
4.44-4.59, 4.80-4.86, 5.04-5.09, 5.36-5.46, 6.06-6.13,



[0157] Exanple 11(24)

56-am no-9-11- [(2E) 4- (di nmet hyl am no) - 2- but enoy11- 3-
pyrrolidinyl}-7-(4-phenoxyphenyl)-7, 9-di hydro 8H purin-8- one [C 29]
10TLC: Rf 0.38 (dichl oromethane : net hamol®d ~aqueous anmonia = 9 1:
0.1); 114-NWR (CDC13): 82.20-2.42, 2.83-3. 14 3.52-3.74, 3.92- 4. 20

4.24-4.32, 4. 48 465¢. 95, 13: @725,1§ Zﬂ:ﬁ&%8266 §735L700Qp 7g0ps7. 24,
7.35-7.43, 8.2 23, 15[ 0158] Exanpl e 11(25)
6- ani no- 9- ({ (3RP144{ 2E) - ﬁ_fwjaﬁ&ﬂ%mno) 2-
but enoy1] - 3-pyrrol i diayhheethyl)p Héﬁdk*ﬁh%ﬁ@ﬁypbemxékj119f 2E) —(1—
di hydr o- 8H purin chl orof orm :
2011- 1- NVR (CD€X§§°f88in¥§i1§%?ut ‘@&-zf&@yrioéédinﬁé} =3 %3dl%wQﬁ? Jgi-
3.02-3.16, 3.3BuBifizg-3n69-3.82, 3.98-4.08, 4.50- 4.60, 6.19-6.31,
6.82-6.96, 7.0 2 43. 8 23 [01 anple, 11(26)
6- ani no- 9- ({(2@}z %Fzé)g’i Z ﬁ%? i%]anEﬁ be. 1
25but enoy1] - 2- byt i di oyl b neshyliah(glz,pmerl%mph@nyé) 54-9-70, 2.82-
dihydro-8Hpuring8-00e., 5 49 377, 3.91-4.20, 4.23-4.36, 4.51, 5.10-
5.28, 6.36, 6.91-7.04, 7.06-7.24, 7.37-7.45, 8.21.
10 [0143] Example 11(10)
6—amino~-7- (4-phenoxyphenyl)-9-{ (3R) -1-[ (2E) -4- (1~
piperidinyl)-2-butenoyl]-3-pyrrolidinyl}-7, 9~dihydro-8H-
purin-8-one '
TLC: Rf 0.39% (chloroform : methanol = 9 : 1);
15 'H-NMR (CDCls): & 1.35-1.50, 1.51-1.65, 2.20-2.48, 2.82-
3.06, 3.12, 3.52-3.75, 3.88-4.19, 4.21-4.33, 4.51, 5.09-
5.28, 6.27, 6.88~7.04, 7.05-7.23, 7.34-7.44, 8.22.

[0144] Example 11(11)
6—amino-9—-{ (3R)~1-[ (2E) -4~ (4-morpholinyl)-2-
20 butenoyl]-3-pyrrolidinyl}-7-{(4-phenoxyphenyl)-7, 9-

dihydro-8H-purin-8-one
- TLC: REf 0.51 (chloroform : methanol = 9 : 1);
'H-NMR (CDCls): & 2.19-2.54, 2.83-3.05, 3.14, 3.51-3.77,
3.89-4.19, 4.21-4.32, 4.57, 5.10-5.28, 6.31, 6.87-6.99,
25 7.04-7.23, 7.34-7.46, 8.21.
[0145] Example 11(12)
6—amino-7- (4-phenoxyphenyl)-9-{ (3R)-1-[ (2E) -4~ {4~
thiomorpholinyl)~2-butenoyl]-3-pyrrolidinyl}-7, 9-dihydro-
8H-purin-8-one
30 TLC: Rf 0.54 (chloroform : methanol = 9 : 1);
~ H-NMR (CDCls): & 2.10-2.43, 2.50-2.78, 2.82-3.06, 3.15,
3.51-3.74, 3.89-4.19, 4.22-4.33, 4.51, 5.09-5.28, 6.29,
6.86-6.99, 7.04-7.23, 7.35-7.47, 8.22.
[0146] Example 11(13)
35 6-amino~9~ [ (3R)-1-{ (2E)-4~[ethyl (methyl)amino}-2-
butenoyl}-3-pyrrolidinyl]-7-(4-phenoxyphenyl) -7, 9~




TLC. Rf 0.30 (ethyl acetate : nethanol : triethylamne =9 : 1 : 0.5);
(CDC13): 8 1.86-2.27, 2.98-3.02, 3.03-3.17, 3.45- 303.76, 3.88-3.95,
3.98-4.08, 4.15-4.23, 4.39-4.42, 4.47- 4.57, 4.80-4.91, 6.09-6.19,
6.66-6.83, 6.94-7.03, 7.04- - 60 - 7.237 5% 35-7.46, 8.20-8.27

[ 0160] Exanpl e 12 di net hyl am noacet al dehyde disulfite Water (1 i)
and concentr at oghlari.c_agi 2.4 5nm.) were added to
dinethylaninoa?gpgﬁgghégeggkg hélg%%etal (2.00 g) and heating was carried
out for 3 hour§T&t RECD.84dil bl satetaes (3. Maaqlecusristbyianing. 6 nl)
and ethanol (1@ nl)y wepesadded on an ice bath and stirring was perforned
for 1 hour and_ 30 mnutes at room 10tenperature. Filtration was carried out
fol | owed by condeltiR at OBl 3) Ehé leSblii hg, resi @it 4s 2evaporab8d Po8@ryness
under reduced preasukresat §0EAL taingth {tl (o] Nd, (142900 _
[0161]Exgﬁple ?3%%15§é§?fbgfy ?3% 13§{?%-fﬁiheﬁ§§$é%?§§)-gigo’ 590

ni tropyrim di n9429l,] &ni3fel pyBBobi 8P ne? | O&at bbky|7at36-7.46, Thaltitle
conpound (27. 0 1@k 4hqvi ngelkhg,pBY$i ¢dhy property val ue given bel ow was
obt ai ned by foll ow ng the*saneggrotess tenplate as in Exanple 2, using the
conmpound 20(19 g) prodtiéeg-Pnl %hple[i2%hd*u@hﬂ§t®€ﬁﬁmbﬂg§r2t3R)-3-

am nopyrrol i di getkneanboxyhatec( 19; -0 placs, Ly- but yl

3-am noazet i di e-l-cgrgoxngtg? T%%f&%g %.Egj(he§gﬁgﬁgﬁggﬁyF'gcetate - 4 ;
1). [ 0169 ExanpfdYExo-3E6PYRIAGE 7919- phenoxyphenyl) - 9- [ (3R) - pyrrol i di n- 3-

y1] -7, 9-di hydr g¢8Bypuri n- 8- one di hydrochl ori de The title conpound
(945 ng) having the physical, property val ue indicated bel ow was obtai ned by
foll owi ng the same proce npl ate as in Exanple 10, using the 30conpound

(9.0 g) produced in Exapf| e 13 and usi ng p-
NH,
N
Ly
Qr\/\,‘/
{

TLC: Rf 0.38 (dichloromethane : methanol : aqueous
ammonia = 9 : 1 : 0.1);
15 '"M-NMR (CDCl3): & 2.20-2.42, 2.83-3.14, 3.52-3.74, 3.92-
4.20, 4.24-4.32, 4.42-4.51, 5.13-5.25, 6.20-6.38, 6.87~
7.00, 7.05-7.24, 7.35—7;43, 8.20-8.23.
[0148]  Example 11(15)
6—amino-9-{1~[(2E)—4—(diethylamino)~2—buténoyl]~3—
20 azetidinyl}-7- (4-phenoxyphenyl) -7, 9~dihydro-8H-purin-8-

one
TLC: Rf 0.47 (ethyl acetate : methanol : triethylamine =
9 : 1 : 0.5);
'H-NMR (CDCls): & 1.01-1.06, 2.51-2.58, 3.25-3.27, 4.44-
25 4.59, 4.81-4.86, 5.04-5.09, 5.36-5.46, 6.07-6.13, 6.91-
7.00, 7.07-7.15, 7.17-7.23, 7.36-7.44, 8.24.
[0149] Example 11(16)
6-amino~9-(1-{ (2E) -4~ [ethyl (methyl)amino] -2-
butenoyl}-3-azetidinyl) -7~ (4-phenoxyphenyl)-7,9-dihydro-
30 8H-purin-8-one
TLC: Rf 0.50 (ethyl acetate : methanol : triethylamine =




phenoxyphenyl boric acid (2.1 g). TLC R 0.43 (dichloronethane : nethanol
aqueous ammonia =8 : 1 : 0.1). [0163] Exanple 15 35di et hyl

(2-1[ (3R)-3-[ 6- am no- 8- oxo- 7- ( 4-

phenoxyphenyl) -7, 8- di hydr o- 9H puri n-9-ylq pyr ol i di n-1y11- 2- oxoet hyl ) phospho
nate - 61 - 1,1'-carbonyldiimdazole (0.827 g) was added to '
tetrahydrofuraﬁ (59M.) qand.heating to 40C was carried out. To this solution
was added di et yrp%oép onoacetic acid (1.00 g) dissolved in tetrahydrofuran
(5 nL). Stirrihg-mas pepdonned 100530, ob nut.est,at2 4062 . The Bhusty. pg pduced

solution (0.28 L qt c upd, £50 rqoduced i anpl e. 14, . .and
triethyl an ne 885%34n5§’mgp88a§d% 't%ﬂgéﬁﬁéﬁ?d%og&ang?ohg-ﬁijGa stirring
was performed 6oB916day, al.0dem 1 enperatr.e3,Wit.8-lad4adéledd 10and :
extraction wt | ac ried out. The obtained organic |ayer
was mashgh mﬁtnogggitura Sty )diun1chloride solution, dried over
sodi um sul fate, thed-fil(EBied; { antccomoentd-ated.7-TdephesakypngnyEst due was
evaporated to gryngs ebul 1o/  SUr ai;n ety cpnpound
(53 gy havingf be pﬁg‘gf@gaPHp g%%?t%/ gf ST QR ANk et Gy BIPO
(chloroform : iréd kaabhyl) asdpataedanedmonia = 80 : 10 : 1). [0164] Exanple
16  206-am no- B1¢ 3Ry~ 4; 0242 cAy{ dh MBIV aMiiQhnginl : triethylamine =
butenoyl]-S-pyrrolldlngll-?-(4-phenoxyphenyl)-?,9- di hydr o- 8H puri n- 8- one
[C 30] ¥5The forpéund?¢BBiny) prepared.in Exanple 12 was added to et hanol
(0.9 nL) and | ighy hdes(4. 2= Ny S 2dy R0t gs§icu dr pxide (45%
ﬁ%g@()g%tbér;f@). 5(4; 25110} yps Added: R0t sl BYdr xhd

aqueous sol ution, was added on an i'ce bath and "t hé cbnpound (25
mg) prepared iA-BlanpkB415.8Pss2l Feh i b/ met-érl,( 6.-25-f-1 130084 a6l d4l.
Stirring was cagrbbed70yy_fof 5307 M AL 853 0m &y i7cq haghysAnot her addition
was made of the con?ound (7.5 _
[0151 Example 11(18)
15 6-amino-9-{ (3R)-1-[ (2E)-4-(diethylamino)-2-
butenoyl]-3-pyrrolidinyl}-7-(4-phenoxyphenyl)-7, 9-

dihydro~8H-purin-8-one

TLC: Rf 0.52 (chloroform : methanol = 9 : 1};

'"H-NMR (CDCl3): & 0.96-1.11, 2.21-2.43, 2.45-2.63, 2.83-
20 3.05, 3.29, 3.52-3.78, 3.90-4.20, 4.22-4.33, 4.49, 5.10-

5.28, 6.33, 6.90-7.04, 7.05-7.23, 7.34-7.47, 8.21.

[0152] Example 11(19)

6-amino-9-{ (3R) -1-{(2B)-4-[(2-
hydroxyethyl) (methyl)amino]-2-butenoyl}-3-pyrrolidinyl]-

25 1-(4-phenoxyphenyl) -7, 9-dihydro-8H-purin-8-one
TLC: Rf 0.18 {(ethyl acetate : methanol : triethylamine =
9 : 1 : 0.5);
'H-NMR (CDCls): & 2.21-2.62, 2.85-3.08, 3.21-3.28, 3.52-
3.74, 3.92-4.17, 4.25-4.33, 4.61-4.63, 5.13~5:30; 6.24-
30 6.37, 6.87-6.98, 7.07-7.23, 7.35-7.44, 8.19-8.22.
[0153] Example 11(20)
6-amino-9-{1~[ (2E) -4~ (4-hydroxy-1l-piperidinyl)-2-
butenoyl]-3-azetidinyl}-7- (4~phenoxyphenyl) -7, 9-dihydro~

8H-purin-8-~one

35 TLC: Rf 0.30 (dichloromethane : methanol : triethylamine
=9 :1:0.1);



- 62 - ng) prepared in Exanple 15 dissolved in water (0.25 nL). Stirring
was carried out for 2 hours on an ice bath, after which stirring was

carried out for 1 day at roomtenperature. Extraction was perfornmed with
et hyl 5acetate, and the organic | ayer wasS%hashed with a saturated aqueous
sodi um chl ori de solution and was concentrated under reduced pressure. The

(G onl or anet hate MaeRile] | = Jositudsas. ahhont o = ot 2 Bdr0 % ST to

obtain the t|t2£821nﬁnnﬂﬂﬁ (20,7 3mg)l -Baveng4t he-phys cal7gprae;t B.vakues

0 T ) TR o) 45 5 s a8 5 81T B 5 e e, Ta80

154. 06, 4.06 N2, BLBA 62, 5. 11-5.29 5.97-6.24 7.03- 7.25. 8. 17 8. 28.
[ 0165] Exanpl e ﬂqi54] é%ﬁg %Uﬁﬁhzly

4- (1] 6- (di benzyl am™no) - 5= n4-yl ] am nol nmet hyl ) pi peri di ne-1-carbo
xyl ate 20The titl| e Towponrd ((88.(3-ghlhavihgnoke) phersy Kal 9 driGBerty val ue
i ndi cat ed be'CW%2E¥L4ﬂJdin&&%gQiml%|'Q%LBQtEHS fﬁﬂ§1%§§%% 2h&§ﬂﬁ'§t§ as in

Exanpl e 2, using the conpoun 45.5°g) produced and (Si ng
tertbutyl 4- (& A )PIéri8dione- 1- car boxyl ate (27.5 g) in 25pl ace of
the tert- butyl(§;§ﬂlnoazet|d|ne 1-carboxylate. TLC. Rf 0.56 (hexane : ethyl
acetate = 2 : 1). [0166] Exanple 18
6- am no- 7- (4- phenoxyphen - (pi peridin-4-
yl met hyl ) -7, 9-di hydr o- p n- 8- one di hydrochl oride 30The title conpound
(1.66 g) having the HD cal property val ue indicated bel ow was obt ai ned by
foll owi ng the sane ogess tenplate as in Exanple 10, using the conpound
produced in Exanplejl usi ng pphenoxyphenyl boric acid (19 g). 35TLC. Rf
0.10 (ethyl acetate ™ hanol : triethylanmine = 18 : 2 : 1). [0167] Exanpl e
9

r\/\,‘/
TLC: Rf 0.28 {chloroform : methanol = 9 : 1);

'H-NMR (CDCls): & 2.17-2.43, 2.25, 2.83-3.05, 3.08, 3.51-
3.76, 3.91-4.20, 4.22-4.33, 4.50, 5.10-5.18, 6.29, 6.88-
7.01, 7.09, 7.10-7.20, 7.33, 7.42, 8.23,.
15 [0155] Example 11 (22)
6—amino—9—[(38)—l—{(2E)—4—[ethyl(methyl)aminb]—2—
butenoyl}-3-pyrrolidinyl]~7-(4-phenoxyphenyl)-7,9-

10

. dihydro-8H-purin-8-one
TLC: Rf 0.44 (ethyl acetate : methanol : triethylamine =
20 18 : 2 : 1);
'H-NMR (CDCl3): & 1.00-1.14, 2.18-2.32, 2.32-2.53, 2.82-
3.06, 3.10-3.23, 3.50-3.77, 3.86-4.09, 4.09-4.35, 4.37-
4,58, 5.06-5.32, 6.20-6.41, 6.87-7.03, 7.03-7.25, 7.31~-
7.50, 8.14-8.30.
25 [0156] Example 11 (23)
6—amino~9-{ (38)~1-[ (2E)-4- (diethylamino) -2-
butenoyl]-3-pyrrolidinyl}-7-(4-phenoxyphenyl)-7, 9~
dihydro-8H-purin-8-one
TLC: Rf 0.44 (ethyl acetate : methanol : triethylamine =
30 18 : 2 : 1);

'H-NMR {CDCl3): & 0.97-1.11, 2.19-2.46, 2.47-2.65, 2.85-




- 63 - 6- am no- 9- {[ 1- (2- but ynoy1) - 4- pi peri di nyl ] net hy11- 7-

(4- phenoxyphenyl) -7, 9-di hydro-8H purin-8-one [C 31] 52-butynoic acid (34
ng), 1-ethyl-3-(3- dinmethylam nopropyl)carbodiimde hydrochloride (EDC) (78
ng), 1-hydroxybenzotriazole (HOBt) (62 mgpP and triethylamne (114 RL) were
added to a dinethylfornanide (3 nL) solution of the conpound (100 ng)

prepared in 10EXgap 21§_‘df§§4tg§/\&vﬂ)e@7%tl BrbBg,fes 3 hosirs & 1

t emper at ur e. vater mas a readtion m xtufe and extract|on with
ethyl acetate %22 pe? {Bineds, THe Drdardidc baférwas, washed/ \4/h 7a 3dat ur at ed
aqueous sodi uny bigarpoppte splution and with a saturated aqueous sodi um
15chl ori de solutlon and was then dried over anhydrous sodium sul fate and
the sol vent wakOHP3}i|| deraimale PHa(Z49si due was purified by thin-Ilayer
chromat ogr aphy (di célgioietdane [ Lﬁaﬂ@hmetﬁ§%§ﬁﬂH@PU§—EﬁHHHByi]—390 . 10

1) to obtain the tjit]e co ound aving the 20 hy5|cal property
val ues i ndi cat®¥%* ?@&%&&nﬁﬁkf T#41Pnﬁ?q5¥9ﬁﬁpyéée?a9e dih Yé& frurings- 1),

11-1-NWR (CDCl3pe 8 1.21-1.45, 1.71-1.83, 1.99, 2.18-2.36, 2.59-2.72,
2.99-3.94, 4.34-4 2 , 7.05-7.24, 7.36-7.43, 8.24. 25[0168] Exanpl es 19(1) to
19(49) &%e enpl ary conpounds gi ven bel ow were obtai ned by
follow ng the sane process nplate as in Exanple 9 -* Exanple 10 -*
Exanpl e 19, using the co d prepared in Exanple 1, using tert-butyl

(3R) - 3- am nopi peri di ne 30car boxyl ate or the correspondi ng am ne
derivative in its pld€ef™and using p-phenoxyphenyl boric acid or the
correspondi ng bori yjn its place. - 64 - [0169] Exanple 19(1)

6- am no- 9-[ 1- ( 2- but y¥oWl) - 3- azeti di ny1] - 7- ( 4-

phenoxyphenyl)-7,9-di h 0- 8H- puri n- 8- one

N~
/

10 TLC: Rf 0.38 (dichlorohethane : methanol : agqueous
ammonia = 9 : 1 : 0.1);
'H-NMR (CDCl3): & 2.20-2.42, 2.83-3.14, 3.52-3.74, 3.92-
4.20, 4.24~4.32, 4.42-4.51, 5.13-5.25, 6.20-6.38, 6.87-
7.00, 7.05-7.24, 7.35-7.43, 8.20-8.23.

15 [0158] Example 11(25)

6-amino-9-{{ (3R) -1-[{2E} -4- (dimethylamino) -2-

butenoyl]-3-pyrrolidinyl}methyl)-7-{4-phenoxyphenyl) -7, 9~

dihydro-8H-purin-8-one
TLC: Rf 0.28 (chloroform : methanol = 9 : 1);

20 1‘I—I—NMR (CDClz): & 1.75-1.97, 2.00-2.16, 2.20-2.26, 2.83-
3.00, 3.02-3.10, 3.38-3.62, 3.69-3.82, 3.98-4.08, 4.50-
4.60, 6.19-6.31, 6.82-6.96, 7.04-7.22, 7.35-7.43, 8.23.

[0159] Example 11(26)
6~amino-9-({{23)-1-[ (2E) -4- (dimethylamino) -2-
25 butenoyl]-2-pyrrolidinyl}methyl)-7- (4-phenoxyphenyl)-7, 9-

dihydro-8H-purin-8-one
" TLC: Rf 0.30 (ethyl acetate : methanol : triethylamine =
9 :1: 0.5);
'H-NMR (CDCl3): & 1.86-2.27, 2.98-3.02, 3.03-3.17, 3.45~
30 3.76, 3.88-3.95, 3.98-4.08, 4.15-4.23, 4.39-4.42, 4.47-
4.57, 4.80-4.91, 6.09-6.19, 6.66-6.83, 6.94-7.03, 7.04-



TLC. Rf 0.38 (ethyl acetate : nethanol = 19 : 1); 51H NWR (CDC13): 8 1.99,
4.39-4.57, 4.75-4.83, 4.97-5.05, 5.32-5.43, 7.05-7.24, 7.35-7.43, 8.24.
[0170] Exarrpl e 19( 2)

6-am no- 9-[ (3R) - 1- (2- but ynoy1) - 3- pyrr ol idifAy1] - 7- (4-

phenoxyphenyl) -7, 9-di hydro- 8H purin-8-one 10[C 32] TLC. R 0.68 (ethyl

acetate : nethan 9 14 NYR 13): 8 1.94-2.03, 2.23-2.39,
2.80-3.01, 3. 5% 9§ _7 3% %7“% g% 4 -4.02, 4.03-4.18, 4.23-4.33, 4.42-

154. 51, 5.11- 5[956017 04%_82@_61_24 7, 45 8.20-8.23. [0171] Exanpl e 19(3)

6- 9-1(39)-1- EM Iy y
phgnmoggphegn(/l))7 9%1%%0 SF%npou%rC%]t éLQi()elr?g]d% él éjffjoﬁeﬂ (ethyl acetate :

met hanol = 19 : 1):WakaH NvRI(CBorscongentgated oRydpoolarign aci dgg23.401,

3.47- 3.62, 3. Iﬁ@) %@Qe ésd(&% %&Qﬂlﬂfbt@%l‘émlﬁoaée@éﬁée%e 4 14-hh 51,
5.13-5.25, 7.05- 35-7. 43, 20-8.23. [0172] Exanpl e 19( 4)

6- ami no- 7- (4- pﬂ%%%%%pﬁ%ﬁyiﬁlgEﬁvéﬁﬁaflﬁﬁbyﬁ§|69{r3@d out for 3 'hours

25 lidinylle7 h H: ate :
nef%gagllzlgg %tlﬁgﬁgLL¥ﬂkﬁF§.dﬁg?ﬁ@1§e02§ d 4éﬂﬁ%ﬂg§5%o&%EQéh ageg

3.52-3.66, 3. ML3 @l athgnol o4l 4!1107mr@3adr4e910m a ice Amths, atmri 5.27,

7.06-7.23, 7. 3§tfrﬁfn Bu s é%ﬁd%%@ﬂ @%&”ﬁ'ﬁoﬁ9(§ﬂd 30 minutes at room
(2E) - 4- {lé [ 6- am no- oxo 7-(4-phenoxyphenyl 65

di hydr oA HpurF?fﬂ@emﬁurleazeﬁﬂfldawll)OMW@ﬁocﬂlrﬁh%ﬁyquiz forkaptitie TLC RS
0.56 (ethyl acetwtentraeidianolrTie ¥2sultling residue was evaporated to
dryness under reduced pressure at 60°C to obtain the title
- compound (1.29 g).

[01l61] Example 13

15 tert-butyl (3R})-3-{[6-(dibenzylamino)-5-
nitropyrimidin-~4-yl]lamino}pyrrolidine-l1-carboxylate

The title compound (27.0 g) having the physical

property value given below was obtained by following the
same process template as in Example 2, using the compound

20 (19 g) produced in Example 1 and using tert-butyl (3R)-3-
aminopyrrolidine-l-carboxylate (10.5 g) in place of the
tert-butyl 3-amincazetidine-l-carboxylate.
TLC: Rf 0.29 (hexane : ethyl acetate = 4 : 1).
{oie2] Example 14

25 6-amino-7- (4-phenoxyphenyl)-9-[ (3R) ~pyrrolidin-3-
yl]-7,9-dlhydro-8H-purin-8-one dihydrochloride

The title compound (945 mg) having the physical

property value indicated below was obtained by following
the same process template as in Example 10, using the

30 compound (9.0 g) produced in Example 13 and using p-
phenoxyphenylboric acid (2.1 g).
TLC: Rf 0.43 (dichloromethane : methanol : agqueous
ammonia = 8 1 1 : 0.1).
[0163] Example 15

35 diethyl (2-{[(3R)-3-[6-amino-8-oxo-T7-(4-
phenoxyphenyl) -7, 8-dihydro-9H-purin~9-yl]lpyrrolidin-1-
yl}—-2-oxoethyl)phosphonate



1H NVR (CDC13): 8 4.43-4.72, 4.87-4.96, 5.10-5.20, 5.40- 55.52, 6.20, 6.36,
7.04-7.43, 7.72, 8.22, 12.49. [0174] Exanpl e 19(6)

(2E) - 4- {3-[ 6- am no- 8- oxo0- 7- (4- phenoxyphenyl) - 7, 8-

di hydr o- 9H puri n-9-y1] - 1-azeti di nyl | - 4- ex642=but enam de TLC. Rf 0.50 (et hyl
acetate : nmethanol : triethylamne = 109 : 1 : 0.5); 1H NWR (DVSO): 8

4.29-4.35, 4.57-4. 7%,41- AT%%@Q&%F@%&??%NO%%’9)6'“75‘73— 6, 88,4 (,10-7. 20,

7.39-7.46, 7.86, 8.

6- am no- 7- ( 4- phenotyyphenfilad- (5 kipr apidoheytidg to 40°CRras carrii? f

15pi peri di nyl ) et hy1] - 7,,.9- di hydr.a- 8H- purin-8-one TLC .38 (chl.orof orm:
o hanol =5 WY e G orgvhshs83eq 8 e il alsptioporse818” 5 o
3.09, 3.10, 3.84id4(4100 4)4YiskABEFed7i05¢Et23hydrdbarad4(5 &iJa.

20[ 0176] Exanpl ¢ 19( 8 , o

(2E) - 4-{ 3R)-3§t[3613é9nc¥%d‘la6s- BEEPHRIp feRox) pREAYY§e at 40°C.  The thusly

7, 8- di hydr o- 9lptodurdd -] ichr pyr. 26l ndi) Ny the 4coxBoZnd bEE R de

oS ROk (alorp et g gy ryhansl, | coueehs, 2SR 5 Oygd
4.35-4.53, 5. 1ddedlo 2d0dhwhofmr84- G000, mB) 9and 7s B8k rifhig34rmb. 43,
306- am no- o+ | EL5-BUlghayD) 5y P61 FaFR Epngepacure. Water was added
phenoxypfeny1)ar] S taairier8 kgl ieth§lonecf £&:83as -cHfried TUE. RIhe. 27
(ethyl acetat gy JBIANDGan 119 Yayb whilulWReb PER)a &idubfeds- 69- 3. 80,
aqueous sodium chloridetsolution, dried over sodium
sulfate, then filtered, and concentrated. The resulting
residue was evaporated to dryness under reduced pressure
15 to obtain the title compound (53 mg) having the physical
property value indicated below.
TLC: Rf 0.46 (chloroform : methanol : 28% agueous ammonia
=80 : 10 : 1). |
[0164] Example 16
20 ' 6-amino-9-{ (3R)-1-{(22)~4~ (dimethylamino) -2-
butenoyl]-3-pyrrolidinyl}-7-(4-phenoxyphenyl) -7, 9-
dihydro-8H~purin-8-one
[C 30] |

25 ‘ The compound (53 mg) prepared in Example 12 was
added to ethanol (0.9 mL) and lithium chloride (4.2 mg)
was added. Potassium hydroxide (45% aqueous solution,
0.056 mL) was added on an ice bath and the compound (25
mg) prepared in Example 15 dissolved in water (0.25 mL)

30 was added. Stirring was carried out for 30 minutes on an

ice bath. Another addition was made of the compound (7.5



54.51, 5.13-5.25, [0178] Exanpl e 19(10) ethyl

(2E) - 4-{3-[ 6- am no- 8- oxo0- 7- ( 4- phenoxyphenyl)-

7, 8-di hydro-9H purin-9-yl1]-1-azetidinyl|-4-o0xo-2- butenoate 10TLC. Rf. 0.35
(et hyl acetate); 31-1-NWVR (CDC13): 8 30521: 35, 4.22-4.30, 4.48-4.68, 4.84-
4.90, 5.12-5.17, 5.40-5.50, 6.86-7. 06 7.07-7.16, 7.18- 7.23, 7.35-7.44,

8.24. [0179] Ex Bl a4: phenoxy b y1] 3_
azetidinyll- 7 plﬁre%]i%%elnré\;@(%&%ﬁ% 18%2 purlln 8- one?QI'LC ?dl%? 0.55

(ethyl acet at e C1ipRinG S callgrledl)outl or. &meg)an glee 3;td 60,

4.68-4.79, 4. 89f’é‘e§9whﬂ01993t3210'.5uﬂgl:wa% %%ﬁléé ot 26 6. BhiaP. &7 roch3, 8. 22.
[ 0180] Exanpl e am no-9-{1-[ (2E) - 4- hgdroxy butenoyl] 3-

1
azetidinyll-7- %ﬁé%?%%%&%her@’ﬁraﬁt@% PP Bgéﬁpﬁ‘ﬂ? neBLh Y5TLC Rf 0.21
(et hyl a6et at eacet®tdanold %1% or@anlﬁ'lkyﬂmém&ed&oﬂtﬁ?a 1. 90,
4,.35-4.41, 4.43- é 62 §-79 4, E%E? ﬁ%ﬂ i t47 6(}9 6. 26,
6.98-7.23, 7.352t5gyed @greongy 8%6?1%? ution and was
306- ami no- 9- {1c©ﬁ@§ﬁtﬁhtbdkﬂﬁdﬁﬁIﬁﬂunﬁﬂd-@razehrdlnyﬂﬂe resulﬁ%n%) (et hyl
7- (4- phenoxyph di r uri.n one TLC: 47 (ethy
acfat altoe : et hggyjrl& "?as "Yrd ﬁﬁﬁw(%}aygr C}ﬁ]io%a%gig %'50- 4. 90,
5.02-5.13, 5. 33911(51'1-—5@1?01‘53@1&}1’166 V2etBra3@16.:538% 7aQde Ju 7ammoBidmy 480 8. 24.
[0182] anpl e, 49( 1 : .
56- an ndoo. [(3k§’ D BRSHE PSS §OpRRng. (G:7 no) having the
(cycl ohexyl oxy® h%hf;/a._} - @ty dreg- 818 pundiipaBednee s Rf 0. 44 (et hyl

acetate : methanel gr 1P, 43 NondFWRAL CkBhan81 1: 225348 dnftfiil O,
1.72-1.88, 1. 946 L 10 ;1)

'H-NMR (CDCl3): & 2.14-2.45, 2.81-3.03, 3.43-3.68, 3.80-
15 4.06, 4.06-4.28, 4.42-4.62, 5.11-5.29, 5.97-6.24, 7.03-
7.25, 8.17-8.28.
{0165] Example 17
tert-butyl 4-({[6-(dibenzylamino}-5-nitropyrimidin-
4-yilamino}methyl)piperidine-l-carboxylate
20 The title compound (68.3 g) having the physical
property value indicated below was obtained by following
the same process template as in Example 2, using the
compound (45.5 g) produced in Example 1 and using tert-

butyl 4-(aminomethyl)pipéridine-l—carboxylate (27.5 g} in

25 place of the. tert-butyl 3-aminocazetidine-l-carboxylate.
TLC: Rf 0.56 (hexane : ethyl acetate =2 : 1).
[C1l66] Example 18

6—amino-7- (4-phenoxyphenyl) -9- (piperidin-4-

ylmethyl) -7, 9-dihydro-8H-purin-8-one dihydrochloride

30 The title compound (1.66 g} having the physical
property wvalue indicated below was obtained by following
the same process template as in Example 10, using the
compound produced in Example 17 and using p-
phenoxyphenylboric acid (19 g).

35 TLC: Rf 0.10 (ethyl acetate : methanol : triethylamine =
18 = 2 : 1).
[0167] Example 19



2.05, 2.22-2.40, 2.80-3.01, 3.51-3.62, 3.68-3.80, 3.87- 104.00, 4.02-4.18,
4.22-4.37, 4.42-4.55, 5.11-5.24, 6.98- 7.05, 7.29-7.36, 8.19-8.23.
[0183]Exanp|e 19( 15)

6- am no- 9- ({(3R) - 1- [ (2E) - 4- (di met hyl ani ro%32-

but enoy1] - 3- pyrrolidinyl)nethyl)-7-(4-phenoxyphenyl)-7, 9-

15di hydr o- 8H puri n- | gr.of.orm_; t 3

1H VR (CDC13): 8 §7%R§H%L§ {zﬁfoo&z?b%bt ¥30°4" ég]?éﬁfg‘zwj;ﬁ%o@@ ) 10,
3.38-3.62, 3. 694BPBQHO8YQMEMNIK¥7ABiﬂlhyﬁn&BBHﬁmeiﬁraiQnﬁ.82-6.96,
7.04-7.22, 7.32973f , 8.23. 20[0184] Exanpl e 19(16)

6-am no-9-1[ (2S)-1-(2-but enoyl) - 2-

pyrrolidinyl]methyl}-7-( noxyphenyl) 7, 9-di hydr o- 8Hpuri n-8-one TLC. Kf
0.48 (ethyl acetate : h | =9 : 1); 251H NWR (CDC13): 8 1.75,

3. 80-2. 27, 3'58'3'73mm -4.04, 4.06-4.19, 4.39-4.55, 4.66-4.82,
7.03-7.22, 7.35-7.46 2-8.24. [0185] Exanpl e 19(17)

6-am no-9-[ (3R) - 1-( utyemoyl) - 3-pyrrolidinyl]-7-[4-

30( 3- chl or ophenoxy) p¥eny1}~7, Ydi hydr o- 8H purin-8-one TLC. Rf 0.45

(di chl oronet hane : net han 5 aqueous ammonia =9 : 1 : 0.1); 1HNW
(CDC13): 8 1.94-2.03, 2.24-2.9%0, 2.80-3.01, 3.47- 3.62, 3.69-3. 80,
3.87-4.06, 4.03-4. 12Tb&t?§oﬂc3£cldl%@ﬁ-n§§4 Qletﬁ 1335(35 6 93 7. 00,
7.05-7.09, 7. 1% %0 7.26 35, 7.38 h

[0186] Exanpl e 1874 ?Ylwmww%)(%%boﬂﬂ(l@léﬁt We}m éow#% oWQﬁ nyti8: 7- [ 4-
(3- f1 uor ophenony) pheayidr dx goeti dydricrtpunont§- ve A&S &d 0. 52 (ethyl

acetate : nethanpl = 19 1); , )
triethylamine” {114 ulL) were added to a dimethylformamide

(3 mL) solution of the compound (100 mg) prepared in
10 Example 18, followed by stirring for 3 hours at room
temperature. Water was added to the reaction mixture and
exXtraction with ethyl acetate was performed. The organic
layer was washed with a saturated agueous sodium
bicarbonate solution and with a saturated agqueous sodium
15 chloride solution and was then dried over anhydrous
sodium sulfate and the solvent was distilled off. The
- residue was purified by thin-layer chromatography
(dichloromethane : methanol : 28% aqueous ammonia = 90
10 : 1) to obtain the title compound (75 mg) having the
20 physical property values indicated below.
TLC: Rf 0.43 (ethyl acetate : methanol = 19 : 1);

'H-NMR (CDCl3): & 1.21~1.45, 1.71-1.83, 1.99, 2.18-2.36,

2.59-2.72, 2.99-3.94, 4.34-4.61, 7.05-7.24, 7.36-7.43,
8.24,

25 [{0168] Examples 19(1) to 19(49)

The exemplary compounds given below were obtained by
following the same process template as in Example 9 —>

Example 10 — Example 19, using the compound prepared in
Example 1, using tert-butyl (3R)-3-aminopiperidine-1-

30 carboxylate or the corresponding amine derivative in its
place, and using p-phenoxyphenylboric acid or the

corresponding boric acid in its place.



51H NMR (CDC13): 8 1.94-2.03, 2.24-2.40, 2.81-3.01, 3.51- 3.62, 3.68-3. 80,
3.88-4.00, 4.03-4.19, 4.23-4.34, 4.40- 4.55, 5.13-5.25, 6.77-6.93,
7.12-7.20, 7.28-7.44, 8.20- 8.25. [0187] Exanpl e 19(19)

106- am no-9-[ (3R) - 1- ( 2- butynoyl) -3-pyrral i6di ny1] - 7-[ 4-

(3, 5-di fl uorophenoxy) phenyl] -7, 9-di hydr o- 8H puri n-8-one TLC. Rf 0.48 (ethyl
acetate : net hg@pgg 19 fxdns lé-H[ (CDC13): 8 1.94-2.03, 2.24-2.40,
2.81-3.01, 3.5 E 8-4.00, 4.03-4.19, 4.23-4.34, 4.42-
154. 54, 5.13-5. 25, @‘%11@0'6%‘ 17~ G2-tynoyt) 43-azagidinell-: o

0188] Exanpl e oyl rrolidinyl]-7-(3-
1[I uorL 4- gﬁeno%gég@ypge% |ﬁ5§/_gcg%®8ﬁl‘io_(gﬁrr ?Et%ﬂoﬁeamé E%/: Rf 0. 4{ ](et h3(/l

acetate . mot hak 38 1jethyl NvRYEtBCE3etBan094=2193: bl 24- 2. 40,
2.80-3.08, 3. 58 @@3 Cﬁz@ 358g 97934 8p- 559(2;]25{342%37?0%8%4 33 .34y 4. 46-

4.57, 5.13-5.25, Exarrp e’ 19(’21)
256- an no- 9- [(§R§215(‘?3bu?yﬁﬁry7l)2®- B3t didny 8]} 27- [ 4-

(4-11 uorophenowi@&yl]]ﬂgalgpfg h]ygj(ga-8l—l- purin-8-one TLC. Rf 0.26 (ethyl
acetate); 1H NWR T8 1.94-2.03, 2.24-2.40, 2.80-3.01, 3.47- 3.62,

3.69-3.80, 3.87-4. oé-alal@%*%" 163R) b3l s yneydr-33pursal idinyl 5. 7og 4~
6.99-7. 16, 7. 3pndndlyplorfn B 24 d0K0] o lu@lal%zame

6- am no- [(3Ri é‘ﬁy ut y%)yl) 3-pyrrolidi E?/’l] 7-[4-

(4-chl or- pheno 9)?) nyl] -7, 9-di hydro- 8H purin-8-one TLC. Rf 0.28 (ethyl
acetate); 351H NWVR (CDC13); 1.94-2.03, 2.24-2.40, 2.81-3.02, 3.47- 3.62,
3.69-3.80, 3.87-4.00, 4& 119, 4.23-4.34, 4.42-

b
Q-

TLC: Rf 0.68 (ethyl acetate : methanol 9 1 1);
'H~NMR (CDCl3): & 1.94-2.03, 2.23-2.39, 2.80-3.01, 3.50-
3.63, 3.67-3.80, 3.86-4.02, 4.03-4.18, 4.23-4.33, 4.42-
15 4,51, 5.11-5.25, 7.04-7.23, 7.34-7.45, 8.20-8.23.
[0171]  FExample 19(3) '
6-amino-9-[ (3S8) ~1-{2-butynoyl)-3-pyrrolidinyl]-7- (4~
phenoxyphenyl) -7, 9-dihydro-8H~-purin-8-one
TLC: Rf 0.27 (ethyl acetate : methanol = 19 : 1);
20 'H-NMR (CDCls): & 1.94-2.03, 2.24-2.40, 2.80-3.01, 3.47-
3.62, 3.69-3.80, 3.89-4.00, 4.03-4.18, 4.23-4.34, 4.42~
4,51, 5.13-5.25, 7.05-7.24, 7.35-7.43, 8.20-8.23.
[0172] Example 19(4)
6-—amino-7-{4-phenoxyphenyl)~9-[ (3R)-1l-propioloyl-3-

25 pyrrolidinyl]-7, 9-dihydro-8H-purin-8-one
TLC: Rf 0.51 (ethyl acetate : methanol = 19 : 1);
'H-NMR (CDCl3): & 2.25-2.43, 2.82-3.01, 3.05, 3.52-3.66,
3.73-3.85, 3.92-4.04, 4.07-4.23, 4.31-4.40, 4.48, 5.17-
- 09.27, 7.06-7.23, 7.34-7.47, 8.23.
30 [0173] Example 19(5)
(2E) -4-{3-[6-amino-8-oxo-7- (4-phenoxyphenyl} -7, 8~




- 69 - 4.54, 5.12-5.25, 7.00-7.06, 7.09-7.17, 7.30-7.43, 8.20- 8.24.

[ 0191] Exanpl e 19(23)

6-am no-9-[ (3R) - 1- (2-butynoyl)-3-pyrrolidinyl]-7-[4-

5( 3- met hyl phenoxy) pheny1] - 7, 9- di hydr o- 8R- #dr irn- 8-one TLC. Rf 0.35 (et hyl
acetate); 1H NWR (CDCl13): 8 1.94- 2 03 2 24-2.40, 2.80-3.01, 3.47- 3.62,
3.69-3. 80, 3. SJlHYQPo §H élﬂfb éud&n§%} 4 é%o ﬁL %?fﬁ%_

6. 84-6.92, 6. 99 . 24 107.31, "7.36-7.41, '8.20-8.24.

[ 0192] Exanpl e Qtéaﬁml@eam no 9 [(3R) 1- (2- but ynoy1) - 3 pyrrolidinyl]-7-[4-
(4- et hyl phenoxypphesyd] sq. Bty HasBHPYr krBaghe ILG K1, 33 (ethyl
acetate); 151H NVR (CDC13): 8 1.94-2.03, 2. 42, 2.80-3.01, 3.47- 3.62,
3.69-3. 80, 3.8HAMND, (CPWV3)4. §94. 4132‘85142,344 8217"42964 5510551%05 2540~

6.95-7.0 7.0 216 17, 7- 23,5 7 4 2 24 93] Exanpl e
19( 25) %06 amén%- b-f(z §: 3% but0ﬁ§§1‘33 3]7p>7r§fo? gz ﬁ'[ﬁ‘;gl' ] ™
[3-(trifluoronmbPhyt }phe%ﬁé]l@k&nﬁﬁ )7, 9- di hydr o- 8H puri n8-one TLC: Rf 0.33

thyl acetate); 114 cRCia3) 02,1420220.2x 0-3.01, 3.47-
(22 362 3. g9eé 80. 3%51 00" a%%}éa%x% 7 >34 pgg é %hegyﬁ)%ﬁ 5 13-5. 25,

7.12-7.20, 7.29ihydgo-JHamuringd- Wl]zrol-azedﬂdlayé&) é 9%~ %ﬂq@mr@w@
19(26) TLC: Rf 6:8500 Or¥yl (3R rak-d 2- butyaayl) : St PVl damell= 7-[ 4-
30(4-nme f&oxypkl\llﬁ/Rox%/:Dc @ngl] 7, 9-di hydr o- 8H puri n-8-one TLC 0. 23 (et hyl
acetate; 1 ) 1.94-2.03, 2.24-2.40, 2.80-3.01, 3.47- 3.62,

3.69-3.80, 3.88;- 1@41187 ;4 U324-19354. 235 B840 4 Akt 429,,551835. 25,
6.89-6.97, 7. 00 7 08 7.3 7 38
5.82, 6.77—6.88, 7.10-7.20, 7.39-7.46, 7.86, 8.14.
[0175] Example 19(7)
6-amino-7- (4-phenoxyphenyl)-9-[ {(l-propioloyl-4-
15 piperidinyl)methyl] -7, 9-dihydro-8H~purin-8-one
TLC: REf 0.38 {(chloroform : methanol = 9 : 1);
'H-NMR (CDCls): & 1.26-1.50, 1.74~1.88, 2.19-2.38, 2.69,
3.09, 3.10, 3.91, 4.41, 4.49, 4.56, 7.05-7.23, 7.35-7.44,
8.25.
20 [0176] Example 19(8)

(2E)—4—{(3R)—3f[6~amino—8~oxo—7~(4—phenoxyphenyl)—

7,8-dihydro-9H~-purin-9-yl]-1l-pyrrolidinyl}-4-oxo-2-
butenamide
TLC: Rf 0.41 (dichloromethane : methanol : agqueous

25 ammonia = 9 ¢« 1 : 0.1);
'H-NMR (CDCl3): & 2.23-2.47, 2.81-3.02, 3.45-3.82, 3.99-
4.23, 4.35-4.53, 5.16-5.31, 5.50~-5.65, 5.84-6.00, 6.97-
7.30, 7.34-7.43, 8.19-8.22.
[0177] Example 19(9)

30 6—amino-9-[1- (2-butynoyl) -3-pyrrolidinyl] -7~ (4~
phenoxyphenyl) -7, 9-dihydro-8H-purin-8-one
{C 33]




358.19-8. 23. [0195] Exanpl e 19(27) -70 -

6-am no-9-[ (3R)-1-(2-butynoyl)-3-pyrrolidinyl]-7-[4-

( 3- net hoxyphenoxy) phenyl] - 7, 9- di hydr o- 8H puri n-8-one TLC. Rf 0.28 (ethyl
acetate); 1H NVR (CDC13): 8 1.94-2.03, 2. 24-2.40, 2.81-3.01, 3.47- 5 3.62,
3.69-3.83, 3.87-4.00, 4.03-4.19, 4.23-4.34, 4.41- 4.55, 5.13-5.25,
6.62-6.69, 6.71-6.78, 7.10+A19, 7.24- 7.35, 7.36-7.42, 6.89-6.97,
7.00-7.08, 7.30-7.38, 8.205_8.24. [0196] Exanpl e 19(28)

106- am no-9-[ (3R) - 1- (2-po ynoy1l) - 3-pyrrolidinyl]-7-[4-

~(4-isopropyl phenoxy) pmewyl] - 7, 9- di hydr o- 8H purin-8-one TLC. Rf 0.31 (ethyl
acetate); 1H NWVR (Co&3%: 8 1.20-1.34, 1.94-2.03, 2.24-2.40, 2.81- 3.01,
3.47-3.63, 3.69-3. 794 87-4.00, 4.03-4.19, 4.23- 154.34, 4.46-4.57,
5.13-5.25, 6.98-7.03, n.i6-7.15, 7.21- 7.30, 7.33-7.41, 8.20-8.24.

[ 0197] Exanpl e 19(29)

6- am no- 9-[ (3R) - 1- ( 2- but ywoy1l) - 3- pyrrolidi nyl]-7-[ 4-

(3-i sopropyl phgpexys phgn one; 0TLG . Rf 0. 40
(ethyl acetate @1I—ll%ﬁl % %%D&gg?ypéglédcrfg: @%Hfgggl Olsg '2.@4’-2. 40, 2.81-
3.01, 3.47-3. 63-NMBACNAEQ) : 36 87-M-00, 034 (1{3241-129404 2380433@11 43 4614, 57,
5.13-5.25, 6.8 » 90 98, ,.{. Q4- 6, 7- 1 0;

25[0198]Exanp|§ 6% ) §998:8d Yo 10007 2705-41188 £958:-£%4, 4.42-

6- ami no- 9-[ (3RY~ 31(25bl13y510’§'54) -B-GBAT.A4,diBs}774B4-8.20-8.23.

(2-isopropyl pheppxyq phe ro-8H purin-8-one TLC. RE 0.37 (ethyl |
acetate); 1HN é&)c n&r gt ﬂ; ; 1.94-2.03, 2.24-2.40, 2.81- 30

3.01, 3.16-3.30, 3 gh 82E)8"”6‘9{-33‘ [80,a18.08784 080 74(&)3911@11@919}1!8@@- 4. 34,

4.46-4.56, 5. 13525y, 8r935- 1&Lél&1]ZqQ%ze%1éZny1?44 dx3% - 41,
8.20-8.24. [0199] Exanpl e 19(

6- ani no- 9- [ ( 3RY¥ e‘%‘?‘i“b%tynoyl) 3-pyrrolidinyl]-7-[4-

35(2- ety phepnzy) phemyiy - faSr@i yectQrt@hH;pur i n- 8- one
'H-NMR (CDCli): & 1.30-1.35, 4.22-4.30, 4.48-4.68, 4.84-
4.90, 5.12-5.17, 5.40-5.50, 6.86-7.06, 7.07-7.16, 7.18~
1.23, T7.35-7.44, 8.24,
[0179] Example 19(11)

15 6—amino-9-{1~[(2E)—4—phenoxy—2—butenoyl]—3—
azetidinyl}-7- (4-phenoxyphenyl) -7, 9~dihydro-8H-purin-8-
one ‘

TLC: Rf 0.55 (ethyl acetate : methanol = 19 : 1);
'H-NMR (CDCls): & 4.38-4.60, 4.68-4.79, 4.80-4.89, 4.99-
20 5.11, 5.32-5.46, 6.24-6.34, 6.87-7.43, 8.22.

[0180] Example 19(12)
6-amino-9-{1-[ (2E) -4-hydroxy-2-butenoyl]-3-

azetidinyl}-7-(4~phenoxyphenyl)-7, 9-dihydro-8H-purin-8-
one

25 TLC: Rf 0.21 (ethyl acetate : methanol 9 : 1);
"H-NMR (CDCls): & 1.82-1.90, 4.35-4.41, 4.43-4.62, 4.79-
4.87, 5.03-5.12, 5.36-5.47, 6.19-6.26, 6.98-7.23, 7.35-
7.44, 8.23,
[0;81] Example 19(13)

30 6—amino—9—{1—[(2E)—2,4—pentadienoyl]—3-azetidinyl}_
1-{4-phenoxyphenyl)-7, 9-dihydro-8H-purin-8-one




TLC. RE 0.64 (ethyl acetate); - 71 - 1HNWR (CDC13): 8 1.94-2.03, 2.24,
2.24-2.40, 2.81-3.01, 3.47-3.63, 3.69-3.80, 3.87-4.00, 4.03-4.19,
4.23-4.34, 4.44-4.55, 5.13-5.25, 6.98-7.05, 7.10-7.18, 7.20-7.40,

8. 20- 8. 24. 5[0200] Exanpl e 19(32) - 67 -

6- am no-9-[ (3R) - 1- (2- butynoyl)-3-pyrrolidinyll-7-[4- ‘
(3-chl or ophenoxy)- 3R@f9t)h@>fy en %1] & hy deanBHopuLl §8: opg; TLC R 0. 33
(ethyl acetate); 101F N @001% a egaﬁgjéﬁ ol 0 M 653 01, 3. 47-
3.63, 3.69-3.8 H EMB7(QDQﬂL }:4603- 4249, 6%, 28-30-34,904. 5802456®3 551435. 26,
6.85-6.92, 6.9 01 1057 4, 1282 2 3 0201} EXx e
19(33) 156- an?né 9- F §ﬁ)-§i?%ibut§%0§1§539%§@rﬁl? |ny b % %é f12L

(3, 4-di chl or ophEA8BRY) - 3- HE@MD&&ph%h&ﬂ] , 9- di hydr o- 8Hpur|n 8 one TLC. Rf

0.33 (ethyl acetate); & 3,
3. 47- 20?/63 3. 60- )és 3‘41%%%7 653!% %g“tiﬁbog’li fggyg glé@%‘ﬁg]& 544 60,
5.14-5.27. 6 81cgcdehesydoxy) Qllenylbﬁ?,ﬁic@hsrﬂrwﬁﬁ -porig-930me 27.

[0202]Exanp|e 9634k 0. 44 (ethyl acetate : methanol = 19 : 1):
6-am no-9-[ (3R) - 1-( 2- butynoyl) -pyrrolidinyl]-7-(3-

25met hoxy- 4- pheﬁﬁo&%hé@@ql)u 8- di BydP 04 8H hutdi-.§0ond . TREL . BB, 0139_4(-et hyI

acetate);- 1H N Chg1 9 0 wol. 82 1a43. 47,
3.69-3.81, 3. S?R %ioé ﬂé 2. @o gogsf% 338624 § 6§59153105 *4} 37
6.90-6. 90 7.06- ﬁ0@44 $204- 328&84 22342 3BOA LP-18553- 8.26-5.24, 6.98-

7.05, 7.29~7.36, 8.19-8.23.

[0183] Example 19(15)
6-amino-9-({ {3R)-1-[ (2E}-4- (dimethylamino)}-2-

butenoyl]—3—pyrrolidinyl}methyl)—7—(4—phenoxyphenyl)—7,9—

15 dihydro-8H-purin-8-one
TLC: Rf 0.28 {chloroform : methanol = 9 : 1);
'H-NMR (CDCls): & 1.75-1.97, 2.00-2.16, 2.20-2.26, 2.83-
3.00, 3.02-3.10, 3.38-3.62, 3.69-3.82, 3.98-4.08, 4.50-
4.60, 6.19-6.31, 6.82-6.96, 7.04-7.22, 7.35-7.43, 8.23.
20 [0184] Example 19(16)
6-amino-9-{{ (28} -1-(2-butenoyl) -2~
pyrrolidinyl}methyl}-7- (4-phenoxyphenyl) -7, 9-dihydro-8H-

purin-8-one ‘
TLC: REf 0.48 (ethyl acetate : methanol = 9 : 1);

25 'H-NMR (CDCl3): & 1.75, 3.80-2.27, 3.58-3.73, 3.94-4.04,
4.06-4.19, 4.39-4.55, 4.66-4.82, 7.03-7.22, 7.35-7.46,
8.22-8.24.

[0185] Example 19(17)
6-amino-9-[ (3R) -1- (2-butynoyl) -3-pyrrolidinyl]-7-[4-
30 (3-chlorophenoxy)phenyl]~7, 9-dihydro-8H-purin-8-one

TLC: REf 0.45 (dichloromethane : methanol : agueous

ammonia = 9 : 1 : 0.1);

'"H-NMR (CDCli): & 1.94-2.03, 2.24-2.40, 2.80-3.01, 3.47~-

3.62, 3.69-3.80, 3.87-4.00, 4.03-4.19, 4.23-4.34, 4.42-
35 4.51, 5.13-5.25, 6.93-7.00, 7.05-7.09, 7.10-7.20, 7.26-

7.35, 7.38-7.44, B8.20-8.24.



[ 0203] Exanpl e 19( 35)

6-am no-9-[ (3R)-1-(2-butynoyl)-3-pyrrolidinyll-7-[4-

(3, 4-di chl or ophenoxy) pheny1] - 7, 9- di hydr o- 8H puri n-8-one TLC. Rf 0.37 (ethyl
acetate); 351H NVR (CDC13): 8 1.94-2.03 £824-2. 40, 2.81-3.01, 3.50- 3.63,
3.69-3.80, 3.87-4.00, 4.03-4.19, 4.23-4.34, 4.44- - 72 - 4.55, 5.14-5.27,

6.92-6.98, 7.12s 7. 8.26. [0204] Exanpl e 19( 36)
6- am no- 9- [(3R€ % but %pr@ LPB)

VnggTETpr‘pml di nyl]-7-(4-
5phenoxypheny1l) - 7 9 'd@fhlyféﬁ 8H 3Ririlm- @-dne yIpgl ) RB-Dy 5o Vil ladet4te) ;

1H NMVR ( CDCL3) (38 - 28-07e1 63- 3. 74,
4. 06- 4. (17 4. %34%%&50 60-4. )%’zf%r%}lﬁm > é%%ﬂé g8 ‘QJ r;%ne%

10[ 0205] Exanpl BLG9(B%)0. 52 et@]arﬁQﬁi-a‘F-e[A {ﬂaéhéwbxy)%enyll]r-g [(3R)-1-(2-
but 1}- 3- pyr 9 T 0. t hyl
etdieie ﬁ%@“&%‘cﬁ%sé 1 Gl Y O Bt Rl b E B 0 25 1LY,
3.68-3.79, 3.87-82003- @803-90,15.88-23.04,34.03-40194. 502354 0B4,5 4270~

7.07-7.16, 7.32: 55465 B3 18- 235256 7[7Q?60@]3EX6}”E?371?638§ 28-7.44, 8.20-
6- am no- 7- [ 4- (1 -benzodi oxo1- 5-yI oxy) phenyl

(2- but ynoy1) - 38 p%?rm i di ny1] -7, 9-di hydr o- 8H purl n- 8-one 20TLC. Rf 0.69
(ethyl acetate[ois®] han@xammje@ggqmmni a = 9 1 : 0. 1) 1H NVR ( CDC13):
- 8 1.94- i 03, 2.24-2, 40, 7Z.80- 01 3. 47- 69- 3. 80 87-4.00,
4.03-4.18, 4.23-4. 3§‘a‘ﬁlfﬁ‘b‘94[€331R ﬁ-‘l'z"@uﬁsn%lbﬁ BYBQO@%@Y% o-ld-63,
6.79-6.83, 257(®A57d1BludrGehchctfs) phe21§-239-H0R0d T Exempber kB Yne

g- Syr Pgl rdl(ﬁyﬁ]té gﬁghﬁyﬁ) 9ﬁéﬁﬁ?ﬁ?]{@(%ngu%%&%#lm%g(et]t‘)y'l acetate :
net hanol = 9 'HONMEBOUBOWR: (£DCIR)-2 B3l 9424-03407. 2382-40p1 2. 805:8. 01,
3.50- 3.63, 3.68-3.80, 3.88-4.00, 4.03-4.19, 4.23-4.34, 4.42-
15 4.54, 5.13-5.25, 6.53-6.66, 7.17-7.27, 7.41-7.48, 8.21-
| 8.26.
-{0188] . Example 19(20)
6-amino-9-[ (3R) -1-(2-butynoyl) -3~pyrrolidinyl]-7-(3-
fluoro-4-phenoxyphenyl) -7, 9-dihydro-8H-purin-8-one
20 TLC: Rf 0.41 (ethyl acetate : methanol 19 : 1):
'H-NMR (CDCl3): & 1.94-2.03, 2.24-2.40, 2.80-3.00, 3.52-
3.63, 3.68-3.80, 3.88-4.00, 4.03-4.19, 4.23-4.34, 4.46-
4.57, 5.13-5.25, 7.02~-7.21, 7.29-7.42, 8.21-8.26.
[0189] Example 19(21)
25 6-amino-9-[ (3R) -1-(2-butynoyl}-3-pyrrolidinyl]-7-[4-
(4-fluorophenoxy)phenyll~7, 9-dihydro-8H-purin-8-one
TLC: Rf 0.26 (ethyl acetate); |
'H-NMR (CDCls): & 1.94-2.03, 2.24-2.40, 2.80-3.01, 3.47-
3.62, 3.69-3.80, 3.87-4.00, 4.03-4.19, 4.23-4.34, 4.42-
30 4.54, 5.12-5.25, 6.99-7.16, 7.35-7.41, 8.20-8.24.
[0190] Example 19(22)
6~amino~9-{ {3R) -1~ (2-butynoyl) -3-pyrrolidinyl}-7-[4-
(4-chlorophenoxy)phenyl]-7, 9-dihydro-8H-purin-8-one
TLC: Rf 0.28 (ethyl acetate);
35 'H-NMR (CDCl3): & 1.94-2.03, 2.24-2.40, 2.81-3.02, 3.47-
3.62, 3.69-3.80, 3.87-4.00, 4.03-4.19, 4.23-4.34, 4.42-

il




3.62, 3.68-3.80, 3.87-4.00, 4.02-4.19, 4.23-4.34, 4.46- 4.60, 5.12-5. 25,
6.02, 7.00-7.18, 7.22-7.40, 8.18-8.22. [0208] Exanple 19(40)

6- am no- 7- (4- benzoyl phenyl) -9-[ (3R) - 1- ( 2- but ynoy1) -
353-pyrrolidinyl] -7, 9-di hydro-8Hpurin-8-&3-TLC. Rf 0.62 (ethyl acetate :
methanol =8 : 1); - 73 - 1HNWR (CDC13): 8 1.94-2.03, 2.24-2.41,

i gé 35017 g g% 58; 653 1§4§82§ 871 0(5)’*"}8%64 870§ 80§78 '§03047 2453453@0 4. 55-

5[ 0209] Exanpl e 1@@41)

6-am no-7-(4- bgo;yipheny@ﬁaﬁbjé£ﬂ§¢§3(2 butynoyl) 3-
pyrrolidinyl]-7,9-dihydro ur|n 5 one C etﬁy acetate
net hanol = 9 : 1) P@W(%D%J P-émtzn@zl 232@12“3-‘91 g3 dd- 3. 50-

103. 61, 3. 67- 3(J%me S PlpHerdx AL, 9428y8-3%1 dpdtin & Sho 5. 12-5. 24

116742, 8 19:8, 25, [0 %%x%;é%aesmm e

(phenoxynethylﬁph@nykkxﬁng1dlQyﬁrgaiﬂ+dgﬂIz*jiJanol5§L§b §&OP 59 4fﬁfﬂﬂ
acetate : nethanol =1 CcOcl el

2.82-3.01, 3.5%:53; 63; 6%*%&@ 83}8%*483(5104 61)03449@.94 ’19237142%44 43442—4 45-

4.54, 5.11-5.274,59, 99:1305,29, 28-804-3/.,92(. 4399-91037. 909777 665, 81 22r-8. 27.
20[0211 anpl

43)
O ) oty 53878 ny 1) - 7- 16
[ (6- et hyl- 2- pyOldznyI)me&mmmmymlﬁﬁlg di hydro-8H purin8-one TLC: Rf 0.48

(ethyl acetate : hanpl 1 51H NVR 13): 8.1.9
2.24-2.40, 2.46, D 18 Ay~ -9+ P‘SEHD‘ ]62‘?2 %Uégn@Yég?géPg%rﬂlﬂl%ﬁo‘%aﬁ
4.23-4.34. 4. 5244m62hy Foldndx Hhheni3-6., 28.di6y88e6888pu7iR38 7082,

7.40-7.46, 7. esg{g3 (1512%2 b%% ﬁéﬁl[oc?elt%] arrpl e 19(44)

306-am no-9-[ ( pyrro i"di ny1] - 7-[ 4-
(4-fl uons- 3- m{mmamphe&ﬂ]9a—2 afi hydre-8Hapyr png8-3ome, TEQ7-Rf 0. 51
(ethyl acetatey: cyethapol ;=349 5 iy o0, 4.03-4.19, 4.23-4.34, 4.42-

4.55, 5.13-5.25, 6.95-7.02, 7.04-7.16, 7.17-7.23, 7.33-

7.41, 8.20-8.24,

[0193] - Example 19(25)

20 6—amino-9-[ (3R} -1-(2~butynoyl)-3-pyrrolidinyl]-7-{4-
[3-(trifluoromethyl)phenoxylphenyl}-7, 9-dihydro-8H-purin-
8-one |
TLC: Rf 0.33 (ethyl acetate);

'H-NMR (CDCls): & 1.94-2.03, 2.22-2.42, 2.80-3.01, 3.47-

25 3.62, 3.69-3.80, 3.87-4.00, 4.03-4.19, 4.23-4.34, 4.42-
4.55, 5.13-5.25, 7.12-7.20, 7.22-7.28, 7.35-7.38, 7.40-
7.57, 8.20-8.24.

[0194] Example 19(26)
6—amino—9—[(3R)-1-(2—butynoyl)—3—pyrrolidinyl]—7~[4—

30 {(4-methoxyphenoxy)phenyl]-7, 9-dihydro~8H-purin-8-one
TLC: Rf 0.23 (ethyl acetate);

'H-NMR (CDCls): & 1.94-2.03, 2.24-2.40, 2.80-3.01, 3.47-
3.62, 3.69-3.80, 3.83, 3.87-4.00, 4.03-4.19, 4.23-4.34,
4,41-4.55, 5.13-5.25, 6.89-6.97, 7.00-7.08, 7.30-7.38,

35 8.19-8.23,

[0195] Example 19(27)




1H-NVR (CDC13): 8 1.94-2.03, 2.24-2.40, 2.81-3.01, 3,52- 353.63, 3.68-3.80,
3.87-4.01, 4.03-4.19, 4.23-4.34, 4.42- 4.54, 5.14-5.27, 6.84-6.95,
6.99-7.12, 7.34-7.41, 8.20- - 74 - 8.24. %0213]Exanp|e 19(45)

6- ami no- 9-[ (3R) - 1- (2- but ynoy1) - 3- pyrrol idifdy1] - 7- [ 4-

(4- nmet hoxy- 3- net hyl phenoxy)phenyl] 7 9-di hydro-8H purin- 58-one TLC. Rf

0.51 (ethyl acetate *amg@jm 3 62 2%“&%@yg/g‘§§fé§311&$1%472 Q3.

2 23 2. 24-2.39 2. BLBEL 3 387101
4 03.4.19. 4 283-HeBaoxyphEnaKBphenyid~5, 9641 BySDoes B BHE-BE3 7. 01-

107. 09, 7.31-77R9, 8Bt 29- @Z@tﬂﬁz%e@g}%@gl e 19(46)
6- am no- 9- [(SR% 1- (2-but'ynoy1) -3- pyrroli di nyl] - 7- [ 4-

(4-fluoro-3 neﬂr@&%ﬁéﬁ@ly)ph ny194-7, $4i By@ho2l8M0pu?i 8B=-dnel A5M4AT- Rf 0. 48
(ethyl acetate t 9 ) N _
g 3:67F f‘s‘aés‘é’ 3349 3, 817 4 330’03 g’%@@%% %8231 Phl Q8.4

2.24-2.40, 2.81-3 48-"3. 63, 1,” 4.03-"4.19,
4.23-4.34, 4.44.5%, 5@3 1%5-394%, 266626-637696 6371667®86 77810 71 03,7, 71424-7. 37-

7.43, 8.20-8.24, 320[ 925l Exerple g7, 7.00-7. 08 7.30-7.38, 8.20-
6- am no-9-[ (3R) - 1 (2-but ynoy1) - 3-pyrrolidinyl]-7-(4-

(3, 4- di net hyl phehbxy) phenyl ] - 7, 9- di hydr o- 84 puri n-8-one TLC: Rf 0.53 (et hyl
acetate : methpopdbeF 19 Exaﬂ;ﬂpleﬂiﬁ\{l‘ﬂ% (CDC13) 8 1 94 2. 03 2 24- 2. 40,

2.81- 3. 3.48- 2 m 23-4. 34,
4. 48- 4%9 5.14-5. gsam@%fo% [&R) 8¢~ b?‘tmo?liﬁ I?Y%—‘fzohl%lylé ~0-ld24.

[ 0216] Exanpl e 18{#8)propylphenoxy)phenyl]-7,9-dihydro-8H-purin-8-one
6-am no-9-[ (3 prroI| |ny1] 7-14-
~30( 4-chl oro- SR%@%hﬁ%h@h%Qy{%%yﬁyﬁ/ |hydro 8H purin-8- one
'H-NMR (CDCls): & 1.20-1. 34 1.94-2.03, 2.24-2.40, 2.81-
3.01, 3.47-3.63, 3.69-3.79, 3.87-4.00, 4.03-4.19, 4.23-
15 4.34, 4.46-4.57, 5.13-5.25, 6.98-7.03, 7.06~-7.15, 7.21-
7.30, 7.33-7.41, 8.20-8.24.
[0197] Example 19(29)
6~amino-9-[ (3R)~1-(2-butynoyl) -3-pyrrolidinyl]-7-[4-
(3-isopropylphenoxy)phenyll-7, 9-dihydro-8H-purin-8-one
20 TLC: REf 0.40 (ethyl acetate);
"H-NMR (CDCl3): & 1.20-1.28, 1.94-2.03, 2.24-2.40, 2.81-
3.01, 3.47-3.63, 3.69-3.80, 3.87-4.00, 4.03-4.19, 4.23-
4.34, 4.46-4.57, 5.13-5.25, 6.84-6.90, 6.98, 7.04-7.16,
7.27-7.41, 8.20-8.24.
25 [0198] Exanmple 19 (30)
6—amino—9-[ (3R) -1~ (2-butynoyl) -3-pyrrolidinyl]-7-[4-
{(2-1isopropylphenoxy)phenyl] -7, 9-dihydro~8H-purin-8~one
TLC: Rf 0.37 {ethyl acetate}):
'"H-NMR (CDCl3): & 1.20-1.27, 1.94-2.03, 2.24-2.40, 2.81-
30 3.01, 3.16-3.30, 3.47-3.63, 3.69-3.80, 3.87-4.00, 4.03-
4.19, 4.23-4.34, 4.46-4.56, 5.13-5.25, 6.93-7.00, 7.01~
7.08, 7.17-7.24, 7.32-7.41, 8.20-8.24.
[0189] Example 19(31)
6—amino—9-[ (3R) ~1- (2-butynoyl) -3-pyrrolidinyl]-7-[4-
35 (2Z-methylphenoxy}phenyl]-7, 9-dihydro-8H-purin-8-one
TLC: REf 0.64 (ethyl acetate);




TLC. Rf 0.64 (ethyl acetate : nethanol = 19 : 1); 1H NWR (CDCl3): 8
1.94-2.03, 2.24-2.40, 2.81-3.01, 3.52- 3.64, 3.70-3.80, 3.87-4.00,
4.03-4.19, 4.23-4.34, 4.48- 354.59, 5.14-5.25, 6.82-6.88, 6.98, 7.06-7.15,
7.33-7.42, 8.20-8.24. - 75 - [0217] one7Exanple 19(49)

6-am no-9-{(3R)-1-[ (2E) - 3-chl or 0- 2- but enoy1] - 3-

Bt oo D) S PR PL e o YR S AN 2 1 8BS
3.47-3.63, 3.69-3.80, 3.87-4.00, 4.03-4.19, 4.23-4.34,
4.44-4.55, 5.13-5.25, 6.98-7.05, 7.10-7.18, 7.20-7.40,
8.20-8.24.

5 [0200] Example 19(32)
6-amino-9~[ (3R)-1-(2-butynoyl)-3-pyrrolidinylj-7-[4-
{3-chlorophenoxy)~3-methoxyphenyl] -7, 9-dihydro-8H-purin-

8-one
TLC: Rf 0.33 {(ethyl acetate);
10 'M-NMR (CDCls): & 1.94-2.03, 2.24-2.40, 2.82-3.01, 3.47-

3.63, 3.69-3.81, 3.87-4.00, 4.03-4.19, 4.23-4.34, 4.48-
4.60, 5.14-5.26, 6.85-6.92, 6.95—7.01, 7.05-7.14, 7.22-
7.29, 8.23-8.27,
[0201] Example 19(33)

15 6-amino-9-[ (3R)-1-(2~-butynoyl)-3-pyrrolidinyl}-7-[4-
(3,4-dichlorophenoxy)-3-methoxyphenyll] -7, 9-dihydro-8H-

purin-8-one

TLC: REf 0.33 (ethyl acetate);

'H-NMR (CDCls): & 1.94-2.03, 2.24-2.40, 2.82-3.01, 3.47-
20 3.63, 3.69-3.81, 3.87, 3.87-4.00, 4.03-4.19, 4.23-4.34,

4.48—4.60, 5.14-5.27, 6.81-6.86, 6.97-7.01, 7.06-7.16,

7.37-7.40, 8.23-8.27.

[0202] Example 19(34)

6—amino-9-[ (3R) ~1-(2~butynoyl) -3-pyrrolidinyl]-7-(3-

25 methoxy-4-phenoxyphenyl) -7, 9-dihydro-8H-purin-8-one

TLC: Rf 0.31 (ethyl acetate);

TH-NMR (CDCls): & 1.94~2.03, 2.24-2.40, 2.82-3.01, 3.47-

3.63, 3.69-3.81, 3.87-4.00, 4.03-4.19, 4.23-4.34, 4.48-

4.60, 5.14-5.27, 6.%0-6.97, 7.00-7.04, 7.05-7.18, 7.32-
30 7.41, 8.23-8.26.

[0203] Example 19(35)

6-amino-9~{ (3R} -1-(2-butynoyl) -3-pyrrolidinyl]~7-[4-

{3, 4-dichlorophenoxy)phenyl]~7, 9-dihydro-8H-purin-8-one

TLC: Rf 0.37 (ethyl acetate);
35 © 'H-NMR (CDCls): & 1.94-2.03, 2.24-2.40, 2.81-3.01, 3.50~-

3.63, 3.69-3.80, 3.87-4.00, 4.03-4.19, 4.23-4.34, 4.,44-




2.23-2.31, 2.32-2.40, 2.54-2.60, 2.86- 2.97, 3.47-3.65, 2.81-3.01,
3.52-3.64, 3.84-3.88, 3.93- 4.01, 4.08-4.14, 4.20-4.25, 4.40-4. 54,
5.15-5.24, 6.20- 6.31, 7.07-7.17, 7.18-7.22, 7.35-7.44, 8.20-8. 24.
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4.55,.5.14—5.27, 6.92-6.98, 7.12-7.22, 7.40-7.49, 8.21-
8.26.
[0204] Example 19{36)

6-amino-9-[ (3R)~1-(2-butynoyl}-3-piperidinyl]-7-(4-

phenoxyphenyl) -7, 9-dihydro-8H-purin-8-one
TLC: Rf O.59l(ethyl acetate);
'H-NMR (CDCls): & 1.55-1.80, 1.84-2.11, 2.55-2.76, 3.07-
3.21, 3.63-3.74, 4.06-4.17, 4.38-4.59, 4.60-4.74, 7.04-
7.23, 7.33-7.44, 8.20-8.24,
[0205] Example 19(37)
6—amino-7-[4- (benzyloxy)phenyl]-9-[(3R)-1-(2-
butynoyl}-3-pyrrolidinyl]-7,9-dihydro-8H-purin-8~one
TLC: Rf 0.22 (ethyl acetate);
'H-NMR (CDCl3): & 1.94-2.03, 2.24-2.40, 2.81-3.01, 3.50-
3.62, 3.68-3.79, 3.87-4.00, 4.03-4.19, 4.23-4.34, 4.40-
4.50, 5.08~5.27, 7.07-7.16, 7.32-7.46, 8.18-8.25.
[0206] Example 19(38)
6—amino-7-[4-{1,3-benzodioxol~5-yloxy)phenyl]-9-[1-

(2-butynoyl)-3-pyrrolidinyl]-7, 9-dihydro-8H-purin-8-one

TLC: Rf 0.69 (ethyl acetate : methancl : agquecus ammcnia

=9 :1:0.1);

H-NMR (CDCl3): & 1.94-2.03, 2.24-2.40, 2.80-3.01, 3.47-

3.62, 3.69-3.80, 3.87-4.00, 4.03-4.19, 4.23-4.34, 4.40-

4.51, 5.12-5.25, 6.01, 6.53-6.59, 6.60-6.63, 6.79-6.83,

7.04-7.13, 7.32-7.40, 8.20-8.23.

[0207] Example 19(39)
6-amino-7-{4-anilinophenyl) -9-[ (3R) -1-(2-butynoyl) -

3-pyrrolidinyl]-~7, 9-dihydro-8H-purin-8-one

TLC: Rf 0.66 {ethyl acetate : methanol 9 : 1y;

'H-NMR (CDCl3): & 1.94-2.03, 2.23-2.40, 2.80-3.01, 3.50-
3.62, 3.68-3.80, 3.87-4.00, 4.02-4.19, 4.23-4.34, 4.46-
4.60, 5.12-5.25, 6.02, 7.00-7.18, 7.22-7.40, 8.18-8.22.

[0208] Example 19(40)

6-amin0u7—(4—benzoylphenyl)—9—[(3R)—1—(2—butynoyl)—
3-pyrrolidinyl]-7, 9-dihydro-8H-purin-8-one
TLC: Rf 0.62 (ethyl acetate : methanol =8 : 1);

10



[ 0218] Exanple 20

6-am no-9-11-[ (2E) - 4- (1H benzotri azol - 1-yl oxy) - 2-

but enoyl] - 3-azeti di nyl}-7- (4- phenoxyphenyl) -7, 9-di hydr o8H purin-8-one [C
34] 15 4-bronocrotonic acid (0.44-gy3 %-ethyl-3-(3-

di met hyl am nopr opyl ) car bodi i m de hydrochloride (0.86 g), HOBt (0.68 g), and
triethylamne (1.3 nl e agded to a dinethylform sol ution

of the conpou-nd{"(Ni'I.Eb (zf@\é:ﬁgbfe ar et 14T Oé«ar?plzé‘?;’liol Fogiﬂgtz)@'ga'r%—ng for 1
hour at room tenpes ad UsE-3 VR er3 \was-4added 4 03the2p pact 2D A et ur.e sand
W Eh a saturatbeoanu ol Sotum Ao SoP4T T Roant UGS then Weved over
25anhydrous sogli2en sul fate and the_solvent was distilled off. The residue
conpound (0. 431970 %y et M b G br oper 1y val ues. i ndi cat ed bel ow TLG
Rf 0.56 (dichl or one¢+amiene-"Hethdrolzy12&¥yaguéels3Blamthiaty®yl)E3- 0. 1) ;
5. 5355, 45, b. RV ph ) 25 b B RagRome 02 )"0 o Exarl e
21 6- anfho: R (BR)3 LigthWuapedyptye- 3- ppkhohedinyd] - 71X (#4-
1) S0l uti on of THE AN {3 4 15 dpdrd P exaol B 1o(U0) Wik cool ed
to 0C, §6di um Boébhydlrétel (294 TuP)7-wWad0agdded2-anti8 st 4 r23-nf. MBS 4card-i ed out
for 30 mnutes, dJhe gepgtyon mxiye vas dihytgd,s
[0210] Example 19(42)
6-—amino-9-[ (3R} ~-1-(2-butynoyl)-3-pyrrolidinyl]-7-[4-
{(phenoxymethyl}phenyl] -7, 9-dihydro-8H-purin-8~one
15 TLC: Rf 0.50 (ethyl acetate : methanol = 19 : 1);
'H-NMR (CDClj3): § 1.%4-2.03, 2.25-2.40, 2.82-3.01, 3.51-
3.63, 3.69-3.80, 3.88-4.01, 4.05-4.19, 4.25-4.34, 4.45-
4,54, 5.11-5.27, 6.95-7.05, 7.28-7.37, 7.43-7.51, 7.60~-
7.6, 8.22-8.27.
20 [0211] Example 19(43)
6~amino-9-[ (3R) -1- (2-butynoyl)-3-pyrrolidinyl]-7-{4-

[ {6—methyl-2-pyridinyl)oxylphenyl}-7, 9-dihydro-8H~purin-

8-one
TLC: Rf 0.48 (ethyl acetate : methanol = 19 : 1);-
25 'H-NMR (CDCls): 8§ 1.94-2.03, 2.24-2.40, 2.46, 2.81-3.01,

3.50-3.62, 3.68-3.80, 3.87-4.01, 4.03-4.19, 4.23-4.34,
4.52-4.62, 5.14-5.27, 6.73-6.78, 6.93-6.98, 7.23-7.32,
7.40-7.46, 7.60-7.67, 8.21-8.25.
[0212] Example 19 (44)

30 6—amino-9-{ (3R) -1~ {(2~-butynoyl) -3-pyrrolidinyl]}-7-[4~-

{4-fluoro-3-methylphenoxy)phenyl] -7, 9-dihydro-8H-purin-8-

one | |

TLC: Rf 0.51 (ethyl acetate : methanol = 19 : 1);

'H-NMR (CDCl3): & 1.94-2.03, 2.24-2.40, 2.81-3.01, 3.52-
35 3.63, 3.68-3.80, 3.87-4.01, 4.03-4.19, 4.23-4.34, 4.42-

4.54, 5.14-5.27, 6.84-6.95, 6.99-7.12, 7.34-7.41, 8.20-

~]



10w th ethyl acetate and was then washed with water and a saturated aqueous
sodi um chl ori de solution. The organic |ayer was dried over sodiumsulfate
foll owed by concentration under reduced pressure, and the obtai ned residue
was purified by silica gel colum chromat d4r aphy 15(ethyl acetate -* ethyl
acetate : nmethanol = 10 : 1) to obtain the title conpound (28 ng) having

t he physi cal pé grty val ues indicated below TLC. Rf 0.58 (ethyl acetate
met hanol = 9 : 1): 31-1-NMWR (CDClS) 8 1.94-2.03, 2.23-2.39, 2.57,
2.80-3.00, 203[8213]61, BxawB: 79 (45)87- 4. 00, 4.02- 4. 18, 423432

950,54 5.12:5 24,0 810 ) B A3 1,861,625 20 ?ﬁléﬁ‘qnff

[ 0220] [ Phar macol ogi cal experi nental exarrp e 1
25Measur enent (4 Tetheay t etehhoioheno:at) IPhleﬁﬁﬂH)r?o?Byth@Y@W‘t S e
selectivisty fog_Btk The Btk enzyme inhibitory activity was neasured, based
on the prot ocoIng ovi ded by the manufacturer, usi ng Btk (Invitrogen

Corporation) ahdct hat O {SAEMRN hRee tFAs safekPengyrT b2pt i e (1 nvitrogen
Cor por ation), %C@M edstheg £.0) | o ng omeagenysy Iyr-3. @P_pjl >, Thy-1
5

phosphopepti de inase "buffer,” ATP, devel opnent reagent devel’oprent -

buf fer, and st%pﬂe%lg@hat 3{ @B AWki85,08 - 8758k OLi of- 68~ ih7e9rteqst23corrpound

35di | uted withy dwﬁt@ﬂzw'é@x'ﬁeﬂﬂ@v@@ 6QB0DWBE, , apdg 406 VWl 17 @f1 1 he
substrat e/ enzyne mxture solution were - 77 - di spensed to a 96-wel| assay

plate afd a react?on’ wak~tat¥i & S8+~ 20 ninutes at 30C. The
substrat e/ enzypg2ra xt ur eﬂ§$&hﬂé C)_]_I‘B(\Am) prepared by dilution with the kinase

buffer (DL-dithiothrel tol TP & 1M dyaaX K935, L o1idiny1]-7-[4-

(4-fluoro-3-methoxyphenoxy)phenyl]~7, 9-dihydro-8H-purin-
8-one

15 TLC: Rf 0.48 (ethyl acetate : methanol 19 @ 1);
'H-NMR (CDCls): & 1.94-2.03, 2.24-2.40, 2.81-3.01, 3.48-
3.63, 3.68-3.80, 3.87-4.01, 4.03-4.19, 4.23-4.34, 4.44-
4.56, 5.14-5.26, 6.57-6.63, 6.70-6.78, 7.03-7.14, 7.37-
7.43, 8.20-8.24.

20 [0215] Example 19(47)

6-amino-9-[ (3R) -1- (2-butynoyl) ~3-pyrrolidinyl]-7-[4-

{3,4-dimethylphenoxy)phenyl]-7, 9-dihydro-8H-purin~8-one
TLC: Rf 0.53 (ethyl acetate : methanol 19 : 1);
'H-NMR (CDCls): & 1.94-2.03, 2.24-2.40, 2.81-3.01, 3.48-

25 3.62, 3.68-3.80, 3.87-4.00, 4.03-4.19, 4.23-4.34, 4.48-
4.59, 5.14-5.25, 6.80-6.84, 6.89, 7.04-7.17, 7.32-7.40,
8.20-8.24,

[0216] Example 19(48)
6-amino-9-{ (3R) -1- (2-butynoyl)-3-pyrrolidinyl]-7-[4-
30 (4-chloro-3-methylphenoxy)}phenyl] -7, 8—-dihydro-8H-purin-8-

one

TLC: Rf 0.64 (ethyl acetate : methanol 19 : 1)

'H-NMR (CDCls): & 1.94-2.03, 2.24-2.40, 2.81-3.01, 3.52-

3.64, 3.70-3.80, 3.87-4.00, 4.03-4.19, 4.23-4.34, 4.48-

35 4.59, 5.14-5.25, 6.82-6.88, 6.98, 7.06~7.15, 7.33-7.42,
8.20-8.24.



Sbuffer) to provide a final concentration for the Tyr-1 peptide of 4 gM and
a final Btk concentration of 5 nM 5 gL/well of the adenosine triphosphate
(ATP, final concentration = 36 gM was then added and a reacti on was
carried out for 1 hour at 30C. After the dénpletion of 10the reaction, 10
gL of a devel opnent solution, provided by diluting the devel opnment reagent
B to 128x usingobie] devetgﬁﬁ% Pyff{er, was added and a reaction was
carried out for an addit t 30C. The enzymatic reaction was
then stopped by addPn@gmimeg?-bf3Rhel st G )rSsehdeiron2-Theenovbrescence
Intensity at 4ﬂ§r961§8§n$?9— A D188 Wil MBS 7B ag U 89r 4158 M0 - iiFUsi-on
Uni versal M cropl ate Anal yzer (Perki nEl'mer Iync.) fl uorescence pl ate reader.
The percent phB8fhoryl ati on was determ ned using the ratio of the enission
at 445 nm (coumBCt NREND S64 0Nt RPL Caddiy @M :SHe®Rafb152019m (f) porescein
em ssion) in agcordance with the protocol provided with the kit. %8222] The
per cent i nhi bi tHORR WCOEL:) hedt est3tdnpburid 3kas -d&l cdl aded- 68 ng- §
fol  ow ng equapion, BEkY-25per cepiyinhibi t3.@p_6%:40f 3phesphes yl atdon = 1 -
{(Ac - AX)/(Ac - AB)% x 100 Ax : % phosphoryl ati on when the test conpound
has been added?-01," 2.Q@ 4.4 prbsthichydat i9od0ird-Phe abdenee2df ABO-addition
%ﬁ(bgggk) ﬁpbgﬁ?@ph0$Fbmty%%%jon.mme?Jgnlwfﬁwsgha?,bgenoagg@ﬂ.(cgnzrol) g
e 0.i_nhi bi al ue 0 val ue) for e test conmpound was determ ne
from t héY nhi bi&bggﬂYcur v%éﬂé%:g%&on the %inhibition at each concentration
of the test -278 -ceampaong-{1-[ (2E)He- {I1Hidkinzeryiaebl vityldoy) -at-her

was measur ot | ROPRASKhReS raniel B0 Wl bRrosausvbelit b Re TRl or

ki nase in pl acéHeputhe-8tine :

[(C 34]
NH;
'L o

%

4-pbromocrotonic acid (0.44 g}, l-ethyl-3-(3-

15

dimethylaminopropyl) carbodiimide hydrochloride (0.86 g),
HOBt (0.68 g), and triethylamine (1.3 mL) were added to a
dimethylformamide (22 mL) solution of the compound (1.0

20 g) prepared in Example 7, followed by stirring for 1 hour
at room temperature. Water was added to the reaction
mixture and extraction with ethyl acetate was performed.
The organic layer was washed with a saturated aqueous
sodium chloride solution and was then dried over

25 anhydfous sodium sulfate and the solvent was distilled
off. The residue was purified by silica gel column
chromatography to obtain the title compound (0.43 g)
having the physical property values indicated below.
TLC: Rf 0.56 (dichloromethane : methanol : 28% agueous

30 ammonia = 9 : 1 : 0.1);

'H-NMR (CDCl3): & 4.43-4.63, 4.79-4.88, 4.99-5.05, 5.22-



[0223] According to the results, the 1C50 values for the conpounds of the
present invention were, for exanple, 0.004 RM for the conpound of
Exanple 8, 0.014 RMfor the conmpound of Exanple 11(3), 0.004 RMfor the
‘conmpound of 10Exanpl e 8(14), 0.007 gM for 7the conpound of Exanple 19(2),
and 0.011 RMfor the conpound of Exanple 19(40). In addition, the

Bt k-sel ective knbjbi §ogy_acid Vlé %@6 He efor@jHQqngg of they p4@59pt51gj1vent i on

for other kinases, and particularly for’ Fyn, “and LynA, was
calcul ated as the2raBid2of the IC50 val ues of the individual kinases and is

given in Tabl efdz2bei ow. fJJakbge 1l1 Exanpl e nunber Lck[1C501/ Btk[ I C50]
Fyn[ 1 C50]/ Btk[ICSO% Lynﬁﬁ%?gUpﬁthk[&Figk %089)453 4§§o§§§fg gFO %500 1767
11(3) 19 236 amino-= ynoy pY yl
5 [hydroxy (phenyl)methyl]phenyl}-7, 9-dihydro-8H-purin-8-one
A methanol (1 mL) solution of the compound (30 mg)
prepared in Example 19(40) was cooled to 0°C; sodium
borohydride (2.4 mg) was added; and stirring was carried
out for 30 minutes. The reaction mixture was diluted
10 with ethyl acetat% and was then washed with water and a
saturated aqueous sodium chloride solution. The organic
layer was dried over sodium sulfate followed by
concentration under reduced pressure, and the obtained
residue was purified by silica gel column chromatography
15 (ethyl acetate — ethyl acetate : methanol = 10 : 1) to
obtain the title compound (28 mg) having the physical
property values indicated below.
TLC: RE 0.58 (ethyl acetate : methanol = 9 : 1);

'H-NMR (CDCls): & 1.94-2.03, 2.23-2.39, 2.57, 2.80-3.00,

20 3.50-3.61, 3.67-3.79, 3.87-4.00, 4.02-4.18, 4.23-4.32,
4.45-4.54, 5.12-5.24, 5.91, 7.27-7.43, 7.56-7.62, 8.20-
8.23.
[0220] .[Pharmacological experimental examples]

Biological Example 1
25 Measurement (in vitro tests) of the Btk inhibitory
activity and the selectivity for Btk
The Btk enzyme inhibitory activity was measured,
based on the protocol provided by the manufacturer, using
Btk (Invitrogen Corporation) and the Z'-LYTE™ Kinase
30 Assay Kit-Tyrl peptide (Invitrogen Corporation), which
contained the following reagents: Tyr-1 peptide, Thy-1
phosphopeptide, 5x kinase buffer, ATP, development
reagent B, development buffer, and stop reagent.
[0221] 5 uL/well of a solution of the test compound
35 diluted with dimethyl sulfoxide (DMSO), or DMSO, and 10

uL/well of the substrate/enzyme mixture solution were



143 19(2) 114 762 471 These results show that the conpounds of the
present invention not only have a Btk inhibitory activity, but 20al so have
a Btk-selective inhibitory activity with respect to other kinases.

[ 0224] Bi ol ogi cal Exanple 2 Measurenent -of7B-cell activation or T cell
activation using human PBMC 25A 10 nmmol /L solution of the test compound in

DVB0 was di spe | 6-el I gSeries was
prepared usi ngd%%%&ggfofgoo% cgﬁc‘f’lg%?r %tglgg&h? % conpouﬁ%’ g!q &Enl 8’% sol ution
was prepared byamniedidit ofad zmmldnldtletsl ab Wh RHMelM@sB@HEdVﬁMyme

(cont ai ned 10% HI - FBS Yopeni cillin ri pher al nonucl ear
cells (PBMO) vvere uﬁ édl LoD ges I)ell?a gaﬁ%ﬁ i‘P loonprow dg&i]ae ens y of 2

xI 106 cell s\/Nh mbt#}i@%ﬁfRLﬂleOfdi:]ﬂlﬁldoi%'ﬂel&%inD$Tpn2 wasInM)d,deﬁ 33X 84&9%3\69 I
patelno 1.C of the XCQI’IC ntration test ilytion
sol ut i ongor t HE Vet PHDH OG0 HQ@%SQPPE%HV%%W |lér)ﬂr?c¥g1?c

i ncubation was, %?ﬂfd%r@ﬂ 4 Qi %Qldﬂanlftl%%latsu%?@oﬁé@a@@% o]f05R|BMOf gn
anti-1lgM antibo (Southern Biotech)/IL-4 (R & D Systens) solution or an

ant i - CD3/ CD28 ldwtwéﬂddwﬂoddcb susperrdinen tehiphospgen (ATP, fi®erlpor ation) was
added to a 96-well plate and of 10the cell su nsion pr.epared as
descri bed above® % ’%{Ilﬂastcjl%ﬁjd'e?i3 Rmalwa@oﬁiggﬂt?g‘fl?% asr%a%ﬁeaﬁ ant®ody = 1
Ro/mL, IL-4 = Gpgidd, o@dndeantil 1%/@2&0%' boehe oeads cong1%t168 of

10 the reaction, 10 pL of a development sclution, provided

by diluting the development reagent B to 128x using the

development buffer, was added and a reaction was carried
out for an additional 1 hour at 30°C. The enzymatic

reaction was then stopped by adding 10 pL of the stop
15 solution. The fluorescence intensity at 445 nm and 520
nm in each well was measured using a Fusion Universal
Microplate Analyzer (PerkinElmer Inc.) fluorescence plate
reader. The percent phosphorylation was determined using
the ratic of the emission at 445 nm (coumarin emission)
20 to the emission at 520 nm (fluorescein emission) in

accordance with the protocol provided with the kit.

[0222] The percent inhibition (%) by the test compound
was calculated using the following eqguation.
(E1] A

25 percent inhibition (%) of phosphorylation =

1 - {(Ac ~ Ax)/(Ac ~ Bg)} x 100
By : % phosphorylation when the test compound'has been
added
"Ag : % phosphorylation in the absence of ATP addition
30 (blank)
Ac : % phosphorylation when only DMSO has been added
{control) .
The 50% inhibition value (IC50 wvalue) for the test
compound was determined from the inhibition curve based

35 - on the % inhibition at each concentration of the test



beads/nmL). 10 RL of the nedium was added to the unstinul ated sanple wells
in place of these stimulating 15substances, and standing at 37C and 5% CO2
was agai n performed. Incubation was carrjed out for 16 hours in the case of
the evaluation of T cell activation and—=@P 22 hours in the case of the
eval uation of B cell activation. 100 RL Cytofix Buffer (BD Biosciences) was
20added; hol di pgfQind> m nutes at 37C was performed; centrifugation for 10
m nutes at 1500 rpmwas carried out; and the supernatant was renoved. 200
RL of Perm buffer |Th¢ BBkl sheedivity- foc @gaeadﬁb@é}S%lkﬁ% for 30

M nutes on ices¥AfoPe! fOEIEEEiCetdd THgat i1an1f etodOigeiudas at 1500 rpm
was carried out; and the supernatant was renoved. 0.5 nL Stain buffer (BD
Bi osci ences) wWaSTRfERE Al WEhtMiSFgad df kis earei BanRef FDrdeEFiHlRGt es at

1500 rpms 100 &booé @sihyethandhadnisd WihaReWas pused eéndHaa@thati on was
performed for éé) % ut es_ on ié:.e 30i n .the dar ﬁ’:c Tthe anié%gd was the 10x
dilution with SP2¢H puf fRFCYFIIHE 0P the repultsy yFhe, rEB-45h 194
anti-CD3 anti body <&BbEhosei ehcas) prAfstd8- Labehedoanté £520F @antddaagy e BD

Bi osci ences), and PE-|abel ed anti-CD69 anti body_ (BD Biosciences). 0.4 nL
Stain Buffer wWasO@Hd¥d BFarfd e remapehatahtafiser énoVel! 4 08 HAr &hain
Buffer was - 8Q0uwso@dqedr and i gal i3)peld 8havan sysrended,d £R3 € a
sanpl e for FACS n%%suremant. e FA )éne(l)l ;‘;EI \évaused a BD FAC%C‘g{i bur (BD
Bi osci eifes) akgaEle (Bies4) Veb dBh 131 FoxBDhBi osnpenceésyf detan@eal ysi s

software. The - 5positiyve signal verage flyoresgcence intensity) of
The. (opo- posi t H 96 bootneght § T bl (BeCenfepupi ehotrgugie ali) '

CD20- negat i ve cel | sTf Tagel ¢ 50n WashdreauH=Red echfiter isuhbiesty nectiha twal ue for
t he unsti nul ateg €arrp|e t he %iﬁz]vai bition with refgr.enCﬁ to the value for
the 10stinul at®H ERRAt roFPL & HAE e d"VFRE R FAT P Y10h was
graphical ly pl bitedgessimgd Bsa st dulerr1yd.fk) L@, aphfradaisof Lywek e)wand t he

| C50 val,ye was erm ned, [,0225] Accor di t e._result e | C50 val ues
of 1500%%%ndscgﬁé?%ge@%&e@ssen%elzn];\llaenjtol 00% Ptglre ?ﬁéecﬁﬁgg%%s(?{i%/ﬁ;esi gnal for B
cells was, forieganpiieal OkD2dsRM 4ot itsheyivempdon@iable Exapplew 8, 0.032 RM
for the corrpou?.ga}gieEi(jirrpl e 11(3), 0.023 RMfor the conpound of Exanple

Example Leck [ICH0]/ Fyn[IC50]/ LynA[IC50)/
number Btk[IC50] Btk[IC50] Btk [IC50]
8 80 453 459
8(14) 220 2500 1767
11(3) 19 236 143
19(2) 114 762 471

These results show that the compounds of the present
invention not only have a Btk inhibitory activity, but
20 also have a Btk-selective inhibitory activity with
respect to other kinases.
[0224]

Measurement of B cell activation or T cell activation

Biological Example 2

using human PBMC
25 A 10 mmol/L solution of the test compound in DMSO
was dispensed into a 96-well plate (Nunc) and a 5x
dilution series was prepared using DMSO. A 100x
concentration test compound dilution sclution was
prepared by an additional 10x dilution with RPMI1640
30 medium (contained 10% HI-FBS, 1% penicillin). Human

peripheral blood mononuclear cells (PBMC) were diluted



8(14), and 0.061 RM for the conpound of Exanple 19(2). 200n the other hand,
the 1C50 val ues of conpounds of the present invention for the CD69-positive
signal for T cells was > 10 RMfor all of the precedi ng conpounds. _
Accordi ngly, the conpounds of the present ’?nvention were shown to have a
selective inhibitory action on B cell 25activation. [0226] Bi ol ogi c4 Exanpl e

3 Eval uation of t abid. | i ra ygapfl'v Iy &l (D
Preparati on oﬂayﬁgnﬁgifﬁ%%ﬁ%éﬁﬁﬁE%%Eﬁ?ﬁo% gg&?g, 5 nﬁ%f?ﬂlgoﬁégf%ﬁﬂghs

prepared by di3®siurg dheHesteldorpopedsidl wapl ddddMib solag-wenl 5 RL) with
an aqueous 50% acetonitrile solution (195 RL%. [0227](2) Preparation of the
0-ni nute reactR¥RESakpt@ which 4 pL of bhs RPO¥fCeneentrahiion fRS$phat e

buffer (pH 7. 4o al G dh MW Ton’ a8 8Rd SuTRehd | veTs MMI00S BEeS
(XenoTech) and DPH Co-factor (BD Biosciences) was added - 81 - to a
reactor Phat Iar9Eh KehdditePduisesrendpiacrietibal i v e foarresh ded for 5

m nutes; and t T AVAN Y 4-ngi edotest C nd ¢SQ} uf J gL) was
added and the ?§é§¥?§ﬁga2§yé¥ggtggg gB ﬁf?mag%ggﬁlggtgg %?ﬁ%ggggtely after

the start and amelhedict | Ty sBoppedhdy ILheé 4QdEtP ofy3leems80 sl ugion

acetonitrile thatyfo@l nash Abdntendbast 8Rdar dusvans Aol MrindQ Mgelf this
solution was stirred with 180 M. of an aqueous 50% acetonitrile solution on

a filter platedmpoprivian wieplastdesh thokl dredelbbylatetdmh S0 IMlr fi on, and
the f'lﬁbate m@ﬁéLﬁﬁﬁﬁ_Q§u§ﬂgh§¥&ﬂuﬁyaﬁa§%@p5§'described above was also

added (final concentrations: anti-IgM antibody = 1 pg/mL,
IL-4 = 3 ng/mlL, and anti-CD3/CD28 antibody beads = 2 x 10°
beads/mL). 10 pL of the medium was added to the
unstimulated sample wells in place of these stimulating
15 substances, and standing at 37°C and 5% CO; was again
performed. Incubation was carried out for 16 hours in
the case of the evaluation of T cell activation and fox
22 hours in the case of the evaluation of B cell
activation. 100 pL Cytofix Buffer (BD Biosciences) was

20 added; holding for 15 minutes at 37°C was performed;
centrifugation for 10 minutes at 1500 rpm was carried
out; and the supernatant was removed. 200 pL of Perm

“buffer II (BD Bidsciences) at -20°C was added; holding for
30 minutes on ice was performed; centrifugation for 10

25 minutes at 1500 rpm was carried out; and the supernatant

was removed. 0.5 mL Stain buffer (BD Biosciences) was

added and centrifugation was carried out for 10 minutes

at 1500 rpm. 100 pL of a mixed antibody solution was
added and incubation was performed for 30 minutes on ice
30 in the dark. The antibody was the 10x dilution with
Stain Buffer of the 1 : 1 : 1 mixture of PerCP-labeled
anti-CD3 antibody (BD Biosciences), AF488-labeled anti-
CD20 antibody {BD Biosciences), and PE-labeled anti-CD69
antibody (BD Biosciences). 0.4 mL Stain Buffer was added

35 and the supernatant was removed. 0.3 mL Stain Buffer was



[0228] (3) Preparation of the 15-m nute reaction sanple The previously

i ndi cated reaction solution was 15i ncubated for 15 m nutes at 37C, and 20
M. was then added to 180 M. cold acetonitrile (contained the internal
standard warfarin) to stop the reaction.” &% ML of this was stirred with 180
M. of an aqueous 50% acetonitrile solution on a filter plate for protein
depletion foll guadq2Qhy eHEt oM. fhdiTal 0 RRdehheqf tht paLgaMRS; used as

t he standard sanpl e. %022%%&4) Eval uation nethod and results The residual
ratio (% was EalBhPated P rifeETRERrant. diher BBCSaapReYESF utseh 3 M an

LC- M5/ VB, di vi dhogchihendbpesl Bi&aciatdds)f Ghnd kerreackt one sa1ph €3 (Peak area
for the test cgngound/peak area for the internal standard% bg %he peak area
B ng" ¥

ratio for the ndaPacishpre) AP Ml B SeitHaPesul® T ue by 100.

[0230] The fol | pekngiver eigsel @svéesie CONAWIESNc306nTPALNES) 0bf ties present
i nvention and

-{L(3R) -3-[ 4- .
anino-3-(4-pheégééﬁﬁéﬁ§igyﬁFEB%F%%%ﬁEﬁ%ﬁAgﬂfﬁyﬁﬁnF89ﬁ§i-or CD3-
y1]-1ipiperidipy&itizpropen—ﬁe@?EigﬁgﬂﬁalﬁlMY@egagpouad Weaanded.,

1-13-[ 4- am no- 3+.(4- phenox en - -Ppyrazo c4- '

G pyr i mi il - GEFOT. BYPFoECaL MY 11 T BE e e SBOEBAPSP B Mk round
B), which are &kenpl anjibbdtponndsth-r@rerdesdol bbed vallat éor Tozunment 1
that havg a pytazploB¥EhiLohBeoeELRI AN yhtidi@odial Fakhe 499 of the test
conpound in the rat and hunman I'iver 'm crosone Was as shown in Table 2

bel ow. 5[ Tabl e12]ibbkpeundaRegrapllcakly a{lttien visdnpaPriiFmefved cr osone
Residual ratiog%17, GraphPad Software) and the IC50 value was

determined.
[0225] According to the results, the IC50 wvalues of
15 compounds of the present invention for the CD6%-positive

signal for B cells was, for example, 0.021 puM for the
compound of Example 8, 0.032 pM for the compound of
Example 11(3), 0.023 pM for the compound of Example
8(14), and 0.061 uM for the compound of Example 19(2).
20 On the other hand, the IC50 values of compcunds of the
present invention for the CD6%9-positive signal for T
cells was > 10 uM for all of the preceding compounds.
Accordingly, the compounds of the present invention were
shown to have a selective inhibitory action on B cell
25 activation.
[0226] Biological] Example 3

Evaluation of the stability in the rat and human liver
microsome
(1) Preparation of the test compound solution

30 A 0.25 mmol/L solution was prepared by diluting the
test compound (10 mmol/L DMSO solution, 5 pL) with an

aqueous 50% acetonitrile solution (195 plL).
[0227] (2) Preparation of the O-minute reaction sample
245 uL of a 0.1 mol/L phosphate buffer (pH 7.4)
35 containing 0.5 mg/mL rat and human liver microsomes

(XenoTech} and NADPH-Co-factor (BD Bilosciences) was added



in the human |iver m crosonme Conparative conpound A O O Conparative
conpound B 50.6 55.9 Exanple 8 100 87.0 Exanple 19(2) 86.4 100 Exanpl e
19(9) 100 97.9 Exanple 11(24) 88.5 100 The results show that the
conpounds of the present invention are muéh nore stable in rat and hunman
liver mcrosones than the conparative conpounds. 10[ 0231] Bi ol ogi cal Exanpl e

4 Measurenent _of _t L.phi. bi td Vit - pet 1zl enzynes
(inhibitory acf?o% gﬁaﬁﬂﬁgnﬁ%ﬁééngé%ﬁﬁhﬁﬁ%%e%$ggcgg)§?ﬁ&p F%%éntal nmet hod]
15The reacti oninagbebienedadureifprandgb-foel I5 pliatiees; and the

previously indicated test compound solution (5 pL) was

added and the reaction was started. 20 pL was collected

5 immediately after the start and the reaction was stopped
by the addition to 180 pL of acetonitrile that contained
an internal standard (warfarin). 20 pL of this solution

was stirred with 180 pL of an aqueous 50% acetonitrile

solution on a filter plate for protein depletion followed
10 by suction filtration, and the filtrate was used as the

standard sample.

[0228] {3 Preparation of the 15-minute reaction

sample

The previously indicated reaction solution was
15 incubated for 15 minutes at 37°C, and 20 pL was then added
to 180 pL cold acetonitrile (contained the internal
standard warfarin} to stop the reaction. 20 pL of this

was stirred with 180 pL of an aqueocus 50% acetonitrile
solution on a filter plate for protein depletion followed

20 by suction filtration, and the filtrate was used as the
standard sample.

[0229] (4) Bvaluvation method and results
The residual ratio (%) was calculated by injecting 1
pL of the sample solution into an LC-MS/MS; dividing the

25 peak area ratio for the reaction sample (peak area for
the test compound/peak area for the internal standard) by
the peak area ratio for the standard sample; and
multiplying the resulting value by 100.

[0230] The following were used as test compounds:

30 compounds of the present invention and 1-{ (3R)-3-[4-
amino-3- (4-phenoxyphenyl) -1H-pyrazolo[3, 4~d]pyrimidin-1-
yl]-l-piperidinyl}-2-propen-l-one (comparative compound
A) and 1-{3-[4-amino-3- (4-phenoxyphenyl)-1H~pyrazolo[3, 4-
dlpyrimidin-l-yl]-1l-pyrrolidinyl}-2-propyn-1-one '

35 (comparative compound B}, which are exemplary compounds



The positive control substances (CYP2C8: ketoconazole, CYP2C19:
tranyl cyprom ne) were adjusted (CYP2C38: 0.6 and 6 nmol /L, CYP2C19: 0.9 and
9 mmol /L) with DMSO to concentrations that were 300 tines the final
20concentration, and sol uti ons were prepaBad-(CYP2C8: 8 and 80 pnol /L,
CYP2C19: 12 and 120 mmol /L) by 75x dilution with purified water that
contained 2. 7% i frd t u justed to 0.3 and 3
o/ b i th- DV e e Jaut-slélt?lgtd D{%a%ﬂl%%%ﬁgﬁ%*ﬁfeﬁaﬁ 75x dilution 25with
purified wat erpyradobepitaitiating hededooni t The erepidwemktiagiion B upd was

t hen prepared JWHTBL | l.ue r i raf he

addi tion of poé%é;?% um phdonggﬁﬁ\% lglu?t fh%r% pHQ$§4§@%%%€%fu%ﬂc?ﬁo%ﬁ%e (5

mol /L), substr&d® JTYER0R idl Jabdd 2 b6deédeein 1 mol /L, CYP2C19: - 83 -

3- cyano- g- et hopygoueresj n 25 gnol /L), and E. coil -expressed |iver mcrosone
CYP2C8 (Cypex—210 prpl/L)—and CYR2CIQ (Cypex, 3 pnol /L) .100 RL-of thi
reaction . nmixture and 50 RL ofReHidiadsiragdppdaniaicharledaiio (%)
5descri bed above andomheupdsitive ¢obt ridle geitutligarpridpdied hagageddvebed
above were ¢i spensed into each wel| andmprecsereeibati on wemicresdm out| at
10 m nutes toOomBdCatihe ceasdiodh Aps started by the addition o 50 RL NADPH
sol ution (f|oahpgoAEeREr abmeburd I8 Mol /L) sang i ncubafi on 10wa&s ocarri ed| out .
for 30 m nutes at FhnpllE gf I'Uoresgence TnigHsi Ty was neasurggd o CYPZC3

excitatl on Yevel SMbre Yooy fI 0T eSTREg Myl elgr = 2pfo T CYPpCle:
VAV T | I 1= T AT I'TUUTr ©sSCCTTl vwavccr clriytitT — & TAIT

i mredi ately aﬁ‘t(—:‘;;‘jx*%‘Jﬂ ; lfdjli\g*(ig'jn of—the NADP.tﬁo‘nd 15af Jer inc?m'*éi ’0" foer{ 30
minutes. The % i BREBPEEoh WAL t akeh o be 4& % decldne (% i 89 bition) in

the fluorescence intensity in conparison to a control in

added in place of tige tasdu RS t3RltUthencaRfotii@s I RGO hrasrgarri ed
out and was 20cal cul at ed usiﬁg_ig the foll om ng,fornula. i,nhi bition (9
= 100 - f(fl uoHRETE R i Hre AUy Neree S teRder 3cFR bt BHEeR &5tV Sonpound -

fluorescence imtenssdyepritan tithd henpeaction obmpbendest _
?Fgg?gggéaggl :Jﬁégj;gftn;e éincgleonsi'c}é %{Xta%r 1teh§ control 25reacti on -
Measurement of the inhibitory activity on drug-
metabeolizing enzymes (inhibitory action on human CYP2CS8
and human CYP2C19) |
[Experimental method]
15 ‘ The reaction was carried out in a 96-well plate.
The positive control substances (CYP2C8: ketoconazole,
CYP2C19: tfanylcypromine) were adjusted (CYP2C8: 0.6 and
6 mmol/L, CYP2C19: 0.9 and 9 mmol/L) with DMSO to
concentrations that were 300 times the final
20 concentration, and sclutions were prepared (CYP2C8: 8 and
80 pmol/Y, CYP2C19: 12 and 120 pmol/L) by 75x dilution
with purified water that contained 2.7% acetonitrile.
The test compounds were adjusted to 0.3 and 3 mol/L with
DMSO and were adjusted to 4 and 40 pmol/L by 75x dilution
25 with purified water that contained 2.7% acetonitrile. A
reaction mixture was then prepared (the numerical values
are final concentrations) by the addition of potassium

phosphate buffer (pH 7.4), magnesium chloride (5 mol/L),
substrate (CYP2C8: dibenzylfluorescein 1 umol/L, CYP2C19:



reaction) x 1001 [0232] The 1050 val ue was taken to be < 1 gMwhen the %

inhibition at 1 Rmwl/L was at | east 50% was taken to be > 10 gnol /L
when the %inhibition at 10 gnol/L was not 30nore than 50% and in between
the preceding (not nore than 50% at 1 gnoBBL-and at |east 50% at 10 Rnol /L)
was cal cul ated using the follow ng fornula 1050 - (50 - b)/a wher ein

a and b are the sl ope .and.intercept .of the [i r 35regressjon line y = ax
+ b that passe (‘E}Fﬁ'rg%bﬂ_‘?dﬂboxzc%l af%@f%bbi“ﬂé;?ﬁﬁb ‘?JQﬁE nl'?'s:cq e concentration
of 1 gnol/L, %xpuwdsdd aniwnd rtikecconeeatyPatBonCybed 0 Dovpnddl, /1% lamnki bi tion.

[ 0233] The 1050 val ues of the conparative conpounds 5and conpounds of the
present i nventqwm e EREEUr et RPSHd )the L REalbr @bkt T et ®&scri bed

above. The re r | Qus i for [ ggegnﬂggp and
conparative cgﬁip%%%@B%cﬁSea ?&S%VE/glhﬁege%g?B%ﬁY%%%%& re 4.7 Qal\%/l and 6.9 gM
respectivel y, @RciHeed IOBE wdldidde postypyeloonkerel 55@LyMaind 8.1 gM

respectively. CRegdiec@theradiandprdPadRe PBoHNESeRied Ne i M well
i nvention, for exanple, the conpounds of Exanple 8, Exanple 11(3), Exanple

8(14), and Exanpd eu®{)quledtidradvar08@rvdkdesut oat CvP2C8wms EvB2CT9Cof >
10, 150M Acoor D st 15, SUPOUIRSY HNe, R SSETE, LIVEP ot aown to
[ 0234] Bi ol ogi cadbliExanpl efinal cordeasimagrient =ol ivhel £y} cdrokiiridupaarnidnabi ity
to redugg the 20mtochondrldl FEMYPANE RRLEMLEAL 76 SR LB e |
intensity was measured (CYP2C8: excitation wavelength =
485 nm, fluorescence wavelength = 538 nm; CYP2C19:
excitation wavelength = 409 nm, fluorescence wavelength =
460 nm) immediately after the addition of the NADPH and
15 after incubation for 30 minutes. The % inhibition was
taken to be the % decline (% inhibition}) in the
fluorescence intensity in comparison tc a control in
which DMSO was added in place of the test compound
solution and the reaction was carried out and was
20 calculated using the following formula.
inhibition (%) = 100 - {{fluorescence intensity
after the reaction of the test compound - fluorescence
intensity pribr to the reaction of the test
compound) / (fluorescence intensity after the control
25 reaction - fluorescence intensity prior to the control

reaction) x 100}

[0232] The IC50 value was taken to be < 1 uM when the

Q.

-% inhibition at 1 pmol/L was at least 50%; was taken to
be > 10 pmol/L when the % inhibition at 10 pmol/L was not
30 more than 50%; and in between the preceding (not more
than 50% at 1 pmol/L and at least 50% at 10 pmol/L) was
calculated using the following formula
IC50 = (50 - b)/a
wherein a and b are the slope and intercept of the linear

35 regression line y = ax + b that passes through the



hepat oma cells Ti ssue that maintains an aerobic equilibrium e.g., the
ki dneys and heart, and tissue that is exposed to high drug concentrations
and carries out drug netabolism 25e.g., the liver, are known to be
sensitive to mitochondrial dysfunction (®Pr8fg-Di scovery Today, 12 (17- 18),
777-785, 2007). The reduction or extinction of the m t ochondri al nenbrane
potential by af%r the_direct i.tion o the ecj ron

I d b
transport systenlﬂggé gou%%?ﬁal%?selg%?r%ﬁp% §pert PFO hthase

t he opening of 1@hﬁb&@@bﬁndhdath€96®ﬁ@@@tMl@ﬁl@iﬂ |1hyuﬁlb@m§;t%on pore. AS a
consequence, nmeasy enent of the mtochondrial menbrane potential of |iver

celI's can provitd&iRifdPlrmet er for hepatotoxicity. 35[0235] Hunan |iver cells
wer e seeded |nu0233q0llaghe Icbat ed196s wef It ab@pa&aaloelboﬂpﬁsﬁdg of

30, 000 - Il s/well ,and_i pcubati on was carr.i ed out overni in an
eobat o ot a7ed somperpad0sss BE B S R g e e PES e R ed Tor 1
hour with using the measurement method descrlbed above.

5,5',6,6'- tetrahydr9 5 3.3 Stgtrgnethﬁoi(gﬂga daz%Iocag o ani ne i odi de
5(JC—1) fol |l oned by rea? F ththg 1%s conpoun& ™PRe es conpound was
di ssol ved i n DvBOpanddt Aeandi tanedrat ive t trengduwpal @, cttheuf €5 fredatnes

Hepat ocyte Cul ture ym (H nd _added_t o e cells, . The test .c ound
treat ment concgﬁfrggﬁghg V%F%W% ?GS%San§26§BL@Q rgépefﬁéveg@ %dq@%400
Rmol /L. After exposvbeube kbe tepbceonpeorid fon4nhodrs, Measurement was
performed with a Sp ectrath pl ate reader (Nblecular DeV|ces LLC) at an

excitation mavéﬁéﬁ&?hlﬁﬁ %85 9%\5%% athepdtashedos RGcCEREPHNEF B8 nm and
an excitation waeebeagehtofinbddtnohangdoa é;&fnlpmer estencempavabength of 590

nm The menbrane de th i o _between the 544

nnt 590 nn1neas%ﬁ§%§h éalheagﬂae h@ SL é%ﬁ@&ﬁ? ﬁ#géasﬁp nEﬁFmQ Pue. After
this, the ATP dérieent rafli hadi nCbhevablhds fams qmresdr addusivpgcaoCefkltiter Ao
| uni nesc 20 assay kit éProne a Corporation)_ in order to evaluate the
cel | X]iq‘!gl ty o1t necrestirghpouhie S CWertélel PEEdeRy tR¥CRLLY
buffer provi degrewict l@hbhe mBaBdeneni okt @nd itdgaereentcatibantfint ige ATP
rel eased fromthe cell s was nmeasured using the luciferin-luciferase enzyne
activity 25as tﬁgpaﬁEE%veTﬁ8mgﬁF§§?0n was measured using a SpectraMax plate
reader. The abillb2B8¢]of tBéofleglicadnpramdls | ower the m tochondri al

menbr ane poten I e cy (0)'q] he t Q re

represented by e%g“%%ﬂ%éﬂtPﬁt%ﬁé fyﬁg%gXl?lexi¥hF é%us d%QOa B@?dgg?ine
in the ﬁﬂiochowdﬁpahondwbaénmembrene|B¢temnhal in cultured human

hepatoma cells

Tissue that maintains an aerobic equilibrium, e.qg.,
the kidneys and heart, and tissue that is exposed to high
drug concentrations and carries out drug metabolism,

25 e.g., the liver, are known to be sensitive to
mitochondrial dysfunction {(Drug Discovery Today, 12 (17-
18), 777-1785, 2007). The reduction or extinction of the
mitochondrial membrane potential by a drug is caused by
the direct inhibition of the electron transport system,

30 decoupling of electron transport from ATP synthase, or
the opening of a mitochondrial membrane permeability
transition pore. As a consequence, measurement of the
mitochondrial membrane potential of liver cells can
provide a parameter for hepatotoxicity.

35 [0235] Human liver cells were seeded into a collagen-

| coated 96-well plate at a cell density of 30,000



ATP concentration, respectively. The ability to | ower the mtochondri al
menbr ane potential of the test conpounds and the cytotoxicity of the test
conpounds are given in Table 3 below. - 86 - [Table 3] Conpound Ability to
| ower the mitochondrial menbrane potential®YrC50(gM) Toxicity for human
liver cells(1C50 (j-04)) Conparative conpound A 39 78 Conparative conpound

B <6.25 <6.25 EXaMB/Ge8132d220cBX P ol Dard98q1 3R Ry e8Ph fO () AB1
incubator at 37°C in 5% C0,-95% air. The cultured cells
were stained for 1 hour with 5,5',6,6'-tetrahydro-
1,1',3,3"-tetramethyl-benzamidazolocarbocyanine iodide

5 © {JC-1) followed by treatment with the test compound. The
test compound was dissolved in DMSO and then diluted with
the ligquid culture medium Hepatocyte Culture Medium (HCM)
and added to the cells. The test compound treatment
concentrations were 0, 6.25, 12.5, 25, 50, 100, 200, and

10 400 pmol/L. After exposure to the test compound for 24
hours, measurement was performed with a SpectraMax plate
reader (Molecular Devices, LLC) at an excitation
wavelength of 485 nm and a fluorescence wavelength of 538
nm and an excitation wavelength of 544 nm and a

15 fluorescence wavelength of 5%0 nm. The membrane
potential was determined by the ratio between the 544
nm/590 nm measurement value and the 485 nm/538 nm
measurement value. After this, the ATP concentration in
the cells was measured using a Celltiter Glo luminescent

20 assay kit (Promega Corporation) in order to evaluate the
cell toxicity of the test compound. The cells were lysed
by the assay buffer provided with the measurement kit and
the concentration of the ATP released from the cells was
measured using the luciferin—lucifefase enzyme activity

25 as the index. The emission was measured using a
SpectraMax plate reader. The ability of the test
compound to lower the mitochondrial membrane potential
and the cytotoxicity of the test compound were
represented by the concentration (IC50 value) that caused

30 a 50% decline in the mitochondrial membrane potential and
ATP concentration, respectively. The ability to lower
the mitochondrial membrane potential of the test
compounds and the cytotoxicity of the test compounds are
given in Table 3 below.
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The results showed that both of the

lower for all of the compounds of the present invention

IC50 values were

than for the comparative compounds.
[0236]

Formulation Example 1

[Formulation examples]

The components indicated below were mixed by a
standard method, filtered across a dedusting filter,
filled into 5 mL ampoules, and thermally sterilized with
an autoclave to obtain 10,000 ampoules that contained 20
mg active component per ampoule.

' ~1-{ (2E) -4-
3-pyrrolidinyl}-7-

b~amino-2-{ {3R) (dimethylamino)-2-butenoyl] -

{4-phenoxyphenyl} -7, 9~dihydro-8H-purin-

8~one 200 g
mannitol 20 g
distilled water 50 L

[0237]

The components indicated below were mixed by a
standard method and then tabletted to obtain 10,000
tablets that contained 10 mg of the active component in
each tablet.

Formulation Example 2

6-amino~9~[ (3R) -1-{2-butynoyl}-3-pyrrolidinyl]-7-~{4-
phenoxyphenyl) -7, 9-dihydro-8H-purin-8-one 100 g
caléium carboxymethyl cellulose (disintegrant)
20 g
* magnesium stearate (lubricant) 10
* microcrystalline cellulose 870 g



- 87 - I NDUSTRI AL APPLI CABI LI TY [0238] The conpounds of the present

i nvention are conpounds that, in addition to having a Btk-selective
inhibitory activity, exhibit an excellent netabolic 5stability and can
avoi d hepatotoxicity or the like, and as &7consequence are useful as very
safe therapeutic agents for diseases in which B cells or nmast cells
participate. - 88 - CLAIMS 1./spmoynd by general formula
(1) [C1] 5(in the formila, Llﬁ‘lepl ew..[leP%&#eéﬁgﬁf% s, (3) -SO, (4)
-SQ2- (5) - NHL0238) - c(Bhe  cqmourgip -~ th@spre@emf-lzlnvwi}mwe or (10)
- CH( OH) - c&péﬁﬁ&@%&@ ({ dal0gen 2AhATing2) ﬁ‘tgsefecﬂj.llﬂié group,
10(3) a Cl 4 al kox roup 4 a Cl4 hal oal kyl group, (5) -1

hal oal koxy gr oHpht %%%@?Yr%ﬁﬁkﬁﬁﬁﬁs %ﬁhﬂb%ﬁ)aﬂ-ﬁéﬁﬁéi%@t09%¥¢QQbWbup, whi ch

may be sgbsti tywslbywrmocs@ltaxéld/qle}m%ttbw@mw 8ACHhé NpRendsy | y
selected fromthe group consistin é 15hal ogen_at ons, (2) 'Cl- 4 al kyl

groups, (3) C123 4l kKBRJ°YroUps, al(e4)usfﬁ 1 s, V€5Y g1f9 PR AP iGr oups,  and
(6) Cl- 4 hal cabkexy g60UPBseades eim wiie/h BWaeQl sNBE emssbSEdIent s are
present on ring these substituents may forma 4- to 7-nenbered cyclic
group toget herPW PACTR& %t ons in ringl 20to which these substituents are
bound; ring2 represents a 4- to 7-nenbered saturated heterocycle, which may
be substituted by fromone to three -K-R2;




K represents (1) a bond, (2) a Cl-4 alkylene, (3) -C(0)-, 25(4)
-C(0)-C1-12-, (5) -CH2-C(0)-, (B6) -C(0)0O-, or (7) -S@2- (wherein the bond
on the left is bound to the ring2); R2 represents (1) a C1-1 alkyl; (2) a
C2-4 al kenyl, or (3) a C2-4 al kynyl group88each of which may be substituted
by fromone to five substituents each i ndependently sel ected 30fromthe
group consisting of (1) NR2R4, (2) hal oggaratons, (3) CONRSR6, (4) CXRR7,
and (5) OR8; R2 and R4 each |ndependent Fy-Tepresent (1) a hydrogen - 89 -
atom or (2) a Cl-4lal ki RPIhitapLesgnbedshsoeretrel RIORg

CONRLR14; R9 and R4[egmay; together with the nitrogen atomto whi ch they are
bound, forma 4- to 7-nenbered _nitrogenous 5saturated heterocycle, which
may be substituted by an_qxofgnoup or a hydroxyl group; RO and R9 each

i ndependent |y represefth ggdrogen atom (2) a Cl-4 alkyl group, or (3)
a phenyl group; R7 resre ts (1) a hydrogen atomor (2) a Cl-4 al kyl
10group; RO represe ) a hydrogen atom (2) a Cl-4 alkyl group, (3) a
phenyl group, or (4 b ot ri®%zol yl group; RO represents (1) a hydrogen
atomor (2) a Cl-4 alvky ; 15R99 and R11 each independently represent
(1) a hydrogen atomor (ZJt-a Cl1-4 al kyl group; n represents an integer from
O0to 4, mrepresents an in er fromO to 2; and when n is two or
nore, thé R s(imytlb@ tdwemskare as each 20other or may differ from one

anot her), an tical isomer, ther . their X al
sol vat e t her eof ,” @™ REG3 Krdet iherogdf %r 631?u g{)hErg%)fs 2g§orrpound
according to CIﬂIa+m 16) whet®@in RI)i s—CHz—O— ( —O -CHz—-, (9} —CHZ , Or

(10) ~CH({OH)~-;

R! represents (1) a halogen atom, (2) a Ci.q alkyl group,

( g

10 (3) a CL4 alkoxy group, (4) a Ci_4 haloalkyl group, or (5)
a Ci-a haloalkoxy group;
ringl represents a 4- to 7-membered cyclic group, which
may be substituted by from one to five substituents each
independently selected from the group consisting of (1)
15 halogen atoms, (2} Cj_4 alkyl'groups, (3) Ci-q4 alkoxy
groups, (4) nitrile, {(5) C;-4 haloalkyl groups, and (6) Ci-
s halocalkoxy groups, wherein when two or more substituents
are.present on ringl, these substituents may form a 4- to
7T-membered cyclic group together with the atoms in ringl
20 to which these substituents are bound;
ring2 represents a 4~ to 7-membered saturated
heterocycle, which may be substituted by from one to
three -K- R
K represents (1} a bond, (2) a Ci4 alkylené, {3) -C({0)~-
25 (4) -C(0)-CHy-, (5) =CH-C(0)-, (6) —-C(0)0O—, or (7) =SO,-
(wherein the bond on the left is bound to the ring2);
R® represents (1) a Ci-4 alkyl, (2) a Cas alkenyl, or (3) a
C2-s alkynyl group, each of which may be substituted by
from one to five substituents each independently selected
30 from the group consisting of (1) NR’R?, (2) halogen atoms,
(3) CONR’R®, (4) CO;R’, and (5) OR%;
R® and R* each independently represent (1) a hydrogen



25a C2-4 al kenyl group or a C2-4 al kynyl group, each of which may be
substituted by fromone to five substituents each i ndependently sel ected
fromthe group consisting of (1) NROR4, (2% hal ogen atons, (3) CONROR9, (4)
CO2R7, and (5) OR 303. The compound accordfhg to claim1, wherein ringl is
a benzene, cycl ohexane, or pyridine ring, each of which nay be substituted

by fromone togton s4bsbituents gaghii geependetd ynseleckadstiomiye group
consi sting of g%? h@logen atgms, (2) Cl-4 alkyl groups, 35(3) Cl-4 al koxy
groups, (4) nit¥ B8 QhdCPBR EF2. 4. The” conpound according to claim

1, wherein ring2 bAdar#-mdy IR RN EAGEAPHSoSM Wdedo whilh
het erocycl e, i.ch n&y EF sgbstltuted by fromone to three -K-R2.
5. The conpound&&cra REURE cEQFIh 8, 4vhkf of THReAd g t7OFERBEPe

ni trogendus satsatatredecdeheteeyelheles aRidmzedy M eubtitlted B, afl oxo
pi peridine rin und according to claim1, represented by

. 6. . The conpo
gener al fornul%rfppifrgé Efgrfﬁygﬁgfﬂﬁpfornula, ringl-1 represents a
benzene, cyprﬁ@xané,R_rquhiiﬁdﬁp@ﬁdﬂ@thacbpoéswﬂtchlmay'Hyﬂﬁﬂ@@&tituted by
consi ating of Cif el Geh Gtong b SERo arkyl Joroibe iisf “oiPa al Koxy' 15
groups, (4) nitirepraments) (CF2a layiragerg2tdmr epr é8¢nasCaqdallwl 7- menber ed
ni trogengys salgyiRy ed heterocycle, which may be substituted by fromone to

three -K-R2, wherein the other synbols have the sane definitions as above).
7. The conpoun® ateRFesayts okl ad MBiragasr eitwmR2 (R$ 2061-€2alkwnl kemyde,gr oup

or a C2-4 al kyngl) greuRnygaghonh, Wpi-chy ey Igﬁﬁyyq?ggéu%non1one to

five substituents each independently selecte romt g onsi sting of
(1) NR3R4, (2) FhaFepepsanbis(ll 3 oo aten empr?) anti-¢531%0m8. 258. The
conpound accor dirdgp;o claim 1, which is (1)

9- (1-acryl oyl- 3 @zet|di;pyl) - 6- am no- 7- (4- phenoxyphenyl) -
7,9-dih o-8k§%ur"’f‘?‘§l g‘l n%)f‘d& NYERFRIfI G (@R)rﬁf-e[l(zﬁl a hydrogen

4- (di net hyl ani maapm2olut(@nonlls 3- pykyol ddbaysl) - 7- (4-
phenoxyphenyl)hjr%T

pheneyoReny1) T S B BMEADAE: B08y £ 2,91
phenoxyphenyl) o7 répdielspdte- 8h putege8- Hnen { 4o 6 ;amnabd- 9-
[(3R) - 1- (2- but ypaylh- 35PYLECLEARBYA] - IR L 4xPRCRAXYBRCEYY) same as each

20 other or may differ from one another),
an optical isomer thereof or their mixture, a salt
thereof, a solvate thereof, an N-oxide thereof, or a

. prodrug thereof.
2.  The compound according to claim 1, wherein R? is

25 a Co-y alkenyl group or a Cz-4 alkynyl group, each of which
may be substituted by from one to five substituents each
independently selected from the group consisting of (1)
NRR*, (2) halogen atoms, (3} CONR®R®, (4) CO,R’, and (5)

- OR®.

30 - 3. The compound according to claim 1, wherein
ringl is a benzene, cyclohexane, or pyridine ring, each
of which may be substituted by from one to five
substituents each independently selected from the group
consisting of (1) halogen atoms, (2) Ci. alkyl groups,

35 {3) Ci.4 alkoxy groups, (4) nitrile, and (5) CFj;.

4. The compound according to claim 1, wherein

ring2 is a 4- to 7-membered nitrogenous saturated



- 91 - 7,9-di hydro-8H purin-8-one, (5) 6-amno-9-{(3S)-1-[(2E)-

4- (di met hyl am no) - 2- but enoy1] - 3- pyrrolidinyll-7-(4-

phenoxyphenyl) - 7, 9- di hydr o- 8H puri n- 8-one, (6) 6-am no-7-

[ 4- (3-chl or ophenoxy) pheny1] - 9-{(3R) - 1- [ (2E9- 4-

(di net hyl am no) - 2- but enoy1] - 3-pyrrolidinyll-7,9-di hydr o8H purin-8-one, (7)
6-am no- 9- [ 1- (e DMt YOI - F5hich

pyrrolidinyll-7-(4- pheno vp elncyl)ma%/ 5193 dlsﬁga%tgﬁ?%u}wnfr?moonnee toor (8)

6- ani no- 9- ( 1- [{2E5e 4= I(iﬂnfethyl am no) - 2-

but enoy1] - 3- pyrrollﬁlnyﬂﬁhg dhiPNERPRREAY A)- {092 1aim 4, wherein the

10di hydr o- 8H purin-8-one, or an optical isonmer thereof their mxture.

9. A phar nmaceutt cia® Edﬁﬁf@%ﬂ%qurwﬁgsat%%%n@e%w%ﬂé@ [

general for wl@zéﬁidmor@yfhgﬂﬁﬁieﬁ}l BrlpipBroRiheatihgoner thereof or
their mxture, a 15gal t th%r eof , ol vate thereof, an N-oxi de thereof, or

a prodrug thereof. rarFé:(?é"GlthBaFOCS}rﬁHgl ti OFFRIESSiSYy to

claim9, that by gemdiaintvhidlor.(I-1) 11. The pharmaceuti cal
conposi tion accordi Eﬁ? %]o 20cl ai m 9, that is a prophylactic agent and/or a
t her apeutic agent f Bt k-rel at ed di sease. 12. The pharnmaceuti cal

conposition according to clapmll, wherein the Btk-rel ated di sease is an
allergic disease, an @y ne/di sease, an inflammtory disease, 25a
t hr onboenbol i ¢ di seasgq, a cancer. 13. The pharmaceuti cal
conposi tion according tofclaim112, wherein the cancer is a non-Hodgkin's
| ynmphona. 14. % Th maggut i cal conposition according to claim?9,
which is an inhibit el | activation. 3015. A nethod of preventing
and/or treating a Btk- rek@aiedl di sease, conprising admnistering to a
mammal of an effective anoy of a corrpound represented by general fornula
(1) accqpding oclal opt..c i soner thereof or their mxture, a
sal t thglbeof, oy [T% %ag ngaJan1 ﬁegfeﬁgngﬁe?eg?nz%?e’a prodr ug
t her eof . cgt:ﬁlobﬁe:cmqa,ownd meprcemtraahgbyegeheoﬁl whbehutay (M9 accordi ng
to claim1l, ang r xtfure, a salt
t hereof, a sol V&F&l’f ereém%g? fé%\}fom de thereo ubStggue?g%jr% C}% her eof ,
preventing andideperdennyy asdtdctrasl diwmh dhsegzeup ConSl&Wlijs@ ofl)a
conpound repr egend anal/t&b?é‘er f rmiajlak 1l BREQY di8g £0, clal

g Pi (9 y( )Jr F ? Cfglvylte t her eof

optical isomer thereof or th fhereo

an N oxil@e t he¥epsor (H) mb@ﬂﬂgart t?é"fcbdf5 Eaprmc@rwﬁ‘dgéfwlfe@ﬁnts a
preventing and40rtérfiﬁémﬁbﬁb&ﬁﬂiﬁﬂéﬁéﬁ$d$ $888@ated heterocycle, which

may be substituted by from one to three —K—Rz, wherein the

for

other symbols have the same definitions as above).
7. The compound according to claim 6, wherein R? is

20 a Cay alkehyl group or a Cz4 alkynyl group, each of which
may be substituted by from one to five substituents each
independently selected from the group consisting of (1)
NR®R*, (2) halogen atoms, (3) CONR®R®, (4) CO,R’, and (5)
OR®.

25 8.  The compound according to claim 1, which is (1)
9-{l-acryloyl-3-~azetidinyl)-6-amino-7- (4-phenoxyphenyl) -
7, 9-dihydro-8H-purin-8-one, (2) 6-amino-9-{ (3R)-1-[(2E)~-
4- (dimethylamino)~2~butenoyl] -3-pyrrolidinyl}-7-(4-
phenoxyphenyl) -7, 9-dihydro-8H-purin-8-one, (3) 9-[(1-

30 acryloyl-4-piperidinyl)methyl]-6-amino-7- (4-

‘ - phenoxyphenyl)~7, 9~dihydro-8H-purin-8-one, (4) 6-amino-9-~
[ (3R} -1-(2-butynoyl) -3-pyrrolidinyl]-7-(4-phenoxyphenyl) -
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7,9-dihydro-8H-purin-8-one, (5) 6-amino-9-{(33)-1-[(2E)-
4-(dimethylamino)-2-butenoyl] -3-pyrrolidinyl}-7-(4-
phenoxyphenyl) -7, 9-dihydro-8H-purin-8-one, (6) 6-amino-7-
[4- (3-chlorophenoxy) phenyl]-9-{ (3R)-1-[(2E)-4-
(dimethylamino) ~2-butenoyl]-3-pyrrolidinyl}-7, 9-dihydro~
8H-purin-8-one, (7) 6-amino-9-[1-(2-butynoyl)-3~-
pyrrolidinyll-7~(4—phenoxyphenyl)—7,9—dihydro—8H—purin—8—'
one, or (8) 6-amino-9-{1-[(2E)-4-(dimethylamino)-2-
butenoyl]-3-pyrrolidinyl}-7-{4-phenoxyphenyl)~-7, 9-

dihydro-8H-purin-8-one, or an optical isomer thereof or

" their mixture.

9. A pharmaceutical composition comprising a
compound represented by general formula (I) according to
claim 1, an optical isomer thereof or their mixture, a
salt thereof, a solvate thereof, an N-oxide thereof, or a
prodrug therecf.

10. The pharmaceutical composition according to
claim 9, that is a Btk inhibitor.

~11. The pharmaceutical composition according to
claim 9, that is a prophylactic agent and/or a
therapeutic agent for a Btk-related disease.

12. The pharmaceutical composition according to
claim 11, wherein the Btk-related disease is an allergic
disease, an autoimmune disease, an inflammatory disease,
a thromboembolic disease, or a cancer.

13. The pharmaceutical composition according to
claim 12, wherein the cancer is a non-Hodgkin's lymphoma.

14. The pharmaceutical composition according to
claim 9, which is an inhibitor of B-cell activation.

15. A method.of preventing and/or treating a Btk-
related disease, comprising administering to a mammal of
an effective amount of a compound represented by general
formula (I} according to claim 1, an optical isomer
thereof or their mixture, a salt thereof, a solvate
thereof, an N-oxide thereof, or a prodrug thereof.

1l6. A compound represented by general formula (I)

according to claim 1, an optical isomer thereof or their
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mixture, a salt thereof, a solvate thereof, an N-oxide
thereof, or a prodrug thereof, for preventing and/or
treating a Btk-related disease.

17. Use of a compound represented by general
formula (I) according to claim 1, an optical‘isomer
thereof or theilr mixture, a salt thereof, a solvate
thereof, an N-oxide thereof, or a prodrug thereof, to

‘produce an agent for preventing and/or treating a Btk-
related disease.



